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Introduction. 

By Lhe word »Indicator-boulder« is meanl the stones in the 
·Quaternary layers the characteristics of which arc so peculiar and 
distinct that it can he determined exactly from what spot or rather 
limited area of the region once cowred by the ice they came. Know
ledge of the fact that loose slones were to be found outside Scandi
navia which bore a resemblance to the permanent rocks in Scandinavi:1 
had already been oblained long before any clear conception could be 
form ed of the significance of this resemblance. It was only gradually 
as the theory on the Scandinavian inland ice advanced that a clear 
understanding on the matter was arrived at. 

The actual study of Lhe occurrence and distribution oulside Scan 
dinavia of the Scandinavian, crystalline indicator-boulders has been 
-carried on for nearly a generation with excellent results for th e 
'Quaternary geology: The rich deYelopmenl o·r these studies had its 
b eginning in the discovery by G. DE GEEH of the Yalue of the A.land 
rocks as indicator-boulders (1881). 1 The geological importance of these 
studies was strongly emphasized by the same author's Lheory on »the 
.-;econd Baltic Ice-Stream « (1884) and by NAT1-1onsT and L u NDBOHM's 

discovery (1885 and 1888) of the »older« Baltic Ice-Stream, which 
like the »younger« stream had moYed O\'cr Scania from Lhe cast and 
_•;ou th-east. 

The stimulating influence of these works bas displayed itself 
mainly in the western part of the glaciated region , Denmark, North
'\'est Germany and Holland. A considerable lileralure directly con
cerned with the indicator-boulders, their distribution and the geo
logical resulls to be drawn therefrom regarding the Quaternary period, 
has arisen on the basis of investigations in these countries . We find 
further in descriptions lo geological maps and olher geological works 
more or less detailed information regarding the discovery of indicator
houlders in the Quaternary layers. Another reason howe\'cr, '>vhy these 

' The numbers in parentheses refer to the list of literature. 

Danrnarks geologi ske l1 nd ers0gclse, II R. N1 ·. 2:l. 
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investigations h ave been carried on with such energy and great success 
in lhe western par ts of the glaciated region, is lhat we find there a n 
extremely varied boulder material, the indicator-boulders of Norwegian 
origin occurring together with boulders carri ed down through th e 
Baltic. Boulders from the north appear side by side with hou ldcrs 
which h a ve com e from Lhe east and south-easl. 

In the more eastern parts of the ScandinaYian glaciated region , thus 
in North-East Germany, lhe sludy of lhe indica tor-boulders h as nol 
been cultivated so cons tantly nor so extensi vely. And in Russia the 
Scandinavian, crysta lline indicator-boulders have r emain ed practically 
unstudied. As to som e extent a contributory cause of this il m ay be
mentioned that in the eastern Baltic region the directions of the ice
now h ave not apparcnlly been so variable nor so much alrnos l directly 
opposed as in the western Baltic. \Ve Jlnd certainly that in North-Eas t 
Germany a nd in lhc Russian Baltic provinces the boulders h ave been 
carried in such co ntrary directions as from N. Vl. lo S. E. and from 
N. E . to S. W., but it is not belieYed as in the \Ves tern Baltic region 
lhat the contents of lhc Quaternary layers in indicator-boulder s ca n 
he used as a basis for stratigraphical division . One result of this b as 
been that investigations on the indi ca tor-boulders h ave remained on 
lhe whole disregard ed. 

In the western and sonth-wcslern glaciated r egion the horizonlal 
distribution of the different kinds of indica tor-boulders is fairly well 
known. In lhc eastern Baltic r egion on the other hand on e of th e 
principal tasks will be to study and to know even the distribulion 
in a horizontal direction. This task is further in Russia of impor
tance from a Quaternary geological point of view for the reason, that 
we may there find the mos t eas terly boundaries of the distribution 
of several of the principal Swedish and Northern Baltic indicator
boulders, ·which belong to the commones l forms and are to be found 
everywh ere in the Quaternary layers of the \Vestern Baltic, namely 
boulders from A.land , Baltic quartz porphyries and boulders from 
Dalarne. 

In th e soulh-\\"cstern part of lhc Scandinavian glaciated region 
lb c lasks for the student of indica tor-boulders are different. It has 
been believed h ere a t various tim es lha t certain horizons might he 
characterised by m ean s of their co ntents, presen ce of some types or 
boulders and comple le absence of others. Such a qualitative classifica
tion has however b een found unmaintaina ble in most cases as know
ledge was gradually obtained on the occurrence of the boulders and 
lhe complicated modes of formation of the Qua lernary layers. Boulders 
of northern and boulders of eas tern (Baltic) origin can for example he 
found almost everywhere in Denmark side by side in the same depos-
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its. On the other hand there is the possibility thal by including 
quanlitatiYe methods in the study of lhe boulders, by information 011 

lhe varying quan litative distribution of the various kinds of boulders 
in the Quaternary layers, we may come upon lines which may yield 
new contributions tO"wards the solution of the often difficull glacial
geological problems. 

The i11Yestigations, the results of which arc incorporated in lhe 
present work, have had as rnai11 objecl so far as the East Baltic 
region is concerned lo increase our knowledge of lhe c-xlension of 
Scandinnvian boulders and especially to determine how far to lh e 
east and north-east th e principal Swedish and Norlh Baltic boulders 
have been carri ed by lhe Scandimnian inland ice. The journeys ren
dered necessary by lhis objecl were undertaken in the summer of 
1901 and 1902. I haYe already reported on the 1901 journey (Forc
l0big Beretning om en geologisk Rejse i del nord0sllige Tyskland og 
russisk Polen. D. G. U. III R. Nr. 3, 1902). I am indebted to the 
Directorate of the Carlsberg Fund for providing the funds which 
enabled me lo undertake these investigations in lhe field , as also to 
lhe Commission for the Geologi<:al Survey of Denmark, which wilh 
great kindness placed the necessary time al my disposal. 

The other quantitalive investigations in lhe field w er e undertaken 
in the years 1904- 07 partly occasionally, partly on special journeys 
which I undertook within lhe boundaries of Denmark on behalf of the 
Danish Geological Survey. In 1905 by th e aid of the Carlsberg Fund 
a journey was made to lhe collections of the S·wedish Geological Survey 
in Stockholm and the University in Upsala in order to search for 
materials for comparison with several series of boulders, which were 
supposed to come from Dalarn e but which hitherto had been some
what disregarded as indicator-boulders.1 

1 I take this opportunity to express my thanks to Prof. A. E. TOR:\'EBOml 

and Prof. A.G. HiiGB0~1 for the willingness and kindness with which the 
collections in question were made accessible to me. 

1• 





Origin and nature of the boulders 
investigated. 

1. Boulders fro1n the Christiania district. 
In the e11Yirons of Christiania Fjord there is an extensive district 

of characteristic poslsilurian eruptive rocks. Part of these form the 
origin of a great number of indicator-boulders in the Quaternary· 
layers of North and W es t Julland and of the Frisian Islands. ln cer
tain parts of Jutland where boulders from the Christiania district are 
found in specially great numbers, Lhe multitudinous varieties of these 
rocks are often richly represented . Rhomb-porph yry especially and the 
rocks Laurvikite, Laurdalite and other which are of almost the same 
origin as the form er are constantly to be found in great quantities here . 

In a work intended to gi-ve an exacl descriplion ot' the occur
rence of Norwegian rocks in Denmark 's Qualernary layers, it ,vould 
he necessary to consider all the varieties comprised in lhis large erup
tion-series. It is to be hoped that there will be a n opporlunity to do 
so later on. In the present paper, the object of which as regards 
Norwegian boulders is only to illustrate the main features of their 
distribution compared \\'ith that of Swedish and Baltic boulders, it 
has been considered more to the purpose to exclude lhc numberless 
varieties and only to deal with some fe,v of the rocks of the Christi
ania district. The distribution of these boulders is so large that thq· 
are found not only in places '<Vhere Norwegian indicator-boulders are 
on the whole numerous but also in districts where otherwise the 
Swedish and Baltic indicator-boulders are in the majority. There arc 
two types of boulders of which this may be said especially to be 
the case, viz. : rhomb-porphyry and rhomh-porphyry con
glomerate. 

Rho 111 b - porphyry appears in the Christiania district partly 
in fissures partly as lava-sheet. It is found over a very extensive 
.area filling up the fissures in primitiYe rocks, in palreozoic sedimeu-
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tary layers and in the oldest ernptiYe rocks round Christiania Fjord. 
Still greater however ar e the quantities spread as lava-sheet over vast 
areas, especially ,vest and northwest of Christiania Fjord. The true 
rhomb-porphyry a s surface rock exactly corresponds to Laurvikite a s 
deep-rock. The rhombic-sh aped fel spar-crystals of the stone in trans
verse section make it easily identified ; the typical form of the crystals 
however is often cha nged a nd effaced . 

There are also other seri es of postsilurian eruptive rock s in th e 
Christi a nia distric t which correspond to differ ent kinds o[ rhomb
ror phyry. Thu s BnoGGER1 s lates that: 

Gab brosyenilc corresponds to P lagioclase rhomh-porphy ry, 
L aurYikilc to Rh omb-porphyry, 
Lau rd alile lo Nefeline rhomb-porphyry an d 
Nordrn arkilc to Quartz rhomh-porphyry. 

In th e present i nYes tiga tion lh e separate varieties o f rhom b -por
phyry are taken a s one in spite of th eir grea t differences as r egards 
colour, structure and composition. 

According to Bn6GG ER , 2 time w as wh en lh c rhomb-porphyry as a 
coherent layer was spread over the wh ole of lhe Christiania district and 
ex.tended beyond its bounds. BnoGGE R estimates the territory once 
t:overed as ca . 22000 square kilom eters , i . e. an area only a little 
smaller than .Jutland (25000 sq . km.). Al th e end of the postsiluria n 
eruption - period the rhomh - porphyry lavas w ere however broken 
through over large a reas and coYered by later eruptiYe rocks and arc 
only preserved either on sunken territories or as fra gm ents in la ter 
eruptive rocks . 

Rhomb - porph y r y c on g lom e rat e 2 is found in th e origin a l 
fi xed ro ck on a number of islands and islets in lhe ex trem e south
east of Christi ania Fjord , namely, on the 35 km. long dis ta nce from 
»Revlingen « southwes t of Mos lo »The Sisters « southwes t or Frcde
riksla d . IL is exclu sively composed of edged fragm ents or rhomh
porphyry nol much rolled but mingled with finer sediment ; it con 
tains a grea ter number of Yari eties of rhomb-porphyry rocks than 
found any,Yh cre else in the Christiania distric t, in fac t, it even con
tains Yari elies found in no other parl of the whole rhornb-porphyry 
territory . On th e oth er hand the t:onglomerate contains no other 
crupliw rocks of the Christi a nia di s tri c t nor any palceozoic or primi-

1 v\'. C. BRiiGGEH: Die E r up liYgcs teine des Christianiagehietes. I. Kra . 
1894, p. 180. 

2 W . C. Bniicui:rn: Konglomeratcr i Kris ti:u1iafellet. Nyt Mag. for Naturvid . 
Bind 38, 1900. 
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live rocks. This hrown conglomerate of which small fragm ents oflen 
look as if they were volcanic tuff is, according to BROGGER, far from 
heing of Yolcanic origin; on the contrary, it is an ordinary stratified 
coast-deposit composed of material produced by erosion of the oldest 
rhomb-porphyry lavas . After their eruption these lavas as already 
slated form ed a coherent layer of vast ex tent. The conglomerate 
contains no rocks of later origin than rhomh-porphyry and may he 
considered as having b een deposited earlier than the Yolcanic eruptions 
rn the Christiania district, which immediately succeeded the formation 
of the rhomb-porphyry Jayas. 

This characteristic rock forms a very considerable number of 
boulders which in all probability may be considered as originating 
from the aboYe mentioned parts of Christiania Fjord. If an enumera
tion is made on the •basis of the lists of indicator-boulders giwn nl 
Lhe end, for the purpose of ascertaining th e number o[ boulders of 
rhomh-porphyry as compared ,Yith the conglomerate, we find Lhat for 
8 boulders of rhomb-porphyry lhere occurs one boulder of conglome
rate. Taking into consideration how co111paratiYely seldom boulders of 
other postsilurian eruptive rocks of th e Christiania dis trict arc found 
outside northern and western Jutland as compared wilh boulders o[ 

rhomb-porph yry, it may be said that conglomerate boulders arc among 
Lh e most frequ ent and important of indicator-hould ers l'rom lhe Chri 
sliania Fjord region. 

The fact Lhat the territory, from which th e boulders of conglome
rate originate, is situated more Lo th e eas t than th e eruptiYe rocks 
of the Christi ania district, which haYC provided the grea test quantity 
of Norwegian indicator-boulders to the Danish Quaternary layers , has 
increased the importance of th e first-n a med. Rhomb-porphyry is w ell 
known from districts further to the soulh-east hut only as a porphyry
d yke extending along the Swedish fringe of islands from Strtimstad 
lo Lysckil. Still the fact , th a t conglomerate hould ers on Sealanrl 
arc found comparatiYely often just as far to the casl as boulders 
of rhomb-porphyry, indicates, that the fix ed rock ,Yhich form ed the 
ong111 of th e boulders also had a distinctly easterly position com 
pared ,vith the rocks from ,vhich the boulders of rhomh-porphyry 
catnl' . On a contrary supposition the conglomerate boulders on 
zipproaching the limils of th eir easterly distribution would occur 
more seldom than rhomh-porphyry, in the same proportion as in 
.Jut.land, wh ere the main distribution is found. This is not th e ease, 
near Roskilde they were even found in almost as great numbers as 
rhomh-porphyry. 

Boulders of this kind have been already mention ed in Danish 
geological papers, namely, in the two explanations of the sheets of 
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Vendsyssel,1 th e explanation of geological sheets of Northwest Sealand ;t
and in a paper on Norwegian boulders in Sealand. ~ In all lhese 
papers they arc considered to be porph yry-tuft' and in ihe last it is 
stated that they are spread over the same area in Sealand as the 
boulders of rhomb-porphyry. Later, some boulders of th e same rock 
were found along the shores of SteYns. ·1 

2. Boulders from Dalarne. 
It has been known for many years that in th e drift deposits in 

Northern Germany and Denmark stones of the same nature as por
phyry from Dalarne are found. These facts were already mentioned in 
geological papers from the first half of the 19th century. The beauti
ful stone ornaments of porphyry made at Elfdal porphyry-works were 
spread far and wide, making these rocks well-known far outside Scandi
naYia, though this knowledge has had n o subsequen t geological impor
tance. This is principally du e to the fact that the porphyry rocks of 
Dalarne have not been subjected to any continuous inves tigation which 
might serve as basis for the study of boulders. Investigations of spec
ial rock varieti es haYe certainly been carried out, as also of special 
districts of Dalarne, each forming a Yaluable commencement, but a 
summary of the conditions on which th e study of boulders depends 
is still lacking. It is evident that until this want has been m et the 
sludy of boulders from Dalarne will only be inadequate. The present 
work does nol claim to be more than such an inadequate and pro vi
sional attempt to point oul the importance of parl of the porphyries 
or Dalarne as boulders . 

As regards the id entification of houlders witb lb e related rock
Lypes in Dalarnc this preliminary study has had to Lake its starling
point from lhe boulders themselves. By placing these in special 
groups and comparing lhem with specimens of lbe solid rock , it 
has been possibl e in spite of the defective information regarding the 
porphyry territory of Dalarne as a whole to gain somewhat increased 
knowledge or the porphyry types that may have importance for th c
sludy of th e houldcrs. 

1 A . .JESSEN: Kortbladene Skagen, Hirshals, Fredcrikshav n, Hj0ring og L0k
ken. Danmarks geol. Unders0gelse. I. R. , Nr. 3, 1899. -- A . .JEss1-:~: Kortbladene 
Aalborg og Nibc (nordlige Del). Dan marks gcol. Unders0gelse. I. R. , Nr.10, 1905. 

~ K. R0nDAM og V. Mn,n1ERS : Kortbladcnc Sejro, Nykj0bing, Kalundborg. 
og Holbrek. Danmarks geol. Unders0gelse. I. R., Nr. 8, 1900. 

" V. MILTHEHS: Norske Blokkc paa S_j~lland. Medd. fra Dansk geologisk_ 
Forcning. Nr. 5, 1899. 

• V. Mu,THEHS : Kortbladcnc Faxc og Stcvns Klint. Danmarks geologiskc
Unders0gelse. I. R. , Nr. 11 , 1908. 
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A short summary of Lhe geology of Lhe porphyry territory of 
Dalarne is obtained from » Upplysningar Lill geologisk 61\ersigtskarta 
iifrer Sveriges berggrund « .1 »The true porphyries in Dalarne may he 
divided into three main-classes. Undermost lie r ed porphyries, then 
com e beds of greenish porphyrites and above th ese are scattered por
phyries irregular in di stribution and of a ,·ery compact ground-mass, 
hence caJJed » horn stone porphyries «. 

»Th e R e d porph y ri es are partl y hrick -coloured partly more 
reddish bro"·n. The Iirst named are principally found in the Elfdal 
territory proper and are represented there on lhe one hand hy the 
well-known Bredvad porphyry and on the other by Garberg granite 
porphyry which is but a coarse variety of the former. Seen under 
the microscope the small-grained ground-mass of Bredvad porphyry 
consists of very red-coloured felspar and quartz . The porphyritic 
crystals which are neither large nor numerous, ar e generally com
posed exclusively of r ed felspar in spite of lhe abundance of quartz 
contained in the ground-m ass. The crystals of Garberg porphyry arc 
larger and more numerous whereas the ground s uhslance generally 
has a very distinctly mi cropegmatilic structure. - Towards th e borders 
of lhe porphyry territory reddish-brown porph yries with variable ap
pearance are predomin a nt. Part of th em are di s tinctl y quartz-po1·
ph yri es; this is especiall y lh c case al and wes t of Siirna . 

»The main distribution of the following porphyrites is found in 
lhe Ell'dal territory and south of this. They consist o f extensive 
layers of rather dark dirty-green rocks whi ch may be eonsidered as 
more or Jess transform ed augite porphyril es. Closely connected 
with lb ese is the so-called V cnjan porphyrite of which the main distri 
bution is in th e co untry eas t of the La ke Venjan. Thi s rock is much 
lighter than lh e porphyrites named but like th em contains cr ystals 
of plagioclase and more or less transformed green augite sometimes 
bronzite and besides quantities of brown mica . In the microscopic 
small-grained ground-mass, quartz is often found in quantities. 

»Hornstone porphyri es, Dalarnes youngest porphyry, appear 
as already slated in large and small isolated hillocks above the por
phyry layers, each of them usually containing a special porphyrr 
vari ety. They generally have a compact brown or dark-brown, often, 
flow-structured ground-mass in which small light white or reddish 
felspar-crystals, orlhoclase and partly also plagioclase are sometimes 
sparingly, sometimes ~1bundantly interspersed. As a rule they contain 
no crystals of quartz. In spite of the dark colour of the rocks they 
contain a relatively large amount of silica « .2 

1 Sveriges geologiska unde·rsokning. Ser. Ba. Nr. (i. 1901. Page H - 15. 
2 Translated from the Swedish. 
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Red porphyries. 

Bred v ad porphyry. This is the mosl frequent of all Dal a 
porphyries and Lhc one lhat has lhe largest distribution as boul
ders in the Quaternary layers. This depends on the facl lhat its 
distribution in fixed rock is greater lhan lhal of any olhcr Dala 
porphyry. A. E. ToHNEBOHM giYes the following description of Bred
vad porphyry: 1 

»Er besleht aus einer heinah e dichlen, unter dem Mikroskope 
doch deutlich kornigen, braunrothen , felsi tischen Grundmasse 
mit sparlichen Einsprenglingen Yon gleichfals hraunrothem Or
thoklas und gri'rnen Punk.ten, wahrscheinlich von Chlorit. Hin 
und wieder, obgleich ziemlich selten, bemerkt man auch einzelnc 
Korner von gelblichweisen Oligoklas; deutlicb erkennhare Quarz
korner find en sich aber nicht. Diese Porphyrarl hat eine nichl 
unbedeutende Verbreilung, indem sie allgem ein um die oslliche 
Dal-Elf nordwesllich von Elfdal-Kirche vorkomml und sich von 
ctorl gegen Norcten his nach Lillherrclal in Her_ieadalen erstreckt«. 

This cxlensiye distribution in fixed rock leads lo a correspon-
ding frequency and wide distribution as boulder. In all places where 
boulders from Dalarnc arc al all found, Bredvad porphyry is seldom 
-wanting. This is lhe case in all Denmark from the north point of 
.folland to the south-eastern Sealand; in certain parls of \Nes t Jutland 
it is on Lhe whole Lhe most common of all cryslallinc indicator
boulders found there. It is quite superfluous however to name the 
places in Denmark wh ere boulders of Bredvad porphyry are Lo be 
found as they occur almost everywhere. We shall also return lo this 
la ter . I n eed only m ention here that, e. g. in gravel-pits at Roskilde 
and near Farum N. \V. of Copenhagen , it is found in much greater 
<Juantities than the commonest types of Baltic boulders from the 
Aland Islands and the northernmost part of the Baltic. 

To the south through Sleswig and Holstein Bredvad porphyry 
is also of frequent occurrence, and on counting the indicator-boulders 
in a grayeJ- pil near Vastorf east of Li.ineburg (as will be further 
mentioned later) I round Bredvad porphyries as numerous as HEn
STR6~·1's Balti c quartz-porphyries . As Lo the occurrence of Bredrnd 
porphyry in Northwestern Germany J. MARTJN 2 slates Lhat : 

' Ueber die Geognosie der schwedischen Hochgebirge. Bih. till K. Svenslrn 
Vet. Akad. Hand!. Bd. 1. Nr. 12. 1873. 

• Diluvialstudien IT. Das Haupteis ein baltischer Strom . Sep. der X. 
Jahresber. Naturw. Ver. zu Osnabrttck 1894. 
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»111 d er Thal wird man nach mein en bish erigen Erf'ahrungen 
zum w enigsten im w estlichen Theil der nordrleutsch en Tiefchene 
1n e111er grosscren Steinansammlung selten Yergeblich nach ihm 
snchcn «. 

As to the occurrence of Rrcdvad porphyry in th e Netherlands thl' 
litera ture contains no decisiw s tatements . SCHROEDER VA:\' DER Ko1,K 

(1891) slates that sCYeral boulders of Dala porphyry have been found , 
a nd inves tigations have also bee n carried oul by .I. MARTIN and ,·. 
CALKEH. From th ese i1westigations il is eYidenl tb a l boulders from 
Dalarne are frequentl y found in the Netherlands and that Bredvad 
porphyr y is Lh e co mmon es t. As far as I have been able to ascertain 
from the geological collection belonging to the University al Utrecht 
no BredYad porphyry however is found in the sou thern parl of Hol 
la nd . This is presum a bly in connection with Lhe ex treme scarcity 
with whi ch boulders of rocks from the distri ct round Christiania 
Fjord a ppear in this parl of Holland. 

In certain dis tricts of th e proYinccs of HanoYer and Brunswick, 
\\·here bo ulders from Dalarne ar e on the whole num erous , Bredvad 
porphyry is the most freq uently found o r n il indicator-boulders ; thi s 
is seen from two en umerations o l' boulders I made at Lhc villages 
Horst and \Vipsh a uscn 15- 17 km . N. \V. of Brunswi ck. I obtainerl 
the same res ult in the neighbourh ood of Halle and near the town 
Schraplau 23 km . ·w. by S. of H a ll e. In both places Bredvad por
phyry occurrerl in ri ch quantities in Jluvio-glac ial gravc ls. 1 

In Mecklenburg 0. MATZ (1903) stat~s that this porphyry is Ycry 
common between lh e Mecklenburg boulders . According to COHEN a nd 
D EECKE Bredvad porphyry a lso occ nrs in Pommerania though nol 
very frequenlly. Turning to " ' cs l a nd East Prussia, boulders of Bred
vad porphyr y arc comparatively o ften found in Lhe glacial gravels. 
In fa ct this porphyry is h a rdly a bsent anywhere in East Prussia where 
a ny large number of crystalline bo ulders arc found. In 1901 I visited 
many places and found Bredvad porphyry in nearl y all of th em . The 
list given la ter giws further particulars of Lhis. The l"ael that this 
Dala porphyry is a Ycry co mmon boulder in East Prussia is quite 
natura l if one Lakes into consideration that it is found far to th e 
norlh and eas t in the Russian Balti c provinces a nd adjacent countries. 
For furth er details on this subject I ma y refer to Lb e sec tion on th e 
boulder-studies in Russia. I need only m ention h ere that BredYad 
porphyry was found as far eastward as near Minsk; n ear Swenziany N. 

' In Westphalia W . MEYEH h as lately s tated (1907) that boulders from 
Dalarnc are on th e whole scarce bul thal Bredvad porphyry is Lhe kind mosl 
frequently found . 
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of Vilna specimens were obtained; it was also found near Glubokoi 
100 km . furth er lo the east. Finally, it was found, though only i11 
small quantities, in the asar Rullekaln south of iVIitau and Kruschkaln 
west of Mitau as also at Galgenberg near Tukkum w est of Riga. On 
the whole it seems here to approach the outermost limit of its north
eastern distribution ; 2 boulders of Bredvad porphyry were found how
ever in a graYel-pit N. E. of \Volmar behveen Riga a nd Dorpa l. 

This distribution in Russia is quite in agreement with th e easter! )' 
distribu lion of Bredvad porphyry in Sweden ; a l Sodertelge it fre
qu ently occurs in th e as -gravel, whereas near Stockholm, only a few 
mil es further to the east, it is not found. G. A~11NOFF (1904) h as in
ves tigated the limit of its eastern distribution in Sweden . The eastern 
limit of BredYad porphyry h ere genera lly represents the eastern limit 
of Dala porphyries as a whole. 

IL has a lready been mentioned that of a ll Dala porphyri es Bred
vad porphyry has the widest distribution as boulder , a nd that this 
m ay h e co nsidered as s tandi ng in conn ection with its wide distri
bution in fi xed rock . This di stribution h owever by no m eans reduces 
the importance of th e Bredvad porphyry as indicator-boulder in the 
Quaternary layers outside th e Baltic. And for this purpose it is in 
many r es pects excellently suited just on acco unt of its frequency, 
whereas man y of th e other characteristic rock s l'rom Dalarn e a ppear 
as boulders in too small numbers to be extensively used l'or the 
study of boulders. It is of importa nce ind eed that th e rocks whi ch 
are in future lo be used as indicator-boulders with advantage for 
Qua ternary geology, besides possessing characteristic petrographic qua
liti es, ar e also of such frequ ent anrl r egular occurrence in the drift 
deposits , that conclusions regarding Quaternary geology m ay b e based 
upon their varying frequen cy. The special inter est of a minute petro
graphic investiga tion a nd descripti on of houlders, which only appear 
as rariti es everywh ere in th e Quaternary layers, or of boulders the 
characteristics of which are only tra ced by m eans of' the microscope> 
is of far less importance to Quaternary geology than th e work in the 
lield, the object of which is a systematic· enum eration of indicator
boulders easily defin ed and absolutely trustworthy. Such enumera
tions are especially of importa n ce in places where a rich number of 
available boulders renders it possible to effect a comparison of the 
different types of boulders . A work of this kind ought not to be 
n eglected as in fact it is now. And Bredvad porphyry is better suited· 
to this purpose than most of the other rocks from Dalarne, however 
t'haracteristic and well-defined in occurrence they may be. 

Heden porphyry. A series of boulders of a colour Yarying 
from more or less dark brown lo r eddish brown form the transitiol<l 
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lo Bredvad porphyry. The grained, granitic, ground-mass contains 
quantities of lighter crystals of plagioclase up to 1 cm. in length 
and orthoclase crystals of the same colour as the ground substance. 
It also contains a number of green grains (chloritic) which however, 
in the coarse varieties, are not wry conspicuous. The light felspar
crystals in the small-grained ground substance giye these small-grained 
Yarieties a more distinctly porphyritic appearance ; the crystals arc . 
. generally quite light, faintly pink or a little greenish. The small , 
irregular green patches of basic minerals are rather conspicuous in 
the light brown ground-mass. Through these small-grained varieties 
w e come Lo the true Bredvad porphyry . 

As to the coarse variety, the collection of the Geological Survey 
of Sweden contains a specimen of the corresponding solid rock from 
the district wes t of He den in the southerly part of Lima parish 111 

the South-\\Test Dalarne. In S,Yeden's Quaternary layers _boulders of 
an exactly eorresponding roek were found at the following plaees: 

As by Katrineholm (2 boulders) (MrLTHEHS). 
N. of Redberga, Mar Im parish, Skaraborg Hin (2 boulders) (M t.:NTHE1. 
\V. of Skottning, Luttra parish (MuNTHE). 
Persberg railway-station, Vermland (Y. Scm1ALENSE1•:). 
Fogelsa ng in Scania (v. Scr-IMALE:--sEE). 

A boulder .from Heilsberg in East Prussia, No. 2243 in the collec
tion from East Prussia determined hy HJ. LuNDBOHM in the year 188(i, 
has some similarity to this group. 

As to the small-grained variety of this series of boulders, I haYc 
seen no exadly corresponding specimen from the solid rock. As 
boulder it " ·as howeYer found in several places in the Quaternary 
layers of Sweden: 

Doderhull parish, Kalmar (SY1m~1AHK) (detrm. hy A. E. TCmNEBOIIM). 
Great Karlso, Gothland (2 boulders) (G. Hou,). 
Nettrahy parish, Blekinge (HJ . LuNDBOHM). 
Husby parish, East Gothland (HJ . LuNDl:lOHM). 
As by Soderlelge, \V. of Stockholm (2 boulders) (Mn,T11Ens). 
As by Katrineholm (seYeral boulders) (MrLTHERS), 

Outside Sweden it was found as boulder near : 

Gammelr0d , Borup parish, Sealand (A. Cu'.:~rnNT). 
Sonnerup wood, I-I0jby parish, Sealand (MrLTHEHS). 
Neighbourhood of Faxe, Sealand (MII,THERS). 
Vargaarde, .Julland (A . .JESSE:--1). 
Skansebakken, N. Sundby, Julland (A . .Jr-:ssEN). 
Beach north of the Ska"·, Julland (MILTHEHs). 
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A couple of boulders from Hoch Redlau , ~- of Dantzic, and 
from Vastorf', . E. of Li"meburg, are more like th e ordinary Bredvad 
porphyry. 

None of the boulders used by G. AM 1NOFF for determining the 
limit of th e easterly distribution of Dala boulders in Sweden correspond 
either lo the solid type-rock from I-Ieden in Lima parish or to the boul 
ders m ention ed h ere. So there is reason to believe thal we must look 
for lhe home of lhese boulders chiefly in the Soulh -West Dalarne. 

Closely r elated lo lhis group of boulders - and partly also the 
following - are the quartzl ess orlhoclas e porphyri es de
scribed by A. E. T611NEBom1 ,1 of which h e says lhal lh ey 

»zeichnen sich irn Allgcmeinen durch di e Grosse und ;\1enge 
der ausgeschiedenen Feldspathkryslallc nus. Sie hesteh en aus einer 
braunen oder rolhl>raunen Grundmasse, die mit 4'" bis 5" ' langen 
Orlhoklaskrystallen gespickt ist ; ausserdem kommen gcwohnlich 
auch ma lte Korn er von gelbweisscn oder grlinweissen Oligokla s 
und klein e grC111e Punkle (Chlorite) vor. Zu dieser Gruppe gehoren 
unter anderen der Porphyr des As-Berges nordostlich von W enjan , 
der von Bergasen w estlich von Malung und der in den Bergen 
westlich von Heden in Lima. An letztgenannlem Orte lrill nchen 
den quarzfreicn auch ein quarzfUhrender Porphyr auf«. 

Brown porphyry. A number of boulders of a distinctly brown 
porphyry-type correspond to rocks found round Ka 11 b e rg et south 
of Tandsjon , norlh of Tisjon in the northwesterly parl of Lima parish 
n ear the Norwegian frontier. - Through transitions this type is re
lated to the above-mentioned porphyry-type, espedally to its coarse 
variety known from Heden in Lima parish. The special character
istics of the brown porphyries are th e brown felspar-crystals 1-3 mm. 
long, which are evenly interspersed in the gritty ground-mass. Tcrn.NE

B0HM states (see below) that varieties conlaining crystals of quartz 
are also to be found. To lhe north in Idre parish in the neighbour
hood of Dr e f d ag e n lh ere occur porphyri es of a similar dark appea
rance; hut I know no boulders exactly corresponding to these por
phyries. 

A boulder of lhe brown Tan d sj 0 porphyry-type was found by 
H. MuNTH E near Tidaholm , Agnetorp parish, near Skara ; in the 
as by Sod c rl e lge and al Katrineholm I have seen no boulders 
of this type, though boulders from Dalarne are of frequent occur
rence especially at Katrineholrn . It is not mentioned in G. A~IINOFF 's 
collection. 

1 Die Geognosi c der schwcdischcn Hochgebirge. pp. 9- 10. 
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As boulder outside Sweden this porphyry was besides those stated 
rn the list found at: 

Vadumtorp in Vendsyssel (A . .JESSEN). 
Bolling in Wesl Jutland (M1r,-r11ERs). 
Gniben, Sealand's Oddc (M1LTHE11s). 

The quartz -containing rocks whi ch correspond to these boulders 
are characterized by ToHNEBOHM under the na me of quartz-containing 
orthoclase porphyries. In )) Die Geognosie der schwedischen Hoch
gebirge « he says: 

)) Die quarzfi'ihrenden Orthoklasporphyre haben in der Regel 
cine braune oder braunvioklle, bisweilen cin e grau e, dichtc Grund
massc, worin Korn er Yon Quarz nebst Krys lall en von bl assro then 
oder Jl eischrothen Orthoklas und mitunter auch Yon gelbweissen 
Oligoklas mehr oder wcniger dicht eingestreut liegcn. Hierher 
gehoren z. B. di e Porphyre um Sarna , urn Drefdagen, ostlich von 
Hc,~jehogna, im Enars-Berge westlich von Lillherrdal und um 
Glote im Kirchspiele Linsall. Ferner mag hierher gezahll w erden 
der an seiner bra unvioletten Grundmasse und seinen kleinen 
braunen Orthoklaskrys lallen erk enntliche Porphyr nordlich des 
Tisjo im Kirchspiele Lima, obgleich derselbe nur sparlich deul
Ji ch erkennharc Quarzkorner enthalt «. 

In this characterization of the 1ixed rocks we sec lh a l the above
mentioned group of brown porphyry is related to the following group, 
lhe home of which is round Sarna. 

Brown-viol e t Sarna porphyry. The way in which ToRNE
Bomr as above cited h as characterized Sarna porphyry will also apply 
lo a specimen of the rock from the village of Nor d om sj on, N. of 
Sarna church, which is in the collection of the Swedish Geological 
SurYey . The collections co ntain several boulders of exactly the same 
character from the district round Sarna. A boulder from Nasser 
Garten, Koni gs b e rg in East Prussia, determined by HJ . L uNDB OHM , 
closely resembles th e rock from Nordomsjon. LuNDBOIHI describes it 
as follows : 1 

)) Porphyr mit dunkelbraun violelle Grundmasse, in welcher 
zahlrciche weissc und rothliche, oft rechtangulare, 0,5 bis 3 mm. 
Jange Krystalle von Orthoklas, sparliche griinweisse, etwas gros
sere von Plagioklas und viele runde farblose Quarzkorner mil 0,:; 
bis 2 mm . Durchschnitt eingestreut sind. Dieser Porphyr ahnclt 
~ogar vollsHindig einen nordlich von Sarna in N. Vv. Dalarne an-

1 Geschiebe a us der Umgegend von Konigsberg in Oslpreussen. Phys. 
iik. Gesell. zu Konigsberg 1888. 
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stehenden. Von dem bekannten Porphyr in Blyberg (Elfdalen, 
Dalarne), mit welchem dieser bei fliichtiger Betrachtung leicht 
verwechsell werden kann , ist er <lurch di e Quarzkorner, welche 
in jencr sich nicht fin den, streng verschieden «. 

Besides those stated in lhe list boulders corresponding to this 
porphyry-type were found at the following places : 

Lundbjerg in Vendsyssel (K. J. V. STEENSTRUP), 
0rs0 in Vendsyssel (A. JESSEN) 

n nd in Sweden: 

As by Katrineholm (2 boulders) (MrLTHERS). 

He d Sarna p o·r p h yr y. Boulders of another porphyry which 
may also he considered as originating from Sarn a a rc found in 
somewhat larger quantities, very homogeneous and typical in appear
ance. I have had no opportunity to see specimens of this type from 
solid rocks; in Sweden it was found as boulder at the following places: 

Hulega rd , Hornborga parish, Skaraborg Ian (H . MuNTHE). 
Habansgard, Borgunda parish, Skofde (MuNTHE). 
As by Hallsberg station (E. ERDMANN). 
Moraine N. E. of Orsa in Dalarne (G. AMINOFr-). 

Sarna (0. TORELL and HJ. L uN oBOHM). 
As at Katrineholm (3 boulders) (MrLTHEHS). 
As at Soderlclge (M1LTHEHS). 

Outside Sweden boulders of this porphyry were found al many 
places as stated in the list. 

In the small-grained, red ground-mass crystals of quartz and 
oligoclase are very conspicuous. Large quantities of quartz-crystals, the 
transverse section of which does not exceed 2-3 mm., are eve1ily inter
spersed throughout the ground substance. The felspar is generally 
yellowish white and occurs as crystals not exceeding 5 mm. in length; 
they are as a rule as numerous and as large as the quartz-crystals. 
Besides these plainly visible crystals of plagioclase, this porphyry con
tains also felspar-crystals of the same colour as the ground-mass . 

While th e brown porphyries from the district between Tandsjon 
and Tisjon in Lima parish possibly haye no very large distribution 
as boulders, because they occur in solid rocks so far to lhe south
west, circumstances indicate on the other hand, that the red quartz
containing porphyry from Sarna has quite a wide distribution. In 
this respect I need only point out that it was found com para ti vely 
often not only in Denmark, especially in Vendsyssel as might be sup
posed from the westerly position of Sarna, but also scattered in rich 
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,quantities in a south-easterly direction from its home place. From 
the list we note that 3 boulders were found at Katrineholm and 1 at 
Sodertelge only a few kilometers west of the easterly limit of Dala 
houlders in Sweden. Red Sarna porphyry is no doubt fairly common 
h1 the south-east Baltic Quaternary layers. That I am unable to state 
other discoveries of boulders than that made at Dantzic, this may 
partly be due to the fact that it was only after having compared some 
discoveries made in the year 1904 with discoveries from former years 
that I understood the importance of this type as indicator-boulder. 

Garberg porphyry. Garberg granite porphyry, already men
tioned on page 9 as a »coarse variety « of the Bredvad porphyry-type, 
falls under a division of Dalarne's red porphyries of which a few 
boulders have been found. In » Minerographic notes on porphyry 
rocks in the Elfdal parish« 1 PETER JAIWB HJELM says regarding the 
Garberg porphyry that it is »a red felspar-rock containing a small 
quantity of white vitreous quartz, still less of green soapstone and 
small patches of dark talc «.2 The two largest porphyry blocks cut 
from the old Elfdal porphyry works are made of this rock, namely, 
the enormous vase at Rosendal Castle near Stockholm and Charles 
the 14th's sm;cophagus in the Riddarholm's church in Stockholm. 
A . E. T6RNEBOHM states3 that »both works are made of a red, rather 
coarse granitic kind of porphyry, which is not so inclined to break 
as the finer porphyries. The material used for Charles the 14th's 
sarcophagus was obtained from a large boulder found a little south 
of Elfdal church. The work took 12 years, and when it was at last 
completed the question arose how the heavy thing was to be brought 
all the long way from Elfdal to Stockholm. The conveyance took 
place in winter by. sledging. The sarcophagus was placed on a sledge 
drawn by hundreds of peasants who were animated by a fiddler sit
ting on the top of the load« .4 

The porphyry-type from which this gigantic bou Ider originated 
has its home in the neighbourhood of the village of Garberg near East 
Dal River, S. E. of the village of Elfdal. Stones of the same kind have 
also in olden times been cut at the Elfdal porphyry works under the 
name of » Gashvarf«, so called from the village bearing this name a 
little to the south-cast of the village of Elfdal. 

When I collected boulders in the As at Katrineholm in the year 
1905, I found 4 boulders of Garberg porphyry. 

1 Minerograph. Anteckningar om porphyrbergen i Elfdals Socken. K. Vet. 
r\kad. Handl. Sthlm. 1805. 

2 Translated from the Swedish. 
3 Grunddragen af Sveriges Geologi. Sthlm. 2. edit. 1894. p . 35-36. 
4 Translated from the Swedish. 

Dann1arks geologiske Unders0gelse , I I H.. Nr. 2:L 2 
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Kati 11 a. Ornaments made of boulders found in the neighbour
hood of the village of Katilla due west of Elfdal church, have from 
olden times been cut at the Elfdal porphyry works under the above 
name. A considerable number of boulders found in and outside Swe
den correspond to this porphyry-type. The stationary rock of this 
porphyry-type is however apparently not to be found near the place 
where the boulders occurred and which have given the porphyry 
its name. On the other hand a rock is found in the porphyry-hill 
Tobin opp and probably also in other places which corresponds 
exactly to the porphyry cul under the name of Katilla and lo lhe 
boulders which are of the same kind as this rock. In his paper 
on »Orsa Finmark 's geology « 1 E. SvEDMARr< gives the following 
description of the porphyry from Tobinopp on the north-eastern 
side of Sundsj6n: 2 »The ground-mass of this porphyry is lighl 
brown with abundanl interspersion of felspar-crystals. These are of 
two kinds, some are of the ordinary reddish-brown colour and do 
not exceed 5 mm . in length, others are parlly light grayish partly 
greenish grey, rectangular, increasing lo 10 mm. by 5 mm. , sometimes 
they are even still larger. The porphyry also contains small needles 
of hornblend not exceeding 1- 2 mm. in lenglh. Under the micro
scope small grains of a distinctly titanium-rich ore are visible, as also 
titanite and apatite. Epidote is also richly represented «. 

Boulders of this porphyry were found in Sweden outside Da-
larne in: 

As at Kulsta, N. of Nynashamn (G. A~IINOFF). 
As at Tumba, S. W. of Stockholm (not lypical) (G. AMINO FF). 

As at Katrineholm (2 boulders) (MrLTHERs). 

Outside S·weden this porphyry was for the first time pointed ou l 
as boulder by H. LuNDBomr in bis determination of East Prussian 
boulders (1886). A very characteristic boulder from »der Kurischer 
Nebrung « of a »rothe Grundmasse mit gelben und rothen Feldspath
Krystallen « is determined here as »Dala-Porphyr »Katilla «« . - The 
list gives the frequent occurrence of this boulder-type, which was also 
laken al the following places: 

Riigcn (V. HrNTZE). 
Vargaarde, Jutland (A. JESSEN). 
Skansebakken, N. Sundby, Jutland (A . .JESSEN). 
Vilsted, N. of Sorn, Sealand (MrLTHEHS). 
Tokkerup near Faxe, Sealand (MILTHEHs). 
Bjerge Klint, N. of Kors01·, Sealand (MrLTHEHS). 

1 Geol. Faren. Forh. Bel. 17, 1895, p. 162; S. G. U. Ser. C. No. 147. 
2 Translated from th e Swedish. 
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Differing a little from the above-mentioned lype are boulders from: 

Freersle\' Hegn , S. W. of Hiller0d , Sealand (M1LTHE11s). 
Roskilde (Mt LTHEHs). 
M0ens Klint (V. H1NTZE). 
Hirshals in Vendsyssel (A. JESSEN). 
Vastorf, E. of Lttneborg (2 boulders) (MtLTHEns). 
Schwarzwasser in West Prussia (M1LTHERs). 

The wide distribution of this porphyry- type as boulder toge ther 
with its distinct character makes it of great importance as indica tor
lJould er. The fact lhat ;{ boulders of this type w ere collected in th e 
short. distan ce along the shore from ,,rarn icken to R a u sc h c n in 
Sam land , thou gh :1Uenlion was not specially direc ted lo it, indi cates 
lhal il must he a common bould er in I.he south-eastern Bailie region . 
This is not astoni shing if one takes into consideration that it occurs 
in so.lid rock in the north-eastern parl of Dalarn e's porphyry district 
close lo its north-eas tern limil ; we may therefore probably find il 
as boulder still furth er lo th e norlh-east th a n in Samland, this bein g 
Lh c case with Bredsad porphyry and other Dala porphyries. MoreoYer, 
the occurrence of boulders al KMilla in Dalarnc ju s tifi es Lhe suppo
sition that Lhis porphyry may also h e found in solid rock Lo the 
n o r th - w e s l o f E II' d a 1, i. e. i 11 t h e d i r e cl i o 11 o f S ii r 11 a ; a 11 d 
in all probabi lity it is from such a distri ct in th e w estern Dalarne 
that the boulders originate, which h ave been found so frequently in 
Denmark. 

Red, small-grained porphyry. The collections which the 
author and others h ave been able to make present a series o r boul
ders so h omogeneous in charac ter that we ar e justified in taking them 
as a special type. The ground-mass is red, sugar-grained and h as 
som e similarity to a few small-grain ed varieties of granite from A.land . 
The phenocrysts co nsist of yellowish white felspar-crystals , partly 
edged , partly more or less rounded; they do not generally exceed 5 or 
(:i mm . in length ; small, irregul ar patches of a dark mineral (hornblend) 
are also found 111 the ground-mass, the patches are almost of th e 
same size as the yellow felspar-crys lals but occur in somewhat smaller 
quantities. In the characte~· and frequency of the crystals lhis group 
corresponds exactly to the small-grained variety of the porphyry 
group m ention ed on page 13 together \\·ith the porphyry from Heden 
in Lima parish. IL differs however from the latter in lhe character of 
Lhe ground-mass which in the group described h ere is coarser and 
distinctly granitic even when seen with th e n ak ed eye. 

I have not seen this form from solid rocks, hut in Sweden several 
boulders were found which together with those occurring outside th e 

2* 
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Baltic point to Dalarne as the home place of the boulders. At R 6 t v e d, 
Fjelkestad parish , Christianstad (sheet: Backaskog) G. DE GEER in 
1886 found 2 boulders of Bredvad porphyry in moraine-gravel and 
1 boulder of »another typical Elfdal porphyry«.1 This boulder in fact 
belongs to the granitic porphyry-type described here. A boulder exactly 
corresponding to the type was found at Bis p b e rg's 1 a r g e rn in e in 
South-East Dalarne. 

A boulder of a closely related type was taken by G. AmNOFF In 

a moraine N. Vv. of Wirno station in Dalarne. 
Moreover, in 1905 I found boulders of the red, grained porphyry 

in the As at Katrin e holrn as well as near Sodertelge. 
Outside Sweden boulders of this type were [ound at many places 

(see the list). 
A boulder (No. 6540) from Thorn in \Vest Prussia determined 

by HJ. LuNOBOH~I in 1886 as »vielleicht von Dalarne« obviously also 
belongs to this group. The dark mineral usually occurring as grains 
is however almost lacking in the small boulder from Thorn kept in 
the collections of the Swedish Geological Survey. 

Porphyrites. 

Gronklitt porphyrite. The group o[ Dalarne's porphyritic 
rocks which lies above the red porphyries is like these richly repre
sented among th e crystalline boulders of the Quaternary layers . It is 
these which are mentioned in the Lext to the »Geological map or 
Swedish rocks « (see page 9) under the name of greenish porphyrites 
and arc considered lo be more or less transformed augite porphyrites. 
The rock from which most of the bc;mlders seem to originate is of a 
partly reddish brown, partly dark reddish violet or sometimes grayish 
violet ground-mass, containing porphyritic crystals of plagioclase and 
augite. 

The crystals of plagioclase are most richly represented ; they are 
also in themselves the most conspicuous crystals on the disintegrated 
surface of the boulders and give these a very characteristic appearance. 
They are edged and do not generally exceed 5 mm. in length ; they are 
of a yellowish green colour, not very conspicuous in fresh fractures 
but give the dark coloured ground an evenly spotted appearance. On 
disintegration the crystals assume a lighter colour and generally stand 
out sharply outlined as small rectangular, yellowish spots against the 
reddish violet background. The only kind of indicator-boulder outside 
Dalarne which may be said to have a somewhat similar appearance is 

1 Sverigcs Geol. Undersokning. Ser. Aa. Nr. 13. 1889. pag. 63. 
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brown Baltic quartz-porphyry (see page 30), but on the one 
hand it never fully possesses the characteristic violet hue of the por
phyrite, on the other it always contains porphyritic, separated quartz 
n ysta ls, so that confusion is excluded. 

The crystals of augite are gree n, somewhat darker than the ground
mass; they are irregular and almost of the same size as the felspar
crysta!s but not very conspicuous either on disintegrated surfaces or 
on fresh fractures. The greenish appearance of the stones as a whole 
is most often due to the colour of the augite. 

It seems as if the main distribution of these diabasic porphyrites 
in fixed rock is to be found in the district round Ors a and E 1 f d a 1, 
but their nature and distribution have not been further described. 

G. A~nNOFF has found boulders of this characteristic porphyrite 
near Rys j 6 n , a station on the railway-line N orrsundet-Linghed, and 
near Tumba, south-west of Stockholm. Near Sodertelge which 
lies a little further to the west I found a large number of boulders, 
as also near Katrineholm in Sudermania. Boulders of this rock 
were also found in Gothland and Scania, and H.J. LuNnB01-rn 1 has 
mentioned seYeral from Halland. 

Outside Sweden this porphyrite is, next lo Bredvad porphyry, 
more frequently found as boulder than all other porphyritic rocks 
of Dalarn e. This is illustrated by the list given later. Boulders of 
this type are also on many earlier occasions mentioned in the 
literature. Thus, 2 boulders from East Prussia already determined 
by 8.1. LuNDBOH~I in 1886 as Dala porphyries,2 Yiz. No. 5708 from 
Thorn and No. 7854 from H e ilsberg, belong to this kind of por
phyrite. From Oldenburg J. MAHTIN 3 states the occurrence of a num
ber of boulders of »Orsa porphyry «, also belonging to this kind of 
porphyrite. The explanations to the Danish geological maps often 
mention the occurrence of »Gronklitt porphyry«, by which is under
stood the porphyrite described here. The name is derived from one 
of the places where it was found in fixed rock, namely Gronklitt, 
N. E. of Orsa church. The boulders are very common in Denmark 
and may be met with all over the country. 

Venjan porphyrite. It has been set down by Swedish geol
ogists that the porphyrite group just mentioned is closely related to 
another porphyrite rock occurring east and south of the Lake Ven_jan; 

' Om den aldre baltiska isstrommen i Siidra Sverige. Geo!. Foren. Stockh. 
Forh. 10. 1888, p. 173. 

" Verzeichniss cincr Sammlung Ost- und Westpreussischc Geschiebe, 
Schrillen der phys.-okon. Gesellschaft in Konigsberg 1886, p. 89. 

" J. MARTIN: Das Haupteis ein baltischer Strom. Diluvialstudien U. 
Jahresbcr. Naturwiss. Ver. zu Osnabri.ick. 1894. 
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T 6 HNEBOH~1 1 has called it Venja n porphyrite and characterized it as 
a mica porphyrite. It consis ts of a partly grayish and partly brownish 
ground -mass containing num erous large and sm all crystals of plagi
oclase of a pale yellowish green colour without a ny sharp delimita
Li on. ll also contains cr ys lals of augite and of brown mica formed 
ns six-sided plates. These diITerenl components are often fo und in 
such quantities that the ground-mass is scarcely discernible by the 
naked eye, and the rock ge ls a granite-like r a ther tha n a porphyriti c 
appearance. The m icroscopic inves tiga tion howeYer shows tha l Lhere is 
a ground-m ass, eYen in the apparently fully grained varieties, consisting 
of a grained aggregate of quartz and felspar. In spite of the abundance 
of q uartz contained in the ground-mass, separate quartz-crys tals are 
however very seldom found . 

The boulders of Venj an porphyrite do no t like several others 
occur in great quantities. In Sweden they were found in the region 
south of the Lake Wener ; near Katrineholm I fo und a single boulder 
of Venj an porphyrite am ong a great number of Dala boulders ; H . 
H EDSTR OM (1894) found 1 boulder in Golhland. In Holstein a nd in the 
F risian Islands a number of boulders of this rock. 2 were found , and 
also in Denmark il occurs at several places where Dala porphyries 
are richly represented . F rom V-i'ar sa w Lh e occurrence of a singl e 
boulder is noted . 

Dalarnes youngest porphyries (Elfdal porphyry). 

AboYe the layers of Lhe older red porphyries a nd porphyrites 
appear as already slated isolated hillocks of younger quartz-porphyries, 
»Hornstone porphyries «. They are the porphyry varieties generally 
m entioned under the name of »Elfdal porphyries «. They are rocks 
of a compact brown or dark brown ground substance often showing 
now-structure. The porphyritic crystals mainly consist of felspar partly 
striped partly unstriped. The felspar-crystals do not generally exceed 
3-4 mm. in length and are lighter than the ground substance. Quartz 
is not found macroscopically nor is it very predominant in the ground
mass. The ground-mass generally contains patches which are not se
parabl e from the surrounding ground-mass when examined under th e 

1 Ueber di e Geog□ . d. schwed. Hochgebirge I. c. Beskrifning till blad 
no. 1 a f Geologisk ofve rsigtskarta ofver mellemsta Svcriges Bergslag. 

2 HJ . SJOGHEN: Om skandinaviska block och diluviala bildningar p.'.1 
Helgoland. Geol. Foren. Forh. 6. 1883. 

Joas. P ET EH SEN: Geschicbestudien LI. Geogr. Gesellsch. in Ha mburg. 
Hl. 1900. - Ueber die krystallinen Geschicbe der Insel Sylt. Neues Jahrb. 1901. 
- Untersuchungen i'tbcr die krystallincn Geschiebe von Sylt, Amrum und 
Hclgoland . Neues .Tahrb. 1903. 
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microscope by ordinary light, but which becom e visible by polarized 
light. They then appear as an aggregate of irregularly interspersed 
microlites and needles showing simultaneous extinction in each indi
vidual patch. 

The rocks in the different massives of Dalarne's later quartz
porphyries are often of a ralher heterogeneous form and appearance. 
This is why the various types have gone under differ ent names such 
as: Blyb e rg porph y ry, Klittb e rg porph y ry, »Rann as arn e«, 
»Mj ftg en «, according lo the places where they were found. The dif
frrences seem lo b e mostly in form only, but the same form, charac
ters and dissimilarities as those displayed by lhe solid rocks may be 
found among the boulders. 

Boulders of these Elf d a 1 po r p h yr i es are quite conspicuous 
1ml do not occur in great numbers . In the prese nl investigation no 
distinction has heen mad e between th e different types, as this is of 
scarcely any imporlance. 

Other Dala porphyries. 

Among lhe porphyry boulders which may wilh cerlainty he said 
lo originate from Dalarne, there are some which were only found in 
quite small numbers and others the solid type-rock or which it has 
heen impossible to determine exactly. Some of th ese boulders resembl e 
a kind of porphyry whi ch has been cut al the Elfdal porphyry works 
under the name of »Orrlo ck «; some boulders are Yery much like a 
kind of porphyry found n ear »Orrlockstjiirn«; some resemble a 
vari ety occurring near Sugg bod a north of Elfdal church. Other 
boulders resemble a porphyry named En a porph y r y from St e n -
b e rg et, Orsa parish . - Most of these bou ldcrs arc reddish por
phyries \\·ith small felspar-crystals ; some of th em seem to be related 
to the porphyrites. 

3. Boulders from Scania. 
Basalt. In Northern Scania, north and east of Ringsji:in , 

lhere is a district of considerable extent, where the basalt has bursl 
up through the gneiss of the primitive rock. Some 70 places are 
known, where basalt-massives are visible mostly as hillocks of small 
size. 1 The rock is for the most part bluish black, compact and often 
contains olivine, which is to be seen without microscope. On the 

1 FH. E1c1-1STEDT: Sk.'.111cs basalter. S. G. U. Ser. C. Nr. 51. 1882. - S. G. U. 
Ser. A,, a. 1 & 2. 1904. 
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other hand augite and felspar are only seldom discernible without. 
the microscope. In Eastern Scania basalt is also found. 1 

Basalt boulders from Scania are of a ·very considerable distri
bution in the Quaternary layers of Denmark, North-Wes tern Germany 
and Holland, and are in certain places to be found in very large 
numbers. The position of the place from which they originate, far 
from the home places of the other crystalline indicator-boulders and 
in the extreme south of Sweden, has given the occurrence of the basalt 
boulders a special interest. It has also been found that among the 
boulders there are types of Scanian basalt which are not known 
in the solid rock. Thus EICHSTEDT (1883) has shown that glass-basalt 
of which no equivalent is known in solid rock, occurs among the 
boulders. And J. PETERSEN (1899) and J. MARTIN (1903 and 1906) haYe 
pointed out some other basalt-types hitherto unknown from the locali
ties of stationary basalt. They may possibly be met with in Scania 
proper but are covered by Quaternary deposits ; they are possibly 
stationary in the Baltic near Scania. - The basalt known in solid 
rocks and as boulders from the district of Scania are : Fe 1 spar
b as alt, N efe line-b as an i te and -basalt, Leu cite-bas ani le 
and -b a s a 1 t and G 1 as s - b as a 1 t. 

The main distribution of the basalt boulders is found to tb e , 
west and to the south-west. Near Jutland they occur as far to the 
north as in Lees 0. In the southern part of Jutland they occur 
in large quantities in patches; in the head moraine in Red Cliff on 
Sylt they are common. In the principality of L ii.beck J . MARTIN 
found great numbers in patches and states that basalt boulders are 
very common in the duchy of Oldenburg. In th e northern part 
of Ho 11 and quite a considerable number were found also in pat
ches. From Brunswick some boulders were obtained, from Saxony 
a comparatively large number. In Mecklenburg they were very 
common to the west, scarce to the east, but here also they were 
found in large quantities in patches. No boulders were obtained from 
Riigen , but i1ear Eberswalde and He ege rmii.hl e in Brandenburg 
and near Riidersdorf some basalt-boulders were found. These places 
lie like those in Saxony due south of the basalt districts of Scania . 
J . KORN (1904) has however found basalt boulders still further to the 
east, viz. at Dross en and Massi n near Landsberg, i. e. ca. 80 km. 
further to the east than Eberswalde, following the direction of a line 
which points S. 15° E. from Scania. Thus the spreading-angle of the 
basalt boulders is ca. 150°, which is far greater than that of the 
boulders from other parts of Scandinavia. 

' G. DE GEER: Kartbladet Vidtskofle. S. G. U. Ser. Aa. Nr. 105. 1889. 
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This wide spreading-angle is of great importance, for il must be 
remembered that all the North Baltic material which has come to 
N orth-Vl estern Germany and Denmark has been brought thither 
through the Baltic valley south of Scania or in part across this 
part of Lhe country itself. It is thus probable Lhat the same ,vide 
spreading, to which the basalt boulders have been subject, has also 
in part aJfected Lhc North Baltic material al this one spot on its way. 

4. Boulders fron1 Eastern Smaland. 
P a skallavik porphyry. In certain parts of the granite and 

porphyry district of Kalmar Ian in Smaland there is a large number 
of porphyry-dykes of a characteristic appearance, the boulders of 
which desen-e the name of indicator-boulders. Their importance in 
this respect was already pointed out by L. HOLMSTROM (1867) who 
named the porphyry Paskallavik porphyry because of its occur
rence near the seaside town Paskallavik between Oskarshamn and 
Kalmar. The geological and pelrographical qualities of the Smaland 
Gang-porphyries1 have later been subjected to comprehensive investi
gations by 0 . N ORDENSK.JOLD, 2 who has separated the porphyries into 
various groups and types of which in particular the discrimination 
between P a. skallavik porphyry with microgranitic ground-mass 
and Sjog e lo porphyry with micropegmatitic ground-mass must 
be noted . It is Yirtually only the first-named which occurs in great 
numbers as boulder. In the region west of Paskallavik and Monsteras 
especially, it is found in dykes ; the Sjogelo porphyry type in its 
most distinct form occurs further inland to the west. NoRDENSl{JOLD 
indicates ho\Yever that even these two groups intermerge and ac
cording to H. HEDSTROM 3 both structures may occur in the very 
same dyke. \:Vhen to this is added that the superficial character or 
form of the rocks offers no good basis for making a distinction be
tween the groups, I see no special reason for discriminating the boul
ders . The original name of Paskallavik porphyry is therefore contin
ually used here. 

Paskallavik porphyry is of a grayish sometimes faintly reddish 
colour. It is remarkable for its conspicuous porphyritic felspar-cry
stals, which are much lighter than the ground-mass and often faintly 
pink. They are generally O,s- 1 cm. long, exceptionally reaching 2 cm. 

1 Gang-porphyry = porphyry found in a dyke. 
2 Om de porfyriska gangbergarterna i Ostra Smaland. S. G. U. Ser. C. 

Nr. 133. Geo!. Foren. Forh., Stockh. 14. 1903, and other publications. 
• Kartbladet Monstenis med Hogby. S. G. U. Ser. Ac. Nr. 8. 1904. 
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The felspar-crystals are sometimes edged and oblong, but they are 
often round and may have a ring of plagioclase outermost, so thal 
the appearance of Paskallavik porphyr y resembles that of Rapakivi. 
Quartz-crystals are sometimes also to he found. They are generally 
round, almost as large as a pea and of a sapphire colour. Macro
scopically separated quarlz is however often com pl etely lacking. 

One of Lh e dykes of Paskallavik porphyry first discovered lies 
2 km. west of Paskallavik and m ay be traced ca. 2 km. in a nor
therly direction. As to two neighbouring dykes the easterly one is 
40 m. broad, Lh c olhcr half as broad. The main Gang-porphyry di
strict is in the region sou th of Langamala 12- 24 km. west of Mon
steras ; another districL is found north of Fliseryd, but single porphyry 
dykes are often fo und in the district extending from the region west 
of Oscarsh amn to the region north-west of Kalmar. 

The boulders of Paskallavik porphyry arc spread far and wide 
but generally only occur in small numbers. Oulside the Baltic they 
are fou nd so far away as in Vendsyssel, \Vest Jutland, Holland, Saxony, 
Silesia and Eas l Prussia. But from the various places to which the 
Baltic ice-currenls haYe carried even large numbers of other boulders, 
only a few or these have in general been obtained. Some exceptiona I 
cases will be mentioned later. 

The small lluantity of Paskallavik porphyry boulders may be con 
sidered as a n a tural consequence of the [acl tha l they originate from 
erup tive dykes which have only offered surfaces of small extent as 
fields of ac tivity for Lhe ice-streams. IL may possibly also have been 
of some importance, tha t the place from which they originated was a 
little outside the territory which may be considered as the Lrue high
way of the Baltic ice-streams, the Baltic-valley itself, in which the 
s trongest erosion by the land-ice took place. Paskallavik porphyries 
have passed into the Baltic ice-stream solely by a movem ent across 
or obliquely to the direction of the tru e Baltic stream . 

5. Boulders from the North Baltic district. 

The Aland Islands. 
Of the rocks which have been of importance as indicator-boulders 

the Rapakivi rocks are among those which have attracted the greatest 
a ttention . After TORELL had noticed th eir importance as indicator
boulders and G. DE GEEH (1881) had given a description of their mosl 
characteristic qualiti es, they rapidly becam e of importance to the 
Quaternary studies outside the Baltic. Some more exact descriptions 
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of their petrographic character haye aflerwards often been given, by 
FROSTEHUS and SEDEHHOLM 1 and by COHEN and DEEClrn. 2 

The varieties of Rapakivi rocks occurring as boulders are closely 
related Lo the varieties known in Lhe Aland Islands in fixed rock, 
especially to the following: Rapa kiYi , granite, Rapakivi-like granite, 
quartz porphyry and RapakiYi-likc quartz porphyry. 

Al and Rap a k iv i is a reddish bro,Yn porphyritic granite, th e 
small-grained ground-mass of which contains numerous round grains 
of orthoclase surrounded by plagioclase. The grains of orthoclase, 
Lhe transverse seclion of which is generally 0,,,-2 cm., are almost of 
the same colour as Lhc ground substance ; the light green plagioclasc, 
" ·hich is inclined lo disintegrate, assumes a white colour which gives 
lhe surface of disintegrated stones a very characteristic appearance, 
as Lhc plagioclase is seen as distinct light rings encircling the round 
orlhoclasc grains (» RapakiYi-eyes «). Quartz and plagioclasc oflen enter 
into Lhe composition of the orthoclase grains, which therefore on dis
integration assume a lighter hue than ordinarily. 

The ground-mass mainly consists of brown orlhoclase and quartz, 
which arc rnicropegmatitically coalesced so lhal Lhere is a difference 
between the Aland and the South Finnish RapakiYi. The other 
minerals principally contained in the ground-mass are plagioclase, 
hornblend and biotite, which ho\\·cyer is often Lransform ed to chlorite. 
On disintegration the hornblend on Lhe surface of the stone often 
wholly disappears, leaYing small caYilies. 

·while the South Finnish RapakiYi on disintegration easily turns 
to gravel (Rapakivi means: rotten ston e), the Aland Rapakivi is 
not worn by exposure to atmospheric influence and consequently it 
is easily preserved as boulder. lL does not however belong to the 
kind of Aland boulders which are of the most frequent occurrence. 
For further illuslration of this fact I may refer to the last pages of 
this paper, which contain the lisl of the boulders that have been found. 
As compared with olher indicator-boulders large boulders of Aland 
Rapakivi are much more frequent than small. The characteristic 
qualities of the former are also very distinctly seen macroscopically. 

The richest occurrence of Rapakivi in fixed rock , as yel known, 
is found in the northern and eastern parts of Aland, but it is also 
scattered over a large area north of Mariehamn in the southern part. 

1 BEN.J. FRoSTEHUS och J. J. SEDELHIOLM: Bcskrifning till karlbladet No. 17 
FinstrOm. Finlands Geol. UndersOkning. Helsingfors 1890. - BEN.I . FnosTEHus: 
Beskrifning till kartbladet No. 21 Mariehamn. Finlancls Geol. UnclersOkning. 
Helsingfors 1892. 

~ C. Co HEN und vV. DEECKE: Ucbcr Gcschicbc aus Neu-Vorpommcrn und 
IHigen. Berlin 1892. 
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Aland granite is small-grained and of a somewhal lighter 
colour than Rapakivi. The graphic, granitic coalescence of felspar and 
quartz is sometimes discernible by the naked eye. Cavities surrounded 
by crystal-points of quartz and felspar are often found in this rock. 
It does not contain so many dark minerals as Rapakivi, but transi
tional forms to this rock are found therein in great numbers. 

Aland granite occurs partly in dykes partly scattered over large 
and small districts of the Aland Islands. It is generally of a more 
frequent occurrence as boulder than Rapakivi, especially the boulders 
as large as a fist and below this size. 

Rapakivi-like granite. A rock of a special character which 
occurs as boulder as well as fixed rock, may he mentioned as for
ming the transition from Rapakivi to granite, somelimes resembling 
the former, sometim.es the latter. In its typical form it differs from 
granite by its porphyritic structure; in contrast to RapakiYi th e por
phyritic felspar-crystals are not round but rectangular and form no
»Rapakivi-eyes« as is the case with Rapakivi, because the orlhoclase 
is not surrounded by plagioclase. On lhe other hand th e cryslal~ 
often consist of plagioclase, so that on disintegrated surfaces they 
appear as white rectangular patches. Like Rapakivi its ground-mass 
generally contains some hornblend, which gives it a darker appearance 
than Aland granite. 

Rapakivi and the H.apakivi-like granite are spread over the greater 
part of Aland; the two rocks are gradually and insensibly merged, so 
that sometimes it is impossible lo determine for certain to ·which of 
them the boulders belong. The boulders of Rapakivi-like granite are 
not of such frequent occurrence as those of Aland granite and Aland 
Rapakivi. 

In their paper »Ueber Geschiebe aus Neu-Vorpommern und 
Riigen « COHEN and DEECKE have taken this group and Aland granite 
as one. Its special marks are however so characteristic that in the 
determination of boulders there is every reason for taking it as a 
special type, even though in many cases it may be difficull to dis
criminate between them. 

Quartz porphyry. The ground-mass is reddish brown, a little 
darker than that of the other Rapakivi-rocks. Firmly embedded in 
the small-grained, compact and tough ground-mass are numerous 
rounded quartz-crystals as large as peas ; it also contains rectangular 
crystals of orthoclase. On disintegrated surfaces the porphyry may 
therefore have a beautifully spotted appearance. 

The ground-mass like that of the other rocks is of a micro
pegmatitic structure. Seen under the microscope dark minerals are 

.I 
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less conspicuous than in Lhe varieties which are closely related to 
Rapakivi , but they are however constantly to be found . 

This typical qu artz-porphyry now only occurs in a small di strict 
in Jomala parish north of Mariehamn and as dykes in other Rapa
kivi rocks . As boulder it is however of very frequent occurrence com
pared with Rapakivi and the granites. This fact juslifies the suppo
sition, that previous to the Quaternary ice-scouring of A.land it had 
a far more considerable distribution, or that it is also present in 
Jixed rock and has been open to the land-ice in the sea-territory 
bordering upon A.land. There is at any rate every reason for believing 
the latter supposition to be correct. 

Rap a k i v i -1 i k e q u art z porph y ry . The colour of this rock 
-varies from chocolate brown to reddish brown. The small-grained 
ground-mass contains a number of porphyritic crystals partly of quartz 
partly of orthoclase and plagioclase. The rock stands as a transition
form between quartz porphyry and Rapakivi . The quartz-crystal s arc 
rounded and generally like those of quartz porphyry as large as peas , 
but they differ from these by being nearly always surrounded by a 
Lhin cover of hornblend , which is to be seen on the surfaces as a 
dark ring encirclin g the rounded quartz-crystals. As the hornblend 
is inclined to disintegra te, the round quartz grains stand out in relief 
from the surface or the quartz falls out leaving a cup-shaped depres
sion. The orthoclase crystals are generally edged and have no cover 
of plagioclase. Where the felspar -cr ystals chiefly consist of plagioclase 
Lhey are on disintegrated surfaces lik e those of Rapakivi-like granite 
of a lighter colour than the ground-mass. 

At m any places we find in fixed rock transitions between this 
type a nd the kinds to which it forms a transition. As boulder the 
rock is however nearly always easily determinable. In its typical 
form it only occurs in · A.land in a district east of Marieh amn. The 
great number of boulders which have been found prove however that, 
like quartz porphyry, it had before the Glacial Period or still h as a 
far greater distribution than that known in A.land. This is the A.land 
rock ~vhich is most frequently found as boulder- in the deposits of 
the Glacial Period. 

Bottom of the Baltic south of .Aland. 

As previously m entioned the sea-territories round A.land h ave 
probably provid ed a considerable number of the boulders of which 
A.land may be said to be the home place, viz. A.land qu artz porphyry 
and Rapakivi-like quartz porphyry . Two other Ballic qu artz porphyries 
of which no equivalents in flxed rock are known originate, as far as 
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il has been possible indirectly to determine, from Lhc bottom or the 
Ballic south of the Aland Islands and north by norlh-east of Golska 
San don. The Lwo kinds of porphyry are here named: Brown Baltic 
quarlz porphyry and Red Baltic quartz porphyry. 

Brown Bal t ic quarlz porphyry is thorough ly described 
parlly by H. HEDSTR<h1 1 parlly by CoHEN and DEECKE. 2 In lhe very 
compact ground-mass lie numerous crystals of quartz and fclspar and 
dark green chloritic palches. The ground-mass varies in colour, some
times it is almost reddish, sometimes dark grayish brown. The 
size of the crystals therefore is of grea ler importance. The q uarlz 
crystals are gray or of a darker colour, rounded and the transverse 
section is generally less than 2 mm .; in some stones the crystals may 
reach a length of 3- 4 mm. They are sometimes very small and not 
Yery conspicuous, but they are always present and are Yisible under 
a magnifying glass. The felspar-cryslals are some·what larger ; their 
transverse seclion is usually 2- 3 mm. or it may be a little greater. 
They are edged in form and in fresh fractures of almosl the same 
colour as Lhe ground-mass but on disintegraled surfaces they are 
always of a lighter colour. 

The fclspar-crystals partly consisl of orthodase partly of plagio
clase, as is easily seen from Lbe colour of the disinlegrated rock. The 
lJUartz-crystals are generally magmalically corroded and often have a 
sunken surface. They are nearly always surrounded by a character
istic marginal zone of the same characler as the ground-mass, bu L 
which is opaque Lo polarized lighl at the same time as the quartz . 

The boulders of brown Baltic quarlz porphyry ·were originally 
considered as originating from Dalarne and were for a time known 
as »Enitri porphyry «, a name derived from a place in Oland where 
they were found. But in 18943 and in 18954 H. HEDSTHfoI came to the 
conclusion that the boulders originate from a territory in the bottom 
of the Baltic extending between Aland, Gotska Sandon and the Swedish 
fringe of islands south-east of Stockholm. 

The boulders of brown Baltic quartz porphyry are scattered over 
almost the same districts as the boulders from Aland. In the central 
districls of occurrence this however does not hold true, the Baltic 
quartz porphy1:Y occurring here more to the west (Gothland and Got-

1 Studier ofver bergarter (do mor~in vid Visby. Gcol. Forcn. Forh. Stockh. 
16. band. 1894. S. G. U. Ser. C. 139. 

2 Ueber Geschiebe ans Neu-Vorpommern um! Rt"tgen . Erste Fortsct
zung. 1896. 

" Studier ofver bcrgarter fran mor~in vicl Visby. I. c. 
4 Om block of' postarkaiska crnptiva Ostersj6bergarter fr8n Gotska Sane.Ion. 

Geo!. F6ren. Forh. Stockh. 17. 1895. 
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ska Sandon), Aland boulders lo th e east (th e region round Riga Bay 
and Osel). As to the quantity of boulders, the number of brown Baltic 
quartz porphyry-boulders generall y exceeds the number of A.land boul 
ders in the greater part of the di strict of occurrence, when the diffe
rent varieties of th e latter are Lak en separately, but in this respect 
Lhere may in certain pl aces be large a nd peculi ar differences . The 
boulders are generally as large as the fi s l or below this size ; but 
boulders of the size or Lh e head and still larger are frequently found 
eYen as far from the origin as in \Vest .Jutland. Often Lh e boulder s 
form broad pl ates of som e centim eters in thickness . 

R e d B a lti c qu a rtz porphyr y. In the red ground-m ass, 
which macroscopi call y is of a ver y fin e-grained , alm os t compac t 
appearan ce, lie num erou s cryslals of quartz and felspar . The tran sYerse 
sec tion o f' th e qu artz-crystals does not exceed 3 mm.; on \\·orn sur
faces th ey appear as \\"hite, some·what round ecl , hul irregul ar dots, 
bul arc in fresh fractures of a dark , smoky-gray o r bl ack colour. The 
l'elspar-crys tals are edged, 1- 4 mm. lon g a nd brick-coloured like th e 
ground -ni.ass, so they are not Yery con spicuous . 

It is som etimes found th at th e felspar as w ell as the quarlz 
becomes strongly magmaticall y corrod ed after crystalli sa Lion . The 
ground substance is of a micropegm a litic or micrograniti c structure. 
In m a ny boulders w e find pa tches of a dark-green rock which has 
not ye t b een subj ected to exact investi gati on . It seems almost to be 
an old basic rock, of whi ch fragments h a ve entered into the m agm a 
of the quartz porphyr y. These patch es ar e sometimes as large as 
h azel nuts but as a rule considerably sm aller. 

Until the middle of th e eighties the boulder s of this rock were 
supposed to origin ate from Dalarne. The collections of th e Swedish 
Geological Survey al th at Lime con tained a small n umber of boulder s 
but collected from a ver y large district. About this time the Rapa kivi 
rocks in Lhe Sundsvall dis trict w ere discovered . On a 15 m. broa d 
porphyry -d yke al Rodon a quartz porphyry a pparently rela ted to the 
Hapakivi rocks1 was found . The prevailing view Lherefore ,vas tha t 
th ese hou lders originated from Rodon and adj acent parts of the Gulf 
of Bothni a. And for m any years they w ere m entioned in the lite
rature as boulders of »Hodo quartz porphyry «. The inves tigations on 
Lhe occurrence of these boulders in 1905 gave the r esult tha l, like brown 
Baltic quartz porphyry, they originate from the boltom of the Ba ltic 
south of A.land . 2 As far as it is possible Lo ascertain from what is 

1 1:-JJ. L mrnno1-1~1 : Om den iHd ra baltiska isstro mrn cn i sodrn Svcrige. 
Geo!. Foren. Forh. Stockh . 10 p. 174. 1888. 

2 V. MILTH EHS: Woher s tammen die sogc n::i nnten »Rodo «-Quartz-porphy r
geschiebe im balti sch en Diluvium '! Medd. fra D::i nsk geol. Foren. 12. 1906. 
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known of their distribution up to the present time we shall have to 
look for the district of the solid rock of red Baltic quartz porphyry 
in a south-easterly direction from A.land, whereas the source of the 
brown Baltic quartz porphyry is to be sought further to the west and 
nearer to the Swedish coast. 

Like brown Baltic quartz porphyry, red Baltic quartz porphyry 
is one of the commonest of indicator-boulders in the Baltic glaciated 
territory. A comparison of the quantities shows that they generally 
occur in about equal amounts. In some regions there are however 
certain constant variations, the true cause of which it has not yet 
heen possible to decide. In the part of the district of occurrence which 
lies nearest to their source, the two kinds of boulders differ greatly in 
their distribution. In the Russian Baltic provinces red Baltic quartz 
porphyry has a far greater distribution to the easl and lo the north
east than brown Baltic quartz porphyry, but as a set-off it seems to 
occur comparatively seldom in Gothland compared with the latter. 

As to the size of the boulders, it must be noted thal they are 
often very small, generally less than a fist. Sometimes ho,vever boul
ders as large as the head may be found . Even as very small stones 
this indicator-boulder is easily determinable on account of its shape 
and pure red colour, which is uninfluenced by disintegration and is 
the same throughout the rock. 



Distribution of the indicator-boulders. 

Statistical enu1neration of indicator-boulders. 
As we ha Ye seen from the foregoing section , boulders from Dal amt· 

.and the A.land dislrict are scattered oYer the glaciated territory right 
from the Skaw lo Saxony and from Holland to the Russian Baltic 
provinces. Their wide distribution " ·as already years ago a malter of 
facl. From certain quarters it has ho\\·ever been contested that typical 
Dala porphyries were lo be found so far lo the easl as in \ ,Vest and 
East Prussia, but the doubt which was expressed has only been based 
upon supposttions and nol upon inYesLigations. 

But while the horizontal distribution of the boulders owing to 
lhe many investigations has constantly become more and more known, 
little attention has been paid on most occasions to lhe proporlionate 
quantity in which Lhe boulders from different origins occur in lhe 
Quaternary layers. This is however whal ought especially to be taken 
into consideration by Quaternary geological sludies. In places where 
boulders from different sources arc lo be found, i l only Yery seldom 
happens that boulders of one origin (e. g. Norwegian) occur in a 
special geological horizon, and thal boulders of anolhcr origin (e. g. 
Alandish) lie ·in anolher separate horizon. The lilcrature is certainly 
able to slate the occurrence of such deposils, e. g. in Sylt (STOLLEY) , 

Vcndsyssel (A . .JESSE:--) and North Sealand (R0HD ,.u1), hul these slalc
ments are few or on renewed in vesligations proYed lo be incorrect. 
In almost eyery p lace where the Qualernary deposits contain boulders 
from differenl sources lhis heterogeneous material lies intermingled ; 
lhus in Denmark we almosl withont exception find norlhern and Bal
lic material lying side by side in the Quaternary layers. This is also 
lhc case nol only in Denmark but in all the south-western Scandi
navian glacia ted territory, if by »northern « material, as is lhc case here, 
is understood not only the boulders from the Christiania district, but 

Da111n:.irk s gcolog iske -Cndcrs 0gclse. II B. l\r. 23. 
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also boulders from Dalarne, which have been carried off by the land-ice 
directly from Dalarne and not through the Baltic valley. Such radially 
distributed boulders and boulders of Baltic origin (tangential distri
bution) appear indiscriminately in the layers. This being so, it will 
not suffice to carry out the investigations of the q u al i t y of the 
boulders, the question as to their quantity is just as imporlanl. 
Indeed it is not sufficient to ascertain that boulders from a certain 
source are to be found in a certain district. An investigalion of th e 
proportionate number of boulders from different sources in one parti 
cular deposit is also r equired . One is thus necessarily led into mak
ing en um er a t ions of l h e indicator - b o u 1 d e rs. 

The stone-enumerations already made by FoRCHHAMMEH form a 
kind of model for such enumerations . For this purpose he used 
stones as large as a fist which lay in stone-heaps and gravel-pits, 
dividing them into three groups: 1) granite and gneiss, 2) lransilion
rocks and 3) Cretaceous rocks (flint etc.). Ftom his numerous enumera
tions he came to a clear and full recognition of the great difference 
between the boulders in the various parts of Denmark. This is di s
Linctly seen by his pointing out that the boulders in the western part 
of Jutland mainly consist of »transition-sandstone « which corresponds 
lo the rocks in Norway, and that the stones in northernmost Jutland 
chiefly consist of porphyry, syenite and »transition-sandstone« corre
sponding to »den Uebergangsgesteinen des nordlich davon gelegenen 
Christianiasystems «. From later times the literature only mentions 
enumerations of boulders made by 0. MATZ (1903) in eastern Mecklen
burg, by J . P ETEHSEN (1905) on Sylt and later by ScttHOEDE H and 
STOLLER (1907) in Holstein. Even though m a ny of the other works, in 
which the occurrence of indicator-boulders is discussed , contain severa l 
explicit statements of the proportionate frequency of the boulders, 
these determinations have been founded on an es Li mate only; a direct 
enumera tion has generally not been made. 

If we are about to make an enumeration of indica tor-boulders in 
a heap of stones, a field or a gravel-pit, and for praclical reasons are 
prevented from cou nting all lhe stones that occur, we are obliged to 
choose the manner of procedure we want to use. I may first mention 
lhe method used by 0 . MATZ . In the gravel-pit in Stavenhagen wood, 
where the en umeration was made, tb c larges l stones had been removed 
for building purposes. 

» Das zuriickgebliebene Malerial, in seinen gri.issten Parlien 
Blockc von ungefahr Kopfgrosse darslellend, war zusamm engelesen 
und a ufgehaufl zu bestimrnt abgemessenen parallelcpipedischcn 
Gebildcn von ½ m. Hi.ihe. Da die so unlcrgebrachten Gcschiehe 
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weder mil Kalkkrusten noch mit Eisenoxydhydral ober!Hichlich 
Yerunreinigl waren , so eign elen sie sich vorziiglich zu eincr 
genauen Ausziihlung des Gesamlmaterials sowie zu einer Bestim
mung des darin inbez ug a u[ seine Heimat Bek a nnlen . Zn dem 
Zweck habe ich b ei fonf der heregten Haufen die Anzahl der auf 
1 qm . obere GrundfHiche entfallenden Gesteine durch Ziihlen er 
miUell und darau s die Sumrne siimtlicher der Beobachtung sich 
darbi etenden Gesteine auf dieser ganzen Flache ber echnel. \:Venn 
trotz der nicht unbedeutenden Grosse mancher Gcrolle durch
schnittlich 120 auf den qm . komm en, so erklart sich das dara us , 
dass a uch die auf den Li'1cken der oberen Schicht sichtbaren 
Gestein e mitgeziihll sind «. 

Th e number of stones found in th e a rea of 88 sq. m . subjected 
to the enum era tion , r epresented altogether 8258 crystalline boulders. 
Among these 91 were indica tor-boulders, the so urce of which cou Id 
v,,ith certainty be macroscopieally determin ed. These were: 

1 ,, Angerm anla nd Rapakivi «, 
2 Red Baltic quartz porphyry, 

22 Brown Baltic qu artz porphyry, 
17 Aland Rapakivi, 
23 Ala nd grani te, 

9 Aland quartz porphyry, 
4 P ask allavik porphyry, 
8 Bredvad porphyry , 
1 Scanian basalt a nd 
4 Coarse-grained (Asby-?) diabase. 

lL is however a rare exception that the boulders arc found thus 
r egularly accumulated in h eaps of s tones, so that we are able to make 
even an approximately trnstworlhy estimate of lhe aggregate amount 
of boulders occurring therein . ¥le must generally make enumerations 
of indicator-bould ers under less favourable circum stances tha n on the 
above-described occasion. Boulders of the same size as those amo ng 
w hich MATZ mad e his enum era ti on , arc even m ore rarely availahl c 
in sufficiently large numbers. As it is of the greatest importance 
however to make as many enumerations as possible, we are obliged 
lo give up coun tin g the grand t o t al of the sto n es . This wou ld 
often Lake so mu ch lime, that we should not succeed in collecti ng a 
sufficient number of indicator-boulders of the \'arious types. 

In the enumerations of indicator-boulders I baYe mad e, the res ults 
of whi ch I shall set forth in the following pages, 1 h ave therefore 
onl y taken into consideration lhe certa in types or boulders I ,rnnled 
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to enumerate, and which were easily determinable macroscopically, 
while I have considered it unnecessary to enumerate the rest of the 
stone-material. I have collected all the indicator-boulders ·which I was 
able to find in the course of 1 or 2 hours in an area as small in 
extent as possible, e. g. a gravel-pit. After having collected all the 
material r equired for the purpose, l have made lhe enumeration. Vlc 
may raise the objection to this method of collecting the material, Lhat 
it is not absolutely obj ective. This difficulty will however be con
siderably r educed by the collector getting accustomed to scrutinize 
the various types or boulders h e wants to collect and directing his 
attention principally to these. The inlluence of the subj ec tivity will 
a lso be greatl y reduced if one and the sa me district is search ed seY
eral limes. 

There is ano ther circumstance which may cause some difficulty 
in th e comparison of th e Yarious enum erations, namely, the size of 
the boulders . The main point is to m ake a certain size of stone the 
base of Lhe enumerations. It is found Lhat the size of Lhe stones may 
inllu ence the frequ ency of the various types of indicator-boulders. 
Thus the various porphyries from Dalarne and r ed Ballic quartz por
phyry most frequently occur as boulders less tha n th e size of a fist, 
" ·bil e stones of these rocks as large for example as the h ea d are 
only exceptionally found. On th e other hand, large stones of rocks 
from the Aland Islands will be relatively more abundant. As the 
ston es which are smaller than a clenched fist are in several respects 
helter fitted for collection than the stones above this size, I haYe 
principally used these for Lhe enumerations . They are also better 
suited to Lhe purpose on accoun L of their richer occurrence and sm al
ler weight, which facilitates lhe collection and the hou sin g of the 
material which has been collected. The fact is that I consider it most 
important that we do not confine ourselves Lo making an enumeration 
on Lh e spol, bul that specimens of the m a terial which h as been subjected 
lo Lhe enum eration are if possible taken home, especially specimens 
of kinds the presence of which is a matter of doubt. In this way only 
do we ge l an absolutely r eliable basis for later critical examination. 
In in vesligations of the kind mentioned it is generally much easier lo 
Lake home specim ens of the boulders which have been collected, than 
Lo s tart on another journey to the original place of discoYery. 

Sealand (and Hven). 
From the collections of indicator-boulders made by the Danish 

Geological Survey it has been found that there is no place in Sealand 
where Baltic boulders are completely lacking. Bul it is also seen, 



that Norwegian boulders are lo be found over the whole of Sealand . 
Boulders of Norwegian origin principally occur in the northern parls 
of the isla nd and are very scarce in lhe southern parts. In the explan a 
tion of lh e shee ts Hillcrnd .and Elsinore, K. R 0 1wA111 1 has thought 
himself justified in characterizing lhe »olden moraine-clay in Norlh
East Sealand by ils number of Norwegian rocks and ils lack of Bal
tic rocks. La ter a uthors especially in foreign co untri es h ave oflen 
referred lo R 0 no,1~1 ' s characterization . ,ve nrn s l however point oul, 
lhat its correc tn ess has not !wen proved . l\'orwegia n and Baltic boul
ders lie side by side in lhe deposits, but in different qu antiti es. 2 

In the North-Eastern Sealand a comparatively small number or 
indicator-boulders is found . The character of th e boulders may how
ever be of great interes t, even though the number is so small that it 
is of no importance as bas is for lhc proper enumeration. 

Hornb.,-ek . Past Horneby south o [ Hornbx k runs a row of 
graYel-ridges marked in the geological m aps as an ,is . In the ex.plana
lion of lhe shecl (p. 55- 56) R0RDA~1 pictures a transverse section of lh e 
ridge so uth of Horneby and says lh at , »ahove the layers of sand which 
make th e lrue ridge, lhere is a m ore or less ex tens ive cap of coarse, 
reddish, often clayey morain e-gravel which Jacks all indi cation or 
stratifica lion a nd conta ins boulders of subangul ar forms and often 
several m_cters in diam eter «. ln 1906 a section in such morain e
gravel was visible soulh or Horn ehy . A large quanlity of boulders 
was found, but only a few the source of which co uld be determined. 

Among strand-slon e s round eas l of Hornbre k the followin g 
indica tor-boulders were s lated : 5 from Norway, 9 from Dalarne, 9 from 
the North Baltic lerritory, and ] from Smaland. IL is impossibl e lo 
determine from which diluvial layers they origin a le. 

Ha v1;eho lm. Pas l HaYrehohn , ca. -1 km . S. ,v. of Hornba1k 
lhere is another ridge, \\"hich according lo R0110,1M ' s map is co n
nected " ·ith the Hornba- k as, as the one branch of a horse-shoe 
arch. IL also contains in places many large boulders on th e surface. 
In the explanation R0RDAM says (p. 56, in connection with the abow 
ciled): »As it is impossibl e to ge t al lhe interior of the Hornba-k 
Havreholm as, one mighl he tempted lo consider the as as a r eal 
terminal moraine on account of ils arch ed form and the number of 
large boulders which arc embedded in and scattered upon its sur
face «. At several places in the ridge only normally stralified grawl 
is seen ; north of Havreholm the gravel is somewhat sandy. 1 lul\·e 

1 De geologi ske Forhold .i det nonl0stligc Sjmllan<l. D. G. C. I H. Nr. 1. 
1893, p. 16. 

2 V. MILTHEHS: No rskc Blokke paa Sjrelland. Meclll. fra Dansk gcologisk 
Foren. 5. 1899. 
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found several Baltic boulders in various smaller sections, which on 
the other hand only contained a single Dala porphyry and 1 boulder 
of rhomb-porphyry conglomerate. 

Str0dam 2½ km. N . W. of Hiller0d. There is a wide hillocky 
landscape exte nding cast of Hillernd and from there further to the 
north-north-west ; as I have m entioned on a form er occasion, 1 it has 
arisen along a stationary ice-border. Part of the outer bounds of this 
range of hills is formed by the region near Strndam and by the Gade
vang brick-works north of Hillernd, where also the stoneless strata 
of clay have been displaced by the pressure exercised by the ice. In 
a gravel-pit near Strndam , wher e a number of stones, especially small 
ones, lay unearthed and sorted , I found 5 rhomb- porphyry and 
conglomerate boulders, 3 Dala, 3 North Baltic and 5 Scanian basalt 
boulders . 

In gravel-layers n ea r Gad eva n g bri ck-works 2 rhomb-porphyry 
conglomerate boulders were found as also 1 boulder of brown Baltic 
quartz porphyry. In a gravel-pit N . of Lak e Grib S0 1 rhomb
porphyry and 1 conglomerate boulder , but no Baltic boulders. 

H v e n. In connection with what has been stated as to boulders 
found in North-East Sealand I may m ention a collection and enume
ration of indicator-boulders among strand-stones in Hven . Above an 
exlensive sediment-series of stratified clay and sand with so-called 
»coal-amber-pinlayers « there is a moraine-cover formed by an upper 
and lower moraine as pointed out by L. HOLMSTROM .2 In the paper 
r eferred to il is staled that the lower »grayish black« moraine-clay 
found in Hven completely lacks boulders belonging to Lhe cretaceous 
system. This is not the case -with the upper moraine-layer. Among 
100 strand-stones ca. 2- 3 cm . in length, ,,vhich came from the upper 
moraine, HoursTROM found the following number of variou,s rocks: 

27 pCt. 
13 

6 

19 

35 

Crystalline rocks. 
Sandslone (among which none belonging to 
Lime-stone (from »the Silurian system «?). 
Lime-stone from the cretaceous system. 
Flint 

the Lias?). 

And in a collection of stones of double the size he found: 

34 pCt. Crystalline rocks. -
11 Sandstone (no Lias «?). 

' N. f-Luuz og V. MJLTHERS: Arktisk Ferskvandsler i Allcrod Teglvrerksgrav. 
i\fodd. fra Dansk geol. Foren. 8. 1901. 

' Bidrag till kiinnedomen af moriinbildningarnc pa Hven och niirliggande 
skanska kust. Geol. Foren. Forh. Stockh. 2. 1874. 



2 pCt. 
13 
40 

39 

»Silurian «(?) lime-stone. 
Lim e-stone from the cretaceous system. 
Flint. 

From the absence of Iias-rocks and the rich quantity of stones 
from the cretaceous system HOLMSTROM draws the conclusion that 
Lhis upper moraine has come from the south-east. As to the lower 
clay-horizon it is »most probable that it h as come from the north 
or north-east «. 

The crystalline indi ca lor-boulders which formed the basis of my 
cn um eralion were collected in front of the cliffs north of St. lbb's 
Church on the north-wes l corner of the island. W e find h ere exten
sive layers of stratified sand · of the same layer-series which forms 
Lh e main mass of the island and which at ils north-east corn er is said 
lo reach 85 M. below the level of the sea, where it rests upon the 
cretaceous lime-stone. These sand-layers contain no stones. In the 
north-west coast-cliff they ar c coYered by mora in e-clay, which as 
far as can be seen is completely or mostly composed of the same 
material as Lhe upper Baltic moraine. The clay contains a number 
o l' large and small boulders which form Lhe origin of the slrand
slones. Among lhe 108 boulders which were . subjecled to enumeration 
were found: 93 North Baltic, 1 P ftskallaYik porphy ry, 10 Dala por
phyries and 4 rhomb-porphyry conglomerate boulders. 5 boulders 
•Of Scanian basall were also found, bnl these w ere far more richly 
r epresented than th e other kinds ; they w ere collecled to a much less 
cxlenl. Finally, a large number of Kinnediabase boulders were found : 
this kind of boulder is also generally of frequ ent occurrence in North
East Sealand . 

The above-named group of stones, of which more than 7 /8ths 
arc of Balli<: origin, and HoLMSTRfo1 's enumeration of slones prove 
that the upper moraine is distinctly Balti c. The older moraine which 
HoLMSTHC)M m entions has however a 1 so marked the character of the 
boulders. Besides the r emarkable occurrence of Norwegian porphyry 
conglomerates, some Dala boulders which arc of a special inter est 
- apart from those m enlionecl in the enumeration - were found . 
7 boulders in all w ere found of the rock-type from Dalarne, which 
has been mentioned under the name of Heden porphyry, viz. 2 of the 
small-grained variety and 5 of the coarse characteristic Heden porphyry. 
Of these 5 there is one however which has some similarity to the 
brown felspar porphyry to the 110rth in Lima parish. On the other 
hand the usually very common boulders of Bredvad porphyry and 
Gronklitt porphyrite were only scarcely represented. One boulder or 
»JU1tilla « was found besides the one mentioned in the enumeration. 
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There is reason here to notice the comparatively large quantity 
of »Heden porphyry« from Western Dalarne. It is a rock which is not 
frequently found in the form of boulders. Together with the Norwegian 
conglomerate boulders and the Kinnediabase boulders, they show that 
an extensive transference has taken place along the west coast of 
Sweden, and there is reason to believe that they originate from the 
lower moraine which is poor in flint and lime-stone. 

\Ve may now return to North-East Sealand. 
Fre e rslev S. W. of Hiller0d. As soon as we get a little west 

of the ridge of hills near Hillernd and outside the territory of the 
glacial invasion, in which the ridge lies, the form of the ground 
varies and a collection of boulders near Freerslev railway station 
shows that there is also a difference in the composition of the various 
boulder-groups. In a gravel-pit her~ 2 rhomb-porphyry, 5 Dala, 12 
North Baltic and 2 Scanian basalt boulders were found. Thus, the 
Baltic element is in the majority, but here as well as in the previously 
mentioned places in North-East Sealand the number of indicator
boulders was comparatively small. 

Str0 Bjerge by 0lsted. From the village 0lsted which lies 
between Frederiksvrerk and Frederikssund a very prominent ridge 
called Strn Bjerge extends in a south-easterly direction. Near 0lstcd 
railway station there is a deep cut in the ridge which has provided 
gravel for the construction of the Hillernd-Frederiksvrerk railway. 
Flint boulders are richly represented; 4 Norwegian, 23 Dala, 21 Baltic 
and 2 Scanian basalt boulders were also found among the nume_rous 
stones in the gravel-pit. 

The strand-cliffs south of Frederiksvrerk. The strand
stones found along the high cliffs south of Frcderiksvrerk (west of 
Kregome) have originated from yarious layers, which are to be seen 
in the cliffs. These layers are formed by three horizons: 1) lower 
moraine-clay which is generally very poor in stone and for the most 
part rubble-clay; in all probability only a comparatively small number
of the strand-stones originate from this clay ; 2) sand- and gravel-layers 
which may most probably be considered as having been deposited 
at the same time as the last ice there, washed out partly from the
moraine material of this ice, partly from the underlying layers. They 
generally consist of sand and do not contain large gravel-layers; in 
all probability most of the strand-stones however originate from them ; 
3) upper moraine-clay which is only of any great thickness at a few 
places, nevertheless several of the strand-stones probably originate 
from it. 

The three horizons lie fairly normally above each other. While 
Ron.DAM as a matter of course considers that the »lower« moraine-clay 
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in North-East Sealand has been deposited by a norlh-Lo-south-goin g 
ice-curren t, N. V. Uss1NG in his textbook of Denmark's geology says,1 
Lhat in the region south of Frederiksv~rk the Lwo moraines which 
arc laid hare in Lh e cliffs facing Roskild e Fjord seem Lo originale 
from lhe Baltic ice-n1rrent. 

Among the slrand-stones which have come from th e moraines and 
th e inlerjacent fluvio -glacial horizon I collecled Lhe following boulders : 
96 Ballic (Aland and Northern Baltic) porphyry, 4 P ftskallavik porphyry, 
3 Scanian basalt, 28 Dala and 6 Norwegian boulders . The large 
quantily of Baltic boulders found h ere is principally due to the rich 
abundance of a cerlain rock, namely the brown Baltic quartz por
phyry. Among the ~)(j bolllders from the Norlb Baltic district and 
Aland, 49 con sis led of brown Baltic quartz porphyry ; on the other 
hand, only 4 boulders of reel Baltic quartz porphyry were founcl, Lh c 
same number as I obtained among 21 Bailie boulders in the gravel
pit near 0lsted. The preponderance of Bailie boulders is however 
remarkable, and nothing supports the supposition that one of Lhe two 
moraines bas b een of a dislinclly northerly origin . The preponderance . 
of the Baltic character is conspicuous along nil the 8 km . long, steep 
cliff and musl be consid ered as correcUy representing the character 
of th e separate horizons . 

Fa rum. Near Farum lime- and cru sh ed-stone-works there are 
large gravel-pits where a collection of indicator-boulders may be mad e 
wilh advantage. A very large number of the boulders arc however of 
sedimentary origin. In a collection made here 19 Baltic, 32 Dala and 
1 rhomb-porphyry conglomerate houldcr were found; Lhus only a 
littl e more than a Lhird of all Lh e indicator-boulders ·were of Ballic 
origin. The fact Lhat Dala bould ers are in the majority is seen not 
only from their com paratiYely large number bu L also from the presence 
of the various Lypes: or all Lh e 11 main-types of" Dala boulders, 8 were 
found again by Farum. 

Roskilde. Near Roskilde there arc extensive gravel-deposils 
which arc normally covered hy Lh e moraine-clay of the last ice-s hee t, 
as is also the case near Farum. The gravel contains a large number 
of boulders of the Danian and Paleocene stages from the und erground 
east and south-east of Roskilde. A colleclion gave the result thal the 
following indicator-boulders were found: 21 Baltic, 9 Scanian basalt, 
34 from Dalarne, 11 rhomb-porphyry and conglomerate. [t is thus 
seen that Norwegian and North Swedish material is in still greater 
preponderance at Roskildc compared with the Baltic than was the case 
by Farum. Not even a Lhird of the indicator-boulders is purely North 

1 Danmarks Gcologi. D. G. U. UI R. Nr. 2. 1899, p. 196. 
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Baltic. In the gravel-pit near Hedehusene railway station, where an 
exact enumeration however h as not been made, the various boulders 
occur in approximately the same proportion as at Roskilde. Stri
ated boulders 1 at Hedehusene show that the last ice-cover has h ere 
been moving in the direction from S. E . to N. W. , a fact which is in 
full agreement wi th other well-known conditions here. The many sedi
mentary houlders in the gravel-layers from the prequa ternary under
gro und east of Roskilde indicate that the gn:1.Yel h as also been deposited 
in connection with an ice moving in a westerly direction (Baltic ice). 
But all the more remarkable therefore is the large quantity of Nor
wegian and Dala hon lders found in the gravel-layers. They show that 
previous to the invasion of the Baltic ice-current there has been a 
quantity of northern , Norwegian and West Swedish material, from 
which the water appearing in connection with the succeeding ice-cover 
could separate th e gravel-layers. Now it may have been a similar 
foundation of northern material which formed the origin of the large 
number of Dala boulders found near Farum gravel-pit. 

V a n gede-Ge nt o ft e. In a gravel-pit of large extent near Van
gede west of Gentofte I have collected the following boulders: 32 Baltic 
(Aland a nd Northern Baltic), 1 P askallavik porphyry, 2 Scanian basalt 
and 13 Dala boulders. Three-fourths of the whol e number or there
about are Bailie and only a litlle more than one-fourth Dala boul 
ders. The great preponderance or Baltic boulders is wholly due to the 
two kinds of Baltic quartz porphyry, of which 11 boulders of the r ed 
a nd 19 of the brown were found, while th e Aland boulders were only 
represented by 2 quartz porphyries. Taking into consideration tha l 
a great number of boulders of the same kind may locally appear 
by the breaking of a single or a few large boulders, it is possible 
that the apparently great preponderance of Bailie boulders does nol 
mea n an exactly corresponding preponderance of Baltic material 
compared with northerly material. IL is however certain that the 
moraine-clay deposited upon the gravel-layers at Vangede is fully Bal
tic, as is also th e moraine-clay at Roskilde. In stratigraphical r espect 
the gravel-layers al Vangede and Roskilde are of almost the same 
age; this is also the case with the covering moraine-laye rs at the 
two places . They h ave arisen in connection with one and lh e same 
glacier-border. 

If w e bring together th e impressions obtained from the above 
enumerations, it will be difficult to get from these a fundam ental and 
clear idea of the way in which the various gm vel-layers have b een 

1 G. F. L. SAHAt:w: En Behegning af isskurede Blokke i Nym0Jlc Grus
grav ved Hedehusene. Medd. fra Dansk geol. Foren. 10. 1904. 



43 

formed. This is principally due to the fact that the places in Sealand 
al which th e enumerations w ere made, have been greatly cut across 
by ice-currents from different sides. Instead of assuming that the 
conditions in the northernmost Sealand so far as the drift deposits 
are co ncerned are specially »clear « - the opinion expressed by K. R0R

n ,u11 - there is r ea son to point out that these deposits display a 
ri chness of variations much greater than is usually found in such a 
small territory. The occurrence of boulders h ere ca nnot be explained 
by m eans of the investigalions of indicator-boulders alone, but toge
Lh er with the study of other conditions these contribule to the solution 
or this qu estion . The ch anging in the directions of the ice-currents, 
" ·hich has taken place during the time when the ice-cover was mel
ting away from North-Easl Sealand, h as caused th e many separate 
vnriations which are represented by the varying occurrence of boul
ders, even at places which lie n ear each other. These changing ice
currents Jiaye also inOu enced the surface and th e general contents in 
the moraine-clay, as is shown by stone-en umeralions. To enter into 
further discussion of thi s subject would however be too much outside 
th e purpose of the prese nt investigation. The object of the work h as 
o nly been to emphasize, tha t the great variation in th e occurrence of 
th e boulders and other conditions indicale that North Sealand at the 
end of the Glacial Period has arisen as the product of ice-currents 
which advanced at different times from the north-cast, the south-east 
nnd the south respectively. 

Before ending the special discussion of Norlh-East Sealand I 
may call attention to the occurrence of basall boulders. As might be 
s upposed they are fairly common, because the transport of the North 
Baltic boulders has partly taken place by way of Scania. The basalt 
boulders have thus been carried do\\·n either directly or by radiating 
frc -currents, first carrying them southward from their source to be 
allerwards received in the Baltic ice-currents . In the mapping of 
North Sealand a comparatively large number of boulders were collected 
but they are not specially noted in the explanalion or the geological 
s heels (by R0HDAM). 2 

Southern Sealand. Ice-currents of Baltic origin have almost 
exclusively marked the character of the boulders in Lhis part of the 
island. A few Norwegian boulders hawe been found as strand-stones 
n ear Stevns. 3 The group of crystalline indicator-boulders is mainly 

' Oversigt over de af Danmarks geologiske Unders0gelsc indtil Foraarel 
1805 udf0rte Arbejder. D. G. U. III H. Nr. 1. 1896, p. 16. 

" See .T. PETERSEN : Geschiebestudien II. ~1itth. d. Geogr. Gcs. in Hamburg. 
rn. 1900, p. 133. 

3 V. M11: ri-mRs: Kortbladcne Faxc og Stcyns Klint. D. G. U. IR. Nr.11. 1908. 
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Baltic. The brown Baltic quartz porphyry is again by far the com 
monest of the Baltic boulders . Of frequent occurrence are also the 
red Baltic qu artz porphyry and the various Rapakivi rocks from A.land. 
Paskallavik porphyry is not richly represented, and boulders of Scan
ian basalt are scarce in South Sealand. Boulders from Dalarne are 
not infrequ ent, especially Bredvad porphyry and Grnnklitt porphyrile, 
but they are far from being as num erous as the Baltic boulders. 

An exacl enumeration of boulders in a single deposit has only 
been made in Iluvio-glacial layers near Vo rd in g b or g r a i 1 way st a
ti on. The following boulders were found: 10 Dala, 25 North Baltic, 
1 Paskallavik porphyry and 3 Scanian basalt boulders. The number 
of Dala boulders found here is hardly so grcal Lha l they may not 
have been brought down by the Baltic ice-currents across the middle 
part of Sweden and lbrough the Baltic valley. 

Norlh-Western Sealand. The coasts o[ Norlh-Wesl Sealand 
racing Lhe Kattegat like lh e Kattegat coasts of North-East Sealand 
show many boulders from the Christiania district From the moraine
mass in which th ey were originally em bedded they have passed into 
the gravel and moraine-clay which also contain Baltic material. Inland 
we find Baltic boulders in all the gra-vel-layers we know, but in cer
Lain districts Lhey are in the minority compared with material of north
ern ongm. The mass o[ northern Quaternary material, the presence 
of which is proved by lhe collec tions near Farum and Roskilde, may 
be traced further to the west in Sealand. Even though the la ler ice
currents were for the most part of Baltic origin , the older m ateri a l 
of northern origin already deposited was able to mark the character
of the rocks found in the deposits .. 

Sten 1 i 11 e. Past the village of Stenlille runs a long f1s con
taining large sections. The materi al consists of sand and large or 
small gravel-layers. The ridge goes from south to north. The following 
boulders were collected there: 1 rhomb-porpbyry conglomerate, 39 from 
Dalarne, 22 North Baltic, 4 Paskallavik porphyry and 1 basalt boulder. 
It is seen from this tha t north-eastern material is in great preponder
ance. I have form erly stated the occurrence of rhomb-porphyr y in 
a gravel deposit near Vilsted 5 km .· S. E. of Stenlille. 1 

B 1 ::es in g e Bakk e r. 6 km. north of Slag else a rising ground 
projects from the surrounding level. This is the Blresinge ridges which 
mainly consist of fluvio-glacial sand with small gravel-layers partly 
covered by a moraine-cap. In the gravel-layers I found the following. 
houlders: 1 Norwegian porphyry conglomerate, 11 from Dalarne, 9 

1 V. MILTHEHS: Norske Blokke paa S,i rclland. Mcdd. fra Dansk geologisk 
Forening. 5. 1899. I 
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N orlh Baltic and l Scanian basa lL boulder . The small number of 
indicator-boulders found h ere thus show a slight preponderance of 
slones of north ern origin. 

The comparatively large quanlity of northern malerial found 111 

Lh e gravel-layers at Stenlillc and in the Blresinge ridges is probably 
due lo the older deposits corning from th e north, from which later 
ice- and water-currenls have carried the boulders. Even the upper 
morain e has a Baltic characler just as fnrlher lo th e norlh. 

Bj e r g b y near M0rk0v. The landscape just south of Lamme 
Fjord is formed by a distincl moraine-leve l above which ri se a num
b er of large and small conkal hillocks, the interior of which consists of 
gravel-layers generally or a sloping and irregular s tratification . A cap 
of moraine-clay composed or almost the same material as the sur
rounding moraine-clay is deposited upon th e gr avel-layers . Soulh of 
lhi s lewl, between it and th e large Aamosc (ri ver-bog), lies a high, 
hillocky landscape frequcnLly containing gravel-la yers of the same 
cliaracter as tha l o r the coni ca l hillocks. In holh pl aces lh e gravel
layers hardly con lain any Bailie boulders, a condition rare in Sealand . 

In a gravel-pil in Kirkehjcrg 1,5 km . N. E . o f Bjergby con
lainin g a large number of slones, es pecially sma ll ones, I m ade a n 
enum eration of indica lor-bou lders which were onl y sparsely reprc
se n led compared with lhe quanti Ly of other boulders. Altogether, the 
following were found: ~ Norlh Baltic, 6 Dala, 8 Norwegia n boulders 
(4 rhomb-porphyry and 4 conglomerates [and 3 possibly Norwegian]), 
4 Scan ian basalt and some boulders of Kinnediabase. Several boulders 
of the variegated ilinl from Christiansstad in Scania were found in 
lhe same kind or layers, both in th ese conical hillocks and in the 
hilly landscape further to th e sout h . 

The rocks in the grayeJ-layers or Kirkcbjerg are thus of a dis
tinclly northern character. Baltic boulders arc scarce in these gravel
layers as also in the gra ,·cl- layers . of the prominent ridges scattered 
over the moraine-leyel so ulh of Lamme Fjord. It has also been found 
that Bailie bo ulders are scarce in the gravel-layers in the hilly ridge 
south of th e ra ilway-lin e M0rk0Y- Jyderup. Grave l-layers of a similar 
kind as those near Kirkebjcrg are often to b e met with. Al both 
places the character of the boulders indica tes a considerable in !l o" · 
o r material from nor lhern regions. 

0 d she rr ed. The moraine-deposits and gra vcl-layers in Ods
h errcd between Sejrn Bugt a nd Iscfjord contain houlder s of north 
ern as well as of south-eastern origin . Alo ng lh c Katlcgat shore 
Norwegian boulders a rc fairly co mmon, but boulders of Ba Hie origin 
a r c a lso to be fonnd in great numbers . Throu gh Odsh crred ex-
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tends a distinct tract of curving marginal morain cs. 1 Near L y ng 
h use at Grevinge, where two moraine-curves m eet, a gravel-pit was 
opened for the purpose of providing material for the construction or 
the Odsherred railway ; it contained a large number of small and 
large boulders . An investiga tion shows thal indicator-boulders are 
however almost completely lacking. A single RapakiYi-like quartz 
porphyry from Aland, a few Scanian basalts, a couple of porphyries 
from Dalarne were found , but the number of the ordinary indicator
boulders is extraordinarily small compar ed with the number usually 
found in places where crystalline boulders arc in abundance. Else
where in the gravel-layers of Odsherred, along the m argina l moraines, 
ther e is Lhe sam e comparatively spar se occurrence of indicator-boul 
der s . Between H0jby and Svinninge some boulders of rhomb-por
phyry a nd con glomera te were found, but boulder s from D alarne and 
from the district round A.la nd are generally of a strange ly i nfrequ enl 
occurren ce. 

The comparalively sm all number of the u su al indicator-boulders 
shows that th e moraines, from whi ch lhe boulders originate, have 
r eceived no considerable inflow of m aterial from the sources or 
th e indicator-boulders, not even from Dalarne and th e Baltic dis lricl, 
which gener ally either jointly or separately are richly represented by 
indicator-boulders . There is r ea son to believe Lhat the spa rse occur
r ence of these boulders in Odsherred is due Lo the fact, Lh at the 
main-inflow of materia l there h as come from Scandinavian districts 
which lie n earer than Lh c above m ention ed, nam ely e. g. from the 
western parl of South Sweden . 

The cun-ed marginal moraines extending through Odsh erred show 
that for a time the m elling of the retrea ting inland-ice stopped al
together. From PouL HAnDER's i11Yestiga tion of »an East Julland ice
edge line« 2 w e also learn tha t, when the ice covered all Sealand and 
the ice-border w as found in South-Eas l Jutla nd, the r etreat of the 
inl and-ice w a s marked by stoppages or a dvances. The ice-current, 
in fronl of which thi s ice-edge line h as left its marks, h as brought 
a grca l quantity of Balti c m ateria l Lo th e Grenaa peninsul a, as will 
b e mention ed later . H AHDER a lso poinls out th at the ice-lobes, Lh e 
o ulcr boundary of which was the ice-edge line discover ed by him, 
h ave been supplied wilh m ateria l from an ice-current through the 
Baltic . As the ice gradually m elted away in the terrilory b e tween lh e 
Gr enaa penins ul a a nd Odsh erred, we may suppose that the infl ow of 
Baltic ice h as decreased, w hil st Lhere wa s an increasing infl ow fro m 

1 See D. C. U. I R. Nr. 8. 1900. p. 69 fl'. 
2 En 0s tjydsk Isr andslinje. D. G. U. II R. Nr. 19. 1908. 
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the western part of Soulh Sweden , l'rom Halland and the western 
parts of Smaland. Only in this way can we explain why the gravel
layers which are in close connection with lhe deposits near the ice
border are almost destitute of indicator-boulders of Balti<: origin. And 
in this way also we may explain lhe absence of Dala boulders . From 
the older Quaternary layers containing large numbers or lhese boul
ders they might have passed into the later deposits irrespective of lhe 
directions of lhe ice-currents. The non-occurrence of Dala boulders 
in the later deposits proves however that these boulders w ere nol 
found in the older layers from which th e marginal-graYel may have 
received material , and thal the glacier which deposited Lh e graYel
layers did not contain material from Da larne. The kind of boulders 
found near Lyn ghuse and elsewh ere in Odsherred and thosr occur
ring in the gravel-layers south of Lamme Fjord show lhat lhere has 
been a change in the directions of' the ice-currents; \Vest Swedish 
and northern masses ol' ice displaced lhe Balti c. \Vhi le the ice laler 
gradually melted away, Norlh-East Sealand w as also invaded l>y 
changing ice-currents alternately coming from W estern Sweden and 
from the Baltic as already m entioned berore. 

Agns 0 gaard. The cuned marginal morain es extending lhrou gh 
Odshcrred end n ear Vejrl10j . But w est of F01lesley and Jyd erup we 
find a continuation of th e same, traceable southward to Bjergstcd Bak
ker wes t of Skarrid Lake. But further lo th e southwest we see no trace 
of the »Isc(iord-glacier« which has deposited the morain e-curves of 
Odsherred. H erc and further lo the south along the Storebelt, w e 
Iind however the traces or a »Slorebell glacier « which has advanced 
from lhe south. A stone-enumeration m ade in gravel-pits n ear the 
railway-line cast of Agns0gaard shows Lhat the influ ence of the Bal
tic currents lrns been grea ter h ere th an in Odsh erred. 1 rhomb-por
phyry, 14 Dala, 15 North Baltic and 1 Paskallavik porphyry boul
der w ere found . The Dala bould ers which w ere found have probably 
come from older deposits, allerwards passing inlo th e youn ger layers 
in which lhey were found. At many places we find evid ence that 
such older layers with northern m a terials h ave been present from a n 
earlier period of the Glacial Age. I n eed only m ention h ere Lhe boul 
ders found at Slenlille and Roskilde, where there is no doubt that 
the last ice-cover has come from the Halli e district, while the northern 
material h as been taken up from older drifl-deposits. 

From other investigations we come to the conclusion that Lh c 
var ying direc tion of the movement of the ice-currents during th e tim e 
when the meltin g of th e ice look place has s lrongly marked the 
charac ter of the Quaternary layers and the bo ulders or Seala nd . Lyin g 
betwee n the Kallega l and Lhc Baltic th e isla nd was subj ecled allcrnately 
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lo invasion from the norlh and norlh-easl and from the south and 
south-east during the whole time when the melting was going on. 
The study of the occurrence of the indicator-boulders is in agreement 
with the results we come to from the form of lhe country and the 
character of the deposits . 

Funen and Langeland. 
On Funen and Langeland - just as on Sealand - there is no 

spot where Baltic boulders are lacking. From what we have learnt 
in the preceding of the conditions on Sealand, it is clear, lhat there 
is h ere also the possibility of everywhere finding boulders of Nor
,vegian ongrn. Discoveries of rhomb-porphyry at Ristinge Klint on 
Langeland have been known for a long time. Explanations to t.hc 
geological sheets of Funen prove, that Norwegian boulders are very rare 
in North Funen, but more common in the co untry south of Odense
Kjerteminde and boulders of this origin have been found at several 
places on the surface. The character of lhe surface moraines is however 
chiefly Baltic. In 1906 I made some enumerations in graYel-pits on 
Langeland and Funen. 

Rud k 0 bing. In th e neighbourhood or Rudlrnbing several gravel
pi ts are found in lhe numerous and pointed hillocks. The position 
or the gravel-layers in the hills is almost always Yery inclined often 
quite vertical , the same as is the case in the hills south of Lamme Fjord 
on Sealand. Bul lhe composition of the stones in the gravel al these 
two places is very different. Whilst the character of lhe stones in the 
hills between Bjergby and Kundby is chielly ,vest 'Scandinavian the 
nature of the stones in t.he hillocks surrounding Rudlrnbing is preemi
nently Baltic. In two gravel-pits south-easl of Rudlrnbing I found 30 

Norlh Baltic boulders (of which 19 were brown Ballic quartz por
phyry, but no red Baltic quartz porphyry), 7 porphyries from Sma
land (Paskallavik porphyry). 27 porphyri es from Dalarne were found 
belonging to 9 different varieties. I only found 1 Norwegian boulder 
which possibly may be an amygdaloidal stone from lhe rhomb-por
phyry region . Later I shall speak about. the result of this collection 
of' stones when the discoYeries from Funen have bee n m entioned. 

I n the 11 e i g h b o u rho o d of S v e 11 db or g there is a lot. of 
la rge deposits of gravel containing many sections. I have collected 
boulders in the gravel-pits at H01nark south-west of Troldmose wood, 
in the northern part of Langebakke and in a large gravel-pit north 
of Christiansminde; an enumeration h as al so been made in a gravel
pit at H0je B0ge. As the result with regard to th e crystalline boul 
ders was everywhere quite similar, they can be mentioned together. 
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The character of the moraine which covered Lhe gravel layers east 
of Svendborg is distinctly Baltic, many North Baltic boulders being 
for example seen on the surface. The condition is different however 
in Lh e gravel-pits . 21 North Baltic boulders were collected here, and 
71 boulders from Dalarne (of almosl all the varieties known as boul
d ers), 14 boulders from the neighbourhood of Christiania (of which 
one Syenite) but no Gang-porphyry from SmiUand. 1 basalt boulder 
was found and many boulders of Kinnediabase. The result of the 
enumeration made in the gravel-pit at H0j e B0ge west of the town 
,ms : 2 rhomb-porphyri es, 18 porphyries from Dalarne (8 varieties), 
7 North Baltic boulders (all from A.land) and 1 basalt boulder. 

The difference between the stones in the gravel-layers at Svend
borg and at Rudkj0bing is thus striking. The Baltic character, which 
is preeminent on Langeland , is much less distinct in the gravel-layers 
al SYendborg. Th e majority of Lhe indica lor-bouldcrs have come down 
o\'er \\ 'est Sweden. The country further to Lhc north shows Lhe same 
character, namely, al 

Kirk e by Station. An ex tensive gravel-pit in moraine graYel 
hdonging to Lhe surface layers is found h ere. It contained 9 North 
Hallie boulders , 1 Gang-porphyry (without quartz grains) from Sma
hrnd, 1 basalt, 24 Dala porphyries and several bou lders of Kinnediabase. 

Vant in g e as . South-west of Ringe some ex.tensive, distinct rid
ges of gravel are found, culling across each other north-west of Espe 
Station almost at a right angle. The ridge in the direction N.-S. is 
Vantinge as and has been described hy V. MADS E N in the explanation 
or Nyhorg sheet. 1 \Vhilsl the layers in many of the other ases on 
Funen arc inclined or vertical, the situation of the layers in Vantinge 
its is l'\'erywhere undisturbed. It cannot be seen from this exp lanation, 
how Lhis row of hills has been situated in relation to the margin of 
th e m elting ice-cover. The stones show a Lransilion from the condi
tions al Svendborg and al Kirkeby Station lo a more Bailie character, 
,vhich gro,,vs still more distinct in the ases farther northwards . Several 
ex tensive sections, containing however essentially fine-grained, sandy 
m aterial, are found in Vanlinge as . The following boulders were found 
in three graYel-pits in the neighbourhood of Tillel;>ro 2 km . N. \\T. of 
Espe station : 55 North Baltic, 1 P askallaYik porphyry, 3 basalt, 74 
Dala porphyri es, 12 rhomb-porphyries and porphyry conglomerates 
anrl several boulders of Kinnediabase. 

H0jby f1s extends south-wes l- north-eastwards past H0jby SL:.i
Lion b etween Odense and Ringe. It has the perpendi cular layers 
c lrnracteris tic of many of the ases on Funen and also known in 

' D. G. U. I R. Nr. 9. 
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similar formations on Sealand. In gravel-pi ts norlh of H0jby Station 
the following boulders were found: 29 North Baltic, 1 Gang-porphyry 
(Paskallavik porphyry) from Smftland, 5 basall, 31 Dala porphyries 
(only some few varie ties) and 5 Norwegian. 

Grindl0sc as like H0jhy as consists of a long row of ridges, 
more or less high, which begin at Guldbjerg Slalion soulh-easl or 
Bogense, pass Grindl0se north-eastwards and end al Lhe southernmost 
parl of Klinle beach. Perpendicular layers arc also found in lhis as. 
GraYel-pils in different parls of the as contained lhe following boul
ders: 24 N orlh Baltic, 2 Paskallavik porphyries, 2 basa ll, 29 Dala 
porphyries (many Yarielies) and 2 Norwegian boulders. The proportion 
between indicator-boulders of Baltic and norlhern origin is per ccnl 
almosl lhc same as al H0jhy as. 

The rcsull of lhese enumerations of indicator-boulders shows, 
wilh regard lo Easl Funen, that on approaching SYcndborg lhe rel
alive number or Lhe north ern boulders is constanlly increasing. AL 
Lhis Lown - and possibly everywhere in the highly silualed parls 
of South Funen - il is evidenl lhal lhc material of the gravel
layers has essentially been brought from Lhe norlh during a parl of 
lhe Glacial Period which was a Jillie earlier Lhan Lhe final parl. As 

is lhe case in Lhe in lerior parl of Sealand, a glacial kernel of north
ern origin is also noliced here, from which Lhe laler Baltic invasion 
of ice has Laken lhc northern clemenls of Lhc boulders in Lhc morain('s . 
As slated, Lhe explanations of the geological sheels also mention Lhe 
preponderance of Norwegian boulders in Soulh Funen in proportion 
Lo Lhosc in Norlh Funen. Wilh regard Lo Lhe soulhernmosl dislricls 
of Fun en and the neighbouring isle ls V. MADSEN t mentions, Lhal Nor
wegian boulders are »not so rare but lhal Lhere is Lhe possibility of 
finding some few specimens after careful search on every excursion 
to lhe coasl«. As we have seen, 1 slone of Norwegian origin can be 
found in lhc gravel deposits at SYendborg for every 2 Norlh Bailie 
indicator-boulders. The northerly character is still more dislinclly 
perceptible from Lhe exlremc richness or Dala porphyries, as regards 
bolh Lhc number and occurrence of differcnl varieties. The result is, 
lhal we can stale wilh ccr-Lainly lhe clirecl Lransporl of malerial onr 
\liTcsl Sweden to Lhcse parls of Denmark and farther lo Lhc soulh-wcsl. 
IL is evident, thal only a small minority of the Dala porphyries haYe 
been broughl by Lhe Hallie roule. 

As has been indicated before, Lhe character of Lhe moraine-cowr
ing of Lhese gra H'l-layers is more dislinclly Bailie and possihly more 
related lo lhc prccminenlly Bailie deposits in Lh c northern parl of 

Funen lhan lo lhc subjaccnl graYcl deposits. The Baltic characln, 

1 D. G. U. J l R. Nr. 15. 
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which is seen in Lh e ttses in Norlh Funen with Lbcir diminishing 
number of ?\'orwegian kinds of" slon cs, is, as Lh e explanations or lhc 
sheels sh ow1, sli ll more dis lincl a t I-Iindsholm and in lhc neighbour
hood, wh ere Norwegian boulders arc Yery seldom. An cxacl stalisli
cal inYesliga tion of the stones has howe Yer nol been mad e h ere, l>u l 
enum era ti on s of stones in lhe morain e-cla y show a decided co nlrasl lo 
th e localities in Ccnlral and South Funen, ihe moraines al Hindsholrn 
being r ela tively poor in rocks from the cretaceons formati o n ,Yhilsl 
such rocks are found a bundantly in Lhe res t ol' Funen in comparison 
wilh those brought down from th e far-off parls of lh c Bailie or from 
the Swedish con tinen t (pal::eozoic limes tone, sandstones, eruptiYes and 
cryslalline slates) ~l contrast, which may ,Yell he conn ected here wilh 
the abse nce of Norwegian boulders. 

As mentioned there is a decided diffncnce ilelwcen th e boulders 
from the graYel-pi ls at Rudkj0bing and lhose al SYe1Hlborg, a diff<:>r
ence whi<.;h sh ows itse lf in different ways. Besides lhc distinclly 
Baltic character of lhe layers al Rudkj0bing in co n lrasl lo those at 
SYendborg, I m ay specially draw allenlion lo th e great number of 
porphyries from Smf1land in th e gnl\'el-l aycrs a t R11dkj0bing. If Lhis 
relaliYely large number of boulders from Srna land may be co nsidered 
a piclure o [ lhe s lones of this kind in lhe Langeland hills, it is 
eviden l, llrnl ma l<' rial rrom lhc eastern Smaland and lhe adjacent parls 
or Sweden and the Baltic, has been carried down lo a more than 
usual ex lenl to these graYcl-layers on Langeland. In connection wi lh 
this lb e investigation which has been made by K. A . GHo:-swALL" or 
fossil-bearing boulders from Lange land, Soulh Funen and A<:rn is inler
esling. The result of lhis investiga ti on is, llrnl lhe boulders on Lange
land »which originated from soulh-easlern Scania, Bornholrn and lh e 
surrounding parls of the Bailie, arc absolulely predominant in com
parison wilh lhe boulders carried a farther roacl, for instance, from 
Golh land and lhc Easl Ballic; whi lst boulders from lhe East Bailie 
are in lhc majority and bou lders from soulh-easlcrn Scania and 
Bornholm are very rare in South Funen. « 

As I Jiaye only made collections of boulders at Svcndborg, lhe 
presen l studies of lhc crystal line boulders do nol offer any means 
or underslanding the racl, lhal lhe localities a long lhc coasts of Soulh 
Funen and lhe neighbouring islands, where Norwegian boulders especi
ally are found , are a l lhe same lime lhc places where Bailie houldns 
of clislinclly eastern origin occur. In the ncigilourhood of Svendborg 
I have however not found any porphyry from Smaland, bul on lhe 
contrary basalt boulders from Scania . 

i D. G. U. I H. Nr. 2, 7 and 9. 
' D. G. U. II H. Nr. 15. 
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With r egard to Langeland the r esult of GnoNWALL's investigation 
is confirmed by the great number of porphyries from Smaland at 
Rudkj0bing. GHONWALL has determined south-eastern Scania, Born
holm and the adjacent parts of the Baltic as the native place of a 
great number of Langeland 's sedimentary boulders . From this native 
place the boulders have no doubt been carried first in a south
westerly direction and thereafter to the w est, passing the neighbour
hood of Laaland to the place where they have been deposited. The 
glacier-stream which carried these boulders away from their home 
has then - passing lhe surroundings or Bornholm - been in lhe 
direction N. E . lo S. W ., that is: according to the direction of Born
holm's earlier »stri re «. - In other w ords, the glacier-stream , which 
picked up the boulder s from south-eas tern Scania a nd the surround
ing parts of lhe Baltic, came from lhe South Swedish highla nds, 
from Smala nd and Blekinge. Nol before lhe glacier-stream had ar
rived into th e Baltic basin was il tak en up in th e true Baltic s tream 
a nd carri ed off wes twards. In this way m ay naturally be explained 
both th a t th e deposits on Langeland contain numerous sedimentary 
boulders from the r egion m entioned and that the number of th e 
Paskallavik porphyri es is so great. But whilst Gnti NWALL rmds in th e 
m a terial m entioned eYiden ce that the Lan geland moraine m aterial »h as 
onl y been carried a proportionally short dis ta nce «, m a ny boulders , 
especially brown Ballic qu artz porphyry, haYe been found in the 
gravel-layers i1westiga led, which pro,·e a transport from far off. The 
great number of thi s kind of boulders together with the a bsence of 
red Baltic quartz porphyry in the grayel-l ayers at Rudkj0bing is quite 
according lo GRt>NWALL's s tatement, thal East Balti c sedimentary boul
ders are la cking on Langeland . 

WhereYer the Da la boulders a ppear in large qu a ntiti es and in 
ma ny varieties we are also certain of finding boulders of Kinnediaba se. 
It is quite natural that these haw been included in the ice-masses 
whi ch moYed down from Dalarn e in a direct lin e over W es t Sweden 
and Central Denmark. 

Ano ther kind or stone, found at a lmost all the places in vesti gated, 
is hasall from Sca nia. It is not probable, that these boulders haYe 
been carried quite straight from their native places to where they 
h a \'e been deposited . It may be supposed, either that they have b een 
brought b y a glacier-stream passing radia lly from the source into the 
Baltic basin and from there with Baltic ice to their resting places 
(consequently like the boulders from Smaland) and this is the most 
probable, or they h a Ye been carri ed by a Baltic ice-stream from 
Scania north-westwards passing Sealand and then south-westwards 
to the places where they h aw been deposited . 
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Jutland. 
However great the contrasts may b e in the distribution of the 

boulders on the Danish islands, they are much surpassed by the con
trasts found in Lhis r espect among the differ ent parls of Jutland. To 
facilitate the general view, the parts of Jutland treated here are divided 
into tpree regions: 1) North Jutland, north of the outwash-plains 
(Hedeslelter) and Rand ers Fjord, 2) East Jutland (mainly eas t of the 
great outwash-plains) and 3) the W est Jutland hilly r egions (Bakke0er). 

North Jutland north of the ontwash-plains a nd Ran
d e rs Fjord. Onl y Vendsyssel h as been more exactly investigated in 
this part of .Jutla nd. From the works of FORCHH ,UIMER, DEICHMANN
BnANTH and JoHNSTRUP it is known that boulders from th e Christi
ania n eigh bourhood h ere constitu le the m ajority of the stones. Syste
matic inYesti gations made later haYe partly confirmed this, parUy 
shown that boulders of Ballic origin also appear in the Vendsyssel 
deposits . A . J ESSEN h as given complete information on this in the 
explanations or th e sheets. 1 Besides the Christiania boulders many 
boulder s of Dala porphyries have been found ; th ey »are more co m
mon than th e Baltic rocks , but th eir number is less than that of the 
sloncs from Christiania Fjord«. The boulders from th ese different 
native places are found beside each other in the cliluvial gravel, the 
origin of which is fluvio-glacial. On the other h and, there haye not 
yet been found any Balti c rocks in the s lony Yoldia clay, by JESSEN 
called »the lower Dilu vium «. 

I have only made enumera tions and collections of boulders a l a 
few places in Vendsyssel. 

Flamsbakke S.S. W . of Aasted Church ca. 9 km. \V . S. W. of 
Frederikshavn. Stratified gravel containing shell-fragments is found 
h ere covered by moraine-like gravel. Among the large number of 
boulders in the gravel-pit HJO Norwegian rhomb-porphyries and por
phyry conglomerates, 17 Dala porphyries (most of the known varieties) 
and 10 North Baltic boulders w ere found . 

Skans e bakk e (redoubt hill) N. of N0rre-Sundby contains 
large profiles of diluvial stratified gravel and extensive gravel-pits with 
a lot of small stones . The result of the investigation was : 220 Nor
wegian rhomb-porphyri es and conglomerate boulders, 32 Dala por
phyries (as at Flamsbakke almost all the kno,vn varieties) but only 
6 North Baltic boulders. 

The North Baltic boulders found on these occasions have mostly 
been from A.land (at Flamsbakke also a boulder of red Baltic quartz 

1 D. G. U. I R. Nr. 3 and 10. 
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porphyry) . .JESSEN howcnr has at many places discoYered hoth hrown 
and red Baltic quartz porphyry (Rodi.i quarlz porphyry) and I haYe 
also al other places been able to find boulders of Lhese kinds. In 
addition to this .JESSEN has made discoYeries or PaskallaYik porphy
ries from diluYial graYel in Vendsyssel. 

SY ink l 0 Y. Among strand-stones here the following inclicalor
boulders ,Yere collecled: 60 rhomb-porphyries and conglomerates, 19 
from Dalarne and 4 Norlh Baltic. 

Hanslholm. Among the stones on Lhe beach Lhe following were 
noted: 56 of rhomb-porphyry and conglomerate, 28 from Dalarne and 
;3 North Baltic. 

Bis le Y 4 k rn. S. or Nib e. In some small graYel h eaps from 
Lhe hills west or the village of BisleY I haYe found lhe following 
boulders: 69 Norwegian , 11 Dala boulders and 9 Norlh Bailie. All 
lhe boulders were but small generally a h en 's egg in size and Lhey 
originated eYidently from fluyio-glacial gravel. 

Rcebild W. of' Skj0rping Station. ,ves l or Skj0rping SLalion 
a Yery beaulifully deyeJoped row of marginal moraine-ridges ex tends 
in Lhe direction S.S. E. Lo N. N. "T· Vlcslernmost in this region, where 
lhe separate ridges arc more isolated Lhan in Lhe central parts of Lhe 
area, I haYc collected scYeral indicator-boulders in a granl-pit. The 
deposit cons isled or stones a hen 's egg in size, packed close together, 
inlermixed with a Jiner yellow material, moraine gnffel formed by 
lluvio-glacial maleria l. Th e result was: 150 Norwegian rhomb-por
phyries and conglomerates (besides other Norwegian rocks) 20 Data 
porphyries, 11 North Baltic boulders and 1 P t1skallavik porphyry. 

Langaa. AL Langaa station in Lhe Gudenaa valley 's riYer basin , 
" ·hich originales from a late-glacial epoch, a large graYel-pil occurs, 
or which the public railway has the use. Eastcrnmosl in the long 
section we find uppermost a pebble bed with almost unsorted gravel 
above sanely, slratified material ; westernmost very slony layers appear 
in the lower parls of the section, but the malerial is well sorted and 
much rolled. The s'lones, which form the basis of the enumeration, 
" ·ere usually larger than a fisl. 114 Norwegian indicator-boulders, 
16 Dala boulders, 15 North Baltic boulders, 1 basalt and 16 boulders 
of Kinnediabase were found . 

M0ldrup- HYam, North of Viborg. In 1905 I was a mem
her of an excursion to the country between l\10lclrup station and 
Hvam station, on which occasion 13 Dala boulders and 5 North 
Baltic boulders were collected. The number of Norwegian indicator
houlders, especia ll y rhomb-porphyries , obse rved in the same district 
in stone h eaps or on fields, wh ere th e boulders named ,vere coll ected, 
amounted to almost one h undred. 
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Bo vb j erg. In the northern part of the Bovbjerg cliff, from the 
lighthouse to Ferring, moraine clay is observed in th e whole h eight 
of th e cliff. In lh e southern part of the cliff, from Trans lo the ligbl
housc, where indicator-boulders w ere collected and counted, two hori
zons of moraine clay occur, separated by enormous layers of gravel 
nnd sand, lhe position of whi ch is almost horizonta l and undisturberl. 
The chnracterislic of the gravel is ils large quanlili es of white flinl. 
The moraines contain many lim eston es. Among lhe s lones on the 
beach the following indicator-boulders were coll ecled: 410 rhomb
porphyries and co nglomera tes from the Christiania n eighbourhood, 
2o Dala boulders, 4 Norlh Bnltic boulder s a nd some few boulders 
or Kinnedia hase. The resull o r a collection made a l another part of 
lh e beach, where th e num ero us Norwegian kinds or s lones were not 
counterl, hul only lhe Swedish and Baili e boulders, was: 38 Dala 
porphyries, 13 North Bailie boulders, 1 P ask all av ik porphyry nnd 3 
boulders of basalt from Scani~1. As lhe boulders ,vere collecterl 
a mong lhc slones of the beach, they may haYe been was hed oul from 
a ll lh e differe nt layers visibl e in the cliff, both from lhe upper a nd 
lower moraine day as rrom the intcrjacenl gra vel-layers. 

A gra vel-pit 1 km . cas t of Lomborg Church south or 
Lem vig. The high rm1d f'rom Ramme slalion lo Rom Church south 
or Lenn-ig passes the norlhernmosl part of Kronhede . This is a n 
outwash-plain, which as N. V. Uss1NG has stnled was formed in fronl 
or an ice-margin , which was situated along the northern boundary of 
lh e plain. Behind - norlh of - the plain we find n charncteristic 
morain c- lnndscape with srnnll hillocks wilh quile lh e same character 
as on the Danish islands . In th e explan a tions of lh e Aalborg and Nibe 
sheets A. J ESSE:\' 1 s tnles, lhal »the form ation of lhe ground and lhe 
whole landscape in south-eastern Jutland and on the Danish islands 
is quile different from tha t in \\Test and North Jutla nd «. Rut this is 
only th e case to a small extent in the country norlh of Kronhede. 
The counlry hetween Lenwig and Dybe Church is especially charac
lt'ristic in lhat r espec t: a landscape with low ridges o[ moraine clay, 
" ·ith steep slopes and k ettle-formed or irregular small lak es and peal 
bogs. The outwash-plain sou lh of this country consists of gravel and 
sand; in the graYel-pit near the high road easl of Lomhorg Church 
stratified gravel containing a large quantity of while flint appeared 
in lhe section, 1 ½ m. in h eight. The indicator-boulders found here 
,Yere: 171 rhomb-porphyries and Norwegian conglomerates, 13 Dala 
porphyries, 2 Norlh Baltic boulders and some few boulders of Kinn e
diabase. 

' D. G. u. I H. Nr. io. p. 82. 
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All the discoveries from Northern Jutland mentioned here ha ,·e
in common, partly, that the Baltic kinds of stones appear very rarely 
and partly, that the Norwegian material is found in much greater 
quantity than the. material brought from Dalarne which passed over 
West Sweden and the Kattegat before arriving to North .Jutland. 
A. JESSEN mentions, that the conditions of the ground at V endsyssel 
indicate that, »the land-ice at the last while m elling '.Vas moving in 
a direction from N. E., the direction ol' the ice-margin having been 
essentially N. W .-S. E. « The direction of the tract of marginal mo
raines at Skj0rping is N. N. W.- S. S. E. During the melting from th e 
North Jutland districts on the Kattegat Lhe margin of the land-ice has 
thus essentially conformed to the Swedish Kattegat coast. 

According to the Swedish inves tigations the recessional morain es 
in Halland and the adjacenl counlries have quite a similar direction . 
It is not until farther north in Sweden, in Dalsland, where the large 
marginal moraines, well-known from DE GEEH's investigations, are 
found, that the direction has changed more to the east into Sweden_ 
From th ese large moraines through the Swedish districts on the 
Kattegat to Northern Jutland the recessional · moraines thus show a 
fairly similar course. 

At the time when the land-ice covered great parts of Northern 
Jutland, it was on the whole ·moving from north to south. \\'ilh 
regard to Vendsyssel JESSEN 1 supposes, that the direction turned more 
and more from N. N. E.-S. S. V.T. lo E . N. E.- \\' . S. W., al the same 
time as the ice was m elting. The direction of the marginal moraines 
farther into the country agrees with this . The direction of the large 
characteristic marginal morain e, pointed out by Uss1NG 2 between Troel
strup and Snrebum on the Viborg- Aalcstrup railway, is thus quite 
west-east corresponding to a movement of the ice from north to south. 
This is most finely seen on the area Bovbjerg- Holstebro- Hald, where 
the hillocky moraine landscape meets with the outwash-plains and 
marks Lhe line of the stagnating margin - as has been shown hy 
Uss1NG. Apart from the curves, more or less great, made by this line, 
its direction is on the whole from west to east. The great predom 
inance of the Norwegian boulders compared with boulders from the 
Swedish region of transportation also indicates a transport corre
sponding to this direction of the glacial margin, a transport from north 
to soulh. The ice-stream, which last covered the northernmost part 
of .Jutland, shows itself distinctly to have been Skagerak ice. 

JESSEN considers, that the Baltic material has been carried lo 
Vendsyssel during the first part of that period of the distribution of 

1 D. G. U. I R. Nr. 10. p. 81. 
2 D. G. U. III R. Nr. 2. 
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the ice, when Northern Jutland was for the lasl time covered by the 
land-ice. JESSEN also supposes, that the material has been brought 
by the land-ice and not by rivers or the floating ice. If we - with 
UssING - suppose, that North .Jutland's uppermost glacial layers and 
South-East Jutland 's upper glacial layers have been formed at periods 
equally far from the period when the West Jutland hilly regions were 
created, the supposition of JESSEN, regarding th e time when the 
Baltic boulders w ere carried lo Vendsyssel and the rest of North Jut
land, is however not satisfactory. It is namely a fact, that Baltic 
boulders are also found in the diluvium or the "\Vest .Jutland hilly 
regions eyen in its most western parts ; the material must thus haYe 
been transported before this diluvium was formed. On the supposi
tion that the period of formation of these parts of the W est Jutland 
drift-deposits is separated from the period of formation of the East 
.Julland and North Julland upper diluvium by a long interval without 
ice, an inter-glacial epoch, the Ballic boulders must have been brought 
down in connection with a distribution of ice b efore this inter
glacial epoch. 

The layers in Vendsysscl , which according to JESSE:\' have been 
deposited in connection with the last ice-cover in this part of Den
mark, are »diluvial sand, diluvial gravel, moraine sand and stony 
sand «. Baltic boulders have been found in the Jluvioglacial gravel and 
in th eir local moraines (moraine gravel), as also in the stony sand 
of the hills. No Baltic boulders have been found in the moraine sand. 

No Baltic boulders lrnve been found in th e older Yoldia clay 
'".hich is considered by JESSEN to have been deposited during an 
earlier part of th e Glacial Period , separated from the last part by an 
inter-glacial epoch . But this does not show, that they may not be 
present, as they have not been found in the morain e sand either 
which however can have taken them from the diluYial gravel. In 
the older Yoldia clay the Dala porphyries are on ly represented by 
a single Bredvad porphyry. As the Dala porphyries are for the rest 
much more common in Vendsyssel than the Baltic boulders , it must 
be considered as a mere accident, that the latter are not found in 
situ in the older Yoldia clay. The absence or Baltic boulders in this 
Yoldia clay cannot therefore be considered evidence of its period of 
formation having been essentially earlier than the period of formation 
of Vendsyssel's upper glacial layers, or that they have been separated 
by an inter-glacial epoch. 

East Jutland. Whilst the great transport of Norwegian material 
of stones is characteristic of Northern Jutland as a whole, it is only 
in some single parts of south-eastern Jutland, that the character of 
the stones in the gravel-pits and on the ground's surface is so pre-
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dominantly Norwegian. This is perhaps howeYer the case oYer the 
greater part of the region " ·est of a line Randers- Skandcrborg, north 
of the Himmelbjerg lak es and east of the Karup outwash-plain. No 
real enumera tions have been made in this region, hut Dr. P. HAHDER 
has been so kind as to commu nicate Lo m e some observations he has 
made at a fc,,· places. In Lhe country between Hadsten and Mun
delslrup it has thus been observed, th at rhomh-porphyries are com
mon or appear more oflcn than Baltic boulders. Norwegian boulders 
arc quite predominant al Lina a east of Silkeborg. IL may reasonably 
he supposed, thal th e same is the case in the region more Lo lhe 
norlh of Lhis and wesl of Hadsten- Mundelstrup. 

On the Grenaa peninsula colleclions and enumerations have been 
made of indicator-boulders in the large graYel-pils at H.osmus 
SL at ion. The result from the different places was: 60 N orlh Ballic, 
42 from Dalarne, 16 rhomh-porphyries \\'ith accompanying conglome
rates, and 12 boulders of Kinnediabasc. The same characteristic Baltic 
ice transport, indicated by Lhe conditions of the ground here and by 
the direction o r Lhe strire on Lhe Saltholmskalk al Grcnaa, also shows 
ilself distinctly in the large number of Baltic boulders contained in 
these gravel-layers at Rosmus. 

The character ol' a gravel deposit al L 0 s n in g SL at ion bel ween 
Horsens and Vejlc is still more distinctly Baltic ; 35 North Baltic 
b ciulders, 6 porphyries from Smaland, 4 basalts from Scania, 32 Dala 
boulders, 2 rhomh-porphyries and only a single Kinnediabase were 
found here . 

In the country wesl and north-west of Horsens Baltic boulders 
are also predominant according to information kindly given me by 
Dr. P. HARDEH. It is worth remarking thal the brown Baltic quartz 
porphyry is r1uite common here ; on lhe other hand the red Ballic 
quartz porphyry seems lo be very rare in the same regions. In Lhe 
same area between Uldurn and Mos Lake Norwegian boulders are 
seldom in such gravel-layers, which here belong Lo the latcsl glacial 
deposits. 

At \N . Hornstrup south of J e lling the follo,ving boulders 
\\'ere found in fluyio-glacial layers: 19 North Balti c boulders, 9 Dala 
boulders, 10 rhomb-porphyries and 1 basalt boulder. It is striking, 
that the number of the rhomb-porphyries should be so great here and 
the Dala boulders so few. 

The mixture of Scandinavian (Norwegian and V\Test Swedish) and 
Ballic material , found at Lhe last mentioned place, is also character
istic of the contents of the gravel-layers to the soulh towards Kolding 
and Vamdrup. 
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On Nordbrek field G½ km. \V. ol' Egtwd ma ny indica lor-houl 
ders h aYe been found in a gravel-pit co ntainin g a large number of 
boulders as large as a fi s t. The grawl-layers are found in an irregul ar, 
hummocky area of marginal moraines, situated immediately behind lh e 
large Grindsted outwash-plain. The Baltic character is on the whole 
Yery dis tinct ; 24 North Ballic boulders, 11 basalt, 23 Dala boulders, 
9 Norwegian houlders and some fe w Kinn ediabase were found h ere. 

Al B0lli n g in EglYed parish N. \V. of Kolding the result o f a n 
enum eration in flu vio-glacial gravel-layers was: 40 North Baltic, 73 
Da la houlders, 24 rhomb-porph yr ies and conglomera les; n o Kinne
diabase. 

The following boulders were found in gravel- layers N. vV. o f 
\'erst Church: 37 Norlh Bailie, 1 Paskallavik porphyry, 3 basalt, 
40 Dala boulders, 9 rhomh-porphyries and quite :1 l'e,Y boulders of 
Kinnediabase. 

In flu vio-glacial layers al Gamsl poor-h ouse N. \V. of Ansl 
lh e r esull \\·as: G North Baltic bould ers, 13 Dala boulders, 2 rhomb
porphyri es. 

Near lhe railway al Doller up S.\V. of Lund ers kov in some 
graYel heaps, originating from gravel-layers just beneath the gro und 's 
surface, lhere ,wre: -lO Norlh Baltic boulders, 1 PaskallaYik porphyry, 
80 Dala boulders, 32 rhomb-porph yries with accompanying conglom
erates a nd some few Kinnediabase. 

In 1:luYio-glacial laye rs without any separa le moraine cO\·er a l 
Rolsn10lle N. E. of Lunderskov th e result was: 14 Nor th Baltic 
boulders, 2-l Da la porphyries, 8 rhomb-porphyri es and some few 
J{inned iabase. 

In a gravel deposil so uth of 0dis-Bramdrup mill S. E. of' 
Yamdrup there were: 21 North Ballic boulders, 40 Dala porphyries, 
13 rhomh-porpbyries and conglomerates and some few boulders of 
Kinnediabase. 

At all lh e places m entioned here, from L0snin g Station to 0dis
Bramdrup mill the gravel-layers from which the boulders cam e ha w 
no moraine cover ; th ey are thus themselves th e uppermost glacial 
deposit at the place. 

At Kolding (towards Scsl) gravel-layers are found covered by 
moraine day, but for lhe rest they are like the grayel-layers round 
Lunderskov . The conformity Yisible in lh e stratigraphic c..:onditions 
nlso appears in the contents of indicator-boulders ; 41 North Bailie 
boulders, 2 porphyries from Smaland, 4 basalts, 66 Dala boulders, 
22 rhomb-porphyries and conglomerate boulders were found . 

All the gravel-layers between Egtved, Anst, Vamdrup and Kolding 
which haYe been investigated, have in common, that the North Bailie 



60 

boulders are everywhere in greater number than the boulders from 
the Christiania n eighbourhood. The boulders from Dalarne are hmY
ever the most predominant. The contents of the gravel-layers invest
igated in Lhis part of the country thus show quite a homogeneous 
composition, which cannot be considered accidental. It proves, thal 
the morain e deposits, from which the gravel-layers originate, have 
had a homogen eous composition in regard lo the stones. 

W est of Lhe line Egtved- Verst- Ansl a district is found, which 
may also in this connection b e r eferred Lo th e East Jutland region . 
ll extends from Vejen- Br0rup both southwards and northwards. 
In the fluvio- glacia l deposits of this region some collections of boul
ders h ave been made. The number of the s tones h as however been 
small at _every place. 

In Harebjerg S. of Br0rup Station th ere is a section, 15 m . 
high, in iluvio-glacial and very regular gravel-layers, Lhe material 
of ·whi ch is employed for Lhe making of lime sand-stone (mortar\ 
Many small boulders are found h ere but r elatively few indicator
boulder s; after careful search all I found was: 7 North Baltic, 29 from 
Dalarne, 3 boulders of rhomb-porphyry and some few Kinnediabasc. 
Not far to the ,vest of this place there is an interglacial peat bog 
wilh layers probably overlying the gravel-layers in Harebj erg ; these 
arc also older than the interglacial. 

Easl of Vittrup in Lindknud parish N. of Brnrup small sec
tions are found in iluvio-glacial gravel, the layers of which are perpen
di cular and therefore deposited b efore the surrounding moraine layers . 
In some gravel h eaps from these places 6 North Baltic boulders, 8 
Dala boulders and 5 rhomb-porphyries were found. 

B e tw ee n Lindknud and L re borg several places are found 
where similar vertical or very sloping gravel-layers appear, but the 
number of boulders has h ere been so small, that no enumeration of 
the indicator-boulders was mad e. 

North-west of L re borg. A small bill with a section occurs 
among the many hills h ere rising over the surroundings. On accou 11 t 
of the sliding of the ground and its becoming overgrown the condi
tions of bedding have however not made any investigation possible. 
The discoveries in the old gravel-pits here were : 4 North Baltic boulders, 
3 basalts, 12 Dala boulders, 7 rhomb-porphyri es and conglomerates. 

At Lhe bottom of the drained Sands0 Lake ca. 2 km. N. E . 
of Vo r bass e a considerable number of indicator-boulders was found 
in the stony sand. Their character is by contrast strikingly Baltic ; 
54 North Baltic, 1 Paskallavik porphyry, 4 basalts, 50 Dala boulders 
and 8 Norwegian boulders were found. 01' the North Baltic boulders 
39 were brown Baltic quartz porphyry, but of different types, and of 
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-the boulders from Dalarne 36 were Bredvad porphyry ; the Baltic 
character was however very predominant. 

The Baltic (East J ulland) character on Lhe strelch Vorbasse
Brekke - Lindknud - Lreborg - Vej en - Skibel und is however much 
more distinct in the indicator-boulders of the ground's surface and of 
the surface morain es. The fact is, that bould e rs of rocks 
from th e Christi a n i a n e i g b o u rho o d are very rar e on this 
stretch. North Baltic boulders are on the contrary very common. 
But one kind of ston e must be mention ed as specially characteristic 
or a wide area of Lhis country, namely, bas a lt l'rom Scania. In 
Lhe area from Thorsted (between Egtverl and Beek k e) to Skibelund 
n ear Vej en railway station boulders of basalt are found very com
monly on lhe fields and in th e ston y sa nd covering the morain e clay. 
They are founct wilh out exceplion in any stone heap from th e fi elds, 
,rnd they are oflen present in grea l numbers even if other indicator
boulders are rare or quilc lacking. 

A litlle more to the west, in Lindknud, Vorbasse and Hejnsvig 
paris hes, where the basalt boulders ar e nol so num ero us, the indicator
boulders arc on the whol e very rare, whilst for the res l a great num
ber of cryslalline boulders appear frequently. In Rost bank c be
tween Hejnsvig and Vorbasse only the following indicator-boulders 
were found among a lol of stones from moraine gravel : 1 A. land 
Rapakivi, 1 A. land granilc, 1 basa!L, 1 Bredvad porphyry, 1 brown 
Dala porphyry, 1 Heden porphyry and even 1 brown porphyry from 
Dalarn e and besid es 2 rhomb-porphyries; no Kinnediabase. A liltle 
more ,ycs lerly, the Norwegian character of Lhe indicalor-boulders 
gradu ally becomes more predomin a nt. 

In so me gravel-layers which appeared on making a road 1 ½ km . 
N. \\T . of Hejnsvig almost equally many boulders from the three 
most important nati ve places were found. The gra vel is co nsidered 
to be fluvio-glacial containing alm ost exclusively s mall stones among 
sand and is not covered by a la ter glacial deposit. The following indi 
cator-boulders were found: 6 North Baltic, 1 P aska lla vik porphyry , 
8 Dala boulders and 7 Norwegian. As there were nol many boulders 
on Lh e whole, the number ol' Lhe indicator-boulders found was pro
portionaily great compared with what apparently ·was present among 
th e field stones in Lhis neighbourhood. The character is here quite 
similar to Lhat in the gravel-layers under the surface morain e in the 
country between Brnrup a nd Lindknud. 

North of Grindsted outwash-plain there are regions where 
Lh e co nditions are much like those in the country south of the plain. 

In Stilbj e rg marl-pil the marl is covered by a stratum of 
fluvio-glacial sandy gravel with som e few, mostly small stones. The 
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gravel is covered by blown sand bul is al some spols almost ([Hile 
·wanting and is subsliluted by a zone or larger stones much san<l
,vorn and lying on Lhc surface of Lhe marl, In the slratified gra ye] 
Lhc following indicator-boulders were found: 3 Norlh Baltic, (:i Dala 
and 7 Norwegian boulders. In quite a similar, thick gn1\'el-layl'r 
covering marl on Lh c margin or the hilly region soulh of Slilbjerg I 
found during a shorl slay one basalt houlder bul for the rest no 
indicalor-boulders. 

The grayel-layer at Slilbjerg thus conlains a group of boulders, 
Lhe character or which is much like Lh e characler of Lhe 11uYio-glacial 
graYel-laycrs belween l3rnrup and Lindknud. As was Lhe case Lhere, 
Lhe number of Lhe Hallie boulders among lhe field stones is however 
\'ery much larger. In a lillle stone heap of field slones al Bank c
h 0j e S. \V. or U h e (and cast of Slilbjerg) lhcrc were thus found or 
rocks l"rom A.land: ;-3 quarlz porphyries, 4- Rapakivi-like quarlz por
phyries, 1 granile and 2 RapakiYi-like graniles, 1 basall, 2 Bredvad 
porphyries and 1 Launikile (bul no rhomb-porphyries or conglom
erates). For Lhe resl houlders or sandslone and quarlz appeared 
abundantly. All Lhe boulders ,Yere as large as Lhc fist. 

A lillle more to the east some enumerations of indicalor-boulders 
have been made, namely, between Linclballe and Far re. Though 
Lhc distance bclween the localili es is bul small their boulders arc very 
different. One enumeration Vias made in a gravcl-pil in Topp c l u n cl 
hill 1 km N. E. of Lindballe. At Lhe Yery Lop or lhe pointed hill 
rolled but indislinclly slralified gravel was found , mostly as large as 
eggs, with only a liUlc fine material ; 4- Norlh Ballic boulders, 27 Dala 
boulders and 33 i\'onYegian were found , consequently a group of 
boulders wilh a strikin gly northern character. 

At KrogYacl bridge rnoo m. S.S. E. of Farre only 1-100 m . 
i\'. N. E. of Toppelund hill a group of boulders of quite a differenl 
composilion was found in a gravel-pit, the deplh or which was bul 
small; viz. 1G Norlh Bailie boulders, 11 Dala boulders and 7 rhomb
porphyries. Possibly the distinctly B~11Lic character here may be ex
plained by the fact, Lhal the place is on a plain o\'er which llw 
glacier-river from Lhe easl may haw transported material of a more 
Bailie character than Lhal of Lhe stones or Lhe earlier graycl hills. 
The ,rnler passing Krog\'ad bridge is Ommc river, but Lhe ground is 
for lhe rest a parl of Lhe East Julland hilly landscape, which is ex
tremely dislincl in lhe neighbourhood of Lindballe. 

A considerable row of hills, a region of marginal moraines origin
ating from lhe relreat of Lh e extensive Ballic ice-cover, extends north
wards from Lh e counlry between Farrc and Givskud oyer 
Kollemorl e n and East Nykirke. Norlh of H0rbcek Lake the 



63 

hills conlinue from N0rre Sncde farlhcr norlhwards. The Ballic boul
ders in Lhe gravel-layers are howeycr very few. In some small gravel 
heaps beL\\·een Kollemorlen and E. Nykirke (Lhe ex.act nalive place ol' 
which is howeYer not known) -! rhomb-porphyries, 5 Bredvad por
phyries and 1 Grnnklitt porphyrile, bul only a single ~orlh Ballic 
bo.ulcler, namely an A.land quarlz porphyry, were found. The characler 
of Lhe group of boulders h ere has Urns probably heen marked hy 
boulders from earlier moraine deposils broughL from more 1101-Lherly 
direclions , as was the case in Toppelund hill. 

In the dislricl farlhcr to Lhe wesl, Give and Thyrcgod 
parishes , some enum cralions show condilions of quite a similar 
character. 

At Kla\·rbjerg on the road from Gin' to H.ingiw the following 
indicator-boulders were found in a road-culling and in a litL!c graYel
piL: 6 North Baltic, 12 Dala boulders and 11 rhornb-porphyries. 

In Lh e hilly surroundings:'\.\\'. of GiYe (e.g. al Chherup and 
at B 0 l l u n d ), where lo Lhe wcsl many sand-worn stones occur here 
and there, of indica lor-bould ers several rhomb-porphyries were found, 
but also Ballic boulders aml basalt on Lh e surface. In a surface-layer 
of moraine-like gravel al Gadehankc, BrcgnehoYed S. \V. of 
G i \' e, 8 rhomb- porphyries, 1 A.land quartz porphyry and 1 hasalL 
were found. 

A collection of slones was made in a Jillie gravel-pit of flu\'io
glacial graYel 1400 m. S. E. of Thyregod, where the sanrl is used 
for cement stones . Their size was moslly Lhal of an egg. The result 
was: 3 North Bailie, 7 Bredrnd porphyries and 12 rhom b-porphyrics. 

\\Test Jutland. This parl o[ .Jutland consists or the West 
Jutland hilly regions lying west of and helween the great central 
and \Vesl Jutland oulwash-plains; some pm-Ls of Lh e hilly regi ons 
are howe\·er reckoned lo East Jutland. Even with thi s modification 
we may not beforehand lake it for granted, Lhal the other, more 
wes terly parls of Lhese hilly regions can he considered as a unity in 
reg,1rd to lhe period of their deposits and the direction of the ice
slream during Lhe deposition. Concerning the first, the period of de
position , lhc boulders cannot here, as lilll e as al other places, decide 
,Yhether lh e deposils were formed during a single conlinuous period 
or during spaces of lime separated by inlerglacial periods. ll is only 
when connecled with other conditions that the houlders here can 
give signiJicant information. But wilh regard Lo Lhe directions of the 
glacier-streams lhe indicator-boulders and their rclaliYe numbers haye 
a more imporlanl significance. 

In a region like Soulh-\\'eslern .Julland, where all detailed inwsl
igalion or lhe drill is lacking, scallerecl innsligations of Lhc numbers 
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of the indicator-boulders, like the present, can only give hints and 
indications. A rather common opinion among geologists has been 
that the boulders or the moraine in South-\Vest .Jutland were like 
those of Vendsyssel. This is directly staled by JESSEN: »the charac
teristic kinds of stones in the moraines and the relative numbers of 
these kinds of stones (Norwegian and Baltic) are . . . . the same.«. 1 

This is perhaps the case at many places, but not however - - as we 
shall see - at every place. If we consider it as a fact - as .J ESSEt\ 
does - that »the earlier hilly regions « lo the east extend lo »the 
moraine line Vamdrup- Randb0l «, the stones indicate thal there are 
extensive parls of the country west of this line, which are essentially 
different from Northern Jutland. This has already been J>roved. But 
there are also localities far to the west in Jutland, where the boul
ders have a character very different from that which is known in 

' Vendsyssel. 
In graYel-pits in Lhe hills on the road S. E. of Ra as t c cl Ch n r ch 

(S. \V. of Holstehro) \Ye find moraine-like gravel with boulders reach
ing the size of the head. Vlhilst in the gravel-layers of Lomborg, 
where an enumeration of stones was made, Lhere is much tlint, the 
gravel al Raasted is far less rich in flint. Of crystalline indicator
boulders were found : 3 North Baltic, 1 basalt, 20 Dala houlders , 
130 rhomb-porphyries and conglomerates. On the other hand no 
Kinnediabase were seen . 

Near the Holstehro - Herning highroad \\Test of Aulum exten
sive sections are found in 1luvio-glacial layers. The result of the 
search here was: 1 North Baltic boulder, 11 Da la porphyries, 175 
rhomb-porphyries and conglomerates ; no Kinnediabase. Quite a similar 
grouping of stones was found in the gravel heaps along the highroad 
from Holstebro to Aulum. Among the stones here, which originate 
from gravel deposits in Tvis and Aulum parishes, 1 North Baltic 
boulder, 7 Dala porphyries, 233 rhomh-porphyries and conglomerates 
were found, but no Kinn ediabase. 

The stones in some very extensive but nol very deep (1- 2 m.) 
gravel-pits \Vest of Hern in g are of a still more distinctly Norwegian 
origin; fi18 rhomb-porphyries and conglomerates and 6 Dala por
phyries were found here, but no Kinnediabase and no North Baltic 
boulders . Among field-ston es brought from Snejbjerg west of Herning, 
2 Aland boulders were however found and 1 basalt. V. MADSEN 2 bas 
indicated discoveries of 2 boulders of red Baltic quarlz porphyry 
among material from the gravel-pits west of Herning. As Lhc stones 

' D. G. U. I R. Nr. 10. p. 84. 
2 V. MADSEN: Om inddelingen af de danskc kvartamlannelser. Medd . fra 

Dansk Geol. Foren. Nr. 5, 1899, p. 10. 
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were Laken from the place where they were stored, they did not origin 
ale probably from th e granl-pits, but .wen· field-ston es ; the same is lhe 
case with a discovery of Kinn ediabase noled from the same place . 

In stone-heaps al Vildhjerg and at Trcl10je in the high hills wesl 
or Vildbjerg VrcToR MADSE:--: 1 stales that h e sought in vain for Baltic 
hou lders. Nol even Dala porphyries seem to have been discovered 
on thal occasion. According to MADSE:--: 's stalements Norwegian kinds 
of stones seem Lo be Lhe only ones found h ere even among the 
field-stones. 

At Fri [cld on the highroad 13 km. west of Heming th e dis
coveries in a heap of fi eld-stones ga thered from the nearest fi eld were: 
39 rhomb-porphyries and 1 hasall l'rom Scania bul no olher indica lor
houlders. 

The whol e region now dea ll with from Holslchro soulh-castwards 
Lo Heming and a lilll e more Lo Lhe wes l seems essentially to be 
characlerised by the absence of boulders originating from the south
eas t. The gravel-layers show an almosl complcle absence of Balti c 
boulders, and they arc also seldom among the surface moraine boul
ders . This is em phasised so much beca use a different condition is 
predominanl al some places farlher lo the south-west wilh r egard Lo 
the field -sto nes, i. e. th e surface moraine stones. 

In some nol very deep gra\'el-pits in lhe hills near lh e highroad 
sou lh of 0lslrup Church (ca.12 km . E. of Ringkj0bing) 61 rhomb
porphyries and conglom erales and 1 Dala porphyry were fo und among 
the stones, \\·hich \Yere not very numerous. 

In a small and not very deep gravel-pit at D a 1 ager ca. 11/2 km . 
?\. of Borris Slation th e r es ult was: 20 rh omh-porphyries and con
glomerates, 6 Dala porphyries and a single North Bailie boulder. 

A strikingly large number of stones of Bv.llic origin was found 
however in some small gravel-pits south-east of Vennergaarde 
in Ve 11 in g parish south-easl of Ringkj0bing. The profil es are situated 
partly in glacial unstratified gnlYel in a hill, parlly in a low mound al 
the coasl directly at lhe foot of Lhe hill, and the material originates from 
Lhe glacial gravel-layers higher up ; 10 North Baltic boulders, 20 Dala 
porphyries, 51 rhomb-porphyri es and conglomerates were found here. 

The relatively large number of Baltic boulders found. in these 
.gravel-layers indicates a more considerable transport of Baltic material , 
than that which is seen in the gravel-layers northwards and easl
wards lo Holstebro and Herning. 

Of much more distinclly Baltic origin are however the field
stones investigated along the road from Dalager in Borris to 

1 lot:. cit. , p. 10. 

Dann1arks grologiskc t;ndcrs0gelsc 1 II n. Nr. 23. .-, 
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Fasterkjrer in Faster and gathered from the fields adjacent Lo the 
road; 12 North Baltic boulders, 9 Paskallavik porphyries and 13 Dala 
porphyries were collected here, but no rhomb-porphyries. 

In the surrounding country rhomb-porphyries seem on the whole 
Lo be rare as field-stones. In a stone heap at Fisk h ~e k in N. Vi u 111 

parish there were for example found of indicator-boulders: IO Bred
vad porphyries and only 1 boulder of rhomb-porphyry. 

In a small stone heap at a farm a little to Lhe south-east 
of Ve l ling St at ion 2 boulders of basalt were found in addition to 
some few boulders of rhomb-porphyry and Dala porphyry. 

Among the ruins of the burned farm Aldershvile at Ring
kj0bing MAosE;-,. 1 found »in a stone heap , which for Lhe most 
parl consisted of the stones of the yard, besides Norwegian boulders 
and quartz, several red granites wilh blue quartz (from Sm~tland), L\rn 
Gang-granite porphyries from Smaland, Lhree Bailie granite porphyries, 
one Aland quartz porphyry, two Bredvad porphyries «. The statement 
of MADSEN al another part (p. 11) of Lhe same treatise aboul the boul
ders at Ringkj0bing that » Baltic boulders (and also Smaland) appear, 
hut are very seldom « is scarcely right. His own data on the dis
coveries of boulders from Smaland are also evidence against this~ 
because the porphyries from Smaland (PttskallaYik porphyry) are on 
Lhe whole so rare as boulders, that their appearance in relatively small 
numbers indicate a not inconsiderable transport of Baltic material. 
Fudher, among the stones on the coast of the Fjord between Ring
kj0bing and Hugborg Kjrer (3½ km. S. E. of Ringkj0bing) MAos,,N 
found »a Gang-granite porphyry and a red, very granuhir granite with 
blue quarlz from Smaland «, besides 6 North Baltic boulders. 

The great number of Baltic kinds of stones and the small mnn
her of Norwegian, which were thus found in places as field-stones in 
the countries N. E. of Skjerne (and perhaps at Ringkj0hing), speak in 
favour of the probability, thal N. E. of this region there is a boundary 
for the extension of an ice from the north which reached a little beyond 
a line from Holstebro- Herning, but did not reach the line Ring
kj0bing- 13orris. The origin of the lasl ice-coYer easl of Ringkj0bing 
Fjord has on the contrary been distinclly Baltic. 

\Vilh regard to the region soulh of lhat mentioned, only a few 
observations have been made. 

In Svollibjerg 2-3 km. N. of S011der Omme there are Jluvio
glacial gravel-layers without furlher moraine cover. A large number 
of small slones appear in the gravel ; 49 Nonyegian boulders and 6-
Dala porphyries were found among these, but no Baltic boulders. 

' loc. ci l., p. 13. 
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In Krusbj e r g in 0lgod parish, 51/2 km. S. E. of 0lgod Station , 
lher e are large gravel-pits, which yield gravel to the road s far around. 
In one of the profiles th e sloping layer s of gravel r est on sand. The 
ston es, of which many are rather large, are well roll ed , but at the 
lower, hardly sloping boundary of the gravel-layers, direc tly upon th e 
sa nd underlayer s, there is a horizon ,Yith sand-,Yorn s lon es, m an y or 
which are as large as the h ead or more. Among th e boulders in the 
gravel there are several rhomb-porphyries, but no Baltic boulders . 

In the co untry soutwards, past Tistrup a nd Vard e, the origin. 
of the field-s tones also seem s to h aYe been almost exclusively Nor
wegian . On th e road 11/2 km . N. E . of Ti s trup, in a large h eap of 
fi eld-stones, lhe only indicator-boulders found were rhomh-porphyri es . 
F or the r es l lh e boulders were predominantly qu a rtz and sa nd-s lone, 
of whi ch m a ny ,Yere ni cely sand-worn . Soulh of Ti strup, in som e 
heaps of Ji eld-ston es, some single rhomb-porpb yri es a nd ma ny or the 
other eru pli ve rocks from th e Christi ani a n eighbourhood were also 
found , whils t lh e m ain number of th e boulder s ,Yas for th e rest almost 
entirely qu artzites. 

S o u th of N 0 rh o l m several boulders o r rhomb-porphy ry were 
found in i1uvio-glacial graYel-layers withoul m oraine cover. The main 
in grcdi enls of the b oulders are h ow ever Hint a nd qu arlzites. 

In some extensiYe but not Yery deep grayel-p its on the highroad 
1 km . E . of Kor s kr o between Varde and Bramminge an enumera 
tion of indica tor -boulders was m ade. The ch aracter of lhe deposil 
wh ere lhe stones occur is rather peculiar. The s lones are seldom 
larger than an egg, mos tly the s ize of a nut ; they ar e oflen packed 
close logether, hut a l other places lhere is yellow sa nd among th e 
stones and a t so me places they are as if s trewn ab out in the sand . 
Tlw stones ar e w ell rolled, but lh e deposits are not at all s tra lified ; 
nor is there a ny even transition in the size of the grains helwee n 
the ston es and th e sand in whi ch they lie. The layer may be con 
sidered as a moraine of pure sa nd , into whi ch the rubble-stones from 
a ver y uniform layer without sand h ave been mingled . That thi s 
explanation is right is sh own by som e gravel-pits at Tin g h 0 .i e 
700 rn . N. E . of Korskro. Brown morain e-sa nd is found uppermo st 
h ere va ry ing in h eight, a l most 3 m . IL conlains som e few sma ll 
rubhle-stones, but b enea th lbe sand layer th ere is ca. 1 ½ m. graYel 
(pebbl es) packed close togelher and di stinctly slratified ; th ey are a 
little larger than the s lones in the gravel-pits near lh e h ighroad, 
but, h ow ever , seldom exceed the size of an egg. Benealh lhe grave l
layer lhere is sa nd aga in . The sa nd coYering lhe graYel-layer is 
onl y moulded as moraine in lhc upperm ost m eter ; und erneath , the 
sand lies in disordered layers of Ou vio-glacial sa nd . The morain e-
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sand is thus evidently a sort of local moraine of fluYio-glaci al, pure 
sand, into whi ch rubble-s tones from the s ubj acenl graYel-la yers ar e 
mingled . The s tones consist mostly of flint and qu artzite ; of indica tor
boulders there w ere founrl : 1 Ala nd qu artz porphyry, 8 Dala boulders 
a nd 42 rhomh-porphyries and co nglomerales from the Christia nia 
n eighbourhood. 

N orth o f Tj rerc borg St at ion there are ma ny granl-pils in 
1luvio-glacial graye]-layers ·withoul m ora ine coyer . The gravel is mu ch 
rolled, containin g both fine and coarse ma terial, but seldom larger 
tha n a fi s t. The foll o\\·ing boulders were fou nd : 1 P ask alla vik por
phyry, 4 boulders poss ibly basalt, 37 Dala b oulders a nd 156 boulders 
of r homb-porph yr y a nd conglomera tes, besides ma ny other eruptives 
from Lhe Christi a ni a neighbourhood. Las tly, numberless b o ulders of 
11uarlzi te occurred. 

The character of lh e s urface mora in e's gro up of bo ulders in the 
surroundin gs of Korskro a nd Tj rereborg as represented by the indi 
calor-houlrlers among Lhc field-s tones h as no l been in ves li ga led . But 
eastwards from Korskro Ba.Ilic boulders arc not r are a mong the 
fi eld-stones compared wilh Norwegian bo ulders. Thu s, in s loneh ea ps 
of fi eld-s lones at Grimslrup lhere w ere fo und : Aland qu artz por
phyries a nd Bredvad porphyri es bul n o rhomh-porphyries . In s lone 
h ea ps in lhc surroundings o r Ve j r up so me fe w bould ers from Ala nd 
h ave been found whilst n o rhomb-porphyries were seen. Still farth er 
Lo the east boulders from A.land are ra ther comm on a m ong Lhe fi eld
s tones. Thus in a s lone h eap a l Linlrup 4½ km. N. of Hois ted 
Lh ere were: a boulder of Ala nd qu a rtz porphyry 1 cubi c foot in size, 
a boulder of H.apakivi of the s ize of the h ead, 2 Rapa kivi-like qu artz 
porphyri es a nrl 1 Bredvad porph yry hut n o rhomb-porphyrics of 
oth er Norwegia n indicator-boulder s from the Christi a ni a r egion ; num 
erou s quartzites were however found . The conditions h ere are thu s 
- with r egard Lo th e inrli ca tor-bould ers - mu ch lik e those in Lind
knud a nd Vorbasse pari sh es. 

AL Kl e lund 4 1/ ~ km . N. of Lintrup A.la nd qu arlz porphyry w as 
also found among Lhe fi eld- stones bul no rhomb-porphy ry . \\Tith 
regarrl lo gravel-layers here, gravel from a road cross ing N. of Lintrup 
has been inves tigated. Am ong a large n umber of small s lones only 
some few (4- 5) boulders or BredYad porphyry w ere found , but no 
other indi cator-boulders. 

As we h ave seen, there is on the whole some differen ce between 
the indi cator-boulders of the fluvio-gla cial gravel-layers and on the 
surface of th e fields (surface moraines), a difference which should 
engage the attention on future investigations in these localites . 
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Slesv,rig and Holstein. 
The same dissimilarity in the stones of the gravel-layers and th e 

moraines in the eastern and western districts of North Jutland is also 
traceable southwards from the Danish boundary. The distinct con
trast found in North Jutland is however far from • being so predomin
ant in Sleswig, and farther southwards it disappears probably com
pletely . Some few enumerations have been made in Sleswig. 

At R 0 d e k r o W es l of Aabenraa there are some extensive bu l 
not very deep gravel-pits, where the gravel is al the surface without 
moraine-cover ; 63 North Baltic boulders, 1 Paskall avik porphyry, 
73 Dala porphyries, 12 rhomb-porphyries and conglomerates were 
found here. On the whole the character of this group of boulders 
is of the same kind as thal of the gravel-layers in the district of 
L underskov- Kolding, even if the Baltic is a little more predominant 
a t R0dekro . 

The Baltic character is slill more distinct at F 1 e ns b or g ·in the 
gravel-layers, h ere covered by an upper moraine. The discoveries 
h ere in some gravel-pits partly south partly eas t of the town, were: 
28 North Baltic boulders, 3 boulders of basalt, 32 Dala porphyries 
and 4 rhomb-porphyries . Though the number of the Dala porphyries 
was so large, only some few boulders of Kinnediabase were found . 

On the coast near St e nsigmos e S.E. of Broager Dr. MADSEN has 
collected some boulders which he has kindly placed at my disposal. 
The collection was: 24 North Baltic, 2 P askallavik porphyries, 8 Dala 
porphyries (probably several more varieties of porphyries are present 
than those which were collected), 4 rhomb-porphyri es and conglom
erates (1 Norwegian syenite) and 2 Kinnediabase. 

On the coast at Emm e rl e v cliff N. W. of H0j er lock a collec
tion was made of boulders washed out from the cliff, here of moraine 
clay. The result was : 35 North Baltic boulders, 2 Paskallavik por
phyries, fi basalts from Scania, fi2 Dala porphyries, 8 rhomb-porphyr
ies and porphyry conglomerates and 22 Kinnediabase. The stones 
of the moraine in Emmerlev cliff are thus very much like those of 
the gravel-layers at R0d ekro and at Flensborg. The same relatiYe 
number of Norwegian kinds is present ; only the Dalarne and the 
other W est Swedish rocks appear proportionally somewhat more 
abundant. In comparison wilh the gravel-layers in th e neighbour
hood of Lunderskov (which - like the gravel-layers at R0dekro -
are the latest glacial layers at the place) the moraine at Emmerlev 
cliff turns out to be relatively more Baltic and especially propor
tionally poorer in the Norwegian rocks than is the case in the gravel-
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layers. ZEISE (1889), who gives the moraine-clay in Enimerlev cliff the 
name of »Unterer Geschiebemergel«, also mentions several discoveries 
of A.land and Finnish (?) boulders from this place. 

The character of the boulders grows gradually more Baltic south
wards, and gradually fewer Norwegian boulders are found . J. PETER
SEN (1900) says »In Schleswig-Holstein gehoren Geschiebe ans dem 
Christianiagebiet zwar nicht zu den haufigsten, so doch zu den ganz 
charakteristischen Erscheinungen, die nicht iibersehen werden konnen. 
Man kann ziemlich sicher sein, z. B. am Schulauer Ufer oder in den 
Bahrenfelder Kiesgruben, auf jeder Exkursion ein oder mehrere Ge
schiebe aus dem Christianiagebiet zu finden «. The result is thus, 
that Norwegian boulders are rather rare in the Hamburg neighbour
hood especially compared with th e Baltic kinds of stones. Norwegian 
boulders are however found over the whole of Holstein; ZEISE indi
cates discoveries of 4 rhomb-porphyries on the east coast of Femahrn. 
But south of Holstein, only some few Norwegian boulders have been 
found. 

By an investigation on diluvial, marine and freshwater beds at 
Utersen-Schulau in the southern part of Holstein SCHROEDER 
and STOLLER (1907) have found the following boulders in moraine
clay at two places in the neighbourhood (the boulders were invest
igated by J. KoRN). 

Glinde Wedel 
Upper 1norainc. Lower 1noraine . 

~orway. Rhomb-porphyry........................ 2 
Syenite porphyry............. . . . . . . . . . . 2 
Laurvikite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Pulaskile . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Dalarnc. Brcdvad porphyry. . . . . . . . . . . . . . . . . . . . . . . 12 
Gronklitt porphyrite (»Siljan porphyry «) . 5 
Venjan porphyrite . . .. . ............... . .. 3 
Quartz porphyry . . . . . . . . . . . . . . . . . . . . . . . . 4 
Elfdal porphyry....... .. ... .. .. ... ...... 2 

Scania. Basalt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Sm:'\land. Pf1skallavik porphyry. . . . . . . . . . . . . . . . . . . 3 
Aland . Granite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Rapakivi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
Rapakivi granite .. . . . . .. . . ... . ... . ........ . 
Porphyritic granite . . . . . . . . . . . . . . . . . . . . . . . . 1 
Rapakivi granite porphyry ... ... .. . .. .. . . . 
Granite porphyry . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
Quartz porphyry . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

Brown Baltic quartz porphyry . . . . . . . . . . . . . . . . . . . . 4 
Red Baltic quartz porphyry . . . . . . . . . . . . . . . . . . . . . . . 2 

3 

1 
2 

1 
2 
4 

15 
4 
2 
3 
1 
2 
3 
3 

The lower moraine is thus here of a much more Baltic character 
than the upper moraine, a relation of great interest. 
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At Heligoland the Norwegian and West Swedish materials 
-seem to appear more richly, which is naturally according to the 
situation of this island in relation to the Danish countries, where the 
same bould~rs appear abundantly. At Heligoland the boulders have 
been investigated by S.r6GRE:\1 (1883) and J . PETERSEN (1903). 

PETERSEN states that the following relative numbers of boulders 
occur at Heligoland : North Baltic boulders 5, Paskallavik porphyries 
3, basalt 5, Dala boulders 8, boulders from the Christiania neigh
bourho6d 10 and several Kinnediabase. The stones occur on the beach 
at a part of the cliff washed by the sea during the flood-tide. It is 
PETEHSEN's opinion, that the reason ,Yhy no more Norwegian boul
ders (rhomb-porphyries) have been found is, that the boulders at 
Heligoland are very much exposed to weather and wind, and that 
the rhomb-porphyries have not had so much power of resistance 
against this influence as the quartz porphyries. »Rhombenporphyre 
sind nicht sehr hart; wenn eine relativ so grosse Zahl, die sich auf 
kleinem Raum vorfand, der Zerstorung entging, so muss jedenfalls 
urspri.'tnglich ein gi·osser Reichtum an norwegischem Material vor
handen gewesen sein «. 

On Amr um J. PETERSEN has investigated lhc indicator-boulders 
of the Quaternary layers. He states that the composition of th e 
diluvium on An1rum is apparently very simple . Moraine-clay is 
Jacking, only gravel and sand are found. Ordinarily the predominant 
layers are »stony sand « (Geschiebedecksand) characterised by the ir
regular mixture of the stones in the sand. Sometimes layers are seen 
of stratified sand and gravel without larger stones ; the stony sand 
Tich in boulders also seems to lie over a similar layer. PETE_HSEN 
states about the boulders: »Als besonders auffallendes Merkmal ist 
der enorme Reichthum an Christianiagesteinen hervorzuheben, der den 
Sylts noch weit i.ibertrifft. An der ca. 300 m. Jangen, ca. 20 m. breiten 
Strandstrecke von Ualani fand ich in ganz kurzer Zeit nicht weniger 
als 13 Laurvikite und einige zwanzig Rhombenporphyre, ferner Nord
markit und Foyait, sowie Agiringranit. Am Strande von Vlittdi'tn, wo 
die Geschiebe nicht so zahlreich sind, eine ganze Anzahl Rhomben
porphyre, in den Kiesgruben des Geschiebedecksandes Laurdalit, Laur
vikit, Rhombenporphyr «. »Neben den genannten Geschieben fanden 
sich auf Amrum Venjanporphyrit, 13redvadporphyr, Paskallavikporphyr, 
R6d6nrapakiwi, Alandsrapakiwi und -Granitporphyr, Ostseequartzpor
phyr, Ojediabasporphyrit von dem bekannten Habitus mit grossen 
Feldspatheinsprenglingen, zahlreiche Diabasporphyrite mit schmal 
leistenformigen Feldspathen (wegen ihrer relativ grossen Zahl auf das 
·Gebiet nordlich Christiania hinweisend), Asbydiabas, Kinnediabas, Ba
salt. Also dieselben Gesteine, die von Sylt her bekannt sind. Und 
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dennoch Yerschieden in ihren Mengenverhiiltnissen . \Venn man auch 
nicht sagen kann, dass die Christianiagcsteine absolul vorherrschen -
hier wie iiberall ist die grosse Mehrzahl der Geschiebe wenig charak
teristisch oder nicht mit Sicherheit a uf ein bestimmtes Gebiet zurC1ck
fohrbar - aber gegeniiber den AJandsgesteinen und Basalten, mit denen 
sie ihrer Zahl nach auf Sylt verglichen wurden, herrschen sie stark 
vor. Wiihrend man auf keinem der Geschiebehaufen, die aus den 
Kiesgruben zum Zweck des Strassenbaus gewonnen und neben ihnen 
aufgeschiitlet sind, vergeblich nach norwegischen Gesleinen sucht, ja 
sicher sein kann, sie in mindestens einem, meistens mehreren Exem
plaren zu !inden, wird man vielfach vergeblich nach .Alandsgesteinen 
und Basallen suchen. Ich hatte ca. 30 nor"' egiscbe Geschiebe gefun
den, eh e ich den ersten Basalt auffand «. 

On Sy 1 t STOLLEY (1901) divides the Quaternary into three par ls: 
The old sand diluvium , the main moraine and the upper sand. The 
old sand diluvium, Lhe lowest horizon, which is considered by STOLLEY 
Lo have originated from the earliest glaciation, consists of transform ed 
miocene sand, with which Scandinavian material has mingled . The 
stones from this place have been investigated by J. PETEHSEN (190il). 
The follo,ving were found among 880 boulders : 

Gneiss ............ . .. . 
Mica-slate . . . .. . . . . ... . 
Laurvikitc .. . 
Nordmarkitc .. .. . ............. . 
Granite . . . . ...... . . ....... . 
Aland Rap.1kivi 
Paskallavik porphyry ... 
Othei, gr:rnilc porphyries 
Bredvad porphyries ..... 

355 
10 
3 
9 

366 
3 
1 
5 
6 

Elfd.11 porphyr.ics .. 3 
Other quartz porphyries . HI 
Nordmarkite porphyries ..... 2 
Rhomb-porphyrics ...... 69-
Grorudite (?1 .. . . ........ 1 
Diabase and diabase porphyrite 10 
Ven_i an porphyrite 1 
I-Iellcllint .. . . . . . . . . 16 
Fclspar sand-stone . 1 

Among the indicator-boulders those from the Christiania neigh
bourhood are predominant here. Comparing the conditions with 
those at other places they are evidently most like those in Sou lh
\Vest Jutland, where the Norwegian indicator-boulders are also pre
dominant often in a far higher degree than here, but where the Balti c 
indicator-boulders are however also found and the Dala boulders are 
seldom lacking. \Vith regard to the composition of Lhe indicator
boulders, we may consequently compare »the old sand diluvinm « on 
Sy 11 with the flu via-glacial layers in South-\Vest Jutland. 

STOLLEY has shown thal this sand diluvium, which at R0deklev 
also appears as a sandy moraine containing many boulders, lies under 
Lhe North Frisian »Tuul«, an interglacial peat layer, l,5- 2 m. in 
thickness; its contents show that it is related to the interglacial pent 
layers at nrnrup in Jutland. 
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Above the old sand diluvium and Lhc interglacial Tuul at R0-
deklev lies again Lhe »m ain morain e «; Lhis has a ralher considerable 
Lhickn ess, and its composition is sandy and poor in lime, because il 
is a sort of local moraine from the sandy und erground : miocene 
Kaolin e sand and Lhc sand diluYium. It is quite probable that th e 
main moraine has also obtained from this undergro und a r elatiwl y 
large number of slones from th e Christiania neighhourbood, of which 
»Lhe old sand diluvium « also conlains a greal dea l. W e are however 
not sufficiently informed of th e slones of the main morain e in com 
parison with the other glacial horizons in R0d ekl ev. As it has bee n 
stated that the old sand diluvium und er the »Tuul « not only eonlains 
boulders originaling from th e Christiania neighbourhood a nd \:Ves l 
S,Yeden, bul also Baltic boulders, a valualion of the r ela live numbers 
of th e indica tor-bould ers ca nnot be made wilh the stones as basis, 
which are washed oul of th e Quaternary layers and are found a l the 
coast. .J. PETERSEN says on thi s (1905) Lha l in his earli est invcstiga
Lions he considered »dass die am Strande liegenden Geroll e in ihrer 
prozentualen Zusammenselzung ein trcues Bild von der Zusammen
sc tzun g der Haupmor:'in e geben. Dicsc Annahme ist, nachdem ieh 
di e iVhi.chtigkeiL und den Geschiebereichtum des unlerstcn Diluviums 
in den n euen Aufschli.i ssen k ennen gelernl habe, ni ehl mehr haltbar. 
Es slcht noch unver a nderl fest, dass die Hauptmoranc Sylts verhalt
nismi:lssig reich an norwegischen Geschieben ist, di esc Talsache isl 
durch die grosse Zahl von norwegischen Geschiehcn, die ich in den 
letzlen sechs .Jahrcn in dem Hauptgeschiebem ergel und den zu geho
rigen Geschiebesa nden beobachlet ha be, festgestellt, sie ergibt sich aueh 
aus der Haufigkeit faustgrosser und gr6sserer Slt'ickc Yon Rhomben
porphyr, Nordmark.it und Laurvikil unler den Strandgerollen - fausl
grosse Geschiebc sind in der untcrslen Morane sehr sellen «. 

In the same Lreatise PET E HSJ•: :\' says: »In cl cr Sylterhauptmor:'ine 
ist ... das aus dem Nord en slammende Gcschi ebemalerial vcrhaltnis
massig sehr rcichlich verlrelen , so rei chlich , dass die Annahme, es 
befinde sich auf sekund:'irer glacialer Lagersli:iHe, ausserord entlieh 
unwahrscheinlich ist«. Concerning this Lh c l'ollowing question ma y 
be asked ; does the Bailie material then li e at a secondary place? 
In the subjaccnt sand diluvium Baltic material is only found in very 
small quantity. In th e main moraine Baltic material appears however 
not very seldom ; this is seen from PETEHSEN's own statements, based 
on dicoveries which have been made partly among th e stones at the 
coast, partly in the moraine itself. One kind of boulder may espe
cially be mention ed, namely basalt. STOLLEY (1901 ) speaks about the 
»in der Morane der Hauptvereisung haufigen Gesteine, vor allem der 
Basalte «. PETEHSEN says (1901) thal basalt boulders appear very 
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abundantly in the gravel of the beach. In a later treatise (1903) the 
same author speaks of »Hunderlen von dichten Basaltgeschieben auf 
Sylt, die ich beobachtet habe «. Are then these hundreds of basalt 
boulders in R0deklev's main moraine at a secondary place: i. e. 
carried down by a north- so uth or a north-east- south-west glacier
stream? or in what manner have they arrived h ere ? 

In stead of considering the Norwegian materi al to be secondary 
in the moraine, PETEHSEN considers it more probable, »dass w :'ihrend 
dcr Hauptvereisung cine Verlegung des Zentrums und der Richtungen 
der Vereisung · im Sinne einer Verschiebung des Nahrgebiets von 
W esten nach Oslen und der Transportrichtungen von Nord-Sud 
bis Nordost-Siidwest stallgefunden hat. Gesti.itzt wird diese An
nabme durch den Um stand, dass, wie bereits fruh er (STOLLEY, Sylt III) 
gesagt und weiter unten noch gezeigt wird, die Ablagerungen der dem 
Haupleis vorangehenden Vereisung auf fast rein nordlich e bis nord
ostliche Ursprungsgebeite hinweisen «. 

It seems to me tha l th ese conditions speak in quite the contrary 
direction to what PETEHSF.1' himself says. It is in reality rath er the 
Norwegian boulders and nol those from Scania and the Baltic, which 
we are to consider as secondary in the main moraine at R0deklev. 
The transport of these boulders to Sylt is plainly enough quite im
possible without a Baltic glacier-stream assisting, but the supposition 
of PETERSEN excludes the latter. If we accept his view, the appear
ance of the Baltic boulders and the basalts from Scania is a complete 
riddle. It is much more reasonable to consider the main moraine 
itself to b e (_)f Baltic origin. It is perhaps probable that it is of the 
same age as the moraine in Emmerlev cliff 1; but whilst the latter , 
th e character of which is distinctly Baltic, is quite a normal moraine 
wilhout appearing specially local, the moraine at Sylt has, as STOLLEY 
states, much local material from the under-ground. If the Norwegian 
and \Vest Swedish stones are in striking degree more predominant 
in the moraine at R0dekleY than at Emmerlev cliff, this may naturally 
be explained by the local influence of the stones of the underlying 
glacial horizons. 

That the main morain e at R0deklev has been carried down by a 
glacier-slream from the east is made still more probable by the con
tents in the upper stony sand. This »Geschiebesand« on Sylt, which 
covers th e main moraine but cannot be distinctly distinguished from 
the latter (PETERSEN), corresponds to the main moraine, as the sur
face moraine of the ice corresponds to its bottom moraine. PETERSEN 

1 See against this: C. GAGEL : Ueber einem Grenzpunkt der letzten Vereis
ung (des Oberen Geschiebemergel) in Schleswig-Holstein. Jahrb. Kg!. Pr. geol. 
Lnndesanstalt fur 1907. 
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(1905) says himself, that »die oberflachlichen Geschiebesa nde von Sylt, 
d enen die norwegischen Gescb}ebe zwar nicht fehlen, sie aber doch 
in geringerer Menge einschliessen and bedeutend vorherrschend bal
tisches Material fohren «. It is then not sufficient, when PETER SEN 
in his »Zusammenfassung « states that »die Geschiebe der Haupt
morane weisen auf verschiedene N ahrgebeite des Ha upteises bin, es 
hat eine Verlegung der Transportrichtungen von der Nordsftdrichlung 
bis in die 0stnordost - W estsftdwestrichtung stattgefunden «. He is 
n earer the right conditions when he says: »Die ans dem 6stlich en 
Skandinavien herkommende Bewegung hat vorgeherrscht, insbeson
d ere am Schluss der zweiten Eiszeit«. The co ndition is very pro
babl y this, that the main moraine on Sylt is a Baltic moraine. This 
appears from the Baltic stones of its surface morain e, from its con
taining large quantities of Sca nian basalt and of Baltic boulders and 
from analogy with th e Baltic moraine at Emmerlev cliff. 

North-West Gennany behveen Liineburg 
and the Oder. 

In some parts of this region very detailed investigations have 
been made of the crystalline indicator-boulders. The boulders in Neu
Vorpomerania and at Riigen have been closely studied by E. COHEN 

and V-/. DEEc1rn, especially petrographically, and they have h ere found 
boulders from several native places in Sweden and the Baltic r egion. 
V-.Tith regard to Mecklenburg the question of the boulders has often 
been dealt with by E. GEINITZ and most recenlly by 0. MATZ (1903). 

F. \J\T1EGERS has made investigations in the neighbourhood of LC111e
hurg (1899). 

The boulders, which appear most commonly in Neu-Vorpornerania, 
at Riigen and in Mecklenburg are those originating from Aland and 
the northern parts of the bottom of the Baltic. Next to th e bou ldcrs 
from Aland, the boulders of P askallavik porphyry according to Co1·1EN 
and DEEc1rn are the most common in Neu-Vorpomerania. They are 
here even indicated as »ausserordentlich haufig «. If this is right, this 
region is certainly also the only one in the whole glaciated region 
outside Scandinavia, where it is the case. In Hinter Pomerania they 
are at any rate not common; from Brandenburg only some single 
discoveri es of Paskallavik porphyries have been noted ; and " ·estwards 
the frequency diminishes greatly in comparison with lh e boulders 
from the northern Ba ltic region. 

From Mecklenburg 0. MATZ notes a considerable number of dis
coveries of Paskallavik porphyries, saying that »Gescbiebe dieser Art 



76 

sind im m eckl cnburgischen Diluvium haufig, m eist Gerolle von Fausl
bis Kopfgrosse «. An enumeration of indicator-boulders at Stavenhagen 
far to the east in Mecklenburg by MATZ gave however only 4 boul
ders of Paskallavik porphyry, whilst at the same place 49 boulders 
from Aland and 22 of brown Baltic quartz porphyry were found. 

The result of 0. MATz's enumeration of boulders at Stavenhagcn 
has however already been mentioned. The slones were of the size 
or Lhe h ead . The following indicator-boulders were found : 

1 Angermanland Rapakivi , 
2 Red Baltic quartz porphyries, 

22 Brown Baltic quartz porphyries, 
9 Aland quartz porphyri es, 

23 Aland granites, 
17 Aland Rapakivi, 
4 P askallavik porphyries, 
8 Bredvad porphyries, 
1 Basalt from Scania, 
4 Coarse-grained (Asby?) diabase. 

I think that the reason why so few boulders of red Baltic quartz 
porphyry were found in Lhis deposit, which for the rest is so dis
Linctly Baltic, is that the boulders chosen have been of a size, which 
the boulders of red Baltic quartz porphyry seldom reach . The same 
is parlly the case with the boulders of Bredvad porphyry and several 
others of the Dala porphyries. But at all evenls the enumeration is 
evidence that the North Baltic material is present in great prepon
derance compared with the Swedish material which has been carried 
down by a glacier-stream passing more from north to south. Wilh 
regard Lo Mecklenburg it may further be mentioned that single boul
ders of Norwegian origin have been found, namely, rhomb-porphyries . 

L i_i n e burg. The boulder material° which forms the basis of th e 
paper by F. \VrnGEHS came from a graYel-pit at Vastorf E. of Li.ine
burg ; »Es wurden 35 Handslii.cke als typische Vertreter ausgewahlt« of 
the porphyry boulders collected here by \V 1EGEHS . Of these the fol
lowing cou Id be classified : 

2 Red Baltic quartz porphyries, 
3 Brown Baltic quartz porphyries, 

3 Felsite porphyries} D 
1 ._, C . . . a arne, .., ancnmtsyemte 

8 Helleflints } S O 1 d 
0 P O I 11 . I I . ma an . 1 as rn av1 '- porp 1ynes 
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It is evidenl that \i\'11--: GEHS has considered the numbers giYen as 
al any rate to some ex tenl characteristic of Lhe rela tive numbers of 
the boulders al that place, because h e conn ec ts the following rem ark 
with the enumeration: »Di e Heimalh isl bei alien Gesteinen Schweden 
und ihrc Zahl nimmt, ,Yi e na turlich , von Norden nach Siiden zu «. 

This relatiYely large number of Sm[tland porphyri es a nd espec
ially or PaskallaYik porphyries in addition to Lhe absence of AJancl 
quartz porphyry was the cause of my •yisiting Lhis localily (in 1904). 

In Lhc extensi,·c graye]-pils with Jluvio-glacial gravel siluated di
r ectly by Lh e r a ihYay, an ex trem ely rich materi a l w as found for Lhc 
collection of indi ca tor-boulders a nd 1 b ad a specially good opportunily 
for makin g an enum eration Lo elu cidalc the r elalive numbers of the 
different indicator-hon lders . But it was soon qui le clearly seen -
eYen from superfi cial inspeclion - th at the Paskallavik porphyries 
w ere not present in such rela liYely large numbers as might haYe been 
supposed from F. \V11 •: <;1ms ' statem ent ; quile Lhe contrary. 

The cnum l:'ration was m ade as follows ; during one h our I col
lected all th e indicalor-boulders of the Lypes dealt wilh h ere \Yhi ch 
J w as able lo !ind within a well-examined parl of th e graYel-pit a nd 
in the h ea ps o r stones th ere. There wer e ju s t such h eaps, easily 
inYes tiga ted and washed clean by Lhe rain, where the stones hacl a 
size be twee n a fist a nd a nut. The r esult o f the co llec ti on a nd the 
enum eration wa s: 

as Red Ba ilie quarlz porphyries, 
2;1 Brown Baltic quartz porphyries, 
26 Aland qu artz porphyri es and RapakiYi-likc quartz porphyries , 
14 Ala nd gra nite a nd Rapakivi, 

1 PaskallaYik porphyry, 
23 Bredvad porphyries, 
14 Gronklitl p orphyrite, 
4 other Dala porphyri es, 
1 basalt, 
1 rhomh-porphyry. 

In addilion , a single boulder of Kinnediabase w as found . 
vVith r egard to Lhe nature or Lhe boulders, it may also be men

tioned tha t if larger stones, of which m a ny w ere present at other 
pla ces in the gravel-pit, had been included, the number of the Ala nd 
boulders would no doubl have been a good deal larger. Of the 
indicator-boulders it \Yas namely almost entirely the boulders from 
Aland which appeared as large specimens, and there were ralhcr 
many of them . The size of the other stones was seldom more than 
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thal of a fist ; the red Balti c quartz porphyry es pecially appeared 
relalively abundantly as small stones ; honlders of red Baltic quartz 
porphyry of a si ze of up to a child's h ead were howeYer also present. 
Boulders of Smaland porphyry w ere on lh e other hand very seldom. 
The statistical enumeralion gave only one P askallaYik porphyry, and 
during the whole inves tigation of the gravel-pits and of th eir boul
ders, i. e. during the co urse of several ·hours , the whole res ult was 3 
boulders of Smaland Gang-porphyry (Paskallavik porphyry) and aboul 
10 boulders of Helle11int and granite possibly originating from Srn l1-
land. The inves tigation thu s shows lhat, with regard to the indicator
boulder s, the main conlribuli on came from the Norlh Ballic region , 
and thal the number o[ the Smaland porphyries is much less in 
comparison with lhis . At Vaslorf th e condition is almosl the same 
in this regard as in the Qu a lernary deposi ts in Denmark. 

The only coun tries from which we have sta lements of a remark
ably common occurrence of Paskallavik porphyry, but where no slalis
tical en umeralion has heen made, are those investigaled by CoHEx 

and DEECKE: Neu-Vorpomerania a nd Rf1gen. An enu mera lion h ere will 
probably show, that the r elative frequency in proportion to the North. 
Ballic boulders and to lhe Dala boulders is nol so »a usserordcnllich « 
great as is stated hy the authors, but th a l their number is much 
less, just as is lhe case at Stavenh agen in East Mecklenburg. 

ln addition to th e boulder or rhomb-porphyry found in the Vas
torf gravel-pit, there were hrn others bolh larger than a fist. 

Boulders of basall appeared apparenlly only seldo m, the only one 
found was Lhat mentioned under the resu lts of the enumera tion. As 
lhe indications in the literature state, that this kind of stone is other
wise common in th e Quaternary of North-Wesl Germany, it may be 
supposed, that several boulders of basall ar e to be found at Vastorf. 

\Vith regard to the occurrence of houlders of basalt in this part 
of Germany, it m ay also be m entioned, lha t according to s latem ents 
in the literature a boulder from Demmin (P ETE HSE:\' 1903) is knO"wn 
from Neu-Vorpomerania and Ri.igen. They are seldom in the eastern 
part of Mecklenburg. 1'1ATZ m enti ons one boulder from his enum 
era tion or the slones al SlaYenhagen. H e also says lh a l in lhe 
eas tern parts of Mecklenburg, whoever »mil Vorliebe gerade n ach 
Basallen gesu chl hat, kann aus dieser Gegend nur zwei Funde, niim
lich Vi elist unrl Jfirgensdorf a nfiihren «. Sn:usLOFF however has found 
(MARTIN: Basalle 1903) in the neighbourhood of ~ew Brandenburg in 
»unlerdiluvialen « gravel-layers a large qua nlily of basalt boulders. 
MAHTI:\' mentions discoYeries of 54 basall boulders from this co untry. 
Special conditions for cleposilion h a ve thu s been present h ere. 
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The greater parl of the basalt discoveries from Meckl enburg, m en
tioned by l\llA:rz, originate from its w estern part (10 boulders originalc 
from Sternburg) a nd such boulders arc probably rather common th ere. 
They appear very often in lhe surroundings of Liibcck. It is thus 
m ention ed by MAH.TIN (1903), Lhal »in der Mori:ine am Nordufer des 
Kellersees und in dem Slrandgeriill der Neus t:'idter Bucht bei H a ff
krug « h e obtained 51 hasalls. Al another place (»Zur Frage der 
Stromrichtungen « 1901 ) lhe sam e aulhor says lhat »w i:ihrend ich am 
Nordufer des Kellersees in den Kicsgruben bei Malente, der Holslein
isch en Schweiz und Siebek innerhalb 3 Tage 40 Basalie samm elte, 
welche ich in Begleitun g zahlreicher w eissgeil ckter Feuersteine, Scoli
Lhu ssandstei ne, Halleflinten, Rapakiwis und ungeza hllen Mengen von 
P orphyren schwedischer und balti sch er Abs lammung a ntraf, bes la nd 
rn cine ganzc Ausbeulc an norwegischen Gcsteinen aus nnr 2 Rhomben
porphyr en «. 

It may b e added regarding lhe basa ll boulders , lhat discoveries 
of these boulders h a Ye been mad e al many loca lilies in Holstein ; 
.J. PETEHSE:--1 in his »Geschiebestudien I (1899)« made a complete lisl 
of these. J. PETEHSE;-, m enti ons a single discovery from Lf1neburg. 
Their number is abundant in Oldenburg according to MAHT1;--;. 

North-East Germany and Poland. 
As boulders, originating from the A.land islands, from Lhe bollom 

of the Baltic south of these islands and from Dalarn e in Sweden, 
appear far into Russia, it is n a lural, th at such boulders are also 
common in the countries westwards, in Eas l and "\Nes t Prussia, Rus
sian Poland, Posen a nd Hinter Pomerania. This has a lso been 
already parlly known from the literature which h as dealt wilh th e 
dis tribution of the crys talline indi cator-boulders in these provinces. 

L1EBIS CH already in 1874 noted discowries of EJfdal porphyry 
a l Lyck in East Prussia . The lirst, who expressly mentioned the 
occurrence of A.land rocks as boulders in East Prussia , was G. DE GEEn , 
who in his treatise »on the second distribution of Lhe Scandin avia n 
la nd-ice « in 1884, speaks of finding A.land qua rtz po rphyry a l Lyck 
and of RapakiYi and quar~z porphyry a l Konigsb erg. In th e same 
year SEECK (1884) stales, ·with regard to East and "\i\Tes t Prussia, th at 
,> A. landsgestein e sind sehr h iiufig « in these proYin ces. D_iscoveries of 
both A.land granite and Rapakivi a nd quartz porphyry are mentioned. 
LuNDBOH~1 (1886 and 1888) a nd J . Kon N (1895) a lso slate expr ess ly 
lhe common appearance or A.land b ould ers in East Prnssia and Lhey 
hoth m en tion discoveries of boulder s from Da la rne. 
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Of Dala boulders LcNnB01-1M: in 1888 determined a Yiolet Sarna 
porphyry (No. 204 from Nasser Garten) and a BJyberg porphyry (No. 
231 from Craussenhol' at Konigsberg). In 1886 he mentions discoyer
ies of Cancrinilsyenitc in Samland. J. KonN mentions (following LuND
BOH~1's determinations of the nalive places) discoveries of BredYad 
porphyry and other Dala boulders the nature of which is nol exactly 
indicated. Co11E:-s and DEECI{E (1896) haYe made a r evision of the 
determinations of the porphyries, which according lo J. KoHN have 
come to East Prussia from Finland. The result has turned out lo he, 
that al any rate some of these porphyries originate probably from 
Dalarne and arc Bredvad porphyry. It may also be mentioned, lhat 
ZmKEI. in his Petrographi (II Yol. p. 414, 2nd edition), speaks about 
the discoYery of a boulder of Cancrinitsyenite from Dalarne at Lan
genau south of Dantzig. 

The literature mentioned here does not note any discoYeries of 
the Hallie quartz porphyries. As mentioned on an earlier oq:asion 1 

lhere ,Yas howenT, among the material classified by Lu:-sDBOH~I in 
1886, several boulders of brown Baltic quartz porphyry. Boulders of 
red Ballic quartz porphyry were also found in this collection. LuND
uo11~1 pul them together inlo one group, about which is said (p. 89) 
»No. 202;) und 5646 yon Lyck, No. 5762 und 5786 von Rauschen , 
No. 7300 Yon \Vormdill und No. 8887 Yon Konigsberg. Rolher Quartz
Porphyr. Grundmasse dicht mil kleinen, rund en oder eckigen dunkeln 
Quarzen und sehr klein en spiirlichen hellrothen Feldspath-Krystallen«. 
I lnve seen lhese specimens in the Easl Prussian Province Museum 
except No. 564fi. In the collection obtained for determination by 
LuNDBOI-tM in 1888 there w ere no boulders of this rock, the worth 
or which as indicator-boulder is, however, emphasized in the text 
accompanying lhe list or the boulders. But discoveries of such boul
ders in East Prussia are mention ed in th e treatise on »the earlier 
Baltic ice-stream in Soulh Sweden from the same year (and lhere 
called: Rodoquartzporphyry). 

The investigation I made in 1901 , with regard to the occurrence 
of indicator-boulders in Norlh-East Germany, further confirmed lhe 
earlier discoveri es of the kinds of boulders mentioned. With regard 
lo Dalarne some kinds of indicator-boulders were also found, which 
had not been known from there before. On this it is sufficient to 
refer partly to the section on the origin and nature of the indicator
boulders investigated , partly to the list of the indicator-boulders. 

At several of the places where the collections were made, the 
number of the boulders was not very great. This is an essential 

1 MILTHERS (1902). 
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nason for the lisl nol containing more than it docs . In large collec
tions of boulders from these provinces the indica tor-boulders from 
A. land, the bottom of the Baltic and Dalarne may ordinarily be found 
well-represented. This has been conlested by some few authors , espec
ially by Jotts . PETEHSEN but without sufficient reasons, and eYen 
without considering lhe existing evidence. When Cm-n:N and DEECKE 
for some more westerly countries lay stress on the absence of such 
"beso nders typischen Gesteine wie die fluidalstructuirten Elfdalener 
Felsitporphyre und Cancrinitsyenit«, this is not very good evidence 
-of th e absence of Dala boulders, as the boulders m entioned are on 
the whol e to be co nsid ered as proportionately rare. There is no doubt 
however, lha t Bredvad porphyry and Gronklitt porphyrite arc present, 
because they are quite common as boulders in the more eastern parls 
of Germany. Probably the other kinds of Dala porphyries may also 
be found when searched for, as ·was th e case in the north-eastern 
provinces . A rea l determina lion of the conlrary would be exlremel_v 
interesting. 

Dala boulders are however nol so common in East and \V esl 
Pru ssia as boulders from A.land and the botlom of lh e Baltic sou lh 
of A. la nd. This is a na lural resull of its being only a parl of Lh e 
boulders from Dalarne which were carried so mu ch in a south-east
erly direction pasl Sweden, tha l they cou ld be taken up by the Baltic 
ice-slream and spread about in the north-east German provinces, 
whilst others of the Dala porphyries were scattered in so uth-westerly 
directions. Only Lhe Dala boulders , which in Sweden were carried 
through th e northern part of the proYinces Soderman la nd a nd Oster
gotland, furnished any essen tial contribution to the boulders found 
in North-East Germany. Wh en it is also considered how extensive 
the r egion of distribution of the North Baltic boulders is, it is intel
ligibl e tha l the relative number of the Dala boulders is not very great 
at every si ngle place of the region of distribulion , even if il is ex
trem ely large quantities which have been brought to Lh e Baltic ice
stream over th e Swedish provinces m entioned. 

The eas tern boundary for Lhe distribution of lh e boulders broughl 
from the Smaland coasts in Lh c surroundings of Oland into the Bal
lie ice-stream, li es in North-East a nd East Germany. This is Lh e 
case with the Paskallavik porphyry and the other Smaland Gang
porphyries which are like this. In the report above mentioned, on 
coll ections of boulders in North-East Germany, it is specially noted, 
that Paskallavik porphyry is quite ce1-Lainly known as far to the easl 
as at Schlawe in Pommerania and al Glogau in Silesia. From LuNn

no1H1 's determination of boulders from East Prussia it was however 
,certain, that a boulder found at Konigsberg w as P askalla vik por-

D:111111:irks g:eologiskc t,; nde rs0gclse, II n. Nr. 2:J. G 
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phyry. There is no doubt about the correctness of the determination , 
but as the exact place of finding the boulder is not indicated, therc 
might be a question of its having come there artificially. As il has 
however been shown by investigations in Russia (next section), that 
boulders from Dalarne and lhe Aland region haYe been distributed in 
a south-easterly direction over the Baltic, with north-easterly hound
aries of dis tribution almost parallel to the line Paskallavik-Konigs
berg, it can no longer be considered as impossible that the boundary 
of the distribution of the Paskallavik porphyry really lies so far to 
the east and not in ,1/est Prussia- Silesia. Sufficiently characteristic 
indicator-boulders of gang-porphyry from the Smaland region are how
ever on the whole too rare to be suitable for the determination oi 
the boundaries of distribution. Even in their main region of distri
bution they are relatively rare as boulders. 

After my investigation in North-East Germany had been made il 
has been proved that basalt boulders from Scania have also been 
distributed as far to the east as to the region dealt with here, namely 
to Drossen and to Massin at Landsberg in Brandenburg, whilst their 
occurrence further lo the east than at Eberswaldc was not previously 
known. 

Furthest extension of the North Baltic 
and Dala boulders to the east. - Observations 

from Russia. 
When this inYestigation was begun, il was so to speak quite a 

neglected question, how far lo the east and north-east lhe Swedish 
and Aland boulders had been carried into Russia by the Scandinavian 
inland ice. Only some few notices on lhc subject existed. HJ. LUND
BOHM in his treatise on »the earlier Ballic ice-stream in South Sweden « 
(1888) had indicated in a nole (p. 174), that 2 boulders of »Rodoquartz
porphyry « (red Baltic quartz porphyry), found in Livland (without any 
more exact indication of the place), were present in the collections or 
the Geological Survey of Sweden al Stockholm. The next indication 
·was given by G. DE GEER in »SkandinaYiens geograliska utveckling « 
(p. 71 ), where be speaks about the great extent of gravel-hills al Osei, 
»that it is lhe eastern boundary of the numberless Aland boulders, 
which are distributed all over the island as far as and to this pla in 
hut not further «. Lastly, J. J. SEDEHHOUI in \'. ToLL's treatise: »Geolo
gische Forschungen in Gebeile der Kurlandischen Aa (1898)« slates re
garding lhe boulders found hy v. ToLL, lhal lhc majority »beziehl sich 
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auf Ges teine, deren anstehendes Gebiet an den Kiisten des Sudlichen 
Theil es des Bottnisch en Meer bu sens zu suchen ist«. »Au ffallend ist 
das Fchlen typischcr Varietalen dcr Aiands-Rapakiwi-Geslcine, die ich 
ahcr aus der Umgegend \Vilnas aufgelesen habe«. 

After the inves tigation in the summer of 1901 to find out which 
crystalline indica tor-boulders were present in the extreme north-eastern 
Germany, it w as soon clear to m e, that these indicator-boulders were 
very common there. They must also occur probably further to the 
east in Russia and it should be possible lo determine the furlhcs l 
houndary of their distribution there. 

In an end eavour, with th e above mentioned sparse indications as 
a basis, to sellle lhc north-eastern and eastern boundary of distribu
tion of the » Rodoquarlzporphyry « (red Baltic t1nartz porphyry), the 
Aland RnpakiYi kinds of slones, HEDSTRm1 ' s Hallie quartz porphyry 
(brown Ballic qu artz porphyry) and porphyries from Dalarne, it was 
necessary lirsl of all Lo procure a preliminary general view of the 
distribution and th en Lo settle more exac tly lh c boundari es of the 
dislrihulion . For the preliminary orientation lh e follo,Ying places 
w ere chose n: Eydtkuhnen, Vilna (and Landvorovo), Minsk , Smolensk 
and Moscow, partly because these pla ces arc conYcnicnlly situated 
for Lh c investigations, pnrlly because lhey me relatiwJy far from th e 
centres of distribution . 

To settle the boundaries of lh c di stribution more exactly - as 
far as il was possible durin g the limited lime - a r egion \\·as chosen 
nearer to the centres of the dis lribulion, namely, th e Russian Baltic 
provinces and the adjacent countri es, the distan ces and the m eans or 
communication no l preYenting th e work so much here as farther lo
wards the outer m argin of the r egion of distrihulion. 

Eydtkuhnen-Moscow. 

Eydtkuhnen. The diiuYial landscape around Eydtkuhn cn is 
apparently a m oraine lewl. The little bounrlflry riYcr Lepo nc which 
mak es ils way north of the town through a Yalley ca. 100 m . broad , 
has al some places, hy h ollo,Ying out the Yalley, formed sections up 
to 8 m . in height and consisting of red-yellow, w ea thered morain e
clay with few stones and al some places showing signs of pressure. 
On such a slope 1/t km . N. of Eydtkuhncn , a t a place wh ere the 
water had wash ed some stones out of th e naked ridge or day, \Yerc 
round: red Balti c qu ar tz porphyry, brown Baltic qnnrlz porphyry , 
Aland granite, Rapaki,·i, RapakiYi-like qunrlz porphyries and Bredvad 
porphyry. 

6* 
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Vil n a and Land v or o v o. The moraine level extends almost 
uninterruptedly along the railway from Eydtkuhnen to the east to 
Kowno, where it is traversed by the deep riYer valley, the steep slopes 
of which show splendid sections of red-yellow moraine clay covering 
horizontal, stratified sand. From KO\vno th e plain extends further 
in the direction of Vilna. \Vhilsl between Eydtkuhnen and Kowno 
il is apparently very poor in slones, the number of the boulders 
obviously increases on approaching Vilna. Near Landvorovo, the sta
tion where the railway lines \i\Tarsa,Y- Vilna and Konigsberg (Eydl
kuhnen) - Viln a mee l, great h eaps of boulders are found on th e 
fields, a nd immediately near the railway station there are gravel layers 
containing abundance of boulders. In the summer of 1902 a lon g 
section ca. 10 m . in height was found h ere, the gravel in which was 
much roll ed and contained a very considerable number of large boul
ders . Many boulders of red Baltic quarlz porphyry were found among 
the laller a nd the A. land boulders were represented by: granite, Ra
pakivi-like granite, quartz porphyry and Rapakivi-like quartz por
phyry, 1 boulder of brown Baltic quartz porphyry and 1 Bredvad 
porphyry. 

Al Vil n a the river Vilejka, which flows through the Lown from 
lh e south to lhe north, has made some steep naked slopes in the 
high KrC'slovaja hill. The hi gh sections consist mostly of extensiYc 
sand layers with inte1jacent layers of moraine-clay. These layers 
are all rather poor in stones; at the foot of lh e steep slopes a co n
siderable number of stones, washed out of the Quaternary layers, w as 
however found. The following boulders were found from Aland: 
granite, quartz porphyry, Rapakivi-like quartz porphyry and Haga
granite (?); from the bottom of the Baltic: red Baltic quartz porphyry 
a nd brown Baltic quartz porphyry; from Dalarne: Bredvad porphyry 
Gr6nklitt porphyrile (1 boulder), Hornstens porphyry (Rann as) (1 boul 
der). Besides lhese were found fragments of a quartz porphyry, which 
seemed to be nearly related to the quartz porphyries on the island 
of Hogland in the Finnish Gulf. 

Minsk. The neighbourhood of Minsk is level and poor in boul
ders ; in a small section 2 km. south of the town a fluvio-glacial 
sand-layer with a good many stones was seen, among which 12 
fragments of red Baltic quartz porphyry, granite and Rapakivi-like 
granite (?) from A.land were found. Nearly west of the town some 
fragments of A.land granite and 1 red Balti c quartz porphyry were 
found in some small gravel-pits . In GREWINGK's collections of boul
ders in lhe geological collection of the Dorpat (Jurjeff) University I 
had later an opportunity to see a boulder of Bredvad porphyry found 
at Minsk. 
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Sm o 1 e ns k . The old part of this town, surrounded by its stately 
fortress wall, is situated on the southern slope down towards the river 
valley of the Dnieper, which traverses the town . North and south 
from Smolensk extends a flat undulating tableland of moraine-clay. 
This plain towards th e Dnieper is deeply traversed by funnel-shaped 
ravines, in the sec tions of which moraine-clay is predominant. GraYel 
deposits are however also found north of lhe Dnieper al several places 
in Lhe immediate n eighbourhood of the town . Thus sections ar e found 
north of th e railway station , bul they are quite insignificant and 
their only material is ear lhy, sandy and with but few sto nes. Farther 
to the eas l there are on the other hand very large gravel-pits with 
sections, 10- 15 m. in h eight, from ,Yhich Smolensk town ge ts stones 
and gravel. The graYel-layers are covered by a material, which is 
stratified but nevertheless moraine-like and partly clayey, partly sandy. 
This uppermost coyer is var yingly thick, w eathered and of a reddish 
colour. The largest of the stones in the gravel-layers reach 1 cubic 
foot but much line material is intermixed. Th e gravel is distinctly 
fluvio-glacial and Lhe stones are w ell rounded. These are mostly from 
sedimentary kinds of rocks ; at some places they are (as far as one 
could judge) 70- 80 pCt. of the whole quantity. Crystalline boulders 
however also appear abundantly and there was h ere an excellent 
opportunity for m aking a collection. Besides some boulders, the origin 
of which was no doubl Finnish, 2 boulders of r ed Baltic quartz por
phyry and 1 of brown Baltic quartz porphyry were found. There w as 
on the other hand no certain boulders from Aland or from Dalarne. 
Boulders of quar tz porphyry found in the gravel-layers probably came 
from Hogland. 

Moscow. Nearly west of Moscow an extensive profile is found, 
where a considerable number of large a nd small stones, of which 
many originate from Fin land, occur in a large gravel-pit. It was on 
the other ha nd impossible to find a single boulder, which could be 
considered as Swedish or North Baltic. The result of an excursion 
to the w ell-known locality of inter-glacial layers from freshwater, 
Tr o i z k o i e, a nd to another inter-glacial locality west of Moscow, 
was quite Lhe same. 1 

The result of this reconnoitre, following a lin e from the w es t lo 
the east from the Prussian boundary to Moscow, is tha t all the men
tion ed types of boulders in the r egion investigated can be found east
wards b eyond :Minsk. The North Baltic boulders occur at Smolensk, 
only however as single stones. At Moscow there are no signs of the 

1 At both places a small quantity of plant-containing interglacial material 
was collected, which on return home was given to Mag. N. HAHTZ for deter
mination. 
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presence of boulders from the most northern parts of the Baltic, 
neither at places where investigations can be m ade now, nor in 
earlier collections. 

Vesenberg-Wolmar. 
In large parts of Estland the main directions of the ridges, the 

>> drumlins « etc., 1s distinctly north- south to north-west- south-easterly. 
This is specially remarkable in the surroundings of Ve se n b e r g and 
T a ps (the P eter sburg- Riga railway), where a considerable number 
of ridges - mostly from north to south - can be seen. Vesenberg 
as also ex.tends in the sam e direc tion from Vesenberg several kilo
m eters southwards . It contains an extraordina rily large qua ntity of 
boulder s of sedimentary kinds of stones, which is distinctly seen on 
the steep slopes of the numerous ch aracteristic ravines in the ridge. 
Crys talline boulders are on the other h a nd relatively few in number 
and the indicator-boulders sought for do not seem to be present h ere. 

The direction of the ice-stream in E stland appears very dis
tinctly, b esides at the ases, at se veral places in the drumlins for
m ations on the landscape. The railway passes through such a land
scape north of Dorpat (Jmjeff), the direction b eing almost north-w est 
- south-easterly. The landscape consists of several parallel rows of 
hills, extended and often flat with interjacent valleys. According to 
the topogra phical maps (with scale 1 : 126000) a landscape of this 
character a pparently ex.tends between 10 km. and 32 km. north of 
Dorpat, its breadth being from south-west to north-east 12 km. The 
topographi cal m aps show, that formations of the landscape of the 
same kind and " ·ith about the same direction are found at \Veisen
stein north of Wirz J iirv and north of \Volmar. The direction of the 
hills in these drumlins landscapes, from north-north-west to south
south-east, gives a picture of the direction of movem ent of the melting 
ice-coYer in these regions. 

At Dor pat w e h ave the most northerly traces of the boulders 
which h ad their origin from the region south of Aland, namely r ed 
Baltic quartz porphyry. In the immediate neighbourhood of the town 
the diluvial surface is moraine-clay and extends as a plain on both 
sides of the river Embach which flows through Dorpat from north
,vest to south-east. As is often the case, gravel deposits are found 
in the slopes along the river. The most considerable of such deposits 
are here in the immediate n eighbourhood of Dorpat, namely, n ear th e 
churchyard on the north-western outskirt of the town. There are 
several gravel-pi ts there with deep profiles in fluvio-glacial sand, 
containing irregular, considerable grayel-layers . Any special moraine-
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<:over on the flu vio-glacial layers w as not visible. Sedimentary rocks 
from Estland and Livland chiefly occur in the gravel, but also many 
crystalline boulders . Among these it was however not possible to 
find Swedish or Aland indicator-boulders for certain nor other boul
ders originating from the :'forth Baltic r egion ; 2 small boulders of 
red Ballic quartz porphyry were on the other hand found a little to 
th e south-west of the town in some gravel h eaps, which w ere said 
lo be used for improving the roads and originated from the gravel
pits m entioned. 

A quantity of Finnish Rapakivi kinds of rocks occur as fi eld
stones in the n eighbourhood of Dorpat, e. g. near \Vahi 3 km. north 
of the town. Boulders of a charac teristic quartz porphyry, originating 
from the Island of Hogland in lhe Finnish Gulf, likewise occur. 
\Vhilst a very large number of th e boulders in th e gravel-layers at 
Dorpat are sedimentary rocks, the field-ston es are solely crystalline 
kinds of stones. 

\Valk . The significance of the discovery of red Baltic qu artz 
porphyry at Dorpat has been co nfirmed by similar discoveries at 
,valk, ca. 80 km. S. S. \V. of Dorpat. The layers from the Glacial 
Period are h ere almos t devoid of stones. North of the small river 
,d1ich flows through the Lown, the terrain is morain e-clay and -
n earest to the river - blown sand . Profiles in small-grained gravel 
with few stones occur south of the river. 1 boulder of red Bailie 
quartz porphyry and 1 boulder of Aland granite were found in such 
<l gravel-pit at Kalumelder mill 4 km. N. W. of \Valle 

\Volmar. More numerous discoveries h ave b een m ade in the 
s urroundings of \i\Tolmar . North of thi s town is a r egion the char
acter of which with distinct directions is only seen on the general 
staff's map (1 : 126000) and recalls the drumlins . It is described by 
B Doos I a nd its formation is quite analogous ,vith the drumlins
landscape in Pomrnera nia described by KE1LHACK. The directions of 
I.he drumlins-hills al \;\Tolmar is mainly N. \V. - S. E., thus indicating 
lhe direction of movement here of the last ice-cover. The whole 
region extends 28 km. in N. \V - S. E. and 22 km. in N. E. - S. \V. 
Se\'eral boulders of r ed Baltic quartz porphyry, 1 Aland granite and 
1 A.land quartz porphyry \Yere found, partly as field-stones and partly 
rn gravel h eaps along the road h ere. 

In a gravel-pit 500 m. S. of Wolmar railway station a boulder 
o f Rapakivi-like quartz porphyry from Aland was found ; in Kaugers
hof gravel-pit 5 km. S. E. of Wolmar Aland granite and red Bailie 
quartz porphyry were found . Both these gravel-pits had only a small 

1 B. Doss : Ueber das Vorkommen von Drumlins in Livland. Zeitschr. d. 
Deutschen geol. Gesellschaft. 1896. 
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depth; the gravel appeared without moraine-cover. The first gravel
pit ,vas rich in stones, Kaugershof gravel-pit small-grained and sandy 
especially in the upper layers. At both places the collecting of boul
ders was difficult, the pits being much filled with wa ler. 

In a gravel-pit at ,vegin ca. 5 km . N. E. of ,volmar a high sec
tion occurs in the northern side of a small glen lateral to the large 
valley of the river . About 1 m . of moraine-clay almost without stones 
occurs uppermost ; beneath it is sand containing gravel-layers with a 
considerable number of larger and smaller stones . The original layers 
were at the time of investigation almost quite covered by displaced 
and sloping masses of earth, but in the material dug out several 
fragments of r ed Baltic qu artz porphyry, Aland granite and Aland 
quartz porphyry were found, besides 2 boulders of Bredvad porphyry 
from Dalarne in Sweden. 

This discovery is of special interest when one rem embers th a l 
the eastern boundary or the distribution of the Dala boulders in 
Sweden 's Quaternary passes almost through Stockholm, and that th ese 
boulders are hut seldom found in the most northern part of Goth
land. The most eastern boundary of distribution of Bredvad por
phyry seems almost certainly to be situated somewhat more easterly 
than that of the other Dala boulders. It is thus mentioned by LuND
BOHM , that boulders of Bredvad porphyry have been found even more 
lo the east than Stockholm, though only sporadically. According lo 
HEDSTROM (1895) such boulders have also been found on Gotska 
Sandon. The line of connection between the outermost distribution or 
lhe boulders in Sweden and in Livland seems however to indicate, 
that there has been a part of the Glacial Period during which the 
direction of movement of the ice in these regions was inclined more 
to the east than was the case during the last movements forward 
of the ice. 

The drumlins landscape mentioned indicates that the last direc
tion of movement of the ice-cover at \Volmar was north-west- south
easterly. An as at St. Matthia 1 west of Burtnecker See has a direc
tion quite in agreement with this . The group of lakes at Lemsal ~ 
about 45 km. west of Wolmar seems to indicate a still more north
south direction of the ice 's movement. The direction of movem ent 
of the last ice-cover in these Livland regions, as welJ as also in the 
more northern regions of Estland has thus apparently on the whole 
been N. N. W .-S. S. E. 

1 B. Doss: Ober die Ases von St. Matthia in Livland (Korrespo n'denzblatt 
des Naturforsch. Verein zu Riga. 38 1895.) 

2 B. Doss: Zur Geologie der Yungfernhofschen Seen und ihrer Umgebung 
in Livland. Ibid. ~ 
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In Central Sweden Lhe direction of th e ases indi ca les th a t lhc 
direc tion h ere durin g th e melting w as alm ost n orth- so uth to norlh
w es l- sou th-eas t. Th e las t movement passed Go lhl and in Lhis direction. 

The Bredvad porphyries have thus evid entl y been ca rri ed lo Liv
la nd by ice-stream s whi ch ha ve devia ted to the eas t. Il is how
ever n ot unlikely, th a l lh e boulders also in Sweden h ave been spread 
fa rther to the eas l tha n th e present boundary of di s lribu lion sh ows. 
And it is not unlikely, tha t bould ers, origina lly carried fro m Dalarne 
so uth-easterly toward s a nd lo lhe surroundings of the Aland isla nd s, 
h ave been again ta ken up by an ice-s tream from lhe Gulf of Bolhnia 
and carried in a m ore soulherly direction to be deposited in Livland 
together with A.land and other Bothnia-Baltic s tones. The scarceness 
of the Dala boulders in Liv land is explained in Lhis way; they are 
thus h ere on a sort of secondary bed in relation to the Aland boulders. 

The conditions of the diluvial surface in Estland and in the par ts 
of Livland sp oken of h ere indicate as m ention ed that the m oYement 
of the ice durin g the melling of the last cover was from n orth-west 
to south-cas t. In the surro undin gs eas t of Riga th e »Ka nger s « h ow
ever indicate an o ther west-easterly direc tion , a n d co nditions sh owing 
the sa me ar e fo und already a l \ :Volmar, n a m ely, Lhe r iver-terraces 
along the Livland Aa. 

From \ Volm ar to \Vegin w e fo llow Lhe old hi gh road towards 
\Valk along the riYer Aa a nd for a long distance fo ll ow the boundary 
belween the high la nd an d a ri ver terrace. The high land is a m orain e 
leve l a nd in immedia le connection wilh Lh e fl a t un dulating drumlins
lan dsca pe belween Lh e A.a a nd lhe Burtn eck er lak e. The terrace a l 
som e places h as a breadth of several hundreds of m eters a nd is quite 
a h ori zontal surface situ a ted about 15 m . aboYe Lh e normal flood 
wa ter-lin e. It is mos t developed over a dis ta n ce bel\Yeen 1 km. a nd 
3 km . north-east of \:Volmar and immedia tely at the Low n merges 
imperceptibly into the high er situated landscape; 1- 2 km. east of 
the to,,vn the river h as cut a section into the terrace 5- 600 m . m 
length, from which w e ca n see how regular ils construction is . A 
sand layer of 1 m . in thickness is uppermost, under this is a strati
fied layer, partly sandy clay of a blue-gray colour and 1 m . in thick
ness. The clay layer cover s a sand layer of a thickness of several 
m eter s with homogen eo us grain s and quite h o rizontally stratified in 
lhe whole extent of the section. The absolute h eight of the Lerrace 
is 50- 5:"J m . a bon· the level of the sea (the General Sta ff 's ma p in 
l : 420000 gives for \Volmar a h eight of 170 E ng. fee t [= 51 ,s m .]), 
and \Volmar railway s tation is situated at a h eight of 51 m ., a bout 
the same as lhe terrace. 
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About 10 m . lower tha n this terrace lies another which is most 
dis tin ct ca. 5 km. north-eas t of \ :Volmar. It also appears in the neigh 
bourhood of W olm ar but is h ere mu ch hidden by blown sand. 

The origin of Lhe terraces is however probably to be sought for 
in a once present ice m argin Lowards Lhe west, whereby a dam h as 
b een form ed for a lake into whi ch the sa nd and clay layer s of the 
ter races h a \'e been deposiled . The direction of several of Lh e Livland 
rivers, am on g others a lso the Aa, is perha ps also partly du e to an 
ice m argin between the Aa and Riga Gulf. The further co urse of 
this ice margin Lo the so u th is seen from the conditions in the n eigh
b ourhood of Riga. 

The neighbourhood of Riga. 

The ter rain surrounding Riga consists over a wide circuit of a 
fl at plain on which rise several ases. Their direction is parallel to 
the n ear -lying rivers, and as these in the region of the Riga plain 
h ave the sh ape of a fan converin g towards Riga, the directions of the 
ridges h ave a simil ar fa n-like disposition, each ridge pointing towards 
Riga . Ma ny of Lhese ases are known from the literature and could 
from beforeh a nd be expected as excellent localities for collecting boul
ders. The m ost eas terly, Lh e small Kanger, th e grea t Kanger and Oger 
Ka nger have been described by B. Doss.1 Galgenberg, Rullekaln and 
Kru schkaln and som e few others h a ve been described by E. v . ToLL.2 

E. v. To u through his investi gations h as collected a good many 
crys talline boulders. \~Tith regatd to their nature and origin J. J . S r-: oER
H OLM ha s communi cated to v. TouH the following : »Die Mehrzahl 
der Blocke bezieht sich auf Gesteine, deren ansteh endes a n den Kiisten 
des si'tdli chen Theiles des Bottnischen Meerbusens zu such en isl, und 
das weisl auf ein en Geschiebetransport aus diesen Gegenden hin . Was 
den iotnischen Sandstein a nlangt, so steht er nicht nur bei Bjorne
borg an, sondern Geschiebe desselben finden sich a n allen Ufern des 
Bottnischen Meerbusens ; deshalb ist es nicht leicht den genauen 
Fundort der in Kurland gefondene Blocke festzustellen . Dasselbe gilt 

1 B. Doss : Die geologische Natur der Kanger im Rigaschen I<.reise unter 
BerC1cksichtigung ihrer weiteren Umgebung. Mil 7 Tafeln. Festschrift des 
Nalurforscher \'erein s zu Riga in Anlass seines 50 jahrigen Beslehens. 1895. 
p . 161 - 260. 

2 Bulletin du Co mile Geologique 1892 XI p. 182. - Bull. du Comilc Geo!. 
1895 XV p. 153- 155. - Bull. du Comite Geol. 1896 XVI p. 155- 190 - Sitzungs
berichle der N alurforscher-Gesellscbaft bei der U niversihil J urjeff. 12. 1898. 
p. 1--33. (Tile!: Geologische Forschungen im Gebiete der Kurliindischen Aa). 

8 ToLI,: Geologische Forschungen etc. 1. c. p. 13. 
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vom Olivin-Diabas . Der iiltere porphyrische Diabas dagegen stimml 
vollkommen mit solchen i'tberein , welche an den Grenzen der AJands
Rapakiwi-Gesteine verbreitet sind. Auffallend ist das Fehlen typischer 
Varietaten der Alands-Rapakiwi-Gesteine, die ich aber aus der Umge
gend Wilnas aufgelesen habe. Das stimml mit der Thatsache iiberein, 
dass namlich auch in den Sammlungen des Kopenhagener Museums 
die Varietaten des Quartz Porphyrs vorherrschen, im Gegensatz zu 
ihrer heutigen Ausbreitung auf den Alands-Inseln «. 

» Unter den iibrigen Gesteinen ist der Uralit-porphyrit besonders 
charakteristisch. Das Vorhandensein von Blacken di eses Ges leins be
w cis t for sich schon, dass die Gletscher zum Theil i.'tber das Finlan
dische Festland gegangen ist. In Anbetracht dessen, dass in Kurland 
A. landsgesteine vorhanden sind, kann man erwarten, dass milder Zeit 
auch Gesteine gefunden werden, welche zu den typischen Rapakiwi 
Yon Raumo und Nystadt gehoren «. 

At other places also, v. ToLL mentions the discoveries he has 
made by his investigations, and B. Doss mentions several times in 
his treatise on th e » Kangers « that » Gerolle finnlandischer Gesteine « 
are found here. 

Gal gen berg at Tu k k um. The country westwards from Riga 
is quite low and flat until quite close to Tukkum. A stream flowing 
in the direction west-east runs south of the town, a nd to the north 
\Ye find conical hills which seem generally to contain gravel and stones 
abundantly. Galgenberg lies 1 km. wes t of the town and its direction 
is north-south. Its southern end is a litlle norlh of lhe stream men
tioned and a large section is found here, partly a transverse section, 
partly a longitudinal one ·wi th a height of aboul 2fi m . The material 
is predominantly fine gravel with finer sand layers but also ,vith 
numerous stones up to the size of a fisl. Of slones num erous boul
ders of r ed Baltic quartz porphyry were found here, granite, quartz 
porphyry, Rapakivi-like quartz porphyry from Aland and a doubtful 
boulder of brown Baltic quartz porphyry. 

North from lhis ex tends Galgenberg with a typical as shape for 
many kilom eters and with several sections. At a section norlh of the 
churchya1=d situated on the as, north-west of Tukkum , where the 
material contained more stones and ·was on the whol e of a coarser 
nature than that at the southern end of the as, boulders were found 
of red Baltic quartz porphyry, Aland granite, Rapakivi-like quartz por
phyry and one Bredvad porphyry. In the numerous graYel-pits norlh 
and north-east of Tukkum many boulders of red Baltic quartz por
phyry were also found and A.land kinds of rocks, but on the other 
hand no brown Baltic quarlz porphyries or porphyries from Dalarne. 
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0 g e r Kan g e r is a long row of hills extending along the Diina 
river 25- 50 km. S. E . of Riga. The co urse of the single parts of the 
as is very complicated and branching and they contain numerous 
large ravines. The extensive »Ballastgrube« 5 km. south-east of Oger 
was especially suitable for the in-vestigation of the boulders. A section 
occurs h ere which however only uncovers essentially the uppermost 
of the gravel-layers or the hill, which are very stony, but benea th 
these layers sand layers are also seen with discordant parallel-structure. 
A large number of boulders of sedim entary origin especially w ere 
found. Among th e crystalline boulders seyeral were found of red Bal
tic quartz porphyry and Aland Rapakivi-like qu artz porphyries. Dala 
porphyries or brown Baltic quartz porphyry were on the other h and 
nol found. 

Ru 11 e k a l n is a fl a t region with ltses which begins ca. 6 km. 
soulh of Mitau and continues to the south-south-west along the Schwed 
brook, its length being ca. 9 km. It is very regular in its course, and 
its breadth is Yery great in proportion to ils height. At its northern 
end there is a very large section, 5- 600 m . in length, showing excell
ently the stratified, coarse material contained by the ridge here, in 
which the sedimentary boulders are predominant. Among the cry
stalline boulders many were found of r ed Baltic quartz porphyry and 
the A.land kinds of stones: quartz porphy ry, Rapakivi-like quartz por
phyry, Rapakivi and granite. In addition to these 4 boulders of 
brown Baltic quartz porphyry and 1 boulder of Bredvad porphyry 
were found . E. v. TOLL has given a description of the section in his 
»Geologische Forschungen «. 

Kru sc hkaln is a row of hills 10 km. in length, 4 km . south 
of Behnen station on th e railway lin e Mitau-Libau (ca . 45 km. S. W . 
of Mitau) and extends in continuation of the Sala brook in an eas t
,vest direction. It is on the whole r ather broad and of a considerable 
h eight with bu l few irregularities in its course. North of Kaij en Krug, 
4,5 km . S. S. \'f\T. or Behnen station, a section was found wilh rather 
fin e grained gravel, in which I succeeded in finding the following 
indi cator-bould ers : red Baltic quartz porphyries in many specimens, 
Rapakivi-like granite, quartz porphyry, Rapakivi-like quartz porphyry 
from A.land and one boulder of brown Baltic quartz porphyry. 

In a large gravel-pit at Kruschkaln Krug , 4,5 km. S. S. E. of 
Behnen station, numerous boulders of red Baltic quartz porphyry and 
of the A.land rocks w ere found ; furth er, several boulders of brown 
Baltic quartz porphyry and 2 boulders of Bredvad porphyry and 2 
of Gronklitt porphyrite from Dalarne. 

The investigations on th e crystalline boulders in the deposits of 
gravel in the neighbourhood of Riga thus show, that boulders of red 
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Baltic quartz porphyry and of A. la nd rocks are abundanlly presen L 
here. Brown Baltic quartz porphyry appears in the deposits so uth 
and south-west of Riga , not co mmonly however, but haYe not been 
found in the »Kangers « eas t of Riga; the same is the case with Bred
vad porphyry. The discoyery of the Gronklitt porphyrites in Krusch
kaln also shows howeYer, tb a l this place is inside the region of distri
bution of the Dala boulders, eYen if l3redvad porphyry is excepted, 
whi ch may also be found in fixed rock farther Lo the north than in 
Lhe Elfdal-region. 

The surroundings of Reshitza. 

In Lh e neighbourhood of Kreutzburg north o [ DC1na we find a 
co untry whi ch cx lends se\'eral hundreds of sq uare kilomelers a nd is 
very distin ctl y orientated in the direction Vil. S. \V. - E . S. E. ll co nsists 
of long para ll el ridges with intermediate valleys. The resu lt of my 
obsenations, partly in the near neighbourhood of Kreutzburg parUy 
alon g th e railwa y eas twards from th ere, is that the ridges essentially 
consist of morain e-clay . This orientated ro\\· of hills may possibly he 
considered as drumlins-like formati ons deposited from the west during 
a period, when a glacier which ha s coYered the Riga region extended 
thu s far to th e east. 

Further to th e east thi s regularl y undul a ting terrain passes over 
into a quite smooth plain , co ns istin g partly of sand, partly of moraine 
deposits and partly of peats. Along the railway lin e Kreutzburg
Reshitza this plain only ends 7 km. cas t of the station of Veliony 
or 17 km. west of Reshita. A landscape is found h ere, which is not 
exactly very hilly but it contain s an unusually large number of boul
ders, partly of the size of a fist or a h ead, par tly considerably larger . 
The contras t between the low-lyin g plain with so few stones and this 
land scape wilh such a number of boulders is Yery striking. It h as 
an eas l- west ex tension of ca. 3 km., and is continu ed eas lwards by a n 
undula ting hilly la ndscape without many stones; in such a landscape 
Reshitza is situated. 

In som e sm a ll gravel-pits 2 km. south of Reshitza 2 boulder s of 
red Baltic quartz porphyry were found and one boulder of possibly 
A.land granite. 

An excursion was made from Reshitza to this landscape, ri ch in 
boulders, which extends from the railway east of Veliony northwards 
past the church-town D ri tz an e and the manor-house Tau nag i 
20 km. N. Vv. of Reshitza. The road from h ere to Drilzane passes 
through an undulating la ndscape without m a ny stones. In gravel-pits 
which were passed only a single A. land gra nite ,ms found. At Dritzane 
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can be characterized as a terminal morain e landscape extending south
south-west in Lhe direction of Ve li ony and northwards and north
eastwards, perhaps past the church- Lown Rogowka situated 12 km . 
N. E. of Dritzane and 21 km. N. of Resbitza. The landscape is rathe1· 
hilly, and the longitudinal ex Lension of Lhe hills surrounding Dritzanc 
and Taunagi is apparently N.-S. \Vhilst this landscape, rich in 
boulders, borders to Lhe eas L and south-eas t on a morain e landscape 
without many sLones, Lo the north-west and west - towards Lubahn 
Lake, it is limiLed by a sand and peat plain of immense extension . 
Between Dritzan e and the manor Taunagi 3 km. more to th e north , 
red Baltic q uarLz porphyry was found among the fi eld-s ton es and Lhc 
following boulders from Aland: RapakiYi , granite, quarLz porphyry 
and Rapakivi-like qu artz porphyry. 

The discowries on the railway lin e 10 km . eas L of Veliony in 
Lh e same moraine region were : 2 red Ballic quarLz porphyri es, l Aland 
quartz porphyry, 1 Rapakivi-like quartz porphyry, 2 RapakiYis from 
Ala nd and a doubtful Aland granite. 

The glacier which - from the so uLh and south-easL - deposited 
this stretch of marginal morain e and carried down Lhe A.Jarid and 
the Baltic boulders h ere, has howe\'er farther Lo the south left a much 
more distinct track in Lhe form of indicator-bou lders. 

An excursion was mad e from Heshitza to the town of Os tr of. 
The terrain from the raih\'ay sLaLion Iwanowka, 25 km. N. E . of 
Reshitza, where Lhe hilly moraine landscape crosses the railway lin e, 
and farther north is very 11a t and with few boulders right to OstroL 
There are also but few stones n ear Ostrof. I did not succeed in 
finding A.land boulders here, but on the other hand several Finnish , 
among th ese a lso qu artz porphyries from Hogla nd . 

Svenziany--Glubokoi. 

On going by th e railway southwards from Reshi Lza pasL Dwinsk , 
a region mapped out by 1''1iss A. MrssuNA is r ea ch ed at Ignalino s tation 
ca. (50 km. south of D,Yinsk . The r egion , 22 km. in len gth, from 
h ere lo Svenziany station is characLerisLicall y sandy from the m ellin g 
away of the ice-coYer ; Lhe same is the case with Lhe region east,Yards 
from Svenziany station to SYenziany Lown siLuated 10 km. to the 
eas t. This sand also ex tends a Jilli e Lo th e eas L of Svenziany town. 
The Lerrain here howeYer soon changes its character. About 3 km . 
S. E. of the town there is a large qua nLily of stones of the size of a 
fist and others not so large lying loose on the surface. An unusually 
large number of boulders of red Ballic quartz porphyry occurs h er e, 
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and a great many Aland rocks. I took with me 2:1 boulders of red 
Baltic quartz porphyry and 12 boulders of granite, qt1 artz porphyry 
and RapakiYi-like quartz porphyry from A.land. In addition 4 boul
ders of brown Baltic quartz porphyry and 4 boulders of Bredvad 
porphyry were found. 

Farther to th e eas l the number of the stones increases still more 
and Lhe size of lhe stones becomes larger , but the terrain is still 
quite flat . At .Jantschung 5 km. E . S. E . of Svenziany boulders of Lhe 
size of a fist and up lo a head appear abundantly . \i\'estwards th e 
terrain is as mentioned flat ; eastwards lher e is a sleep slope towards 
a peal-bed overgrown wilh trees, to the eas t of which is a more hilly 
moraine la ndscape . From .Janlschung northwards to Bidawtschischki 
(or \Vidawlschischki) th e terrain gradually allers lo a region wilh many 
small hillocks, the ridges of which do not shO\Y a ny particular orien
tation. An unusually large number of stones large as the h ea d appear 
on the surface, whilst on lh e olher hand no ver y la rge boulders are 
found. Miss M1ssUNA's designation »terminal moraine la ndscape« is 
h ere very fillin g. It seems diffi cult lo distinguish a ny single marginal 
moraine h ere, bul the character of the whole la nd scape is undoubt
edly terminal morain e-like. An enormous number of reel Baltic quartz 
porphyry and of Aland boulders occur h ere. I look with m e 11 reel 
Baltic quartz porphyries, 1:1 boulders of Ra paki vi, gra nite and quartz 
porphyry from Aland. Besides, I found 6 boulders of brown BaHic 
quartz porphyry and 1 BredYad porphyry. 

This abundant qu antity of indi ca tor-boulders from the Aland r e
gion showed that the latter might be found still considerably farther 
to th e eas t. From SYenziany a railway runs 100 km . eas twards lo 
G l u b o k o i. From Svenziany south-eastwards the railway first trav
erses lhe outwash-plain; in the n eighbourhood of the firsl station 
L yntupy, a landsca pe, enormously rich in boulders, is passed and at 
the station itself w e go through th e inn er, north-easterly side of the 
terminal morain e. The railway from h ere and to the las t station 
I3ereswetsch (Glubokoi) crosses an extended, uniform moraine plain , 
lo the south of which stretches the terminal morain e in a great cun-e, 
the most eas terly parl of which is reach ed near Glubokoje. About 
4¼ km . from this little village a numerou s quantity of stones, large 
as a fist a nd smaller, occur loose on the surface or gathered in 
small stone h eaps. The inclicalor-boulders found ,Yere 27 r ed Ballic: 
quartz porphyr ies , 19 boulders from Aland of all lh e kno,Yn types or 
RapakiYi rocks, 8 boulders of hrown Baltic quar tz porphyry and 1 

boulder of Bred vad porphyry. This number of stones was collected 
durin g 2-3 hours , and a specimen \Y as tak en of each of the boulder s, 
th e id entity of which with known types could be scllled with secur-
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ity. According lo Miss M1ssuNA the terrain is h ere sand outside the 
moraine line. - Many large boulders however appear firmly fixed in 
th e earth 's surface, rather indicating that a morain e deposit is pres
ent here. 

Silesia- Saxony- Hanover- Westphalia. 
Our knowl edge of the distribution of lhe Scandinavian boulders 

in the southernmost glaciated regions in Central Germany is if pos
sible less than our knowledge concerning the Baltic region in the 
more res tricted sense. \\Te know tha t Ballic boulders - a lso the 
Gang-porphyry from Smaland - h ave been met with as far to the 
east as in Sil esia. Bul from countries still farther to the eas t we 
have on the whole only on e observation, G. DE Gn:n h aving fo und 
quartz porphyry from Ala nd at Przemysl west of Lemberg. 

The northern boulders lrnYe been i1westigated in Silesia by TH . 
LIE BISCH in 1874 ; unfortunately his work appeared Loo early to gel 
th e importance for Quaternary Geology, which it no doubt would have 
h ad if it h a d a ppeared several years later . 

The only known indicator-boulders at that period were th e Dala 
porphyries. LrnB1sc 1-1 a lso mentions, that in th e country b etwee n 
Polkwitz and Dalka u, h e found Elfdal porphyry with fluid-like struc
ture. From Rixdorf near Berlin h e m entions discoveries of quile the 
same kind and from Lyck in Easl Prussia a similar boulder. \\Tith 
r egard lo Silesia L1Emsc11 says in gen eral th at Lhe Elfdal porphyries 
»in faust - bis kopfgrosse n vereinzelten Sti.icken « are found in this 
country ra Lher frequently in the northern diluvia l deposits. 

In addition to the boulders of Dala porphyry which are m en
tioned by LIEBISCH himself, it m ay be sta led , that the boulder from 
Trebitsch near Glogau, which he has described in his paper on pag. 
23, -! and 2 b , is also Elfdal porphyry. As I have m entioned before, 
J have h ad the opportunity to see a fragm ent of this boulder in th e 
collec tion at the Dorpa L U niYersity. The boulders from several » Fnnd
orten des Kreises Glogau, Polkwitz, \Vilschau, Dalkau « b elonging to 
Lhe same group in L1Emsc 1-1 's treatise h a Ye probably also their origin 
from Dalarne ; bul Lhis ca n only be settled by a new investigation . 

Some others of 1.he boulders investigated by L1 EB ISCH are Aland 
quartz porphyry, for instance a houlder (3 a pag. 18 in the treatise) 
from Gross L eipe, of which I have seen a fragment in the collection 
at Dorpat. Probably this is the same boulder which is mentioned 
by G. DE GEER in his treatise »Om den skandinaviske landisens andra 
utbredning « (pag. 31 ). G. DE GEER has here further mentioned dis-
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coveries of A.land Rapakivi at ,valdenburg and at Striegau in Siles ia 
a nd of A.land quartz porphyry at Striegau and a t Breslan . 

Finally, I may again mention a discovery of P askallavik por
phyry at Suck.au near Glogau which has been noted before. I had an 
opportunity to see a fragm ent of this boulder in Grewingk's collec
tion at the Dorpat UniYersity. Probably it is a fragm ent of Lhe same 
boulder, which G. DE GE EH has seen in the museum of Breslan. 

From th e Kingdom of Saxony Scandinavian stones, the 
n a tive home of which could be determined, have been known since 
1872; in that year A. PENr.1, discussed the occurrence of basalt boul
d ers from Scania at Leipzig. 

Later , H. CREDNER (in 1879 and 1880) mentioned discoveries ot 
Elfdal porphyry at Kleine Steinberg near the station Beucha on the 
Leipzig- Dresden .railway, at Leipzig and at Tauch a, further, discover
ies at Leipzig of Rapakivi-like granite from A.la nd. In 1881 A. E. 
ToRNEBOHM was able to determin e the presence of Cancrinitsyenilc 
from Dalarne at Leipzig. 

In »Erlii.uterungen zur geologisch en Specialkarle des Konigrei chs 
Sachsen « many discoveries of boulders from A.land and Dalarne ar c 
m entioned and further - on some few maps - a lso discoveries of 
basalt from Scania. Supposing thal the determinations are correct, \\T 

see that boulders of rocks from A.la nd and Dalarne are distributed over 
lhe whole northern part of the Kingdom of Saxony, and lo the easl 
they are met with almost to the southern boundary of the extension 
of the land ice. The discoveries of the basalt boulders from Scania 
especially are interesting. The latter are found on several maps in the 
north-weslern part of Saxony both Lo the cast and wesl of Leipzig .. 

During a visit (in 1904) to the Muse um of the Saxony Geological 
SurYey al Leipzig I had an opportunity to obsen-e boulders of quartz 
porphyry and of Rapakivi -like quartz porphyry from A.land, Bredvad 
porphyry a nd other porphyries from Dalarne. Further, I noticed in 
the collection boulders whi ch possibly originated from A.ngermanland, 
1 boulder of red Baltic quartz porphyry, boulders of Gang-porphyry 
from Smaland (P askallavik porphyry) and also boulders of basalt 
from Scania. In th e explanation of th e geological map Wurzen (No. 13) 
is mention ed a discovery of a rhomb-porphyry from the neighbour
hood of the Christiania Fjord. This fragm ent is also contained in 
th e collection, but is not a rhomb-porphyry. Possibly it is a boulder 
of Gang-granite porphyry from Smaland (P f1skallavik porphyry or 
some nearly related kind of stone). 

In th e environs of Hall e, K. VON KRAATz-KosCHLA U has in 
vestigated the Scandinavian boulders and collected material especially 
in the graYel-pits at Goldberg a little to th e north-east of Halle. Using 

Dan1narks geo logiske L11ders0gcJse, II H. i\r. 23. 
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A. G. H6GB0~1 's determinations as a hasis he stales in his lreatisc 
(1898) that Rapakivi granite and quartz porphyry from A.land are 
<.:ommon, Bredvad porphyry and other porphyri es from Dalarnc: <.:om~ 
mon, Helle ll ints from Sm a. land: common, P {1skallavik porphyry and 
\\Tirbo granite from Smaland : nol common , basalt from Scania : not 
common. As a result of his investigations voN K1uATz-Kosc1-1LA U main 
tains that lh e majority of the crystallin e boulder s m et with in lhe 
neighbourhood of Halle originale from Sm ttland and Dalarnc; from 
this h e co ncludes, that th e direction of movement of th e la nd-ire, 
which has cl eposited the m a terial of boulders, has been between N.- S . 
an d N. N. E.- S. S. V?. 

During a visit to Halle in the sum m er of 1904 Prof. K. v. FH1Tsc1-1 
kindl y obtained for m e lhe opportunily lo study the boulders which 
h ad been investi gated by VON KHAATZ-KOSCHLAU and ar e no,y in the 
coll ection of Halle U niYersity . Here I savv, besid es the boulders m en
tioned by v. K.-K. , a m ong others a lso a boulder of brown Baltic quartz 
porphyry, which h a d been found a l Goldberg. On the same occasion 
I made an excursion with Dr. E. \V usT lo the gravel-pits at Goldberg. 
Here I found the following boulders: 

1 Red Balti c quartz porphyry, 
1 Brown Baltic quarlz porphyry, 
2 A.land quarlz porphyry, 
5 A.land Rapakivi-likc quartz porphyry, 
4 A.land Rapakivi, 
1 A.land granite, 
4 other Balli<.: granites, 
7 Bredvad porphyry, 
1 Gron-ldi tt porphyri te, 
1 Hornstone porphyry. 

20 of lhese bould ers w ere thu s or Baltic ongm whilst only ~) 
originated from Dalarn e. I also saw H elleflints but no P askallavik 
porphyry . ~ Te look away specimens or almost all the crystalline indi
cator-boulders we found , but the malerial was not so exceedingly 
large that we could ex pec t to gel from them a complele piclure of 
Lh c composition of the group of boulders . The col lection however 
shows a decid ed majority of Ballic materials. 

A collection in a gravel-pit 2 km. ,Yest of Schraplau (a raihYay 
s tation ca. 22 km . \V . hy S. of Hall e), which I also had an oppor
Lnnity to Yisil, gave a more distincl impression of the r elatiYe fre
quency of the Dala boulders in Lhis part of Lh c glaciated region . The 
boulders w ere here predominanlly fragments of local rocks, among_ 
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which however ~1 number of Scandinavian indica tor-boulders w ere 
seen. A chalk cover on almost al] the boulders mad e the search for 
indicator-boulders diffi cult. I found th e followin g: 

1 Red Baltic ([ uarlz porphyry, 
2 Aland quartz porph yries, 
2 Aland granites, 
\I Bredvad porphyri es. 

The r elatively large number of Brcdvad porphyries from Dalarne 
is rath er striking h ere. Their numeri.ca l preponderance to th e Baltic 
boulders is however somewhat n eutralized by the a bsence of other 
Dala porph yri es tha n Bredvad porphyry. 

The glacial s tria tion in th r. surroundings of Halle and o[ Leipzig 
indicates a directi on of movem ent from N. N. \ ;V_ Lo S.S. E. The pre
se nce of the basalt boulders points some,vhal in th e sam e direction . 
The most eas ter ly boundary of th eir distribution is near h ere ; Lb e main 
distribution is mu ch farther to th e north-west The few boulders of 
basalt from Scania , found in Saxony, can therefore not be used as an 
expression of a norma l or direc t movem ent of th e ice in north-south 
direction from Scania to Saxony. AL any rate th ey can partly ha w 
bee n carri ed hy a moYem enl more N . \V .-S. E . ,vhich, from the ce n
tra l region of distribution of the basa lt, has distributed single boul 
ders fan-shaped la terally. The fact , Lhat boulders or South Swedish 
kinds of s tones like th e basalt h ere are to be found nea r th e boundary 
or th eir most eas terl y distribution, shows that the Dala boulders in 
Saxony h aYe not been carried directly from Dal arnc over Scania lo 
Saxony. A part of th e material from Da larn e has probably go ne over 
Den mark a nd h as - together ,Yith th e basalt boulcters - been 
brought Lo Saxony by a norlh -north-wes t- south-south-easlerly direc
tion of th e ice, as is indi ca ted by the stri a). 

A large part h as howner probably arriYed together with lhe 
Baltic materi al from the N. N . E. or N. E . Considering especially th e 
discoYeri cs al Goldberg lh e Baltic materi al is present in no small 
qu antity. This is seen both from the relatiYely large number of 
boulders a nd from the abundant presence of th e different va ri eti es 
or bould ers. II is not single types \Yhich haYe been heaped up here 
hut the ,vhole family of b oulders is represented. In Lhis lies especia lly 
th e predominan t:e O\'Cr th e material from Dalarn e. It is probable, 
lhnt the Baltic glacier-stream , whi ch carried down this material, has 
also brought th e main number ol' the Dala boulders to this part of 
Saxony. Amon g ma terial from th e so uth-easternmost part of Sweden 
in this stream th ere arc Hell eflinls and PaskallaYik porphyries, but 
th e main stream has been more Ballic lhan radial. 

7* 
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Extremely little information about the distribution of boulders 
in the region farther to the north-west in Germany is available. 
F . WAHNSCHAFFE in a paper from 1885 states discoveries of A.land 
boulders in the neighbourhood of Magdeburg and in the neighbour
hood of Altenrode north of Harzen. The same investigator in 1882 
m entions discoveries of Elfdal porphyry and » Finnlandrapakivi « at 
Velpke 30 km. N. E. of Brunswick ; in the same treatise it is noted, 
that the boulders at the Dromling more to the north »vorzugsweise 
aus Nord- und Si'td-Dalekarlien sowie aus Smaland stammen «. It 
does not appear from the treatise how far _this observation is based 
upon a r eal statistical examination, but this has probably not been 
the case. There is also good reason for doubting the correctness of 
placing Smaland so much in the foreground as W AHNSCHAFFE has 
done in this connection. Smiiland can scarcely be considered to be 
the native place of an exceptionally large number of such crystalline 
boulders, for which lhe determination of the native place is possible 
with security. As will be_ seen from the following there may on the 
other hand be some probability that the statements with regard to 
Dalarne are correct. 

As has been shown, boulders from Dalarne appear in the Quat
ernary surrounding Halle in no inconsiderable quantity . The relatiYe 
number of Lhe Dala boulders is however much more prominent in 
the countries between Brunswick and Ha.nover. In 1904 I had 
an opportunity to make investigations and a collection of crystalline 
boulders in two gravel-pits at the near-lying villages Horst and 
\Vipshaus e n ca. 17 km. N. W. of Brunswick ; the boulders were in 
fairly large number and of about a hen's egg in size. From the two 
localities I took with me specimens of all the observed indicator
boulders, which turned out to be the following: 

Horst 
Red Baltic quartz porphyry . . ... . 
Aland quartz porphyry . . . . . . . . . . . 2 
Aland granite . . . . . . . . . . . . . . . . . 2 
Aland Rapakivi . . . . . . . . . . . . . . . . 2 
Bredvad porphyry . . . . . . . . . . . . . . . . . . . . . . 23 
Gronklitt porphyrite . . . . . . . . . . . . . . . . . . . . . 10 
Red Sarna porphyry. . . . . . . . . . . . . . . . . . . . 1 
Katilla . . . . . . . . . . . . . . . . . . . . . . . . 1 
Granite-like porphyry. . . . . . . . . . . 1 
Rhomb-porphyry . . . . . . . . . . . . . . .. ... . . . . 

Wipshausen 

!} Baltic 

2 

34) 
: Dalarne 

)) 

1 Norwegian 

With regard to these two localities it may be said with trulh, 
that the material, the native place of which can be determined, » vor
zugsweise ans Dalarne stammt«. According to the enumerations more 
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than ¾ tbs of the crystalline indicator-boulders have their origin from 
Dalarne, whilst less th an 1/,1 th is Baltic. The boulders of Bredvad 
porphyry are certainly also very predominant h ere compared with the 
other Dala boulders, but 5 boulder-types in all are however represented . 

From the strong representation of Dala boulders at Horst and 
Wipshausen in proportion to Baltic boulders shown by these two 
discoveries, it is very clear, that Central Swedish material has been 
transported directly by the ice over Denmark to I orth-V\Test Germany. 
The conditions h ere indicate in much higher degree than those round 
Halle, th at the Dala boulders have been carried down by a move
m ent of the ice which h as passed the western part of Sweden and 
the eastern part of Denmark and then contimied almost directly south 
wards, possibly in conflict with the Baltic ice and taking up Baltic 
m aterial. At Hall e and in Saxony such a movem ent of the ice was 
indicated both by the Dala boulders and by the basalt from Scania. 
F arther eastwards no m aterial is yet avail able for judging as to the 
two direction s of the movement of the ice : the radial and the Baltic 
and their r ela tive strengths. If they have existed as separate glacier
streams in the r egion Saxony-Silesia, their tracks will doubtless also 
be found expressed in the r elative number of the determinable boulders. 

A boulder of rhomb-porphyry was found at Wipshausen ; in the lit
erature we have no earlier information r egarding discoveries of rhomb
porphyry in this part of Germany. Its occurrence ho,vever cannot he 
considered as specially r em arkable. Considering the large number of 
boulders of Dala porphyry at Horst and at Wipshausen and the occur
rence of the basalt boulders in Saxony, it is not improbable that 
boulders of rhomb-porphyry m ay also be found east of Brunswick . 

In W es tph a li a , v 1LHELM MEYEH (1907) h as made an investiga
tion of indicator-boulders in the surroundings of Mi.inster and Neuen
kircken, nam ely, in the three marginal morain e regions : Salzbergen 
- Neu en kircken- Sendenhorst, S prakel- M 11 nster _:__ H iltru p- Alberslo h 
- Sendenhorst and at Delbri.ick . At two places an enumeration ,Yas 
made with the following result : 

Mtinster 
Bottnische Gesteine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
Bredvadporphyr (Dala rne) . . . . . . . . . . . . . . . . . . . . . . 3 
Quartzporphyr (R6d6). . . . . . . . . . . . . . . . . . . . . . . . . . . 6 
Granitporphyr (A.land) . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Ostseequartzporphyr . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

l 
Paskallavikporphyr ..... . . . . . .. . .... . 
Lonnebergeodacit .. . .. .. ... .. . . . . .. . . 

Sm~1land Lenhofdaporphyr . . . .. . . . . . .. .. . .... . 
Einsprenglingsarme Halletlin le, wahr-

scheinlich von Smaland . . . . . . . . . . . . 9 
Unbestimmbar.. . . . .. . . .. . . . . .. . . . . . ........ . . .. 5 

Neuenkirchen 
3 
2 

5 
J 
6 
1 
1 

9 
4 
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According to \Tll. MEYER Bothnian boulders - i . e. boulders fr6m 
the Gulf of Bothnia on the Swedish coasl except »Rodoquartzpor
phyr« - were present in »greal number «. Many red Baltic quartz 
porphyries (Rodoquartzporphyr) were found. Aland boulders appeared 
abundantly and eYery variety occurred . Only three varieties of Dala 
boulders w ere present and these boulders were on the whol e rare ; 
Bredvad porphyry commones l, of Elfdal porphyry )1 examples (1 of 
which Blyb erg porphyry). Many Smaland boulders w ere found, but 
they were uncertain. Of basalt from Scania 2 boulders w ere found, 
and it is far from being so common as in Oldenburg. Only 1 example 
of Chris liania boulders was found , namely, a Nordmarkilc porphyry. 

\Vith r egard Lo the delermination of brown Baltic quartz por
phyry (Ostseequartzporphyr), some r emarks must b e made. MEYEH 

notes discoveries of three varieties of this porphyry, (1) »Rotbraun e 
Ges teine« whi ch, according to the description, must be considered as 
belonging to brown Baltic quartz porphyry ; (2) boulders with »grau
brauner Grundmasse und lichtgelbliche oder griinliche Feldspatindi
viduen, die sich dann scharfer abheben. - In keinem der graubraunen 
Stf1cke konnlc ich z. B. Quartzkorner makroskopisch wahrnehmen «. 
Juclging from the description this Yariety does not belong to brown 
Ba ltic quarlz porphyry, but is possibly Gronklitl porpbyritc from 
Dalarne. H e continues as follows : »die bier gehorigen Gestein c sind 
den Sandgruben m eist leicht und zu erkennen an der charakteristi
schen Verwitterungsfigur, welche die F eldspatkristalle auf Yiolettgrauen 
Grundc zeigl «, which , like the absence of macroscopically distinct 
quartz, is characteristic of Gronklitt porphyrite in contrast to brown 
Baltic quartz porphyry. (3) »Schwarze Ges lein e«, concerning which 
is said: » Die Quarze trelen in grosser Zahl auf u nd erreichen nic ht 
gerade sclten eine Grosse von 1 cm. « This variety is on the whole 
differenl from the two firsl , in that »die Einsprenglinge erreichen 
erbeblicb grossere Dimensionen «. According to this characterization 
it is improbable, that this variety belongs to brown Baltic quartz por
phyry. Its origin must for the present remain unsettled . 

MEYER'S statement thal Bothnian boulders appear in great num
ber is scarcely in accordance with what is otherwise the case in the 
south-western part of the Scandinavian region of glaciation . 

It would be of great interest to haYe the conditions in the r egion 
mentioned more closely examin ed, just with regard to the r e)alive 
number of the characteristic bou lders from the different natiYe places . 
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Oldenburg- Netherlands. 
Extensive invesligations on Lhc occurrence of boulders have been 

made in Oldenburg by J. MAHTI;s:. In his studies on the diluvial 
deposits, »Das Haupteis ein hallischer Strom «, he summarises his 
observations as follows , »dass unter den oldenburgischen Findlingen 
eine ganz hervorragende Stellung di e Dal agesteine cinnehmen. Eine 
lurn m geringere Menge hat der sDd,vestlichc Theil des bottnischen 
Meerbusens geliefert ..... Recht zahlreich sind hier des ferneren 
Gesteine vertreten, als deren Heimalh die ostlichc HaHle des mittler en 
Sch wed.en und das angrenzende Ostseegebiet erkannl wurde, . und end
lich haben wir ein ii.beraus haufiges Vorkommen schonenscher Basalt 
in unseren Geschiebeablagerungen feststellen konnen «. In detail it 
ma y b f:' mentioned that amongst 40 porphyri es from Dalarn e MARTI:'.': 
found 11 Gronklill porphyrite (Orsa porphyry), a single Klittberg por
phyry hul no cancrinitsyenite; various other varieties of porphyry from 
Dalarne also occurred. The majority of these ho,wYer consisted or 
I3redvad porphyry. 

The red Baltic q narlz porphyry was almost as strongly r epres
ented. There w ere boulders of P ftskallavik porphyry from SmMand, 
as also probably many boulders or Helle tlint. Of Scanian basall 
J. MARTIN has been able to collec t over 300 boulders within a rela
tiwly short time. Of rhomb-porphyry on the other hand he has only 
found in all 3 boulder s in Oldenburg. 

The glacier-stream, »das Haupteis «, which brought down these 
materials to Oldenburg, pursued Lhe following co urse according to 
J. iVIAHTIN's views: » Von den Hochgebirgen .l emUands, und Dalarnes 
ausgehend floss es in siidostlicher Richtung nach dem Botlnisch en 
Mcerbusen u nd der Ostsee ab, folgte der KC1sle bis e l wa zur Hohe 
dcr Nordspitze Olands, wo es ,vahrscheinlich das Feslland wiederum 
helrat, und ging alsdann allmi1hlich aus der nordnordosl - SLidsC1d
westli ch en in eine nordost - siidwestliche Stromrichtung C1b er , welch e 
es Yon Schonen his zum Oberrhein hewahrte «. I shall discuss Lhis 
question more closely later. 

In Ho 11 and inves tigations on the crystalline boulders have bee n 
made by v. CALKEH, Sctt 1\0EOEH v. o. Kou,, EHE:-IS etc. J. MAHTIN 
(1895) has in part gone through these i1nestigations critically, in part 
giYen the results of his own investigations. The result of these stu
dies is, that bo ulders from th e Aland islands are present in rich 
quantities in the Dutch glacial deposits. Several discoveries of red 
Baltic quartz porphyry were also made . Brown Baltic quartz por
phyry has also been found a l'ew tim es according Lo the literature, 
as H. HEI)STHOM showed in 1895. Smttland boulders seem to occur 
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here very rarely ; Sctt!-lOEDEH v. o. Kou{ (1895) mentions that he only 
knows of Paskallavik porphyry being found in Holland 3 times. ~ Tith 
regard to Scanian basalt, v. CALKEH (1898) has determined 8 boulders 
of that kind from Kloosterholt in Groningen ; ScttHOEDEH v. o. KOLK 
only mentions a few discoveri es of basalt in his papers. On the other 
hand, J. MAHTIN considers that Scanian basalt occurs somewhat com
monly in the Netherlands as well as in Oldenburg. Boulders of Rhine 
basalt likewise occur however in the southern parts of Holland, and 
the question whether Scanian basalt is present is therefore uncertain . 
Dala boulders occur not rarely in the Netherlands; the commonest 
is Bredvad porphyry; amongst other certain Dala boulders may be 
mentioned GronkliU porphyrite. V. CALREH (1889) also mentions 
Cancrinitsyenite found at Groningen. 

As mentioned, the literature notes a few discoveries of boulders 
of the brown Baltic quartz porphyry. These are in fact very common 
in certain parts of the land and even seem to constitute the great 
majority of the crystalline indicator-boulders. This is the case, for 
example, in the province Utrecht from which many crystalline in 
dicator-boulders are to be found in the collections of Utrecht Univers
ity - which through the kindness of Prof. A. W1CHl\lANN I was per
mitted to examine in 1904. Amongst these numerous examples of 
the brown Baltic quartz porphyry were present; also, a few boulders 
of red Baltic quartz porphyry, a single boulder from Aland and like
wise a single boulder of Smaland Gang-porphyry. Of Dala boulders 
there were a Gronklitt porphyrite as also a few other varieties, but 
no boulders of Bredvad porphyry. Of rhomb-porphyry there was one 
single boulder. 

I was able lo confirm by an excursion to the railway station 
»Doldersche weg « between Utrecht and Amersfoort, that this prepond
erance in number of the brown Baltic quartz porphyry, which the 
geological collection of boulders from the province of Utrecht showed 
was also present in nature. In a sand-pit with a number of boul
ders, scattered over a fairly large area, I found : 

9 specimens of brown Baltic quartz porphyry, 
1 - Aland quartz porphyry, and 
2 - Rapakivi-like quartz porphyry ; 
1 - granite-like porphyry from Dalarne. 

The majority of the other boulders found consisted of indeter
minable granites and gneiss; there was also a strikingly large number 
of large boulders of red sandstone and sandstone dashed with red , 
so-called »Dala sandstone «, as also a few boulders of flint, diabase 
and diabase porphyry. 
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Though the number of indicator-boulders collected at Doldersche 
weg was small, they nevertheless strikingly confirm the fact, that boul
ders of the brown Baltic quartz porphyry are here predominant in 
comparison with the other crystalline indicator-boulders. It appears 
also from the University collections, which possess boulders from 
many parts of the province, that this condition is not res tricted to 
the single locality which I had the opportunity of visiting, but is a 
general phenomenon over the whole province of Utrecht. 

The determinable boulder material thus seems to have been 
chiefly brought dovm from the Ballic region as far south in Holland 
as the inland ice itself has reached. This appears both from lhe 
observations at Doldersche weg and from the geologic:al collection in 
Utrecht. The same appears also from the literature. Baltic materials 
are nowhere rare in the Netherlands glaciated region wherever a 
number of boulders occur. lt is also apparent from the investigations 
which have been made in Holland on the fossil-bearing boulders. 

How large has been the material which in comparison with the Bal
tic material has been carried down to Holland from the central parts 
of Sweden (such as can be expressed by means of indicator-boulders 
from Dalarne) is a question which still remains unanswered; an 
investigation would be of great interest. From Norway, on the other 
h and, there is certainly but an inconsiderable quantity of materials 
in the Holland Quaternary layers. Rhomb-porphyry seems undoubt
edly to belong amongst the rarest of the crystalline indicator-boulders 
in the Dutch deposits from the Glacial Period, just as in Oldenburg. 

If we now pass from the parts in Holland which have been 
directly covered by the inland ice, to the land which lies south of 
the Rhine and has not been directly covered but where ScandinaYian 
indicator-boulders are present in the river diluvium , we find that 
what has been said regarding the relative frequency of the indicator
boulders no longer holds good. 

In the diluvial deposits of South Holland V. BECKER and A. EHENS 
have found several specimens of rhomb-porphyry, amongst other pla
ces at Oudenbosch (from which I have also seen a piece in Utrecht) 
and DELVAUX has also found some at Oud Gastel. Further, J. PETER
SEN from a discovery at Oudenbosch has been able to determine a 
Nordmarkite. The discovery of rhomb-porphyry in Belgium has been 
noted by V. MADSEN in 1895. 

Through the great kindn ess of Burgmaster A. ERENS I was able 
in 1904 to see through his priYate collection of boulders at St. Ger
lach near Valkenburg. The Scandinavian boulders in this consisted 
mainly of granites and gneiss, but it is impossible to determine the 
exact localities in narrowly restricted parts of Scandinavia from which 
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they have com e. From Oudenbosch however there w ere both rhomb
porphyry as w eJl as a few other boulders of undoubtedly Norwegian 
origin ; further a possible (?) Dala porphyry. On the other hand, there 
was not a single crystalline indicator-boulder of Baltic origin . 

There is thus, with regard to the boulders carried down, a strik
ing contrast between the part of Holland which has b ee n directly 
under the glaciation and the southern part which lay outside the 
boundary of the Scandinavian ice (Carte geol. internal.). In the former 
area the Baltic boulders ar e relatively frequ ent, whilst Norwegian boul
ders only occur quite sporadically; in the laUer, the southern, boulders 
of Norwegian origin are found just as in the northern area - cer
tainly but few, but apparently just as frequ eritly as in the northern 
part of the country--; but, on the other hand, nol a single crystalline 
indicator-boulder of certain Baltic origin has as yet been found in 
the diluvial deposits in Southern Holland. 

J. MA RTTN has endeavoured (in 1895) Lo weaken the importance 
of A. ERENS' inves tigation s by a seri es of consid erations, which how
ever in spite of their ela borateness and the labo ur taken are unabl e 
to weaken lhe fa cts themselves. But whether these " ·ill stand direct 
and more exact investigation, the future musl decide; provisionally 
we must be content to build upon the facts that are known. J . PETEH
SEN (1901) has also cri Lie.ally examined the boulder-studies from Lhis 
part of Holland . He maintains as the result of J . MAHTIN 's consider
ations and his own criticism: »so kommt man zu dem Ergebniss, 
dass im st1dlichen Holland sicherlich norwegische Geschiebe vor
kommen, <lass aber ffir ein Vorherschen solcher von den schwedischen 
unter dem aus Skandinavien stammenden Material kein Beweis er
bracht wurde«. To this it may b e said in lhe first place, that iL is 
naturall y impossibl e to proye thal Balti c boulders are lacking in 
Southern Holla nd , as th e possibility that th ey may b e found 
is not e xclud e d. But whoeYer denies the evidence from th eir not 
having been found hitherto should naturally seek to obtain direct 
evidence or other corresponding evidence Lo support his criticism. 

If PETEHSEN h ere uses the Lerm »schwedische« in the same 
signification as » Ballic«, I am unable to agree with his statements . 
Since, whilst Norwegian boulders are certainly present, no Lrac e 
of Ba 1 tic materials has been detected. It seems fairly improbable 
that ERENS would quite overlook and omit the for the rest so dis
tinctive Baltic boulders, il" they had b een present, considering how 
large the materia I was h e had collected, not only of Scandinavian 
origin but also from the Rhine district and the Ardennes, and nol 
only of characteristic but also of non-characteristic Scandinavian 
material. However striking the contrast hetween the boulders in 
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NorLhern and Southern Holland may be, w e are obliged to build upon 
th e avail able data until n ew facts have shown the error of the old. 

Vl e are with V. M ADSE N (1895) obliged to conclude from th e 
availabl e data, that the Scandinavia n materia ls found among the dilu 
vial deposits of Southern Holland have been carried down by an icc
stream, which obtained its quantum of m aterial from \Vestern Sca n
dinavia ; also, that this transport h ad tak en place before the land ice 
loaded with Baltic and Eastern Scandinavian m a terial s had com e 
down so far a s to cover the Netherlands. 

The soluLion of the co nditions disc ussed mu st b e left to future 
investigations. In thi s connecLion however, we may with r eason refer 
to th e eviden ce of Lhe rich quantities of Dala boulders found between 
Brunswick a nd Ha nover , a s also furth er to th e co nsidera ble number 
of Dala boulders which according lo J. M AHTIN are found in Olden
burg. If \Vest Scandinavian glacier-stream s could carry down Dala 
b ould er s so far lo the south as to Hanover , they mu st also h ave 
been able on a line further w es t to bring down boulders from the 
Christiani a · district so fa r , thaL they could come into conLact wiLh 
th e Rhine dilu vial deposits and be included in these. An itwestiga
tion of Lhe transported boulder s in the region b etween Hanover
Brunsw ick and Southern Holland would possibly contribute Lo throw 
light on these conditions, nam ely, the unequ al disLribution of hou 1-
dcrs in the Nc Lherlands south of the Rhine a nd north of the Rhin e. 

An in \'estigation of the di st r ibuLion of the boulder s in th e prov
inces Ha nover and \:\Testphali a and surrounding territories would on 
Lhe whole undoubtedly be an inter esting a nd profitable task from th e 
s tandpoint of Quaternary geo logy. \Ve are h ere so fa r from Sca ndi
navia th at a ll the indicator-boulders from there Lo an equal cx Lent 
display th e directions of the ice-flow ; and according to Lhe vie -..vs at 
present obtaining we arc also beyond the influence of the las L final 
impulse of the Scandinavian inl and ice. At th e same time w e are 
h ere at a boundary r egion , to all sides of whi ch there are problems 
to be solYed : to the east around HanoYer the Dala boulders are com
paratiYely richly r epresented ; in th e proYince of UtreehL and possibly 
other places of Lhe Netherla nds these occ ur but little. In the district 
round Hamburg the boulders of rhomh-porphyry are still fairl y com
mon ; in Oldenburg and the ctisLricts to Lh e south of this they see m 
to be very rare. In Oldenburg according to MAHT I :\ boulder s of 
Scanian basalt arc amongst th e commonest occurring of the crys tal 
li nc indicator-boulders ; in the distri cLs sou th and south-easL of Lhis 
they are almost unknown ; in the southern part of Holland their 
occurrence has scarcely been suffici ently investigated , as they are 
mi:--..ed h ere with boulders of hasall from the Siehengebirge. 
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East coast of England . 
. The first to mention the occurrence of Scandinavian indicator

boulders in England is most probably HELLAND (1879). Since that 
time a goodly number of boulders from the Christiania neighbour
hood have gradually been found, namely, in the eastern part of York
shire along the whole stretch of coast; also in Lincolnshire and in 
Norfolk as far south as to Wymondham, south-west of Norwich. 
Of the post-silurian , eruptive rocks of the Christiania neighbourhood 
rhomb-porphyry is the most abundantly represented in the English 
Quaternary layers. In Yorkshire especially great efforts have been 
made within recent years to collect and preserve the Scandinavian 
indicator-boulders. In addition to rhomb-porphyry the following types 
of boulders from th e same place of origin have been found, namely, 
augite-syenite (Laurvikite), foyaite, eleolite-syenite, as also a »syenitic 
dyke-rock «, which according to determination by Prof. \V . C. Bn6GGER 
may have come from »Longen valley north of Christiania «.L 

In addition to boulders of Norwegian origin discoveries of boul
ders of Swedish and Baltic rocks have also been noted from lh e 
English drift deposits. Thus, according to the determinations of H.1. 
S.16GREN and H. BACKSTn6~1 the following boulders of Swedish origin 
have amongst others been found on the beach from Cromer lo 
Mundesley: »cancrinite-syenite of Sarna, Dalarne ; quartz-porphyry, 
Dalarne ; sparagmite conglomerate, Scania«. 2 Yet V. MADSEN (1893) has 
first found a couple of rock types from Dalarne. All the places lie 
on the north coast of Norfolk. That such boulders should occur h ere 
is in itself quite probable, but it must be remarked regarding some 
of the discoveries hitherto noted, that the boulders are too little 
characterized to enable one to be certain as to the correctness of the 
determination of the place of origin, so long as the discoveries stand 
so isolated as is the case here. For example, to state quite generally 
the discovery of »quartz-porphyry « from Dalarne is not of very great 
importance. It would be reasonable to suppose that the boulder is a 
Bredvad porphyry, if it is from Dalarne ; but in such a case the two 
authors mentioned would certainly have noted this. It is only when 
the boulders found are referred to more exactly defined types of rock, 
or their own petrographic and general character more definitely de
scribed, that we shall be able to attach any weight to the discoveries. 

One of the two boulders found by MADSEN and determined as 
Dala porphyries by E. SvED~IARK has in general appearance some 
r esemblance to Gronklitt porphyrite, but has not been examined 

1 Report Brit. Assoc. Adv. Sci. for 1903. 
' Report Brit. Assoc. Adv. Sci. for 1904. 
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microscopically and does not seem to b e typical for this kind of 
rock. The other is a dark, almost black quartz porphyry with quite 
small porphyric quartz crystals and dense ground-mass. To which 
of the Dala porphyry varieties il could possibly be rompared, 1s 
unknown. 

Vlhilst ,ye do nol know, whether the most widely distributed of 
the Dala boulders, nam ely Bredvad porphyry, has found its way Lo 
England, it is quite apparent that cantrinite-syenite (Fonolite) from 
Sarna has been found amongst the boulders determined by SJoGHEl'\ 
and Bii.Cl{STROM. This Lype of rock occurs in reality extremely seldom 
as boulder in the Quaternary layers outside Scandinavia. If therefore, 
the determination of this boulder is correct, it must be considered 
as granted that such indicator-boulders from Dalarne, which else
where belong to the most common types, must also be very common 
in th e English Quaternary layers. Prof. N. V. UssING has howeYer 
kindly informed m e, thal on a short visit to Cromer, which he made 
with Dr. J. J. SEDERHOUI and Dr. K. 0 . B.rOHLYirnE and when his 
attention was speciall y directed Lo Scandinavian indicator-boulders , 
h e did not find any indicalor-boulder of more easterly origin than 
from Lhe Christiania neighbourhood amongst the stones on the beach. 
HoweYer the aclua l conditions may be, whether true Dala boulders 
are found on th e east coasl of England or not, iL is safer to consider 
Lh e question as unsettl ed, until typical specimens of the com
mo n es L indicator-boulders of Dalarnc have been determi ned there. 

·with regard to the discovery of »sparagmite conglomerate from 
Sc.:ania «, it must be remarked as for the Fonolite, that if boulders or 
such a type occur in the English drift deposits which can with 
certainty be said to have come from Scania, then we may certainly 
expect to find in England boulders of Scanian basalt, which occur so 
frequently along the south-east side of the North Sea. Now, as a 
matter of fact, in the coastal regions of England where Scandinavian 
materials are present, a number of basalt boulders occur, the place 
of origin of ·which is not known from the British Isles , and it is 
therefore possible, that closer examination will show that they come 
from Scania. But for certain proof of this we must await future 
investigations. 

In addition to boulders from Dalarne and from Scania , discover
ies are also noted from Holderness of »post-arch::ean granite from 
A.ngermanland or A.land «_ i The first of these has been determined 
by H. M uNTHE. \Vhen Angerrnanland is given as the possible place or 
origin for indicator-boulders, it must, according to what we know or 

' Hep. Bril, Assoc. Adv. Sci. for 1897, 1898 and 1902. 
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lh e distribution of the Sca ndinavian boulders in th e Quaternary 
deposits , b e considered as very doubtl'ul , whether the determination 
ca n be maintained . Characleri stic types of rock from Angcrman land 
are on the whole extremely rare as boulders in lh e drill-deposits of 
th e South-\Ves t Ballic, cYen where th e Bailie chara<.:Ler is otherwise 
strongly pronounced. On the other hand, the possibilily must not he 
excluded altogeth er , that boulders may occur in England from A.land 
and Lhe northern r egio n of the Baltic. "\Vhcn we remember that such 
boulders are very commo n in Holland, the possibility mentioned does 
not seem so far-fetched. Yet the l:lroof of their presence in England , 
just as for the Dala boulders and the Scanian basalt, must awail 
future investigations. The discoveries m entioned are loo vaguely 
characterized to h e taken as proof. 



Places investigated and indicator
boulders found. 
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Central Sweden. 

Katrineholms ;'.is . . . . 

As nea r Sodertelge 

Sealand (and Hven). 

As S. of 11 ornbrek .. 

Beach nea r Hornbrek .... ... . . . . ... . .. . . . . .... . . . . . 

As nea r Havreholm .. ...... . . 

Str0dam, 21
/ , km. N. Y.l. of Hillernd ........ . . 

Hven, strand-stones from moraine-clay 

Freerslev Station S. vV. of Hiller0d 

Str0 Bjerge near 01sted ... 

Beach S. of Frederiksvrerk .. 

Gravel-pit near Farum ... . 

Norway 

3 

1 

2 

1 

2 

4 

~ 1 .. ;. 

~::::~~i:1:ae;i~:~t:~:~~e: ... S:t·a. t:1;0:1:1: : : : : : : . .. . . . . . . :_ :_ :_ :_: :_·.··.·I ·. ·.

5

· . . · 
Gravel-pit near Vordingborg 

5 1 1 
1 

6 

Gravel-p it near Stenlille .. 

Blresinge Bakker N. of Slagelse . .. 

Kirkebjerg, 3 km. N. of l\fork0v Station .. 

Lynghuse near Grev inge . ... 

Agns0gaard near Sveb0lle Station . . ... . . . ... .. . . ... . . . . ... . 

Langeland and Funen. 

Gravel-pit S. E. of R udkj0bing . . .... ... . . . 

Fattigbakke S. E. of Rudkj0bing . .. . ...... . 

4 

1 

Gravel-pits E. of Svendborg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Aktie gravel-pit E. of Svendborg . .. ...... . .... .. . .. ... ... . . 

Gravel-pit near H0je B0ge ... . .. . 

Gravel-pit near Kirkeby railway station ... . . . . . . .. .. . . ... . 

Van tinge as . .... . 

2 

2 

7 

1:!:~11::: · ~~ ·. ·. · ..... ..... .... · · · .. ·. ·. ·. ·_ ·. ·. ·_ ·. ·. ·_ ·_ ·. ·. ·. ·. ·. : : : : : : : : : : : I ~ 

1 

1 

4 

3 

5 

5 

1 

1 

30+ 
11 

3 

1 

4 

2 

11 

12 

17 

20 

5 

5 

25 
7 

3 

1 

9 

6 

10 

18 

21 

7 

12 

45 
14 
15 

Dalarne 

~ 
5 

2 

I 
.. .. I .. .. 
'--v--" 

1 

1 

C 
;,-, 
J: 
p. 
0 
0.. 

3 1 
'--v--" 

1 1 

1 

1 1 

I: , 

1 

1 

2 4 
2 1 

1 1 

2 3 

.. . . 1 .... 1 



2 

1 

1 

3 

2 

1 

1 

1 

1 

1 

3 

1 

2 

3 

1 

2 
4 

1 

4 

1 

1 

1 

1 

1 

1 

1 
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Dalarne Sweden 

2 2 13 1 4 

2 10 

2 many 

2 1 1 . . .... . ..... 
. . . . . . . . . . . . 

1 ... . ........ 
1 3 1 numerous 

1 2 ............ 
3 1 2 1 .. . ... . ..... 
1 9 1 . ........... 

2 6 2 2 ... . ....... . 
2 2 7 .... .. ...... 
2 5 1 . ........... 

4 . . ........ .. 
1 1 5 1 ....... ... 

3 . .... .... .. . 
1 1 1 some 

l ... .. ....... 
1 3 ............ 

1 3 .. ... . . ..... 
1 1 1 1 ............ 

2 2 2 ............ 
1 7 1 2 many 

2 1 2 2 ............ 
3 2 3 sever al 

2 1 11 1 5 several 

2 11 3 . ........... 
2 4 1 1 3 .. .... ...... 

Danmarks geologisk e Unders0gelse, II R. Nr. 23 . 

Scania Sma
land 

. 1 

5 

5 (+) 1 

2 

2 

3 4 

9 

2 1 

3 1 

1 4 

1 

4 

1 

1 

3 

4 

1 

1 

1 1 

3 1 

5 1 

2 2 

Aland 

1 

8 13 
'---,,-' 

4 

. .. · I 1 .. . 

. . . . 21 ... 
-._.,--, 

6 

7 

. . .. 1 .... 1. 
-._.,--, 

3 

1 

1 

1 

1 

1 

7 

1 

8 

5 

1 
'-v-' 

II~ 
II ~ 

2 

1 

2 7 

1 1 

4 3 

11 11 

2 7 

1 2 

2 

2 5 

3 1 

1 1 

1 

1 

1 4 

1 

2 

1 

2 1 

2 

2 

1 8 

2 3 

1 10 

8 

The 
Baltic 

5 1 

1 1 

41 22 

5 1 

9 4 

49 4 

3 1 

4 7 

19 11 

9 6 

15 1 

4 2 

8 1 

6 

13 

2 2 

1 3 

4 2 

6 l6 

7 5 

5 5 
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Norway 

Jutland, northern part. 

Flamsbakke, Aas ted parish, \V. of Frederikshavn .... . .... . 190 

Skansebakke near N0rre Sundby . . . . . . . . . . . . . . . . . . . . . . . . . . 220 

Svinkl0v. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 13 

Hanstholm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 18 

Bislev, 4 km. S. of Nibe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 18 

Rrebild, W. of Skj0rping railway station ................... 115 35 

Gravel-pit near Langaa Station . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101 13 
11~----,---1 

Fieldstones between M0ldrup and Hvam . . . . . . . . . . . . . . . . . . ca. 100 

Bovbjerg, Beach, 1. enumeration .......................... . 345 65 

Bovbjerg, Beach, 2. enumeration ... . ..... . .... ................ . 

Gravel-pit E. of Lomborg, S. of Lemvig ............. ...... 135 

Jutland, eastern part. 

Gravel-pit N. W. of Rasmus Station ................... .. ... 11 

Gravel-pit S. of L0sning Station . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

W. Hornstrup, S. of J elling .... . ........... .. ..... . ..... . .. 10 

N ordbrek field, W. of Egtved . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Gravel-pit near B0lling, S. E . of Egtved . . . . . . . . . . . . . . . . . . . . 22 

Gravel-pits N. W. of Verst Kirke . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Gravel-pit near Gamst poorhouse . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Dollerup, S. vV. of Lunderskov. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Rolsm0lle, N. E. of Lunderskov. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Gravel-pit S. of 0dis-Bramdrup mill . . . . . . . . . . . . . . . . . . . . . . . 12 

Gravel-pits S. W. of Kolding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 

Field-stones near Brekke . ... ..... . .... .. ...... . . .. ........ . 

Harebjerg, S. of Brnrup Station ... .. ................ . .. . . . 

Gravel-pit E. of Vittrup, Lindknud parish . ... .. ... ....... . 

Gravel-pit N. W. of Lreborg .. .. ..... . ... .. ......... . ...... . 

Sands0, 2 km. N. E. of Vorbasse ........... . . .. ........... . 
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Norway 

Field-stones S. W. of Uhe ........ . ... .... .. . .. . ...... . .. .. . 

Toppelunds hill, 1 km. N. E. of Lindballe . . . . . . . . . . . . . . . . . 30 

Krogvad bridge, 1600 m. S. S. E. of Farre Station . . . . . . . . . . 7 

Klavrbj erg between Ringive and Give . . . . ... .... .... ...... . 11 

Gadebanke S. W. of Give .. ... .. . ... .. .. ... . . . . . . ..... . . . .. . 8 

Gravel-pit, 1400 m. S. E . of Thyregod . . . . . . . . . . . . . . . . . . . . . . 12 

Jutland, western part. 

Gravel-pits S. E. of Raasted Church . . . . ..... ... ... . . . .. . . . . 126 

Gravel-pit near the road, Aulum ...... . . ... .. . . . . .... ... . . . 169 

Gravels between Holstebro and Aulum . ... .. ..... ... .. . . .. 218 

Gravel-pits W. of Heming . . . ... . .. . . . ..... .. ... ... .. . ... . . 482 
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Beach near Emmerlev cliff .. . .. . . . .. .... .. . . . . .. . . .. . . ... . 

Luneburg. 

7 

2 

2 
6 

Vastorf, E . of Ui.neburg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Pomerania. 

Trampke, N. E. of Stargard . . . .. .... .. . . . . .. . .. . ..... . .... . 

Neighbourhood of N or~nberg . .... .. .. . . . .. . .. ... .. . . . . . .. . 

Steinberg, S. of Norenberg . .. . . .. . ... .. . . . ... ... . . ... . ... . . 

Gr avel-pit S. of Schlawe ... . .. . . . . . .. . ... . . . . . .. . .... .... . . 

5 

2 

2 
22 
10 

11 

7 

10 

7 

4 

5 

11 

4 

10 

3 

4 

21 

56 
10 

7 

23 

23 

1 

1 

5 

Dalarne 

1 

1 

1 

1 

3 

1 

3 

3 

1 

2 

1 

1 

1 

1 

1 

1 

1 



117 

Dalarne Sweden Scania Sm~- Aland The 
land Baltic 

-0 .s >, !! ~ " " >, .s .. ... t: ... ... >, " t - .. 
E ·,: .c 0 i".: " " >, >, :::' c.. :, ::i .. .. 

~ 0. 
>, .. -0 >, O" ::,, " >, >, -0 5 
.c 0 " ~ " .c " 

:, 
,-.- c.. -~ ::,, - " .c " 0. 

-~ en i 0. ~ 0.- 0. 0 0. 
.. " .!( .. 

.. 0 0. = 0 " E·~ ..0 ·;; >, 0 ~ >, " o·- 5 -~-c ; 0. = .s ·,: 0. . .!. >. := >, 
o. > 0. t" .8 ~ :.. > > .. °"'" ~ ~ a - >, :, " >, -0 :::: ;..-,, ;;; ~ ·- " !:: ·- >, c: ~ "= " " "".c: .!( "' ~-= " ro ~ .,:- -a~ al .::: 

"~ ..0 :§ " = .S " "·- ~ ~o. !:1 - c.. ·2 -0 f', iA .!:: 0. § "'d ~ ... 0 .. .. .;;, -0 .. .. "' '- 0. > !:1 ;"5 0 .. 
: :-j 1-, =~ :-j "0 ... " 0 !:1 0 " "'0 " ... ~~ & .. 0 " 0 
v.i..o v., (.!) ::d c:. 0. (.!) > ::: P o. ::,: al "- 0. c:. (.!) c:. S".o c:. 0. a:l O.. ~ 0.. 

. .... ... . .. . 1 1 2 3 4 

2 3 . .. ... . .. .. . 1 3 

1 . . ... . . . . .. . 3 2 3 5 3 

. .. . .... ... . 1 1 4 

.. . ....... .. 1 . .. . 1 

.. .. .. . .. . . . 1 2 

2 2 2 1 1 1 1 

1 3 1 

1 1 1 

... ·1· ... 1 .. I . . . . ..... . 1 . . 
I 

. . 

1 . . . . 
2 1 3 1 1 ..... . .. .... 4 1 1 1 2 

1 1 ... . .. .. . .. . . . I 1 

1 1 . .. .. . .... . . .6 4 . . 
I 

1 3 4 

1 ... .. .. .. . . . . . . . 

1 1 1 . ..... ... . . . 1 
3 2 ... ·I 4 2 . . .. .. .. .. .. 4 1 ... ·I . . 

I I 
3 2 10 . .. . ... . .... 1 19 3 9 18 14 

2 1 1 . . . .. . .. .... 3 5 3 7 1 

5 1 3 just a few 3 2 5 2 

2 5 20 3 1 2 22 6 2 2 6 6 9 9 3 

.._.,-, '-,-' 
1 . . . . . . . . . . . . 14 . .. . 2 . . . . . .... . . .... . 1 1 14 26 23 38 

1 .... .... . .. . 1 1 1 2 

.. .. . .. ... .. 3 1 5 1 

1 1 1 :: ::: :r;· 1 1 2 1 2 

1 1 2 .. . . . .. ..... 2 1 2 1 1 



118 

Norway 

>, ?-> .... >, >, 
.: C) 

"" ""-3 ;5 E 
"" """' .6 

rl 

.0 " s ::a..S 
0 §~ .: -o a:: 0::<J 

Posen. 

Schilling, 1,s km. N. of Posen .... . .... .. . ................. . 

J ohannisthal, 1 km. E. by S. of Posen . . ....... .. ......... . 

West Prussia. 

Bank of Weichsel River at Thorn .............. , . ...... . . . 

\\Tarlubien ....................... . ........................ . 

Schwarzwasser 'vV. of Laskowitz .... ... ...... .... .. ....... . 

Buschkauer Forst, 20 km. S. W. of Dantzig ...... . ........ . 

Terrace at Kahlbude, 20 km. S. W. of Dantzig ............ . 

Nenkau Brickworks, 5 km. W. of Dantzig ....... ... ..... .. . 

Dantzig ...... ....... .. .. . .. ............................... . 

Hoch Redlau, N. of Dantzig . . ................... . ... .. .. . . 

Beach near Adlershorst, N. of Dantzig ................... . . 

East Prussia. 
Soldan . . . ................... . ............................. . 

Neidenburg ............... . .. . .. ......... ... ... . .. . .... .. . . 

Neighbourhood of Allenstein .... .. .. ............ ......... . . 

Neighbourhood of Passenheim ............. .. ........ . .... . 

Barwalde, W. of Konigsberg ....... . . ...... . ... . ......... . . 

Beach near \\Tarnicken-Rauschen ........... .. ............ . 
Beach near Cranz 

Russian Poland. 

Neighbourhood of Warsaw .. ... .......... .... .. . ........ . . 

Russia. 
Eydtkuhnen-Wirballen ............... . .................... . 

Landvorovo, v-.r. of Vilna ......................... . ........ . 

Vilejka River, Vilna ......... .. ................ . .... . ...... . 

Minsk, Gravel-la):er, 2 km. S. of the town ..... ... ........ . 

Gravel-pits N. of Smolensk ......................... . ... .. . 

Galgenberg near Tuklmm, northern pit ......... . ......... . 

Galgenberg near Tukkum, southern pit .................. . . 

:>, .... 
;,. 
.: 
"" 3 
"" '"O 
C, 
> 

'"O 
<l) .... 
il:i 

2 

1 

1 

2 

2 

1 

2 

2 

2 
1 

3 

4 

1 

1 

1 

Dalarne 

;.:; ;;; >, .... .... .... 
>, :>, :>, 

e- .: .: 

~ "" 3 0 o~ 
"" i:,,.: "" C\l 

Q QC) ~SD Q,)V: l:: '"O .... '"Od, 0 

"'" ~~ .... =r:2 il:i 

1 

1 

1 



...... II 
Sarna p orphyry, 
brown-violet 

...... ...... II Si\rna porphyry, r ed 

Gnrberg porphyry 

- w ...... ...... - II Ka lill n 
t:, 

Red, grained "' ...... II ;;;;-
porphyry .., 

= ti) 

...... ...... tv l'v w ...... tv II Griinklill p ~rph yrite 

...... II Venjan porph yrite 

...... ...... - ...... II Hornstone porphyry 

Undetermined Dain 
porphyries 

c,, 
~ 

Kinnediabase ti) 
,::,. 
ti) 

= ' ...... ...... 
e.o 

c,, ...., 
Basall I "' = s· 
Pl'tskallavik -en 

...... 

I 
porphyry ~~ 

,::,. ' 

+ + 
tv Rapakivi 

"'" "'" "'" "'" <:}l w w ...... tv "'" [-..;) ...... ...... ...... "'" Granite 
► 

Hapakivi-like ;;;;-...... = granite ,::,. 

...... <:}l ...... w w w ...... ...... ...... ...... tv w - - Quartz porphyry 

-..J "'" -- ...... <:}l tv t..:> "'" tv - ...... - w ...... tv w ...... Hapakiv i-like quartz 
eoreh;rr;r - ...... ...... w tv tv tv w <:}l tv - - ...... tv w Brown Ba ili e quartz I 
porphyry e' ,-i - w l'v ..... tv w w w - w "'" w w - - ...... ...... - Red Baltic quartz I E: ~ 

---:i tv porphyry ...., 



120 

Norway 

Kruschkaln, S. of Behnen Station (western) .. ... ... . . . .... . 

Kruschkaln, S. of Gut Kruschkaln (eastern) . .. ............ . 

Rullekaln, 6 km. S. of Mitau .............. . ....... .. .. .... . 

Oger Kanger, S. E. of Oger ....... .. . ... ....... ....... .... . . 

Gravel-pit, 500 m. S. of Wolmar .. . . . . ........ ...... ...... . 

Kaugershofs gravel-pit, S. E. of Wolmar ......... .. . ... ... . 

Wegin gravel-pit, 5 km. N. E . of Wolmar ................. . 

Fields N. of W olmar ....... . .. ... ...... ...... .. . .. .. .... .. . 

Gravel-pits W. of Walk ........ .... .... . .... .. ... . ........ . 

Gravel-pit near Dorpat Churchgard . ...... . . . . ....... .. . .. . 

Gravel-pit S. of Reshitza ............. . . ... . .. ... ........ .. . 

Fields N. W. of Reshitza .................................. . 

Marginal moraine landscape near Taunagi, N. W. of Reshitza 

Railway near Pedeli, W. of Reshitza .. ... ...... ...... . .... . 
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Saxony. 
Goldberg near Halle . ... .. ..................... .. .... . . .. . . 
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Horst ..... . .. . . . .. . ................................... . ... . 
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Lines of distribution and 
chronological order. 

The lin es along ·which the North Baltic boulders became distri
buted were determined in the main by the Baltic basin which formed 
a main channel or course for the ice-masses. From this basin the 
ice spread out over the Baltic lands of Russia and Germany. The 
extension furthest to the east has been conditioned by the degree 
to which the ice-masses from Finland spread down over the Gulf of 
Finland and the Russian Baltic provinces. At the time when the 
Aland boulders were being carried down in extremely great quantities 
into the region round Swenziany and Glubokoi, the ice-masses ot 
Finland were greatly hemmed in and their advance retarded. Further 
to the north on the other hand, in Estland, the ice-masses from the 
Baltic basin have only advanced to a smaller extent. Here it has in 
much greater degree been ice from the north and north north-west 
which has brought down the boulder material and shaped the land. 

In the southern Baltic region ,ve find on the land the marks of 
oscillations in the ice-margin conforming to the line of the Baltic 
coast. This is most distinct nearest to the Baltic and we see here 
how the Baltic basin has been the line from which the ice-lobes have 
extended up over the adjoining valleys. 

From the western part of the Baltic the ice-masses have spread 
out in quite a fan-shaped manner. A Baltic glacier has simultan
eously covered the Danish Islands, the East Jutland coastal region, 
Sleswig, Holstein and extended still further to the south and south
east. It is only here, namely in Scania, that we find any trace of 
the ice-masses from the Baltic basin having forced their way in over 
the Swedish mainland to any essential extent. At almost all other 
places, from the Aland region to Bornholm, the Baltic ice-stream 
has been prevented from spreading over the present Swedish coasts 
by the ice-masses which extended down over South Sweden towards 
the Baltic basin. 
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Whilst the North Baltic boulders show the distribution the ice
m asses with m ain direction down through th e Baltic basin had, the 
boulders from lhe Swedish mainland, Dalarne, Smaland and Scania 
show the influence on the Baltic ice-stream the ice exerted which 
came from the region of South and Middle Sweden. The pressure 
of the ice from this side caused the Ballic ice-stream to spread out 
over the eastern and southern m argins of the Baltic down over the 
\Vest Russian and North German lowlands . The Swedish boulders 
from the region between Dalarne and Scania, which were thus at 
various parts along the Swedish coas t-lin e carried side ·ways into the 
Baltic stream , accompanied the latter towards the south-east, south, 
south-west and west over the lands beyond the Baltic. In this m anner 
porphyries from Dalarne were carried to the eas t as far as the Rus
sian Ballic provinces (and Polish Livland) and in large numbers also 
to the north-eastern German proYinces. Boulders of Smaland Gang
porphyry (Paskallavik porphyry) were likewise spread over north
eas tern Germany and in Silesia, boulders of basalt from Scania as 
far east as the neighbourhood of Landsberg in Pomerania and to 
the kingdom of Saxony. 

These lines of distribution are som etimes cited as evidence that 
a »radial « movement of the ice has taken place,1 which would seem
ingly imply a transverse glacial movem ent across the southern part 
of the Baltic, a »m eridian stream « as HoLMSTRfo1 2 has called it. It 
should be r em embered, howeYer, that these outermost boundaries are 
far from indicating a normal direction of movement ; on the contrary, 
they only show the extreme deviations from the normal direction. 
Excluding the region from Denmark southwards, to which there has 
b een a direct movem ent of the ice from western Sweden, we h ave 
scarcely full proof that Scandinavian boulders have been carried to 
any part of the region once covered by ice, without the ice-stream 
along th e Baltic basin having some influence on the direction of 
transference. It must also be added, however, that the investigations 
which alone can settle this qu estion are quite lacking. Investigations, 
specially directed to determining the relative quantities of the North 
Baltic and Swedish indicator-boulders in the East German anrl .. \Vest 
Russian glaciated region, both beyond and behind the boundary of 
the last glacial extension, might possibly throw light on the influence 
lhe Baltic basin has exercised at the diITerent periods. According to 
·\\'hat the present investigation has shown, the boulders from Dalarne 

1 See for example V. MADSEN: Om inddclingen af de danske kvart~e r
<lannelscr. (Medd. fra Dansk geol. Foren . 5. 1889, p. 17). 

2 Ofversigt af den glaciala afslipningcn i Sydskandinavien. Geol. Foren 
Forh. Stockh. 26. 1904, p. 416. 
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are fairly common in the north-eastern parts of Germany, but never
theless scarcer than the boulders from the Aland region. On the 
other hand, boulders from Kalmar Ian are only met with quite spor
adically. Investigations in Silesia and southern Poland will possibly 
give some,vhat different results in this regard and we should thus 
obtain a means of judging the conditions of distribution quite wanting 
at present. Here as indeed in the whole of the North German low
lands there is a wide field for investigations of the same kind as the 
present. 

That ice which has passed the island Hogland in the Gulf of 
Finland has moved in a south-westerly direction, is shown by dis
coveries of Hogland quartz porphyry, for example, at Dantzig and 
Thorn. We have also various statements from earlier times that 
Finnish Rapakivi boulders have been found in the West Baltic region. 
If these came from the western Finnish Rapakivi region, their line 
of distribution would thus not be essentially different from that 
which the boulders of red Baltic quartz porphyry and the A.land 
boulders followed . In this connection may be mentioned the obser
vations near the Smaland coast, which HOLMSTROM (1. c. p. 397) has 
called attention to and which seem to show that glacial movements 
have occurred in the region north of Oland from the Baltic basin up, 
towards the Smaland highlands. 

With regard lo the conditions in Vorpomerania and at Riigen 
CottEN and DEEc1rn have come to the result, »dass das Eis, welches. 
unsere vorpommersche Kuste erreichte, von den A.landsinseln an im 
Ostseebecken gegen Siid-sudwest vorgeruckt ist und i.'tber Kalmarsund, 
die Smalandische Ki.'tste und Bornholm unsere Gegend erreichte «. 
They likewise state, » dass zwingende Griinde fur die Voraussetzung 
einer zweiten anderen Flussrichtung vollstandig fehlen «. With regard 
to the occurrence of Dala porphyries Co1-1EN and DEECI<E say: »Schon 
die geringe Zahl der identificirten Sti.'tcke bei uns zeigt, dass es sich 
wahrscheinlich um Fremdlinge handelt, die nur unter besonderen 
Umstanden, also am Anfang und Ende der Hauptvereisung durch 
seitliche Z ufuhr in den baltischen Eisstrom geriethen «. 

That these conclusions are not correct appears from the quite 
common occurrence of the Dala boulders further to the east than 
Pomerania. It would be quite misleading if we called these »Fremd
linge« in the Quaternary deposits of East Prussia. Further, we can 
see in what manner the North Baltic boulders have been distributed 
over the eastern part of the Baltic, namely fan-shaped out from the 
A.land region. The indicator-boulders from all other localities are 
distributed in the same manner. There is nowhere any question of 
the transport having taken place solely along a single line of move-
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ment. It will similarly be quite wrong, with regard to the places of 
discovery, to consider that the boulders have been brought down 
along a single line. Every single place where indicator-boulders of 
different origin have been found is indeed a focus of converging 
directions by which the boulders have come; similarly also in Neu
V orpomerania and Riigen. If the main mass of the indicator-boul
ders here come partly from the Aland region, partly from eastern 
Smaland - as CmmN and DEEcrrn state is the case - this is by no 
means the same as saying, that the direction by which the Aland 
boulders have come down must have been by way of Kalmarsund. 
It only shows in fact that the ice-stream which carried down the 
Aland boulders to North Germany by way of the Baltic basin received 
additions from the side from the southern Swedish highlands, and 
that these additions at a later period, when the boulders were deposited 
in the district round Rii.gen, constituted an essential portion of the 
Smaland indicator-boulders contained by the ice-stream. All the dis
coveries of boulders throughout the whole of East Germany and V/est 
Russia bear witness to this lateral addition of Swedish materials to 
the Baltic stream. 

Coming now to the more western parts of the glaciated region, 
~rest Germany, Holland and Denmark, we find distinct traces of an 
ice moYement which has been in part independent of the Baltic basin, 
but has likewise been partly in contact with the Baltic outflow. As 
far as ,ve can follow the glacial formations towards the west in this 
region, traces are still to be found of the extension of the Baltic ice. 
Even furthest south in the Netherlands we find that the only ice
slream which reached so far brought down chiefly Baltic materials. 
In Oldenburg, where as in the Netherlands we only find traces of 
one ice covering, J. MAHTIN also believes that »das Haupteis « was 
»ein baltischer Strom «. He imagines its course from Scandinavia to 
Oldenburg to have been as follows: » Von den Hochgebirgen J emt
lands und Dalarnes ausgehend, floss es in sii.dostlicher Richtung nach 
dem Bottnichen lVIeerbusen und der Ostsee ab, folgte der Kf1ste bis 
etwa zur Rohe der Nordspitze Olands, wo es wahrscheinlich das Fest
land wiederum betrat, und ging alsdann allmiihlich ans der nord
nordost-sii.dsi.i.dwestlichen in eine nordost-si:1dwestliche Stromrichtung 
ii.her, welche es von Schon en bis zum U nterrhein bewahrte«. 

The same objections made above against C01-IEN and Du:crrn's 
views regarding the line of transport of the boulders to the neigh
bourhood round Ri'Lgen also apply here. The spiral line of direction 
constructed by J. MAHTIN cannot have been followed by one single 
ice-stream, as should have been Lhe case according to his view. The 
transport of the different kinds of material to this part of Germany 
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must have taken place by different · routes. The North Baltic boul
ders, as already m entioned, h ave been carried along the direction of 
the true Baltic stream, and likewise boulders from south-eas tern S,ve
den. It was quite na tural for the ice-stream , which could follow the 
Baltic basin without press ure from the Swedish highlands, to keep 
lo this south of Sweden right to its w esternmost limit. W e have th e 
clearest possible remains of this » Baltic ice-stream « in its truest sense 
in south-eastern Denmark and along the western m argin of the Bal 
tic. The indicator-boulders which chiefly show the directions b y 
which the ice has reached th e region Oldenburg-Hanover , also indic
ate however that there h as been another line of movement different 
from that which h as followed th e whole length of the Baltic. As 
J. MARTIN (1898) has shown, the large quantities of basalt boulders 
in Oldenburg indicate that transpor t has taken place in a fairly direct 
line from Scania to north-west Germany. The relatively large num
bers of the Dala boulders which, in comparison with the North Bal
tic boulders, occur to the east of Hanover, indicate further that an 
ice-movement has taken place even more directly north to south . 
This is also strengthened by the discoveries of the large qtiantilies of 
boulders from Dalarne and from the neighbourhood of Christiania 
which have been m ade in the Quaternary deposits of Denmark. All 
these discoveries indi cate that there must have been at some time a 
very extensive ice-movem ent over south-west Sweden and Denmark 
and further in a south-southwesterly direction. That such an extensive 
transport of boulders must have occurred has already been pointed 
out, especially by JOHANNES PETERSEN, whose supposition has now 
been confirmed. 

This movement has sometimes gone in a direc tion right across 
that of the Baltic stream; for example, numerous boulders h ave been 
carried from the neighbourhood of Christiania to the Danish Islands ; 
considerable quantities of the Dala boulders have been transported 
to Sealand and South Funen and even further to the south to the 
regions between Halle a nd Oldenburg ; finally, basalt from Scania 
has been carried in large quantities to a few places in New Branden
burg. At other times the ice-movem ent over south-west Sweden and 
the Kattegat has been to a great extent diverted by the Baltic stream. 
This is shown by the occurrence of enormous quantities of basalt in 
the extreme south of Jutland, as also by the celebrated occurrence 
of boulders from the Christiania neighbourhood and possibly also 
from Sweden on the east coast of England. 

If we should now endeavour to draw conclusions from the avail
able data with regard to th e chronological ord e r in which the 
boulders have been distributed from the various places of origin lo 
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the different places of dicovery, we must essentially consider the 
western and south-western parts of the glaciated region. The boul
ders in the more eastern regions lrnYe as yet been far too imperfectly 
investigated to form the basis of any conclusions. Even in the 
western regions the investigations distinclly show that they are not 
sufficient to permit the conclusions Lo be considered as more than 
probabilities. 

In the part of Holland which lies south of the aclual region 
once coYered by the ice, in Lhe diluYial land or riYers, ·we find boul
ders of rhomb-porphyry and other Norwegian slones but no trace of 
Ballic kinds. Compared with the condi tions in Norlhern Holland, 
where quite a few Norwegian boulders have also been found in the 
glacial deposits, these discoveries show thal the extension of the ice 
to these regions has begun with ice-masses containing Norwegian 
materials, which have come do-wn from the norlh probably over Den
mark. This s tream howeYer has not reached so far to the south as 
Holland, probably because it was subjected Lo lateral pressure by 
the ice-masses which streamed down from Lhe eastern side of Scan
dinavia a nd from the Baltic region and Lhus was diverted Lowards 
the wesl over towards the English coast. The Norwegian ice-stream 
has nevertheless St'lcceeded in reaching so far down thal its boulders 
could be carried further to the south partly by means of the rivers, 
parlly by and included in the moraine materials in the following 
Ballic glacier. The mode of occurrence of the Norwegian boulders 
in Holland, both to the south and to the north of the extreme limit 
of the ice-cover, is thus evidence of the passage at an early _period 
of a Norwegian ice-stream down over Denmark before any Baltic ice 
had reached so far. 

The only ice-sheet which reached down over Holland contained 
mostly Baltic materials and v,ras essentially Baltic ice. In addition 
to the inconsiderable quantity of Norwegian kinds of boulders which 
this ice look up and carried furlher, there were also boulders from 
Southern Sweden, e. g. many basalt boulders from Scania. In Hol
land this ice-sheet extended to the neighbourhood of Utrechl. It can
not be determined with certainty how far this Baltic ice reached to 
the ,vest and north-west of Sleswig and Denmark, hut in each of 
these countries there is no necessary reason for refusing to belieYe, 
that it was Baltic ice which at one and the same Lime distributed 
boulders from the A.land r egion, from the Kalmarsund district and 
from Scania over the westernmost parts of Sleswig and Denmark, 
where they are now found in the oldest known Quaternary deposits . 

Furlher, there is every reason to suppose, that it was this Baltic 
ice which caused the ice-stream from Southern Norway to bend to-
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wards the west along the Norwegian Channel, by which means boul
ders from the Christiania district as also boulders of chalk and flint 
(from the Skagerak) and possibly likewise of Swedish materials ( e. g. 
porphyries from Dalarne) were transported to Lister and J rederen at 
the south-west point of Norway. This outflow of Baltic ice over 
North-\Vest Germany, Holland and Denmark is thus very probably 
also closely connected with the extension of the Scandinavian ice
cover over the North Sea to the English east coast and the neigh• 
bourhood of the Shetland Isles. 

·whilst the boulders found in Holland, e. g. in the province of 
Utrecht, indicate that the ice there has been preeminently Baltic, 
the conditions in Oldenburg and Hanover seem to indicate that the 
Baltic ice-masses were later replaced by others which had a more 
western origin. This seems to be indicated by the considerable quan
tity of basalt boulders to be found in the northernmost part of Hol
land and in Oldenburg. Further evidence in the same direction is 
furnished by the distribution of the Dala boulders, which according 
to MARTIN are far more common in Oldenburg than in the south in 
Holland and which are much more numerous between Hanover and 
Brunswick than the North Baltic boulders. In Oldenburg and the 
southern part of Hanover we only know deposits from one ice-sheet, 
just as in Holland. If the conclusion is correct, that the Baltic ice 
h ere has been replaced by ice-masses of more western origin, this 
must have occurred without any essen tial break in glaciation, that 
is, by means of a continuous and gradual transition from a more 
easl-west to a more north-south direction of movement resulting 
in a change in the nature of the moraine materials. This altered 
nature is shown in the increased number of Dala boulders in 
Hanover; it appears in a similar manner in the neighbourhood of 
Halle and possibly also the occurrence of Scanian basalt in Saxony 
may have some connection with it. · Detailed investigation of the 
relative quantities of the boulders here would be of great importance, 
as many discoveries would without doubt thus be made which could 
throw light on the manner in which this hypothetical change in the 
direction of the stream from Scandinavia has expressed itself in the 
peripheral regions of the glaciated territory. 

The conditions as we know them in Holland and in the regions 
to the east of Holland as far as to HanoYer seem thus to indicate, 
that the glacial inflow during the portion of the Glacial Period con
sidered here has proceeded varyingly from the more western and 
from the more eastern parts of ScandinaYia. The chronological order 
has then been: (1) northern ice, (2) Baltic ice and (3) northern ice. 
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If we turn now to Sleswig and Jutland, where deposits are found 
from different portions of the Glacial Period and separated by inter
glacial deposits, we meet with the question, which of these glacial 
deposits agrees in age with the one just dealt with. Of the inter
glacial freshwater deposits those from the two following regions are 
of special interest: the sand-covered peat layer in the Brnrup neigh
bourhood and the »Tuul« on Sylt. The peat bogs at Brnrup are 
younger than the main mass in the western hilly regions of West 
Jutland, and in the R0deklev the »Tuul« distinguishes the old sand 
diluvial deposits from the over-lying head moraine. The peat layers, 
which at both places contain pines as also Brasenia and Dulichium,1 
are considered by UssING 2 as belonging to a single period of forma
tion, »a pleistocene forest period, older than the period for the for
mation of the great outwash-plains«. 

Of the marine, interglacial deposits the Eem deposits in Holland, 
which according to V. NonD~JANN's 3 new investigations belong to the 
same order as the Cyprina clay on the Danish Islands and the depos
its on the South Jutland and Sleswig coasts, show that the drift 
deposits in Holland are older than the period represented by the forma
tion of the Eem zones. The glacial deposits in Holland, Oldenburg, 
Westphalia and Western Hanover can thus in the first place not be 
referred to the deposits of the last ice-sheet, as 0. TIETZE 4 and F. 
ScttucttT 5 have supposed. 

The question arises in the second place, which of the glacial 
horizons in the R0deklev on Sylt is to be considered the equivalent 
of the moraines in Holland and Oldenburg - the old sand diluvial 
d eposits under the »Tuul« or the main moraine above the »Tuul«. 
When the interglacial peats at Brnrup and the »Tuul« on Sylt can 
be regarded as of one and the same period and if the head moraine 
in the R0deklev corresponds to the glacial drift of Holland and thus 
also to the moraines on the east coast of England which contain 
Scandinavian materials, namely the »Basement Clay « of Yorkshire 
and the »Cromer Till « of Norfolk, this would mean that the inter-

1 The last two were found for the first time in the »Tuul< on the Danish 
Geological Association's excursion to Sleswig in the summer of 1907. Medd. 
fra Dansk geol. Foren. 13. 1907. p. 121. 

2 Om Floddale og Randmorrener i Jylland. Overs. kgl. dansk Vid. Selsk. 
Forh. 1907. · 

3 Molluskfaunaen i Cyprinaleret og Mellem-Europas andre Eem-Aflejrin
ger. Kbhvn. 1908. 

• Beitrage zur Geologie des mittleren Emsgebietes. Jahrb. Preuss. geol. 
Landesanstalt f. 1906. 

5 Geologische Beobachtungen in Hummling. Jahrb. Preuss. geol. Landes
a nstalt f. 1906. 

Dan1narks geologiske l;nders0gelse, II R. Nr. 23. 9 



130 

glacial peat layer at Br0rup must have been passed over by the ice
sheet, which had the wide distribution described. This is however a 
possibility which may be excluded without further discussion; these 
peat layers with their slight depth under the surface of the ground 
have been too little disturbed to give it countenance. If the inter
glacial peat layers in Lhe two regions are of the same period, then 
the moraines in Holland and Oldenburg must be considered as 
equivalent to the old sand-diluvium under the »Tuul«. 

The necessary condition for the head moraine on Sylt to have 
been deposited during the same period of glaciation as the moraine 
layers in Holland is, that the interglacial layers on Sylt and at Br0rup 
must have originated each at its own interglacial period and that the 
times of their formation must have been distinctly separaled by the 
portion of the Glacial Period at which the great glaciation of Europe 
took place. If this can be considered as improbable, then we come 
as above named to the conclusion, that it is the sand diluvium under 
the »Tuul« and the glacial deposits analogous to this in the south
western part of Jutland which are comparable in age with the moraine 
layers of Holland and Oldenburg. 

The old sand diluvium in the R0deklev and the gravel layers 
in the hilly regions of south-west Jutland resemble one another in 
that the majority of the indicalor-boulders are Norwegian or West 
Swedish; only a very small part is of Baltic origin. In this small 
quantity of Baltic indicator-boulders we have then in all probability 
the equivalent of the Baltic moraine in Holland and in the southern 
part of Holstein. It is not to be expected that the conditions on the 
west coasts of Sleswig and Jutland would give us information re
garding the oldest Norwegian ice-stream, if a change in the direction 
of movement followed after the Baltic invasion, by which a prepond
erating quantity of Norwegian materials was deposited. 

Thus, as mentioned earlier, it cannot be stated with certainty 
how far to the west and north-west in or beyond Denmark this Bal
tic ice reached. For the ice-cover in question L. HOLMSTROM 1 has 
used the term »the old Baltic ice-stream «. With J. PETERSEN 2 he 
considers the possibility not excluded that the glacier-stream has 
carried the North Baltic boulders right across Sweden to Denmark. 
If it were a possible explanation that the North Baltic boulders had 
been carried by an east to west ice-stream in over the South Sweden 
highlands, there would however be no reason to believe with regard 
to their distribution in Denmark, that this ice had reached further 

1 L. HOLMSTR0~1: Oi"Yersigt af den glaciala afslipningen i Sydskandinavien. 
Geol. FOren. Forh. Stockh. 26. 1904. 

2 J. PETERSEN: Geschiebestudien II. Geogr. Gesellsch. Hamburg. 16. 1900. 
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than to the region round Vestergotland , as the boulders could have 
been carried furth er from there b y the north-east lo south-west, West 
Swedish ice-streams, evidence of which is found in the presence of 
Kinnediabase in Vendsyssel. The distribution of the North Ballic 
boulders to the extreme north-western parLs of Denmark might thus 
be explained by such an ice-sLream , ,vilhout its being n ecessary to 
assume that this had of itself ever reach ed the localities where th e 
boulders now occur. But on the one hand , all evidence is lacking 
to show that boulders from the Aland region h ave been carried Lo 
any appreciable ex tent in on to lhe now Swedish m ainland north of 
Scania ; a nd furth er, it is not only the North Baltic boulders hut 
also boulders of Lh e Sca ni an basalt which by their occurrence in the 
deposiLs of NorLh-VlesL .Jutland show, that a transporL of Ballic 
m aterials has Laken place round the south of Sweden and then ce in 
a north-westerly direction over Denmark. 

·wiLh r egard Lo Norlh-'\Test Germany, iL has been supposed that 
this Ballic ice by gradual and continuous transition in direc tion from 
east-wes L to northeast-southwest has ch anged its character, by 
which means a rela tively greater quantiLy of ~ Test Swedish materials 
h as gradually been brought down than \\"as possible for a true Baltic 
ice-stream. Such a change in the direction o r movem ent of the ice 
has m ade itself apparent however in Denmark lo a much higher 
degree; the preponderance of nor thern maLerials h ere shows that the 
main inflow previous to the interglacial period has been chiefly from 
Southern Nonvay and the neighbouring parLs of Sweden. The same 
appears from the investigation of the indicator-boulders in the old 
sand diluvium in lhe R0deklev. It is possible that the rich quantities 
of boulders from Norway and from Dalarne, which occur in Lh e 
gravel layers on South Funen and in patches on Sealand as also the 
rhomb-porphyry boulders found in relatively large quantities in the 
one moraine sheet at Ristinge KlinL on Lan geland and on th e coasLs 
of Fehmarn, h ave been carri ed down at the same epoch of glaciation , 
but there is also the possibility that this transport has only taken 
place mu ch laLer. This is indicated, for example, by the situa Lion of 
the mol'aine leYel m en tioned in Ristinge Klint in comparison with the 
Cyprina clay. 

In describin g the discoveries of indicator-boulders in the localiti es 
eas L of Ringkj0bing Fjord it has been mentioned, that a strikingly 
large number of Baltic boulders occur there at places as loose stones 
on the surface of the ground. In their Ballic nature they stand in 
sharp contrast to the character of the indicator-boulders in adjacent 
gravel deposits, where the rhomb-porphyry is numerously r epresented 
whilst the Baltic boulders are almost quite wanting. Such a contrast 

g• 
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between the contents of the surface morames and the underlying 
gravel deposits has also been remarked upon at several other places. 
The conditions to the east of Ringkj0bing Fjord show possibly that 
the Norwegian ice-stream, which brought down the majority of the 
indicator-boulders of the western hilly regions, was again _replaced 
by Baltic ice towards the end of the glaciation epoch. If we might 
suppose that this glacial extension, which succeeded to the ice-free 
epoch represented by the » Tuul« on Sylt and the interglacial peat 
beds at Br0rup, had also covered the land at Ringkj0bing Fjord with 
ice, we might possibly consider this Baltic surface moraine as having 
come from this later glaciation epoch, but as no evidence for this 
supposition has been forthcoming hitherto, we must proyisionally 
conclude from its presence that Baltic ice-masses were once again 
carried down to the westernmost parts of Denmark before the end 
of the previous glaciation. Observations are necessary however over 
a much larger area before we can form even an approximate idea ot 
how this question has to be solved. 

We might also set up the possibility, that the Baltic surface
moraine in the district east of Ringkj0bing Fjord has even been 
formed from the melting of the same (oldest) Baltic ice-stream, which 
forced the Norwegian ice towards the west into the North Sea and 
which became the main ice-sheet in Holland and neighbouring parts 
of Germany. Thus, the conditions in the district round Ringkj0bing 
Fjord have presumably been that the ice-movement has only altered 
once, with the first inflow from the north, but the direction of inflow 
has gradually changed and the northern ice replaced by Baltic ice
masses. There can in any case scarcely be any talk of an inflow of 
ice from the north to these districts a ft er the Baltic surface-moraine 
had been deposited here. What the conditions in this regard are 
towards the south and north, has not been closely investigated. It is 
only known, that the districts further to the north-east (in the direc
tion of Holstebro) and to the east (in the direction of Herning) bear 
unmistakable signs of having been last covered by ice of northern 
origin. 

Some remarks may still be added regarding the conditions at 
Sylt. If the view of the age of the »Tuul« maintained by STOLLEY 
is correct, the head moraine in the R0deklev (as it is earlier than the 
» Tuul «) must be considered as belonging to the same age as the sand 
layers which cover the interglacial peat beds at Brnrup. If, however, 
we cannot as STOLLEY does consider the »Tuul« as lying between 
»the old sand diluvium « and the head moraine, but must regard it 
as earlier than the head moraine, then the conditions are different. 
As already mentioned earlier, this head moraine must be regarded as 
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relatively a Baltic moraine according to the result which STOLLEY's 
and J. PETERSEN'S investigations of the boulders have given. The 
Baltic character appears distinctly in contrast to the nature of the 
underlying »old sand diluvium « chiefly because the materials are of 
northern origin. If the head moraine has this age, older than the 
Brnrup peat beds, it is not unreasonable to connect its Baltic char
acter with the occurrence of the Baltic surface moraine east of Ring
kj0bing Fjord and with the lower moraine at Wedel (Utersen-Schulau). 

How far towards the west the ice-sheet which followed after the 
»interglacial « time has carried the ice-masses in Jutland and in Sles
wig is still unknown, nor can it be considered as certain, at what 
epoch all the »interglacial« deposits in the Quaternary layers were 
laid down, whether they belong to the same or to different epochs of 
formation. From the position at which the investigation of the indi
cator-boulders stands at present, possible differences in age may be 
practically ignored, as in only few of the interglacial localities have 
the contents of the glacial layers in indicator-boulders been at all 
made the object of study. In West Germany we may conclude from 
the German investigations, that the boundary for the glaciation men
tioned extended in a north-westerly direction from the neighbourhood 
of Magdeburg over the northern part of Hanover to somewhere be
tween Hamburg and Oldenburg and further north. GAGEL 1 considers 
the boundary to have gone betwee n Emmerlev cliff and Sylt. In 
Jutland UssrNG 2 seems to consider that it r eached in over the V.Te st 
Jutland hilly regions. 

To judge from the discoveries of the indicator-boulders, this 
extension of the ice has begun so far as Denmark is concerned by 
the advance of ice-masses from the north and north-east before the 
Bailie ice-masses reached so far. It has already been mentioned as 
probable, that such an advance of the ice from the north after the 
interglacial epoch has been the cause of the occurrence of the rich 
quantities of northern materials in South Funen and in the centre 
of Sealand as also at many places in the East Jutland gravel layers. 
The presence of the extensive moraine bank in Ristinge Klinl, which 
contains various Norwegian boulders and which according to V. MAD
SEN 'S investigations 3 lies above the interglacial deposits, may also be 
noted as pointing in this direction; similarly also the large quantity 

1 Ueber einen Grenzpunkt der le tztcn Vereisung (des Oberen Geschiebe
mergels) in Schleswig-Holstein. Jahrb. der Kg!. Pr. Geol. Landesanstalt f. 1907 
(cfr. the present work p. 74). 

2 Om Floddale og Randmorre ner i Jylland. Oversigt over det Kgl. D. 
Vid. Selsk. Forh. 1907. Nr. 4. 

3 V. NORDMANN: Molluskfaunaen i Cyprinaleret etc. 1908. p. 8-9. 
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of basalt boulders which are found at New Brandenburg. In Jutland 
we have apparently the extreme boundary for the extension of this 
ice in the region between Holstebro and Ringkj0bing. U ssrNG 1 

considers several of the sand ridges there to represent marginal 
moraines formed by the inland ice which followed after the inter
glacial period. That we find the extreme boundary in this region for 
the north-south extension of the ice-stream appears moreover from 
the presence of the Baltic surface moraine east of Ringkj0bing Fjord. 
The region where this Baltic surface moraine is present cannot have 
been covered by a later ice-stream from the north and we have here 
therefore an extreme boundary even for the extension of the ice, 
though under the supposition that the Ballic surface moraine men
tioned has been laid down previous to the interglacial epoch. 

The Baltic ice-stream which followed after the ice-stream from 
the north and in part replaced this has apparently reached as far as 
the mid-Jutland ridge of hills. There has probably been a continuous 
transition from the one direction of movement to the other. The 
basaltic surface moraine in the localities east of Brorup may perhaps 
be considered as one of the formations from this transitional stage, 
compared with the surface layer so poor in indicator-boulders in the 
hilly mid-Jutland localities somewhat further north. But the invest
igations here have as yet been over too restricted areas to be able 
to form a sufficient basis for conclusions. 

The Baltic ice-stream has gradually advanced so far, that the 
materials transported may be considered as having been essentially 
Baltic at the time when the glacial margin exlended westwards over 
the East Jutland fjords and reached the Kattegat coast at Grenaa, as 
PouL HARDER 2 has shown. The large quantily of northern materials 
comes from the earlier ice-stream descending from the north. 

Later, when the ice-cover on melting had withdrawn to the hilly 
localities at Odsherred in Sealand, a considerable change in direction 
of the transport of materials must have taken place. The material 
from the Baltic is here reduced to an obvious extent, and the same 
is also the case with the northern materials. The transport must 
rather be considered as having taken place from the localities along 
the South Swedish Kattegat coast, as indicator-boulders from the 
regions lying furlher away are almost entirely lacking in the gravel 
layers which were laid down along the borders of the ice. 

\Vhether, in contrast to this, the transport to the more southern 
parts of Sealand and the southern Baltic regions has always been 

1 I. c. p. 197 and 209. 
2 En ostjydsk Israndslinie og dens Indflydelse paa Vandlobene. Dan

marks geol. Undersogelse, II R. Nr. 19. 
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from the Baltic, the inYestigations are too incomplele to determine. 
The remains distinctly of norlhern materials, known from mid-Sea
land, may however be referred to the above-mentioned north-south 
ice-streams. 

In the north-east of Sealand, on the other hand, we find certain 
signs that there has also at a later period been a glacier movement 
from the north-east and north alternating with the Baltic ice. With 
regard to the indicator-boulders, this is shown in the great differences 
between the contents of boulders in near-lying localities. This appears 
also both from the geological surface conditions and on the whole 
from the boulder contents of the moraines. What HOLMSTROM calls 
the »retreating ice-streams « have at a very late period sent out from 
south-west Sweden oITshoots into the Kattegat and over north-east 
Sealand, alternating with Baltic ice-streams, until fmally the inland 
ice melted away both towards the north-east and south-east and 
quite left the Danish lands. 



Resume. 

Skandinaviske Ledeblokke i K vartrerlagene. 

Naar nrervrerende Afhandling- er bleven trykt paa et fremmed 
Sprog, skyldes dette, at JEmnet dels for en vresentlig Del er hentet 
fra Lande uden for Danmark og dels er af en saa specie} Beskaffen
hed, at Redeg01·elsen for de unders0gte Forhold vresentligst, og srerlig 
hvad Enkelthederne angaar, maatte anses at have Interesse for Kvar
trergeologer, for hvem en Fremstilling paa dansk vilde vrere util
grengelig. Der skal imidlertid her gives en kort Redeg0relse for Hoved
resultaterne af de foretagne Unders0gelser. Hvad Enkelthederne angaar, 
henvises derimod til den engelske Tekst. 

Studiet af Ledeblokkene har hidindtil i Hovedsagen drejet sig om 
Blokkenes Udbredelse i horizontal Rehling. For en Del Steders Ved
kommende er der hertil fojet Unders0gelser af deres Optrreden i vertikal 
Retning, men disse Unders0gelser har endnu ikke faaet stor Betyd
ning. Der er saaledes for Danmarks Vedkommende ikke paavist 
noget Lag af Morrene eller Gruslag fra Istiden, hvor der ikke kan 
paatrreffes Blokke af nordlig og Blokke af baltisk Oprindelse Side 
om Side. En kvalitativ Adskillelse af Lagene ved Hjrelp af Lede
blokkene har ikke med Held kunnet gennemfores. Derimod er det 
Yelkendt, at der i ulige Dele af Danmark er stor Forskel paa Hyp
pigheden af Blokkene fra de forskellige Hjemsteder. Medens Blokke 
fra Kristianiaegnen er meget hyppige i de nordlige og vestlige Dele 
af den jydske Halv0, er der visse Dele af Fyn og store Dele af Sjre
land, hvor de er yderst sjreldne. Omvendt med Blokke af baltisk 
Oprindelse. Men nogen n0je Bestemmelse af Mrengdeforholdet mel
lem de to Slags Blokke har ikke vreret foretaget. Med Hensyn til 
de Blokke, som hidrnrer fra Dalarne, har man vel skrelnet mellem 
en Del forskellige Typer, men noget egentligt Karaktermrerke med 
Hensyn til deres Tilforselsmaade eller Kendskab til deres Hyppighed 
har man ikke haft. 
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De Blokke, som i Afhandlingen er gjorte til Genstand for Under
s0gelse - nemlig Blokke fra Kristianiaegnen, Dalarne, Skane, det 
0stlige Smaland, A.lands0erne og 0 sters0ens Bund Syd derfor - kan 
alle findes i Danmark og kan anses for at vrere spredte over alle 
Dele af Danmark. Ligesaa kan de alle findes i Holland og den 
nordvestlige Del af Tyskland. Vender m an sig derimod til det nord-
0stlige Tyskland og Rusl and , naar man, efterhaanden som man gaar 
mod 0st, 0stgrrenserne for de forskellige Blokkes Udbredelse. Hvor 
disse yderste Spredningsgrrenser omtrent gaar, ses paa Tavlerne 1 og 
2. Tavle 1 viser Nord0stgrrensern e for de Blokke, der stammer fra 
Aland og den nordlige Del af 0sters0en (den rnde og den brune 
0sters0kvartsporfyr) og for Blokke fra Dalarne. Tavle 2 viser 0 st
gr renserne for Basalt fra Skane og for Rhombeporfyr fra Kristiania
egnen. 

Den foreliggende Unders0gelse har for de 0stlige Omraader, Rus
land og Nord0sttyskland, nrermest haft til Opgave at unders0ge Blok
kenes U dbredelse i horizontal Retning. Hertil er samtidig knyttet 
Iagttagelser over Blokkenes Mrengdeforhold. I det vcstlige Omraade 
og da navnlig i Danmark er Unders0gelsen gaae t ud paa ved syste
matisk lndsamling og Optrelling af Ledeblokkene, h vor saadanne var 
til Stede i nogenlunde rigeligt Antal, at tilvejebringe en Oversigt over 
den relative Hyppighed af Blokke fra de forskellige Hj em steder. 
U den kvantitative Bestemmelser er Stu diet af Ledeblokkene i det 
vestlige Glacialomraade uden nogen vresentlig Betydning. 

Ved at betragte de forskellige Kort, som er gengivne i Tavle 1- 4, 
vil man kunne find e de vresentligste af de Resultater , Afhandlingen 
bringer , og som dels er nye, dels Stadfrestelse af reldre F ormodninger . 

Hvad selve Udbredelsen af Blokkene angaar, ser m an a f T avle 
1, at de, der er kaldt n ordbaltiske Blokke, og som hidrnrer fra A.lan d 
og den nordlige Del af 0 sters0en, er spredte i syd0stlig Retning ind 
i Rusland ; de yderste Grrenser, hvortil de er trufn e, er Dorpat og 
Smolen sk . Fra Przemysl og Vest paa er de trnfne belt til Ydergn:cn
sen for dct s l0r ste Isdrekkes Udbredelse mod Syd. Mod Vest er de 
fo rte ud over Holland, de frisi ske 0 er og h ele Danmark . Af det 
svenske F astland er det derimod vresentlig kun i Sld me, a t der er 
fundet nordbaltiske Blokke i de glaciale Lag. 

Det paafaldende ved det Omraade, h vortil disse Blokke er hid
forte, er i srerlig Grad den buede Spredningsgrrense Syd om Sverige, 
som Kortet viser. Medens Blokkene forekomm er i talrig Mrengde 
paa Gotland og 0land, paa Hven og i de sydlige Dele af Danmark 
saint saa nordlig som i Vendsyssel, er der inlet Spor af disse Blokke 
fundet i, de m ellemliggende, nordligere Dele af Sverige. Den Isbevre
gelse -- den baltiske - , h vor ved de er forte ud imod Omraadets 
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Vestgrrense, maa da t renkes at Yrere foregaaet efter en Linie, langs 
0sters0dalens dybeste Del i en s1or Bue uden om Sverige. At de 
ikke er bleven forte ind over det svenske Fastland, maa skyldes et 
Modtryk, som kun fremtrrengende Ismasser fra selve dette Fastland 
ud imod den baltiske Dal kan have vceret i Stand til at yde. Den 
Form, som den baltiske Isstrnm har haft, saaledes som den er be
stemt ved Ledeblokkenes Udbredelse, krrever altsaa, at Sydsverige 
samtidig har vreret isdrekket. 

Disse samme, svenske Ismasser, hvis U dbredelse ud over Syd
sveriges Kystegne har hindret den baltiske Is i at naa ind paa F ast
landet, har fort rige Mrengder at karakteristiske Porfyrer med fra 
Dalarne. De af disse Porfyrblokke, som er forte ned til den svenske 
0sters0kyst og ud i den baltiske Dal, er derfra spredte videre sam
men med de nordballiske Blokke mod Syd0st, Syd og Sydves t. Men 
foruden de Blokke, som fra Dalarne er forte i Retning af 0slers0en, 
er en anden Del af Blokkene fort i sydvestlig Retning fra Dalarne, 
nemlig over Sydvestsverige, Kattega t og videre mod Sydvest. Dette 
giver sig tydelig Lil Kende paa Kortet Tavle 1, der viser Dalablokke
nes strerke Tiltagen i Nordvestdanmark i Sammenligning med de 
nordbaltiske Blokke. Hvis Dalablokkene i Hovedsagen var forte til 
Danmark med baltisk Is, var en saadan Overvregt i Vestdanmark i 
Forhold til de baltiske Blokke udelukket. 

Tavle 2 viser Udbredelsen og den relative Hyppighed for Basalt
blokkenes og Rhombeporfyrernes (samt de deraf opstaaede Kon
glomeraters) Vedkommende. Basalternes Hovedudbredelse falder mod 
Vest og Sydyest fra Skane, men de find es ogsaa spredte baade lige i 
Syd (endda lidt 0stlig) og mod Nordvesl fra Findestederne for fast
staaende Basalt. De norske Ledeblokke findes i rigest Antal i det 
nordYestlige Danmark, men en stor Del er fort i stik sydlig Retning. 
Forekomsterne paa Lister og Jrederen saint paa Englands 0stkyst i 
Forbindelse med Isskuringens Retninger paa Shetlands0erne viser 
imidlertid, at de Ismasser, som har fort Kristianiaegnens Blokke, har 
maa ttet lide en Afvigelse mod Vest. Sandsynligvis har denne Afvi
gelse fundet Sted som F0lge af tilstrnmmende Ismasser fra den baltiske 
Dal, just en saadan mregtig Tilstrnmning, som Formen af de baltiske 
Blokkes Spredningsomraade og deres rige Antal i Nederlandene er et 
Udtryk for . 

Foruden selve Udbred elsen viser Kortene ogsaa vedkommende 
Blokkes relative Hyppighed saaledes, at 

Tavle 1 viser nordbaltiske Blokkes og Dalablokkes U dbredelse 
og Mrengdeforhold, 

Tavle 2 viser Basalternes og Rhombeporfyrernes (samt Kon
glomeraternes) U dbredelse og Mrengdeforhold. 
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T avle 3 Yiser Mrengdeforholdet m ell em nordba lliske og norsk e 
Blokke i Danmark, 

Tavle 4 viser Mrengdeforholdet m ell em Dalablokke og norske 
Blokke i Danmark. 

De Blokarter , dcr udtrykker de m es t ulige Isbeyregelsesretninger 
- fra Nord og fra Syd0st - hvorved der er fort Blokke til Da n
m ark og tilst0dende Omraader, er de norske og de nordbaltiske. 
Korlet Tavle 3 viser disses rela tive Fordeling i Danmark. De nord
baltiskes st0rste Hyppighed folder i det syd0stlige Danmark, de nor
ske Blokkes mod N ordvest. En noget buet Linie fra Grenaa til Ribe 
angiver omtrenl det Brelte, hvor de unders0g le L edeblokke af de 
nreYnte Slags er lige hyppig til Stede. E ndYid ere Yil man af Korlet 
se, hvorledes de to Elemenler i dette Blokselskab - det baltiske og 
det nordlige - er ulige sla::rkt reprresenteret selv indenfor mindre 
Omraader som f. Eks. de danske 0er. Dct baltiske Element tncder 
srerlig sl::erkt i Forgrunden i Egnene ved 0rcsund og Storeba~lt, hvor
imod det nordlige Element g0r sig strerkt g::eldende i Yisse Dele af 
det nordlige og nordvestlige Sjreland samt i Sydfyn. 

Ved a t betragte Korte t Tavle 1 ser man, a t Dalablokkenes For
deling i Forhold til de baltiske falder efter de samme I-foyedlinier, 
som h er er omtalt for de norske Blokkcs Vedkommende. Der findes 
et ga nske Lilsvarende Kun-eforl0b over de dansk e 0 er som paa Kortet 
Tavle 3. Dalablokken c viser sig h en-ed - ligesom ved den tiltagende 
r ela live Hyppighed mod Vest - at forholde sig paa lignend e Maade 
oyer for de balliske som Kristianiaegnens Blokke. At en stor Del af 
Da lablokkene ligeso m Blokkene fra Kristianiaegnen er kommen til 
Danmark fra Nord (og Nord0st) giver sig for 0 ernes Vedkommcnde 
tyd elig til Kende i disse Blokkes rigelige Mren gde i det nordlige Sj::e
land og det sydlige Fyn, de samme Omraader, lwor ogsaa norske 
Blokke er forh\Jldsvis rigelig til Stede. 

Disse Kort viser saaledes, hvilke Omraader i Danmark der for
trinsYis er prregede af det baltiske Element (Egnen e Yed 0resund, 
Slorebrelt og omkring Smaalandshavet samt visse syd0stjydske Partier), 
og hvilke der i Mods::etning hertil er m ere pr:=egede af det nordlige 
Element (nemlig - foruden hele det nordves llige Danmark - is::er 
det nordlige Sjreland og det sydlige F y n). Og ganske sYarende h ertil 
er det Billede, som Tavle 2 viser af, hYilke Egne der er srerlig paa
virkede af den baltiske Isbevregelse, og lnilke der er s::erlig paavirkede 
af N ordfra kommende Is . 

N aar maa nu ud fra denne Afg0relse af, hvorledes det baltiske 
og det nordlige Elem ent i Blokselskabet giver sig U dslag, foretager 
en Jignende Unders0gelse af Forholdet mellem de norske Blokkes og 
Dalablokkenes Hyppighed, viser det sig, saaledes som man ser af 
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Tavle 4, at Kurverne ogsaa her har et Forl0b, der i Hovedtrrekkene 
svarer til det, der er vist paa de andre Kort. De Omraader, hvor 
der findes mange baltiske Blokke i Forhold til . nordlige, viser sig 
ogsaa at have en relativ stor Mrengde Dalablokke i Sammenligning 
med norske. De af nordlig Is prregede Strng indeholder derimod en 
forholdsvis ringere Mrengde Dalablokke. Disse viser sig da h erved i 
Forhold til de norske s e 1 v at indeholde et baltisk Element. Dette 
stemmer med, hvad man kan udlede af Kortet over Dalablokkenes 
Udbredelse (Tavle 1). Del Materiale fra Dalarne, som af syd0stsvenske 
Ismasser fortes ned i den baltiske Dal, maatte, som nrevnt, herfra 
folge den samme Ve_j som den baltiske Is. Hvor meget dette udgjorde, 
kan man maaske bedst faa Underretning om ved lignende Unders0-
gelser i 0stlige Dele af Nordtyskland som dem, her er foretagne for 
Danmarks Vedkommende. Med Hensyn til Dalablokkenes Tilf0rsels
veje til Danmark viser Unders0gelserne saaledes, at der dels har fun
det en direkte Transport Sted og dels en Transport fra Dalarne mod 
Syd0st ud i den baltiske Dal og derefter videre med baltisk Is ad 
dennes forskellige Veje. 

Af Kortet Tavle 2 ser man, at der paa Jrederen og Lister Nord
vest for Norges Sydspids findes Blokke fra Kristianiaegnen. Den Af
vigelse i Gletscherbevregelsens Retning, hvorved disse Blokke er forte 
ad deres ejendommelige Bane, skyldes maaske den norske Rende. I 
saa Fald maatte Afvigelsen dog rimeligvis nrermest vrere af lokal 
Natur, lwad den imidlertid ikke synes al vrere. Isskuringen paa 
Shetlands0erne og 0rlrney0erne samt Kristianiaegnens Blokke paa 
Englands 0stkyst viser, at en tilsvarende Afvigelse mod Vest, som 
Rhombeporfyrerne paa Jrederen er Udtryk for, ogsaa har afsat Spor 
andetsteds. Det Jigger derfor ikke ~jrernt at srette den i Forbindelse 
med den mregtige Fremvrelden af baltisk Is, saaledes som den navnlig 
har sat sig Spor i de talrige, baltiske Blokke i Holland. Man ledes 
derved til at antage, al disse paafaldende Afvigelser i vestlig Retning 
alle er Udslag af en og den samme mregtige Kraflytring: den baltiske 
Isbevregelse. Det bliver derved tillige sandsynligt, at man foruden 
Kristianiaegnens Blokke ogsaa paa Jrederen og Lister vil kunne finde 
svenske Blokke, saaledes f. Eks. Porfyrer fra Dalarne. Det fort_jener 
i denne Sammenhreng at fremhreves, at medens der ved Hanstholm 
toges 56 Blokke af Rhombeporfyr og deraf opstaaede Konglomerater, 
blev der sammen med disse fundet ikke mindre end 28 Blokke med 
Hjemsted i Dalarne. Hvis altsaa nogle af de Rhombeporfyrblokke, 
der find es paa J rederen, er naaet dertil ad en buet Vej, hvis sydlige 
Del nrermede sig Vendsyssel og Thy, er der Mulighed for, at man 
ogsaa i det sydvestlige Norge kan finde Dalablokke. En Paavisning 
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heraf eller Sandsynligg0relsen af det modsatle vilde da vrere af be
tydelig Interesse. 

En anden Opgave for Studiet af Blokkenes Udbredelse i horizontal 
Retning angaar Forholdene ved Englands 0stkyst. Herfra kendes 
med fuld Sikkerhed kun norske Blokke. Muligheden af, at Dala
blokke og baltiske Blokke kan vrere forte saa langt mod Vest, er dog 
ingenlunde fjrern , isrer naar man ser hen til de rigelige Mrengder af 
Dalablokke i Vestdanmark og Nordtyskland og af baltiske Blokke i 
Holland. En sikker Bestemmelse af disse Blokkes Tilstedevrerelse i 
England vilde vrere af stor Betydning for Kendskabet til Styrken af 
den baltiske Is, dengang den trrengte lrengst frem mod Vest. 

Endnu et Punkt af srerlig Interesse er Fu_ndene af norske Blokke 
i det sydligste Holland , uden for den Grrense, hvortil det egentlige 
Isdrekke antages at have naaet. Der findes h er norske Blokke ; der
imod er der ingensinde fund et Spor af baltiske Blokke, medens disse 
dog i Egnene lidt lrengere mod Nord, f. Eks. i Provinsen Utrecht, er 
srerdeles hyppige, og medens norske Blokke her ligesom i det h ele i 
Holland kun er meget faatallig lil Stede. 

Medens Studiet af Ledeblokkene kan give betydningsfulde Oplys
ninger med Hensyn til de Veje, ad hvilke Isen har gaaet, er det 
endnu kun sparsomme Oplysninger det giver om de forskellige Is
str0mmes Plads i Rrekkefolgen. De Omraader, hvorfra man kan 
h ente Oplysninger i saa Henseende, er endnu vresentlig kun Holland, 
N ordves ttyskland og Danmark. 

Til de reldste Spor af den skandinaviske Indlandsis synes de 
norske L edeblokke at h0re, der er paaviste i det i1ederlandske Flod
diluvium, Syd for selve Landisens yderste Udbredelsesgrrense. Deres 
Tilstedevrerelse tyder paa, at Ismasser fra Nord har trrengt saa langt 
mod Syd, at Floder har kunnet fore Blokke derfra videre ud til Om
raader, som hverken Isen selv eller det efterfolgende baltiske Isdrekke 
naaede. Den Nordfra komm ende Is blev rimeligvis tvunget til at 
b0je af i vestlig Retning som F0lge af baltiske Ismassers Fremtrren
gen. Vi kan derved srette de enkeltvis forekommende norske Blokke 
i det sydligste Holland i Forbindelse med Forekomsten af de norske 
Blokke paa Englands 0stkyst. Den baltiske Isstr0m, som fortrrengte 
I sen fra Nord, naaede i Holland Landisens yderste U dbredelsesgrrense. 
L edeblokkene er her af overYejende baltisk Karakter, og af norske 
Blokke er der kun fundet yderst faa. 

0stpaa fra Holland aftager imidlei:tid Mrengden af baltiske Blokke 
i Forhold til Ledeblokke af nordlig Oprindelse. Disse stammer rigtig
nok ikke fra Norge, m en fra Dalarne (se Tavle 1). En saadan lEn
dring i Ledeblokkenes Mrengdeforhold maa efter al Sandsynlighed 
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skyldes, at nordlig Is atter har tr::engt sig frem , m edens Tilstrnmnin
gen af baltisk Is er aftagen. Da der fra de paag::eldende Omraader 
- Holland, Olden burg og Hannover - kun kendes Mor::enea fl ejringer 
fra en enkelt af Istidens Afdelinger, maa man gaa ud fra, at den an
forte Skiften mell em nordlig Is, baltisk Is og alter nordlig Is er fore
gaaet kontinuerlig, uden Afbrydelse af nogen isfri Mellemtid . 

En lignende Skiften af Isbev::egelsesretningerne finder m an Spor 
af i det vestlige Danmark. Hvor langt man end her komm er mod 
Vest og Nordvest, find er man saavel Blokke, der er tilforte fra Syd-
0st, som Blokke, der er Lilforle fra Nord og Nord0st. Men M::engde
forholdet imellem de forskellige Arter af Blokke er forskellig selv for 
de ulige Dele af Landets vestlige Egne. 

De ::eld ste kendle Aflejringer, saaledes som de kommer for Dagen 
i de n eder ste kvarl::er e Lag paa Sylt, ind eholder fortrinsvis Blokke af 
nordlig Oprindelse, men dog ogsaa enkelte af baltisk H erkomst. De t 
samme er Tilf::eldel m ed de Grusaflejringer i de sydvesljydske Bakke-
0er , som kan regnes bla ndt de ::eldste af Danmarks kvart::ere Dan
nelser. Disse Gruslag og de n::evnte Lag paa Sylt k an dog n::eppe 
anses for at v::ere a::ldre end Holland s glaciale Aflejringer. Det st::erkt 
nordlige Pr::eg, som Blokindholdet viser, tyder da i Reti1ing af Sam
tidighed m ed den Fremtr::engen a f I s fra Nord, der antages at v::ere 
fulgt efter den balliske Isd::ekning af Holland og de nordlige Ismas
sers Afvigelse mod Vest. Sporen e af den tidligste Isinvasion fra Nord 
er derimod ikke m ed Sikkerhed paaYist i Danmark. 

Efter denne anden IIwasion af Is fra Nord maa man imidlertid 
antage, at I sen paany er tnengt frem fra det baltiske Omraade. Dette 
fremgaar af Forholdene omkring Ringkj0bing Fjord, hvor der - som 
mesten alle Kortene viser - er et Parti med et st::erkere baltisk Pr::eg 
end Egnene l::enger e mod 0st. Dette giver sig til Kende i de fluvio
glaciale Gruslag, men dog is::er i Karakteren af Markstenene, d . v. s. 
Blokken e fra den 0versle Mor::eneaflejring paa Stedet. Den y ngste 
Mor::ene h er b::erer pletvis Pr::eget af at v::ere fuldst::endig baltisk. 

Der er n::eppe Grund til at antage andet, end a t denne anden 
baltisk e Fremtr::engen af Isen Jigger forud for det interglacia le Stadium, 
der bl. a. kendes fra de sandd::ekkede Moser ved Br0rup. I Egnene 
mcllem Holstebro og Herning er de Aflejringer, man tr::effer i Over
flad en , imidlertid af ndpr::eget nordlig Karakter, saaledes som ogsaa 
Korten e Tavle 3 og 4 viser. Ismasserne, hvorfra de 0ne Lag i Bakke
dragene mellem Holstebro og Herning stammer, bar ikke v::eret tr::engt 
saa vidt frem mod Sydvest som til Egnene 0st for Ringkj0bing Fjord. 
N. V. UssrnG har a ntydet den Mulighed, at nogle af disse Bakkedrag 
er Randmone ner fra det samme Isd::ekke, foran hvilket de midtjydske 
Hedesletter afsattes paa et senere Stadium. Hertil kan altsaa yder-
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ligere fojes, at der rnellern Dannelsen af disse Bakkedrag, hvis Blokke 
hovedsagelig stammer Nordfra , og Omraadet omkring Ringkj0bing 
Fjord, med baltiske Blokke, ligger en udpr:,egel Skiflen fra en Is
bevregelsesrelning ti] en anden . Del er sandsynligt, a l vi herved bar 
den yderste Grrense betegnet, hYortil Isdrekkel i detle Afsnit af fs
tiden naaede. 

Formodningen om, at Isen i dette Afsnit af' Isliden strakte sig 
ud over en Del af de jydske Hedesletters Omraade, finder ogsaa Sl0lle 
i visse Forhold lrengere mod Syd. Af Tavle 2 fremgaar det, at der 
i et Ornraade, der strrekker sig i Nord0st-sychestlig Retning over Br0-
rup og Vejen, findes en srerlig rigelig Mre ngde l31okke af Basalt. Delle 
Omraade, hvis st0rste Del ligger Vest for Hedesletternes 0slrand, 
strrekker sig la:mgsl mod Nord ind i Egne betydelig 0st for Hede
sletterne og a ntyder derved, at disse ulige Egne, trods deres forsk ellige 
Beliggenhed i Forhold Lil Hedesletternes 0slgrcense, er n::cr sammen
l10rige m ed Hensyn til Dannelsestid. Omraadel med den rige Mrengde 
Basaltblokke kan antages al strrekke sig videre mod Sydves l i Retning 
af Sylt, lwor der ogsaa llndes Lag, som udmrerker sig ved sin Rig
dom paa Basaltblokke, og som dened peger hen paa Samlidighed 
med de basaltrige Morren elag og Gruslag i de nreYnle sydjydske Egne. 

En saadan Modscetning mellem Egne med srerlig nordligt Pneg 
og Egne med srerlig baltisk Pn:eg, som her er omtalt for det Yestlige 
Glacialomraades Vedkommende, er hidlil ikke paavisl i Omraaderne 
lcengere mod 0st. Der er utviYlsoml ikke en saadan udprrege t Mod
srelning Lil Stede mellem radialt Lilf0rt Materiale og lransYersalt (bal
tisk) Materiale, som man finder f. Eks. i Danmark. Thi i det 0s lli ge 
Nordtyskland bar Tilf0rslen rimeligvis til enlwer Tid vreret paavirket 
af Ismasser, der havde en Tendens til at folge den baltiske Dals 
Lrengderetning. N ogen egentlig radial Bevregelse gaaende fra Sverige 
tvrers over 0slers0ens Dal, synes Blokkenes Spredning ikke at Lyde 
paa. De sydsvenske Ledeblokkes Hovedudbredelse Jigger mod Syd
vest og Vest, og de 0stre Gnenser for deres U d bred else syncs at gaa 
efter Linier tvrers over den baltiske Dal. Imidlertid kan den radi
erende Isbev::cgelse fra del svenske Fastland ned imod den baltiske 
Dal selvfolgelig til forskellige Tider have va::rel ulige strerk i Forhold 
til den baltiske (transversale) l sbeYregelse, og Blokselskahets Sam
rnenscetning i det nordlige Tysklands l'orskellige Egne kan haYe be
varet Sporene deraf. Kvantitative Unders0gelser af Ledeblokkene Yil 
da n etop under disse Forbold Yrere af J3etydning. 

Den Betydning, saadanne Unders0gelser kan have, for0ges yder
ligere af et andet Forbold. Del har nemlig vist sig, at Ledeblokke 
fra hin a nden nrerliggende Hjemsteder kan optrrede paa en ejendorn
rnelig, uregelmressig Maade. Delle frerngaar paa fl ere Steder af Listen 
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over Blokkene og af Teksten. Det er allerede omtalt, at skansk Ba
salt optrreder overordentlig hyppig paa en Strrekning fra Vejle Aa Dal 
Nord for Egtved, over Brnrup og Vejen og rimeligvis videre i sydsyd
vestlig Retning. Lignende paafaldende Mrengder af lokalt hobede 
Basaltblokke har J. MARTIN omtalt. Paskallavikporfyr, der i det store 
og hele er sjrelden som l0s Blok, kan pletvis optrrede meget hyppig; 
saaledes kan f. Eks. nrevnes Forekomsten mellem Dalager og Faster
kjrer 0st for Ringkj0bing Fjord. Ligeledes kan visse sydjydske Egne 
rimeligvis her komme i Betragtning. De to 0sters0kvartsporfyrers 
Forhold til hinanden er ogsaa betegnende i saa Henseende. Den 
brune Porfyr er mange Steder absolut dominerende i Forhold til den 
rnde. Nrevnes kan saaledes den st0rste Del af Sjreland, Langeland 
og en stor Del syd0stjydske Forekomster. Ved Stranden Syd for 
Aarhus er Forholdet imidlertid ganske omvendt. Der findes her rnd 
0sters0kvartsporfyr i overvreldende Mrengde, mens den brune er ret 
sjrelden. Hermed stemmer Fundet ved Rosmus Station. Paafaldende 
er ogsaa Fundene i Provinsen Utrecht i Holland, hvor den brune 
0sters0kvartsporfyr er overordentlig almindelig fremfor de 0vrige 
nordbaltiske Blokke. 

Hvad der er Aarsag til disse Forskelligheder i Blokkenes Op
trreden, kan ikke endnu siges. For at faa Svar derpaa krreves sam
menlignende, kvantitative Unders0gelser over store Omraader. Saa
danne Unders0gelser vilde der vrere srerlig Anledning til at foretage 
j Tyskland, hvor nordbaltiske Blokke i det hele forekommer i rigelig 
Mrengde. Der kunde herved fremskaffes Materiale til Bed0mmelse af, 
om der her kan paavises flere ulige Isbevregelsesretninger, selv om 
Modsretningsforholdene i Blokkenes Fordeling ikke er saa i0jnefal
dende som i Danmark og det nordvestlige Tyskland. 
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