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Abstract 

Three deep wells on the Danish island of Sjrelland 
penetrate the Upper Triassic - Lower Jurassic Gassum 
Formation. The formation has been the subject of a 
facies analysis of cored sediments and interpretation of 
petrophysical logs. The principal part of the work pre
sented is based on data from the Stenlille-1 well. The 
sediments were deposited in a NW-SE trending, micro
to mesotidal, prograding coastal zone and the adjacent 
fluvial hinterland. In the Stenlille-1 well, the coastal 
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progradation is recorded as a thick, coarse-grained 
sandstone unit deposited within a barrier island com
plex. This basal part of the formation is overlain by 
four stacked regressive sequences consisting of fine
grained sandstones and mudstones deposited on tidal 
flats. A thin transgressive sandstone sheet terminates 
the formation and marks the boundary to marine clay
stones of the Fjerritslev Formation. 



Introduction 

The purpose of this paper is to present an interpreta
tion of the depositional environment of the Upper 
Triassic - Lower Jurassic Gassum Formation carried 
out on material from the wells Stenlille-1, Slagelse-1, 
and Lav0-l in the southeastern part of the Danish 
Subbasin (fig. 1). The two latter wells were drilled by 
Danish American Prospecting Company, D.A.P.Co., 
in 1959. The Stenlille-1 well was drilled in 1980 by 
Dansk Olie og Naturgas A/S, and about 60 m were 
cored continuously from the top of the formation. Pe-
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trophysical logs were run in the whole formation which 
is about 150 m thick in this area. Interpretations of 
depositional environment are based on a facies analysis 
of the cored intervals. The interpretations are extended 
to the whole formation by studying petrophysical log 
motifs, cuttings samples and sidewall cores, and an 
interpretation of the depositional environment and the 
palaeogeography of the formation on Sjrelland is pro
posed. 
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Fig. 1. Structural elements of Denmark in the Late Triassic. The three studied wells on Sja!lland are placed on a line perpendicular 
to the boundary between the Fennoscandian Platform and the Danish Subbasin. Modified after unpublished structural map by J.C. 
Baartmann (1975). 
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Geological setting and age 

The Gassum Formation is found in wells north of the 
Ringk0bing-Fyn High and extends to the northwest out 
into the North Sea area. It is uncertain how far the 
formation extends towards the east and southeast. 
Within the Danish Subbasin the thickness of the forma
tion exceeds 200 m in a relatively small depocentre 
situated in northern Jylland between the Fjerritslev and 
B0rglum Faults (fig.1) and a larger depocentre situated 
in North Sjrelland and the southern part of Kattegat, 
south of the Grena-Helsingborg Fault (Bertelsen 1978). 

The age of the Gassum Formation was established by 
Sorgenfrei and Buch (1964) and Michelsen (1975). The 
lower boundary is of Early Rhaetian age and the upper 
boundary is diachronous, ranging from Late Rhaetian 
to Sinemurian/Pliensbachian(?). Early Sinemurian ages 
of the formation are found in the northeastern part of 
the basin (Michelsen, 1975) and reflect onlap towards 
the northeast probably due to the Early Jurassic eu
static rise in sea-level. 

In the central parts of the Danish Subbasin the Gas
sum Formation overlies the brackish to marine Vinding 
Formation of Late Norian age. In the more marginal 
parts of the subbasin the formation overlies the fluvia
tile Skagerrak Formation of Scythian to Early Rhaetian 
age (Bertelsen 1978, 1980). 

The depositional environment of the Gassum Forma
tion has been interpreted as deltaic by Larsen (1966). 
Bertelsen (1978) subdivided the formation into three 
members. The lower G-1 Member is an upwards coars
ening unit of claystone, siltstone, and sandstone, lo
cally with coal seams, constituting the Gassum Delta of 
Larsen (1966). The overlying G-2 Member is character
ized by the dominance of claystone with minor siltstone 
and fine-grained sandstone, interpreted by Bertelsen 
(1978) as a drowning delta-plain. The G-3 Member 
grades from silty claystone into fine-grained sandstone 
and siltstone. It is interpreted as a regressive event - a 
final pulse in the Early Cimmerian tectonic phase, dur
ing which limnic conditions returned to the basin (Ber
telsen 1978, p. 16-17). 

Bertelsen (1978) correlated the G-1, G-2, and G-3 
Members to the deltaic and limnic Vallakra, Mine and 
Helsingborg Beds in Skane, now named Vallakra, 
Bjuv, and Helsingborg Members respectively (Sivhed 
1984). 

The shift from the brackish-marine mudstones of the 
Vinding Formation to the shallow marine sandstones of 
the Gassum Formation may have been tectonically con-
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trolled (Bertelsen 1978). Fault activity in the Fenno
scandian Border Zone during the Late Triassic has 
been documented by several authors (Troedsson 1932; 
Gry 1969; Gravesen et al. 1982; Pegrum 1984; Vejbrek 
1985; Norling and Bergstrom 1987), and the increase of 
coarse-elastic material in the Danish Subbasin during 
the Rhaetian could reflect increasing erosion in the 
area as a result of faulting and uplift. Alternatively, it 
may be attributed to the regional Northwest European 
eustatic fall in sea-level during Rhaetian time suggested 
by Hallam (1981, 1984) and Vail and Todd (1981). 

The Gassum Formation is overlapped by the muddy 
Fjerritslev Formation, interpreted as a marine shelf 
deposit (Michelsen 1975, 1978; Pedersen 1983, 1985). 
The change from shallow marine sand to shelf mud 
probably reflect a eustatic rise in sea-level in the Early 
Jurassic (Michelsen, 1975, 1978; Bertelsen, 1978; Pe
dersen, 1983; Hallam 1981, 1984). 

In the Stenlille-1 well the Gassum Formation is 144 m 
thick (1507.10-1651.00 m, all depths are below Kelly 
Bushing) and overlies the Vinding Formation (fig.2). 
Michelsen (1980) identified an ostracod fauna dom
inated by Emphasia ssp. just below the boundary in
dicating an Norian-Early Rhaetian age for the upper 
part of the Vinding Formation. Hansen (1981) found a 
Late Rhaetian palynomorph assemblage just above the 
Gassum Formation - Fjerritslev Formation boundary. 
These biostratigraphical data indicate a Rhaetian age 
for the Gassum Formation in the Stenlille-1 well. 

In the Slagelse-1 well the Gassum Formation is 116 m 
thick ( 1171-1287 m) and overlies the Vinding Forma
tion (fig. 2). Bertelsen (1978, 1980) defined the upper 
boundary at 1150 m but log correlation to Stenlille-1 
suggests that the boundary should be moved downhole 
to 1171 m (Michelsen 1980). 

The interval 1169-1332 m was suggested to be of 
Rhaetian age by Larsen and Buch (1960). Ostracod 
faunas indicate a Hettangian - Lower Sinemurian age 
for the overlying interval 1012-1169 m (Michelsen 
1975). Hence the biostratigraphical data suggest a 
Rhaetian age for the formation in the Slagelse-1 well. 

In the Lavfj-J well the Gassum Formation was pene
trated in the interval 2133-2368 m (fig. 2) giving a 
thickness of 235 m (Bertelsen 1978, 1980). Buch (in 
Dinesen 1960) suggested that the interval 2134-2368 m 
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is of Rhaetian or Liassic age. The ostracod fauna in
dicates the presence of the Lower Jurassic O.danica, 
C.betzi-C.crassireticulata Zones at least down to 2304 
m (Michelsen 1975). Dinocysts and the ostracods Em
phasia spp. from core 12 (2395-2400 m) suggest an 
Early Rhaetian or possibly Late Norian age (Poulsen 
1985 and Michelsen pers. comm. 1987). 

The sparse biostratigraphical data thus indicates that 
the interval referred to the Gassum Formation by Ber
telsen (1978), is of Rhaetian to Sinemurian/ Early 
Pliensbachian (?) age. 

According to Bertelsen (1978, 1980) the formation 
overlies the Skagerrak Formation but the sediments of 
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core 12 are not typically of the Skagerrak Formation as 
they are dominated by partly bioturbated, olive grey, 
brownish and in places greenish and reddish claystones 
and siltstones with glauconite. The glauconite, the bio
turbation and the above mentioned find of dinocysts 
and the ostracods Emphasia spp. suggest a marine to 
brackish environment. Emphasia spp. are known from 
the Vinding Formation and the lower part of the Gas
sum Formation (Christensen 1971, 1973), and this may 

suggest that it is the Vinding Formation which underlies 
the Gassum Formation in Lawj-1 as in Slagelse-1 and 
Stenlille-1. 



Facies descriptions and interpretations 

The total recovered length of the continuous cores 
from the Gassum Formation in the Stenlille-1 well is 
61.7 m (1506.7 m-1568.4 m, cores 6-10 , rec . 100%) 
(fig.3). The lengths of the cores in the LavQl-1 well are 
2.64 m (2163 m - 2166 m , core 10 , rec. 88% ), and 5.5 m 
(2277.5 m - 2283 m , core 11 , rec. 100%) (fig.4). In 

Slagelse-1 no cores were taken in the Gassum Forma
tion . 
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The cored sediments have been divided into eight 
sedimentary facies which are described and interpreted 
below. 
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Facies 1 - Large-scale cross-bedded 
sandstone 

Description: This facies consists of well sorted, light 
grey, fine- to medium-grained sandstone with abundant 
clasts of mudstone . 

It is large-scale cross-bedded (fig. 5) in sets up to 40 
cm thick. Foresets dip up to 20°. Occasionally the fore
sets are draped by 1-3 mm thick clay- and mudstone 
laminae or cut by gently dipping planes with small 
ripples (fig. 6). 

The foresets show angular contact or tangential bot
tomsets consisting of cross-laminated sandstone lenses, 
enclosed by mudstone laminae (fig. 6). Opposed dip 
directions of foreset laminae are seen in superjacent 
lenses separated by mudstone laminae. 

Planolites burrows are present in the mudstone lami
nae . 

1 cm -
Fig. 5. Facies 1, large-scale cross-bedded sandstone formed by 
subtidal megaripples. Small mudstone clasts accentuate the 
cross-bedding, Stenlille-1, 1564.4 m . 

12 

Facies 1 makes up 10% of the cored interval in the 
Stenlille-1 well, but is not present in the Lavo-1 cores. 

Interpretation: The cross-bedding was formed by lee
side avalanching of migrating megaripples and the 
mudstone drapes are interpreted as records of single 
slackwater events (Terwindt and Breusers 1972, 1982). 
The ripples migrating up the lee-sides and the diverging 
directions of ripple foreset dips in bottomsets, indicate 
that bidirectional currents characterized the environ
ment. Back-flow ripples can be excluded due to the 
presence of the enclosing mudstone laminae . 

The evidence of a bidirectional flow system with 
varying flow velocities (fig . 6) strongly points to a tidal 
environment. Ripples enclosed by couplets of mud
stone laminae are diagnostic features of subtidal envi
ronments (Visser 1980) . 

Facies 2 - Large-scale, low-angle cross
bedded sandstone 

Description: This facies consists mainly of grey, well to 
moderately sorted, fine- to very fine-grained sandstone 
with a relatively high content of mafic and opaque 
minerals in distinct laminae. 

It is characterized by up to 1 m thick sets of large
scale, low-angle cross-bedding and slightly dipping par
allel laminae (fig. 7). The foresets dip from 3° to 15° 
and are often curved (fig . SA). Tangential bottomsets 
grade upward into steeper foresets, which again grade 
into concordant or slightly discordant topsets , giving 
the impression of sigmoidal foresets. 

These sandstones are underlain by erosion surfaces. 
Mudstone clasts up to 7 cm across rest on the erosion 
surfaces (fig . SB). The cross-bedded sandstones are 
overlain by thin layers of fine-grained sandstone with 
ripples and parallel lamination and are often capped by 
thin mudstone layers showing small, V-shaped, sand 
filled mudcracks arranged in polygonal patterns. 

Diplocraterion burrows are seen in top of these sand
stones , (fig. SC) and Planolites burrows are seen in the 
muds tones. 

Facies 2 represents 8% of the cored interval in the 
Stenlille-1 well, but it is not present in the Lavo-1 well. 

Interpretation: The trace fossils in this facies suggest 
that the sandstones were deposited in a shallow marine 
environment (Seilacher 1967; Ekdale et al. 1984). 

The occurrence of scours and large mudstone clasts 
at lower set boundaries suggest deposition during epi
sodes of high energy. The low angle of inclination of 
foreset laminae suggests that avalanching and larger 
leeside eddies were not operating during the sedimen
tation. The sigmoidal foreset laminae suggest high flow 
ve locities relative to grain sizes coupled with a high rate 
of grains falling out from suspension (Jopling 1965) . 
This suggest that the cross-bedded sandstone was de-
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Fig. 6. Facies 1. Two or three sets of large-scale cross-bedded 
sandstone formed by subtidal megaripples. Lenses of cross
laminated sandstone enclosed by laminae of mudstone are 
present in the bottomsets and within the foresees. The mud
stone laminae were deposited during single slackwater events. 
The gently dipping planes draped by mudstone laminae are 
reactivation surfaces formed by subordinate currents and sub
sequent slackwater. 

posited by sheet flows on the leeside of migrating bed
forms or micro-deltas. 

The gently dipping parallel laminae overlying the 
foresets are interpreted as topsets deposited under up
per flow regime conditions. Sometimes the parallel 
lamination alternates with small-scale cross-lamination 
(fig. 80). This indicates shifts in the bed configuration 
from upper-stage plane beds to fast moving ripples 
climbing at very low angles which suggests that the flow 
velocity fluctuated on top of the larger bedforms 
(Harms et al. 1982). Evidence of high flow velocities 
and very shallow depths is present as antidune struc-
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WASHOVER FAN 
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WASHOVER FAN 

Fig. 7. Facies 2, coalescing washover fans , Stenlille-1 (1538.0-
1535.9 m) . 

tures (fig. 80) very similar to antidunes described from 
small anc ient and recent washover fans (Barwis and 
Hayes 1985) . The observed alternation between lami
nae rich in heavy minerals and rich in quartz is evidence 
of good primary textural segregation as known from 
recent washover fa ns (Schwartz 1982). 

The mudstone layers on top of some of the sandstone 
beds were deposited after the vigorous episodes. The 
polygona l, V-shaped mudcracks interpreted as desicca
tion cracks , show that some of the bedforms became 
eme rgent. 

The close similarity to st ructures observed in recent 
washover fans ( e.g . Schwartz 1982, Barwis and Hayes 
1985) and the evidence of sheet flow conditions and 
fluctu ating shallow fl ows suggest th at facies 2 repre
sents washover fan deposits. 
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◄ Fig. 8. Facies 2, washover fan , Stenlille-1. 
A: Low-angle, curved foresets of sandstone deposited on the 

leeside of a washover fan. The dark spots are iron oxides 
and iron hydroxides precipitated due to dissolution of the 
mafic minerals in the sand.stone after the core was taken 
(1536.5 m). 

B: Erosion surface overlain by mud.stone clasts and faintly 
laminated sandstone possibly representing a washower 
neck (1538.0 m) . 

C: Diplocraterion burrows into top of washover fan deposits 
(1532.9 m). 

D: Parallel lamination and slightly climbing ripple cross-lam
ination in topset beds indicating fluctuations of ff.ow re
gime. Jn the upper part an antidune structure is seen 
indicating shallow water depth and high ff.ow velocity 
during deposition (1536.2 m). 

Facies 3 - Inclined heterolith 

Description: This facies is composed of sandstones and 

mudstone-sandstone heteroliths. The sandstones are 
light grey, moderately sorted , and medium- to fine

gra ined. The heteroliths consist of light grey, moder
ate ly sorted , fin e- to very fine-grained sandstones and 
black mudstones . The mudstones are rich in plant frag

ments. 
The facies is a rather complex succession of lithol

ogies and sedimentary structures (fig. 9) . Eight such 

success ions, 0.6-1.1 m thick , are present in the cored 
interval of the Stenlille-1 well. Facies 3 always begins 
with an eros ion al surface, in most cases overlain by 

sandstones , which grade into inclined heteroliths (fig. 
9A). In successions without a basa l sandstone , inclined 
heteroliths dominate . 

In the basal sandstones massive bedding and faint 

crossbedding is seen occasionally , but disturbed bed
ding is widespread . The sandstones conta in angular 

intraformational clasts , ranging in size from a few mm 
to several cm (fig. 9B). Often the lithology of these 
clasts is the same as that of the inclined heteroliths 
above, but mudstone clasts are also present. The 

amount and size of the clasts genera ll y decreases up
ward in fac ies 3. 

The laye rs in the inclined heteroliths dip from 5° to 
20°, and an upwards decreasing dip is generally seen. 
Flaser bedding, wavy bedding , and irregular parallel 

bedding a re seen in the heteroliths (figs 9A and 9C). 
Inte rbeds of massive or cross-laminated sandstones and 
slightly bioturbated, up to 1 cm thick mudstone layers 

const itute a minor part of the heteroliths . 
Faults and disturbed bedding are common in the 

heteroliths (fig. 9D). 
Gently dipping, medium- to fine-grained , laminated 

sandstone layers, 10--20 cm in thickness, occasionally 
ove rlie the inclined heteroliths. 

Facies 3 makes up 12% of the cored interval in the 

Stenlille-1 well, but is not present in the cores from the 
Lav0-l well. 

Interpretation: The erosional lower boundaries and 
the occurrence of abundant intraformational clasts sug

gest that the sediments in facies 3 were deposited by 
chan ne lized flows. 

The sandstones on the channel floors were deposited 
by megaripple migration , and the massive sandstones 
may represent phases of very rapid deposition. The 

large, angular, he terolithic clasts which sometimes a re 
present in the sandstones (fig. 9B) were probably not 
transpo rted fa r , as it is likely they would have disin

tegrated quickly during prolonged transport. Thus, 
these clasts probably slumped into the thalweg due to 
undercutting of channe l banks . Similar channel lags are 

described from ancie nt tidal deposits by Sellwood 
(1972, 1975) and Carter (1975). 

The inclined heteroliths overl ying the basal sand
stones deviate from avalanche-type foresets formed by 

migration of transverse bedforms. The very frequent 
alternatio n in grainsize shows that deposition resulted 

from re latively strong currents regularly alternating 
with weak currents and periods of slackwater. This 
frequent shift in flow velocities during sedimentatio n of 

channel deposits is suggestive of a tidal setting. 
Inclined heteroliths formed by lateral accretion have 

been reported from point bars in ancient and recent 
tidal channels (van Straaten 1954; Reineck 1958, 1967 ; 

Bridges and Leeder 1976 ; R eineck and Singh 1980; de 
Mowbray 1983 ; Zaitlin and Dalrymple 1985 ; Smith 

1985 , 1988). By analogy the inclined heteroliths are 
thus inte rpreted as having been deposited on point bars 
in tidal channels and are termed longitudinal cross
bedding (sensu Reineck 1958). 

The upward decreasing dips of the inclined hetero

lithic layers and the gradual transition to subhorizontal 
layers reflect the passage of a latera ll y migrating point 
bar with a curved accretion surface ; the inclined layers 

represent bar front progradation and the subhorizonta l 
layers represent bar top aggrada tio n . 

The faulting in the inclined heteroliths and the re la
tive ly limited bioturbation in the sediments , compared 
to the adjacent facies are in agreement with observa
tions from recent longitudinal cross-bedding (Reineck 

and Singh 1980). 

Facies 4 - Small-scale cross- to parallel 
laminated sandstone and mudstone 

Three subfacies a re defined on the basis of the various 

sedimenta ry structures. The lithology of all three sub
fac ies is modera te ly to well sorted , light grey, fine

grained sandstone and siltstone containing varying pro
portions of dark grey to black mudstone laminae with 
lignite fragments. Small concretio ns of pyrite are pre

sent. 
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◄ Fig. 9. Facies 3, longitudinal cross-bedding (inclined hetero
liths) formed by point bar progradation, Stenlille-1. 
A: Alternating sandstone and mudstone layers . The upwards 

gradually decreasing dip reflects the lateral migration of a 
concave upward accretion surface of a point bar (1554.5 
m). 

B: The basal sandy part of a channel fill with a large hetero
lithic and partly destroyed clast probably slumped into the 
channel tha{weg from a cut bank. Several smaU claystone 
clasts are seen, too (1538.2 m). 

C: Inclined heterolithic layers characterized by irregular par
allel bedding. The bedding is disturbed in the lower sandy 
part (1528.4 m). 

D: Small synsedimentary faults cutting the longitudinal cross
bedding (1527.6 m). 

Bioturbation often occurs and Diplocraterion bur
rows are frequently seen. 

In the Stenlille-1 well this facies , mainly developed as 
subfacies 4a, constitutes 37% of the cored interval. In 
the cores from Lav0-l the facies is not represented. 

Subfacies 4a 

Description: Trough cross-laminated sandstone with 
thin interbeds of parallel laminated sandstone and 
mudstone (fig . lOA) dominate this subfacies. Opposed 
directions of foreset dips are seen. Ripples are often 
draped with thin, continuous mudstone laminae. Single 
flaser bedding , bifurcating and wavy flaser bedding is 
seen (Reineck and Wunderlich 1968). 

In sequences without mudstone laminae the well 
sorted sandstones appear massive. The massive struc
ture may be a result of bioturbation which is clearly 
intensive in some horizons. 

Interpretation: The cross-lamination was probably 
formed by non-oscillatory currents . Reversed foreset 
dips indicate changes in current directions. 

The thin parallel laminated sandstone and mudstone 
interbeds are interpreted as suspension deposits . The 
thin mudstone laminae may be deposited during slack
water periods (Terwindt and Breusers 1972, 1982). 

Subfacies 4b 

Description: Incipient lenses , chevron structures and 
intricately interwoven cross-lamination (fig. lOB) ( de 
Raaf et al. 1977) , characterize this subfacies. Further
more, interbeds of even to undulatory, parallel lamina
ted sandstone and siltstone with erosional lower bound
aries are present , together with thin continuous mud
stone layers. 

Interpretation: Subfacies 4b was deposited under the 
influence of oscillatory water movements. The parallel 
laminated, erosively based sandstone and siltstone may 

have been deposited under sheet flow conditions due to 
strong wave-action from shoaling waves (Clifton et al. 
1971; Clifton 1976; Davidson-Arnott and Greenwood 
1976; de Raaf et al. 1977). 

The presence of Diplocraterion burrows and the 
wave induced sedimentary structures, interrupted by 
continuous mudstone layers, indicate a shallow marine 
environment where periods of weak or no water move
ments altern ated with periods of wave action . 

Subfacies 4c 

Description: This subfacies consists of 2-10 cm thick, 
graded sandstone beds with sharp or erosive lower 
boundaries. The basal portion of these sandstone beds 
is medium- to fine-grained, structureles and shows a 
normal grading (fig . lOC). Upwards the beds develop 
indistinct parallel lamination which passes up into a 
cross-laminated , thin interval with mud fl asers overlain 
by a thin, draping mudstone layer. 

Interpretation : The relative ly coarse grain size, the 
lack of stratification and the absence of mud in the 
lower part of the sandstone beds indicates that the sand 
was deposited rapidly from heavily loaded turbulent 
suspensions. The upward fining trend and transition to 
parallel lamination and cross-lam ination indicate grad
ually decreasing energy and supply of sand. The drap
ing mudstone layers reflect further reduced energy. 

This interpretation implies that subfacies 4c may rep
resent deposition during waning storm events . Ter
windt (1981) describes similar storm deposits from re
cent tidal sediments . 

Facies 5 - Heterolith 

Description : This facies consists of moderately sorted, 
light grey, fine-grained sandstone and black mudstone , 
rich in plant fragments. In some horizons the sandstone 
grades into siltstone. 

The heteroliths are characterized by thinly parallel 
layered sandstone and mudstone, wavy bedding, lentic
ular bedding and single flaser bedding (figs. llA and 
B) (Reineck and Wunderlich 1968; Reineck 1972). 

Small upwards fining sequences, few mm to some cm 
thick, are seen in the heteroliths (fig. llC) . These 
sequences often begin with an erosional surface over
lain by cross-laminated and/or parallel laminated, fine
grained sandstone or siltstone grading upward into very 
thinly lamin ated mudstone . The mud content increases 
upwards , and the sequences are often terminated by 
mudstone lamin ae with thicknesses up to 20-30 mm . 

V-shaped, sand filled mudcracks arranged in poly
gonal patterns are seen on clayey bedding planes (fig . 
11 D). Plant roots penetrate parts of the heteroliths (fig. 
llE) . 
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Fig. JO. Facies 4, Stenlille-1. 

8 

A : Small-scale cross-laminated sandstone with flas er bedding 
and a few continuous claystone laminae generated by tidal 
currents interrupted by slack water periods. Subfacies 4a 
(1538.2 m). 

B: Intricately interwoven cross-lamination and undulating to 
even, parallel lamination generated by waves. Bioturba
tion is present. Subfacies 4b (1521.0 m ). 

An overall upward increasing clay content is seen in 
the he te roliths, and they are a lways overlain by clays
to nes (facies 7) . The upper boundaries of the hetero
liths a re placed arbitrarily where the clay or mud con
tent increases to more than 50% and the clay- or mud
stone layers become thicker than 5 cm . 

Bioturbation is intense in some horizons (fi g. llF) 
and the trace fossils Planolites, Diplocraterion , and 
Teichichnus , mentioned in decreasing abundance, are 
recognized. 

Facies 5 makes up about 20% of the cored sequence 
in the Stenlille-1 well and 30% of that in the Lav0-l 
well. 

Interpretation : The heteroliths were deposited in a 
shallow marine environment as indicated by the pres
ence of trace foss il s from the Skolithos- and Cruziana 
ichnofacies (Seilacher 1967; E kdale et a l. 1984) . 
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C: Graded sandstone bed interpreted as storm and waning 
storm deposit . The lower part consists of massive, me
dium-grained sandstone that grades into indistinctly cross
laminated, fine-grained sandstone. The topmost ripples 
are draped with mudstone laminae. Subfacies 4c (1 548.8 
m) . 

The occurrence of mudstone and only small-scale 
structured sandsto ne indica tes that the depositional en
viro nment was characte rized by re latively low energy. 
The sand and silt was mainl y transported as bed load by 
wave and current induced processes, whereas the mud
stone was deposited fro m suspension during calm water 
conditions. Mud laminae with thickness up to 2 mm can 
be deposited during a single slackwate r pe riod (Ter
windt and Breusers 1982) , while thicknesses up to 
20-30 mm must be inte rpre ted as sedimentation of mud 
laminae over several slackwate r periods. 

The thin upwards fining sequences refl ect frequent 
shifts be tween pe riods with bedload transport of fin e
grained sand and pe riods with weak or no currents 
during which mud se ttl ed out. The main part of each 
sequence was probably deposited during one tidal pe
riod , as described from a mesotidal environment by 
Terwindt (1981) . 
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Fig. 11. Facies 5, heteroliths deposited on intertidal flats. A: 
Heterolith of fine-grained sandstone and dark mudstone char
acterized by lenticular and wavy bedding (Stenlille-1, 1543.9 
m) . 
B: Heterolith of fine-grained sandstone and dark mudstone 

with lenticular bedding and parallel layered sandstone and 
mudstone (Lavf1) -1 , 2164.9 m). Sandstone lenses in this 
figure as well as in A are deformed due to compaction. 
Planolites occurs in both figures. 

C: Thin graded sequences with sharp or erosive base. Cross-

Heteroliths with structures like fac ies 5 are com
monl y observed in subtidal and intertidal environments 
(Reineck 1960; Reineck and Wunderlich , 1968; Ter-

1 cm -

1 cm -

C 

F 

1 cm -

1cm -
lamination and parallel lamination characterize the fi
negrained sandstone in lower part of the sequences. The 
sandstones grade into thinly laminated siltstone and mud
stone topped by relatively thick layers of dark mudstone or 
claystone (Stenlille-1, 1518.0 m). 

D: Sand filled mudcracks indicative of subaerial exposure 
(Stenlille-1, 1541 .3 m) . 

E: Rootlets (Stenlille-1, 1544.3 m). 
F: Bioturbated heterolith of facies 5 ( Lavf1)-1 , 2163. 7 m). 

windt 1971 ; Terwindt and Breusers 1972; Reineck 1975; 

Reineck and Singh 1980). The large amount of sand 
filled mudcracks, interpreted as desiccation cracks de-
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veloped during subaerial exposure precludes a subtidal 
genesis and it is suggested that facies 5 were laid down 
on an intertidal mixed flat (Reineck 1975) . 

Facies 6 - Small-scale cross- and parallel 
laminated siltstone 

Description: The major part of this facies consists of 
greyish-green, cross-laminated and parallel laminated 
siltstone. In most horizons these structures are masked 
by imprints from numerous rootlets (fig. 12A) and 
large plant fragments occur frequently. In some hori
zons the structures are disturbed by slumping, loading 
and water escape (fig. 12B) . 

A minor part of this facies consists of beds 1 to 8 cm 
thick consisting of small , platy , intraformational clay
stone clasts embedded in a clay- and siltstone matrix . 
The platy clasts are parallel to the bedding planes and 
an indistinct stratification is present. In most cases 
there seems to be a transitional contact between a bed 
consisting of clay clasts and the overlying siltstone , 
whereby small upward fining sequences are formed . 

This facies is only seen in core 11 in the Lav0-l well 
where it constitutes 95%. 

Interpretation: The cross-laminated siltstone was de
posited by current ripples and the parallel laminated 
siltstone from suspension fall-out. The water depth was 
probably very shallow as indicated by the rootlets. 

The few thin clay clast beds are evidence of brief 

A 
1 cm -

Fig . 12. Facies 6, siltstone deposited on a flood plain, Lav9-l. 
A: Faintly laminated silrstone with numerous rootlets (2164.4 

m). 
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erosional episodes followed by rapid sedimentation of 
silt , as indicated by the water escape structures. The 
numerous rootlets, the large plant fragments , the lack 
of bioturbation and marine microfossils suggest a vege
tated non-marine environment. 

Facies 7 - Parallel laminated claystone 

Description: This facies consists of parallel laminated 
claystone with plant fragments . Especially in core 11 
from the Lav0-l well , large stems of Equisetites are 
very numerous (K. Raunsgaard Pedersen, pers. comm. 
1986). Occasionally thin intercalations of siltstone and 
very fine-grained sandstone occur showing pinch and 
swell and incipient lenses . 

Biogenic structures are sparse in the Stenlille-1 well 
apart from Planolites burrows and a single questionable 
Thallasinoides burrow. No burrows are seen in core 11 
in the Lav0-l well. 

This facies constitutes about 2% of the cored interval 
in Stenlille-1 , and in the Lav0-l well it constitutes 
about 5% of the cores. 

Interpretation: The fine grain size and the parallel 
lamination show that deposition occurred in a calm 
environment , dominated by suspension fall-out. The 
occurrence of sand and siitstone laminae with poorly 
developed traction current structures show that the 
depositional site was periodically supplied with sand 
and silt, mainly settling out from suspension. 

B 
1 cm -

B: Siltstone with water escape structures and load structures 
(2165 .1 m). 



In core 11 from Lawl-1 the presence of numerous 
stems of Equisetites indicate a non marine environ
ment. 

Facies 8 - Coal 

Description: This facies, which only occurs in one hori
zon in the cored interval in the Stenlille-1 well, is a 0.4 
m thick, very argillaceous coal bed. The coal has a 
transitional lower boundary to a claystone belonging to 

facies 7 and shows a decreasing silt and clay content 
upwards. Large plant fragments are present in the coal. 

The facies makes up less than 1 % of the cored in
terval in Stenlille-1, and is not found in the Lav0- l 
cores. 

Interpretation: The coal bed may be allochthonous as 
no roots are seen in the underlying mudstone. The 
plant fragments were deposited in a quiet ponded envi
ronment possibly in the vicinity of vegetated areas. 
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Vertical succession of facies in the cored intervals 

Stenlille-1 

Based on wireline logs and lithological descriptions of 
cores, cutting samples and sidewall cores the formation 
has been subdivided into eight sequences (A-H, fig. 13) 
of which the upper five were cored (sequences D-H, 
fig. 3). Although the cored sequences display some 
similarities, differences are seen, and each sequence 
will be analysed below. 

Sequence D: Sequence D (fig. 3), which is c. 29 m 
thick, is dominated in the lower part by cross-bedded, 
fine- to medium-grained sandstone (facies 1), indicat
ing relatively strong currents during deposition. The 
suggestions of bi-directional flows and unsteadiness of 
flow velocities points to a tidal current regime and the 
mudstone couplets strongly favour a subtidal setting 
(Visser 1980). Accordingly the lowermost 9 m of Se
quence D are interpreted as subtidal deposits, laid 
down on subtidal sand flats. 

A gradual change upwards to cross-laminated sand
stones (facies 4a and 4c), with intercalations of thin 
heteroliths (facies 5) takes place at about 1560 m. Rec
ords of slackwater are preserved as thin mudstone flas
ers and drapes, and an increasing degree of bioturba
tion is seen. These changes indicate a general reduction 
of current velocity during deposition of this interval. 

At 1555 m a scoured surface is overlain by cross
bedded sandstone and a longitudinally cross-bedded 
heterolith (facies 3), interpreted as the fill of a tidal 
creek. Above, fine grained sandstone with cross-lami
nation and mudstone flasers dominate (facies 4a and 
4c) with thin, heterolithic intercalations (facies 5). 

From about 1545 m to 1541 m bioturbated hetero
liths dominate. Rootlets and several horizons with des
iccation cracks indicate shallow water depths and epi
sodic subaerial exposure. The depositional area was 
probably an intertidal mixed flat. 

At 1541 m the heteroliths gradually pass up into 
laminated claystone (facies 7), terminating Sequence 
D. This change may reflect transition from an intertidal 
mixed flat to a mud flat. 

The sediments of Sequence D thus indicate a gradual 
transition from a subtidal sand flat with migrating 
megaripples into an intertidal sand flat with small rip
ples, passing into mixed flat where sandstone-mud
stone heteroliths were deposited. The heteroliths grade 
up into claystone deposited on an intertidal mud flat. 
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Sequence D seems, therefore, to represent a prograda
tion of the various types of tidal flats (Reineck 1975). 

Sequence E: This sequence is 8 m thick (fig. 3) and is 
separated from Sequence D by a distinct erosion sur
face. This surface is overlain by fine-grained sandstone 
dominated by cross-lamination, flaser bedding and thin 
mudstone laminae (subfacies 4a) indicating a return to 
deposition from currents of sufficient strength to pro
duce small ripples. Mud that settled out during slack 
water is preserved as flasers and thin laminae. Horizons 
with desiccation cracks indicate subaerial exposure. 
The sandstones were most likely deposited on intertidal 
sand flats. 

At 1538 m a distinct erosional surface is overlain by a 
lag of large mudstone intraclasts. Above this surface 
several sets of fine-grained sandstone with low angle 
cross-bedding (facies 2) are present. This succession of 
beds is interpreted as parts of small washover fans that 
invaded the intertidal environment during storm 
events. The lithology beneath the cored interval (see 
later) may suggest the presence of barrier islands 
whereas indirect evidence is provided by the presence 
of tidal flat deposits, as tidal flats are dependent on 
protection from the open sea. 

Above the washover fan deposits, Sequence E is 
terminated by a heterolith (facies 5) passing into lami
nated, silty claystone (facies 7), probably representing 
the transition from intertidal mixed flat to mud flat. 

Sequence F: This sequence is c. 8.5 m thick (fig. 3) 
and has a very sharp, erosional boundary upon Se
quence E. It is dominated by creek fill sediments (fa
cies 3). The creek fills display rather small thickness 
variations, from 0.6 m to 1.1 m. In three cases the creek 
fills are overlain by assumed intertidal mixed flat heter
oliths, and it is thus likely that the major part of the 
creek fill is preserved. Without correction for compac
tion the creek depths are in the range of 0.75 m to 1.00 
m. 

The uppermost creek fill is overlain by mixed flat 
sediments passing up into mud flat sediments with coal 
which probably represents a marsh deposit. 

Sequence F, therefore, reflects the progradation of 
tidal flats dissected by channels. 

Sequence G: Sequence G is app. 10.5 m thick (fig. 3) 
and is separated from the coal bed capping Sequence F 
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by an erosion surface . Although wave generated struc

tures occur locally in the other sequences , the lower 

half of Sequence G is the only interval where wave

rippled and bioturbated si ltstones (facies 4b) dominate. 

Subordinate , thin , storm generated , sandy beds (facies 

4c) and current ripple laminated beds (facies 4a) are 

present. The clay content is low and the content of 

organic debris is considerably lower than elsewhe re in 

the cores , probably due to winnowing by waves or 

greater distances to vegetated areas and river mouths. 

Mudstone flasers and laminae are evidence of periods 

with very limited water movement. A subtidal shoal 

exposed to waves is proposed as a possibility. 

The middle part of Sequence G is dominated by 

heteroliths with well developed, thin micro-sequences 

(facies 5) similar to those described from recent tidal 

flats (Terwindt 1981). These sequences and the occur

rence of numerous desiccation cracks , point to interti

dal mixed flat sedimentation. 
The heteroliths pass up into laminated , silty clays

tone (facies 7), deposited on an intertidal mud flat. 

According to these suggestions, Sequence G represents 

subtidal shoal deposits overlain by prograding tidal flat 

deposits . 

Sequence H : This sequence which is c. 6 m thick (fig. 

3) shows a general upward coarsening trend. 

The erosion surface wh ich separates Sequence G and 

H is overlain by inclined, thin and graded layers of 

siltstone and fine-grained sandstone (fig . 3). The up

ward decreasing dip of these layers (fig . 14), indicate a 

gradual infilling of a small pool. Upon these sediments 

follow presumed washover fan deposits and typical 

mixed flat heteroliths with desiccation cracks (facies 5). 

The formation is terminated by a well to moderately 

sorted, fine- to medium-grained sandstone. Structures 

are difficu lt to identify , but a faint parallel lamination 

probably of upper flow regime origin appears to dom

inate. Above this sandstone bed , a thin hcterolith with 

an erosive base marks the transition to the marine 

mudstone of the transgressive Fjerritslev Formation, 

described recently from this well by Pedersen (1985). 

The sparse data permit only a specu lat ive interpreta

tion of the uppermost two meters. However , the lithol

ogy and the position between inshore intertidal flat 

sediments and open marine mudstones favo urs a bar

rier island or an upper foreshore interpretation. Thus 

the upper part of sequence H probably represents a 

transgressive seq uence. 

◄ Fig. 13. Gamma ray log and lithologies of the Gassum Forma
tion in Stenlille-1. The positions and interpretations of se
quences A through H are indicated. 
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A 

1 cm -
Fig. 14. Infill of a small pool or scour, Stenlille-1. 
A: Inclined, graded layers of very fine-grained sandstone and 

silty claystone deposited by sediment clouds or slurries 
entering a body of stagnant water (1512, 7 m). 

B: Inclined layers of fine-grained sandstone grading upward 
into very fine-grained sandstone with abundant small clay 

Lav()-1 

In the Lav0- l well the length of the cores is very limited 
and it is not possible to define any general trends in the 
sediments . 

Core 11 (figs. 2 and 4) consists of cross-laminated 
and parallel laminated siltstone with numerous rootlets 
(facies 6) , and minor claystone beds with stems of 
Equisetites (facies 7) . No marine indication is found 
and the Equisetites stems suggest a continental envi
ronment. The few thin layers of intraformational clays
tone clasts record minor erosional episodes, and core 
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B 

1 cm -

flakes and organic debris. The bases of the sandstone 
layers are loaded in places. Jn the lowermost layer the clay 
flakes are slightly imbricated and a tendency towards in
verse to normal grading is seen indicating deposition from 
a heavily loaded sediment flow (1511 , 8 m). 

11 may represent deposits that accumulated by over
bank flooding on a flood plain. 

In core 10 (fig . 4) heteroliths with wavy bedding 
(facies 5) dominate. The bioturbation is rather intense 
and masks the sedimentary structures. Diplocraterion, 
Zoophycos and Planolites can be identified. Desicca
tion cracks are seen at one level. The facies present are 
comparable with the fine-grained, heterolithic sedi
ments in Stenlille-1 . The trace fossils indicate a marine 
environment and as there is evidence in the cores of 
shallow water depth , an intertidal mixed flat is the most 
likely depositional environment. 



Description and interpretation of the uncored parts of the 
formation 

The lithologies of the uncored parts of the formation in 
the three wells studied are known from wireline logs, 
cuttings samples and sidewall cores. Interpretation of 
the sedimentary environment in the uncored intervals 
can be made by referring to log motifs in the cored 
intervals where the depositional environments can be 
more safely interpreted. 

Stenlille-1 

Sequence A-C covers the uncored interval (1651.00-
1568.40 m, fig. 13). These sequences will be described 
and interpreted in the following section. 

Sequence A: This 10 m thick sequence (fig. 13) con
sists of fine- to medium-grained sandstone interbedded 
with siltstone (Christensen, 1981). The sequence over
lies brackish-marine mudstone of the Vinding Forma
tion. In combination with the interpretation of the up
per part of the Gassum Formation presented above this 
leads to the assumption that the lower part was depos
ited in a shallow marine, regressive environment. It is 
suggested that the relatively coarse-grained sediments 
with fine-grained intercalations were deposited on a 
lower to upper shoreface. 

Sequence B: This sequence is nearly 58 m thick and is 
dominated by moderately to well sorted, medium- to 
coarse-grained sandstone (Christensen, 1981). The 
gamma ray log motif shows a clean sandstone with few 
fine-grained intercalations (fig. 13). Palynological in
vestigations show a mixing of marine and land derived 
kerogen (Hansen, 1981). The general geological setting 
and the presence of wave protected intertidal flat sedi
ments and washover sand bodies in the cored part of 
the formation suggest that such a sequence of thick, 
clean, medium- and coarse-grained sandstone was de
posited in a coastal barrier environment. 

Sequence C: Sequence C is app. 14.5 m thick and is 
characterized by claystone and siltstone with at least 
three major intercalations of fine-grained sandstone. 
The gamma ray log (fig. 13) shows that deposition took 
place as three claystone-sandstone cycles. 

As no further sedimentologic evidence is available 
from sequence C the interpretation is rather tentative. 
The fine-grained sediments of the sequence reflect low 

depositional energy and may be the deposits of an 
intertidal flat. The sandstones are evidence of intermit
tent higher energy and may be interpreted as washover 
fans. 

Lavr/)-1 

The lithology of the uncored parts of the Gassum For
mation in the Lav0-l well, as estimated from cuttings 
samples and electric logs, is dominated by light grey to 
green, fine-grained sandstone and dark grey claystone 
with few thin layers of coal (Dinesen 1960). The lithol
ogy of the cored intervals generally confirms this obser
vation, but core 10 indicates that sand and clay in some 
horizons were deposited as heteroliths. 

The log motif of the SP log indicates frequent chang
es of lithology, but generally the lower one-third is 
dominated by siltstones and sandstones, whereas the 
upper two thirds apart from the topmost 10 m thick 
sandstone layer are dominated by claystones and hete
roliths with thin sandstone horizons (fig. 2). 

Marine microfossils seem to be absent in the lower 
part of the formation apart from a sparse ostracod 
fauna found in cuttings from the interval, 2301-2304 m 
(Michelsen 1975). As the sediments in core 11 (fig. 2 
and fig. 4) are interpreted as floodplain deposits in the 
previous section, a marginal marine to floodplain envi
ronment is tentatively suggested for the lower part of 
the formation in the area of the Lav0-l well. 

For the upper part of the formation a marine to 
brackish origin is inferred due to the proposed tidal flat 
origin of the sediments in core 10, a sparse ostracod 
fauna in the interval 2210-2213 (Michelsen 1975) and 
the finds of foraminifera (Dentalina matutina (?) and 
Marqinulina prima, I. Bang written communication, 
1986) in cuttings from the sandstone interval topmost in 
the formation. This presumed transgressive sand sheet 
topmost seems to be of Late Sinemurian or Early 
Pliensbachian age (Michelsen, 1975). 

Slagelse-1 

No cores were taken in the Gassum Formation in Slag
else-1, but cuttings samples and wireline log motifs 
show that the formation is characterized by dark grey 
claystones with thin siltstone beds and lignite fragments 
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(Larsen and Buch 1960, Sorgenfrei and Buch 1964). It 
seems that the deposition took place in a quiet marine 
environment (Larsen 1966). The dominant claystones 
point to deposition on an inner shelf rather than at 
inshore tidal areas as in Stenlille-1. In other wells lo-
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cated centrally or southerly in the basin, e.g. Vind
ing-1, N0vling-l, R0nde-l and Horsens-1 (fig. 1), the 
Gassum Formation is also dominated by marine clays
tones and siltstones (Sorgenfrei and Buch 1964; Larsen 
1966; Rasmussen 1971, 1973). 



Depositional model and palaeogeography 

The above interpretation of cores and petrophysical 
logs in the Lav0-l, Stenlille-1 and Slagelse-1 wells have 
shown that the Gassum Formation on Sjrelland was 
deposited in a shallow marine to fluvial environment. 
An isopach map of the formation indicates that the 
general trend of the palaeo-coast was northwest-south
east during deposition of the formation in Late Triassic 
- Early Jurassic times (Bertelsen 1978, fig.7). 

In the Slagelse-1 well, located farthest to the south
west and thus farthest out into the basin, the formation 
mainly consists of marine claystone with thin silty in
tervals. In the nearby Stenlille-1 well (fig. 1) the forma
tion consists of stacked barrier island deposits overlain 
by four regressive tidal flat sequences, capped by a 
transgressive sequence marking the transition to the 
overlying marine claystones. In these two wells the 
Gassum Formation has a Rhaetian age. 

In the Lav0- l well, located farthest to the northeast 
at the basin margin, a marginal marine to flood plain 
environment is suggested for the lower part of the 
formation. This part of the formation is probably lat
erally equivalent to the sections in the Slagelse-1 and 
Stenlille-1 wells. For the upper part of the formation in 
the Lav0- l well a marine to brackish environment is 
inferred and the age determinations (Michelsen 1975) 
suggest that this part of the formation is laterally equiv
alent to the fully marine claystone of the Fjerritslev 
Formation farther out in the basin as seen at Stenlille-1 
and Slagelse-1. 

In Stenlille-1 a number of tidal subenvironments 
have been identified, and their vertical distribution re
flects a series of regressions and transgressions. Three 
major intervals are recognized: 

The first interval comprises Sequence A (fig. 13), 
which is interpreted to represent deposition on the 
lower to upper shoreface on the seaward side of a 
coastal barrier as the result of progradation of the 
shoreline; this event may reflect the eustatic fall in 
sea-level in the Early Rhaetian proposed by Hallam 
(1981, 1984). 

The second interval comprises Sequence B-G, re-

fleeting a period with relatively stable sea-level. These 
sediments were deposited on barrier islands and on 
subtidal and intertidal flats, mainly in the landward 
portions of the tidal environment. Washover fans pre
sent in the cored tidal flat deposits indicate that a 
barrier island may have been situated near the well 
location during the deposition of these sediments. The 
regional paleogeography suggests that the barrier was 
situated to the west or southwest of the Stenlille area. 

Sequence H constitutes the third major interval. Its 
transgressive character reflects a sea-level rise leading 
to the deposition of the fully marine Fjerritslev Forma
tion. It can be regarded as local evidence of the Early 
Jurassic, eustatic sea-level rise (Michelsen 1975, 1978; 
Bertelsen 1978; Pedersen 1983; Hallam 1984). 

The palaeotidal range may be estimated by analogy 
to recent tidal environments (Klein 1971). In mesotidal 
settings the deposits are dominated by small-scale sedi
mentary structures (Reineck 1975), whereas in macro
tidal settings, the anticipated sequences are dominated 
by large-scale structures or by plane beds (Dalrymple 
et al. 1985). Washover deposits are best developed in 
micro- to mesotidal environments (Schwartz 1982; 
Hayes 1975, 1979). 

These general lines of evidence and the fact that the 
thicknesses of the channel fill deposits in the cored 
intervals never exceed 1.1 m, point to a micro- to 
mesotidal regime during deposition of the Gassum For
mation. The tidal deposits of the Early Jurassic Hel
singborg Member in Skane, southern Sweden, and the 
Galgel0kke Member on Bornholm were also deposited 
in a micro- to mesotidal environment (Sellwood 1972, 
1975; Frandsen 1977; Rolle et al. 1979; Gravesen et al. 
1982). 

In conclusion, the identification herein of a range of 
tidal subenvironments, together with the general up
ward fining trend of the formation, suggests that the 
earlier deltaic depositional model (Larsen 1966; Ber
telsen 1978, 1980) for the Gassum Formation is not 
valid for the southeastern part of the Danish Subbasin. 
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