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Introduction. 

W ilh Lhe publication of "Bidrag til Danmarks tertirere og dilwl"iale 
Flora" 1), N. HARTZ brought to a conclusion his fundamental 

investigations or interglacial bogs in Denmark, the bulk of which be­
longs to the so-called Brorup lype; that is to say, interglacial deposits 
lying in a basin recognisable as such relaliYe lo lh e presenl surface 
of the counlry, and coYered by layers of sand, grayel or clay of non­
glacigenous origin 2) . For some years after, the t[ueslions associated 
with lhese formations were regarded as sohed in all essentials. Sup­
plementary in ves ligations 3) of th e stra ligraphica l position of these hogs 
in re lation Lo th e ex len t of the last ice sheet occasionect no alteration 
in Lhis view, as r egard s the deposils themsehes. But just al the tim e 
when these last inYesligations were being carried oul, a starling poinl 
was furni shed for those further i.nvesligalions which will be d~alt 
with in the following pages . The first sleps in lhis direction were 
taken in I 914, in connection with marl prospecting works in lhe Her­
ning distric t, in the course or which, calcareous, s toneless clay, bedded 
on catcareous moraine clay, was discovered in the clay pil al lhe 
Herning brickworks. Aboye this stoneless clay, V. M1LTHERS found 
plant-bearing b eds, which again were covered by strata of clay and 
sand, and which musl be regard ed as interglacial. In the course or a 
subsequent visit paid lo lhe spol by KNUD .(ESSEN Logelhcr with V. 
M1LTHERS il was found that lhe interglacial mud beds contained, in 
addition lo lhe ordinary characlerislical fossils, inter alia remarkably 
lJuantities of nuls of Trapa natans hitherto unknown in Danish in­
Lerglacial deposits. In addition lo lhis more prominent mud bed , and 
the subjacent clay with an arclic llora we found also an upper planl 
bea ring stratum, fi cm thick, which howeYer, was. not regarded as of' 

1) N. HAHTZ: Bidrag til Danmarks terli::ere og diluviale Flora. D. G. U. IL H. 
No. 20. 1909. - In all the publications or D. G. U., R. (Series) I, Il and IV , 
is found a summary or the contents in French or Englihs language. 

2) er. Chapter III. - By a glacigenous formation is here understood - in 
accordance with Swedish terminology -- beds of gravel, sand or clay 
formed in direct association with the inland ice. 

3) Ax EL JESSEN, VtcToR MADSEN, V. MrLTHEHS et V. NoRmtANN: Brorup-Mo­
sernes Lejringsforhold . D. G. U. IV. R. Bd. 1. No. 9. 1918. 
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greal imporlance, but considered as deriYed from the mud bed deeper 
down. 

Viith the intention to asccrlain whether the covering strnlum ahoYe 
the basin deposits should he classed as a glacigenous formation (fluYio­
glacial sand), as V. M1LTHEns supposed at the time, investigations were 
set on foot in 1919, under his supenision, and borings were made lo 
show the stratigraphical conditions of the beds in this basin as they 
occur in lhe Yicinity or the brickworks and pits. These borings, 
which were carried out by I. C. KALLESTRUP, boring-master of Den­
mark's Geological Suryey, must be said to prove that the interglacial 
strata had not been coYered with ice. KNuo JESSEN's examination 
of lhe very numerous samples sent home from the borings showed 
that lhe deposits of the interglacial lake at Heming consisted of the 
following strata, reckoning from below upward. 1) Arclic clay, 2) mud 
with a rich interglacial flora, 3) stoneless clay with a sub-arctic flora, 
4) sandy mud and detritus mud with a flora similar to that of 2), 
5) stoneless clay with a sub-arctic flora and 6) stony sand. This was 
a profile differing essentially from what was preYiously known, and 
at once suggested the possibility of finding corresponding lake de­
posits in basins without outflow in other parts of .Jutland, which 
likewise had not been covered with ice during the last glaciation. 

A welcome opporlunily of pulling this lo the test occurred two 
years later, when the Technical Committee of the Ministry or the 
Interior had borings made down to the deplh of 15 m in parts of 
western Jutland with a Yiew to possible finds of brown coal, this 
work being under the direction of V. MILTHERS. In the course of 
these prospecting operations, in the neighbourhood of Videbrek, mid­
way between Heming and Ringkobing, a preliminary boring was 
made in the immedia.te vicinity of Solso, 4 km north of Videbrek 
itself. This revealed an interglacial bed with a great number of seeds 
of Brasenia purpurea. A new boring was then made directly after, 
close beside the first, in the presence of KNuo JESSEN; the result 
suggested that we had here again two warm interglacial horizons, 
just as at the Herning brickworks. Some borings made in conjunction 
with these inYestigalions in enclosed basins at Hcrborg and Aslrup 
south of Videbrek showed that these basins also contained inlerglacial 
bogs covered by beds of sand and graYel. 

We had now found, in Ringkobing county, interglacial beds in 
the bottom of enclosed basins at Astrup, Herborg (two localities), 
Solso and Heming, in all cases wilh from 1- ca. 10 m of slony or 
stoneless sand aboYe, which could not be regarded as a glacigenous 
deposit. These interglacial formations thus exhibited similar strati­
graphical conditions as those of the Brorup bogs, and were situated 
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under hollo\Ys plainly Yisible as such in the cou ntry round. ll seemed 
therefore natural Lo suppose Lhal we might, by syslemalic borings 
in landlocked basins or the great hilly tracts of western .Jutland, come 
upon still furth er interglacial deposits. Such i1n-esligations ,Yould 
be interesting not only as throwing fres h light on the interglacial and 
post-glacial topography of western Jutland but also for lh c qu estion 
as lo whether th e interglacial profile type located at Heming brick­
works, with 2 warm horizons, was of any greater extent, and thus 
of more genera l importance. 

\Ve could not hope, with the means at the disposal of the Den­
mark's Geological Suney alone, lo accomplish such an extensiYe pro­
gramme of wml: within a reasonable time, and therefore, in 1921, 
we made application to the Car 1 s berg Fon d. This institution 
readily granted our request for financial support in the search for 
new interglacial deposits, with subsequent detailed horings in sui­
table bogs. In the course of the two next summers, 1922 and 1923, 
we made, in all, 121 horings in 38 enclosed basins 1), most of these 
being indicated beforehand on the General Slaff maps. The appara­
tus used was a well boring apparatus with sand pump and 3-inch 
iron lead-pipe. These borings were carried out in the district between 
Solso in the north and Agerskov in the south ( cf. Pl. I), and led lo 
Lhe discoyery - apart from lhc 4 localities found in Hl21 - or 17 
new sites from the last interglacial period, three of which, Yiz. Rode­
b~k, NorboJlin g and Brorup, exhibited the Heming profile, \Yhile lhc 
renewed inYestigalions al Solso showed that mallers here are nol so 
as at first supposed . At the same time, borings were also made 111 

seYeral other in terglacia I deposits. 
From the experience gained in lhe course of this work it is lo 

be expected that one should, by similar operations, be able to locale 
new interglacial localities in the corresponding parts of South Sleswic 
and Holstein, and probably farther to the south and east beyond th e 
limit of glaciation in the last glacial period. On the island of Sylt, 
at Drelsdorff in South Sleswic, a t Nienjahn in Holstein, and in 
the Hamburg district, a number of interglacial bogs of the Brorup 
type are already kno,Yn 2), but no systematic inYestigations haYe 
been made in those regions. \\Tith a Yiew of gaining some idea 
as to the known interglacial formations of north west Germany, and 
making comparison between the topographica l features there and 
in western Jutland, we made a journey through those co untries in 
the autumn or Hl23, prosecuting oul studies on the spot. . \Ve had 

1) Five of these were known beforehand to contain interglacial bogs. 
2) Cf. Chapter IV. 
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the good fortunate to enjoy the company of Professor Dr. 'lv. \VoLFF 
throughout the greater part of the journey, and it was thanks to him 
alone that we were able, in the short time at our disposal, to obtain 
a good general view or the manner in which the interglacial forma­
tions occur in northwest Germany. We have also, in the spring of 
1927, made an excursion to some interglacial deposits in the Li-1ne­
burger Heide, this lime in company wilh Dr. K. voN BiiLow. Our 
obsen-ations on these journeys haYe been dealt with in Lhe Chapter 
IV- VII, where we also endeayour to draw comparisons between the 
interglacial formations of Jutland and those of North Germany. Our 
observations as to the transforming effects of solifl uction in the hilly 
tracts of middle and western Jutland are discussed in Chapter III. 

It must, from the nature of the case, be far more expensive to 
obtain boring profiles through interglacial freshwater deposits, and to 
determine the extent of these, even approximately, than in the case of 
alluYial bogs. This is one of the reasons why many of the deposits 
mentioned in the following may perhaps appear insufficiently in­
vestigated, as is often the case for instance with the marginal portions 
of those very basins in which most borings were made. 

As regards the interglacial deposits, we had here to concentrate 
on the elucidation of their main stratigraphical features with a wicw 
to closer comparison between these formations and the post-glacial 
bog and lake deposits. Not only was it necessary to make sure Lhal 
Lhe contents of the individual beds as regards macroscopic fossils 
were thoroughly i1w.cstigated; it was natural here also to apply Lhe 
pollen stalistical method, which has of late years yielded such excel­
lent results in the case of the post-glacial bogs. \Ve found however, 
that it was not always possible to obtain pollen samples taken al 
sufficiently short interrnls, as the boring appatus used - though doubt­
less the best for our purpose - did not always admit of altogether 
precise determination of depth. As a rule therefore, the distance between 
the pollen samples is greater than we should wish, and we found 
particular difficulty when boring in sandy, water-bearing lake deposits. 
Only in places where interglacial marl deposits lay exposed to the 
air were pollen samples taken directly in sections or by means of the 
screw-auger. 

The samples for pollen counting haYe been dealt with approxi­
mately as suggested by ERDTMAN 1); we lut Ye, howeyer, for further 
clarification of Lhe pollen itself and fragments of tissue, lirsl subjected 
the samtJles lo a light boiling in highly diluted nitric acid. In calca-

1) G. ERDTMAN : Pollenanalytische Untersuchungen von Torfmooren und mari­
nen Sedimenlen in Siidwest-Schweden. Dissertation. Uppsala 1921, p. 16 f. 
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reo us mud s, th e pollen freq uency of the prepara lions - i. e. quantity 
of pollen per sq. cm preparation surface (ERDTMAN 1

) - is greatly in­
creased by Lhis process, and the pollen frequ ency noted in th e diagram s 
l"rom th e calcareous strata cannot therefore be compared with thal of 
series wh ere Lh e carbonate of lim e is slight in quantity or lacking 
altogether. V,'e haYc throughoul operated as for as possible with prepa­
rations of uniform density. In the poll en diagram s, \\'l' h a ve employed 
Lhc symbols used by L. VON P osT, EnoTMAN and other S\\'edish geo­
logis ls for des ign a tion of' the different species, though we have found 
it a dYisable to introduce two alterations, viz. for Carpinus and Cory/us. 

V/e are very indebted Lo Mr. AuG. HESSELBO for the determination 
of almost all the Moss-species mentioned, to Mr. K. L. H EN RIKSEN for 
the delermination of the remains of insects , to Mr. J. BOYE PETERSEN 

for the determination of' Diatoms and to Mr. K. GRAM and Mr. S. 
BEN GTSSON for taking photographs of seeds and fruits . The transla­
tion from Danish is due to Mr. W. \VoRSTER. 

W e wish to express our r espectful thanks to th e Carlsb e rg 
Fond for the great assistance granted us in this work; the support 
thus rend ered ha s enabled us lo prosecute our operations on such a 
scale th at we ha\'e, in several essential respec ts, succeeded in correc­
ting and adding to what was previously known as lo lh c dilLivial 
period in Denmark and i\'orthwest Germany. 

The Authors. 

1) G. ERDTMAN: lakttagelser fran en micropaleontologisk unders6kning av 
nordskotska, h ebridiska, orkadiska och shetlandiska torvmarker . Geol. 
Foren. F6rhandl. Stockholm. 1923, p. 541. 



Interglacial Deposits in Jutland. 

Deposits fron1 the Last Interglacial Period. 

In . this cl~apter ai:e to be . treated intergl~cial deposits generally, 
situated 111 a basrn recogmsable as such m the precent surface of 

the ground, lying outside the border line of the last ice sheet, and 
nol covered by glacigcnous formations but by "coyering sand", which 
may for the most part be regarded as fossil solifluction material:) . 

In addition to the bogs mentioned in the follo\\'ing pages, this 
gro up also comprises the bogs at Bramming 2), Tuesbol 13), Sko\'lyst 4

), 

Lundtofte 5), EmmerleY 6), :\fogelto nder and Spandet7; doubtless also 
th e bog in the clay pit belonging to th e Brorup Marl Compagny 8

), 

th e lake deposi ts al Ejslrup and the bog al Roslrup, sec p. 19!i. 

Bogs with two separate Mud beds. The Heming-Type. 

The Interglacial La}{e at Herning. 
Mention has already been made, irl ·th e introduction, of the man­

ner in which our attention was drawn to the interglacial deposits at 
th e B erning brickworks, situated 2 km west of the town of Herning 
(see Fig. 1), and of how the investigation proceeded. On the site of the 
interglacial lake there is now a perfectly flat hollo\\' sloping from the 
southwest to the northeast, with an outflow to,Yards lhe northwest 
along the Herning-Holstebro road, to the stream known as Hernings-

1) Cf. Chapter III. 
2) N. HARTZ : Bidrag elc .. . . D. G. U. II. R. No. 20, p. 183. 
3) D. G. U. II. R. No. 20, p. 160. A. JESSEN, V1cTOH MADSEN, V. MILTHEHS, V. Nonu-

MANN : Br6rup-Mosernes Lejringsforhold. D. G. U. IV. R. Bd. I. No. 9, p.17- 22. 
4) D. G. _U. II. R. No. 20, p. 178. D. G. U. IV. R. Btl. I. No. 9, p. 22-32. 
5) D. G. G. II. R. No. 20, p. 191. D. G. U. IV. R. Bd. I. No. 9, p . 32- 36. 
6) Meddel. fra Dansk geol. Forening, Bd. 6. 1925, p. 35. 
7) These two last named bogs situated on the geo logical map Tonder have 

not yet been published. 
S) D. G. U. IV. R. Bd. I. No. 9, p. 36- 40. V. MJLTHEHS: Kortbladet Brekke. D. G. lJ. 

I. H. No. 15. 1925, p. 55 - 63. 
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holm Aa. There arc however, in this hollow a couple of small areas 
bounded on the m ap by closed curves, and in the deeper of these 
there is some post-glacial peaty soil, cf. Pl. II. The ground surrounding 
the hollow form s part of th e smooth, slightly undulatin g plateau on 
th e eastern side of SkoYbjerg hill island. In the immediate vicinity, the 
boulder clay crops out at th e surface, co Yered , al the ulmosl, by a 
layer of stony sand, which rarely amounts lo a meter in thickness. 
Below the boulder clay lie fluvioglacial sand and graYel, which at seYeral 
places close by crop out at the surface in patch es of more or less 
extent in which Lh ere are seyera l large gravel pits. 

The profile which we surycyed in the brickworks pit i.n 1914 is 
shown in Pl. III and is further reproduced at the south end of the 
longitudinal profile, Pl. VIII where the heights are greatly exaggerated. 
The rem ainder of this profile was drawn from borings, of which 41 
were made in all. Borings Nos. 1- 3, 5- 9, 19- 25, 34- 41 are from 
1919 (cf. p. 2); the remainder are from the a utumn of 1923 and 
autumn l 924, and were carried out in our presence. The posi­
tion of th e borings and the ex tent of the lake deposits arc noted on 
Lhe map, Pl. II. The numerical sequence h ere used for the borings 
does not correspond to their chronological order, but was chosen on 
prac tica l grounds. From lhese borings, and also from the lake de­
posits in lhe brickworks pil, aboul hall' a Lon ol' sa mpl es were co llec ted 
and senl hom e. Almost Lhc whole of this mass of ear th h as been 
washed, after first clea nsin g the separate samples by scraping, where 
they co nsisted of coherent clay or mud. Special samples were also 
collected for pollen analysis, these being taken as a rule from the 
lower portion of th e mud or clay brought up by the screw-auger. All 
the boring profiles will be found on p. 22- 46. 

We h aye on seyeral occasions referred to th e interg}acial lake 
at H erning. Thus for instance in 1914, V. Mu,T H ERS made a state­
ment as to the profile here in the Danish Geological Society, and in 
1915, I mentioned to the Danish Botanical Society our find of Trapa 
natans in the interglacial strata at Heming ; I h aYe also giYen the 
profile of the lake deposits in a thesis in my work for the Doctorate 
in 1920 1). V. MILTH ERS refers to The Herning profile, in the co urse of 
his description of th e interglacial bogs of the map-sh eet Brekke 2) . 

1) K Nuo JESSEN: Moseundersogelser i det nordostlige Sjrelland , Copenhagen 
1920, p. 242. Copy of D. G. U. Il. R. No. 34. 

2) V. M1LTHEHS: Kortbladet Brekke. D. G. U. I. R., No. 15. 1925, p. 52. 



Fig. 1. ~lap o f the district west of Herning (the town is seen lo the right in the fi gure). Position of the interglacial lake is indica ted by the enc losed 
coarse line north of Berning Brickworks (Tg lv .). Scale l : 25000. Con to ur intc r\'al~5 feel = 1.57 m. After the General Staff Map Shee ts 2406 and 2506. 

.... 
0, 
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The profile in the Brickworks Pit 1914. 

The position of this profile (PI. III) is shown on th e map Pl. II. 
It was meas ured for th e most part by V. MILTHERS, the botanica l 
collections being undertaken by myself. Of late yea rs , clay has bee n 
mostly du g from th e ground to Lhe south of th e sandy lake deposi ts, 
and th e prolile h as now for a long tim e been almosl entirely covered 
with material fallen fTom above. 

Each bed of the profil e from A to 0, will b e dealt with separately 
rn the following. 

A. Sandy, stony Mould, 10- 20 cm thick. 
B. In a hollo\\· in the subj acen t bed , between 8 and Hl m, there 

was found a layer ½ m tick of ston eless, rather fin e Sand , which 
must probably he regarded as wind blown sand. 

D. All owr th e subjacent series of strata extended a bed of 
stony Sand, the stones as a rule up to th e size of h en 's eggs. The 
greatest thickness of this bed \Yas ¾ m, and for a great part of its 
extent it was found to be highly contorted, no distinct stratification 
being otherwise discernible. In th e so uthernmost part, the sa nd was 
somewhat mix ed " ·iLh clay , a nd here th e b ed might sometim es appear 
alm ost of a morain e type. 

E. Yellow San rl with sca tlercd s tones of the size of eggs; it had 
distincl s lra lif1calion, fold ed and henl at th e top, fairl y regular and 
al.mos t h orizontal lower down ; its total Lhickn ess was ea . 1.4 m. 
South of Point 27 111 th e beds E and .J fused togeth er, and th e 
·continuation soulhward was formed by a sandy, Yery heterogeneous 
morain e-like ma ss \Yith lumps of richer clay kneaded in here and th ere. 

G. A bed of brown 111 udd y Sand, up Lo i'> cm thick, with 
numero us rolled sticks in the lower portion ; lh e line of demarca tion 
from the layer below was sharp. This bed co uld be fo llowed from tb e 
northern end of the profile to Point 30 m, where it thinned out. The 
following determinable Yegetable remains were found : 

Betula pubescensl), 1 fruit , 
Carex sp. , a few nuts without utric ulus, 
Carpinus betulus, 1 small nut, 
Sa/ix sp., bud scales, 
Trapa naums, two horns. 

Caliergon stramineum . 

.J. Stony non- ca l ca r eo u s Cla y up to 0.5 m tick ; it had 
slight stratification, or con sisted of small polygona l b locks; its colour 
was yellowish red al top and bottom , otherwise grey . This hed extend ed 

1) The Au thors to the systematica l nam es on plants and animals will be 
mention ed onl y in the general list in the end of C.hapter II . 

Danm:1rks geologiske Und crsoge lse. H. R:ekkP . l'\r. •IR. 2 
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southward t o abt. 27 m , but in the southern portion, it ch an ged charac­
ter somewhat , appearin g in places like stoneless glacial clay, in others 
more of the moraine type. A large sample from this b ed, taken in 
1919, yielded on washing only 1 catkin scale of Betula nana and 4 
fruits of Empelrum nigrum . 

K 1. A b ed of rather coarse light Sand, thinning out about point 
22 m; grea test thickness ¾, rn. No corresponding bed was found by 
the borings; it must b e regarded as a littoral formation. 

Ks . The Trapa B e d. This was divisible into three distinct zones, 
merging one into another without marked boundaries. At the lop was 
a weathered horizon consisting of ye 11 o " . sa nd mixed with clay and 
loam, and no fossils; below this the Trapa stratum proper , which 
appeared as a typical shore formation of brown, · sandy mud with 
irregular layers and lenses of light coloured sand. It was rich in 
fragments of branches, fruits and other . Yegetable remains ; at the 
bottom was the Ceratophyllum B e d. The tota l thickness was up to 
1 m. The lower portion of th e Trapa stratum proper contained grater 
numbers of Trapa fruits than the upper part, which, on the other 
hand , yielded more fruits of oak and hazel ; othenvise, th ere seem ed 
Lo be no difference in th e fossil content. 

The slate of presenalion of th e yegelablc r em ains was extremely 
good ; th ey were nol rolled, and both Trapa and Cerafophyllum fruits 
had th e horns as a rule intact ; acorn cups were frequ ently found 
with th e slalk unbroken. Trapa nalans was found from th e north end 
of the profile to 42 .5 111 in th e south , and afterwards again between . 
:-15 and 87 m, hut representatiws of th e " Trapa flora " have been 
met with throughonl th e whole stratum as far as 27 m, where il 
thinned out. 

The following yegetabl e remains have been found in the Trapa bed: 

Acer campestre, fruits without wings, seeds (Pl. XXXI, 17- 21), 
Alnus glutinosa, catkin spindles, fruits , pollen , very common , 
Bet11la sp., pollen, scarce, 
Brasenia p11rp11rea, 9 seeds , 
Carpin11s bet11lus, 2 grains of pollen, 
Ceratophyll11m demersum var. apic11lalum, num erous fruits , 

submers11m , 2 half fruits , 
Corn11 s sang11ineus, 1 fruit-stone , 
Cory/us avellana, numerous nuts, some gnawed by mice (Mus sylvaticus P), 

pollen, 
f rangula alnus , 1 fruit-stone, 
Frax inus excelsior, 1 fruit. 
flex aq11ifolium , numerous fruit-stones, a frag ment of a leaf, 
Najas marina, several fruits , 
Nuphar luleum, numerous seeds, 
Ny111phaea alba, severa l seeds, 
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Pinus silvestris , pollen, not common, 
Polygonum tomentos11m, 1 fruit, 
Potamogeton densus, 1 fruit-stone, 

nalans, common, 
praelongus, 5 fruit-stones , 
sp., common, 

Quercus robur, acorns and acorn cups, most common in the upper part 
of the stratum, pollen, 

Ranunculus repens, 2 fruits , 
Sa/ix sp., some pollen, 
Scirpus lacusler, numerous fruits, 
Sparganium erectum , fairly common, 

minimum, several fruits, 
Taxus baccala, 1 seed, 
Tilia platyphylla, a part of a pyriform Tilia-fruit with thick, somewhat 

spongiouse wall and with keels on the sutures (Pl. XXXIfI, 3 - 5), 
Tilia sp., pollen, 
Trapa natans, numerous fruits , especially in the lower part of the stratum 

(P l. XXXI, 1- 16), 

Climacium dendroides, 
Eurynchium praelongum, 
Homalothecium sericeum, 
Hylocomium proliferum, 

squarrosum. 
Isothecium viviparum, 
Mnium stellare. 

Cenococcum geophilwn, numerous sclerotia. 

Mouse (Mus sylvaticus ?) gnaved hazel nuts.1) 

Phytoptus laevis, galls. 

Spongilla lacustris, spicules. 

The Ceratophyllum Be d. This consisted of a dark-brown, s an cl y 
M u d, the lower portion of which, a thin boundary layer , sharply 
sel off from th e underlying clay, was almost black. The stratum 
filled th e cauldron-shaped depressions in the subjacent clay, as de­
scribed below, and its upward limit was altogether diffuse. It attained 
a thickness_ of up to 40 cm, and extended from the northern end of 
the profile to abt. 43.5 m. South of this point, the Trapa stratum 
rested directly on th e arctic clay. 

In the black boundary layer adjoining the clay were found: 

Betula pubescens, 1 catkin scale, 
Ceratophyllum demersum var. apiculalum, a few fruits , 
Polamogeton sp., 2 fruits. 

1) Determined by the late Vice-Inspector Hrn1.ur- vVrNGE. 
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The remaining portion of th e stratum contained . 

. Alnus ylutinosa, fruits , catkin spinctles, pollen, commen, 
Betula sp., pollen, fair ly, co mmon, 
Ceratophyllum demersum var. apiculalum , many fruits, 
Cory/us auellana, 1 nut, abt. 20 c m above th e lower edge, 
Dryopteris lhelypleris, spores, sporanginm fragments, 
Najas marina, a few fruits , 
Nuphar luleum, a few seeds, 
Pinus silueslris, abundant polle n, 
Potamogelon 11alans, numerous fruits , 
Quercus sp. , fairly abunda nt pollen, 
Scirpus lacusler, a few fruits. 
Sparganium affi11e, 1 fruit -stone from lh e bottom of th e layer (Pl. XXXlll , 27) 
Trapa nalans, a Few horns. 

L. Th e A re lie Clay. A hed up lo 2,5 rn thick o r s lralif1 ed , 
calcareous, stone less clay, dark grey in co lo ur, the so uthern portion 
howCYer, - abo ye lh e dotted lin e in th e prof1le - weath ered and 
yellow. The clay-co ntent \Ya s grea tes t al lh e bottom, th e upper part 
being more sandy. It ex tend ed from the n ort h end of th e profil e Lo 
Point lO m, " ·here it thinn ed. out. The boundary surface adjoi nin g 
the Ceralophyllum s tratum \Yas hi ghly irregular, especially from Point 
:-:J:i m north,Yard , formin g h ere cauldron-like depressions in the clay, 
in which the Cern lophyllum s tratum was fo und , Pl. V. 

The arctie c la y showed in seYernl places numerous remains or 
plants ; this ,Yas es pecially lh e case in three separate horizons, abl. ;H\, 
?i2 and 8(i cm rcs pec liYely below lh e upper surface of th e stratum; 
it was h ere llrnl m ost or lh e fossils were found, and no species oth er 
than those round here were m el with in a ny oth er part of 1h e profil e. 
The lowest or th ese plantbearing s trata con tained only a fe w remains 
of leayes or B elu/a nana and Sa/ices , th ere \Yere 1i1ore in th e middle 
s tratum , and i n th e uppermost, the bed was al tim es altogelhcr eo,·ercd 
with remarn s o f leaves. The following species were found in th ese 
three strata: 

S p (' C i <' s 

Balracium aqualile (co ll.). . . . . . . . .... 
Betula nana (Pl. XXXV, ll - 14, 16 - 18) 

nana x p11bescens (Pl. XXXV, 15, 19- 20) . . 
Carex spp....... . . . .. . . . . . ... . . . 
Hippuris uu lgaris . . .. ... . . . . . . ... . .... .... . . ... . 
Polamogelon filiformis .. . . . . . . 
Polen/ilia paluslris ... . .. . ...... . 

sp.. . . ... . . ......... . 
Salix phylicifolia (P l. XXXIV, 5- 6) ..... . . .. ... . 

- herbacea (P l. xx:,.;.iv, 1) ..........• . 

1; 
+ 
-t-

+ 
+ 
+ 
+ 
+ 
+ 
+ 

I! ~ '"' X 

.t:l 

+ 
+ + 
+ + 
+ + 

-L 
I 

t I ~~ 



21 

S p ecies 

Sali:r: reliculata /Pl. XXXLV, 9) .. ... ..... .. . . . 
- cf repens (Pl. XXX[V, 7 ··· 8) . . ..... . . . . 

Sparganiwn sp. . . . . . . . . . . . . . . . . . . . . . . . . ... ... . 

A mblyslegiwn polyga11111111 
stellalum..... . . . .. . ... .... . . 

Brachylheciwn albicans ............. . 
Bryum uenlricosum . . . . . ........ . .. . .. . 
Calliergon giganleum . ... ...... .... . ...... .. . .. . . . 

sarm entosum . . . . . . . .. . . . ... . . . . 
slraminewn .. .... . . . .. . .... . ... . 

Ca111plolheci11m lriclwides. . . . . ... . 
Dicran11111 conges/11111. 

scoparium . 
Gymnocybe paluslris . 
Hypnum exannula/11111 . 

reuoluens . . . . . .. ..... . . . 
uncinalum .. . ....... . . .. .. . 

L escuraea Breidleri. . . .. . .. . . . . . .... . .. . ... . 
Meesea lriqu elra . . . ... . .. .. .. .. ... .. . ... . 
Mnium cuspidalum . . . . . . .. . .... . . . . . 
Philonolis lomentella . . . . . . . . 
Polylriclwm juniperinum . .. .. 

slriclum . .. . 
Scorpidium scorpioides ... . 
Tlwidium abietinum. 
Tortu/a ruralis. 

I~ I 

+ 
+ 
+ + 
+ + 

+ + + 
+ + 
+ 
+ + + 
+ 
+ 
+ 
+ + 

+ 
+ + 

+ + + + 
+ + 

Belu la nana and Salix phylicifolia ,,·er e found abt. 5 cm below the upper 
surface of the clay. 

,\1. Th e arctic clay res led concordantly on a 0.-1- - 0.5 m layer of 
Sand, graYelly here a nd there in Lhe lo,Yer part s. The boundary 
surface, adjoining th e subj acenl gl:1cia l day, was somewhat irreg ul a r, 
the clay som elirn es thrusting oul like slreaks af ooze into th e lo wer 
portion of the sand. In the upper portion of th e sand stratum \Y er e 
found se ,·eral thin mossy layers between 18 m a nd 32 111 ; in Lhese 
were obsen·ed: 

Carex sp., 3 nuts withou t utriculus , 
Polamogelon sp. , 1 small fruit-stone, 
Salix sp. , 1 grain of pollen. 

Calliergon g iganteu m , 
Hypnum aduncum, 

examwlalum, 
reuoluens, 

Scorpidiwn s1·orpioides . 

A11chomenus lugens, 2 wings. 

N. Rich Clay, without stones, glacial da y. In the so uth ern part 
or Lhe brick works pit, where Lhis clay bed was cowred direclly by the 
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stony sand (D), no distinct stratification was apparent; farther north, 
however, where covered by the sand (M), it was handsomely strati­
fied, consisting here of alternating light and dark grey layers, Yarying 
in th ickness from 0.5 - 4.0 cm. The dark Yery fine-grained layers were 
broken up in small scraps and were as a rule very thin. T hese minor 
layers, which were presumably ya n · had on lh e whole the same slope 
as the total stratum, the maximum thickness of which was 1.35 m. 

Chemical analysis of the dark and light layers in the varvs taken 
fro m samples collected by V. M1LTMERS gaye the following dertermina­
tions of CaC03 and MgCOa, calculated from the quantity of dry matter: 

CaCOa :l lf(CO, Parts MgCOa pr . 100 parts CaCO, 

Dark strata \-l.82 0/o 0.57 °lo 5.90 
Light strata 23.20 °lo O.G4 % 2.80 

From these analyses of the year sheeded clay it appears that 
there is here a very similar difference between the dark and light 
layers as regards CaCOa and MgCOa content, to that found by A. G. 
H6GBOM 1

) be tween the winter and summer deposits in Swedish late 
glacial formations of yarve clay, the calcium content being considerably 
higher in the su mmar layers than in the winter ones, while the relative 
amount of MgCOs is h ighest in the dark winter layers. About 80 varv 
in alle were co un ted. P l. VIJ. 

0. T h e lowest stratum in the greatest part of the clay pit was 
Mo r a in e C 1 a y. "\Vhere this was not covered by the interglacial strata, 
it sh owed a strong yellowish red weathering tinge, the unweathered 
moraine clay being dark grey, and containing 8.5 % CaCos. A flake 
of mica c e o us c 1 a y was found enclosed herein. Of stones from the 
m oraine clay, several of rhombic porphyry were observed, and some 
of Saltholm chalk, but no Baltic blocks or -Dala blocks. At the extreme 
south in the brickworks pit, th e flu vioglacial sand and fluvioglacia l 
graye[ cropped out under the moraine clay. 

List of Boring Profiles surveyed in 1919, 1923 and 1924 
in the area north of the brickworks pit. 

(Cf. Pl. VIII and Pl. IX). 

Boring 1. 
A. 0 - 0.4 m Sandy Moul d . 
B. 0.4 - 1.3 m Greyish yellow, argillaceous Sand. 
E. 1.3 -- 1.7 m Grey Sand. 
F. 1.7 - 1.8 Ill Yellow Clay. 
G. 1.8 - 2.8 111 Uppermost: alternating layers of Sand and Mud , below: 

brown sandy Mu d. 

1) A. G. Hi:iGBOM. Om relationen mellem kalcium og magnesium karbonat i 
de qvar tare aflagr ingarna. Geol. Foren. Forhandl. Vol. II, p. 263 ff. Stock­
holm 1889. 



J . 2.8 - 4.4 

K2 4.4 6.8 

L. 6.8 - 7.6 

0. 

A. 0 0.6 
B. 0.6 1.2 
D. 1.2 1.7 
E. 1.7 3.1 

F. 3.1 - 3.8 

111 

111 

111 

111 

m 
111 

111 

m 
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Bluish-grey stoneless Clay ; at 3 m a thin layer of sand. 
Brown sandy Mu d. 
Dark grey stoneless C I a y. 
Dark grey sandy Mor a in e C I a y. 

Boring 2 . 

Stony sandy Mou I d . 
Yellowish-grey argillaceous San d. 
Yellow Sand with small stones. 
Rather coarse, somewhat humous Sand, grey in colour: 
Carex sp. , 1 fruit. 
Cenococcllm geophilllm , several sclerotia. 
Greyish brown argillaceous Mud, or grey Clay. 
Washings from this yielded : 
A.rctostaphyllls sp., ½ fruit-stone, 
Batrachiwn aqllatile (coll.), 5 fruits, 
BetL1la nana, 1 catkin scale, 
Carex sp. , 2 fruits, 
Compositae, 1 small fruits , 
Empelmm nigmm, several fruit-stones, 
Selaginella selaginoides, 1 spore. 

Calliergon straminellm , several shoots, 
Hypnllm exannlllatwn, several shoots. 

Cenococcwn geophilmn, several sclerotia. 

Daphnia plllex, 1 ephippium: 
G. 3.8 - 4.0 m Gr:eyish brown sandy Mud , in which were found: 

Ajllga reptans, 1 nut, 
Alnlls gllltinosa, several fruits and catkin spindles, 
Ceratophyllmn demersmn, a few fruits, 
Corylus avellana, 1 nut, 
Najas marina, ½ fruit , 
Potamogeton filiformis , 1 fruit-stone, 

natans, a few fruit-stones, 
sp. , several fruit-stones, 

Scirplls lacL1ster, several fruits, 
Sparganium minimllm, 2 fruits, 

sp. , 1 fruit, 
Trapa natans, fairly common. 

J . 4.0 - 5.5 m Bluish grey stoneless Clay : 
Batrachium aquatile (coll.) , 2 fruits, 
Betula nana, 1 fruit , 
Selaginella selaginoides, 1 spore. 

Cenococcum geophilum, 1 sclerotium. 
K2. 5.5 - 7.7 m Brown Mud: 

Alnas glutinosa , 1 fruit, 
Betula pubescens, 2 fruits , 
Carex sp., 1 fruit, 
Carpinus belulus, '1 fruit, 
Ceratophyllum demersum, 2 fruits , 
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Cory/us avellana, 1 nut, 
Polamogelon sp., 4 fruit-stones, 
Scirpus lacusler, 2 fruits, 
Trapa natans, three fragments of fruits. 

L. 7.7 - 8.7 m Greyish blue stoneless Clay : 

0. 

A. 0 - 0.5 
B. 0.5 - 1.7 
D. 1.7 - 2.6 
E. 2.6 - 3.3 

G. 3.3 - 3.5 

m 
m 
111 

m 

Ill 

Betula nana, 1 fruit , 1 catkin scale, 
Compositae, 1 fruit , 
Potamogeton sp., several fruit-stones. 
Moraine Clay. 

Boring 3 . 
Sandy Mou I d. 
Yellow San d. 
Pale grey stony San d. 
Coarse greyish brown San d, in which were found. 
Hippuris vulgaris, 1 fruit-stone. 
Cenococcum geophilum , some sclerotia. 
Greyish brown argillaceous Mud : 
Belula pubescens, 1 fruit, 
Carpinus betulus, 1 fragment of a fruit 
Empelrum nigrum , 1 fruit-stone, 
Myriophyllum cf. alterniflorum, 1 nut. 

Cenococcum geophilum , several sclerotia. 
J. 3.5 - 6.2 rn Greyish brown, stoneless C 1 a y. A sample from this yielded 

Belula pubescens, 4 fruits, 
Betula nana, 1 fruit , 
Empetrum nigrum, 1 fruits-tone, 
Picea excelsa, 2 fragments of bud scales, 
Salix sp., l small bud. 

Cenococeum geophilum, several sclerotia. 
K2• 6.2 - 8.3 111 Brown Mud: 

Alnus glulinosa , 4 fruits, 
Belula pubescens, 4 fruits, 
Carex sp., 1 fruit , 
Lycopus europaeus, 2 nuts, 
Menyanlhes trifoliata, 1 seed , 
Najas marina, 1 fruit. 
Polamogeton sp., 5 fruit-stones, 
Scirpus lacusler, 2 fruits. 

L. 8.3 - 8.8 m Bluish grey stoneless Clay: 
Belula nana, 3 fruits, 
Hippuris vulgaris, several fruit-stones, 
Polamogeton sp., several fruit-stones . 

M. 8.8 - 9.4 111 Grey coarse Sand, which rose up a great deal in the 
lead pipe. 

A. 0 
D. 0.3 

Boring 4. 
(Pollen diagram see Pl. XXXVI, 1). 

0.3 m Mould . 
2.1 111 Sand with stones up to the size of hen's eggs. 



G. 2.1 - 4.0 m Uppermost, alternating layers of Sand and Mud , rich in 
small fragtmcnls of wood ; below (abt. 0.5 m), brown mud: 
Alnus glulinosa , 2 fruits , 
Balrachium sceleratu111 , numerous fruits, 
Belula pubescens, 3 fruits , 

sp., I fruit , 
Carex sp ., several fruits, 
Carpinus belulus, 1 fruit, 
/)u/ichium spalhaceum, 1 fruit with the perigonium bristles 

preserved , 
Empelrum nigrum , 4 fruit-stones , 
Picea e.xcelsa , many fragments of wood (uppermost) , 
Pinus silueslris, 1 piece of bark etc. and leaf epidermis, 
Polypodium uulgare, 3 spores, 
Potamogelon sp. , I fruit-stone . 

Oliorrhynclws d11bius , 1 wing in the lop of the bed . 
.J. -1.0 - G.9 111 Uppermost greyish brown a r g i 11 ace o us Mud, \Yilh 

stones up to the size of beans, lower down merging into 
grey - greyish blue, tough non-calcareous Clay. Vivianit. 
Balrachiwn sceleralu111 , abt. 30 fruits , uppermost, (possibly 

brought down from G.), 
Balrachium aqualile (coll.), 2 fruits , 
Belula pubescens, 2 fruits , 

nana, 1 fruit, 
Empelrum nigrum, 2 fruit-stones . 

Acrocladium cuspidalum , 
Bryum sp., 
Ceralodon purpureus , 
Dichodonlium pellucidum , 
Dilriclwm /lex icaule, 
Hylocomium proliferum, 
Hypnum exann11lalum, 

uncinalum, 
Philonolis fonlana, 
Pohlia nu/ans, 
Rhacomitrium sp. 

Bolryococcus Braunii, 
Pediaslrum inlegrum , 

/(awraiskyi . 

Spongilla lacustris . 
K2. 6.9 - 9.65 m Brown Mud, argillaceous in the upper part, sandy and 

distinctly stratified lower down: 
Alrws glulinosa , 1 fruit, 
Betula pubescens, 1 fruit, 
Carpinus betulus, 1 fruit, 
])ryopleris lhelypteris, fairly many spores , 
Nymphaea alba , intercellular hairs, 
Polypodium uulgare, 1 spore, 
Sparganium 111i11imum, 1 fruit-stone . 
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Botryococcus Braunii , 
Staurastrum sp. 

Spongilla Lacustris , several spicules. 
K3 • . 9.65- 10.35 111 Grey, sharp Sand, with some few small stones, the lower 

portion argillaceous. 

A. 0 0.2 m 
B. 0.2 0.6 Ill 

D. 0.6 1.6 m 
G. 1.6 - 2.6 m 

Boring 5. 

Mou l<l . 
Greyish yellow San <I with a few small stones. 
Dark grey argillaceous Sand with stones the size of nuts. 
Brown more or less sandy Mud: 
Alnus glutinosa, several fruits and branches, 
Betula pubescens , some fruits , 
Carex uesicaria, 1 fruit , 

sp., several fruits , 
Carpinus belulus, fruits, 
Cladium mariscus ?, 2 rhizomes, 
Picea ex celsa, 2 needles, I seed, flakes of bark, I tip of a 

shoot, 
Pinus siluestris , much wood, 
Polygonum lomenlosum, 4 fruits , 
Potamogeton sp. , fruit-stones rather numerous , 
Rubus idaeus ." some few fruit-stones, 
Sambucus cf. nigra, 1 small fruit-stone. 
Scirpus lacusler , some fruits , 
Sparganium ereclum, 3 fruit-stones. 

Hypnum exanrwla/11111, 
Polytriclwm sp ., 
Sphagnum sp. 

Cenococcum geophilum , many sclerotia. 

Phyloplus laeuis, galls. 
J . 2.6 - 4.5 m Uppermost, some few decimeters of fine, argillaceous San cl; 

below this, greyish blue stoneless C I a y. 
Balrachium aquatile (coll .), 6 fruits, 
Betula nana, 1 fruit , 
Carex sp., 1 fruit, 
Empetrum nigrum, 1 fruit-stone, 
Salix sp., 1 bud, 1.5 cm long. 

Hypnum adnatum, 
uncinalum , 

Meesea lriquetra. 
K2. 4.5 - 5.G 111 Greyish brown Mu d. Washings from the upper portion 

yielded the following·: 
Alnas glutirwsa, 1 fruit , 
Betula pubescens, 4 fruits , 
Carex sp., some fruits , 
Carpinus belulus, 1 fruit, 
Picea ex celsa, bud-scales, 
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Pirw s silveslris, bark, 
Scirplls lacL1 stcr, some fruits . 

[LescL1rea Breidleri, a single specimen of this arctic species 
in the uppermost part of the stratum, probably derived 
from J..]. 

K~. 5.6 
L. 6.2 

6.2 m Grey San d. Two fruits of Najas marina were found here. 
7.8 111 Greyish blue stoneless sandy Clay with thin stripes of 

sand ; slightly calcareous. No fossils in the washing samples. 

A. 0 0.3 
B. 0.3 1.5 

C. 1.5 16 
D. 1.6 2.7 
E. 2.7 3.4 

111 

m 

m 
111 

111 

Boring 6. 
Mou Id. 
Grey Sand, the upper part at any rate ,,. in d b I own 
Sand. 
Grey, stoneless Clay. 
Grey. stony S a n d. 
Grey C I a y and greyish brown a r g i 11 a cc o us Mud 1rnea­
ded together: 
Balrachium aqL1alile (coll.), 1 fruit , 
Empelrurn nigrllm , 1 fruit-stone, 
Potamogelon spp., several small fruit-ston es. 

G. 3.4 - 5.5 111 Greyish brown sandy Mud: 
Menyanlhes lrifoliala , 1 seed, 
Polamogelon sp. , 1 fruit -stone. 

CenococcL1111 geophilllm , several sclerotia. 
H. 5.5 - 7.3 m Grey Sand with some plant detritus ; b etween 6.0 and 6.5 

stones were rather numerous . Washings from the lower 
part of this fayer yielded : 

K2, 
L. 

A. 
B. 
D. 
F. 

G. 
J. 

K2. 

A. 
B. 

7.3 - 10.5 m 
10.5 - 13.0 111 

0 0.3 111 

0.3 1.0 m 
1.0 4.2 111 

4.2 - 4.7 111 

4.7 - 5.8 m 
5.8 - 12.3 Ill 

12.3 - 13.5 m 

0 - 0.3 Ill 

0.3 - 2.0 m 

Batrachium aqL1alile (coll.} , 1 fruit , 
Betula pubescens, 1 fruit, 
Betula nana, 1 fruit , 2 catkin scales, 
Carex sp., 1 fruit, 
Empelrllm nigrum , several fruit-stones , 
Potamogeton sp. , 1 fruit-ston e, 
Scirpus lacL1sler, 1 fruit. 
Greyish brown Mu d . 
Stoneless C I a y. 

Moul d . 
Boring 7 . 

Red Sand (presumably vvind blown sand) . 
Grey stony San d. 
Uppermost, 10 cm grey argillaceous Sand ; grey coarse 
Sand below. 
Brown Mud . 
Grey, greyish blue stoneless C I a y, with sand streaks in 
the upper portion . 
Brown Mu d. This stratum not bored through . 

Mould. 
Boring 8 . 

Sand without stones. 



D. 2.0 - 3.85 
D. 2.85-- 4.0 
G. 4.0 5.3 
H1. 5.3 - 7.4 

111 

111 

m 
111 
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Sand with s tones up lo th e size of walnuts . 
Sand with a few thin streaks of sandy Mu d. 
Alternating layers of Sand and brown Mu d . 
Uppermost, grey sharp Sand with a few small stones; 
from 6.8 m lo 7.4 m , the sand contained a considerable 
number of stones , up "to the size of hen 's eggs; abt. 6.3 111 

below the surface was a thin layer of sandy Mud, washings 
from which yielded: 
Batrachium sp., 1 fruit , 
.Juniperus com111uHis, 1 small branch , 
Selaginella selaginoides , 1 megaspore. 

J. 7A - 7.7 111 Grey , sandy mud y C I a y: abt. 7.45 m below the surface a 

A. 0 
B. 0.3 
C1. 1.3 

0.3 111 

1.3 111 

2.1 111 

D1. 2.1 - 2.95 111 

D2. 2.95 - 3.75 m 
F. 3.75- 4.0 m 

fragm ent of the branch of a conifer was found. This stratum 
was not bored through . 

Boring 9. 
(Pollen diagram, see Pl. XXXVI, 2). 

Mould. 
Rather fine Sand, the upper part wind blown sand. 
Uppermost, abt. 5 cm of fr es h 111 o s s, be low this Sand 
with plant detritus, num ero us fruits of Carex sp., and a 
fruit-stone of Polamogelon sp. The moss consisted of the 
following species: 
Amblyslegium polygan11111 , 
Hypnum exann11lal1.1111 , 

reuoluens , 
Mnium c11spidal11m, 
Scorpidiwn scorpioides. 
Rather line San <l with stones. 
Grey, non-cal careous stony C I a y. 
Greyish brown a r g i 11 ace o us and sandy Mud with 
a few small stones: 
Balrachium aqualile (coll.), numerous fruits, 
Belula nana, 1 catkin scale, 2 l'ruits, several dwarl' branches, 
Bel11la sp. (alba!), 1 fruit , 
Carex sp. , 3 fruits, 
Empelrum Hi_qrum, -l fruit-stones. 
Salix sp., a bud , 2 111111 long, 
Sparganium sp., 1 small fruit. 

Cenococcum geophilwn , 1 sclerotium , 

Pediastrum sp. 

Spongilla lacustris , spicules. 
F. G. 4.0 - 4.7 rn Stony San cl, gravelly with stones the size of hen 's eggs. 
G. 01.7 - 7.15 m At top and bottom some thin layers or Mud , the remainder 

consisting of stony Sand with stones up to the size of 
walnuts. For the pollen content of these mud bed see Pl. 
XXXVI, 2. Apart from tree-pollen, the following were found: 
A.juga replans, ½ nut , 
Belu la pubescens, 2 f'ruits, 
/)ryopleris thelypleris , spores, 
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Lycopodillm annotinllm, l spore, 
Ny111phaea alba, intercellucular hairs , 
Polypodium Vlllgare, several spores, 
Scirpus lacuster, l fruit, 
Umbelliferae, 1 grain of pollen. 

Gymnocybe palustris, fragments of leaves, 
Hypnu111 uncinalum , 
[ Lescuraea Breidleri, an arc tic species, presumably derived 

from the beds higher up or lower down]. 
Polylrichum sp. 

Cenococcwn geophilum , some sclerotia. 

Botryococc11s Braunii, 
Pediastrum sp. 

Spongilla lacuslris, spicules. 
H. 7.L5- 7.7 111 Grey, stony San d . 
.J. 7.7 - 13.ii 111 Uppermost, greyish brown , lower down grey and more 

argillacous C I a y Mud: between 11.5 and 11.75 m several 
stones size of nuts were found. Throughout the entire 
stratum there occured very thin brown layers rich in plant 
detritus, but the amount of determinable material was 
extremely small. Altogether, 9 samples of this s tratum, 
from different depths were washed and examined; the 
result showed: 

Samples: Ill below surf'nce 

..,. •-~ 00 "' ·~ 
Sp c ciP s 0 .,. 

"' ... 0 ;::; C'i o-i 
00 

"" "' C, ' "i I '"i I I I ' ' ,, C -,: "' "' "' 
..,. 

"' 6 0 ;::; C'i "' r- X cc "' 
Balrar:l1ium aqualile (co ll.) , fruits .... . . . . . . . . . . + + 2 2 5 2 
Belula pubesce11,;, fruits . . ........ 1 -1 1 3 

nana, fruits . . . . . . . . . . 3 6 2 1 1 
Carex sp' fruits .. .. . ... . .... .... 2 1 
Empelrum ni,qrlllll, fruit-stones . . . . . . . . . . ' . 2 
Molinia coerulea '?, shoot base 1 
Myriophyllum allernifloru 111 , pollen 1 

cfr. spicalu m , pollen 2 
Picea excelsa , 1 littl e piece of bark . . . . . . . . . 1 
Polamogelon spp ., fruit-stones. 6 4 2 
Sa/ix sp. , buds, 1-- 3 111111 long . .. . .. . .. .. + 
Amblyslegium slellalum .. ... ....... ... . . . . .. .. r 
Bryum sp . . . . . . . . . . . . . . . r r 
Cra/onellron /Uicinun1 ... .. . . ... . r 
Hyp1111111 exannulalum. ... ....... .. .. . . . . r r 

uncinallllll .... . . . . . . . . . . . . . . . . . . . . . . r 
Philonotis fontana .. . ... .... .. . . .. . . . . . . r 
Scorpidium scorpioides . . ...... r 

Ce11o rocc11 m geophilwn . . . . . . . . + 
Dialomaceae ... ... .. . r r r 
Pediaslrun1 boryam1111 . .. ... . . .. r r 
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Samples: m below surface 

Species 
.... "l co ,., 

"' 0 ..,. a, ..,. 0 - - N .,; 
00 00 00 ci 'i i i i i I I I I a, L~ .... N .... 0 .... a, 0 g ;::; c-. ~ ,-.: 00 00 00 

Pediaslrum Kawraiskyi ..... . r r r 
sp . .... .... . r 

Daplmia pulex, ephippium ............. . r 

Spong ilia lacuslris . ... . . . ..... . . . . . r r r r r r 

K2. 13.5 16.8 m Mud, the upper part brown , and somewhat argillaceous; 
below this, (13.9 - 16.4 m) it was firm and brittle, containing 
much vivianit, th e lowest portion ·greenish brown and 
slightly calcareous. A considerable outstreaming of marsh­
gas took place from this stratum. Microscopical examination 
revealed, apart from pollen of forest trees (see Pl. XXXVI , 2) 
the following species: 
Dryopleris sp., spores, 
Nupar luteulll, 1 grain of polle n, 
Polypodiulll vulgare, spores. 

Anabaena sp. 
Botryococcus Braunii, 
Stauraslrum sp. 

Spongilla lac11slris . 
L. 16.8 - 16.9 m Dark grey, calcareous Clay Murl : 

A. 0 0.3 111 

B. 0.3 0.6 Ill 

c,. 0.6 0.8 m 
C2. 0.8 2.25 m 
01. 2.25- 3.0 111 

0 2. 3.0 - 3.4 111 

F. 3.4 - 3.6 111 

F. G. 3.6 - 5.5 

G. 5.5 - 6.4 111 

Betula nana, 2 fruits, 
Potamogeton (iliformis, 10 fruit-stones , 
Spargani11m sp. , 2 fruit-stones . 
Owing to heavy welling up of sand in the boring, further 
operations were discontinued. 

Mould . 
Sand. 

Boring 10 . 

Low-Moor Peat. 
San d without stones. 
Sand with many stones up to the size of hen's eggs. 
Sandy, here and there oozy and brownish C I a y with stones. 
Brown C I a y Mu d. 

111 Sand, with stones in several horizons; between 4.60- -
4.75 was a thin layer of mud . 
Brown sandy Mud : 
Alnus glulinosa, 6 fruits , 1 catkin scale, 
Batrachium aqualile (coll.), several fruits, 
Belula pubescens, 3 fruits, 

nana, 3 fruits at abt. 6.10 m, 
Carex sp., several fruits without utriculus, 
Carpinus belulus, 2 fruits in the upper portion, 
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Ceratophyllwn demersum , 1 fruit , 
Picea excelsa, I needle, upper portion, 
Polygom1111 loJJ1enlosuJJ1, several fruits , 
Potamogeton praelongus, 4 fruit-stones , 

sp., 3 fruit-stones, 
Ru!ms idaeus, 1 fruit-stone , 
Scirpus lacuster, 3 frui ls, 
Trapa natans, many fragments of fruits, both in the upper 

and lower portions . 
.I. G.40 - 8.15 m Grey to greyish brown sandy C I a y Mu d , not bored 

A. 0 0.4 

C2. 0.4 0.9 
c,. 0.9 -·-· 20 

D1. 2.0 - 2.85 
D2. 2.85 -- 3.15 

Ill 

111 

111 

111 

111 

through: 
Batrachium aquatile (coll.), several fruits, 
Betuta nana, 4 fruits, 1 catkin scale. 
Carex sp., 1 fruit , 
Empelrum nigr11m, some fruit-stones, 
Polamogelon sp. , 1 fruit-stone. 

Boring 11. 

Mou Id, overlying pale brown Low-Moor Peat with 
rhizomes of reeds and roods of Aliws gl11tinosa. 
Greyish brown stoneless San d. 
Sand intermixed with mud , the upper 10 cm however 
sandy Mud with tree roots. 
Grey Sand, rich in stones in the lower portion. 
Brown sandy Mud, mixed with C I a y, some few small 
stones. A fruit of Carex sp. was washed out from this. A 
Pollen analysis showed: Belula 98 0/o, Pinus 2 0/o, Pollen 
frequency 31 ; also, considerable pollen of Myriophyllum 
allerni/lorum \Yas observed; some few specimens of Botryo­
corcus Braunii and Pediastrum inlegru111, and numerous 
spicules of Spongilla lacustris. 

F. 3.15 - 3.6:i 111 Dark grey sandy C I a y. The sample contained hardly any 
pollen , but: 
Betula nana, 1 fruit , 
Carex sp., several fruits , 
Empelrwn nigrum, 2 fruit-stones, 
I-Jippuris uulgaris, 2 fruit-stones, 
Polamogelon sp., 13 fruit-stones, 
Polenlilla sp., 2 fruits. 

Spongilla lacuslris, some spicules. 
F. G. 3.65 - 6.0 m Coarse stony San cl with stones the size of hen 's eggs. 
G2. 6.0 - abt. 6.75 m Hrown stratified sandy Mu d. Fragments of fruits of 

Trapa natans were common, and ½ fruit of Najas marina. 
Also flakes of wood from a conifer, fragments of cones 
of Picea excelsa, and a fruit of Carpinus betulus were found . 

H. abt. 6.75 - 9.80 m Greyish brown slightly muddy, fine Sand, the lower 
portion argillaceous. A sample from 6.75-7.50 yielded on 
washing: 
Betula nana, numerous fruits , 8 catkin scales, 
Betula cf. pubescens, 2 fruits. 
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Carex sp. , 3 fruits , 
Picea excelca , tips of two need les, upper part of the stratum 
Potamogeton sp., 1 fruit-stone, 
Sparganium sp., 1 fruit-stone, 
Viola paluslris, ½ seed . 

Calliergon slramineu 111 , 

Hypnum uncinalum, 
Polylrichum slriclu111 . 

\Vashings from a sample taken at 9.0 - 9.8 m yielded: 
Balrachium aqualile (coll.) , 1 fruit. 
Empelrum nigrum, 1 fruit-stone , 
Polamogelon sp., 1 fruit-stone, 
Viola paluslris , 2 seeds . 

.I . 9.8 -- 17.20 111 Uppermost (abt. 5 rn) greyish brown sandy C I a y with 
thin brown streaks of plant detritus. Vivianile. Below this, 
grey to greyish blue, hard tough c I a y with fewer detritus 
streaks. Aht. 16 m below the surface were found numerous 
s tones up to the size of walnuts. The lowest 0.5 111 or 
thereabouts exhibited transition to the subjacent bed. The 
stratum was extremely poor in determinable vegetable 
remains, but a number of mosses were found , all from 
the lowest 2 metres. - 6 samples yielded on washing : 
Batrachium aqualile (coll.), 12 fruits, 
Belula alba, 1 fruit abt. 15 111 below surface, 
Scirpus lacusler, I fru i I. 

Bryum venlricosum. 
Calliergon slra111ine11111, 
Climacium denrlroides , 
Cratoneuron (ilicinum, 
Dichodonlium pellucid11111. 
Hypnum exannulatum , 

inlermedi11111, 
iVIniwn cuspidatum, 
Philonolis fonlana , 
Polytriclwm striclum , 

sp. , 
Rhacomilri11m canescens, 
Sphp.g1111m paluslre, 

sp. 

Cenococcum geophilum. 
K2. 17.20- 18.45 m Brown Mud. Not bored through 

A. 0 

C3. 0.8 

Boring 12. 

0.8 m Amblyslegium-P eat with rhizomes and seeds of Menyanlhes 
trifoliala; a few small sticks or twigs. 

1.15 111 Greyish brown rn u d d y Sand with layers of moss: 
Balrachium aquatile (coll.}, 2 fruits , 
Polen/ilia paluslris , 1 fruit, 
Sali.1.· herbacea, some leaves. 



H. 

.I . 

1.15 - 3.4 m 
3.4 3.7 m 
3.7 - 4.5 m 

..J.5 -- 7.7 m 

7.7 - 8.1 Ill 

Calliergon stramineum, 
Gymnocybe palustris , 
Hypnum exannulatum, 

uncinatum, 
Polylriclwm slrictum , 
Rhacomilrium canescens, 
Tortella lortuosa. 
Alternating layers of Sand and sandy Mu d. 
Stony S a nd : stones up to the size of hen's eggs. 
Greyish brown sandy Mud: 
Batrachium aqualile (coll.) , fairly many fruits , 

sceleratum, 2 fruits , 
Belula pubescens, 2 fruits, 
Carex sp ., some fruits , 
Empelrum nigrum, 5 fruit-stones , 
Myriophyllum cf spicatum. 2 nuts, 
Picea excelsa, 1 needle, 
Polwnogeton cf filiformis , 1 fruit-stone, 
Trapa natans numerous fragment s of fruits . 
Greyish brown muddy stratified Sand. Six samples yielded 
on washing : 
Balrachiwn aqualile 1coll.), fairly many fruits, 
Belula nana, numerous fruits , 1 catkin scale, 

nana x pubescens, 1 fruit , 
pubescens, 5 fruit , 

Carex sp., a few fruits without utriculus 
Empelrum nigrum, some fruit-stones , 
Picea excelsa, 1 fragment of bud scale, 
Pi1ws silueslris , 1 small piece of bark, 
Potamogelon fi-liformis , 2 fruit -s ton es, 

sp., 2 fruit-ston es, 
Salix sp., 1 bud scale, 3 mm long , 
Scirpus lacusler, 1 fruit, 
Sparganiwn sp., I fruit-stone , 
Viola palustris , ½ seed. 
Grey C 1 a y Mud no l bored throug b . 

A. 0 

Boring 13. 

0.4 111 Peat. 
C2. 0.--1 
Cs. 1.0 

1.0 m Sand without stones, 
1.5 m Brown Mu d. Pollen spectra see p. 60. Also : 

Balrachium aquatile (co ll.) , numerous fruits , 
Carex sp. , som fruits without utriculus, 
[Carpinus betulus, ½ fruit ]1), 
Empelrum nigrum, 2 fruit-stones, 
Myriophyllum alterni/lorum, 3 nuts, much pollen 
Potamogelon alpinus, 1 fruit-stone , 

praelongus, 14 fruit-stones, 
pusillus, 3 fruit-stones , 

1) Probably derived from an interglacial bed , G or K2. 

Dunmnrks geologiske Unde rs0gelse. JI. Ra,kke. Nr. 48. 



C4• 1.5 - - 5.0 111 

D. 5.0 
G. 5.5 

5.5 111 

abt. 6.6 

84 

Sand with layer s of Mud: 
Care.,:; sp., 1 fruit, 
[Trapa nalans, 2 horns]1). 
San d with s tones up to the size of eggs. 
111 Grey mudd y Sand: several pieces of fruits of Trapa 
natans. 

J. abt. 6.5 - 13.0 111 Uppermost, grey sandy C I a y, lower down grey stiff 
clay with thin s treaks of sand . The boring was stopped 
owing to heavy inflow of sand into the lead pipe. 

A. 0 0.3 
C5. 0.3 2.75 
D. 2.75 -- 3.8 
F. 3.8 - 5.15 

111 

111 

111 

Ill 

Boring 14 . 
Moul d. 
Sand without stones . 
Sand with stones up to th e size of hen 's eggs. 
Argillaceous, muddy Sand with s tones up to the size of 
eggs in the lower porlion. Washi ngs from this lower part 
yield ed some remains of Trapa natans, Ceralophyll11m s11. 
and Aln11s glulinosa, here presumably in a secondary posi ti on, 
as Stratum G must be supposed Lo have been destroyed 
by solifluction. 

J . 5.5 - 7.10 m Loamy, muddy Sand, not bored through: 
Balrachi11m aqualile (coll.), 3 fruits, 
B el11la nana, '1 fruits . 

Boring 15. 

A. 0 - 0.3 111 Mould and humo us Peat. 
C5• 0.3 2.75 111 Fine S a nd withou t stones. 
D. 2.75 - 3.25 m Stony Sand (Gravel), stones up to the size of a clenched fist. 
F. 3.25 - abt. 5.0 111 Grey stoneless non-ca lcareous Clay, thin plant layers : 

Balrachi11m aqualile (co ll.), some fruits, 
Belula nana, 4 fruits , 
Viola paluslris, ½ seed . 

G. abt. 5.0 - abt. 5.35 m Grey C I a y muc h th e same as F. 
Several fragments of branches of Picea excelsa. The follow­
ing spec trum was take n from ab t. , 5.20 111 below the surface: 
Bel11la 19 0/ 0. Pinus 28 0/o, Quercus 2 0/o, Alnus 19 0/o, Carpi-
1ws 4 0/o, Picea 28 0/o, and Cory/us taken separately 11 Ofo. 

J. ab t. 5.35-- 8.35 111 Grey Clay \Yith a few thin streaks of plant detritus, 
in which some vivianite. Merging gradually into the sub­
jacent stratum. 

K2. 8.35- 11.35 111 Brown Mud , crumbling in parts ; in the lowest half me tre, 
alternating layers of clay mud, sand, and mud. In the upper 
half of the stratum , fruits and seeds of Carpinus belulus 
and Brasenia pur1mrea. 

L. 11.35 - 12.35 m Grey, tough stoneless Clay with dark streaks. 
N. 12.35-12.45 m Brownish G I a c i a I C I a y without stones. 

A. 0 - 0.25 111 Mo u I d. 
Boring 16. 

C5. 0.26- abt. 1.85 111 Stoneless San d. 

1) Probably derived from an interglac ial bed , G or K2• 



D. abt. 1.85- 3.0 
F. 3.0 - 3.95 Ill 

J. 3.95- 4.85 Ill 

K2. 4.85 - 6.2 Ill 

L. 6.2 - 6.9 111 

A. 0 0.3 Ill 

D. 0.3 2.1 Ill 

0. 2.1 - 4.0 111 

A. 0 - 0.4 m 
D. 0..4 2.20 m 

0. 2.20 - 4.25 m 

A. 0 0.7 m 
D. 0.7 - 1.4 m 
G. 1.4 - 2.4 Ill 
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111 Sand with stones up to the size of hen 's eggs. 
Grey non-calcareous stony C 1 a y rather rich in the upper 
portion, more sandy lower down. 
Brown Clay-Mud. 
Brown sandy Mud and San d . In the upper half of this 
stratum were found: Brasenia purpurea, Trapa nalans, Scir­
pus lacusler, Carpinus belulus, 1-'icea excelsa. Rubus idaeus. 
Greyish-blue calcareous C I a y, the upper part very sandy. 

Boring 17. 
Mould. 
Grey Sand with stones up to the size of a hand ; a layer 
of Grave I at the bottom. 
Grey sandy calcareous Mor a in e C I a y. 

Boring 18. 

Sandy Mould. 
Stony Sand; at lhe bottom, Gr a Ye I with stones the size 
of eggs. 
Grey sandy Mor a in e C I a y wi lh limestone. 

Boring 19. 

Stony Mould. 
Yellow Sand with stones. 
Greyish brown sandy Mud: 
Aln11s glulinosa. 2 fruits, 
Brasenia purpurea, 1 seed, 
Care:i; sp ., 2 fruits , 
Empelr11m nigrnm, 2 fruit-stones , 
Sa/ix sp., 3 fragments of branches, 2 small buds, 
Cenococcum geophilum, several sclerotia. 

J . 2.4 - 3.8 m Greyish blue C I a y with a few small stones: 
Balrachium aqualile (coll.) , 3 fruits , 
Belula nana, 3 fruits, 

pubescens, 1 fruit, 
Potenlilla paluslris , 3 fruits, 
Cenococcum geophilum, 1 sclerotium. 

K2• 3.8 - 5.9 m Brown Mud, rather sandy, especialiy at the bottom: 
Ajuga replans, 1 nut, 
Aliws glulinosa, fruits and catkin spindles, rather numerous, 
Balrachium aqualile (coll.) , 1 fruit , 
Carpinus betulus . 4 fruits, 
Ceralophyllum dem ersum, 2 fruits , 
Cladium mariscus, 2 fruits, 
Cory/us auellana, 1 nut, 
Hippuris uulgaris, 3 fruit-stones , 
Hydrocolyle uulgaris, 1 nut, 
Jlex aquifolium, 1 fruit-stone, 
Lycopus europaeus, 2 nuts, 
Myriophyllum sp. , 1 nut, 
Picea e:rcelsa, several bud scal es, 
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Potamogelon spp., fruit-stones rather numerous, 
Potentilla sp. , 1 fruit, 
Rubus idaeus, 3 fruit-stones, 
Scirpus lacusler, several fruits, 
Trapa nalans, 1 horn , 

Cenococcw n geophilum, several sclerotia , 

Phyloptus laevis, 1 gall. 
L. 5.9 - 8.2 m Bluish grey calcareous C I a y without stones: 

0 . 8.2 - 8.5 m 

'v\'e dug a pit 
A. 0 0.4 111 

D. 0.4 1.3 111 

G. 1.3 1.35 Ill 

G2. 1.35- 1.60 111 

Ga. 1.60- 1.85 111 

G •. 1.85- 2.15 111 

Hippuris vulgaris, 1 fruit-stone , 
Potamogelon spp., 2 species, 4 fruit-stones, 
Polenlilla cf. erecla, l fruit, 
Salix sp., several buds, 1.0--1.5 mm long. 
Dark grey Mor a in e C 1 a y. 

Ex c a vat ion at Po in l 1 9. 

al Point 19. The profile was as follows. 
Stony Moul d. 
Sand ; stones rather abundant in the upper part, few er 
lower dO"wn. 
Sandy brownish Mud with !lakes of wood, twigs and other 
plant detritus : 
Bel11la pubescens, 1 catkin scale, 
Brasenia purpurea, 2 seeds, 
Carex pseudocyperus, 1 fruit, 

sp. , several nuts , 
Ceralophyllum demersum, 1 fruit , 
Menyanlhes lrifo liata, 1 seed, 
Picea excelsa, wood, 
Polamogeton sp. , 1 fruit-stone, 
Rubus idae11s, 1 fruit-stone , 
Samb11sus c{. nigra, l fruit-stone , 
Spar_ganium minimum, I fruit-stone, 

ereclum, 2 fruit-stones, 
Trapa nalans, 1½ fruits . 

Cenococcum geophilum , many sclerotia. 
Sand, the lower part slightly argillaceous. 
Alternating layers of C 1 a y, Sand and Mu d. 
Sand , with stones up to the size of eggs in the lower 
portion. Heavy inflow of water prevented further excavation . 

A. 0 

Boring 20. 

0.4 m Sand-Mould. 
D. 
G. 

0.4 1.0 
1.0 - 2.8 

m Yellow (lower down grey) stony San d. 
m Brown, sandy Mud with layers of purer mud. Numerous 

small fragments of wood: 
Balrachium agualile (coll .) , 2 fruits, 
Carex sp. , 2 fruits, 
N11phar l11lew11, 1 seed, 
Pi,ea exce/sa, pieces of wood. 
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Pinus silueslris, pieces of wood; also charcoal of Picea or 
Pinus. 

Sa/ix sp., fragments of shoots of a low species . 
.r . 2.8 - 4.3 m Bluish grey stoneless non-calcareous Clay. The washing 

sample contained no fossils . 
K2. 4.3 - 6.4 m Brown Mud : 

L. G.4 - 7.2 
0. 

A. 0 0.4 
D. 0.-! ·-- 0.9 
G1 . 0.9 - 1.7 

111 

111 

Ill 

Ill 

Alrws glulinosa , 2 l'rui ts, 
Carex sp ., 1 fruit, 
Carpinus betulus, 2 fruits, 
Hippuris uulgaris, 1 fruit-stone, 
Hydrocolyle vulgar-is, 1 nut, 
Picea excelsa, 8 bud scales, 
Potamogelon spp., numerous fruit-stones. 
Grey, stoneless calcareous C 1 a y with thin streaks of sand . 
Dark grey Mor a in e C 1 a y. 

Ex c a vat ion at Po in l 2 0. 

Stony Mou 1 d. 
Sand with stones up to the size of a hand. 
Stratified sandy Mud , the upper part greatly dislocated 
and containing stones pressed down from above, the lower 
part (abt. 20 cm) mainly sand with thin layers of mud. 
Pieces of wood from Picea excelsa etc. and birch bark 
were found throughout the entire stratum. A sample from 
1.4- 1.5 111 below the surface yielded on washing: 
Carex sp., some nuts, 
Carpinus betulus, ¼ nut, 
Hippuris uulgaris, 1 fruit-stone , 
Picea excelsa, 1 needle, 
Quercus sp., 1 piece of wood , 
Ranunculus sp. , 2 fruits. 

Cenococcum geophilw11 , sclerotia fairly numerous. 
G2. 1.7 - 2.4 111 Stratified, sandy Mud with numerous partly rolled piece., 

of wood and a quantity of birch bark, The sand content 
of this stratum increased lower down. At abt. 2.25 m below 
surface a 5 cm layer of clay mud was found. Heavy rise 
of water in the pit. 
A sample taken between 1.7-1.8 m below the surface 
yielded on washing : 
Belula nana, 3 fruits, 
Carex sp., several fruits , 
Empelrum nigrum, 4 fruit-stones, 
Rammculus sp., 7 small fruits, 
Scirpus lacusler, 3 fruits. 

Cenococcum geophilum, numerous sclerotia. 

Boring 21. 

A. 0 - 0.4 m Sand Mou 1 d. 
D. 0.4 - 1.5 m Yellowish-grey, stony San d . 
0 1. 1.5 - 1.6 111 Dark grey Moraine Clay. 
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0 2• 1.6 - 1.7 111 Water-bearing Gr a vel. 
0 3• 1.7 - 2.2 111 Dark grey Moraine Clay. 

Boring 22. 

A. 0 - 0.3 Ill Mould. 
D. 0.3 - 0.9 m Grey or yellowish Sand, with stones rather few and small. 
E? 0.9 - 2.0 111 Grey, stoneless Sand perhaps with a little clay. 
N. 2.0 5.5 111 Greyish Blue, when dry brownish, Varve Clay 

calciumcarbonate; no fossils. 
0. 5.5 6.5 111 Dark grey Mor a in e Clay. 

Boring 23 . 

A. 0 - 0.4 m Moul d. 
B. 0.4 1.0 111 Sand, yellowish above, grey below. 
C. 1.0 - 1.5 m Grey Sand with thin layers of stoneless Clay. 
E ? 1.5 - 3.0 111 Grey San d. 

with 

L. N. 3.0 - 6.2 111 Grey, stoneless calcareous Clay , part of which appeared 
to be varved . 

0 . Dark grey Moraine Clay, 

A. 0 - 0.5 
B. 0.5 - 2.7 
D. 2.7 - 3.0 

111 

111 

111 

Boring 24 . 

Mould. 
Grey Sand, the lower part water-bearing. 
Grey, stony, water-bearing San d. 

L. N. 3.0 - 6.8 m Grey, stoneless C I a y. 
0 . 

A. 0 - 0.3 111 

B. 0.3 - 2.9 111 

D. 2.9 - 3.7 m 
F. 3.7 - 4.5 111 

Dark grey Moraine Clay. 

Boring 2 5. 

Mould. 
Sand, reddish at the top, lower down grey and water­
be,aring. Presumably wind blown sand. 
Grey, stony San d. 
Grey, stony C I a y [was erroneously regarded as moraine 
clay in the year 1919, and the boring therefore stopped ; 
cf. Stratum F in Boring 9]. 

Boring 26 . 

A. B. 0 - 1.0 m Mould above stoneless Sand. 
D. 1.0 -- 2.3 m Stony San d. 
L. N. ? 2.3 - 4.75 m Grey, stoneless calcareous Clay, bedded on a layer 

af Sand a few cm thick . 
0 . 4.75- 5.25 m Grey, calcareous Mor a in e Clay . 

A. 0 
B. 0.2 

Boring 27 . 

0.2 m Mould. 
1.5 m Sand without stones, the upper part presumably wind 

blown sand. 



D1. 1.5 2.2 Ill 

D2. 2.2 3.5 111 

F. G. 3.5 - 3.9 
G. 3.9 - 4.3 111 

39 

Sand, a few stones in the upper part, lover down numerous 
stones np to the size of a hand . 
Coarse, stony Sand with layers of arenaceous-argillaceons 
mud. 2 fruits of Scirplls lacusler. Wood detritus. 

m Sharp Sand. 
Sandy Detritus-Mud, consisting mainly of small twigs 
and other plant detritus . with seeds and fruits . The follow­
ing were found : 
Acer campeslre, 3 nuts without wings, 
Ajuga replans , 2 nuts, 
Almzs g/11/inosa, fruits , catkin spindles, branches, fairly 

common, 
Arctoslaphylus l!Va llrsi , 1 fruit-stone, 
Batrachium aqllalile (co ll .}, 7 fruits , 
Belula JJllbescens , 4 fruits without wings, 
Brasenia purpurea, 3 seeds, 
Carex lasiocarJJa, 1 fruit, 

roslrala , 6 fruits , 
Carpi1ws belulus, 10 fruits , 
Ceralophyllwn dem erswn var. apiclllatwn, numerous fruits, 
Claclium mariscus, 1 fruit , 
Cory/us avellana, several fragments of nuts, 
Empelrum 11igrum , 5 fruit-stones , 
Hipp11ris vulgaris , I fruit- stone, 
Hypochoeris raclicala , 1 fruit (Pl. XXXII , 1) , 
Litorella uni/Zora, 3 nuts (Pl. XXXII, 8--9), 
Menyanlhes lrifoliala , 1 seed , 
Myriophyllllm spicalum f. muricata, 1 nut, 

cf. spicatwn , 2 nuts, 
Nuphar lutewn , I seed, 
Picea exce/sa , 1 cone-scale, 
Potamogeton filiformis , 8 fruit-stones. 

nalans, 8 fruit-stones. 
Quercus sp., 1 fra gment of an acorn cup , 1 piece of charcoal. 
Ramzncu/us lingua, 1 fruits , 

repens , 4 fruits, 
Rubus iclaeus , 1 fruit-stone, 

sp., 1 fruit-stone, 
Scirpus lacusler, numerous fruits, 
Sparganium erectum, 11 fruitstones , 

minimum, 6 fruit-stones , 
Taxus baccala, 2 seeds, 
Tilia platyphylla, parts of 2 fruits (Pl. XXXIII, 1- 2) . 
Trapa. natans, several whole fruits, numerous horns. 

Calliergon lrifarium, 
[ Richarclsoniij I) , 

slraminellm , 
Philonotis fontana , 
Scorpidium scorpioides. 

I) A mainly subalpine species, probably not belonging to this stratum. 
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.T 4.3 - 8.0 m Uppermost, greyish brown, sandy C I a y Mud , below this , 
grey tough C I a y, lowest of all brown C I a y Mu d. Three 
washing samples yielded : 
Balrachium aqizatile (coll.), 4 fruits , 
Belula nana, 7 fruits, 1 catkin scale, 

nana x pubescens '>, 1 fruit , 
pubescens, 2 fruits, abt. 7 and abt. 8 m below the 

surface respectively, 
Carex sp., 1 fruit, 
Compositae '>, 2 fruits , 
Potentilla paluslris , 1 fruit. 

Acrocladium cuspidalum, 
Encalypta rhabdocarpa , 
Hylocomium proliferum , 
Hypnum uncinatum, 
Paludell.a squarrosa, 
Pohlia nutans, 
Polytrichum jllniperinum, 
Sphagnum sp. 

Acidota crenata, a wing. 

K2. 8.0 - 8.85 m Brown, brittle Mu d : 
Alnus glutinosa , 1 fruit , 
Lycopus europaeus, 5 nuts, 
Menyanthes trifoliala, 1 seed , 
Nuphar luteum, 1 seed , 
Umbelliferae, 1 nut. 

Crislatella mllcedo, 2 statoblasts. 
L. 8.85- abt. 9.5 m Grey, stoneless, calcareous Clay, the upper portion 

containing vivianite. Merging gradually into the subjacent. 
A washing sample yielded the following: 
Ball'achium aquatile (coll.), 1 fruit, 
Betula nana, 1 fruit , 
Potamogeton sp., 2 fruit-stones. 
Amblyslegium stellalum, 
Camptothecium lrichoides, 
Polytrichum jllniperinum, 
Thuidium sp. 

N. abt. 9.5 - 10.0 m Glacial Clay, rather calcareous. 

A. 0 - 0.3 
B. 0.3 - 1.6 
D. 1.6 - 2.55 

J . 2.55 - 7.1 

Ks. 7.1 - 9.4 

m 
m 
m 

m 

m 

Boring 28 . 
Moul d. 
Sand without stones , 
Sand with stones up to the size of a hand. Between 2.1 
and 2.3 m however, greyish blue loamy sand without stones 
was found . 
Uppermost, grey, sandy C 1 a y with thin brown streaks of 
detritus ; vinianile; Batrachium aquatile (coll.) . Lower down 
grey to greyish-blue C 1 a y, tougher than that above. 
Brown Mud gradually showing transition to the strata 
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above and below. Fruits of Carpinus belulus and Sparganium 
ereclum. 

L. 9.4 - 11.75 111 Greyish blue calcareous tough C I a y, with stripes and spots 

N. 11.75 - 12.0 

A1. 0 0.6 
A2. 0.6 1.25 

D. 1.25- 1.85 
N ? 1.85 - 3.15 
01. 3.15 - 4.0 
02. 4.0 - 4.3 
03. 4.:.l -- 5.15 

A. 1.25 

D. 1.25 - 1.65 
0. 1.65 - 3.0 

A. 0 0.4 
B. 0.4 0.7 
D. 0.7 1.5 
0 . 1.5 - 4.1 

m 

111 

111 

111 

111 

111 

Ill 

111 

m 

111 

m 

111 

111 

m 
111 

of a darker colour. Between 11.6 and 11.7 a layer of yellow­
ish , calcareous C I a y Mud from which was washed a catkin 
scale of Belula cf. nana x pubescens. 
Brownish calcareous G I a c i a 1 C 1 a y . 

Boring 29 . 

Brown, fairly fresh Low-Moor-Peat. 
Uppermost, sandy Mud, with Polamogeton sp.: lower down 
Sand mixed with mud. 
Grave I above stony Sand; stones up to the size of eggs. 
Rich stoneless C I a y. 
Grey sandy Mor a in e C I a y with limestone. 
Greyish brown strati fled calcareous Clay. 
Grey, calcareous Mor a in e C I a y. 

Boring 30 . 

Brown fresh Low-Moor-Peat with Phragmites communis 
over brown Mu d. 
Grave I with stones up to the size of a hand. 
Grey, sandy calcareous Mor a in e C 1 a y. 

Boring 31. 

Moul d. 
Sand without stones. 
Stony San d. 
Grey, sandy Moraine Clay with limestone. 

Boring 32 . 
A. 0 - 0.4 111 

D1. 0.4 1.3 111 

D2. 1.3 - 2.25 111 

Mould. 
Sand with stones up to the size of hen 's eggs. 
Greyish brown stony hu111ous sandy C 1 a y: 

F. G. 
G. 

H. 

J. 

Batrachium aquatile (coll.), 1 fruit, 
Hippuris vulgaris, 1 fruit-stone, 
Potamogeton spp., 2 species, several fruit-stones , 
Potentilla sp. , 2 fruits. 

2.25 - 2.8 m Reddish yellow stony San d . 
2.8 - 5.25 111 Brown, more or less sandy Mud ; between 4.4 - 4.6 Sand 

with stones the size of walnuts. The following determinable 
vegetable remains were found: 
Brasenia purpurea, 1 seed, 
Menyanthes trifoliata, 1 seed , 
Potamogeton sp .. several fruit-stones , 
Trapa natans, numerous fragments of fruits. 

5.25 - 8.0 111 Sand with thin layers of sandy mud and a few small 
stones ; also a few small twigs and fragments of Trapa 
natans fruits , probably brought down by the bore from G. 

8.0 - 12.1 111 Uppermost, grey sandy C I a y with numerous thin brown 
layers of plant detritus ; lower down the stratum became 
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more and more argillaceous, and consisted at the bottom 
of stiff grey-blue clay. 4 washing samples yielded : 
Balrachium aqualile (coll.), fruits rather num erous, 
Belula nana, 32 fruits , 3 ca tkin scales, 

cf'. nana x pubesce11s, 3 fruits , uppermost 
pubesce11s, 3 fruits , in the lover Part of th e bed , 

Cw·ex sp., 4 fruits without utriculus, 
Empelrum nigru111 , 2 fruit-stones. 
Hippuris vulgaris, 1 fruit- s tone, 
Menyanlhes lrif'oliala , l seed, 
Polenlilla sp., 2 fruits , 
Sa/ix sp., 3 bud s, 2 mm long. 
Se/aginella selaginoides, 1 megaspore, 
Viola pa/11slris, 1 seed. 

Amblyslegiwn polygwwm, 
stellalum, 

Anisolhecium crispum , 
Bryum sp., 
Calliergon slraminewn , 
Climacium dendroides , 
Cratoneuron fi/icinum, 
Dichodontium pel/ucidu111, 
Hylocomium proliferum , 
Hypnu111 uncinalum , 
Mnium cinclidioides, 

cuspidalum , 
Philonotis fonlana, 
Pohlia a/bicans, 
Polylrichum juniperi11u111 , 
Rhacomilrium canescens, 
Sphagnum papillosum, 

sp., 
Torlula ruralis. 

Otiorrhynchus SJJ. (ad. rugososlrialus), a \\'ing. 

K2• 12.1-15.25 m Mud ; greyish brown , and somewhat argillaceous , at top 
and bottom: th e remainder brown and brittle. 

L. 15.25- 15.90 m Greyish blue calcareous Clay, without stones, darker 
stripes here and there. A washing sample from the lower 
part of the stratum yielded: 
Batrachium aqualile (co ll.), 1 fruit , 
Belula na11a, 3 fruits, 

pubescens, 7 fruits , 
Polamogelon spp., 2 species, 9 fruit-stones, 

A.mblystegium stellatum , 
Dilrichum flexicaule, 
Hylocomium proliferum, 
Swarlzia monlana. 

N. 15.90- 16.55 m Brownish calcareous G I a c i a I C I a y. 



A. 0 0.65 m 
B. 0.65 - 1.1 m 
D. 1.1 - 1.5 m 
0. 1.5 - 5.85 m 

A. 0 0.3 m 
B. 0.3 - 1.0 m 
C. 1.0 1.8 m 

D. 1.8 3.1 m 
G. 3.1 - 4.8 m 

Ji, 4.8 - 5.2 m 
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Boring 33 . 

M o u 1 d and n u b bis h. 
Red Sand without stones. 
Sand with stones up to the size of a hand . 
Grey, non-calcareous Mor a in e Clay. Below this, Sand 
which rose up in the lead pipe. 

Mould. 
Red San d. 

Boring 34 . 

The upper 10 cm reddish Sand mixed \\'ith sandy mud: 
fine greyish yellow Sand below. 
Grey stony Sa n d . 
Uppermost, dark grey Sand, with plant detritus, lower 
down brown Mud, argillaceous at the bottom. 
Bluish grey stoneless C I a y ; transition to the subjacent 
stratum. 
Grey Sand ; the boring was not carried further. 

Boring 35 . 
A. 0 0.3 m Mou 1 d . 
B. 0.3 2.0 m Grey Sand. 
D. 2.0 5.5 m Red , very stony water-bearing San d . 
E. (et sq. ?) 5.5 - 8.0 m Grey San d. 

A . 0 0.5 
D. 0.5 2.0 
E. 2.0 - 4.9 
F. 4.9 - 5.0 
G. 5.0 - 5.4 

111 

m 
m 
m 
m 

Boring 36 . 

Sand-Mou Id. 
Greyish yellow Sand with stones. 
Coarse San d, reddish above, grey lower down. 
Brown C I a y Mud ; some small twigs. 
Fine grey Sand: 
Carex sp. , 1 fruit , 
Empelrum nigrum, 1 fruit-stone, 
Sambucus cf. nigra, 1 fruit-stone . 

H. 5.4 - 6.7 m Rather coarse grey Sand; the lower part reddish and 
water-bearing. 

J. 6.7 - 11.9 m Uppermost, grey sandy Clay \\'ith thin layers of Sand 
containing Del r it us; a few stones up to the size of nuts ; 
4 washing samples yielded: 
Balrachium aqualile (coll.), fruits fairly numerous, 
Belu la nana, 9 fruits , 1 catkin scale, 

pubescens, 1 fruit , 8.9 m below surface, 
Carex sp., 2 fruits , 
Polamogeton filiformis , 1 fruit-stones , 
Salix cf. phylicifolia, 1 leaf base. 

Dichodonlium pellucidum. 

From 9.4 m to the lower margin of the stratum was bluish 
grey stoneless C 1 a y with thin stripes of San d . A little 
vivianite. Three washing samples yielded: 
Batrachium aqualile (coll .), several fruits, 
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Belula nana, 14 fruits, 1 calkin scale, 
pubescens, 1 fruit , at Lhe bolto m, 

Polamogelon filifor111is, 1 fruit -s tone. 
Polylric/wm juniperinum. 
Rhacomitri11m fascicul are. 

Cenococcum geophilum , 2 sc lerotia . 
K:J. 11.9 -- 13.6 m Brown Mud , the upper part somewhat argillaceous. This 

stratum was no t bored through . 4 washing samples yie lded : 
Acer sp. , 1 seed , 
Alnus glulinosa, severa l fruits, 
Betula pubescens, so me fruits, 
Carex pseudocypems, 1 fruit , 

5'JJ ., som e fruits, 
Dulichium spalhaceum . I short fruit , 
Lycopus europaeizs, 4 nuts, 
Picea excelsa , bud sca les fairl y numer o us, 
Scirpus lacuster , 1 fruit , 
Selaginella selaginoides, 1 megaspor e , in th e upper part of 

the stratum, 
Sparganium minimum , some fruit -s tones. 

Boring 37 . 
A. 0 - 0.2 m Mould. 
C. 0.2 - 1.8 m Grey San d. 
F ? 1.8 - 2.4 m Sandy C I a y, yello w above, gr ey lower down . 

A sample from 2.3- 2.4 111 y ielded: 
Belula nana, 3 fruits , 

sp., 1 fruit. 
H "! 2.4 -- 4.3 m Pale grey S a n d . 
K2. 4.3 - 6.4 m Uppermost, greyish brown C I a y Mud ; lower down brown, 

stratifi ed sandy Mud, and at the bottom (from 5.0 m) alter­
nating layers of grey S a nd with a few small stones, and 
brown Mud : 
Alnus glutinosa , 3 fruits, 
Betula pubescens, sever al fruits , 
Brasenia purpurea, 1 seed , 
Carex sp., some fruits, 
Lycopus europaeus, 1 nut, 
Picea excelsa, 1 needle, bark, con e- and bud scales, _especi-

ally in the upper part, 
Polentilla sp.. , 1 fruit , 
Polamogelon sp., sever al fruit- ston es, 
Scirpus lacusler, several fruits , 
Sparganium ereclum, 3 fruit-stones, 

minimum, 1 fruit-ston e, 
Trapa nalans , 1 h o rn , 
Viola paluslris , 1 seed . 

L. 6.4 - abt. 6.6 111 Bluish grey C I a y. 
N. abt. 6.6 - 8.3 rn Bluish grey V a rv e Cla y. A washing sample yielded no 

fossils . 
0. 8.3 - 8.6 m Dark grey Mor a in e Cl a y. 



A. 0 
D. 0.3 
0. 1.4 

4fi 

Boring 38. 

0.3 111 Sand-Mould. 
1.4 m Grey Sand with stones. 
6.6 m Calcareous Mor a in e C I a y , yellow at the top , greyish 

blue lower down . 

Boring 39. 
A. 0 - 0.3 m Sand-Mould. 
D. 0.3 2.0 m Yellow, stony San d . 
G. 2.0 - 2.7 m Grey Sand with layers of brown Mud: 

Belula pubescens, fruits and catkin scales common , 
Calluna v11/garis , 2 fragments of branches, 
Dulichi11m spalhaceum , 1 fruit , 
Menyanlhes lrifoliata. 1 seed, 
Myriophyllum verticillalwn, 1 leaf lip , 
Picea excelsa, wood , bark, needles etc. , 
Pinus si/ueslris , Oak es of bark , 
[Sa/ix herbacea, 2 leaves , probably from bed H. Pl. XXXlV 

2- 3], 
Sparganium ereclum , 1 fruit-stone, 
Trapa nalans, 3 fragments of fruits. 

Hypnum aduncum. 

Cenococcum geophilum , many sclerotia. 
H. 2.7 
.T. 4.9 

4.9 m Fine water-bearing Sand, .reddish above, grey lower down . 
7.2 111 Greyish blue , tough C 1 a y: 

Balrachium aqualile (coll.) , 6 fruits , 
Belu/a nana, several fruits and catkin scales , 
Hippuris vulgaris, 1 fruit , 
Polamogelon sp. , several fruit-stones. 

Characeae, some spores. 

Cenococcum geophilum, some sclerotia . 
K2. 7.2 - 8.5 111 Brown Mud: 

L. 8.5 - 9.8 

M. 

A. 0 0.2 
D. 0.2 1.1 
.T '! 1.1 1.3 
K2. 1.3 - 3.1 

111 

111 

111 

111 

111 

A/nus glulinosa, 1 fruit , 
Betula pubescens, 2 fruits , 
Carpinus belulus, 2 fruits, 
Picea excelsa, 1 seed , 1 bud scale, 
Polamogeton spp. , many fruit-stones, 
Scirpus lacuster, 3 fruits. 
Greyish blue tough C I a y , rather sandy here and there: 
Carex sp., some fruits , 
Polamogelon sp., many fruit-slones . 
San d. This was not bored through. 

Mould. 
Boring 40. 

Greyish yellow slony San d . 
Grey C 1 a y , mixed with stones lower down. 
Uppermost , greyish brown, sandy Mud, lower down 
brown Mu d. ·In · the uppermost sandy part of the stralum 
especially the following w ere found: 
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Alnus glulinosa, 6 fruits, 2 catkin spindles, 
Betula pubescens, 2 fruits , 
Carpinus belu lus, 10 fruits, 
Ceratophyllum demersllm, 1 fruit , 
N uphar l11leu111 , 1 seed , 
Picea excelsa, 3 need les, 3 seeds, 1 shoot, bud scales , 
Polygonwn sp., ½ fruit. 

L ? 3.1 - 3.5 m 
L. 3.5 - 5.8 m 
0 . 5.8 - 6.2 Ill 

A. 0 - 0.3 m 
D. 0.3 - 2.4 m 
N. 2.4 - 3.0 m 
0 . 3.0 - 4.0 m 

Polamogeloll sp., 4 fruit-stones , 
QL1ercus sp., wood, 
Rllblls idaens, 3 fruit-stones, 
Scirpus lacllsler, numerous fruits, 
Sparganium ereclum , 2 fruit-stones . 

Phy lo plus laeuis, ga lls. 
Gr ey stony San d. 
Dark grey, stoneless calcareous Clay. 
Dark grey Moraine Clay. 

Boring 41. 
Sand-Mou I d . 
Grey stony S a n d. 
Dark grey stoneless C I a y. 
Dark grey Moraine Clay. 

List of the Fossils found in the Lake Deposits 
at Herning Brickworks. 

c common, + fairly common , r r are. 

Species 

Acer campeslre(Pl.XXXI, 17-21) 
- sp ... .. .. .. ...... .. . .. . 

Aj uga reptans . .... . 
Alnus glutinosa ............ . 
Arctoslaphylus uua ursi . . . .. . 

sp . . ... .. ... . . 
Batrachium aquatile (coll.) . . 

sceleralct m 
Belula nana (Pl. XXXV, 11 - 14, 

16 - 18) ..... . .......... . 
Bel11la nana x pubescens 1) . . • 

pubescens ........... . 
sp.2) . .... .. .... . . . . . 

Brasenia p11rpll rea . ..... .. . . 
Call11na Vlllgaris . .. . ..... . . . 
Carex lasiocarpa .. ...... ... . 

pseL1docyperns ...... . . 
rostrata ... . ...... . ... . 
uesicaria . ...... ..... . 

Sandy 
:Vlud 

C 

C 

sp............ ... ..... C 
Carpi1ws betulus . . . . . . . . . . . . [r]0) 

Ceralophyllum dem ersum .... 

Subarcti c 
Sand 

and Clay 

E F 

Mud 

G 

r 

r 
. .. + ,+2) 

r 
r 
+ 

r 

r 

+ + 

C 

+ 
r 
r 
r 
r 
+ 
r 

Subnrc. Clay 
The ,liddl e Mud 

Bed 

J-1 

+ 
r 
r 

Arclic 

Clay I Sand 

L M 

.. ··I· .. .. . ..... . .. . 

r2) c, c2) .. 

r 

C 
r 
+ 

+ r 
[r]B) 

C 
r 
r 
r 

+ 
C 

+ 

r 

+ 

+ 
r 
r 

r + + r C r + 
. . . . . + , r 2) .. ... 

r 
r 2) +, c2) . .... 

r 

1) See Pl. XXXV, 15. 2) P ollen. 3) See p . 25. 4) See p. 37. 5) See p. 33. 



Sp ec ie' s 

Ceralophyllwn demersum var. 
apiculalum (Pl.XXXf,26- 28) 

Ceralophyllum submersum . 
Cladium marisc11s . . . ....... . 
Composilae . . ... ...... . . .. . . . 
Cornus sanguinea .. .. . 
Cory/us avellana .. ... . 

Sand y 
Mud 

C 

Druopleris lhelyleris2) . 
sp.2) ..... . . 

Dulichium spalhaceum. 
Empeln1111 nigrt11n . .... . I 

..... 
. .... 

. r 
Frangula alnus .... . 
Frax irws excelsior . 
I-fippuri s vulgaris . ..... . . 
H!Jdrocolyle u11lgaris ..... .. . 
Hup ochoeris radicala3). . . . 
Ilex aquifolium .. . . . 
Juniperus com11wnis . .. . 
Lilorella uni/Tora (Pl. XXXII ). 
Lycopodium muwlirwm2) . 
Lycopus europaeus .. 
Menyanlhes lrifoliala 
Molinia coerulea ? . . .. 
Muriophullum allerni/lorwn . r 

spical.fm11ricala 
cf. spicalum . 
verlicillal11 Ill ... 

Najas m arina .. . 
Nuphar luleum . . .. . 
Nymphaea alba 
Picea excels a . .. 
Pin11s silveslris . 
Polygonum lomenlos11m 

- sp .. 
Polupodium vulgare2) . . . . ... . 
Polamogelon alpinus ... . . . . 

densus . . . . 
filiformis. 

r 

nalans ... . 
praelon,q11s . .. 
pusillus . . . . . . . . r 

C 

+ 
spp . . . . 

Polenlilla cfr. ereclum . 
r 

paluslris . .... . r 
sp ........... . . 

Qu ercus robur ......... . . 
sp.1) .......... . . . .. . 

l?anunculus lingua ...... . .. . 
repens .. ...... . 
sp .............. . 

Nubu s idaeus ..... . .... . ... . 
- sp ... .. . . ... . . . 

Salix herbacea (Pl. XXXIV, 1-3) r 
- phylicifolia(Pl.XXXIV,5-6) .... 
- reliculala (Pl. XXXIV, 9) . 
- cf. re11ens (Pl. XXXIV, 7-8) . . .. . 
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1) Pollen . 2) Spores. 0 ) See Pl. XXXII , I . 4) See p . 45. 



Species 

Sambucus cf nigra ......... . 
Scirpus lacuster . . . .. .. . .. . 
Selaginella selaginoides . . . .. . 
Sparganium affine (Pl. XXXIII, 

27) . . . . . . 
Sparganium ereclum 

minimllln . . 
sp. 

Tax us baccala .. 
Tilia platyphylla (Pl. XXXIII, 

1- 5) .. . ...... . . . ....... . 

Sandy 
Mud 

C 

Tilia sp.1) . . . . . . . ... .. . . .. . .. . . . . 
Trapa natans (Pl. XXXI, 1- 16) [r ]2) 
Ulmus cf glabra1) . . 

Umbelliferae . . . . . . . rt) 
Viola paluslris . . . . .. 

Acrocladium cuspidatum. 
Amblyslegium polyganwm 

slellalllln 
Anisolhecium crispum ..... . 
Brachylhecium albicans . ... . 
Bryum venlricosum . ... ..... . 

sp . ... . . 
Calliergon giganteum : 

Richardsonii . 
sarmentosum . 
slramineum . . . 
trifarium . ..... . 

Camplolhecium lrichoides . 
Ceralodon purpureus . . .. . .. . 
Climacium dendroides . .. . 
Craloneuron filicinum 
Dichodonlium pellucidum .... 
Dicranum congeslum .. . 

scoparium ... ... . . 
Dilrichum flexicaule .. ... . 
Encalypla rhabdocarpa ..... . 
Eurhynrhium praelongum 
Gymnocybe paluslris . ... 
Homalothecium sericeum. 
Hylocomium proliferum . . . . . 

squarrosum. 
Hypnum ad1111cum .. . . . ... . 

exannulalllln ...... . 
inlermedi11m . . . . . . 
revolvens ... .. . . 
uncinatum . .. . 

Isolhecium viviparum. . . . 
Lescuraea Breidleri . . .. 
Meesea lriquelra . . 
Mnium cinclidioides . ..... .. . 

cuspidalum . .. . . 
slellare .... . . 

Paludella squarrosa . . . . .. 
Philonolis fonlana . 

+ 

+ 

+ 

+ 
+ 

I ,.. 

' 
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I) Pollen. 2) See p. 34. 3) See p . 41. 4) See p . 39. 5) See p . 29. 6) See p. 27 
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Sand} Subarctic Subarc. Clay 
Sand Mud The Middle 

Species Mud a nd Clay Bed 

C E I F G H I J 

Philonotis lomentella .. 
Pohlia albicans. r 

nulans . .. + 
Polytrichum juniperinum . C 

striclum .... + r r 
sp .......... + r 

Hhacomilrium canescens .. + + 
fascic11lare r 
sp .......... r 

Scorpidiwn scorpioides . .... + r r 
Sphagnum pal11stre . . . . .. . . . r 

papillos11m .. . . .. r 
sp .... . . . . . . . . . . . r C 

Swartzia montana . 
Thuidium abielinum .. 

sp ... . - .. .. . . . . 
Torte/la lorl11osa . + 
Tortu/a ruralis .... ........ r 

Cenoroccum geophilum . .. + C C r 

Anabaena sp. . . . . . ..... 
Botryoroccus Braunii . . . .... + r + + 
Charareae ......... + 
Diatomareae ... . .. .. . . . . . . . r 
Pediastrum boryanum ..... . . r 

integmm . . . . ... . r + 
Kawraiskyi .. + 

- sp .... .. . + r r r 
Slauraslrum sp . .. ... 

Mus (si lualirns ?)l} . . . . . . . . . + 
Phytoplus laeuis . . . . + 
Ac:idola crenata . ... . . . r 
Anchomenus lugens ... 
Oliorrhynclws dubi11s . . r 

sp. (ad mgososlriatus) .. . . ·. r 

Clado,·era . . .. .. + Daplmia pulex . . . . . . . . . . r r 

Cris late/la mucedo ... . . . .. .. 
Spongilla lacustris . . + + + + 

Stratigraphy and Geological History 
of the Interglacial Lake at Herning. 

The Lake Deposits. 

Arctic 
Mud 

Clay I Sa nd 

1(2 L 
I 
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r 

+ 
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r r 

r 
r 
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r 
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+ + 

-t-

+ 
+ 
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r 
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The map Pl. II shows the position o[ all the borings, and of 
the profile in th e brick\York s pit from Hll4. The appro ximate extent 
of the mud beds will appear from this; and it will be noted that th e 

1) Gnawed marks on haze l nuts. 

Dan marks ge ologisk e Und c rs0gc lse. n. Rookk e. Nr . 48. 
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interglacial lak e in which these deposits w er e formed must h aYe been 
at least 800 m long in the direction from N- S, and up to about 300 m 
across. The material described in the for egoing, a nd the profile draw­
ings (Pl. VIII and IX), show h q_w the lake was filled up, and illustrate 
the climatic conditions under which the contemporary vegetation lived . 

The underlying stratum on which the lake deposits wer e formed 
consists of moraine cl a y. This cropped out in the brickworks pit, 
and has also been found in a grea t number of the borings, especia lly 
a long the m arginal portions of th e lake ( Nos. 1, 2, 17 - 24, 26, 29- :·H , 
33, 37, 38, 40, 41) whereas in most cases , we were unable to get 
through the b asin deposits fa rth er out, where th e depth was greater. 
Moraine clay , which is indeed widely distributed as a s urface stratum 
in the vicinity of the lak e tho ugh often coyer ed hy a layer of ston y 
sand , form s the deep oblong bowl in which the la ke deposits rest. The 
edge o f this bowl is high est on the south side, wh er e the mora in e 
clay r eaches up over 45 m above sea level , and on th e east, where, 
in Borings 38 and 33, it reaches · 45.l and 43 .8 rn , wh ereas on th e 
north , it does not rise beyond 40.3 111 (Boring 17). As the lak e deposits 
extend up to abt. 45 111 (in the brickworks pit) and were not bored 
through e\'en at 24 m abo\'e sea lewl in th e dee pest boring (No 11) 
the b asin must have been over 21 111 deep . 

On the moraine clay was bedded, in the brickworks pit, a stratum 
of g la e i al cla y (N) up to 1.35 m thick , appearing as varve clay in 
the deeper parts (see p. 22); a nd in many of the borings th ere was 
found, below the fossiliferous lake deposits th e sa me kind of clay. 

The thickness of this stratum out under the basin is but in­
completely ascertained , th e stra tum either not being r eached , or not 
separated from th e superimposed , plant-bearing arctic clay. In Bo­
rings 22, 23 and 37, howe, er , the glacial clay appeared to ha \'e a 
thickness of 3.5, 3.2 and 1.7 m r espectiYely . Jn Boring 26, aboYe th e 
morain e, there was found a b ed ol' clay 2.4 m thick which belongs 
here. In Borings l a nd 2, th e stratum was not loc~1ted with certainty, 
whereas it wa s of con siderable thickn ess in the brickworks pit. The 
glacial clay appea rs to be associated with the basin, as it is nol 
known from any level ahoYc abt. 4i'i m , ,·iz. in th e pit itself. The 
map Pl. II shows ho\\' the morain e clay lies directly below th e ston y 
sand a l th e surface on th e · eastern side of the basin, lh e stoneless 
clay CO\'ering the moraine on the western side of this ; its ex.tent here 
-is not known , but its presence shows that the lake must , during the 
ice recession in the penultimate glacial period \\'hen th e ice was 
retreating from this region , have been of consid erably greater extent, 
especially on this side, than the lake in which the mud beds were 
formed . 
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In the brickworks pit, profile 1914 (Pl. 111), the two clay strata are 
separated by a layer of sand (M) up to half a metre thick, containing 
the oldest vegetable remains, especially mosses (p. 21). More charac­
teristic was the flora in Lh e arc tic c lay (L) which is known partly 
from Lhe brickworks pit and partly from numerous borings; its thick­
ness might amount to as much as 2 m at least; it contained a quantity 
of carbonate af lime, and was dark grey or greyish blue in colour. 
This slralum also reached up to 45 m aboYe sea leYel on th e extreme 
south, while in the north ernmost boring (16) where it was found it 
only reach ed 36.5 m and the stratum mu st thin out at something 
below abt. 40 m aboYe sea leYel (boring 17). Most of the vegetable re­
mains from Lhis stratum were found in the brickworks pit 1914 (p. 20). 
Species such as Sa/ix herbacea, S . reliculata and th e mosses Callier_qnn 
sarmenfo.rnm , Dicranum congeslum and Lescuraea Breidleri belon g more 
particularly to arctic conditions; and the remaining species from this 
stratum are also on the whole widely distributed al Lhc present day 
in sub-arctic regions, non e of them b eing associaled only with th e 
lemp~rate zones. The fact that the L\\'O arctic species of Salix were 
not found in th e upper part of the stratum in th e brickworks pit 1914 
might perhaps be Laken as indicating thal an impro,·ement in the 
climate had already set in at Lhe tim e wh en this deposil was form ed; 
cf. also the appeara nce of Betula nana X pubescens in th e upper part 
of this bed. And in this connection, allenlion should :tlso he drawn 
to th e finding of a number of fruits of B elula pubescens in Stratum L 
m Boring 32 (p. 42). This species mu s t th en be reckoned as belonging 
to the flora of the arclic clay, always pres uming that th e fruits in 
question \\' ere not brou ght down from aboYe by th e drill. 

The moraine clay which forms the bed ol' lhe lake basin, and 
the oldesl of the deposits therein formed, nam ely the Yane clay and 
the arctic clay go together in th e sense thal the two lallcr are 
washing products of the former. Th ere arc no lacunre betwee n th em , 
and Lhe enlirc situ ation clearly shows thal the lake deposits were 
form ed in a interglacial period immediately following the glacial period 
lo which the moraine clay b elongs. 

It has been noted in the foregoing that th e Ceraiophyllum slratum 
in Lhe brikworks pit l 914 was bedded directly on clay with Sa/ix 
phylicifolia and Betula nana, a nd this possibly means a slight lacuna 
in the series of strata, as indeed is also suggesled by the irregular 
surface of the arctic clay. At the tim e when the Ceralophyllum 

stratum was being form ed, the environs ol' the lake were coYered with 
a flora of oak and pine (cf. p. 20), and Trapa natans h ad made its 
appearance in the lake. The layer of sand (Ka) found below the mud 
bed K2 in horings 4 and 5, and which contained fruits of Najas 

4• 
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marina , 1s presumably contemporan eous with th e lower p ortion of th e 
Ceratophyllum stratum. 

The Trapa s t r atum ( K2 ) in the brickworks pit 1914- was dis­
cernible in n early all th e borings in which lake deposits were found, 
and extended with a thickn ess of up to 3 m etres and more, through­
out the entire basin . Towards the margin s, the stratum consisted of 
ar en aceous or argillaceous mud , often ri ch in drifted plant r emains 
( detritus mud), whereas out in th e deeper parts , it w as poorer in 
mineral constituents , saye in the upper and lower por tions, wher e it 
showed tra n sition lo th e strata ab oYe and belo,Y. The greater part 
of th e s tratum con sisted of dark brown mud , mostly rather brittle 
and poor in clay, with a fin e admi xture of sand , a ss uming a light 
greyish br own colo ur w hen dried. This stratum also r each ed, on t h e 
extrem e south, a s far up as 4:'> m a boYe sea level, wh ereas on th e 
northern end of the · profile it was not observed at a n y high er le \"(~l 
th an 37.6 a nd must th in out a l so mething b elow -1-0 111 . 

The rich flora from this stra tum (see the lis t p . 4G, f) was found 
more especia lly i n th e margin al portion s, close to th e shore, e. g. in 
th e brickworks pit 1914, a nd il shows, infer alia , all the characteristic 
interglaci a l fossils; also, Trapa natans for in s ta nce was h ere found 
for the first lim e in Danish interglacial deposits . The t,Yo pollen 
diagrams in Pl. XXXVI shO\\' ho\\' the de \'e lopment of the forest growth 
proceeded during the tim e wh en this muct bed was in process of 
fonnation . t) At the bottom , th ere ,Yas a zon e of but slight thickn ess , 
where Betula (surely Betula p11bescens) and Pinns silvestris were almost 
sole m asters of th e soil ; less than half a metre aboYe th e lower edge 
of this s tratum howeYer , we find already up to 3;'> ''/o oak poll en. The 
grea ter portion of th e bed \\·as form ed a l a time when mix ed oak 
J'oresl with Quercus robur, Al,111s glulinosa, Ulmns cf. glabra and a abun­
dance or Cory/us auellana coYered tb c ground surrounding the la k e 
(Zon e l) , and the forest now contain ed a lso Acer campestre, Fra x inus 
excelsior, llex aquifoliwn , Tilia platyphylla and Ta x us baccat(/. The 
Ulm us curye culminates in the lower third of the stratum with 4-;'> ¾, 
but in th e dia gram Pl. XXXVI , 2 it again appears in the upper hall· 
with 6 ¾. Alnns and Corylns h ere attain their ma xima, with -1-1 °/o 
and 117 % r especti Yely in spectrum 18, while the cune for mix ed 
oak forest ( Quercus and Ulmus ) reach es its summit a little higher up, 
at about the same time when Betula and Pinus ar e thrus t farth est 
back. l·n the upper third of th e diagram for th e mud bed, th e aspect 
is entirely differ ent, Picea a nd Carpinus h ere m aking their entry on 
the scen e, a nd attaini ng 5:'> 0/o and 2fi ¾ respectively close to the 

1) As for th e d esignation o f th e floristic zones , see Chapter VIL 
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upper margin of th e mud bed , while al the same time the cunes for 
Pinus and B etula turn off again lo th e right, that for mixed oak forest 
to the left. On the basis of th ese pollen analyses, we can diYide the 
mud bed into three capital zones comprising, the Betula-Pinus zones 
c, d and e al the bottom, aboYe th ese a relatiycly thick Mix e d oak 
for es t zon e f'; and uppermost , the Picea-Carpinus zon e s g and h 
( cf. Chapter VII) . 

ln the profile found in the brickworks pit 191-1-, lhe grea ter part 
al' the Ce,atophyllwn stratum and the whole of the Trapa stratum 
pres umably belonged to the mix ed oak forest zone, as neither Picea 
nor Carpinus were found in the large samples taken from there. Th e 
Picea zon e then was not discernible in the bricbYorks pit rnt-1-; il 
has probably been desintegraled, (cf. the yellow sand uppermos t in K2, 
p . 18). 

The dark bro ,Yn mud bed I{ ~ ran through a horizon o l' li ghter , 
more argillaceous mud , over into the stratum aboYe, the "Mid dl e Be d " 
(H and J) . This consisted, at the bottom, of grey to greyish blue tough 
clay, rather abruptly separated froni th e layer beneath, the upper 
portion b eing corn posed ol' grey to greyish bro"·n clay with a small 
amount of mud and varying sand content, and in this upper portion 
of Stratum J were found num ero us thin brown strea ks of plant detritus, 
a fe w millimetres thick. Vivianite was fa irly common. This inter­
mediate stratum extended throughout the entire basin from the brick­
works pit, where it reached up as far as the -1-5 111 le\'el, to the north 
end; it was here obserYed as high as 38.6 111 , but thins out at a some­
what higher Jeyel. The greatest thickness of the clay stratum, 7.40, 
was measured in Boring 1 l , but it is h ere o ,·erlaid by a bed of sand 
( H ) abt. 3 m thick , containing exac tly th e same llora as the clay 
i tself, and evidently to be included in th e horizon of the Middle Bed , 
the maximal thickness of which thus amounts to 10.40 m . Borings (\ 
8, ~) and 12 also co ntain ed sand layers which for similar r easo ns must 
be ascribed to th e ;'vliddle Bed, in seYeral of these sa nd la yers were 
found num ero us stones, so me as big as h en 's eggs. 

The Middl e Bed was poor in de terminable wgetable remains , and 
altogether but few species wer e found, despite the fact that th e bulk 
of all the washing sa mples from the interglacial lake at Herning was 
from this s tratum. Among the :.u1uatic plants may b e noted especially 
fruits of Batrachium aquatile (coll.), Hippuris vulgaris and Potamogeton 
filiformis, with pollen of Myriophyllum alterniflorum and M. cf. spicalum, 
and from marshes we have Scirpus lacuster , Menyanthes lrifoliata , 
Carex sp., Viola palustris and Potentilla paluslris , as a lso a number of 
mosses. The greater part of these con sisted, according to A. HESSELBO , 

ol' the H y p n ac e a c etc. , common in sub-a relic S\Yamps, and widely 
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distributed also in the temperate zone. Hypnum exannulalum, which 
at the present day is an extremely common species e. g. in Iceland 
and Greenland, was found in the Herning material in a number of 
different forms, one of particular interest, and apparently common at 
the period, being a type with highly prolonged and undulating leaf 
nerve (var. capillifolium) which is Yery rare at the present day. The 
decidedly arctic mosses found in the arctic clay (L) were lacking in the 
Middle Bed, where on the other hand, a number of species were found 
which might best be called sub-arctic, and are now rare in Denmark, 
viz: Anisothecium crispum, Dichodonlium pellucidum, Ditrichum flexicaule, 
Encalypla rhabdocarpa, Meesea triquetra, Mniu111 cinclidioides. The moss 
flora fi.-om this stratum was thus of a sub-arctic character, in contrast 
lo that found in the mud bed K2, which was dri ved rather from moist 
woodland soil under foliage trees. 

The sub-arctic character of the Middle Bed was further emphasised 
by the relatively abundant occurrence throughout its extent of Betula 
nana, which, together with Empetrum nigrwn, must presumably have 
been common in the environs of the lake. There is further, a find 
of Salix cf. phylicifolia (Boring 36) and many small buds of Sa lix 
sp. were found, as also spores of Selaginella selaginoides. Occasionally 
(Borings 3, 9, 11, 12) some rnacroscopical remains (bud scales, flakes 
of bark) of Picea excelsa and Pinus siluestris were found, but only in 
the upper part of the Middle Bed, and in this horizon, as well as in 
the lower part of the stratum, some fruits of Belula pubescens 1

) were 
also found. Juniperus communis was only observed once in the Middle 
Bed, viz. in its upper portion (H in Boring 8). 

A series of pollen analyses from the Middle Bed afford further 
data as to the vegetation contemporaneous with this formation in the 
vicinity of the lake. In the two diagrams Pl. XXXVI, 1- 2 it will be 
seen that the pollen frequency suddenly decreases at the transition from 
stratum K2 to stratum J, in the lower portion of which only a couple of 
grains per sq. cm 2) preparation surface were found, as against up to abt. 
190 in the subjacent mud bed. The Yery sparsely distributed pollen 
found in this lower portion of stratum J belonged to Belula , Pirws, 
Alrrns, Quercus, Carpinus, Picea and Cory/us; but of these, Betula and 

1) ·with regard to the occurrence of scanty remains of such species as Betula 
pubescens, Picea excelsa and Pinus silvestris, which are common both in the 
stratum above and in that below, it should be noted that the boring apparatus 
used may sometimes bring down vegetable remains from above to strata 
lower down; moreover, it is not always possible to prevent a collected 
sample from extending somewhat beyond the limit of the stratum indicated. 

2) That this impoverishment need not be due to the altered sedimentation 
is apparent from the fact that other clay deposits, e. g. postglacial marine 
fjord clay, can be very rich in pollen. 
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Pinus appear to be rather more common than the remaining species. 
Retula must haYe been growing about th e lake at this period, to wit, 
Bct11la nuna, and presumably also Betula pubescens but for th e rest, il 
is likely thal the great majority of the pollen in th e lower portion or 
stratum J are due to wind transport from for away. EYen in the F,eroes 
we find , in postglaeial bogs, a small amount of pollen from forest 
trees, carried thither by the wind from Norway and Scotland'), and 
it is hardly likely that species such as Carpinus, Cory/us and Quercus 
should haYe exis ted h ere together with the aboye-mention ed sub-arctic 
community. ln the upper part or Stratum .J, the pollen frequency 
increases somewhat, reac hing up to abt. a:-3; lh c diagra m Pl. XXXVI, 2 
shows an altogether reg ular course in the eurYes for this portion : 
Pinus , Picea and Betula dominate in most of th e spectra, and these 
trees probably also stood scattered about in the neighbourhood of th e 
lake, when this upper parl of the Middle Bed was deposited. It is 
rather more doubtful, howeYer, whether the prese nce of Ahrns pollen 
can h e due to a local growth of this species, for if it did liYe by th e 
shores of the lake, then the absence or its fruits etc. in the Middle Bed, 
when they are or so frequent occurrence in the mud beds above and 
below, must seem \"cry remarkable. Th e pollen of Carpinus, Corylns 

and Quercus and pres umably also Aliws, must b e regarded as brought 
by the wind from far away, also in the upper portion of Stratum J. 

The wgetation round the lake, durin g the period when the Middle 
Bed was being formed therein , consisted then of h ea ths and bogs hav­
ing a sub-arctic character; for the first part of the time, perhaps, some 
Betula pubescens may have managed to thrive on these h eaths, but 
it was most probably ousted in course of time. The whole of the 
rich temperate flora found in the lower mud stratum K2 had now 
disappeared from the district, b eing replaced by northern species. The 
paucity of species in Lh e Middle Bed, and th e character of those th ere 
found, as well a s the constitution or th e stratum itself, show that it was 
form ed under essentially cooler climatic conditions than those which 
marked the vegetation of the previous period . In the upper part or 
the lower mud b ed we already find distinct evidence, in the pollen 
diagrams, that the vegetation is assuming a more northerly character, 
and this process of development ,vas continued as time went 011. 

Owing to the considerable thickness of the Middle Bed as compared wilh 
the total depth of all the strata resting on the morain e in the basin , 
it must be presumed that the formation of this stratum must hase 

1) K NU D JESSE:\' : De frernske Mosers Stratigrafi. Forhandl. 17de Skandinaviska 
naturforskaremotet. Goteborg 1925, p. 190 *. Cf. also L. v. PosT: Ur de 
sydsvenska skogarnas regionala historia under postarktisk lid , Figs. 7-8. 
Geolog. Faren. Forhandl. Bd. 46. Stockholm. 1924. 
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lasted a considerable time. Th e cause of thi s radical altera­
tion in th e natur e both of the ycgetation a nd of th e se di­
mentation m a y h e sought in a m ark e d fall of th e t e m p e­
r at u r e, although not grea t enough or of sufficient duration to dri\'(~ 
species sensitiYe Lo cold as far away as the high-arctic climate of a 
new glacial period would haYe don e. "\:\7c must imagine that Lh e 
temperate species thus driYen out found a sojourning place more or 
less distant from Jutland for th e Lim e being, and then returned en 

masse as soon as the climate once more beca me favourable in those 
regions whence they had been temporarily eYicted. EYidence of th e 
fact that this improvement in the vegetation h a d com men ced eYen 
b efore the Middle Bed was fully formed is afforded h y the scattered 
finds of Picea excelsa, Pinus siluestris and Betula pubescens, and by the 
increased quantity of pollen from these trees, in the upper part of the 
intermediate stratum ; the forest comm enced its advance oYer the 
Empelrum-Betula nana h eaths, which were gradually driven oul, the 
sedimentation of the lake however, alternating its character at the 
same time. 

Str a tum G, the U pp er mud b e d. "\Vhen we first obsened 
this stratum, viz. in the brickworks pit 1914, w e did not consider il 
as of any particular importance; this was first apparent when s ubse­
quent borings had shown that it ex tended in the form or a coherent 
horizon , up to abt. 2 m thich, throughout the entire basin. This 
stratum consisted of several different soils, with all kinds of transition 
between. For lh e most part, it was made up of alternating Lhin 
layers of sandy mud and_ mud-blended sand, rich in small sticks and 
wood detritus; this facies could also appear as a typical drift mud 
(Schwemmtorf), rich in fruits and seeds (e. g. in the pit at Point 20 
and Boring 27). Farther from the shore, out in deeper water, a de­
posit of brown clay mud or detritus mud was formed (e. g. Boring 4). 
The south end of the s tratum reached up Lo about 44.5 m in th e 
brickworks pit, but in the nOTthern part of the lak e it is n ever ob­
served at so high a level; as was also noled in the case of Strata .J 
and K2. In Boring 15, the most northerly point at which it was 
observed, it does not reach beyond 37.G m, whereas in Boring 12 it 
reached 38.7 and in Boring 32 (Pl. IX) 40.8 m . The stratum h as 
been located in the following borings: 1- 13, 14?, 15, 19, 20, 27 , 32, 
34, 36, 39 (Pl. II). In Boring 9, the stratum was found Lo differ 
from its normal dcYelopment, b eing h ere almost effaced by a layer 
of stony sand with only thin layers of mud aboye and b elow (see 
Pl. XXXVI, 2). At the time when stratum G was being form ed, the 
lake was of rather smaller extent than when the lower mud bed was 
laid down, th e depth also haying appreciably diminished; it was how-
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ever, doubtless s lill something approaching ten m etres deep. The 
con si derable differ ence between th e composition of the two mud beds 
G and K2 is due lo their having bee n form ed al different depths. The 
shore facies of the lower mud bed, the Trapa layer in the brickworks 
pit Hll4, r esembled Yery closely indeed the most extencted facies in 
the upper mud bed. 

The flora of this upper mud bed comprised Yery much lh e same 
species as the lower mud bed K2 c. g. Hrasenia purpurea, Dulichium 

spalha ceum, Trapa na/ans, Tilia platyphylla , Carpinus betufus , Ta.rus 
baccnla, and others. The Yege lablc rem ains from this stratum do 
not present appearance of ha Ying been rolled; lh ey must ha Ye been 
deposited calmly and without disturbance on th e floor of th e lake 
together wilh th e m asses or mud and sand enYcloping them. It has 
been noticed howeYer, that in the shore l'aci es of lh e stratum for 
instance, flakes of' wood wer e sometimes slightly roll ed. Stratum G 
howeyer conlained a number of \'ascular plants , not found in the 
lower mud bed , firstly some heath s pecies: Arcloslaphylus iwa ursi, 
Calluna vulgaris , Empelrum nigrum a nd Betula nana (three fruits of 
this last were found about in th e middle part of the stratum in trench 
No. 20, p. 37) and furlher, of forest forms , especially Sambucns cf. niyra , 
also some marsh planls such as Carex filiformis , C. roslra/a, C. uesi­

cnria, Ranun culus lingua and Lilorella uniflora and finally Hypochoeris 
radica la . The greater abundance of Cypera ceae in this stratum than 
in lhe lower mud bed is perhaps conn ected with the existence of 
better growth conditions for th ese planls round the now shallower 
lake. On the other hand , there are far fewer species known from K2 
and not obserYed in G, Yiz. Corn11s sanguin ea, lfex aquifoli11m, Hydro­
cotyle uulgnris, / ,ycopus europaeus, 1) a nd Viola paluslris. 

The pres umable development of the flora which took place while 
the upper portion of the Middl.e Bed was being form ed was con Lin ucd 
during the period that followed . Th e heaths were coYered wilh fores l 
growth, but lh e occurrence or lhe dwarf bushes aboye noted suggests 
that the dwarf-shrub h eath was not entirely eradicated. The washing 
lists show Lbal i t was a mix ed forest, rich in Yariety of species, \Yhich 
Lhroye in the vicinity of the lake al this period, and the process or 
deYelopm ent, with starting-poinl in lhe Lwo almosl identically pollen 
spectra uppermos t in th e Middle Bed , is further ill uslrated by the pollen 
diagrams. The pollen fr equency increases as we pass lo Stratum G, 
in which it reaches 113; at the same Lime, the cunes for Betula , 
Pinus and Picea turn off to the lefl, the first-n a m ed however, soon 
turning ba ck sharply towards the ri ght again; there is a marked in-

I) All three species occured in the upper mud stratum at N0rb0lling, p. 74. 
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crease in the relatiYe frequency of pollen of Abws, Quercus (almost 
the sole constituent of the "mixed oak forest" in this part of the dia­
grams) and Cory/us; A/rws reaching as much as 37 °lo, Qnercus + 
Ulm11s 9 °/o, and Cory/us, taken separately, 27 %; the curves for Car­
pin11s arc not particularly characteristic, and only reach 4 %. Spectra 
1 in Fig. 1, Pl. XXXV and in Fig. 2, Pl. XXXV answering lo the 
uppermost horizon of s tratum G, arc w ry much alike: Betula is 
markedly dominant in both , rllnus coming next, while the species of 
the great forest proper are but poorly represen ted; eYidcntly the forest 
was al this stage already feeling the effects of the conditions which 
led lo the formation of' the strata :1b0Yc. Unfor tun ately howeYer , 
paucity of m aterial preven ts further detailed consideration of the fores t 
deYelopment in this period of the upper mud bed. 

The moss flora in Stratum G is not particularly characteristic; lh e 
Hypnum species so strongly represented in the Middle Bed J were h ere 
rather rare, and the small community observed may be described as 
temperate - Lescuraea Breidleri, found but once (Boring 9) being doubt­
less an adulteration, as also in K2 (Boring 5). Calliergon trifarium is 
now rare in Denmark, but has, according to AuG. HESSELBO, doubt­
less been commoner h ere al any rate in the postglacial period ; C. 
Richardsonii is a sub-alpine species, liYing howeYcr, h er e and th ere rn 
the lowlands, including Denmark . 

Sinc e th e mud b e d G - being in a primary positon -
c ontains about th e same lh er mophil e species as the low e r 
mud b e d K2 , it mu s t be supposed that the summer te mp e ­
ratur e, when it was deposited, was approximately th e s am e as 
in t h e first warm per i o d . The thick M id d 1 e B e d w i t h its 
s u b - a r t i c fl o r a t h e n i n di c at e s a h i t h e r to u n k n o \Y n b u t 
very considerable oscillation of t e mp erature in th e inter­
glacial period r e pr ese nt e d b y th e H er nin g locality - an 
interglacial period which must, as will be seen from lhe following, 
be reckoned as beeing our last. 

Between Borings 8, 10, 27 and 32, the mud bed G lay conspi­
cuously deep , and form ed a bowl, fill ed up with s ton y sand F - G, 
this being separated only by a thin layer of mud from the sandy 
portion embedd ed in Stratum G a t Boring 9. Owr the sand F - G 
extended a thin la yer of mud-blended sandy clay D, apparently . a 
continuation of the clay stratum a boYe the mud G in Borings 2, (-i and 
7 and 14- 16. This, between Points 8- 11, shows a remarkable inter­
ruption in the deposit or ston y sand. Those portions of ston y sand 
which were found in Borings 8- 11 under this clay horizon , and 
Stratum H in Borings 8 and 9, must presumably be taken as one unit, 
and should possibly be r egarded as th e delta of a stream. 
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The flora of the clay bed F was of precisely similar character 
to that of the Middle Bed, consisting of Relula nana , B. p11besce11s, Empe­
irnm nigrwn, Arciostaphylus sp. , Selaginella sl'laginoirhs, and aquatic 
plants such as for instance Batrachinm aqualile (coll.), and Myriophyllwn 
allerni/lorum. Spectrum 1 in Fig. 2, Pl. XXXVI is from this stratum. 
The stratum attained a maximal thickness of up lo 1.7 m (Boring 
15). It was found only in a minority of the borings made, but the 
stratigraphical conditions of th e differ ent portions of this lake deposit 
show that it must originally haYc been far more united throughout 
its extent. Certain portions haw doublless been completely eroded 
during the formation of the sand stratum aboYe (D); and th e stratum 
of stony, mud-blend ed clay (D2) which coyered it in Borings ~) - 11, 

may presumably b e regard ed as originating from a fusion of the stony 
sai~d abo\·c (here D1), and th e subjacent clay. The pollen spectrum : 
Belula 98 °;o, Pinus 2 °lo (pollen frequency 31) found on analysis 
of th e stratum in Boring 11, is thus the last reminiscence of inter­
glacial tree vegetation in the district (Pinus pollen however, pres umably 
brought by ,vind transport from far away). For other ycgelable finds 
sec Borings 11, 27 and 32. Possibly howeycr, this clay bed may be 
regarded as fully preserYed in Borings l and 2, wh ere it is coyered 
by a layer of stoneless, rather humous sand with some few vegetable 
remains, for this sand stratum E may be regarded as a shore 
facies to Stratum F . The stratif1ed, contorted , somewhat stony sand 
stratum observed below th e bed D in th e brickworks pit 1914 (p. 17) 
may perhaps partly be a dcrirnte, later affec ted by solifluction, of 
this shore facies. 

The Covering Sand and more recent Strata. 

OYer the lake deposits described in the foregoing, was spread a 
layer of stony sand (CoYcring Sand) D, which was obserYed 
both in the brickworks pil Hl14 and in nearly all the borings, also 
extending up oyer th e platea u round the lake. The thickness of the 
layer varied from O m (Boring 1) to 3.2 m (Boring 7). No dictinct 
stratification was obsened, either in the brickworks pit or elsewhere 
wh ere cxca yations were made. The num erous stones enclosed in the 
layer were up lo th e size of a fist, and in many of the borings, 
especially close to the edge of the northern pa rt or the basin, the 
layer ass um ed the character or gravel, the ston es here being also 
somewhat larger than farther out oyer th e basin. 

No moraine clay was found an ywhere OYer lh e basin; the local 
moraine formations are plainly older than the intcrgl.acial lake deposits 
in this, and the stony sand (D) affords, in its constitution and strati­
graphical conditions, no ground for supposing that it should have 
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been deposited by inland ice. 1
) Its lack of stratification shows, on lhe 

other hand, that it is not a lake deposit . But we might w ell suppose 
that it is an accumulation of flowing earth , crept down from th e 
higher ground round the basin out over the bottom of the lake, (which 
at that time was a I most entirely fill ed up) under the influence of 
regelation and of frost in the crusl of the earth (Trel) during an arctic 
period. The constitution of lhc slralum, e. g. at the southern end or 
the brickworks pit, shows thal il was h er e form ed by th e union of 
various kinds of earths, and in the course of its progress out over 
the basin it has partially des troyed the uppermost lake sediment, 
Stratum F, or an intermingling of this with the stony sa nd has 
taken place. 

After lhe formation of the mud bed G, the climate again turn ed 
colder ; the rich temperate flora known from this stratum once more 
forsook the district, and a Belula nana-Empelrum h eath aga in spread 
over lhe gro und, the sedimentation in the lake at the sa me lim e 
changing from sandy mud to clay. ll is this developm ent of the 
climate in lhe direction of arctic conditions which was continued, and 
attained its culmination, while the stony sand was making its way 
out over the lake. This covering lay e r D musl th e n undoubte dly 
be taken as coeval with th e last Scandinavian glacial 
period, wh e n th e inland ice spread out over the greater 
part of Jutland , though without covering the lake al 
Herning Brick,Yorks, which lak e lh e n dates from th e lasl 
interglacial p e riod. 

After the formation of lh c stony sand stratum D, the basin was 
still not quite fill ed up , there being, more especially, a considerable 
depression in the north ern portion , situaled in th e profile between 
Points 7 and 17. In this , fine sand and sandy mud wer e deposited, 
the latter often lying in thin streaks in the sand; at the top, a little 
Phragmites-Carl'x peat was formed. Washings from th ese sandy lake 
deposits yielded a poor flora consisting notably of Balrachium aqualile 
(coll.), Hippuris vulgaris, Polamogelo11 sp . and Myriophyllwn allerniflo­
rum ; among land plants, were found Empelrum nigrum and Sa/ix 
herba cea. We haYe also from h ere a half nut of Carpinus hetulus, and 
some few remains of Trapa natans, but these fragm ents may safely 
be regarded as haying occupied a secondary position in the mud , 
and originating properly from th e des troyed ends of Lhe subjacen l 
strata (cf. p. 33 and 34). From the lower part of the sandy mud C4 , 
Boring 13 we have th e following spectrum: Betula 28 °lo, Pin us 21 %, 
Ulm us 1 %, Quercus 12 %, Tilia 1 %, Ahrns 19 °lo, Car pin us 3 %, Picea 

1) In this connection it is of interest that we in the summer 1927 detected a 
couple of interglacial bogs of the BrOrup type ea. 4 km SE of Herning. 
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15 %, and Cory/us 14 % (Pollen frequency :JO) which is undoubtedly 
strongly influenced by the intermixture of interglacial material. In th e 
upper part of the mud bed Cs, 1.25 below th e surface in boring 13, th e 
following late- or early postglacial spectrum was determin ed: Sali:r 2 %, 
Betula 78 %, Pin us 1 \1 °lo and Ahrns 1 %. Then in th e lowest portion 
of the area, a slralum , of reed peat was formed, which has since 
turned in lo hum us , and remains as the last relic of the once deep Jake. 

It is possible that th e argillaceous sand heds eowring Stratum 
D in Borings 1- 3 should at any rate to some extent be regarded 
as washed out material (Schwemmsand), while the surface layer in 
other parts of the former lake area consists of wind-blown sand, which 
accounts for the slightly undulating surface of the ground, e. g. between 
points 5 and 10. 

It no,Y rem ains to consider the peculiar inclined position 
of the lake deposits, which has been referred to seYeral times in the 
foregoing. A decisin factor in the determination of the magnitude of 
this incline is the difference of altitude between th e highest leYel to 
which the lake deposits Teach at the southern end of the basin (abt. 
45 m) and the l°'Yest portion of the margin of the interglacial basin 
on the north. The Oat trough which now marks th e site of the inter­
glacial lake deposits slopes from south lo north with an aYerage fall 
of 4.5 m in 1000, and merges gradually into Lh e valley follow ed by 
the streams, Herningholm Aa and Storaa, on th eir way to North See. 
Ther e is nothing in the landscape to show where the north ern edge 
of the basin should be sought; it is only discernible by borin gs, and 
appears for ins lancl' in Borings 17 and 18 (Pl. Vlll) as moraine clay, 
the surface of which lies aboYe the 40 m leYel. Its lowest part should 
doubtless be looked for wh ere the ground lies lowest, or b etween 
Borings 28 and 2H. Th e form er of these goes down through deeper 
lake deposits ; in the second, no such deposits were found, and th e 
surface of th e uppermost stratum (0,), which is undoubtedly older 
than the lake deposits, lies here about 40 rn aboye sea lewl. Some­
where near this level we must suppose the threshold of the inter­
glacial basin to lie, and higher than this of course, the lake deposits 
cannot go . Actually , they haYe not been observed aboYe 3H.5 m 
(Stratum F in Boring 16). The lake strata haye thu s at present a 
fall of at leas t 5 111 in 850, or 5.\1 in 1000. The cause of remoYel of 
lhc northern barrier of th e lak e, together with Lh e upper ends of the 
strata of the interglacial deposits cannot be sought in ice erosion, 
since, as already m ention ed, lhe inland ice cannot haYe ex tended OYer 
th e basin during lh e lasl glacial period. 1f running water had cut 
away a former proj ecting barrier at this spot, after the formation of 
thl' interglacial deposits , then th e hollow whieh these form aboul 
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Point 13 would surely h ave b een fi lled w ith m ateria l of a different 
character from that m et with in th e borings. Finally, it might b e 
imagin ed that the surface of the la nd as it was at th e close of th e inter­
glacial period, may haye been essentially a lter ed by solifluc tion (p. (W). 
As a boYe noted, it mu st be presumed that this fac tor in/er alia is 
responsible for th e formation of Stra tum D, th e stony sand, but as 
far as our borings throw any light upon Lhe m a tter , ther e does not 
appear to have b een a ny considerable tra n sport of m ater ial out oYer 
the north ern part of the lak e. ff large proj ecting porti ons of formations 
from the glacial p eriods have bee n remoYed from th e e11Yirons al th e 
northern end of the lake, then the transport must h aYe proceeded 
mainly in a direction away from the lake. It must be borne in mind 
howeYer , that it is not only the northern edge of the basin which h as 
been worn away by erosion, a s the sam e " ·as nndoubtly the case 
with the ends of strata from the lak e deposits proj ecting up at the 
southern part, all these being cut down to the sa me leyel by the 
covering layer. These southern ends of t he s trata doubtless extended 
higher up originally, how far we cannot exactly say, but if we could 
add this fi gure to th e difference in h eight a lready noted, of fi m , we 
should th en h aYe a minimum Yalue for the h eight of Lhe barri er which 
must haYc bee n r emoved l'ro111 th e northern end of th e basin. ,,re 
must, howe\'er, still point out th e possibility tha t th e basin itself may 
have b ee n subj ected to an irregula r moYem enl of Lh e earth 's crust, 
with th e results th a t th e northern end wa s lowered, th ough it would 
carry us beyond r easonable limits were we to attribute the actual slope 
of th e stra in to this alon e; it is impossibl e lo sa y how much such 
a fa c tor m ay count for in th e matte r. 

Norbolling Field. 
About 1 km S \V of Brorup railway sta tion , on land belonging to 

farm er OTTO P. OTTOSEN in N orbolling fi eld, there is a sm all peat bog, 
now largely dug away, situated in a distinctly Yisible enclosed hollow, 
the maximal extent of which amounts to abt. 260 m (bog no. i'i in 
Fig. 2). As will b e seen from th e map howeYer , thi s basin forms 
the upper portion of flat a valley, running north and north-,Yest, and 
opening out at P n :estegaard inlo Holsted RiYer. During the summ er 
of l 922, we succeeded , by m ean s of borings in thi s hollow, in demon­
strating the existence h ere of interglacial la ke deposits of considera ble 
thickn ess. \Ve ther efore continued our i1nestiga lions dur in g lhe foll owing 
summ er, makin g in all 21 horin gs through th ese interglacia l deposits. 

Th e site of lh e borings within the margin of the basin will be 
appare nt f'rom Fig. ;J, Pl. Xl. The postg lacial bog was up lo 2 111 deep 
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Fig. 2. Neighbourh ood of Bro rup Hailway Statio n , w ith the interglacial bogs numbe red 
1- 13. Scal e 1 : 25000. Cont o ur inte rvnl 5 ft. = 1.57 111 . From The Ge n e ra l Sta ff ::-fa p Sh ee t ~406. 

(Boring 7), its bottom lying abl. 3 111 and abt. 5 m lower than the 
lowest and high est portions of the margin of the basin. The sides of 
the basin must, then, prior to th e formation of the postglacial bog, 
haw had an inclination of 3- -t- 111 in 100 m, th e interglacial basin 
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being originally at least 12 m deep, answering to a gradient for the 
sides of up to about 18 m per 100 m. 

To facilitate an appreciation of th e nature and constitution of the 
strata penetrated, a description of the sequence of strata in some of 
the borings is here given, together with the results of washings from 
the samples taken. The stratigraphical diYision of the profiles will be 
seen from the terms used for the strata from A- N, the same letter 
denoting everywhere the same horizon. The two transverse profiles 
in Pl. XI are designated A and B. 

D. 
L. 

M. 
N. 

0 - 1.10 Ill 

1.10- 3.70 Ill 

3.70- 5.0 m 
5.0 - 5.1 Ill 

A. B. 0 - 0.9 
C. 0.9 - 1.5 m 
D. 1.5 - 2.45 m 

Profile A. 

Boring 2. 

Sand with scattered small stones, humous at the top . 
Top and bottom, muddy Sand, in the middle, sandy 
Mud; seeds and fruits of Ceralophyllum sp., N11phar luleum , 
Polamogelon sp., Menyanlhes lrifoliala , Corylus avellana, 
Quercus cf robur; a cone of Picea e:i;celsa. 
Greyish green, sandy Clay without stones. 
Sandy Moraine Clay. 

Boring 4. (Pl. XXXVI, 3) . 

m Mou Id above mud. 
Grey S a nd. 
Grey Sand with stones. Abt. 2.1 m below surface a layer 
of greyish brown sandy mud, some few cm thick, with 
some small sticks. 

E. 2.45 - 2.75 111 Greyish brown, sandy C I a y Mud with scattered stones 
the size of nuts . In this layer were found: Carex sp., 2 
fruits without utriculus, Polen/ilia sµ. , 1 fruit. 

F. 2.75 -- 3.65 m Brown Mud , sandy at the bottom. The following were 
picked out on the spot: 
Brasenia purp11rea, 1 seed, 
Carpicws belulus, 3 fruits , 
Nuphar luleum, several seeds, 
Picea etccelsa, fragments of wood , 
Polamogeton sp., several fruit-stones . 

G. 3.65 - 4.30 m Brown Sand with stones the size of nuts at the bottom. 
The washing sample yielded: 
Aliws glulinosa, 2 fruits , 
Bel11la nana, 6 fruits, 

pubescens, 1 fruit, 
Carex sp., several fruits, 
Empelrum nigrum, 10 fruit-stones , 
Hippuris vulgaris , several fruit-stones , 
[Najas flexilis, 8 fruits], 
Myriophyllum allerniflorllm , several nuts, 
Nymphaea alba , 1 seed, 
Picea ex celsa, 1 needle, 
Polarnogelon (iliformis , 12 fruit-stones, 

JJraelongus , 8 fruit-stones . 
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Sparganium mrnzmum, 3 fruits-tones, 
sp., 1 fruit-stone. 

H. 4.3 - 5.5 m Uppermost, grey, rather sandy C 1 a y Mud, with stones 
the size of nuts here and there. Between 4.9 and 5.05 m 
a layer of Sand. At the bottom (last 25 cm) brown sandy 
clay mud. Four samples from different levels between 
4.3 and 5.25 m yielded the following vegetable remains: 

J. 5.5 - 6.5 111 

K. L. 6.5 - 9.35 

Belula nana, 1 fruit and a small branch abt. 5.10 m below 
the surface, 

Belula pubescens, 1 fruit. 
sp., I fruit, pollen fairly plentiful , 

Carex sp., 2 fruits, 
Empelrum nigrwn, 5 fruit-stones ., 
Myriophyllum allerniflorum, pollen abundant , 
Picea sp, some pollen, 
Pinus sp., pollen rather plentiful, 
Sa/ix sp., 4 bud scales, I mm long, 
Sparganium minimum, 2 fruit-stones, 
Viola palustris, 2 half seeds, 

Cenococcum geophilum, some sclerotia. 
Brown Sphagnum Peat. Numerous twigs of Calluna 
uulgaris , epidermis of Eriophorum vagina/um , leaf frag­
ments of Gymnocybe paluslris, spores of Dryopleris cf 
spinulosa. Also abundant pollen of Picea, Pinus, Belula and 
Alnus , and Carpinus in the lower part. 

m Uppermost, brown Mud, between 7.3 - 7.5 m horny mud, 
below this, paler mud with increasing admixture of sand. 
In this stratum (K L) were found: 
Alnus glulinosa, pollen common in the upper part, 
Belula sp ., pollen common in the lover part, 
Brasenia purpurea, :rnmerous seeds to abt. 7.5 111 below the 

surface, 
Carpinus belu/11s, many fruits and much pollen in the upper 

part, 
Ceralophyllum demersum uar apiculalwn, many fruits, 
Cory/us auellana, pollen common in the midmost part, 
Dryopleris thelypteris, spores, 
Frangula alnus, 1 grain of pollen, 
Lycopodium annotinum, 1 spore, 
Najas flexilis, epidermis of fruit, 
Nymphaea alba, pollen and intercellular hairs , 
Picea excelsa, 1 bud, leaf epidermis, and much pollen, 

uppermost, 
Pinus siluestris, leaf epidermis, and much pollen, low down , 
Polypodium uulgare, spores, 
Potamogelon spp., numerous fruit-stones, 
Quercus sp., much pollen in the midmost part, 
Typha lalifolia, pollen-tetrads, 
Tilia sp., pollen rare, 
Ulmus sp. , pollen especially in the lower part, 

Unnmarks geologiske Cnde rs0g e lse . rr Ha~kk c. Nr. 48. 5 
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Riv11lariaceae, 

Bolryococcus Braunii, 
Pediastrum duplex , 

Spongilla lacustris . 
Sand. 

Boring 5. 

Here, only the upper strata were bored through, as far as the Sphagnum 
peat J. The profile was as follows : 

A. 0 - abt. 0.6 m Sphagn11m Peat. 
B. 0.6 - 1.0 111 · Mu d. 
C. 1.0 - 1.5 m Sand without stones. 
D. 1.5 - 2.95 m Sand with numerous stones up lo the size of hen's eggs. 
F. 2.95 - 4.50 m Sandy Mud, the upper portion greyish brown, the lower 

part more brownish. Washings from the upper part of the 
stratum yielded only 1 fruit-stone of Empelr11m nigrum and 
a fruit of Care:i: sp. In the lower portion, the following 
were found: 
Balrachium aqualile (coll.), fruits fairly numerous, 
Brasenia purpurea, 1 seed , 
Carex sp., some fruits without utriculus, 
Empelrum nigrmn , fruit-stones fairly numerous, 
Hippuris vulgaris , several fruits , 
Hydrocolyle vulgaris, 1 nut, 
Picea excelsa, a small piece of wood , 
Pola111ogeto11 filiformis , 16 fruit-stones, 

sp., 8 fruit-stones . 
G. 4.5 - 5.8 m Medium fine grey Sn n cl. with some few small stones and 

a little wood detritus . Also the following: 
Balrachiwn aq11alile (coll.), fruits fairly numerous, 
[JJrasenia p11rpurea, 1 seed , undoubtedly brought down from 

the stratum nbove], 
Carex sp., some fruits without ulriculus, 
Empelr11m nigr11m, fruit-stones fairly numerous, 
Hippuris v11lgaris, severnl fruits , 
M!]rioph!]llum allerni/lomm, 1 nut, in the upper part, 

cf. spic:atum, 1 nut, 
[Najas /lexilis, 1 fruit], 
Picea excelsa, a few small pieces of bnrk , 
Polamogelon filiformis, 14 fruit-stones, 

natans, 1 fruit-stone, 
praelongus, 1 fruit-stone , 
cf. pusillus, 1 fruit-stone , 
spp. , 2 species, 4 fruit-stones , 

Potenlilla paluslris, 1 fruit , 
Scirpus lacuster, 1 fruit. 

H. 5.8 - 7.1 m Uppermost, 30 cm of tough stoneless Clny; below this 
greyish brown C In y Mud, at bottom with transition to 
the subjacent: 
Belula nana, 12 fruits, 3 catkin scales, 

p11bescens, 1 fruit, 
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Carex sp., 1 fruit without ulriculus, 
Empetrum nigrum , 11 fruit-stones, 
[Najas flexilis, 1 fruit, in the upper part], 
Potamogeton sp., l small fruit, 
Salix sp., 6 small bud scales, 1- 2 mm long, 
Scirpus sp., 1 fruit , 
Sparganium cf affine, 1 fruit-stone, 
Viola palustris , ½ seed, 

Cenococcum geophilum, 1 sclerotium. 
J . 7.10 - 7.25 111 Brown, stratified Sphagnum Peat with branches and roots 

of Calluna vulgaris. 

Boring 6. 

A. 0 0.9 111 Sphagnum Peat. 
B. 0.9 - 1.5 m Mu d. 
C. 1.5 - abt. 1.8 111 San d . 
D. abt. 1.8 - 3.3 m S lo n y San d . 
E . 3.3 - 3.5 m Grey Clay with some plants detritus : 

Balrachi11m aq11alile (coll.), 2 fruits , 
Bel11la pubescens, l fruit, 
Carex sp., 4 fruits without utriculus , 
Empetmm nigrmn, 2 fruit-stones, 
Potamogeton spp. , 3 species, 3 fruit-stones. 

F. 3.5 - 4.5 111 Brown Mud with a quantity of rotten wood and other 
vegetable remains : 
Alnus glulinosa, 2 fruits , 2 catkin spindles, 
Arctoslaphylus uva 11rsi , 1 fruit-ston e. 
Batrachium aqualile (co ll.), several fruits, 
Betula pubescens, fruits fairly num erous, 
Brasenia purpurea, 4 seeds, 
Calluna vulgaris , a few shoots, 
Carex pseudocyperus , 3 fruits , 
Dulichium spathaceum, 4 fruits , 
Empetrum nigrum, 28 fruit-stones , 
Hipp11ris vulgaris, 10 fruit-stones, 
Hydrocotyle vulgaris, 2 nuts, 
Lycopus e11ropae11s, 1 nut, 
Myriophyllwn alterniflorum, 3 nuts, 
Najas flexilis, 11 fruits , 
Nuphar luteum , 1 seed, 
Picea excelsa, 1 needle, 
Polamogeton alpinus, 1 fruit-stone, 

fi-liformis, nume.rous, fruit-stones , 
praelongus, 2 fruit-stories, 
spp., 2 species, 13 .fruit-stones , 

R11bus idae11s, 2 fruit-stones , 
sp., 1 fruit-stone . 

Scirpus sp., 1 fruit with bristles, 
Sparganium ereclum, 1 fruit-stone, 

G. 4.5 - 5.5 m Fine grey Sand with a thin layers of mud: 
Batrachium aquatile (coll.), 6 fruits , 
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Carex sp. , 1 fruit without utriculus, 
Empelrum nigrum , 2 fruit-ston es, 
Polamogelon nalans, 1 fruit , 

spp ., 2 species, 3 fruits , 
H. 5.5 - 7.0 - Greyish brown sandy Clay Mu d. Samples taken with the 

spiral auger from 5.5- 6.2 m depth yielded , besides a 
number of flakes of wood, the following: 
Arcloslaphylus sp. , ½ fruit-stone, 
Armeria vulgaris , 1 calyx, 
Balrachium aqualile (coll.), numerous fruits , 
B elula nana x pubescens , 1 fruit , 
Calluna vulgaris, 1 shoot, 
Empelrwn nigrum , 4 fruit-stones , 
Myriophyllum allerni/lorum , 1 nut , 
Hubus idaeus , 1 fruit-stone. 
Washing samples taken with the pump and derived mainly 
from the lowest metre of th e slratum yield ed the following: 
Andromeda polifolia, 1 seed , 
Balrachium aqualile (coll.), numerous fruits, 
Belula nan a, 1 fruit, 2 catkin spindles, 

pubescens , 3 fruits, 
Calla paluslris, 2 seeds, 
Care:r: cf. pseudocyper11s, 1 fruit , 

vesicaria, 1 fruit. 
sp ., numerous fruits without utriculus, 

Empelrum nigr11111, numerous fruit-stones, 
Myriophyllwn allerni/lor11m, 3 nuts, 
Picea excelsa, 1 need le, 1 piece of bark, 
Pola111ogelon spp. , abt. 3 species, a few fruit-stones, 
Rubus idaeus , 1 fruit -stone, 
Sa)11b11c11s cf. nigra, 1 fruit-stone (belonging to stratum H ?) . 

.J. 7.0 - 7.75 m Highly strati11ed Sphagnum Peat with numerous seeds of 
aquatic plants, quaking-bog-peat ; in this were found : 
Aln11s gl11linosa, 1 fruit , 
Be/11/a pubescens , several fruits, 
Brasenia purpurea, seeds, 
Calla paluslris, 2 ordinary seeds and 2 seeds, 2.4 and 2.5 mm 

long, 1 mm broad at the pitted end and tapering down 
to the opposite end , 

Calluna vulgaris , several fragments of branches, also shoots, 
Carex pseudocyperus, 2 fruits, 

roslrala, 7 fruits, 
sp. , numerous fruits without utriculus, 

Ceralophyllum demers11m var. apic11lal11m, 4 fruits, 
Najas flexilis , numerous fruits , 
Nuphar luleum, 1 seed, 
Nymphaea alba, 3 seeds, 
Polamogelon nalans, numerous fruit-stones, 

pusillus , 8 fruit-stones, 
lrichoides , 1 fruit-stone. 

Hypn11m e.rnruwla/11111, 



Sphagrw111 imbricalum , 
pal11slre, 
papillosu m. 

K. 7.75 - 8.70 m Hard, horny Mud : 

L. 

M. 

A . 
B. 
D. 
E. 

G. 

8.70 - 9.85 m 

0 1.25 111 

1.25- 2.0 111 

2.0 - 3.25 m 
3.25 - 4.25 111 

4.25- 5.50 m 

Aliws glulinorn, I fruit , 
Betula p11besce11s, several fruits, 
Brasenia p11rp11rea, G seeds, 
Calla paliislris , 3 seed s, 
Calluna v11lgaris, 1 piece of a branc h, 
Carex sp., num erou ~ fruits without utriculus, 
Ceralophyllum d~111ers11111 var. apicula/11111, 8 fruits , 
Najas fl e.1.:ilis , several fruits, especially in the upper part, 
Nymphaea alba , 2 seeds, 
Polamogelon natans, numerous fruit-stones, 

p11sillus, 4 fruit-stones, 
lrichoides, 3 fruit-ston es, 

Scirp11s lac11sler , 1 fruit , 
sp .. l fruit with a few bristles. 

Gynmocybe paluslris, 
Hypnum e.1.:annulalum, 
Sphagnum pal11slre. 

Brown , softer D e tritus Mu d . 
Belula nana x p11bescens , 1 catkin sca le, 

pubescens, numerous fruits , several catkin scales, 
Carex sp. , fruits without utri c ulus fairly numerous, 
Ceralophyllum de1ners11m var. apiculatum, 2 fruits , 
Hippuris 1mlgaris , 1 fruit , 
Menyanthes lrifoliala , I seed , 
Pinus silveslris, frag ments of bark , 
Polamogelon natans, 3 fruit-stones, 

pusill11s, num erous fruit -s ton es. 
White San d . 

Boring 7. 

Sphagnum Pea I. 
Brown Mud . 
Sand with num erous stones up to the size o f a fist. 
Sandy grey C I a y, browner lower down , the upper part 
with some small s tones. Small firm fragments of brown 
mud were common in the clay. A sample from the lower 
portion of th e stratum yielded on washing : 
Balracliium aqualile (coll.), 1 fruit , 
Empelrum nigr11m, 1 fruit-ston e, 
Potamogelo11 filiformis , G fruit- s ton es. 
Grey rather find Sand with a few thin streaks of C I a y­
M u d . Small pieces of rotten wood . Washing yielded: 
Armeria vulgaria, 1 calyx, 
Batrachium aqualile (coll.), 11 fruits, 
Belula pubescens, 2 fruits , 
Calluna vulgaris . I shoot tip , 
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Carex sp., 1 fruit without utriculus, 
Empetrum nigrum, 1 fruit-stone , 
Picea excelsa, 1 needle, several pieces of bark, 
Potamogeton alpinus, 1 fruit-stone , 

fi.liformis, 2 fruit-stones, 
Potentilla erecta, 1 fruit, 
Rubus idaeus, 4 fruit-stones, 
Sparganium cf. affine, 1 fruitstone . 

H. 5.50 - 7.00 m Clay Mud, grey and rather sandy at the top, more brown­
ish lower down. Three washing samples yielded: 
Balrachium aqualile (coll.), 6 fruits , 
Betula nana, 7 fruits, 1 catkin scale, 

pubescens, 1 fruit , 
sp., a small branch , 

Calluna vulgaris, 1 tip of a shoot, 
Carex rostrata, some fruits, 

sp., numerous fruits without utriculus, 
Empetrum nigrum, numerous fruit-stones, 
Myriophyllum alterniflorum, 10 nuts, 
Picea excelsa, 1 needle, 1 small piece of bark, 
Potamogeton natans, several fruit-stones, 

sp. , 1 fruit-stone , 
Viola paluslris , 1 seed. 

Hypm1m exannulalum, 
Sphagnum paluslre. 

J . 7.00- 7.75 m Brown Sphagnum Peat with numerous remains or aquatic 
plants: 
Brasenia purpurea, 4 seeds, 
Carex roslrata, several fruits, 

sp., numerous fruits without utriculus, 
Carpinus betuhzs, ¼ fruit, 
Cefatophyllum demersum, 1 fruit, 
Empetrum nigrum, 1 fruit-stone, 
Najas flexilis , 16 fruits , 
Picea excelsa, 1 needle, 
Polamogeton nalans, several fruit-stones, 

pusillus, 3 fruit-stones . 
K. 7.75 - 8.65 m Brown horny Mu d . Two samples, one from the top and 

one from the bottom, yielded: 
Betula pubescens, 3 fruits , 
Brasenia purpurea, 13 seeds (top), 3 do. (bottom), 
Carex rostrala, 3 fruits, from the top, 

sp. , numerous fruits without utriculus from the top, 
Carpinus belulus, ¼ fruit, 
Ceratophyllum demersum var. apiculat11111, 2 fruits from the 

top, many from the bottom, 
Najas flex ilis, numerous fruits, 
Nuphar luleum, 2 seeds, from the bottom, 
Nymplwea alba, 1 seed from the top, 3 from below, 
Picea exelsa, 1 seed. 
Polamogelon nalans, numerous fruit-stones, 
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Palamogelon pusillus, 18 fruit-stones, 
lrichoides, 1 fruit-stone . 

L. 8.65- 9.50 m Brown Mu d. 

M. 

A. 0 - 0.3 Ill 

C. 0.3 - 1.6 m 
D. 1.6 - 2.0 m 
E. 2.0 - 2.7 111 

H. 2.7 - 3.8 Ill 

J . 3.8 - abt. 4.6 

K. abt. 4.6 - 5.7 

L. 5.7 - 5.9 111 

M. 5.9 - 9.0 111 

C? 0 0.6 m 

D. 0.6 1.2 111 

Betula pubescens , several fruits , 
Menyanlhes trifoliala, 1 seed, 
Polamogeton 11alans, 2 fruit-stones. 
Grey San d. 

Boring 9. 
Peat-Mould. 
Reddish brown Sand without stones. 
Grave I with stones the size of hen's eggs. 
Sandy grey C I a y with a few stones and numerous small 
hard fragments of mud. 
Greyish brown, more or less argillaceous fine Sand 
with organic detritus. A washing sample from the upper, 
argillaceous portion yielded no fossils; in a sample from 
the lower part the following were found : 
Betula nana, 4 fruits, 
Carex sp. , 1 fruit, 
Empetrum nigru111, 1 fruit-stone, 
Myriophyllum allerni/lorum, 1 nut. 
m Bro,Yn Sphagnum Peat with branches of Call1111a vul-

garis. Seeds of Brasenia p11rp11rea. 
m Brown, horny · Mud with thin layers of sand. Fruits 

of Najas flexilis (Pl. XXXIII, 6 - 9), Potamogelon nalans, Corylus 
cwellana etc. 
Brown, sandy Mu d. Some fruits of Najas /lexilis, Ceralo­
phyllum demers11111 var. apiculalum, Carex pseudocyperus etc. 
Sand with a few thin layers of clay. 

Boring 13. 

Yellowish brown argillaceous Sand, the lower part with 
stones the size of a fist. 
Pale yellow Grave 1, the lower part with greyish brown 
lumps of Sand (digging was carried to abt. 1.25 m). 

E. 1.2 -- 1.85 m Pale yellow, argillaceous Sand with small stones. 
H. 1.85-abt.2.0 m Sand. 
L .(K). abl. 2.0 - 2.9 m Grey and brown Mud above horny mud: 

Betula pubescens 2 fruits, 
Brasenia purpurea, 28 seeds, 
Carex sp., numerous nuts, 
Najas flexilis, numerous fruits , 
Potamogeton natans, fruits very numerous. 

p1.1sill11s, numerous fruits , 
Sparganiwn ereclum , 1 fruit-stone. 

M. 2.9 - 3.0 m Coarse Sand. 

Profile B . 

Boring 1 5. (Pl. XXXVI, 4). 

A. B. 0 - 0.75 m Mould above brown sandy Mu d. 
C. 0.75 - 1.25 m Greyish brown Sand above greyish blue loamy sand. 
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D. 1.25 - 2.7 m Stony Sand interkneaded with lumps of greyish brown 
clay mud with pollen (spectrum 1); stones the size of 
a hand at top, the size of nuts at the bottom. Gradual 
transition to the subjacent. Samples from abt. 2 m below 
the surface yielded on washing: 
Beliz/a sp ., 1 piece of bark. 
Carex sp. , 1 nut, 
Empelrum nigrll/n, ½ fruit-stone, 
Sparganium cf. affine, l fruit-stone, 
Viola palustris, 2 half seeds. 

F. 2.7 - 3.1 111 Brown Mud with pollen of Betula, Pinus , Alnus, Quercus , 
Tilia , Corylus, Carpinus, Picea (pollen diagram, spectr. 2). 

H. 3.1 - 4.0 m Grey, sharp S a nd , with stones, especially at the bottom. 
1-11. 4.0 - 5.0 111 Uppermost, brown Sand, lower do,vn pale greyish brown 

C 1 a y Mu d. Washings from the upper part of the stratum 
especially yielded a quantity of vegetable remains, some 
of which presumably did not properly belong there but 
were in a secondary position: 
Alnus glulinosa, pollen rare, 
Batrachill/n aqualile (coll.), 4 fruits , 
Betula pubescens, 2 fruits , 

sp ., pollen, 
Empetrum nigrum, numerons fruit-stones, 
Hippuris vulgaris , 1 fruit , 
f Najas fl.ex ilis, I fruit], 
Picea excelsa, I piece of a branch , pollen rare, 
Pinus silveslris , 1 piece of wood, 1 slip of bark, pollen , 
Polamogelon filiformis, numerous fruit-stones, 
Ranunculus sp., 1 fruit , 
Rubus idaeus, 4 fruit-stones , 
Sparganill/n minimum, 16 fruit-stones. 

Cenococcum geophilum, several sclerotia. 
J. 5.0-abt.5.4 m DarkbrownPeatorPeat-Mud. 
L. abt. 5.4 - - 7.0 m Brown, sandy Mu d. 
M. 7.0-7.1 m Sand. 

Boring 1 9. (Pl. XXXVI, 5). 

A. B. 0 - 0.3 m Mould over Mud . 
C. 0.3 - 2.0 m Sand without stones. 
D. 2.0 - 2.4 m Sand with stones. 
E. 2.4 - 3.4 m Alternating layers of C I a y Mud and San d . In the lower 

part of the stratum, the sand layers contained some fruits 
of Empelrum nigrum, Carex sp. and Potamogeton sp. 

F. 3.4 - 4.85 m Uppermost, sandy Mud rich in plant detritus; lower down, 
brown mud . Fossil content approximately the same in both 
upper anrl lower portions of the stratum : 
Alnus glutinosa, 5 fruits, much pollen, 
Batrachium aquatile (coll.). several fruits, 
Brasenia purpurea, 3 seeds, 
Betula pubescens, 3 fruits , much pollen, 
Carpinus betulus, 3 fruits, pollen, 
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Cory/us avellana, pollen fairly abundant, 
D111ichium spathaceum, 8 fruits, several with the bristles 

preserved, 
Empetr11m nigrllln, 6 fruit-stones , 
Hipp11ris vulgaris, 4 fruit-stones. 
Hydrocotyle v11lgaris, 1 nut, 
Jl!lyriophyllum alterniflorum, 1 grain of pollen, 
Najas flexilis, numerous fruits, 
Nymphaea alba, 5 seeds, 
Picea excelsa, 4 needles, much pollen, 
Pi1ws silveslris, pieces of wood , pollen fairly ;ihundant, 
Quercus sp., some pollen , 
Potamogeton nalwzs, several fruit-stones, 

filiformis , numerous fruit-stones, 
praelong11s, 2 fruit-stones , 
pusilllls, 1 fruit-stone, 
lrichoides, 1 fruit-stone , 
spp. , several fruit-stones , 

Rub11s idaeus, 5 fruit-stones, 
Scirpus lacusler, 1 fruit, 
Sparganimn euct11m , 3 fruit-stones , 

minimum, 4 fruit-stones, 
Tilia sp., pollen rare. 

G. 4.85 - 5.15 111 San d. 
H. 5. 15- 5.95 111 Grey C I a y Mud; gradual transition to the subjacent. 

.r. 5.95 -- 6.40 m 

J1. 6.40 - 6.75 111 

L. 6.75- 7.20 111 

M. 7.20 - 7.35 m 

C. 0 - 1.45 m 
D. 1.45 - 2.1 ll1 

F. 2.1 - 2.6 m 

Fossils found on washing from two samples were as follows 
Arcloslaphyl11s sp., 1 fruit-stone , 
Batrachiwn aquatile (coll.), 1 fruit , 
Bet11la nana, 2 fruits, 

sp ., mud1 pollen , 
Carex sp ., 1 fruit , 
Empelrum nigr11m, 4 fruit-stones, 
Myriophyllum allerniflorum , some pollen, 
Picea excelsa, a little pollen, 
Pinus silvestris, pollen fairly abundant, 
Viola pal11stris, 3 fragments of seeds. 
Dark-brown Sphagnum Peat, twigs of Callu11a vulgaris, 
fibres of Eriophormn vaginal11m . 
Sphagnum Peat , laminated; the upper part.,lbro\\"n , the 
lower lighter in colour. Twigs of Callww vulgaris . 
Sandy Sphagnum Peat. Seeds of Braseniapurpurea, fruits 
of Polamogeton sp. 
San d . 

Boring 21. 

:\1 o u l d over reddish brown San d. 
Grey, sandy somewhat muddy and stony C I a y. 
Stony Sand with black lumps of mud; some few remains 
of wood from conifers; also the following: 
Carpinus belu/11s, ½ fruit , 
Empetrum nigrum , 5 fruits , 
Polamogelon filifor111is, 2 fruit-stones , 
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Patamogeton praelongus , 2 fruit-stones, 
sp. , several fruits . 

H. 2.6 - 3.0 m C I a y Mud, grey at the top, brownish lower do,vn: 
Empetrum nigrllln , 1 fruit , 
Myriophylllllll alterni/lorllm, 2 nuts, 

Cenococcllln geophilllm, some small sclerotia . 
.J . 3.0 - 4.75 m Uppermost, dark brown, humous Peat containing white 

sand; twigs of Callllna vlllgaris, fruits of Carex sp .,, and 
Empetmm nigrnm. Lower down, stratified Sphag11L1m Peat, 
at the bottom of which Brasenia pllrpurea. 

K. - L . 4.75- 6.25 m Horny Mud and brown D e tritus Mud: Brasenia p11r­
prea, Ceratophyll11m demersllm uar-. apic11lalum,Polamogelo11 sp. 

M. 6.25- 6.35 m Greyish blue argillaceous San d. 

List of the Fossils 
found in the Interglacial Bog at Norbolling. 

c common, + fairly common, r rare. 

Clay ~lud 
Clay and Sand 

Peat 
Species The Middl e Bed 

E F G 
I 

H I-Ii J I 

Acer plalanoides (Pl. XXXI, 22) . . . . . . .. 
Alnus glutinosa . ...................... . 
Arctostaphylus uua ursi .. ..... . .. ..... . 

.... + ,cl) r rl) rl) +, -r- 1) 
r r 

sp . .... . . . ............. . 
Andromeda polifolia . . .. ... . .. . 

r 
r 

Armeria uulgaris . .. .... . . . .... . .. .. _ .. 
Batrachium aqualile (coll .) ....... . . . .. . 
Betula nana . . ........ . . .. . .. .. .... . .. . 

pubescens x nana ............. . 
pubescens .......... .. . ........ . 

r r 
r + + C r 

+ + 
r r 

r + r r r + 
sp.1) .................... .. ..... . 

Brasenia purpurea ...... . .... ......... . 
Calla paluslris . . . . . . . . . . . . . . . . . . .. . . 

+ + r C 

+ [r]4) + 
r + 

Calluna uulgaris . . . . .. .......... ..... . . 
Carpim1s betulus .... . . ....... ..... . . .. . 

r r r C 

..... c,+1) . . . . . . .... + ,+ 1) 
Carex pseudocyperus . .. . .. . . . .... . 

rostrata ............ ..... ...... . 
r [cf)5) r 

+ + 
uesicaria. . . . . . . . . . ............ . r 
sp .. . ...... .... . . . ... . . ... ..... . r + C C 

Ceratophyllum demersL11n var. apiculalmn 
submersum . . ....... . ... . 

+ 

Corylus auellana ... .. ....... . .. ....... . 
Cralaegus sp .? . . . . ..... .. ... . ....... . . 
Dryopteris fili x mas2) ... .. ..... .... ... . 

+1) rl) 

r 
spim1losa ... .. ..... . .. . ... . . r 
thelypteris2) .. . . . ......... . . . .... 
sp.2) ..... . .. . ... . ... . ..... . 

Dulichium spalhaceum . . ... .. . . ....... . 
Empetrum nigrum ........ . ........... . 
Eriophorum uaginal11m. . . . . . ...... . .. . 
Frangllla alnust) ..... . ...... . ....... . . 
Hipp11ris 11ulgaris ... . ....... . ....... . . . 
Hydrocotyle vulgaris ..... . ........... . . 

r r 
+ + 

r C + C C r 
+ 

+ + r r 
r 

~Iud 

KL 

r 
+, cl) 

r3) 
C 
C 
C 
r 
r 

+ ,cl) 
r 
r 

C 

+ 
r 

+,cl) 
r 

+ 

r 

r 
r 

1) Pollen . 2) Spores. 3) In the lower part of the stratum. 4) See p. 66. 5) See p. 68. 
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Species 

flex aq11ifoli11m ............... . 
lsoeles lacllslris2). . . . . . . . . . . . . . ... . . 
Lycopodillm annotinL1m2) . .. . 
Lycop11s e11ropaeL1s. . ... .. . . .. . 
Me1111ai1lhes lrifoliala . ......... . 
Myrlophyllllm allerni/lorum . . 

cfr. spical11m. . ... 
Najas flexilis (Pl. XXXIII , 6 - 9) .. 
NL1phar l11leum . . . . . .. .. .. . .... . . . 
Nymphaea alba . . . . . . . . . . . . . . . . . . . . 
Picea excelsa .............. . .. .. . ..... . 
Pinus silveslris . . . . . . . . . . . . . ...... . 
Polypodi11m vlllgare2) . . . . ..... . . 
Potamogelon alpinus. . . . . ...... . 

filiformis . . . . . . . .. ... .. . . 
nalans ... ............ .. . 
praelongL1s . . . . . . . . . . . . .. 
JJLISil/11s ....... . ......... . 
triclwides . . . . . . . . . ... .. . . 
spp ........ . . .. . .. ... . ... . 

Potenlilla erecla . . . . . . . . . . .... ....... . 
paluslris . . ... . . 
sp ................ . ......... . 

Querclls cf robur .............. . ...... . 
sp .1) . . . . . . . . .... .. .. . . . . 

Ra111111c11/us flamnwla .. . .. ... . . 
SJJ ...•... . . 

Rllbus idaeL1s . . ........ . 
sp .. . ........... . 

Sa/ix sp.. . . .. .. .. . .. ... . 
Samb11cL1s cf nigra ..... . .. .. ... . 
ScirpLIS lacllsler . ... .............. . .. .. . 

cf Tabernaemontani . . . ..... .. . 
sp. . . . . . . . . . . . . .... . . . .. . . 

Solarwm dulcamara . . 
Sparganiwn cfr. affine . 

ereclum ............ . 
minimum .. 

Straliotes aloides . .... . . 
Tilia sp.l) . . . . . . . . ...... . . . . 
Typha lalifolial) ... . ...... ..... . . .... . 
Ulmus sp.l) . . . . . . ... . . .. . ... .. . ...... . 
Umbelliferael) . ... .... . ......... .. .. .. . . 
Viola pa/11s!ris ............ .. . .. ....... . 

Gymnocybe pal11stris . . . . . . . .......... . 
Hypnwn exannL1lalL1m ... .......... .. . . 
Sphagnllm imbricalwn .. ... . . ...... . 

paluslre ..... . ... . . . . .. . ... . 
papillosum ........ .. .. .... . 

Cenococcllm geophilwn ...... . ....... . . . 

Botryococc11s Brallnii . .... . .. .. . . ..... . 
Pediaslrum d11plex . ... .. . . .. .. .. . . .. . . . 
Rivlllariaceae .......... . . .. . . . .... .. .. . 

Spon_qilla /ac11slris .......... .... . 

t) Pollen. 2) Spores. S) See p. 68. 
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General Survey of the Interglacial Bog at Norbolling. 
The Lake Deposits. 

The soil in the immediate vicinity of the interglacial bog at Nor­
bolling consists mainly of fluyioglacial sand 1); a little distance off, 
however, both to the north and south, morain e clay crops out on the 
surface, and this type of soil has also been found in seYeral places 
out under the basin (cf. Pl. XI). Res ting on the morain e clay in the 
basin we found either sandy greenish stoneless clay, as in Borings 
1 and 2, or a grey sand with thin layers of clay. The samples 
avaiable for washing from these clay and sand strata yielded no 
fossils. 

Bedded on the sand and clay slrata M was a Jayer, up to 2 m 
thick, of brown d etri tus mud (L), the lower part crumbled or 
rather tough, and containing a t1uantily of sand, while in the upper 
portion we found a zone (K) where the mud was hard and coherent, 
the boring samples coming up in the form of hard Jumps of horny 
mud. Among the numerous vegetable remains washed out from this 
stratum must be noted Brasenia p11rp11rea, Stratiotes aloides, Najas 
flexilis, Dulichium spathaceum, with Picea excelsa and Carpinus betulus, 
all of which were found in the upper portion of the slratum. 

Subsequ ently, the lake became oyergrown by an oligotrophic 
quaking bog in which Sphaynwn, with the species pa/us/re, imbrica/um 
and papillosum, accompanied by Hypnum exannu/a/um and Gymnocybe 
palustre, played a leading part; to these were added Calla paluslris, 
Carex pseudocyperus, C. rostrata, Dulichium spathaceum, and there was 
also abundance of Eriophorum vagina/um and Calluna vulgaris; in 
addition the peal bed contained numerous seeds and fruits of aquatic 
plants washed ashore in interglacial time, e. g. Brasenia purpurea and 
Najas flexilis; as regards forest trees, the only ones of which macro­
scopic remains were found were Picea rxcelsa and Carpinus belulus. 

The quaking bog-peat was in its lower portion of a pale brown 
colour, and was distinctly stratified; the degree of humification increased 
higher up; the colour became darker, and at the same time, the 
quantity of Calluna cmlgaris increased. In the marginal zone of the 
bog a purely terrestric vegetation has developed in several places; the 
upper part of the stratum in Boring 21 for instance showed numerous 
branches of Calluna, and fruits of Empetru,11 nigrum and Carex sp. 
while at the top or the stratum in Borings 14 and 17 a forest peat 
had been formed, in which were found remains of wood and frag­
ments of branches of Picea exce/su, fruits of Alnus glulinosa, and Rubus 
idaeus, with numerous sclerotia af Cenococcum geophilum. 

1) V. MILTHEHS : Kortbladet B~kke. D. G. U. I. R. Nr. 15. 1925. 
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The profiles show that the peat b ed does not coyer the mud bed 
throughout; in the north-western part of Profile A especially it might 
be imagined to ha ,·e b een remoyed by e rosion during the formation 
of the strata aboYe. The highly cuned appearance of the peat stratum 
in its present state is due to compression of the subjacenl mud bed. 

It will b e seen from the profiles thal the peat stratum is eyery­
where OYerlain by a layer of c 1 a y 111 u d up Lo l.5 m thick (H), 
deYeloped in some places as a grey tough clay, and in the southern 
part of th e Profile A- especially it appea rs as a greyish brown argilla­
c e o us l'i n e sand with ad mixture or organic detritus; h ere and there 
the bed contained stones lh e size of nuls. In the main basin, a thin 
layer of brown mud was occasinally found between th e Sphagnum 
peat and the clay mud (not drawn in the ligures), and in the smaller 
basin farthersl to the N\V (Borings 15 and lfi) this stratum (H1) 
which was Ycry sandy, \Yas of considerable thickness. The clay-mud 
stratum itself (H) on Lhe other hand was lJuite insignificant in this 
basin , and almost ewerywhere replaced by a layer of sharp sand with 
stones. In regard to the flora also, H1 forms a transition lo the 
Mid d I e B c d H and G. Among aquatic plants undoubtedly be long­
ing to this stratum may be noted Batrachium aquatile (coll), Hippuris 
uulgaris and Myriophyllum alterniflorum, with species of Polamogeton. 
Among marsh growths from the Middle Bed may b e m entioned Carex 
roslrata, Carex uesicaria, Scirpus lacuster, Sparganium cf. affine, S. mini­
mum and Viola paluslris. The stock of dry soil plants is characterised 
by the relatiYely numerous species from heath and similar formations. 
Most prominent is Betula nana , togeth er with the hybrid form B. 
nana X pubescens; then come Empelrum nigrum (common), Calhzna 
uulgaris , Arctostaphylus uua ursi, Arrneria uulgaris , and Andromeda 
polifolia . Betula pubescens, Picea excelsa, Pinus siluestris and Rubus 
idneus were represented only by yery few macroscopical remains. 1) 

Th e flora or the Middle Bed in ;'\iirbolling Bog thus 
e x h i b i t s a c h a r a c t e r c 11 Li r e l y s i rri i l a r l o l h a L of t h e c or­
responding s t rat u m in the in Le r g lac i a 1 1 a k e at H e rn in g, 
but as it is greatly inferior in thickness, we could not, from the 
boring samples, make any division into zones as in the case or the 
Heming lak e. 

Throughout almost the whole or Prolile B, and in the deeper 
parts of Prolile A, th e Middle Bed was coYered by a layer of brown or 
dark brown, more or less sandy 111 u d, F, which was often yery rich 
in plant d etritus , giving the bed Lhe appearance of shore mud deposited 

1) The few remains of species, such as Brasenia p11rp11rea, Carex pseudocyperus 
Najas fle x ilis and Sambucus cf. nigra found in some boring samples must 
presumably have been brought down from Stratum F. 



78 

i shallow water. The plant remain s found presented no appearance 
of having been rolled; we often found, for instances, the perigonium 
bristles preserved on fruits of Dalichiam spalhaceam. Among the rich 
flora in Stratum F - as far as it is represented by macroscopic 
remains - may be mentioned, in addition to that above noted, Bra­
senia purparea, Najas flexilis, Carex pseudocyperas, Lycopus earopaeus, 
Hydrocotyle valgaris, with Alnas gllltinosa, Betala pubescens, B . nana X 
pabescens 1

), Carpinas betalus, llex aqaifolium, Picea exce/sa and Pinus 
silvestris, furthermore Myriophyllwn alterniflorum wich occured also in 
the upper part (Zone i) of the lov,1er mud stratum in Brorup Hotel 
Bog. The flora was, in the main , of the same temperate character as 
that of the upper part of the lower mud bed and the lower portion 
of the peat stratum, differing in an essential degree from the more 
northerly flora of the Middle Bed, the petrographical constitution of 
this last also being entirely different from that of the subjacent layers 
and of the one immediately aboYe. Th e int e rglacial bog at Nor­
bolling is thus in Lh ese respects a p e rfec t parallel to the 
interglacial l a ke at H er ning, and affords th e same evidence 
as th e Herning lak e of a considerable climatic oscillation 
during th e l as t interglacial p e riod, to which the bog at Nor­
bolling, like the other interglacial bogs of th e Brorup district, must 
be said to belong. 

AboYe the npper mud stratum (F) was found, especially in Profile 
A, a layer up to 1 m thick of grey, sandy c I a y or greyish brown 
c lay mud (E) enclosing thin layers of sand, and ,vith a considerable 
number of stones, up to the size of eggs, kn ead ed into it, especially 
towards the east. \Vashing samples from this stratum yielded but a 
poor and little characteristic flora, consisting mainly of /3alrachinm 
aquatile (coll.), Polamogeton sp., Empelrum nigrum and Beta/a pabescens. 
The rich flora found in Stratum F had e \'idently now been driven 
out of the locality, this tim e und er the influence of that deterioration 
in the climate which culminated in the last glacial period. In Stratum 
E were also found num erous small hard polygonal lumps of a stratified 
dark brown mud or clay mud, these being evidently in a secondary 
position there. Microscopical analysis of such fragments from Boring 9 
gaye the following spectrum: Betula 48 %, Pimzs 31 %, Quercus 1 %, 
Abws 1 %, Carpinus 1 %, Picea 18 % - with Cory/us 3 % (Pollen 
frequency 244); the sandy and stony clay in which these lumps were 
embedded yielded itself no macroscopical plant remains, and but very 
little pollen. These lumps may have originated from a deposit syn­
chronous with th e upper portion of Stratum F (cf. Pl. XXXVI), which 

1) Cf. p . 57. 
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has been disturbed , with the result lhal parts of it haYe been introduced 
into Stratum E. Presumably, Lhis transposition and the introduction 
of the stone-content in th e southern part of Stratum E (Profile A) was 
du e to the same factor, Yiz. solitluclion, and we can in this, in con­
n ection with the regelation perhaps also rind th e cause of the entire ab­
sence of the upper mud bed (F) from th e south-eastern part of Profile A, 
where its place is taken hy Stratum E, which, containing the mud 
lumps ahoYe mentioned, had eYidently tak e n up portions of earlier 
sediments. II' th e mud bed F eyer extend ed south-east of Boring 7, 
iL mus_t pres umably haye been of but slight thickness (cf. Profile B). 
That this mud bed, al any rate its more proximal part, must haYe 
been affeclccl by regcla tion is cYidcnL from the fact lhal in Boring 21 

we find iL rcpresenlcd by a stony sand stratum with lumps of mud, 
as d escribed on p. 71!. 

A glance al lh e accompanying pollen diagrams (Pl. XXXVI, 
3- G) will suf'fice lo shO\Y llw dnclopment of the forest growth , during 
th e tim e when Lh e strata rcl'erred to in th e foregoing \Yere in process 
of formation in lhe lake al Niirbiilling. 

In th e lower parl, lhe zones .c and d of the diagram Pl. XXXVI, 3, 
He/ula and Pinus prcdominall' , bul Lh e curyes for these lwo species soon 
turn off lo the lel't, and in Speclr. 8 attain only 2 ¾ and 3 °/o re­
specliYely, yielding place lo the mix ed oak forest (Q uercus + Ulm11s) 
which culminates in Speclr. I O ( (i8 ¾), Zone f. The Ulm us curve 
attains a pronounced maximum in Speclr. 11 , while lh e summit of 
the Quercus cune lies in Spcclr. \l, CorylLLs culminating al Lh e same 
lim e with 17i'> ¾ . Cory/us appears lo haw immigrated into th e forest 
surrounding the lake much later Lhan Qucrcus; A!Iws is here, as in 
many other places , still more behinhand ; ii culminall's in Spectr. 8, 
just when Tilia allains its maximum (2 °/o). 

The Carpin11s cune forms an arc b etween Specl1;a \l an d f, and 
in Lhe upper part or the mud runs out to 42 % in Speclr. 7, where 
it is the most frequ enlly occurring species of pollen . 

Th e rational boundary for Picea pollen li es hclwee n Spectra 8 

and 9, approximatel y in lh e same horizon as the rational limit 1) of 
Carpin11s poll en, hul Picea has lhe later maximum of Lhe Lwo, (-1-1 
%) in Spectr. (i, and we lrnYe Lhcn, in this diagram, a pure Carpinus 
zon e (g) prior to LIH:' Picea zon e (h). 

In the diagram, the lower parl of the Sphagnum peat belongs 
Lo this last, in which lh e Pin11s curYe continues its pronounced moYe 
out to the right, commenced in Speclr. 7, al the same tim e as the 

1) L. vox PosT: Skogstrildpollen i sydsvenska lorvmosseh1gerf6ljder. For­
han<llinge r ve<l de skandinaviske ~aturforskeres 16. Mote. Kristiania 1918, 
p. 456. 
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Picea cun-e moved in the same direction; the pollen species of the 
mixed oak forest haye practically disappeared from the Picea zone, 
as also Corylus. The last stage of development shown in the diagram 
is the Pinus zone i and the Bei11la-Pin11s zone kin Middle Bed H. In 
zone i Pinus r eaches fi4 %. In zone k Beiula has a considerably 
higher frequency value than Pinus, though the differen ce is not so 
great as in the Betula-Picea zon e which opens the temperated part of 
the interglacial period; the frequency of Picea is reduced to 5- 7 °/o, 
Al!ws disappears altogether, and th e 1 °lo noted for Carpinus is un­
doubtedly due to pollen transported by wind from far away. 

The three other pollen diagrams, Pl. XXXVI, 4- 6 show the course 
of deYelopment through the Middle Bed and the upp e r mud stratum 
F. The Betula and Pinus cunes cross in the lower part of th e Middle 
Bed , in Diagram s Pl. XXXVI, 3 and 4, and th e Belula curve lies h ence 
for\.vard on the outside, as in th e two other diagrams. Picea has, as 
in Diagram Fig. 3, a slight frequency value in the spectra of the Middle 
Bed; Alnus does not reach beyond 5 °/r, Q11ercus attains 2 % in 
Spec lr. 4, Diagram Fig. 5, bul considering the course of the curYe in 
the upper part of Diagram Fig. 3, il seems very doubtful whether this 
2 °lo can be du e to oth er lhan pollen transported by wind from far 
away. Common to th e three diagrams is , further, the fact that the 
Pinus and Beiula cuncs turn off sharply lo th e left at the transition 
from the Middle Bed lo lh e upper mud stratum; at the same tim e, 
the remaining curyes lurn lo lhe right, this including Picea, which 
attains 23 °,'o (Fig. 5), r\.lrn1s 40 % (in Fig. 4), Cory/us (25 °lo in Fig. 
5), mixed oak fores t ((-i °lo in Fig. 5) and Cwpinus (7 °lo in Fig. 5). 
Th e material did not permit or distinction b eing made between different 
zon es within the mud bed F; il must suffice to point out that both 
washing samples and pollen analyses agree in showing thal a tem­
perate mix ed fores t, in which practically all the elements from the 
zones of th e lower mud bed and th e Sphay1111111 peal are represe nted, 
has driYen back lhe sub-arctic h eath Yegetation, remains of which 
formed a dominant character of the Middle Bed, during Lhe tim e when 
the upper mud bed was forming. As to lhe des truction of th e forest 
growth in rnhed by the approaching glacial period, our material affords 
no certain data beyond ,vhat can be gathered from the small flora 
list from Stratum E, cf. p. 78. 
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The Covering Sand and more recent Strata. 

All the borings were found to contain a stratum of stony sand, 
D, bedded on Strata E or F, and forming a flat bowl out over the 
originally far deeper basin. The thickness of the stratum varied greatly 
in the different borings, but was smalles t on the whole in the middle 
portions of the profiles. The amount of stone in the stratum was often 
great, so that one might in many cases speak of it as gravel. The 
stones were as a rule up to the size of a fist. On the site of Bo­
rings 11 - 13, preliminary excavations were carried deep down into, 
or right throught, the stony sand, and it was here observed, that at 
the transition from this stratum to the sandy clay below numerous 
sand-worn stones up to the size of a fist lay scattered about, and in 
the stony sand itself, the stones were up to the size of a head, viz. 
at Point 12. 

A trench dug at Point 16 afforded further data as to the con­
stitution of the upper strata at this spot. The trench was 2.75 m 
deep, and 2 m long in the direction of the profile. I t s southern 
wall showed the following profile: 

A. 0 - 0.2 m Mould . 
C. 0.2 - 0.7 m Red Sand with a layer of hard-pan and scattered small 

stones. 
D. 0.7 - 1.85 m Stony argillaceous Sand, stones the size of a fist ; no 

stratification. 
F. 1.85- 2.25 m Brown Mu d . In the midst of the mud lay a lens of stony 

Sand of the same composition as the s tratum above. The 
mud contained fruits and seeds etc., inter alia of Alnus 
glutinosa , Betula nana x pubescens (2 catkin scales, 3 fruits) , 
Picea excelsa, Brasenia purpurea, Carpinus betulus , Dulichium 
spalhaceum, Jlex aquifolium. 

H. 2.25- 2.45 m Grey, stony San d . 
H1. 2.45- 2.75 m Uppermost, a pale greyish brown sandy C I a y Mud extend­

ing down to 2.55 m ; then grey stony Sand to 2.75 m, 
below this again C I a y Mu d . 

In th e northern wall of the trench, the strata sequence 
was as follows: 

A. 0 - 0.2 m Mou I d. 
C. 0.2 - 0.95 m Reddish brown Sand with scattered small stones. 
D. 0.95- 1.4 m Stony argillaceous San d . without stratification; stones the 

size of eggs. 
D.F. 1.4 - 1.9 m Grey, lumpy (kneaded) Mud, containing some fruits of 

Sparganium minimum and Carex sp. 
F. 1.9 - 2.45 m Brown Mud as in the south wall. 
H. Sand with s tones . 

The stony sand (D) was found, 111 several of the borings, to 
contain numerous small lumps of mud kn ea ded into th e sand, and 

Danmarks geologiske Underseigelse. II . Ha,kk c . :Sr. 48 . (j 
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large portions or eyen th e whole of the stratum might appear as a 
greyish brown , hum ous, s tony sa nd , as for instance more especially 
in Borings 15 and 17 . Spcctr . l in Diagram Fig. 4 is from material 
of this nature, a nd we haYe her e 1111doubtedly a mingling of lake 
sediments with stony sand from th e Yicinity of the lake; in the ex­
cavation aboYe m ention ed , also, the stony sand stratum was found 
to have attacked th e s ubj acen t bed. The composition of the upper 
mud bed (F) in Boring 21 ha s already been referred to. Between 
Points 17 a nd 18 indeed, it looks as if the whole of Stratum F 
h ad been remoYed ; and here, where Stratum D forms a n an ticline, 
owing lo lh e shape or the hasin, it would necessarily , w hen passin g 
in a s tale of fl owing ear th oul oyer the basin, bear especially hardly 
on th e underlying bed. In the north-wes tern portion or Profile A, it 
eyen seems as if the Yery oldest strata in the basin had themselves 
been affec ted. The Boring p rofi l e l"r orn Point 1 is as follows: 

A. 0 ·- 0.4 
D1. 0.4 - 0.8 
0 2. 0.8 - 1.45 

0 3. 1.45 - 2.1 

M. 2.1 - 3.2 
N. 

m 
m 
111 

m 

m 

Mou Id and hard-pan with stones. 
Sand wi th stones the size of a fist. 
Upperm os t, s t o n y, sandy C l ay, lower down greyi sh green 
loamy Sand or sandy, s ton e l ess Clay. 
Grey, stony S a nd with stones th e s ize of eggs, the lower 
par t somewhat argi llaceous. 
Grey-greenish, s tone less, sand y Clay. 
Mor a in e C I a y. 

This profile is perh a ps lo be interpreted as m eani ng tha t the 
proj ecting end or th e greenish c lay M has been carried a long by th e 
solifluction, and, in a partly kn eaded form redeposited as Stratum 
D2 in th e pronte given ahoYc . 

The mann er in which th e s tony sa nd stratum a ppears above the 
interglacial bog al Ni>rholling affords no ground for the supposi tion 
that it should be a morarn e formation, whereas on th e other hand 
it corresponds exactly to the ideas of fossil flowin g earth obtained 
from a s tud y of the COYering strata aboye other interglacial bogs, e. g. 

the lake at Heming, th e bogs al AgerskoY, HcHlund Sogaard etc. Cf. 
Chapt. III. 

AboYe the stony sand stratum D was found, in nearly all the 
borings, a layer , up to 1.5 m thick, of sand. (C) which as a rule 
was free from s tones, but might occasio nally co nta in a few small ones. 
In the two northernmost IJOrings of Profile B, this sand s tra tum 
contained small lumps of mud , and was there covered by a thin layer 
of sa ndy clay ·with s tones, in lhe lower part, while at the SE end of 
Profile A it co ntain ed thin argillacous strea ks . Since it was CO\'ered 
by th e postglacial hog, it mu s t pres umably be late glacial or even 
old er. The s tratum can nol be regard ed as wind-blown sand, hut is 
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presumably deposited chiefly by water. If the stratified portion of the 
bed at the SE extremity in Profile A was deposited in a lake, then 
this must probably haYe been damm ed by a barrier later on removed 
by solifluction, for at Point 13, the stratum reaches n early 1 metre 
above the western margin of the basin itself. 

Brorup Hotel Bog. 
About two of hundred metres NW of the hotel at Brorup, there 

is a slight depression in the grund, only abt. 80 m long, and not 
more than abt. l metre deep; Pl. XII. In 1922, two borings were mad e 
h ere (Nos. 3 and 4, Pl. Xlll, 1), with our large apparatus, revealing 
a remarkable interglacial profile. At the same tim e, we exposed the 
marginal portion of th e interglacial deposit by an excavation in the 
north-eastern side of the hollow. In the following year we made another 
boring (5), in this interglacial bog, and ascertained its extent by m eans 
of a screw auger ; a minor excayation was also made. Pl. XIII , 2 shows 
th e extent of the bog, and its position relative Lo the boundary of the 
field, as well as the site of the respecti\·e borings . The map in Fig. 2, 
p. 63 shows how the bog (No. 6) is placed a L Lhe edge, and near the 
upper end, of a shallow, valley-like hollow sloping down towards the 
north to Hoisted River. The bog refencd to on p. 162 at Brorup rail­
way station, No. 4 on the map, and Lhe hog marked No. 11, are simi­
larly situated in relation lo this yaJl ey; the in lerglacial bogs 12 and 13 
lie out in the valley itself. From Lh e geological map BIBkke, 1) it will 
be seen that the moraine clay extends in under the western parl of 
Brorup, but often is found a thin layer of stony sand forming the 
actual coYering material , as is also the case for instance round the 
two interglacial bogs a l Tuesbol. 

In th e following pages, an account will be giyen of the strata 
sequence, as found in the three borings made ·with the large apparatus, 
and in the two exca Yations. 

A. 0 - 0.4 
B. 0.4 - 1.2 
c. 1.2 - 1.8 
D. 1.8 - 2.1 

E. i .1 - 3.0 

111 

m 
111 

111 

111 

Boring 3. 

Stony Mou I d. 
Sand, grey at the top, red lower down. 
Grave I with stones the size of a fi s t. 
Sand, with a thin layer of sandy mud at the top, in which 
was found a fruit of Carex sp. 
Brown, stratified Sphag1wm P ea t, with some admixture 
of Mud at the bo ttom. Among th e numerous seeds and 
fruits contained in this s tratum 111ay be mentioned: 7 fruits 

1) V. M1LTHERS: Kortbladet Bre kke. D. G. U. I. R. No. 15, 1925. 



F. 3.0 - 4.5 
G. 4.5 - 5.0 

H. 5.0 - 6.5 

J . 6.5 - 9.9 

m 
m 

m 

m 
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of Belula nana, numerous fruits etc. of Betula pubescens, 
a fair q\lantity of needles, seeds, etc. of Picea excelsa, 2 
seeds of Jimiperus communis , fruit stones of Empelrum 
nigrwn and Arcloslaphylus uva ursi. 
Brown Mud, containing a similar flora to that of E . 
Sandy Mud, containing inter alia a needle tip of Picea 
excelsa and two nuts of Myriophyllum alterniflorum. 
Coarse Sand, with stones the size of nuts at the bottom; 
in the upper part were found inter alia a fruit of Betula 
nana and two nuts of Myriophyllwn alterniflorum. 
Brown sandy Detritus Mud especially at the top, full of 
flakes of wood from foliage trees ( Alnus, Belli la) ; the lowest 
10 cm with transition to the subjacent. In the upper half 
metre of the stratum were found 3 fruits of Betula cf. nana 
and 10 nuts of Myriophyllum allerniflorum; washings also 
revealed a number of moss plants, especially of Scorpidium 
scorpioides, but also Hypm1m ex annulalum and Sphagnum 
sp., other samples included remains of Picea excelsa and 

· Carpinus belulus, (upper part) and of Cladiwn mariscus 
(lower part of the stratum), fruits of Sambucus cf. nigra 
and Ajuga reptans; also many aquatic plants, e. g. Ceralo­
phyllum demersum and C. submersum. Cf. flora-list p. 86. 
For the pollen flora of this and the other strata see p . 88, f. 

K. 9.9 - 13.25 m Grey, stone I e s s C I a y, calcareous at the bottom ; this 
stratum was not bored through. Calcium analyses of two 
samples from the lower part of the stratum. were made 
by J Otts. ANDEHSE:--, the percentages of CaCO3 being 23.5 
and 20.5 respectively in the dried samples. Washing samples 
revealed a quantity of vegetable remains; a fruit of Ceralo­
phyllum demerswn was doubtless brought down from the 
stratum above. Tliere were also numerous remains of 
aquatic plants, many fruits of Belula pubescens and a few 
remains of Belula nana. 

A. 0 
B. 0.4 
C. 1.0 
D. 1.2 
E. 1.8 

- 0.4 Ill 

1.0 111 

1.2 111 

1.8 111 

abt. 2.3 

Boring 4. 

Mou 1 d with stones. 
Sand with a few stones. 
Gravel. 
Grey Sand. 
m Mud-blended Moss-Peat , consisting mainly of Hyp­

num examwla/11111 ; here were found e. g. one fruit of Belula 
na11a and numerous needles, seeds and fragments of wood 
from Picea excelsa. 

F. abt. 2.3 - 3.35 m Brown Mud, hard and crumblet at the bottom. Besides 
aquatic plants and marsh growths, were found 4 fruits of 
Belula nana, numerous remains of Betula pubescens, 2 seeds 
of Juniper11s communis and some few remains of Picea excelsa . 

G. 3.35- 4.65 m Mud-blended, fine Sand. Fruits of Belula pubescens. 
Empelrum nigrum etc. 

H. 4.65- 5.9 m Uppermost, very coarse Sand; below this, sand with 
scattered stones the size uf nuts, and thin layers of C 1 a y : 
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at the bottom , transition to J . 3 fruits and 1 leaf of Belula 
nana, a needle of Picea excelsa, etc. 

J. 5.9 - 9.0 m In the upper part, brown,Pea t-like Detritus Mud, full of 

K. 9.0 - 9.7 
L. 9.7 - 10.5 

A. 0 - 0.3 
c. 0.3 - 1.2 
D. 1.2 - 1.85 

m 
m 

m 
m 
111 

wood and branches from Picea exce/sa and Alnus glutinosa, 
as well as numerous other vegetable remains. Below this, 
grey Detritus-Mu d. In the very uppermost part of the 
stratum were found a fruit of Belula- nana and 6 seeds of 
Andromeda polifolia; also in th e upper part were found 
fruits e. g. of Carpinus belulus, Sambucus cf. nigra and Stra­
tioles aloides; a fruit of Cladiwn mariscus and numerous 
fruits of Ceratophyllum submerswn were obtained by washing 
from the lower part (abt. 8 m) of the stratum. 
Grey, non-calcareous, stone I e s s Clay. 
Grey Mor a in e C I a y, non-calcareous. 

Boring 5. 

l\fo u Id . 
Sand with stones, one the size of a head . 
Uppermost, grey, reddish flamed C I a y with a few small 
stones; below this, brown , argillaceous sandy Mud contain-
ing several fruits of Empetrum nigrwn , Potamogeton sp., 
and Sparganium minimum ; at the bottom , grey San d. 

F. 1.85 - 2.65 m Brown C I a y Mud , washings from \.\rhich revealed e. g. a 
catkin spindle of Alnus glulinosa, 3 needles of Picea excelsa, 
bark fragm ents of Pinus silveslris, 2 fruit-stones of Sambucus 
cf. nigra. 

H. 2.65- 4.65 m Uppermost 20 cm: Stony Sand with rolled wood frag­
ments of Picea excelsa and lumps of a pale brown, argilla­
ceous Mud containing Potamogelon sp.; below this, grey, 
stony sand with streaks of pale brown, argillaceous sandy 
mud ; the lowest 15 cm. of the stratum contained small 
lumps of mud from the subjacent stratum, with remains 
e. g. of Ajuga replans, Alnus glutinosa and Picea excelsa . 

.J . 4.65 - 5.5 m Dark brown Detritus Mud with a si milar flora to that 
found in the other borings through this stratum; in this 
case, however, washing samples were found to contain a 
remarkably large number of fruits of Ajuga replans. 

K. 5.5 - abt. 8.0 m Greyish blue C 1 a y with dark stripes, the lowest portion 
slightly calcareous. 

L. abt. 8.0 - 8.4 111 Sandy Moraine Clay. 

Excavation 1 . 

6 m south of Boring 4, a shaft was sunk through the upper s trata. The 
profile was as follo,vs: 

A. 0 - 0.5 m Mould. 
B. 0.5 - 1.15 m Yellow San d. 
C. D. 1.15 - abt. 1.8 m Stony, a rgillac eo us. Sand, stones up to the 

size of a head ; the lower surface of the str a tum was very 
uneven , and in other parts of the shaft it lay as much as 
2.2 m below the surface of the ground. 

F. abt. 1.8 - 2.5 m + Brown, finely a renaceous Mud , not dug through ; 
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this stratum contained, in the upper part, sand lenses . A 
washing sample from the upper portion yielded inter alia 
fruits o f Betula nana, Empelrum nigrum , Rubus idaeus, Po­
lamogeton nalans. 

Excavation 2. 

The trench , 2.5 m long, which was dug at the eastern edge of the basin, 
between Points 6 and 7, see Fig. 1, Pl. XIII, showed, at its north-eastern end, the 
following profile (the le tter s indicate the probable connection of the respective 
strata with those of the borings ): 

A. 0 - 0.65 m Mou 1 d with small stones. 
C. 0.65- 1.15 m Stony red Sand with hard-pan ; the stones up to the size 

of a man 's head, decr easing in number and size towards 
the west. The stratum gradually merged into the one below. 

D. 1.15- 1.40 111 Grey Sand. 
F. 1.40-1.70 m Greyishblacktobrownish,argillaceous-arenaceous 

Mud; at the western end of the trench , the upper part of the 
stratum consisted of Sand with smears of brown sandy 
mud, the lower part gradually merging into the subjacent. 

H ? 1.7 - 2.0 m Stratified , argillaceous Sand, gradually giving place on the 
west to pure sand. 

L. Sandy Moraine Clay. 

List of the Fossils 
found in the Interglacial Bog at Brorup Hotel. 

cc very common, c common, + fair ly commen, r rare. 

Species 
Sand I Mud and Peat 

~ 1 E F G 

Middle 
Bed Mud Clay 

Ajuga replans ........... .... ... . 
Alnus g/11 /inosa . ............... . r, c1) 

Andromeda polifolia . . . .. . ...... .. .. .. . 
Arclostaphylus uva ursi . .. . ....... . . . . r r 

sp . ...... . ........... . ..... r 
Batrachium aquatile (coll.) ......... . .. . + 

sceleratum . . . .. . . . ..... . .. . 
Belula alba x nana . .. .. . . .. ...... . .. . r 

nan a ............. . . .. ..... . ... . r r 
pubescens .. . .. ...... . ... ..... .. . C cc 

- sp .1) ........... . .. . .... . ..•.•.. . 
Carex lasiocarpa . . . . . . . . . . . ..... ..... . 

C cc 
r r 

pseudocyperus . ... . .. . .... .. .. . . . 
rostrala .... . . ... . . .. . . . ...... . . . C + 
sp . . .. . .... . .. ........ . ........ . r C cc 

Carpinus betulus . .............. . . .. .. . . rl) 
Caryophyllaceael) . . . . . . . . . . . . ... ... . . 
Ceralophyllum demersum var. apiculalwn 

submersum ... ......... . 

r 

Cladium mariscus . .... .. .. ........ . ... . 
Corn us sanguinea . ....... . ............ . 
Cory/us avellanal) . ...... . . . . .. ..... .. . . r C 

1) Pollen. 2) See p. 84. 

J I( 

. . cc 
rl) . .... +,cl) ..... 

r 

r r 

r 
r r 
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C + 
rl) 

r 

+ r 

+ r 
r r 
C C 

C C 

+ 
r 
C r 
r 

C [r ]2) 
cc 
r 
r 
C 
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Spe c i ts 

Cruciferae . . . . . .. _ ... . . .. .. . 
Dryopleris thelypleris2) . _ . _ . 
h'mpelr11m nigrum ... __ ..... .. . 
Eriophor11m vagina/11111 :i ... . . • . 

HipJmris v11lgaris .. _ . . . . _ . . _ . . . . 
Juniperus communis ... . ... . . . 
Labialae . .. _ . . . . . . . ... . . 
Lycopodium complana/111112) . . . . •. • . . . 

Lycopus europaeus . . . . .. ... . 
Menyanlhes lrifoliala . . . . . . . 
Myriophy/111111 allerni/lorum .. . .. . . . . 

cfr. spical11m. 
N11phar luleum . . . 
Nymphaea alba . .. . . .. . .. . 
Picea e:rcelsa .. 
Pinus silveslris .. 
Polypodiwn v111gare2) . ... 
Polamoge/011 alpin11s (Pl. XXXIII, 14 - 16) 

filiformis ... ... . ....... . . . 
nalans . . .. .. . .. . . . .... . . 
praelongus (PI.XXXIII,12-13) 
pusil/11s (Pl. XXXIII, 17 20) 
SJJ . ... .. ... .. .. . •.. .. .. .. 

Polenlilla paluslris . . . . . . . . . . ... .. . .. . 
sp . ... .. ... . . ... ..... ... . . . . . 

Qu ercus sp.1) . . . ... .. ... . . . .. . .. . . . ... . 

Ranunculus repens . ... . . .. ... . .... . ... . 
sp ... ... ..... . .... . .. . . . 

Rubus idaeus . .. . . . . . ... .. . . . . . .. .. . . 
Sali:r sp. . . . . . . . .. .. .. . .. . 
Sambuc11s cfr. nigra ... ... . . 
Scirpus lacusler . . . . . ..... . . . .. . . . ... . 

sp ...... . ...... . .... .. . . .. . . . 
Scleranllws p erennis ? (Pl. XXXII, 19) .. . 
Selaginella selaginoides .. ... ....... . 
Solarwm dulcamara . .. . .. .. . ... . . ... . 
Sparganium affin e ..... ... . . ... . .. .. . . . 

ereclum .... . ... ... . . . 
minimum . ... . .. . .. . . .. . 
Sf! . . .. . . . . ...... .. ..•. 

Slralioles aloides . . 
Thaliclrum ? . . ..... . .. . 
Tilia sp.1) .. ......... . . . ... . . . . 
Ulnws sp.1) ..... . . . . . . . ..... .. .....•. .. 

Urlica dioeca ... . . . . 
Viola paluslris . . .. . . . . . .. . .. ... . .. . . .. . 

Hypnum exannulatum . . . . . .. . .. . . . .. . 
Scorpidium scorpioides .. 
Sphagnum sp . .... . .. . 

Cenococcum geophilum . .. . 

Amphitrema {lava . . . .. . .. .. . . . .. .... .. . 

I) Pollen. 2) Spores. 
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The Development of the Interglacial Bog at Brorup Hotel. 

The basin in which the bog at Br6rup Hotel is situated, is formed 
of moraine clay, and must during the last interglacial period have 
held a small, very deep lake. It is remarkably deep in proportion to 
its superficial area, and the gradient on the north-eastern slope in the 
profile plan is abt. 30 in 100, that of the southern slope nearly 40 
in 100; it is rare to find anything corresponding to this even in eastern 
Danish marginal moraine landscapes. At the beginning of the inter­
glacial period, stoneless clay was deposited in the lake, the earliest 
portion being calcareous (p. 84). No high-arctic plants have been found 
in this stratum, but, apart from remains of aquatic plants, only Betula 
nana and abundance of Betula pubescens. The Betula pollen amount 
to 93 °lo in Spectr. 19 from the upper part of the stratum, in the 
pollen-diagram Fig. 7, Pl. XXXVI, whereas Pinus has only 4 %. After 
this, came a deposit of brown, sandy mud, in which all manner of 
coarse detritus and drifted material, especially from the surrounding 
forest vegetation, gradually became very prominent; while this was 
going on, the adjacent forest was going through the usual course of 
development. Certain peculiarities may however, be noted in the course 
of the pollen curves. 1

) The Pinus curve has its most pronounced turn 
to the right in the mixed oak forest zone, thus the Beiula-Pinus zone 
being here very poorly developed and with but a small amount of 
Pinus pollen. Picea occurs constantly, but with only a very slight 
frequency in the lower spectra, just as we find for instances in Starup 
and Hollerup. Only over Spectr. 13, where the Quercus and Cory/us 
curves turn to the left, does this species attain a high degree of fre­
quency; at the same time, ho,vever, the Alnus pollen was still very 
common. At the boundary between the mud J, and the Middle Bed 
H, hardly anything but Beiula and Pirws was found; traces of Cory/us 
and 1 °.lo Carpinus may be due to pollen brought by the wind from 
far away. Alnus was also noted with 3 ¾. 

In the three Borings 3, 4 and 5, the mud J was covered by a 
layer some 2 m thick of coarse sand, with small stones in places, the 
Middle Bed, in which were found thin streaks of clay or clay mud, 
and occasionally lumps of mud from the stratum below. Disregarding 
the vegetable remains enclosed in such alien components, the flora 
of this stratum was but poor, the principal forms being Betula nana, 
Betula pubescens, Empetrum nigrum and Salix sp., with Myriophyllum 
alterniflorum; see also the flora list. Spectr. 11 in the diagram shows 
that the forests consisted almost exclusively of Belula and Pinus when 

1) We had, however, too few samples available from the upper part of the 
stratum to enable us to follow the development in detail. 
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Stratum H began to form; later on, a heath vegetation undoubtedly 
played a considerable part in the surroundings of the lake, as al 
N i:irbi:illing. 

It is evident, from the pollen diagram, that the forest development, 
during the time when the upper series of the essentially organo­
ge n eti o us strata G, F, E, were formed, proceeded to some extent 
on the lines shown in the lower part of the diagram. We find for 
instance, in Spectr. 10 (Stratum G) Betula and f>inus predominant in 
frequency, with only low values for Picea, Alnus and Cory/us; 1 % 
Carpinus may be due to material brought from a distance. In marked 
contrast to this, we have Corylus and Alnus altogether predominant 
in Spectr. 9, with 133 % and 52 ¾ respectively, the mixed oak forest 
having 15 °lo; Betula and Pin us only 14 and 13 ¾. In the following 
spectra, the Betula curve runs out to 96 °/o, the other foliage trees 
disappear almost entirely, while Picea, at the top of Stratum E, altains 
61 ¾ in Spectr. 1. We have here, then, a Betula-Pinus zone (the 
upper part of k), a zone of mixed oak forest, Aliws and Corylns 
([), and finally, a zone far exceeding the others in thickness, consisting 
of Betula and conifers, with Picea ultimately predominating 
(m). The pollen frequency values lie within about the same limits 
for both parts of the pollen diagram. 

The washing analyses show that vegetation forms of the heath 
type have throughout held some place in the environs of this bog, 
at the time when strata G, F and E were being formed, these strata 
containing Arclostaphylus uva ursi, Betula nana in stratum E and the 
upper part of stratum F, Empetrum nigrum, Lycopodium complanalum 
and Selagine!la selaginoiries. \Ve also find · however, Alm1s glulinosa, 
Betula pubescens, .luniperus communis, Picea excelsa, Pinus siluestris, 
R11bus idaeus and Sambucus cf. nigra, by 'vvay of addition lo and 
confirmation of what the pollen analyses show as lo the forest growth. 

Thanks to the great depth of the basin, it had, even after the 
Middle Bed Period, still room for the series of strata, up lo 3 m thick, 
which we must, from the foregoing, designate the upper warm 
horizon, comparing il with the corresponding horizon in the Herning 
lake deposit, and wilh that at Ni:irbi:illing. From the transition stratum 
of sandy mud, G, through the formation of the mud bed F, we reach 
the quaking bog E, composed of Sphagnum peat, which finally covered 
the whole expanse of the lake. This is the only instance hitherto 
known of a lake overgrown in the period of the upper warm horizon. 

As regards the covering sand, we may here separate a lower, 
stoneless sand stratum D, in the marginal portion of which (Boring 5) 
patches of clay and sandy mud were found here and there. Above 
this layer, which was up lo 0.6 m thick, was stony sand or grayel 
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C, to a thickness of more tha n 1 m in lhc marginal zone of the 
basin, the thickness of this stratum dwinglin g almost to nothin g 
farther out toward s the centre, pres um a bly indicating tha t the effec t 
of the arctic earlh-creepin g, clir ecl ed dow1nvards into the basin , was 
in a relative sma ll degree fell b eyond the edges. At the top , we ha ,·e 
again sand alm os t if nol enlirely deYoid of s ton es ; th e uppermost 
portion of this s lralum had been trnn s l'orm ed into mou ld. 

Rodeb~k I. 
About 200 111 N of the road between Rodebtl'l~ and Faa borg, a nd 

h ardly 2 km NE o f' this Yillage, w hich li es so me 17 km ESE of Varde, 
Lhere is a sm a ll pond , which owes its origin lo lhe excaYation of a 
pea t bog, n ow a lmost co mpletely dug a way . PL XIV. 

In 1923, the w ater level of Lhe pond was 1- 2 m lowe r tha n the 
level of th e road south a nd west of th e bog; and if we imagine lhe 
postglacial pea t, up to 1 ¼ m thick , rem oYed, lhen the completely 
enclosed hollow would appear Yery dis lin ctly. The ma ximal extent 
of the postglacia-1 bog is abt. l 10 m, but the entire watersh et area, 
in the deepes t part of which lhe bog lies, is more Lhan twice that 
in diameter . Fig. 3 and Pl. XV, ..J.. 
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Fig. 3. The Rodebrek di s t ri c l. with th e inte rglacia l bogs I , II a nd Ill surrounded b y the wa ter­
sh et line. Scale 1 : 25000. Conto ur in ter val i> ft . = 1.57 m. From the Ge n eral Sta ff Map Shee t 3305. 
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In 1922, a boring was made in this bog, at poinl 5, and as the 
profile thus obtained rather suggested that we had here also an inter­
glacial bog with a profile of Lhe Heming Lype, we continued our 
investigations here in the following year. Borings were made at 19 

places in all throughout the basin. 

A. 0 0.2 111 

B. 0.2 - 1.9 111 

J . 1.9 - 2.3 111 

K. 2.3 - 2.55 111 

L. 2.55--- 3.0 Ill 

M. 3.0 - 3.15 m 

A. 0 0.85 111 

B. 0.85- 1.9 111 

H. 1.9 - 2.4 111 

J . 2.4 - 2.9 111 

K. 2.9 - 4.3 Ill 

Moul d. 

P rofi I e A. 

Boring 1.1) 

Uppermost stony Sand with stones the size of eggs; at 
the bottom , sandy clay with stones. 
Dark brown Detritus Mud, fruits of Najas marina and 
Scirpus lacusler. 
Dark green Mu d. 
Grey , stoneless, sandy Clay; a washing sample yielded 
nothing determinable. 
Dark grey, sandy Moraine Clay. 

Boring 2. 
Sand-Mould with stones (25 cm) over Forest Peat. 
Sand with stones the size of walnuts. 
Dark, reddish brown Forest Peat with rotten wood 
and bark. 
Brown Detritus Mn d with fruits of Ceralophyllum s11., 
Najas 111ari1w and Spargani11m minimum. 
Greyish green, calcareous Mud, lighter in colour and finely 
sanded lower down: 
Betula pubescens, several fruits , 
Ceralophy/111111 demersum var. apiculalum, 5 fruits , 
Ceralophyllum s11bmersum, 1 fruit, 
Najas marina, numerous fruits , 
Nymphaea alba, 4 seeds. 

Bilhynia lenlaculata, several lids . 
L. 4.3 - 4.6 111 Pale grey, stoneless calcareous C I a y: 

Betula pubescens, numerous fruits and catkin scales, 
Carex pseudocyperus, 2 fruits, 

roslrata, 1 fruit , 
Hippuris vulgaris, 3 fruits, 
Najas marina, 1/ 2 fruit (from Stratum K '/), 
Potamogeton filiformis, 3 fruits, 

sp., 1 fruit. 
M. 4.6 - 5.1 111 Sandy Moraine Clay. 

Boring 3. 
A. 0 - 0.3 m H u m o us Peat. 
c.+ F.2) 0.3 - 2.6 m Grey Sand, the lowest 20 cm peaty ; washings from 

this lowest portion yielded several fruits of Care:i: s11. , and 
Polenlilla sp. , with one fruit-stone of R11b11s idae11s. 

1) The borings were not made in the order here given. 
2) In borings where strata D and E were not found, the layer of sand above 

the peat stratum is noted as C+ F, cf. Pl. XV, 1- 3. 
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H. 26 - 3.7 m Dark brown Forest Peat w ith numerous remains of 
wood and branches of Picea excelsa etc. Also: 

.J. 3.7 

K. 4.6 

Ajuga reptans, 1 nut, 
Belula pubescens, several fruits, 
Polenlilla paluslris, 2 fruits , 
Rubus idaeus, 1 fruit-stone , 
Urlica dioeca, 2 fruits. 

Cenococc11m geophilum , sc lerotia. 
4.6 111 Brown, crumbling Detritus Mud with num erous fruits 

of Ceratophyllum dem ersum var. apiculalum. 
6.5 111 Dark grey, calcareous Mud, sandy at the bottom ; pollen 

spectr. No. 17 in Pl. XXXVI, 8, from 6.4 m. The following 
were also found: 
Batrachium sceleratum, 5 fruits, 
Betula pubescens, fruits fairly numerous, 
Carex pseudocyperus, 3 fruits , 

rostrala , 1 fruit , 
Ceralophyllum demersum var. apicu lalum , 2 fruits , 
Hippuris vulgaris, 2 fruits , 
Naj as marina, fruits fai rly numerous, 
Nymphaea alba, 4 seeds, 
Potamogelon nalans, 1 fruit, 

Calliergon slramineum, forming a thick layer abt. 6.4 m 
be low the surface. 

M. 6.5 -- 7.0 m Grey, calcareous Mor a in e C I a y. 

Boring 4. 

A. 0 - 0.5 m Sphagn11111-Betulelum Peat. 
B. 0.5 - 1.25 111 Sand with s tones the size of a fist. 
C. +F. 1.25 - 3.9 111 Grey Sand without stones. 
G. 3.9 - abt. 4.4 m Brown stratified Sphagnum Peat. 
H. abt. 4.4 ·- 5.15 m Dark brown P ea t with twigs of Call11na vulgaris and 

branch es of Pinus silveslris . 
.J . Dark brown Mu d. This stratum was not bored through. 

Boring 5. 
A. 0 - 0.7 m Sphagnum Peat. 
B. 0.7 abt. 1.3 m Sand with stones the size of a fist. 
C. 1.3 2.05 rn San d without stones. 
D. 2.05- 2.40 m Brown, finely arenaceous Mud: 

Batrachium aquatile (coll.}, 4 fruits , 
Belula sp., much pollen (c f. Tab. 1, p. 105), 
Carex sp., fruits without utriculus, 
Empelr11m nigrum, 5 fruit-stones, 
Myriophyllum allerniflorum, 7 nuts, much pollen. 
Picea excelsa , some pollen, 
Pinus silveslris, much pollen , 
Sparganiurn minimum, 2 fruit- stones . 
Sphagnum sp ., numerous spores. 

Bolryococc11s Braunii, 
Pediaslr11m duplex. 
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Spongilla lacuslris. 
E. 2.4 - 3.55 m Pale greyish brown, stonel ess C I a y , very sandy at the 

bottom : 
Alnus s11., pollen (c f. Tab . 1, p . 105), 
Armeria vulgaris, 1 ca lyx, 
Be/1.1/a nana, fruits fairly num erous, 7 ca tkin sca les, 

pubescens, 1 fruit, a t the bottom, pollen, 
Carex pseudocyperus, 1 fruit , at the bottom, 

sp ., some fruits without utriculus, 
Cory/us avellana, pollen , 
Empelrum nigrum , 
Pinus silvestris, polle n. 

Amblystegium stellatum , 
Calliergon slramineum, 
Hypnum exannulalum, 
Polylrichum striclum , 
Rhacumitrium canescens, 
Sphagnum sp. 

Cenococcwn geophilwn , several sclerotia. 

Cristalella nwcedo, sta toblas ts. 
F. 3.55- .J.65 m Brown, r ather fin e Sand ; a layer of hard pan abt. 2 cm 

thick at th e botto m. 
G. 4.65- abt. 5.15 m Strata of brown Sphagnum Pe a t alternating with layers 

of S a nd ; a few thin branches of Belula pubesce11s, fruits of 
Carex sp.: twigs of Calluna vulgaris at the bottom. 

H. abt. 5. 15- abt. 6.5 m Dar k brown For es t P ea t with numerous 
branches of Belula pubescens, Picea excelsa and Pin11s sil­
veslris ; a few s pru ce co n es; in the lowes t portion of the 
stra tum remains of marsh plants. Gr adual transition to 
th e subjacent : 
Ajiiga rep/ans, 4 nuts, 
Alnus glu tinosa, several fruits, pollen, 
Balrachium sceleralum , 1 fruit , 
Belula pubescens, numer ous fruits, ca tkin sca les, pollen , 
Carex pseudocyperus, 3 fruits , 

sp., numerous fruits without utric ulus, 
Cirsium paluslre, 3 fruits , 
Dryopteris thelypleris, spores , sporangia, 
Dulichium spalhace11m, 1 fruit, 
Ericaceae, pollen te trads, 
Hydrocolyle vulgaris, 1 nut, 
Nasl11rlwm aqualicum , several seeds, 
Picea excelsa , needl es, seeds, pollen, lea f epidermis, branches, 

cones, 1 root, 
Pin11s silveslris , branches, pollen, 
Polypodium vulgare, 1 spore, 
Ranunculus repens, 8 fruit s, 
Rubus idaeus, 15 fruit-ston es. 
Sparganium ereclum , 9 fruit-stones, 

111i11im11m , '.2 fruit -stones, 
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Urtica dioeca, 1 fruit, 
Viola pal11stris, 4 seeds. 

Cenococc11m geophilum, numerous sclerotia, 
Pu ccinia sp., one teleutospore. 

J. abt. 6.5 - 7.1 m Dark brown Detritus Mud with drifted material 
above fin e Sand ; below this, Mud again: 
Alnus glulinosa, numerous fruits , pollen , 
Arenaria lrinervia, numerous seeds, 
Batrachium sceleralum, fruits fairly numerous, 
Carex pseudocypems, 6 fruits, 

sp., numerous fruits without utriculus, 
Carpinus belulus, 1 fruit , some pollen , 
Ceralophyllum s11bmersum , numerous fruits , 
Corylus avellana, much pollen , 
Dryopteris thelypleris, spores and sporangia, 
Frangula alnus , 1 fruit-stone, 
Lycopus europaeus, 10 nuts, 
Picea excelsa 1 needle, some pollen , 
Pinus silvestris , some pollen, 
Quercus sp., much pollen, 
Rubus iclaeus, 2 fruit-stones, 
Sparganium ereclum , 1 fruit-s tone, 
Ulmus sp., much pollen, 
Urlica clioeca, many fruits. 

K. 7.1 - 10.5 m Greenish calcareous Mud , f1n ely arenaceous at the bottom 
Alnus gllllinosa, numerous fruits, pollen, 
Batrachium sceleratum, 2 fruits , 
Belula pubescens, fruits fairly numerous, pollen, 
Carex pseudocyperus, 2 fruits , 
Ceralophyllum clemers11m var. apiculalum, 3 fruits at the 

bottom, 
Ceralophyll11m s11bmers11m, num erous fruits , in the upper part, 
Cory/us avellana , much pollen, 
Dryopleris lhelypleris, spor es, 
Hippuris vulgaris , 1 fruit, 
Najas marina, several fruits, 
Nymphaea alba, 2 seeds, 
Pinus silueslris, polle n. 
Polamogeton nalans, 1 fruit , 
Qllerclls sp., much pollen , 
Sparganium cf. affme, 1 fruit-stone. 

ereclllm , 1 fruit-stone, 
Tilia sp., so me pollen, 
Ulmlls sp ., much pollen. 

Cosmarillm sp., 
Dialomaceae, fairly num erous at the bottom , 
Phacolus lenlicularis . 

Cladocera. 
Spongilla lacuslris, silica spicules. 

M. 10.5 -- 10.7 111 Calcareous Moraine C l ay. 
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B or ing 6. 

A. 0 - 1.05 111 Uppermosl, 85 cm dark brown Sphagnum Peat with roots 
of Pinus silveslris; below this, 10 cm Phragmiles Peat 
above 10 cm of Mud. 

B. 1.05- 1.35 111 Stony Sand cemented toge ther by rus t ; stones the size 
of a fist. 

C.+ F. 1.35- 2.65 111 Stony Sand, the upper part cemented by rust, the 
bottom part brown, somewhat argillaceous, and containin g 
root fibres ; w as hing samples from th e transition zone to 
Stratum H y ielded 4 fruits of Carex caepilosa (Pl. XXXV, 
21 - 22). 

H. 2.65- 3.0 111 

J. 3.0 - 3.4 Ill 

K. 3.4 - 5.25 Ill 

M. 5.25 - 5.75 111 

A. 0 - 0.3 111 

B. 0.3 - 0.7 111 

M. 0.7 - 3.5 111 

Dark brown Forest Pea t. 
Dark Detritus Mud abounding in drifted 
Ceralophyllum demersum var. apicu lalu111. 
Greeni sh Mu d . 
Greyish blue Moraine Clay. 

Boring 7. 

Mould. 
Reddish, stony San d . 
Grey, sandy Mor a i n e Clay. 

Profile I3. 

Boring 8. 

matters wilh 

A. 0 0.5 111 P ea t. 
B. 0.5 1.8 m Stony Sand; the stones, up to the size of h ead , were 

sand-worn . 
J1. 1.8 - 2.2 111 Up permos t, pale brown Clay-Mud; at the bottom , Sand. 

The washing sample y ield ed only 1 fruit of Cm·ex caepitosa. 
An analysis of th e pollen, which was not well preserved , 
gaye th e foll owing spectrum : Be/11/a 11 0/o, Pi1ws 24 0/o, 
Ulmus 3 0/o, Quercus 4 0/o, Alnus 49 0/o, Carpinus 1 0_ '0, Picea 
8 0/ 0 - and Cory/us 27 °lo- In add ition , spores of DryoJJleris 
thelypleris and Polypodium vulgare were found. 

J2. 2.2 -- 3.0 111 Brown Mud with Najas marina. 
K. 3.0 -- 4.05 111 Greenish Mu d; fruit s of Aliws glulinosu, Ceralophyllwn s11., 

and Najas marina. 
M. 4.05- 4.30 111 Greyish blue, sandy Mor a in e Clay . 

A. 0 0.2 
B. 0.2 1.15 
B.E? 1.15- 1.3 
F. 1.3 - 3.85 
H. 3.85 - 5.50 

J. 5.50- 6.1 
K. 6.1 - 7.9 
M. 7.8 -- 7.8 

111 

111 

111 

m 
111 

111 

111 

111 

Boring 9. 

Peat which had been dug over. 
Sand with stones lhe size of a fist. 
Grey, sandy Clay with small stones. 
Sand without stones. 
Dark brown Forest P ea t ; bran ches of Cal1 1111a uulgaris 
in the upper part. 
Brow n D e tritus Mu d . 
Greenish Mud; Ceralo11hyll11m s11. 
Moraine Clay . 
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Boring 1 0. 

A. 0 - 0.2 m Peal which had been dug over. 
B. 0.2 - 0.8 m Stony San d. 
B.E? 0.8 - 1.65 m Grey C I a y, with a few stones in the lower part: no vege­

table remains. 
F. 1.65 - 4.0 m Greyish brown Sand; a thin laver of hard pan at the 

transition to the subjacent. 
G. 4.0 - 4.05 m Stratified Peat, not bored through. 

A. 0 1.1 m 

B. 1.1 1.3 m 
C. 1.3 - 3.6 m 
D. 3.6 - 3.95 m 

Boring 11. 

Sphagnum Peat with birch branches, a stump of Pinus 
silveslris. 
Brown Sand with stones the size of a fist. 
Sand without stones. 
Greyish brown, somewhat laminated Mud ; for pollen 
spectrum see Table 1, p. 105. The following were also found: 
Arcloslaphylus uva ursi, 1 fruit-stone, 
Batrachium aqualile (coll.) , several fruits , 
Belula nana, 3 fruits, 
Carex sp., fruits without utriculus, 
Dryopleris filix mas, 1 spore, 
Empelrum nigrum, fruits fairly numerous, 
Fraxinus excelsior, 1 grain of pollen, 
Lycopodium annolinum , 1 spore, 
Myriophyllwn alterni/lorum, numerous nuts and much pollen 
Sparganium minimum. 3 fruits, 
Viola paluslris , 1 seed. 

Sphagnum sp., numerous spores. 

Botryococcus Brmmii, 
Pediaslrum boryanwn granulalum. 

E. 3.95 - 4.2 111 Grey mud-blended C I a y ; pollen spectrum see Table I . 

F. 

G. 
H. 
J. 
K. 
M. 

A. 
B. 
C. 
D. 

4.2 - 4.9 m 

4.9 - 5.3 m 
5.3 - 6.0 m 
6.0 - 7.4 m 
7.4 -10.'1 111 

10.4 -10.45 m 

0 - 0.3 m 
0.3 - 1.2 111 

1.2 - 1.9 m 
1.9 - 2.2 111 

Empelrum nigrum, 5 fruit-stones, 
Lycopodium annolinum, 2 spores, 
Myriophyllum alterniflorum, 1 nut, some pollen. 

Sphagnum sp., numerous spores. 
Grey Sand, rather loamy at the bottom; a thin layer of 
hard pan here. 
Stratified Sphagnum Peat. 
Dark brown Fore s t Peat. 
Dark brown Ceralophyllum-M u d ; Sparganium cfr. simplex. 
Greenish Mu d. 
Sandy Mor a in e C I a y. 

Boring 12. 

Peat whith had been dug over. 
Sand with stones the size of eggs . 
Grey Sand without stones. 
Brown Mud, pollen spectrum see Table 1, p. 105: 



F. 2.2 - 2.65 111 

G. 2.65 - 3.0 111 

H. 3.0 - 4.0 111 

J. 4.0 - 4.9 111 

K. 4.9 -- 6.25 111 

M. 6.25 - 6.50 111 

A. 0 - 0.25 m 
B. 0.25 - 0.7 111 

C.+F. 0.7 - 3.1 

H. 3.f - 3.6 m 

A. 0 
C.+F. 

-- 0.75 111 

0.75 - 2.1 
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Carex sp. , several fruits without utriculus, 
Empetrllln nigrum, 6 fruit-stones , 
Myriophyllum allerniflorum , much pollen in the upper part, 
Sparganium affine, 13 fruit-stones (Pl. XXXIII, 28-31). 

Sphagnum sp. , numerous spores, 

Botryococcus Braunii. 
San d. 
Sphagnum Peat mixed with sand. 
Crumbling Forest Peat. 
Greenish brown Ceratophyllizm-M u d. 
Pale greyish gretn Mu d. 
Slightly argillaceous Sand with small stones. 

Boring 13. 

Mould. 
Sand with a few stones. 
111 Sand without stones ; some lumps of sandy Mu d were 
brought up from the lowest half metre ; the stratum here 
contained: 
Balrachium aqualile (coll.) , 1 fruit, 
Belula nana, several fruits , dwarf-branches , bark, 
Carex Sf!., several fruits wilhout utriculus, 
Empelrum nigr11111 , numerous fruit-stones , 
Myriophyllum allerni/loru111 , num erous nuts , 
Sparganium 111inim11111 , -! fruit-ston es (Pl. XXXIII, 22-24), 
Dark brown Forest Pc at. This stratum was not bored 
through. 

Boring 14. 

Dumped Sand above Forest-Peat. 
m Uppermost, Sand without stones, in which was a layer 
of hard pan; from 1.6 downwards, stony sand with stones 
the size of walnuts. 

H. 2.1 - 3.2 111 Dark brown Forest Peat with charcoal; at the top 
transition to the stratum above. 

K. 3.2 - 5.4 111 Mud , greenish brown, then brown, and at the botlom 
greenish again, the greater part of the stratum highly 
arenaceous: Ceralophyllum demersum var. apiculalllln, Najas 
marina, Polamogelon sp .. Scirp11s /acusler, Belula sp ., Ceno­
coccum geophilum. 

L ? 5.4 - 6.15 m Grey Sand, with stones at the top , this stratum was not 
bored through . 

Boring 15. 

- 0.3 111 MO Ll 1 d. A. 0 
C.+F. 0.3 - 1.0 m Yellow Sand with small stones, s lightly argillaceous 

at the bottom. 
M. 1.0 - 3.35 111 Yellow, sandy C 1 a y with a few small stones. 
M1• 3.35- 4.0 111 Yellow, fine loa my Sand, not bored through. 

Danmarks geologiske Umlersoge lse . II. Ha, kk e. :s;r. 48. 7 
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Profile C. 

Boring 16. 
A. 0 0.95 m Peat. 
B. 0.95- 2.0 m Stony Sand with stones up to the size of a fist. 
H. 2.0 - 2.3 m Forest P eat. 
J. 2.3 - abt. 2.5 111 Brown Mu d. 
K. abt. 2.5 - 3.3 m Greenish Mu d. 
M. 3.3 - 3.4 111 Coarse, stony San d. 

A. 
B. 

D. 

E. 

F. 
J. 

Boring 17. 
O - 0.85 m P eat. 
0.85- 2.0 111 

2.0 - 2.65 rn 

2.65 - 2.9 rn 

2.9 - 3.9 m 
3.9 - 4.3 111 

Sand with stones up to the size of a fist ; the stones were 
largest in the upper part ; a layer of hard pan here. 
Uppermost, dark brown C I a y- Mud, lighter lower down ; 
in this were found two fruits of Belllla pllbescens, a few 
fruits of Batrachium sceleral11m and Carex cf. caespilosa,1} 

much pollen of Myriophyllllm altemiflomm and Empelrllm 
nigrum; some small bud scales of Salix sp., spores of 
Sphagnum sp., Bolryococcus Brallnii. Cf. also Tab. 1, p. 105. 
Grey C I a y. Pollen of Myriophyllum allerniflorllm, Ericaceae 
and Empelrum nigrllm; a few spores of Dryopleris lhelypleris 
and Polypodium vulgare. Spores of Sphagnllm sp. 
Sand with no vegetable remains. 
Brown coarse Detritus Mud: 
Almzs glulinosa, 4 fruits, 
Balrachium scelera/11111, 3 fruits , 
Belula pubescens, 1 fruit, 
Cm·ex pse11docyperus, 1 fruit. 
Carex sp. , fruits without utriculus, 
Ceralophyl/11111 submersum, numerous fruits (Pl. XXXI, 29 - 32) 
Nasturtium aq11alicum, 1 seed. 
Urlica dioeca , 2 fruits. 

K. 4.3 - 6.2 m Greenish, calcareous Detritus Mud : 

M. 

A. 
B. 
C. 

6.2 - 6.4 m 

0 - 0.65 111 

0.65- 1.6 m 
1.6 - 1.95 m 

Balrachillm aqllalile (coll.), 1 fruit , 
BelL1la pubescens. several fruits , 1 catkin scale, 
Carex roslrala, 1 fruit, 

sp., fruits without utriculus, 
Hippllris vlllgaris, 1 fruit , 
Najas marina, 1 fruit, 
Potamogeton sp., 1 fruit. 

Calliergon giganiel!m. 

Cris/ate/la mllcedo statoblasts. 
Moraine Clay. 

Boring 18. 
Peat. 
Sand with stones up to the size ofa fist; hard pan at the top. 
C I a y Mud, greyish brown at the top, brown at the bottom. 

1) The four fruits found are very much like those shown in Pl. XXXV, 
21 - 22 but all slightly smaller. 
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H. 1.95- 2.4 m Dark brown Forest Peat. 
J . 2.4 - 3.3 m Dark brown Ceratophyllum Mu d. 
K. 3.3 -· 4.5 m Greenish Mud, somewhat lighter, and sandy, lower down . 
M. 4.5 - 5.2 m Sand over Moraine Clay. 

A. 0 - 0.95 m 

B. 0.95- 2.9 m 

C.+F. 2.9 - 4.75 

G. 4.75- 5.25 Ill 

H. 5.25- 6.75 m 

J. 6.75 - 8.0 m 
K. 8.0 - 11.5 m 

Boring 1 9. 

Forest Peat with stumps of Pinus silvestris etc. , over 
amorphous Sphagnum Peat. 
Uppermost, stony, slightly argillaceous Sand, stones the 
size of goose-eggs; the stones fewer and smaller lower down. 
m Sand without stones, but containing in the lower part 
small splinters or charcoal and particules of humus. 
Brown stratified Sphagnum P eat with thin birch twigs and 
numerous sclerotia of Cenococcum geophilum. 
Dark brown Forest Peat, branches of Picea excelsa, a 
fruit of Ranunculus repens. 
Dark brown Ceralophyllum Mud ; a fruit or Al!ws glutinosa. 
Greenish, calcareous Detritus Mud : 
Alnus glutinosa, 1 fruit at the bottom , 
Balrachium sceleratum, 1 fruit, 
Betula pendula, some fruits, 1 catkin scale, 

pubescens, numerous fruits , catkin scales, 
Carex pseudocyperus, 7 fruits, 

sp. , fruits without utriculus, 
Ceratophyllum demersum var. apiculalum, 6 fruits, 

submersum, 3 fruits, 
Najas marina, 8 fruits, 
Nuphar luteum , 1 seed, 
Nymphaea alba, 6 seeds, 
Pinus silveslris, 1 seed , several pieces or bark, 
Potamogeton nalans, I fruit , 
Scirpus lacusler, 1 fruit, 
Urtica dioeca, 2 fruits , 
Viola palustris, 1 seed. 

M. 11.5 - 11.8 m Sandy Moraine Clay. 

List of the Fossils 
found in the Interglacial Bog Rodebrek I. 

c common, + fairly common, r rare. 

Species 
:\lud ~l~a Sand Peat Mud Clay 

------_____ , _____ , __ 
D 

Ajuga reptans ..... . .... . .... . ... . 
Aliws glutinosa .................. . 
Arclostaphylus uva ursi . . . . . . . . . . . r 
Arenaria trinervia . . . . . . . . . . 
Armeria vulgaris .............. .. . 

E C+ F'l G I H 

r 
+ 

r 

.J I I{ 

C 

C 

C 

L 

1) Pollen. 2) The finds mentioned under this head are from the transition 
zone to Stratum G. 

7• 
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Species 
Mud fli~ Sand Peat Mud 

-------,--~--,--~--
D 

Batrachium aquatile (coll.' ... 
- sceleratum . . . . . . + 

r 
Betula nana .............. . . . r 

pendula ..... . . . .. . . . 
pubescens . . . . . . . . . . . . . . . . . r 
sp.......... ....... ...... . . C 

Calluna vulgaris ........ . . . ... ... . 
Carer caespitosa (Pl. XXXV, 21 - 22) cf. 

pseudocyperus. . . . . . . .. .. . 
rostrata . ... . .............. . 
sp ..... ·• ·· · ·· · · ... . .. ••·• . + 

Carpinus betulus ... .... . 
Ceralophyllum demersum var. api-

rula~m .. .. ............. ... .. .. . . 
Ceralophyllwn s11bmer.rnm (Pl. XXXI, 

2~)-32) .......... .. . .......... . 
Cirsium paluslre ........... . ..... . 
Cory/us avellana1) . . . 

Dryopleris filix mas2) . . . . . . . 
thelypleris2) . 

D11lichi111n spathaceum ... .. . 
Empelrum nigrum . . . . . . . . . . 
Ericaceael) . . . .. . . . ...... . . 
Frangula alnus . ...... . . .. . .. . . . 

r 
r 

+ 
+ 

Fraxinus excelsior') . . . . . . . . . . . . . r 
Hippuris vulgaris . . . . . . . . . . . .. . 
Hydrocolyle vulgaris ............ . 
Lycopodium annolinurn2) .. r 
Lycopus europaeus . ........... . . . 
Myriophyllum allerniflorwn . . . . . . . + 
Najas marina . .... ........ . .. .. . . 
Nasturtium aqualicum 
Nuphar luleum . . . . ...... . 
Nymphaea alba . . . . . . . . . . . . . . .. . 
Picea ex·celsa . . . . . . . . . . . . . . .. .. . 
Pinus silveslris . . . .... . . . 
Polypodium vulgare2) .. 
Polamogelon nalans. 
Polamogelon filiformis 

sp.... . . . . ... . ... . 
Polen/ilia 1ialustris ... . ........ . .. . 

Sf) . . .. . ..... . . .• . .. ..... 
Quercus sp.1)...... . . ... ... . . 
H.arwncu lus repens . . . . . . .. 
H.ubus idaeus . . . . . . . . . . . .. . . 
Sa/ix sp. . . . . . . . . . . . ....... . 
Scirpus lacusler. . ............ . 
Sparga11i11m affine (P l. XXXIII, 28-

31) .................. . 
Sparganium erectum ...... . .. . 

minimum (Pl. XXXIII, 
22-24) .......... . . . .... . 

Sparganfom cf. simplex ..... . 
Tilia sp.1) .... . . 
Ulmus sp.1) . . . 
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•1) Pollen. 2) Spores. 3) The finds mentioned under this head are from the 
transition zone to Stratum G. 
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Species 
Peat :\lud Clay 

---- -- - -~--,------1- -
E C+ I'') (; I II 

Urtica dioeca .. .. . 
Viola palustris ... .. . 

Amblystegium stellatum .. . . ... . .. . 
Calliergon giganteum . . . . . . . .... . 

slramineum . .. .. . 
flypnum examwlatum . . .. . . .. . . . 
Polytrichum strictum . . . . . . 
Rhacomitrium canescens .... . . . . . 

D 

r 

+ 
+ + + + 

Sphagnum sp . .. . .. ........... . .. . cl) + 1) 

Cenococcum geophilum 
Puccina sp .... .. . 

_j_ 
I 

Bolryococcus Braunii . + 
Cosmarium sp. . . . ..... . .... . 
Diatomaceae. . . . . . . . . . . . . . 
Pediaslrum boryanum . . . . . . . . r 

duple:-r;. . . . + 
Phacolus lenlicularis . . . . . . . . . . . . . 

Bithynia tentaculata . . . .... . .. . . . 
Cladocera . . . . . . . . .......... . . 
Crislalella mucedo . . . + 
Spongilla lacuslris . . . . . . . . . . . .. + 

C 

C 

r 

C 
r 

C 

Survey of the Filling-up of the Lake Basin. 

I{ 

r 
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+ 
+ 
+ 

+ 

+ 
C 

L 

+ 
+ 
+ 
+ + 

On the geologica l map 8) th e region surrounding the interglacial 
bogs at Rod ebrek is noted as sand. The moraine clay however, prob­
ably does not lie very far below the surface, and it has been found 
in nearly all the borings in th e basin at Rodebrek I; the basin is 
hollowed oul in moraine clay and it musl, a t the commencement 
of the interglacial period, have been abt. 12 m deep, with steep sides; 
th e gradient of the southern slope (Prof1le C), for instance, would 
have been abt. 24: l 00. 

No deposit ·with aretic Yegetabl e remains was found in the bottom 
of the basin . The washing samples from the deepest parts, Stratuin 
L (Profile 1) and from th e lower portion of Stratum K, contain 
species such as Carex pseudocyperus, Ceralophyllum dem ersum and 
Najas marina. Analysis of a sample from th e lower margin of th f 
series in Boring 3 showed, apart from Spectrum No. 17 , Pl. XXXVI, 8 
also, inter alia, leaf tips of Ceralophyllum sp., spores of Dryopleris 
thelyptheris and pollen of Frangula ahws. 

1) Spores. 
2) The finds mention ed under this head are from the transition zone to 

Stratum G. 
3) AXEL JEssE1<: Kortbladet Varde . D. G U. I. R. No. 14. 
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The sedimentation seems then not to have properly begun until 
the Beiula-Pimzs period, and opened, either with a deposit of stone-
1 e s s, calcareous clay (Stratum L) or with greenish calcareous 
mud (Stratum K), the lower part of which was on the whole 
richer in sand than the younger parts of the stratum. While this 
green calcareous mud was formed, cf. the pollen diagram, the Belula­
Pinus forest was replaced by mixed oak forest; the Quercus pollen 
takes, as usual, the leading place. Tilia is very poorly represented, 
and at its highes t frequency attains only 2 °lo (in Spectr. 12) at the 
same time as Ulmus reaches its second maximum (18 °lo); this was 
in the upper part of the mixed oak forest zone; the first maximum 
for Ulmus pollen, h ere but faintly indicated, must be sought in the 
lower portion of the diagram, at the transition between the Betula­
Pinus zone and the mixed oak forest zone. 

The rational limit for Cory/us and Alnus lies about Spectr. 15, 
and the curves for these two species keep together throughout the 
mixed oak forest zone, the Cory/us curve, however , turning off to the 
left before the other. Both these species culminate, as usual, later 
than Quercus. The Pollen of Cory/us was also here very frequent. 

During the last stage of the lake, Stratum J was formed, this 
consisting of non-calcareous, coarse detritus mud more or 
less rich in drifted matters containing very numerous fruits of the two 
Ceratophyllum species, as also, by the way, the upper part of Stratum K. 
In the upper portion of this non-calcareous mud stratum we have 
the rational limit for Picea excelsa, viz. in Spect. 11, and here alone 
is Carpinus beluhzs represented, by 1 °lo. Correspondingly, there was 
found at about this level a nut from this tree, the only one found in 
all the washing samples. That the upper part of the mud bed in the 
middle of the lake is synchronous with the shore facies of the stratum, 
the clay mud JI in Boring 8, is evident from the essential likeness 
between the spectrum from this stratum (p. 95) and Spectr. 10 and 
11 in the pollen diagram. 

After this, the basin was covered by a fore St b O g Veg et a ti On, 
without previous formation of a quaking bog or marsh-phase, and 
both Beitz/a pubescens, Alnus glulinosa, Picea excelsa, and Pinus sil­
ueslris formed part of this vegetation and contributed in an essential 
degree to the formation of stratum H. In the diagram, this constitutes 
nearly the whole of the Pie.ea zone, in which no pollen of the mixed 
oak forest species was found, and only very little from Cory/us; the 
Alnus curve also turns off h ere sharply towards the vertical axis. 
The Pinus curve, on the other hand, turns to the right, and in the 
upper part of the stratum, the Betula curve follows it, the Picea 
curve at the same time taking the opposite direction, so that the 
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transition to the upper Retula-Pimzs zone lies near the upper surface 
of Stratum H. 

The state of dryness which marked the bog at th e time when 
the forest peat H was being formed gaye place to more humid condi­
tions, under which was fanned a layer of fresh, stratified Sphag­
num p ea t; in the lower part of this especially were found a number 
of twigs of Calhzna vulgaris and Betula pul!escens. It seems as if there 
had been thin layers of sand embedded in this stratum, the sand con­
tent increasing from below upwards, forming a more or less gradual 
transition to the sand stratum F aboYe. The spectra from the Sphag­
nllm peat G are of precisely the same type as Spectr. 11, Pl. XXXVI, 7 
from the upper surface of the mud b ed in Briirup Hotel Bog, whereas 
Spect. 8, Pl. XXXVI , 8 from Rodeba~k I answers Yery well to Spect. 5, 
Pl. XXXVI, 3 from Norbolling; the horizons in question from the three 
deposits may therefore be regarded as synchronous. The 1 a k e de po­
sits above them in the basins referred to must thus all 
date from one and the same part of the interglacial period. 1

) 

After the formation of the Sphagnum peat, the basin once more 
rnntained a pond, but the deposit formed in this consisted predomi­
nantly of sand. The strata formation was thus altered from mainly 
organogenic to one of an essentially minerogenic character, just as 
we find at the same time in the basins of Norbolling, Brorup Hotel 
and Herning. The list of washing samples p . 99 shows that Betula 
nana now occured together with Empetrum nigrum in the environs 
of the lake, Myriophyllum alterniflorum etc. being found in the water 
itself. The forest growth was now doubtless to a great extent superseded 
by heath vegetation. Only Betula and Pinus pollen play any con ­
siderable part in Spectr. H, Pl. XXXVI, 8 from the boundary between 
Strata F and G, Alnus having here only 4 % and Picea 1 %. 

In the southern part of the basin however, there was found a 
small area within which the sand strata C and F enclosed strata of 
brown mud and more or l ess muddy c lay. The boring made 
in 1922 (No. 5) just touched this area, and gave us the idea that the 
interglacial deposit in question must be of the Herning type. Even 
though the borings and washings carried out during the following year 
showed that the matter was not so clear in this respect as at first 
supposed, I am still of opinion that the assumption is correct. 

The three profiles in Pl. XV show how the mud bed D reaches 

1) In the pollen diagrams from Heming, spectra from the upper part of the 
mud bed K2 are lacking, but Spectr. 6, Pl. XXXVI, 1 corresponds well with 
Spect. 6, Pl. XXXVI, 3 from N6rb6lling and Spect. 14 in Fig. 2, Pl. XXXVI, 
from Heming seems to have its synchronous level in the N6rb6lling diagram 
between Spect. 6 and 7. 



104 

up to abt. 4 m belo,v the 0-line in Borings 5, 12, 15 and 17, whereas 
in Boring 11 it lies abt. 1.3 lower down. These strata form, it would 
seem, a rather narrow bowl, the northern margin of which howeYer 
could not be located, as the lake offered an obstacle to the work; they 
indicate that there was, approximately above the spot where the 
original lake basin is deepesl, a small water-filled hollow at a time 
,vhen the great bulk of the sand masses below the stony sand was 
deposited. The stratifica lion in Boring 17 suggests that these mud and 
clay-mud beds haYe been discordantly cut off by the solifluction 
stratum B2, and there is possibly some connection - as indicated in 
Profile B, - between the clay bed E in Boring 5 and the clay stra­
tum B~ in Borings ~) and 10, which last has undoubtedly been affected 
by solifluction. 

Washing of samples from Strata D and E revealed, among~land 
plants, especially Belula nann, Belula pubescens, Empetrum nigrum, Ar­
meria uulgaris and Arctostaphylus uua ursi; of hydrophilous plants, 
Batrachium aquatile, B. sceleralum, Myriophyllum allerniflorum and 
Sparganium spp., Carex pseudocyperus and C. caespitosa. 

\Ve have no pollen analyses from the sand stratum F, but Spectr. 
5, from the lower portion of Stratum E, shows, in contrast to the 
analyses from the Sphagnum peat G, that the frequency of Betula 
and Alnus had increased, while that of Pinus had decreased, Cory/us 
appearing at the same time with 19 °lo and Quercus with 2 ¾. Samples 
3 and 4 contained practically no pollen. In the anylyses from Stratum 
D, the Pinus curve again lies far to the right, A/1111s and Quercus have 
disappeared, Coryhzs is reduced to 1 ¾, and Picea appears with 2 °lo. 

Corresponding changes in the frequency of the pollen species 
within Strata D and E haYe also been found in the other borings 
which touched these strata. The analysis material in question is 
shown in Table 1. From lhis, in conjunction with the pollen diagram, 
it will be seen that there are pronounced maxima for Abws, Cory/us 
and mixed oak foresl in Stratum E, just as in Lhe lower par t 
of the upper warm horizon at Heming and Brorup Hotel bog. At 
N orbolling also, we rind maxima for these pollen curyes in Lhe 
upper warm horizon of the diagrams for that bog. Referring now Lo 
the observations on p. 103 it must therefore be assumed that 
Strata E and D at Rodebrek are synchronous with the 
upper ,varm horizon in the interglacial deposits at Her­
n in g, N 6 r b o 11 in g and Bro r up Hot e 1. True, this conclusion is 
not decisively confirmed by the remaining fossil content of the strata 
in question; for though Betula pubescens and Ca rex pseudocyperus 
have been found in Strata D and E, the numerous thermophile species 
otherwise appearing in the washing lists from the upper Yarm horizon 
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Salix Belula Pin11s Ulmus Quercw; 
Boring: -

5 11 12 17 5 11 12 17 5 11 12 17 5 11 12 17 5 11 12 17 

Stratum { upper part 65 4.9 84 57 33 42 14 35 4 2 

I 

D lower - 59 67 39 30 l 

Stratum { upper part. 35 60 37 26 1 8 2 
E lower -- 1 1 76 9 

Quercus Alnus Carpirws Picea Cory/us 
Boring: + Ulnws 

5 11 12 17 5 11 12 17 5 11 12 17 5 11 12 17 

Stratum { upper part 

~ 
3 3 1 2 1 ~I , 5 4 

D lower - 1 2 2 

Stratum { upper par t 15 10 1 3 , 47 20 
E lower - 12 19 

Table 1. Rodebrek I. Pollen spec tra from Strata D and E. 

are h ere lacking, while on th e other hand, Retula nana was of fTequen l 
occurrence h ere. With regard Lo this point, reference may be made 
to th e general remarks on Lh e deYC lopm enl of the Yegetation in 
Chapter VII. 

After the form a tion of Stralum D, l11 c deposit o r sa nd in the basin 
was continu ed, until the bowl formed by Strata D and E was com­
pletely fill ed up . No yege table remains are known from this sand 
stratum (C). As the most recent diluYial s tra tum we find h ere also a 
bed of stony sa nd, B, forming an almost horizonta l covering OYer the 
entire basin. H ere, then, there can only Jrnye been an a ltoge lher in­
signi fi cant compression of the subjacent lake deposit afler the depo­
sition of the s tony sand . The thickness of this stratum yaries so me­
what. It is greatest - up to a good 1.5 m - towards so uth-west, 
south and north-west, where the margins of the basin are highes t, 
the stratum thinn ing out towards the north and east, thus indica tin g 
from which quarlers the transportation of the stony sa nd out OYCr 
the basin must principally h ave taken place. 

Bogs with one Mud or Peat Stratum. The Brorup Type. 
Solso. 

In the course of the borings for brown coal made by the Technical 
Committee of the Ministry of the In terior in 1921, under the direction 
of V. MILTHERS, a boring was made on Lhe northern bank of Solso, 
which lies 4 km NN,\T of Videbcek and 22 km V.' of Heming. A mud 
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bed, bored through at a depth of abl. 8 m, a llrac ted atten tion on 
account of its great wealth of ,·egeLabJe remains, and a sample sub­
mitted was found to con lain , inter alia , numerous seeds of Brasenia 
purpuea , a horn of a Trapa nafans fruil, a small seed of .!11niper11s 
communis, and some pieces or wood dis linclly green, Lh e culour of 

Fig. 4. Solsii n 11d e nvirons. Sca le: l : 25000. Contour inten·al 5 ft. = 1.57 m. 
From the Ge n e ral Staff Map Sh eet 4504. 

recent wood allacked by Chlorosplenium aeruginosum (OEDER). It 
seemed then highly probable that there was an interglacial bog situated 
under Solso; and in the same year, this was confirmed hy a new 
boring carried out in the presence of the author; the Profile No. 15 a, 
described on p. 114. In the upper portion of th e bed H2 there was 
a layer of dark clay mud, and it was suggested that this might 
also indicate a profile of the Herning type; in the following year there­
fore , a considerable number of borings were made in the vicinity of 
the lake. These proved, however , conclusively that there was only 
the one layer of mud in the interglacial basin. 

The little lake, which m easured 140 m in ils maximum extent, 
lies in a hollow in Lhe watershed area between the brook Abildaa, 
which flows into Vorgod River and the brook Knivsb:c-ek, which flows 
into the brook Abildaa. See Fig. -i and Pl. XVI and XVII. 
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The profiles A, B and C, Plate XVII, show these 16 borings to­
gether; the description is giYen in the following pages. 

D. 0 - 1.70 m 

F. 1.70- 2.30 111 

G. 2.30- 5.60 Ill 

H. 5.60- 6.00 m 
J . 6.00 - 6.25 m 
K. 6.25- 6.70 m 
L. 6.70- 7.00 m 

Profile A. 

Boring 1. 

Uppermost, 25 cm Mould, below this Sand, the upper 
part of this latter containing a bed of hard pan, and having 
a slightly argillacous character abt. 1 m below the surface. 
Gravel. 
Uppermost, grey Sand with a thin layer of clay, lower 
down, dark sand with vegetable remains. 
Grey, stoneless Clay with dark stripes. 
Brown Clay Mud. 
Stoneless Clay with dark stripes. 
Sand, passing over at the bottom to Boulder Clay. 

Bo rfo g 2. 

D. 0 - 1.50 m Reddish brown Sand with a layer of hard pan; at the 
bottom, grey sand. 

F. 1.50 - 2.90 m Grey Sand with stones, the largest ones, in the upper part 
of the bed, as big as pigeon 's eggs. 

G. 2.90- 3.80 m Grey Sand, containing a layer of clay at the bottom. 
H. 3.80- 5.60 m Grey to greyish-brown Clay Mud : 

Balrachium aquatile (coll.), 1 fruit. 
Belala nana, several fruits, 

pendula, 2 fruits in the lower part (Pl. XXXV, 1- 2) 
cf. pendula x pubescens, 1 fruit (Pl. XXXV, 6), 
pubescens, 2 fruits (Pl. XXXV, 7-8), 

Carex sp., several fruits without utriculus, 
Empelrum nigrum, several fruits , 
Polamogeton sp., 1 fruit. 
Ranunculus lingua, 2 fruits in the lower part (Pl. XXXII, 16-17), 
Selaginella selaginoides, several spores. 

Cenococcum geophilum, some sclerotia. 
J. 5.60- 6.50 m Brown Mud: 

Batrachium aquatile (coll.), 1 fruit, 
Betula pendula, 1 fruit, 

pubescens, several fruits , 
Brasenia purpurea, 2 seeds, 
Cruciferae? 1 seed , 
Litorella uniflora, 1 seed, 
Pim1s siluestris, several !lakes of bark, 
Ranunculus lingua, 2 fruits (Pl. XXXII, 18), 
Polamogelon natans, 1 fruit-stone, (Pl. XXXl, 27), 
Tax us baccata, 2 needles. 

L. Dark-grey Boulder Clay. 

Boring 3. 

A. B. 0 1.00 m Sphagnum Peat covering Mu d. 
C. 1.00- 1.15 m Greyish brown Clay Mu d. 
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E. 
F. 

H. 

J . 

K. 
L. 

1.15 - 3.55 m 

3.55 -- 3.65 m 
3.65- 4.10 m 

4.10 - o.55 m 

6.55 - 7.70 111 

7.70 - 7.85 m 
7.85 - 8.15 m 

A.- B. 0 - 2.05 

C. 2.05 - 2.55 m 

D. 2.55 - 5.05 m 

E. 5.05 - 5.90 111 

F. 5.90- 6.40 m 
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Greyish brown San d , the lower part containing vegetable 
remains : 
Balrachium aqualile (coll.), numerous fruits , 
Belula nana, several fruits . 
Carex sp. , fruits without utric ulus, 
Empelrum nigrum, numerous fruils . 
Myriophyllulll allerniflorwn, several fruits , 
Polenlilla paluslris, 1 fruit, 
Ra11unc11lus sp., 2 small fruits , 
Sa/ix s11. , a few small buds, 
Selaginella selayinoides, I megaspore. 
Grey, sandy Clay. 
Brownish Sand, with s ton es especially at lh e IJOllom : thin 
plant-bearing laye rs with Empelrum nigrum and Balrachium 
aqualile ( coll.). 
Uppe rmost, grey C I a y with a few stones, lower down 
greyish brown C I a y Mu d. This stratum co ntained : 
Balrachium aqualile (coll.), 1 Fruit, 
Belula nana, 5 fruits , 
Empelrum nigrulll , several fruits . 
Brown Mud: 
Balrachium aqualile (coll). , numerous fruits, 
Belula pendula, 2 fruits , 

pubescens, 3 fruits , 
Brasenia purpurea, 1 seed, 
Ceralophyllwn demerswn uar. apiculalulll , 1 fruit , 
Pinus silueslris, two flakes of bark at the boltom . 
Potamogelon (iliformis, fruits fairly numerous, at the botlom , 
Potamoye/011 nalans, 1 fruit , 
Spargcmium ereclum, 1 frnit , 

Grey Clay. 
Sand. 

lllininwn, 1 fruit. 

13 or in g 4. 

m SJ1hayn11m Peat with Scheu chzeria pal11slris and Care:r 
roslrala above Mud with Nuphar luleum and Nymphaea alba. 
Grey Clay. with transition to the strata above and below: 
Balrachium sceleralum, 1 fruit , 
Betula nana, 2 catkin scales, 3 fruits , 
Empelrum nigrum, 4 fruits, 
Polamogelon sp ., ½ fruit, 
Selaginella selaginoicles, 1 megaspore. 
Greyish brown fine Sand, in the lower part of which 
numerous vegetable remains were found: 
Batrachium aqualile (coll.) , numerous fruits, 
Potamogeton fi-liformis , several fruits , 

praelongus, several fruits, 
pusillus, 8 fruits, 

Selaginella selaginoides, 2 spores. 
Grey, sandy C 1 a y. 
Grey Sand with scattered slones the size of pigeons' eggs. 
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H. 6.40 -· 9.45 111 Uppermost, abt. ½ m clayey Sand , below this abt. t/2 m 
rich Clay, at the bottom , greyish brown Clay Mud ; 
Empelrum nigru111, Cenococc11111 geophilum. 

J . 9.45- 11.75 m Brown Mud with vivianite. 
Belula pubescens, 2 fruits , 
Brasenia purp11rea, 1 seed, 
Potamogelon nalans, 1 fruit. 

K. 11.75 - 13.00 m Pale grey Cla y; the washing sample yielded nothing. 
L . Bo u Id er C 1 a y. 

Boring 5. 
A. 0 - 0.25 m Peal. 
D. ~0.25- 2.80 111 Sand , th e upper part containing hard pan, the lower 

vege table remains: Balrachi11m aq11alile (coll.), Polamogelon 
praelong11s, Potamogelon sp. 

F. 2.80- 4.40 111 Sand with many stones, the largest as big as hen 's eggs . 
J . 4.40 - 4.50 111 Sandy M u d with seeds of Brasenia p11r1mrea. 
L . 4.50 -- 4.80 m Boulder Clay . 

Boring 6. 

A. B. 0 -- 0.70 m Uppermost,Sphagn11m Peat aboveMagnocaricel11m Peat; 
below this, sandy Mud with Nymp haea alba and Pola­
mogelon Sf>. 

D. 0.70 - 1.85 m Sand , with hard pan in the upper part. 
F. 1.85 - 3.00 m Stony Sand , th e stones as big as pigeon 's eggs. 
L. 3.00- 4.15 m Uppermost, Boulder C I a y, (0.70 m ), below this, micaceous, 

argillaceous San d . 

Profile B. 

Borin g 7. 
A. 0 0.25 111 Peat. 
D. 0.25 - 2.00 111 Uppermost , brown Sand with hard pan, lower down yellow 

sand, and at the bottom grey sand. 
F. 2.00 - 2.80 m Very stony San d . 
H. (- J.- K. ·I) 2.80- 5.00 m Uppermost, grey C I a y, merging gradually lower 

down into a brownish C I a y Mud; at the bottom again 
(0.8 m) grey C I a y. 

L. Sand. 

A. 0 0.25 
D. 0.25- 2.75 

F. 2.75 3.00 
L. 3.00 - 316 

111 

Ill 

111 

Ill 

Boring 8. 
M Oll Id. 
Yellow Sand, grey at the bottom , the upper part contain­
ing hard pan. 
S a n d with stones. 
Boulder Clay. 

Boring 9. 

A.B. 0 -~0.50 m Mould covering Mud . 
C. 0.50- 0.75 111 C I a y M u d , in which were found: 

Betula nana, 1 catkin scale, 4 fruits, 
p11bescens, 1 fruit, 

Menyanlhes lrifoliala. 2 seeds , 
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Potamogeton natans, 2 fruits. 
D. 0.75 - 4.40 m Sand, the lower part slightly argillaceous, and here 

especially containing scattered vegetable remains : 
Batrachium aqualile (coll.), numerous fruits, 
Belula pendula, 3 fruits in the lower part (Pl. XXXV, 3-5), 

pubescens, 1 fruit , 
Empetrum nigrum, 2 fruits , 
Potamogelon natans, 1 fruit, 

praelongus, 2 fruits , 
sp., 1 fruit, 

Salix sp., 2 buds, 2 mm long. 
F . 4.40 - 4.90 m Grey stony Sand, stones as big as pigeon's eggs. 
G. 4.90 - 6.50 m Grey, coarse Sand, the lower part containing some plant 

detritus, in which were found: 
Balrachium aqualile (coll.), numerous fruits, 
Empetrum nigrum, 3 fruits, 
Hydrocotyle vulgaris, 1 carpel, 
Polamogeton filiformis, 2 fruits (Pl. XXXIII, 10-11). 

H. 6.50- 9.10 m Uppermost, ¼ m grey C I a y with 2 fruits of Empelrum 
nigrum ; below this, greyish brown C I a y Mud with 
vivianite, washings from which yielded: 
Arcloslaphylus alpina ?, 1 small fruit-stone , 
Belula nana, 1 catkin scale, 3 fruits , bark, (Pl. XXXV, 9 - 10) 

pubescens, 1 fruit (abt. 8.15 m below surface), 
Carex sp. , fruits without utriculus, 
Salix herbacea, 1 leaf, 

- sp., several small buds. 
J . 9.10 -10.80 m Brown Mud with vivianite. 
K. 10.80 - 11.00 m · Greyish brown C 1 a y M u d : 

Arcloslaphylus alpina, 1 fruit-stone , 
Balrachium aqualile (coll.), 3 fruits , 
Belula nana, 1 fruit, 

pubescens, 1 fruit, 
Dryas oclopelala, leaf fragments , 
Potamogeton filiformis , 11 fruits, 

nalans, 1 fruit , 
Potenlilla sp., 1 fruit , 

L. Boulder Clay. 

Boring 10. 

A. B. 0 - 1.20 m Peat covering Mu d. 
C. 1.20- 1.55 m Clay Mud. 
D. 1.55 - 3.70 m Greyish brown Sand with much moss in thin, argillaceous 

layers; stones the size of pigeon 's eggs in the lower part 
of the bed: 
Armeria vulgaris, 1 calyx at abt. 2.5 111, 

Balrachium aqualile (coll.), fruits very numerous, 
Belula nana, several catkin scales and fruits, 

pubescens, several fruits in the lower half of the bed, 
Calluna vulgaris, many carbonified twigs and flowers in the 
lower part of Lhe bed, 



E. 
F. 
G. 

3.70-- 3.90 m 
3.90 - 4.60 Ill 

4.60- 10.40 Ill 
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Carex sp., fruits without utriculus, 
Empelrllm nigrllln, several fruits, 
Eriophorum vaginalum, several fruits, 
I-lydrocolyle v11lgaris, 1 nut, lower part of the bed, 
Menyanlhes lrifoliala, 3 seeds, 
Myriophyll11m allerniflorllln, fruits fairly numerous, 
Nymphaea alba, several seeds, 
Polamogelon filiformis, numerous fruits, 

nalans, 3 fruits, 
praelongus, 8 fruits, 
pusillus, 1 fruit, 
sp., 5 fruits, 

Polentilla erecla, 1 fruit, in the lower half, 
Rulms idaeL1s, 1 fruit-stone, in the lower half, 
Sa/ix herbacea, fragments of two leaves, at abt. 2.5 m 
Scirpus palllslris, numerous fruits, at bottom, 
Sparganium minimum, 1 fruit, 
Viola paluslris, several seeds, 

Characeae, 2 spores, 
Stoneless C I a y. 
Very stony Sand, stones the size of hen's eggs. 
The uppermost 0.25 m argilllaceous, sandy material 
with vegetable remains: 
Balrachium aqualile (coll.), several fruits, 
Belula pubescens, 5 fruits , 
Calluna vulgaris, carbonified flowers and shoots, 
Carex sp. , fruits without utriculns, 
Empelrum nigrum, several fruits, 
Eriophorum vagina/um, 1 fruit , 
I-lippuris vulgaris, 1 fruit, 
Pota111ogelon filiformis, 1 fruit, 

nalans, 6 fruits, 
Polentilla erecla, 1 fruit 

sp., 2 fruits , 
Scirpus paluslri:;, 8 fruits, 
Viola paluslris, l seed. 
Below this, grey Sand without vegetable remains, to a 
depth of 6.0 m ; a L the bottom, grey Sand with plant 
detritus: 
Andromeda polifolia, 2 seeds, 
Betula nana, several dwarf shoots, 

nana x pubescens, 1 catkin scale, 
pubescens, 2 fruits, 

Carex sp., fruits without utriculus, 
Empelrum nigrllm, numerous fruit-stones. 
Polenlilla paluslris, 2 fruits, 
Rubus idaeus, 1 fruit-stone, 
Sali:r sp., several small buds. 

Cenococcum geophilum. 

I-I L0.40 - 12.85 m Greyish brnwn C I a y Mud · 
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Betula nana, several fruits , 
Carex sp., fruits without utriculus, 
Empetrum nigrum, 2 fruit-stones, 
Picea excelsa, 1 needle, at abt. 12 m, 
Selaginella selaginoides, 2 spores. 

J. 12.85 - 15.50 m Brown Mud with vivianite: many diatoms al the bottom. 

A. 0 - 0.40 111 

0..!0 - 0.85 B. C. 

D. 0.85 - 3.45 m 

E. 3.45- 3.80 Ill 

G. 3.80 - 7.55 111 

H. 7.55- 7.85 m 

J . 7.85- 9.00 m 

L. 9.00- 9.50 m 

This stratum was not bored through. Much pollen of Alnus 
cf. glulinosa, Betula sp., Carpinus belulus, Coryl11s auellana, 
Picea excelsa, Pirws siluestris and Querc11s sp. , also some of 
Ulmus sp., and Ilex aquifolium. 

Boring 11. 

Grey, oozy San d. 
m Uppermost, Grave I with worn , rounded stones (shore 
pebbles) up to the size of hen's eggs; lower down, stony 
sand with stones more angular in shape. 
Grey Sand, without stones, or with only a few small ones ; 
several thin streaks of C I a y ; plant detritus was found 
abt. 1.5 m from the surface: 
Balrachium aqualile (coll.), 1 fruit , 
Belula nana, 1 fruit. 

pubescens, 1 fruit, 
Carex sp., fruits without utriculus, 
Empelrwn nigrum, several fruit-stones , 
Salix sp. , 1 bud scale. 
Grey, sandy Clay, with a few fruits of Bel11la nana, and 
Empelr11111 nigr11m. 
Grey, coarse Sand without plant detritus; a few stones 
the size of pigeon's eggs between 5 and 6 m . 
Uppermost, grey, rich C I a y, lower down brownish C I a y 
Mn d, in which ½ seed of Viola pal11slris. 
Brown Mud with a thin layer of coarse sand abt. 8.8 m 
Belula pubescens, Scirpus palllslris. 
Boulder Clay. 

Profile C. 

Boring 12. 

D. 0 - 2.25 111 Sand without stones, the upper part containing hard pan. 
F. 2.25- 2.45 111 Sand with numerous stones. 
L. 2.45- 6.00 111 Boulder Clay. 

Boring 13. 

D. 0 2.90 m Sand without stones, uppermost reddish brown with hard 
pan, lower down grey. 

F . 2.90- 3.40 111 Stony San d. 
L. 3.40- 7.40 111 Stoneless Clay, the extreme upper part containing some 

plant detritus, but soon passing over lower down into 
typical slightly calcareous, stoneless Di l u via I C I a y. 

A. 
D. 

0 - 0.25 111 

0.2;->- 3.60 Ill 

Peat. 
Boring 14. 

Fine Sand, brownish al the lop , grey lower down. 



F. 
H. 

J. 

3.60- 3.85 m 
3.85- 5.45 m 

5.45- 6.55 m 

6.55 - 7.40 m 
7.40 - 8.90 m 
8.90 - 13.50 rn 
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Sand with stones the size of pigeon 's eggs. 
Grey C 1 a y; washing samples y ielded no identifiable vege 
tab le remains. 
Sandy Mud with mu ch vegetable detritus, including : 
Ajuga replans, 1 nut , 
A/1111s gllllinosa, numerous fruits etc., 
Brasenia purpurea, numerous seeds, 
Cory/us auellana, one nut , 
Lycopus europaeus, 1 nut, 
Menyanlhes lrifoliata, 1 seed, 
Nymphaea alba, 1 seed , 
Nuphar luteum , 1 seed , 
Polamogeton nalans, several fruits , 
Rawmc11l11s sp., I fruit , 
Scirpus lacusler, \'cry common , 
Sparganium erecl11m, several fruits, 
Trap a 11alans, 1 horn or a fru i1 . 
Fine Sand. 
Grey , stony San d . 
Fine brown Sa 11 d with miea ; a fe\Y small ston es al the 
bottom . 

Boring 1:). 

D. 0 -- 4.00 111 Fine greyish brown Sand, with some vegetable remains in 
the lo,,·er part: 

F. 
H. 

4.00 -- 4.05 111 

4.05 6.85 111 

1Jalrachiu111 aqualile (co ll.), numerous fruits , 
Hel11la nana, t ca tkin scale, 
Cal111na u11/gnris, small shoots, 
Myriophyl/11111 allemi/lor11m, fruits fairly num erous, 
Polamogeton filiformis , numerous fruit s, 

praelonyus , 8 fruits, 
Sali.i: cf. herbacea, 1 lea f'. 

Polylrichum s11 . 

Sand \\'ith stones th e size of pigeon 's eggs. 
Uppermost , g rey C 1 a y, lower clown greyish bro\\'n C I a y 
Mud: 
Bel11la nana, 3 fruits , in the upper part , 

pubescens, 1 fruit , lower part, 
E111pelr11111 nigrum, 3 fruit-ston es , 
Sa/ix SJI., l small bud sca le. 

Cenococcum geophilum, 1 sclerotium. 

J. 6.85 - 8.40 m Uppermost , brown sandy Mn d, greyish gr een lower down : 
Ajuga replans, 1 fruit , 
A/1111s glutinosa, fruits and catkin sca les, 
Belula pubescens, several fruits , 
Brasenia purpurea, numerous seeds, 
Ceralophyllum demersum , 1 fruit, 

var. apiculal11m , l fruit, 
Litorella 11niflora, 1 fruit , 

Oa111narks g-eo loglskc Undersugc lsc. 11. na~kk e. Nr. 48. 8 
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Menyanthes trifoliata, 1 seed, 
Nlyriophyllum cf. spical11m, 1 fruit, 
Nuphar luteum, 1 seed, 
Nymphaea alba, several seeds, 
Picea excelsa, 1 seed wing, 
Polamogeloll spp. , numerous fruits , 
Raiwnculus repens, several fruits, 
Rubus idae11s, 2 fruit-stones , 
Scirpus lacuster, numerous fruits , 
Spw·ganium ereclum, several fruils, 

minimum, 2 fruits. 
K. 8..10 - 9.15 m Uppermost , greyish brown C 1 a y M u d, lower down grey 

Clay: 
Balrachiwn aquatile (coll.), 4 fruits , 
Belula cf. nana, 1 fruit, 
Potamogeloll filiformis , 1 fruit . 

L. 9.15 - 9.40 m Sandy Boulde :· Clay. 

B o 1· i n g 1 5, a. 

Some few metres f'rom Boring 15, was the boring mentioned on p. 106 
as made in 1921; the following profile was noted from here: 

D. 0 - 4.25 111 Brown Sand uppermost, grey sand lower down ; at 3.20 111 

a thin layer of C I a y with fruits of Balrachi111n: 'aquatile 
(coll.), and a spore of Selaginella selaginoides. 

F. 4.25- 4.55 111 Sand with stones the size of hazel nuts. 
H1• 4.55 - 6.50 111 Stoneless grey C I a y: 

Balrachium aqualile (coll.), 1 f'ruil , 
Betula nana, 1 leaf, several fruits , 
Selaginella selaginoides, numerous megaspores. 

Cenococcum geophilum, some small sclerotia. 

Also some pollen of Pinus and Belula. 
H2. 6.50 - 7.55 m C I a y Mud , more or less argillaceous in alternating layers: 

Al1ws cf. glutinosa , pollen, 
Betula nana, a leaf fragment and 2 fruits at abt. 6.75 m , 

SJJ., pollen, 
Callilriche cf. aul11111nalis, 1 nut , 
Corylus avellana, some pollen, 
Dryopteris sp., spores, 
Ericaceae, pollen, common, 
Picea e:i:celsa, pollen , 
Piiws silvestris, much pollen , 
Polypodium v11lgare, 1 spore, 
Potamogeton sp., 1 fruit , 
Salix sp., 1 small bud , 1 mm long, 
Selaginella selaginoides, 6 megaspores. 

Bolryococcus Braunii , 
Characeae, several spores at 7.3 m. 
Rivu lariaceae. 

Spongilla lacuslris . 
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J . 7.55- 10.00 m Brown, sandy Mud or muddy Sand, much plant detritus. 
especially small pieces o f wood and bark. Washing samples 
yielded the followin g identifiable remains : 
Ajuga reptans, 1 nut, 
Alnus glutinosa, numerous fruits at the top , only a few 

lower down, pollen , 
Batrachillm aqualile (coll.), 2 fruits , 

sceleratwn, 2 fruits , 
Betula n"na, 1 fruit at 9.25 m 

pendula, several fruits , 
pubescens, very many fruits, catkin scales. 
sp., much pollen, 

Rrasenia purpurea, numerous seeds in the upper part, 
about 8.5 m, a few seeds lower down, to 9.6 m , 

Carex pseudocyperus, 7 fruits , 
Ceratophyllum dem ersum, 4 fruits , 

var. apiculal111n, 2 fruit s, 
Coryllls avellana, 1 nul , much pollen, 
Cruciferae, 1 seed, 
Dulichium spathaceum, 1 fruit (abt. 8.5 111), 
Eupalorium cannabinum, 7 fruits , 
Lycopus europaeus, 10 nuts, 
Mentha cf. aquatica, 14 nuts, 
Menyanlhes trifoliata, 1 seed, 
Myriophyl/11111 cf. spica/11111 , 1 carpel, 

verlicilla/11111, 3 floral leaves (Pl. XXXII, 2- 3) 
Najas flexilis, 1 fruit at abt. 8.50 m, 

marina, some fruit s throughout lh e whole bed , 
Naslurlium aquaticwn, 1 seed , 
Nuphar l11tewn , 7 seeds, 
Nymphaea alba, 14 seeds, 
Picea excelsa, 1 flake of bark , 1 needl e, bud sca les, abl. 8.5 m, 
Pinus si!IJestris, some bark /lakes abt. 8.5 m, much pollen, 
Polygonum cf. tomenlosum , one sma ll fruit at abt . 9.6 111 , 

Potamogelon dens11s, 1 fruit at abt. 9.7 rn, 
/iliformis, 3 fruits , a l th e bottom , 
nalans, 16 fruits , 
trichoides, 1 fruit at 9.4 111 , 
spp., several fruits , 

Polentilla cf. erecla, 1 fruit with th e s tyle base a t abt. Uie 
middle of the ventral suture, 

Potentilla palustris, 1 fruit , 
sp., 2 fruit s, 

Quercus sp., much pollen, 
Ranuncul11s flammula , 1 fruit, 

lingua , 5 fruits, 9.25 -9.6 m, 
repens, 1 fruit, 

Rubus idaeus, 7 fruit-stones , 
Rwnex sp. , 1 perigoniu111 , 
Scirpus lacuster, fruits very numerous, 

cf. fluitans, 4 small fruit s , 
Solanwn d11lcamara, 3 seeds, 
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Sparganium ereclum, 17 fruit-stones , 
minimum, 9 fruit-stones, 
simplex, 1 fruit-ston e (Pl. XXXIII, 21 ), 

Trapa natans, fragments of fruits , many at the lop (abt. 
8.5 m ), several at ab t. 9 111 , a single one at abt. 9.5 111 , 

Typha lalifolia , some pollen a l 10.0 m , 
Urtica dioeca, 1 nut , 
Vio la palustris , 1 seed, 

Hypnum fluitans,1 ) at lhe lop , 
Sphagnum sp., at the top. 

Cenococcum geophil11m, so me sclerotia, 
Phryganidae, covers of larva tubes, 
,~ 1ephelis ocloc11lata, coccoons, 
Crislatella mucedo, s talob las ls , 

I< . 10.00- 14.75 m Grey slightly calcareous s toneless C 1 a y, uppermos t ex 
hibiling transition to J ; a few thin streaks of Sand. 
Balrachi11m aqualile (co ll.) , so me fruits , 
Bel11la nana, several fruit s and catkin scales, 

nana x pubescens, 3 fruits a t abl. 12.70 m, 
p11bescens, some fruits througho ul th e entire bed ,") 

JJryas oclopetala, 3 leaves at 12.40 m , 
Potamogeto11 filif 'ormis , 4 fruits , 
Sali.1· sp., 1 small shoo t with buds , at abt. 11.5 111 . 

!Japhnia 1111/e.1·, e phippia. 

Boring 16. 

D. 0 1.50 Ill Heddish bro\\'n Sand, 
F. 1.50 -
G. 2.95-

2.95 
5.55 

111 

Ill 

Very slony S a nd , s tones as big as hen's eggs and larger, 
Fine Sand, with a few thin s treaks of C I a y ; a few leaves 
of Betulu 11ana, 

H . 5.5;) 6.95 111 Grey, sandy C I a y Mud; washings from th e upper part 
of th e bed yielded: 
1Jel11la rwna, 2 catkin sca les, 2 fruits , 

p11bescens, 1 fruit , 
Rmpetr11111 nignrm, several fruit s, 
.foniper11s communis, 1 small needle, 
Sa/ix sp., some small buds . 

.J. 6.95 - 7.65 111 Dark brown Mu d . 
L. 7.65- 8.00 m Grey San d. 

1) Hypn11111 //11ila11s , \\'as here found - according to A. HESSEi.BO - in a 
pec uli ar form , with very narro\\' leaves with ex tended nerve, which 
m ay be mos t nearly described as a parallel form to Hypnum e:i:ann11lalwn 
var. Rotae (DE N<n) Sc HI~IPEH ; it has fin ely d entale leaves with ver y long 
and narrow leaf cells and cell s at the basal part of the leaf as in H. fluilans . 

2) Those in th e lower part of th e s trat um poss ibly ca rried down by th e drill. 
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List of Fossils found in the Interglacial, Late-glacial 
and Post-glacial beds at Solso. 

c = common, + = fair ly common , r = r are. 

Inte rglacial 

Speci es Suh-urctic 

A - B C- E (; 

Ajuga rep/ans .. . . .. .. . . ... ...... . . . 
Allws gllltinosa . ....... . .... .. ..... ... . . .... . 
Andromeda polifolia .. . ....... ... . . . .... .. . . . 
Arctostaphylus alpina . . ................... . 
Armeria uulgaris . . . . .. . ... . 
Balrachium aqualile (coll.) ..... . . . ... . . .. . 

sceleralum..... . ... . .. . 
Belula 1wnu (Pl. XXXV, 9 - 10) . . . . . .. . 

x pubescens ... . .... . ....... .. . . 
J!endala (Pl. XXXV, 1 - ;)) ..... . 
cf p endula x pubescens (Pl. XXXV, 6). 
pt1besce11s (Pl. XXXV, 7 - 8) ....... . . . 

13rusenia p11rp11rea . . . . .. . . ... . 
Callilriche cf at1lumrwlis . .. .. ... . . . . . . . . . . . . 
Cal/11na uulgaris . ....... . ... .. .. . ... . 
Care.1: pseudocyperus ..... . 

rostrala . .......... . C 
sp . ... .. ... . . . ... .. .. . 

Carpinus belt1lt1s1) .. . . ... . 

Ceralophyllt1m demersum . 
uar. apic11lal11111 . 

Cory/us auellana . .. . . ....... .. . 
Cruciferae . ... . ..... . ... . ... . . ... .. . .. . . .. . 
Dryas oclopelala . ......... ... . .. . .. .. ... . 

· /Jryopleris sp.2) . . . . . . . . . . . . . . . . . . . .. . . .... . 
/J11/ichi11m spatlwceam . . . . ......... .. . . . . . 
Empelrum nigrum. . . . . . . . . . . . . . . . ... . . . 
Ericaceael) . . . . . . . . . . . . . . . . . . . ........... . 
Eriophorum uaginalum .... .............. . .. . 
B11palori11m cannabinum ... . . ... ...... ... . .. . 
1-Jippuris u11lgaris . ......... . ... . ........ . 
llydrocolyle uulgaris . .. ... . . ..... . . .. .. . .... . 
lle.1: aquifoliuml). . . . . . . . . . . . . . . . . . . . . . .... . 
.funiperus conwrn11is ..... .. ...... . ... . . .. .. . 
Lilorella uniflora ... . . ... . . ... . . . .. .. ..... . . 
Lycopus europaeus. . . . . . . . . . . ......... . 
Mentha cf aquatica ...... . .......... . . ..... . 
Nlenyanthes lrifoliala ......... . ...... . 
Myriophyllum alterniflorn111 . . . . . . ...... . . 

cfr. spicalum . .. .... ..... . . 
uerlicillalum (Pl. XXXII, 2-3) .. . 

Najas flexilis . . . . . . . . ...... . . ......... . 
manna . ... . .. .. .. . ....... . . . ........ . 

Nasturtium aquatic11111 . ... . . ....... . . . .. . .... . 
Naphar lute11m . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 
Nymphaea alba. . . . . . . . . . . . . . . . . . . . . + 
Picea exce/sa . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Pirws siluestris . . . . . . . . . . . . . . . . . . . . .. ... . 
Polygonum cf tomentos11111 . . . . . . . . . . . . .. . . 
Polypodiam uulgare2) .. . ..... . .. . .. ... . 

1) Pollen. 2) Spores. 
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Sp ec i es 

Potamogeton densus .. 
fi.liformis (Pl. xxxm, 10 - 11 ). 
nalans (P l. XXXH, 27). . . 
praelongus ..... 
pusillus . . . . . . . 
trichoides . . ... . . . .. .... ... . 
sp. . .. . .. . . . .. . . . . . . . . . 

Pote11tilla erecta . . . . . . . . . . . . . . . . . . . 
paluslris. . . . . . . . . . . . . . . . . . . . . . 
sp. .. . ········· ···· ·· ... . .. . + 

Quercus sp.1) . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Ranunc11lus flammula ............... ... . 

lingua (Pl. XXXII, 16- 18) ... . . .. 
repens ............ ...... ..... ... . 
sp ............ . ...... . . ......... . 

Rubus idaeus ... . . .. .. ... . .. .... . .. . . . . .. . . . . 
Rum ex sp . ......... . ... .. . ... . ...... . . .. ... . 
Salix herbacea . ... .. . . ........ . .... .... ... . . . 

sp . . . . . ... . ..... . ..... ... ............. . 
Scheuchzeria paluslris . . . . . . . . . . . . . . . . . . . . . . . c 
Scirpus lacuster. . . . . . . . . . . . . . . . . . . . . . . . .. 

paluslris . . . ........... . . 
cfr. fluitans . . . . . . . . . . . . . ... .. . ... . . . 

Solanum dulcamara . . . . . . . . . . . .. 
Selaginella selaginoides. . . . . . . . . . . . . . . .. . 
Sparganium ereclum . . . . . . . .. . 

minimum . . . . . . . . . . . . . .... . 
simplex (Pl. XXXIII, 21 ) . ....... . 

Tax us baccata . . . . . . . . . ... . 
Trapa nalans . . . . . . . . . . . . . . . . . . . . .. 
Typha lalif'olia1) . . . . . •. ...• .•. • 

Ulmus sp.1). . . . . ..... . . ... . ..... . 
Urtica dioeca . . . . . . . .. .. . .. . 
Viola palustris . . . . . . . ........ . . .. . . 

Hypnwn /luilwis . . . . . . . . . . . . . . . . . . . . . . . . .. . . 
Polytriclwm sp .. . . . ... .... .. . . .. . .. . . .. .. ... . 
Sphagnum sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . c 

Botryococcus Braunii . 
Characeae ........ .. . . 
Rivulariaceae. 

Cenococcum geophilum 
Chlorosplenium aeruginosum 

Phryganidae . . . . . . ... . 
Daphnia pule.,; . . . .. .. . . . 
Nephelis octoculata . . . . . . . . . . . . . . . . . . . . . . . . 
Cristatella mucedo . . . . . . . . . . . . . . . . . . .... . 
Spongilla lacuslris . . . . . . . . . . . . ..... . 

1) Pollen. 2) Spores. 
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The History of Solso and its Environs. 

The Solso basin is hollowed ou L in b o u Ide r clay, and when Lhe 
last ice-covering of that r egion had rn ellcl away al the begin ning of 
the last interglacial period, a deposil was l'orm ed in the lake, of clay 
containing remains of a Lundra yegcta tion, Dryas octopetala, Betllla 
nana , Arctostophylus alpina etc. Soon howeycr, Betula pu/Jescens and 
other fores t trees spread, the sedimentation changed to a dark, f1nely 
arenaceous mud, and a forest dewlopm ent such as that indicated by 
the pollen diagram Pl. XXXVII, 7, must be supposed to ha,c taken 
place in the vicinity of the lake. In the lowest zone of the mud bed, 
Betula is dominant, but Pin us h ere attains its maxim um ; then comes 
a zon e with maxima for Corylus and Quercus. In the upper half of 
the mud bed , pollen of Carpinus and Picea attain the greatest frequency, 
the curves for Quercus and Cory/us turning off to the left. The rich 
aquatic flora belongs to the zones of mixed oak forest and C-arpinus 

betulus (Boring 15 a). From the uppermost horizon of the mud bed 
and through the layer of clay mud above (Boring 15 a), Pinus pollen 
is dominant; Picea gradual!y takes second place in order or frequ ency , 
lhe Be/11/a eunc lurns off to lhe right at the top, the curves for the 
other deciduous trees, with exception of Ahrns, lying close along the 
yertical axis. A conifer forest or north ern character now coYered lh e 
surroundings of the lake, Bct11la nana al the sa me tim e reappearing. 
A remarkable find of this last-nam ed species is noted on p. 116, bed J ; 
this, if not du e to the fruit having been canied down by lhe drill , 
indicates that Be/ula nana still stood here - possibly as a relict -
during the warm est part of the interglacial period. 

The bed H , consisting of more or less mudd y c lay , and the sandy 
bed G which goes with it in tloristic respects, and occupies the central 
part of the bowl formed by H, constitnte the main part of the material 
with which the Solso-basin is fill ed . Both are lake deposits. The 
pollen diagram shows the development of the pollen flora in the 
lower part of the bed H , . where the mud content was greatest; the 
amount of pollen in the remaining part of the bed was extremely 
small. The flora indicated by washing samples from these two beds 
is distinctly sub-arctic in character, containing for instance Betula nana , 

Salix herbacea, Andromeda polifolia , Empetrum nigrum and Selaginella 
selaginoides. A few f1nd s of B etula pubescens, Picea excelsa and Rubus 
idaeus indicate 110,veyer, tha t there exis ted, at any rate from tim e to tim e, 
small patches of forest near Solso while these strata were forming. 1

) 

1) The finding of Hydrocolyle uulgaris in Stratum G, lloring 9, as also the 
finding of the same species in the similarly sub-arctic Stratum D, Boring 
10, may perhaps be best explained as due to carrying down from post­
glacial strata; cf. p. 123 and 54. 
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The sedimentation of the beds G and H was interrupted by lhe 
formation of the stony sand bed F. The extent and thickness of this 
stratum show that the material or which it is composed was brought 
mainly from the s,v, NW and N, the stratum being developed more 
especially on the western side or the basin, where also it attains its 
maximum thickness, abt. 1.5 m. The stones were most numerous, and 
also largest, in the marginal parts of the basin, where some were as 
big as hen 's eggs. It it unlikely therefore that Stratum F should have 
been formed during a glaciation of the Solso region, the more so since 
there is nothing in the least moraine-like about the stratum in question. 
On the other hand, its genesis as a produkt of solifluction is perfectly 
clear, inter alia from the fact that the lie of the country round the 
lake points precisely to the part SW, ,v and N of the lake as that which 
was exposed to greatest denudation (cf. Chap. Ill). This denudation 
must be supposed to have taken place under arctic conditions of 
climate, and in any case, the bed F is both conred by and bedded 
on sub-arctic lake sediments, the Hora of Strata C, D and E being 
essentially of the same kind as that of G and H. Stratum F is 
evidently synchronous wilh Stratum D in the Herning profile, and 
may be regarded as dating from the period of the last glaciation al 
its height. 

At the close of the la le-glacial period, there was formed the pebble 
beach observed al the eastern end of Profiles B and C. When this 
was forming, the water level of the lake came up lo abt. 42. 7 5 m, 
and the upper little terrace-like plane shown in the photos, Pl. XVI 
was thus produced ( cf. Profile C). The approximate extent of the lake 
at that time is shown in t 1e map, Pl. XVII, -1. 

The post-glacial period commenced with the deposit of lhe mud 
bed D, which comes to the level of -11.50, presumably answering to 
a water level reaching to the lower notch in the terrace (41.70 m) 
shown in Pl. XVI and Profile C, Pl. XVII. V.lhen the post-glacial Sphag­
mzm bog west of the lake began to form, howeYer, the water level 
was somewhat below 41,20, for at this level, the peat bed rests on 
sand, into which roots of Eriophorum uaginaillm had grown down. 
Afterwards, the water level rose again somewhat, until artificially 
lowered to its present position, 41.40 above sea leYel. 

On the site where Solso now lies there was, then, a lake all 
through the post-glacial, late-glacial and interglacial periods. The sedi­
mentation in this basin seems to have been interrupted only at one 
period, namely when the stony sand bed F was formed under the 
influence of periglacial solil1uction. The beds G and H must correspond 
to the Middle Bed in the Heming profile. It may seem surprising 
that no certain trace should have been found al Solso of the upper 
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lempera lc zones kn own fro m th e profil es of lh e 1-lerning type. Here 
howeYer, it should be noted lh a l lhe beds corresponding th ese zones, 
where hith erto obsened, arc ;is a rule of less ex lcnl horizonlally than 
lhe lower lemperale beds in lh e profilt•s of the H eming type, 1) and we 
cannot th erefore disrega rd lh e possibility that they exist in lh e deepes t 
parts of lh c Solsi.i basin , which is still eoYered by lh e lak e. 

Herborg I. 
Al 1-l erborg, abl. :3 km S\,\' or Videkek and abl. 2:-3 km Ea Jitlle 

S of Hingkobing, a couple of borin gs were made, in Oclober ]\)21 in 
h\'O llal hollows, one on either side of the railway line, 1.0 km a nd 
1 .• 1 km res pec liYely S\\' o f' Herborg railway slalion (Hpl.), Fi g. 6. Both 
borin gs \Y er c carried clown through inlerglacial l,1k e deposits . The more 
eas terly site, Herborg I, lies al the upper end o r a llattish \'alley sloping 
lowards lh c norlh , and carrying wate r lo Herborg Brook , which again 
tlo,ys into Vorgod Riw r ; ii appears as a hollow 275 m lon g by 80 
broa d , now containing a peal bog. The wes tern site, Herborg II, is 
lik ewise situated al lhe upper end or ,1 gently s loping Yalley, Lhe slope 
h ere howe,·er, being towards the west, down lo Ganer Hin'I', which 
!lows oul inlo Ringkobing Fjord. The place presents the a ppeara nce or 
a small hog and is indicated on Lhe map by a dosed nu,-e, marking 
a hollow having no outflow; its grca lcsl ex ten t is abl. 200 111. 

The boring in lh e more eas terly or these two basins , 1-l erborg I, 
showed Lh e following profile. 

A. 0 1.5 111 Peal above 1 Ill fine , s lightl y a rgi llaeeous San d . 
B. 1.5 - 2.8 111 Gravel. 
C. 2.8 - 8.0 111 Sand \\'ith small s tones. 
D. 8.0 - 11.5 111 Fine Sand and sandy, s tra lifl ed ;\I u cl \\'i th ve,re table 

" remains. 
E. 11.5 12.5 111 Brown san d y M ud . In this were found inter a l ia 

many fruit s of 1Jel11la nana, also Myriophyllum alterniflor11111. 
Callitriche cf. cwlwmwlis etc. 

F. 12.5 - 12.75 111 Grey, sharp Sand with stones th e size of hazel nuts : 
vegetab le detritus , e. g. numerous fruits a nd catkin scales 
of Belli la 11 a11a and numerous nuts of Callitriche cf. al/tu1111wlis. 

G. 12.75 - 13.4 m Brown sa nd y M ud with num ero us vegetable remains 
including a seed of Rrasenia pllrpurea. 

H. 13.4 - 15.5 111 Grey Sand with vege tab le de tritu s including a fruit of 
Ceralophyllum de111er:w111 uar. apic11/al11m. 

J. 15.5 - 16.0 m Grey, coarse Sa n cl with no vegetable detritus. 

Owin g lo th e grea l amounl or sand in lh c plant-bearin g strata, 
Lh e sa mples were oflen brought up in such a state Lhat Lh ey could 

1) e. g. a l Heming, N6rb6 lling and Hodeb::ck T. 
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Fig . 5. Ma p sh o win g th e interg la cia l bogs at Her bo rg, the eas te rn cross is H erborg l , th e 
west e rn cross is Herborg JI. Scal e 1 : 25000 . Conto ur interva l !i ft = 1.57 m . From th e 
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not be utilised for pollen a nalyses, and we can only giYe three of 
these : 

;,, ., 
" E ., ::, ., ,c 

::i ~ "' ::, ::: .:! Cl (I) 
"' Depth .!l "' :, " 

., -~ t! "' ::i ~ :, ~ .... -~ :, ::,, "' !': ., " ~ 
;::: O' C c:i .. " " ~ 

::, [:: ::: 
" -~ 0"' 0 z in V) °" s Cl ~ u c.. u o..~ N 

1 D. 10.0 - 11.5 m 2 36 30 3 Trace 16 Trace 13 7 70 i 
2 E. 11.5 - 12.5m 38 23 2 2 23 11 11 52 i 
3 G. 12.5-13.4 m 1 47 10 2 9 28 9 2 36 106 f 

Tabl e 2. Pollen spec tra from Herborg I. 

On comparing th ese with pollen diagra ms from other interglacial 
localities it will be seen that samples No.~ 1 and 2 are from the 
Pinus-Picea zone, No. 3 being from the close of the mixed oak forest 
zone. The earlier portions of this , as w ell as the lower Pinus zone, 
must thus be looked for in Stratum H, where Ceratopyllllm dem er­
sum was found . The washing lists from Stratum G includes several 
thermophile species snch as Brasenia purpurea , Carex pseudocyperus 
and Hydrocotyle vulgaris; and il must b e supposed that the few remains 



of Belula nana (some fruits and a catkin scale) found h ere are due 
to intermixture from the Stratum F aboye in process of boring. Be/11/a 

nnna was common both in this and in Stratum E, and must haYe 
been a reg ular component of the vegetation , which was however, un­

questionably characterised primarily by the forest growths (Spectr. 2). 
The material affords but little information as to the s late of th e yege­
tation at the tim e when th e upper portion or Stratum D was being 
deposited, and the linding of a single nut of Hydrocotylc uulgaris in 
this part or the bed seems somewhat remarkable. 

List of the Fossils found at Herborg I. 
<: common, + fairly common , r r a r e. 

Sp ec i es 

Aln11s glutinosa . . . .................. . . 
Arenaria lrineruia. . . . . . . . . . . . . ... .. . . . . . . . . . . . 
Balrachium aqualile (coll.). . ... . .. . .. . . . ... . 
Betula nana. . . . . . .. . . . . . 

pendula.. . .. . ... .. ..... . . . .. . 
pubescens. . . . . . . . . . . . . . . . ........ . 

Brasenia purpurea . . . . . . . . ..... . 
Callilriche cf aulumnalis ... . .. . . . .. . 
Calluna uulgaris . . . . . . . . . . . . ..... . 
Carex pseudocyperus . . . . .. ... . 

roslrala . .. . ..... . . .. . 
sp. (figured in Pl. XXXV, 23-24) ..... . .... . 
sp.. .. ... . . . . . . . ........... . . . ..... . 

Carpinus belulus1) . . . . .... . .. ....... . . . .. • • . 

Ceralophyllum demersum var. apiculalum . . . . . . .. . 
Cirsium paluslre . . . . . . . . . . . . . . . . 
Cory/us auellanal) . ... . . . 
Dryopleris lhelypleris2) . .. .. 
Empetrum nigrum . . . . ............. . . . 
Hippuris uulgaris ........... . 
Hydrocolyle uulgaris .. . ..... . 
1W-enyanthes lrifoliala . . . . . . . . . . . . . . . .. . 
Myriophyllum allernijlor11111 . . . . . . . . . . . . . . . . . . . 
Picea excelsa1) . . . . . . . . . . . ... . . . •• . ..•. . . . • .. •• .. 

Pinus silueslris1). . . . . . . . . . . • . • . . . . . . • • . . •• . . . •... 

Polypodium uulgare2) . . . ... . . . . . . ... . ... . ... ..... . . 
Potamogeton cf. pusillus ..... . 

sp . . ... . .......... . ............ . . . .. . 
Quercus sp.l ). . . . . . . . ...... . . . . 
Ranunculus sp. . . . . . . . . . ... ... . . 
Rubus idaeus . . . . .. . . . . . .. . 
Sa/ix sp. ... . . . . . . ...... . 
Selaginella selaginoides .. . .. . 
Sparganiwn affine (Pl. XXXIII, 26) . . . . . . . . 

erectum . . . . 
minimum . . . . 
sp . ..... . .. . 

Tilia sp.l) . . .. ..... . ... .. . .. . . ....... . . . . 
Ulmus sp.1) ........ . . . .. . ... . 
Viola palustris . . ...... . . . 

1) Pollen . 2) Spores. 
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Spe c i es 

Hypnum SJI .... . 
Polylrichum slric/11111 .. . r 

+ 
+ 
+ 

Sphagnum SJI . . . . . . . . ... . + + C 

Cenococc11111 geophilllm .. r 
Botryococc11s Braw1ii. . . . . . . . . . . . . . . . . . . . . . . . . + + 
Oligochaeta (a coccoon) . . . . . . . . . . .. r 
Spongilla lacustris . . . . . . . . . . . . . . . . . . . r 

Herborg II. 
For the situation ol' this bog see p. 121. The Boring profile was 

as follows : 

A. 0 - 1.15 m Uppermost , 40 cm humous Peat ; below this, 15 cm of 
Mud, b edd ed on 40 cm of fine, sli ghtly argillaceous Sand 
containing num erous megaspores of Selaginella selaginoides; 
at the bottom, Mu cl again (20 c m ) in which were fo und 
Batrachi11111 aquulile (coll .), Hipp11ris uulgaris, !Ylyriophyl/11111 
spicatum et var. nwricata AIILF\'El-:G H., Polamogeton S/J., 

B. 1.15- 3.0 
c. 3.0 - 3.25 
D. 3.25 - 5.0 

E. 5.0 - 10.0 

111 

Ill 

m 

111 

Ran1111c11lus cf /lamnwla (6 small fruits); Daphnia pule.1:. 
Grave I with stones the size of hen 's eggs. 
Fine Sand with no plant detritus. 
Fine Sand wilh plant detritus ; washing samples yielded 
inter a l i a a fruit of Frangula al1111s and a small fruit of 
Potamogelon densus (Pl. XXXII, 22) . 
Uppermost, 2 111 coarse Sand with some vegetable remains 
(Cenococcum geophilum) ; th en 80 cm Gravel with stones 
the size of eggs; below this, 2.2 111 Sand with some 
vegetable detritus ; abt, 9 111 separate, thin layers of sandy 
Mud. 

F. 10.0 - 15.5 m Fine Sand, mixed in varying degrees with Mu d . Remains 
of Belula nana, including fruits, ca tkin scales and leaves , 
were found throughout the entire stratum, but from abl. 
11 111 downwards there were also remains of several tem­
perate species, such as Bidens cern11us. Cladium mariscus, 
Corylus auellana, a few needles of Picea excelsa were like­
wise found , cf. Table 3 and the list of fossils . 

G. 15.5 - 16.0 111 Coarse grey Sand, not bored through ; some remains of 
Balrachim11 aqualile (coll.) and Viola palustris here found 
must be regard ed as brought clown from F. 

As at Herborg I, the plant-bearing strata in this profile were so 
sandy that only a few ol' the samples were found suitable for pollen 
analysis; these - three in all - are given below. 
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1 F 12.1 - 13.0 1 41 32 2 8 2 14 10 ,13 "'· 111 ::::--
2 - 13.6- 14.5 111 32 31 1 .:( 1 17 3 11 13 106 I 
3 - 14.5- 15.5 m Ti-aC<.' 49 20 5 HI 3 4 21 69 -2.' 

Table 3. Pollen spectra from Herborg Jl . 

No. ;-3 of th ese spectra may p erhaps be Tefcrred lo the transition 
between the mixed oak fo res t zo ne and the Pinus-Picea zon e, w hile 
Nos. l a nd 2 belong entirely lo the latter. The part of th e profile 
l'rom w hich th ese three s pec tra ar c la l~en is a llogether syn chronous 
with that portion of th e Herborg l profile shown in Table 2. For 
the r es t, our knowledge as lo th e s ta le and deYe lop m ent of the yege­
lation in and around th e two interglacial lakes at H erborg is Yery 
uncertain . It must he lcf't fo r th e future to de termin e wh eth er Strata 
D (Frangula a/nu s and Potamogeton densus) and E can be con­
sidered as parallel to th e upper w arm s tratum a nd the :\'liddlc Bed 
respecliw ly in th e lake deposits al He rning. 

List of the Fossils found at Herborg II. 
c common , + fairly common, r r ar e . 

I) F 
----

0 "' "! - 0 

s p (' (' i (_' s 0 ":'i e:j ,,.; 
7 7 I I I 

"' 0 "' "! 
"' ;:: 0 - C'i ..; -

Alnus gl11ti1wsa1) ... . .. ........ .... . . . ,. + 
.·lrmeria uulgaris . .... . . . . ... . ... r 
Hatrachium aqua Lile (co ll.) .... ........ . r + + C 
Betula nana .... .. ... . . . . . . . . . . . . . . . . . . r r C 

zmbescens. .. ........ . .. .. .. ... . r 
sp.l) ........... .. ... . .... . . . C 

Bidens cernuus . . . . .... . .. .. r 
Callitriche cf autumnalis . ... . . . ..... . 
Cal/11na uulgaris ..... . .... . . . . . . . . . . . . . 

Cw·ex pseudocyper11s . .. . ...... . ........ r 
rostrala .. . . . .. .. . .... 
sp. (Pl. XXXY, 23 - 24) .. . . . . . . .. . -t-

- sp ... .. . . . . . . . . . . . . . . . . . . . . . + + C + + 
Carpin11s betulusl) . . . . . . . . . . . . . r 
C/adium marisc11 s .. r 
Cory/us cwel/ana .... r , c1) 

JJryopleris thel111>teris2) .. 
Empelr11111 niyr11111 .. + C + C 

Frang11/a alnus .. . . .... . ... . . ... . . . r 
llipp11ris P11/garis . . .... . . .... .. . . . . . 
.!11ni11er11s cam m I u I is ... .. . . . ... . . . . .. 

1) Poll e n. 2) Spores. 
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Sp ec i es 

Myriophyllum allerniflorum (Pl. XXXII. 4-6) 
Picea excelsa . . . . . . . . . . . . . . . . . . . . . ... . 
Pinus silveslris . . .. . .. ......... ..... . . 
Polypodium vulgare2) . .. . . . .•.•........ 

Potamogeton densus (Pl. XXXII, 22) .... . 
filiformis . . ... . . 
pusillus . ..... . .... . .... . . . 
sp . . .. . ..... . . . . ... . .... . 

Potentilla palustris . . . . . .. . . . . . . . . . . 
sp. . . . ... . .. .. .. . . . .. . ... . 

Quercus sp.1) . . . . . . .. . ..... . ........ . . 
Rammculus sp. . . . . . . . . . . . . . . . . . . . . . . . 
Sa/ix sp . ......... .... .. . .... .. . 
Selaginella selaginoides . .. . ... .. . ... . .. . 
Sparganium erectum ... ... . . . .... . . . . . 

minimum . . .. ..... . .... . .. . 
sp . . ... .. ...... . . . . . . .. ... . 

Tilia sp.l ) ........ . . . ... .. .. .. .. .. . .. . 
Ulmus sp.1) . . . . . . . . . . . . . . . . . . . . . . .... . 
Viola palustris . . . . . . .... . . .... ... .. ... . 

Hypnum sp .. . ... . .... ... . . ... . ..... . 
Polylrichum strictw n ..... ... . 
Sphagnum sp . .. ............. . 

Cenococcum geophilum ... . . . .. ... .. . 

Bolryococcus Braunii ... . .... . . . . .. . . . . 
Pediaslrum sp. . ...... . ... . ... . ... .. . . 

D 
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A short half-kilometre NE of Astrup, which lies 6 km NW of 
Borris railway station, there is a Sphagnum Bog, now largely dug 
away, the maximal extent of which, both from NE- s,v and N,V- SE, 
is some 200 m or a little more, Fig. fi. The bog was formed by the 
oyergrowing of a lake, and we find here an encloced basin constituting 
the upper part of one of the minor valleys with which the Slumstrup 
Mill-brook valley begins, while four enclosed hollows at Klokmose, 
mention ed on p. 128 lie in the upper portion of another latera l rnlley 
running down into the same. Slumstrup Mill-brook is a stream flow­
ing into Kirkeaa River, which again flows into Skjern R{yer. 

In the middle portion of this considerable basin at Astrup, we 
made a boring, in 1\-)2] and obtained the following profile : 

1) Pollen . 2) Spores. 



A. 
B. 
C. 
D. 
E. 
F. 

0 1.5 m 
1.5 2.25 m 
2.25 - 2.5 111 
2.5 3.0 m 
3.0 3.5 m 
3.5 - 3.6 111 
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Peat, predominantly Sphag111un Peal. 
M LI d. 
Sandy Clay. 
Gravel. 
San d . 
Dark brown horny hard Mud in which were found, apart 
from pollen of trees, the following : 
Balrachi11m aqualile (coll.), 1 fruit , 
B elula p11bescens, 2 fruits , 1 catkin scale, 
Carex sp., 1 fruit without utriculus, 
Ceralophyllum sp., 1 leaf Lip, 
Dryopteris lhelypleris , numerous spores, 
Empetrum nigrrim, 1 fruit-stone , 
Nymphaeaceae, intercellular hairs, 
Potamogelon praelongus, 2 fruit-stones , 

sp., 4 fruit-stones. 

Anabaena sp., 
Botryococc11s Braunii. 

Spongilla lac11stris . 
G. 3.6 - 4.0 111 Mud-blended, mossy Sand: 

Balrachium aq11alife (coll.) , 1 fru i l , 
Bet11/a pubescens, severa l fruits , 
Care.T sp. , several frui Is, 
Eriophorum uaginal11m , 3 fruits , 
Gramineae, pollen, 
Nymplweaceae, inlercellular hairs , 
Picea excel:;u lwo needles, plane convex in transverse 

sect ion, with slightly serrate edge a nd th e stomata 
on th e !lat side; primordial leaves, 

Pola111 ogeto11 (iliformis, 1 fruit-stone, 
sp., 1 fruit-stone, 

Selagin ella selaginoides , 1 spore. 

Hy1m11m e.1.:an1111lalum, 
Sphag1111m a11g11slifoli11111, 

paluslre, 
leres. 

Botryococcus Bra11nii. 
Pecliasln1m Boryar111111 . 

Daphnia pule:r, 
Amphilrema (lava. 

H. 11.0 - 10.0 m Mor a in e C I a y with lumps of brown coal. 
J . 10.0 - 10.3 m Stony San d . 
K. 10.3 - 13.2 m Mor a in e C I a y with lumps of brown coal. 

A co uple ol' pollen analyses afford furth er data as to Lhc section 
ol the inl crglacial period lo which lh ese two mud beds sho uld be 
ascribed . 
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surfa ce § '- '- = O' c:: .. ,:; ~ ::, 
~ .5 "' J: 0 0., 0 

2ii ll:l O> -,; u u o..ct: N 

3.55 ml F 41 8 I 1 51 
i
3~1 95 267 f 

abt. 3.80 m G 40 28 2 6 20 87 d 

Table 4. Pollen spectra from As trup . 

The lower of these spectra dates from lhe sec tion towards the 
close of the Belula-Pinus period, when Cory/us, Quercus and AZ,ws 
made their appearance; th e upper spectrum probably lies som ewhere 
about the tim e when Quercus a nd Corullls reach ed their culmination. 
\ i\Te thu s lac k here the upper portions of the interglacial series, which 
we may presume to h:ne been des troyed during th e last glacial period, 
when th e coYering strata w er e in process of. formation. 

Duedam I. 
Al Klokmosc, abt. fl km north of Borris rai lway station , in lh e 

pla tea u co nsis tin g predomin a ntly of flu,-ioglacia l sa nd and sand y 
morain e c lay, seyeral of the usual small en closed hollows are found . 
In two ol' th ese, \·iz . the northern and sou th ern Du edam , interglacial 
deposits were found, sec Fig. H, wh erC'as none were disco\' ered in 
two adjacent hollows where borings were a lso mad e, so uth and west 
or th e southern Ducdam. Th e north ern Du eda m, a pond used for 
watering call le, bul oflen dry i summer, li es al th e bollom of a deep 
horses hoe-s haped depression in lh c southern margin of th e h eather­
clad hills (Pl. XVIII , 1 ). Its bottom lies up to as much as 3 m below 
the ]eye[ of the edge of the surrounding platea u, which slopes down 
steeply towards it on three sides; on the south, th e edge of the basin 
is but little noticeable, and on this side, the h ollow is connected, by 
a slight depression in the ground, with the so uthern Duedam, lying 
140 m distant, th e bollom of this I.alter pond being abt. h alf a metre 
lower than the sourrounding terra in. There \vas formerly a well here. 
In hoth these hollows the bottom is peaty. 

The hottom of th e northern hollow, which is distin c tly apparent 
i n Fig. 6 is abt. 50 rn long, in a N- S direction, and abt. 30 m wide. 
In 1922, a boring was made in th e middl e of this basin . The profile 
wa s as follows : 

A. 0 - 0.5 m P e a t. 
B. 0.5 - 2.2 m Stony Sand, reddi sh yellow al th e lop , grey and mixed 

with humus at the bottom. 
C. 2.2 - L,:i 111 Dark brown . f1rm la111ina te<l S1ihagnu111 Peal, which al the 
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junction with the overlying bed appeared as greyish-brown , 
sandy lVf n d ; the microscopic analysis revealed numerous 
of leaves and spores of Sphagnllm , much pollen of Ericaceae 
and Empelrum nigrum, spores of Dryopteris lhelypleris, 
epidermis of Eriophorwn vaginalum, numerous hyphae of 
fungi. The five samples taken for washing yielded but 
few determinable vegetable remains: 
Andromeda polifolia, 4 seeds at the top, 
Belula pubescens, a few fruits, 
Carex roslrala, numerous fruits, 
Dulichium spathaceum, 1 fruit at the bottom, 
Empelr11m nigrum , 1 fruit-stone , 
Hydrocolyle vulgaris, 1 nut at the bottom, 
Picea excelsa, a few fragments of bark, both in the upper 

and lower portions of the stratum, 
Pi,ws silveslris, a fair quantity of wood, at the bottom . 

D. -!.55 - 7.55 111 Brown , horny lVf u d, the upper part with transition to the 
overlying bed, sandy lower down: 

E. 
F. 

7.55- 7.95 111 

7.95 - 10.0 111 

Alnus glulinosa, several fruits , branches: 
,-lrcloslaphylus uva ursi, 2 fruit-stones , 
Belula pubescem:, numerous fruits, 
Brasenia purpurea, 6 seeds in the lower half, 
Carex sp., many fruits without ulriculus, 
Carpinus be/11l11s , 1 nut, 6 m below the surface, 
Ceralophyllum demersum var. apiculatwn, 1 fruit and 1rnme-

rous hairs in lhe lower part of the stratum, 
D11lichi11nz spalhaceum, 17 fruits throughout nearly the 

whole of the stratum, 
Empelrum nigrum . pollen tetrads common in the upper part, 
Hydrocolyle u11lgaris, 3 nuts in the upper and the lower part, 
Ilex aquifolium, some pollen in lhe lower part, 
Lycopus europaeus, 3 nuts. 
Menycmlhes lrifoliala, 4 seeds, 
N11phar lulewn. Pollen and intercellular hairs , 
Picea e:i:celsa. 1 bud scale, 1 leaf, 1 seed, uppermost, 
Pinus silveslris , some wood, 
Polypodium vulgare, 1 spore in the lower part , 
Polamogelon nalw1s, several fruit-stones , 
Polenlilla paluslris, 1 fruit, 
Hubus idaeus, l fruit-stone, 
Scirp11s lacusler, several fruits at the bottorn . 

Hypnum examwla/11111, 
inlermedium , 

Sphar,1wm sp. , common in the upper part of the stralurn . 

Cenococcum geophil11m , a few sclerotia, 
Fungi, hyphae common in the upper part. 

R.ivulariaceae. 
Gravel. 
Sandy Moraine Clay. 
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The pollen diagram (Pl. XXXVII, 2) shows roughly the course of 
developm ent of the woodland during the period when the little pool 
was being filled up with mud and peat. It would seem as if the 
sedimentation of mud had only begun at th e time when the mixed 
oak woods w ere nearing their culmination, as the frequency values 
for Ulmus and Quercus in spectrum 9 are 10 % and 51 % respectively, 
while Pinus and Belula are hut poorly represented in comparison. 
The curves for these two lastnamed species, and for the mixed oak 
wood , tend towards the left in th e lower portion of the diagram, 
Alrws culminating in Spectr. 6 and 7, with 34 and 33 % respectively. 
The Cory/us cune conforms to that for Ahrns, and reaches its summit, 
64 %, in Spectr. 7. The Ulmus curve has two summits, beginning 
with 10 % in Spectr. 9, and falling to 4 % in Spectr. 7, but rising 
again to 7 % in Spectr. 6, i. e. uppermost in the zone of the mixed 
oak wood. Tilia is represented only in Spectr. 7, with 1 % . 

Carpin11s may be traced in the last part of the mixed oak wood 
zone, while Alnus and Cory/us are most frequent, and its pollen attains 
highest frequ ency i Spectr. 5 (22 %). The cune then turns off to the 
left, and Carpi1111s can hardly have been of any great importance in 
th e forest growth at lh e tim e when the Sphagnum-peat was forming. 

Picea was first noled in Spectr. ?i, where it culminates with 38 %; 
il bas eYidently made itself master ol' th e forcsl within a comparatively 
short lim e or ils arrin1l on the scene, and shows a fairly high fre­
quency (17 - 18 %) in the spectra from the Sphagnum-peat. In these, 
the predominant forms are Pinus and Belula, with A hrns; th e two 
form er undoubtedly formed th e principal constituents of the forest 
grow th at th e time when a Sphagn11m-chamaephyte formation was 
coYering the bog. 

At the time when the upper part of Stratum C was forming, a 
quantity of sand was brought down into the basin from th e surrounding 
hills, and after that, the quanlities of sand and graYel brought down 
from the hills increased to such a degree that the bog no longer 
served as an indicator of the further development of the surrounding 
yegetation. Probably in the course of this transportation of material 
out over the bog, peat or mud from th e outcrops of older layers may 
haYe been destroyed and blended with the upper part of stratum C, 
the supposition of which would give os the intelligence why the pollen­
curves of Al11us, Cory/us, Quercus and Carpinus all turn off to the 
right in this uppermost part of the diagram. 

The diagram thus represents the following process of evolution: 

( i) Pirms-zone with much Belula (Spect. 4- 2), 
(h) Picea-zon e (about Spect. ?i - 4), 
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(g) Carpinus-zone (about Spect. 5), 
(f) Mixed oak forest zone (Spect. 9- 6). 

The peculiar horseshoe-shaped hollow in the bottom of which 
our interglacial bog was discovered cannot have arisen from a collapse 
of the bog itself; it must necessarily be older than the mud and peat 
beds, and must have been formed at the same time as the surrounding 
hills. Moreover, it is hardly likely that the inland ice, during the last 
glacial period, should have extended oul O\"er this hollow 1

) and yet 
haye left no trace beyond a thin layer of stony sand ; and this even 
mixed with humus at the bottom. On the contrary, the Duedam 
basin emphatically shows that it lay outside the margin of the ice 
during the last glacial period. Arctic conditions then prevailed in 
western Jutland; and regelation in connection with the action of 
running water, could easily bring down sand and gravel from the 
surrounding hills, spreading it out over the little bog, in the enclosed 
basin of which it \Vould come to Test. 

Duedam II . 
ln this little hollow (sec p. 128 and Fig. !5) a boTing revealed lhc 

following strata : 
A. 0 - 0.9 m Mou Id and sandy M n d. 
B. 0.9 - 3.4 m Stony San d. 
C. 3.4 - 3.55 m Brown, very sandy Mud with a few small sticks. 
D. 3.55 - 5.0 m Grave I. 
E. 5.0 - 6.0 m Sandy Moraine Clay. 

No macroscopically determinable Yegetable remains were found 
rn Stratum C, !Jut the microscope showed, in samples from here, 
Anabaena sp., pollen of Nuphar luleum, Typha lali{olia and grass, 
spores or Dryopteris thelypteris and much pollen of forest trees: Be/11/a 

84 ¾, Pinus 11 °/o, Ulmus 1 ¾, Quercus 3 °;o, Alnus 1 % and Co­
ry lus 2 ¾. - Carpinus and Picea are not represented in this Be/11 /a­

Pin11s spectrum, where the species of the mixed oak woods show but 
slight frequency Yalues. And since there can be no doubt but that 
the mud bed is interglacial, dating from the same interglacial period 
as the northern Duedam, it must be referred to a previous section of 
this interglacial period, viz. the Belula-Pinus zone, than Spectr. 9 in 
lhe diagram from Duedam I. Spectr. 8 in the pollen diagram from 
Rodebrek III (Pl. XXXVII, 4) is approximately equiYalent to this spec­
trum [rom the southern Duedam . 

I) Comp. p. 136. 



IB3 

Fig. 7. Distri ct north of Rorris wit h lh e interglacial bogs al Da lager (the c ro ss to th e 
sou th) and Dnlage r Nygaard (th e cross lo th e north). Scale 1 : 25000. Contour intervctl 

5 ft.= 1.57 m. From the Genera l SlalT Ma p Shee t 2704. 
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Dalager. 
Along the southern slope of the great plateau "Skovbjerg Bakkeo", 

there are numerous small valleys, often cutting down to a considerable 
depth, now as a rule forming the beds of small streams, which flow 
down into Skjern River, the parl of the rnlleys situated at higher 
levels being mostly dry. 

In one of these dry valleys we found, in the course of borings 
made in 1922 and 1923, two interglacial bogs, which we named Dal­
ager and Dalager Nygaard. The former lies 3 km N of the railway 
station at Borris, the latter 0.8 km farther north again, Fig. 7. The 
bog at Dalager was found in a fairly large hollow without outlet 
in the bottom of the Yalley, and as this is marked on the map with 
a closed curve, we were inclined to be interested in th e site before 
hand. The maximum diameter of the hollow is abt. 150 m. 

In 1923, 4 borings were made in the bog at Dalager, three of 
which encountered the interglacial mud. 

A. 
B. 
c. 
D. 

E. 

A. 
B. 
c. 
D. 

Boring 1 (on the eastern side of the hollow). 

0 1.25 111 

1.25- 1.65 m 
1.65- 2.5 111 

2.5 - 3.6 111 

3.6 - 5.0 111 

0 - 0.6 l1l 

0.6 1.2 111 

1.2 2.6 111 

2.6 - 6.9 111 

Peat-Mould (0.25 111) above brown loamy, sandy Mud . 
Uppermost, grey Sand ; below. 10 cm grey sandy C I a y. 
Gravel. 
Brown Mud with numerous vegetable remains, including 
seeds of Brasenia purpurea both in the upper and lower 
parts of the stratum. 
Grey Mor a in e C I a y without chalk. 

Boring 2 (44 m west of Boring 1). 

Peat-Mould (0.3 m) above brown, loamy, sandy Mud. 
Yellow S an d. 
Stony Sand above, Gravel below. 
Mud; the uppermost 30 cm brown, below this, down to 
6.25 belo'vv surface, a dark-brown, hard and · laminated mud, 
the lowest porlion again lighter in colour ; this lowest part 
especially contained a quantity of vegetable remains. 

E. 6.9 - 7.1 m Non-calcareous Mor a in e C I a y. 

B or in g 3 (36 m NW of Boring 2). 

A. 0 - 0.25 m Mould. 
B. C. 0.25 - 3.9 m Uppermost, - down to 1.5 111 below surface - Sand 

and Grave I with stones the size of a fist ; below this, 
gravel with smaller stones; the bottom part of the stratum 
-contained small lumps of Mu d. 

D. 3.9 - 5.9 m Uppermost, brown Mud , rather hard at the top ; below 
5.0 m was lighter-coloured mud. In the upper part of the 
stratum two leaves of Taxus baccata were found, and 
washings from the middle part yielded one seed of Brasenia 
purpurea and a fruit of Dulichium spathaceum. 

E. 5.9 - 6.1 m Grey Moraine Clay. 
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B o rin g 4 (40 m SE of Boring 1). 

0 - 0.2 m Sandy Mo u l d . A. 
C. 0.2 - 1.6 m Upperm os t (0.2-0.9) Gr ave l with sand-worn s tones the 

si ze of head ; below thi s, grey, s lightly argillaceous Sand 
with sca ttered stones. 

E. 1.6 - 3.7 111 Grey, non-calcar eo us Mor a in e C l ay. 

"' 
,., 
" E .,. 

"' ' C: 

~ ;:J De pth b e low " 
.,. ::: 5~ "' ~ ~ .E- :>. 

i::~~ s urface :i ::: ::, 

1 " " ., 
2; :: :::;' § 0 

ci5 a~ .; " 0 .;: 0 " 
~ Ql ~ 5 & ~ u 0.. u :i.. et: N 

1 2, D ca. 2.75 m 20 16 1 28 1s 120 12 190 g 
2 3, D - 4.20 m 7 6 1 41 2 39 4 45 325 f 
3 - - - 4.75 Ill 2 5 1 41 51 133 220 -
4 - - - 5.45 111 11 16 11 61 1 8 170 -

Table 5. Pollen spectra from Dalager . 

List of Fossils found in the Interglacial Bog at Dalager. 
e common, + fairly comm on, r rare. 

Sp ec i es 

A ln11s glutinosa . . . . . . . . . . . . . . . . .. .. . ..... . . 
Betula pendula . . . . . . . . . . . . . . . . . . . . . . . . . . ... . .. .. ... . 

pubescens .. .. .. . . .. ... . . . . . . . . . . ... . . ... . . . . . . . . 
sp.1) ... . .... . ... .. ... . . . .. . . . ... . . . . .. . . . . . . . . . 

Brasenia purp11rea . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
Carex pseudocyperus . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . .... . 

-· sp . .. . . . . . . .. . . . . . . . . .. .. . . . . . .. . . . 
Carpinus betu/11s1} . . . . . . . . . . . . . . . . 

Ceratophyllum dem ers11m var. apic11lat11m ... . . .. . ........ . 
Cory/us avellanal ) . . .. .. .. . . .. . . ... . ... . 
Dryopteris thelypteris2). . . .. . . . . . . 
Dulichium spathaceum . . . . . . . . . . .. .. . . . . . 
Jle.1: aquifolzuml ) . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . 
Lycopus europaeus . . . . . . . . . . . . . . . . . . . ..... .. . 
1lfenyanthes trifoliata . . . . . . . . . . . . . . . .. . . . . . 
Najas marina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .... . . . . .. . 
Nymphaea alba ...... .. ... . .. . . ... ... . ... . . . . .. .. . . . .... . . 
Osmunda regalis2). . . . .. . . . . . . . . . . . . . . . .. . . . .. . . . .. . ..... . 
P icea excelsal ) . . . . . . . . . . . .. . . .. ...... . . . .. . . ... . . . ... . . 
Pinus silvestris1) . . . . .. . .. • . •. . . . •. . . . . . • . . 

Polypodium v111gare2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . 
Potamogeton natans . . . . . . . . . . . . . . . . . . . . . . . . . ... .. . 

pusillus .. . . . . . . . . . . . . .. . . . . . . . . . 
Quercus sp .l) . . . . . .. . .. . . .. . . . 
Rubus idaeus . . . . . . . . . . . . . . . . . . . . . . ... . . 
Scirpus lacuster . . . . . . . . . . . . . . . . . . . . .. .. . . .. . 
Sparganium ereclum . . . . . . . . . . . . . . . . . . . ... . . .. . . . . 

minimum . . . . . . ... . .. . . . .. . . . . . . .. . . . . . 
cfr . simplex . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Tax us baccata . . . . . . . . . . . ... . . . . .... . . .. .. . . . ...... . . . 

t) P ollen. 2) Spores. 

St ratu m D 

u p per middl e l lower 

C 

l' 

+ 
C 

r 
r 

+ 
r 
+ 
r 

r 
r 
r 

r 
r 
C 

+ 
r 
+ 
r 
r 
r 
I' 

r 
r 
r 
r 

C 

+ 
r 
r 

C 

r 
r 

I' 

r 

C 

r 
C 

r 
+ 
r 

r 

r 
+ 

r 
r 

+ 
+ 
C 

r 
+ 
+ 
r 



136 

Species II '""'"m D 

upper I middl e ! lower 

Tilia sp.1) .. . ............. .. .............................. . r I .. .... 
Ulmus sp.1) ...... ... .... • . .... . ... .. . ................ . .... r + 
Umbelliferael) .. . .. .... .... .. ........... . .... . ......... .. . . r r 

Cenococcum geophilwn ... . ..... .. .. . ... .. .. . ... . . . .... . .. . r 

Anabaena sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. .. ... . 
Bolryococws Braunii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + C 

+ 
Spongilla lacuslris . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + + + 

The basin in which the Dalagcr interglacial lies is formed of 
moraine clay. The interglacial deposit consists of brown, in parts 
hard, mud, which was brought up in angular lumps; the greatesl 
thickness of the deposit was 4.3 m (Boring 2). Thal section of the 
floristic deyelopment covered by our material here ex. lends from the 
first part of the mixed oak forest period lo the beginning of the Picea 
period. Tax us baccata was found at about the same level as that from 
which Spectr. 2 is derived. Rrasenia purpurea ,,vas found both in Zone 
f and Zone g, Dulichium spathaceum in Zone f. 

The mud bed was covered by a stratum (C) of sand with sand­
worn stones, which, out above the bog itself, \Vere sometimes the size 
of a fist, but along the edges reached the size of a head; the great 
quantity of stones present sometimes gave the stratum a graYelly 
character. The lower portion of this stratum contained here and there 
small lumps of the mud from below. The thickness of this stratum 
was, in Borings 1 and 2, 0.85 and 1.40 m respectively; in Boring 3, 
the determination is somewhat uncertain. Finally, Stratum C, was 
covered by the stoneless sand stratum B, which in some places 
attained a thickn ess of 0.6 m (Boring 2). Presumably, Stratum B 
must be mainly a late glacial sediment, altered in the course of the 
postglacial period to mud (Boring 1 and 2). We have then, Stratum 
C as the only true glacial formation remaining. 

The moraine in which the basin was formed must be referred 
to the penultimate glacial period in Denmark2

) ; consequently, Stratum 
C must be contemporaneous with the last inland ice. This did not 
extend so far west as Skovbjerg Bakkeo, and the stratum is thus 
not glacigenous, but should be regarded as a product of solifluction 
similar to those covering bogs of the Brorup type elsewhere. 8) 

1) Pollen . 
2) VICTOR MADSEN : Terrainformerne paa Skovbjerg Bakke6. D. G. U. IV. R. 

Bd. 1. Nr. 12. 1921 , p. 16 (22). - AXEL JESSEN : Kortbladet Varde. D. G. U. 
I. R. Nr. 14, 1922, p . 70 (103). 

3) AXEL JESSEN etc : Briirup-Mosernes Lejringsforhold. D. G. U. IV. R. Nr. 9, 1918. 
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Dalager Nygaard. 
The si te of this interglacial bog, 3.8 km N of Borris railway 

slalion, in a small erosion valley, was mention ed on p. 13-!-, er. Fig. 7. 
It lies at the north ern end of the valley, which appears as a horse­
shoe shaped d epression , abt. 60 m across, its margins on lh e NV/, 
N and SE rising from l lo 1.5 m above the leYel of its bottom; on 
lhe south however, there is an entrance abt. 30 m wide, through which 
the bottom runs out grad ually into the lower-lying part of the valley. 
Here, in Lhis hollow, "brown coal" had been found - i. e. inter­
glacial mud - by some workmen engaged in digging a w ell. This 
was dry on the occasion of our visit in 1923. Furthermore, persons 
acquainted with the locality informed us that in the course of draining 
operations in the bottom of the valley between the interglacial bogs 
at Dalagar and Dalager Nygaard, peat with a coYering layer of sand 
had been found in several places, presumably indicating further inter­
glacial bogs. 

A Boring about th e middle of the horseshoe gaye the following 
profile: 

A. 0 0.75 m Mould and Rubbish . 
B. 0.75 - 1.0 m Yellow, loamy San d . 
C. 1.0 - 2.5 111 

I)_ 2.5 - 3.0 m 
E. 3.0 - 3.4 111 

F. 3.4 - 5.2 111 

Yellow, loamy Sand with stones. 
Yellowish-brown, somewhat loamy Sand without stones. 
Grey s t ony Sand. 
Dark brown Mud , in which were found : 
Aln11s glulinosa, numerous fruits, especially in the upper 

part ; pollen, 
Arenaria lrineruia, 1 seed, uppermost, 
Betula pubescens, fruits and catkin scales very commo n ; 

pollen , 
Brasenia purpurea, 1 seed, 
Carex pseudocyperus, 7 fruits, 

sp., fruits without utriculus, 
Ceratophyllum demers11m , some fruits (Pl. XXX[, 23 - 25), 

var. apiculalum, many fruits, 
Cory/us auellana, some pollen, 
Frangula alnus , 2 fruit-stones, 
Hypochoeris radicata, 1 fruit (recent ?), 
Lycopus europaeus, nuts fairly numerous, 
Menyanthes lrifoliata , seeds fairly numerous, 
Najas marina, 4 fruits, 
Nuphar l11leum, several seeds, 
Nymphaea alba, several seeds, 
Picea excelsa, some pollen, 
Pinus siluestris, much pollen, 
Polypodi11m uulgare, 1 spore, 
Potamogeton natans, numer·ous fruit-stones, 

praelongus, many fruit-stones , 
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Polamogelon sp., many fruit-stones , 
Polenlilla sp., 1 fruit, 
Quercus sp., much pollen, 
Rubus idaeus, 2 fruit-stones, 
Rumex Sf! ., 3 fruits with pe rigonium , 
Scirpus lacusler, 1 fruit , 
Sparganium ereclum , fruit-stones fairly numerous, 
Typha lalifolia, 1 pollen tetrad, 
Ulmus sp., some pollen, 
Urtica dioeca, 3 fruits . 

G. 5.2 - 8.2 m Grey stoneless G I a y without chalk , some Mud in the 
upper part: 
Batrachium aquatile (coll.) , numerous fruits, 

sceleralum, 1 fruit. in the upper part of the 
stratum, 

Betula nana, many fruits, 1 catkin scale, 
pubescens, some fruits, 

Carex sp., 1 fruit without utriculus, 
[Ceralophyllum demersum var. apiculalum, a few fruits doubt­

less brought down from Stratum F], 
Hippuris uulgaris, 2 fruits, 
Potamogeton filiformis, several fruit , 

praelongus, 1 fruit, 
Polenlilla cf'. erecta, many fruits , with very slightly wrinkled 

surface, 
Salix sp., several buds, 1- 2 mm long, 
Scirpus lacuster, 1 fruit, in the upper part, 
Sparganium erectwn. 1 fruit-stone . 

Calliergoll Richardsonii, 
slramineum, 

Helodium tanatum, 
Hypnwn aduncum, 

exannulalum, 
Isolheci11m myosuroides, 
Mnium cuspidatum, 
Philonotis fonlana, 
Swartzia montana, 
Thuidiwn delicalulum. 

H. 8.2 - 8.5 m Grey sandy Mor a in e C I a y . 

The tlora of Stratum G suggests that this stratum was formed 
in a climate essentially colder than that of Denmark at the present 
day, in as much as we find not only Betula nana abundantly repre­
sented there, but also several mosses of decidedly northern character 
such as Calliergon Riclwrdsonii, He/odium lanatum and Swartzia mon­
tana . The tlora was, however, hardly altogether arctic al the time 
when this stratum was being formed. 

Among the numerous species in the mud stratum F should be 
specially notf d Brasenia purpurea and Najas marina. This stratum 
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was formed during the Betula-Pinus zone of the last interglacial, and 
a part of the zone characterized of the mix e d oak for e st, as a 
spectrum from the upper part of the mud shows consisted of the 
following: Betula 12 ¾, Pinus HJ ¾, Ulmus 1 °/o, Quercus 58 ¾, 
Abws g ¾ , Picea 1 ¾, Cory/us 2 ¾. The Carpinus and Picea zones 
were not present here, and if formed al all, must haYe been carried 
away by solifluction OYer the southern margin of the basin during 
the glacial period. 

Sandfeld. 
In the rnurse of the borings for brown coal made in 1921 by 

the Technical Committee of the Ministry of the Interior, under the 
superintendance of V. MILTHERS, a boring \Yas made 850 m S of the 
farmstead of Sandfeld Gaard, which lies abt. 17 km nearly S of Heming. 
The site is on the late glacial sand plain (Sandr) south of Skjern 
River, at the north-eastern corner of a small lake, see Fig. 8. The 
following profile is quoted from the boring journal: 

A. 0 - 9.35 m Alternating layers of stoneless and stony San d. 
B. 9.35 - 10.0 111 ''Black clay with vegetable remains • Mud, (greyish brown 

at the top, lower down brown and finely arenaceous) ; 
vide infra. 

C. 10.0 - 10.2 m Grey , calcareous Clay without stones. In a sample from 
here was found a fruit of Polamogelon cf. natans and some 
pollen of Alnus glutinosa , Belula sp ., and Pim1s silveslris. 

D. 10.2 - 10.8 m Dark Sand, stoneless at the top, coarse and stony at the 
bottom. 
Below this again was pale stoneless, calcareous C I ay, bedded 
at 15 m depth on dark stoneless Sand (tertiary). 

There \\'ere two small samples from Stratum B ; these contained , apart 
from pollen of forest trees (see Table 6) the following: 

A.lnus glutinosa, fruits, 1 catkin, at the bottolll , 
Carex sp., fruits without utriculus, 
Ceratophyllwn sp. , hairs, 
Cornus sanguinea, 1 fruit-stone , 
Dryopleris thelypteris, numerous spores, 
:Vajas marina, seyeral fruits , at the botlolll, 
Nuphar l11teum, I seed , 
Potamogeton sp., 1 fruit-stone, 
Polypodi111n vulgare, several spores, 
Trapa natans, 10 horns of fruits , al the bottom. 

Sphagnum sp. , numerous spores. 

Spongilla lacustris .. silica spicules. 
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Slaff Map Sh ee ts ~706 and 2707. 

The following poll e n spectra were determined from the two 
samples from Stratum B: No. l uppermost, No. 2 below, see p. 141. 

The profile shows that the fossiliferous strata, which are bedded. 
on and covered by quaternary fluviatil e malerial, musl be sli ll rn 
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T able 6. Pollen spec tra from Sandfeld. 

th ei r primary position, and must be interglacial; this Jasl is also con­
firm ed by lh e presence of 33 % Picea pollen in Spec tr. 1. Th e strata 
are COYered by late gla cia l m elting water sand and dale pres umably 
from th e las t interglacial period. 

Gronmose. 
At Lhis localily, which lies 1.9 km S of lhe boring at Sandfeld, 

inlerglacial lake deposits were likewise met with in the course of the 
!wrings for brown coal in 1921. The ground here is perfectly flat , 
presum ably in this case also a late glacial sa nd plain (Sa ndr), and 
lh e spot lies abt. 0 .() km S\\' o l' Sandfcld Bj erg, Fig. 8. Th e fo llowing 
profile is taken fro m th e boring journal: 1

) 

A. 0 8.0 
B. 8.0 - 8.5 

C. 8.5 - 9.25 
D. 9.25-10.6 

Ill 

111 

Ill 

Ill 

Sa n d. 
"B lac k clay with vegetable remains" (g rey ish brown finely 
~irenaceous Mud): vide infra. 
Fine Sa nd . 
Alternating layers of sa nd y C I a y :rnd coarse, quaternary 
San d . 

E. 10.6 --10.!) 111 '"Black clay with plants" (grey mudd y Sand with wood 
and sma ll pieces of cha r coal and o ther vege table remains) ; 
vi de infra. Belo\\' this, alternating layer s o f "micaceo us 
clay" and sa ndy clay - possib ly qu ate rn ary material -
throughout th e rest o f the b orin g to a depth of 15 m . 

Some small samples w ere ob tained for examination from Strata B. C and E. 
Sample C contained no vegetable r e mains ; th e two o th ers yielded the following: 

Stratum B. 

Stratu 111 E. 

E111pelr11111 11iiJrum, 1 fruit-ston e , 
Picea excelsa, sevc rnl pieces of wood, 
Polen/ilia paluslris, a fe w fruits , 
Salix sp. , a few buds. 
Also so m e po 11 e n of Al1111 s, Belula, Picea an d Pinus. 

Alnus glulinosa, several fruits and ca tkin s, 
r:are:r sp., fruit s without utriculus, 

1) Here so we ll as at Sandfeld the bounda ri es of strata cannot be stated with 
absolute precision . 

• 
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Lycopus europaeus, 2 nuts, 
Ramrnculus repens, 2 fruits, 
Urlica dioeca, 6 fruits . 
The sample contained a considerable amount of po 1 I e n , 
and the following spectrum was a rrived at : Betula 5 0/o, 
Pint1s 16 0/o, Quercus 23 °lo, Ailws 54 0/o, Picea 2 0/o and 
Corylus 30 0/o; Zone f. 

These fossiliferous interglacial strata should doublless also be 
referred to the last interglacial period. It is remarkable that the two 
plant-bearing strata B and C are separated by abt. 2 m of sand and 
sandy clay, which appear to b e non-fossiliferous. 

Tiphede. 
In th e course of the borings for brown coal which in 1921 led 

Lo th e discoYcry of Lh e interglacial deposits at Solso, Sandfeld and 
Gronmose, a plant-bearing, unqu estionably interglacial stratum was 
also found at Tiphede, abt. ,1 km N of Solso. Th e site is 900 m \\' 
of Tiphede Church, in a small Yalley running do\\"n tow,nds Abild 
Brook, and +50 m E of this. According to lhc boring journal, th e 
profil e here was as follows: 

A. 
B. 
C. 

D. 

0 1.25 
1.25 - 6.0 
6.0 - 6.5 

6.5 - 10.0 

111 

111 

111 

Ill 

P e11 I. 
Grav e l. 
"C I a y with \YOod ' ·, 1. c. Mud with num erous vegetable 
remains. 
Cla y with mica. 

A small sample from Stratum C yield ed the following vegetable remains: 

Alnus glulinosa, fruits and catkins, also num erous fragments 
of wood and pieces of branches with bark , 

Batrachirun aquatile (coll.), 1 fruit , 
r:oryl11s auellana, 1 nut, 
Menlha cf. aqualica, 1 nut, 
Monlia lcunprosperma, 1 seed, 
Rcuwnc11l11s ling11a, several fruits, 

repens, 1 fruit , 
Frlica dioeca, 8 fruits. 

This plant-bearing deposit seems to be situated in a similar manner 
to lhat. of th e peat strata found in th e Yalley b e tween the interglacial 
bogs at Dalager Nygaard and Dalager (p. 137) and may probably be 
referred to th e last interglacial period. 
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Ringdal. 
South of the road between Rousthoje and Roust, abt. 1.2 km west 

of lh e laller village, lies a small lake, near the farm of Ringdal, 10 
km SE of Varde. The Jake measures abt. L'lO m from north lo south , 
1s nearly -J.O rn broad, and lies in a kind of gully between hills rising 

Fig. !I. Map showing posilion of the interglac ial bog nl Ringdal (X ). Scale I : 25000. 
Contour interval 5 ft. = 1.57 111. Th e (;cneral Stnff Map Shee t 3304. 

east and west ol' lhe Jake to about \) 111 above its water level; it is 
surrounded hy a narrow border of meadowland , and is drained by 
a ditch which follows lhe valley-like continuation of the above­
mentioned gully, northward Lo the greal peat-filled shallow basin easl 
of Rousthoj e, where AlsleY Brook has its source. Cf. Fig. 9. The 
surface formation round the lake is fluYioglacial sand. 1

) 

1) AxEI . .JESSEN : Kortbladet Varde. D. G. U. f. R., Nr. 14. 1922. 
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In 1922, we made a boring at the northern end of the lake with 
the following result: 

A. 0 - 0.3 m P e at. 
B. 0.3 - 2.1 m Stony Sand ; stones the size of hen's eggs . 
C. 2.1 - 6.25 m Greyish stoneless or almost stoneless C I a y with a slight 

admixture of Mud components. The stratum was non­
calcareous for about the upper metre, the remainder but 
slightly calcareous ; some vivianite was present. 
Five washing samples yielded but fe-w vegetable remains, viz. : 
Batrachium aqualile (coll.), 2 fruits, 
Betula pubescens, 2 fruits, 
Carex sp., 1 fruit without utriculus, 
Ceratophyllum submersllm, ½ fruit at the bottom of the 

stratum, 
Corylus avellana, 1 grain of pollen, at the bottom , 
Pinus silvestris, some pollen, at the bottom, 
Potamogelon filiformis , numerous fruits, 

Catoscopium nigrilum, in the upper part of the bed, 
Hypnllm exannulalllm, 
Scorpidiwn scorpioides, 
Sphagnum sp., 
Tlwidillm sp. 

D. 6.25- 6.75 m Sandy Moraine Clay. 

Catoscopium nigriium is a decidedly northern species, no longer 
found in Denmark; it was here discovered in the upper portion of 
Stratum C, while the relatively southern form Ceraiophyllum submersum 
was found near the lower margin of the stratum. This suggests that 
the clay-mud belongs to the last part of the interglacial period. The 
clay-mud was very poor in pollen. 

Rodebmk II. 
Aboul 125 m SE of the interglacial Bog Rodebcek I and jusl 

north of the road between Rodebrek and Faaborg, lhere is a bog 
situated in a small hollow measuring abt. 75 m in diameter. See Fig. 3, 
p. 90 and Pl. XVIII, 2. The maximal extent of the bog is abt. 50 m . 
The surface layer in the ground surrounding this bog, and the adjacent 
Rodebmk I and Rodebrek III, consists of fluvioglavial sand. 1

) 

About the middle of the basin was made our Boring 1. 

Boring 1. 

A. 0 - 1.25 m Post-glacial Peat. 
B. 1.25- 5.1 m Sand, the upper part with a few small stones, the lower 

half-metre with stones the size off eggs: at the top, 30 cm 

1) Ax EL JESSE~: Kortbladet Yarde. D. G. U. I. R. , Nr. 14. 



145 

sand with hard pan. Between 4.25 and 4.45 a layer of greyish­
brown sandy Mud in which were found a few seeds of 
Menyanthes lrifoliata. 

D. 5.1 - 5.65 m Mud, the upper part rich in plant detritus, the lower part 
sandy, with considerable abundance of vegetable remains, 
see p. 146. 

F. 5.65- 6.15 rn Grave 1, with stones the size of eggs; the lead pipe could 
not be carried deeper than 5.65 m but the sand pump was 
abt. ¼ m farther down. As it was uncertain whether this 
gravel bed represented the bottom of the bog, or possibly 
an intermediate stratum, a Middle Bed, covering over an­
other bed of mud below, another boring (2) was made 8 m 
north of Boring 1. 

Boring 2. 

A. 0 1.45 m Peat above Mud, the latter making a stratum 15 cm thick. 
B. 1.45 - 4.35 m Sand with stones the size of eggs, the lower part gravelly. 
C. 4.35 - 5.65 m Brown Muddy San d. In the upper portion of the stratum 

were found a couple of fruits of Batrachillm sceleralum, 
Empetrllm nigrum and Carex sp.; among the species found 
in washing samples from the lower portion of the stratum , 
as shown in the table, should be noted especially Ajllga 
reptans. 

D. 5.65 - 7.55 m Coarse Detritus i\1 u d , brown at top and bottom, greenish 
in the middle, and here with vivianite. The lower part of 
the stratum contained shell fragments of Unio sp. and lids 
of Bilhynia tenlaculala. 

E. 7.55 - 8.20 m Greyish green, sandy, slightly calcareous Mu d. 
F. 8.20- 9.00 m Sandy Moraine C I ay. 

The two last-named mud beds especially contained numerous 
seeds and fruits. Particularly interesting was the finding of a couple 
of large Najas fruits, 5.5 mm long and 3 and 2.5 mm broad respectiYely. 
Ceralophyll11m demer.rnm with powerfully developed lateral horns on 
the fruits was rare, but the form apiculn/11m CHAM, distinguished by 
wart-like lateral horns, was common. This form of fruit constitutes 
a transition to the - post-glacial - southern species C. submersum, 
of which many good fruits were found. 

The pollen diagram (Pl. XXXVII, 3) shows the development of 
the forest growth. The Betula-Pinus zone reaches as far as Spectr. 7, 
the mixed oak forest covers Spectr. 6- 4. Carpinus is poorly re­
presented, only attaining 2 % in Spectr. 3. In the upper part of the 
diagram, Pinus and Picea are, with Betula, the predominating species 
of forest trees. 

In the upper part of the mud bed (D) in B01·ing 1, there was 
but very little pollen, but in the lower portion, the following spectrum 
was found: Betula 12 °lo, Pinus 14 %, Ulmus 3 %, Quercus 48, Al­
nus 23 °lo and Cory/us 86 °lo. This fits in very well in the pollen 

Danmarks geologiske Unders0gelse. II. Rrekkc. Nr. 48. 10 
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diagram between Spectr. 4 a nd 5, save as regards Coryl11s but th e 
maximum for this in the diagram h as undoubtedly not been r each ed, 
and pres umably lies between the two spectra m entioned. The lower 
part of the mud stratum D in Boring l is thus synchronous with the 
upper half of Stratum D in Boring 2. Otherwise, nothing is known 
as to the relation between lh e graYe l bed F a nd the sedimentation 
in the little lake. 

List of the Species found in Rodebrek II. 
cc very common, c common, + fairly common, r rare. 

Boring 1 Boring 2 

Spe c ie s 
D D 

Upper Lower 

Ajuga replans .................. .. ......... . . 
Alnus glutinosa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c 
Arenaria trinervia ............... .. ......... . 
Batrachium sceleralwn . . . . . . . . . . . . . . . . . . . . . . . + 
Belula pendula . ... .. .... . . ...... ... ... .. ... . 

p11bescens ............ . . . ............. . 
Carex pseudocyperus. . . . . . . . . . . . . . . . . . . . . . . . . + 

rostrala ... . . . . . . . . . . . . . . . . . . . . . . + 
Carpin us bel11lus1) . .•...•.. . . . .... 

r:eralophy/l11m dem ersum ...... .. ...... . 
dem ersum var. CLJJic11latum r 
submers11m .... 

Cladi11m marisc11s . . 
Coryl11s avellana ...... .. . .. . ... . 
Dryopleris thelypteris1) . . . . . . . • • . . • . • . . . c 
Empelrum nigrum . . . . . .. . . . . . . . ... . . 
Eupatori11111 cannabinum . . . . . . . . . . . . + 
Hipp11ris v11lgaris . . . . . . . . . . . . . . . . . . . . . + 
Lampsana communis '! ..... . . ..... . .. . ...... . 
Lycopodium annotinum1) . .. . . . . .•.• . •. •. 

Lycopus europaeus . . . .. . ... .. ... .. ..... . 
Mentha cf. aquatica .. .. ........... . ... . . 
Menyanthes trifoliala . ...... .. . . 
Myosolon aquaticum (Pl. XXXII, 15) . 
Myriophy llum cfr . spicatum . . . 
Najas marina . ... .... ..... . ... .... . 
Nasturtium aq11alicum (Pl. XXXV, 26- 28). . . . . r 
Nuphar l11te11m ... .. ..... .. ..... . . ... .. .. ... . 
Nymphaea alba .... . .. . . .. . . .... . . . . . .. . . . 
Picea excelsa ............. . . . . ... . . . . ..... . 
Pinus silveslrisl) .. .. ...... .. ... . .. . . ... . . ... . 
Polygonum tomentosum . . . . . . ... ... . . ..... . 

sp . ... . . .......... .. ... . ... . . . .. . 
Potamogelon natans . . . . . . . . . . . . . . . . . . . . . . . 
Q11erc11s sp .............. . . . . . . .. .. . .... .. .. . 
Ramrnc11lus cf. repens. . . . . . . . . . . . . . . . . r 
Rubus idae11s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r 
Salix sp .l) . .......... .. .. . .. . ... . . . ........ . 
Scirpus lacuster. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 
Sparganium erect111n ... . . . . . . . .. .. ....... . 

1) Pollen. 2) Spores and Sporangi a. 
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Boring 1 llol'ing 2 

Species 

D I D (: 
lu1~>er lLo~•er l E Upper Lowe r 

Sparganium minimum . . .. . .... . . .. ... . . . . . .. . r r 
Stachys silvaticus . .. ..... . . . .. . ... . . . r 
Typha latifolia . ....... ... ... . .. . ..... . . . . . .. . r r 
Ulnrns sp.1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + + r 
Urtica dioeca . . . . . . . . . . . . . . .. . . . .. . . . . . .. . + + C r r r 
Vio la palustris . .. ... .. . . .. . . . ... . . . . . . . ... . r 

Sphagnum sp . . ... . . . . ......... .. ..... . .. . .. . -t r 

Characeae .. .. ... ... . . . .... . ....... .. .... . .. . r 

Diatomaceae . ... . . . . . .. . . ... . . . . . .. ... . . . . .. . r 
Botryococcus Braunii . . . . . . . . . . . . . . .. . .... . r 
Rivulariaceae . . . . . . . . . ... . . ... . .... . + 
Cladocera.. . .. . .. .. . . .. ....... . . . ..... . + + 
Spongilla lacustris . . . . . . . . . ......... . .. . + + 

Rodebrek III. 
About 100 m SW of Rodeb:.:ek I the map Fig. 3 shows a farm­

slead, lying in a hollow distinctly noticeable in th e landscape, the 
deepest part being directly N of the house, in Lhe fowl run. On the 
west especially, the basin is bounded by a considerable slope, planted 
with spruce. 

A boring carried out in 1923 in the fowl nm, abt. 20 m \V of 
the road, gave the following profile: 

A. 0 
B. 0.4 
C. 1.9 

0.4 m Rubbish with Mou 1 d below. 
1.9 m Stony Sand, with egg-sized stones. 
2.8 111 Brown stratified Forest Peat with much wood and bark , 

the uppermost part chiefly Birch Wood Peat with 
numerous spores of Sphagnum sp., and epidermis of Eri­
ophorwn vaginatwn; also a flake of the bark of Picea excelsa, 
a fruit and some pollen of Empelrum nigrum, a fruit of 
Carex -pseudocyperus and some of Carex sp. - In a pre­
paration made for pollen analysis 2, numerous fragments 
of leaves were found with the characteristic hair-fringes 
of Trichocolea tomentella (Pl. XXXV, 29- 30). This plant is 
now very rare in Denmark but is found, e. g. on swampy 
forest soil.2) 
The bottom of the layer had developed like Alder Wood 
Peat; here, inter alia, a fruit of Balrachiwn sceleratum, 
numerous spores of Dryopteris lhelypt'eris, a spore of Poly­
podium vulgare and leaf epidermis of Pinus silvestris were 
found. 

1) Pollen . 2) C. JENSEN: Danmarks Mosser, I, Copenhagen 1915, p. 173 f. 

10• 
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D. 2.8 - 3.5 m Mud, brown and free from chalk: 
Alnus glulinosa, several fruits, 
Balrachium sceleratum, fairly many fruits, 
Carex pseudocyperus, several fruits , 

sp., several fruits without utriculus, 
Ceratophyllum demersum mainly var. apiculatum, several 

fruits, 
Ceralophyllum cf. submersum, 1 fruit, 
Dryopteris lhelypleris, numerous spores, 
Najas marina, 1 fruit, 
Nymphaea alba, 1 seed, 
Picea excelsa, 1 bud scale, 
Polypodium vulgare, 1 spore, 
Potamoge/on sp., 1 fruit, 
Prunus sp., fragment of a fruit-stone, 
Scirpus lacuster, several fruits, 
Typha latifolia, a few pollen tetrads, 
Urlica dioeca , several fruits. 

Spongilla lacustris, siliceous spicules. 
E. 3.5 - 5.3 m Greyish green somewhat calcareous Mud: 

Belula pubescens, many fruits, 
Carex sp., several fruits without utriculus , 
Ceralophyllum sp, 1 fruit , man y leaf tips 
Dryopteris thelypteris, spores, 
Nuphar luteum , pollen, 
Nymphaea alba, 1 seed, 
Pinus silveslris, flakes of bark , 
Scirpus lacuster, some few fruits . 

Cladocera, 
Spong ilia lacustris, sili ceous spicules. 

F. 5.3 - abt. 6.15 m Grey , sandy, rather chalky argillaceous Mud, in which 
were found: 
Betula pubescens, many fruits, 
Carex sp. , 1 fruit without utriculus, 
Hippuris vulgaris, 3 fruits , 
JWyriophyllum sp. , 1 grain of pollen , 
[Najas marina, 1 fruit, presumably derived from E or DJ 
Potamogeton cf. praelongus, 1 fruit , 
Umbelliferae, 1 grain of pollen, 
Urtica dioeca, 1 fruit. 

Spongilla lacustris, silica spicules. 
G. abt. G.15 - 7.10 m Grey, sandy micaceous C 1 a y (diluvial clay). 

The Pollen diagram (Pl. XXXVII, 4) shows the distribution of the 
different species of pollen in the 9 spectra. The deepest sample (9) 
was very poor in pollen ( frequency 8); the mixed oak forest is re­
presented here only by Querws. Betula and Pinus predominate in the 
lower part of E and the upper portion of C. Quercus and Ulmus occ_ur 
in Spectr. 8, each with 1 °lo, th e former culminating in Spectr. 6 with 
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44 %, while Ulmus shows almost uniform frequency throughout the 
three spectra 5, 6, 7 ( 4- 6 ¾ ). The empirical limit of Corylus pollen 
lies deep down in the profile (Spectr. 8) but its rational limit is first 
reached at the point where Quercns culminates, and Alnus occurs for 
the first time. The culmination of A lnus falls somewhat later than 
that of Cory/us. Carpinus is represented by 1 % in Spectr. 5, where 
the rational limit for Picea may be fixed and by 3 % in Spectr. 3; 
Picea has its maximum in Spectr. 3. We can here then, from the 
material available, draw up 5 horizons, connected by gradual transition, 
and designated in the pollen diagram with the letters, d, e, f, gh and 
i ; see Chapter VII. 

The amount of calcium carbonate contained in the ground within 
the narrow limits of the watershed enclosing Lhis little pool has been 
sufficient to set its mark on the sedimentation there throughout a 
considerable period, during which time the mixed oak forest culminated, 
whereas the curves for Picea and Pinus first attain their maximum 
up in the non-calcareous stra~a; this is a teature which recurs m 
several of the other diagrams, and will be mentioned later on. 

Hollund Sogaard. 
The interglacial bog at Hollund Sogaard, which lies abt. 16 km 

north of Brorup railway station, has been known since the excavations 
made there by N. HARTZ in 1903. 1) Since then, the bog has been 
repeatedly subjected to investigation 2

) and in 1922, V. MrLTHERS made 
a boring there in order to obtain further data as to the substratum 
of the bog. This boring was made in the north-eastern part of the 
bog, and 7.5 m NW of the well which stands in the bog itself, whereas 
the diggings previously made had been situated in the south-western 
part. The surface of the ground above the bog, the extent and position 
of which are shown on the map Fig. 19, p. 192 in the work of N. 
HARTZ, presents the usual appearance of a shallow depression, the 
lowest portion lying 2.35 m below the surrounding country. 

The profile revealed by the boring was as follows: 
A. 0 - 2.0 m Sand, the upper part contain ing a bed of stones, the lower 

part argillaceous. 
B. 2.0 -- 2.1 m Pale grey C I a y. 
C. 2.1 - abt. 3.25 m Brown (uppermost greyish brown) sandy, presumably 

redeposited Peat, in which were found inter alia fruits of 
Betula nana, some fragments of bark from Picea excelsa, and 
the pollen species noted in the pollen diagram Pl. XXXVII, 5. 

1) N. HARTZ . Bidrag etc. D. G. U. II. R. No. 20. 1909, p . 193 t. 
2) AXEL JESSEN, VICTOR MADSEN etc.: Brorup-Mosernes Lejringsforhold. 

D. G. U. IV. R. No. 9, 1918, p . 14 f. 
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D. abt. 3.25- 5.0 111 Brown, mould like Peat; the lower part highly humified 
Sphagmzm-Peat. The stratum contained inter alia fruits 
of Betula pubescens, needles of Picea excelsa, leaf epidermis 
of Pimzs silvestris, a catkin scale of Populus tremula, (in 
the upper part), leaf sheaths of Eriophomm vaginatum , 
branches of Calluna vulgaris, seeds of Andromeda polifolia 
etc. Spectr. 4 - 7. 

E. 5.0 - 5.75 m Brown, stratified fresh Sphagnum-Eriophorum vaginalum 
Peat with thin layers of hard brown Mu d. Among the 
flora may be mentioned: three seeds of Brasenia purpurea, 
several fruits of Potamogeton natans, a fruit of Carex 
pseudocypems, 3 nuts of Lycopus europaeus, 2 fruits of 
Rhyncospora alba, a few needles of Picea excelsa, leaf 
epidermis of Pinus silvestris. Spectr. 8-9. 

F . 5.75 - 6.4 m Rather fine Sand, enclosing a thin layer of finely arena­
ceous brown Mu d . Spectr. 10. 

G. 6.4 - 7.2 m Uppermost, brown C 1 a y Mud, lower down, alternating 
with layers of San d. Only in the lowest portion were 
any identifiable plant remains found, among which may 
be mentioned fruits of Betula p11bescens and flakes of bark 
from Pimzs silvestris. 

H. 7.2 -10.0 m Grey Sand without stones, 10 cm hard pan at the top . 
J. Grave 1 with large stones. 

For comparison with this profile, we giYe h ere that described by 
HARTZ (1. c.) from the southern part of the bog: 

0.50- 0.75 m Sand with a few small .•;and-worn stones. 
1.50- 1.75 m Stratified Sand without stones. 
0.80- 1.00 m "Transition stratum" (brown Lo am y Sand) containing 

Betula nana. 
1.35 m Compressed Sphagnum Peat. Throughout the upper metre 

of the stratum were found Betula nana with Picea excelsa 
and Vacciniwn uliginosum . The peat also contained Duli­
chiwn spathaceum, Oxycoccus palustris and a leaf fragment 
of Quercus sp. 
Coarse San d . 

List of the Fossils found in the Interglacial bog 
at Hollund Sogaard, Boring 1922. 

c common, + fairly common, r rare. 

Species C D 
I 

E F 

Alnus gliztinosal) .... . .. ..... . . ... . 
Andromeda polifolia . . ..... . .... . ... . ......... . 

+ + I C z: 
r + ... ..... . 

Betula nana . . . . . . . . . . . . . . . . . . . . . . . ... . .... . . + 
pubescens ........ . . ...... . ... .. ...... . + + sp.l) .... . .. . ................ . ......... . 

Brasenia purpurea ..... . .... . . . . .......... . .. . 
Calluna vulgaris ........... .. ....... ... ...... . 

C C + + r I ..... 
r r r . .. . . 

1) Pollen. 

I G 

I ..... 
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~p ec i es 

Carex 11seuciocyper11s . . . . ... . . . . .. . . 
sp............. . ........... . . . . . . . . . . . . r c 

Carpinusbelulus 1) • . ..••..• • ••. • . .. ••• • .••.• . . [+J + 
Cory/us cw ellana1) .•.... . ..•.. ..... .... ... . . . . . [+) r 
Dryopleris lhelypleris2) . . . . . . . .•• . •. .. •. 

E mpelrum nigrwn . . . . . . . . . . . . . . . . . . . . . . . . . . . + + 
Ericaceae1) . • . . . . . • . . . c c 
Eriophorum vagina/um . . . .... , . . . . . . . . + 
Gramineael ). . . . . . . . . . . . . . . .. . . . .. . ... I . . . . . r 
I/ex aquifoliumt ).... . . . . . . . . . . . . . . . . . . . . . . . . r 
Lycopus e11ropae11s . . . . . . . . . . . . . . .... 
Menyanthes lrifoliata . . . . . . . . . . . . . . 
Nymphaeaceae (in tercel I. ha irs) .... 
Osmuncia regalis2) . . . . . . . . . r r 
Picea excelsa . . . . . . . . . . . . . . . . . . . . . . . r, + 1) r , + 1) 
Pin11s silveslris1). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c c 
Polypociium vulgare2). . . . . . . . . . . . . . . . . . . . . . . . . . r 
Pop11lus trenwla . . . . . . . . . . . . . . . . . . . . . . . . . . . r 
P otamogeton natans . . . . .. ... . . .. .. . . . ..... . 
Potentilla palustris . . . . . . .. . .. .. . .. . . . .. . 
Q11ercus sp.l ). . . . . . . . . . . . . . . . . . . . . . . . r r 
Rhyncospora alba ........ . . . ... . ... . . . ..... .. . 
Sparganium minim11m . . . .. .. . . .. . .... . . 
Tilia sp.1) . . . . ......... . ... . . .. . .. . .. . 
Ulnws sp .1) . . . . . . . . . . . . • . . . . . • . . . . . r r 
Umbelliferae . . . . . . 

Sphagnu111 sp . . . .. .... . . .. . . .. . . . .. .. . .. ...... . C C 

Cenococcum geophi/11111 .. ........ . .. . .... . .. .. . 
Tillelia sphagni . . . . . . . . . . . . . ......... . . . . 

r 
r 

Amphitrem a /lava . . . .. . . ................ . 
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There is no pollen spectrum from Stratum G, but from the flora 
list for th e lower part of this stratum, together with Spectr. 10 from 
the covering layer (Pl. XXXVII , 5), it must b e presumed that the greater 
portion of Stratum G b elongs to zones c and d. No " lower arctic 
flora" is known from Hollund Sogaard. Spectrum 10 should presum ­
ably b e r eferred to zone e, where Pinus often has its lower maximum . 
Stratum F must be regarded as wat e r -b orn e sand (Schwemmsand), 
and since we may tak e it that the boring was made somewhere n ear 
the deepes t part of the lake, the formation of this deposit s uggests 
that the water in the lak e was at a very low level at tha t time. W e 
can however , in 1th e 8/ 4 m of Stra tum E above, trace an a lternation 
between limnian sta ges, when the lak e produced Brasenia purpurea 
and Polamogeton natans, a nd semi-limnian stages, when quakin g bog 
like form ations with Rhyncospora alba , Carex pseudocyperus and Ly­
cop11s europaeus encroach ed over the lake. This shows tha t eYen in 
the period of mixed oak forest (Zone f) there was still much moisture 

1) Pollen. 2) Spores. 
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remaining in the basin. Within this zone we have, as usual, the 
culmination of the mixed oak forest, AlTws and Corylus, but the 
sequence here differs from the usual, Alnus culminating first. Stratum 
E may be regarded as synchronous with the lower part of the Sphag­
num peat stratum in HARTz's profile. 

After this, the former lake was covered over with a bog of 
Sphagnum-peat, giving rise to the formation of the highly humified 
peat Stratum D. The boundary between Strata E and D coincides 
with the transition from mixed oak forest to conifers. The diagram 
exhibits a Carpinus maximum (Spectr. 7) preceding that of Picea, which 
is distinctly apparant in Spectr. 6. The Pinus pollen is predominant 
throughout all spectra from 7-1. The second conifer period com­
menced with the arrival of the relatively dry conditions which led 
to the formation of Stratum D. In Stratum C the amount of sand 
gradually increases. This stratum, especially as regards its upper part, 
was presumably formed during a partial transposition of older material 
originating from the upper part of Stratum D and the lower part of 
Stratum C. Taking this to be the case, we cannot, then, from the 
section of the diagram in question, venture upon any determination 
of the composition of the forest, as a great part of the pollen from 
here may perhaps have been shifted from its original position. But 
the fact that Stratum C contains Betula nana shows that a new, 
northerly element had now been added to the flora; the course of 
development now is marked by the approaching sub-arctic period. 
Stratum C in the 1922 profile is evidently synchronous with the 
"transition stratum" and probably the uppermost part of the Sphagnum­
peat in HARTz's profile. 

The deposit of predominantly organogenic material terminated 
here with the formation of the clay stratum B, which -gradually gave 
place to the sand stratum A, the lower part of this being argillaceous, 
and the upper part contained a few small stones. Just as Stratum C, 
in its upper portion, bears witness to increased influence of the water 
notifyed by the transposition of the peat, so also Stratum B and the 
lower part of A show that the basin could, at any rate from time to 
time, accomodate a shallow lake. 

In a section through the marginal zone of the bog in the southern 
part of the basin, the covering strata above the bog appeared - save 
for a thin layer of wind blown . sand - as products of solifluction, 
consisting mainly or a sandy, moraine-like stratum, "which, farther 
north out over the bog gradually gives place to sand ·with a very few 
small stones, and finally, in the deepest parts of the bog, to stoneless, 
stratified, distinctly water-sorted sand". 1

) It is this distal, water-sorted 

I) AXEL JESSEN, VICTOR MADSEN etc.: Bri:irup-Mosernes Lejringsforhold. 
D. G. U. IV. R., No. 9, 1918, p. 15. 
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derivate of the moraine-like solifluction deposit from the marginal zone 
which is comprised by Stratum B and the lower part of Stratum A 
in the 1922 profile. The upper part of Stratum A, consisting of sand 
with small stones, thus represents the last phase in the filling-up or 
the basin, when the solifluction extended right out over the former lake. 

Fovling. 
About 2 km NE of Fovling Church and abt. 6 km SVl of Bro­

rup railway station, there is a bog, which in rainy periods becomes 
flooded and turns into a small pond. This emphasises very nicely the 
character of the basin, as that of a depression without outlet, Fig. 10 
and Pl. XIX, 1. 

In 1922, a boring was made on the north side of this water­
filled bog-hole, giving the following profile: 
A. 0 - 2.5 m Fine Sand without stones. Gradual transition to the layer 

below. 
B. 2.5 - 4.7 m Fine San d. with a quantity of plant detritus, mainly 

crumbled wood, with seeds and fruits . The quantity in­
creases from above downwards. In the lower portion, 
some few muddy strata. 

C. 4.7 - 6.0 m Hard brown Mud separated by thin layers of Sand ; 
numerous vegetable remains. 

D. 6.0 - 6.2 m Brown sandy Mud with stones up to the size of nuts ; 
much wood detritus and other vegetable remains. 

E. 6.2 - 6.7 m Gravel. 
F. 6.7 - 6.8 m Sandy Moraine Clay. 

The samples collected from B, C and D yielded after washing 
numerous determinable remains of plants, as noted in the accom­
panying list. We may note especially inter alia the typical inter­
glacial forms such as Brasenin purpurea, Picea excelsa, Carpinus belulus 
and Ilex aquifolium; these finds show that we have here again in­
dubitable interglacial deposits despite the fact that the stoneless, fine­
grained covering sand as found in the bore, does not eo ipso point 
to glacial origin. Among the plants we must also especially note the 
rare forms Trapa nalans, of which fairly many flattened fruits were 
found, Najas flexilis, Hydrocolyle uulgaris and Montia lamprosperma, 
represented only by a few fruits or seeds. 

Fig. 1 on Pl. XXXVII shows G pollen analyses; on comparing these 
with the results of the washing as noted in the list, it will be seen 
that several of the macroscopic plant remains must doubless have 
been carried down by the process of boring (for which the pumping 
method was used) to a level below that ,vhere they certainly belong 
(Picea, Carpinus). This warns us to be careful in employinit'th"e 
washing-lists here as in other cases. 
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The pollen diagram shows that Lh e alteration s in the fores l yege ta­
tion known also in other r egions Look place in Lhe n eighbourhood 
of FoYling whil e th e interglacial lake deposits were in process of 
formation. n etula and Pinus were llllllucslionably Lhe mosl promin ent 
species lll Lh c oldesl yegetation, which ha s Jert any Lrace h ere. Then 

Fig. 10. Distri c t SW of' Brorup wit h th e in te rglacial hogs at Fiivling (cr oss to th e wes t) and 
Lervad_:'.(c ross to th e Past). Scale 1 : 25000. Contour inte rval 5 ft, = 1.57 111 . From th e Gen e ral 

!Staff Map Shee t 3506 .l 

a mixed growth of foli age trees took possess ion of the groulld, with 
successiYe culmination of the differenl species Ulmus ( 12 %), Querrns 
(46 %), Cory/us (138 %) and A/Jrns (64 %). Tilia was h ere eYidenlly 
but of altogether subordinate importance; we h:we 1 % of Tilia pollen 
in Spectrum 2, and answering to this, 1 Tilia fruil found in the same 
horizon . At the time when th e sedimentation in the lake was changing 
its character, from mud to sand a l the spot where our boring was 
made, Picea-pollen became co mmon , Pinus and Betula also making 
progress. A/Jws still shows a frequency of 34 % in spectrum 1, but 
has fallen off considerably . And while the conifers were thu s advancing 
at the expence of th e foliage trees, Lhere was eYidenlly also a spread 
of certain dwarf bushes , such as Arctostaphylus uva ursi, Calluna 
vulgari~ and Empelrum nigrwn, while layer B was b eing formed. 
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Simultaneously with th e predominance of the mixed foliage trees 
on the land surrounding the lake, Brasenia purpurea and Trapa nalans 

attained their highcs l frequency in its waters. 

List of the Fossils found in the Interglacial bog at Fovling. 
c common, + not uncommon , r r are. 

Species 

A/Jrns glulinosa . . . . . . . . . . . . . . . . . 
Arcloslaphylus llva llrsi . . . . . . . . ....... . ... . 
Belllla pubescens. . . . . . . . . . . ...... . 
Brasenia purpurea . . . . . . . . . . . . .. 
Callllna Vlllgaris. . . . . ... . . . ....... .. .. ... . 
Carex lasiocarpa . . . . . . . . . . . . . . . . . . . .. 

pseudocyper11s. . . . . . . . . . . . . . . . . . . . 
roslrala. .. . .. .. .. .. . .. .. .. .. .. 
sp . . . ...... ..... . . ... . ..... . ..... . 

Carpinus belullls. . . . . . . . . . . . . . . . .. . 
Ceratophyllum demersum var. apiclllalum. 
Cladium mariscus ............ . ...... .. ... . 
Corylus auellana1) . . . . . . . . . . . . • . • . . ..... . 

Dryopteris lhelypleris2) ...... . .. .......... . 
Empelrwn nigrum . . . . . . . . . . . . . . . . .... . 
Frangula alnus . . . . . . . . ... . ... . 
Hippw·is uulgaris . . . . . . . . . . . . . . . . . . . . . .. 
Hydrocolyle u11lgaris . . . . .. .. ...... . .. . 
Ilex aquifolium . . . . . . . . . . . . . . . . .... . .... . 
Lycopodium sp.2) . . . . . . . . .. .. . . 
Lycoplls europaells . ..... . 
Menyanlhes lrifoliala . . . . 
Monlia lamprosperma (Pl. XXXII, 7) 
Najas flex ilis . . . . . . . .. 

marina .. . . . . . . . . . ..... . 
Nuphar luleum . . . . . . . . . . . . . . . . . . . . .. . 
Nymphaea alba . . . . . . . . . . . . . . . . . . . . . . . ... . 
Picea excelsa .. .. .... . .. . ...... . 
Pirws silueslris1) . . . . . • . .• • .• . 

Polypodium vlllgare2) . . . . . . . . . . . . . . . . . . . .. 
Polamogelon nalans. . . . . . . . . . . . . ..... . . .. . 
Qlle/'CLIS sp.l) . . . . . . . . . . . . . . . . . . . . . . . 
Ranunculus cfr. flamnwla . . . . . .. . 
RubL1s idae11s . . . . . . . . . ...... . 

sp. . . . . . . . . . . . ... 
Sa/ix sp.l) . . . . . . . . . . . . . . . . . . . . .. 
Sambu cl!S cfr. nigra . . . . . . . . . . . . . . .. 
Scirplls lac11sler. . . . . . . . . . . . . . . . . . . . . .. 
Sparganium erectllm . . . . .. .. .. ......... . 

minimum . . .. . . .. . .. .. . . .. . 
Tilia cfr. cordata . . . . . . . . . . . . . . . . . . .... . 
Trapa nalans . . . . . . . . . . . . . . . . .. . . ... . ... . 
Typha lalifolia . . . . . ... . ... . .. . .......... . 
Ulmus sp.l) .. ................ . . . .. . ... . .. . 

1) Pollen. 2) Spores. 
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Hypnum exannulatum . . .. . .. .. .. ... . 
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intermedium . . . . . . . . . . . . . . . . . . + 
lycopodioides . . . . . . . . . . . . . . . . . . . . . . ... 
uncinatum.... . . . ... . . . . . . 

Meesea longiseta . . . . . . . . . . . . . . . . . . . . . . . + 
Paludella squarrosa . . .. .. . ... . . . ..... .. . . . . . . 
Scorpidium scorpioides . . . . . . . . . . . . . . . . . . . . . . . + 
Sphagnum sp . ... .. .. . ... .. . . . . .... . . . . . .... . 

Botryococcus Braunii ... . . . 
Pediastrum sp. . . . . .. .. ... .. .. . . 
Rivulariace11e . .... . ... . 

Cenococcum geophilum . 

Lervad. 
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N. HAHTZi) mentions an interglacial bog at Lervad Gaard, 4 km 
SW of Br6rup, characterised by the usual slight depression in the 
ground, see Fig. 10. He had a couple of trenches made h ere in 1898, 
and gives the following profile : 

0 - 2.60 m S a n d . 
2.60- 2.90 m ''Black, rich Sand", "transition stratum". 
2.90- 3.05 m S p hag n u 111 Peat. 
3.05- 3.20 m Sandy Mu d. 
2.20- 4.50 111 San d. 

Among the numerous vegetable remains which h e found in the 
different strata of the bog may here be noted the following: Calla 
paluslris, Cornus sanguinea, Dulichium spathacewn, Fraxinus excelsior, 
Picea <'Xcelsa, Potamogeton densus , 11. trichoides (condy locarpus), Taxus 
baccata and Viscum album. 

No climatic difference was apparent in the flora of the different 
strata. 

In 1922, I made a boring in the same bog, in the course of which 
I came upon a stratum sequence evidently nearer the middle of the 
basin than that observed by HAHTZ. The profile was as follows; the 
species found by me are noted in the list p. 157. 

A. 0 - 0.45 m Mould. 
B. 0.45- 1.35 m Argillaceous Sand with many stones up to the size of a head. 

1) N. HARTZ: Bidrag . . . D. G. U. II. R. No. 20, 1909, p. 181. 
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C. 1.35 - 1.95 m Sand with numerous stones up to the size of a fist. 
D. 1.95 - 2.55 m Argillaceous Sand with many small stones. 
E . 2.55- 3.15 m Black sandy Mud, brown when dry (HARTZ' " transition 

stratum"). It will be seen from Table 7 p . 158 that Spectr. 
1 from here sho,vs dominance of Picea and Carpinus to­
gether with Belu la and Alnus. 

F. 3.15- 4.15 m Brown detritus l'vl u d, very rich in wood fragments of some 
deciduous tree (Betula) . Washings revealed an abundant 
flora, among which may be specially noted the southern 
forms Polamogelon trichoides, Ceralophyllum submersum and 
Cornus sanguinea. In the upper part of the stratum, the 
pollen from mixed oak forest is fairly well represented, 
(23 0/o), while Corylus has 54 0/o ; the Corylus maximum, 150 0/o, 
falls about the middle of the stratum, in Spectr. 3. In the 
lower part of the stratum, B elula pollen was, strangely 
enough. almost sole prevailing, despite the fact that washings 
from this horizon also yielded fairly numerous fruits of 
Polamogelon trichoides as well as fruits of Cornus sanguinea, 
Ceralophyllum demers11m , Carex pseudocyperus, Lycopus euro­
paeus etc. 

G. 4.15 - 4.40 m Brown, finely arenaceous argillaceous Mu d . The flora 
approximately as in Stratum F , and the sample from here 
also exhibited a remarkably one-sided pollen spectrum 
(90 0:0 Belula). The remaining species, represented in this 
spectrum as well as in Spectr. 4, were undoubtedly present 
in the vicinity of the lake (excepting perhaps Picea); presum­
ably an extensive growth of B elula pubescens surrounded 
the site at the time. 

H . 4.40 - 4.75 m Grey, stoneless non-calcareous Clay; flora appro}.:imately 
as in Stratum G. 

J. 4.75 - 5.25 m Sand with numerous stones. 
K. 5.25- 5.60 m Sandy, stony Mor a in e Clay. 

List of the Species found in the bog at Lervad in t 922. 
c common, + not uncommon, r rare. 

Speci e s 

Alnus glutinosal) . . . . . . . . . . . . . . . . . . . . .... .. . 
Arenaria lrinervia .. .. . . . . .. . . . . .. . .. ..... . ..... . .... . . 
Balrachium sceleralum . . . . . . . . . . . . . . . 
Belula pendula ....... . .. .. . . . ........ . . 

pubescens . . . . . . . . . . . . . . . . . . . .. . . .. . . 
sp.l) ... . . .... . . .. .. .. . .. . . ... . ... ... . . ... . 

r:arex pseudocyperus ... . . .. .. ... . .. . .. .. . . . . . .. ... .. . . . 
sp.t)....... . . . . . . ... . .. . . . .. . . ..... . . .. . . ... . 

Carpirws belulusl) . . . . . . . . . . . . . . ... . . . . . ... . 
Ceralophyllum demersum var. apiculalum . .... . . ... . . . . . 

submers11111 . . . . . . . . . . . ... . 
Cornus sanguinea . . . . . . . . . .. . . . .... . .. . 
Corylus avellanat) .. . . .... . ..... . . .. . 

1) Pollen. 

C I C 

C 

+ 
C 

r 
r 
r 
C 
C 

+ 
r 
r 
r 
r 
C 

C r 
C 

r 
r 

r 

r 
r 



158 

Species 

Dryopteris lhelypleris2) . ...... . ..... . . . . . .. . . ...... ... . . . 
Empelrum nigrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 
Eriophor11m vaginalllm . .. . . . . ... . . .. .... . .. .. . .. . ... . . . 
Frangula alnusl) . . . . . . ............ . . . 
Lycopus europaeus . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . ... . 
Cf Origan llm vulgare (Pl. XXXlV, 10-l l ) ..... . .. . . . . .. . 
Menyanlhes lrifoliala . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 
Nuphar lulellm . ... . ... . . . .. . . . .. .... ...... . ..... . 
Nymphaea alba . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . 
Oenanlhe phellandrillm . . . . . . . .. ...... . .... . .. . . 
Osmunda regalis2) . . . . . . . .. . ..... . .... . ..... . .... . 
Picea e.tcelsal) .. . ... . ..... . .. .... . .. . . . .... .. . ..... . 
Pin11s silveslrisl) . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... .. . 
Polypodium vlllgare2) . .. . .. . .... ... .. . .. ... . .. . . . .. . .. . . 
Polamogelon fi.liformis . . . .... . . . . ... . 

nalans .. . .. . . . . .. .. . . . . . . . . . 
lrichoides (Pl. XXXII, 23 - 26) . .. .. . . . . . . . .. . 
spp.... . .... . .. . .. . . .. ... . .. . .. . . . 

Potenlilla cfr . erecla .. . .. . .... . .. . . . .. . . . .. . ...... . . ... . 
paluslris .. . . ..... .. .. .. . . . .. ... . 

QlleI"CllS sp.1) .. . .. ...... . . ... • . .. . . ... . . .. ........... .. . 
Rubus idaells . . . . . . . . . . . . . . . . . . . . . . . . . . . ............ . 
Salix sp . .. . . .. . ....... . ......... . .... .. . ... ... . . . . 
Scirpus lacusler . . . . . . . . . . . . . . . . . . . . . ... ..... . . . .. .. . 

o/{fi~gi;~)m_z _ ~ni_n_in11111~ _ ~~~- X~~III, _ 25)_ . _ : : : : : : : : : . : . : : : : 

Typha lalif"oliat )..... . ... .. . . . . . .. .. . . .... . . .. .. . . . . 
Ulmus sp .... . ..... . .. . . . . .... . .. . . . . . .... . .... . . 
Umbelliferaei ) . . . . . . . . . . . . . . . . . . . . . . ..... ... . . 
Viola paluslris . ........... . .... . ...... . . 

Sphagn11m sp.. . . . . . . . . . . . . . . . . . . . . .. . ..... . 
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Cenococcum geophilwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . c 
Tillelia sphagni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 
Bolryococcus Braunii . ... .. . .. · .. . . . ... . . . .. . .... .... ... . 
Rivulariaceae . . . ....... . 

Amphilrema /lava .......... . ...... . ...... . .. . . ... ..... . 
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1 E Middle 26 6 1 3 1 24 19 20 
2 F Upper 40 8 4 18 1 23 1 5 
3 F Middle 1 47 4 1 19 27 1 
4 F Lower 0.4 94.4 4 0.4 0.4 0.4 
5 G Middle 90 6 2 1 1 

~ 

+ 
r 

r 
r 
C 
r 
r 
r 
r 
r 
r 

+ 
+ 
+ 
r 
r 
+ 
r 

+ 
r 
r 
1· 

r 
r 

+ 
r 

+ 
+ 
r 

-;, ... 
C 
u 

21 
54 

150 
? 
1 

Table 7. Pollen spectra from the bog at Lervad. 

1) Pollen. 2) Spores. 
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The stratum of "black , rich sand" which N. HARTZ called the 
" transition stratum", in which h e found sclerotia of Cenococcum geo­
philum, appeared in th e 1922 boring as a sandy Mud containing inter 
nlia Potamogeton nalans. The boring showed however no Sphagnum 
pea t, this being presumably res tricted to the margin of" the basin. On 
the other hand, there ,Yas a comparatiYely thick layer of shore mud 
(see Chap. IV) and this Stratum F, toge th er with Stratum G corresponds 
to the "sandy mud" m entioned by HARTZ. It is less certain however, 
whether the clay stratum H corresponds to the lower stratum of "sand" 
observed by him. This clay stratum H has a temperate flora, and is 
a formation analogous to th e lower part of the clay bed at Ringdal. 

The object of th e borin g made in 1922 was lo ascertain whether 
th e basin al Lerrnd, in which the glacigenous bottom was nol reached 
by N. HARTZ , contained a bog of th e Berning type. The linding of 
the morain e (Stratum I{) shows that this interglacial deposit belongs 
to the bogs of the Briirup type. 

Tuesbol II. 
Directly SE or th e interglacial bog at Tuesbol i\1ark, mentioned 

by 'N. HARTZ Hl09, p. 1 (j() f. ("Tues biil l "), and 1.1 km NV/ of th e 
railway station at Brorup, th ere is a small postglacial peat bog, 
measuring abt. 100 rn in its greatest ex tent. The site is that marked 
as No. 2 on the map Fig. 2. AL the present day , as will he seen, the 
ground presents the appearance of a small holl ow without outlet, which, 
like most or the other interglacial basins al Brorup, li es high up on 
a llat plateau, not in yaJley as for instance th e bog al Norbolling 
(;'i on the map fi g. 2) and so many of the other bogs described in 
Lh e prese nt work from the last interglacial period. 

In Hl22 , a borin g ,ms made al Tnesbol II by V. :\11LTHEHS. The 
profile was as follows: 

A. 0 - 1.0 m Peat a nd Mnd. 
B. 1.0 - 1.9 111 Sand , yellow at the top, grey at the bottom. 
C. 1.9 - 2.3 m Sand with muuerons vegetable remains, thin slrata of 

sandy mud . For pollen of the usual forest trees in this and 
th e following slrata sec the pollen diagram Pl. XXX\111, 10. 
Acer campeslre, 1 fruit with seed, at the bottom , 
Alnus glulinosa, numerous fruits , also pollen , 
Balrachiwn scelera/11111 , 1 frnit, 
Belula pubescens, some fruits, also pollen, 
Carex pseudocyperus, num ero us fruits, 

sp. , fruits withont utriculu s, 
Carpi1ws bellllus, some pollen, 
Cory/us avellana, m nch pollen, 
Dryopleris thelypteris , numerous spores, 



160 

Dulichium spathaceum, 3 fruits, at the top, 
Eriophorum vaginatum, epidermis, 
flex aquifolium, some pollen, 
Lycopizs europaeus, numerous nuts, especially at the bottom 
Menlha cf. aqualica, 2 nuts, at the bottom, 
Menyanthes trifoliata, numerous seeds, 
Najas fiex ilis , several fruits , especially at the top, 
Osmunda regalis, some few spores, 
Oxalis acelosella , 1 seed at the bottom, 
Picea excelsa, some pollen, 
Pinus silvestris, some pollen, 
Pinus or Picea, 1 fruit, at the bottom, 
Potamogeton filiformis, several fruit-stones, 

natans, numerous fruit-stones, 
Quercus sp., pollen, 
Rhyncospora alba ?, 1 fruit, 
Rubus idaeus, fruit-stones, fairly numerous, 
Scirpus sp., several small fruits with perigonium bristles, 
Sparganium ereclwn, several fruits, 
Stratiotes aloides, 2 seeds, at the top, 
Tilia sp., some pollen, 
Ulmus sp., much pollen. 

Sphagnum sp., leaf fragments, spores. 

Phyloptus laevis, galls, very common. 
D. 2.3 - 4.0 m Peat-like De t r i l us Mud, the bottom part of the stratum , 

however, had developed into a hard and laminated mud. 
Numerous vegetable remains : 
Alnus glutinosa, fruits , etc. very numerous throughout the 

greater part of the stratum, 
Balrachium sceleralum, 2 fruits, at the top, 
Belula pubescens, numerous fruits, much pollen at the bottom 
Carex diandra, 1 frnit , 

pseudocyperus, numerous fruits throughout the greater 
part of the stratum (Pl. XXXV, 25), 

sp., fruits without utriculus, 
Ceralophyllum cf. submersum, 2 fruits , at the bottom, 
Corylus avellana, much pollen at the top, 
Drosera cf. rolundifolia, a pollen tetrad , 
Dryopteris thelypleris, rhizomes, leaf fragments and spores , 
Eriophorum vaginalum, epidermis, 
Frangula alnus, 6 fruits, 
flex aquifolium, 1 grain of pollen, spectr. 4, 
Lycopus europaeus, nuts very numerous in the upper half 

of the stratum, 
Lysimachia vulgaris, 1 seeds, at the top, 
Nlenlha cf. aqualica, 7 nuts in the upper half, 
Menyanlhes lrifoliala, numerous seeds, 
Myriophyllum cf. spicalum, 1 nut, 
Najas flexi lis, 1 fruit, at the top, 
Nuphar luteum , 1 seed. pollen , 
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Nymphaea alba , 1 seed , 
Osmcinda regalis, some spores at the top, 
Pinus silveslris, som e pollen at the bottom, 
Polamogelon nalans, 1 fruit-stone, 

sp., 2 fruit -stones, 
Quercus sp., much pollen , 
Ranunculus flamnwla, I fruit , 
Rubus idaeus , 3 fruit- s tones, 
Solanum dulcamara, 1 seed, 
Sparganillm ereclum , sever al fruit-stones, 
Tilia sp., some pollen, 
Typha lalifolia , som e pollen tetrads, 
Ulmus sp., pollen, 
Urlica, dioeca, 5 fruits. 

Gymnocybe paluslris, lea f fragm ents, 
Hypnum sp. , leaf fra g ments , 
Sphagnum sp., spores, leaf fragments, 

Phyloptus laevis, numerous galls . 
E . 4.0 - 4.75 111 Grey, stoneless C I a y, in which wer e found: 

Alnus gluti1zosa, some pollen, 
Balrachiwn aqualile coll., 1 fruit , 
Belula sp .. much pollen, 
Cory/us avellana, some pollen, 
Dryopleris lhelypteris, som e spores, 
Picea excelsa, some p o ll en, 
Pinus silveslris , much pollen, 
Polwn ogelon filif'ormis , many small fruit-stones 

cf nalans, 2 frui L-stones, 
Polen/ilia paluslris, 3 nuts, 
Sparganium minimum , 3 fruit -stones , 

affin e, 1 fruit-st one, 
Ulmus sp., much po llen , 

Spon_qilla lacuslris. 
F. 4.75- 5.0 111 Grey Moraine C l ay. 

The interg lacial basin at Tuesbol II is, like its n eig hbour on th e 
N\V, hollowed out in moraine clay, and in both cases lh e oldesl 
stralum deposited in the two small lak es was mainly composed of clay. 
At Tu esbol II, the older part of th e lower stralum (E) was nol 
examined, Spectr. G (Pl. XXXVII, 10) shows dominance of Pinus and 
Bl'lula , but th e mix ed oak forest species h a Ye nnertheless left their 
mark on this horizon. From the remaining portion of th e pollen 
diagram il will be seen how lhe pollen first or /Jelula, then or Alnus, 

occurs in altogeth er predominating quanlity; this is evidently due 
lo local i nflu ences l'rom the forest bog form a tions along the margins 
of the basins. The lower margin for the mixed oak forest zone (/') 
ma y he sel n little above Speclr. i'i in the lower part of Stratum D. 

Danmnrks geologiske l.Jnders0ge l .se. II. Rre kke. N r. 48. 11 
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The Cory/us maximum lies in the upper half of this stratum, and the 
uppermost spectrum still belongs to zone f. Only a few grains of 
pollen of Ca rpinus and Picea ·were observed. Stratum C must be 
supposed to date from the hottest part of th e interglacial period, as 
we found h ere species such as S/ratiotes aloides, Acer campestre and 
Dulichium spathaceum. These s1'>ecies, Logeth er ,,,ith Najas fiex ilis, give 
the interglacial ch aracte r or Lhe flora . Despi le careful , search , w e 
failed to find h ere Aldrouanda vesiculosa which, under the name of 
Hydrocharis morsus ran ae, is noted in the washing list from Tuesbol 11) 
by HARTZ, 190\l p. 1 n. 

The strata sequence from E Lo C sh ows a s leadily advancing 
filling up of the basin from sedimentation of clay and laminated mud 
Yia detritus mud to sand; the transition between C and B is very 
gradual , and the mud formation in the basin probably ca m e to an 
end, o,ving Lo th e depth of water being insufli.cien t. Answering to the 
wh ole of th e long period from !he last tim e of th e mixed oak forest in 
the las t inlerglacia l period Lo the commencement of the postglacial 
period , we h a ye, in the profile from Tuesbol II, only the stratum of 
s toneless sand (B) 0.\). m thick, which can h ardly be a tru e product 
of solifluction, but should rather be regarded, a l a ny rate for the 
greater part, as washed down sa nd (Schwemmsand). Is is possible, 
on th e oth er h and , th a t excayations in th e marginal zon e of th e bog 
might bring to light folds and interkn eadings du e to solifluction, ol' 
the type known l'rom Tuesbol l. 2) 

Bog at Brorup Railway Station. 
N . H ARTZ gives ( L c. 140 ff.) a thorough description of an inter ­

glacia l bog at Brorup, a station on Lhe railway line b etween Esbjerg 
and Koldin g, (cf. Fig. 2, bog No . 4). The acco unt includes a lis t of the 
strata with plant r em ains found th erein , elc. The profile h e gave of 
this deposit was as follows: 

( A.) 0 - 0.6 m Rub bi s h . 
(B .) 0.6 - 5.6 111 Greyish w hite Sand, with a few s tones, faintly s tra tified . 
(D.) 5.6 - 5.9 m Humo us, light grey ish -br own argillaceous Sand, a "transi-

ti on stratum ". Presumably formed by sand and clay b ecom­
in g knead ed together with the subjacent peat. 

1) E. M. REID and M. E. J. CHANDLER: Th e Bembridge Flora, British Museum 
Ca talog ue of Cai nozoic plants in the Deparlm . of Geology. Vol. 1, p . 11 2. 
London 1926. 

2) Ax E L JESSEN , V1cTOH MADSE I\' e lc.: Brnrup-Mosernes Lej r ingsf'orhold . D . G. U. 
IV. R. , No. 9, 1918, p. 17 f. 



(E. - G.) 5.9 - 7.9 

(H.) 7.9 8.5 111 

(J.) 8.5 - 9.0 111 
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m "Peat": the upper 25 cm (E) was "altogether earthy 
and transformed into mould ·' the rest of the s tratum 
consisted of firmly compressed Sphagnum Peat. 
Mud, horny when dry, and splitting up into lamellae no 
thicker Lhan paper . 
Fresh-water Sand, water-bearing. This s tratum was not 
dug through. 

N. HARTZ did not thus penetrate right through the interglacial 
strata in this bog, and the possibility of finding " two warm horizons" 
h ere,~as at N orbolling for instance, was not altogether excluded. We 
therefore, in 1922, made a boring h ere, and arrived at the following 
res ults, cf. Fig. 11 : 

A. 
B. 

2 

3 

4 

5 

6 

7 

8 

9 

m 

1.3 111 Rubbish. 0 
1.3 4. t m Reddish yellow Sand with stones especially _at th e top ; 

at 2.25 111 below the surface, th e implement s lru ck a lar ge 
block o f flint , which had to be broken up . 

1898 1922 

A 

o • o . o •. o . o . ·o . o . o • o - o . o ·. o . o . o. o • o . . 
. o . o • o . o • o , o - o . o . o . o . o . o , o , o , o . o . o , o . o · . o . o • o . . 
o - o · o , o • o · o , O • O • O , O • O , O • O , O • o • o • o • o · 0 • O_ • 0 • O • O • O • O • 0 • 0 • C • O O • o , · 
•O•O•O•O•O·O•O·O • O•O•O•O·O•O·O · O · O ·O• O .o.o,0,0 - 0.o.o,o . o.o . o.0,0 - 0 , 
o-o-o-o - o-o.o-o,o,o,o•o•o - o - o-o,0, o , o , 0 , o,o,o,o,o,o , o,o-0 - O,o,0-o, 
•O•O •0•0 •0•0•0•0 •O •O• O•O•O• O • O•O•O•O • O•O•O•O•O •O •O • O•O•O• O•O • o•O ,0 , 
0•0• 0•0·0 •0•0 • 0•0•0•0•0 • 0•0•0•0·0•0•0•0•0•0• 0• 0•0 • 0 •0 •0•0 · 0•0 • 0• 0 · 
, O. 0. 0 . O, 0, 0, 0 , 0 • O. O • 0, O • O ,o , 0, o • 0 , 0 • o • . o • O • 0 • 0 • 0 • o • 0 • 0 • 0 • 0 • o • o, 0, 0 . 

o . 0 . o . O • o . o . 0 • o . 0 . o • o • 0 · • o • o. o ,_.o. o . o . o • o . o . o • o . o . o o . o , o .' o , o , o . o • o , 
• 0 • 0•0·0•0•0•0•0 •0 •0 •0 •0 • 0•0 •0• 0•0 • 0•0 • 0•0 • 0•0•0• 0•0 • 0 • 0·0 • 0 • 0 • 0 • 0 • 
O•O·O •~-o ·o •0·0 ·0 •0•0·0•0·0 • 0•0· 0- 0 ,0 , 0,0,0 , 0 , 0 ,0, 0 -0, 0•0 • 0 -0·0· O• 
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~: ~:~ : ~ : ~~ ~~~ ~~~ ~:~~~ ~ ~~~: ~~~~~?~:~~~:~~~:~:~~;?~~~?~: ~ :~:~:~:;?~?· B 
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. o o · 0 • o, o. o, o. o. o. o. o, o • o •O, 0, o , o, O • 0 • O • O • O • O, O, 0 • 0, 0 • O • o , 0 · 0, 0 · 0 • 
O• O•O•O·O•O•O o 0•0•0 • 0•0·0•0 •0 •0•0•0•0 • 0 • 0;0,0°0•0•0 • 0•0•0 •0•0,0• 
, 0 • 0 • O • 0 , 0 0 • 0 · 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 . • 0 • 0 • 0 • 0 • 0 · C, • 0 • 0 , 0 · 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 0 • 
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Fig. 11. Section through th e in terg lacial bog at Brorup railway stati on , b ased on I-I ARTZ ' s 

profil e 1898 (left) and th e boring 1922 (right). - 1 Mould and rubbish. 2 Stony sand. 
3 Clay without stones. 4 Clayey a nd a renaceo us mud. 5 Mud 6 Highly hum ified 

Sphagnum p eat. 7 Fres h Sphagnum peat. 8 Sand. lJ Boulder clay. 
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C. 4.1 5.2 m Pale-grey C 1 a y without s tones, and S a n d w ith stones, in 
altern ating stra ta; the s tones up to the size o r nuts. 

D. 5.2 5.5 m Pale greyish-brown, arenaceo us-argillaceous M:u·d ; portions 
of older strata presum ably kneaded in , see the pollen 
diagram, Pl. XXXVII, 8. 

E. 5.5 - 6.1 m Brown, finely sandy Mud with birch bark and ch arcoal ; 
fruit-stones of Empelrum nigrum. This stratum was ri ch 
in w ell-preserved pollen ; b es ides the items noted in Spectr . 
2 and 31) also so me o f Ericaceae and numerous Sphagnum 
spores; Botryococc11s Braunii, was very co mm on. 

F. 6.1 -- ab t. 6.5 m Dark-brown , conside rably humified Sphagnum P ea t 
with abunda nt r emai ns of Eriophor111n uaginalum , branches 
and bark of Belula sp., branches of Callrma uulgaris elc. 
Merges gr adually into th e layer b elow. 

G. abt. 6.5 - 7.2 m Lighter b row n, fai rly fr esh " foli ated" Splwgmun Peal 
with nume rous lea f- shea ths of Eriophorwn vagina/um . The 
stratu m contain ed here and there thin s treaks o f Sa n d , 
and a few fl akes o f horn y Mud cam e up w ith it from lh e 
lower part o f th e st ratum . 

J . 7.2 - 8.0 111 Bo ul de r C l ay. 

The dista n ce between the pit dug by N. HARTZ and our borin g 
cannot h aYe been greal, hardly more th an abt. 10 m. The accompan ying 
sketch , F ig. 11 , shows how th e Lwo profiles may be combined on lh e 
assumption Lhal their summils lay at th e sam e le\'el. The pit of 1898 
wa s doubtless carried down somewhat farth er from the margin of lh e 
bog than the boring of Hl22, as HAnTz fo und a layer over 1 rn thick 
of la ke deposits, wh ereas Stratum G in the boring must be regarded 
as a t1u akin g bog-format10n r estin g on th e firm bottom . In the profile 
of Hl22, the peat la yer termin ated a l th e top in a considerably humifi erl 
layer of Be/1Llelo - Sphagnelum peat, CO \'ered by finely sand ed mud . 
N. HARTz's layer , E, referred to as "earthy and tra nsform ed into 
mould", which form ed the upper termination of the peat deposit in 
the pit 1898, is doubtless identical with this fin e sandy mud stratum 
E, which certainly may r esemble mould, but, inter alia by the presen ce 
of the fresh -w ater alga Botryococcus Braunii, rewals its origin from a 
liltle sh allow lak e or pond with much humus in the water. A decisi\'e 
point in th e identification of Lh e two strata is that their lower margins 
lie at the sa me distance from, and close above, the upper Belnla 

maximum n o ted in both profile and th at the mud stratum E ( 1922) 
lay on a level with , or rather, a little a boYe, the contempora neo us 
" mouldy" s tra tum E in th e pit 1898. This upper Betula m ax imum 
in the 1922 profil e (Spectr. 4) lies in Stralum F, a nswering to the 

1) Th e sampl e brought hom e consisted o f p orti ons o f li gh t and darker mud 
kn eaded toge th er ; Spectr. 2 is determined from th e light part, Spee tr. 3 
from th e dark (Pl. XXXVII, 8). The latter is undoubtedls older than the 
form er , a nd has been drawn in th e lower margin of Stratum E . 
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fact that while this was in process of formation, a birch vegetation 
was colonising on the margina I zon e or the bog. The birches do not 
appear to haye reach ed as far as the 1898 profile, wh ere HARTZ makes 
no mention of birch scrubs; lh e level corresponding to this in point 
or time is h ere marked by th e \·ery pronounced course of the Betula 
curve in Fig. \), Pl. XXXVII (Specl. 5). 

In the pollen diagram from the 1922 profile Pinus is but slightly 
prominent in the lower portion , where Spec t. 7 shows a pronounced 
Ret11la maximum; then culminate, in the order here given: mixed 
oak wood (Quercus and Ulmus), Cory/us, Alrrns and Betula, Carpimzs, 
Picea and Pinus. Specl. 1 is drawn without connection with Specl. 2, 
as iL is evidently affected by the in termixture of older deposits (pos­
sibly from the upper portion of F). 

In the lower part of lhe pollen diagram, Fig. 9 in Pl. XXXVII, 
,Yill he seen 6 spectra from the soil samples presen-ed in the collec­
tions belonging to Denmark 's Geological Suney from th e excavations 
hy N. HARTZ; above haYc been added Spectr. 1- 3 from the pollen 
diagram Fig. 8. The 1898 diagram agrees Yery nicely with that from 
the contemporaneous strata in lhe boring of 1922; certain discrepancies 
are however, to be found (e. g. the Alrws curve) the cause of which 
lies doubtl ess mainly in the fact that Lhe intervals of the spectra are 
too long, so that th e curves found give but an imperfect r eproduction 
of lhe actual state of things. 

Following the course of the cune in lhe pollen diagram Fig. 9, 
we notice that the inferior rational limit for Carpinus may b e set al 
Spectr. 7, and that Lhe species has its maximum in Spectr. 4, a t the 
upper edge or the Sphagnum peat. The rational lower limit for Picea 
on Lhe other hand lies in Spectr. li, lhis species only attaining its 
maximum at Lhe top of the series (Spectr. 2). In this, lhe upper part 
or lh e diagram , the curves for /1inus and Belula also lurn off sharply 
to th e right, while those for Alnus and Carpin11s turn to the left. 
Cory/us, Quercus and Ulnws have, from Spectr. 5 inclusive and upwards 
- or since the birch colonisation of the bog - shown Yery low 
frequ ency rnlues. The two pollen diagrams laken togeth er show th e 
following pollen lloristic zon es: rt, e~\ f', g, h, i, ( k), cf. Chapter VII. 

On comparing the diagrams with lhe table given by HARTZ (1. c. 
p. 159) for distribution of th e principal species from macroscopic finds 
in strata D - H 1

) (his Zones 1- X, cf. th e text e lo Fig. 9 Pl. XXXVII) 
according to which none of the more thermophile species were found 
in Zone IV and above that beyond Acer sp. ("some few seeds") and 

I) The frequency noted in HAHTz's table for Picea e:rcelsa does not agree 
with his find of this tree mentioned p. 143 - 147 ; the dark line in the table 
should include Zones III - VI. 
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Carpinus, which still yielded numerous fruit in zone III, we find tha t 
the p ollen diagram s confirm the conclusion arrived at by H ARTZ , th at 
it is the " middle parts of the bog which represent the temperature 
maximum of the interglacia l period". 

N. HAR T Z rec01·ds, both from th e upper a nd lower parts of his 
profile, find s of num erous fruits etc. of Belula nana and B. nana-hybrids, 
also B etu la sub alpina ( L AHSS. L 1E ST.) determined by Dr. L. M. NEUMAN .; ) 

My washings of peat samples from the profil e of 1922 revealed only 
B et11 la pubescens (comm on) and B. p endula. 

Otherwise, my washings of pea t samples from this bog yielded 
no finds of particular interest beyond 1 nut of Urtica urens, which 
has not hitherto been fo und in Danish interglacial bogs . It was fo und 
in Stratum G, at th e bottom , together with B etula pubescens, Ca rex 
lasiocarpa, Lycopus europ aeus, Menyanlhes lrifoliata and Viola palustris . 

Lis t of the Spec ies found in the Interglacial bog 
at Brorup railway station in 1922. 

c co mmo n. + not uncommo n, r rare. 

S p ecies 

Aln us glutinosa2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + + 
Betula pendula . . . . .. . .. .. . . .. . ..... . . . . . . .. . . . . .. . . .. . . 

pubescens. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
sp 2) . .. , . .. . . .• . , . • . . . . . . . . . . . . . . . . . . . • . . . . C C 

Call1rn a vulgaris . . . . . . . . . . . . . . . . . . . . . . . . ... . . . 
Carex lasiocarpa . . . ..... . . ..... . ..... . . .... . . .. . . 
Carpinus betul11s2; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + c 
Cory/us avellana2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r r 
Dryopleris thelyplerisB) .. . .. . .. ...... ... .. . . .... . . 
Empelrum nigrwn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 
Eriophorwn vagina/um . . . . . . . . . .. . . . . . . . . .. . .. . . . . . . .. . 
Frax inus excelsior2). . . . . . . . . . . . . . . . . . . . . . . . . . .. .. ... . .. . . . . 
Lycopus e11ropaeus .. .... . . . . . .... ... . .... . . . . . . . . . .... . . 
Menyanthes lrifoliata . ..... . .. . .. . .. . .. . ... . .. . .. . . .. . .. . 
Osmunda regalis3) . . . ... .. . . . .. . .. .. .... . . .. . . . .... . . .. . 
Polypodium vulgare3) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r 
Picea excelsa2). . . . . . . . . . . . . . . . . . . . . . . . . . . + c 
Pinus silvestris2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + c 
Quercus sp .2) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r r 
Tilia sp.2) • • • . . . . • . • . • . • .• • . . . . •. .. . • . • . .. ... . .. • .. . .. 

Ulnws sp.2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r 
Urtica urens . . . . .. . . . . . . ... .. . . . .. ....... . . .... . ....... . 
Viola paluslris . . . . .. . . . . . . . ... ... . . . .. . . . . . . . ... . 

Sphagnum sp . . . . . .. .. ... . . . . ... . . . . .. . . ... . . .. . . ... . .. . 

Botryococcus Braunii .. . C 

A mphitrem a fiav a .... . .. . . ... ... . . . . . . . . . .. . .. . . . . ... . . 
Assulina sp. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
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1) These birch r emains · are no longer in the collections of Denmark's Geo­

logical Survey. 2) Pollen. 3) Spores. 
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Other Interglacial Bogs at Brorup. 
In addition to the interglacial bogs in th e vicinity of Brorup 

noted by N. HArrrz 1
), V. MILTHERS 2

) and in the foregoing (see Fig. 2), 
brief mention should here be made of four such bogs discovered in 
1923 from the shallow depressions aboye the sites. In each of them, 
only a single boring was made, wilh the spiral auger, by J. C. HANSEN. 
They are indicated by the numbers 6, 7, 8 and 9, and will be found 
so marked on the map Fig. 2. 

Bog No. 6. 

A. 0 - 1.0 111 Mould above red Sand with hard pan. 
B. 1.0 - 2.0 111 Grey Sand with stones. 
C. 2.0 -- 2.5 111 Mud. 
D. 2.5 - 4.4 111 Peat, lhe upper part mixed with sand. 

Boring was not carried further. 

Bog No. 7. 

A. 0 - 1.2 111 Mould above red Sand with hard pan. 
B. 1.2 - 1.5 111 Grey watery San d. 
c. 1.5 -- 2.3 m Sandy Peat and Mu d. 
0 . 2.3 - 3.6 111 Greyish blue Clay with vegetable remains. 

Bog No. 8. 

A. 0 - 2.0 111 Mou 1 d above grey Sand with stones. 
13 . 2.0 - 4.4 111 Peat and Mud, not bored through. 

Bo g No. 9. 

ln this hollo\\' , an excavation was made, revealing Peat below 1.3- 2.0 m 
San d. 

Over Gestrup. 
On a stretch of heath belonging to Over Gestrup in Lh e parish 

of Agerskov, in South-.J utland, west of the oak thicket at Gestruplund, 
there is a remarkable and very conspicuous hollow with steep sides. 
The bottom lies up to 2 rn lower than the surrounding plateau, 
which is perfectly flat, and its greatest breadth is abt. fJO m fTOl11 

edge to egde ( cf. map Fig. 12 and Pl. XIX, 2). 3) Shortly before our 
visit lo the spot in 1922, a well had been dug in the northern parl 
of the hollow, where it is deepest, and peat had on that occasion 
been found, under a layer of sand. Vve found small pieces of highly 
compressed Sphagnum peat lying about among the excavated sand, 

1) N. HARTZ: Bidrag .. .. D. G. U. II. R. No. 20, 1909, p . 190. 
2) V. MILTHERS: Kortbladet B::ekke. D. G. U. I. R. No. 15, 1925, p . 51 , f. 
S) This hollow is locally known as "Soverk ulen". 
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Fig. 12. Map showing position of the inte rglacial bog at Over Gestrup (cross South of Over Gestrup). 
Scal e 1 : 25000. Contour inte rval 2,5 m . The General Staff Map Sheet 3907. 

and with a Yiew lo further inYestigalion of th e position, we made a 
boring in the bottom of the hollow, close lo the well: the result was 
as follo'\VS: 

A. 0 - 2.35 m 

B. 2.35- 3.55 111 

C. 3.55 - 3.8 111 

D. 38 - 6.7 111 

Slightly argillaceous Sand, grey at the top, reddish brown 
lower down. In the upper half metre of this stratum were 
a few scattered stones up to the size of hen's eggs ; other­
wise it was practically stoneless. 
Grey stoneless C I a y. The washing sample yielded no 
determinable vegetable remains. 
Brown Mud ; here were found a fruil of Betula nana, a 
fruit of Betula pubescens, and some pieces of charcoal from 
a con i fer ; a spore of Lycopodium annotinum, a spore of 
Osnurnda regalis , and a few spores of Dryopteris lhelypteris ; 
pollen of Empetrum nigrum, as well as that noted in the 
Diagram Fig. 6, Pl. XXXVII. 
Brown Sphagnum Peat. In the upper metre of the stratum 
especially were found a quantity of wood detritus and 
numerous small sticks; otherwise, it consisted mainly of 
fairly fresh, stratified Sphagnum peat. Eight washing samples 
from various depths yielded the following: 
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Aln11s gl11linosa, 4 fruits , bottom , 
Andromeda polifolia , 2 seeds, uppermost, 
Belula nana , 3 fruits, uppermost. 

pubescens, l'rnits and small branches, 
Call11na uulgaris, numerous fragments of branches and leaf 

shoots, especially in the upper part, 
Empetrum nigrum, several f'ruit-stones , uppermost, 
Eriophorum vagina/um, remains or" leaf sheaths fairly 

numerous, 
Picea excelsa, a few needles abt. 6.0 m down, 
Pinus silueslris , a needle, a piece of root wood (abt. 6.2 111 ), 

Polypodium uulgare, some spores, 
Rhyncospora alba, numerous fruits, lower part (Pl. XXXll, 21). 

Calliergon slramine11m , 
Gymnocybe paluslris. 
Hylocomi11m parielim1111 , 
Hypn11m exannulatum , 
Sphagnum pal11slre, in samples from the lower part of the 

stratum , 
Sphagnum papillos11111, from the upper part. 

Cenococcum geophilum. sclerotia, 
Tillelia sphagni, spores. 

E. 6,7 - 7.7 m Brown Mud, the lower part split by very fine layers of' 
sand. Two washing samples yielded: 
Alnus glulinosa , several f'ruits , 
Belula pubescens, numerous fruits , 
Brasenia p11rp11rea. seeds very numerous, 
Carex lasiocarpa, 1 fruit , 

pseudocyperus, several fruits, 
Ceralophyll11m demers11m , 1 fruit, 
J)ryopleris lhelypleris , rhizomes and leaf stalks, 
D11lichium spalhaceum, 7 fruits , 

sp. , 1 fruit, 
Lycopus e11ropaeus, 4 nuts, 
M.enyanlhes lrifoliata, several seeds, 
Myriophyllwn sp., some pollen , 
Nymphaea alba, numerous seeds, 
Oenanlhe sp., I nut, (Pl. XXXII. 20). 
Potamogeton nalans, numerous fruit-stones, 
Rhyncospora alba. numerous fruits, upper part, 
Scirpus lacusler, some fruits , 
Sparganium ered11111 , 2 fruits, 

minimum, 4 fruits , 

Castor (iber, excrements '/ 

Amphitrema fl_ava , fairly common. 
F. 7.7 - 8.0 111 Stratified , brownClay-Mud: 

B etula pubescens, numerous fruits , 
Carex lasiocarpa, 1 fruit , 

pseudocyper11s, 2 fruits, 
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Lycopus europae11s , 4 nuts, 
Menyanlhes lrifoliala , 2 seeds, 
Nymphaea alba, 2 seeds, 
Potamogelon 1wlans. several fruit- s tones, 
Scirp11s /acusler , l fruit- s ton e, 
Spargani11m minimum, 1 fruit-ston e. 
Moraine Clay. 

The pollen diagram (Pl. XXXVII , 6) giYes an id ea of th e foresl 
history of Lhe dis trict durin g the period occupied by lhe formation 
of the bog. 

The oldest spectrum - from the clay-mud F - belongs to the 
li.rst part of the mixed oak fores t zone; Betula, it is lrue, dominates 
with 58 °lo, but Pinus h as only 13 %, and Q11ercus + Ulmus together 
amount to 26 %; AlTws an d Cory/us were h ere still rare. The species 
indicated in the washing lists from lhis stratum also suggest that il 
wa s form ed in a temperate climate; lhere docs not appear to have 
been any sedimentation lakin g place in the basin during the firs t 
part of the interglacial period. During th e lime when the mud layer 
E, 1 m thick, was being formed, tb e foliage trees round the lake 
attained their high est deYelopm ent, lo judge from the pollen diagram. 
Ulmus, Quercus, Cory!us and AlTws culminale here in the order nam ed; 
the Tilia curYe lies in about the same position in Spectra 9- 11 i. e. 
abt. 6 - 7 °lo, but this speci es of pollen ea n hardly be lraced at all 
above and below these. Here also the Ulmus cune a ppears with a 
faint double summit, the latter on e in the upper parl of the zon e. 
Simultaneously with this dnelopm ent of the forest vegetation, we have 
Brasenia purpurea and Dulichium spathaceum in the lake itself. 

The rational limit for Carpinus lies between Spectr. 10 and 11, 
and this species a ttains 20 % in Spectr. 9. E ven in Spectr. 7, where 
Picea culminates, Carpinus can still show 16 %, after which its curve 
turn s off abruptly lo lhc left. 

The rational limit l'or Picea excelsa lies between Spectr. 9 and 10 
in the lower part of th e Sphagnum peat D, which was here developed 
as a quaking bog. In Spectr. 8, Picea has already -i2 %, and through 
th e entire upper part or lhe profile, up Lo and induding Stratum C, 
the Picea pollen is Yery common. In this upper part of th e diagram 
lhe elements of the mix ed oa k fores l, as well as Cory/us and Carpi­
nus, are yery poorly represented, and Lh e grea ter part of lhe pollen of 
these species may doubtless be taken as brought from far away by the 
wind as far as mos t of th e spectra in ques tion arc concerned. It is a 
rem arkable fact that the Carpin11s curYe runs out lo 8 % in Spectr. 2 
from Stratum C, which, like the upper porlion of Stratum D, contained 
remains of Betula nana. As lo lh e cause lo this compare the cone-
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sponding facts in Lhe diagrams from for example Duedam p. 131 and 
Hollund Sogaard p. 152. 

Ahrns maintains an almost conslanl frequ ency from Spectr. 7 
upwards. The Belula cune turns off well to the right after its mini mum 
in the lower part or the Picea zon e, in Spectr. 7. In this latter , Pin us 
is altogether lacking, after which Lhe cun-e for this species likewise 
runs out well lo th e right and in Spectr. -l CYen out-distances the 
Picea cune. I think th e spectra 2- 4 belong to Lh e Zon e i, in which 
the Pinus pollen is very common and the Picea pollen r each es its 
second maxim um. 

About th e tim e . when Lh e comprehensiYe change from l"oliage 
Lrees to conifer fores l was taking place, the Sphagnum bog altered its 
character, changing from a quaking bog onrgrown with Rhyncospora 
alba and other Cyperaceae to a h ea lh bog with trees in varying 
quantity, wh ere Betula pubescens, Pinus siluestris and perhaps also 
Picea excelsa throw sid e by side with Calluna uulgaris; Empetrnm 
nigrum, Andromeda polifolia, and (uppermost) Betula nana. This dry 
and firm bog then beca m e covered wilh water, and the mud stratum 
C was form ed. The climate has gradually beco me cooler - to judge 
from the evidence of the vegetation in the Picea zone - and in the 
course of its subsequent development Lowards the approaching sub­
glacial period, the sedimentation changed from mud to clay and sand, 
which was washed out from the lands, now probably poor in vegeta­
tion, surrounding th e little lake. H ere, as above other interglacial 
bogs, outside the limit of the last glaciation in .Jutland, the climax 
of arclic conditions was indicated by the formation of the stony sand 
deposit in the uppermost part of the profile. 

Agerskov. 
According to a statement in th e "Flensborg Avis" dated 14/7 1905, 

brought to the notice of Denmark's Geological Suney by J. P . .J. 
RAVN, men digging in a fi eld belongin g to the farmer P. HosENBLAD, 
of Ostergaard n ea r Agerskov, in South-Jutland, found pea ty soil with 
tree roots under an eight foot thick layer of sand and graYcl. ln th e 
same year, AXEL .JESSEN made a closer examination of the pl::ice, and 
writes to u s in this connection as follows: 

"The site 1) is a little to th e SV.1 of Oslergaard in the parish of 

1) The situation will be seen from the map Fig. 13. The site, which lies abt. 
56 m above sea level , is in a flat , valley-like depression sloping towards 
the NW, between the hilly ground up to 75 m high . 
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Agersk o ,·, 1400 m ENE of Agerskov Church . The land s lopes down 
from a fairly high hill in a gradual incline towards the highroad on 
the norlh. II is so ur, tufly, h eath soil, containin g h ard pa n, lhe 
vegetation co nsisting of Calluna, Empelrum , Erica a nd g ra s s. Jn the 
dry part of the h ealh there is s lony sand with s ton es as big as a 
man's h and or larger. SeYeral w ere w orn by lh e aclion of sand; I 
did not however , no tice a ny good face tled pebbles. 

The h ollow in which the excaYa tion was mad e is bul little 
noticeable in the s urroundings, measurin g hardly more tha n 20 - 30 
paces across. 

The h ole du g w as 2.5- 3. 1 fi m etres squ are, and of like depth . 

Fig. 13. Dis tri c t Eas t of Agerskov with th e inte rglacial bog (x). Scale 1 : 25000. 
Contour inter val 2.5 m. From the Gen era l Staff Map Sheet 3907. 

The profile is as follow s: 13- rn cm hea ther turf m erging below in lo 
black humous sand with ma n y slones ranging from the size of nuts 
to lhe size of h en 's eggs; flints are particularly fr equent, and often 
polish ed by the action or sa nd. 47 cm below the surface, this layer 
ends in a rn cm lhick layer of sandy h ard pan . Below this, yellow sand 
without stratification , with som e few stones from the size of nuts lo 
the size of eggs. These last are often accumulated in grayelly lumps. 

From 1.57 m b elow the surface and downwards the sand becomes 
purer , almos t free from s tones, alm ost dernid of s tructure, with but 
a slight suggestion of horizontal s tra tiflcation . 

2.5 m b elow th e s urfa ce th ere is a laye r of blachish brown Mud, 
Yarying in thickness from 2. fi to 21 cm . The upper part is sandy, 
brownish, the lower portion darker in colour and more pea ty. At 
seYeral places in the mud b ed lhere arc strea ks of sand a couple 
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of cm thick, rather like the thinning out of th e mud streaks of 
Ejstrup. 1) . 

Below the mud th ere is 0.63 m ol' Sand, with o ul stones, the 
upper portion perfectly white, the lower grey and coarser. 

Below this , Pea I. In th e upper part of the peal, smaU Yeins of 
sand were found. At th e top - to a fool down - th e pea l contained 
wood , bark a nd small lwigs; deeper down it became firmly compressed 
moss peal. 

Th e waler stood at the surface of the pea t, and ll owed oul strongly 
when w e dug in the pea l. Tried lh en to bore ·with a marl drill, but 
the peat was loo hard, we co uld make no progress. ll must however , 
he at leas l 1.1 m lhiek. Subjacent stratum unknown. " 

A number of samples from lh e Yarious strata in the bog were 
collected by A:-.:EL .I ESSEN: 

I. The Mud I aye r, sandy, argillaceous mud, gr ey is h brown in colour; 
this contained no d e terminable vege table remai ns. 

II. Brown, stratified Detritus Peal (forest pea l with a touch of the 
low-moor type), with a quantity o f' birch bark a nd num ero us rhizom e 
frag me nt s a nd fruits of Care:r sp. ; a lso several charred need les of Picea 
e.n·elsa and sc ler o tia o f Cenococcum _qeophillln1. 

111. Brown, s tr a tifi ed Birch Fo re st Peat, very rich in flattened 
branches, flak es of' bark and fruis of Be/11/a 1mbescens, some f'e"· branches 
of Call11na vulgaris a nd rarbonified need les of Picea excelsa with large 
sclcro tia of Cenococc11111 geophi/11111. 

IV. Brown, foli ate d f a irl y fresh Sphagnum Peat, very rich in tufts 
or Eriophor11m uagina/11111 etc. In this \Yere found: 

AII111s yl111i110sa, 2 fruits, 
flelulap11besce11s, fruits and catkin sca les, \\·ith so me branches, 
Carpi1111s he/11/11 s, 6 frnit s, 
Eriophor11m uayina/11111 , leaf shea th s in tufts, several fruits 

(Pl. XXXII, 10- 12i, 
Oxycoccus pal11slris , sever a l shoots w ith leaves, large seeds 

(P l. XXXII, 13- 14), 
Picea e.i:celsa, need les and seeds, 
Spargani11111 1nini11111111 , several fru i t-slones. 

Cenococcwn geophi/11111, numero us sc le rotia . 

In 1Hl4, attention was again drawn to tb e intergla cial bog al 
AgerskoY, and another e:-.:caYa tion wa s made there in order to include 
il in th e series of inYes tigation s of' lh e deposits in lh c " Briirup Bogs", 
published by AxEr. .J ESSEN, V1cTon MADSEN, V. ;\11LTH Ens and V. 
NOHDMANN. 2) At the same time, the i1westigation wa s extended to 

1) N. I-lAHTz : Bidrag .. . . 0. G. U. II. R. No. 20, p . 207. 
2) D. G. U. IV. R. No . 9, 1918. 
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embrace some interglacial bogs at W este1-land, on the island of Sylt; 
these are dealt with in a separate publication 1) whereas the bog at 
Agerskov has not yet been mentioned, as the final examination of 
the ground here was hindered by the outbreak of war. 

AxEL JESSEN had an excayation made in the bog close to the 
hole mad e in 1905. The trench was 2 m wide and 7 m long, running 
N-S; the Stll'Yey of the strata exposed was made by AxEL .JESSEN 

s 

2 -
5 

6 

m 0 2 

Trench 1914 

3 

f:"77 
L.:.:J 

~ 

5 7 8 q 10 I I 

.9t, Boring s [; 
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Fig. 14. The inte rglac ial bog at Agcrskov, with covering strata . Podsol soil. 2 Gravel. 
3 Clayey, stony sand. 4 Sand with stones. 5 Sand without stones. 6 Arenaceous mud , " the 

black h ed ". 7 Birch fores t p ea t. 8 Sphagnum p ea t. 9 Moraine clay. 

111 conjunction with the gentlemen above m entioned and KNuo .JESSEN. 
Cf. Fig. 14. 

The profil e at Lh e southern e nd of the tr e nch was as 
follows: 
A. 
B. 
C. 
D . 
E. 
F. 

A. 
B. 
D. 

E. 

0.50 l11 

0.10 l11 

0.40 l11 

0.70 111 

0.20 l11 

Raw Humus and bleached S a n d . 
Hard Pan. 
Grave 1 and Sand cemented together with hard pan . 
Argillaceous Sand with scattered stones. 
vVhite Sand with stones, sometimes many, sometimes few. 
Fragments of the "b 1 a ck streak" (this is the mnd bed met 
with in the excavation of 1905). 

The profile mid ·way along the trench was as follows : 

0.50 Ill Raw Humus and bleached San d. 
0.10 111 Hard pan. 
0.30 Ill Sand, slightly argillaceous in parts, and with numerous small 

stones. 
0.85 111 Yellow Sand, with comparatively few stones. 

1) V. NonoMANN , KNuo JESSE :--1 & V. MILTHEHS : Quarlargeologische Beob­
achtungen auf Sylt. Mcdd. fra Dansk geol. Foren. Bd . 6. No. 15, 1923. 
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F. 0.04 111 "The black streak". 
G. 0.30 111 Sand without stones (stones are only found in and immediately 

below the black streak). 

Both the gravel deposit (C) and the argillaceous, stony, moraine­
like sand (D) which characterised the southern end of the profile, 
had here thinned out, and D assumed an altogether different character. 
Here, in the middle of the trench, se\"eral streaks of hard pan were 
found, sloping down tow:nds the north , 1.55 m below the surface. 

A. 
B. 
I) 

E. 

F. 

G. 

The profile at the north end of the trench was as follows: 

0.40 
0.30 
0.30 

1.35 

0.04 

1.15 

111 

111 

111 

111 

111 

rn 

Raw Humus and bleached San d. 
Hard Pan. 
Slightly argillaceous, stony Sand, here and there with smears 
of the same argillaceous sancl ('Moraine sand") as at the south end. 
Grey Sand with some few stones up to the size of hen 's eggs, 
lying here and there. 
·•The b I a ck streak", which is broken by several faults and 
divides up into several strata. 
Sand , with no stones, or very few. Immediately below the black 
streak lie several stones of the size of hazel nuls. The sand 
shows distinct stratification, foiling away towards the north (or 
NNEJ alternating between more sandy and more argillaceous 
strata (almost entirely elay, in which there may be not a few 
small stones). 

H.J. 1.00 111 Peat; Lhc upper portion amorphous peat with wood; lower down , 
moss peat in thin flakes. 

In the upper layer, (A), lhere were many stones, one of them 
40 cm 111 diameter, another 35 cm, and another 30 cm. Below this 
was hard pan which had lo be broken up. The upper stony strata 
were from 1 lo about 2 m thick, the thickness being greatest at the 
soulh end towards the hill, where also the largest slones were found. 
Here al lhe soulh end, i. e. nearest the hill, the substratum underlying 
the graYel and hard pan was greyish-yellow, argillaceous sand with 
small stones (D), resembling moraine sand; farther out in the basin, 
this moraine-like character of lhe sand became more effaced, and the 
stones in the subjacent stratum were far fewer. 

In the discussion held on the spot, the investigators failed to 
agree as to whether the upper strata , and the series generally aboye 
the black stratum, represented a sandy, gravelly moraine, or should 
he regarded as a product of solifl uction over a water-filled depression 
in the ground. 

In 1922, when we had completed our preliminary irwestigation 
of the Brorup bogs, we made more borings in the interglacial deposit 
at AgerskoY, Yiz: 
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1. 4.5 111 north of the northern end of the trench dug in 1914, 
which was still visible, and 

2. 17 111 E of the north end of this trench, and 
3. 19 m N of the north end of the trench. In the two first borings 

we encountered the interglacial deposits (see Fig. 14), the last 
one however, fell outside the basin of the bog, and we found 
here below 1.5 m of stony sand , only sandy yellow moraine clay. 

Boring 1. 

A.-E. 0 - 2.65 m Slony Sand, many stones especially in the upper metre, 
where some as big as a man's head were found . 

F. 2.65 - 2.90 m Greyish brown, sandy C I a y mixed with humus ("the black 
streak). No vegetable remains here. 

G. 2.90 - 3.55 m Grey, sharp Sand with stones as big as nuts. 
H . 3.55- 4.1 m Dark brown Detritus Peal with much birch bark , 

partly, and presumably at the bottom, muddy. \Vashings 
from Lhis yielded: 
Belula p11bescens, numerous fruits , 
Carex pseudocyperus, 4 fruits , 

sp., numerous fruits withoul utriculus, 
Ceralophyllum submerswn, 8 fruits, 
Claclium marisc11s, 5 fruits , 
Nlenyanlhes lrifoliala , seeds very numerous, 
Spargani11111 erect 11111, 2 frn i ls, 
Viola paillslris, I seed . 

K. 4.1 - 5.0 m Grey stony San cl with a few thin stripes of loamy sand; 
stones up lo lhe size of hen's eggs. 

L. 5.0-5.5 m GreyMoraineClay. 

Boring 2. 
A. E. 0 - 2.6 111 Stony San d. 
F. 2.6 - 2.9 111 Greyish brown, sanely C I a y, with bum us, no stones ('' lhe 

black streak"); no vegetable remains. 
G. 2.9 - 3.2 m Sharp Sand with some few, very small stones. 
H. J. 3.2 - 4.0 m Dark brown Detritus Peat with no determinable 

macroscopic plant remains ; below this, a thin layer of 
foliated Sphagnum Peal, in which were found Carex 
pse11docyper11s, and Nlenyanthes trifoliata. 

K. 4.0 - 4.6 m Stony San cl. 
L. 4.6 - 3.0 m Mor a i n e C I a y. 

Circumstances did not permit us lo make a more detailed in­
Yestigation of the extent of this little basin ; on the south, towards 
the hills, it hardly runs much beyond lhe southern end of the trench 
from 191-!, cf. the thinning out of the black stratum, while on th e 
north, the margin of the basin lies between Borings 2 and 3; on 
the east also, its ex lent is Yery limited. Only lhe slight depression in 
the soil, barely visible above the bog, h ere reyeals the presence of 
the interglacial basin beneath the floor of the valley, which otherwise 
slopes gradually to th e north. 
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The bottom of the basin is formed of a stratum of stony sand, 
bedded on moraine clay. No typical mud deposits have been found in 
the bog, but the finding of Ceratophyllum submersum shows nevertheless 
that there must at some time have been open water there. This was 
then later covered over by a Sphagnum-Erioplwrum 11aginatum bog, 
which was soon taken possession of by birch thicket, under which 
the deposit of "detritus peat" was formed. On this bed of peat lay 
stratified sand (G) which must presumably have been deposited in a 
lake or pond, in which also the muddy clay of the black streak must 
have been deposited. The forces which subsequently carried material 
of the covering strata, consisting of sand, clay and stones, out over 
the basin, seem, from the profiles, to have moved from south to 
north, the quantity or stones decreasing oul towards the middle of 
the basin, the character of moraine sand at the same time becoming 
effaced, just as we ha Ye obscned in several other cases of interglacial 
bogs of the Brorup typc. 1) H ere also then, we may lake il that the 
coYering layer was formed mainly by solifluction, in the course of 
the last glacial period, and thal the bog at Agersko, lay al that time 
outside the margin of lhe ice. 

The Limnean Horizon of the Eem Strata. 
In several of the localities with dislocated Eem strata 111 the 

western parts of the Baltic region lhere arc, as w e know, fresh-water 
l'ormalions lying belovv the marine deposits. As a type of the strata 
sequence in these formations, we giye here, after V1cTon MADSEN 2

) 

lhe profile of the cliff at Sten s i gm o s e, in Broagerland: 

Diluvium [rom the last glacial period. 
Tapes sand. 
Argillaceous marine sand. 
Cyprina clay with Cyprina etc. 
Cyprina clay with Mylilus elc. 
Brackish water deposit? 
Fresh-water clay. 
Calcareous mud. 
Thin layer of peat. 
Fresh-water (?) sand. 
Fluvioglacial deposits. 

') AXEL JESSEN, V1cToH MADSE:s- etc. : Br6rup-Moserne. D. G. U. IV. Rrekke, 
No. 9, 1918, p. 15, 24 f. 

2) V1cTOH MADSEN, V. NORDMANN & N . 1-IAHTZ: Eem-Zonerne. D. G. U. JI. Rrekke, 
No. 17, 1908, p. 87. 

JJnnmarks geologiske Und c rs0gc lsc, II. lla:,kk e . '.\'o. 48. 12 
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The stratigraphical and faunistic investigations of the Eem strata 
has shown that the Cyprina clay with the Tapes sand were formed 
during a submergence and s ubsequent upheaYal of the land , whereby 
the freshwater formations were coYered by marine deposits, and that 
both these alterations of leYel took place under temperate conditions 
of climate (l. c. p. 87). From the latest inYestigations made by V. 
NoRDMANN 1) as to the age of the Eem deposits, it must be regarded 
as certain that they were form ed in the course of the last interglacial 
period, and the flora lists giYen by N. HARTZ (l. c. p. 10() f) from the 
limn ea n horizon of th e Eem zon es in different localities in A<.:rii and 
Hornela nd and al Stensigmose, sho-..v lhal they mnst b elong lo lhe 
first part of this interglacial per iod . For Picea has not been found in 
lh ese deposits, neither macro- nor microscopically, and Carpinus is 
similarly lacking, whereas JJinus, Q11errns , Ulmus, "Tilia , Fra:rinus and 
Crataeyus occur, as well as species as Limnanthemum nymphaeoidl's 
and Ncijas marina, which at the present day haYe a southerly extension. 

The absence of Picea and Carpi1111s in the fresh water deposits 
al Stensigmose is . confirmed by my pollen analyses of two samples 
from th ese beds, preserved in the collections or the D. G. U. Yiz. 
l) fr es h-wal e r clay, abt. 40 cm below the Mytilus bed in Gottsche's 
profile, answering to Column \' in lhe lable giYen by HARTZ I. c. 
p. 110, and 2) " the grey bed ", diatomaceous earth just aho\'e 
Lh e peat in Gottschc 's profile.2) 
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Table 8. Pollen spectra from the fresh­
water beds at Stensigmose. 

1) V. NonDMANN: La position stratigraphique des depMs d 'Eem . D. G. U. II. R. 
No. 47. 1928. 

2) Besides the pollen mentioned. the clay sample yielded also: Pediaslrum 
Boryanum and P. Kawraiskyi , Melosira arenaria anci Spongilla lacuslris, and 
the diatomaceous mud contained species of the genera Cymbella, Epilhemia, 
Fruyilaria, Melosira a nd Synedra , as \\·ell as hairs of Ceralophyllum sp. and. 
silica spikes of Spongilla lacuslris. Furthermore, Mr. CAHL LoEwE, of 
Flensburg, states, in a letter lo Dr. Nono~IAN:-.-, that he has found Balrachiwn 
sp., Menyanlhes trif'oliala, Scirpus lacusler and Cenococcum geophilwn in the 
fresh water deposits at Slensigmose; these species were not previously 
known from there. 

Some samples of fresh -water clay from Vejsn res Nakke (£r6) were 
also investigated, but nothing was found here beyond a little Pinus pollen , 
some of Chenopodiaceae and silica spikes or Spongilla lacuslris. 
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Spectr. 2 belongs mosl properly to the Betula-Pinus zone. The 
proportion of mixed oak forest to Pirws is 0.53, whereas it has risen 
to 0.96 i Spectr. 1, which originates from the upper portion o.f the 
fresh-waler deposits and lies at the junction be lween Lhe Betula-Pinus 
and mixed oak forest zones. Similar spectra to these appear in the 
diagrams from Norbolling (Fig. 3, Pl. XXXVI, Spectr., 12), Fovling 
( Fig. l, Pl. XXXVII, Spectr. 6) and Kollund (Fig. 2, Pl. XXXlX, Spectr. 4 
and 5). A characteristical feature is the absence of Ahws and the low 
l"requcncy Yalues for Cory/us; correspondingly, N. HAnTz does not 
mention macroscopic remains of these genera. 

Th e transgr ess ion of th e Eem sea over the fresh water 
beds in Slensigmosc c liff, must then haY e Lak e n place in 
t h e t i m e o f L h e m i x c d o a k f o r e s t, d u r i n g t h e l a s t i n t e r­
g I a c i al p e riod. At th e lime when a lusitanian mollusc fauna was 
moYing in to lh e Baltic basin by way of the sounds that cul diago­
nally through th e southern portion of the Cimbrian peninsula , and lhe 
summer t emperature, according Lo V. NORDMANN (1. c . 12n and 247) 
was a couple of degrees aboYe that or Denmark at the present day, 
the rich Oora of the mix ed oak forest spread oYer Denmark , thrusting 
out the hore~ll Betula and Pinus l'orcs ls. ll is impossible to determine, 
by pollen statistics, when Lhc uph ea Yal of land which again shul off 
th e Baltic from the Eem sea occurcd, as no bogs resting on deposits 
l'rorn Lhat sea are known. But since Lhe uphearnl took pla ce while 
lh c mild climate still preYailed, il must be supposed that the 
marine zon e of the Eem beds is co nt e mporan eo us with 
the mix e d oak forest zone and Lh e Cnrpin11s zone, in th e inter­
glacial bogs, while th eir upper slrala, lhe Picea and Pinus-Bduln 
zones, with the Middle Bed and o\·e rlying strata o r the Heming profile, 
must be younger than Lhe Eem sea deposits (ef. Chapter VII). 

Deposits fron1 the Penultimate Interglacial Period. 
Under this h eading are included interglacial lake deposits lying 

outside the main stationary line of Lhe last glaciation, hut coyered 
with morain e clay or typical fluvioglacial sand, or on oth er grounds 
presumably older than Lhe last in lerglacial period (Starup ). Included 
h ere are also the peal at Vejen, which, though lying a little to the 
cast of th e limit of the last glacia lion , must neyertheless be reckoned 
as belonging to the older intergla cial, owing to the depth at which 
Lhey occur, viz. as far as 37.5 m below the surface. 
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Rind. 
West of the highroad running south from Berning, at a distance 

of 4.8 km from the town, marl is obtained from an interglacial deposit 
of calcareous mud, which came to the notice of V. MrLTHERS after 
the publication of his "Mergelaflejringerne i Bammerum Berred". 1

) 

Fig . 15. Map showing position of the n1arl pits in th e intergla c inl calcareous nu1d at 
Hind. the fiv e crosses. Scale I: 25000. Contour int e rval 5 n. = 1.57 m. The (;enerel Staff 

Map Shee t 2006. 

Th e mud is covered by a deposit, up to 5 m thick, of stratified graYel 
and sand, on the western declivity and near the top, of the gravelly 
plateau which slopes down towards Fjederholt River in the south 
and east, and towards Rind River on the west. Farther north, to­
wards the village of Lind, the fluvioglacial gravel, in which there are 
several pits in the area surrounding the marl deposit, is covered by 
moraine clay, and this has been followed as a surface formation, as 
far as to the brickworks at Berning, where it forms the foundation 

t) D. G. U. III. R. No. 13. 1916. 
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of the interglacial lake deposits there found. This moraine at B erning 
must be presumed to date from the same glacial period as lhe typically 
lluvioglacial, stratified gravel and sand beds which coyer the Inter­
glacial at Rind, and then this belongs to an earlier interglacial period 
than th e lake deposit at B erning, or in other words, dales from the 
penultimate interglacial period . 

The marl pits r ecently worked a L Rind all lie south of the road 
leading from lhe highroad running west to the village of Rind, and 
th ere are old and new pits h ere covering an area of abl. 3 h ec tares. 
According to information furnish ed by lhe owner, AuG. DYNESEN, of 
Lind , marl has been drawn from this deposit during the past fifty 
years. The same type of marl however, is said to have been found 
north or the Rind road, in place quite close to Lh e road , and also 
south or Dysh0j , abt. -tOO 111 farther north . See Fig. Ii)_ 

In 1\)23, we noted lhe fol.lowing profile in one of lhe western 
pits south of the Rind road: 

A. 
1:3 . 

D. 
E. 

0 - ab t. 2.0 
2.0 5.0 m 

5.U 5.15 111 

5.15 - 6.15 m 

Profile 1. 

111 Strati fled Grave I, with stones the size of eggs. 
Stratified San d . Both the sand bed and the gravel be<i 
fell away 30 0- 4O o towards the east. 
neddish-brown , loamy Disintegration Strata. 
Pale grey Ca I care o us Mu cl (Mar I) without stratification. 
The surface slopes concordantly with the stratification of 
A and B. The mud was full of fine fissur es, irregular in 
their course and covered with rust on the sides. The 
subjacent bed was not reached. 

Pro fi I e 2. 

In 1926, I found a very similar profile 111 a nother pil close by. 
The upper portion or the mud bed co uld b e discerned directly in lhe 
pil itse lf; the spiral auger was used for boring down through the 
deeper portion of the stratum Lo the sa nd b en eath. 

A. 0 0.7 m 

B. 0.7 2.0 111 

C. 2.0 2.35 m 

D. 2.35 - 2.5 111 

E. 2.5 - 4.2 l1l 

Mould and stony San cl without stratification (above these, 
refuse from previous operations). 
Irregularly stratified Sand and Gravel. A kind of chimney, 
rich in rust, ran down through the whole of thi s bed . 
Grey, non-calcareo us C I a y with a few small stones. No 
stratification. 
Reddish brown, ochre o us C I a y conta ining 3.35 0/o car­
bonate of lime in a dry state. 
Grey c a I care o us Mu cl (Mar I) as Stratum E in Profile 1. 
The lowe r 10 c m of the stratum contained ra lher more 
clay than the upper parl. Besides pollen of forest trees, 
a pollen tetrad of Typha latifolia was observed, and also a 
considerable quantity of the calcareous a lga Phacolus len­
ticularis. The carbonate of lime content was determined 
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by JoHs. ANDEHSEN in three samples (dry matter) viz. from 
the upper portion of the mud 89.8 0/o, from the lower 
portion (4.0- 4.15 cm below the surface) 58.8 0/o, and from 
a heap already dug out 92.9 0/o CaCO3 respectively. 
Red sharp Sa n d. 

The direction of the profile wall was approximately North-South. 
The mud bed cropped out along a range of abt. 2 m, and exhibited 
a highly upward curwing surface (see Pl. XX, 1), Strata D and C 
being stratified concordantly therewith; it was obserYed, howe,·er, that 
the thickness of the ochreous layer was aboul 15 cm, where the marl · 
bed projected farthest, growing thick er down to the sides (20 cm). 
According Lo information from the owner of the property, the marl 
deposit lies altogether very irregularly, often rorming banks like the 
ridge of a roof, a few metres wide, or sticking up in peaks; where 
the marl bed is thin, the ochreous layer is thickest. 

Profile 3 (50 m E of Profile 2). 

A. 0 - 0.6 m Mou 1 d and stony Sand without stratification. 
B. 0.6 - 1.75 m Stratified Gravel. 
C. 1.75 - 3.75 m Stratified San d. Discordance between B and C. 
D. 3.75- 4.05 m Reddish-brown, ochre o us C I a y. 
E. Calcareous Mu cl of unknown thickness. 

Pro fi I e 4 (50 m E of Profile 3). 

A. 0 - 0.4 m Grave I, without stratification. 
B. 0.4 - 1.1 111 Grave 1 with horizontal stratification. 
D. 1.1 - 1.7 111 Reddish brown ochreous Clay. 
F. 1.7 - 1.8 111 Grey Sand. 

Strata D and F were investigated l.Jy boring. In this profile, the 
calcareous mud was lacking, whereas the ochreous layer was thicker 
than observed anywhere else in the area; at a little distance off, 
hovl'ever, in various directions, Jay pits, now fallen in, where marl 
was said to haYe been found. The ochreous stratum is probably a 
relicl of disintegration of the calcareous mud, arising from the action 
of water oozing down Lhrough covering strata, and a closer acquain­
La nee with the structure of these than the small and casual profiles 
could afford would probably explain the peculiar surface form of.the 
marl bed. 

No macroscopic Yegetable remains were found on washing the 
marl samples from Hind Marl pits; a somewhat helter result was ob­
Lained from the microscopic analyses of samples from Profile 2, though 
the pollen frequency \Vas yery slight; where it was lowest, the percen­
tage. frequency of the species was not calculated, but a + in the 
accompanying table indicates the presense of the pollen species in 
question. 
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"' " Depth E "' :, "' C 

.2 .:l "' 
:, :, .:l OJ 

b elow "' :, ~ "' -~ ::: :, -~ ::: " :,, '-' 
surface " E ~ .... " "' 0 .::: " 

:, :, ;:; :, 

" 0 0 OJ 

z "' R:i c:; s 0 ~ u c:; u "' ~ 

I I 
1 2.4 111 D + . . . . .. . . + . . . . + . . 4 
2 2.6 111 E 18 4 .. 38 28 12 . . . . 15 f 13 
3 2.8 111 - 14 12 .. 24 18 32 . . . . 27 f 19 
4 3.05 111 - 12 2 8 26 14 38 . . .. 35 r 23 
5 3.35 111 - .. + + + + + . . . . + . . 6 
6 3.6 111 - . . + .. + . . . . . . . . + 4 
7 3.8 111 - + + . . t .. + . . . . . . . . 6 
8 4.05 111 - + . . .. + + + . . . . . . 6 
9 

' 
4.15 111 - . . . . . . .. . . . . .. . . . . . . 0 

Table 9. Pollen spectra from Rind. 

Despite the paucity of Yegelabl e remains in the mud b ed, Lhe 
Yie w afforded by the table above as lo the yegetation co ntemporaneous 
with lhe formation of the deposit is neYerthelcss clear enough. Picea 
and Ca rpinus were not round, but ()uercus and Alnus a ppear nearly 
in all Lh e samp les, while Pinus is bul poorly represented in proportion. 
Ali111s and Cory/us attain th eir highest fr equency in Sample -J. , Quercus 
and Tilia in Sample 2. EYen in the deepes t of the samples in which 
pollen was found , both Tilia and Quercus were present. The formation 
of the calcareous mud in the interglacial lake at Rind musl th en haYe 
ta ken place during the period or the mixed oak forest, simultaneously 
with the deposit of calcareous mud in the lake at Harres k0v. Here, 
Lh e series of strata preserved terminates in a Picea zon e with much 
Pi1111s and Beiilla ; nothing of Lhis has b een found in lhe Rind inter­
glacial, but this may b e due lo Lhe facL that the upper par t of the 
lake deposit has in this case bee n transformed, and ils possible fossil­
conlent destroyed by the process of disintegration which led Lo the 
formation of the ochre bed. 

Harreskov. 
In 1916, V. 11ILTHE RS mentioned 1

) a pec uliar occurrence of inter­
glacial lake marl at Harres kov, abt. -J. km almost due cas l of Kib:cek 
railway station, at the source of Harreskov Brook (Fig. 16). Vhth a 
Yiew to ascertaining the ex. tent and thickness of the deposit, and its 
value for Lhe ex. traction of marl on a large sca le, V. M!LTH ERS had, 
in 191-1 made, for Denmark's Geological Suney, I 3 borings in the 
neighbourhood of some marl pits on the spot, norlh of the l'armstea d 
Lo which the marl deposit belongs (see Pl. XXI). It was then found 

I) V. MILTHERS: Mergelaflejringerne i Ha111111erum Herred . D. G. U. III. R., 
No. 13, p. 19 f., 1916. 
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that the stratum extended for several hundred metres in a NE-SW 
direction, on the south side of the stream that flows through the valley. 

The interglacial lake deposits found in these borings consist partly 
of pale grey calcareous mud (marl), partly of dark brownish-green, non­
calcareous mud, with finally, diatomaceous earth; they were found to 
contain abundant pollen of Betula, Alnus, Pinus, Picea, Tilia and Cory/us. 

The calcareous mud was from 1- 3 m thick, with from 
70- 80 °lo carbonate of lime; this percentage was however, not infrc-

Fig. 16. Map showing the position of the ;,interglacial lake dt'posits at Harreskov, b e­
tween the two crosses , Scale 1: 25000. Contour interval 5 ft. = 1.57 m. The General Staff 

Map Sheet 2606. 

quently lower, especially in the upper part of the stratum; the lowest 
figure for content of cm-bonate of lime in the boring samples was 
57.5 °;o. The calcareous mud was found in all the borings except 2 
and 13. In this last boring, which was made down in the meadow 
at Harreskov Brook, the interglacial strata were not met with at all. 

The marl was generally both covered by and bedded on the dark, 
non-calcarous mud (cf. Pl. XXI, 1). The subjacent layer of this 
was however, often quite thin, while that above was considerably 
thicker. The thickness of this covering layer varied in the different 
borings from 0.3 to 3.4 m, and in five of the 11 in which it was 
found, it was over 1 m thick. 
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In Boring 8, this mud s tratum was not found, but its place a boyc 
the calcareous mud was occupied by a layer of fairly pure grey 
di a t o 111 ace o us ea rth 1.1 m thick. 

The total thickn ess of lh c lake deposi ts found in the l)Orings 
might amount to --1-.7 m. The surface ol' th e mud r eached , a l the 
utmost, to ahl. --1-9 rn alJoye sec lcYel, Yiz. in Borings l , 2, :-1 and 11; 
in th e remaind er, it was considerably lower - down lo 45.-1 m . The 
mud surface presen cd is thu s h ardly th e original surface; il musl be 
pres um ed th a l a more or less co nsid erable portion of lhc deposit \Yas 
r cmoyed at different places during th e depositi on of the coYering sand; 
this Yiew is supported hy th e facl lhat in Lhc lower parts or this 
sand slratum , lumps, a nd at tim es fold ed smears, of a mud r ese mbling 
brown coal wer e found , Lhis eYidenlly being deriYed from the upper 
mud s tratum. 

The subs lralum for this co herent 1lcposil of marl and dark mud was 
Sand, while the co vering strata co nsis ted mainly of slony sand and 
morain e clay. \Vind-blown sand and peal may also h e found 
at th e top. At one of the borings, lh c thickn ess of Lhese coYcring 
strata was only 2.2 m , bul in G of Lh e 11 borings il was over 3 m, 
and in on e place i l amounted to 6.1 m. The moraine clay was en­
closed in Lb c stony sand, and formed a lens-shaped layer up to 3. 7 
m thick, a ppar ently enclosing in itsell' a smaller lump of sa nd (see 
Pl. XXII). The morain e clay was found in Borings 5, 9, 10, 12 and 13. 

As m entioned aboYe, Lhc s tony sand contain ed lumps of mud; 
these arc s lated as haYing been found especially in that part of the 
sa nd stratum which lies below th e mora in e clay, but intcrkncaded 
parlicles of mud were found in th e sand also b eyond the · edges of 
this stratum , as was obsened in 1925, in Lhc profile described below, 
from one of the marl pits in the north-eas terly parl of th e locality. 
H ere also, it was noticed Lhat the sand was so metim es stratifi ed; as 
a rule however , there is no distinct stratifica tion to be seen in the 
covering sand aboYe the interglacia l strata in the m arl pits. The 
profile was as follows: 

0 - 0.4 m Mou 1 d . 
0.4 - 0.9 m Highly folded strata o f Sa nd wilh s mears of Mu d. 
0.9 - 1.4 m Irregularly co lliding blocks of non-stratified San d. Below 

this was h ori zo ntally stratified Sand, ab t. 0.5 111 , above 
masses of fall en materia l, (cf. Pl. XX, 2). 

The land aboYe the interglacial deposits lies almost throughoul 
in a gentle slope to Lhe NV/ down towards Harres ko\" Brook. Grea t 
portions of the surface arc also curiously pitted, as is faintly in­
dicated, in the profile shown in Pl. XXII . \Ve found , especially 111 

the south-western part of the a rea included in the plan, (Pl. XX[, 2) 
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numero us small enclosed h o llows, up to 1 m deep a nd abl. 10 m 
across. There d oes not appear to be an y relation between th e occur­
rence o r these pits in t he surface a nd th e subj ace n t lak e deposits, a nd 
th ey ca n hardly be regard ed as subsidences occas ion ed by compres­
sion of Lb e interglacial slra la (cf. the pro f1l e). They mu st presumably 
haw been form ed durin g Lh e glacia tio n wh ich deposited sa nd a nd 
morain e clay ab o ye th e la ke basin . lL canno t have bee n in th e las t 
glacia l period , tha t the i nland ice ex tended so far wes t a s to Harre­
sk o \' (cf. p. fi9) bnt in Lhe foregoing, a nd the tempera te lak e deposits 
here must th erefore be ascribed Lo th e penultim ate glacia l period . 

V/ith a Yiew to obta ining a <.:loser acquaintan ce with th e deYelo p­
ment of th e fores t flora a lso i n one of th ese wes tern interglacial deposits 
coYered by glacigen o us forma tio ns, I meass ured, in Hl25, th e fo llowing 
profile in a m arl pi t in Lhe easte rn par t of Lhe interglacia l la ke a rea , 
collec ting sa mples for pollen a nalysis at the sa me lim e. The lower­
lyin g stra ta w er e i11Yes ligated by borings with the spira l au ger. 

A. 0 1.5 m Stony Sa nd w ith no d is tinct strati ficat io n. 
B. 1.5 - 3.0 111 Greenish brown non-calcareo us M u ct ; sp ic ules of Spongilla 

lacuslris, diato ms, spore~ of Dryopteris lhelypteris and 
Sphagnum sp . 

C. 3.0 - 5.05 111 Pale grey calca reo us i\1 u d . Numerous dia to ms, pollen 
o f N uphar lule11m and Typh a lalifolia, spores o f Dryopleris 
lhelypleris and Lycopodium cf. complanatum . 

D. 5.05- 5.40 m Da rk grey fin ely sanded non calcareous C 1 a y-l\'l u d. 
E. 5.40- 5.60 m Sharp S a nd , redd ish above, grey lower down . 

The pollen diagram ( Pl. XXXV III , 2) is drnwn fro m 13 poll en 
analyses from Slrata B, C a nd D in this prolile. 

The pro file itself is diYided into three zon es, charac terised by 
the presence or ab sence of carb ona te of lim e; so a lso th e diagram 
fall s into three secti ons, cha ngin g its charac ter at th e tran sition from 
calcareo us mud to the s trata of non-calcar eous mud aboYe and below. 

In the lowest portion of th e diagram , we find the uppermost 
porlion of a Pinus zone in Speclr. 13, which shows 62 °lo Pinus, 14 °lo 
B etula , 10 °lo A lrws, 7 11/0 mixed .oa k fores t, and - a r emarka ble 
feature - 7 % Picea . The pollen frequ ency was o nly 13. But eYen 
a l the lower m argin of the calcareo us 111 ud , C, we Ii nd already a 
very different state of things. In Spect. 12 for ins tance, the mixed oa k . 
fores t pr edomina tes with 56 °lo, while Pi1111s has dropped to 20 °lo 
and fl eiula Lo fi °lo; the curve !'or mixed oak forest lies on the extrem e 
right throughont Lh e wh ole o f Stratum C witho ut any essential or 
lasting m oye to Lh e lell; in Spectr. 6, a l th e upper edge of th e calca reo us 
mud, it lies out at 46 %. T he Ulmus cur\'e culminates in Spectr. 12 
with 38 Ofo, attain s a seco nd ary m aximum of 22 % in Sped . 9, a nd 
then falls gradu ally away towards Lhe left. The Tilia cune lies 
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remarkab ly far lo lh e ri ght , and rnn s up Lo I 3 °/o in Spectr. () and 7; 
th en this loo turn s off to the left. The cunes for Ahrns and Cory/us 
show rela liYely low values al Lh e upper and lower margins of th e 
stratum, and culminate in th e middle. Th e cunes l'or flelula and 
Pirws run almost parallel with the ,·ertical axis throughout th e greater 
part of the stratum, but with a rising tendency in the upper part; 
Spectr. G shows Pin11s 1-1 % and flctula rn % . After Picca has allained 
7 % in Spedr. 13, i ls pollen amounts lo 1- 2 °lo of Spectr. 1 l - 7, 
the cune running out to 8 % in Spectr. !-i . 

The diagram in the upper non-calcareo us mud , B, is characterised 
especially by the cunes for mixed oak fores t, Cory/us and Ahrns 
running to the left , and those for Pinus and Picl'(r, partly also Belula, 
Lo the right. Jn Speclr. fi, th e pollen of the mix ed oak fores t is still 
predomina nt, but th e Pinns curve, with its marked trend lo the left , 
entirely dominates the -! upper spec tra , attai nin g 70 % in Spectr. 1. 
The Picea cune has two summits, Lh e first in Speclr. 5 (1-t %) Lh e 
upper in Spectr. 2 (28 %) and there is no pronounced Picea zon e 
here, but the Picea pollen reachin g its highes t frequ ency in the upper 
Pin11s zone. No Carpinus pollen was found in any or the a nalyses. 

The pollen diagra m shows tha t th e co nifers found the most 
favourable condition s of life at the tim e when lh c non-calcareous mud 
was being deposited in the lake, while a mix ed oak forest, with 
abundan ce of Cory/us and Alnus, reign ed un challenged as long as 
calcareous mud was b eing deposited in Lh e lak e. This co rn bi nation 
- tran sition from ca lcareo us to non-calca reo us sedimentation about at 
the same tim e as mixed oak fores t giYes place Lo conifers - ha s also 
been noted in other cases, more or less complcle, as for instance at 
Horup, Hollerup and Rodebcek Ill ; also at Egtxed, though Lhe pa ucity 
of carbonate of lime in the upper part of the 111 ud in this profile 
perhaps in only secondary. An exception is form ed, howeyer, by lhe 
Starup mud, where the transition from calcareo us to non-calcareo us 
mud is not refl ected in the diagram (ef. Pl. XXXVIIl, 1). 

Starup. 
In ]!)JO, Po u r, HARDE R mad e, on behalf o f' Denmark's Geo logical 

Survey, a boring in a marl pit al Slarup , nea r Tof'terup railway 
station, attention haying been drawn to this site by V. M11 .THERS 
the year before. Th e marl depos it , in which th ere is a big pit, lies 
700 m SE of' Starnp Church, at lh e eas tern edge of a sma ll erosion 
valley, which, sloping down lo th e northward, has cut its way through 
the surface of th e plain along Holme RiYer (Fig. 17). The boring 



188 

Fig. 17. Map s howing lh c marl pil :1t Slarup , th e blacl, area. Scale 1 : 25000. Contour 
interval 5 ft. = 1.57 111 . The General Slaff ~lap Shee t 3205. 

was made "on the eastern side or th e marl pit jusl 111 front of the 
drive leading up lo th e farmhouse close by". The profile is here 
given as noted in PouL HARDER's Journal. 

A. 
B. 

C. 

D. 

0 0.8 m 
0.8 1.9 111 

1.9 - abt. 6.0 

abt. 6.0 - 13.9 

Boring 1 91 0. 

Sand (late glacial melting water sand). 
Non-calcareous, very dark rather greenish Mud. The surface 
of this bed is somewhat uneven , with hollows resembling 
"g iants ' kettles" and stream beds. 
111 Calcareous grey Mud dark at top and boltom , lighter 
in the middle. 
m Lighter, faintly greenish, blue and rather stiff C I ay Mar 1, 
glacial clay merging at the top into the mud above. 

PouL HARDER Look 8 samples, the contents of which in carbonate 
of lime, sulphur, nitrogen and phosphoric acid were determined. 
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0/o Carbonate of lime (CaCO3) 47.6 60.0 62.2 35.6 5.5 1.9 4.3 4.8 7.6 6.1 
°lo Sulphur (S) . . . . . . . .. 1.43 0.90 1.06 1.48 0.39 0.15 
0/o Nitrogen (N) . . 0.18 0.11 0.01 0.11 0.09 0.06 
0 10 Phosphoric acid (P~O5) . 0.09 0.13 0.13 0.11 0.09 0.14 

Table 10. Determination of lime, sulphur, nitrogen and phosphoric acid 
in the marl from Starup. 

No sharply defined boundary was found between the different 
strata, and the glacial clay merged without any distinct break into 
th e mud aboYe. AxEL J ESSEN refers to the mud at Starup in his 
description of Varde geologica l map sheet 1) and states that it contains 
fish scales and small Yegetablc remains ( e. g. fruits and catkin scales 
of Betula sp.). "The upper part of th e mud bed, which is dark grey 
or brownish and free from lim e, has no distinct stratification, whereas 
the calcareous mud shows a distinct horizontal or slightly basin-like 
stratification" . His Fig. 14 shows the situation . AXEL .JESSEN considers 
it certain that th e glacial clay below the mud at Starup is identical 
with the glacial clay found in undisturbed beds in the immediate 
neighbourhood. As the stoneless glacial clay of this district is situated 
between the strata of moraine clay from the first glacial period and 
the second glacial period (lhc last glaciation of western Jutland) he 
considers - and doubtless corrccUy - that the Stmup mud bed 
should be referred to the penultimate interglacial period. 

In 1922, I made a boring on the eastern edge of the marl pit 
at St:;i.rup, abt. i""iO m north of the spot where PouL HARDER had 
worked. The profile and fossil contents were as follo,vs: 

B o r i n g 1 9 2 2. 

A. 0 - 1.2 m Stony Sand. 
B. 1.2 - abt. 7.5 rn Non-calcareous Mud , the upper part (abt. 1.3 rn) reddish­

brown to dark grey, lighter brown lower down, and at the 
bottom (4.4 to abl. 7.5 Ill) dark greenish: 
Alnus glutinosa, numerous fruits, 
Batrachium aqualile (coll), 1 fruit, 
Belula pubescens, several fruits, 
Ceratophyllwn sp. , 1 leaf-tip , 

1) AXEL JESSEN: Kortbladet \'arde. D. G. U. J. R. No. 14, 1922, p. 68 f. AXEL 

JESSE:-; prefers to fix the boundary between diluvial clay and mud a t 9 m 
below the surface; he gives, erroneously, the contents of carbonate of 
lime in the glacial clay as 22 o,'o. 
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Hydrocotyle vulgaris, 1 nut (nb t. 3 m down), 
Lycop11s europaeus, 2 nuts, 
Najas /lexilis, 5 fruits (4 were found 3- -! m , I abl. 7 111 

below the surface), 
Nuphar lute11111 , pollen, intercellular hairs, 
Rumex marilinws, 1 fruit with perigonium (abl. 4 m down), 
Scirp11s lacusler, 2 fruits. 

C. abl. i .5 - 12.5 111 + Greyish brown chalky Mud, lighter grey in colour 
wh en dry. Determinations o f CaCO3 w er e made in the 
following samples examined in a dry s late b y Jo 11 s. A:s:nrnsE:-: : 

8- 10 m 

59.6 °10 
11 Ill 

62.3 °/o 
12 Ill 

62.0 °lo 
ln th e lower portion of the b ed, below ab l. 11 m fruits o f 
Belula pubescens were fair ly fr equent ; th e upper portion 
yielded : 
fl /1111s gl11li11osa , several fruits , 
Belula pendula, 2 fruits,1) 

pubescens, many fruits, 
Lycopus europaeus, I nut, 
Nlenlha cf. aqualica, 1 nut, 
Rume.'\: sp ., 1 fruit with perigonium. 

Nol until Lhe samples brought home had been inYes ligated was 
il discovered Lhat the boring had nol penetrated Lhe interglacial lake 
deposils ; th e bottom or th e basin howewr, ca n hardly haYe lain 
much farth er down, as is eYid enl from Spectr. 18 and 19 in th e 
pollen diagram Pl. XXX VIII , I. 

\\' ilh a view Lo procuring heller m a terial for poll en analyses, 
l made yet another boring through lhe SLarup mud in 1\-)25. As how­
eYer, only a spiral auger was used on this occasion , it was impossible to 
gel farther down Lh a n 9.-1- below the snrface. This prolile also, which 
is shown in Fig. 18 was suneyed on the eastern side or the marl pit, 
but between th e lwo preyious borings, abt. l;j m S o[ lh e 1922 site. 

B o r i n g 1 9 2 5. 

A. 0 - 1.1 m Stratif1ed San d . 
13. 1.1 abt. - 6.0 m Mud , reddish greyish brown a t the top, li ghte r greyish 

brown lower down , turning darke r again however, at the 
bottom , to greenish brown . This stratum was free from 
carbonate of lime in th e upper portion , but with a very 
small amo unt at th e bottom, e. g. 2.8 °lo at 4.8 m, and 
4.8 °lo at 5.8 m -2) The mud contains a considerable quantity 
of Di atoms, e. g. Cyclotella comta, Cymbella cf. lan ceolata , 
Epilhemia cf. Hyndmanni , Fragilarict sp., Nlelosira arenaria, 

1) Th ese fruits of Belula pendula, toge th e r with som e of Alnus glutinosa and 
1 pe rigoniu111 of R11mex sp., were washed out from some samples of chalky 
mud collected by V. M1LTH EHS in the ma rl pit at Stamp in 1909. 

2) An alyses by Jons. A NDEHSEN. 
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Melosira sp., Synedra 11/na ; in addition to which there ·were 
found Anabaena sp., Bolryococc11s Braunii, Pediastrum 
clathra/11111, Riv11/ariaceae, pollen of Nuphar /11le11171 and 
Umbelliferae, hairs of Ceralophyl/11111 sp. , spores of Dryo­
pleris lhelypteris and Lycopodi11111 clavalum ; s ilika spikes of 
Spongilla lacuslris and Ephidalia Miilleri . 

C. Abt. 6.0 •- 9.4 m + Light grey to greyish-brown finely sa ndy Mud , rather 
argillaceous especially at the bottom. -
Jous. ANDEKSEr> d etermined the CaCO 3 content in th e 
foll o,Ying samples (in a dried state): 

li.8 Ill 7.8 Ill 8,8 Ill 9.4 Ill 

22.0 %. 40.8 0/o 59.0 0/o 63.0 0/o 
The bottom of the bed in particular was rich in Di at o 111 s: 
Cymatoplc11ra elliplica, C. So/ea , Cy171bel/a Ehrenbergii , Epi­
themia Hyndl1lanni, E. sorex, E. zebra, Fragilaria mulabilis, 
Melosira arenaria , Melosira sp., also present: Botryococc11s 
Braunii , Pediastru111 boryanrun , Phacolus lenticularis , Revu­
lariaceae, interce llular hairs of Ny171phaeaceae, spores of 
l)ryopleris thelypteris. Silica spikes of Spongilla lac11stris. 

Fig. 18 illnstrates th e approximate r elative position of th e Lhree 
h<Hings and Ili c surfa ce o l' th e chalky mud rn the so uth ern portion 
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Fig . lS. Sect ion through th e int ergla cial lake deposits at 
Starup, drawn on th e bns is of th e 19IO, the 1922 a nd th e 1925 
boring. 1 Melting wn ler sand from the last glaciation. 2 Non-

e'11ca rcou s mud. 3 C:ilca reo us 111ml. 4 G1acial clay. 
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of the basin. The bottom of the basin itself slopes gently down 
towards the north, the south side of the marl pit being presumably 
not far from the edge of the basin. Nothing more is known as to 
the maximal depth and extent of the interglacial lake. We do know, 
however, from Ax EL J ESSEN's geological survey of the district, that 
the glacial clay crops out in marl pits situated respectively some 500 m 
N and NW of the interglacial site, and it was probably also glacial 
clay which was dug in a small marl pit 160 east of this. These 
measurements must give the maximum for the extent of the lake in 
the directions noted. 

The pollen diagram Pl. XXXVIII, 1, gives the pollen-floristic 
sequence in the series bored through in 1925, as shown in Spectra 
1- 17. Below the double line will be found two Spectra, 18 and 19, 
from 12 m and 12.5 m below the surface respectively in the boring 
of 1922. From the profile sketch Fig. 18 it will be seen that the 
synchronous horizons in the mud have a pronounced incline between 
the two boring proliles of 1922 and 1925; the table below shows 
more precisely the dilference in level between the synchronous sections 
of these boring profiles, for Spectr. 20 indicates a horizon situated 
between Spectr. 16 and 17, and nearest the latter. Setting il at 9.25, this 
would mean thal Spectr. 18, (12.0 m below lh e surface in Boring 
1922) is synchronous with lhc 10.25 m leYel in lhe profile of 1925 . 

(/) . f "O 

I 
., 

"' Boring-Profile " 
., ~ c., 

"- V. ., 
Depth 2 :, " C ?, ~::. 

:.,: " .:: ~ 
~ OZi 

p ~ - s 0 ~ -s: i:i:: c..:!:: 

16 1925, 8.8 Ill 12 31 24 2 24 4 1 139 
20 1922, 11.0 111 41 36 8 9 6 125 
17 1925, 9.4 111 41 51 1 2 5 1 133 

Table 11. Pollen spectra from Starup. 

The pollen diagram from Starup differs in several respects from 
the remaining interglacial diagrams. The three lowest spectra give a 
Pinus-Betula zone, Ulmus is represented by 1 °/u in these spectra, and 
Cory/us and Aln11s may be traced with 1 °lo and 2 % respectively in 
Spectr. 17, Picea is found both in these and the following spectra, up 
to SpeclT. 13, reaching its highest in Spectr. 17 and 18 with 5 °lo (in 
Spect. 20 6 0/o). Even in Spectr. 15 and 16, Pinus still has the highest 
frequency value, but the mixed oak forest runs it very close; after 
this, the Pinus curve turns off to the left, and reaches a minimum 
of 4 °lo in Spectr. 9, winding then, in the upper part of the diagram, 
somewhat to the righl, to reach a secondary maximum of 28 % in 
Spectr. 2; ahoYe this, it lies once more outside the curve for mixed 
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oak fores t. The Betu/a curYe on th e other hand makes no such marked 
diYergence, but after turning in towards the axis in the lower part 
of th e figure, neYer attains any higher frequency than 9 % throughout 
the rest of its course. Almost the whole of the diagram for the 1925 
profile b elongs to the mixed oak fores t zone, a lthough, as mentioned, 
with a relatiYely high Yalu e for Pinus; Ulmus cu lminates in the lower 
part of th e zone wilh 29 % in Spectr. 1--!, its cune then turning to 
the left and keeping more or less to the 10 % line throughout the 
upper portion of the figure from Spectr. 11 , in Spectr. 4 however, it 
runs out to 14 % (the secondary maximum) and drops to 6 °lo in 
Spectr. l. Quercus was first noted in Spectr. 16 (2 °lo), the curve then 
rising to a maximum in Spectr. ~) (31 %) and falling to 10 °lo in 
Speclr. l. The earliest find of Tilia pollen is noted in Spectr. 13 (1 %) 
and this species of pollen occurs ·with frequ ency Yalues b elow 4 % 
in spectra 11 - 2, bul reaches G % in Spec lr. 1. The cune for the 
sum of lhe frequency Yalues or these three species li es nol lower than 
28 % in Spectra 16- 2, and culm inates ,Yilh -!(i 010 in Speclr. 9. The 
Al,ws curye soon swings out to high Jigures, attaining 40 % in Spectr. 
14 (first maximum) cu lminating as lale as Spec tr. 5 with 47 %, a nd 
li es moreoyer, farthest lo lhe right throughout the greater part of the 
diagram for l 925. Particularly conspicuous is lhe Cory llls curYe, which, 
rrom Spcclr. 17 to lhe summit or lh e Jigure neYer reach es more than 
~l C/o (Speclr. 2). Picea, haYing just sho ,rn itselr in the lower part of 
the figure, appears with 1- 2 °/u in Spectr. 9 and 8, and from Spectr. 
G to 2 has neYer more than 3 %, while in Speclr. 1 it reach es 11 %. 
Carpinus neYer attains more than l %, in Speclr. 6 and 2. 

The course of deYelopment thus ranges from a Pinus Be/11/a zone, 
a zone with maximum of Ulmus and that of Lhc mixed oak forest, 
while • lhe beginning of a Picea zone is indicated in the uppermost 
spectrum of the diagram . Younger beds or mud together \Yilh th e 
t'OYering strata from Lhc penultimate glacial time may h aYe been 
remoyed of the melling \Yater rinrs from lhe lasl glacial Lime, which 
at last deposited the stratum A. In contras l lo what we find in other 
diagrams, the transition from calcareous to non-calcareous mud is not 
rellected h ere in the course of lhe pollen cunes. 

A Peat Bed at Tirslund. 
A boring at Tirslund, east of th e raihYay station of Halsted, in 

the southern part of .Jutland, r e Yea led a layer or fresh Sphagnum pea L 
at a depth of 37 .5 m below lhe surface. 1

) The coYering strata consisted 

1) V. MILTHERS: Kortbladet Bmkke. D. G. U. I. R., No. 15. 1925, p. 89. 

Danmarks geologisk c Undersogc lse. IT. 11.c kke . Nr. 48. 13 
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predominantly of sand. Analysis of the peat sample gave the fo llowing 
spectrum: Betula 22 °lo, Pin us 69 °lo, Quercus 1 °lo, Alnus 2 °lo, Picea 
6 °lo; also pollen tetrads of Ericaceae and spores of Sphagnum sp.; 

and further, Amphilrema fl-aua and Assulina sp. The spectrum seems 
to show that the peat bed dates from the later part of the interglacial 
period, Zone i. 

Deep-lying Interglacial Bog Formations at Vejen. 
In 1909, N. HARTZ published 1) the profiles of a number of borings 

made near the town of Vejen, in the so uth of .Jutland, where seyera l 
peat and mud beds were found at a considerable depth, covered with 
moraine clay and sand. The beds were from 13 to 37.5 m, below th e 
surface. Vejen li es a little to the east of th e western boundary 2

) of 
the la st glaciatio n, but from th e depth at which the interglacial bog 
formations were found, it is reasonab le to regard them as older th an 
the adjacent Brorup bogs, which are covered only by som e few metres 
of sand . V. M1LTHERS, who (1. c. p. 89) mentions th ese borings together 
with several new ones made in 1924 n ea r the Alfa margarin e factory, 
sums up his view of the strata as follows: "The strata, which were 
bored through at the spots indica ted, a nd which lie surrounded by 
sand b eds, ca n perh a ps be regarded as lying h ere on the site of their 
original formation. It is, hmYeYer, more likely that they are tlakes 
of a coh erent deposit. The strata must at any rate be considered as 
havin g originated in an interglacial period earlier than the glacial 
strata which constitute the upper strata in th e western platea us of 
the m ap area ." 

The fl ora found in the sm all boring samples is Yery poor, and 
much alike in th e different strata. Pollen analyses showed that th e 
formations were more or less synchronous, da ting from the last part 
of the interglacial period, like th e Sphagnum peat at Tirslund. Carex 
pseudocyperus a nd Rubus idaeus were found in the Dryopteris thelypteris­
pea l al th e Alfa margarine fa ctory in 1924. The accompanying table 
gives the results ol' the pollen a nalyses. In the last column are noted 
the zones of th e temperate strata from th e penultimate interglacia l 
period lo which the respectiYe samples probably belong, cf. Chapter VII. 

On comparin g the zones indicated with the depths from which 
the samples in question were derived in the separate borings, the 
impression that the deposi ts consist of loose fl akes is further emphasised. 

1) N. HA RTZ: Bidrag .. .. D. G. U. II. R., No. 20. 1909, p. 185 - 190. 
2) V. MrLTHERS: Kortbladet BIBkke. D. G. U. T. H. . No. 15, 1925, p . 89 - 90 and 

Plan 1. 



:., ~ :: Site of Boring Nature of Sample t~~ = "' ~ 
0 ~13 ~ ~ ~ 6 :,c; 

1 Vej en Fishery Co. 1903. H. 4.5t) ... . . Sandy mud ...... .. . . ....... . . . ... 17.0 - 18.2 5-l 45 
2 - - - ..... Mud ................... .. ...... · .. 19.8 - 21.0 43 53 1 
3 - -- - .... . Mud? ................. . .... . . .... 21.0 - 21.7 53 43 
4 - - - ... . . Forest peat ....................... 26.4 26 9 27 52 Trace 

5 Vejen Dairy. 1907. H. 4.81) ... . ...... Sandy mud ......... . ..... .... . . . 31.4 - 32.0 41 38 1 
6 - - . . . . . . . . . . - -· ......... . . . .... . . 320 - 32.7 33 37 1 

7 Vejen Margarine factory. 1913. H. 4.101) Sandy m ud . . ....... . .... . . . ... . . 3-l.5- 3fi.1 21 61 
8 Vejen Margarine factory . 1898. H. 4.11) Sandy low-moor peat ... .. .. .. . ... 36.7 - 37.7 9 38 

9 Vejen Margarine factory. 192-l ...... Dryopteris thelypteris-peal. .. . .. . .. . 32 17 53 
10 - - - . .. ... Sand with some detritus .......... 33 
11 - - - .. . ... Low-moor peat .. . . . , . ........ . ... 3-1 l ;i 45 5 
12 - - - ...... Sand and Dryopleris lhelypleris-peal 3:'i 39 34 1 

Table 12. Po ll en ana lyses of the interglac ial b og depos its at Vejen. 

~ 

1) Refer to Archives of th e Mineralogical Museum , where these samples are preserved . 
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Interglacial Lake Deposits covered by 
Young Glacial Material. 

In all the diluyial fresh-water deposits of.Jutland lying east of th e 
limit of last glaciation, the straliflca lion affords as a rule no further 
information as to age of Lhe strata Lhan that they are interglacial, 
then the possibility may often be present that Lhey two times have been 
surpassed by Lhe ice. They are covered as a rule by moraine clay 
or fluvioglacial sand. Their fossil content yields no information on 
which to distinguish between th em in poin L of age. The most western 
of them, especially the lak e deposils al Ejslrup, 1) coyered by lale­
glacial river sand, a nd the peal deposil al Rostrup 2

), lying near on 
the limit of the last glaciation and coyered by only a few m etres of 
sand and morain e clay, may be referred Lo the last interglacial period. 
As to the other of Lh ese deposils we must be content to defin e them 
as probably originaling from Lhe last inlerglacial period, lhough older 
formations a lso may be taken into consid eration. 

Aparl from the deposits of this group noled in the following so 
well as Ejslrup and Rostrup, we may h ere m ention the occurrence of 
diatom muds al VelleY, 3) Trelde,4) Fredericia 5) and Vejle, 6) and llw 
peat beds at Kolding 7). 

Horup. 
Tbe inter glacial fresh-water deposits here crop out on either side 

of a restricted area in Lhe small erosion valley which , running from 
NNW to SSE, opens out into tb e rnlley of the Skals River, near the 
villa ge of Horup, Hi km NNE of Viborg, see Fig. Hl. The site has 
already found mention in the litlerature, N. V. Uss1NG, in 1907, writing 
as follows :8

) " At Horup, in 1903, the foJlowi.ng profil.e was seen (N-S 
\\;all of the marl-pit, which lies on Lhe wes lern slope of a n erosion gully 
opening out into the valley of Lhe Skals RiYer ): al Lhe bottom, grey, 

1) N. HARTZ: Bidrag .... D. G. U. I!. R. No. 20, 1909, p. 205-231. 
2) V. M1LTHERS: Kortbladet B~ kke. D. G. U. I. R. , No. 15, 1925, p. 77 - 82. 
S) N. HAHTZ og E. O sTH UP : Danske Diatomejord-Aflejringer og deres Diatomeer. 

D. G. U. II. R., No. 9, 1899, p . 13. - V. MILTHEHS og TH . C L AUD! WESTH: 
Viborg Egnens Mergellag. D. G. U. III. H. , No. 9, 1913, p. 59. Tavle I. 

4) N. HARTZ og E. OsT1rnP: D. G. U. II. R., No. 9, 1899, p. 19 - 23. 
5) Ibidem, p. 14-19. 
6) Ibidem , p . 24. 
7) N. HARTZ : Bidrag . .. D. G. U. II. R. No. 20. 1909, p. 232-236. 
S) N. V. UsSI1'"G: Om Floddale og Randmonener i Jylland. Oversigt. Kgl. dan­

ske vidensk . Selsk. Forh. 1907. No. -1, p . 207. - Handbuch d e r regionale n 
Geologie, 1. Bd . 2. Abth. 1910, p . 20. 



197 

laminated chalky marl, rich in vegelable remains (Quercus, Alnus, Picea 
etc .) ; il was said to be 3 m thick, bedded on gravel with much waler; 
aboYe the marl, abl. 1 ½ m diatomaceous earth. Aboye these ·inter­
glacial strata, \Yhich slope slighlly inwards, lay abt. 4 m of fine white 
sand in beds sloping sharply (abt. 30 °) outwards; above this again 

Fig. 19. Map showing posit ion or the two marl pits a l HOrup, th e 
blac k areas. Sca le I : 25000. Contour interval 5 ft . = 1,57 111 . The 

(iene ral Staff Map Sheet 18)0. 

a l least (i m sand and gravel, for lhe most parl in almosl horizontal 
stra La ; in Lhis ho,Ycver, th ere were some subordinalc streaks of moraine 
clay; the top is moraine sand with large to very large sloncs, (partly 
removed for convenience in cultivation)". In addition to the finds 
mentioned by UssrNG, V. NoRDMANN 1

) mentions the find of a stag's 
antler (Ceruus elaphus) and three molars of the elk (Alces machlis) 

1) V. NORDMAN'.\': On Remains of Rein<l er & Beaver. D. G. U. H. R. No. 28 , 
1915, foot note 3, p . 5. 
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from the interglacial lake deposits at Horup. Later, however, it would 
seem that yet another species of deer has been found here. There is 
in the Mineralogical Museum at Copenhagen, as J . P. J. RAvN kindly 
informs me, a small bone, found in the interglacial marl at Horup 
in 1913 by N. LAUSTSEN, on the label of which HERLUF WINGE has 
written: "apparently part of the radius of a young doe (Cervus dama), 
but this may possibly be erroneous" . 

This deposit is also referred to, in conjunction with similar 
formations at Hollerup and Vellev, in V. MrLTHERs' and TH. CLAUDI­
WESTtt 's account of the marl beds of the Viborg district. 1

) 

The interglacial deposits at Horup haYe since been visited by 
VAGN PETERSSON in 1922 and by me in 1925. VAGN PETERSSON has 
very kindly presented his material to D. G. U., and we take this 
opportunity of expressing our cordial thanks for the same. These 
new investigations of the interglacial formation at Horup will be de­
scribed in the following pages. 

In 1922, the digging of marl had practically ceased on the western 
side of the valley, the thickness of the covering strata ,-vas too great 
to render · it worth while. This western marl pit measures abt. 250 m 
from north to south , cf. Fig. 19. On the eastern side of the valley, 
V AGN PETERSSON saw a profile in the interglacial deposits on the 
north side of the marl pit indicated on the map, neai-est the road, 
where the thickness of the strata was at a minimum. Here lay abt. 
3 m stratified fluvioglacial sahd with small stones, and with some 
few thin layers of glacial clay above the lake deposits. The upper 
¼ m of these consisted of a bed of diatomaceous earth, in the 
lower part of which a deposit of iron dioxide had formed, producing 
a couple of layers of ochre 3- 4 nn thich above and below a 4- 5 
cm thick layer of sand. Below the lower ochre bed ·was 1.5 m of 
chalky mud, marl with 72.0- 85.8 % carbonate of lime; below this 
again was a thin layer of low moor peat bedded on gravel. 

When I visited the spot in 1925, marl was being dug on the 
eastern side of the ?alley, about midway along the north end of the 
pit, and thus probably somewhat to the east of V AGN PETERSSoN's 
profile point. Only the top of the interglacial series was exposed. 
The layer of diatomaceous earth howeYer, was lacking here, but was 
said to occur farther to the east, abt. 1 m thich. The sample of 
this stratum was collected from the heaps dug up. The preserved 
surface of the lake deposits is evidently very uneven, the upper por­
tions of the interglacial strata being h ere and there eroded away by 
the subglacial currents of water which deposited the fluvioglacial sand 

1) V. Mn,THERS og TH. CLAUOI-WESTH : Viborg Egnens Mergellag. D. G. U. 
III. R., No . 9, 1913, p. 58. 
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above, this here constituting a stratum nearly 5 m thick, with almosl 
horizontal s tratification. It contained comparatively few stones. The 
thickness of the mud b eds was determined by boring, and sa mples 
were taken at the same time for pollen ana lysis . Subsequently, I 
received from the owner of the property, ANDEns VESTER, a couple 
of samples of mud, taken at the upper edge of lhe marl bed, and 
below the diatomaceo ns earth, nol far from the spot where the boring 
\\'as made. The upper sample consisted of black non-calcareo us mud 
represe nting a bed abt. 5 cm thick, the other sample, which consisted 
of yellow mud, was taken direc tly below this, i. e. from the upper 
surface of the ochreous mud. Th e profil e of the int e rgacial 
lak e d e po s its at Horup is thu s as follow s, cf. Pl. XXXIX, 4. 

13. abt. 1 m White Lo light grey Diatomaceou s Earth. -- No ma -
croscopic vegetable remains or pollen were found in this 
stratum, but with th e kind assistance of Bon: PETE HSEN, 
lhe following diatoms have been determined: Caloneis 
silicula. Cyclolella comla, Cymalopleura elliptica , ])iploneis el­
liplica , D . ova/is, Epilhemia sorex (common), E . lurgida (com­
mon), Fragillaria brevislriata , F. conslruens, F. parasilica, Gyro­
sigma allerwalwn (common), Melosira arenaria, Navicula ob­
longa , Pi111wlaria m esolepla, Stephanodiscus aslraea (very 
common), Surirella sp. Numerous silica spicules of Spongilla 
lacuslris were also found. 

C. abt. 0.05 m Black, non-calcareo us Mu d . 
D. abt. 1.10 m Chalky Mud, the upper part red, the lower a lighter reddish 

brown, rich in ochre, with thin streaks and flames of pale 
grey mud throughout. At the top, where it joins C, a thin 
layer of yellow mud. I found no macroscopic vegetable 
remains in this stratum , but a sample of brown non-calcareous 
mud collected. by VA GN P ETEHSsoi-:, presumably from the 
upper edge of this s tratum, y ielded on washing: 
Aln11s gl11tinosa, 8 fruits, 
Betula pubescens , 4 fruits, 
Carpinus belulus, 1 fruit , 
Polamogelon sp. , 5 small fruits, 
Picea excelsa, several needles, 1 seed wing, 1 seed . 

E. abt. 2 m Dark , greyish-green calcareous Mud which when dried assu-
mes a lighter co lour, th e upper part, which was less easy 
to split, and was rather poor in macroscopic vegetable 
remains, becomes a pale grey-blu e, the lower, which splits 
easily and is rich in leaf impression , fish scales etc. pale 
grey. In this stratum were found: 
Alrws gl11ti1wsa, catkins , fruits, 
B elula pubescens, fruits and catkin scales, 
Corylt1s avellana, 1 nut, 
Najas marina, 2 half fruits ; one of the pieces, \\'hich was 

complete , meas ured 6 mm b y 2.3 111111, 

Picea e:i.:celsa, 1 seed wing, 2 fragm ents of cone scales , 
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Pinus silveslris , fairly many flakes of bark, 
Pola111ogelon sp., 3 small fruits, 
Querc11s robur, fairly many leaves. 

Amblyslegiwn slellalum, 
Calliergon slramineum, 

giganleum, 
Camplolhecium lrichoides, 
Hypnwn e:t:annulalum, 

inlermedium, 
Scorpidium scorpioides, 
Sphagnum sp. 

Anabaena sp., 
Pediaslrum boryanum, 

duplex, 
clalhratwn , 

Phacotus lenticular-is. 

Esox l11 cius, many sca les, 1 tooth, 
Perea fluvialilis , many scales, 

Bilhynia lentaculata, 1 shell cower. 
Oslracods. 

F. abt. 0.1 .m Dark greyish brown muddy Low Moor P ea t. In this 
were found: 

G. 

Betula pubescens, fairly many fruits, 
Carex pseudocyperus, 7 fruits, 
Cladi11m mariscus, 3 fruits, 
Juniperus co111munis, 1 small seed , 
Menycrnlhes lrifoliata, fairly m any seeds, 
Sparganium cf. minimum, 1 fruit-ston e, 
Typha latifolia. 1 gra in of pollen. 
San cl with stones. 

.lotts. ANDERSEN has made analyses for determination of carbonate 
of lime, potassium and sulphur, from three sa mples in a dry state 
from the marl on the eastern side of the valley (cf. the analysis giYcn 
011 p. 198). 

Carbonate of lim e Potassitun Sulphur 
(CaCOa) (K 20) (S) 

Stratum D, reddish yellow marl 90.0 0/o 0.01 0/o 0.06 0/o 
E 

' 
blue 84.0 0/o 0.02 0/o 0.09 °/o 

E, grey 73.0 0/o 0.04 0/o 0.15 0/o 

The extent of the lake deposits is only known from the marl 
workings, and the map Fig. 19 shows the ex tent of th ese. The eastern 
pit howeyer, is somewhat larger than h ere indicated, and reach es on 
the south as far as th e spruce plantation N of the house. Here, abt. 
1.5 m of sand, with few stones, covered abt. 1 m ochreous chalky 
mud bedded on sand, and it seems thus as if we were h ere approaching 
the southern limit of the lake deposits. The deposits on both sides 
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of th e valley are undoubLcdly parts of one and the sa me inLcrglacial 
formation . The greatest known ex tcnL of this lake as far as hiLherLo 
known, from NE Lo SW is abt. 400 111 . 

\Vhile F, Lhe peat bed, was being form ed, on the boltom of the 
basin which later beca me fill ed wilh waLcr, iL was undoubtedly for 
the most parl Befllla pL1besce11s, \Yilh some Pinlls siluestris , which gre,Y 
on the surrounding hills , " ·h ere .Jcwiperus co mnwnis also throve at 
Lhe tim e; of oLher trees, Cory/us auellana is the only one that makes 
itself apparent, in Spcctr. 12 (Pl. XXXIX, 4), and then only to the 
amounL of l 0/o. In Spectr. 11 , Ulmus and Q11 ercL1s appear, making 
3 °lo togeth er , and this latter species with Cory/us and Alrws, soo n 
aUains high frequency values in the following spectra. In Lhe lower 
half of E, the Pinus curve lies a lilllc to the right of thaL for mixed 
oak forest, but turns then towards Lh c Yertica l axis as far as Spectr. :l 

inclusive. It is thus the mixed oak forest in conjuncLion with Cory/us 
and Alnus which dominate th e spectra from almosL the whole of Lhc 
marl deposit. Not until Spectr. 2 is reached does th e Pinus curYc 
swing off Lo the right, and attain a higher frcqn ency value than the 
mentioned species. At th e same Lim e, Picea now appears , a nd in the 
non-calcareo us, dark mud up above (Spectr. 1), Picea and Pinus arc 
the predom inant species; the conifer spectra in this diagram are thus 
more particul arly associaLcd with the non-calcareo us strata. The non­
calcareous diatom earLh must also be presumed to be mainly derived 
l'rom Lhe yo unger conifer period, bul we have, as mentioned, no pollen 
from this s Lra lum. Carpinus was only found in the two yo unges L 
spectra , a nd attains iLs grea test frequency (8 %) in Spectr. 2. 

As it is shown in the pollen diagram (Pl. XXXIX, 4) w e h ere 
have Lh e following pol.lenOorisLic zones, c, de, (, g and h ; see Chap­
Ler VII. 

Lovskal I. 
K. RORDAM once drew the attention of V. MrLTHEHS to a deposit 

of ochre at the village of Lovskal, aht. 19 km \V of Randcrs, and 
111 1926, V. MrLTI-IERS Yisi ted th e loca liLy and found that th e deposiL 
in question was an interglacial formation of ochre deposiLed in a 
la ke basi n . In the same year, I mad e a suney of that portion of 
the deposiL which was Yisible in a n excaYation made in the bed, 
and collccled samples for a bota nical irwcs Ligation or Lh e ochre 
formaLion etc. 

With th e permiss ion of the Direc tor of The Federation of Danish 
Industries, G. E. HARTZ , we give here some main points in Lhe repml 
on the constitution of the L6Yskal ochre bed , with the stratification 
condiLions, as drawn up by Lhe orders of The F ederaLion in 1 ~J18. As will 
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be seen from the m a p Fig. 20, the ochre b ed lies in a h ollow in th e 
young-diluvial pla tea u on th e eas tern side of the Ya lley of Ska ls RiYer. 
Num erou s borings s howed the greatest ex tent o f' the deposit as abt. 
250 m , the area involYed being 1.(-i h ec lares. The thickness of the 
ochre bed along th e edges is only Yery slight, but soon attains con ­
sidera ble magnitude in to,rnrds lhe middle, in places as much as 5 m 
or over . The covering ma teria l is sta ted in Lhe report Lo consist of 
sand , gravel and clay, attainin g a tota l thic kn ess varyin g b etween 
0.5 m and 6.5 m. The ochre itself is throu ghout bedd ed on sa nd . 

Fig. 20. Map showi ng pos ition o f the och re b ed a l Lovs ka l I a nd the m arl 
pil Lovs kal II ; the black areas. Sca le I : ~5000. Co n tour inter va l 5 ft . = 1.57 m . 

Th e Gen era l Slaff Ma p Shee t 2011. 

K. R 6 HDA ~I a na lysed for The Federation 10 different samples of 
ochre from Lovskal. The result of this i1westiga tion was, briefly, 
that the samples contained from 16.9 °lo to 68.5 °lo Fe2Oa from 
0.174 °lo to 0.839 % P2O5 and from 0.004 °lo to 0.104 % SOs. 
Only two of the sa mples w ere calcareo us, containing r espectively 
22.37 °lo and 64. 70 % CaCOs. The· loss of material by h eatin g aft er 
dryin g of 100 ° fluctua ted between 3.33 % a nd 24.40 °lo, sh o,Ying that 
the percentage of humus (+ wa ter chemically bound) was on the 
whole but s light throughout the deposit. The amount_ o f sand present 
varied as a rule b elween 10.17 °lo a nd 30. 55 %. 
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The ochre is dug for th e use of the gas works, and it was from 
th e north ern wall of th e pit thus made that the suney \Yas Laken in 
1926, as shown in the western part of the profile giYen in Table 
XXIII, l, th e eastern part being constructed on th e basis of some 
borings made on behalf of The Federation. All obserrnlions as lo the 
position of the ochre bed show that we lrnYe here a lake deposit in 
its primary situation in a basin. Only the upper horizon of the ochre 
bed showed traces of erosion and a little folding. The coYering strata, 
from th e last glacial period, consisted, as regards the western end of 
the northern wall of the pit, of stratified lluvioglacial sand, the 
stratification being approximately horizontal in the western part of the 
profile, but running concordantly ,vith the eastward sloping strata of 
the ochre in the eastern part. The sand contained a few large stones. 
On the extreme east, alternating strata of sand and stoneless clay 
were obserYed, and a lens of sandy moraine clay. At the top was a 
thin layer of wind-blown sand. 

In the western end of the pit, a layer of black, fin ely arenaceous 
humus was obsened, up to 10 cm thick, lying between the ochre and 
th e bottom of the basin, which consists of fluyioglacial sand, separated 
from the bottom howeyer, in places, by a layer of sandy ochre abl. 
1 cm thick. The greater part of th e ochre deposit appeared in the 
pit as a reddish brown, greasy mass with indistinct stratification. In 
th e uppermost m etre howeyer, the stratification was very distinct, as 
a rule almost concordant with the surface or the deposit , the ochre 
h ere being more sandy, whil e at th e same tim e thin streaks of sand 
with small stones appeared. Here also were found veins and lenses 
of pure light coloured sand. 

The samples taken for washing analyses, partly from the black 
humus and partly from Lhe ochre itself, contained no macroscopic 
vegetable remains, and even the microscopical examina lion of numerous 
samples from this lake deposit reyea led only very few determinable 
plant remains - apart from pollen of forest trees - viz. a couple of 
grains of pollen of Nuphar luteum and Nymphaea alba, with t,Yo 
specimens of I'ediaslrum boryanum and some threads of a Rivulariaceae. 
The interglacial lak e here seems to haYe been Yery poor in plant life 
of the high er classes ; possibly the water may have been poison ed by 
the great amount of iron oxides present. 

The samples used for pollen analysis 1
) w ere taken from th e eas tern 

end of' the pit, some few m south of Point (-i in the profile shown, 

1) The Fe20 3 contained in the sa mples was dissolved by boiling with dilute 
hydrochloric acid; the pollen was washed in a Hiter and treated with KOH, 
the grains of poll en showing no trace of yellow; they were afterwards 
stained a bright red with erythrocine liquid . 
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i, e. f'rom aboul Lhc middle of the inlerglacial basin. Here, parlly from 
Lh e wall of the pit and parlly by boring, th e following profile was 
measured: 

A. 0 - 2.5 m Fluvioglacial San ct , stratHled almost horizontally, with 
stones the size ol" fist. 

B. 2.5 - 3.4 m Alternating strata of reddish-brown sandy Och re and greyish 
brown Sand with scattered stones the size of beans. 

C. 3.4 - 4.15 m Pale reddish brown rather fl a med calcareous Ochre ; 
20 cm below the upper surface of the stratum was an 
undulating bed of sand 4 cm thick. 

D. 4.15- 7.87 111 Darker reddish brown, horizontally stratified Ochre, 
the upper part rather dry and crumbling, that below the 
bottom of the pit moiste r and of a greasy consistency. 

E. Greyish brown sharp San d. 

The 17 spectra of the pollen diagram cover only 3 of the floristi c 
zones ,vhich are distinguished in the interglacial pollen diagrams ( cf. 
Chap. VII), and the unusually varied cunes in zon es e and f" must 
doubtless be considered in connection with this . 

In the lower spectra of the pollen diagram in Fig. 1, Pl. XXXIX 
the dominant forms arc Belula, wilh a falling Lendency, a nd Pinus, 
with a corresponding tendency to rise, ,vhereas Quercus , Cory/us and 
Alnus show only 1- 2 %. Then comes a zon e wil"h pronounced Pinus 
maximum (57 %), Bet11la falling off Lo a marked extent, while Cory/us, 
Quercus and L'lmus have become far more [requent than at the base 
of the diagram; Lhc two l.ater pollen species have, in Spectr. 13, 
relative maxima; A/1111s is slill less common. In Spcc lr. 5- 12, Cory/11s 
contributes in most cases more than half Lhe tolal amount of pollen , 
attaining indeed a frequency of 227 % and 226 0/o in Spectr. 9 and 
10; the A/,ws pollen also now becomes gradually more frequent, and 
culminates about the same time as, or a little later than, Cory/us, 
with 74 % in Spectr. 9. Here al Li:ivskal also we find an Ulmus 
maximum in the upper part of zone f (18 % in Spectr. 4) about the 
same time as Tilia makes itself apparent (3 ¾). An uncommon feature 
is the pronounced movement of the Quercns curve in the upper spectra 
of the f zone, from 4 % to 59 % in Spectr. 2; something similar was 
however, noted at Hi:irup and Hollerup for instance, but it is only here, 
in the Li:iYskal diagram, that we find the Quercus curve lying to the 
left of the Pinus cune in the middle part of the f zone, though the 
Pinus pollen is also highly prominent in this zone in the deposits at 
Hi:irup and Hollerup . In each of Lb e spectra 2, 3 and 13 a pollen 
grain of Jlex was found. The ralion a l limil for Carpinus pollen may 
be fixed al Spec tr. 4, bul if a true Carpinus zon e eyer developed in 
this basin, il must have been destroyed during Lhe glaciation of the 
site in the following glacial period . Picea pollen was only found in isolated 
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grain s, a nd was doubtless all brought by the wind from far away. 
Stratum B, which consisted of alternating beds of sand anct displaced 
ochre, was not subj ecLed Lo pollen analysis . 

As in many of our in Lerglacial basins elsewhere, a formation of 
chalk Look place in Zon e f, buL in contrasL Lo what is usually found , 
only Lh e upper part of" th e zon e is here n1lcareous. 

Lovskal II. 
About 250 m N\V of LiiYskal I, on the edge of the plateau looking 

out towards Lh e Yalley or th e Hi Yer Norreaa, th ere is a large marl piL, now 
disused (Fig. 20). According to informaLion receiYed by V. MILTHERS 

from th e proprietor, the marl l'orm crly dug here was of a highly 
calcareous sort, and coYered with sand . This sugges Led that there 
might h ere be another interglacial lake deposit , a nd th e supposition 
was confirmed in H)2G, \\·hen I Yisited the spot, inasmuch as the 
marl was found to consist of a yellowish calcareous mud, covered by 
3- 4 m of fluYioglacia l sand and bedded on sand again . An air-dried 
sample from th e site, analysed by .101-1s . AND E RSEN , wa s found to 
conLain 85.7 °/o CaCOs. 

A boring made in Lhe lower parl of th e eastern s lope of the marl 
pit, now oyergrown wiLh grass, abt. 3 rn belo,y the surface of the 
lield, showed the followin g profile: 

A. 0 - 1.4 111 Flnvioglac ial San rl . 
n. 1.4 - 2.0 Ill Ye llowish caleareous Mud. 
C. 2.0 - - 2.5 111 Grey sanely calcareous Mud. 
D. 2.5 - 3.0 111 Mud-ble nded San d . 

Sharp Sand. 

A sample from the lmYesl part of Stratum C contained only a 
lilllc pollen , chiefly of Querrns and Pinus; a sample from 1.~)5 belo,Y 
the surface showed the fo ll owing po ll en spectrum : Relula 22 °10, Pinus 

BI %, Alnus 2 %, Ulm us 2 °lo, Quercus 42 °, o, Picea 1 °lo and Cory/us 
:l O o. Some poll en of Gramincue was found , also a spore of /, yco­

podium srlu_go. 1
) 

H ere, as in oth er interglacial localities, the calcareous mud belongs 
Lo Lhe mixed oak forest zon e, th e pollen spectrum ahoYe noted b eing 
l'rom Lhe lower part of' this. 

1) Th e appearance of the spore corresponded to Fig. 37, Taf. 1 in G. EHDTMAN 

(Beitr. zur Kenntnis der Mi crofossilien in Torf und Sedirnenten. Archiv f. 
Bola nik, Bd. 18, No . 1-1, Stockholm 1923), but meas ur ed only 24 ft in 
diamete r . 
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Hollerup. 
The researches of N. HARTZ and E. OsTRUP, published in 1899, 

on Danish diatomaceous earths and their diatoms,1) laid the foundations 
of our knowledge as to th e stratigraphical conditions and fossil content 
of the Hollerup Interglacial. It was desirable however, to make 

Fig. 21. Position of th e diatomaceo us earth at Holl e rup, the black areas. Th e profiles 
surveyed are from th e western pit. Scale 1 : 25000. Contour inte r va l 5 ft = 1.57 m. The 

General Staff Map Sheet 2112. 

thorough pollen i1westigations also in this locality, so as to permit 
of more detailed stratigraphical comparison b etween this and, primarily, 
the other Danish interglacial deposits of calcareous and diatom mud. 
This was the more to be wished for, as the finds of higher plant 
forms from Hollerup hitherto published were derived almost exclusively 
from a single horizon in th e calcareous mud (1. c. p. 9); I th erefore 

1) N. HARTZ og E. OsTRUP : Danske Diatomejord-Aflejringer og deres Diatomeer. 
D. G. U. II. R., No. 9, 1899. 
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Yisited th e spot in 1925, and collected th e necessary samples throughout 
th e whole of the formation. The collection was made in th e western 
part of th e great pit, which has shifted appreciably towards the north 
since N. HAHTZ took his profiles h ere . (Fig. 21). Th e Hl25 profile 
was as follows. 

Under a layer of fluYioglacial Sand (A), horizontally strati­
fied and abt. 7 m thick, lay the following s trata: 

B. 0 - 0.15 m Greyish brown, sandy C I a y with thin streaks of Sand 
and a few small s tones. 

C. 0.15 - 2.50 m " Whit e Di a t o m ace ous Earth", white to pale yellow, 
almost entire ly pure bedded with a gradual transition on 
Stratum D. Th e upper 11/~ m of th e layer contained a 
quantity of nn e sand. The follo,ving were found: Pediaslrnm 
boryanum, A,wbaena sp., Niuulariaceae, numerous spicules 
or Spongilla lac11slris. Also man y pollen tetrads of Ericaceae 
anct Empelru/71 11igr11111 , pollen of N11phar l11le11m and a spore 
of Lycopodium clava/11111 . For pollen of th e forest trees in 
thi s and the other s trata see the pollen di agram Pl. XXXIX, 5. 

D. 2.50 - 4.35 m "B l ac k Di a t omac e o us Earth", i. e. a dark greyish 
bro\\'n mud when damp, but producing when burnt a 
pure \\'hile product. Th e microscope r evea led intercellular 
hairs of Nymphaeaceae (very common); also Pediastrum 

· borya,111111 , Telraedron minimulll , Anabaena SJJ. , Rivulariaceae, 
Cladocera, Spo11gilla lacuslris and leaf ep ict ermi s of Pinus 
silueslris and Picea excelsa , \Yith some f'cw pollen tetrads 
of Empelr11111 11igr11nz. 

E. 4.35 - 4.05 111 Greyish brown, r a ther sharp San ct, containing vivianite. 
This stra tum, which slopes from west lo eas t, like the 
upper and under surface of the diatom earth , thinning out 
in th e same direction, presumably indica tes th at th e western 
margin o f th e inte rglacial basin lies not far from the 
western end o f th e present pit. 

F. 4.95- 6.45 111 Pale greyish brown , finely sand ed c a I care o us Mud, 
(Marl) : Hairs o r Nymphaeaceae, pollen tetrads of Typha 
lalifolia. 2 pollen gra ins of Chenopodiaceae, leaf epidermis 
of Pin us sil/Jeslris ; also Anabaena sp. , Cosmarium spp. (2 
species), .Euaslrwn (binale)?, Pediaslr11m clalhralum '!, Pha­
colus lenticularis , Ril/11/ariaceae, Telraedron minimum, 
Spong ilia lacustris . 

G. 6.45- 6.70 m Coarse Sand, r ed al th e top , grey lower down . 

Strata A- D were obsened direc tly in the north wall of the pit; 
E- G were inyes tigated with the spiral auger. 

The sand stratum E cons titutes a sharp boundary lin e between 
the marl bed and th e non-ca lcareous layer of diatomaceo us earth; it 
also prO\·id es a similarly difinite boundary b etween lh e foliage tree 
zone and that of the conil'crs. In this profile, we have no non-calcareous 
deposit of' mud or peal below calcareous mud, such as is found in 
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the profiles a t H orup and H arresk ov; we also lack h ere th e lower Pin11s­

Helula zone proper . True, Pinus a ltains a consid erable frequ en cy in Lhe 
two lower spectra , 39 % in Spcctr. 17, and 48 % in Spec tr. 16, a nd 
indeed , docs not fall below l-l °lo in any pa rl of the figure; B elula , 

however , in lhe t\\'o spectra named, has only 7 °/o and 6 °lo r espectively, 
while Lhc mixed oak l'oresl amounls lo 28 °lo and 34 % . The lower 
portion of the typical interglacia l pollen diagram is here lacking. 
, v ithin Lh e horizon of lh c calcareous mud, lhc mixed oak forest a ttains 
its culmination, wilh 37 °lo in SpeclL 13 (Q11 ercus 29 °lo in Spectr. 
16, rn and 12, Ulmus 8 °lo in Spectr . 14, a nd Tilia 3 °lo in Spectr. 13), 
Cory/us with 79 °lo i n Spectr. 14, and A lnas with 33 °lo in Spectr. 13. 

Im mediately a boyc th e sand stra tum E, a t the lo,Ycr edge of which 
Lh er e may perhaps be a lacun a du e lo erosion of the ca lcareous mud , 
lhc poll en frequency of the mix ed oak f'ores l a nd h azel dwindles to 
altoge th er insign i 11 canl figures, a nd it is proba bl y for Lhe m ost parl 
pollen due lo wind tra nsport fro m l'ar a way which represents th ese 
groups in the upper spec tra . Th e Ahrns cune likewise lurns off sh arply 
lo the left in Spec lr. 11 , but in lh c next two, Spcc tr. 10 a nd 9, A!,ws 

at once atlain s a secondar y maximum at lhc bottom of th e Picea 
zon e, and we find something or lh e sa me so rl in the case of olhcr 
diagram s (Duedam I, Brorup). The ration a l limil for Carpinus lies at 
Spectr. 18, and the Carpinu s zon e reaches lo Spcc lr. 11 , c ulminating 
with 19 °lo in the lo ,Yer part of lhe diatom earth. Picea also culmi­
nates in lh e sam e spectrum , (48 °lo); th e Picea zone proper embrases 
only Spcclra 10 and 11. For the res t, it seems as if Picea excelsa had 
been represented by some scatter ed gro,Yth in the Yicinily of lhe lake 
all th e lim e the calcareous mud was forming; its pollen wa s found 
therein with a frequ ency of up lo 5 °lo (Spectr. 17), and N. HARTZ 

records (1. c. p. 11) th e findin g of a n eedle a nd a couple of winged 
seeds or Picea excelsa from the greyish blue marl. After i ls first culmi­
nation, (Spectr. 11) the frequency o r P icea f~lls rapidl y - having a 
secondary maximum in Spectr. 3 and 4 - and tha t of Pinus risin g 
rapidly at the sa me Lim e ; the cuncs for these two species li e on th e 
extreme right as far as Spectr. 2, where the Picea cune is inlersecled 
by the cun-es f'or Belula and A lnus turnin g to the right. The curve 
for pollen frequ ency mak es a decid ed turn to the right a t Spec tr. -1, 
where we have 330 pr. sq. cm , in Spectr. 1 only 49 per sq. cm 
appeared, and in the samples Crom the upper part of the "white 
diatom aceous earth" pollen was almost entirely lacking. 
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Frausing. 
After the greater part of the present work had gone to press, I 

examined some samples of diatomaceous earth and ochre sent to 
Denmark's Geological Survey by KRISTIAN STORGAARD, from a deposit 
at Frausing, 11 km N of Silkeborg. These showed that the fresh-water 
deposit in question was interglacial. From information communicated 
by the contributor it appears that this bed of diatomaceous earth 
crops out on the steep slope on the western side of the deep, late­
glacial erosion channel which opens out into the Yalley of Alling 
River, 2 km E of Hinge. The site is 300 m N of the northern edge 
of the Alling River Yalley. 

The thickness of the stratum is described by the contributor as 
varying greatly, from a very lhin layer to over 4 m. At th e spot 
wh ere the samples were taken, the profile is noted as follows: 
A. Sand (fluvioglacial sand). 
B. 0.7 m Ochre, sandy at the top , wilh a thin layer of diatomaceous earth 

at the bottom. 
C. 1.05 111 Yellow, light brown or perfeclly white, flamed Di atom ace o us 

Earth, non-calcareous, the upper 2/ 3 of the deposit distinctly 
stratified ; the lower part, which contained much vivianite, showed 
hardly any stratification. 

D. Firm Sand. 

Chemical analysis of the samples from Strata B and C was made 
by .J oHs. ANDERSEN, with the result shown in Table 13. 

"' 
o,o Org:inic •to SiO, 

" matte r Mainly as •to Al, O, ii and water •tu F e ,Oa a chemical diatom and P10 fi 

" bound sca les) 
rn 

Ochre .. .. .. .. ..... . .... 1 10.8 
I 

37.8 45.9 
I 

4.9 
Diatomaceous earth . ... 2 10.2 50.7 27.7 11.1 

- . ... 3 5.7 ,~.o 9.3 
I 

6.5 
- ... . 4 6.3 59.1 26.7 7.3 

Table 13. Chemical analyses of ochre and rl iatomaceous earth 
from Frausing. 

The following table shows lhe result of the pollen ana lyses o l' 
the samples received: 

0 z 

0.85 111 
1.20 111 

1.55 m 
1.90 111 

4 1 
5 10 
2 
6 8 

2 2 1 
1 4 1 
1 6 3 
9 10 3 

5 
6 

10 
22 

52 34 4 14 107 1 g 
53 19 7 31 82 -
59 29 87 122 1 -
60 4 69 238 f 

Table 14. Pollen spectra from Frausing. 

Dan marks ge ologi ske Unders0gelsc. II. Hrekk e. Nr. 48. 14 
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From th ese analyses it appears that the diatomaceous earth is 
interglacial (Carpinus, Picea) and that the lower part of it was form ed 
during the latter part of the mixed oak forest period in the interglacial 
period in question, the upper parts of the deposit belonging to the 
Carpinus zone. Ulmus exhibits, h ere as elsewhere, considerable fre­
quency in the upper part of Zone f. The minimum for Pinus and 
Beta/a lies in the lower part of Zone g . Picea immigrated to the 
Frausin g district at a tim e essentially later than Carpinus during the 
interglacial period in question. Cory/us h ere displays an unusually 
high frequency even in the lower part of the Carpinus zon e. 

Egtved. 
In the geological description accompanying the m ap sheet Brekke, 

V. M I LTHE R S notes t) an occurrence of interglacial freshwater beds in 
the sh arply defin ed erosion valley of Ballehule N of Egtved and 1200 
m W of the parish road leading across the valley, cf. Fig. 22 . The 
formation crops out in the stream that r uns through the valley, and 
has also been loca ted, by digging and boring, som e way up in the 
northern slope of th e Yalley itse lf. In the bottom of the valley, th e 
interglacial s tra ta cropped out lo the surface, or were covered by a 
thin layer of s tony sand. In th e side of the valley also, the coyerin g 
layer of sand was as a rul.e but of slight thickness, attaining how­
ever, a thickn ess of 6 m in the highest of the borings in which the 
interglacial deposit ,rns encountered. In this, ist surface was a bt. 16 m 
aboYe the leYel of the stream , which at this point is 28 m above sea 
le;-el (c f. M1LT H ER S, l. c. Fig. 12) . The deposit consisted of fresh-water 
mud , lh e lower strata of which are calca reous. In the bottom of the 
valley, a long the fo ol of the hill, the calcareous mud was found to 
be covered h ere and th ere by a thin layer of diatom earth ; hi gher 
up in th e slope, th e ca lcareous mud was covered b y a layer of non ­
ca lcareous mud , and this again by a bed of sandy clay abt. 1 m thick . 
The mud was yery handsomely stratifi ed , and in a trench exposin g 
the upper 2 m of the mud, it was noticed that the upper strata sloped 
in the same direc ti on as the surface, th e lower being nearly horizontal 
( Mu.THERS 1. c. F ig. 14). The mud bed was up lo 7.8 m thick. 

Here especi a lly in the calcareo us (foliated) mud and in the 
dialom earth, plant remains were fairly num erous; we may note h ere 
Picea excelsa, Pinus silueslris, Quercus ,:obur, Acer plalanoides, Ta x us 
baccata , I/ex aquif.1/ium . For the rest, the flora of this form a tion will 
be found described at greater length in the following. 

In the a utumn of 1925, Denmark's Geological Survey received 

1) V. Mn: n1E11s: Kortbladet Brekke. D. G. U. I. R., No. 15, 1925, p . 66 - 77. 
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from J. 0 . BRAN DORFF of Kolding, large portions of the skeleton 
of a fallow-deer, found while digging for marl in the interglacial 
deposit at Egtved. I therefo re made a renewed examination of the 

Fig. 22. Ma p showing position o f lhe inl e rglacia l locality at Eg lved (x). Scale t : 25000. 
Contour interva l 5 ft. = 1.57 111. The Ge n e ra l Sta ff Map Sh ee t 3208. 

locality, which now, thanks to the marl wqrkings which had been 
commenced in the same yea r, offered better opportunities for in ves tiga­
tion of those parts of the formation situated in the bottom of the 
valley than had previously been available. The profil e Fig. 2, Pl. XXIII 
shows the survey of the beds as obser\'ed , partly in the northern wall 

14• 
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of the marl pit, (the approximate size of this is indicated by a dotted 
line on the profile) partly by borings. The 5 observation points marked 
in the figure lie in a straight line along the foot of the northern slope 
of the valley. V. MILTHERS' profile line 2- 9 (1. c. Fig. 12) intersects 
this profile at about point 4. 

The profiles suneyed hy boring or directly in the wall of the 
pit at these five points were as follows, ( cf. Pl. XXIII, 2): 

Point 1. 

A. 0 - 2.8 m Greyish bro\\;n River-Sand consisting of alternate layers 
of sand and sandy mud wilh vegetable remains. 

B. 2.8 - 3.3 m Grey Mor a in e C I a y. 

Point 2. 

A. O - 1.1 m Sand with stones up to the size of hen's eggs; these were 
found more especially at the bottom , where the bed 
assumed the character of a gravel bed . 

B. 1.1 - 1.35 111 Reddish brown, here and there white Di atom ace o us 
Earth, which , especially in the lower part, was cemented 
together in h ard crusts resembling hard pan , and in little 
veins of ochre. Apart from the diatoms, (see MILTHEHS I. c. 
p. 75) and pollen of forest trees, (see Pl. XXXIX, 3) the 
lower portion of this bed contained spores of Dryopleris 
thelypleris, Osmunda regalis and Polypodium u11lgare, a pollen 
tetrad of TyJJlw lalifolia and pollen of Nymphaea alba. 

C. 1.35- 4.35 m Greyish green, finely stratified calcareous Mu d. Diatoms 
were very common, especially at the top; also Anabaena sp., 
Bolryococcus Braunii, Chroococcus turgidus, Cosmarium sp., 
Euaslrum cf binale, Pediastrum boryanum, P . dup/e;1,·, Riuu­
lariaceae, Tetraedon minimum - leaf tips of Ceratophyllum 
SJJ., Pollen of Nuphar luteum, Typha latifolia, Chenopodiaceae, 
(I grain of pollen in sample 12), Jle:r: aquifolium , (Spectr. 
7 and 10) spores of Dryopteris thelypteris, Osmunda regalis 

D. 4.35- abt. 5.0 

E. abt. 5.0 - 5.15 

A. 0 0.2 111 

B. 0.2 1.8 111 

(Spectr. 4 and 12) and Polypodium uulgare. 
m Sandy, lighter grey calcareos Mud , richest in sand 
at the bottom, spores of Dryopteris lhelypteris. leaf epidermis 
of Pinus siluestris. 
m Fine sharp San d. 

Po in I 3. 

Mou 1 d and stony San d. 
Greyish yellow to reddish yellow Di atom ace o us Earth. 
Only in the lower 40 cm or thereabout was well preserved 
pollen found in any considerable quantity (cf. the pollen 
diagram); in the upper part very little was observed and 
in a poor state of preservation. V. MILTHEHS (1. c. p. 75) 
mentions a number of diatoms from the diatom earth at 
Egtved ; in addition to these, a few other species may here 
be noted , found by BoYE PETEHSEN in samples of the bed 
from Point 3: Cymbella cistula, Fragillaria breuislriala, J, . 

conslr11ens, F. intermedia, F. 11111/abilis , Melosira granulala . 
C. 1.8 - 5.05 111 Greyish-green calcareous i\l u d (Marl) . 
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D. 5.05- 7.45 m Light grey calcareous Mud; the boring samples yielded 
on washing several fruits of Betula pubescens and one of 
Cladium mariscus (abt. 7.35 m below the surface). 

E. Sand . 
Point 4 

The boring was made at the side of the stream, where the calcareous 
mud crops out in the channel, about Point 2 in MILTHEHS' profile (I. c. Fig. 12). 
A. 0 - 0.5 111 Stony San d. 
B. 0.5 - 2 0 111 Dark green-greyish calcareous Mu d . 
C. 2.0 - 2.6 m Lighter grey calcareous Mu d. 
D. 2.6 - 2.7 m Coarse San d . 

Point 5. 

A. 0 - 1.1 m Sand with small stones. 
B. 1.1 - 1.6 rn Dark greenish Mu d . 
C. 1.6 - 1.9 m LightergreycalcareousMud. 
D. 1.9 - 2.0 m Sharp Sand with a few small stones. 

Point 6. 

The boring was made in the middle of the valley, 22 rn S of Point 5, 
the ground here lying abt. 0.75 111 higher than at that point. 
A. 0 - 1.80 m Reddish Sand with stones. 
B. 1.80- 2.10 m Grey, stony, sandy calcareous Mu d. 
C. 2.10- 2 65 rn Light grey calcareous Mu d. 
D. 2.65- 3.10 rn Grey, sandy argillaceous Mu d . 
E. 3.10- 3.65 m Grey San d. 

The following determinations of CaCOa content in samples of mud 
from Egtved were made by JoHs. ANDERSEN . 

I 

D e pth below 
No. surface 

1 
2 
3 
4 
5 
6 
7 
8 

1.50 111 

2.15 -
2.65 -
3.15 -
3.35 -
4.65 -
4.25 -
7.35 -

, . I ' /o of CaCO, in 1 omt dri ed sa mple 

2 

3 

4.0 °lo 
23.0 -
30.3 -
13.0 -
47.5 -
55.3 -
50.8 -
56.5 -

Table 15. Determination of CaCO3 

from Egtved. 

The mud, which was calcareous throughout the entire profile, 
was bedded on sand which contained small stones here and there. 
The aYailable data as to the extent of these lacustrine beds , and their 
s tratification, suggest that they were deposited in a rather small but 
deep basin, the vertical distance between the highest point at which 
they haYe been obsencd (MrLTHERS 1. c. Point 8, Fig. 12) and the lmwst 
similar point (Point 3 in Fig. 2, Pl. XXIII) being abt. 22 rn. They -are 
undoubted ly still in lheir primary position. At lhe bottom, on the 
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sandy floor, a layer of pale grey calcareous mud up to 2.4 m thick had 
been formed, sometimes much mixed with sand out towards the edge. 
Above this was up to 4 m of dark greyish-green calcareous mud, hand­
somely stratified in almost horizontal lines. In the north wall of the 
marl pit, this mud is covered by a layer of diatomaceous earth up to 1.6 m 
thick, likewise apparent in the adjacent boring made by V. MrLTHERS 

(1. c.) as well as farther down the hill at his Point 1. In a pure 
state, this diatom earth was pale grey, but often exhibited a reddish 
tinge, due to a strong formation of ochre, which, especially lower down 
towards the dark mud, sometimes formed thin layers like hard pan, 
or crusted concretions. As the profile shows, the boundary line between 
these two strata was highly irregular. Both diatomaceous earth and mud 
were stratified almost horizontally in thin, distinct layers, and in places 
where no ochre intervened between the two strata, it was noticed 
that the transition from one to the other was gradual and "flamed". 
Where the boundary was steep or yertical, it cut through the horizontal 
stratification, which continued uninterruptedly f-rom diatomaceous earth 
to mud. It was also noticed that where taps of ochre, which might be 
some few cm thick, projected down into the dark mud, the latter was 
discoloured near the tap assuming the appearance of diatomaceous 
earth. The bed of diatomaceous earth appeared as an upper weathering 
zone of the diatomaceous dark mud, the content of lime in ,vhich 
was very slight in the upper portions. In connection with this it should 
be noted that the diatomaceous earth seems only to occur under the 
floor of the valley, where the covering layer above the interglacial lake 
deposits is of very slight thickness. In under the north side of the 
valley, where the position of the bed had to be sought between the 
calcareous mud ("foliated mud") and the clay bed below the covering 
sand, it was not found (cf. MILTI-IERS 1. c. p. 68 f.). 

The stony sand bed, covering the diatomaceous earth and the 
mud, was on the whole of but slight thickness, and consisted for the 
most part doubtless of masses which had slipped down from the steep 
side of the valley, like the covering sand above the mud in the profile 
given by MILTHERS. In the western part of the profile Fig. 2, Pl, XXIII 
it will be seen that the covering sand is thicker here, while at the same 
time, parts of the lake deposit lrnYe been cut away. In the lower 
portion of the covering sand here, a bed of gravel was found a couple 
of decimeters thick; this bed could be traced along the western wall 
of the marl pit under the floor of the valley, where also it rested 
directly on the mud; here, it was up to ½ m thick, containing also 
large stones up to 4 dcm diameter. This gravel bed must doubtless 
b()'egarded as a watercourse from the late-glacial period, when the 
narrow valley in which the interglacial deposits occur was formed 
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by the erosion of running water. It must be pres umed thal the south­
ern ends of the strata in the interglacial deposits , which must ha ye 
projected up as far as those on the north (cf. V. MILTHERS ' Fig. 2), 
were carried away, together with the highest situated strata out under 
the floor of the valley, in the course of this erosion, th e northern 
part of the lake basin being sheltered from the most powerful action 
of the water. The erosion-cut seen in the profile w est of point 2 is of 
post-glacial date, like the sand of the riYer bed found in Boring 1. 
This sand also cropped out in the western wall of the marl pit aboye 
the late-glacial gravel. 

The pollen diagram (Pl. XXXIX, 3) comprises almost exclusively 
calcareous mud; only at the top of the diagram, about as far as Spectr. 
4 there are deposits free from or poor in lime. Here also, the mixed 
oak forest zone in the diagram is developed in the calcareous part 
of the profile. The lower Pinus-Betula facies for instance is almost 
entirely lacking ; only Spectr. 16 can be referred to th e upper part of 
this with its 57 % Pirws, 23 % Betula, but even here, Quercus al­
ready amounts to 20 and Coryllls 3 %. Close to the lower edge of 
Stratum D again, at Point 3, i. e. 7.35 m below the surface, there was 
found a spectrum analogous to this , its composition being: Betula 
15 %, Pinus 59 %, Ulmus 2 °lo, Querws 20 °lo, Alnus 1 %, Carpinus 
1 %, Picea 2 % and Corylus 3 %. Among th e exceptions must be 
noted more especially the finds of Carpinus and Picea ; pollen of the 
latter has however also been found elsewhere, in small quantities, 
near the base of the interglacial profiles. 

In Spectr. 15, Pirrns and Betula are present with 14 % and 9 % 
respectively, and in the following spectra, as far as 6 inclusive, the 
frequency value for Pin us lies between 4 and 10 °/o, while for Betula, it is 
between 3 and 7 % throughout the remaining portion of the pollen diagram. 

Among the mixed oak forest species, Quercus is h ere also by far 
the most important; its maximum (54 %) is very soon reached, viz. 
in Spectr. 14. Ulmus pollen was extremely common in the calcareo·us 
mud at Egtved. The Ulmus curve, has in several of the diagrams 
from the interglacial deposits, a more or less distinct double summit, 
the earlier maximum lying in the lower part of the mixed oak forest 
zone, and the later one in the upper portion. The earlier of these 
t,vo maxima in the Egtved diagram only amounts to 4 °/o (Spectr. 
14 and 15); the later one however, is remarkably highly developed, 
the curve running out to 23 % in Spectr. 9. Here also we have the 
culmination of Tilia ( 4 %) the curve for which extends from Spectr. 
13 to Spectr. 6, while the Ulmus curve runs from Spectr. 15 to Spectr. 3. 
After its culmination in Spectr. 14, (58 °/o) the mixed oak forest curve 
proceeds on a somewhat wavering course to 53 % in Spectr. 9, then 
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turnin g off to the left until, in the two upper spec tra of the diagra m 
- in the diatomaceous earth - it is r epresented only by 2 °lo Quercus. 
Cory/us is h ere, as in most of the other interglacial diagra m s, earlier 
present than Alnus; both culminate in Spectr. 13, Cory/us with 117 ¾. 
Both pollen species are still Yery common up to Spectr. 7, above this 
their curves turn suddenly off to the left, the Ahrns curye however 
exhibiting a secondary m aximum in Spectr. 7 a nd 8. Cory/us as usu a l, 
has lower frequ ency Yalues than Alnus in the upper part of the diagra m . 

The rational limit for Carpinus lies at Spectr. 10, but as far a s 
Spectr. 7 inclusiYe the species does not a tta in greater frequency than 
8 ¾ . After this the cune turns off sh arply to the right, a nd Carpinu s 
is the domina nt species as far as Spectr. 2 inclusive, wher e its frequency 
amounts to 60 0/o. The Carpinus zon e embraces Spectr. 2- 6. The 
rational limit for Picea lies at Spectr. 7, and from h ere, the frequency 
of this species of pollen is on the increases, with a deviation con­
forming to that of Pinus, in Spectr. 2 to the upper edge of the diagram. 

The upper part of the Carpinus zone from Spectr. 4 inclusive, 
form s a transition to the Picea zone proper to which in this case, 
only Spectr. 1 fi:om the lower part of the diatom aceous earth at Point 
3 belongs. In the sa mples from high er up in the strata than this 
spectrum a nd spectr. 2 at Point 2 no pollen was found , or very little 
and poorly presen ed ; it must be presumed however , that the diatom­
aceous earth h ere b elongs entirely to Lhe Picea zone, 01 as regards the 
upper portion , perhaps to the Pinus-Betula zon e. To this must un­
doubtedly be referred the brown non-calcareous mud which rests on 
the calcareous mud, and which was previously found a little way up 
on the north side of the valley, under sand and clay (Profiles 5 
and 6 by V. MILTHERS l. c. p . 68 f.). 

As alread y m entioned , the workm en found the rem ains of a do e 
(Ceruus dama) in the calcareous mud a t Egtved. The sk eleta l parts 
were found 3.3 m below the surface, on th e north side of the pit ; 
the site is indicated by a cross in Fig. 2 Pl. XXIII . On my visit to 
the spot, a fe w more bones of the a nimal were found. Pollen a nalysis 
of a mud sample, from the doe's horizon , gave this spectrum: Betula 
6 °lo, Pinus 2 ¾, Ulmus 6 °lo, Quercus 15 °lo, Alrws 29 ¾ , Carpimzs 
41 °lo, Picea 1 °lo a nd Cory/us 21 ¾ . This spectrum corresponds 
fairly closely to Spectr. 6 in the pollen diagram and thus indicates 
the position of this doe in the strata, viz . the lower por tion of the 
Carpinus zone. 

Kollund. 
On the slope of the northern bank of Flensborg Fiord, 750 m 

S\\ T of Kollund Badested (Fig. 23), we observed , in the summer of 
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1923, the following profile under a bed (A) of fluyioglacial sand some 20 
m thick , horizontally stratified, and with Yery large ston es at the top: 

C. 1.05 m Brown, hard Mud which on washing y ielded: 
Alnus gluti11osa, pollen , 
Betula pelldula, 2 ca tkin scales , 

sp., pollen , 
Cory/us avellana, pollen, 
Xajas mari11a, ¼ fruit, 
l'inus silveslris, pollen . 
Polamogeton sp., I fruit-stone , 
Quercus sp., pollen, 
Scirpus lacuster, 4 fruits, 
Tilia sp., 1 flower stern, pollen , 
Ulnllls sp., pollen. 

D. 0.3 111 Grey, rich stoneless C: I a y containing many fruits and mu ch 
pollen of Belula pubescens, pollen of Pirws silveslris and statoblasts 
of Crislatella nwcedo. 

The upper portion of the mud bed lay abl. i'>.f> m above sea leYel. 
It was for the most part covered with material fallen from above, but 
could be discerned at seyeral points for a stretch of over 50 m along 
th e fiord. Farthest Lo the east , b eyo nd the gully, the mud was lighter 
rn colour and contained num erous diatoms. 

·····;({·· ... •·· ,,.i: i·•·· 
J(;;;ilJl}~riJLLB BOC'!' .. 

.... •··········· 
... -·· 

·····•············· 
_ .... •·· 

Fig. 2~. Mnp showing position of th e interglacia l bog nt l( ollunrl , th e thick line n en r the 
coas t SW of Kollund Badcsted. Sca le 1 : 25000. Contour interval 2.5 111. ThP General 

Staff Map Sheet 4409. 
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In a ddition to th e m ention ed in terglacia l deposits, fragm ents of 
a b ed (B) of l o w moor p ea t were also observed , consisting m ainly of 
Hypnam adun cam, which h a d been du g up together with mud from a 
shaft subsequently des troyed by blasting. 

In this low moor peat, which undoubtedl y had been bedded on 
the mud, the followin g plant r emains were found : 

Alnus glutinosa, sever al fruits, pollen, 
Betula pubescens, 1 fruit , 

sp., pollen , 
Carex pseudocyperus , several fruits, 

cf roslrala, 1 fruit , 
sp., some fr uits without utriculus, 

Carpinus betulus, sever al fruits, pollen, 
Corylus avellana, pollen, 
Dryopteris thelypteris, several rhizomes, 
Picea excelsa, several seeds, pollen, 
Scirpus sp., some few fruits, 
Ulmus sp., pollen. 

Hypnum aduncum , very common. 

This interglacial deposit a l Flensborg Fjord was known to MEYN, 
and has previously been m entioned by V·l. WoLFF 1

). It is well-known 
to the local inhabitants. Mr. TEICHGR ABER, for instance, a form er 
Member of the Town Coun cil of Flensburg, inform ed us tha t 20- 30 
years back, endeavours had been made to dig " brown coal" at Kollund, 
and that a new attempt h a d been m a de in 1919, when a 10 m shaft 
was put in . Both attempts were soon relinquish ed. 

The pollen diagram Pl. XXXIX, 2 shows the order in which 
the forest trees immigrated in the forest a l Kollund, and their pollen 
attained the high es t frequency. The Birch (B eta/a pabescens) h as 
an overwhelming m ajority in Spectr. 5 (91 % ) but Pinus is howeYer 
represented, a nd this species a ttains its m aximum (33 %) in Spectr. 4, 
in the lower part of the mud bed. Cory/us is h ere found together 
with Qaercas and Ulmas, culminating, indeed, with 255 % in Spectr. 3, 
where the curves for Alnas and Qaercus also turns off farthest to the 
right, while the cune for mixed oa k forest , tha nks to a n unusually 
high value for Tilia (3 2 % ), attain s its highes t (42 %) in Speclr. 2. 
In none of the other interglacia l pollen diagra m s hitherto available 
does Tilia show such a high percentage a s h ere; this is perhaps a n 
ea s terly tou ch in th e composition of the interglacial mixed oak fores t. 
In the spectrum from the low moor peat , Quercus, Corylus and Pin11s 
show but slight frequency values, wherea s Belllla a nd Picea for in­
stance, are more num erously represented than in Spectr. 2, and 

1) W . WOLFF: Erdgeschichte u. Bodenaufbau Schleswig-Holsteins. Hamburg. 
1922, p. 46. 
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Carpinus a ttains a value of 24 %. Both from the appearance of the 
spectrum a nd also on stratigraphical grounds, the low moor peat must 
be supposed to res t on the mud, but the depth of the stratum is not 
known. 

List of Flora and Fauna. 
This list includes the species of vascular plants and mosses 

mention ed by N. HARTZ 1909 1
) besides all lh e species referred to 

by V. M1LTHERS 1925 2
) and in the foregoing. For the animals, the algre 

and fungi it appears only as a supplement to the list given by N. HARTZ. 
The following have been omittet: 

a) The flora found in th e quaternary strata at Skrerumhede in 
Vendsyssel. 3

) All the vegetable remains from th ese strata lay in glacial 
clay and fluvioglacial sand, or in the strata of the Porllandia arctica zone, 
viz. in a secondary or tertiary situation, so that it in some cases may 
be difficult to distinguish species originating from the amber-pine-beds 
as compared with those from the last part of the interglacial period. 

b) The diatomaceous flora from Hollerup, Fredericia and Trrelle. 4) 

c) The diatomaceous flora of the Eem Strata. 5) 

d) The flora of the mud blocks found in a secondary position near 
Copenhagen, which are considered by N. HARTZ and V. M1LTHERS6

) as 
pre-quaternary, but should presumable be assigned to the penultimate 
interglacial period. 7) 

Several alterations h ave been made in the nomenclature of the 
list given by N. HARTZ; this applies more especially to the mosses , 
where the terminology employed by C. JENSEN 8) has been followed . 

Th e localities at Hollund Sogaard, Ler va d, Brorup railway station 
and Hollerup are also included in the lis t given by HARTZ; from 
these localities therefore, only species found by me and new to the 
respective localities are noted. 

1) N. HARTZ: Bidrag . . . . D. G. U. II. R. Nr. 20. 1909, p. 256-265. 
2) V. MILTHERS : Kortbladet Brekke. D. G. U. I. R. Nr. 15. 1925, p . 83- 89, 

The localities Brorup marl pit, Eglved and Rostrup . 
3) A. JESSEN, V. MILTHERS o. s. v.: En Boring gennem d e kvartre r e Lag ved 

Skrerumhede. D. G. U. II. R. Nr. 25. 1910, p . 93-109. 
4) N. HARTZ og E . OsTH UP: Danske Diatomejord-Aflejringer og deres Diatomcer. 

D. G. U. II. H. Nr. 9. 1899, p. 61- 65. 
5) VICTOR MADSEN, V. NOHllMAN~ og N. HARTZ : Eem-Zonerne. D. G. U. Il. R. 

Nr. 17. 1908, p. 107- 108, 112- 113. 
G) V. MrLTHERS : Nord0stsjrellands Geologi. D. G. U. V. R. Nr. 3. 1922, p. 40, 173. 
7) KNuo JESSEN: Nematurella-Leret ved Gudbjerg og Gyljeblokkene i K0ben­

havns Frihavn i pollenfloristisk Belys ning. Mectdelelser fra Dansk geol 
Forening. Bd. 7. 1927, p . 142. 

8) C. JENSEN: Danmarks Mosser. I, 1915. II, 1923. Kobenhavn. 
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Flora and Faun :1 

Plantae vasculares. 

Acer campestre L. .. ... . 
- platanoides L. .. . 
- sp . . 

Ajuga reptans L. . . 
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+ + + 
Aldrovanda vesiculosa L. . . 
Alnus glutinosa (L.) GA • IITNEII . + + + + + + + X x ' ) + + 
Andromeda polifolia L. . . . . . . 
Arcloslaphylus alpina (L.) SP11 .. . 

uva 11rsi (L.) SPH .. 
sp .. .. 

Arenaria lrinervia L. 
+ 

+ + + . .. " + 
+ + + + 
+++ + + ++ 

+ 
Armeria vulgaris W1LLD . 

Balrachium aquatile (L) coll . . +', + + + + + + 
+ + 

cfr. confervoides FH .. 
sceleratum (L.) LANGE ... . 

+ 
Belula alba (L.) coll.. . . . . . . . . . . + + + + + 

X 

+.+ + + 
+ + + 

+ + + 
+ +++ 

+ 
+ 

+ 

+ 
nana L . . . . . . . . . . . . + 
nana x pubescens (alba x nana) ... 
pendufu RoTH. + 
cf. pendula x pubescens + + ++++ + + 

+ 
pubescens E1-1111-1 . . . + + + + 
subalpina LARSS., L£sT .. 

Bidens cernuus L. + 
tripartilus L. . . . + 

Brasenia purp11rea M1cH . . . . . . . . . . + 
· Butomus umbellalus L. . . . . . . . . . . . + + + 
Calla palustris L. . . . . . + 
Callitriche cf. aulwnnalis L.. . . . . . + 
Calluna vulgaris (L .) SAus1i.. . . . . . . . . + 
Carex caespilosa L. . .. .... .... . .. . . 

+ + 
+ 

+ + + + + + + + + 
+ 

diandra Sc1-IHANK 
lasiocarpa E u1rn . . . 
pseudocyperus L. .. . ..... ... . 
riparia CcHT ... 
rostrala STOKES . . ... .. . .. . . 
cf. slellulala Gooo .... .. ... . 
vesicaria L. . . . . . . . . . . . . . . 

- sp .. . ·• • · •• . . . · · · · · · · · 
Carpinus betulus L. . . . . . . . . . . 
Carum carvi ? L. . . 
Caryophyllaceae . 
Ceralophyllwn de1i1ers11111 L .. . .. . 

dem. var. apiculalum C11H1. 
s11bmersum L. 
sp .... . ..... . ... . ..... . 

Chenopodiaceae . . . . . . . . . . . . . . . . . .. . 

+ + + + + + + + + " '. " . 
+ + + + + 
+ ' ' + + " 
+++ + + 
+ + + + + 
+ 
+ X 

+ + + + -+- + 
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Cicula virosa L. . . . . . . . . . . . . . . . . . . + 
Cirsimn lanceolatum (L .) ScoP.. . . . . . . + 

+ + + 

+ + + 

-l- + + 
X + X 

+ + + 

+ + 

+ 
+ 

+ + + + X 

+ + 
+ + 

t) The Br6rup bogs, the lake deposits at Ejstrup. cf. p. 196 and the Eem b 
lokalities. 4) A x indicates that only pollen or microscopical spores 
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The penulti mn te In te rglacial d e posits 
11 period interglncia l covered by 
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e p. 196, also H.-\HTZ 1909, p. 2:16. 3) Ko lding, Ho llcr up and other easte rn 
rved. '') By N. 1-I A HTZ Batrachi11 m SJJ . 
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Cirsium cf oleraceum (L.) ScoP ..... .. . 
palllslre (L.) ScoP . . . . ...... . . 

Cladium mariscus (L.) R. BH. . . . . . . . . . + + 
Compositae . . . . . . . . . . . . . . . . . . . . . . . . . . + 
Cornus sanguinea L. . . . . . . . . . . . . . . . . . + + 
Corydalis cava (L.) Scttw. & K. . .. . . .. + 
Coryllls ave/Lana L. . . . . . . . . . . . . . . . . . . + + + 
Cralaegus monogyna JACQ. . . . . . . • . . . + 

sp .. .. . ...... . . .... . ... .. .. . + 
Cruciferae .......................... . 
Drosera rolundifolia L. . . . . . . . . . . . . . . + 
Dryas octopelala L. . . . . . . . . . . . . . . . . . . + 
Dryopteris crislala (L.) GRAY . . . . . . . . . . + 

filix mas (L.) S CHOTT . . . . . . X 
spinulosa(O.F.M0LL.)KuNTzE x 
thelypteris (L.) GHAY ..... .. + 
sp . .... .. ... . . . .. .. ...... . 

? 

X 
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X X 
X X 
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Dulichium spalhaceum PEHS. . . . . .... . 
Empelrwn nigrum L. . ............... . +++ ++ ++ ++++++++++ Equiselum sp . . . .... . ... ... . ... . .... . . 
Ericaceae .. .... . .. . . .... .. . ... . .. . . . 
Eriophorwn vaginalum L . . . . . . . . . . . . 
Eupalorium cannabinrun L ... ... .. .. . . 
Frangula alnus M1LLEH . . . . . . . . .. . . 
Frax inus ex celsior L ......... . . . . .. .. . 

+ + + 
+ ? 

+ + + + + 

+x 
+ + + 

X 
+ 

rrramineae . .. ... .. .. . .... . .. .. . ... .. . 
Hippuris vulgaris L .. .. ..... . .. . . . .. . . + ++++++++ Hydrocolyle vulgaris L .... . . .. . . ..... . 
Hypochoeris radicala L .. . .. . . . . ..... . 

++ +++ 
Ilex aquifolium L . . . ... .. . .. ... ... ... . 
Iris pseudacorus L . . .. . .. .. .... . . .. .. . 
Isoeles /acuslre L. .. . . ....... .. . . . ... . 
Juniperus communis L. . . ...... . ..... . 
Labiatae . .. .. ....... . .......... . . . . . . 
Lampsana comnwnis L. ? .... . . . .... . . 

+ 
+ + + + ... 

+ + 

Limnanthemwn nymphaeoides (L.) . . . . + 
Litorel/a uniflora (L.) Asc1-rn11soN ... . . 
Lycopodium annotinum L.. . . . . . . . . . . x x x + 

clavatwn L. . . . . . . . . . . . . . x 
complanatum L. ........ . 
selago . . . .. . .... . . .. . .. . . 
sp .. . . . ... .. ....... . . .. . 

+ + 

X 

X 

X 

+ 

+ 

Lycopus ellropaells L. . . . . . . . . . . . . . . . . + + + + + + 
Lysimachia Vlllgaris L ......... . . ... . . 
Mentha cf aqllalica L. . . . . .. . .. .. . . . . . 
Menyanthes lrifoliala L.. . . . . . . . . . . . . . . + + + + 
Molinia coerulea (L .) MOENC H . . . . .... + ? 
Monlia lamprosperma CHAM ... . . ... .. . 
Myosolon aqllalicwn (L.) MOE NCH . . . . . 

+ ++ 

+ 

Myriophyllllm allerniflorum D. C. . . . . . ? + + + + + + + 
spicalum f muricata 

AHLFVENGREN. . . . . . . . + 
cf spicalum L. . . . . . . . . . + + + + + 

X 

+ + 

X 

+ 
X X 

+ + -

+ + 
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Myriophyllum verticillatum L. ...... ·.· .. . . + 
Najas flexilis (W1u.o.) RosTK. & ScHM. . . . .. + + 

+ + + + + ++++ + + 
marina L.. ..... + + + 

Nasturtium aquaticum (L.) K.\ nsT . . 
Nuphar l11teum (L.) s~1. ........... . 
Nymphaea alba L ....... . . . 
Nymphaeaceae . . . . . . . . . . . . . . . 
Oenanthe aq11at1ca (L. ) LA~I. .... . . . . . 

sp .. . ....... . ....... . . . .... . 

++++++ 
+ 

+ 
++ + 

Ophioglossum uulgalum L. . .. . ... . .. .. , 
Origanum vulgare L.. 
Osmundu reyalis L . .. .. ......... . . . . . 
Oxalis acetosella L. . . . . . . . . . . ...... . 
Oxycoccus palustris PEHS . . . . ..... . 
Phragmiles uulgaris (L.1~1.) C11 i', P. 
Picea excelsa (L.\M .) L1 N i; .... . . . . 

Pinus silueslris L. . . . . . . 
Polygonum lomenlos11111 Sc11HANK .. . .• 

sp ........ ... ... . . ... ... . 
Polypodium vulgare L. ............ . 
Polysliclwm /obalum (H U1JS .) P1u.s L . . . 
Popu/11s lremula L. . . ..... . . . .. . . . . 
Potamogelon alpinus 1::lALB1s . . . . 

aculifoli11s L K .... .. . . 

compress us Sc 1-IC ~1. 
densus L. .......... . ... . 
filiformis P E HS .... . . 
Friesii RUPH .... . . . ..... . 
gramineus L. .. . . 
riatans L. .. . ......... .. . 
oblusifolius M. & K. . .. . . . 
perfolialus L. .. . . . 
polygonifolius Po u HHET . . 
praelongus \ VuLFEN . .. . 
p11sillus L. .. .......... . 
lrichoides CHA~I. & ScHL. 
spp ......... ..... ...... . 

Polen/ilia anserina L. '! .... .... . . . . 
erecla (L.) DALLA To11HE ... . 
paluslris (L. ) ScoP .... .. . . .. . 
sp .. ... . .. ............ ... . 

Prunus padus L. . .. .... . ... . . .. . .... . 
sp .. .... ............ .. ... . .. . . 

Pleris aquilina (L. ) K UHN ............ . 
Quercus robur (L.) . . . .. . ............. . 

sp ........ .. ......... . . ... . 
Ran11nc11l11s flammula L. ........... . . . 

lingua L. .. . . . ..... .... . 
repens L. .. .. .. ....... .. . 
sp ..... ..... .. .. . ... . .... . 

Rhyncospora alba (L.) V.HJL .. 

Rub11s idaeus L .............. .. ... ... . 

+ X 

+ + + ++++++x 
+ + ++++x + + + X + X + X + + cf. 

+ xxxxxxxx 
+ 
+ + + + + 
+ 

+ + + + +++++ + + + 
+ 
++++++ 
+ + + + + + + + + + + + + cf. + + + ... + ... 

+ 

+++++++++ 
cf. + + 

++++++ ? +++++ 
+ + 
++ 

+ + 

X X 

+ + 

+ 

+ 

x+xxxxxxx x 
+ + .. 

+ + ++ + ++ 
+++ +++ 

. . . . . . . . . 

++ ++ +++ ... + + 
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The penullimalc Interglacia l deposits 
ul period interglacial covered hy 

period young-glacial format ions 
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+ 
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I ••• X X X X X X X 

+ + + ? 
X + + + X X X + + + X X X + + X + + + 

X X + X X X X X X + X X X X + + + X + + X 

+ 
+ 

X X X X X X X X 

1• •• + + + 

? 

+ + + 
+ cf. 
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cf. + 
+ + + + + + + + + + 
cf. 

+ + + + + + 
? + 

+ + 
? 
+ + + + X X X X X X X X X X X X X X X X 

cf. + 
cf. 

+ ? + 
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Danmarks geologiske Und ers0gelse . II. Rrekke . Nr. 48. 15 
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Flora anrl Fauna 
C, 
0 

~ .., 
C: 

N ·a ,. .. :.. 

" " ::i:: ::i:: 

Rubus sax alilis L. .. . . . ............. . . 
+ + + 

sp ............. . . . ...... ...... . 
Rumex marilimus L. ......... . . . .... . 

+ + + + 

sp ...... .... ... . ... . . .. .. . . .. . 
Sagillaria sagillifolia L ......... .. .... . 
Salix cfr. caprea L ........ . . . .... ... . . 

herbacea L. .. ... .. .......... ... . 
cf. + + ... 

+ + 

phylicifolia L. . . ............... . 
polaris WBG ..... . ............. . 
cf. repells L .... . .............. . . 
reticulala L .................... . 

+ 
+ 

+ 
+ + 

sp . ........ . .... .. ....... . .. . .. . 
Sambucus cf. nigra L. ... . ...... . .... . 

sp.1) .... ... ........ ... .... . 
Scirp11s cf. fluil alls . ... . ...... .... .... . 

lacusler L. ... ..... . .... ..... . 

+ 
paluslris L. . . .. . ..... . ....... . 
cf. TabernaemoI1lw1i G)JEL. ... . 
sp . ... . . . . ..... . . . ..... . ..... . 

+ 
Scleralltlws perenllis L. ? ......... . ... . 
Selagillella selaginoides (L.) L1NK .... . 

Solam1m dulcamara L. .............. . 
+ + + 

Spargw1ium affine SCH NJZLEl:-1 .. ..... . 
ereclum L. ......... . . .. . 
minimum FH ... .. ... . ... . + 

. . . 
+ + 

simplex H uosoN . . . . . . . . 
sp . ....... . ... ... . .... . -

Slachys silualicus L. ... . . . .. . . . ... . .. . + 
Slralioles aloides L. . . . . . .... . . . . + 
Tax us baccala L. .. .. .. . .. . .... . .... . + + 
Thaliclrrun ? . ......... .. ............ . 
Tilia cordala MILL. ....... . + 

- plalyphylla ScoP. . . . .... . + + 
X 

+ 
- sp . .. . . . ...... . ... . 

Tori/is anlhriscus (L.) G~tE1.1 N . 
... + 
+ 

Trapa nalans L. . . . . .. . . . . . ... . 
Typha lalifolia L. . ... . . ... . .. . . ..... . 

+ 
+ X 

sp. . . . . . . . . . . .. ... . ... . 
Ulm us sp. (cf. glabra H uus.) . ... .. . ... . 
Umbelliferae ... . . .. . ................ . 
Urlica dioeca ¼· . ................. . + + 

urens L . ... . .... . . . . . . . 
Va ccinium uliginosum L. ..... . + 
Viburnum opulus L. ......... . ... . ... . + + + + 
l'iola paluslris L. . . . . ... . ..... . . . . . . 
Viscum album L. . ... .. . . .. . ...... . .. . 
Zannichellia Sf! . . ...... ..• .. .•... .. ... + 

Bryophyta. 

Acrocladium cuspidalum (L.) L1 NDB . . . + + 
Amblyslegium conferuoides(B1rn>) 13r.eur .. . . 

1) Identical with Sambuc11s cf. nigra. 

ol 

"" 0 
C: ~ 

~ Q. 

" .Q ... :5 ,o ... z "° 
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+ 
+ + 

+ + 
+ + 

+ + + + 
+ + 
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+ ... 
+ + 
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X X 
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X X 
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+ 

+ + 

The last i 
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+ + + + + 
+ 

+ + -j- + 
+ + + + + + + + 

+ + + + + 
cf. + . .. . .. cf. 

+ 1+ 

+ + 

X 
. . . I . . . 
... X X X X 

+ 
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X X X X X X X 
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+ + 

+ + + + 
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Flora nnd F a una 

"' @ .. 
C 

N ·a ... 
" ... 
< "' J:; :c: 

Amblystegium Juralzkanum ScHIMP . .. .. . . 
polygamum Br. eur. . . . . + + 
Sommerfellii (Mvn.) ....... . 
slellatum (SCHREn.)LINDB. . . . + 

Anisothecium crispum (ScHREB.) LINDH .... + 
Anomodon viliculosus (L.) H ooK & T AYL. + 
Anlilrichia curlipendula (L .) Bnrn . . .... + 
Barbu/a rubella (HOFFM .) MITT . ....... . . . 
Brachylhecium albicans {NECK.) Br. eur .. . . + 

plumosum (Huos.) .... . 
rulabulum (L.) Br. eur.. + 
velutinum (L.) Br. eur .. + 
viride (LAM.) . . . . . . . . . . . + 

Bryum venlricosum DICK S. . . . . . . . . . . . + 
sp. .. .. . ......... ... .... .... . . + 

Calliergon cordifolium (Hrnw.) Krnou .. + 
giganleum (SCHIMP.) KINDB .. + + 
Richardsonii (MITT.) KINDB. · 1· . . + 
sarmenlosum \WAHLENB.) 

KJNDB .................... + 
slramineum (DICKS.) KIND B.. + 
lrifarium (WEB. & MoHn) 

KINDB ..... ... . ... ... . . . ... + 
Camplolhecium lutescens (Huns.)Br. eur. + 

trichoides (NECK .) ..... . + 

bi) 

:§ 
~ 
.Q ... ,o 
z 

Caloscopium nigrilum HEow. BRID. 
Ceralodon purpureus (L.) Bnrn. . . . . . . ? 
Climacium dendroides {L.l WEB. & Morm . . . 
Cratoneuron filicinum (L.) LoESKE . . 

+1·· · + ... 
Dichodonlium pellucidum (L.) ScHIMP ... . 
Dicranum Bojeani OE NoT ... . . ...... + 

+ 
+ 

congeslum B11rn . . . . . . . . . . . + 

-.: 
0 
J:; 

0. 
::, ... ,o ... 

i:Q 

scoparium (L.) H EDW. . . . + + .. . 1 ••• 

Ditrichwn flexicaule (SCHLEICH.) HAMP. . . . + ... I .. . 
Encalypla rhabdocarpa ScHWAGH . .. ...... + 
Eurhynchium praelongum (L.) Horn.. . + + 

slrialum (ScHREB.) ScmMP. + 
slrigosum (HOFF M.) Br. eur .... 
Swarlzii (TURN.) CURNOW + 

Gymnocybe paluslris (L.) FRIES . . . . . . . + -r 
He/odium lanatum (STn cm) BROTH .... . + 
Homalolhecium sericeum (L.) Br. eur. . + + 
Hylocomium parielinum (L. J LINDB .. . + 

proliferum (L.) LINDB. . . . + + 
squarrosum (L .) BnucH & 

SCH ... .......... ... . . . + + 
triquetrmn(L.)BnuCH&ScH. + 

Hyprwm aduncum HEDW. . . . . . . • . . . . ? + 

.s: 
!l 

.Q 

"' -0 
0 
:,:; 

+ 

.. 
+ 

+ 

exannulatmn Gii MB . ......... + + + + + 
var. Rolae (DE NoT) 

S CHIMP .. . ...... . 
~~mL .... . .... . . ... + 

The last i: 

.... =: 
bi) t' a ... ... 

0. "' 0 0 
., 

SL 
'£ .Q -E ::, -0 

" ... .b "' 0 "' "' < ::, .;; 
"' J:; :c: 0 0 

. . I . . . 

+ + 

+ 



+: +: 

+: 

+: 

+: +: +: +: 

Hingcla l 
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Hocl cbrek III 
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Fovl ing 

Le rvacl 

Tuesbo l II 
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The last i 

Flor a and Fa un a 2 
"' "" 0 -0 :§ ti: .s: - -"' "" " "" "" a ... ... 

" ;a 0. ... ... 0. " "' N ·a " ..c 0 0 

" "O "" ... ..c ... ., ,o ..c ..c " "' ... ... ,o "O "' ... ... ... ., 
oi .. "' ,o ... 0 0 " 

., .; " ti: ti: z Pa ::,; r/1 ti: :I; < Q 0 

Hypnum intermedium LI NDE . . . . ...... + + 
lycopodioides NECK . .. ... . . . . 
revolvens Sw ... . ............ + 
uncinatum H EDW . .. . ..... . .. + 
sp ........ . . . .. . .......... .. . + + 

Isothecium myosuroides (L.) BHID .... . . + viviparum (N ECK.) L lNDB . .. + + Lescuraea Breidleri (KINDE.) ARN. e t 
JENSEN . . ... . . . .... . . . ... . ... ' ... + Marchantia polymorpha L. .. .... . . .... + Meesea longiseta H ED

0
,v ....... .... ... . + + 

triquetra (L.) ANGSTR. .. ... ... 
Mniwn cinclidioides (B LYTT) H CJB ..... . + cuspidatum (L.) N ECK .. .. . ... . . + + medium BRUCH & SCH. ... . ... 

pseudopirnclatum BRUCH & S c H. + punctatum (L .) REICH .. .. . . .. . . + 
silvaticum LINDB . . .. .. . . .. . . .. + ... I .. . 
stellare REICH . .. ....... . .. . . . . + .. . ... 
undulatum N ECK ... . .... . ..... + 

Neckera complanata (L.) Hos ......... + 
crispa (L. ) H DB .... .. .... . . . . + 

Paludella squarrosa (L.) BRID . . . .... .. + Philonotis fontana (L.) BRm .... . ...... + tomentella M o L ... . . + Pohlia albicans (W AHLENE.) LINDB .... . + 
- nulans (Sc HREB.) LINDB ...... . . 

I± + ... 1 · 

Polytrichum attenuatum MENZ . . . . ..... . . ' . 
- comm1.rne L. .... . ... . .. . . 

juniperinum WILLD. ..... + + 
striclum B ANKS, . .. . . ..... + + + + + 
sp . . ..... .. ... . .. . ... . . .. + + 

Porotrichium aloperurum (L.) MITT . ... + ... 
Rhacomitrium canescens ITIMM .) BRID .. + + 

fascic ulare(SCHRAD .)BRm. .. + sp . ... .. .. . . .... .. . . . .. + Scleropodium purum (L.) LIMPH .. . ...• + 
Scorpidium scorpioides (L .) LrnPR . . . .. + + + 
Sphagnum aculifolium E HRH ........ . . 

anguslifolium C. J .. . .. .... . + 
imbricatum H oRNSCH . . .. . . . + palustre L. ..... . . . . . . . . . . + + + + 
papillosum LIND B ...... . . .. + + + leres (ScHIMP.) ... . .... . . . . + 
sp . . .... .. ... .. . .... .. . .. . . + + + + + + + + 

Slereodon cupressiformis (L .) BRm. . ... + 
Swartzia montana (L AM.) LINDB . ... . . . + 
Tlwidium abietinum (L.) Br. eur .... ... + 

delicatulum (L.) .. . . .. .. . . .. 
lamaricifolium (NECK.) LINDE. + sp .... .. .. . .......... + + Torte/la fragilis (DRUMM .) LIM PR . .... 

tortuosa (L.) LIMPR .. . . . . . . . .. .. . + 
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Flora and Fauna 

Tortula ruralis (L.) EHRH .... . 
Trichocolea tomentella (EHHH.) . 

Thallophyta. 

Cenococcum geophilum FR ... .. . : .. . . . 
Chlorosplenium aeruginosum (OEDER) . 
Puccinia sp. . . . . . . . ............ ..... . 
Tilletia sphagni NAWASCH ........ ... • 

Anabaena sp.. . . . . . . . . . . . . . ... ... .. . 
Amphora ovalis KOTz.. . . . . . . . ... . . . 
Botryococcus Braimii KG . . .... . . ... .. . 
Caloneis silicula EHRB ..... .......... . 
Characeae . .. .......... ............. . 
Chroococcus turgidus NAEG ...... . ... . 
Cocconeis sp. . ................ . ..... . 
Cosmarium spp . .... . ...... . ......... . 
Cyclotella comta (EirnB.) K ii'TZ ... .. . .. . 

Kiitzingiana THw. var. plane­
tophora FRICKE . . ... ..•. 

Cymalopleura elliptica BREB.. . . .... . . 
solea BREB ... . ... . . . . .•. 

Cymbella cistula HEMPR . ........ . •.... 
- Ehrenbergii Kii'TZ ... . ....... . 

lanceolata EHRB .. .. . ....... . 
Diploneis elliptica K ii'TZ ...•........... 

ovalis HILSE ............. .. . 
Epithemia Hyndmanni W. s~1 ........ . 

sorex Kii'TZ .. ...... . . . ..... . 
turgida EHRB .... ..... . ... . 
zebra EHRB ... .. .... .. .... . 

Euastrum cf binale (Tii'HP.) RALFS .. •. 
Fragilaria 6revistriata GRUN ..... .... . . 

construens (EHRB.) GRUN .. . 
intermedia GRUN ......... . . 
mutabilis (W. SM.) GRUN . .. . 
parasitica W. SM . .... .. ... . 
sp .................. ... ... . 

Gomphonema conslrictum EHRH .... . . . 
Gyrosigma attenualum Kii'TZ . . . . .. . . . 
Melosira arenaria MOORE ... . ........ . 

crenulala KOTZ .. . ... . ... . .. . 
varians AG ......... . . . .... . . . 
sp . .. . ........... . .......... . 

Navicula bacillum EHRB . .......... .. . 
dicephala W . SM . . ... . . . . ... . 
elliptica K OTZ . . .. .... . ...... . 
oblonga KOTZ. . . .... ....... . 
scutelloides W. SM . . . . ...... . 

Nitella sp .... .. ...... .. . . ........... . 
Nitzschia sp . . ........ .. . .... ....... . . 

" 
C, "" 0 .... ::: 
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"" l'l "" "" Cl ~ "- ..Q 
... ... 
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Hiillund Siigaar d 

Fii vling 

Le rva d 

Tuesb ol II 

Brorup railway­
station 

Rr iirup m a rl pit 

o,·e r Ges trup 

Agerskov 

Ros trup 

Rind 

H:irreskov 

Starup 

Vejcn, Tirslund 

:::. 
"O 
(1) .., 
o· 
0.. 

>-3 __ ::r 
::, (1) 

"O ;-"'O 
(1) .., (1) 

5-~§ 
p,.~ .. ~ 

I §:§" 

" i' 
~ 
0 ... 

----------------------1i-------1 § :::. 
~ ~ 

HARTZ 1909 

Hiirup +: : ++: : +: : ++: : ++: ++ : : +: +: : +: : + 
----------- ------------------------------------- --1 ~ 8 ~ 

" <" Lii vskal I , II ;-~ ;----.-. -.----. -.-.-. -.----.-.-------------~~------1 _~_ +· • • · • • · · +· • + Hollerup o' o.. 
• • • •. • • • • • "1t:r' CD 

+++++++: ++: +: +++++++; ++++: + +++++: +++ + Egtv,·d ri 
l(ollund 

o· ;;;­
f;; 

l-.:l 
w 
w 



23--1-

Flora and Faun n 

Pediaslrum boryanwn (T UHP.) M EN ... 
clathralwn (Sc1rnoET.) L E M. 
dllplex MEYEN ... . ...... . 
integrum NA E G ... . ..... . . 
Kawraiskyi SCHMIDLE . . . . 
sp ... . .. ........ . ....... . . 

Phacolus lenticlllaris STEI N ... . ... . . . . 
Pinnularia m esolepla E1-mB . .. ... . . . . . 
Pleurosigma sp. . . . . . .......... . .... . 
Rhopalodia gibba (EHHB.) 0 . M OLL .. . . . 
Rivlllariaceae . . . . . .. .. ...... .. ..... . 
Slallraslrum sp . ... . .. . .. . ... . .... . . . . 
Stephanodiscus aslraea (E1-mB.) GR UN . . 
Sllrirella sp ....... . .. . ........ . ...... . 
Synedra lllna (NrrscH) EHR. var. danica 

(KOTZ .) ..... . .. ... ... . . 
cfr. ulna ....... . .... ..... . . . 
vaucheriae K OTZ .. . .... .. .... . 

Telraedon minimum A. BR .. .. . 

Vertabrata. 
Alces machlis 0GILBY .. . .. .. . .. . . . .. . . 
Castor fiber L. . .. .. . . .. . . .. . . . ..... . . 
Cervll s dama L. . .. . ... . . .. .. . ... .... . 

elaplws L. . ... . ... . .. ...... .. . 
Elephas sp. (primigenius) BLm1l) ... .. . 
Mlls (silvalicus L. ?) .. .. . . . ... .. . .... . . 

F.sox Lucius L. ... .. ... . ...... . . ..... . 
Perea fluuialilis Ro ND .. .. . .... ....... . 

Arthropoda. 
Agelastica alni L. . .. . . ...... . . . ..... . 
Acidola crenata FABR ..... .. . ... . . . .. . 
Anchomenus lugens DUFT . .. . ...... . . . 
Hydropor11s sp . . ..... . ........ . ... ... . 
Otiorrhyncus dllbius STROM . . . ..... .. . 

sp. (ad rugosostrialus) . . . 
sp . .. .. . .... .. . .. . .. . ... . 

Phryganidae .... .. .. . .. . ...... . ..... . 
Strangalia sp . . .. . ... ....... . . ... . .. . . 

Phy to plus laevis NAL .. ...... ......... . 

Cladocera . . . .. . . . . ... . . .. . .. .... .... . 
Daplmia pulex aut. . .. ... . .. .. . . . ... . 
Ostracoda .. ... . ..... . . . .. . .. . . . . . .. . . 

+ 

+ + 
+ 

+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ + 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

T he last 

--tC f.' E 

.5 ~ I ~ 
~ :J: ~ ~ 

+ 

+ 

+ 

+ + 

1) From the interglacial lake deposits at Ejstrnp (V. NORDMA NN: Nyere Fur 
1921. - N. HARTZ (1909) states Homo sp. (eo l ith s) from a couple of local 
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11 period 
I The penultimate Inte rglaci a l deposits 

inte rglacial covered by 
period young-glacial formations 
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The las t 

Flora an d Faun a .; 

"' .. 0 :::: 
@ ;§ :i:: .:,: 

bC E .. '3 "" ... 
" ;c, §' ... ... Q. "' 

., 
.Q C 0 N 

E .Q ., ,o .Q ~ 
::, 'C "" ,.., ... " "' ... 'f: 'C "' ... .f: ~ -;; < ., ,o 0 0 "' " ~ II: :i:: z C'.l c:: "' II: :I: 0 0 

Mollusca. 
Bithynia tentaculata L . . ... . . .. . .. . .. . + Limneae sp . . ... ... . ... . . . . . . ..... 
Pisidium sp. . . . . . .. .. ... . . . · -· .. ... . 
Unio sp .. . . . . . . . . . . . . . . . . . . . . . . . 

Annelida. 
Nephelis octoculata BERGM . . .. . . . . ... + Olzgochaeta . . . . . . . . . . . . .... .. . .... + 
Cristatella mucedo Cuv. . . ..... . . ... . . + + + 

Coelenterata. 
Ephydatia Miilleri LIEBK • .. ... . . . . . . . . 
Spongilla lacustris L. .. ...... .. . .. . . . + + + + + + + 

Protozoa. 
Amphilrema flavum ARCHEH ... . ..... . 
Assulina sp.. . . . ... . ...... . .... . .. . .. + + 
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III. The Covering Strata of the Bogs from the 
Last Interglacial Period 

and the Interglacial Landscape. 

Historical Introduction. 

It is, as a rule, a distinctive feature in interglacial bogs of the Brorup 
type, that their presence is revealed superficially in the landscape 

by the basin-like depression formed above them in the terrain. It is this 
which has led to the systematic search for such bogs, the r esults of 
which are stated in the present work. The fact that the bogs so 
reveal themselYes is connected with the fact that they have not, since 
their formation, been directly covered by inland ice, which would have 
effaced the interglacial features of the landscape. The depressions above 
these interglacial bogs my be regarded as relics from the pitted ground 
of the interglacial period, in the hollows of which the bogs themselves 
were formed. 

As regards the manner in which the covering strata were carried 
out over the bogs, various opinions have been advanced. As stated 
in the historical section of the present work (p. 266) writers in the 
early days of the interglacial theory held that a covering of moraine 
was essential if a deposit were to be called interglacial. 

The term " interglacial" was thus originally a stratigraphical term 
pure and simple; in course of time, however, the vegetation of the 
strata be1ng considered, it came to be a determination of the date of 
formation, so that the cover above need not have been deposited there 
by inland ice or melting water from the same, but might have been 
carried out over the bogs from their surroundings by other agencies. 

N .. HARTZ, 1) in his publications dealing wilh the investigations h e 
m ade in 1898 and after, among the interglacial bogs of the Brorup 
district and at Hollund Sogaard, tak,es the view that these bogs must 
have been covered by the ice of the last glacial period, "even if the 
ice-sheet has only lain h ere a relatively short time and had a relatively 
small thickness. " According to HARTZ, the covering layer above the 

1) N. HAnTz: Bidrag .. . D. G. U. II. R. No. 20. 1909. 
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bogs was composed of fluvioglacial sand and a superimposed " thin 
(ea. ½ m) deposit of stony sand," which, from its general appearance 
and composition "(scattered, unsorted stones, contents of fine material 
in larger quantities than in the underlying sand, the wanting stratifica­
tion)" he regarded "to be a ground moraine of a thin ice-sheet which 
has b een of short duration", (1. c. p. 291). 

HARTZ howeYer, was h ere largely intent on th e fact that the bogs 
in the hilly ground lie " under hollows easily distinguishable in the 
landscape" . He states that he learned , in course of time, " to see 
from the type of landscape whether there was likelihood of finding 
an interglacial bog below the sand." "For the peat has , in course of 
time, b een highly compressed by th e weight of lh e dihl\-ial strata 
aboYe, producing a flattish , basin -1 i k e depression in l h e 
landscap e aboye the int e rglacial bog" (1. c. p. 139). 

That the depressions - from HARTz 's point of view - must 
ha Ye bee n prod need by Lhis means, i. e. by compression, is eYident 
enough. On the other hand, granted lhat the bogs lrnYe not been 
covered by inland ice, it is not so cerlain that the depressions were 
du e Lo compression of th e peat. 

The slatement that these bogs had been COYered by the inland 
ice was challenged by Ax EL J ESSEN , 1) who firmly maintained that the 
covering material had been carried oul OYer the bogs from the sur­
roundings. He wriles in this connection: " The diluYial bogs lie, as 
we have seen, up on th e hilly island sites ... and are form ed in 
small, deep holes, only 30- 50 m across; these depressions are still 
distinclly visible in Lh e landscape, .. the peat, which has been com­
pressed by the weight of the strala aboYe, is coYered by 2- G m 
stratified sand, some of it coarse, some fine, and more or less argil­
laceous, and with a few small stones scattered about here an there. 
The boundary b ehveen peat and sand however, is by no means sharply 
defined, the peat at the top merging into a dark ooze, which becomes 
more and more sandy higher up , and - like the covering sand -
,vith a few small stones h ere and Lhere; the transition zone itself consists 
of alternating strata of pale, clean sand and dark, oozy sand. The 
npper portion of the sand, below the mould, may contain more small 
stones, but may also be practically stoneless; this upper sand ca n 
certainly not be classed as any kind of morain e or r emain of such, 
and is not to b e taken as a parallel to our "stony sand" (Geschiebesand, 
Decksand). The sand immediately above the peat sho\\'s, moreover, 
a stratification so undisturbed, that it could hardly have been submitted 
to the passage of inland ice . . . " 

1) AXEL .JESS E:\' : Kortbladene Aalborg og Nibe. D. G. U. I. R. Nr. 10 
p . 85-87. 1905. 
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"The argillaceous sand above the diluvial peat must be a secondary 
deposit, washed down in course of time over the bog, carried also, 
to some extent, by the wind, or slidden down from the slopes sur­
rounding the bog. This movement from the surroundings down over the 
bog must probably have been most pronounced during the advance 
of the inland ice which followed the formation of the bogs . . . the 
climate at that time being most favourable to such transport of material. 
The great accumulations of snow in winter, and the sudden thaws of 
spring would free such quantities of water on the surface of the soil 
that the latter would become soft and gruelly, especially if the strata 
a couple of metres farther down were still frozen hard. Forthermore, 
the constant and rapid alternations of frost and thaw in the upper, 
saturated soils would occasion contractions and expansions which, 
except on perfectly level ground, would help to set the whole mass 
in motion down over the bog." 

"In course of time, as the sand was washed down over these 
diluvial bogs, the peat became compressed, and so it comes about 
that we now find all these bogs lying beneath small round or elongated 
depressions, still conspicuous and easily recognisable in the landscape. 
This is a further proof that the inland ice can never have covered 
these tracts since the bogs were formed, for if it had, the ice would 
have compressed the peat, and the depressions vwuld at once have 
been filled up with moraine material or fluvioglacial deposits." 

That the present hollows should be due exclusively to compres­
sion of the peat is not proved. True, in the "Brorup Mosernes Lej ­
ringsforhold" ,1) where the grounds for supposing that these bogs can 
never have been covered by the inland ice are given ( cf. p. 309), it 
is stated that the hollows "are evidently due to collapse or com­
pression of the originally sodden peat" but no foundation is given 
for this view. The statement expressed however, the opinion which 
the writers of the work in question unanimously held to be correct. 

Formation of the Covering Strata 
by Subaerial Denudation. 

When the presence of a covering stratum above a bog of the Brorup 
type cannot be due to the whole having been covered by inland ice, 
it is obvious that the covering material must have been brought down 
from the higher ground adjacent. The area from which it can 
be derived is thus restricted to these portions of the sourrounding 
country which slope down towards the bog, and the movement out 

1) A. JESSEN, V. MADSEN, V. MILTHERS og V. NoHDMANN: Br6rup-Mosernes Lej­
rin gsforhold. D. G. U. IV. R. Bd. I. Nr. 9, 1918, p. 4. 



241 

out over the bog must then h ave taken place either in the form of 
solifluction due to the causes associa ted therewith - plasticity at a 
giYen water-content , regelalion (repeated frost and thaw) in conjunction 
with permanent frost in lhe ground - or by th e action of running 
,yalcr. As th ere arc hut Yery few localities from which we ha,·e any­
thin g like adequate profiles through these strata , it is difficult, in the 
Yarious cases under consideration, to determin e under what conditions 
and in whal precise m a nn er , th e transport a nd deposition of Lhe 
material took place. ,Judgement in such cases mus t depend to a con­
sidera ble ex Len l on whether Lh e soil shows evidence of sorting and 
s lratification or no l. Sorting and slratil1cation will, nOTmally, in­
dica te that tbe tran sport and deposi tion of lh c material wh ere errecled 
through the agency of running wath er, and Look place in " 'ater. On 
lh e other h a nd, where the co yerin g soil shows no stratifications or 
so rlin g, th e deposit may h :n e come inlo its place through the adion 
of solifluction, and in the form of a coh erent mass. The moYemenl 
can haYe taken place ei lher owing to release or inherent plas ti c ity on 
sa luration , wh en th e soil ceases lo hold Logether as a solid and becomes 
a Jluid ma ss, or to the altern ation of frost and thaw, which is especially 
th e case in arctic conditions. 

The dynamics of Solifluction. 
[n the cases h ere com:erned, lh e deposition of covering ma terial 

owr interglacial bogs by landslide proper can hardly be enterla ined , 
at any rate only in rare insta nces. The s lopes are for Lhe mosl part 
not sufficiently steep. Solifluclion du e lo saturation alone - i. c. ex­
cluding the effect of frost - can only ta ke place in th e case of soils 
capable of attaining sufficie nl plasticity to render lh e mass incapable 
of supporting ils o,Yn \\'eight , so that it must slip away in th e direc tion 
of th e slope. This ca lls for a certain degree of fineness in th e grain. 
SIMON JOHAN SSON states 1

) that th e coarsest soil of this character ("Flyde­
jord") in ATTERRE HG ' s collection wa s composed of th e follo\\'ing: 

Sand . . .. .. .... . ... . . . . .. 2.0 -0.2 111111 

' 'Mo" .. .. . . . . . . .. .. ... . . . 0.2 -0.02 mm 
"Schlull'" .. . . . ...... . .... 0.02 -0.002 mm 
Clay .. . .. . .. . . . ... ... . .. < 0.002 mm 
Humus . . . .... . . ... ... . .... ... . .. .... 111111 

0.1 0/o 
73.3 °/o 
19.2 0/o 
7,2 0/o 
0.2 0/o 

Two samples of "Flydejord" which J. G. ANDERSSON 2
) has had 

analysed, consisted of: 

1) S1~\0N J o 11 ANSso:-.1: Die Festigkeit <ler Bo<lensorten bei verschi edener Wasser­
gel;alt. S. G. U. Ar sbok 7. 1913. Nr. 3, p. 91- 92. Stockholm 1914. 

2) Schwe<l. SC1dpolar-Exp., Bd. II. Li ef. 2. Stockholm, 1907. 

Uanmark s geologiskc Unders0gelse, II. H,ckke . Nr . ~S . 16 
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Gravel ........ . ...... .... . . ... . . 
Sand . .. .. . . .. . .... . . . .. ... .... . . 
" Mo'' . ... . .. . .. .. .. .... . ... . . .. . 
"Schluff•' .... . ... .... . .. . ....... . 
Clay . .. ... . . ... . . ... ... .. . . . . .. . 
Lost by heating ..... . ... . ...... . 

1.3 0/o 
2.7 0/o 

22.5 0/o 
20.2 0/o 
42.0 0/o 
11.0 0/o 

- 0/o 
37.0 0/o 
14.8 0/o 
9.3 0/o 

29.1 0/o 
9.3 0/o 

S. JOHANSSON however, does not consider either of these two samp­
les as belonging to the true solifluction types, i. e. those which become 
fluid solely by the plasticity derived from saturation. Since they have 
nevertheless giyen rise to solifluction phenom ena on a grand scale, 
there must have been som e particular factors contributing to th e effec t. 
Frost is regarded as capable of acconting for this. S . .JOHANSSON ex­
plains this as follows: The Yolume of water increases, as we know, 
on freezing, and Lhe frost thus serves to decompose th e particles of 
the soil; also, when freezing is taking place, there is a pronounced 
influx of water from below into the freezing s trata , so that th e waler 
content of these frozen strata greatly exceeds what it could normally 
attain; Lh e subjacent strata are correspondingly deprived of their water, 
Lbough in this case, the contribution is levied over a greater volume. 
In order to illustrate this, S . .JOHANSSON had a column of earth con­
taining 31.6 % of water subjected to frost from the upper end. After 
one day 's frost, the humidity of lhe column at different leYels was 
measured, and found to be as follows: 

0- 3 cm from the 
3- 6 cm 

10-13 cm 
20-23 cm 

upper end, frozen .. . . 46.0 0/o 
28.3 0/o 
28.9 0/o 
29.6 0/o 

Again , when a frozen stratum of earth , which was saturated with 
water prior to freezing, is Lhawed from aboye ,the thawed stralum " 'ill 
be highly super-sa turated with w~1 ter, and far more liable to so lifluction 
lhan under ordinary conditions. If at the same tim e, the surplus 
water be preve nted from scaping out of the stratum owing to the 
surface being watered by the melting of snow, or by the formation 
of a fresh crust of frost, the likelihood of so lilluction is still further 
increased. The layer of frozen soil below the thawed, the "t ~ l ", 
prevents the water from percolatin g down from the supersaturated 
layers above, and thus again serves to encourage soliiluclion. On 
the other hand, the froz en subsoil will not sene as a gliding sur­
face, being too uneven. The actual effects of frost also h elp lo in­
crease the plasticity, as the disruption produced giyes ftn er particles, 
and in arctic regions, where the ground is always frozen, we find, in 
conjunction with solilluclion , a great number of surface phenomena, 
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which can hardly be fully explained saYe by the action of alternating 
frost and thaw, and the consequent repeated alterations in state, and 
internal dislocations, of the separate parts of the soil. 1

) 

A.parl from dislocations produced by the action of frost and thaw 
alo ne, th ere are also moyem ents which arise in the sodden, easily 
fluent strata resting on Lhe frozen subsoil, owing to the difference in 
specific gravity of water 0° C and at 4° C.2

) 

Some arctic writers consider frost and thaw as of decisive im­
portance in th e solifl uction which Lakes place under arctic or sub-arctic 
conditions of climate; olhers, again, do not regard this factor as directly 
active in producing arctic solifluction. JOHN FRODIN, in "Nagra Bidrag 
till flytmarkens dynamik", 3

) which forms parl of a larger work, slales 
that the water content is more important as a factor in solifluction 
than the alternation of frost and thaw. The water content is high 
immediately after a thaw, but decreases in the course of the summer, 
so Lhat when frost again sets in, th e upper parts of the soil may ha Ye 
dried up considerably. On the other hand, the saturated stratum 
immediately above the frozen parl is held to proYide the gliding sur­
face for the material above. "Forst n iir delta plastiska lager blir for 
obetydligt i forhallande till den O\Te fastare, transporterad e massan, 
Lorde glidningen upphora". (Only when this plastic stratum becomes 
loo insigniftcant in proportion Lo the upper , 11rmer, transported mass, 
will the gliding cease). The position of the frozen stratum below the 
surface of the soil is therefore or grea L importance, as the mobility 
of the earth mass must decrease as the surface of the frozen soil 
moves lower down. In a thawed solifluction Held in Swedish Lapland, 
a little below the boundary lin e of the melting snow, and with a slope 
of abl. 1 : 17, the gradient of the frozen stratum \Yas abt. 1 : 11 tbrough­
oul a range or abt. 20 m from the snow-line downwards. 4

) 

Before ,Ye can arrive at a ful.lcr underslandig of the dynamics ol' 
arclic solifluclion, a far greater number of systematic obseryations and 

I) B. HOGBOM: Einige Illustrationen zu den geol. Wirkungen des Frostes auf 
Spitzbergen. Bull. of the Geol. Inst. of Upsala, Vol. 9. 1910. - Uber die geol. 
Bedeutung des Frostes. Bull. Geol. Inst. Upsala, Vol. 12, 1914 . - A. HAMBEHG : 

Zur Kenntnis der Vorgange im Erdboden beim Gefrieren und Auftauen. 
Geol. F6ren. Forh. Vol. 37. Stockholm. 1915. 

2) A. R. Low: Instability of Viscous Fluid Motion. Nature, vol. 115, p . 299. 
1925. 

3) JoHN F110DIN : Geogr. Studier i St. Lule Alvs Kallomrarle. Sveriges geolog. 
Undersokning. Arsbok 7 (1913) Nr. 4. 1914, p. 235 ff. Cf. same writer: Uber 
das Verhii.ltnis zwischen Vegetation in den alpinen Regionen des Schwe­
dischen Lappland . Lunds Univ. Arsskr. N. F. Avd. 2 Vol. 14, No. 24, 1918, 
p . 24-25. 

4) Jott:-- FH0 1>1 ;s;: Geogr. Studier, p. 240, Fig. 62. 

16* 
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measurements will be needed than are at present available. This applies 
both to the magnitude of the solifluction and the mechanical constitution 
of the material concerned, its composition and structure, the incline 
of the site, water content of the material transported, position of the 
frozen stratum, and alternation of frost and thaw in the thawed earth. 

As the conditions requisite for repeated freezing and thawing of 
the upper soils are found most abundantly in the arctic regions, where 
the frozen subsoil hardly if ever thaws completely, it is easy to under­
stand that there is here a frequent occurrence of soliflution in such 
strata as are capable of attaining the required plasticity. £yen in those 
which are not themselves capable of solifluction, howeYer, the action 
of frost and thaw may produce moyements in the direction of the sur­
face incline, these being due solely to the expansion and contraction of 
the upper leYels occasioned by the frost. As already mention ed, the 
water content of a saturated stratum can, on freezing, be increased by 
about 50 ¾. This increase in the water content mnsl result in an in­
crease of the volume of the stratum, answering at least to the volum e 
of the additional water. To lhis must be added the increase of volum e 
produced in the stratum itself on passing into the frozen slate, i. e. 
abt. l 0 0/<,. 1

) As the expansion can, generally speaking, only proceed 
in an upward direction, the rise in the level of the ground produced 
by freezing must a mount to abt 1 : 10th of the thickness of the frozen 
stratum, supposing the soil to be saturated with water before freezing. 
If now the surface be not horizontal, but somewhat inclined, then the 
upward moYement occasioned by the frost will be in a direction al 

right angles to the plane of the incline; the fall occasioned by thaw, 
on the other hand, will be yertical. The outward moyement of a 
particle of soil and its subsequent return will therefore not coincide in 
direction, but form an angle answering to that of the surface incline. 
If, for instance, the ground has a fall of 5 ° (1 : 11.5), and the surface 
of the frozen stratum has been raised 10 cm, then we· can reckon that 
when both frost and lhaw haYe taken place, there will have been a 
horizontal moYement of the mass mounting to 0.8 cm. The actual 
movement is thus in the form of a zigzag; a creeping rather than 
a Jlow. 2

) 

Whichever of the two forms of moyement il may be, the soli­
n uction or the earth creeping, the mass of earth in question - compared 
with washed or water-sorted deposits - will to a certain extent moye 

_1) _AXEL HAMBERG, I. C. 
2) Cf. G. GiiTZINGER: Beitri:ige zur Entstehnng der Bergruckenformen. Gcogr. 

Abh. Vol. IX. Leipzig. 1907. Comprehensive references are here given as 
to the term »creeping of earth « in earlier worcks. - Cf. PAU L KESSLEII: 

Das eiszeitliche Klima. Slullgart 1925. 
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as a compact mass . In both cases, howeYer, th e moyemenl \\'ill he 
greatest in the . upper portions, decreasing from lh e surface down rnrds 
until a leYel is reached al which th e particles are entirely unaffected 
hy th e action produced by frosl in lh e upper slra la. 

There is yet a further effect or frost which shou ld he noled, 
thou gh il does nol direc tly co ncern the moYement or soil in a hori­
zontal direc tion . And lhis is, lhe constant uplift of s tones. \ \Then the 
ground freezes, the s ton es follow the upward moYem enl or lhe soil in 
which they lie. \X/ith lhe subsequent thaw, lhe fin er parts of the soil 
gradually sink down again as the thaw proceeds. The larger s tones 
ho we Yer, which ha Ye lheir lower parts in the frozen subsoiC are kept 
in position thereby, maintaining their prnious rise in leYel, and cannot 
commence to partake of the downward moyement until the surrounding 
frozen mass has thawed entirely. The soil proper thus sinks back to 
its form er leYel after frost followed by thaw, whereas the stones remain 
in th eir higher positions; they "grow". The effec t is greatest while the 
stones reach down lo the grea tes t depth in the frozen stratum, decreasing 
as lhey rise or reach but a slight depth below th e surface. The total 
effec t of this phenom enon is lo bring about an accumu lation of stones 
in the upper soil. 

Thickness of the covering strata above the bogs. 
\Ve now know, in .Jutland, some ::12 localities, or more, as lo 

which il may be assumed lhal the mineral covering mass above the 
bogs was deposited by soli lluclion or by the action of running water. 
Of these, on ly a few haYe been bored through to such an extent as 
to provide adequate inl'ormalion concerning lhe quantity of minera l 
earlh so deposited. In most cases, we have only a single boring or 
excayation, or a few such, these b eing, howeyer for lhe most part 
in lhe lowes t portions or the hollow, and thus on the " ·hole pres um­
ably indicating a thickness exceeding the a Yera ge. 

Th e thickn ess of lh e coycring stra t a below th e a lluYi al. 

I. Bo gs wilh o nl y one or a [ c w borings or s haft s. 

He rb o r g I. ... .. .. . ... ........ . . ..... . 
JI . ... . ... .......... . ....... . 

Astrup . . . .. ..... .... . .. . ...... . .. . .. . 
D11 e da111 I ... . ............ . ... ... .... . 

II ...... . . .... . . . . .. . ....... . 

Depth 
i 11 1netrcs 

1.50-11.50 
1.1 5- 10.00 
2.25- 3.50 
0.50- 2.20 
0.90- 3.40 

Thickness Thickness 
of cover ing of inter-

s tra ta glacia l st rata 

10.00 111 4.00 111 
3.25 -
1.25 -
1.70 -
2.50 

0.10 -
5.35 -
0.15 
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De pth 
in 111 et r es 

Thickness T' hi ck ness 
o f co \·ering o f int er-

strnla glacinl s trntn 

Dalager 1 . . ....... . .......... ... ... . 
2 ...... . ... .. ........ .. .. . . . . 
3 ..... . .. ... ... .... . . .. ..... ' 

0.60 - 2.60 (2.00) 
2 

20 
1.25- 2.50 (1.25) l . 
0.0 - 3.90 (3.90) . Ill 

4 . . ...... .. . . . 
Dalager Nygaard . ................ . . 
Ringda l .... . .. . . ....... ... .... . ..... . 
RodebIBk II, 1 . . ..... . . .. ... . . ...... . 

II, 2 ..................... . . 
III .. . ........ .... . ... . .. . . . 

Hollund Sogaard .................. . 
(l-IAwrz'), p. 193) .. . 
( , p. 199) .. . 

Bramminge ( , p. 184) .. . 
( ) .. . 
(A. JESSEN•) ) ...... . 

Lund tofle (D. G. 0. IV. R. Nr. 9) I. . 
( ) II .. 

) IV .. 
) V .. 
) VI.. 
) VII .. 
) VIII .. 

Fov l ing ... .... .. . ... . .... . ........ .. . 
Lervad .. . .. ..... . .... ... .... . . .. .. . . 

(HAHTZ, p. 181) ...... . . .. . . .. . . 
T u esb6 I I (HAHTZ, p.161) I. . ... . . .. . 

- ( , p . 166) II . .. .. . ... . 
- ( - , p. 168) !If. ... . .. .. . 
- ( - , p.171) IV ...... . . . . 
- (D. G. U. IV. R. Nr . 9, p. 21) . 
II . .. ........ .. ... . .. . . .. ... . 
(HA HTZ, I. c . p . 190) ..... ... . . 

Bog at Br6rup, Nr. 11 , Fig. 2 . . . . ... . 
Bog SW of Bror u p St. No. 6, Fig. 2 . 

No. 7, Fig. 2 . 
No. 8, Fig. 2 . 

Bog at Bror u p railway station ... 
- (HAHTZ, p. 140) 

Bog S of - - ( - , p. 190) 
Skovlyst lHAHTZ, p. 177) . .......... . . 

(D. G. U. IV. R. Nr. 9) .. .... . 
( ) . .... . . 
( ) .. .. . . . 
( ) . .. ... . 

0.0 - 1.60 (1.60) 
0.0 - 3.40 3.40 
0.30 - abl. 6.25 5.95 
1.25- 5.10 (3.85) } 3 40 
1.45 - 4.35 (2.90) . 
0.40 - 1.90 1.50 
0.0 - 2.10 (2.10) } 
0.0 abt.3.00 (3.00) 2.45 
0.0 - 2.00 (2.00) 

0.0 _ 1.00 l 
0.0 - 2.00 1.80 
0.0 - 2.50 
0.0 - 1.10 (1.10) 1 

0.4 - 1.50 (1.10) I 
o.3 - 1.60 (1.30) I 
o.o - 1.'.5 (1.15) j 1.15 
0.5 - 1.10 (1.20) 
0.4 - 1.00 (0.60) 
0.3 - 1.95 (1.65) 
0.0 ab l. 3.50 abt.3.50 

0.0 - 2.55 (2.55) } 2.70 
0.0 - 2.90 (2.90) 

0.0 _ 1.60 (1.60) l 
0.65- 1.65 (1.00) 
0.0 - 2.00 (2.00) 1.45 
0.0 - 1.10 (1.10) 
0.0 - 1.54 (1.54) 
1.0 - 1.90 · 0.90 
0.0 - 1.30 1.30 
0.0 - 1.90 1.90 
0.0 - 2.00 2.00 
0.0 - 1.50 1.50 
0.0 - 2.00 2.00 

1.30- 5.20 (3.90) } 4.60 
0.6 - 5.90 (5.30) 
0.0 - 6.30 6.30 
0.0 - 2.20 
0.0 - 1.85 
0.0 -- 1.35 
0.0 - 1.80 
0.0 - 1.95 1.90 

( ) . . . . . . . 0.0 - 1.95 
( ) . . . . . . . 0.0 - 1.85 
( ) . . . . . . . 0.0 - 2. 19 

I) N. HAHTz : Bidrag .. . D. G. U. I I. R. No. 20. 1909. 
2) A . .JESSEN: Kortbladet Yarde. D. G. U. I. R. Nr. 14, 1922, p. 74. 

4.80 111 

-
0.55 
3.85 -
4.25 
5.10 -

-

-

- abt 2.70 
2.20 

- 2.85 
- 2.00 

-

-
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Thickness Thickness 
Oc plh of covering of inter-

in n1etres strata glacial strata 

Agerskov .. . .... . . . . ..... .. . ...... . . . 0.0 - 3.55 } 
0.0 - 3.20 
0.0 - 3.55 

3.40 111 0.55 111 
0.80 -

Over Gestrup .. . ....... .. ... . ...... . 3.55 - ,1.45 -

lI. Bog in which systemalic boring has been carried out. 

At Sol s 6, the thickness of the covering material, from the average of 
13 borings (3.85-8.85) is 6.00 111 . 

III. Bogs with two separate mud strata. 
Rodebrek I . . . . . . . . . 16 borings (1.05- 3.80 m) 2.35 111 

N6rb6lling . . . . . . . . . 16 (1.35 - 5.10 m) 3.00 111 

Br6rup Hotel . . . . . . . 3 (3.55- 3.80 m) 3.65 111 

For the average thickness of mineral earths deposiled 
after the close of the lower warm period - apart from the 
Middle Bed in the bogs with two separate mud beds -- we find 
L h e v a 1 u e 2. 9 9 m, a figure which, however, would in all probability 
be considerably reduced if we could make a thorough investigation 
of the average thickness in Lhe different localities. 

\Ve have then the Interglacial Lake al Herning, where , 
owing to the extent and deplh of the lake, special conditions prevailed, 
and where the average thickness of the mineral earths deposited is 
considerable, but most difficult to determine, as the strata are so greatly 
mixed wilh mud . If on the olher hand, we take only that portion 
which has been carried out over the lake area , by solifluction or 
washing in lhe last glacial period, then the mean thickness will amount 
to abt. 3.0 111, if anything, a little less. 

Evidence of Solifl.uction and Earth-creeping. 
In determining the manner in which the covering material was 

deposited above the bogs, we have to take into consideration the com­
position of the soil shown by borings and proJlles of incisions, and 
the disturbances which the peat beds have undergone during the 
deposition of the covering soil. 

which 
The following borings show strata 

from their constitution might appear to have 
been deposited by solifluction. 

Herning No. 9 
25 

2.95-3.75 111 Grey, non-calcareous stony clay. 
3.7 -4.5 111 Stony clay. 



Rodebrek T, No. 

No. 15 

Lerv ad 

N6rb6lling 3 

7 

10 

11 

16 (pit) 

18 

21 

1.75 - 1.90 111 

0.30-1.00 111 

1.00- 2.!i0 111 

0.45- 135 ll1 

1.35- 1.95 111 

1.40- 1.70 111 

3.23- 4.05 111 

1 00- 1.75 111 

1.75- UJ0 111 

1.90- 2.10 111 

0.90-2.00 Ill 
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Sandy, stony clay, the lower part very 
sandy. 
Yellow sand with small stones, slightly 
a rgill aceo us at bottom. 
Yellow, sandy clay with a few small 
s tones, richer in the lower part. 
Argillaceous sand, many stones up lo 
lh e size of a head . 
Sand with many stones, up lo the s ize 
of a fi st. 
Argillaceous, stony sand or sand y clay. 
Stones like pigeon's eggs. 
Sandy grey clay with a few s tones, more 
brownish lower down. Small lumps of 
hard, dark grey mud. 
Argi llaceous sand , with more c lay in 
the lower portion. 
Sandy grey clay . 
Brownish sand y clay . 
Stony sand , with sand-worn stones in 
the upper part ; small lumps of brown, 
sandy mud lo,Yer down . 

2.0 - 2.30 111 Sandy, argillaceous mud with inter­
kneaded stones. 

0.70 - 1.85 m Stony, argillaceous sand , stones lh e size 
of a fist , cf. p. 81. 

1.85- 2.25 m Mud. Midway down in this bed a lens 40 m 
long of material like the stratum above. 

1.0 - 1.60 m Sand with lumps of mud and inter­
kneaded small stones. 

1.45-2.10 111 

Br 6 rn p Hotel Bog,No.5. 0.30-1.20 m 
Grey, sandy, rather muddy, stony clay. 
Sand with stones here a nd there ; one 
was bigger than a man's head. 

1.20- 1.55 111 

Excavation 1 1.15-1.80 m 

Grey, r eddish fl a med clay with a few 
small s tones. 
Stony, argillaceous sand ; stones up lo 
the size of a head. 

Agerskov (trench ,p.174) 0 - 0.70 111 Argillaceo us, s ton y sand. 

I the profil es of incisions, we haYe in several places obscned 
rnalerial a nd form s of slratif1calion which might be regarded as due 
lo solifluclion. This is the case, for instance, at Heming, Hollund S6-
gaard, Tuesbol, Skovlysl and Lundtoftc. 

In the profile at H e rning Brickworks pil \YC found in 191-!, 
farthest lo lhe south , and al the top, a sandy, very h eterogeneo us 
moraine- like layer of soil, containing inlerkneaded lumps of richer 
clay. Farther norlh in the proJlle - i. e. out towards the lak e - this 
merged into yellow, stratifled sand with stones here and there ; al 
the bottom, the stratification was fairly regular, the strata above were 
bent or even l'olded, and this strata series terminated al the top in 
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s to ny sa nd wilhoul slrnlificalion, a nd containing small slones , as a rul e 
up lo lh e size of' h en 's eggs . Th e h ea ds of' the subjacenl slrala, which 
belon ged lo lh e inlergh1 cial lak e deposit , sho,H'd lhal these s lrala 
farlb es l lo lhc south must , prior Lo lhe deposition or Lh c co ,·e ring 
ma teri a l, haYe bee n subj ed ed lo denudation, which had pres umably 
remoyed a la ye r of 2 metres' thickn ess or more. The plane o f denu­
dation cul across slrala from both Lh e Lemperale horizon s, and seem ed, 
as f'ar as could be judged Lo lose itself in th e sand aboYe mentioned , 
the s lrala of " ·hich were curled a l lhe top, but· la y undisturbed lower 
down. Cf. Pl. III. These last were pres umably cleposiled by runnin g 
waler in Lh e lake basin al th e close of the interglacial period . The 
d e nudation surface is thus synchronous wilh th e last 
glaciation, and prob a bl y du e lo solifluction. 

At H c; 11 u n d Soga a r d , excaYations in lhe marginal zone of 
lh e bog, to the south of il , ga Ye a profile wilh " argillaceous strata 
like moraine sand , which fa rther north out oYer the bog gra du a lly 
gin~s place lo sand ,Yith a ,·cry few small stones, and finall y, in the 
deepes t parts of lhe bog, to stoneless, slralified, di s tin c tl y water-sorted 
sand". 1

) Th e . strata abon· are richer in stones, bul th e quantit y of 
s ton es h ere also decreases as we approach Lh e middle of' th e bog. 2

) 

The beds Jacking s lralir1calion rnusl be pres um ed Lo haYe been de­
posi ted by solill uclion ( cf. p. 152). 

Al Tu es bi:il , lh e pea l in seYeral of Lb e pits dug !'or 1-fAnTz ,ms 
hi ghl y f'olcled, and " the foldin g was eYidenlly most. pronounced . .. 
al lhc edge or th e bog". 3

) A profile taken when in,-csl ig:1lin g lh e 
stratification of th e Brorup bogs4) showed Lhal a p orti o n or th e morai ne 
day helo,Y the peat wa s fold ed up oyer a flake of pea l. This profil e 
wa s found on the eas tern side af the hog ; on the \Y es le rn side also 
howeyer, a folding of th e s lrala was observed, in Lhis case from the 
wes t, i. e. as in the former case, out towards th e bog fro m the sur­
rounding country. The most natural explanation of these folds then 
is that they are due to solifluction proceeding from the sides out 
OYer the former lake. 

In Lhe bogs at SkoYly st, south of Brorup, H ARTZ found 5) that 
lhe pea t wa s " yery much folded" and that the coyering or transition 
la yer ,Yas of bro,Ynish argi ll aceo us sand, mixed with s mears of pea l 
and a few small ston es up to :1 - 4 cm. " On inYes tigating the slrali­
fie a li o n of th e Bri:irup bogs 6) beds resembling mornin e sa nd were a lso 

1) D. G. U. VI. R. Bd. 1. No. 9, p. 15. 
2) p. 15. 
3) II. H. No. 20, p. 172. 
4) IV. R. Bd. 1, No. 9, p . 20. 
5) II. H. No. 20, p. 178. 
6) IV . R. Bd. l , No . 9, p. 23- 31. 
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found here, with many stones al Lhe lop, and f'olds in the subjaccnt 
beds of mud and inlerglacial pea t. 

In the inlerglacial bog al Lundlol'l c, 3 km S\\T o l' Hols led 
Slalion, highly folded peal slrala were likewise obsened, undoubledly 
fold ed by solifluclion. ') 

From these profiles il seems that we may reasonably expec l Lo 
Jind solifluction and ils atlendant phenomena lhrough the marginal 
zones of these bogs. 

Sorted and stratified covering material. 
Side by side with solifluction and "creeping", we haYe running 

water as a main factor in the deposition of th e coYering layers aboye 
the interglacial bogs not covered by ice. The eYidence of water as 
the agency appears in the profiles of incisions in the stratifiation of 
Lhe m aterial, whereas in the borings, we lrnYe to be content with the 
indications afforded by the so r ling of the material. Founds of stra­
tified material has been mention ed before. Sorted material seems to 
occur in the great majority of the localities i1westigated, as far as \Ye 
can judge from the results of the borings. 

Most of the bogs investigaled seem to lrnYe been in the form of 
lakes at the ·close of the interglacial period. SeYeral were lakes lhrough­
out the entire interglacial period, while others have at some tim e or 
other presented a dry surface, with a subsequent return to the lake 
form, before the interglacial gave place to a colder climale. Finally, 
lhere are some where the bog-surface has lain in more or less dry 
slate immediately before the glacial period set in and water-borne 
or slidden sandy material was d eposited above them. 

S t o n y s a n d, gr a v e 1, o r p u r e s a n d dir e c t 1 y a b o v e t h e 
int e rglacial mud have b ee n found at the following lo ­
calities: 

Herborg I : Sand - mud. 
II: Sand - mud . 

Astrup: Gravel - sand -· mud. 
Duedam Il : Stony sand - mud. 
Dalager : Gravel - · mud. 
Dalager N y gaard: Stony sand - mud. 
Hodebrek II, Boring 1 : Sand - mud. 
Fovling: Sand - mud. 

A somewhat greater Yariety of malerial is show n by 
th e borings in th e following bog s : 

Ringdal : Stony sand - stoneless clay. 
Lervad: Argillaceous sand - stony sand - loamy sand - mud. 

1) D . G. U. IV. R. Bd. 1. No. 9, p. 34-35. 
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H 6 llund S6gaa r d: Sand - clay - peat. 
Br 6 rup ra il way s t a ti on: Stony sand - sto neless clay and stony 

sand -- mud - peat. 
Ov er Ges trup: Sand - s toneless cl ay - mud - pea t. 
Rod e b re k II, Boring 2 : Gravel - sandy mud - peaty mud. 

Strat a o f pur e r min era l ea rth dir e c ll y ab o Ye th e p ea l 
ha ve b ee n found a t th e follow i n g. 

Dued am I : Stony sand - peat - mud . 
Rod e b re k II[ : Sto ny sand - pea t - mud . 
H 6 llund S6 g a a rd (HARTZ 1. c. p . 194): Sand - transition layer - peat. 
Br 6 rup r a il way s tati o n (H.-1.1nz l. c. 141 ): Sand - argill aceo us sand -

pea t. 
Tu es b 6 1 I (HARTZ, p . 166): Sand - peat - mud. 
Br6rup H o tel B og, Boring 3 : Stony sand - sand - pea t - mud. 

Boring 4, 2 : Stony sand - sand - pea t - mud . 

Borin g s from th e Ya r i o us bogs whi c h ha Ye b ee n s ub­
j cc l e d to d e t a il e d inY es lig a t i on r e Yea l lh e following 
f e atur es: 

Sol s o : The interglacial s trata , which arc h ere exclusiYely of 
lacus lrine origin, consist, at th e top, of argilla ceous mud or s toneless 
clay . Abo,·e this is sand , and graYel beds, or again with beds of 
stoneless clay. That these are mainly watersorled s lra ta can h ardly 
be doubted. 

Rod e b re k I : The detailed borings in Lhis bog show llia t ,Ye 
haYe h ere a throughout peal horizon which a l the close of Lh e older 
warm period was covered OYer wilh mud. After Lhe formation of this 
lake deposit, s toneless sand was \.vashed out into the basin. Aller the 
close of the younger warm period, the deposition of sa nd in Lh e lake 
was continued, and terminated a t lhe lop with s tones up to size of 
a fi s t. This horizon oYer the central portion of lh e la ke, is abl. ½ m 
thick, whereas the s tony sand in lhe margin a l zone is considerably 
thick er, a nd on the west and south sides of Lh e bog is bedded direc tly 
on lhe interglacial lower mud : this s tony sand , al lhe S \V corner or 
Lh e lake, is somewh a t argillaceous as regards its lower parl , which 
might sugges t solifluc lion as ils origin . 

N 6 r b 611 in g. After the close of th e older warm period , th ere has 
been a lake h ere all th e tim e until lhe form a tion of the pos lglacia l 
pea t bog. In the time of the Middle Bed, il was more especiall y 
stoneless clay, but, also sand, and - al the northern end - sharp, 
stony sand , which was wash ed out into the la ke. After the close or 
the younger warm period, sandy clay was wash ed down into the lake 
from the SE ; higher up towards land, this seem s to give place to a 
solifluction product (see p. 95, Borings 6 and 7); above this s tratum 
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a re more stony strata , of gra Yel or stony sand. The horings in lh e 
olher parts of th e lake show that lhcre mu s t h a Ye bee n s ton y sand 
or grayel immediately aboYe lh e lacus trinc mud of the warm period, 
some of it possibly deposited by solill uction (indica led liy inlcrkncaded 
lumps of mud), while in other parts it was deposited by running 
water. AboYc this slony horizon comes one with fe"·er stones, indi- . 
eating that a certain degree of sor tin g ha s lak cn place; this horizoii 
howeYcr, also bea rs , in places, indications of haying been deposited 
by so lifluclion (sec p. 248, Boring 10). 

ltrlportance of the Watershed surrounding 
the interglacial bogs. 

\NhichcYer or lhc aclions indicated ma y be res ponsible for lh c 
co Ycring materia l abo\'e the interglacial bogs, il is ohYious lha l lh c 
so urce or origin or this material mu st lie within the watershed which 
has always enclosed these bogs. Obser\'ations showing that th e covering 
s trata are on th e whole poorer in stones in lh e central part of lhe bogs 
lhan al the sides are among the arguments which may he adduced 
against lhe theory of deposition of lh e coYering beds by th e passage 
of inland ice. They also argue against the Yiew that bogs where such 
conditions prernil should haYe been lraYerscd solely in one direction by 
the coycring s trala, e,·en thou gh the causes or deposition arc other than 
inland ice. On th e whole, w e may lake it that th e covering m a -
terial has b ee n d e po s it e d b y radial movem e nts down 
towards th e bogs hollows , thou gh there may, in some few cases, 
haYc been a transYcrse moYem cnt out across the bogs. This we may 
suppose to lrn ye been the C;;\se for instance at Da lager Nygaard, where 
the hog does nol now appear as an enclosed hollow, but lies under 
a small sloping rnlley. 

In all bogs where Lhe co yerin g soil was deposited by radial 
moYemenl in towards the bogholes du e lo solifluction or th e action 
or running water, such moYemcnt naturally requires that the surface 
or the ground should have sloped al lhe tim e down towards Lh e bog 
from lhe surrounding co untry. During the deposition of sand strata 
above the beds of mud and pea t, th ese latter strata must from Lime 
lo lim e haYe been crnshed together, and lhe original boghole still 
appeared as a depressio n in the surface of th e groun.d. The hollow has 
never been filled up to leYel with ils surroundings. The movement 
towards the bog must have stopped before this, in all the localities 
·where the the transport of material has not reached the stage of a 
complete traversing of the bog from one side to the other. Only in 
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bogs where this last can be shown to have taken place, and where 
there is neYertheless still a perceptible depression above th e bog, ea n 
·we safely conclude lhat the depression is due solely to compression 
of the subjacent pea t and mud by th e material aboYe. As a rule, 
howner, l h e pres e n ce of th e hollows wi 11 b e an in di ca tion 
of in co mpl e te filling up or Lh e basin s in which lh e bo gs 
w ere formed. 

The correctness or this Yiew is supported, inter alia, by the boring 
profiles from Rodek ck I, where we have at the top a horizon of 
s tony sa nd , its surface lying aln{ost horizontal, wh ereas lhe strata 
of interglacial mud and peat lower down sh ow a decidedly basin ­
like form, cf. Pl. XV. The horizon of stony sand in l[uestion seem s 
to haye maintained approximately the same su.rface form as it had 
when the deposit was formed , and there is no indication of any 
subsequent sinking, which would h aYe been mos t apparent in th e 
central part of the basin. That it is no t mainly compression of the mud 
and peat beds, but lack of fillin g material which is responsible for 
the Yisible depressions above the bogs is also shown by lh e fact thal 
such depressions occur whelher the interglacial beds of pea l and mud 
are thick, or relatiYely insignificant co mpared with the covering ma­
terial. \Ve may in this connection refer more especially lo the hYo 
localities: Astrup a nd Duedam II , at Klokmose, where only 10 a nd 
1 f> cm or mud were found b elow th e hollows h ere observed, lhough 
lhe on e al Astrup contains a post-glacial peat bog. Furthermore - as 
we shall disc uss in detail later on - we find , a l seyeral places in 
so uth-wes t .Jutland, similar depressions in the la ndscape, though no 
lrace has been found of any interglacial deposit henea lh. 

Enclosed hollows without interglacial strata. 
In the summer of 1922, wh en we comm enced our boring m­

vestigations, we 'vVer e acting on the basis of experience gained during 
the preYious a utumn , when w e had found interglacial bogs in .all the 
enclosed hollows we had bored . \Ve therefore sought out, with the 
assistance of the Gen eral Staff Map (1: 20000) such hollows as w e 
had reason to belieye might indicate the occurrence of subjacenl 
interglacial deposits . In this, we w ere guided by lhe consideration lha l 
s uch hollows, wh en th ey had lain outside th e limits of the ice-shee l 
during th e last glaciation, and been exposed to such leYelling of th e 
ground and fillin g up of hollows as then took place, with out being 
lh emselyes effaced, must , prior lo this glaciation , ha ye been eyen more 
prominent and probably fHlcd with water, or liaYe contained beds ol' 
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mud and peat. A number of these sites disappointed us however, by 
exhibiting no trace of such deposits. The localities are noted in the 
following: 

Troldsi.i, 500 m S of Troldhede railway station ; a hollow which is left 
uncultivated (probably covered with water in winter). 

0 - 0.25 m P e at. 
0.25 - 1.00 m Grey, humous Sand, rather loamy at the bottom. 
1.00 - 4.00 m Coarse San d and Grave 1 with stones. 
4.00 - 7.90 111 Fine, micaceous Sand, loamy lower down, the bottom part 

more of a sandy cla)~ 
7.90- 8.10 m Fine, micaceous, sandy Clay. 
8.10-12.20 m Fine micaceous San d. 

Bog at Over Tarp, 6 km SE of Troldhede. 
0 - 0.90 m Peat. 
0.90- 2.70 111 Fine Sand, the upper part r ather loamy. 
2.70-18.00 m Sand with small stones; Gravel with stones the size of 

pigeon 's eggs, some brown-coal-wood. From abt. 11 m down­
wards some lumps of loamy sand or sandy clay were brought 
up with the rest. 

Skarrild Bog, 6 km ESE of Troldhede. 
0 - 2.00 rn Peat. 
2.00- 2.50 m Fine San d. 
2.50- 3.00 111 Grave 1. 
3.00- 4.00 m Greyish blue Bou l de r Clay. 

Klapbrek, in Klokmose, 4.4 km N of Borris railway station . 
0 0.30 m Peat (bog dug away). 
0.30- 0.70 m Pale brown sandy Mud, very firm . 
0.70- 1.20 m Fine grey San d. 
1.20- 3.65 111 Grey Sand with stones, the size of a fist in the upper parts, 

lower down , the size of pigeon 's eggs. 
3.65- 4.05 m Sandy Clay strongly stained with rust ; fragments of hard pan. 
4.05- 7.00 m Stony Sand and sandy Bould e r C 1 a y. 

_ Barbara 's Hule, 3 km SSE ofVarde. 
0 - 0.90 m Peat and Mu d. 
0.90- 1.20 m Gravel. 
1.20- 5.00 m Fine San d. 

This little lake was shut in by mounds of wind-blown sand on the east 
and south. The basin itself may perhaps have been hollowed out by the 
gradual removal of sand carried away by the wind , and may thus be of late 
glacial or even more recent origin. 

Ri.iverkrelderen, 4.5 km SE of Varde. 
0 - 0.90 m P eat. 
0.90- 3.00 m Gravel. 
3.00- 7.40 m Sand with a few stones in the upper part, many lower down . 
7.40- 8.40 m Very fine Sand. 
8.40-12.00 m Sandy C I a y, reddish brown at the top, otherwise greyish blue. 

12.00 - 13.00 m Coarse San d. 
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Hegnshus Hedes6, 6 km SE of Varde. 
Boring 1. 4 -5 m from the edge of the moor. 

0 0.60 111 Water and Ooze. 
0.60 - 0.80 111 Stone beds. 
0.80 - 3.20 m Sand with stones. 
3.20 - 5.90 m Fine San d. 
5.90- 6.10 m Grave I beds. 
6.10 - 15.20 m Sharp white Sand. 

Boring 2. b m from the edge of the moor. 
0 - 0.10 m Water. 
0.10- 0.30 m Root f e It from marsh plants. 
0.30 - 0.50 111 Sand with a few stones. 
0.50 - 0.55 m Brown firm Mu ct . 
0.55 - 0.65 m Brown soft Mu d . 
0.65 -- 5.00 111 Grave I. 

Boring 3. In the lake, 5 m from the edge of the water. 
0 0.60 m Water. 
0.60- 0.95 m Dark, greyisk brown, sandy, stony Ooze wilh stones the 

size of pigeon's eggs. 
0.95 - 1.20 m Pale brown, finely sanded Mu d. 

Below this, firm stony bottom . 

In order to ascertain whether the mud beds encountered in the borings 
below stony sand could be traced beyond the lake, a ditch was dug from the 
water's edge up along the slope and the following measurements were noted : 

Po in t 1. At the waterside. 
0 - 0.15 m Ra ,v humus. 
0.15- 0.35 m Grey Sa n d with stones. 
0.35 -- 0.43 m Dark brown Hu mus with stones ; at the bottom , 1 cm hard 

pan. Below this, reddish brown San d . 

Point 2. 4 m from the waterside. 
0 - 0.10 m Raw humus. 
0.10- 0.20 m Grey San d. 
0.20- 0.26 m Dark brown Hum us . Red Sand below. 

Point 3. 26 111 from the waterside and 1.9 m above the surface of the lake. 
0 0.08 m R a w h u rn u s. 
0.08 - 0.16 m Grey Sand. 
0.16 - 0.20 m Humus. Red Sand below. 

Lifstrup Moor. Northern Pit. 
0 1.20 m Peat. 
1.20 - 1.40 111 Peat with sand and stones. 
1.40- 5.20 111 Gravel. 
5.20- 5.50 m Dark BoulQer Clay. 

Lifslrup Moor. Mid.die Pit. 
0 - 0.20 m Root felt. 
0.20 - 8.80 m Red sandy Clay. 
8.80 - 12.20 111 Red San d. 

• 
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Cauldron-shaped hollow, abt. 1 km N of Rousth oje, 8 km SE of Varde. 
0 - 0.70 m Peat. 
0.70 - 3.00 m Sand with many stones. 
3.00- 5.00 111 Grey Bou Ide r C 1 a y. 

Skovsende Heath, near Trindhoj , 3.2 km E of Stamp Church, which 
lies 29 km ENE of Varde. Boring made in a small basin-like depression . 

0 - 0.50 m Sand. 
0.50- 2.50 m Stoneless, micaceous G I a c i a I C I a y. 

Skov s en cl e Heath, N of Trindhoj, 3.4 km NE of Slarup Church. Ex­
cavation at the bottom of a cauldron-like hollow near the lake, 125 ft above 
sea level: 

2 metres of stoneless San d. The surface strewn with stones. 

Skov send e Heath, S. of £skeh6je, 2.3 km NE of Stamp Church. 
Boring made in ''the lake", N of Cote 132 ft. above sea level. 

0 - 3.50 m Sand with a few stones. On digging down through the 
upper metre, balls of stony Mor a in e Sand were found . 

3.50- 4.20 111 Sand with many stones; at 4.20 m a thin layer of sandy, 
stoneless C 1 a y. 

4.20- 6.40 m Stony Sand ; abt. 6.30, it was stained a bright reddish yellow. 
6.40- 6.50 m Dark grey Glacial Clay. 

Bog 400 111 NE of Hovborg Church, 11 km N of Hoisted. 
0 - 2.00 m Peat. 
2.00- 2.50 m G r a v e I. 
2.50- 9.00 m Sand with a single layer of gravel. 

Bog a little E of the road to Hovborg, 1.2 km N of Hoisted. 
0 - 3.00 m Peat . with numerous stubs of pine. 
3.00- 3.75 m Pale brown Mu d. 
3.75- 6.50 m Stony Sand, reddish at the top, grey lower down. 
6.50- 9.00 m Reddish brown Sand with stones; at 8 111, some thin reddish 

brown to grey beds of stratified Clay. 
9.00-11.40 m Reddish brown (lower down greyish) sharp Sand with few 

stones. 

Ti r s l u n d Bog, SE of Raskenborg, 3.6 km WSW of Brorup railway stn . 
0 - ·1.90 m Sphagnllm Peat. 
1.90- 2.50 111 Brown, sandy Mu d. 
2.50- 2.90 111 Pale, greyish yellow Clay Mu d. 
2.90- 5.50 m Stratified micaceous sandy CJ a y. 
5.50- 6.00 m Grey Bo u l de r Clay. 

Bog 1.2 km W of Brorup stn., north of the railway line. 
0 - 1.10 111 Lo a 111 (the peat removed). 
1.10-- 1.15 m Finely sanded Mud with moss. 
1.15- 3.00 111 S a n d and G r a v e I. 
3.00 - 4.00 111 Calcareous Boulder Clay. 

Though the time occupied in these and a few other nega tive 
borings might be regarded as wasted as far as the finding of inter-
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glacial strata is concerned, we cannot regard these borings as altogether 
valueless. They show, for instance, th a t such depressions in the soil 
as are found above bogs of the Brorup type are not infallible signs 
of the existence of interglacial bogs beneath. The depressions in 
themselves are but instances of cases where the levelling of the ground 
has not advanced far enough to fill up the hollows completety, ·with 
a subsequent passage of denudation material across the site. In other 
words, the levelling process has not succeed in producing a perfect 
lcYelled slope in these localities, and there are still faint indications 
remaining of the original pitted and irregular surface of the glacial terrain. 

Beyond this, the borings in question do not seem to afford any 
positive answers to questions at iss ue, but rather to raise new problems. 
As will be seen , in several places the borings only revealed sandy 
and graYelly deposits, eYen when carried to a considerable depth , 
as for instance at Troldso and OYer Tarp, H egnshus Hedesi:i, the bog 
a t Hoisted and perhaps elsewhere. In such cases as these, where no 
water-stopping• strata occur for many metres ' depth , it is easy to un­
derstand that even hollows of considerable depth may have remained 
in a dry state throughout the interglacia l period, so that no mud or 
peat was formed ther e, and that we were unable to trace, by borings 
in the hollows not levelled up, the land surface of lhe interglacial 
period in the form er deeper hollows. True, in a case like that of the 
bog at Hoisted, with close on 4 m of mud and pea t, showing that 
there was a lake there during th e postglacia l period, it was natural to 
suppose that the interglacial period sho uld have afforded even better 
conditions for the formation of a lake than the postglacial, since th e 
hollow then must have been deeper in proportion to its surroundings, 
but the climate may have been of such a character that the possi­
bility of lake formation was correspondingly reduced. This applies 
more particulary if, durin g th e last glacial period, only the very 
smallest quantities of soil were carri ed out into the hollows, so that 
their depht would b e almost lhe same in both interglacial and post­
glacial per iods. W e also find, in several of the postglacial bogs and 
adjacent dry hollows, that, as r egards the depht of the hollow them­
selves, quite accidental circumstances may haye determin ed whether 
conditions favourable to the formation af lake or pe~i.t bog should 
arise there. 

Extent of the subaerial denudation after 
the interglacial epoch. 

The denudation of the landscape which accompanied the covering 
over of the bogs with sand and clay, must, one is inclined to believe, 

Dnnmarks geo\ogiske Und ers 0ge lsc. If. Rrekk e. Nr. 48. 17 
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have been very extensive when we compare the forms left by the 
last glacial period with those which occur outside of the area of the 
last glaciation. The differen ces are at times highly conspicuous. The 
much-pitted landscape of the region of the last glaciation has no parallel 
in the nonglaciated areas of the same period. The levelling here has 
been so complete that only such small depressions as those above the 
Brorup bogs show traces of the deeper pits which existed in earlier 
times. But if the extent of denudation be taken as indicating a great 
and general r e moval of material from the landscape, then our 
observations in bogs of the Brorups type would seem to insolve a 
certain revision of this conception. 

Given such conditions as at Brorup, with the many small hollows 
wher e there were originally deep holes with bogs form ed therein, we 
may take it as highly probable that no great amount of material can 
have been r emoved from this a rea. A movem ent has taken place, 
from higher to lower levels within the area, but the levelling process 
has not gone so far as to fill up the hollows completefy, nor attained 
the stage where passage from one side to the other of the hollows 
co uld take place. The same will apply to those other sites where 
such basin-like depressions arc found. V.7here these are entirely lacking, 
there is reason to conclude t h at the denudation has passed this limit, 
and in such case, it will be difficult to give any measure of its ex tent. 
If, on the other h and, unfill ed h ollows still r emain in the landscape, 
it is evident that the denudation material deposited in these affords 
an indication as to how much has been carried away from the denuded 
portion of the landscape which formed Lhe source of supply. 

Taking th e thick ness of the covering strata above the bogs as a 
starting point for delerrnination of the extent of denudation as shown 
on p. 245 f. it will be seen that this value fluctuates very considerably. 
In th e 32 localities nolcd from S\V Jutland, the thickness of the covering 
ma terial varies from 1.15 m to 10.0 m. One of the causes of this 
variation may be the difference in the nature of the soil, another cau se 
may lie in th e difference in the surface-forms of the land. Obviously, 
in an area with great differences ol' level and steep slopes between, 
denudation would be relatively more intensive than in a landscape 
where th e starting point consists of fairly leve l moraine surfaces. 

Calculation of the amount of material transported 
at Solso and Rodebrek. · 

In order Lo estiinate the thick ness of the material which have been 
removed by denu dation in different places to provide th e covering 
material alJoye the bogs, we ha \·e made some calculations from a fe w 
of the bog areas investigated. 
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One of the areas where this calculation could b e made ·with the 
highest degree of accuracy was that of Solso, where the bog itself 
and its immediate surroundings were thoroughly investigated by 
borings, affording a good survey of th e distribution of the covering 
material. Moreover, the area of precipitation - or of supply - is in 
this case a simple, isolated Lract, the boun.daries of which are easily 
defined, see Pl. XXIV. 

In the basin at Solso, borings were made at 16 different spots. 
The greatest thickness of the covering material above the interglacial 
deposits was 8.9 m. Borings above the bog and others outside the 
area of the bog proper show that the thickness of the covering strata 
decreases from the deepest part of the basin toward th e edges. Vv e may 
take it as fairly probabl e that the strata deposited by denudation 
extend out, with diminishing thickn ess, far enough to cover about 
the lower half part of th e total ar ea of precipitation, i. e. abt. 15 ½ ha. 
(The total area of precipitation round Solso is abt. 31 ¼ ha). The 
total volume of this mass of deposited material is reckoned at abt. 
435.000 cubic metres. The method of calculation is . a follows: curves 
indicating thickness of the covering material, based partly on the 
borings, partly on the contours of the landscape, are drawn, and from 
ll1ese, the area, and so the volume, subsequently calculated . The sur­
rounding circular portion of the precipitation area of the bog amounts 
lo abt. 15¾ ha. The average thickness of soil r emoved by denudation 
from this area will then b e approxima tely 2¾ m . 

Similar calculations have been made in the case of three bogs 
at Rodeb&k, taken together in conjunction with the precipitation area 
surrounding the whole group (see Fig. 3). Only one of th e three bogs 
was subjected to detailed boring investigation , and " ·e have here 
reckoned with the ayerage thickness of the covering strata obtained from 
the 16 borings made in the central part of the basin. In the case of 
the others, we have reckon ed with the thicknesses noted for the two 
borings at Rodeb&k II and the one at Rodeb &k III. The true average 
thickness is probably considerably less than that arrived at by this 
m ethod. The result of the calculation will be seen from the following 
table: 

Accumulation area 

Rodebrek I abt. 10.400 1112 

II - 3.600 -
III - 3.200 -

17.200 m 2 

Thick11ess 
of covering 

material 

2.35 Ill 

4.00 111 

1.50 111 

I 
Volume of 

soil d e posited 

24.440 ms 
14.400 -
4.800 -

43.640 ms 

Table 16. Amount of material transported at Rodebrek. 

17° 
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The total precipitation area is at least 51600 sq. m , the area 01 

denudation (51600 + 17200) = 34400 sq. m. The awrage thickness 
of the soil removed by denudation will thus be Hicr8, or 1.27 m . 

In a case like Lhis, it .is inevitable that some degree of uncertainty 
and arbitrary determination should exis t, in estimating the area of 
accumulation and Lh c total area of denudation . The areas have perhaps 
been recko ned a liltle too sma l ; on the oth er hand, the values for 
average thickness of covering strata a bove the bogs are certainly too 
high , and would be further reduced by reckoning with a larger ac­
cumulation area. There seem s then not reason Lo belie-..e Lha l the 
calculated value for average thickness of soil carried away by denud­
ation abt. 1 ¼ m, is reckoned too low in this area. 

We have not made any similar calculations for other areas where 
borings have been carried out. In order to provide the necessary basis 
of fact for such calculations, we should require a greater number of 
observations than we haye in any one case. There is however, a 
sufficient foundation for some general remarks on this head. 

The known values for thickness of coYerin g strata above the bogs 
(see p. 245 f.), r efer, as already mention ed, mainly to the central 
portions of the hollows. The average thickn ess of the accumula ted 
stratum can therefore be taken as ralher less tha n indicated on p. 24 7 
abt. 3¼ m, wh en noted for all the 32 localities together. Assuming 
that the denudation areas for the separa te basins were of the same 
extent as the acc umulation areas, it follows that the stratum removed 
by denudation must have had an average thickn ess of 3t/4 m at 
the outsid e. But we mu st h ere again point out that the covering strata 
of the Yariou s bogs differ yery considerably in thickness, so that 
the r es ulls from one area cannot by any mea ns be applied to another 
indiscriminately. Moreover, we cannot know anything to begin with as 
to the r elative ex tent of the accumulation a nd the denudation areas on 
the differenl sites. On Lhe other h and , in Lhose areas where no essential 
remo-..al of material has taken place, it is obvious that the 
average h e i g h must b e essentially the sa me before and after the 
tran sposition of materia l effected by denuda tion within the boundaries 
of Lhe area itself. It is Lhis fact that forms the basis of our calcula tion s 
in the case of Lhc Solso a nd Rodeb::ek areas. 

Imaginary transformation of a young-glacial 
landscape by subaerial denudation. 

The above m ention ed fact also ·furni sh es a possibility of approach­
ing the question as to the effect of arclic denudation on a landscape 
from anoth er side. The rn ~lhod would be as follows: takin g a la nd-
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scape consisting of broken ground of young-glacial origin, with many 
enclosed hollows, a cartographical levelling experiment should be carried 
lo a stage where the hollows are a ll but filled up, leaYing just suf­
fi cient to indicate lheir presence in the landscape. The result will then 
gi Ye the same stage of deYelopmen t as has been reached in several 
of the groups of interglacial bogs known from SW Jutland. An ex­
periment of this nature finds its justification more especially in the 
peculiarity that these bogs frequently occur in groups. Instances of 
this are seen in the areas of Brorup, Rodebrek and Klokmose. This 
group formation probably indicates that the country was originally 
very broken ground, at any rate with numerous small, enclosed bog­
holes. From this we may conclude that by subaerial denudation, it 
should be possible to transform a young-glacial landscape of this ir­
regular type into a levelled landscape such as we find now for instance 
in the Brorup district. A description is given in the following pages 
of an experiment designed to give an idea as to how a Sealand land­
scape, abunding in hills and enclosed basins, might be supposed to 
be transformed by extra-glacial levelling, such as the hilly ground of 
S\N Jutland has undergone during the last glacial period. 

The area chosen for the purpose lies a little north of Ledreborg, 
9 km S\N of Roskilde (Pl. XXV, 1). On the north, it comprises the 
southern portion of Gevninge Oredrev, extending up on the south to 
Herlhadal and on the west to Slornp forest. Il forms parl of a terminal 
moraine landscape the extreme edge of which lies at Skullerupholm, 
abt. 2½ km farther to the west. From the General Staff Map, scale 
1: 20.000 with 5 ft. contour iines a section measuring 10 cm from N- S 
and 8 ½ cm from V,T - E, was photographically enlarged to the scale of 
1 : 4000, and this enlarged map was used for the experiment. 

First of all, the area selected was divided up into small parts by 
lines drawn along the watersheds. The aYerage height was calculated 
for each part; this will, of course, be the same before and after the 
levelling process, as long as no material is actually removed from, or 
introduced into, the induvidual area. The determination of mean level 
will thus serve as a test as to whether such processes has ta~_en place. 
RemoYal of material will reduce the mean level, introduction of 
material from without will increase it. In determining the mean level 
of these small subdivisions, it is possible, before commencin g the 
experiment, to obtain a view as to the direction in which any possible 
shift of material will take place. 

A guiding principle in the supposed transformation is also that 
the lie of the land after levelling must not in any spot exhibit a fall 
exceeding 1 : 30. Such a gradient can occur in the area to which the 
interglacial bogs round Brorup station belong, but as a rule, it is less 
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than this . On the other hand, the transformed countryside must not 
have become so flat as to exclude the preservation, as far as possible, 
of a fe-w basin-like depressions like those found in the Brorup area. 
The two tests: mean level and magnitude of the surface gradient, 
have been applied throughout drawing up the map (Pl. XXV, 3) with 
the altered contours produced by the levelling process. 

After this second map was produced, a third (Pl. XXV, 4) was 
drawn on .the basis of the two sets of contour lines (Pl. XXV, 2 and 3), 
with Isopachytes showing the thickness of the strata shifted, both those 
removed from the denudation area and those deposited within the 
area of accumulation. The mean thickness of the stratum carried 
away from the denudation area was then calculated. 

We have thus arrived at the various elements required to give 
an estimate of the effect of a denudation such as here supposed. In 
so far as the experiment is actually carried out in accordance with 
what must have taken place during subaerial levelling of the extra­
glacial landscape in the last glacial period, it will also serve as a 
guide as to the original form of the landscape in question, and the 
thickness of soil which would have to be removed from its higher 
levels to give the present levelled terrain. 

The following figures are h ere given by way of illustration of 
the experiment at Ledreborg, showing the influence of the trans­
formation in this area. 

Total area involved . .... .... ......... . ... .. . ........... . 
Mean level prior to transformation ... . . ............ . . . . 
Mean level after transformation ......... . .. . ... . . ..... . 
Maximum altitude prior to transformation ........... .. . 
Minimum altitude prior to transformation ....... . .... . . 
Maximum altitude after transformation .... . ... ... .. ... . 
Minimum altitude after transformation .. ..... ......... . 
Total area of denudation ............ ... . .. . ... . . ...... . 
Mean thickness of material removed .. ... ......... . ... . 
Greatest thickness of material removed ......... . .. .. . . 
Total area of accumulation ............... .. . . . .. . ..... . 
Mean thickness of material deposited .. ........... .. ... . 
Greatest thickness of material deposited .... ...... .... . . 

176 ha. 
61.0 m (194.4 ft.) 
60.7 m (193.5 ft) 

abt. 79.0 m (252 ft.) 
abt. 48.0 m (15:! ft .) 
abt. 68.5 m (218 ft.) 
abt. 52.0 m (166 ft .) 

91 ha. 
3.3 m ( 10.5 ft.) 

13.0 m ( 41 ft.) 
85 ha. 

3.0 m ( 9.5 ft.) 
abt. 8.:_i m ( 27 ft .) 

A study of th e maps, and of the values noted for thickness, shows 
that the thickness of soil carried out over the hollows in the experiment 
agrees well with that of the covering strata above the interglacial bogs of 
W estern Jutland. In some places, enclosed hollows have been conserved, 
so that the surface of the transformed landscape above the bogholes 
of the original ground correspond entirely to the basin-like depressions 
above the interglacial bogs of the Brorup type. It will also be seen 
however, that in some places, gently sloping valleys with no particular 
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indication of basin-formation appear above the bogs and original 
basins. Should such a basin-formation occur in such places, it must 
be caused by collapse of the subjacent peat. But the basin-like de­
pressions above the interglacial bogs of the Brorup type must, as has 
been shown in the foregoing, as a rule be regarded as due to in­
complete filling-up of the originally deeper basins; not to a subsequent 
collapse of the interglacial mud and peat beds below. The compression 
to which these last haYe been subjected, and their consequent reduc­
tion in thickness, must rather haYe taken place gradually, while the 
covering sand was being deposited. Therefore, when we now find 
basin-like depressions of this kind above interglacial bogs of the 
Bri.irup type, it is most likely that perceptible hollows have always 
existed on the sites in question, throughout the whole of the time 
which has elapsed since the last interglacial period, and that the depth 
of the hollows in relation to their surroundings has steadily decreased 
all through the glacial period. 

General results of the levelling experiment. 
The levelling experiment shows however, that sites where bog­

holes and enclosed hollows existed _in the original terrain may also 
be found to have developed gent 1 e s 1 op e s en tending right out across 
the depression beneath. The ultimate result of levelling in such cases 
will depend on the differences of level existing within the area prior 
to the transformation, and during its course. There seems no reason 
to doubt that the same conditions must have prevailed in the 
subaerial levelling which took place during the last glacial period, 
whereby the bogs of the previous interglacial period became covered 
over by masses of slidden down or water-borne soil. But if this be so, 
then it should also be possible, in suitable localities, to find inter­
glacial bogs showing transition to the Brorup type, apart from the 
spots where the basin-like depressions in the hilly country of \Vestern 
Jutland and corresponding landscapes indicate the presence of such 
bogs. The cartographical levelling experiment thus gives us a hint as 
to the types of landscape in which there is any likelihood of finding 
interglacial bogs, but where there are no basin-like depressions giYing 
informations. 

The subaerial denudation which has taken place in the form of 
solifluction must presumably have effected a near connection of the 
valley-like depressions in the levelled ground with those tracts of 
the original landscape where hollows with peat bogs or small lakes 
existed. The experiment above described seems to indicate that this 
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must be the case, and indeed it is only reasonable to assume that 
such was also the case with the transformation that actually took 
place in \Vestern Jutland and elsewhere. There would, then, be some 
likelihood of finding, in these tracts, remains of interglacial bogs along 
such valleys save where subsequent water erosion has taken place to 
such an extent as to cut through and carry away not only the coYering 
material but also the subjacent interglacial strata. We should not, 
however, here expect to locate our bogs with the same certainty as 
when guided by the basin-like depressions. In the valleys, the surface 
of the ground has been to a greater extent produced by direct passage 
of transported soil than is the case with the basins. And there is 
therefore no single point which should be selected in preference to 
all others in the search; the bogs would however, most probably lie 
in a belt along the bottom line of the valley. But the search for sand­
covered interglacial bogs and land surfaces needs not even be restricted 
to a very narrow belt along the bottom of the valleys; there is also 
the possibility of finding them below the highlands sloping down 
towards the valleys. The Ledreborg experiment gave some indication 
of this, and thus furnished the key to understanding of a problem 

Fig. 25. Map of the shore at Emmerlev Cliff N\"l of Tonder. The situations of the 
two interglacial f"resh-water deposits is marked by the crosses. 1 : 25000. C011to11r 

interval= 2.5 m. The General Staff Map Sheet 4104. 
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which otherwise appeared difficult to explain . The case in question 
is that of the northernmost part of Emm e rl e Y Cliff, NW of Ton­
der. In the autumn of 1923, ,ve Yisiled the spot, in company with 
V. NORDMANN, in order to inspect an interglacial bog which had 
previously been located in the cliff (the southern cross on the map 
Fig. 25), and ,Yas supposed lo contain two warm horizons, like a 
number of the interglacial bogs in W estern Jutland. 1) And we found 
th en, at th e northernmost end of the cliff about 500 m in north of 
the aboye mentioned bog, a profile abt. 100 m lon g in the southern 
part of which, at the foot of the cliff, was the remain of an inter­
glacial land surface ( cf. Fig. 26). The coYering material, consisting 
at the bottom of stratified sand and at the top of unsorted 

N. S. 

~ !: ~\·.;e,.t:o:-· .. ·s. :,-;f.}.::J:it;,;;-:::•;;J f i:,1,f ~t~::(0::::t~~ ~ 
---------------lOOm --------------~ 

Fig. 2G. The north er n bog in Emmerlev Cli ff. At th e basis boulder clny. above this a peat bed 
(black) covered by a bed of ar enaceou s clay wit h out stones. Contorted , s ton y sand in the upper 

part of th e profile . 

solifiuction soil (and contorted sand) with stones, was up to ea. 3 m 
thick. The upper edge of the cliff runs in a gentle slope from south 
to north down towards the meadows of Aalb rek Brooke. The ground 
inland from the cliff edge likewise slopes down gently towards Aalbrek 
and towards the cliff face, th e gen eral appearance of the land affording 
no direct indication of any interglacial deposit, or of any tran sposition 
or moYement of the soil having taken place. The cliff face howeyer, 
shows plainly that such is the case, a nd the experimen t made at 
Ledreborg points the direc tion in which we should look for the ex­
planation. In places where tb e original glacial landscape was very 
much broken, and exhibited marked differences of level, it is perfectly 
possible for a powerful and far-reaching levelling movement lo spread 
the material removed by denudation out over adjacent lower tracts 
of land, producing there a new land surface with a slight gradient, 
and m erging gradually and imperceptibly into the n ew surface of the 
denudation area. 

1) V. NORDMANN : Interglaciale Moser i Emmerlev Klint i Vestslesvig. Medd . 
fra Dansk geol. Forening, Vol. 6, 1925. M0der og Ekskursioner p . 35. 



IV. Interglacial Deposits in Northwestern 
Germany. 

Development of the Interglacial Theory 
1n Northern Europe. 

J ong ere the study of the ice age had furnished a basis for 
L stratigraphical diYision of the Quaternary formations in northern 
Europe by means of interglacial deposits, investigators in North Ger­
many had already, on practical grounds, introduced a distinction be­
tween upper and lower drift. The upper drift consisted mainly of the 
"upper boulder-clay" and contained no fossils, the lower comprising 
all subjacent quaternary deposits of sand, clay or marl, and contain­
ing h ere and there shells of marine and fresh-water molluscs (among 
them Paludina diluviana) , togeth er with remains of mammals. In 1883, 
F. KLOCKMANN 1

) held that the limit of the upper drift could be drawn 
west of the Oder, along the Baruther Valley and the lower Yalley of 
the Elbe. This line coincided with the boundary of the la ke area in 
North Germany; beyond it lay the Altmark and the Liineburger Heide, 
without lakes. 

Once the glacial theory had come to the front in Germany, which 
was in 1875, it was not long before th e .-ie·w gained ground that the 
glacial period consisted, not of a single cold period, but of seYeral 
- two or three - glaciations, with intervals of warmer climate, the 
interglacial periods. Among the deposits from these warm periods, 
the fresh-water formations soon took a prominent place. NeYertheless, 
it -was held that in order to merit the name of a true interglacial 
formation, the deposit in question should be both bedded on and 
overlain by boulder-clay. As a r es ult of this, K. KEILHACK, writing in 
1882 2

), reckoned a number of interglacial fresh-water deposits, inclu-

1) F. KLoc1rnANN: Die s(idliche Verbreitungsgrenze des oberen Geschiebe­
mergels und deren Beziehung zu dem Vorkommen der Seen und des 
Losses in Norddeutschland. (Jahrb. d. K. Pr. Geol. Landesanstalt f. 1883). 

2) K. KEILHACK: Ueber priiglaziale Si.isswasserbildungen im Diluvium Nordwest­
deutschlands. (Jahrb. d. K. Pr. Geol. L. f. 1882). 
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ding beds of fresh water marl and kieselguhr (dialomaceous earth) 
from seYeral parts of the LC1neburger Heide, as preglacial, these de­
posits being bedded on diluvial sand of Scandinayian origin, but with­
out any known subjacent moraine formation. 

Another effect of this Yiew as to the true interpretation of the 
term "interglacial" was seen in the important part played by the 
interglacial peat beds al Kuh gr u n d, near Lauenburg, in the discus­
sion of the question. These beds , which had been known since 1766, 
were described by K. KE1LHACK in 1884 1). The interglacial peat de­
posits crop out in two places, under identical conditions, on the nor­
thern bank of the Elbe west of Lauenburg ( cf. p. 277). In both cases, 
the peat lies in a basin-like depression in the boulder-clay, and is 
covered by sand (up to 12 m deep) which extends right up to the 
surface. \\Then KEILHACK put forward his first account of the beds, 
he considered their interglacial character proYed by the · fact that he 
had found, as he considered, in one place, the sand above the peat 
COYered again itself by boulder-clay. Later, it was found 2) that this 
was not correct; the sand above the peat must have been carried 
from its surroundings out oYer the pea t basin without any direct ac­
tion of inland ice. The pea t itself was regarded as postglacial, in the 
sense of alluYial, which, in the then state of knowledge as to the 
flora of the beds, agreed with the fact that all the plants there in 
found "sich auch h eutzutage in der weiteren Umgebung Lauenburgs 
finden". In spite of this, KEILHACK 3) held fast by his view as to the 
in lerglacial origin of the peat, arguing particularly from the character 
of the COYering layer, while his opponents 4) maintained their own 
theory, and asserted that the coYering layer had nothing to do with 
any second glacial inYasion, but owed its origin to " postglacial Auf­
arbeitung der darunter liegenden weissen Muldensande bci gleichzeiliger 
Vermischung mit Material, welches von anzugrenzende Geschiebemer­
gel-lh1cken herabfiihrt worden ist". 

The interglacial origin of th e K uhgrund deposits was howeYer, 
fully established by the presence among the flora of Brasenia purpurea 5

). 

This however, has not put an end to the dispute regarding the po-

1) K. K1m.Hi\CK : Ueber ein interglaziales Torflager im Diluvium bei Lauenburg 
a. d. Elbe. (Jahrb. d. K. P. Geol. Landesanstalt f. 1884). 

2) H. CRED:-.ER, E. GEINITZ und F. WA1-1Nsc11AFFE: Ueber das Alter des Torf­
lagers von Lauenburg an der Elbe. (N. Jahrb. f. Min. e tc. 1889). 

3) K. KEILHACK: Ueber das Alter des Torflagers von Lauenburg an der Elbe. 
(N. Jahrb . f. Min. etc. 1892). 

4) H. CREDNER, E . GEINITZ und F. WAHNSCHAFFE : Ueber das Alter des Torf­
lagers von Lauenburg an der Elbe. (N. Jahrb . f. Min . etc. 1893). 

5) A. NEHnING : Uber Wirbeltierreste von Klinge. (Neues Jahrbuch f. Min. u. 
Geol. 1895). 
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sition of the deposits, which h as since been resumed, and carried on 
into quite recent tim es ( cf. p. 270). 

A similar and very compreh en sive discussion arose out of the 
discovery of th e interglacial peat beds at Klin ge, near Kottbus, de­
scribed in 1892 by A. NEHRING. The effect of these discussions was 
to produce a gradual alteration in th e view as to what could properly 
be said to cons titute a true interglacial deposit. 

Up to this time, it had been held essential that the deposit should 
lie, ih its primary position, between two moraines, and that the flora 
and faun a of the bed itself should be of a temperate ch aracter. This 
was now altered, and th e qu alificati ons r equired 1

) to give a deposit 
the character of interglacial, were formula ted as follows : Firs tly, the 
deposit must be b ounded above and belo\-v by glacial deposi ts of 
some kind or other ; secondly, the plants must h ave grown on the 
spot or in the vicinity, and in a clima te not constantly glacial, and 
finally, the covering glacial stra ta mu st no t h ave been brought to the 
spot later on, by secondary agency (earth slide or washing down) 
and so spread out over the plant-bearin g stratum. The term "inter­
glacial" was thus, to a certain extent, if not entirely, altered from a 
stratigraphical to a chronological term. 

With this altered view as to the m eanin g of " interglacial" it 
necessarily followed that the above mentioned deposits in the Liine­
burger Heide, which KEILHACK had regarded as preglacia l, must now 
be considered interglacial. As these deposits were covered by stra ta 
supposed to belong to the " lower diluvium", they must date from the 
first of the two interglacia-1 periods which were now beginning to be 
reckoned with. For the sam e reason , C. A. \ VE BER referred the inter­
glacial deposits at Hon e r din g e n, near W alsrode, SE of Bremen, 
described by him in 1896, to the 11rst interglacial period. To the later 
interglacial was ascribed the so-called Ri x do rf faun a , with bones 
of large mamm als, e. g. Efrphas primigenius, which had been found in 
the environs of Berlin, in numerous sand and gravel pits, between 
upper and lo,ver boulder-clay. The strata of the earlier interglacial 
period, below the lower boulder-clay, were characterised inter alia by 
the occurrence of Paludina diluuiana . At R ii d e r s do rf, both the two 
interglacial horizons h ave been found in one and the same boring, 
with boulder-clay b o th above and below. To the older is ascribed a 
deposit containing both m arine and plant-bearing strata, situated a 
little north of La uenburg, under the sam e " lower" moraine horizon 
as form s the bed below the peat at Kuhgrund. To the same horizon 

1) C. A. W EBER : Zur Kritik interglaz iale r Pflanzenablagerungen. (Abh. d . 
Na lurw. Ver. zu 13remen 1896). 
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are referred the marine strata investigated by C. GoTTSCHE, in the sub~ 
soil at Hamburg and al several places in Holstein. 

The manner in which the deposits h ere mentioned, and some 
few others, were placed among th e Yarious sections of the glacial 
period will be seen __ from the table p. 276. 

KLOCKMANN, in 1883, h ad adYanced Lhe opinion that the "upper" 
diluvium was bounded on the south-west by the lower Elbe valley; 
W AHNSCHAFFE 1) and others, however, ma intained lhat the formations 
of the last glacial period extended farth er to the south, and r egarded 
"die oberen Geschieb esande der Altmark und Liineburger Heide" as 
"sandige JEquiYalent des oberen Geschiebemergels". The view that 
the Elbe had not by any means formed the boundary of the last 
glaciation gained more and more support as time went on, inter alia 
from obsenations in connection with the interglacial deposits of the 
Liineburger Heide. 

In 1902, two horizons of boulder-clay with an intermediate one 
of stratified clay (Bi:inderton) were discovered by H. MONKE 2) in the 
region of the Ilm enau Yalley. The interglacial fresh-water marl at 
\V e ster w e y he, n ear O lzen, being regarded as b elonging to the same 
horizon as this stratified clay, a boring was made, "·hich showed 
that the interglacial horizon was h ere not only oyerlain by glacial 
cliluYial deposits, but was also bedded on boulder clay ( 48 m) below 
28 m sand and gravel. As the upper diluYium was h ere involuntary 
regarded as originating from lhe last glaciation , the interglacial marl 
was th ereby automatically shifted from the first interglacial period, 
where it had always been h eld to b elong, into the second. 

In 1905 3), H. ScttRODEH and ,J. STOLLER published a preliminary 
account of their obsenalions at Un t e r G Jin d e, NW of Hamburg, 
where interglacial peat lies b elow a thin covering of boulder-clay, 
supposed to date from the last glaciation. They gave a more detailed 
description of the conditions in 1907.4) 

In several clay pits here, the interglacial peat is found b edded 
on ston eless clay, with marine fossils in the lower part, and is 
coYered by sand, which again is covered by moraine clay or moraine 
sand. The peat beds on the bank of the Elbe at S eh u 1 au, W of 

1) WAHNSC HAFFE: Die Ursaehen der Oberflaehengestaltung des norddeutsehen 
Flachlandes, 1891. Ibid . 2 Ed. 1901. 

2) H. Moxirn: Zweimalige Vereisung und Interglazial siidlieh der Elbe. (Jahrb. 
ct. K. Pr. Geol. L . f. 190-2, p . 625). 

3) H. SCHRODER und J. STOLLE11: Marin e und Susswasser-Ablagerungen im 
Diluvium von Otersen-Sehulau. (Jahrb. cl. K. Pr. Geol. L. f. 1905). 

4) H. Scr-rniin1m und J. STOLLER : Diluviale m:irine und SC,sswasses-Schiehlen 
bei Otersen-Sehulau. (Jahrb. d. G. Pr. Geol. L. f. 1906). 
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Hamburg, which had been known from earlier times, were regarded 
by these writer s as belonging to the sam e interglacial period. The 
subj acent layer is a thin bed of sand resting on moraine clay; the 
peat is covered by a deposit, up lo 3 ½ m thick, of stratified, stone­
less sand and ston y morain e-like sand of h eterogeneous character. 

In 1905, C. GAGEL claimed 1
) to ha ye proved thal the upper ground 

moraine in the Lauenburg region could be traced from the north to 
the Elbe valley and out over this ; h e also considered that the last 
glaciation must h ave extended to the western parts of Holstein . In 
the same year, W . \Vo LFF 2

) expressed similar views, pointing out that 
" das Elbthal k eineswegs die Siidgren ze der le tzte Vereisung war , son­
dern dass dieselbe a uch in Liineburger Heid e noch ihre Ablagerungen 
hinterlassen h at ; unter denen die dortigen lakustren Interglacia l­
schichten von Olzen , Oberohe, usw. lagern" . As a possible boundary 
for lhe las t ice-sh ee t, WOLFF suggested the Yalley of the Vleser and 
the Bremen distr ict, though h e considered it not impossible that the 
sam e young glaciation which could be traced through Holstein might 
be identical with that which h ad produced th e glacial surface of 
Oldenburg and Eastern Friesland . 

Theories as to th e extent of th e la st glacia tion reached their ex­
trem e point, howeYer, in 0. TIETZE's " Geologisches mittleren Ems­
gebiete" 3) wherein he declared tha t no one could deny the possibility 
"dass die jfrngere Vereisung die Hauphereisung wa r, und unsere Grund­
morane sowie ein Produkt der jCtngeren Vereisung ist". Nevertheless, 
the view most genera lly h eld was tha t expressed in the third edition 
of W AHNSHAFFE 's " Oberflach enges taltung" of 1909, and KEILHAC1<'s 
" Begleilworte zur Karte der Endmorii.nen und UrstromUiler Norddeutsch­
lands" of the sam e year 4

), viz. that the boundary of the la tesl gla­
ciation followed the line of the Breslau-Magdeburg "Urslromtal", ex­
tending throu gh the Liineburger Heide out oyer the western part of 
Holstein and Slesvic. 

The con sequences arising out of these researches and opinions 
as Lo the extent of the last ice-shee t, as regard s the view of the in­
terglacial problem, becam e apparent in the third edition of \\T AHN­
SCHAFFE: " Die Oberflach engestaltung des norddeutsch en Flachlandes" 
(1909, p. 305). W e read h ere: " Da nun Gagel durch die Verfolgung 
der oberen Gesehiebemergels nach Siiden zu dem Resulta t gelangt ist, 

1) C. GAGEL : Uber die siidliche und westliche Verbreitung der Oberen Grund­
morii. ne in Lauenburg. (Zeitschr. d. d . geol. Ge:,,, M-B. , p. 434-45, 1905) . 

2) \V. WoLFF: Bemerkungen iiber die holsteinische Glaciallandschaft. (Zeitschr. 
d . d . geol. Ges., M-B. p. 395-400, 1905). 

3) Jahrb. K. Pr. Geol. L. f. 1906. 
4) Jahrb. K. Pr. Geol. L. f. 1909. 
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das der im Liegende des Torflagers am Kuhgrund in Lauenburg auf­
tretende, von G. Miiller als unterdiluvial kartierte Geschiebernergel mit 
dern Oberen Gescbiebernergel ident ist, so entsteht die Frage, ob nicht 
trotz des Vorkommens der Brascnia purpurea das Lauenburger Torf­
lager als postglacial anzusehen werden muss, eine Frage, die auch 
schon Wolff aufgeworfen hat". 

The question had, indeed, been raised by WOLFF in 1906 1
) in 

connection ,vith his own investigations and those of GAGEL, with re­
gard to the extent of the youngest moraine towards the south in 
Holstein and Lauenburg, and was here followed up in its logical 
course. According to the explanation given, the interglacial deposits 
at the brickworks north of Lauenburg and at Dtersen-Glinde and 
Hummelsbiittel near Hamburg, correspond exactly one to another as 
regards their internal composition; the investigations show that they 
are covered by the same moraine, viz. that of the last glacial period. 
As the beds in the Hamburg region must belong to the interglacial 
period immediately preceding, this must also be the case with the 
deposits at Lauenburg. And since, according to the irn-estigations, it 
is the moraine of the last gl-acial period which underlies the peat bed 
at Kuhgrund, \Vor.FF is naturally led to ask, with regard to this: " Ist 
es also doch postglazial?" 

Ren ewed iiwes tigation of the Kuhgrund deposits was made by 
.J. STOLLER 2

), with a Yiew to proYiding a sound paleontological basis 
for consideration of th e ques tion. STOLLER established the paleonto­
logical interglacial character of the deposits, and their position in a 
basin of "lower boulder-clay"; the covering sand, up to 12 m thick, 
aboye the peat, \Yas regarded either as mellingwater sand from the 
fresh ad rnnce of the inland ice, or sand deposited in an ice-dammed 
lake (the Li.ineburg Eis-Stausee), which had been tapped by the break­
ing through of the Elbe \'alley. No boulder-clay, however, was found 
above the peat. 

In the same year, \V. \V OLFF states 3) his reluctance to regard the 
covering layer aboye the long-known peat of the Elbe bank at Schu­
lau, and of other places near Hamburg (Bahrenfeld, Winterhude, Ohls­
dorf, Altwahlstedt, Glinde bei Reinbek) and Kuhgrund near Liineburg, 
as remains of a moraine. He considers that they may be "Ge­
hangeschutt". The occurrences noted "lassen die Vermutung aufkom-

1) W. WoLFF : Ein Nachwort zur Interglazialfrage. Z. d. d. geol. Ges. M-B. , 
p . 329- 32, 1906. 

2) J. STOLLER : Beitrage zur Kenntnis der diluvialen Flora Norddeutschlands. 
ll. Lauenburg a Elbe (Kuhgrund). (Jahrb. d. K. Pr. Geol. L. f. 1911). 

3) W. WOLFF : Die Torfflozc im Schulauer Elbufer bei Hamburg. (Zeitschr. 
d . d. geol. Ges., M-B., p. 406-10. 1911). 



272 

m en, dass die Postglazialzeit fi.'tr diese Gegenden in eine sehr alte und 
eine junge Torfbildungsperiode zu teilen ist, zwischen die sich eine 
(vielleicht trock en ere ?) Zeit der Sedim entation und der Gehangesschutt­
bild ung einschaltet". 

Interesting in this connection is a discussion which took place 
shortly after 1

) concerning a sand-covered, fossilbearing fresh-water 
deposit in \Vinterhude Stadtpark, n ear Hamburg. One party (MENZEL, 
KoERT and GAGEL) maintained that the flora and fauna of the de­
posit were interglacial, and that the covering layer could not have 
been brought to the spot in postglacial tim es, but was a moraine de­
posit. As against, E. HORN, supported by V-.,T . WOLFF, contended that 
the covering sand above the fossiliferous strata, which constituted a 
basin, was not a moraine at all, but material carried out over the 
peat b ed from the margins of the basin itself. HORN stated that the 
stratigraphical conditions corresponded entirely to those at Kuhgrund 
and Schulau ; th e fossiliferous strata h e regarded as alluvial; and h e 
protes ted against their being considered interglacial, "ohne dass bis 
jetzt an irgendein er Stelle <lurch der Nachweis einer Grundmoran e 
ttber den Torf'en den Beweis for ein e Jl(me Vereisung erbracht ware". 

The first attempt at distinction between the deposits h ere con­
cerned - which had been regarded as interglacial, and belonging to 
one and the same interglacia l period - by placing them in each of 
two interglacial periods, was made by \V. \VoLFF in his survey: "Ober 
Glazial und Interglazial in Norddeutschland" .2

) After a preliminary 
reference to the "old" interglacial peal b eds at 0tersen (u . Glinde), 
Prisdorf, Hummelsbiittel, Flottbeck, Lauenburg and other places in 
the vicinity of Hamburg, where fresh-water deposits are found together 
with marine "Flachseesedimenten", h e proceeds Lo note the "zahlreiche 
limnische Ablagerungen" ... "ausserhalb der circumbaltischen Block­
moriinen", " die faunistisch und floristisch von den sicheren Postglazial­
bildungen abweichen und SO\vohl deshalb wie wegen ihrer Lagernngs­
verhiiltnisse als eine jiingeres, z we it e s Int e r g la z i al angesehen 
werden. Faunistisch sind sie gekennzeichnet <lurch grosse diluviale 
Saugetiere wie Mammut, Wollnashorn und Riesenhirsch, sowie durch 
einige Binnenmollusken wie Paludina Duboisii und gewisse Belgrandia 
Arlen; floristisch nehmen sie eine Sonderstellung ein <lurch die Fi.ih­
rung von Picea excelsa in jetzigen Fohrengebieten sowie von Brasenia 
purpurea und Dulichium spathaceum'' . And he then goes on to say: 

" Dennoch ist die Frage offen, oh allc diese "ji.ingere Interglazial-

1) E. HoRN : Die geo logischen Aufschli.isse des Stadtparkes in \Vinterhude und 
des E lbtunnels und. ihre Bedeutung fiir die Geschichte des Hamburger 
Gegend in postglazialer Zeit. (Zeitschr. d. d. geol. Ges., M-B., p. 130. 1912). 

2) Congres geologique inlernationale, Canada 1913. 
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bildungen" zusammengehoren . Im siidlichen Jutland (Brorup) am 
Kaiser \Vilhelms Kanal (Beldorf, Bornholt) und bei Schulau, Ohlsdorf, 
Vlinterhude, Steinbeck und Lauenburg in der Hamburger Gegend lie­
gen iiber den fraglichen Torfschichten lediglich Sande oder Kiese, nie­
mals echte Grundmori:inen. In einigen Fallen, z. B. bei Schulau, ent­
halten die Sande Yiele Steine bis zu Kopfgrosse, aLer keine Gross­
geschiebe; an andern Orlen, z. B. bei Beldorf, Bornholt und Winter­
hude, enthalten sie nur Kies und fein es Geroll. 1st es demgemi:iss 
schon fraghlich, ob sie tiberhaupt von einem Gletscher uberschritten 
sind, so ist es vollends undenkbar, dass dieser Gletscher mi:ichtig und 
a usgedehnt genug gewesen sei, um die Elbe zu iiberschreiten, und 
das 100 Meter hohe Plateau der LLineburger Heide bis in die Nii.he 
des Aller-\\! eser-Talzuges zu bedecken. Nun komm en aber in der 
Luneburger Heide bedeutende Sedimente von Siisswasserseen (Kalk, 
Kieselguhr) vor, die zwar ebenfalls k eine typische Grundmoranedecke, 
aber dock machtige Geschiebesande mit grosseren Block.en tragen; 
wahrend an den siidholsteinischen Torfen, nur geringe Lagerungs­
storungen zu b eobachten sind, die durch das Gewicht der Decksande 
henorgebracht sein konn en, zeigen sich an den Kieselguhrlagern 
Stauchungen von grosseren Ausmass und glazialem Habitus . lch kann 
mir deshalb nicht vorstellen, dass diese . mit jenen gleichzeitig ent­
standen sind, und habe den Eindruck, dass die nordlichen und die siid­
lich en " In Lerglazialschichten" verschiedenen Schwankungen angehoren". 

WOLFF however , adopted a firmer standpoint in regard to the 
consequences of such distinction in his work: " Das Dilu vium der 
Gegend Yon Hamburg" 1

). In this, he distin guish es sharply between 
two sections of the interglacial in the Hamburg district. To the one 
seclion, which has a coYering ground morain e belongs Otersen-Glinde, 
which "stimmt faunistisch vollig C1herein rnit dem alteren Interglazial 
Yon Rissen, Dockenhuden, Nienstedten, Othmarsch en, Hamburg, Bill­
werder, Humrn elsbiittel u. s. w.". The other section, which has no 
covering ground moraine, but " Gehangeschutl" instead, brought to the 
spot during the las t glacial period, originated in an interglacial period 
which for the Hamburg region amounted to "den altes ten Abschnitt 
der Postglazialzeit", insofar as this region lay b eyond th e limit of the 
last glaciation. Such pea t beds, with remains of plants, foreign to the 
alluvium of the region (Picea exce/sa, Taxus bacca ta , Abies pectinala , 
Tilia plalyphylla, Carpinus bei11lus, llex aquifolium, Najas marina), and 
covered by layers of sand and gravel up to several metres thick, have 
been found for instance at Eimsbuttel, Winterhude Stadtpark, Bann­
b ek, Ohlsdorf churchyard, all in the northern part of Hamburg. H ere to 

1) Jahrb. d . K. Pr. Geolog. Landesanstalt. 191 5. 

Danmarks gcologiske Und e rs0gelsc. II. Brekke. Nr. 48. 18 
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b elon g also occurrences of a similar ch aracter at Ojendorf, Ost-Stein­
beck , Dornhors t, Glinde and WitzhoYe eas t of Hamburg, and the oft­
m ention ed peat bed on th e bank or the Elbe a t Scbulau. This 
last, as already m entioned (p. 270) was regarded by Sc1-1RoDER and 
STOLLER as b elon ging to the same interglacial period as the morain e­
covered beds at Unter Glinde ; \VoLFF showed, howeyer, that they did 
not belong to the same period a t all. The morain e coyering the pea t 
at Unter Glinde is, according to his i1westigations, identical with that 
on which th e peat at Schula u r es ls. The coYering layer aboye the 
Sclrnla u peat on the other hand, is only a locally deYeloped " Gehange­
schutt", h aYin g the same extent a long the slope as the pea t b asin i tself. 

From th e s tratigraphical conditions on lhe sites in question \Vo LFF 
n ow concludes, w ith regard to the extent of the ice-sh eet , " dass das 
ji.ingste Inlandeis nirgends den Elbstrom frb erschritten h at. Dieser 
m i:ichtigs te und ehrwi.'trdige Urstrom Norddeutschlands h at den ganzen 
Zeitenwechsel vom SpiHstadium der zweiten Vereisung bis zur Gegen­
wart unye1-riickbar i.iberdau ert". 

\Vo LFF h oweYer, seem s to ha Ye been alm ost the only Nor th­
Germ an geologis l, down to comparatively recent tim es, to h old this 
Yiew as lo the extent or the last ice-sheet ; the works noted below 1) 

giye it as W AHN SC HAFFE and KEILH AC K had done in 1909. Even 
ScHUCHT, writin g in 1921 , does not, apparently, neglect th e possibilily 
that the peat b ed at Kuh grund - despite its fl ora and position -
might da le from lhe pos tglacial period. "Als Zeil sein er Entstehun g 
wi.'trde da nn das E nde der An cyluszeil und die ers le Halfte der Litorina­
zeit in Betrach t k omrn en" . 2) 

Vle haYe in lhe foregoing alm ost superabundant proof tha t great 
diver gency and uncer tainty of opinion has exis led, durin g the period 
consid ered, as lo the posilion of the deposits in qu estion within lhe 
glacial period . There is but one point on whi ch the Germ an geologists 
ar e agreed, Yiz . the se lling of three glaciations and two interglacial 
periods. \Vhelher the matter an swers to this setting ,ve shall consider 
later on. 

Amon g th e interglacial but n ot morain e-covered bogs m entioned 
by \VoLFF in 1913, " :ere also the Danish " Brorup bogs" , which h ad 
been in ves ligated about th e turn of the century by N. HART Z. 3) The 

1) K. KEILH AC K : Die Nordgrenze des Loss in ihren Beziehungen zum nord­
deutschen Diluvium . (Zeitschr. d. d . geol. G., M-B., p. 77. 1918). 
J . S TOLLER: Geologischer Fi.ihrer <lurch die Liineburger Heide. 1918. 
F . vVA 11 NSC HA FFE: Geologie und Oberfl ach engestaltung des nordde utsch en 
Flachlandes, 4 Auflage, neubearb . von F. Scn ucwr. 1921. 

2) 1. c. p. 325. 
3) N. HARTZ: Bid rag Li! Danm arks terti l'.e re og dilu viale Flora. (D. G. U. II R. 

No. 20, 1909). 
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flora of these bogs, with Picea excelsa, Carpinus betulus, Brasenia pur­
purea, Dulichium spathaceum etc. characterised them as unquestionably 
interglacial, despite the fact Lhat the strata were not covered by any 
ground morain e, but only by layers of sand. There was no difference 
of opinion among Danish geologists as to the interglacial origin of 
these plant-bearing strata; the qu es tion as to the character and origin 
of the covering sand was, howeYcr, debated, the point at issue here 
being more especially whether the covering sand originated directly 
from the melting water of the last ice-sheet, or had been carried to 
the spot by being washed down, or slipping down, from the sides of 
the peat basin. HARTZ (1. c.) held the former to be the case, whereas 
A. JESSEN 1) maintained the latter - and A. JESSEN's Yiew was sup­
ported by other Danish geologists in a common i1n-estigation of the 
stratigraphical conditions of the Brorup Bogs 2), where the different 
opinions are stated. It was thus evident that the last ice-sheet had 
not extended OYer Brorup in southern Jutland. 

The same stratigraphical position as that of these non-moraine­
coyered peat deposits is also found by the interglacial Tuul on the 
island of Sylt3), this deposit being situated in a Yalley, "postglacial" 
as far as Sylt is concerned, in the Yillage of W esterland. The sam e 
applies to an interglacial peat deposit at Nicnjahn, near Hohenwed­
stedt in Holstein, m ention ed by W. \VoLFF 4) . \Ve shall later reyert to 
the consequences which follow from the facls here no led in conj unc­
tion with other i1nestigations in North-west Germany. 

In the preYious account of our i1nestiga lions in Jutland, we haYe 
pointed out the importance of the enclosed hollows (M ulden) in land­
scapes lying beyond the limit of the last glaciation, a YCry great number 
of these sites haying been found lo contain interglacial bogs coYered 
by solifluction, i. e. bogs of the Brorup or Herning type from the last 
interglacial period. 

Our search for such localilies gave positive results all through 
the west of Jutland down to the southern frontier, and on our jour­
ney in 1923 in company with Professor, Dr. W . WOLFF (see p. 12) 
we found that the interglacial bogs at Drelsdorf in South Slesvic and 
at Nienjahn in Holstein for instance, probably belonged to the same 
type as the Brorup Bogs. So also, as far as can be seen from the 
literature on the subject, do seyeral of the interglacial bogs at Hamburg. 

1) A. JESSE:--: : Kortbladene Aalborg og Nibe. D. G. U. I R. No. 10. 1905, p. 85- 87. 
2) Br6rup-Mosernes Lejringsforhold . D. G. U. IV. R. , Vol. I, No. 9. 1918. 
3) V. NORDMANN, K. J ESSE'.'s und V. MILTII ERS: Kvartiirgeologische Beobach­

tungen auf Sylt. Da nsk geol. Foren. 1923. 
4) Zeitschr. d. d . geol. Ges., M.-B ., p. 68- 71. 1922. 

1s• 



l{ EIUIACK \\T AI-INSCIIAFFE VVAII NSCUAFFE GAGEL WOLFF MENZEL 11 'VAHNSCHAFFE--
ScHuc11T 

II 
1897 1001 1909 1913 1913- 15 1915 II 1921 

Paludina horizon (Berlin a. o.) .... .. I . ... .. I I . ..... I . ..... I . ..... I 
Ober Ohe a. o ..................... . .. I . .. ... I . .. ... II . . . . II 

l l 
. . . ... . . . . . . II 

Luhetal. . .... .. .. . ....... . . ... .. ... . . . . . . . . . . . . . . . . .... . . . . . . . . . . . II 
II1 I . ..... . . . . . . II 

W esterweyhe at Ulzen ........ .... .. I .... I . . . ... . . . . . ·• II ...... II . .. ... . ... II 
Honerdingen .. ..... ... .. ... .. ....... I . ... . . I . . . . . . . . . . . . . . . . . . . . . . . II . ..... . . . . . . II 
Unter Glinde at Utersen . . . . . . . ... .. .. .. . . . . . . II . ..... II I . . .. . . . . . . . . . . . . . . . . . . . . II 
Lauenburg (Brickworks) . . . . . .. ... . I . . ... . .... . . . . . . I . ..... I I . . . .. . I . . . . .. I . .... . I~ Rixdorf horizon (Matzen) . . . . . II II . . .... II . . . . . . II . .. . .. II . . . ... II . . . ... II 
Romstedt at Bevensen ....... . . .. . ... . .... . ... . . . . . . . . . . . . . . . . . . . . . . . . . II 
Fleestectt at Harburg . ..... . .... ..... . . . . . . . .. . ... . . . . . . ..... . .. . . . . . . . . . . II 
Kuhgrund at Lauenburg .... .... . ..... II . . .. .. II . . ... . II . . .... II . . ... . II2 . ... .. II . . .... II 
Schulau .. . ........ . ....... ... .. . .... . . . . . . . . . . . . . .... IT . .. . . . II . . . . . . II . ..... Il2 . ..... . .... . II 
Winterhude at Hamburg ........... .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . II2 . .... . . . . . . . . . . . . II 
Ohlsdorf at Hamburg .. ... ...... .. ... . . . . . . . . . . . . . . . . . . . . . . . . II . . .. .. . . . . . . . . . . . II2 . .. . . . . . ... . II 
Tuul, Sylt ........ .. ......... . .. .... . . . . . . . . . . . ...... . . . . . . . . . . . I ...... . . . . . . . . . .. . . . . . . . . . . . . . II 
The Brorup Bogs ............ . ....... . . . . . . . . . . . . . ..... . ..... II Il2 

Table 17, illustrating the different views of the age of some interglacial deposits in Northern Germany. 
I) the first , II) the second (last) interglacial period . II1 and II2 cf. p. 273. 
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During our visit to lhe Liineburger Heide in company with Pro­
fessor Dr. Vv. VI OLFF we realized that the enormous deposits of kiesel­
gur and calcareous mud there found, which, as noted by J. STOLLER in 
his excellent "Geologischen Fiihrer durch die LCmeburger Heide" had 
been coyered by the inland ice, must be older than the bogs of 
the Brorup type in .Julland, Slesvic and Holstein. This was fully 
conllrmed when we again visited North-west Germany 111 the spring 
of 1927, this time accompanied by Dr. K. voN BiiLow, of the Preus­
sische Geologische Landesanstalt in Berlin. 

On visiting the kieselgur pits at Ober Ohe and Neu-Ohe, we 
found, on this occasion, further evidence that an inland ice of con­
siderable importance in its activity had traversed these deposits; this 
ice could not howeyer, have belonged to the last ScandinaYian gla­
ciation, as was shovm by the discovery of seYeral interglacial bogs 
farther to the NE, ans,vering in eyery respect to the Brorup type now 
so well known to us. 

The moraine-covered kieselguhr and marl deposits of Liineburger 
Heide must therefore necessarily be an interglacial period older than 
these bogs, which were never covered by the inland ice, just as the 
moraine-covered marine deposits at Hamburg (Dtersen-Glinde etc.) 
are older than the bogs at Kuhgrund and Schulau, and as the Danish 
moraine-covered marl deposits at Rind and Harreskov are older than 
our bogs of the Brorup and Herning type. The effect of this on the 
general view of the last glaciation, as regards its extent and position 
in North-west Germany, will be discussed later on. 

Finally, there are in North-west Germany several deposits which 
must be referred to our third group, being covered by the moraines 
of the last diluvium. 

The same divisional arrangement as used in describing the inter­
glacial deposits of Jutland will therefore be employed in the follow­
ing survey of the interglacial deposits in North-west Germany. In this, 
only localities known to us from personal inspection will be dealt 
with at length. 

Deposits from the Last Interglacial Period. 

Kuhgrund II. 
In company with Professor Dr. \V. WOLFF, of Berlin, V. M11,THERS 

and I, in 1923, Yisited a profile in interglacial fresh-water formations 
on the steep bank of the Elbe at Kuhgrund, in Lauenburg - the 
same profile which had been investigated the year before by the two 
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I 

Hamburg geologists, M. BEY LE and E. KocH. This was Kuhgrund II 1), 

an interglacial bog lying abt. 800 m west of the classical interglacial 
deposit Kuhgrund I, which is likewise situated on the bank of the 
Elbe, and has been dealt with by KEILHACI{, CREDNER, GEINITZ & 
W AHNSCHAFFE, STOLLER, and others 2). 

In a slightly receding niche in the steep northern bank of the 
Elbe valley, M. BEYLE had rediscovered the previously known fresh­
water deposits at Kuhgrund II, and was able to study them in a 
couple of newly dug profiles, exhibiting approximately the same strata 
sequence; viz. (Profile I) : 

1.0 m Sand. 
0.9 m Peat, sandy in the upper part. 
1.0 m Humous Sand with three streaks of Peat. 
Grey Clay with a slight amount of Mud (Sapropel). 

The lowest portion of the peat stratum was composed mainly of 
Phragmites communis and Scheuchzeria palustris; above this was a 
layer consisting chiefly of birch residue, the uppermost portion being 
sandy mould. 

Several borings showed that the lake deposits in question lie in 
a basin, the bottom of which slopes towards the south; and from 
these borings E. KOCH states that the peat stratum of Kuhgrund II 
is n o t c o v e r e d b y s t r a t a o f u n q u e s t i o n a b 1 y g 1 a c i a 1 o r i g i n 
but by a layer some 1-2.9 m thick which, apart from humus for­
mations and "Gehiingeschutt" from the slope consisted of more or less 
fine sand or sandy clay; "selbst der fast faustgrosse Feuerstein in 
1.6-1.9 m Tiefe (Boring 3) kann sehr ,vohl von den benachbarten 
H6hen stamrnen" (BEYLE, 1. c. p. 6); for the present, however, says 
KocH, "wird man - kaµm eine in alien Einzelheiten befriedigende 
Erkliirung fiir die Uberschiittung der Torflager am Kuhgrund geben 
konnen". (1. c. p. 7). 

The most important result of these borings was thus, that Kuh­
grund II was not covered by ice during the last glacial period. E. KocH 
is here in agreement with w. WoLFF 3), who arrives at the same 
result in the case of Kuhgrund I, aii.d considei-ed the covering sand 
as a product of melting water from the last glacial period. STOLLER's 
view, that the last glaciation extended out over the Liineburger Heide, 
can, as shown in Chapter V, not be a correct one, and his view of 

I) M. BEYL£: Uber einige Ablagerungen fossiler Pflanzen der Hamburger 
Gegend. III. Aus den Mitteil. a. d. Mineralog.-Geolog. Staatsinstitut. H. IV. 
Hamburg, 1924. 

2) Respecting this literature see M. BEYLE, l. c. - Cf. also p. 267. 
3) W. WOLFF: Erdgeschichte und Bodenaufbau Schleswig-Holsteins. Ham 

burg, 1922, p. 45. 
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the covering sand above Kuhgrund as deposited in an ice-dammed 
lake (Stausee) is nol yet fully proYed (cf. E. KoCH by M. BEYLE, p. 7). 

In his detailed treatm en t of the flora of Kuhgrund II, M. BEYLE 
notes from here a series of species, e. g. Picea excelsa, Taxus baccata, 
Najas marina, Carpirws be/ulus, Brasenia purpurea, /lex aquifolium, 
Tilia platyphyll11s and Trapa nalans, which also occur in se yeral other 
clay- and sand-coyered bogs in the neighbourhood of Hamburg; as 
for inslance Schulau, Ohlsdorf and \Vinterhude, but are not found 
"in ahnlichen Ablagerungen aus zweifellos jiingerer postglazialer Zeit" 
(l. c. p. 11). As a result of his deliberations as to the age of the bog 
at Kuhgrund II h e assumes that it was form ed during a period " die 
fi'1r die Hamburger Gegend der alteste Abschnitt der Postglazialzeit 
ist" (1. c. p. 14). This must undoubtedly be taken as m eaning that he 
refers the bog to the las t interglacial period, where GAGEL 1), STOLLER2) 

and V-l. \VoLFF 3) also place the deposit at Kuhgrund I, which BEYLE 
rightly regards as synchronous with Kuhgrund II. For we can safely, 
with STOLLER4') consider Brasenia purpurea as a type fossil for the 
interglacial deposits of Europe. In Jutland also, this plant is known 
only from the interglacial bogs 5), where it is of common occurrence, 
and appears in Yery similar co mpany to that ,vith which it is found 
at Kuhgrund. It belongs to a floristic eYolution cycle now co mpleted, 
and which , commencin g with arctic strata, passes through the tem­
perate stages, to which Brasenia belongs together with Dulichium 
spathaceum, Trapa nafans, Najas marina , N. fiexilis, the flora of the 
mix e d oak forest, Carpinus betull1s and Picea excelsa, terminati1ig 
with subarctic strata containing Betula nana . The whole of this series 
- which is further developed in the Heming profile - is, normally, 
separa led by strata of san d and clay seyeral metres thick, not glaci­
geno us, but mainly due lo glacial solifluction, from lhe postglacial 
cycle appearing in the pea t and mud beds of the recent bogs. In 
these, n either Brasenia purpurea nor Dulichiwn spalhacemn 6) have 
ever been fou11d in Denmark; nor, indeed, anywhere else in Europe. 

Seeds of Brasenia pwpurea haYe however, occasionally been found 
toge ther with Ceratophyllum demersum and rolled fruits of Carpinus 

1) GAGEL: Die Beweise .. . Geolog. Rundschau. Bd. 4. 1913, p. 342 f. 
2) J . STOLLER: Beit. z. Kenntr.is d . diluv. Flora Norddeutslands II. Lauenburg 

a. Elbe (Kuhgrund). Jahrbuch d . Preuss. Geolog. Landesanstalt, XXXII, 1. 
Berlin 1911, p. 142. 

3) 'vV. 'vVOLFF, 1. c. 
4) J . STOLLER: Uber die Zeit des Aussterbens der Brase11ia purpurea M1cHx. in 

Europa. Jahrb . d. Preuss. Geolog. Landesanstalt, XXIX, I, Heft. 1. Berlin 1908. 
5) Brasenia purpurea has not hith erto b een found in Danish deposits from 

th e p enultimate interglacial period. 
6) N. HARTZ; Meddelelser fr a Dansk geologisk Forening Nr. 10. Kub enhavn , 

1904. J . STOLLER; Jahrb. K. Preuss. Geolog. Landesanslalt, XXX, 1909, p.157 ff. 
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l,efu/u.~, in company with the late-glacial arctic Dryas-flora in Den­
mark. 1) These temperate species can, in such strata, only be regarded 
as lying in a secondary position, and the finds in question thus afford 
further support for the view that Brasenia purpurea is older than the 
last glacial period. 

\Ve haYe laid stress on this point here once more because it is 
still possible to find, in modern German literature, and in a prominent 
place, the view expressed that a deposit such as the interglacial at 
Kuhgrund must be postglacial ( cf. the citations from W AHNSCHAFFE: 
"Die Oberflachengestaltung des norddeutschen Flachlandes", 1909, 
p. 305, and the last edition 1921, p. 325 on p. 270 and p. 274). 

Such a determination of the age of the bog strata at Kuhgrund II 
would agree but ill with the facts noted above; eq11ally so with the 
development of the forest vegetation which took place during the 
period of formation of the strata in question. This is plainly apparent 
from M. BEYLE's flora lists; and by way of supplement to his very 
fine treatment of the flora in question we give here a pollen diagram 
from approximately the same profile as that investigated by him. We 
found, on our visit in 1923 2

) the following strata sequence: 

A. Sand, some few metres. 
B. 0 - abt. 0.4 m Dark-brown Belulelo-Sphagnelum Peat with numerous 

remains and stumps of Betula pubescens. 
C. abt. 0.4- 0.75 m Light-coloured Scheuchzeria paluslris Peat. 
D. 0.75- 1.75 m Greyish brown sandy Mu d. 
E. Grey, stoneless C 1 a y. 

It will be seen from the pollen diagram, Pl. XXXX, Fig. 5, in 
agreement with BEYLE's lists, and our table of washing samples given 
below, that the sedimentation of the sandy mud commenced in the 
mixed oak forest period about the time of the Cory/us maxim um, but 
with Pinus still providing an essential part of the total pollen. Later, 
the Carpin11s pollen began to dominate (Spectr. 3) and when the 
Scheuchzeria peat was forming Picea excelsa took the leading place, 
,vhile Pinus and Betula predominate in Spectr. 1, answering to the 
uppermost part of the forest stratum. 

Thanks especially to the untiring researches of C. A. WEBER 3) ot 

1) N. HARTZ ; D. G. U. II R. Nr. 11, 1902, S. 77. - Cf. J. STOLLER; Jahrb. XXIX, 
1908, p. 72. 

2) The site lay 400 m east of Cote 39.7. The bog profile investigated was abt. 
10 m long, but 15 - 20 m farther east, another similar bog profile was found. 

3) C. A. WEBFR: Die Geschichte der Pflanzenwelt des norddeutschen Tief­
landes seit der Tertiii.rzeit. Result. sc. du Congres intern. de Botanique. 
Wien 1905. Jena 1906. - Cf. also H. A. WEBER: Ueber spii.t- und postglaziale 
lakustrine und fluviatile Ablagernngen etc. Kap. 4, p. 236 ff., and An­
merkungen von C. A. WEBER, p. 254-261. Abhandl. Nat. Ver. Bremen 
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the postglacial bogs in this part of north-wesl Germany, we may take 
it for granted that the upper half of the Kuhgrund pollen diagram, 
with its pronounced maxima for Carpinus and Picea, and its lack of 
Fagus, reveals no postglacial association s whatever. True, the pollen 
diagram does not comprise a complete cycle, but there is nevertheless 
enough of lhe upper portion of the bog preserYed to rea lize, also here, 
the course of development as far as the stage of dominant Betula­

Pinus, which normally terminates a pollen diagram of the Brorup 
type. No such development is known from postglacial bogs in the 
Baltic area. The pollen diagram, affording as it does a mean of di­
rect comparison with the other deposits mentioned in the present work, 
shows that the profil e al. Kuhgrund II cannot be post­
g 1 a c i a 1, but ex hi bi t s co m p 1 e t e agree m en t w i L h inter g 1 a c i al 
diagrams. The bog at Kuhgrund II dates from the last 
interglacial period. 

H. MENZEL 1
) indicates the possibility that the peat deposit at Kuh­

grund represents an inlerstadial; such a supposition howeyer will not 
agree very well with the idea of an interstadial given in Chapter VII. 

List of the Fossils found at Kuhgrund II, in 1923. 
c common, + fairly common, r rare. 

Acer campeslre L.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
- plalanoides L. . . . . . . . . . . . . . . . . . . . . . . . . . 

r 
. . . . . . . . r 

Alnus _glulinosa GAERT;-;.. . . . ..... . . . . r 2) r, + s) + 2) r, + 2) + 2) 
Arenaria lrinervia L.. . . . . . . . . . . . . . . . . . . . . .. 
Balrachium sceleratum (L.) LGE. . .. •. . ...... 
Brasenia purpurea MrcJJ. 
Belula pubescens E1m1-1. 

- sp.2) . . . ... . . . . . . . . . . - ... . 
Care.--c spp.. . .. . . . . . . . . . . . . . . . . . ....... . 
Carpinus belulus L. . . . . . . . . . . . . . . . . . . . . . 
Ceralophyllum sp. . . . . . . . . . . . . . . . . .............. . 

C 

C 
r 

r 
r 
r 

c r r r r 
+ r 

. .... + , c2) c,c2) Tra ce 
. . . . . . . . . . . . . r 

XXIX, 1918, - A pollen diagram which is likewise of considerable 
interest in this connection is published by K. voN BOLow (Jahrb. Preuss. 
Geo log. Landesanstalt XL Vllf, 1927, p. 269\ from Laba moor, in Pomerania. 
It shows, inter a l i a a value for Carpinus remarkably high for North­
European postglacial bogs; the Carpinus maximum however (12 0/o) is here 
found in the upper part of the bog, only 2 dcm from the surface. - Cf. 
also FH1Tz KoPPE und ERICH KoLU)1BE : Uber die rezente und subfossile 
Flora des Sandkatener Moores bei Plon. Bericht d. D. Bot. Gese llsch. Bd. 
XLIV, p. 549-598, Tafel XV. Berl in 1926, uncl Gu:-.NAH E110~1\N: Pollen­
stalistische Untersuchungen einiger Moore in Oldenburg und Hannover. 
Geolog. F6reningens i Stockholm F6rhandlingar, Vol. 46, p. 272 f. , 1924. 

1) Naturwissensch. Wochenschrift. N. F. XVI. No. 15, 1917, p. 200. 
2) Pollen. 
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Corylus auellana L. . . . . . . . . . . . rt) + 1) r, + 1) r,cl) r ,cl) 
Dryopleris sp.2). . . . . . . . . . . . . . . . r 
Fraxinus excelcior L.1) . . . . . . . . . • . . . . ..•.• 

flex aquifolium L.1) . . . . . . . . . . . . ... . . ... .. . .. ... . r 
Lycopus europaeus L. . . . . . . . . . . . . . . .. . . ..... ... . 
Menyanlhes lrifoliala L. . . . . . . . . . . . . . . . . . . . . . . . . . . r 
Najas marina L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 
Nuphar lulewn s~1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + + 
Picea excelsa LK. .. .. .. .. .. .. . . .. .. . .. . .. .. .. .. . . +1) +, cl) r , cl) 
Pimzs silueslris L. . . .. . .. . ... . ......... . ..... . . . . . + ,ct) + 1) + 1) ct) 
Polamogelon nalans L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + 
Polentilla palustris (L.) ScoP. . . . . . . . . . . . . . . . . . . . . . + 
Q11erc11s sp.1). • . . • . • . . . . . . . . . . • . • . . . . . . . . • • . • . . . . . . r r r 
Scheuc/zzeria palustris L. . . . . . . . . . . . . . . . . . . . . . . c 
Scirp1zs lacuster L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . r 

sp... .. . . . ...... .. . .. .. . .... .... .. . .. . ... .. r 
Sparganium erectum L .... ........... . ............ . 
Tilia platyphylla ScoP . .. . ... . . .. . ......... . .... . . . 

- sp.1) ............. · · •· .... .. . ..... . ... ...... . . r 
Typha lalifolia L.1) ...... . . . . .... .. . ..... ... . . . ........ . . . .. . 
Ulmus sp.l) . .. ... ... .. . .... . ...... . .. . .. . ... .. ... . 
Urlica dioeca L .. ........ .... . ......... .. ..... . .. . 

Sphagnwn sp .. ... . ........ . .. . . + 
Cerwcocc11111 geophilum FR1 Es. . . . . . . . . . . . . . . . . . . . . . r 
Tilletia sphagni NA WAS11....... . . . . . . . . . . . . . . . . . . . . + 
Botryococcus Braunii KG. . . . . . . . . . . . . ...... . 
Pediastrum boryanum (Tu HP.) MENEGH .... . ....... . 

· Romstedt I. 
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In studying the literature of the interglacial deposils of lhe Liinc­
burger Heide, we soon came to regard two localities as occupying an 
exceptional position, to wit, a bog at R 6 ms t e d t, E of Bevensen, 
described by J. STOLLER, and a bog at F 1 e es t e d t, S of Harburg, 
described by Vv. KoERT and C. A. ·WEBER. Both these bogs differ 
greatly from the other interglacial deposits of lhe LLLneburger Heide, 
not only as regards the constitution of the interglacial strata, but also 
as to the nature and thickness of the coyering material. W e there­
fore made a point of becoming further acquainted with these by per­
sonal iuspection. 

Before proceeding to describe our investigation of the bog at Rom­
stedt, it may be as well to quote J. STOLLER's description 3) of the 
site. The Romstedt interglacial lies abt. 1200 m W of the Yillage of 

1) Pollen. 
2) Spores. 
3) H. MoNKE und J. STOLLER : Erlauterungen zur Geologischen Karte von Preus­

sen. Lief. 156. Blall Bevenscn. Gradabt. 25, Nr . 56, Berlin 1911 , p. 19- 20. 
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Ri:imstedt, and abl. 400 m N of the road to Bevensen "auf emer 
schwachen Anhi:ihe von 66 m Meereshi:ihe" (1. c. p. 19). J. STOLLER 
bored through the deposit in two places: 

Am Siidende des Torflagers, direkt an dem vorbeifohrenden Feldweg, 
wurde 1906 folgendes Profil festgestellt: 

0 
b {. 1A m schwach lehmiger bis lehmiger, eisenschiissiger 

G 
,, ere.. Geschiebesand . 

runumorane . 05 h ct· G h' b 11 . m se r san 1ger esc 1e e e 1111 . 

Untere 

0.3 m stark hum o s er Sand, schwach to11ig, kalkfrei, 
fein- bis 111ittelk6rnig. 

0.4 111 schwach toniger, kalkfreier, mittelkorniger Sand. 

{ 
0.6 111 sandiger Geschiebeleh111 . 

Grund m or ii 11 e. 1.0 m blauer Geschiebeleh111. 

80 m 116rdlicher ergab ei11e Bohrung in nf1chster Niihe der Stelle, \YO der 
Besitzer das "Brau11kohle11lager' ' friiher bloszgelegt hatte, folge11des Profil: 

0 be re { 1.0 m Schutt (sa11diger Geschiebeleh111). 
Grund 111 or ii 11 e. 0.6 111 sandiger Geschiebelehm. 

0.3 111 stark h u 111 o s er Sand, schwach to11ig, kalkfrei, 
miltel- bis fei11k6rnig. 

1.0 111 schwach sandiger, ton i g-e r dig er Hu 111 us , oh11e 
figurierte Pllanzenteile. 

0.8 111 + schwarzer, schlemmiger Torf mit we­
nigen Wurzelfasern , z. T. Moostorf, in welchem ein­
zelne Bliittchen von Sphagnen beobachtet wurden. 

Borings could not be carried beyond this point, as the drill con­
tinually encountered wood ; it was slated howeYer, that the peat bed 
was understood to be more than 10 ft. (Fuss) thick, and contained 
a lot of wood. The humous sand was encountered in several borings 
"in den naheren Umgebung des Torflagers". Botanical analyses of the 
small peat samples revealed inter alia pollen of Pinus (silvestris L.), 
Picea (exce/sa Lie), Aliws (ghztinosa GAERTNER), Belula (alba L.), Co­
rylus (avellana L.) and Quercus sp. 

In the spring of 1927, we visited this locality in company with 
Dr. K. voN BuLow, and found, on the plateau \V of Romstedl, al the 
spot indicated (Fig. 27), a small hollow, occupied partly by cultivated 
meadow land, partly by uncultivated bog, together with a small pool 
(Pl. XXVI, 1). The depression extended for abt. 100 m from E to \V, and 
abt. 125 m from N to S, the margins appearing in places as short 
but steep slopes ·where excavations for attempts at cultiYation had 
been made. It will be seen from the sketch in Fig. 3 in Pl. XXVII 
that the surface of the water in the pool lies abt. 1.7 - 5.0 m lower 
than the surrounding plateau on the west, south and east sides of 
the basin, the country on the northern side being somewhat lo-wer. 
Cf. Fig. 1 in Pl. XXVI. 

From the geological map of BeYensen it appears that the ground 
surrounding Ri:imstedt I and II consist mainly of' argillaceous sand, 
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with boulder clay jutting out here and there in several very restricted 
parts. 

With lhe aid of a spiral auger we made 5 borings in the basin, 
lhe positions being as noted in Fig. 3, Pl. XXVII. On the basis of 

MaBstab 1 : 25 000 

Fig. 27. Th e IHims tcdt district. Position of the inte rglacial bogs I, II . III indicated b y crosses. 
Contour interval for the fully drawn curves = 5 m. 

these, we were able to draw up a transverse profile as shown in 
Fig. 1, Pl. XXVII. The profiles of the respective borings w ere as follows: 

Boring 1. 

B. 0 0.5 m Greyish brown Sand with scattered stones up to the size 
of a nut. 

C. 0.5 1.5 111 Grey, argillaceous Sand without stones, the lower part 
merging into the subjacent stratum. 

F. 1.5 1.9 m Brown, finely arenaceous Mud, with presumably almost 
pure, fine Sand at the bottom. 
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G. 1.9 - 2.4 m Greyish green, sandy C I a y. more sandy at the bottom. 
H. Firm stony San d. 

A. 0 - 0.2 m 
B. 0.2 - 0.5 111 

C. 0.5 - 1.85 111 

E. 1.85 -- 2.4 111 

F . 2.4 - 3.0 m 

H. 

B. 0 - abt. 1.4 

D abt. 1.4 - 3.2 

Peat. 
Boring 2 . 

Greyish brown, argillaceous Sand with a few stones the 
size of nuts. 
Sandy C I a y without stones, greyish brown at the top, 
more greyish lower down. 
Dark brown Peat. 
Uppermost, brown, fresh, mud-blended Hypnum Peat; 
below, greyish brown sandy Mu d. 
Stony Sand. 

Boring 3. 

111 Uppermost, Sand of medium fineness, (abt. 1 111), 

below this, somewhat coarser sand with thin streaks of 
humous sand. 
111 Uppermost (abt. 0.7 111) alternating layers of Sand and 
Clay M u d. The latter contained, besides the pollen noted 
in Spectr. 1 and 2, (Pl. XXXX, 1) also some of Ericaceae, 
spores of Sphagnum sp. , needles of Spongilla lacllslris. -
Below this, 2.1 111 dark greyish brown Clay Mud, the 
percentage of clay decreasing downwards. Pollen of forest 
trees Pinus , Belula, Picea and Aliws, with traces of Querclls, 
Cory/us and Carpinus; see the pollen diagram. In addition 
epidermis with stomata of needles of Pinus were found, 
with pollen of Ericaceae and Empelrum nigrum, a few spores 
of Osmunda regalis , numerous -Sphagnum spores, Botrqo­
coccus Braunii, Pediastrum sp,, Spongilla lacuslris. 

E. 3.2 - 5.0 m Dark brown, highly hurnified Sphagnum Peat with much 
Eriophorum vagina/um, soma wood detritus, e. g. of conifers, 
branches of Calluna vulgaris. Numerous pollen tetrads of 
Ericaceae and Empelrum nigrum and spores of Sphagnum 
sp. , a spore of Osmunda regalis at the bottom; Tilletia 
sphagni ; Amphitrema /lava. Pollen of forest trees : Pinus, 
Picea, Carpinus, Cory/us , Alrws, Betula, Tilia , Ulmus and 
Qllercus; see the pollen diagram. 

F. 5.0 - 5.5 111 Alternating layers of brown, fresh Hypnwn-Sphagnum Peat 
and brown sandy Mu d. Uncertain whether the bottom of 
the basin was reached. The mud yielded a seed of Brasenia 
purpurea. Pollen of forest trees, the same species as in E. 

A. 0 - 0.3 
B. 0.3 0.7 

C. 0.7 1.3 

D. 1.3 2.3 

E. 2.3 - 3.4 

m 
m 

m 

111 

111 

Boring 4 . 

Sand (recently deposited for attempts at cultivation). 
Reddish, argillaceous Sand, with sandy Clay lowe·r down , 
scattered small stones. 
Stoneless Clay, the upper part rust-coloured, the lower 
part grey. 
Uppermost (0.4 111) grey sandy C I a y with thin streaks of 
clay mud, below this, greyish brown C I a y Mu d. 
Dark brown Peat, with much rotten wood at the top, 
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lower down, highly humified Sphagnum Peat with Eri­
ophorum vaginatum. 

F. 3.4 - 4.1 m Uppermost fresh, brown Hypnum-Sphagnum Peat, contain­
ing seeds of Brasenia purpurea, pollen of Nuphar luteum, 
Alnus, Belula, Carpinus , Cory/us, Ilex , Picea, Pinus, Quercus, 
Tilia and Ullllus. Amphitrellla /lavum. - The lowest 20 cm 
dark brown hard Mud, consisting largely of leaf-remains 
of Ceratophyllum sp., also intercellular hairs of Nymphaea­
ceae, some pollen of Myriophyllum cf spical11111. Also pollen 
of Alnus, Betula, Corylus, Pinus, Quercus, Tilia and Ulmus. 
Bolryococcus Braunii and Rivulariaceae. 

a Sand. 
Boring 5 . 

A. 0 - 0.3 m Sand, recently deposited for attempts at cultivation. 
B. 0.3 - 0.85 m Uppermost, abt. 20 cm reddish grey Sand, slightly argilla­

ceous lower down; below this, reddish brown argillaceous 
sand with a few small stones. 

D. 0.85- 1.1 111 Dark grey sandy Clay. 
F. 1.1 - abt. 1.35 m Dark brown, slightly argillaceous Mu d . 
G. abt. 1.35- 1.85 m Grey C 1 a y. 
H. Sand. 

From Borings 3 and 2, we collected 16 samples for pollen analysis, 
and it is from these that the pollen diagram in Fig. 1, Pl. XXXX is 
drawn. A glance at the figure shows that in the first place, it is 
similar in principle to the pollen diagrams already given for the inter­
glacial hogs of Jutland, and further, that the earliest portions of Lhe 
interglacial periods in question are not represented, the lowest spectra 
showing dominance of mixed oak forest and Corylns, Zone f. The 
Cory/us maximum is here conspicuously high, Spectr. 16 showing 
about 5 times as much hazel pollen as of all the other species to­
gether. It is uncertain whether the oldest interglacial beds may per­
haps be found in other parts of Lhe bog, or whether mud and peat 
formation did not set in until the mixed oak forest period. This ,vas 
followed by a period when Carpinus was dominant, this species of 
pollen showing no less than · 59 ¾ in Speclr. 13, Zone g. Picea is 
dominant in Spectr. 10, Zone h, but throughout all the rest of the 
diagram, the Pin11s pollen is absolutely predomiant, Zone i. In the 
lower part of this, the curves of Picea and Beiula meet and cross. 
Picea disappears almost entirely in Spectr. 7 and 8, but shows some 
advance again in the upper part of the diagram. At the time when 
Zone i' was forming, the forest consisted doubtless mainly of Pinus 
silvesfris, Betula pubescens and Picea excelsa, while A!Jms glutinosa may 
also be supposed lo have been present; it is doubtful however, whether 
the remaining pollen found in this parl of the diagram actually in­
dicates the presence of the respective species, or it was probably 
brought by Lhc wind from far away. 
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The fossil content of th e lower beds point to a mild climate and 
luxuriant vegetation , but the course of development can be followed 
to a la ter forest growth of decidedly n orthern ch arac ler. Roth the 
findin g of Brasenia purpurea and the pollen diagram plainly show 
that the bog in ques tion is interglacial. 

The organogenic fillin g of Lhe basin commenced with a mud for­
m ation , but the lake was soon coYered over with a limnia n Sphagno­
Hypn etum (lower part of Zone g) and this again was Lransform ed into 
a Sphagnum -Eriophorum vagin alum bog, which pres uma bly soon as­
sumed the character of a for es t bog. \:Vhile the upper part of Zone i 
w as forming, the bog was transform ed to a lake and S lratum D, a 
sandy-argillaceous mud - a nswering to STOLLrm's "humoser Sand" , 
was deposited. 

In both sides of the profil e, the clay mud merges gradu ally into 
a sandy s ton eless clay, which , like the clay mud ilself, was doubtless 
deposited in a la ke. The in fl ow of inorganic ma terial in creased as 
the clim ate grew more arctic. 

This supply of materia l from the surroundin gs reach ed its h eight 
with the form ation of Stra tum B, ston y clay n ow slipping OYer the 
margin of the basin, lhe middle portion at Lhe same tim e bein g filled 
up with sa nd, which ca n a t any rate for th e most parl be regarded 
as Schwemmsa nd . There see ms no reaso n to regard th e argillaceous 
sa nd or sandy clay, wilh but fe w ston es in a some few dcm thich layer 
in the marginal zone of the bog, as moraine clay; on Lhe other hand, 
with th e a bundant tes tim ony furni shed by th e coYerin g s trata of the 
inlerglacial bogs in Jutland it is natural to regard i t as a solifluction 
product of the las t glacia l period. 

As a result of our in Yes tigati ons or the inlerglacial hog Rom stedt I, 
th e s trata of which undoubtedly lie undisturbed, we consider our­
se lYes justined inasserting tha t is h as n e Ye r b ee n cove r e d b y 
an y in 1 and i ce but that the COYerin g strata was form ed und er the 
influ ence of arctic solifluction, and that th e h og, i n it s s tr a ti­
g r a phi ca l fea tur es, c orr espo nds entir e l y t o an int e r g la­
c i a 1 b og o f t h e B r 6 r u p t y p e, a n d i s to r e f e r t o th e l a s t 
in t e r g l a c ia l p e riod. 

Romstedt II. 
Aboul 100 m south of Romstedt I, south of the road across the 

fi elds (see Fig. 27), there is a nother basin without outlet, measuring 
abt. JOO m from E - \:\T a nd abt. 60 m from N- S. Fig. 3 in Pl. XXVII 
shows the position relative to Rom stedt I and th e form of th e groud. 
th e basin being enclosed in a loop of th e 5 m isoh ypse on the map. 
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The bottom of the basin, which now appears as ill-cultivated meadow 
land, lies abt. 3.5 m above the level of the water in the pool at Rom­
stedt I. Here also preparatory steps towards cultivation have been 
taken, by dumping material dug out from the sides of the basin, these 
now appearing in consequence as short, steep slopes. 

Five borings were made in this basin, as shown in Fig. 2 and 
3, Pl. XXVII but as the borings had to be carried through very wet 
sand, it was not possible in all cases to reach down through the 
interglacial strata. 

A. 0 0.95 
B. 0.95-- 1.5 
c. 1.5 - 2.4 
F. 2.4 - 3.6 
G. 3.6 - 3.8 
H. 3.8 - 3.9 

A. 0 0.6 
B. 0.6 1.5 

A. 0 - 0.6 
B. 0.6 - 2.0 

D. 2.0 - 2.2 
E. 2.2 - 2.5 

111 

111 

111 

111 

111 

111 

111 

m 

m 
m 

111 

111 

Boring 1. 

Humous Sand, with some few stones (recently deposited). 
Grey, stoneless, rather fine Sand (Schwemmsand). 
Grey, argillaceous rather fine Sand without stones 
Dark brown Mud. 
Brown firm Hypnum Peat. 
San d . 

Boring 2. 

Stony Sand, (recently deposited). 
Stoneless, rather fine Sand, (Schwemmsand) , yellow at the 
top, grey lower down. - Owing to the ,.vater in the sand , 
the boring could not be carried further. 

Boring 3. 

Stony Sand, recently deposited . 
Grey, rather fine Sand without stones, much water 
(Schwemm sand). 
Grey, argillaceous, rather fine San d. 
Greyish brown, finely arenaceous C I a y Mud; many pollen 
tetrads of Ericaceae, numerous spores of Sphagnum sp., 
Botryococclls Brallnii, Spongilla lacuslris. Pollen especially 
of Pinus and Belula, see the pollen diagram Pl. XXXX, 2. 

F. 2.5 - 6.05 m Dark brown, slightly argillaceous Mud; from 5.8 m down­
wards the stratum contained fine sand; this stratum was 
not bored through . The microscope showed forest pollen 
especially of Pinlls, Picea and Betula, with some of Alnus 
and other species, see the pollen diagram ; also radicles of 
Carex, epidermis of Eriophomm uaginatum, pollen of Em­
pelmm nigmm, Ericaceae (common), spores of Osnwnda 
regalis, Polypodium uulgare and Sphagnum sp,, (common), 
Botryococcus Braunii, Pediastrum J(awraiskyi, Spongilla 
lacustris . 

A. 0 -- 0.60 
B. 0.60 - 1.4 

D. 1.4 1.7 
E. 1.7 2.5 
F. 2.5 3.9 

111 
111 

111 
111 
m 

Boring 4. 

Stony Sand (recently deposited). 
Pale grey stony Sand, the lower part a faint reddish brown 
(Schwe111111sand). 
Grey, argillaceous San d. 
Greyish brown, tough Clay Mu d. 
Dark brown detritus Mu d. 
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G. 3.9 - 4.7 m Brown firm Hypnum Peat. 
ln boring samples from here, the following species 

were identified by AuG. HESSELBO : 

Calliergon slraminemn (D1c1<S) K1xDB., 
Hylocomium proliferum (L.) LINDE., 
Hypnum exannulalum GO~IB., 

inlermedium LINDB. , 

Sendtneri ScHDIP., 
Meesea lriquelra (L.) A.NGSTH., 

Palude/la squarrosa (L.) Bnm., 
Pollen of the following species was also found: Carpinus, 
Picea, Cory/us , Pinus , Alnus, Belula, Ulmus, Quercus and 
Tilia, likewise radicles of Carices and a few spores of 
Dryopteris thelypteris and Polypodium vulgare. - Below this 
was presumably the solid bottom of the basin ; boring 
could not be carried beyond this· point. 

Boring 5. 

A. 0 0.6 m Stony Sand recently deposited. 
B. 0.6 1.0 m Bather coarse San d . 
C. 1.0 - 1.6 m Coarse Sand with scattered small stones. - Boring had 

to be stopped here owing to the abundance of water in 
the sand. 

The pollen diagram from Romstedt II is of exactly the same 
type as that from Romstedt I, save that the upper part of Zone f, 
which is there present, is here lacking; Spect. 17 Romstedt II, thus 
corresponds precisely to Spectr. 14 Romstedt I. In both diagrams 
we find a highly developed Carpin11s zone, a less marked Picea zone, 
and above this the extraordinarily developed zone with Pinus greatly 
predominant and a very even course in the curves for the other pollen 
species, the curves for Picea and Betula crossing each other several 
times. The type of forest deyelopment indicated by these two diagrams 
is only known from the interglacial period and even without the finds 
of Brasenia and D11lichium, the bog at Romstedt II must therefore be 
regarded as interglacial. 

The strata sequence in Romstedt II begins with the peculiar feature 
01' a bed of lfypnum peat below a thick layer of mud, Zones g and h. 
There is here no development of semiterrestrial and terrestrial beds 
as in Romstedt I. This mud bed merges gradually into the clay mud 
E above, which again, passes gradually via D into the Schwemmsand 
stratum B. Here, as in Romstedt I, the supply of inorganic material 
gained the upper hand as compared with the sedimentation of organic 
detritus in the upper part of the strata sequence, so that in both 
basins, we haye something unknown in North-german post-glacial 
bogs, to wit, a considerable layer of basin-sand and clay covering 
organogenic beds which sho,Y traces of a forest deYelopment ranging 

Daumarks geologiske Unders0gelse. II llrekke. Nr. 48. 19 
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from temperate deciduous trees to conifers of northern character. This 
covering undoubtedly took place at the same time in both basins, 
and was due to the same climatic cause, the approach of the colder 
period. In Romsted II again, no trace of any moraine was 
lo b e found; the slightly stony sand stratum in Boring 5 may be 
regarded as a product of solifluction, which here again is only dis­
cernible in the m arginal zone of the basin, the major part of the 
covering material consisting of outwashed clay and sand. R 6 ms t e d t 
II is thus a 1 so an inter g 1 a c i a 1 bog of the B r 6 r up type, 
from th e last int e rgla c ial p e riod. 

Romstedt III. 
About 400 m E of Romstedt I there is a meadow, abt. 80 m 

long by 50 m broad, situated in an enclosed basin in the otherwise 
level ground of the plateau ( cf. Fig. 27), the surface formation of which 
here consists of moraine clay 1). Unfortunately, we were only able to 
make a very incomplete investigation of this locality, and an inadequate 
collection of samples from the fossiliferous strata. Three borings were 
carried out, giving profiles as follows: 

Boring 1 (10 111 from the western end of the basin). 

A. 0 - 0.8 111 Uppermost reddish-flamed, lower down grey non-calcareous 
stony sandy C 1 a y, more sandy towards the bottom. 

F. 0.8 - 1.65 m Sandy yellow C 1 a y with stones (Mor a in e C 1 a y). 

Boring 2 (about the middle of the bssin) . 

A. 0 - 0.6 111 Grey, argillaceous, rather fine Sand, the top part, abt. 0.2 
m , sand recently deposited. 

B. 0.6 - 1.0 m Dark, greyish brown finely arenaceous non-calcareous 
C 1 a y Mud ; more sandy lower down. Pollen of the follow­
ing forest trees was found : Corylus, Pinus , Quercus, Belula, 
Alnus, Tilia , Ulmus and Picea ; also especially Spongilla 
lacuslris. 

C. 1.0 - abt. 1.8 111 Grey, stoneless rather fine Sand, slightly muddy in 
the middle. 

D. abt. 1.8 - 2.3 m Greyish brown C 1 a y Mu d. Besides forest pollen 
(Betu la, Pinus and Corylus), were found spores of Dryopteris 
lhelypleris, a grain of pollen of Myriophyllum sp., likewise 
Pediaslrum boryanum and Spongilla lacuslris . 

E. 2.3 - 3.5 m Greyish blue, calcareous rich stoneless C 1 a y; the small 
samples produced contained no identifiable organic remains . 

F. 3.5 - 5.8 111 Calcareous Mor a in e C 1 a y, grey and sandy at the top, 
brownish and more argillaceous lower down. 

I) H. MoNKE und J. STOLLER : ErHiut. Geolog. Karle. Lief. 156. Bevensen. 
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Boring 3 (20 m from the eastern end of the Basin). 

A. 0 - ab t. 0.8 m Reddish sandy C 1 a y without stones. 
B. 0.8 - 1.2 m Dark grey sandy and argillaceous Mu d. 
C. 1.2 - 1.7 m Grey Sand without stones. 
D. 1.7 abt. - 2.8 m Brown argillaceous Mud, the lower part greyish green. 

Forest pollen of Belula, Pi1ws, Corylus, Quercus, Ulnws, 
Alnus and Picea; also pollen of Myriophyllum sp. , Nuphar 
luleum and Chenopocliaceae, num erous spores of Dryopleris 
lhelypleris, also Pecliaslrum boryanum. P . duplex and Rivu­
lariaceae. 

E. 2.8 - 4.3 111 Greyish blue, calcareous rich stoneless C 1 a y , slightly sandy 
at the bottom. Two fruits of Potamogeton sp. 

The profiles and pollen diagrams (Pl. XXXX, 3 and 4) show that 
we had h ere come upon the older portion of the cycle of develop­
ment within which the bog was form ed. The clay bed E may be 
presumed to conlain an arctic or sub-arctic flora, and the lower 
spectra in the two diagrams r epresent th e Belula-Pinus forest which 
then grew up. Between Spectr. 2 and 3 in both diagrams, th e · Belula 

and Pinus cunes inlersect, and in the two uppermost spectra, th e 
mixed oak fores t is apparent, while at the same tim e, Alnus and 
especially Cory/us increase in frequ ency. H ere also the first traces of 
Picea are found. A similarity in principle is discernible b etween Speetr. 1 
in Fig. 4, Pl. XXXX and Speclr. 5 in the pollen diagram from Kuh­
grund (Fig. 5). 

The pollen diagram s suggest that there is synchronism between 
Stratum B 111 the profile Romstedt III, 2, and :the upper portion of 
Stratum D in the profile Rom stedt III, 3. If this b e the case, then 
Stra tum A in the form er profile must correspond to Strata A-C in 
th e latter. Unfortunately, we haYe no pollen analyses from Stratum 
B in this las l. 

lL will be apparent from our i1westigation s that determination on 
the basis of pollen analyses as to whether a deposit is interglacial or 
post-glacial can be made when the upper part of the cycle of develop­
ment concerned is available. ·where this is lacking, a s in th e present 
case, and the usua l interglacial type fossils are likewise absent from 
the flora 1

) or fauna lists, only unquestionable stratification conditions 
can decid e. If the deposits at Romstedt III are post-glacial, it must 
seem curious that only sand and clay should h:ne been deposited in 
this basin, without any pea t formation , throughout th e whole of the 

1) Tht occurrence of Picea pollen with a frequency of 3 0/o does not here 
prove with certainly that the deposit is interglacial, though Picea excelsa 
seems not to have appeared as an immigrant in these parts of Germany 
in the post-glacial period before in the atlantic period. (H. A. WEBEH, Abh. 
Nat. Ver. Bremen. 1918. Bd. XXIX, p. 249). 

19• 
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atlantic, sub-boreal and sub-atlantic periods. Assuming that the de­
posits are interglacial, the difficulty lies not so much in the nature, 
and the slight thickness, of the covering strata, since in this respect, 
Romstedt III does not seem to differ decisively from Romstedt I and 
II; it is surprising however, that the sedimentation of mud should 
haYe ceased at so early a stage in the period. We lrnYe, neyerthelcss, 
an analogous case from a bog of unquestionable interglacial origin, 
viz. Tuesboll II (p. 159), and the explanation suggested by the profile 
there may perhaps also hold good in this instance. Only after com­
plete investigation of the basin at Romstedt III will it be possible to 
decide the age of the fresh-water deposits there found; from the strati­
graphical conditions however, we may already regard it as most prob­
able that we have here again a formation from the last interglacial 
period. 

Fleestedt. 
In the descriptiye text to the geological map sheet Harburg, 

by W. KoERT and C. A. ,VEBER 1), mention is made of an interglacial 
bog situated in a small wood 600 m S of the Yillage of Fleestedt, 
and 5.5 km S of Harburg. Excavalions and borings made in 1901 
m this bog gave the following profile, here somewhat abbreviated: 

a. 1 - 1.2 
b. 0.3 - 0.5 
c. 0.4 

rl. - 1.2 

e . 

Ill 

111 

Ill 

111 

Schwach eisenschiissiger toniger Feinsand bis Sand. 
Gewohnlicher Diluvialsand. 
Kiespackung mit lehmigem Bindemittel, zum Tei! sandiger 
Geschiebelehm, der torfstreifiges Material, offenbar aus 
zerstiirten Teilen des Torflagers herriirend, enthielt. 
Stark zusammengepreszter Torf, in dem folgende Abschnitte 
unterschieden werden konnten: 

0.35- 0.65 m Bruchwaldtorf. 
3.35 m Moostorf. 

0.2 -0.25 m Limnischer Torf. 
Uber 2 m stark humoser toniger Feinsand. 

C. A. WEBER found a large number of plant-species in Stra­
tum d. Conifers in particular were dominant, especially Pinus silvestris 
but also BeiLLla alba; Picea excelsa seems to have been somewhat 
rare, while the two lowest zones (Abschnitte) were in process of for­
mation, but take a more prominent place in the forest peat. Alnlls 
and Tilia were not observed, and only four grains of pollen of QLLer­
cus; but as fruits of a so comparatively southern species as Carex 
pseudocyperns were found, VlEBER presumes that the climate during 

1) ErHiuterungen zur Geolog. Karle v. Preussen. Lief. 155, Gradabt. 24, Nr. 34, 
Berlin 1910, p. 12 - 17. 
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the period in question must h ave answered to " denen des mittlern 
Finlands oder etwa denen des schwedischen Angermanlandes bezw. 

Reichsamt fur Landesaufnahme, 
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Fig. 28. Tile Flceslcdl di s lrid . l'osilio11 or lh c inlcrglacial bog marked b y 
a cross. Conto ur interval for lhc full y drawn curves = 5 m . 

rler Hochlande von Dalarnc und \Vermland". " \Vie man sich aber 
das Klima in einzelnen auch vorstellen mag, auf keinen Fall ent­
spricht die Vergesellschaftung der Pfl anzen , wie sie der diluviale Torf 
von Fleestcdt darbietet, irgendeiner Entwickelungsstufe der Flora Nord-
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deutschlands seit dem Ende der Eiszeit, soweit w1r diese Geschichle 
an der Hand paliiontologischer Funde bisher haben feststellen konnen. 
Denn danach sind die Erle und die Eiche in allen Teilen dieses Ge­
bietes friiher Yorhanden ge,Yesen als die Fichte, und wo ich die letzt­
genannte Art bisher in sicher poslglazialen norddeutschen Lagerslalten 
gefunden haben, waren slels dan eben die Spuren der beiden anderen, 
wenigstens ihre Bliilenstaubkorner, reichlich forhanden". 

We ourselves were struck by the fact that so few diluvial peal 
bogs were known in north-west Germany south of the Elbe; and 
having become acquainted with Lhe conditions by personal inspection 
at Rom stedt, we also made an excursion to Fleestedt, in 1927. Here, 
we found, there was no enclosed basin (Mulde) above the diluvial 
bog, which lay beneath a surface sloping slightly towards the east 
(see Fig. 28). This surface howeyer, was not flat, but showed a slight 
depression. In this we made our boring, as far as could be judged 
from Lh e map, quite close lo Lhe site of th e 1901 profile - and ob­
tained the following : 
A. 0 - 0.2 111 Peat. 
B. 0.2 - 1.7 111 Uppermost, 0.3 m grey, then 1.2 m reddish , stoneless 

sandy C 1 a y, the percentage of sand increasing downwards. 
C. 1.7 - 2.0 111 Uppermost, 0.1 m reddish , argillaceous Sand with a few 

stones ; lower down, argillaceous sand with scattered stones 
the size of beans; the dark colouring of the lower part 
due to admixture of humous material. 

D. 2.0 - 2.2 m Dark, greyish brown sandy C 1 a y Mud , containing pc,llcn 
especially of Pinus, Picea and Betula ; also numerous 
Sphagnum spores. 

E. 2.2 - 2.75 111 Dark-brown crumbling Forest Peat with much rotten 
wood. Abt. 2.65 111 a thin layer of brown , fairly fresh 
Sphagnum Peat. Epidermis with stomata of needles of 
Pint1s, a single grain of pollen of Abies peclinala and 
numerous Sphagnum spores; forest pollen approximately 
as in Stratum D. See also the pollen diagram Pl. XXXX, 6. 

F. 2.75 - 3.4 111 Dark brown crumbling finely arenaceous Mud ; in which 
were found, abt. 3 m below surface, a quantity of Hypnum 
sp. , and seeds of Menyanlhes trifoliala. In addition to forest 
pollen as in the strata above, the microscope here also 
showed some of Umbelliferae and Chenopodiaceae, tetrads 
of Ericaceae and spores of Sphagnt1m . 

G. 3.4 - 5.7 m Greyish-brown, non-calcareous finely arenaceous C 1 a y 
Mud ; the stratum was not bored through. Pollen of the 
above named forest trees was found, also of Aln11s, Corylus 
and some Quercus; furthermore, Bolryococcus Braunii, Pe­
diaslrum borymw111 , P. Kawraiskyi, a leaf-tip of Ceratophyllt1m 
sp., (in the upper part of the bed), a pollen tetrad of Typha 
lalifolia, several of Ericaceae, a few spores of Dryopleris 
thelypleris , Osmunda regalis, Polypodiwn vulgare and Sphag-
1111111 sp. 
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The great similarity between our profile and lhal of KoERT and 
VlEBER is at once conspicuous; there are however, certain points of 
difference not without importance. Corresponding to Stratum e ("stark 
humoser toniger Feinsand") is our Stratum G; the thickness of this 
stratum, as well as of what lies below, is unknown. The mud above 
(limnischer Torf) showed a thickness of 0.65 m in the 1927 profile, 
but is given as only 0.25 m in 1910; on the other hand, the peat 
stratum proper (Bruchwaldtorf and Moostorf) in this latter proftle is 
thicker (up to 1.0 m) than in our profile, where Stratum E is 0.55 m 
thick. Furthermore, it is only in our profile that the forest peat is 
covered by 20 cm of clay mud. This difference in the profiles, which 
are otherwise uniform, is doubtless due to the fact that our profile point 
lies farther from the margin of the diluvial basin than the profile 
point from 1901. 

As regards Lhe covering strata above the bog, the essential dif­
ference here between the two profiles is that in the 1927 profile, there 
is no Kiespackung, Stratum b answering presumably to our Stratum 
C. We did not find any boulder clay (Geschiebelehm), whereas 
the 0.4 m thick bed c in the 1901 profile ,vas regarded as consisting 
parlly of boulder clay. It is hardly likely however, that there should 
be so much difference between the covering strata at points so close 
together as here in question, and from lhe modern point of view it 
seems also more natural to regard the stratum in question (c) as 
arctic !low-earth, and Lhe description giYen would be excellently 
applicable. This would also give a nice agreement between the cover­
ing strata in the two profiles, as Stratum C in our profile can be 
regarded as the more distal facies of a solifl uction stratum, the prox­
imal parl of which (Strata b and c 1901) ,Yould naturally be more 
stony, as well as containing more interkneaded material from the sub­
jacent strata. The absence of the clay mud stratum D above the forest 
peat in 1901 may be due to the very fact of its having been destroyed 
during the formation and deposition of the covering stratum. Incom­
plete as it is, our knowledge of the covering strata of the Fleestedt 
hog yet enables us to discern a great resemblance to the coYering 
strata of the bogs at Romstedt I and II, in that we haYe in all three 
cases a proximal slony zone in Lhe covering strata, the more central 
portions consisting almost entirely of stoneless sand or sandy clay. 
The covering strata of the interglacial bog at Fleestedt 
thus · seem, from the foregoing, to afford no support for 
t h e ,· i e w t h a t l h e 1 a s t g l a c i a t i o n s h o u l d h a v e e x t e n d e d 
to this region. As '.vith the Romstedt bogs, the fossiliferous strata 
are here covered by solifluction and washed down material, and 
the deposit may be regarded as on e of the transversally 
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oyerflowed bogs from the last int erg l ac ial period (cf. 
p. 263 f.). 

Thirteen samples were collected for pollen analysis from the 
different strata of this bog; the pollen diagram is shown in Fig. 6, 
Pl. XXXX. It will be seen at a first glance that it corresponds Yery 
closely to the upper part of the diagrams from Romstedt I and II. 
The spectra from Strata D and E agree well with the picture of the 
forest Yegetation drawn by \VEBER, whereas in the lower part of the 
diagram we find rather a large amount of Alnus pollen, up to 22 °lo, 
with a fairly constant, although slight amount of Cory/us avellana, 
Quercus sp, and Carpinus be/uhi$. How much of the pollen of these 
three species may lrn Ye been brought by the wind from far away is 
uncertain , but its presence suggests that the lower part of the diagram 
must constitute the lower part of Zone i, and that Zone h might be 
looked for a little deeper down. It is thus only a little part of the 
last interglacial period that is here represented. 

Deposits fron1 the Penultimate 
Interglacial Period. 

Lauenburg. 
The pro lilc shown by G. MULLER 1) in 190-! from the Elb-TraYe 

Canal N or Lauenburg, which he himself regarded, allhough " ·ith 
some hesitation , as mainly preglacial, ,,·as built up as follows: 

Diluvia l Sand 
Cardirun Sand, 5 --8 111 

Mylilus C 1 a y, 2 - 3 m 
Peat, abt.1 rn 
A1wdonla Mud } 
D . t M u d 1.5 111 

1a omaceous 
Sand 
Laue n b n r g er to n. 

Since then, most of the North-German geologists haYe agreed in 
referring its marine and limnia n strata to the penultimate interglacial 
period, the covering diluvium b eing regarded as synchronous with 
that underlying the interglacial al Kuhgrund ~). G. MULLER mentions 
leaves of Polamoyelon sp. from the Anodonta mud and from lhe peat, 

I) G. i\HiLLER: Erlauterungen z. Geolog. Karle von Preussen . Lief. 108. Berlin 
1904. See also G. MCLLER : Jahrb. K. P. Geolog. Landesanstalt fftr 1899. 

2) C. GAGEL : Die Beweise . ... Geolog. Rundschau , Bd. 4. Berlin 1913, p. 342. 
J . ScHLUNC K: Das Diluvialprofil von Lauenburg a. d. Elbe. Jahrb . Kgl. 
Preuss. Geol. Landesanslalt. Bd . XXXV. I. Berlin 1914, p. 603 f. 
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remarns of rodents (Nagern) and fishes , as well as se,-eral of the 
outer wings .of beetles, as described by MEUN IER 1

). VIT. Bi:tNTE 2) has 
dealt with the diatoms. Furthermore, \V. GoTHAN 3) has found bran­
ches of Pinus siluestris in this peat b ed in the brickworks pits on the 
western margin of th e Stecknitz Yalley, east of Lauenburg. 

In 1923, ,ve had occasion to visit, in company with ,,1
• WOLFF, the 

northernmost of the brickworks situated south of Buchhorst in the edge 
of the Stecknitz rnlley where th e uppermost of the strala m ention ed 
aboYe, as well as .the peat bed, could be obsened. \Ve took with 
us a small sample of' the peat. This consisted of highly compressed, 
Yery muddy pea l containing num erous small branches, fragm enls 
of bark, fruits a nd catkins of A/Jws glutinosa , a seed of Pinus sil­
ueslris, fruits or Carex sp ., seeds of Nuphar lulewn , and a fruit of Po­
lamogeton sp . In addition, the f9llowing pollen spectrum was found : 
Betula 4 %, Pinus 21 %, Quercus 3 °lo, Alnus 67 °lo, Picea 5 ¾, lrac;es 
of Tilia, and Cory/us 4 °/o. 

The peal stratum at Lau enburg must then be regarded as con­
sisting in whole or in part or Schwemmton, deposited in a basin sur­
rounded by an Alnetwn, th e adjacent hills being forest clad , " ·ilh Pinus 
silueslris al any rate for some time as the most important species, and 
some Picea , birch, oak and hazel in addition. 

Ober Ohe. 
In the course o r our Yisit in 1H27 in company ,Yilh KuRD VON 

Bur.ow to th e kiesc lgur pits at Neu-Ohe and Ober Ohe (cf. Fig. 2n) 
we also collected a series of samples for pollen a nalysis from lhe pil 
al Ober Ohe, some from the bed abl. 7 m thick midway down the 
,ycs lern wall of Lh e pit, and some from Lhe lower part at Lhe entrance 
to the pit in the south-western corner. The abundance of . fossils is 
shown by the Jlora list according to J. STOLLEH 4

): Polypodiaceae, Abies 
pectinata, Picea exce/sa , Pinus silueslris, Typha sp., Myrica gale, Betula 
pubescens , B. pendula , Alnus g/11/inosa, Fagus siluatica 5), Quercus robur , 

1) F. MEUNIEH ; .Jahrb. K. P . Geolog. Landesanstalt fiir 1900, p. 51. 
2) \V. BONTE: Die Diatomeenschichten von Liineburg, Lauenburg, Uoizenburg 

und Vendisch-Wehningen. Disserta tion. Gt'istrow 1901. 
3) See Sc11LUNCK: Das Diluvialprofil von Lauenburg a. d . Elbe. Jahrb . I<. P. G. 

Landesanstalt. Bd. XXXV. I. Berlin 1914, p . 608. 
~l .I . STOLLEH: Geolog. Fuhrer durch die Liineburger Heide. 1918, p. 120 ; -

The same: Festschr. vereinigte deutsche Kieselgurwerke. Han nover 1925, 
p . 21 ; for the diatom s see B. HELDEN, ibid e m p . 27. 

5) The finds of Fagus silualica here noted are challenged by F. FmuAs : Bei­
hefte zum Bot. Centralbl. Bd. XLI. 1925. Abt. II , p . 307, cf. Chapter VII of 
the present work . 
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Q. sessiliflora , Ilex aquifoliwn, Acer platanoides, A . campestre, Tilia parui­
folia, Andromeda polifolia, Vac cinium uliginosum, Utricularia minor, 
cf. Neckera sp. Also skeletal impressions of small carp-like fishes . 

Midway along the western wall, th e following profile was mea-
sured, the kiselgur (diatomaceous ea rth) here forming a great anticline: 

A. Covering Stratum here dug away (cf. Pl. XXVm). 
B. White Kieselgur with thin streaks of Sand, abt.3 m. 
C. Grey Kieselgur with thin streaks of Sand , abt.2 m. 
0 . Green Kiesel g u r , abt. 2 m, merging gradually be low into 
E. Sand of medium fineness without stones. 

1l was found howeyer, that the pollen flora was ill prcserYed in 
all lhe samples from the white and the grey slrala, which together 
made up Lhe grea Ler part of the deposit, and it was only from the 
lower part of the profil e that a reliable pollen diagram could be ob­
tained. This was found Lo agree in the main with that shown in 
Fig. 7, Pl. XXXX as noled for the green ki ese lgur in the profile 
from the en Lrance to th e pi L. 

All these pollen spectra (20) exhibit a m arked predominance of 
Pinus and Abws throughout Lhe enlire series of strata. Of the other 
Cory/us only attains any high frequ ency (2-1 % utmost) in the lower 
part of the diagrams. Betula is insignificant and does not exceed 12 %. 
The mixed oak forest ( Quercus + some Ulmus and a yery little Tilia) 
attains ils maximum almost at the same Lim e as Corylus, running out 
Lo 12 % in spectr. 5 and 7. In both diagra ms, Picea attains its 
greatest frequency, up lo 8 %, in th e lower parl; il appears howeYer, 
in all spectra. Carpinus is lacking in Lh e lower parl of the diagrams, 
its highes t frequency (11 %) being noted in Spectr. :L About at the 
same tim e as Carpin·us, we find Abfrs, the highest rnlue for this last 
(6 %) being recorded in Speclr. 1. 

The uncertain analyses aYailable from Lh e grey and while kiesel­
gur show but nry slight relatiYe frequency for Ahies, Picea, Carpin11s, 
Be/11/a and Coryllls, while Lhe mixed oak fores t species are nol round 
there. By way of example we may note the pollen spectrum from 
0.5 m below lhe surface of Lhe kieselgur stratum in the profil e from 
lhe anticline: Be/11/a a °lo, Pinus 45 ¾, Alrrns 50 °lo, Picea 1 °lo , A/Jies 

1 °lo and Cory/11s 3 % . 
Among microfossils were also found: some pollen of Fraxinus sp , 

many pollen telrads of Ericaceae, spores of Dryopleris thelypteris , (also 
sporangia), Osmunda regalis and Polypodium vulgare; also of alga•: 
Anabaena sp ., Botryococcus Braunii and Pediastrnm borganum. Spon­

gilla lacustris. 
From .the foregoing, we may take it that Alnus glutinosa was 

common along the shores of the lake throughout lhe whole of the 

• 
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period when the dialomaccous mud was forming there. At lh e same 
time, Pinus silueslris played a yery important part in the forests of 
lhe surrounding platea u, which must pres umably liaYe h :en excep­
tionally fayourable ground for the growth of conifers, just as lhe 
Liincburger H eide is at the presen L day. Other species attained rela­
fryely inconsiderable maxima al different times . \Ve can distinguish 
for instance, a zone wilh mix e d oak forest and Cory/us , within 
which lhe sedimenlation of kieselgur b egan, a Carpinus zone following 
on this, and uppermosl an Abies zone. 

It should no doubl be possible to procure material for a more 
thorough pollen analysis from the ,yestern pit at Neu-Ohe (Pl. XXIX) 
where lh e green kieselgur constitules a comparati Yely large porlion of 
lhe organogenic strata. 

Westerweyhe. 
On lh e occasion of' our Yisil lo lhi s classical sile in 1923 together 

with \V. \ VoLFF, (cf. p. 318) we collected a sample of a greyish br°'Yn, 
s lralifi ed, sandy, non-calcareous mud , bedded directly beneath the 
coyering of sand, and res ting on th e marl. The profile was otherwise 
coyered by fallen masses of Sand clc. A pollen analysis of the mud 
showed: Betula 30 %, Pin us -18 %, Picea 13 %, Abies 2 °10, Alnus 7 %, 
Corylus ,1 %. This mud slralum aboYe the marl is well known and 
J. STOLLER 1) herein preYionsly found r emains of 1-'inus silvestris, Bet11la 
alba and Menyanth es lrifoliata . The marl bed, in which were found , 
inter al i a bones or Rhinoceros Merckii, Bos priscus or primigenius and 
Cervus elaphm, appea rs to b e poor in Yegetable remains, and J. STOLLER 

noles from h ere only branches and pieces of trunk and pollen of 
Pinus siluestris, wilh pollen of Picea excelsa . 

Nedden-Averbergen. 
This deposit of interglacial fresh-waler lime SE of Verden, which, 

from ils situation and composilion must likewise be rcfered Lo the 
penultimate interglacial period, has prcYiously been m entioned by 
J. STOLLER 2) and is noted of p. 322 of the present work on occation 

1) J . STOLLER: Geolog. Fi'Ihrer, p. 58 f . The same: ErUl ut. Geolog. Karle. Lief. 
156, Blatt Ebstorf. Berlin. 1911, p . 2_2 f. 

2) J. STOLLER: Spuren des diluvi alen Menschen in der Li'meburger Heide. 
Jahrb. K. P . Geolog. Lnnclesanstalt ffir 1909, Bd . XXX. II, p . 448 f. - The 
same : Geologisch-agronomische Karle d. Gegend 6stlich von Verden a. d . 
Aller nebst Erlauterungen. Berlin. 1910, p. 5 f. 

• 
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of our visit there in 1923 wilh W. WOLFF. J . STOLLER giyes the 
following Jinds of vege table material from the marl: Picea excelsa, 
Pinus silueslris, Najas m arina , Cladium mariscus, Phragmiles communis, 
Cory/us auellana, Carpinus beltilus , Ceratophyllwn clem ers11111 , Betula 
alba, A lnus glutinosa, Nuphar lule11m, Nymphaea alba, Scirpu$ lacusler 
and Tilia plalyphyllus ; lo which I am able to add Najas flexilis. In 
addition to this STOL LER men lions a rich mollu sc-fa una a nd of 
verlebrate animals Rhinoceros sp., Ceruns elaphus , Bos ( Bison '!) sp., Caslor 
fiber and other. 

From a n ew ly dug heap of mar l we obtained two sa mples, No. 1 
of Yery humou s grey ca l ca r eo u s mud , an d No. 2 of a lmosl 
white ca l careo u s mud ~)[mosl devoid of humus. The pollen 
analyses of th ese samples gave th e following spectra : 

;,-, 

"' " " ~ "' ,c 
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Table 18. Pollen spec tra from 
Nedden-Averbergen . 

Of these, No. 2 sho'vvs 32 °lo mixed oak forest ( Quercus + Ulmus 
+ Tilia) while Cory/us makes up OYer h alf the total amount of pollen 
found. In No . 1, Carpirws is dominant, Picea is more common, than 
in Spect. 2, and lh e mixed oak forest, as well as Cory/us, far more 
sparsely represented, so that we may presume tha l this sampl e was 
deriYed from a hi gher leyel in lh e prof1le than No. 2. 

Interglacial Deposits covered by 
Young-glacial Material. 

Loopstedt. 
On lh e eastern side o r Hadeby ?\or, near the town of Slcsvic in 

the german province of that name, there appears, in the high cliff 
looking out lowards lhe frith , an interglacial deposit w hich is named 
after lh e adjacent Yilla ge of Loopsted t. 1

) We visited this locality in 
1923, and measured lhe profile giyen below, taking also so me small 

1) W. Wo1, FF: Erdgeschichle u . Bodenauf'bau Schleswig-Hols teins. Ham­
iJU rg 1922, p. 46. 
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samples of the different strata. The surface of th e subjacent morame 
lay approximately at sea level a t the spot where the profile was taken ; 
for the rest, this was co Yered by fallen material. Our profil e will be 
found to differ in some respects from the sketch of the strata sequence 
as giYen in the Stadtisches ?\1u se um at Altona; this mus t be mainly 
due to the fact that th e two measurements were made at different 
poin ls of the section cut by the cliff through the interglacial lake deposi l. 

A. Younger D i I u v i u m, several m thick , consisting mainly 
of horizontally stratified FI u v i o g I a c i a 1 Sand, this how­
ever containing a bank of Mor a in e C I a y abt. 1 m thi ck 
above the interglacial profile. 

B. 0 - 0.4 111 Brown, fresh, Mud- b 1 e nded Peat, consisti ng mainly 
of Iiypmzm aduncwn Himw. The following were also found: 
Alnus glulinosa GAERTN., 1 catkin, much pollen , 
Balrachium aqualile L. (co ll.), 2 fruit s, 
Belula pubescens EHRH. , 5 fruits , 

sp. , much pollen , 
Carpinus l,ellllus L., some pollen, 
Ceralophyllum dem ersum L., 3 fruits, 

L., var. apic11lalt1m C 11AM., 3 fruits , 
Cory/us avellana L. , two grains of pollen , 
Jlllyriophyllum cf. spicalum L. , 1 fruit , 
Najas flexilis (W1LLD.) RoSTK. & Sc m1., 5 fruits , 
Nuphar luleum SM., 3 seeds, 
Nymphaea alba L. , 1 seed, 
Picea excelsa Lt<. , 3 needles, 1 seed wing, much pollen, 
Pinus silueslris L., pollen fairly abundant, 
Polypodium uulgare L., 3 spores, 
Polamogelon nalans L. , 1 fruit (Pl. XXXII, 28) , 

praelongus \\'uLFEN, 1 fruit , 
cf. pusillus L., 1 fruit , 

Q11ercus sp., 2 grains of pollen. 

Bolryococcus Braunii , 
Pediaslrum boryanum, common, 

Kawraiskyi , 
Riuulariaceae. 

Cladocera, 
Oligochaela, coccons. 

C. 0.4 - 0.9 m Greyish hrown, finely arenaceous Mud : 
Alnus glulinosa GAEI\TN., 2 fruits , 2 twigs, much pollen , 
Belula pubescens E11R1-1., 1 fruit, 

sp., some pollen, 
Carpinus belulus L., pollen fairly abundant, 
Ceralophyllum sp., leaf tips, 
Corylus auella11a L. , some pollen, 
Dryopleris lhelypleris (L.) GnA Y, 1 sporangium, some few 

spores, 
Picea excelsa LK. , 3 needles, 1 seed wing, much pollen , 
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Pirws silveslris L. , some pollen, 
Polypodium vulgare L. , some spores, 
Potamogelon sp., 1 fruit, 
Quercus sp., much pollen , 
Scirpus sp., 1 fruit, 
Tilia sp., 2 grains of pollen. 

Rolryococcus Rraunii, 
Pediaslrum boryanum, very common, 

clalhralum, 
Kawraiskyi . 

D. 0.9 - 2.1 m Dark brown, non-calcareous Detritus Mud : 
Acer campeslre L., 1 fruit in the lower part of the stratum, 
Alnus glulinosa GAERTN., 3 fruits , much pollen, 
Beillla sp. , pollen fairly abundant, 
Carpinus be/11/us L., much pollen in the upper part, 
Ceratophyllum sp., leaf tips, 
Cory/us avellana L., much pollen in the lower part, 
Najas marina L., 5 fruits , 
Nuphar lllle1.11n S~L, pollen, 
Picea excelsa1 LK ., 2 seed wings, pollen especially in the 

upper part, 
Quercus sp., pollen fairly abundant, 
Sa/ix sp., 1 grain of pollen, 
Scirp11s lacusler L., 3 fruits , 
Tilia sp., fragments of a fruit, some pollen , 
Ulmus sp., some amount of pollen . 

Bolryococcus Brcmnii, 
Rivulariaceae. 

E. 2.1 - 2.6 m Greyish brown, calcareous Mud : 
Alnus glulionosa GAEHTN., 3 catkins, 1 fruit, rnqch pollen, 
Belula pubescens EHRH ., some fruits , 

sp., some pollen, 
Carex sp. , 1 fruit without utriculus, 
Cladi11111 mariscus (L .) R. Bn., 1 fruit, 
Cory/11s avella11a L. , much pollen, 
nryopleris lhelypleris (L.) GHAY, spores, 
Najas marina L. , 2 fruits, 
Picea excelsa Lie, 2 grains of pollen, 
Pinus silvestris , L., pollen fairly abundant, leaf epidermis, 
Q11erc11s robur L., a leaf, 

sp., much p()llen, 
Tilia sp., 1 grain of pollen, 
Ulnws sp., much pollen. 

F . 2.6 - 2.7 m Dark brown almost non-calcareous Mud rich in drifted 
matters, numerous small twigs. A lid of Bilhynia le11lac11-
lala L. The following were also found: 
Betula pubescens E11HH ., 2 catkin scales, several fruits, 

sp., much pollen, 
Cai·ex roslrala STOKES, many fruits , 
Ceralophyllum demcrsum L., 1 fruit , 
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Ceratophyllwn demersum L., var. apicu,atum CHA)L, 6 fruits, 
submersum L. , (partly f. muricala · LGE.,) 14 

fruits, 
Najas marina L. , 1 small fruit , 
Pinus silueslris L. , much pollen, 
Potamogelon natans L., many fruits , 
Quercus sp .. much pollerr, 
Salix sp. , 1 grain of pollen, 
Typha latifolia L. , several pollen te trads, 
Ulmus sp., much pollen, 
Urlica dioeca L., 5 fruits . 

Bolryococcus Braunii. 
Moraine Clay. 

The oldest portion of the interglacial pollen diagram is not re­
presented in the diagram from Loopsted (Fig. 8, Pl. XXXX). Even in 
Lhe lowest spectrum (6), the mixed oak forest has already 34 % against 
Pinus 27 %. The zone for mixed oak forest (f), with the culmination 
of Quercus 31 % and Corylus 146 % in Spectr. 5, Ahrns with 51 % 
and Tilia with 9 % in Spectr. 4, thu s runs through Strata F and E, 
with th e lower portion of D. The rational boundary for Carpinus 
must be looked for in th e lower portion of D, and this species of 
pollen dominates in Spectr. 3 wilh 35 %. The rational boundary for 
Picea is here at about the same level as that for Carpinus, but 
the Picea maximum occurs in Spectr. 2 with 52 %, and even in the 
uppermost spectrum, Picea is still dominant, though Pirws and Betula 
haYC now again attained higher figures, Lheir minima lying in Spectr. 
3 and 2 respectively. In that part of the interglacial lake deposits 
embraced by th e diagram, we have thus an indication of a fotest 
development which must be regarded as in all essentials similar to 
that known from the interglacial bogs of Jutland. The deposit may 
likely be rcfered to the las t interglacial period . 



V. Stratigraphy of the Interglacial Deposits 
and the Landscape in 

the Lilneburger Heide and Western Jutland. 
The Morphological Landscape Boundary 

and the Limit of last Glaciation. 

The difference between the types of landscape from the last glaciation 
and the older glacial forms is on the whole conspicuous, and has 

for many years been noticed by geologists. In the case of Jutland, 
N. V. UssrNG, in 1907 1) m entions the difference between the form ol' 
Lhe hills in front of and behind the "main stagnation line" of the last 
glacial period, throughout Jutland. Later, VICTOR MADSEN 2) h as dealt 
at greater length with the difference in the type of landscape between 
the young-glacial tra cts in eastern .Jutland and the older, flattened and 
leYelle,d terrain in the highlands of western .Jutland . UssING considers 
that the difference is " naturally explain ed" by the fact that "the hill­
islands of western .Jutland stood free of ice in the stagnation period" , 
h e does not, hO\YeYer, discuss Lhe {1uestion as to whether western Jut­
land is a glacial period older than the eastern side of the peninsula. 
MADSEN points out that "the present surface-forms of the hill-islands 
ha\'e but little connection with the original forms" but is " due to the 
gen eral erosion throughout the long period which elapsed after th e 
ice had melted away from western .Jutland at the dose of the pe­
nultimate glacial period", (1. c. p. 15- 16). 

P. \VoLDSTEDT 3) in his " Beitriige zur Morphologie \'On Nordschles­
wig" lik ewise notes the great difference between the eastern hilly coun­
try " the Baltic area" and the Geest, the " pre-Baltic surface" . As regards 
the manner in which the forms of this "pre-Baltic" area were pro­
duced , WoLDSTEDT keeps mainly to th e theories advanced by Uss1NG. 
True, th ere is som e difference of age apparent, but this is considered 
as lying within the limits of one and the same glacial period, viz. 

1) N. V. l)ss1NG : Orn Floddale og Randmone ner i Jylland . Overs. Vid. Selsk. Forh. 
2) V1cToH MADSEN: Ternenform erne paa Skovbjerg Bakkeo. D. G. U. IV. RIBkke. 

Bd. 1, Nr. 12. 1921. 
3) Mitt. der Geogr. Ges. in Liibeck. 1913. - Cf. Jabrb . P . G. Landesanstalt f'. 

1921. Bd . XLII, II , p. 789. 

Dan1nurk s geo logi ske Unders0gelse. 11. Bc.e kk c. t\r . 48 . 
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the last, and is bes t understood "wen n m an fi.ir das baltisch e Stadium 
einen beso nderen Vorstoss nach einem Zuriichweichen des Eises an ­
nimmt" (p. 91) . 

F arlher south again, through Holstein , th e difference in landscape 
is very pronounced . \:\T. \VoL FF, in his paper " Das Diluvium der Gegend 
yon H amburg" 1

) points out that " diese ganze nordelbisch c Gebiel is t 
durch ein a usgebildetes n atiirlich es Entwasserungssystem, durch reife, 
alte La ndsch a ftsform en ... gek ennzeichn et". But on r eaching the 
neighbourhood of Ahrenburg, b etween Ha m b urg and Liibeck, there is 
a sudden ch a nge in the aspect of things. " Hier tritt a n Stelle der 
wellenfi.irmi gc E !Jene eine unruhige, hiigelreich e Landschaft mit of­
fe n en Seen", a nd num erous en closed cauldrons and bogs. An i rn­
por ta nt geological boundary lin e has been passed ; we h ave come 
from the area of the older glacial period into that of the last. \VOLFF 
thus consid ers the differen ce of landscape as closely r elated Lo the 
difference in age of Lhe two areas of glacia tion . 

C. GAGEL, in a paper publish ed in _the same year 2
) points out 

tha t "in der Umgebung des Baltish en H6h enri.icke1i zeigt das Diluvium 
die typisch en F ormen der Glaziallandsch aft: frische, schroffe, steil 
abgeboschte Landsch aft sform en mit se hr vielen, abflusslosen Vertiel'­
ungen, wiihrend s [1dlich und westlich davon die Landschaft vie! rnhigere, 
sanftere, un verkennbar stark eingeebnete ("greisenhafte") Formen auf'­
weist und m eist vollig abdrainert ist." GAGEL considers however both 
types as lyin g within the limits of the last glaciation , saying tha t: 
" das junge Dilu vium zwar den Ostrand von F6l11', nicht aber mehr 
Sylt erreicht hat ; das es die Unterelbe NW von Stade e twas Ctber­
schreitet, in der Li.ineburger Heide, wenn a uch nur als dCtnne Decke, 
erheblich nach Siidwes tern vorstoss l, ,1ielfach \'On iilter en, denudierlen 
( Rumpf-) Endm orain en durchbroch en wird und sich in sein en Jetzlen, 
schleierhafl dC1nnen AusHiufern bis and den Ra nd des oberen Allerlales 
er streckt. " 

KARL GRIPP, 8) on the other hand, in his " Uber die iiusserste 
Gren ze der le tzten Vereisung in Nordwes t-D eutschland" , lays s tress 
on the morphological boundary between the younger landscape with 
predominant accumula tion form s, and Lh e older type, where th e sur­
face is chiefly ch arac terised by erosions; h e regards this boundary 
as m arkin g the limit of the last glacia tion. In agreement with \ Vo LF F, 
he declines to b elieve that the ice of the last gla cial period crossed 
the Elbe and reach ed the LCm eburger Heide. He is h er e, like \VoLFF, 

1) Jahrbuch der Kgl. Pr. Geol. Landesanslalt f . 1915. 
2) Die le tzte gr osse Phase der diluvialen Verglelscherung Nordde utschlands. 

Geolog ische H. undschau 191 5. 
S) Mill. der Geogr. Ges. in Hamburg. 1924. 
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in opposition to J . STOLLER, whose "Geologischer Fiihrer durch die Liine­
burger Heide" is based on the assumption that the last glaciation also 
reached lh is region ; STOLLER however, regards the southern portion 
or the Liincburger Heide as an "alte ausgereifte Erosionslandschafl" 
in contrast lo the country farth er north. 

Autorilies on th e Quaternary period arc thus - as the examples 
quoted aboye show - agreed that the indicated morphological dif­
ference in landscape does on the whole connote a difference of age. 
But when it comes to determining when Lhe levelling of the older 
landscape took place, and what length of Lim e should be assigned 
for th e difference in age, there is an en d af unanimity. The qu es tion 
cannot he fully decided by the degree or character of the levelling which 
has taken place, but calls for eYidences of a purely geological nature. 
As long as the morphological features are judged by themselves, with­
out a ny confirmation from other sources, it will hardly be possible 
lo arrive at anything beyond a subjectiYe estimate, dependent to some 
extent upon th e Yiew already held by the i1wcsligator beforehand. 

,ve haYe, however, means for determining the difference in quest­
ion, as regards the Cimbrian Peninsula , in the interglacial deposits 
of the Brorup and Herning types. The occurrence of such deposits 
under th e sa me or corresponding stratigraphical conditions here affords 
a maximum limit for the extent of th e inland ice in the lasl glacial 
period; the ice-sheet of the last glaciation did not reach beyond the 
sites of their occurrence. The country at Brorup, in southern .Jutland , 
is typical in this respect; and it has its counterpart in th e country 
round Hamburg, where - as ,voLFF has shown - there arc a great 
number of interglacial fresh-water deposits occurring under the same 
stratigraphical conditions as tb e .Jutland bogs of the Brorup type. 
These d epos its mark the farthest limit of ex t e nt of the 
last glaciation in this region. 

ll has been possible, then, to determine, by th e aid of such inter­
glacial deposits, the maximum ex lent of the last ice-sheet; on the 
other hand, there can hardly be any doubt but that th e Baltic lak e 
area represents the minimum extent of the ice-coyer in question. 
And in this connection, the so-called. " tunnel rnlleys", formed sub­
glacially, with th e associated long-lakes and chains of lak es, are of 
considerable importance. V1cTon MADSEN, in the paper quoted above on 
the types of landscape at SlrnYbjerg Bakke6, ·states as his opinion that 
"the inland ice of the last glacial period only embraced those tracts 
of land where tunn el rnlleys are found". He thus considers it possible, 
by this mea ns, to determine not only the minimum but also the 
maximum limit of glaciation. Similarly, GRIPP regards the morpho­
logical landscape boundary as coinciding absolutely with th e limit of 

20' 
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the last ice-sheet. This however, has been found not to hold good, as 
regards southern Jutland - east of Brorup. We have here an area 
·where the occurrence, in remarkable abundance, of the otherwise rare 
boulders of Scan i an basalt, lying on the surface or in a thin 
superficial layer of stony sand, shows that the last glacial period m ust 
have spread a thin cover of ice some 10- 15 km farther west than lhe 
subglacial yalleys, with their accompanying ridges, or than the most 
pronounced morphological boundary extend. Following the traces of 
these numerous basalt boulders towards the north, we find thal the 
belt in which they occur belongs to the same area as -the subglacial 
valleys of the last glacial period. From this also it is evident that it 
must be the inland ice of the last glacial period which brought the 
boulders to the region east of Brorup, where, by the way, the land­
scape is, morphologically speaking, quite in accordance with the 
older, highly levelled type. We cannot therefore consider the morpho­
logical boundary without reserve as synonymous with the extreme 
limit of the last glaciation. .Just as the interglacial bogs of the Br6-
rup type only afford the means of determining the maximum limit, 
so again, the morphological boundary only serves to indica te the 
minimum limit of the last glaciation. 

This being understood, we shall now proceed to consider th e 
Liineburger Heide and the occurrence of interglacial freshwater deposits 
there in comparison ·with those of western .Jutland, And it will be 
seen that there arc several points of agreement between the two areas, 
both as regards the occurrence of these deposits and the character of 
the landscape ilself. 

Bogs of the Last Interglacial Period 
and Surface of the Older Landscape. 

In both regions we find bogs of the Brorup type. As will be 
apparent from the foregoing, these are reckoned as belonging to the 
last interglacial period, in contradistinction to a series of other inter­
glacial deposits, which are either an interglacial period older or cannot 
be completely determined stratigraphically. This age of th e bogs of 
the Brorup type and their importance in determining the age of th e 
surrounding landscape is evident from the stratigraphical conditions 
in which these bogs occt1r. It is therefore important to be quite clear 
as to what it is that proves that these bogs have not been traversed by 
inland ice, and that the covering strata above them is not glacigenous, 
but deposited by other means during the last glacial period. 

As mentioned frequently in the foregoing, it is a typical feat ure 
of these bogs that the landscape above them is hollowed out like a 
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bowl, eithe r with ctry bottom, or forming lhe site of a postglacial bog. 
The interglacial bog itself, with lhe coYering layer of sand, appears 
as lh e filling of a still deeper l>asin (cf. Profiles on Pls. XI, XUI, XV, 
XVII, XXVII); the interglacial strata are thickest in the middle of the 
basin, thinning out in all directions up towards the uppermost part 
of the sides. This typical occurrence of the peat beds - as a bowl -
shows in itself distinctly enough that the bogs must be younger than 
the surrounding highlands in which the basins lie, and that it cannot 
therefore have been traversed by a ny ice-sheet since the formation 
of the bogs; this was recognised as far back as Hl03 by A. JESSEN. 1

) 

The proof that this Yiew of the relative ages is correct is further 
conl1rmed by considering the composition of the coYering layer above 
lhe bogs, both in itself and in comparison with the surrounding 
surface soil. 

The mineral coYering strata aboYe the bogs consist of stoneless 
clay or sa nd, sand ,Yilh stones Yarying from quite small lo the size 
of a clenched fist or seldom more, and grayel. The coYering layer 
aboye the marginal parts of the basins is as a rule rather more argil­
laceous than in the middle of the basins, and not infrequently contains 
lumps of the same material as the subjacent interglacial mud, or 
smears of the same. °Vll here grayel or Yery stony sand appear in the 
coyering strata, they are generally thicker at the edge than in the 
middle of the basin. The total thickness of lhe coyering s lrata is 
greatest in lhe middle, but the material itself is here as a rule of 
firwr grain than al the edges, and in many cases consists of stoneless 
sand and strata of stoneless clay, whereas finely sorted, precipitated 
strata of this sort are not found at the edge of the same bogs. In the 
bog at Hollund-Sogaard 2) the profiles show distinctly the difference 
between the coarse, nonstratified material at the edge of the basin 
and the fine, partly stratified deposit in the deeper central parts. 

In connection with the more stony and argillaceous material at 
the edges of the basins, we find, as mentioned, interlmeaded lumps 
and lenses of interglacial mud and peat. Instances of ihis are met 
with at SkoYlyst. 3

) From this last-named locality, as also from Tnes­
bol 14) near Brorup, it is likewise known that the peal and mud 
strata of lh e marginal portions are folded up towards the middle o[ 

the basin, not only on the eas tern but also on the western side of 
the bog. 

1) AXEL JESSEN, VICTOH MADSEN, V. MILTIIEHS og V. NonDMANN : Brorup-Moser-
nes r~ejringsforho lcl . D. G. U. IV. R. Bd. 1. No. 9. 1918, p. 11-12. 

2) l. c. p. 11 f. 
3) L c. p . 22 f. 
4) l. c. p. 17 f. 
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No co y e r o f mor a in e c l ay h as e y e r b ee n f o u n d 
aboY e b ogs of this t y p e. ~otin g in thi s c onn ec t i on th e 
m ar k e d diff e r e n ce b e tw ee n th e n a tur e of th e co v e rin g 
s tratum a l th e e d ge s and in th e middl e of the basin s, w e 
ha ve h e r e suffici e nt a s suranc e thal th e c oYering material 
wa s not d e po s it e d by the inland i ce. This would in mos t 
cases, ha ve leyelled the basins a lmos t entirely, and would in an y 
case have left a cowring layer the composition of which wa s uniform 
throughout, without regard to whether it was deposited at lhe edges 
or in the middl e of these small basins. 

The connection thu s discernible in ma ny places between Lhc 
compositio n of th e coyering stratum and the position rela tiYe lo lh c 
basin itse lf, shows a dependent rela tion between the m ode of deposi tion 
and the basins which can only b e ex plained by supposing that lhe 
coyering ma teria l must Jrnye been deposited by subaerial mea ns, Yiz. 
by solifiuclion and was hing down from lh e high er surroundings of 
lhe basin . The a ppeara nce of the basins lhemseh-es in the landsca pe 
points in the sa me direc tion. This is clue, in the first place, Lo the 
fa c t that lhe original, deeper basins were n ot completely fill ed up by 
lhe masses of soil washed down and otherwise ca rri ed down durin g 
the last glacial period . Had the inla nd ice tra\'er secl the sites, then 
their present appearence could only be due lo subsequent compression 
of th e plant-hearing strata , which would only in extrem ely few cases 
suffice to explain the presence of th e basins as th e are now. 

Since th e bogs of this type h a Ye thus not been tra Yersed by lhc 
inland ice of lhe las t period, they serYe, as already mentioned, as a 
basis for determination of the m axim a l exlenl to which this ice 
coyer can haYe reach ed. And w e can thus ma ke certain that the 
last inland ice reach ed as far a s the innermost - which in Denm a rk 
and north-wes t Germany means the eas ternmost - occurrences of Lh e 
deposits of the Brorup type and the Heming type. Through Lhc 
Cimbrian penin sula from Herning southwards, this maximal hound:uy 
ca n be indicated by the following localities : Hernin g, Brorup, Ager­
skoY (cf. Pl. I), Nienjahn , the Hamburg dis trict. The inYes ligalions 
in the Li.'111eburger Heid e show that lb e maximum boundary can be 
drawn further towards the south-east, Yiz . east or Kuhgrund n ea r 
Lauenburg and R6m stedt n ear Bevensen, and Fleestedt near Har­
burg ( cf. Fig. 30). 

As the interglacial deposits at Ku h g ru n d are no longer rega rded 
as having been Lra Yersed by the inland ice in the last gla cial period , 
and there is no principal divergence as lo lhe nature of the coYering 
stratum, this locality need not be mention ed h ere ; there are howeYer, 
two other occurrences of interglaci a l bogs, Yiz. at Romsteclt, 4 km NE 
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Fig. 30. Ma p showing pos ition o f some inte rgl acial fr esh-wa ter d e pos its in NW (i er man y. 1. Depo• 
s it s fr o m th e Ins t interglacial pe riod . 2. De posits fr om the penultima te int ergl acia l pe ri od . 

3. Fres h -wate r d e pos it s co,·er ed by m a rine deposits fr o m th e penultima te intergla cia l pe ri od . 

of BeYenscn , and 22 km SE or Li.i.neburg, and al Flees Lerll, fl ,fi km 
S of Harburg, which call for rurlher consideralion in lhis conneclion. 

At Romst e dt, w e found , in lbe course of our investigalions in 
the spring of 1927, three inlerglacia l bogs of the Brorup lype (p . 282 f.). 
Two of these lie 1200 m \V of Romstedt anrl lhc third n early -WO 111 

farlher east. All present the appearance of shallow depressions in a 
la ndscape (cf. P_l. XXVI, 1 and XXVII) whose conlour lin es h a\'e other­
wise a very much levell ed and conformed shape. Aparl from the erosion 
yalleys, the landscape is Yery slightly undulating, wilh a maximum 
grad ient of 1: 60 . The surface strala are on the whole of a moraine­
like composition; we ftnd howeyer, abl. 100 m wes t of lhc most south­
weslerly bog, hills consisting of Jluyioglacial sand and with a surface 
gradient somewhat exceeding that above noted. The profile sections 
(see Pl. XXVII) drawn lhroughl lhe two wes tern bogs show lhat the 
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coYering layer in the middle of the basin is stoneless sand : a t lhe 
edges, howewer , it can b e more or less stony or argillaceous. The 
thickness both of the coYering soil and of th e interglacial strata is 
greatest in the central parts of the basin, decreasing out towards th e 
sides. The stratification thus shows that these bogs at R 6 ms t e d t, 
as regards their position in the ground , correspond exactly to the Jutland 
bogs of th e Brorup type. Like these, they ha Ye neYer b een tra versed 
by inland ice, and Urns affor d c onclusiY e proof that th e inland 
ic e of th e last gla c ial p e r i od did not e xt e nt a s f a r to th e 
south-w est as Rom st e dt, a nd th e r e for e cannot h ave touch e d 
tho se p a rts of th e LC111 e bur ge r H e id e whi c h li e farth e r 
w es t. Th e gla c i a l s u rfa c e h e r e d a t es from th e pe nultim a t e 
g l ac i a l p e ri o d . 

hi 1906, J . STOLLER 1
) discovered , by boiing, th e northernmost 

of these interglacial bogs at Rom stedt. Borings were then carried out 
in southernmost offshoot " direkt a n den Yorbeifiihrenden F eldweg" 
a nd " 80 111 weiter nordlich ", proba bly n ear the western edge of the 
b og basin not far f'r om our b orings 4 and 5 (Pl. XXVII , 3). In both 
of STOLLER's borings, some of the upper soil w as described as " san­
diger Geschiebelehm" . It seems however, far mo re natural to regard 
this argillaceous coYering layer h ere as a product of solifluction , since 
the coyering soil in the central part of th e basin consists of sand, 
completely free from stones or clay . The r es ult of STOLLER's ilOrings 
thus disagrees with our res ults, insofar as h e com es to the conclusion 
that the bog must bave been ice-coyered, which proYes not lo ha Ye 
been the case. 

The interglacial bogs al Romstedt are, as regards their stra tigraph­
ical features and occurrrence in the landscape, entirely in agreement 
with th e majority of the Jutland bogs of th e Brorup type. Th e inter­
glacial bog at Fl ees t e d t , on th e other hand, takes a somewhat 
differ ent position, in asmuch as the surface aboye thi s bog does not 
present the appearance of an enclosed basin, but of a slightly valley ­
shaped slope. In th is respect, howeYer , it resembles lhe interglacial 
bog a l Dalager Nygaard (see p, 1137) and r ecalls th e situation of the 
interglacial land surface obserYed a t Emmerlev Cliff, NW of Tonder, 
which is coYered with s tony sand a nd lies below a s lop_ing land surface 
(see p. 265). 

The interglacial bog at Flees ledt lies in lh e southern part of a 
sm all wood , 600 m south or the village of Fleesledt, 6.5 km south of 
Harburg. The country slopes gently down towards the ea st , to some 
meadows. The occurrence here is marked by the fact that the surface 

1) ErH'tut. z. Geol. Karte v. Preussen. Lieferung 156. Blatt Bevensen. 1911. 
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1s rather swampy, the soil on either side o[ the sl ight depression being 
perfectly dry. The bog was discovered by \:V. KoERT 1) in 1901. An 
excaYa lion was then made, showing the following profile : 

1 - 1.2 m Schwach e isenschi"1ssigiger loniger Feinsand bis Sand. 
0.3 - 0.5 m Gewohnlicher Diluvialsand. 

0.4 m I<iespackung mit leh111igem Bindernillcl, zum Tei! sandiger Geschiebe­
lehm , der torfstreifiges Material. offenbar aus zerstorten Teilen des 
Torflagers herriirend, enthielt. 

1 - 1.2 111 Stark zusam mengepreszter Tor f. 
iiber 2 m Stark humoser toniger Feinsand. 

The boring we made ourselves on the occasion of our visit in 
the spring of 1927, \Ya s, as far as we could judge, mad e somewhat 
nearer the centre of the basin that the excavation ahoYe mentioned 
( cf. p. 295). The following covering strata were found above the bog: 

0.2 m Peat. 
0.3 m Grey, sandy C l ay without stones. 
1.2 111 Reddish, sandy, stoneless C 1 a y; more sand in the lower part. 
0.1 m Reddish argillaceous Sand with a few stones. 
0.2 m Grey to greyish brown humous stony Sand , stones to size of beans. 

Below this , Mud (sec also p. 294). 

Nothing was found in any of th e slra ta h ere which could be 
regarded as morain e clay or as evid ence that th e site had t een 
covered by inland ice a rter th e deposition of the interglacial stra_ta. 
The co yering material musl be regarded as having s lipped down from 
the higher surroundings. V./. KoERT, in the work above mentioned, 
gives th e following description of the general conditions in connection 
with this bog: " Das Torflager war mit Hilfe des Handbohrers rnn 
2 m Lange nach SLidosten vom Schurr mu noch auf etwa 4 m Ent­
fernung nachzuweisen, nach Siidwesten dagegen noch auf etwa 20 m. 
Aus den zahlreichen Bohrungen ergab sich ferner , dass die C1ber dem 
Torflager . befindlichen · Geschiebelehmreste zwar hier und da fehlen 
konnen und dann offenbar durch Sande unter der Schleppsanddecke 
vertreten werden, das diese Reste andererseits aber sich in geringer 
Entfernung zu einer ausgedehnten Geschiebemergelllache zusammen­
schliessen, welche die Karle dort verzeichnet. Wir haben also an diesem 
Torflager das for die Stratigraphie des Harbnrger Diluviums wichtige 
Ergebnis gewonnen, dass der Geschiebemergel und gewisse ihn ver tretende 
Sande mit Geschiebelehmresten ein interglaciales Torflager bedeck en." 2) 

1) Erlaut. zu Geol. Karle von Preussen . Lief. 155. Blatt Harburg. 1910. 
2) The "zah lreiche Bohrungen" cannot, from the context have been carried 

out on the small patch of ground embraced by the interglacial bog, but 
must have been made in the environs. These are, in the immediate vicinity 
of the bog, noted as consisting of "Schleppsand" above Diluvialsand, but 
wes t of there as "Schleppsand" above moraine clay. 
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Al thi s lime (190 1- 1910) it was Yery natura l to achance the 
Yiew h ere expressed by KoERT, that the stony, a rgillaceo us s trata con­
sisted of moraine clay. But when we consider how thin Ilic stratu m 
h ere in question is (0.4 m at the outside), a nd thal this is, more­
OYer, only supposed to consist in p a rt of moraine clay, there is no 
longer a ny reaso n to maintain KoEin's view. \Vi th our present 
knowledge of the fact that a stratum such as that h ere in ques tion 
can n a turally be regarded as a product of soliO uction, there is no 
reason to consider any of the strata concern ed as consisting of moraine 
clay. The stony, argillaceous s trata with embedded streaks of peat may 
correspond entirely to the solifluction strata found in the marginal 
parts of the .Jutland bogs, which not at all are of glacigeno us origin. 
This Yiew is supported by the evidence of the interglacial strata 
sequence at Fleestedt. This terminates at the top with the customary 
fir horizon forming the transition to the deposits of the later subarc tic 
period. In the transition from the plant-bearing to the mineral strata, 
there is no trace of a ny ice erosion , as we should haYe expected if 
the land surface of lhe site, which slopes towards the east, h ad b een 
form ed by the inland ice from the eas tward after lhe formation of 
the plant-bearing s trata in ques tion. The si te mu sl therefore be r egarded 
as not haYing been coYered by inland ice in th e las t gla cial period. 

\Ne have, then, as already mentioned, in lhe lin e Heming -
Bri:irup - Hamburg - Lau enburg - Rcimstedl, a means of determining, 
by the aid of the interglacial bogs anrl their s lratili ca tion, lh e maximum 
limit for Lhe ext ent of the inland ice in th e la s l glacia l period. In th e 
landscape outside the limit or this glaciation , the details of Lh e yo ung­
glacial accumulation forms haYe been effaced by the subacrial denudation 
and erosion Lo which the land surface was exposed. 1

) The proj ecting 
hills and s lopes ,vere thus flattened down , the enclosed hollows more 
or less lilled up, leYelled and obliterated, in so me cases eyen to such 
a degree that we find, on lhe site of the original depressions, fl a t rnlley­
slopes (EmmerleY Cliff, Dalager Nygaard, Fleestedt) . The leYelling 
which ha s taken place in the form of denudation owing to solifluction, 
has been especially powerful in those areas where the strata were 
co mparaliYely argillaceous and impervious to water, so that the could 
easily a ttain the degree of plasticity which would, under arc lic condi-

1) J . STOLi.EH, in hi s Gcol. Fiihrcr <lurch die Liineburger Heide p . 29, writes, 
apropos Lindenberg, 4 km SW of Bcycnscn: "Man geniess t hicr auf cincn 
wunderbarcn Rundblick iiber de n ga nzen Reichtum der Obcrflach c nformcn 
den einej ungdiluviale Morainenlandschaft aufzuweisen hal. " The map hov­
ever , gives the impression of conformity in the course of the c urves, such 
as produced by powerful subacrial forces, a conformity which hardly is 
characteri sti c of the typica l yo un g-glac ial morain e landscape. 
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lions, lead lo solifluction. As far as we can judge from the conrli lions 
in the vicinity of the J ulland bogs of the last interglacial period, this 
comprehensive solifluction can hardly have occasioned any great and 
general reduction in the average h eight of lhe landscape concerned. 
The primary effect of the solilluction was a leyeJlin g of th e landscape, 
the relali vely higher parls b eing lowered and th e lower parts raised , 
so that the differences of level which existed in th e original yo ung-glacial 
landscape have been obliterated or reduced. The extent of this le\'el­
ling is perhaps most distinctly apparent from the fact that all the 
small but pronounced irregularities which a yo un g-g lacial landscape can 
exhibit, and which find expression in the more or less irreg ular and 
much rneandrous course of the co ntour lines, can be altogether effaced 
in a landscape which has been subjected to thorough denudation, and 
the contour lines exhibit a striking degree of co nformity, very unlike 
that which marks the typica l young-g lacial landscape. This levelling of 
minor landmarks, and obliteration of the highly difTerentiated charac­
ter of the young-glacial landscape, is one of the most characteristic 
features in the highland of so uth -west .Jutland and also in the LLine­
burger Heide. At several places in south-western Jutland we fmd 
features of th e landscape forming a perfec t counterpart to those in 
the country near Rorn stedt SE of Liin eburg. 

Among the most characteristic features of the young-glacia l la ndscape 
is the grea t number of enclosed hollows in the ground. In the levelled 
landscape, these enclosed basins are in many places almosl entirely 
lacking. Siles "·hich in the interglacial period appeared as lak e and 
hogs have become parlly fill ed with plant-hearing material, mnd anrl 
peat. In the subsequent glacial period, when the landscape formed 
a periglacial area, the hollows w ere further 11ll ed up l>y arctic soli­
fluction and the accompanying deposition of washed-down matnial. 
This process we may suppose, as already mentioned, lo have b een 
more parliculary active in regions wilh relaliYely high cla y conte nt 
in th e soil. On the other hand, in r elatiYely high districts with sandy 
or gravel.ly soi l, through which the water would pass more readily , 
and with lhe ground-water leYel deeper down , there wo uld not be the 
same faci lities for the formation of lakes and bogs in lh e inlerglacial 
period. In th e subset1uent glacial period, lh e more pronounced down­
ward draining would perhaps a lso sene lo hinder the filling up of 
hollows to the same e:dent as in more argillaceous soils, where the 
surface waler was less easily absorbed. \Ve mu s t regard this a the 
explanation of the num erous pronounced depressions in the sandy 
co untry of western ,Jutland, which present no indication whatever of 
a ny interglacial bog formation having taken place there, (see p. 253 f.). 
Neither in the interglacial nor in the subsequent glacial period where 
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there the requisite conditions for lh e fi lling up and lcYclling of these 
pits in the ground. 

Precisely similar features were noted in lhe course o r our in ­
Yes tigations in compagny wilh K. YON Bi.iLow in the spring of 1927 in 
lhe Li.i nebm ger Heide. The map for Unterli.iss (Messtischblall Nr. 160-!) 
shows close on 20 enc losed hollows, one wilh a depth of o ,·er 10 m, 
the majority being only 2- 5 m deep. The dia meter Yaries between 
abt. 50 and abt. 200 m. In connection with our Yisit to the kieselgur 
quarries at Ober Ohe and Neu-Ohe n ear Unterli.iss, w e m ade ex­
perimental borings in three of these enclosed but perfectly dry-bottomed 
basins near Unte1foss, Yiz. two o r them 0.6 and 1 km respectiYely SE of 
the town, a nd the third 2 km eas l of it. Diggings and borings with the 
spiral auger were carried to depth s of 4.95, 4.00 and 3.10 m respectiYely 
in the three Lasins, but_ without finding anything beyond yellow sand. 
The upper part of the sand con tained a number of stones, some of 
which ·were sand-worn or polished; the lower portion was almost 
deYoid of ston es . There is every reason to h elieYe that investigation 
of lhe other basins in this relatiYely high and Yery sandy, dry area 
wo uld Le similary fruitless as regard s any ri nds of interglacial fresh­
water deposits. The position in this r espect may probably be taken 
as altoge th er parallel to that of the many sites in w es tern J utland 
wh ere such deposits ha ye b een so ught for in vain. If th en, it is 
desired lo proceed further on the lines of lhe systematic search 
for and inYes tiga lion of bogs of the Brorup type, ,vhich we have 
carried out in Jutla nd (and in lhe Luneburger Heide), hollows and 
la ndscapes of t he type m entioned should be avoided, and the bogs 
sought for preferably in more clayey regions, where th ere is l'ar more 
prospect of arriving at posi tive results. The Yisible basins h ere are 
rather shallow, and rarely of the funn el-shaped type characteristic of 
many of th e empty hollows in lhe sandy country. 

Stratification of Interglacial Deposits from 
the Penultimate Glacial Period. 

The three interglacial deposits from the penultimate glacia l period 
in south-west Jutland which haye been i1n-cs tigated and described in 
preYio us sections, viz . HarreskoY (p. 183), Rind (p. 180) and Starup 
(p. 187), all differ in stratigraphical respects. They therefore present, 
when taken together, a good foundation for co mparison with corre­
sponding deposits in the LC111eburger Heide. 

The deposit at Harr es k o v, 4 km E of Kibrek, appears in a 
valley, but extends into the adjacent glacial highland, where it is 
covered partly by diluvial sand and partly by moraine clay (see 
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Pls. XXI and XXII). The surface of the landscape above the deposit 
is of a remarkable, pitted character, the origin of which has not yet 
been explained. The stratigraphical position of the beds shows that 
they arc older than the surrounding glacial highland, and must date 
from the penultimate interglacial period, since the ice-cap of the last 
glacial period did not ex tent as far as here. 

The same applies to the interglacial deposit at R in d, 5 km S 
of Herning. The marl layer here presents a very uneven surface and 
is covered by diluvial sand and gravel. The surrounding land is a 
pla teau, and the strata of sand and gravel which crop out on it 
are entirely of glacial origin, and cannot, from their position relatiYc 
lo Heming, be younger than the penultimate glacial period. 

The interglacial deposits at Harreskov and Rind are covered by 
moraine clay or by sand and gravel, which must have been deposited 
in direct connection with the ice-sheet of the penultimate glacial 
period; the corresponding beds at Starup (21 km E of Varde), on 
the other hand, are covered directly by late glacial melting water 
sand from the close of the last glaciation. \Ve cannot therefore 
conclude, from the age of the covering stratum, that the interglacial 
calcareous mud here dates from the penultimate interglacial period. 
This is however, apparent from the fact that it forms a close con­
tinuation of the diluvial clay which appears in the surrounding high­
land as and extensive horizon, covered by moraine clay, sand and 
gravel from the penultimate ice-sheet. 1

) There is on the contrary, a 
discordance between the calcareous mud and the coyering sand. The 
late glacial melting water streams which deposited this sand, has 
probably worn away the upper strata of the interglacial mud deposit, 
possibly together with an earlier covering of glacial material from 
the penultimate glacial period. The absence of any marked Picea and 
Pin us horizon in the upper part of the calcareous mud might suggest 
that such erosion had taken place (see p. 193). 

Turning from .T utland to the Liineburger Heide, we find, in se\'eral 
places, deposits of fresh-water lime and diatomaceous earth (Kieselgur) 
the stratigraphical position of which corresponds to that of Jutland 
deposits just mentioned. They occur in the glacial highlands, and are 
entirely covered by diluvial sand and moraine clay, just in the same way 
as the other diluvial deposits older than the youngest glacial strata of 
the surrounding country. We find interglacial beds with much disturbed 
stratification, and other e\'idences of ice pressure and interferences to 
which they have been exposed. Or we may fmd deposits lying, it is 
true, in what are present valleys, but where the thickness and depth 

t) Cf. p. 199. 
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of the strata, or flakes embedded in the moraine clay of the adjacent 
highlands, show that the interglacial strata are older than the surface 
strata of the highland themselYes . The stratigraphical conditions under 
which these interglacial deposits occt1r are therefore very different 
from those of the interglacia l bogs at Ri.imstedt and Fleestedt. 

In the following pages, mention will be made of the stratigraphical 
positions of some of the interglacial deposits, taking for consideration 
on ly those where we have, by personal i1westigation, studied the occur­
rences in question and their surroundings. 

West of \Vest e rweyhe 1
), 5 km NW of Olzcn, there are large 

cxc:wations (see Fig. 31), now a bandoned, in interglacial fresh-water 
lim e. The deposit extends from N- S for abt. 500 m, and from \1\7- E 
for abt. 300 m. The ground has a gradient of 1 : 50, sloping down 
to lhe south towards the upper end of a small erosion Yalley, which 
ha s ils outflow towards llmenau River on the east. The marl is covered 
by diluvial sand up to 8 m thick, this b eing for the most part stratified 
and containing but few stones, and these are only small. The upper 
part of th e sand is moraine sand, and contains a number of stones 
up to Lh e size of a h ea d. The upper surl'ace of the lime bed is Yery 
une;-cn, with a difference of level amounting to as much as 2 m and 
cauldron-shaped depressions up Lo 3 m deep haye been found in ' the 
lime, filled with gravel and ooze . The stratum itself has been up 
to 10 m thick. 

In th e Melzinger Heid e (Fig. 31), 1 km S\V of these pits, th ere 
arc old exca Yations wh ere interglacial fresh-water lime has been 
found, und er precisely similar stratigraphical conditions. The spot lies 
on the gently sloping plateau, near one of its summits. On the sur­
face of the ground in the immediate in Yicinity there are many 
stones, a cubic feet in bulk, lying about, and seyeral with a diameter 
of 50- 50cm. In the Olsener Stadtforsl, 3 km N\V of Olzen, 
S of \l\7es terweyhe, there is a lime deposit of th e same type with 
the same stratigraphical features. We find here, in parts, between 
the fresh-water lim e and the super~mposed diluvial sand, a thin 
bank of moraine marl. 2) As will be seen from the accompanying 
map, the contours of the landscape are yery much levelled, with the 
conformity characteristic of an old glacial landscape. Bul the occur­
rence of the lime is not associated with such basins in the landscape 
as for instance the bogs at Romstedt. The stratigraphical positions 
of these bogs on the one hand, and of lime beds at \Vesterweyhe 
and Melzinger Heide on the other, are decidedly different, and argue 

1) J. STOLLEH: Geolog. Ft'1hrer durch die Lt'meburger Heide. 1918, p. 57. 
2) G. BEHE:--IDT: Uber Riesent6pfe und ihre allgemeine Verbreitung rn Nord­

deutschland. Zeitschr. d . Deutschen Geol. Ges. 1880. 
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strongly against the supposition that the plant-bearing strata of the 
two regions should date from the same interglacial period. 

or the many other deposits of interglacial fresh-water lime we 
mention two, where the strata occur at the bottom of a llu vial riYer 
beds, to wit those through which now flow the Schwienau at \Vriedel 1) 

18 km NNW of Olzen and the Gerdau at Eimke 2
) 15 km \V of Dlzen. 

In the Schwienau yalley S of W r i e de 1, fresh-water lime occurs 
in many places. In the middle of the valley, 1400 m SE of \Vriedel, an 
experim ental boring was carried down to a depth of 28 m, without 
getting through th e interglacial marl. In the Gerdau Yalley, the inter­
glacial lime deposits occur along a range from 14- 1800 m NE of 
Eimke. That the present strata at this spot are only the r emains of 
a larger deposit is evident from the fact that we find, both NE and 
NW of Eim k e, morain e clay with embedded flakes (Schollen) of fresh­
water lime of the same character as the other. A single piece of these 
found N~T of Eimke measured 4 X 10 m in horizontal extent. The 
lime strata are thus older than the last glaciation here. 

Far to the w est of here, viz. at Walsrod e , midway between 
Bremen and Olzen , lies the classical locality for interglacial fresh-water 
deposits, Hone rd in ge n. The locality is immediately south of the rail­
way, 2.fi km NE of ~ ' alsrode, in a shallow depression with outflow 
through a raYine towards the north, to the valley of the river Bohme, 
100 m N of the railway line. The height of the surface above sea level 
at the interglacial deposit is 42- 45 m, that of the valley of th e Bohme 
here being 33 m. The depression named is intersected by a watershed 
400 m south of the railway, and cannot be regarded as having originated 
by any late-glacial erosion (in relation to the inland ice last covering 
the site). A profile taken in 1923 showed, on the other hand, that 
the depression was probably partly filled up with sand in this late­
glacial period. 

According to this profile, and some borings made preYiously, on 
the eastern side of the hollow, the interglacial lime beds here slope 
from SVl to NE. The thickness of the strata increases in th e same 
direction. Quite close to the railway, 12 m of marl was found, with 
11 m of sand above ; at the SW end of the 120 m long profile the lime 
tinned out at a depth of abt. 3 m below the surface. Throughout 
the whole extent of the profile, the lime stratum was cowred by a 
layer of peat about a metre thick. Above this is stratified sand, finely 

1) H. M ONKE und J . STOLLEH : Erlaut. z . Geol. Karte v. Preussen , Lief. 188, 131. 
Wriedel. 1912. 

2) H. MoNKE und J . STOLLEH : Erlaut. z . Geol. Karte v. Preussen, Lief. 188, BI. 
Eimke. 1913. 
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grained and with very few stones, the strata sloping as much as 45 ° 
toward the E, i. e. obliquely in towards the highlands. These sloping 
sand beds are coYered by abt. 1 m gnn-elly material with stones up 
lo 2 dcm, :ind on the surface of the uncultivated ground close by a 
few large stones up to 1 rn diameter were lying about. On the ex­
treme NE of the profile was found, at tile top, horizontally stratified 

Ma Bsta b 1 : 25 000 

Fig . 32. The dislric t North of Honerdingen. Position of the interglacial de posit 111arked hy x. 
Contour intervn.I for the fully drnwn curves = 5 m. 

sand (Talsand), which, as the filling of a basin, was bedded discor­
dantly on the sloping strata of fluvioglacial sand. 

This fine-grained fluvioglacial sand is very much like the almost 
stoneless sand so commonly found in the hills of lhe Lfanebmger Heide, 
and must be regarded as belonging to lhe upper glacial strata of the 
highlands. The oblique position of the strata of this sand shows that it 
has been exposed to disturbance, probably due to the passage of ice 
across the site after is was deposited. The subjaeen t interglacial strata 
must date from the preyions, i. e. the penultimate interglacial period. 

Uunmarks geologiske Undersogelse . JI. Ha,kke . l\r. 48 , 
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At Nedden-Averbergen, 16 km W of Walsrode, in a valley 
W of that town, there are extensive strata of interglacial fresh-water 
lime, covered by up to 3 m of sand or even more. The lime, which 
attains a thickness of several metres, lies evidently in small, separate 
basins, of up to at least 2- 300 m diameter. In the marl pit at Leh­
ringen, SE of Nedden Averbergen (according to Yerbal communication 
from the teacher Mr. HOLSTE of Nedden-Averbergen) occur below the 
lime a layer of peat 25 cm thick, with tree stumps, bedded on sand. The 
lake formation must thus here have opened with a swamp formation. 

In a tract extending in a curve 50 km long from Suderburg (on 
the railway line Liineburg- Celle) S of Ulzen, via Ohe and Munster 
to Luhetal (between Li.ineburg and Soltau) we find the other type of 
interglacial lake deposit, the k i e s e 1 g u r, which is so abundant in 
the Liineburger Heide ( cf. Fig. 30). The localities lie in that part of 
the Liineburger Heide which has on the whole the greatest heig0h ts, 
and which includes the watershed between the lateral tributaries of 
the Elbe and the Aller. 

At Ober Ohe, Neu-Ohe and Wiechel, 6 km NV\l of Unterliiss, 
there is one of the largest known collective areas for kieselgur. The 
tract in question extends to abt. 4 km from NE- SW, and is about 
1 km across. The kieselgur, which is up to 13 m thick, or more, 
is covered throughout by stratified sand, likewise up to 13 m thick. 
The lovest part of the sand has no stones, or very few; the upper 
part contains stones or gravel beds, and exhibits a transition to the 
moraine sand. Between Neu-Ohe and Wiechel also, it is said, moraine 
clay has in one place been found above the kieselgur, and on the 
fields beside the pits, large stones are found in several places, all 
showing that the area must have been covered with ice after the 
kieselgur was deposited. 

The deposit lies east of the broad, extramarginal, glacial Yalley 
of Ortzetal, in a hollow of the highlands through which runs the 
little stream of the Sothrieth with is accompanying alluvial valley and 
adjacent "Talsand" surface. Ober Ohe lies north of the Sothrielh, 
Neu-Ohe and Wiechel lie soul of it. 

The stratification of the kieselgur and of the covering sand strata 
take very different forms. In the upper part of the kieselgur we may 
find an alternation between strata of sand and of kieselgur, lying 
undisturbed. The COYering strata of stoneless sand, which attain thick­
nesses of over 10 m, can run quite concordantly above these alternating 
layers, so that the sand must evidently ha Ye been deposited without 
any previous erosion or other disturbance of the strata. In other places 
we find that the strata have been exposed to powerful erosion or 
violent folding which can only be supposed to have been produced 
by the pressure of inland ice passing over the ground. 
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The stratification produced by these disturbances appears in very 
different forms, and is appearently very complicated. This was parti­
culary noticeable in the spring of 1927, in the southern pits at Neu­
Ohe, as will be seen from the Plates XXIX and XXX, cf. Fig. 29, p. 298. 

In the pits at Neu-Ohe I, and in one pit west of there, belonging 
to \Viechel, it is a noticeable feature that long trough-like depressions 
("T~iler") run from NE to S\V through the upper part of the kieselgur, 
with interjacent projecting ridges ("Kopfe") of kieselgur. It is natural 
to regard these elongated hollows as due to water erosion, and this 
is undoubtedly also the case with many of them, e. g. that running 
roughly parallel with the SSE wall of the western pit, as shown in 
Pl. XXIX. This is especially conspicuous in the western part of the 
wall. Below a layer of dark kieselgur there is another with beds of 
sand, exhibiting in one place a decided fold, as shown in the figure. 
Before the basin sand (Beckensand) on the left of this whirl was 
deposited, there must have been an erosion, cutting away more or less 
considerable quantities of the kieselgur. Similar features are seen in 
the eastern part of the profile. On the extreme left of the figure 
however, we frnd folded strata of kieselgur with sand strata against 
which the basin sand is bedded apparently without any considerable 
erosion of these strata (Pl. XXVI, 2). The folding of the kieselgur 
strata must haYe taken place before the erosion in question, i. e. before 
the deposition of the stoneless basin sand. It is otherwise with the 
rela tin ages of the bassin sand and the folds in the eastern of the two 
pits (Pl. XXX). Here the covering sand, together with the kieselgur 
itself, has been much folded upwards, so that the proHle, in places, 
looks as if there were loose fragments of kieselgur high up in the sand, 
whereas in reality, these are kieselgur strata which have been pressed 
Yiolently up,vard. In the figure these upturned strata of kieselgur and 
sand were yery conspicuous. The folds here are thus more recent 
than the deposits of stoneles~ basin sand. The "Tii.ler" and ''Kopfe" 
rnnning NE- SVl must here, it would seem, be taken as connected 
with the folds, and not due to water erosion. 

\Vhatever may have been the course of these processes: the pro­
duction of the long "Titler" and interjacent "Kopfe", the water erosion, 
the deposition of the stoneless sand, and the considerable folds in the 
strata, it is evident Lhat they must have taken place in connection 
with the passage of inland ice oYer the site after the formation of 
the interglacial strata. The actual beds of stratified, stony sand and 
gnnel, or of moraine sand, aboYe the stoneless sand strata are on 
the whole of but slight thickness, a couple of metres at the outside; 
the profiles in the western pit show that they may even be lacking 
altogether, the present surface being solely and entirely due to de-

21• 
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nudation. We have thus no decisive factors here for determining the 
extent of the inland ice in the glacial period following on the inter­
glacial of the kiesdgur formation. 

J. STOLLER, 1) in various works on the Liineburger Heide and the 
geological features of the kieselgur, has, on the basis of his in­
yestigations in this region, pointed out that the last ice-cover of 
the Liineburger Heide had its extreme limit in the vicinity of Aller. 
This view agrees well with the results arriYed at by investigation of 
the stone-content of the upper glacial strata, with regard to the direction 
of moyement of the inland ice in these parts. 2) That this limit of 
glaciation does not - as STOLLER considers - indicate the limit of 
the last Scandinavian glaciation, but that of the last but one, does 
not in itself affect this fact. As will presumably be apparent from the 
present work ( cf. p. 305 f.), the inland ice of the last glacial period did 
not extend so far Lo the S\:V as the Liineburger Heide. Nor does there 
seem much likelihood that the inland ice which last covered the 
Liineburger Heide (where older interglacial strata so frequently appear) 
should be identical with that which extended over the western parts 
of Germany and Holland, having its extreme limit here in the vicinity 
of the Rhine. The Yiew that the Aller (and the \\Teser) should be 
taken as a kind of boundary rivers for an independent glaciation seems 
nearer reality. 

At a distance of 17 km N\:V of Ohe, between Munster and 
B re 1 oh ( cf. Fig. 30), there is another area with numerous deposits of 
kieselgur, some at a considerable depth below the surface. Ten kilo­
metres further to the NN\:V again, between Bispingen and H iitzel, we 
find the westernmost of a series of deposits cropping out along a range 
of some 8 km between Bispingen and Schwindebeck, along the upper 
portion of the Lu he ta 1; this valley is here cut dow·n to a depth of 
30- 40 m below the level of the adjacent highlands. 

The kieselgur at Luhe lies in separate basins, and attains a 
thickness of up to 10 m; it shows fewer signs of disturbance, than 
the strata at Ohe. It is covered with sand, some of it stoneless (marl­
sand) and stoneless clay marl, partly fluvioglacial sand with false 

1) J . STOLLER: Die Landschaftsformen der siidlichen Limeburger Heide. 
2. Jahresher. d. Niedersachs. geol. Ver. Hann. 1909. - Spuren des diluvialen 
Menschen in der L(meburger Heide. Jahrb. Kg!. Pr. Geol. L. f. 1909. - Blatt 
Unterliiss, Lief. 188, 1912. - Blatt Eschede, Lief. 191, 1915. - Geol. Ffahrer 
durch die Liineburger Heide 1918. - Die Kieselgur ihre Entstehung und 
ihre Lagerstatten. Festschrift, Vereinigte Deutsche Kieselgurwerke. Han­
nover. 1925. 

2) V. M1LTHEHS: Ledeblokke i de skand. Nedisningers sydvestlige Gnenseegne 
(Resume in der deutscher Sprache: Leitgeschiebe in den sfadwestlichen 
Grcnzgehieten tier skandina\'ischen Vereisungen). Dansk. geol. Foren. 1913. 



325 

bedding. In the pil at Schwindebeck, we find aboye lhe kiesel­
gur and a thin layer of stoneless clay marl, also a stratum of 
moraine clay 1- 1.3 m thick. The sand horizon lo which the m arl­
sand above the kieselgur belongs is, according lo J. STOLLER, at HiHzel 
20- 30 m thick . It is not quile clear whelb er the deposils of kiesel­
gur h ere are r estricted lo the Luhetal, or whether such may also b e 
found in th e adjacent highlands, At any rale, the strati11cation shows 
that the deposits must be older lhan the uppermost glacial s trata of 
the surrounding country, just as with the kieselgur in the southern 
parts of the Liineburger Heide. 

Summing up what has been set fort in the foregoing as to deposits 
of interglacial fresh-water lime and kieselgur in the Lfmeburger 
Heide, we find that they haye this in common: the b e 1 on g to an 
inter g lacial period preceding the last"ic e-cov er ing of this 
region. Th e fa c t that th e inland ic e did not e::d en d to 
this region in th e la st glacial p er iod prov es conc lu s i ve ly 
that th e d e po s its mu s t b e lon g to th e p e nultimat e, a nd 
not to th e last, int erg lacial p er iod. KARL GRIPP,1

) who has 
with great acumen emphasised the morphological landscape boundary 
as the limit of last glacialion, has not, strangely enough, drawn from 
lhis th e natural conclusion as to the inlerglacial deposits of the Lfrne­
burger Heide here referred to , Yiz. that they must belong to an inter­
glacial period earlier than tha l of th e bogs of th e Brorup type. The 
same may be noled in Vv. VloLFF's "Ueber einen Interglazialtorf aus 
Holslein "%), where he compares lhe deposits of kieselgur at Luhetal, 
lhe lim e formations al Honerdingen and olher places in Hannover, 
with the interglacial deposi ts of the Bri:irup lype in Jutland, at Nien­
jahn n ear Hamburg etc., despite the fact that h e has himself, in 
earlier v,rorks, 3) expressly separa ted them . GRIPP lays particular stress 
on the fact that many of the deposits occur in connection with Yalleys, 
but h e has not deyoted the same attention to the relatiye ages of the 
deposits and the Yalleys in question. The occurrence of an interglacial 
deposit in a valley does not necessarily imply that the deposit is of 
more recent date than the ..,-alley; it may also be due to the fact tha t 
the valley has been worn down by erosion to, or into, the interglacial 
strata . These may thus very well be older than the Yalley in the 
bottom or sides of which they occur, and older than the highland 
adjacent. Thi s is actually the case with all the deposits of fresh-water 
lim e and kieselgur here dealt with in th e area between Olzen, Unterli.i.ss, 

1) KA HL GRIPP: Uber die aC1sserste Grenze der letzten Vereisung in Nordwesl­
Deutschland. Mitt. d . Geogr. Ges. in Hamburg 1924. 

2) Zeitschr. d. Deutschen Geol. Ges. 1922. Monatsber. 
3) Congres geologique internationale. Canada 1913. 
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Luhela l and \Valsrode. They belong there fore from th eir s tra tifi cation, 
to the interglacia l period prior to the las t coyering of the area with 
inla nd ice, i. e. the penultima te interglacia l period. How far this age 
determination m ay be extend ed Lo cover a ll th e oth er lime deposi ts 
in the Uineburger Heide must be left undecided ; il seem s, howeYer, 
a priori, likely enough . 

The followin g Table shows schematica lly lhe interglacial periods lo 
·which the deposits here dealt with have been ascribed (cf. p . 276) . Sa ve 
for the deposits at the brickworks north of La uenburg, all h a Ye in course 
of time come lo be regarded as belonging to the second (or last) inter­
glacial period. The Rixdorf h orizon has a lways maintain ed a definite 

Palud ina horizon near Berlin . . . .... . ...... . 
Tegelenstufe ..... . . . . .. .... . . . . . . ... .. . .... . 
Rixd orf horizo n .. ... . . .. . .. ... . .. ..... . . . . . 
Kicselgur at Ober Ohe etc . .. . .. ... .. ..... . . . 

in Luhetal .... .. . .. .. . . . . .. . ... . . . 
Fresh-w ater lime near 'vVesterweyhe e tc . .. . . 
Honerdingen . . ... .. . . . . ... . .. . . .. . . ... . . ... . 
Glind e (Utersen) . . . .. ..... ... .... . .... . . ... . . 
La ue nburg Bri ckworks . . . .. . ... . . . . . . .. . . .. . 
Romstedt ...... . ... ... . . . ... . ... .. . ..... . .. . 
Kuh grund .. .. . . . .. . .. .. . .. .. .. . . . ... . . . . . 
Flecs tedt. .... .... ......... ... .. . . . . .. . ... . . . 
'vVinterhud e and o th er bogs near Ha mburg . . 
Schulau .. .. .. ... . . . . . .. . . . .. ... . . . ....... . . . 
\Vesterland (Sy lt) . . . . . . . ... . .. ... . .... .... . . 
Brorup bogs . .. . . ....... . .. . . . .. . . . . . . ..... . 

In te rglacia l period 

II? 
II 
II 
II 
n 
II 
II 

Ill 
III 
III 
ll[ 

III 
m 
III 

B 

Interglacia l 
pe r iod 

II 

ll 
II 
JI 
II 
II 
I[ 

II 

position in the arrangement as belongin g lo Interglacial II. The deeper 
Paludina-horizon near Berlin has represented Interglacial l , to which 
also the deposi ts at Tegelen a nd other places in the neighbourhood 
of Nijmegen (Nimwegen) have been attributed as certain . The strata 
of kieselgur and fresh -water lime in the Li.ineburger Heide haYe in 
course of time com e to be regarded as belongin g to Interglacia l II , 
like the Rixdorf Horizon , partly on acco unt of th eir fo ssil content, 

1) During recent year s, vario us North Germ an geo logists d ea ling with the 
quatern ary period have also put forward sugges ti on as Lo Lh e exis tence o f 4 
glacial periods. These considerations have, however, been based a l mos t 
exclusively on featu res we ll kn o,vn a lready for so me. tim e pas t, e. g. th e 
conditi ons obser ved at Rabutz, east of Halle a/S, and no new find s or other 
essentially new materi al have been produced to throw light on the 
question. 
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parlly from their s lralifkation. To lhi s also, a ll the other younger 
interglacial deposits lrnYe been ascribed. Bul since our inYes liga tions 
h ere show, tha t lhe interglacial fresh-water lime and kieselgur of 
the Liineburger H eide c annot date from the 1 as t gla cial period in 
north ern E urope, it is obYious th a l an alteralion must b e made in 
the placing of the interglacial horizons h ere referred to . As far as can 
b e judged, lhere is the ch oice of two altern a tiYes, noted in the ta ble 
as A and B. W e sh all not h ere discuss which seems the m ore likely 
in each case. 



VI. Character of the Interglacial 
Fresh-water Deposits. 

Since 1898, when N. HARTZ commenced his investigations of the 
interglacial flora of Denmark, a considerable number of inter­

glacial fresh-watei· deposi ts haYe been brought to light. They are found 
more particulary in .T utland, for in the eastern parts of Denmark the 
erosiYe action of the last inland ice has almost entirely obliterated 
the fresh-water deposits of the interglacial periods. 

East of the Little Belt, they are found more especially in con­
junction with the dislocated Eem strata 1

) of th e last interglacia l period, 
viz. in Ristinge Cliff on the island of Langeland, Vejsmes Nakke on 
/Ero, Homeland in Fyn; here also belong the mud beds in Stensig­
mose Cliff at Broager (cf. p. 177 f.). \Ve may further mention a mud 
bed in the dislocated diluYium at th e Cliff of Moen 2) and finally, some 
formations which have however, been generally regarded as preglacial, 
lo wit, th e plant-bearing mud- and clay blocks in the lower moraine 
in the free port of Copenhagen and in Valby Hill in Lhat lown,S) 
the Corbicula stratum al Forslevgaard, South Sealand,4) and the 
Nema turella stratum at Gudbjerg,5) East Fune~1. The mud blocks 
and lhe Nematurella clay however may perhaps date from the 
penultimate interglacial period. 6

) In all th ese deposits , animal anrl 
yegetable remains are found in their primary position, though the 
actual deposits themselves are in most cases dislocated, differing in 
this respect from the amber-pine-beds in which the vegetable remains 

1) V1cTOR MADSEN, V. No1wMA NN og N. HAHTZ : Eem-Zonerne. D. G. U. II. R. 
No . 17. 1908. 

2) N. HARTZ: Bidrag . . . D. G. U. II. R. Nr. 20. 1909, p . 246. 
3) V. M1LTHERS : Nordostsj a!llands Geologi. D. G. U. V. H. Nr. 3. 1922, p. 37 f. 

and p. 173. 
4) A. C. J OHANSEN: Om den fossile kvartrere Molluskfauna i Danmark ... Ko­

benhavn 1904, p . 56. - V. NORDMANN: Danmark Pattedyr i Fortiden. D. G. U. 
III . R. Nr. 5. 1905, p . 112. 

5) VICTOR MADSEN og V. NoR1rnA NK: Del interglaciale Nematurella Ler ved 
Gudbjerg paa Fyn. Meddel. fra Dansk geol. Foren. Bd. 8. Kobenhavn 1901 , 
p . 20. - A. C. JOHANS EN, J.C. p . 55. 

6) KN UD JESSEN: Nematurella-Leret ved Gudbjerg og Gytjeblokkene i Koben­
havns Frihavn i pollenfloristisk Belysning. Meddel. fra Dansk geolog. Foren. 
Bd. 7. Kobenhavn 1927, p. 139 f. 



329 

li e in secondary or lcrliary position. The flora in lh esc is perhaps 
preglacial 1); though it has - apart from a slight admixture of tertiary 
species - an interglacial appearance. 

The interglacial fresh-water deposits of .Julland, with which we 
are here more especially co ncerned, consist in the great majority of 
cases of basin fillings, the deposits being in lheir primary position. Dis­
location is doubtless res tricted to such thin flakes of pea t as haYe 
been found in moraine deposits, e. g. al Lyngs Odde 2) and Silkeborg 3); 

also for instance the deposits of diatomaceo us earth and calcareous 
mud at Fredericia and Tr::elle") and possibly a few more of the inter­
glacial fres h-water deposits lying below the deposits of the last ice-shee t. 

The interglacial fresh water deposits of Jutland arc to be con­
sidered as bogs produced by overgrowing of lakes, or as lake deposits 
which ha Ye not attained the stage of peat formation. Bogs as one finds as­
sociated with the streams in the rnlleys and spring-bogs, are unknown. 
Such forms of bogs, not enclosed by an encircling basin wall, must 
be expected to have becom e entirely done away with lhe influence 
of water- and wind-erosion , toge ther ·with solifluction in the last glacial 
.period . Pea t formation in the enclosed basins often terminated with 
lhe form a tion of a new lake in the basin, and the peal slrala were thus 
protec ted against the erosiYe action of the wind. 

Up to the present, only a comparatiYely small portion of the 
organogenic formations and other kind of basin-fil1ings known from 
lhe alluvium has been located in the Danish interglacial fresh-water 
deposits. One of the reasons for this has already been noted aboYe, 
and in addition, the slate of the samples of the interglacia l beds does 
not always admit of so sure a diagnosis as in the case of the fresh­
water alluYium. Referrin g to L. VON PosT's arrangement 5) of the or­
ganogenic formations we may draw attention to the following: 

I. Sediments. 
Profundal mud with its va riants, clay-mud and fine detritus­

mud haYe been found in many cases, especially al the base of a strala 
series. A great portion of the mu'd deposits from the interglacial lake al 
Herning come under this head. The clay-mud can appear in the form 
of a grey clay almost deYoid of mud , and is then found either at the 

1) V. MILTHERS, I. c. 
2) N. HARTZ: Bidrag . . . D. G. U. II. R. No. 20. 1909, p. 236. 
3) p . 238. 
4) N. HARTZ og E. OsT11 ur: Danske Diatomejord-Anejringer. 0 . G. U. II. R. No. 9. 

1899, p. 14 og 19. 
5) L. VON PosT: Das genetische System der organogenen Bildungen Schwedens. 

Comite internat. de Pedologie 1924.. IV. Commission Nr. 22, p. 293 ff. 
Helsingfors. 
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bollom of lhe slrala, at Herning, Brorup Hotel Bog, Stamp ell'.. ; or 
ii may for ins la nee form the loYcr part of the Middle Bed in Heming 
inlerglacial lake. Such clay is occasionally found also in Lhc upper 
part of Lh e profile (OYer Ges Lrup etc.). 

Calcareous Mud. Dark-coloured, slighlly greenish, calcareous 
muds h:wc been found in some localities at lhe bottom of lhe strata 
series in bogs from Lhe last interglacial period (the bogs a L Rode­
brek). Light-coloured, highly calcareous mud (" lake lime") is found 
in the lake deposits at Rind, Harreskov and Stamp, Vles terweyhe, 
Honerdingen, Nedden-r\yerbergen etc., which date from the penultimate 
interglacial period ; also from seYera l deposits coYered by deposits of 
the lasl ice-sheet (Hollerup, VelleY, Horup, UiYSkal II, Eglved, Trrelle). 

0 c h re o us mud ( siderite ), reddish brown to yellowich red, with 
up lo 69 °lo of F e2 Os has been found as a sediment only at L0vskal I. 

Di a tom ace us mud , dialomaceous earth (Kieselgur). The cal­
careous muds often contain num erous diatoms (e. g. HarreskoY, Sta­
rup) , and the sedimentalion has in such cases changed ils character, 
producing pure, non-calcareous dia lomaceous muds. This is best seen 
among the lake deposits covered by the lales l diluvium (Hollerup, 
Horup, VelleY, Frausing, Tn:elle, Fredericia), but is known also from 
Lhe penultimaLe interglacial period (Liineburger Heide). AL EgLYed, 
Lhe diatomaceos earth appears Lo haYe been formed by decalcification 
of the calcareous -mud rich in diatoms. 

The Litoral mud or Coarse DeLriLus mud is Lhe com­
monest Lype of sediment in lhe bogs of the lasL interglacial period; 
there is often a considerable amount of colloidal formaLions in the 
mass ("Dy"). The strata of detritus mud are, as regards Lheir upper 
parts, oflen developed as "drift mud" (Schwemmtorf). . 

Sand (Schw e mmsand). The " drill mud" is often more or 
less mixed with sand (lhe Trapa bed at Heming, p. 18) and may 
merge into pure sand with no Yege lable content. This formation 
generally completes lhe sedimentation of th e basins (Rodeb::ck I, Fov­
ling, Agerskov); or lhe sand may exhibit a more or less rich ad­
mixture of clay (OYer Gestrup, Heming). 

II. Sedentary Formations (Peat). 
The Swamp Peal-Series . . (Die Sumpftorfreihe). 

Thelypleris- Peat is locally deYeloped al Tuesb6l 1) and Vejen. 
Hypnum P ea t elc. (Braunmoos lorf), wilh transition lo magno-

caricetum pea t has b een found at several places in thin layers in the 
quaking bog formations with which the small lakes of the last inter-

1) N. HAHTZ : Bi~rag ... D. G. U. II. R. No. 20. 1909, p. 169, 170. 
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glacial period were O\'ergrown. Hypnum-praelongwn peal 1
) is recorded 

from Tuesb61, Hypnwn aduncum pea t with Phragmiles communis, Ca­
re.x lasiocarpa and pseudocyperus, Dryopleris lhelypteris elc. al Skm·lyst2) 

and Hypnum adw1rnm peat with a similar community al Kollund (p. 218). 
Forest-Swamp Peat. The Alnelum peat (Erlenbrul"hwaldlorf) 

constitutes the lower portion of the peal al Hodeb;,ek Ill (p. 1-17). 

Th e Sphagnum-Peat series. (Die Moortorfreih e). 

Sphagno-Caricetum Peal was undoubtedly often deYeloped as 
facies by the overgrowing of the lakes. 

Sphagnum Peat, stratified, and with a rich admixture of Erio­
phorum vaginatum, is of frequ ent occurrence. Sphagnum peal is gene­
rally found in the form of dwarf-bush peal with remains of Calfcwa 
vulgaris, Empelrum nigrwn, Andromeda polif'olia, Retula nana . 

Betuleto-Sphagnelum Peat is noted e. g. from Rodebrek III (p. 14 7) 
and from Agerskov (p. 173). 

Beluleto-Picelo-Pinelum Peat has been form ed c. g. at Rodeb:.ek I 
(Bed H). 

Calluna-Turf (H eidemoder) has been found al Norbolling (p. 7-1- , 

Bed J). · 

In the fresh-wat e r interglacial deposits of Jutland 
a n cl N o r t h G e r m a n y , w e c a n d i s l i n g u i s h 1J e l w e e n t ". o 
principal types 3

) (connected ,Yith transition-stages) representing 
two different mod es of filling up the basins concerned. 

1) Deposits of dark, humous, gen erally non-calcareous mud , often 
,Yith oligotrophic peat strata above. 

2) Calcareous, light-coloured muds (lake lim e, marl) , sometimes 
with diatomaceous earth above, or diatomaceo us earth constiluls lhe 
whole deposit. 

To the form er group belong nearly all lhe deposits from the last 
interglacial period \Yithin the area in question. The basins h ere are 
generally small, and the water would thus more eas ily deYelop lrnmic 
acid than in larger lakes, the deposit of lime being thus restained or 
preYented4

). The great Heming lake, howeYer, belongs to this group, 
and on the other hand, we find that in small basins like the three 

1) N. HARTZ, 1909, p. 163, 170. There must be an error here, as H. praelongum (L) 
(cf. 1. c. p. 229) =-- Eurhynchium praelong111n (L) Hou<, does not form peat. 
Cf. C. JE;-;:sE;-;: : Dan marks Mosser, Il., p. 164. Kobenhavn . 1923. 

2) N. HAHTZ, 1909, p . 178. 
3) Fresh-water strata formed in association with marine deposits are here 

disregarded. 
4) C. WESENBERG-LUND : Studier over Sokalk, Bonnemalm og Sogytje i danske 

Indsoer. Meddel. fra Dansk geol. Forening, No. 7, p. 18. Kobenhavn . 1901. 
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at Rodebcek, calcareous, though dark, mud could be deposited lhrough­
out a lengthy period; in the considerable interglacial basin at the 
Winterhude Stadtpark, Hamburg, lake lime (Seekalk) was deposited 
before the peat formation took place. 1

) 

In contrast to this we find nearly all the older interglacial deposits 
here under consideration in the second gro up . Thus the calcareous 
muds at Rind, Harreskov and Starup in Jutland, Honerdingen, Nedden 
AYerbergcn, \\Testerweyhe in the Liineburger Heide; the kieselgur 
formations at Ober Ohe, Neu-Ohe, \:Viechel etc. and others, also in 
the Li.ineburger Heide. At Honerdingen however, there is a layer of 
peat above the marl-layer, while al Harreskov we find dark, non­
calcareous mud above and below the calcareous mud, and there is a 
thin layer of pea t below the marl beds at Horup and Nedden Aver­
bergen (see p. 322). The calcareous muds at Harreskov and Stan1p 
are very rich in diatoms forming transition stages to true diatomaceous 
mud, and at the former locality, there is still preserved a little of a 
deposit of diatomaceo us earth aboYe the marl. At Steinbeck in Luhe­
tal2) also, for instance and probably also at Hamerstorf near Suder­
hurg3) in the Li.irieburger Heide, calcareous mud is found below the 
diatomaceous earth (Kieselgur), and both dialomaceous calcareo us 
mud and calcareous diatomaceous mud is known from this region. 4

) 

Considering the large number of fresh-water deposits from both 
interglacial periods known to us in Julland and North-west Germany, 
this distribution of the two principal types of formation may seem 
remarkable. In particular it is surprising that among the numerous 
non-moraine-covered interglacial deposits outside the limits of last 
glaciation, no typical examples of the second type should be known. 

Finally, looking al the interglacial fresh-water deposits situated 
east of the limit of the last ice-sheet, we find here both types of forma­
tion. Kollund, Loopstedt, Fahrenkrug etc. are rich in humic acid, only 
slightly calcareous or actually non-calcareous, whereas the deposits 
at Horup, Hollerup, Vellev, Lovskal II, Trrelle, Fredericia and Egtved 
consist of light-coloured strata of diatomaceous marl or non-calcareous 
diatomaceous earth. It would however, doubtless be premature, on 
these grounds alon e, to attempt a distribution of these eastern forma­
tions between the two interglacial periods. 

1) E. HonN: Die geolog. Aufschli'tsse des Stadtparkes in Winterhude. Zeitschr. 
Deutsch. geolog. Gesell. Monatsber. Berlin 1912, p. 130. 

2) LAUFER: Jahr b. K. Preuss. Geolog. Landesanstalt. 1883. 
3) J. STOLLER : Festschr. Vereinigte Deutsche Kieselguhrwerke. Hannover 1925. 

Sonderabdruck p. 15. 
4) B. 0AMMEH: Uber einige neue Fundpunkte interglazialer Ablagerungen in 

der Liineburger Heide. Jahrb. K. Preuss. Geolog. Landesanstalt. Bd. XXVIII. , 
p. 659 f. 1907. 
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An essential condition for the formation of diatomaceous mud is, 
according to WESENBERG-LUND (1. c. p. 119) that the lakes shall be 
deep, clear and cold; the bottom temperature mu st, even at the 
warmest season of the year, never exceed 7- 8 ° C. It seems however 
n ecessary to assume that other fa ctors haYe also lo be considered, as 
th e high dialom maxima in th e plankton ol' the lakes did not occur 
until the later part of the interglacial period concerned. This question 
may by elucidated by th e researches of G. LUNDQUIST and H. THOMASSON, 
who ha\'e studied corresponding profiles in the alluvium of southern 
Sweden 1); th ey consider thal th e washing clown of lim e from the 
surrounding country is of the greatest importance to the nature of th e 
sedimentation in a lak e, · and that the deposits of lime in lhe Swedish 
lakes were formed in the first part of the postglacial period, wh ereas 
the formation of diatomaceous ochre belongs to the subatlanlic period , 
wh en lh e washing clown of lime had ceased. 

In lhc in lerglacial profiles wh ere the relative ages of lh c calcareous 
mud on th e one hand and the diatomaceous earlh or other non­
calcareo us muds or peats on the other haYe bee n arrived at by pollen 
slalistics, we find , in analogy with what has h ce n stated above, thal· 
th e sedimentation of the calcareous muds took place more especially 
during the mixed oak forest period (Zone l), while the diatomaceous 
earlh-beds, as also the oligo trophic upper s tra ta in the bogs, where 
the older strata are calcareous, date from th e upper conifer-period 
(Zones h and i). First in an adva nced period of the interglacial lime 
concerned, when the clima te had grown cooler and th e washing down 
of lim e in the basins had ceased, th e conditions for the great diatom 
maxima in the lake plankton in .Jutland was realized. The connection 
in tim e between the sedimentation of calcareous muds and the diatom­
aceous earth in NW Germany is not ye t evident. 

The peculiar feature noted at HarreskoY and Horup, of 11011-

calcareous, or but slightly calcareous, humus-stained strata lying below 
the calcareo us muds, a nd elating from the earlier conifer period, in 
the interglacial in qu es tion (cf. also Nedden-Averbergen) is known in 
but a few cases, not s uffi cient to warrant our considering it of general 
im porta nee; it is evident however , that at these localiti es, the h eavy 
washing down of the lim e did not se t in until the opening of Lhe 
atlantic climate, answering to Zone f. 

1) G. LUNDQUIST : Limnisk Diatom eockra. Sveriges geolog. Undersokning. 
Arsbok 17 (1923), No. 1. Stockholm 1924. Deutsch e Zusammenfassung p. 17. 
- Utvecklingshistoriska insjostudier i Sydsverige. f\.rsbok 18 (1924), No. ;2. 
Stockh . 1925, p. 114. Deutsehe Zusa mm enfassung, p. 12fi . 



VII. Floristic and Climatic Development 
in Jutland and North-west Germany 

during the Interglacial Period and the 
Paleolithic Chronology. 

Flora and Clin1ate. 

Having in the foregoing sections dealt wilh a series of interglacial 
deposi ts in Julland and North-west Germa ny, with th eir distri­

b ution as regards Lh e lwo in terglacial periods, we will n ow endea yom· 
lo give a general s urvey of the fl oris tic and climatic developmenl 
indicated by a s lud y of th e fo ssil content of the deposits in question . 

A s urvey of this na tu re sh ould commence with the las t inter­
glacial period, as bein g the b etter known, not least in the region 
(.Jutland) where these inYes tigations fir st began. Our accounl of the 
developm ent which h as taken place will therefore be based primarily 
on the Danish deposits, syn ch ron ous form ation s in North-west Ger­
many b eing kept in view tluough oul for purposes of comparison or 
reference. 

The last Interglacial Period. 
In a<ldition to deposits actually datin g Crom the las t interglacial 

period, we shall a lso include h ere deposits coyered by m a terial from 
th e la s t ice-sh eet, as th ese afford - apart from the qu es tion of age 
- togP lh cr with the form er an excellent basis fo r th e consid eration 
ol' an interglacial flora and its general developm ent. 

Th e entire fo ssil m a terial procured from lh e interglacia l fresh ­
wa ter deposits of .Jutland is - subj ect to certain limita tions - noted 
in the lis ts p. 220 r. Apart from a nim al and lower vegetable form s we 
Jiaye h ere 99 species of mosses and abt. 165 species of vascular plants. 
4-0 % and abt. 30 % respec tiyely of these two groups represent new 
acquisitions to lhe Da nish interglacial flora sin ce 1909. P articularly 
interestin g amon g lh c finds of Yascular pla nts since that date are 
those of Acei campestre, Androm eda polifolia , Aldrovanda vesiculosa , 
Ceratophyllum submersum , Litorella uniflora, Myriophyllum alterni/lo­
rum , Najas /lex ilis, Rhyncospora alha and Trapa natans. 
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A general view of the flori stic and climatic developm ent which 
took place in north-western Europe during th e last interglacial 
period, as indicated by literature, and by the analyses giYen in the 
present work, may be summarised as in the table giyen below (p. 336). 
It will b e seen that the lake depos its at Herning Brickworks alone 
embrace all the five slages or Lh e inlerglacial period , whereas the 
remaining deposits co ver only portions of more or less considerable 
extent. 

Stage I. Arctic and Subarctic Flora. 
Only in some few parts of Jutland haYe arc ti c Yegetable remain s 

been found in clay or mud-like strata lying under temperate inler­
glacial fresh-waler deposits. 1

) Thus at Herning, Solso and Ejstrup, 
from the last interglacial period, and Skoymollen, near Kolding. 2) 

The interglacial slratum in this last mentioned locality lies coyered by 
the youngest diluYium, but may be synchronous with the correspond­
ing slrn la al Heming. There is also a Betula-nana flora , which is 
presumably synchronous with the sub-arctic flora uppermost in the 
"ardic day" at Heming (p. 20), Yiz. from Solso, Dalager Nygaard, 
and Brorup Hotel Bog; cf. also th e upper portion of the clay at 
Hingdal. The arctic flora from Heming and olher localities is r eckoned 
as belonging to the first of the lloristic zon es in the interglacial period, 
Zone a. and the sub-arctic flora Zon e b. The most important ele­
ments in this arctic and sub-arctic flora are: Arclostap_hylus alpina, 
Retula nana, Dryas oclopetala, Sa/ix herbacea , S. phylicifolia, S . polaris , 
S. reliculala , together with the mosses Calliergon sarmentosum, Cato­
scopium nigritum , Dicranum conges/um and Lescuraea Breidleri, to which 
must b e added a number of other species of more or less co mmon 
northerly distribution , as for instance Armeria vulgaris, Balrachiulll 
(c f. confervoides), Hippuri~ v11lgaris, Polamogeton perfolialus, P. pusillus, 
Poleniilla palllstris, Alllblyslegium s/ellatum, Calliergon giganteum , C. 
Richardsonii, Hypnnlll exannulatw11, H. revolvens, Swarlzia montana 
(sec also flora lists p. 220 f.) . Most of these species are known from 
the late glacial Dryas clay, which, since the first find ol' th is llora 
by A. G. NATIIORST, has been met with in numerous localities within 
tbe areas of Europe affec ted by th e inland ice; they show lhat these 
a reas were at that tim e marked by tundra- like conditions. Such 

1) In the diluvial strata at Sk:.erumhede, a considerabl e arctic flora was found 
together with thermophile species ; this however , e ither in a secondary 
position in sand and clay or in the marine J>orllandia arclica zone. D. G. U. 
II. R. No. 25, 1910, p . 93-109. 

2) See p. 196 and D. G. U. II. R. No. 20, p. 233 ff. Only a thin stratum of mud 
was here found , containing Sali.1· 110/11ris , JJc/11/a 11w111, JJ. alba etc. 
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conditions also prevailed in .Jutland a t the commencement of the last 
interglacial period, and probably also at the same time in great _parts 
of Central Europe, as sewral occurrences of diluvial arctic planl­
bearing beds are known from those regions, 1) though it has not always 
been possible to determine the age of th e deposits in ques tion. 

Stage II. The Lower Temperate Flora. 
In the pollen diagrams coyering this period we find the same 

constella lions in th e course of the curves, and since these constellations 
appear in a definite sequence, they may be taken as characteristic of 
a certai n number of zones. In the present material, we can distinguish 
between 7 such zones, each corresponding to one particular stage in 
the development of Lhe inlerglacial forest growth in .Jutland and -
as far as our material enables us to judge - also in North-west 
Germany. These zones are designated by the letters from c- i. 

The present find s of macroscopic plant remains from the inter­
glacial bogs afford support for such a diYision into zones; it would , 
howeYer hardly be possible, on the basis of this material alone, to 
carry out the arrangement so completely for each individual profile 
as by m eans of the pollen analyses. This will be apparent from any 
consideration even of the most thorough investigations, as for instance 
those of M. BEYLE, .J. STOLLER and C. A. \ VEBER. 

Zon e c. The interglacial Tundra vegetation gradually gave place 
to forests, in which Beiula pubescens and Pinus silvestris probably 
cons lituted the principal elements : Belula pollen especially was here 
predominant, and is represented by up to 93 °lo of the total pollen 
and Pinus pollen up to 43 °lo . In addition to macroskopic remains 
of Belula pubescens, we find in this zone also some fruits of Betula 
nana , which here appears as a survivor from the tundra period. A 
number of aquatic plants were also found, especially Batrachium aqua­
tile (co ll.), Hippuris vulgaris, Potamogeton filiformis, P. natans. 

In the H orup interglacial, which, like the other deposits of its 
group (see p. 196) exhibits the same zone formation as those which 
ca n be referred with certainty to the last interglacial period, Zone c 

consis ts of a stratum of marsh peat, the flora of which is noted on 

1) C. A. WEBER: Versuch eines Ueberblicks tiber die Vegetation der Diluvial­
zeit in den mittleren Regionen Europas. Berlin 1900. C. A. WEBER : Die 
Mammuthflora von Borna. - Abh. Nat. Ver. Brem. 1914, Bd. XXIII, H. 1. 
Bremen. - After the apprehension of C. A. WEB E H the arctic Mammut­
bed at Borna near Dresden dates from the late-glacial period of the Riss 
Glacialion. 

Oanmarks gcologiske Undersogc lsc. II. lhckkc. Nr. 48. 
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p. 200. We found here, inter nlia fruits of Carex pseudocyperus and 
Cladium mariscus. The stratum in question lies at the point of tran­
sition to zone d, in which the species of the mixed oak forest etc. are 
beginning to appear as immigrants (see Fig. 4, Pl. XXXIX), but the 
northern limit of distribution for Carex pseudocyperus and Cladium 
mariscus in Scandinavia during the postglacial period lies a little south 
of the northern limit of the oak forest. 

Zone d. The next stage in the evolution of the vegetation is 
marked by the appearrance of immigrant species belonging to lhe 
mixed oak forest group. The order of precedence was as a rule Ulnws, 
Querczzs, Cory/us, Aliws, Tilia, the first three generally appearing :-i.1-
ready in Zone d, Ahrns for the most part not until somewhat later, 

' in Zones e or f, and Tilia in zone f. For the rest, the diagrams show 
Belula and Pinus as constantly dominant in Zone d. The Belula pollen 
is, as in the zones just above and below, generally more frequent 
than that of Pirms. 

Zone e. Here also Behl/a and Pirms pollen will be found domi­
nant, the latter species indeed often attaining its first maximum here 
- at Hollund Sogaard up to 6.3 ¾. At the same time the Ulmus cune 
also is often seen to cultimate - with as much as ·17 °lo at Nor­
bolling - the Quercus pollen also showing greater frequency. Ulnws 
pollen was somewhat more frequent in the bogs from the south-east 
of Jutland than in the regions farther north and west; it has howeYer, 
a frequency of 10 ¾ in Duedam I. 

Survey of Zones c, d and e. These zones were deposited during 
the first conifer period of the interglacial period. The distribution 
of land and sea in north-western Europe at that time was different 
from that which prevailed later on in the interglacial period, when 
a considerable shifting of the shore line in a positive direction 
took place. The Eem strata show this in South Jutland, and, if the 
Eem strata represent one and the same horizon throughout the whole 
of northern Europe, as has been emphatically maintained, for instance 
by V. NORDMANN 1

), then this incursion of the sea must have been 
a phenomenon of far-reaching extent. The fresh-water deposits under 
the marine Eem strata at Stensigmose belong to the older part 
of the interglacial period, Zones d and e, consequently the trans­
gression of the Eem Sea took place at the beginning of the mixed 
oak forest period (Zone f), cf. p. 178. 

This Eem subsidence was undoubtedly accompanied by a corre­
sponding alteration in the climatic conditions, so that at the close of 

1) V. NORDMANN: La position stratigraphique des depots d'Eem. D. G. U. II. R. 
No. 47. 1928. 
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the first conifer period a more atlantic type of climate was setting 
in, the deciduous trees a t the same time gaining the upper hand. 
W' e have h ere then a close analogy to the well known transition 
from conifers to deciduous trees in the post-glacial period, which was 
likewise accompanied by a transition from " boreal" 1

) to atlantic 
climate, al the commencement of the Tapes-Litorina subsidence. In 
Europe of the presen t day, as we know, the continental climate is most 
frequently characterised by the growth of conifers, and the atlantic 
climate mainly by that of deciduous trees 2); the same feature is here 
expressed in Denmark and N\V 
Germany during th e interglacial 
and post-glacial periods. 

During the first conifer per­
iod , conditions of temperature 
changed from sub-arctic to tem­
perate, immigrant species of more 
thermophile character making 
their appearance. This has al­
ready ben touched on in the 
foregoing ; it may h ere b e added 
however, that before the period 
came to an end, species such 
as Ceratop/zyllum demersum, Na­
ias marina and eyen Trapa na­
tans pres umably entered on the 
scene, the oldest remains of this 

Fig, 33, Boundary lines for th e prese nt distrihulion 
of Quercus robur (th e fully drawn line) and Q, sessili­
/lora (th e stippled line). After K 1Rc 11 NER, Lorw and 
S c11ROTER by Euo, \VA RMJ ~ G (Botanisk Tidsskr, Bd, 35, 

Co penhagen 191\l, p , 4'.{), 

last being found in the washing samples from Stratum D in the 
deposit at Fovling (cf. p. 155 and Pollen diagram XXXVII, 1). At the 
tim e when the oak (Quercus robw) immigrated, it may be supposed 
that the climatic conditions of .Jutland were similar to those now 
prevailing at the northern limit of the oak in Sweden or Finland 
(Fig. 33), whereas prior to that event, the climate must have bee n 
like that of somewhat more northerly regions at the present day. 

A feature of interest is th e occurrence of a small percentage 
( 1- 5 % ) of Picea pollen in these zones ( answering to the first conifer 

1) L . v, PosT maintains that the climate of the boreal period in Sweden should 
be characterised as a kind of "atlantic climate" (Gotlands-agen (Cladium 
marisc11s R. BR.) i Sveriges postarcticum. Ymer 1925, p . 308 f. ). The climate 
of ,this period in Denmark bower, is marked not only by a frequently 
noted occurrence of drying up strata in bogs and deposits of calcareous 
tufa , but also by the presence of large forest of the continental Pinus 
silueslris out to the west coast of Jutland. 

2) Cf. BnocKMANN-JERosc1-1 : Baumgrenze und Klimacharacter, Beitr. zur geo­
bo ta·n . Landesafnahme, 6. Zurich 1919, p. 205 f. 

22• 
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period) in seYeral of the diagrams, viz. for Rodebrek III, Brorup Hotel 
Bog, Tucsbol II and Kuhgrund II, to which may be added Horup, 
Hollerup, Egtved and Kollund among deposits covered with young­
glacial strata, whereas in the lower part of Zone f, this species of 
pollen is as a rule altogether lacking. Attention must here also be 
called to the fact that macroscopical remains of Picea exc~lsa arc found 
in the bog at Astrup from the earliest part of the interglacial period 
(see p. 127) as well as in the calcareous mud at Hollerup (cf. p. 208). 
This suggests that Picea exce/sa occurred quite sporadically in J ull.and 
in the earliest part of the interglacial period. From the post-glacial 
period such a feature is unknown as far as Denmark is concerned, 1) 

but it is a well-known fact, though lo a far greater degree, from more 
eas terly regions, viz. Russia, 2

) where Picea pollen is sometimes fairly 
common in th e boreal strata of postglacial bogs. The occurrence of 
Picea pollen in the lower part of the interglacial strata sequence seems 
then lo be an eastern feature, and confirms the supposition that Lhe 
general character at the time in question was continental. \Ve do not 
kno,v why Picea excelsa did not then succeed in the competition with 
other forest trees, but this may perhaps be explained to some extent 
by the fact that the climate of northern Europe soon became decidedly 
atlantic, and thus relatively unfavourable for Picea exce/sa, er. p. 360. 

Zone f. It will be seen from what has already been stated on 
p. 179 as to the Eem strata, that the marine deposits of these, with 
Tapes aureus var. eemiensis etc. must be synchrounous with zone f in 
bogs of the Brorup and Herning type. The warm Eem sea transgressed 
great portions of the Cimbrian Peninsula, and other coastal regions of 
NE Europe, and a Lusitanian fauna immigrated into the Baltic, while 
at the same time the flora of the rich mixed oak forest superseded 
the former conifer growth. This alteration of the coastline must have 
caused, or at any rate furthered, an alteration of the climate of N\V 
Europe in an atlantic direction. The West-European character of the 
forests in the period answering to Zone f is apparent from the Jlora 
list and pollen diagrams: deciduous Lrees almost without or 

1) Among tens of thousands of pollen grains from Danish postglacial bogs, 
not twenty of Picea excelsa were found except at Femsolyng in North Sealand , 
where the pollen appears in the upper part of the strata sequence. (L. voN 
PosT: Skogstradpollen ... Skandinav. Naturforskeres 16de Mote 1916. Kri­
stiania 1918, p. 459. - KNUD JESSEN: Moseundersogelser ... D. G. U. II. R. 
No. 34. 1920, p. 74). 

2) D. A. GEHASSIMOW : vVestnik torfjanowo djela (Moore in Gouvernement 
Kaluga). Nr. 12. Moskou 1924, p. 6. In Russian, with a summary in German. 
- vV. S. DocTUROWSKY: Uber die Stratigraphie der russischen Torfmoore. 
Geolog. Foren. Forhandl. Brl. 47. 1925, p . 100. -- Cf. PETER STARCI<: Der 
gegenwarlige Stand der pollenanalytische Forschung. Zeitschr. f. Botanik. 
17. Jahrg. 1925, p. 100 f. 
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with but a littl e of conifers. _Par ticularly characteristic in lhis 
r espect is the distribution of the now decidedly atlantic species llex 
europaea, which was co mmon in northern Europe during the deciduous 
forest period of the last interglacial, and reached farther easl than at 
the presenl day (cf. Fig. 34). It is noted, for instance from Matzen, 
near Berlin , in a deposit referred lo the last in lerglacial period, 1) and 
was also a constituent part of the flora at Klin ge, near Kotlbus, 2) the 
age of which howeyer , has hardly yet been finally determined . There 

Fig. 34. i\Jap shoving the present distribution of lle.r aquifo/iu111 . 
After J . lloLMBOE: Bergens Museums Aarbok 1913, p . 84 . 

were howeyer, also other atlantic species liYing in N,v Europe al 
that Lime, as for instance Taxus baccala, Cladium mariscus3), Hydroco­
lyle uulgaris, Li/ore/la uni/Zora , Potamogelon densus ; and it seems from 
this, and from what is noted in the following thal th e climate of 
Jutland and NVl G e rm a_ ny in that part of th e int e r g lacial 
period which answers to Zon e f was no l es s atlanlic in 
character lhan th e climate of the Litorina period in post­
glacial tim e. 

In Zone f, which oflen embraces a relatively considerable portion 

I) J . STOLLER : Beitr. z. Kenntnis d . diluvialen Flora (besonders Phanerog.) 
Norddeutsch!ands. I. Jahrb. Kg!. Preuss. Geolog. Landesanst. Bd. XXIX. 1. 
Berlin 1908. 

2) C. A. WEBEH : Ueber die diluviale Vegetation von Klinge in Brandenburg 
und ihre Herkunft. Eng. bot. Jahrb. Bd. XVII. Leipzig. 1893. 

3) J . STOLLER : Beitr. z. Kennlnis d . diluvia!en Flora von Norddeulschland. III. 
Phoben, Kohlhasenbri.ick, Quakenbrii ck. Jahrb. Preuss. Geolog. Landes­
anstalt. Bd . XL VII, 1. 1926, p. 333. (Cladium mariscus at Berlin in the last 
interglacial period). 
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of the pollen diagrams, we find th e culmination of the c urYe s 
for mixed oak forest (Qercus+ Ulmus+ Tilia), Cory/us and A!tws, 

answering, according lo the washing lists, lo the species Quercus robur, 
Tilia cordala, T. platyphylla, Ulmus glabra, Cory/us auel/ana and Ahrns 

glulinosa. In addition lo these, howcYer, there were seYeral other lrees 
and shrubs, especially Acer campestre, A. platanoides, Fraxinus excelsior, 

Jlex aquifolium, with Corn us sanguinea, Crataegus sp., Prumzs sp . (plum), 
Sambucus cf. nigra, Taxus baccala, Viburnum op11hzs and Visc11111 album; 
furthermore, Pinu .~ silvestris was stil or some imporlance during the 
first part of Lh e tim e, Carpinus and ?icea immigrated during the latter 
part. This varied wealth of species is in itself an indication that an 
oceanic climate preYailed at the lim e, a climate of this sort allowing 
room for species with a wide diYersily of requirements, whereas the 
continental climate is strictly selective. 1) 

The pollen diagrams indicate a cerlain rhythm in the fores t 
deYelopmenl during the period answering Lo Zone f. In the lower 
part or this zone, for ins lance, ·we have the culmination of the Q1terc11s 
pollen, which attained as much as 65 % (OYer Gestrup) and indeed 
often made up OYer 50 % of Lhe lotal pollen in th e spectra aparl 
from Cory/us. lL rather seems, from the material, that the oak was 
about CYenly distributed throughoul the area under consideration. 

Almost simultaneously with Quercus, comes the maximum or 
frecruency for Cory/us avellana, this species often showing a higher 
frequency of pollen than all the others together. This Coryl11s maxi­
mum represents an episode in the lim e of the mixed oak forest, prior 
lo, synchronous with or subsequent to the date of culminalion for 
lhe Q11ercus pollen. The highest frequ encies for Corylus pollen in 
.Jutland was noted al Bri:irup railway station (233 %), O,·er Ges trup 
186 %, and Li:iYskal 227 %, Kollund 285 ¾. At Ri:imstedt I in Lhe 
Luneburger Heide, it actually amounted lo 492 %. 

Corylus avel/ana must at that lime . haye been extraordinarily 
common as undergrowth under the oaks; in places, perhaps, th ere 
would haYe been something approaching the formation of whole groYes 
of hazel. This interglacial Cory/us maximum is thus in so far analogous 
lo the post-glacial Cory/us maximum obsen-ed in great parts of Northern 
and Central Europe, since it was firsl noted by L. VON PosT in Lhe 
bogs of south-western Sweden.ii) But in the interglacial period, lhe 

I)· BHoCKMANN-JEHOSCH: Banmgrenze und Klimacharakter. Beitr. z. geobotan. 
Landesaufnahme. 6. Zurich . 1919, p. 200. 

2) The literature of the postglacial Cory/us maximum is quoted in G. Enon1A :s: 
The Journal of Botany 1926, p. 73. The danish postglacial bogs also ex­
hibit a similar high Cory/us maximum, often higher tllan one hundred. 
That this is not so prominently apparent in the investigations hitherto 
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Cory/us poll en allain s ils maximum ra ther later in regard to lhc gen erai 
fores t development tha n is the case in th e posl-glacial, in whi ch it is re­
ferred to the close of the boreal period, when Pinus still predominated 
over th e mixed oak forest, at any ralc in the south-western Baltic regions. 
L. VO N PosT 1) regards the post-glacia l Cory/us maximum, which occurs 
normally in the lower part of the strata sequen ce of lh e bogs within 
the regions of southern Sweden exposed to the influence of lhe sea , 
as indicatin g the presence of hazel woods, which h e co mpares with 
the h a zel groves on the west coas l of Norway north of lhe limit of 
occurrence for oak. According to lhis view, it would be a reaction 
from the atlantic influ ence on the flora, and this idea is supported 
by lhe actual geographical dis tribution of the localities where the 
post-glacial Cory/us maximum is obsen ed; Yiz. ·w estern E urope and 
lhe mountains of Cen lral Europe. Possibly the interglacia l Corylus 

maximum in N\\T E urope may be regarded as indicating lh c r eaction 
of lhe forest vegetation from lhe atla ntic climate of the Eem Sea 
period, though there is hardly any analogy lo find a t the present da y 
in northern Europe south of lhe northern limit for oak. The fact 
that the interglacial Pinus-Belula period (Zon e c, d, e) which form s a 
parallel to the pos t-glacial boreal period, did no t suffice for the develop­
ment of a Corylus ma ximum, may doubtless b e la ken as emphasising the 
presen ce of a climatic difference b etween these lwo temperate portions 
of th e Quaternary period. 

Alnus pollen a ttains ils h ighes t frelruency in nearly all diagrams 
somewhat later than Quercus and Cory/us (e xcept a t Hollund Sogaard), 
and is then in man y cases the dominant species; the high est fi gure 
is r each ed at Brorup Hotel bog, which shows 87 %. Post-gla.cial 
pollen diagrams from northern E urope show a simila r advan ce of 
Alnus pollen , viz. from the atla ntic stage, a n d the cause lies un­
doubtedly in the ex treme moisture of this type of climate, occasioning 
a n increased distribution of the eulrophic A lnus growth on swampy 
ground , and generally fa vouring A lnus ghzlinosa, even wh ere it had . 
Lo compete with the oak forest. By analogy then , we can imagine 
Lhat it is under the influence of the atlantic climate which set in 
with the Eem subsidence that the Aliws curve shows its pronoun ced 
turn to th e right in th e interglacial pollen diagrams' {-zone. The fa ct 
Lha t this ge neral increase of moisture docs not appear to have favoured 

publish ed (D. G. U. II. rt, No. 34, 1923, and Memoires de la Soc. Roy. des 
antiqu . du nord , 1926 - 27, p . 25) is d ue to the employment of a somewhat 
different method of calculation for the frequency of Cory/us polle n (D. G. U. 
II. R. , No. 34, p . 9). 

1) L. voN PosT: Postarktiska klimattyper i siidra Sver ige. Geol. F ii ren. F ii r­
handl. Bd. 42. Stockholm. 1920, p. 239. 
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the birch - the Betula cun-e in the pollen diagrams indicales a mini­
mum for this species of pollen at the time when Alrws culminates -
must be due lo the edaphic conditions, which were still at that time 
favourable to eutrophic formations. 

The Tilia pollen, as was to be expected from the macroscopic 
finds of the species T. cordifolia and T. platyphylla, appears for the 
most part with but very low figures for frequency; it is rarest in the 
·western part of .Jutland, more common in the east and south. Our 
material does not allow us to state with complete certainty when the 
Tilia maximum occurred, but for most of the localities where this 
species was most abundant - 0Yer Gestrup, H.omstedt I and II, as 
also Horup , Egtved, Kollund, Loopstedt, it would seem to haye oc­
cured somewhere towards the close of the /-Zone period. At the same 
time, the Ulmus curve can indicate a generally slight secondary maxi­
mum for this species, which has been somewhat moore poorly re­
presented in the time immediately preceding. In the EgtYed diagram, 
this secondary Ulmus maximum amounted lo as much as 23 %. 

Both the interglacial and the post-glacial pollen diagrams thus 
show the presence of a mixed oak forest haYing much the same 
composition in both periods, indicating that the forest dnelopment 
and the various causes on which it depended were in the main uni­
form for both these sections of the Quaternary period. NeYertheless, 
it is eYident from the foregoing that there are differences in detail. 
L. VON PosT lirst pointed out, and others have since confirmed, that 
after the Cory/us maximum in the post-glacial forests of northern 
Europe, first Ulmus and then Tilia and last of all Quercus attained 
thei,r respectiYe maxima. The conesponding order of precedence for 
the last interglacial period in .Jutland and probably also in NV,T 
Germany, on the other hand, was Ulmus (during the Pinus period) -
Quercus as a rule a little before Cory/us -- Tilia, Ulmus. Such diffe­
rences may possibly afford a key to more thorough understanding or 
the causes underlying such successions, when the interglacial deposits 
of Central Europe are also subjected to pollen analysis on the lines 
adopted for those of Northern Europe. 

The curves for mixed oak forest, Cory/us and Alnus attain their 
maxima in the f Zone; those for Pinus and Betula, on the other hand, 
haYe their minima here in nearly all pollen diagrams from the last 
interglacial period and those of uncertain age; in some cases howeyer, 
not until the g-zone. A survey of the pollen diagrams for these two 
groups shows that the minimum frequency for Pirrns pollen in these 
zones lies between O 0; o and 13 °/o, the aYetage (out of 15 cases) 
being 4.3 %. The Betula minima fall about the same time between 
2 °lo and 24 0/o, average 6.5 %. In the mixed oak forest zone of 
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th e Danish bogs of th e post-glacial period, lhe fi gures f'or fr equency 
of Pinus pollen show altogether similar va lues, and il is likely lhen 
that Pin us silveslris was during lhe portion wilh deciduous fores ls 
of the la st interglacial period, reduced to a similarly insignirtcanl 
position in the forests of norlh-weslern Europe, after haYing been 
lh e mosl important of the fo res t lrees. The causes which led lo 
this may presumably be expressed, as regards the las t interglacial 
period, in approximately the same words as used by E. HDIBERG, 1) 

in conformity with the general Yiew, as to the history of Pinus sil­
veslris in southern Scandinavia during the latter part of the post­
glacial period Yiz., that the factors mainly responsible for the decline 
of this species were : successive changes of climate from boreal and 
northern-temperate to oceanic, the immigration of the oak, and the 
destructive influence of mankind - save that manking was not one 
of the factors in the interglacial period. 

It seems as if Fagus sifvatica might have found suitable conditions 
in Denmark in the la s t interglacial p e riod; in spite of this 
howeYer, th e r e is not a single find of this species r ecor d ed 
in thi s country, not eve n of its poll e n, in lh e d e posits 
hith e rto inv es tigat e d . .Jutl an d deposits from lh e p e nul­
Limal e inl e rgla c ial lik e wi se shown no lra ce of beech, a nd 
the recorded finds of beech al Honerdingen and Ober Ohc, also from 
the penultimate intergla cial period, have not been con firm ed. 2) \\Tith in 
th e area under consideration, interglacial beech has only been obscned 
at Fahrenkrug, 3) in Holstein , in a deposit which, lying below the yo unger 
diluvium , most likely mus t be plaed in the group of " un certain age", 
and in an interglacial bog at Bergedorf4) near Ha mburg, the description 
of which lea Yes the question of its age open. Of beach only pollen is 
found here. The interglacial hi story of the beech in Europe is howeYer, 
but Yery inadequately known , and not until systematic pollen analyses 
have been carried out can we look for any improYement in this r espect. 
F. FmBAs (l. c.) has noted this fact, and mentions the rnrious finds of 
interglacial beech. His statem ent that Fag11s silvatica appears to be lacking 
at any rate during one interglacial period in Central Europe, but lo 
belong, firstly to old quaternary deposits - (Cromer fores t bed, Tegelen 
etc .) - and further to younger quaternary deposits, - occurrences or 

1) E. HEMBEHG: Skogsvtirdsfiireningens Tidskrift. Stockho lm . 1904, p. 12-!. 
2) F11AN Z F111s .1s: Zur vValdcntwick lung im Interglazial vo n Sch lad ming an 

der Enns. Beih . z. Bot. Centralbl. Bd. XLI. 1925. Abt. II. Dresd en, p. 306 f. 
3) C. A. W EB EII : Uber die diluv . Flora von Fahrenkrug in Holstein . Englers 

bot. Jahrb. XVIII B. 1893, Beiblatt 43, (Separat-Abdruck, p. 9). 
4) W. KoEHT und C. A. \VE BEH: Erliiuterungen z. Geolog. Karle v. Preussen. 

Lie f. 176. Blatt Bergedorf. Berlin 1912, p. 22. 
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Schiefekohlen in Swilzerlanrl and in the East Alps 1
) - is, as regards the 

las t interglacial period, in marked contrast to what has here been noted 
in N\V Europe. Altogether, the history of the beech in Europe seems to 
exhibit a doubtless imporlant though hither to inexplicable difference 
in geographical respects between interglacial and post-glacial periods. 

A similar difference between the two periods is apparent in the 
occurrence of Abies peclinata, which was, in lhe interglacial period, 
distributed throughout the lowlands of NW Germany, whereas at the 
present day, its northern limit lies along the northern margin of the 
mountains of Central Germany. 2

) This · tree is noted from the last 
interglacial period in N\V Germany at WinterhudeH) near Hamburg, 
and at Nienjahn near Hohenwedstedt 4) in Holstein. In the deposit 
at Godenstedt 5) n ear Bremen, and Bergedorf6) near Hamburg ( only 
pollen), it is perhaps contemporary with the occurrences at Honer­
dingen (see p. 370) and in other similar deposits in the Liineburger 
Heide and at Seelze at Hannover. 7) The bogs at Winterhude and 
Nienjahn must be referred lo the Brorup type. From the first 
of these localities there are finds recorded of macroscopic remains 
of Abies peclinata, whereas from Nienjahn, only pollen is mention ed, 
according to the analysis by C. A. \Vrnrn.: "Unter 1000 Blutenstaub­
korneren von Biiumen waren durchschnitUich 866 Yon Picea, 34 von 
Pirws, 5G Yon Betula. Der Rest [ 4,4 ¾ ] Yerteilt sich auf Carpinus, Popullls 
und Abies" (1. c. p. 69). This is the most northerly locality for inter­
glacial Abies pectinala, as the species was not found in any of the 
numerous Danish interglacial deposits, neither in the form of macro­
scopic nor microscopic remains. 8

) 

1) FHANZ FIRBAS : Beitriige zur Kenntnis der Sc hieferkohlen des Inntals und 
der interglacialen W aldgeschichte der Ostalpcn . Zeitschrift fiir Gletscher­
kunde. Bd. XV. 1927. 

2) K. RuBNEH : Die pflanzengeograph. Grundlagen des Waldbaues. Neudam 
1924. Karle III. 

S) M. BEYLE in E. Ho1rn: Die geolog. Aufschlusse des Stadtsparkes in Winter­
hude. Zeitschr. d. Deutschen Geolog. Gesellschaft. Bd. 64. Monatsber. Ber­
lin 1912. 

4) W . WOLFF : Zeitschr. d . Deutschen Geolog. Gesellsch. Bd. 74, .Tahrg. 1922. 
Monatsber. Nr. 3-4, p. 68 f. 

5) FR. SCHUCHT: Die diluviale Ablagerungen von Godenstedt bei Zewen. "Auf 
der Heimat, for die Heimat". N. F. 11 . 

6) Vv. KoERT and C. A. vVEBEH: Erliiuterungen z. Gelog. Karle von Preussen. 
Lief. 176. Blatt Bergedorf. Berlin . 1912, p . 21. 

7) .T. STOLLEH: Uber altdiluviale Leineschotter bei Isernhagen und das alt­
diluviale Torflager bei Seelze in dcr Umgebung von Hannover. 11. .Tahresber. 
d . Niedersiichs. Geol. Verein. z. Hannover. 1919, p . 66. 

B) The most important difference between pollen of Picea e.i:celsa and ,lbies 
pectinala lies in the size of the grains : and in none of the Danish inter­
glacial deposits has any conifer pollen been found with a lenght exceeding 



347 

Abies pcclinata is a species requiring much moislure, and il is Yery 
susceptible to night frosts. ll is cultivated successfully in ma ny places 
with a decidedly aUantic climalc, 1) hut in Denmark one il not sure 
of its Yalue as a forest tree on a large sea le. 2) R UBNEn main­
tains that the conspicuous ahscnce of this tree in NW Germany is 
due lo incomplete immigralion. It is regarded as an indication of' 
atlanlic climate, when mel with in post-glacial deposils in Central 
Europe. 3) Its occurrence in the interglacial deposils of N,v Germany 
together with the species or lhe oak forest agrees ,vell wilh the aboYe 
noted cddence of a mild climate in a portion ol' lhe Jasl inlerglacial 
period in Northern Europe. 

The Yiew expressed by J. STOLLER4) lhal Abies pectinala, in ils 
dislribution in the diluYial period north of its prescnl northern limit, 
seems lo have taken a different co urse in lhc last inlerglacial period 
from that followed in lhe penultimate interglacial , is based mainly on 
the assumption that the interglacial deposits in the LC111 eburger Heide 
co ntaining Abies peclinala musl be ascribed to the lasl interglacial 
period. According to lh e classification of the N,v Germany interglacial 
deposits arriYed at from the results of th e present work hmYeYcr, the 
northern limit of occurrence for Abies pccfinala in Lhe penultimate 
interglacial period must be drawn across Honerdingen and Ober Ohe 
lo Tempelhof near Berlin, where J. STOLLEn l. c. has found lhis species, 

that of recent Picea excelsa pollen , i. e. up to 139 ft . The table below shows 
llwt there is a distinct difference between the lengths for pollen of Picea 
excela and Abies J!Cclinala from differcnl parts of E urope (racial difference '/), 
Only such conifer polle n as exceeds 139 ri in length can as a rule - at any 
rate in western Europe - be ascribed to Abies peclinala. 

DocTUROWSl<Y & Ku,rn.J.\ SCHOW (Geologisches Ar-
chiv. III. Konigsberg 1924, p . 181) ... ..... . .. . 

SELMA R uoFF (ibidem p. 181, footnote) . ..... ... . 
KNUD JESSEN (Denmark) .. . ...... . ... . . ... ..... . 

Picea excel.rn I Abies pecti11a/a 
Lenghl in / b Length in fb 

90 - 104 
95- 120 

100- 139 

100-120 
130 - 150 
128- 178 

(195) 

l) K. RuBNEH: 1. c. p . 233 f. . 
2) A. OPPER~IANN : .Edelgranens Vrekst paa Bornholm (Le sap in pectin e ii l'ile 

de Bornholm). Det forstlige Forsogsvresen i Danmark. IV, p. 26-39. Kbhvn. 
1912. - L. A. HA UC H: Danmarks Trrevrekst. I. Kbhvn . 1919, p. 117 f. 

3) P . STAtU<: Pollenanalytisch e Un tersuchungen an zwei Schwarzwaldhoch­
mooren. Zeitschr. f. l3otanik, 16 . .Jahrg. 1924, p . 611. - The sa me : Der gegen­
wartige Stand der pollenana lytischen Forschung. Ibidem , 17 . .Jahrg. 1925, 
p . 107 f. - H. GH1s & R. NonD II A(;EN: Postglaziale Klim aa nderungen . .. . 
Landeskundl. Forschungen d . geogr. Ges. Mfmchen. 25, 1923. Vergleichstabelle. 

4) F . KAUNHOWEN und J. STOLLEn: Neuere Aufschliisse im Berliner Diluvium . 
.Jahrb. Preus. Geol. Landesanstalt. Bd. XL VI. Berlin. 1926, p . 625. 
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while in the deposits from the lasL interglacia I period, il has been 
lraced as far as Holstein. 

Th e mildness of the climate, and especia lly the warmth 
of summ er in that part of the interglacial period which answers to 
the /-Zon e, is also seen from the flora lists. The facts in this connection 
haye frel1uently been touched upon by preYious writers, especially 
C. A. . VlEBER and ,J. STOLLER. 

Brasenia purpurea, which has been found in a considerable number 
of interglacial deposits in N,i\T Germany, lhe most of them at any rate 
from the last interglacial,1) was hitherto known in Jutland only from a 
single localiLy, viz . Tuesbol.2) The recent investigations, howeyer, have 
shown that lhis plant was fairly common in Jutland during the last 
interglacial period, 11 finds from different localiLies being now recorded. 
The seeds were found especially in Zone f but also in the Zones g 

and h. J. STOLLER points out (1908, l. c. p. 72) that Brasenia purpurea 
was able to seed abundantly in a climate where the mean temperature 
during the yegetaLion period of the higher plant forms was at least 12 ° C, 
and th e winter temperature did not fall below ""7"" 5 ° G; that is, where 
Lhe summer was a least as warm as in Denmark at the present day. 

As with Brasenia purpurea, so also Dulichium spalhacewn proyes 
to haye been common in the last interglacial period, 11 finds being 
now recorded from Jutland of this Cyperacea; it belongs especially Lo 
Zone f, partly also to Zone g, and h, and its requirements as to siLe 
and climatic condiLions 3) were presumably similar Lo those of Brasenia 
purpurea. In the interglacial deposits of NV,T Germany it is recorded 
especially from Kuhgrund I and Vles terland, on the island of Sylt. 

Trapa natans. This species is known from the N,i\T German inter­
glacial deposits from -l(5) localities in all, viz. Kuhgrund I,4) Kuh­
grund II ,5) Hamburg-Barmbech 6) from th e last inlcrglacial period, 

1) J. STOLLEH: Uber die Zeit des Aussterbens der Brase11ia p11rp1;rea M1c11x. 
in Europa, spec iell Mitteleuropa. Jahrb. Kg!. Preuss. Geolog. Landesanstalt 
XXIX, I. Berlin 1908, p. 83. - M. BEY LE : Uber einige Ablagerungen fossiler 
Pflanzen der Hamburger Gegend. I. Jahrb. u. Wissenschaftl. Anstalten, XXX. 
Hamburg 1913, p. 84. - M. BEYLE: Uber einige Ablagerungen ... III. Ibid e m, 
1924, p. HJ. - V. NoHD~IANN, KNUD J ESSE:-- und V. MILTHERS: Quartiirgeolog. 
Beobachtungen auf Sylt. Medd. Dansk geolog. Foren. Bd. 6. No.15. 1923, p. 25. 

2) N. HARTZ: Bidrag ... D G. U. II. R. Nr. 20, p. 176. 
3) J . STOLLER: Uber das fossile Vorkommen der Galtung Dulichium in Europa. 

Jahrb. Kg!. Preuss. Geolog. Landesansl. XXX, I. Berlin 1909 
4) J. STOLLER: Beitr~igc z. Kenntnis d. diluvialen Flora Norddeutschlands. II. 

Lauenborg a. Elbe (Knhgrund). Jahrb. Kg!. Preuss. Geolog. Landesansl. 
XXXII, I. Berlin 1911, p. 128. 

5) M. BEYLE: Uber einige Ablagerungcn fossiler Pflanzen d . Hamburger Gegend. 
3. Mitt. a. d. Mineral.-Geolog. Staatsinslitut. IV . Hamburg 1924, p . 10. 

ff) M. BEYLE: Uber einige Ablagerungen ... 1. Ibidem . 6. Beiheft. 1913, p. 87 f. 
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Seelze at Hannover 1) (/orma laeuigala) fi:om " Interglacial I", and Grii­
nenthal in Holstein 2) the age of which perhaps is more un cer tain. To 
these must now be added four loca lities in .Jutland, Yiz. Heming, 
Solso, Fovling and Sandfeld. In all these localilies, Trapa natans is 
found more particulary in zones where remains of deciduous trees 

Fig. 35. Distribution of Trapa n ata11s in n orthern E urope: 6 finds fr o m th e inte rglacial period ; 
as regards th e Cin1bri an peninsula nt any ra te fro1n the last interglac ial pe riod. O finds fron1 
pos t-g lncinl tin1es . - - - - north ern limit of occurrence fo r th e species during the pos t-g lacinl 
climatic optimum .............. .. n orthe rn limit of th e species in his torica l limes. (Aft er JI. GAMs: 
Die Ga llung Trapa L. Di e L'flanzc nareale . I. R. II. 3. l{ a rte 25. 1927. \\' ilh a ltera ti ons for Den mark). 

are most abundant. This fret1uent occurrence in the north-wes tern 
part of the northern European lowlands is in marked contrast to th e 

1) J. STOLLER: Uber altdiluviale Leinescholter bei Isernhagen und das alt­
diluviale Torflager bei Seelze in der Umgebung von Hannover . 11. Jahres­
ber. d. Niedersiichs. geol. Ver. z. Hannover. 1919, p . 67. 

2) C. A. WEBER: Versuch eines Ueberblicks iiber die Vegetation der Diluvial­
zeit. Allge m. vers liindl. naturwissensch. Abh. 22. Berlin 1900, p. 20. 
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post-glacial distribution of this species ( cf. Fig. 35). 1
) The extreme limit 

of occurrence of the species in northern Europe during the varm part 
of the postglacial period runs NE- S\V; this can hardly be taken as 
indicating that the species schunned an atlantic climate, but the fact 
must rather be that it requ ires summers of a certain fairly high 
temperature in order to bear fruit. H. GAMS (I. c.) points out that the 
diluvial , postglacial and present distributions of Trapa nalans are alike 
determined by three factors, viz. that it shuns the lime, but requires 
much nourishm ent and much h ea t. \Ve find also that its nuts occur 
in non-calcareo us , highly humous mud (Dy) together with numerous 
other aquatic plants; and as regards its termophile character, it may be 
noted that the northern limit for occurrence in historical times in north 
Germany 2) more or less coincides with the July isotherm for 18 ° C. 

The interglacial s ummers in western Jutland must then undoubt­
edly _have been varmer than those of the present day, and quite as 
warm as in the south-eastern Baltic r egions during the days of the 
postglacial heat optium, i. e. with a mean temperature for .July at 
about 2 ° C above that of the present day .3

) 

Washing from the excavation at Hcrning Brickworks yielded, 
from the f zone, a total of 238 whole or nearly whole fruits of Trapa 
natans. These were not large on the whole; they were much com­
pressed, and rath er thin-walled, with pointed spines, the basal parl 
of which as a rule was but poorly developed; there were however, some 
specimens with 2 pairs of powerful excrescences from the region bel­
ween the spines. The fruits differ greatly in shape, but can be fairly 
easily divided into a series of forms similar in constitution to many 
of those described by A. G. NATHORST and GUNNAR ANDERSSON. 4

) In 
the fruits from Heming, the part situated above the spines is fairly 
uniform and poorly developed. The shape of the oral part includes 
all stages from the laevigata type, which lacks neck and corona entirely, 
via the sub-rostrata forms and rostrata forms to the fully developed 
coronata type with distinct neck and well developed corona. See 

1) The map of the distribution of Trapa nalans published by H. G,u 1s (Die 
Pflanzenareale, I. Reihe, Heft. 3, Karte 25. Jena 1927) gives, erroneously, 
after GuNNAH ANDEHSSON, a postglacial find of Trapa nalans in Jutland ; 
cf. KNUD JESSEN : "Naturens Verden." Copenhagen 1918, p . 448. 

2) H. G,u1s, I. c. Karte 27. 
3) GUNNAR ANDERsso::-1: Sveriges geolog. Unders6kning. Ser. Ca No. 3. Stock­

holm 1902, p . 165. - Cf. GUNNAH SAM UELSSON: Bull. of the Geol. lnstit. of 
Upsala. Voll. XIII. Upsala 1915. 

4) A. G. NATHORST: llih. K. Svenska Vet. Akad . Handlingar. Bd. 13. Afd . III. 
No. 10. Tab. I - III. Stockholm 1887. - GuNNAR AND ERSSON: Bulletin de la 
Commission geologique d e Finlande. Nr. 8. Helsingfors 1898, p . 201 f. 
Tab. nr, IV. For postglacial Trapa nalans in Denmark see KN UD JESSEN : 
D. G. U. Il . R. No. 34, p. 30 f. 1920. 
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Fig. 1- 16, P l. XXXI. The 238 fruits found are distributed between 
these fo ur forms as follows: 

f. coronala ..... . 87 36.5 0/o coronala-type ... . . 36.5 0/o 
f. roslrala ....... 81 34.0 0/o } 
f. sub-roslrala . . . 54 22.7 0/o laevigala-type . . ... 63.4 o 'o 
f. laevigala . .... . 16 6.7 0/o 

238 99.9 0/o 99.9 0/o 

The occurrence of Stratiotes aloides in the interglacial fresh-water 
deposits likewise testifies to particulary mild summers during the 
warmest portion of the interglacial period, the time of the mixed oak 
forest and that immediately following. Finds have been made at Ej­
strup, Tuesbol I, Tuesbol II, Norbolling and Brorup Hotel, all in the 
southern parl of .Jutland. The species is also known in NW Germany, 
especially from GriHrnental,1) I{ uhgrund 1,2) several localities near 
Hamliurg, 3) and from Fahrenkrug in Holstcin. 4

) In the present day, 
only the female plant is found N of the frontier river Krusaa and 
Sundeved, in the south-eastern part of South Jutland. 

Aldrovanda vesic11losa. N. HARTz 5) found in a washing sample of 
mud from the interglacia l bog at Tuesbol I inter alia the following 
species: Picea excelsa, Taxus baccata, Alnas glutinosa, Brasenia pur­
p11rea, Cwpin11s betulus, Ceratophyllum demersum, Dulichium spathaceum, 
Fraxinus excelsior, "Hydrocharis morsus ranae" (8 seeds), Najas marina, 
Quercus rob11r, Stratiotes aloides. The seeds noted as Hydrocharis 
morsus ranae are now by \V. S. DocTUROWSKY, E . M. REID and M. E . .T. 
CHANDLER recognised as seeds of Aldrovanda vesiculosa. 6) This revision 
also applies to the find recorded by N. HARTZ 1909, p. 120 of Hydro­
charis mor.rns ranae from the amber-pin-beds at Copenhagen, which are 
perhaps preglacial7) E. M. REID and M. E . .J. CHANDLER also note 
Aldrovanda vesiculosa from the interglacial deposit at Galitsch near 
Moscow, and M. BEYLE tells me kindly that the seeds hitherto known 

1) C. A. WEBEH: Versuch eines Ueberblicks . . . Berlin 1900, p . 19. 
2) J . STOLL EH: Beitriige ... 11 Lauenburg a. Elbe (Kuhgrund}. Jahrb. Kgl. Preuss. 

Geolog. Landesanstalt. XXXII. I. 1911, p. 120. 
3) E. Hmm: Die geolog. Aufschli"isse des Stadtparkes in Winterhude . .. Zeit­

schr. d. Deutschen Geolog. Gesellsch. B. Monatsberichte. Berlin 1912, p. 132. 
- M. BEY LE : Uber einige Ablagerungen fossiler Pflanzen d. Hamburger 
Gegend. 1. Jahrb. d . Wissenschaftl. Anstalten. XXX. Hamburg 1913, p. 81 
and 89. - Uber einige Ablagerungen. 3. Mitteil. a . d. Mineralog-Geolog. 
Staatsinstitut. Heft. VI. Hamburg 1924, p . 18. 

") C. A. WEBER: Uber die diluviale Flora von Fahrenkrug in Holstein . Beibl. 
zu den Botanischen Jahrbtichern XVIII. 1893, p . 6. 

5) N. HAIITZ: Bidrag ... D. G. U. I. R. Nr. 20. 1909, p. 172. 
6) E. M. HEID and M. E . J. GHANDLEH : The Bembridge Flora. British Museum , 

Catalogue of cainozoic Plants. Vo! l. London 1926, p . 112. Plate VI. 
7) V. M1LTIIEHS: Nordoslsjlellands Geologi . D. G. U. V. R. 1922, p. 39 and 173. 
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as Hydrocharis morsus ranae from Schulau 1) and Kuhgrund I 2) near 
Hamburg are identical with seeds of Aldrouanda uesiculosa. Also the 
seeds of Hydrocharis morsus ranae from Klinge3) and Sarnostrzelniki4) 

at Grodno will likely proove to be of Aldrouanda uesiculosa. This 
plant is now met with in Europe only in a few scattered localities 

Fig. 36. Aldrovanda vesiculosa in Europe. O Loca liti es where the species lives at the present 
day. (G. J-I EG I : Illus triert e Fl ora \'Oll Mittel-Europa. IV. Bel ., 2. H .. Fig . sns, p. 507). - - - - Ap­
proximate northern , eastern a nd western limits of th e species. 6 Localities where this species 
has been found in d eposits from th e la s t interglac ia l pe ri od (Tu cs bill , Schulau , Kuhgrund , 
Sam os trze lniki a t Grodno, Galitsch ) ..... Localities fro m older diluvinl fresh-wate r beds (Copen-

hagen , l{linge). Cf. the text. 

1) M. BEYLE : Uber ein altes Torfmoor im !10hen Elbufer vor Schulau. Verb . 
d. Vereins f. naturwissensch . Unterhaltung zu Hamburg. XI. 1901. 

2) J . STOLLER: Beitrage zur Kenntnis d . diluvialen Flora Norddeutschlands. II. 
Lauenburg a. Elbe (Kuhgrund). Jahrb. Kg!. Preuss. Geol. Landesanst. XXXII, I. 
Berlin 1911 , p . 120. - Also from Schma!enbeck near Hamburg. M. BEYLE: 
(Uber einige Ablagerungen fossiler Pilanzen . . . Jahrb . Hamburg. Wissensch. 
Anstalten . XXXVI, 1919, p. 44) mentions Hydrocharis morsus ranae, here 
probably also identical with Aldrouanda uesiculosa. 

3) C. A. WEBER : Versuch eines Uberblicks ... Algemeinverstandliche natur­
wissenschaftliche Abhandlungen. Heft. 22. Berlin . 1900, p. 10. 

4) W . SzAFEH : Uber den Charakter der Flora und des Klimas der letzten 
Interglacialzeit bei lirodno in Polen. Bulletin intern. de I' Academie Polonaise. 
Cl. d. sci. mathem . et natur. Ser. B. Anne 1925. Cracovie. 1926, p. 294. 
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(Fig. 36) a nd has not been observed in flower in north-eastern Ger­
many 1). The species must thus have been distributed farther to th e 
north during the last interglacial period as is th e case · no\\' , which 
also suggests that the climate then, at any rate in summer, was milder 
lha\1 at the present day. 

Acer cam pest re and Tilia plalyphylla were, during the last inter­
glacial period, distributed throughout Jutland and N,v Germany; both 
have now their northern limit of occurrence in southern Den mark, 
on the islands. Acer campesfre is also met with in S"' Scania ; Tilia 
plalyphylla is now lacking in the N"' of Germany with Sleswic and 
Holstein as a wild tree. 

It is evident then, from what has been stated in the foregoing 
as to the flora of the f zone in the interglacial fresh-water deposits 
of Jutland and N,v Germany, that the climate during the 
period in question may be characterised as a mild atlantic 
climate with summers essentially warm e r than thos e of the 
present day, having presumably a mean temperature 2° C 
high e r in th e hott e st month. A similar result was arrived at 
by V. NonDMANN from investigation of the Eem fauna of th e same 
period, see p. 179. 

Zon e g. This, which may be termed Carpinus zone, forms the 
transition b etween the mixed oak forest zone and the upper conifer 
zones h and i. Fruits of Carpinus betulus were prominent among the 
species which from the first characterised the interglacial bogs of north­
ern Europe in paleontological respects, as compared with the post-glacial 
bogs. In several of the profiles only examined by w as hing analyses , it 
was already found that Carpinus be/11/us fruits occurred in a limited zone 
( e. g. Kuhgrund I and 11) and in most of the pollen diagrams, this 
Carpinus zone is also very distinctly apparent. The fruits of Carpi1111s 
have only Yery rarely been met with in the post-glacial deposits in the 
Baltic regions, and where its pollen has been found in these parts, it is 
nearly always only in small quantities in the most recent strata, mostly 
in the southern and eastern sections of the area in question, with up to 
10 % in southern Sweden and 12 °;o in Pomerania. 2

) Carpinus betulus 
can hardly have been regularly distributed in Jutland in the last inter­
glacial period, for some deposits were found to contain only very 
small quantities of this species of pollen, as for instance th e bogs at 

1) AscHEHSON & GHAEBNEH : Flora des Nordostdeutsehen Flachlandes. Ber­
lin . 1899, p. 376. 

2) L. VON PosT: Ur de sydsvenska skogarnas regionala historia under post­
arktisk lid. Geol. Foren. Forhandl. Bd. 46. Stockholm. 1924, p . 128. 
I<. vo:-i Bu1.o\\', r . KoPPE and Ko1,u~m1-: : As noted p. 281 , th e footnote . 

Uau nwrh s geo loghke Under:-.og:c lse 11. Ha:kk c . i\r. -1.S . 
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Rodebrek. In other cases however, Carpinus pollen attains the absolute 
frequency in the g zone, e. g. Heming, Norbolling, Kuhgrund II, Rom­
stedt I and II - and Egtved and Loopstedt; the highest maximum, 
59 °lo, was noted at Romstedt I, Norbolling showing 42 °lo and Eg­
tved 47 °lo. This interglacial maximum for Carpinus pollen is a pheno­
menon without parallel in post-glacial finds from northern and central 
Europe, and shows that Carpinus behzlus was, at any rate in some 
places, the dominant species of the forest. 

The rational limit 1) for Carpinus pollen lies in the upper part of 
the f zone. At about the same level we find also in many cases the 
rational limit for Picea pollen,~) though this often occurs somewhat 
higher up, viz. in Zone g, In other words, Carpimzs beflllus and Picea 
excelsa immigrated to the different localities at about the same time, 
the former species, however, being in many cases a little ahead of the 
latter. But the Picea pollen often shows a considerable frequency in 
the g Zone, and it is by no means unusual to find it commoner there 
than the Carpinus pollen (Duedarn I, Hollund Sogaard, Brorup railway 
station, Horup, Hollerup) and it sometimes attains its first maximum 
here. In such cases, distinction between Zones g and h may be difficult 
when dealing with the present material. 

In certain cases, the Pinus curve first attains its minimum in 
Zone g (p. 344) but as a rule it begins to turn off to the right here. 
Pinus siluestris again began to make headway in the forest at the 
same tim e as Picea excelsa and Carpinus betulus, the Betula pollen then 
also as a rule showing greater frequency. The curves for the mixed 
oak forest, Cory/us and Altrns, show an essentially different course in 
this zone, turning off sharply to the left, the mixed oak forest (Quer­
cus and Ulnms) for instance often from abt. 20 °lo to 2 °lo, Corylus 
from as much as 51 °lo (Norbolling) to 0 °lo (Rodebrek III). The Alnus 
pollen - accompanied by fruits and other macroscopic remains of Al­
nus glutinosa - plays an essentially greater part in the upper portion of 
the pollen diagrams than the pollen of the mixed oak forest; and 
correspondingly, we find a few exceptions from the rule in the course 
of the Ahrns curves. The maximum for Altws pollen in Zone g is abt. 
50 °lo, the minimum 11 °lo. 

1) L. voN PosT : As noted p. 79. 
2) The rational limit for Picea pollen is, in the few cases where this species 

of pollen was found throughout the entire zone f, reckoned to lie at that 
level where its frequency again increases. This position of the Picea Jimit 
in the interglacial profiles is to a certain extent analoguous to the lower 
limit of Picea pollen in post-glacial bogs of the Li.ineburger Heide. (H. A. 
W EBEH: Ueber spii.t- und postglaziale lacuslrine und tluviatile Ablagerun­
gen ... Abh . Nat. Ver. Bremen. Bel. XXIX. 1918, p. 249). 
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Of thermophile species, noted in the foregoing, Brasenia purpurea , 
Ceraiophyllum submersum, Dulichium spathaceum, Najas flexilis, Strati­
otes aloides, Trapa natans and Ilex aq11ifoli11m have also been found 
m the Carpinus zone in Jutland. M. BEYLE 1) mentions a very 
interesting flora from the interglacial bog at Winterhnde in Hamburg, 
the greater part ol' which most likely dales from Lhe Carpinus zone. 
It is about the same species as mentioned above from Jutland but 
in addition also Tilia platyphyllus and Abies pectinata. Also Ceru11s 
dama is to be quoted here. Remains of the fallow deer haYe repea­
tedly been found in Danish 
interglacial deposits, as a rule 
however, the zone could not 
be stated. But at Egtved, it 
has been definitely ascertained 
that the excavated skeleton of 
the deer lay in the g zone. At 
the present day, Ceruus dama 
is a Mediterranean species. 

These finds show that the 
fa yourable climatic conditions 
of the interglacial period lasted 
into th e time of th e g-zone; 
and this also agrees with the 
occurrence of Carpinus betulus , 
the most important species in 

Fig. 37. Map sh owing th e present distribut'on 01 

Carpinus betu/us in Europe . (The species is presum­
ably not spontaneous in north e rn .Jutla nd , and it 
is lncking in western Julland). After KIR SCH NER , L oEw 

and S c 11RoTER by Euo. vVARMING (Botanisk Tidsskrift. 
Bd. 35. Copenhagen 1919, p. 78). 

Lhis zone. Its distribution in Europe at the present day will be seen 
from Fig. 37; it should be noted however, that the species is hardly 
spontaneous in the northern part of Jutland, and is found more 
especially in the fertile eastern tracts of the peninsula. Only in the 
southernmost and warmest part of Denmark does this tree show any 
tendency to form pure stocks; 2) otherwise, it appears mainly as a 
subordinate constituent of the deciduous forests. KIRSCHNER, Loew 
and ScHR0TER 3) note certain regions of Central Europe where the 
species occurs in pure communities, e: g. Upper Rhine, Danube, and 
and southern Hungary. 

On the other hand, the g-zone is the last one in Stage II where 

1) M. BEY LE in E . Ho1rn : Die geolog. Aufschliisse des Stadtparkes in Winter­
hude und des Elbtunnels ... Zeitschr. d . Deutschen Geolog. Gesellschaft. 
Monatsber. Berlin 1912, p . 132. 

2) E. RosTH UP: Lollands Vegetationsforhold. Vidensk . Meddel. Nat. Foren. Kii­
benhavn 1864. Separate, p. 20. - E uG. WA1n1tNG: Dansk Plantevrekst. 3. 
Skovene. Botanisk Tidsskr. Bd . 35. Kiibenhavn 1917, p. 77. 

3) Krnsc1-1NEH, LoEw & ScHHUTEH: Lebensgeschichte d . Bliitenplla nzen Mittel­
europas. Bd. 11. 1913, p. 169. 
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the thermophile species are strongly represented. Here we find the 
turning point between the climatic optimum and the subsequent cooler 
conditions. As a general definition of the climate in the tim e of the 
g-zone we may say that the summers were still warm, buL 
the winter nevertheless cold enough to favour the 
conifers at the expence of deciduous trees; it is of the nature 
of a transitional period, as shown by the fact that species such as 
llex aquifolium, Picea excelsa and Trapa nalans w er e living simultane­
ously in Jutland at this time immediately before the more thcrmophilc 
species were exterminated altogether from the r egion in question. Such 
a coincidence is not known from regions so far north in post-glacial 
times. 

Zon e h. After the immigration of Picea excelsa during the period 
answering to the upper part of Zone f and Zone [}, in which latter 
its pollen often attains great frequency (cf. p . 354) followed Zone h, 
w h i c h i s c h a r a c t e r i s e d b y t h e fa c t t h a t t h e Pi cea c u r Y e 
now attains a bsolute dominanc e for a more or l ess con­
siderable time, and reaches its maximal figures for frequency, lying 
between 23 °lo (Rodebrek III) and 64 °lo (Over Gestrup). \Ve are now 
in the Second Conifer Period, which in some places musl be 
said to have commenced as early as the time of the g-zone. The 
h zone shows its finest development in the diagrams from Herning, 
Norbolling, Rodeb::ck I and III, Duedam, Hollund Sogaard, Brorup 
railway station, Over Gestrup, Kuhgrund II, Romstedt I and II - and 
Loopstedt. At the same time also, the Pinus curve turns off sharply 
Lo the right, attaining values lying as a rule between 10 0/o and 20 ¾; 
the highest frequency for Pinus in this zone (37 °/o) is recorded from 
Hollund Sogaard. The curve for Betula often shows more or less of 
a tendency to follow the two conifers, and in zones g and h it turns 
as a rule to the right in conformity with that for Pinus. It is other­
wise with Ahws glutinosa; the curve for this species as a rule keeps 
on to left, so than in Zone h it is for the most part below 12 °lo; 
in exceptional cases, as at Brorup Hotel Bog, it may show 39 ¾. As 
a rule, this curve has even lower values in zones i and k, and it is 
only in a few cases, such as Rodebrek III, Duedam and Hollund So­
gaard that the curve is found to move a little to the right again in 
the upper part of the diagrams. The Quercus and Cory/us pollen are 
represented in Zon e h by only a few percent at the utmost, and this 
may well have b een brought by the wind from far away. The Carpitrns 
pollen likewise showes a great decrease, but has neyertheles from G- 11 °lo 
at several localiti es in Jutland and as much as 16- 27 °lo in N\V Ger­
many, simultaneously with the culmination of Picea. Here, in the most 
soulherly parl of lhe area, this lree did best, and we find here al 
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lh e same time up lo 8 °lo Q11ercus and Ulm11s, with 13 % Coryllls 
(Kuhgrund II) . 

In addition to the trees m entioned, the following species may be 
noted from this zone: Ajuga replans, Batrachium sceleratum, Brasenia 
purpurea (Duedam I, Norbolling), Carex pseudocyperus, Ceralophyllum 
demers11 m ,Dryopteris thelypteris (spores ),Dulichium spa lhaceum (D uedam I), 
Najas flex ilis (Loopstedt, N 6rb6lling), Polygon um tomenlosum (Rode­
brek II), Rnbns idaeus, Schench zeria paluslris (Kuhgnmd II), Urlica dioeca . 
The species of the mixed oak forest have in the main disappeared, 
whereas the characteristic forms of th e northern forest, Picea excelsa, 
Pinus silueslris and Betula pubescens, are advancing. Aparl from the 
Scheu chzeria palustris, which is only found in lhe extrem e south, the 
present northern limits of occurrence in Scandinavia for the most 
southerly of the aquatic plants and marsh growths aboYe noted coin­
cide approximalely with the northern limit of Quercus rubur in 
S,veden (Fig. 33). And il is the mid-Swedish regions in question which 
may perhaps be regarded as corresponding in climatic respec ts to NW 
Europe in the time of lhe h zone. 

Zon e i. The impoverishment of the fores t growth which marks 
Zone h as compared with those immediately preceding is also a char­
acleristic of the nex t zon e, i which is found developed in the diagrams 
from Norbolling, Rodebrek I, 1) Duedam, Hollund Si:igaard, Rodebrek III, 
Brorup railway station, OYer Gestrup, Kuhgrund II , Romstedt I, II, 
Fleestedt and Hollerup. This zone, which often CO Yers a very essential 
part of lhe diagrams, is distinguished from the previous ones by the 
fact tha l the Pinus silueslris poll e n is h ere the dominant 
species, its lowest maximum being 34 % (Rodebrek I) and highest 
maximum 86 (Rornstedt I). The Picea curve li es now slill far to the 
left, but in certain cases, a secondary maximum has been recorded 
for Picea in the i zone, between 15 °lo and 32 % (Hollund Sogaard, 
Qyer Ges trup, Ri:imstedt I and II, also Hollerup). The Picea curve has 
thus lwo summits in these pollen diagrams, presenting a formal likeness 
to the Picea CLuYe in post-glacial pollen diagrams from northern Swe­
den 2) . The general tendency of the Betula cune is also towards the 
right; it begins in the lover part of the zone with figures for frequency 
varying between 10 °lo and 26 °lo, and reaching as much as 39 % in 
lhe upper part. Quercns, Cory/us and Carpinus show on the whole 

1) In the profiles fr o m Heming and Brorup Hotel Bog also thi s zone must 
have been develoved , hut was not pointed out there owing to lack of suf­
ficient material, 

2) L. VON Pos r: Ur de sydsvenska skogarnas regionala historia ... Geol. Faren. 
Forhandl. Bd . 46. Stockholm 1924, p . 95, 123. 
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but small percentages also in this zone; th e Alrws poll en is often 
somewha t more frequent than the pollen of these trees 1) . 

The li st of other species known from Zone i is a ffected by the 
fact that th e zon e is often developed in the form of Sphagnum peal ; 
we may here note Andromeda polifolia, Belula nana 2

) (from Hollund 
Sogaard and Over Gestrup), Calluna vulgaris, Empelrum nigrwn, 
Eriophorum vaginalum, with se yeral spores of Osnwnda regalis, espe­
cially in th e deposits at Rom sledt and Fleestedl, Populus tremula . -
Compared with Zone h, the northern character of the flora is now 
further emphasised . 

Sur vey o f Z o n es g, h a nd i. Corresponding lo the firs t of the 
interglacia l conifer period h erein described, a nd to the grea ter part of 
the s ubsequ ent period of deciduou s trees, we find definite periods in 
the post-glacia l forest deYelopmenl. \Ve have in the foregoin g made 
certain comparisons between these analogous series of s tages. The Car­
pinus m aximum in Zone g is a phenomenon by itself, with no known 
parallel in north-western Europe, and from this point on ward s, th e 
interglacial forest development in NW Europe followed a line differing 
widely from that known from the sa me regions in the later part of 
the pos t-glacial period, having, however, certain parallels in the sub­
boreal and sub-a llanlic zones of eastern Europe and northern Swe­
den .3) Nevertheless, these coyer only lhe first part of the interglacial 
deYelopment in ques tion , and it is a qu estion of the utmost importance, 
whether lhe forest deYelopmenl of northern Europe is to follow the 
interglacial paradigm through its last s tages as well . 

The first principal tree in th e younger interglacial co11ifer group 
was Picea ex celsa, and if the m eteorological constants limiting the 
distribution of this tree at the present time in north-western Europe 
were known , the facts would probably be of the greatest importance 
in leading lo a full er understanding of the climatic conditions during 
the time of the h zon e. The discussion regarding th e unders tanding of 
lh e western limit of distribution for Picea excelsa in E urope, as carried 
on between A. DENGLER and P. E. M ULLER shows where the dirri culty 

l j The movement to the ri ght often observed in the pollen c urves for these 
species in the upper parts of the diagrams for bogs of the Bra rup type is 
probably due to the fact that the stra ta in ques lion have been shifted , and 
mixed with material from earlier deposits, c f. Duedam and Ha llund Sagaard . 

2) Fruits etc. of Belula pubescens are common , and it is undoubtedly thi s 
species which h as yi eld ed by fa r the greater part of the Belula pollen 
found in Zone h . 

3) Cf. P. THOMSON'S Pollen diagrams from th e bogs of Latvi a (Geolog. 
Fare n. Farhandl. Stockholm 1926, p. 489 - 96) and L. voN Pos-r 's pollen 
diagrams of "the northern type" and the "inland type"' (G eol. Fa ren . Fa r­
handl. Bd. 46, 1924, p. 95 and 89). 
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lies. DENG LEH 1) regards the western limit of Picea excelsa as a winter 
heal limit, the species thriving best where the winter temperature is low: 
according to DENGLER, below -;- 1 ° C in February.~) P. E. M0LLER3) 

is strongly opposed to this view, and maintains that the non-immigration 
of Picea excelsa to North-west Germany and Denmark in the post­
glacial period is more especially due to the cdaphic conditions, the 
species being unable to make its way over the great expanses of 
healh, while the more fertile ground 
was taken possession of by the 
beech, which Picea excelsa was 
unable to displace. 4) He sums up 
his opinion in a modified utterance 
of HAMANN 's: In the centre of di-
stribulion of a plant species, cli­
matic conditions mainly determine 
the occurrence of the species; on 
the margins, however, the occur­
rence is determined by the Yarious 
factors which decide the result of 
the species' struggle for existence 
with its riYals. But as Picea excelsa, 

b 

Fig. 38. Natural occurre nce of Picea e,·cc/sa in 
Europe. After H otMHOE and DENG LER by Eve. 
\VARMING (Bolanisk Tidsskr. Bd. 35. Copenha-

gen 1919, p . 59). 

towards the close of lhe second stage in the interglacial period became 
the most i m porlant forest tree in Den mark and N orth-wesl Germany 5), this 
must mean thal lhe "centre of distribution" of lhe species, its optimal 
area, had then shifted westwards, lo regions where it could not find, 
eilhcr in lhe first parl of the interglacial or in the post-glacial period, 
the conditions requisite for succes in competition with rinil species. Our 
plantations in Denmark at lhe present day show that the climate in 
many parls of the country is ol' such a character that Picea excelsa sickens 
at a loo early age, and the flourishing of the species in various parts of the 
country is dependent on how far the climate approaches the continental. 6) 

1) A. DENGLEH: Die 1-Iorizontalverbreilung d. Fichte. Milt. a. d. forsll. Versuchs­
\\'esen Preussens. Neudam. 1912, p. 99 f. 

2) K. RUBNEII: 1. c . 1925, p. 214, supports DE:-;GLER in this view. 
3) P. E. MOLLE R: Roclgratien som Skovtne i de midtjyclske Heder. Det forst­

lige Forsogsvresen i Danmark. Ill. Kobenhavn. 1910, p. 228 f. - The same: 
Om Vilkaarene for Granens naturlige Forekomst. Ibidem . Ill. 1913, p. 382 f. 

~) DENGLER: I. c . p. 103 quotes against this C. A. WEBEn's demonstration of 
the fact that Picea excelsa immigrated to the southern part of the Uine­
burger Heide at an earlier date than the beech . 

5) Picea excelsa is also known from an interglacial deposit in Essex in England 
(E. M. REID & M. E . . f. CHANDLER : The Fossil Flora of Clacton-on-Sea. Quar­
terly Journal of the Geolog. Soc. LXXIX, parts 4, 1923, p. 619). 

0) L. A. HAucrr: Danmarks Tnevrekst. I. Kobenhavn. 1919, p. 95. 
A. OPPERMANN : La Sante de l'Epicea en Danemark. Det forstlige Forsogs­
vresen . VI. 1922, p . 83 f. 
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"Denmark has no conifer climate". Our winters are loo mild bolh 
for Picea excelsa and Pinus silt,estris. The fact that Picea excelsa like­
wise failed to thriYe well in NW Europe in the first interglacial conifer 
period (cf. p. 340) is hardly due to the conditions of soil, which appear 
to have been farnurable for the flourishing of the forest both in N\V 
Germany and Denmark at that time, and it was not required to enter 
into competition with the beech . And it could hardly haYe been be­
cause the species was lower in its adYance than those of the mixed 
oak forest group; on the contrary Picea excelsa migrates comparatively 
rapidly. The cause of the late occurrence as a common forest tree 
of Picea excelsa on the Cimbrian peninsula in the last interglacial 
period must probably be Yiewed in the atlantic climate, with its mild 
winters, which accompanied the Eem subsidence. 

The rise of the land which followed the Eem subsidence com­
menced v,rhen the clima Lie optimum was still prevailing ( cf. p. 179) 
that is, presumably, at latest simultaneously with the formation of 
the g zone in the interglacial bogs and lakes. And this would un­
doubtedly effect an alteration of the climate of the Cimbrian peninsula 
and NW Germany in the continental direction . The rise evidently 
assumed considerable dimensions in course of time, so that - according 
to G. DuBOis 1

) the Channel between England and France was dried 
up, together with great parts of the southern North Sea when the 
maximum was reached, probably during the last glacial period. 2

) 

These facts make it probably that in the later parl of lhe in ler­
glacial stage II, a relatively conlinental type of climate prevailed in 
Jutland and North-western Germany. 

Previously temperate, lhe climate gradually became cooler, and 
forests of Be/11/a-Picea-Pinus covered the area in the latter part of 
the second slage of the interglacial Period, while at the same time, 
lhe Belula nana moors, afterwards so prominent, had begun to 
spread. The polar forest limit, moving south, was already nearing our 
territory. 

The overgrowing of the interglacial lake basins look place al 
very different times, as will be seen from the table below. Often how­
eyer, the lakes appear lo haYe had no formation of peal worth men­
tioning. From the close of the II stage, we haYe eYidence of marked 

1) D. Duso,s: Recherees sur Jes lerrains qualernaires du nord de la France. 
Mem. de la Societe geologique du Nord. Tome VIII. I. Litle 1924, p. 
276, 321 . 

2) 'Ne do not know however whether lhe rise of the land after the Eem 
subsidence continued unbroken until the maximum mentioned was reached. 
Probably the Skrerumhede-transgression i Vendsyssel is contemporaneous 
with the stages IV and V of last interglacial period, (cf. p. 336). 
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Svampings (Vers(impfungen) in all basins conlaining peat strata 1
) 

save " ·h ere these were covered over immidiately by sand. \\There this 
is the case it may be presumed that lhe swamping slrala were anni­
hilated during the formation of the coyering strata, 

O vergrowing of lhe Lake !J y ~alure of Swamping 

~I VI ~ Peat " Seque n ce of Slrala 
~ 

Duedam ........... i Sphagnum peat . . .. . ...... . . ....... . .. ....... 
Clay llllld 

Fleestedt . ... . ..... i Forest peat i Forest peat 
Clay mud 

Norbolling ..... .... h Fresh Sphagn11111 Peat i Sphagnum peat 
k Sandy Sphagnum peal 

Hodebrek I h Forest peal -....... i Forest peat 
Loopsledt ......... h Hypnum peat . . .. .... ' . .... ................ 
Kollnnd . . . . . . . . . . g Hypm1m peat . . . . . . ...... ... . . . ............ 
Kuhgrund . . . . . . . g Scheuchzeria peat . . ....... . . .. . ....... .. ....... 
Hodebrek Ill .. .. . .. f Alnetwn peat . . . ..... .. .... . . ... ......... . . 

Mud 
Over Gestrup . . .... f Fresh Sphagnum peal i Highly humif. Sphagnum peat 

Clay mud 
H6msledt I. ..... . f Sphaynum-Hypnum pea t i Highly hun1if. Sphagrrnm peat 

Sandy Detritus peat 
H6llund S6gaard . .. e Fresh Sphagnum peat i Highly hum if. Sphagnum peat 

h Mud 
Brorup railway stn. d Fresh SphagHum peat -

g Highly humif. Sphagnum peat 
R6mstecit II . . ..... . . Peat bed rests on bottom i Mud 

of basin h Hyp1111m peat 

H6rup ....... . .... . . . Peat bed rests on bottom Calcareous mud 
C 

of basin I Hypnwn peat 

The overgrowing of interglacial lakes and the following swamping. 

Disregarding Horup, where unusual conditions prevail, we learn 
from the table that the moisture in the soil must altogether have 
increased greatly during the closing part of the II stage, and it must 
be presumed that the same factors are responsible for this marked 
increase of humidity in the different basins. This may be due lo 
increased precipitation, or to hindrance of evaporation. It would seem 
most likely that both factors contributed. 

The inverse sequence of strata shown in the swamping of the 
bogs presents a certain formal similarity to the post-glacial, sub-boreal 
sub-atlantic strata sequence, but this last was completed within the 

1/ As a rule, only a single profile from each bog was subjected to pollen 
analysis ; this may be taken a., from the middle of the basin in question. 
It follows then, that the date of overgrowing will be a minimum deter­
mination, that for the swamping a maximum. 
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latitudes here concerned under a temperate climate - in Denmark 
and NW Germany favourable to the growth of deciduous trees -
whereas the interglacial swamping occurred after the regions in question 
had acquired a conifer forest growth of northern character, i. e. at a 
period probably later in relation to the forest development. But, as 
the sub-boreal sub-atlantic transition is regarded as indicating a change 
of climate during which the thermophile species were forced south­
ward, followed by northern forms (Beiu/a nana), the glaciers pushed 
forward and the forest limit was lowered in Scandinavia and on the 
Alps, so also, the interglacial swamping, viewed in the light of the 
gen eral character of the preceding and accompanying Hora accentuates 
the impression that the polar-climatic zone had now come closer to 
us. But the swamping in Zone i appears to us only as an introduc­
tion to the conditions which attained their full development in the 
subsequent stage; it is but a single item in the series of effects which 
gradually led to a complete alteration in the character of the vegetation 
in Denmark, and entirely changed the sedimentation in the lakes. 

Stage III. The Sub-arctic Flora 
in the Middle Bed. 

Zone k. In the basins containing bogs of the Brorup type, fos­
silless clay and sand strata - lhe so-called covering strata - lie directly 
on mud and peat beds from th e II stage of the interglacial period. 
Only in bogs of the Herning type (Heming, N 6rb6lling, Brorup Hotel 
Bog and Rodebrek I) were the basins sufficiently spacious for con­
tinued registration of the lloristic and climatic development for a con­
siderable further period of time. There is however, no Yery clear 
contrast between the two types, but rather a suggestion of transitional 
forms, such as in the bogs at Sols6, Hollund Sogaard, Over Gestrup, 
Tuesbol, Fovling and Brorup railway station, where sedimentary strata 
of clay and sand are found bedded on the mud or the peat. There 
is hardly a lacuna of any extent in this part of the strata series, 
this is first met with aboYe the clay and sand strata in question, 
which were probably, at least in part, synchronous with the Middle 
Bed in the bogs of the Herning type. 

The sub-arctic character of the Middle Bed has been pointed out 
when dealing with the individual localities, sec especially p, 53, 77 
and 88. Beiula nana - Empelrwn nigrum heaths and bogs now took 
lhe place of the rich forests, and poor communities of aquatic plants 
with northern forms, such as Myriophyllum alierniflorum, Pofamogefnn 
filiformis and Sparganium cf. affine, superseded the luxuriant Trapa-
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Brasenia flora . In course of Lim e, howeyer, sea llered stocks of Befulu 

p11bescens made their appearance, - lhis species is likewise noted 
from the yery lowest part of lhe zone - as also Pinus siluestris, Picea 

excelsa and Juniperus communis. 

In the pollen diagrams from Norbolling, Rodebcek I and Brorup 
Hotel, Zone /; is characterised by the dominance of Betula oYer Pinus 

and only a little Picea, but in most spectra from Zon e k in th e pollen 
diagram Herning 9, we find a different stale of things (cf. Pl. XXXVI, 2). 
In considering the spec tra from th e Middle Bed howeyer, we must 
bear in mind that in regions with a small production of pollen of 
its own, the effect of alien pollen brought by the wind from far away 
on the pollen diagrams will be relatiYely great, cf. for instance the 
pollen diagrams published by L. v. PosT 1

) from late-glacial Dryas 
clay in Scania and Gothland; also, that in regions n ear the forest 
limit, where the few species can be heterogeneo usly dispersed in small 
groups, the local pollen production would pres umably difTer greatly 
from place to place as regards percentages in ils composition. 

In the pollen diagrams from Norbolling and Rodebcek I (Pl. XXXVI) 
especially it will be seen that the lower limit of the Middle Bed is 
not drawn coincident with the zone limit i- k. This is due to prac­
tical considerations: The Middle Bed appears in the profiles as a 
petrographical unit, which, in contrast to the far more organogeneous 
strata aboye and b elow, is composed m ainly of inorganic maller. The 
Middle Bed denotes, in hydrographical r espects, a continuation of the 
slate of humidity ·which set in, and occasioned the swamping in the 
latter part of the II stage, and the enormous amount of' inorganic 
male rial which it con lains, washed down Crom the s urrounding soil, 
may - in comparison with the older sediment types of the sa me 
basins - be regarded as indicating that the ground no lon ger possessed 
a complete coyer of yegclation with ability to regen erate, and thal the 
production of organic malter in the lakes th emsehes was Yery slight. 

From the Heming profile especially it appears that the sub-arctic 
character of the Middle Bed was most pronounced in lhe first part 
of this stage, bul it must here be borne in mind thal the whole 
of that development which attained its climax in lhe 
M i d rl I e B e d is a I r e a d y l r a c e a b 1 e far e a r l i er (fro 111 Z o n e h) 
through the gradually accentuated p a ucity of s p ec i es i n 
the flora, and the dominanc e of north e rn type s. lt is Hrsl 
in the later part of the :Middle Bed period that we can again discern 
progress in the Yegetation. 

During the first part of the Middle Bed time, the p o I a r forest 

1) L. voN PosT : Ur de sydsvenska skogarnas regionala historia under post­
arktisk Tid. Geol. Faren . Forhandl. Bd. 46. Stockholm 1924, p. 102 - 103. 
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limit lay undoubtedly south of Berning, whereas in the later 
part of the period it again moved northward. According to BROCK­
MANN-JEROSCH 1) the present polar forest limit lies south of the isotherm 
for 10 ° C mean temperature in July in regions with oceanic climate, 
while in regions with continental climate, forest can still thrive at 
this mean temperature, e. g. in northern Siberia. Jutland can hardly 
have had such a pronounced continental climate as there preYails, as 
it had even then the North Sea for a neighbour, though this may 
perhaps have been of less extent then than at the present time (cf. 
p. 360). On the other hand, we do not find such evidence of atlantic 
influence as might be supposed to be furnished by a pure Belula zone 
in the upper part of the Middle Bed period, - cf. the Belula zone at the 
forest limit on the sea coasts of northern Europe 2). The suggestion 
that the July temperature during the latter part of the Middle Bed 
period was abt. 12.7 ° C, as it is nowadays at the northern limit for 
conifer forests at Kola, is thus hardly putting it too low. During an 
earlier part of the Middle Bed period, the summer temperature was 
probably even lower than this. 

From the climatic optimum (Zone () of the interglacial period to 
the sub-arctic climate of the Middle Bed period, climatic development 
is in the main as might be expected during the closing part of an 
interglacial period, when the approaching inland ice, or the climatic 
conditions for its approach, became more and more marked in the 
effect on the regions lying ahead of the ice itself. Moreover, a con­
siderable number of profiles (see p. 361) present an unmistakable 
impression of the · increasing humidity, which must be supposed 
to precede a glaciation. \Ve must therefore conclude that the Mid d 1 e 
Bed in the interglacial bogs of Jutland indicates that at 
the time of its formation, a marked advance of the inland 
ic e from the Scandinayian highlands was taking place. 
During the climatic optimum, the inland ice in those highlands can 
hardly have been of the same extent as the glaciers of the present 
day 3). The question as to how far the ice advanced can hardly be 
answered; it is eYident however, that it did not advance so far as 

1) BHoCKMA.NN-JEnoscH: Baumgrenze und Klimacharackter. Beitr. z. geobot. 
Landesaufnahme. Zurich. 1919, p. 195. 

2) A. Osw. KrnLMAN: Pflanzenbiolog. Studien aus nussisch Lappland. Acta 
Societatis pro Fauna et Flora Fennica. T. VI, No. 3. Helsingfors. 1890, p. 22, 
Ubersichtskarte. - RoLF NoRDHAGEN: Kalktufstudier i Gudbrandsdalen. 
Videnskapsselskapets Skrifter. I. Mat.-naturv. Klasse. 1921. No. 9. Kristiania. 
1921, p. 122. 

3) Cf. the. high " fossil" forest limit of the Scandinavian highlands from the 
period of the climatic optimum. (Th. E. FRIES: Botanische Untersuchungen 
im nordlichsten Schweden. Dissertation . Upsala 1913, p. 203). 



365 

under the last glaciation in N\V Europe, which covered the greater 
part of Jutland (see Pl. I) as 110 trace of flow earth formalion from 
the Middle Bed period has been found. 

Stage IV . . The Upper Temperate Flora. 
The improvement in climate noticeable in the upper p~1rt of the 

Middle Bed period was nol in itself unessential, but formed the in­
troduction to that complete alteration in the climatic conditions which 
marks the IV stage of the interglacial period, during which the upper 
temperate flora developed, while at the same tim e a great change 
took place in the conditions a ffec ting the sedimentation in the basins. 
The extensive washing lists from this part of th e profiles, Heming Stra­
tum G (p. 46 f.), Norbolling Stratum F (p. 74 f.), Brorup Hotel bog 
Strata E, F, G (p. 86 f.), indicate the character of the contemporary 
flora , while the pollen diagram s for all the profiles of the Heming 
type (Pl. XXXVI) afford a basis for division of the strata into 2 zones. 
In a lo\\' e r zon e /, w e Jind a considerable frequency Yalue for the 
pollen of deciduous trees, Lhose of the mixed oak forest for instance 
(almost exclusively Querclls) from 7 to 15 °lo., Ahws from 39- 52 %, 
Carpinus 5- 7 ¾, and Cory/us from 20- 57 % while th e Pinus and 
Betula curves turn off Lo the left at the same time; the tendency of 
lh e Picea curve differs in the various diagrams . 

In an upp e r zon e m, the pollen curves for deciduous trees turn 
off Lo the left, though Ahrns can still show up to 30 °lo, but the mixed 
oak forest has only 5 %, Carpirws 3 %, Cory/us 9 °lo (Herning). The 
Betula cune, on the other h and, turns to the right in all profiles, and 
in the Brorup Holel bog at one tim e attains as much at 96 ¾. In 
the same diagram we find Picea later with 60 °lo, while in the r e­
maining diagrams it is rather on the decline. Pin11s shows unaltered 
or increasing frequency. This evidence of the pollen flora must be 
taken in conjunction with the species whose macroscopic remains 
were found in Zones I and m, that is to say, on the whole, the 
same species which m a d e up the low e r t e mperat e flora. 
A noliceable feature in th e vege tation of the IV stage was that heath­
element from the l\~iddlc Bed period, which must undoubtedl y have 
continued Lo exist her e and lhere, despite the evident complete alter­
ation in climatic conditions which had now taken place . IL is natural 
to regard this community, represented in the washing lists by Betula 
nana, Empelrum nigrnm, Arclostaphylus uua llrsi, as relicts from the 
Middle Bed period. There are, as we know, instances in the present 
day or a similar sub-arclic flora in the bogs of temperate lowlands, 



366 

as in the regions south of the Baltic 1). Th e same remarks apply to 
Myriophyllwn alternifl.orum . 

Both paleontological and stratigraphical conditions in the 4 de­
posits of lhe Heming type show that th e climatic and floristic line 
of developm ent followed to lhe sub-arctic period of the Middle Bed 
then gave place lo a n ew rise in temperature and the return of the 
forest growlhs. How far the th ermophile forest trees had been driven 
south must be lef't to the decision of future in ,·estigations in Central 
Europe, but when the climate again improved, they were soon able 
lo advance and regain their old positions. The climatological inference 
from the paleo ntological material representing the IV stage of th e 
interglacial period must be that th e climate th e n pr eva iling 
gave almost as mild summers as in th e tim e of th e f zon e 
in lh e II stage. Glaciologically, it must be concluded that the in ­
land ice, which was supposed to have sprea d out from th e Scandi­
navian highlands in lhe time of the Middle Bed attaining its maximal 
ex lenl during the firs t part of that stage, again withdrew lo a mini­
mal ex tent in the I\' stage. Our d e monstration of lh e H e r­
ning typ e among lh e Danish int e rglacial fr es h-water 
d e posils lhus s h ows that a v e ry considerab l e climatic 
oscillation took place during lh e l ast northern inter­
glacial period. That it can only h ave been an oscillation, and 
not a glacial period itself corresponding lo lh e glaciation of so distally 
situated regions as those reached by the lasl northern ice sh ee t is 
evident from what is stated on p. 364- 365. 

Stage V. The Upper Sub-arctic Flora. 
Zone n. The m zone of the diagrams affords evidence of the 

facl that the fores t vegetation known from the laller part of the l V 
stage of the inlerglacial period was again altered in the direction of 
such conditions as now prevai l in coun tries north of Denmark. 
From this we may conclude that lhe mild climate, which favoured 
the upper temperate Hora in its most luxuriant development, was now 
superseded by colder climatic conditions. This conclusion is supported 
also by the scanty flora found in th e clay and sand beds immediately 
above th e upper strata with a temperate llora, at H_erning (Strata E and 
F, p. 46 f.) , N6rb6lling (Stratum E , p . 74 f.) and in the Brorup Hotel 
bog (Stratum D, p . 86 f.) as we here again encounter Belula nana 

1) For Belula nana in temperate interglacial floras see C. A. \VEB1m, Neues 
Jahrb . f. Mineralogi e tc . 1891 , H. , p. 62 f. - M. BEYLE, Mitteilunge n a. rl . 
Mineralog-Geologischen Staalsinstitut. Heft. VI. Hamburg 1924, p. 17. Cf. also 
p . 119 in this work . 
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togeth er with other dwarf bushes, in addition to Betula pubescens, and 
among aquatic plants, especially Ratrachiwn aq11atile (coll.), Polamogeton 
filiformis and Myriophyllum al/erniflorwn. That is to say, a flora of the 
same character as thal found in lhe Middle Bed . This V stage is 
one of transition lo the lasl glacial period, but ollly incon­
siderable s lrala or remains of strata are presencd from lhis stage, 
as the solill uction occasioned by th e periglacial climate during the 
last glacial period has affected and to a great extent destroyed the 
upper sediments in th e basins (cf. p. 59 and p. 81 f.). 

The considerations set forlh in the foregoing wanan t lh e Yiew 
that lhe climatic oscillations i .Jutland durin g the lasl interglacial 
period look place in co rrespondance with 1) the adrnnce and retreat 
of the glaciation of ScandinaYia, and 2) the displacement of th e see 
shore. 

V,Te have no data concerning the Hora of \Ves tern Jutland, during 
the maximum of th e last glaciation, when it was free from ice and 
solil1uclion must be supposed to have been al its height th ere. Inter­
glacial lak es, larger and deeper than th e lake at Heming, must he found 
before we can expect to m eet with remains of the glacial flora which 
presumably llourish ed at the lim e of th e maximal extent of th e ice shee l. 
Such a flora would hardly ha \' e been a rich one. The plant life of 
the lakes in arctic regions at th e present day is ex tremely poor 1

) 

and in lhose tracts where solil1uction took place, the conditions of 
growth for land yegelation would haYe been particularly unfavourable. 
On the other hand , we may pres ume that favourable exposed, grayelly 
or sandy hi 11 sides offering no opportunity for solilluction, would 
haYe afforded the besl localities for land yege tation. Xeromorphous 
dwarf-bush-h eaths and formations of the fell-field lype may have 
found suitable sites in localities or this sort. 

The Penultimate Interglacial Period. 

The Jutland Area. 
The Danish interglacial deposits from the pen ultimate interglacia I 

period, situated at Harreskov, Rind, Starup, Tirslund and Vejen, can 
be divid ed on the basis of the pollen analyses into zones corresponding 
lo those known from the II stage of th e last interglacial period, though 
we have not found the complete series of zon es from h ere in the few 
known formations. Pollen diagrams are ayailable only for Harreskov 

1) Eu(; . WA1rn1NG : Uber Gri.inlands Vegetation. Eng. Bolan. Jahrb . 13d . X. 1888. 
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and Starup. The general view of the development of the penultimate 
interglacial period may be given in the table p. 369. 

Zone c is known only from Starup. In both diagrams, Clmus 
is very conspicuous in Zone e, with 29- 38 %. In Zone f, which 
constitutes by far the greater part of the Stamp pollen diagram, the 
various species of deciduous trees do not culminate in the same order 
in both diagrams; the order of sequence is, for Harreskov: Alnus and 
U/mus (secondary maximum) - Cory/us - Quercus and Tilia; for 
Starup: Quercus - Alrws and Tilia - Ulmus (slight secondary maxi­
mum) - Cory/us (only · 9 %). The Tilia pollen is comparatiYely 
abundant at Rind, Harreskov and Starup. 

Carpinus pollen amounts to only 1- 2 °lo in Zone i at Vejen, 
,vhere it must doubtless be regarded as brought from far away by 
the wind, and to 1 °lo at Stamp, in the uppermost part of Zone f. 
It remains an open question whether Carpinzzs betuills was altogether 
lacking in Jutland during the penultimate interglacial period1

), but at 
th e r_oot of the Cimbrian P eninsula, viz. Dtersen-Glinde, Carpinus 
bet11/11s has been found dating from this period, see p. 372. Picea has 
a slight first maximum in Zones c and_ d, where it shows 5- 7 %. 
Throughout the greater part of the f zone, only 0- 2 °;o of this species 
of pollen was found; the rational lower limit for the upper Picea zone 
lies al th e upper margin of Zone f. In the Starup interglacial, Picea 
pollen only amounts to 11 %, whereas in the h zone of the Harre­
skov diagram, the maximum lies at 14 %. Zone i is represented both 
at Harreskov and Vejen, as also Tirslund. In the pollen diagram 
n-om the first-named locality, Picea has its absolute maximum here. 
As regards Alnus, we find a considerable frequency in some spectra 
from Vejen, otherwise, the pollen of the deciduous species, with excep­
tion of Betula, is here doubtless represented only by casual importa­
tions of pollen_ by the wind from far away. A couple of pollen spectra 
from Vejen may perhaps be ascribed to Zone k. From the analogy 
b e tween the floristic development in the corresponding 
sections of the two interglacial periods on Danish ground 
we must suppose a similar alteration in the climate of 
the penultimate interglacial to that of the first stages 
in the last interglacial p e riod, and this will appear the more 
likely if it can be shown that the great land subsidence known from 
this interglacial period in south-western Holstein was synchronous 
with the mixed oak forest zon e. 

1) It may be remembered that in the deposits from the last interglacial 
period Carpinus pollen may be very rare in some areas, viz. at Rodebrek. 
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The North-west German Area. 
In the North-west German area there is greater possibilily of 

arriving al an exhaustive description of the climatic and florislic 
developm ent in the penullimate interglacial period than in .Julland, 
Lhanks lo the considerable number of deposils, both marine and lim­
nian, from th e period in question. At the present stage of research 
howeYer, only suggestions can be given , where a thorough modern 
in vestiga lion of the deposits in question, might be expected lo furnish 
more definite res ults . The outline of floristic and climatic history during 
the interglacial period h ere given is based especially on lhe extan t 
analyses of Jloras from Otersen Glinde 1), H umm elsbfrttel 2), Lauenburg, 
Hon crdingen 3

), Ober Oh e, Vlesterweyh e and Nedden-Averbergen 4
). 

The most complete view of the floristic dnelopm ent in the pen­
ultimate interglacial period in North-west Germany is that giyen 111 

C. A. Vi' EBER's aceounl of the Hon e rding e n profile; this ma y he 
bri efly ex pressed as follows: 

( Pin us silveslris and Belula alba almost excl u-
Sa ndy peal o,·cr mud { sively preYailing. 

I Picea excelsa shows great decline in freque ncy. 
r Abies pectinala culminates and disappears. 

Rich mixed forest of Picea excelsa and de­
ciduous trees: Quercus cf. sessiliflora, Carpi-

Calcareous mud . . . . . 1111s belulus, Alnus glulinosa, Jlex aqui{olium , 
the three Tilia species, .Juglans sp. with 
many others, and Taxus bacca!a5.) 

flinus silvestris, Betula sp. 
Sand . . . . . . . . . . . . . . Belula nana. 

V,T e Jind then, h ere a line of development following much the 
same laws as those which marked the course of events in the pen­
ultimate interglacial period in .Jutland as well as in the two first stages 

1) H. ScHHOEDEH und J . STOLLEH: Diluviale marine u. Siisswasser-Schichten bei 
Otersen-Schulau. Jahrb. K. Pr. G. Landesanstalt fiir 1906. Bd. XXVI, p. 503 f. , 
520. 

2) W. WoLFF : Das Diluvium der Gegend von Hamburg. Ibidem fiir 1915, p. 266. 
3) C. A. WEBER : Uber die fossile Flora von Honerdingen und das nordwest­

deutsche Diluvium. Abh. Naturw. Ver. Bremen 1896, Bd. XIII. 
The same: Die Geschichte der Pflanzenwelt des nor:Jdeutschen Tieflandcs 
seit der Tertiarzeit. Resultats scientifiqe du Congres internal. de Bota­
nique. Wicnne 1905. Jena 1906, p. 102 . 

.J) On the litterature of Lauenburg, Ober Ohe, Westerweyhe and Nedd en­
Averbergen see Chapter IV, p. 296 f. 

5) Fag11s silualica is also noted, from an earlier source not confirmed , er. p.345. 
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of lh e la sl inlerglacial period . lt will easily be see n Lha l if our poll en 
diagram from W cs t e rw cy h e is Lo b e placed in this evolutionary series 
il mu st be in the upper conifer period , a nd Lh e sedimenta tion in this 
basin seems to haYe been subj ected lo condilion s similar to those which 
marked the profile at Honerdingen. [L will also be seen Lhat the two 
pollen speclra from the ca lcareous mud a t N e dd e n -Avcrb e rg c n must 
have Lhcir synchronous leYels in the zo ne with deciduous Lrees al Hon cr­
dinge n. The fores ts a t Ob e r Oh e were a pparenll y s lrongl.y marked b y 
J)irws silueslris during the form ation of the kieselgur, Lhough numerou s 
deciduous Lrecs co ntribuled (see p . 29 7) , but Lhc three zon es noled 
[rom Lhere in Lh e pollen diagra m, viz. the Abies, the Carpinus and th e 
mi\ cd oak foresl- Cory/us zon e, neYerlheless sugges l as most likely Lha l 
th e lo \vcr parl of th e kiesclgur stratum at Ober Ohe is synchro no us 
wilh lh e upper parl of th e calcareous mud at Honerdin gen . .J. STOL­
LER 1) a lso men lio ns from the kieselgur stratum at Bispin gen in Luh clal 
a rich mi \ed nora which sugges ls Lhat the kieselgur s tratum h ere -is 
from the sam e scclion of Lh e interglacial period as tha l at Ober Ohe. 

Turning th en to th e H a mbur g Di s lri c t , we find , according lo 
\V. \ V OLFF ~) a nd E . Koc1-1 a), Lhe following proflle: 

Sand wilh ston es 
P ea l 

" JHi nderlon " Morain e clay 

P ea l 
:Marine deposits wilh Oslrra clc. 

P eat 

" Lauenburger T on " and lin e sa nd 
Mor ain e clay. 

The upper pea l bed belongs lo the last interglacial period (Schula u, 
\ Vinlerhude, Kuh grund e tc.), th e lower peat b eds a nd Lh e marin e 
deposits lo Lhe penultimale interglacial period ( Ulersen -GJincl e, Hum­
melsbClllel, Prisdorf, La ucnburg a nd elsewhere. 

SCHR OEDE R and STOLLEH h ave dealt with the flora in the pea l 
above lh e marine deposits a l Olersen-Glinde. According lo these writers, 
it belo ngs lo the n orthern temperate zone, and more especia lly to th e 
cold temperate part; most of lh e species however, are also typical con ­
stitu ents of lhe bog communilies, and ar c therefore not particularl y 

1) J . STOLLEH: Sond c r<lruck aus Feslschrift ver einigte deutsche Kieselgu r­
w erke. Hannover 1925, p. 18. 

2) \V . WOLFF: Das Diluvium der Gegcnd von Hamburg. 
3) E. Kon 1: Die priidiluviale Ablagerungsfhi che unter Hamburg und Umgebung. 

Mitt. a. d. Mineralog.-Geologischen Stadtsins titut. H. VI. Hamburg 1924. 

24° 
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suilable as a basis for dimalological inferences. Among the lign eo us 
plants were found especially Betula alba (including B. pendula J, Aln11s 
glulinosa, Pinus silveslris, P. monlana , Picea excelsa, two nuts of Cur­
pinus betulus al Lh e bottom of Lhe peat bed, Frangula alnus, together 
with Call11na vulgaris, Empelrum nigrum, Erica telralix and Myrica 
gale. Both th ese las t-n a med species, as also Pinus montana, r el[Uire 
Yery moist air and abunda nt precipitation. SeYeral marsh growths 
were also found, as for inslance Cladium mariscus, and among aquatic 
plants e. g. a fruit of Ceralophyllum demersum var. apiculalum . None 
of thr species peculiarly characteristic of the mixed oak forest is 
mention ed . This applies also to the little flora noted by Vl. \VoLFF 
( l. c.) aller M. BEYLE from the peat bed abo \"e th e marin e deposits 
al HummelsbC1ttel. Here were found inte r a lia Belula alba, Aln11s ylu­
linosa , Cladium mariscus, Najas marina ? a nd Polen/ilia erecla . 

These upper peat strata from th e penultimate interglacial period 
in th e Ha mburg district seem, both as regards their s tratigraphical 
position and th eir flora , lo b e naturally referable to the time of the 
upper conifer zone at Hon erdin gen , and similarly, we may find a 
parallel between the lower peat bed or th e Hamburg profile (Lauen­
burg, Prisdorf 1) and the lower conifer zon e at Honerdingen. If th ese 
stratigraphical associations are in accordance with the facts, - assum­
ing that the deposits belong to one and the same interglacial period , 
thorough pollen statistical i1nes tiga lions must decide the point - it 

. follows that th e deciduous fores t period in North-west Germany during 
the penultimate interglacial period, ,Yith its wealth of species, must 
haYe been synchronou s with th e transgreesion of the North Sea in 
the Elbe Valley and western Holstein , just as the mixed oak fores t 
( zon e {) in the lasl interglacial period was synchronous with the 
trangression of th e Eem Sea. There will then be a profound similarily 
betwee n th e two north ern interglacial periods in regard to develop­
ment or Lhe Oora and climate (cf. p. 269), though we do not know of 
any climatic oscillation from the penultimate interglacial period corre­
sponding to that which, as we learn from the proJ1les of th e Heming 
type, mu s t haYe occurred in th e last interglacial period. As regards 
the parallel between th e Harreskov-Starup profiles and lhe Honer­
ctingen profile, the generally uniform developm ent h ere is at once 
conspicuous, but points of differ ence are not lacking, and b efore we 
can arriYe at a ny complete apprecialion or th e floristic differences 
between the two areas, ren ewed investigations must extend our know­
ledge, firstly as r egard s especially macroscopic plant material in the 
Jutland interglacial deposits in qu estion , and also as to the devefop -

1) The occurrence at Prisdorf consists of an isolated flake (Scholle) ; WoLFF, 
l. c. p. 268. 



373 

rnent of' the pollen flora in lhe conlemporary formations of Norlh­
west Germany. 

\Ve have not succeeded in Jinding any decisive lloristic difference 
between the fresh-water deposils from the Lwo interglacial periods. 
Dulichium spathaceum however, does not appear to have been met 
wilh as yet in those deposits which can be referred wilh certainty to 
Lhe pen ultimate interglacial period, bul D. vespiforme is mentioned 
from "Interglacial I" (Seelze, Tegelen a. o.) as well as from the last 
interglacial period 1

). Brasenia purpurea seems not to be common in 
deposits from the penultimate interglacial period. This species has 
not been found , l'or instance, in deposits of calcareous and diatom­
aceons mud but seems generally to have preferred lake basins of like 
constitution to Lhose favoured by Trapa natans. From such, il is 
known at LC1tjenbornholt 2) in Holstein, and from the plant-bearing 
strata at Langenl'elde and Schmalenbeck near Hamburg 3), deposits 
which should possibly be referred to the penultimate interglacial period. 
Hydrocharis morsus ranae, in all probability identical ,vilh Aldrovanda 
vesiculosa (cf. p. 351), is menlioned from Schmalenbeck by M. BEYLE 4

) , 

and this thermophile species is then presumably also to be referred Lo 
the penultimate interglacial period . Hydrocotyle natans and Najas minor 
are hitherto known only from "lnlerglazial l" or older slrata 5), and 
Pinus montana in NW-Germany seems also to date from the pen­
ultimate interglacial period or even older parts of Lhe quaternary time 
j usl as Picea omorikoides. 6) 

The parallelism between the two interglacial periods in point of 
development as here shown can however he extended so as to em­
brace also the floristie and climatic deYelopmen L of lhe posl-glacial 
period in northern Europe, ,Yith such modifications as appear in the 
comparisons freqently made in the foregoing. The Lwo interglacial 
periods show, as regards the sections concerned, an almost complete 
cycle from arctic Yia mild temperate to sub-arclic climate, which, slage 
by stage, as far as the deYelopment has progressed, finds ils corre-

1) J . STOLLBR : Uber altdiluvial Leineschotter bci lsernhagen und das all­
diluviale Torflager bei Seelze in der Umgebung von Hannover. 11 Jabrcsber. 
d. Niedersacbsischen geolog. Vereins zu Hannover . 1919, p . 66. 

2) C. GAGEL: Centralblatl fflr Mineralogie etc . 1910, p. 77 and 97 f . 
3) M. BEY LE: Uber einige Ablagerungen fossiler Pflanzen . . . Jahrb. d . Ham­

burgisehen wisscnschaftliehen Anslaltcn XXX. Hamburg 1913, p . 83 f. and 
XXXVI. 1919, p . 44. - W. WoLFF . .Jahrb. Konig!. Preuss. Geolog. Landesanst. 
f. 1915, XXXVI, II. p. 283. 

;) M. BEYLE : Uber einige Ablagerungen . .. Jahrb. XXXVI. Hamburg. 1919, p. 44. 
5) J. STOLLER: Uber altdiluviale Leineschotler . .. I. c . p. 6!-J. 
6) G. MDLLEH und C. A. WEBER: Uber eine fri'1hdiluviale und vorglaziale Flora 

bei Liineburg. Abhandl. K. P . G. Landesanstalt. N. F. Heft. 40. Berlin. 1904. 
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sponding analogues in lhe post-glacial period - sa,·e for Lhc sub-borcal 
section of the latter - lhe climatic optimum of the post-glacial period 
being a stage long pasl. Turning lo other regions of Europe, especially 
Central Europe, and Russia, we find several instances of succes­
sions in the post-glacial foresl deYelopment demonstrated by pollen 
analysis 1

) which in cerlain respects differ greatly from the contempo­
rary northern types; interglacial deposits in these regions on the other 
hand Jrnye hilherlo been ,·ery little dealt with by pollen analysis. As 
far as I am aware, lhere is only a pollen diagram, by .J. FIRBAS 2), 

from the interglacial peat beds at Schladming, near Enns, showing 
this deYelopment: Pinus zone - Picea zone - Picea and Abies zone, 
and lh e pollen analyses of the same autor 3) from .interglacial deposits 
in lhe Inn rnlley in the Alps showing successions as: Picea zone -
Pinus (111011/ana Yel silveslris) zone or Fagus zone - Picea and Pinus 

Pos t-g la cial Perioct Last Inte rglacial Period Las t Interglac ial Period') 
in N\V Europe, Stages I and II 

t S ERKA;,.;DER I in Poland (SZA FER) 
( ]( NUD .I ESSE N & V. J'l'i1LTHERS) 

Gradually 

{ 
moister. Zone i; 

Present time Pre-subarctic Phase cooler continental, 
Climate Zone h 

Sub-atlantic Period 2. Sub-atlantic Phase 
) 

I Oceanic Climate, 
Sub-boreal Period Meridional-pontic Phase 

} Temperature Optimum, (climatic optimum) 

Hiatus I Zones f and g 
Allan tic Period 1. Sub-atlantic Phase I 

) 

Boreal Period Boreal Phase Wanner,continental Climate;-
Zones c - e 

Snb-arclic Period Sub-arctic Phase Sub-arctic Climate, Zone b 

Arctic Period Arctic Climate, Zone (l 

1) PETE!\ STAHK: Der gegenwiirtige Stand der pollenanalytischen Forschung. 
Zcitschr. f. Botanik, 17. Jahrg. 1925. Jena. - W. S. DonunowSKY: Uber die 
Stratigraphie der Russischen Torfmoorc. Geolog. Faren. Fiirhandl. Stock­
holm. 1925, p. 81 f. 

2) F. F1HBAS: Zur\Valdentwicklung im Interglacial von Schlading an der Enns. 
Beihefte zum Bot. Centralbl. Bd. XLI. 1925. Abt. II. Dresden. 

3) F. FrnBAS: Beitrii.ge zur Kenntnis der Schieferkohlen des Inntals und der 
interglazialen Waldgeschichte des Ostalpen. Zeitschrifl fiir Gletscherkunde. 
Bd. XV. 1927. -- After I had received the proof of this sheet I became 
aquainted with P. GALENIEKS: The Interglacial Flora of Kraslava (Acta Hort. 
Bot. Univ. Latviensis. Riga. 1926, p. 179 f.) in which is given a pollen dia­
gram from a 56 cm thick interglacial peat bed. 

4) Cf. p. 336. 
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zone. Very interes ting are also Lhe resulls arriYed al by Vl. SZAFER 1
) 

from the investigation of richly fossiliferous fresh-water deposits al 
Grodno, in Poland, supposed lo date from lhe lasl interglacial period. 
He found h ere a richly yaried floristic and climalic deYelopmenl, and 
compares it with SEHNAN01--:n's lable for lhe posl-glacial period as 
shown on lh e foregoing page. 

This interglacial deYelopmenl at Groclno followed in th e main 
th e same line as we have shown in lh e case of Stages I and I I or 
the lasl interglacial periods in N\V Europe. A poinl or difference is 
noticeable especially in the oscillalion lowards Lhe continental, which 
Su FEn 's meridiona l-pon lie phase den oles in lhe ot henYise oceanic, 
warmesl parl or Lhe interg lacial period, nolhing corresponding Lo Lhis 
being discernible in our material. ll musl he supposed that pollen­
analylical i1wesligation or eastern and cenlral European interglacial 
prolil es would afford a hasis for more cerl:1in parnllcls between th ese 
and lhe interglacial deposits of ;\'\\' Europe, especially ii' il were 
possibl e to arriYe al a more conYincing age delermin:1tion of the 
formalions in questio n; possibly the sta ndpoints we haYe adopled 
onrselvcs in regmd Lo diYision of Lhc diluvial in .Jutland and N\V 
Germany may here prove 11seful. AL lhe same tim e, a Lask of far­
reaching importanc.:e will be the further invesligalion as lo whether 
lhere exisls, in Lhese regio ns floristic similarity bcl,Yeen th e interglacial 
and post-glacial historical sequence, such as \\' e find in i'J\\' Eqrope. 

The Diluviun1 of North-·western Europe, 
and the Paleolithic Chronology. 

In the foregoing seclions it has been shown that 1) th ere is 111 

N\\' Europe a series of interglacial fr esh -wat e r deposits, 
e. g. Harr es k ov, Rind, Star up, Honerdingen, Ober Ohe, 
Neu-Ohe, Vli ec h e l, \\'este rweyli e, Luhetal, which, by a 
glaciation extending oyer these deposits, became sepa­
rated from a younger group of interglacial deposits 
covered by flow- ea rth or oulwashed sand and c lay, 
as found in great numbers in lh e region, outside thelimil 
of lasl glaciation, from H erning in the north to Romstedl 

1) W. SzA FEH: Uber den Charakter der Flora und des Klimas der letzten 
Interglazialzcit bci Grodno in Polen. Bull. international de l'academie 
Polonaise Serie B. Sci. nal. l!:l25. Cracovie 1926, p. 277 - 314. - Cfr. HE1\1-

11ic1t vVALTEH: Einftihrung in die allge111eine Pflanzengeographie Deutsch­
land s. Jena 1927, p. 209. 
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in th e s outh, and 2) th e flor is ti c-c lim a ti c d eve l o pm e nt 
durin g th e e arli e r s t ages of th e l as t int e r g la c i a l p e riod 
r e y ea l, s ta ge b y s ta ge, c ondition s c orr es pondin g to tho se 
whi c l:,i mark Lh e p e nultimat e intergla c ial period as w e ll 
as th e post-gla c i a l - a yer y c onsid e rabl e c limati c oscilla­
L i o 11 c h a r a c t e r i z i 11 g· L h e l a L c r s t a g e s o r t h e I a s t i 11 t e r -
g lacial p e riod . 

In direct opposition Lo those writers who - as rnosL recentl y 
J. BAYER 1) - maintain that th e lasl north ern interglacial period is 
not lo be regard ed as s uch , but only as a Schwankung, or Inter­
s tadial period, we mu sl assert th at there is no difference in principle 
between th e ll oristic and clim a tic deyelopm enl of the ea rlier stages 
of this period ( the lirsL wa rm period) and th e penultimate interglacial ; 
and a lso, th at the interval of tim e seperating Lhe ma ximal extent of 
the inla nd ice in the two las t northern glacia tions must rath er be 
regarded as longer Lh a n the penultima te interglacial period. Th e 
definitive demonstrali on of the fac t tha t the Eem subsidence belongs 
Lo th e last northern interglacial period~) 1s i n i tself s uffi cient to 
render th e view or this interglacial period as a Schwankung highly 
improbable. 

Th e differ en ce between a Schwankung or lnLers tadia l period on 
the one ha nd and an Interglacial period on Lh e other ca n be sel 
l'orth, :is far as regards Lhe climatic deYelopm enl, in an idea l tab le 
such as that h ere give n: 

Glac igenous or peri glacial form ations 

lnt e rst a di a l climatic deve lopm e nt In t e rgla c i a I c limatic development 

arc ti c 

arc ti c sub-arc ti c 

sub-arctic boreal 

bo real; summer temperature essenti- te mperate climate with a summer 

a lly lover than th e c limati c optimum te mperature at least as hi gh as during 

of the post-glacial peri od the post-g lac ial c limatic optimum of 
th e area in questi on 

sub-arc ti c boreal 
arc ti c sub-arc tic 

arctic 

Glacigeno us form ations. 

1) J . 8AYEH : Der Me nsch im Eiszeilalter. I. Leipzi g. 1927. - Cf. also F. S c HA F­

FEH : Lehrbuch der Gcologie. II. Tei!. Leipzig. 1927, p . 277 f. 
2) V. N o HD~IAK:-i: La pos ition st rati graphique des depo ts d 'Eem . D. G. U. II. n. 

No. -17 . 1928. 
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:VloreoYer, profiles of the Herning type show lhal suli-arclic and 
lemperate climale can alternate repealedly within one and Lhc same 
i 11 Lnglacial period. 

As an instance of an Inters ta di a I deposit, undou bledly in ils 
primary position, Lhe inlramorainal mud bed, abt. 0.8 m Lhick, at 
S 111 ids Lr up, 1) may be noted. Smidstrup lies 17 km N,v of Vejle and 3 
km .NE or Rostrup ( cf. Pl. I). The site is close behind an ice-front 
line, produced by an oscillation in the mclling of the lasl ice sheel. 
In the lower horizon of the slratum were found, in le r al i a, Bel11la 
nana and Arclostaphylus cf. alpina; in the upper horizon, Dryas octo­

pelala, Salix herbacea etc. Olher items observed were Betula pubescens, 
B . pubescens x nana, .Jw1iperus comnwnis, Rubus saxalilis, Geum 11r­
banum etc.; also excrements of elk and hea,-er. A pollen spedrum 
from the middle part of Lhe mud bed was as follows: Sa/ix 8 C/o, 
Be/11/a 81 %, Pin11s 11 ¾. 

The decision as Lo whether a deposit should h e regarded as an 
I 11 lersladial fonrn, Lion can in realily only be arrived al with perfecl 
juslilication where a Lhorough analysis of all the zones in the deposil 
show a climatic deYelopment such as thal indicated in Lhc lefL baud 
t:olumn of the table p. 3711. An incomplele climatic cycle, such as for 
inslancc: sub-art: lie - boreal or borcal - sub-arclic - arclic, 
mighl equally well be either the lirsl parl or Lhe last parl of a complete 
interglacial cycle. In a number of cases - especially post-glacial 
cleposils - we know Lha L sedimentation in Lhe basin concerned only 
commenced at a lale slage, and that the upper part of a strala sequence 
should he lacking in an inlerglacial deposit cannot be called s urprising. 
It is thus, enlirely contrary Lo the view of some geologists, by no means 
easy to dclermine whelher a given dilu Yia I, fossiliferous deposit is to be 
regarded as intcrstadial, and Lhe mere occurrence of Elephas primigenius 

or the absence of E . antiqu11s should not be taken dogmatically as 
grounds for decision. The occurrence of mammoth remains together 
-wilh such termophilc animal and vegetable species as appear Lo ha vc 
been found al Godenstedt at Zeven for instance, and elsewhere may 
indeed be taken as suggesting that there also exisled a more thcrmo­
phile form of E. primigenius, and Lhe fact that E. anliquus has nol 
been met with in lhe more northerly deposils from the last inter­
glacial period shows that we are h ere outside the area of occurrence 
or this species; we do not howe\'er, know all the determining factors 
in Lhe case. 

Aller these preliminary obsenalions, we will now proceed to 
further consideralion of J. BAYER's division of the diluvial in Europe. 
He gives (1. c. p. 52 and 152- 157) Lhe following arrangement: 

1) V. M11,T1IERS : Kortbladet Brekke. D. G. U. I. R. Nr. 15. 1925, p. 122 f. 
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l 
Solutre-Vorstosz 

Jungqnartare 
,. . Aurignac-Schwankung 

Eisze1t 
Moustier-Vorstosz 

Zwischeneiszeil (Pre-Chelleen, Chelleen , Achenlleen) 

Altquartare Eiszeit 

He flnds in lhis Lhe common denominator of all quaternary 
geological obsenalions in the Alpine area and the Norlh-German 
lowlands togeth er with Denmark. Our investigations will however, 
make il abundantly evident that thi s is only possible by an applica­
tion, of Procrustean methods, at a ny rate as regards Lhe northern 
regions. BAY ER's Moustier-Vorslosz was extensive enough lo 
t r a ns gress th e highland s of the Li'tn e bLn ge r H ei d e and 
there occasion, inter alia, profound disturbances in th e interglacial 
kieselgur deposits . His Aurignac-Schwankung is a fully dn c­
l o p e d interglacial period ,vith a climatic optimum ,Yhich was 
indeed probably in excess of that of the post-glacial period in Lh ese 
regions, having, moreover a duration sufficient .to permit the richly 
yaried deYelopm ent exhibited in the profiles of th e Brorup lype and 
the Heming type; and finally, his Solutr e -Vorstosz reach ed 
far b ey ond th e yall ey of th e Baltic and brought about ex len­
siYe denud a tions in the whole of the periglacial belt which sheltered 
a purely arctic flora and fauna, as we learn from finds dating from 
the la le-glacia l time. Thus, ,vith the necessary reYision or his " Jung­
quarlare Eiszeit" involved by these actual conditions, BAYE1/s arran­
gement becomes naturally transformed in the direction of that northern 
type h e so seyerely criticised with al least three glacial a nd two 
interglacial periods. 

It is particularly interes ting h ere Lo consider the traces or dilusial 
man m entioned by .I. STOLLER 1

) from lhe Liineburger Heid e. \Ve lrnve 
here finds of human skeletal remains in the kieselgur al Bispingen 
in Luh ctal, parl or a branch or fir worked by human hands from 
Ilic grey kiesclgur in the pit at Ober Ohe, splinters of animal bones, 

1) .J. STOLLEn: Spuren des diluvialen Menschen in der Li"meburger Heide . 
.Tahrb . Kgl. Pr. Geolog. Landcsanstalt. Bd. XXX. II. 1909, p . 433 ff. - H. 
Vrncttow: Menschliehe Knoc ken aus einem Kieselgurlager. Zeitschr. f. 
Ethnologie. 1912, p. 540 f. - F. WtEGERS: Diluviale Vorgeschichte des 
Menschen . I. Stuttgart. 1928, p. 63, 106, 170 f. W1 EGE HS reckons the traces 
of cullurc in th e interglac ial beds at vVesterweyhe, Ober Ohe and Luh etal 
to the older Mousterien, th e "\Veimar-Stufe", together with the culture 
layers al Habutz and Ehringdorf-Taubach , and refers them to the last 
interglacial period . 
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rega rded as \Yaste products from some :icliYily of man , in th e lake 
mad al Westerweyhe, \\'here bones of Rhinoceros Mercki ha\'e often 
been found, and finally , a parlly charred branch of lir and a couple 
or splintered hollow bones of Cervus in the calcareous mud :il Nedden­
,.\yerbergen. These deposits with lraccs of human actiYity or human 
skeletal remains musl now, as a r es ult of our i1nesligations in the 
Li'm eb urger Heide, be regarded as dating from the penultimate inter­
glacial period , and ,Ye haYe h ere proof of human occupalion in th e 
northernmost Germ a ny as far back as this comparatively early parl ol' 
th e diluvial period . We haYe in lhis result a lso l'urlh er conf1rmalion 
ol' lh e correctness of PENCK-\V1EGERs' fundam enta l sc heme of paleo li ­
Lhi c chronology 1

) as regards lh e assumption of' human culture in lhe 
penultimate interglacial period . On the other hand, lh c demonslralion 
ol' lhe presence of man in Northern Germany 2) al Lhis Lim e can hardly 
be mad e lo agree wilh Lh e Yiew of the Pre-Chcllecn and Chelleen as 
belonging lo lhe last interglacial period 3

) ( Hiss-Vh1rm) in Western 
Europe, lhe main centre or pa leo lilhic culture, lhcse oldest pal eo lithic 
cullurs ma y naturally l>e rel'errerl to the pcnullimale interglacial period. 

1) Cf. th e comparision give n by J . 13A YER, I. r. p. 19 f. 
2) er. F. WmGERs, 1. c. p . 63. 
S) M. BouLE: Les hommcs fossiles. Paris. 1923, p. 48- -l!:I. 



Page 90, line 17 from 
96, 5 

262, 12 
334, 3 

Table of Errata. 
top , water shee t, 

!aver, 
bottom , 13.0 m (41 fl.), 
lop, Interglacial Period , 

read : watershed . 
layer. 
13.8 Ill (44 fl. ). 
Interglacial Periods. 
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