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Finds of Upper Cretaceous marine macrofossils from Pautut have been reported since 1874. Subsequent 
investigations have led to contrasting views concerning the stratigraphic position of the fossils, the general 
depositional environment, and the amount of marine influence. 

During a brief visit to Pautut in the summer of 1989, a section of the exposed sediments was described. 
The sediments can be divided into 4 facies associations reflecting deposition on a prograding delta front, in 
distributary channels, on a subaerial to limnic delta plain and on an abandoned delta lobe during a marine 
transgression. The sedimentological model predicts that marine fossils, if present, should occur in the 
delta front association. 

The sediments were thoroughly searched for marine macrofossils, which were found in the lower part of 
the prominent coarsening-upward delta front sequences. The number of fossils is generally low. Bivalves 
and echinoids constitute the dominant groups of fossils and seem to have been well adapted to a life in 
muddy marine bays, subject to fluctuations in salinity and rate of deposition and with much suspended 
sediment. 

The fossils indicate that the beds at Pautut were deposited during latest Santonian to earliest Campa­
nian times. Sediment accumulation rates were high. The stratigraphy within the Pautfit area is discussed 
and all the Cretaceous sediments are referred to the Atane Formation. 
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The West Greenland basin comprises a thick se­
quence of marine and non-marine deposits of 
Early Cretaceous to Danian age (Rosenkrantz & 
Pulvertaft 1969). In Danian times vulcanism was 
initiated and the sediments in southern Nugssuaq 
were gradually covered by a thick series of basalt 
flows and agglomerates (Clarke & Pedersen 
1976). 

vided the sediments in the area on the basis of a 
collection of plant macrofossils. The formation 
has been interpreted as deposited within a major 
delta (Schiener 1975; Hansen 1976; Shekhar, 
Frandsen & Thomsen 1982; Pedersen 1989; Pe­
dersen & Midtgaard 1990). Pulvertaft (1987) re­
viewed the age and correlations of the sediments 
on Disko and Nugssuaq and although there are 
still correlation problems, the age of the Atane 
Formation is generally considered to be Late 
Cretaceous. The Cretaceous sediments are poorly consoli­

dated and are exposed in the Nugssuaq Embay­
ment which extends from Gr�nne Ejland and 
Disko in the south to Svartenhuk Halv� in the 
north. The Nugssuaq Embayment constitutes a 
minor part of the West Greenland basin (Hen­
derson, Rosenkrantz & Schiener 1976; Hender­
son et al. 1981; Rolle 1985). The Atane Forma­
tion was first mentioned by Nordenskiold (1871) 
and further specified by Heer (1883), who di-

At Pautut (fig. 1) a number of deeply dissected 
gullies provide very good exposures of the Atane 
Formation, both the brick-red "burnt shales" and 
the ordinary greyish shale alternating with white­
ish sand and coal seams. Marine fossils have been 
collected from this locality by a number of in­

vestigators but almost exclusively from "burnt 
shales". These rocks have been subject to post­
Pleistocene spontaneous combustion at tempe-



Olsen & Pedersen: Upper Cretaceous sediments 

Tertiary sediments 

Fig. 1. Locality map showing Disko and Nfigssuaq. The Pautiit 
locality is denoted by the P, K is Kingigtoq, A: AtA, AL: 
Alianaitsiinguaq and N: Niaqornat. From Kingigtoq to Alia- 
naitsunguaq the depositional environment is becoming increas- 
ingly marine influenced. 

ratures up to 1100° C (A.K. Pedersen, pers. 
comm.), a process well known today from the 
north coast of Nugssuaq and from waste dumps at 
the now abandoned coal mine at Qutdligssat 
(Henderson 1969). In contrast to the ordinary 
shales, the burnt shales are hard and fissile. In 
consequence impressions of manne fossils are 
well preserved in these shales. 

In the southeasterly part of the Pautut area the 
"burnt shales" are found as a discontinuous cover 
of scree on the slopes facing Vaigat. Field work 
by T.O. in the summer of 1988 had demonstrated 
that unburnt strata in one gully continue laterally 
without any break into "burnt" strata. Field work 
in 1989 was focused on this section in order to 
re-examine the occurrence of marine fossils. 

Thk purpose of the present investigation is thus 
to demonstrate; (1) that the fossils are restricted 
to a single sedimentary facies, (2) that the delta 
front association formed by progradation into 
marine waters, (3) that the Atane Formation at 
Pauttit comprises a stacking of almost identical 
delta cycles and that evidence of a central marine 
horizon is lacking, (4) that the sediments at Pau- 
tut may represent deposition within a fairly short 
period of time. 

Previous work 

Marine macrofossils were first found at Pauttit by 
Steenstrup (1874,1883a). He found the fossils in 
heights ranging from sea level and up to 650 m in 
burnt as well as unburnt strata. On this basis, he 
concluded that the majority of the strata were 
deposited in marine or brackish waters. 

White & Schuchert (1898) found marine fossils 
in burnt shales east of Pautut. They noted that 
the most common species was an echinoid, but 
they also found specimens of Avicula and Pinna?. 
The fossils were found at several levels. 

During a regional investigation of invertebrate 
fossils from West Greenland, Ravn briefly visited 
the Pautiit area in 1908 (Ravn 1918). He tenta- 
tively suggested that the marine fossils were con- 
fined to the central part of the exposed sequence. 
Both of his described localities appear, however, 
to be different from Steenstrup's (1883a). Ravn 
(1918) interpreted the depositional environment 
as fresh to brackish lagoons, where fully marine 
conditions only occasionally were established. 
The fossils studied by Ravn (1918) included older 
collections and his paper contains the latest de- 
scription of the fauna from PautCit and adjacent 
localities. Ravn's data are summarized in fig. 2. 

Fig. 2. The bivalve fauna from various localities in Ntlgssuaq 
(Ravn 1918). The names af the fossils are revised according to 
suggestions provided by A .V.  Dhondt (pers. comm. 1987, 
1990). Note that most species occur in very low numbers. K,  P, 
A & Al refers to localities shown in fig. 1, N+ is Niaqomat and 
other localities in northern Nugssiiaq. 
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Fig. 3. Sphcnucvmmus sp. Ijuvcnile). Noic d w  IBint imprcssisilins of Oxytoma (0) iuid phnt debris (P). Sample numbct GCU 358541 
(MGUH 20517). 

gaard & Olsen (1989) documents a cyclicity in the poriy preserved in the grey shales, and that the 
sedimentary sequence at PautBt. None af these fossils are just as likely to wcur in several hori- 
geologists have, hnwever, recorded any distinci zons, as in only the middle part of the section. 
marine zone or layer. nor have they described 
any occurrence af marine fossils. It is thus evi- 
dent that the fo~sils are scarce, that they are Palaeontology 

A sparse fauna of bivalves and echinoids was 
found at Pautht in shales representing the delta 
front association. All fossils were collected in the 
shown section (figs 3.8). Many fossils were hund 

I 
in life position and zhere art: no coquinas in- 
dicating transport of shell material. We assume 
that the fossils are representatives of a life as- 
semblage (fig. 3). In the bum1 shales the fossils 
are mostly preserved as inner molds or as impres- 
sions. Some of the original shell matenal occa- 
siondly appears to have been preserved. but clos- 

I er inspection reveals that this material has ben 

I more or l a s  rnolten duting mbustion. Thus, 
except for the shape, most o€ the diagnostic fea- 
tures of the fossils are not distinguishable. b m: ,, E +j*grn . , :l Ravn (Igle) iisted the fauna from PautQt, and 
stated h a t  ody the ecbinoids and three of tht 
bivalves occur in fairly Iarge numbers (fig. 2). 

. d The fossiis found have been identified by com- 

Fig. 6. Oxytorw (Hypoxyrom) tenuzthftn& (Roemer). Gmple parison with Ravn's plates V - VII. The fossils 
number GGU 358541 (MGUH 20518). 
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ih has b w n  reised awor#& to her sngg&ti&w 
(&&R alw, Q,. 2). 

The ToUowing species were foumi and deter- 
&d during tEs investigati~a. 

hined the name Sphemamus  patau&&. 
@vn (19lg qorted frapen& af Imwrmus 
F t m p i  h PautSt. A E C O M ~ ~  ts Se* 
(1966) tbis speda is identical to Sph8ftmvruïitis 

p h n i f o r ~  WfIla. We have not idenmed In -  
acemnw smwmpi in our 58mp1~5. 

Speciwp of Qxgyoraa w a s  a b  repnned by 
&m (1918), wlm m k d  them to the M r t R  
American.spck Oxylo3ria M&MSW@, Dr A. V. 
b n d t  Epers. p m m .  19301, h e v e r ,  considers 
the Oxytorns h m  the present materitil as m w b  
c t m  and probabiy identical to the E u q w  
speda Oxytomu ( H p p o q t m  muiccpsma 
Rciemer. 

Schimrer sp. 
M S r n t ~  sp. (!g. 7) 

A W n g  to U. m. wmm- 1989) tbe 
flattened tb- in &e prmnt niaterid &s not 
prmit d~rermisatim .to s- level. W*, 
d69finct,h b e t w n  tbe two species .D£ e m  
&m is d y  pmibh h maplete a d  wcli pte- 
senied kpedmens, 

%Q ichnospedies w m  idenl i f~a .  73aiaFi- 
ad& and CRondma. ?b tWCe fossils ocW in 
the'ddlta front wociatian abow the laym with 
rrivemebrafa. ?%P: &@e of biotutbation varia 
in &e wts;ening-wwrd m q u d m ,  but is gab 
etally b- ~ o t h ' i e b i i ~ i e g .  are wimmcin in fine 
gmhed marine $edhedts. 

Bivalvia 

Inoceramus (Sphenoceramt&) pataotemk (de Lo- 
tiol) (figs 4. 5 )  
Oxytotna (Hypmyrom) ~enuicos~a~a (Roemer) 
(fig. 6) 

According to Seia ( 1465) Sphemceramus pptoo- 
tensis (de Loriol) is probably synonymous witb 
inoceramus lingua Goldfuss. As our specimens 
originate from the t ype  Iocality of SpAdmem- 
mus patootensis and as no original sheil material 
is present for predse identification, we have re- 

Palaeaecology 

The fossils from Pautht are al1 found in sirales 
interpreted as delta Eron t mud. Sphnoceramur 
parootemis and Oxytom tenuicosrala occur fre- 
quently with articdated valves and are found in 
weakly laminated shale, often tissociated with 
plant rernains. The echinoids are f ~ u n d  usually as 
complete, flattened thecas normally within rather 
massive mudstone. AI1 of the bivalves are consid- 
ered fully marine (A.V. Dhondt pers. comrn,). 
Tke echinoids are likewise marine. 
Tk bivalves and echinoids found in the stud- 
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Fig. 8. Section through burnt shales at Pautiit. The coal seams that generally charactenze the delta plain association have been 
destroyed, but their inferred position is indicated (- c). Note the distinct coarsening-upward trend of the delta front association (1). 
Within the section a stratigraphic gap of approximately 60 m exists. Vertical scale in meters. 
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ied section are calcitic. Fossils with aragonitic 
shell material (e.g. nuculoids) appears to be lack- 
ing. This is not ascribed to a diagenetic effect as 
nuculoids are reported from identical sedimen- 
tary facies at the nearby localities At2 and Kin- 

l 

gigtoq. 
During the Cretaceous, the inoceramids were 

among the most common bivalves in many envi- 
ronments, often living in clusters (Kennedy 
1978). At Pautut, both juvenile and mature speci- 
mens of Sphenoceramus are found, the largest 
reaching sizes of 20 - 40 cm. When juvenile, 
Sphenocerarnus probably lived partly in the sedi- 
ment and was byssally attached. It was thus a 
semi-infaunal suspension feeder. During growth 
this position apparently changed to a reclining 
mode of life where this species lay on one side. It 
was probably still attached with a byssus which 
may have facilitated minor adjustments of its po- 
sition in response to sedimentation. 

Oxytoma tenuicostata has been reported to oc- 
cur at Pautut in comparatively high numbers 
(Ravn 1918). Oxytoma tenuicostata is strongly 
inequivalve and the byssal notch is not well devel- 
oped. The left valve is the largest and shows 
radial ribbs. In contrast, the right valve is much 
smaller and more flat and shows very weak con- 
centric and radial lines. 

These bivalves were epifaunal and lived bys- 
sally attached, probably with their smal1 right 
valve closest to the substrate and the left valve 
covering the animal. Species of Oxytoma occur in 
very high numbers on particular bedding planes 
in Jurassic shales deposited in low-oxygen envi- 
ronments (Duff 1975; Hallam 1976; Fursich 
1976). Duff (1975) and Fursich (1976) both re- 
ferred Oxytoma to the pendent epifauna, i.e. biv- 
alves that lived attached to water plants. The 
association of the bivalves with plant debris at 
Pautut may support this interpretation (fig. 5) .  
We thus propose that these bivalves lived at- 
tached to plants and in this respect were similar 
to modern equivalve Pteria colymbus described 
by Stanley (1970). 

Nuculoids have been reported from At2 and 
Kingigtoq (Ravn 1918, fig. 2), where sediment- 
ological data indicate that similar depositional 
environments prevailed. The nuculoids represent 
the infaunal deposit feeders and were abundant 
in both Jurassic and Cretaceous marine organic- 
rich shales (Duff 1975; Hallam 1976; Fursich 

1976). The nuculoids are tolerant of low contents 
of dissolved oxygen and fluctuating salinity and 
are consequently characteristic of prodelta muds 
(Rhoads, Speden & Waage 1972) and interdis- 
tributary bay mudstones (Fursich 1981). 

Four more species of bivalves were reported 
from Pautut by Ravn (1918); one pectinid, two 
lucinids and a Solemya. The four species were 
apparently rare (none found during this investi- 
gation). 

Echinoids are found fairly frequently at Pautut 
(Ravn 1918; fig. 3). The two species are almost 
identical in size and outer shape and witness the 
establishment of marine conditions. Both species 
were infaunal deposit feeders adapted to a life 
10-20 cm below the bottom in muddy sediments 
(U. Asgaard pers. comm.). 

Sedimentology 

The sediments at Pautiit (fig. 8) are divided into 4 
facies associations interpreted as representing 
deposition from prograding delta lobes, in dis- 
tributary channels, on the delta plain and from 
transgressive marine reworking of delta front and 
channel deposits (see also Midtgaard & Olsen, 
1989 and Pedersen 1989). The measured section 
comprises five well developed coarsening-upward 
sequences. 

Delta front association (1). 

This association constitutes 5-20 m thick coars- 
ening-upward sequences. Photogrammetric map- 
ping has demonstrated that these CU-sequences 
can be traced laterally for up to 8 km without 
much change in thickness. 

The association consists of three facies which 
always appear in the same order, each facies 
grading into that above (fig. 8). The lowermost 
facies is formed by mudstone with a very weak 
lamination. It is in this facies that marine fossils 
can usually be found, whereas plant fragments 
are more rare. The mudstone is gradually suc- 
ceeded by sand-streaked mudstone leading up 
into a heterolithic fine-grained sandstone. The 
sedimentary structures change from mainly hori- 
zontal bedding to wavy and lenticular bedding. 
On bedding surfaces symmetrical wave generated 
ripples can be seen. 
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A predominantly sandy facies forms the top of 
the coarsening-upward sequence. In the very fine 
to fine grained sand wavy bedding and undulating 
cross-lamination can be found. The latter is simi- 
lar to the wave generated undulating cross-lami- 
nation discussed by Raaf, Boersma & van Gelder 
(1977). Wave ripples are sometimes recognized 
and most of the intricate cross lamination is attri- 
buted to waves. In the top of the sequence the 
sedimentary structures change to parallel lamina- 
tion with low angle dips interpreted as beach 
lamination. Above this, the association is capped 
with deposits referred to the delta plain associ- 
ation or erosively cut by the distnbutary channel 
association (fig. 8). 

The association is interpreted as deposition at 
the front of a prograding delta lobe. The progra- 
dation followed a period of maximal transgres- 
sion and non-deposition during which the salinity 
approached that of a normal manne environ- 
ment. Consequently a marine fauna was estab- 
lished. The invertebrate fauna persisted during 
the initial phase of delta front progradation. 

The lateral continuity of the facies and the 
presence of wave generated structures indicate 
reworking of the delta front. Though the delta 
front sand was supplied by distributary channels, 
it has not been possible to trace distinct mouth 
bar complexes. 

Distributary channel association (2) 

This association comprises isolated sand bodies 
that are 3-30 m thick and have widthldepth ratios 
around 15. Some good examples of epsilon cross 
bedding have been found (e.g. Midtgaard & 01- 
sen 1989). Current directions measured on fore- 
sets are rather uniform from bed to bed and 
indicate a general transport direction towards the 
NW. Medium and coarse grained sand dominates 
the channel fill. 

The sandstone units have an erosive base and 
local channel lag deposits contain extra-basinal 
pebbles, intraformational clay clasts and rare cal- 
cified tree-trunks. Above, layers of poorly sorted 
sand with different types of large-scale cross bed- 
ding and sediment deformation structures com- 
prise the main part of the association (fig. 8). At 
the top, the sand normally grades rapidly into the 
overlying finer grained deposits. Despite this, an 
overall fining-upward trend is rarely seen. 

The association is interpreted as having been 
deposited within channels of moderate sinuos- 
ities. The variation in thickness and width of the 
sandbodies reflects the variable time of existence 
of individual distributary channels. 

Delta plain association (3) 

The association is characterized by a variety of 
horizontal to gently dipping beds of clay, silt and 
very fine grained sandstone. These layers are 
penetrated by numerous roots up to 10 cm thick, 
but well defined root horizons are rare. In the 
sandy beds unidirectional smal1 scale cross lami- 
nation is found together with rare isolated large 
scale trough cross beds. Sand is also found as 
discontinuous structureless layers and lenses. 
Coal seams, many of which exceed 80 cm in 
thickness, form a significant part of the associ- 
ation. Due to the combustion of the coal seams 
this association is somewhat condensed in the 
shown section of burnt shale. The inferred posi- 
tion of coal layers is, however, shown on fig. 8 
with -c. 

The sediments in the association were depos- 
ited on a generally subaerial delta plain. Here 
unchannelized crevasse splays periodically depos- 
ited fine grained cross-laminated sandstone. Silt 
and clay settled out from suspension at the distal 
end of the splays and in very shallow lakes and 
swamps. In sediment-starved back swamps large 
amounts of organic material accumulated and 
eventually became coalified. 

Transgressive sand sheet association (4) 

This association overlies the delta plain sedi- 
ments and constitute the top of the depositional 
cycles. It consists of 5 - 50 cm rapidly upward- 
fining sand (fig. 8). The sand is fine-grained and 
has a honzontal to weakly undulating lamination, 
often with much plant debris intercalated be- 
tween individual laminae. 

This sandstone facies formed by marine re- 
working of former delta front and distributary 
channel deposits during the trangression of an 
abandoned delta lobe. Corresponding facies from 
the Mississippi delta have been discussed by Pen- 
land, Boyd & Suter (1988). The FU-trend reflects 
reworking and deposition in gradually deeper wa- 
ter. After the initial transgression, marine condi- 



Bulletin of the Geological Society of Denmark 

tions were established in the area followed by a 
period of subsidence and non-deposition. 

Discussion 

The sedimentological investigation has shown 
that the Atane Formation at Pautiit comprises a 
vertical stacking of c. 32 almost identical deposi- 
tional cycles. This is interpreted as a result of 
autocyclic switching of delta lobes. The similarity 
between the cycles suggests that the successive 
delta lobes had identical depositional histories. 
Marine conditions were established intermit- 
tently prior to and during deposition of the delta 
front association. 

The sedimentary facies indicate a rapid progra- 
dation of the delta front and associated high sedi- 
ment accumulation rates. On the top of the delta 
lobe sedimentation took place in fluvial channels 
and on the adjacent lower delta plain. When the 
clastic input to the delta lobe dwindled, the pro- 
gradation stopped. During the subsequent trans- 
gression, a thin veneer of sand was deposited. 
The dominance of small scale sedimentary struc- 
tures and the low proportion of sand in the delta 
front association indicates only small amounts of 
wave and tide influence. The exposed sediments 
at Pautiit therefore were deposited in a fluvially 
dominated delta. The size of the distnbutary 
channels and the rate of progradation points to a 
high influx of riverine waters resulting in fluctu- 
ating salinities, especially in the shallower part of 
the delta front. The thickness of the coarsening- 
upward sequences indicates deposition in waters 
not more than 20 m deep. The sedimentology 
thus suggests that the main environmental hazard 
of the fossil-bearing shales were high sedimenta- 
tion rates. 

Fursich (1981) distinguished five salinity-con- 
trolled benthic associations (bivalves and trace 
fossils) in fluvial channel to prodelta deposits in 
the Upper Jurassic of Portugal. These prodelta 
mudstones have a fauna dominated by shallow 
burrowing bivalves where the commonest faunal 
element is a deposit-feeding nuculoid. Apart 
from substrate consistency, the fauna was influ- 
enced by salinity, as indicated by the lack of 
ammonites and the generally low diversity. Fur- 
sich (1981) interpreted this fauna1 association as 
characteristic in prodelta environments where sa- 

linities approach those of the open sea but he 
noted that it also could be found in the brachy- 
haline regime. 

Fursich & Kauffman (1984) discussed the pa- 
laeoecology of brackish to freshwater sedimen- 
tary cycles in the Albian of SW Wyoming. Their 
brackish water bivalve assemblage contain nei- 
ther the lucinids, the nuculoids, the pectinids nor 
the sphenoceramids characteristic of the delta 
front shales from the Atane Formation. The fos- 
sil-bearing shales from Pautiit are consequently 
interpreted as marine rather than brackish. 

Kranz (1974) reported a set of experiments on 
the ability of bivalves to escape burying in rapidly 
deposited sediments. He found that mucus tube 
suspension feeders (lucinids), labial palp deposit 
feeders (nuculoids) and infaunal siphonate de- 
posit feeders are generally able to escape burying 
beneath up to 50 cm of their native sediment. In 
the delta front mud of the Atane Formation nu- 
culoids and lucinids are the only common in- 
faunal bivalves. This suggests that the fauna was 
to some extent adapted to an environment char- 
acterized by intermittent high rates of deposition. 

Birkelund (1965) studied the ammonite faunas 
of the West Greenland basin in central and north- 
ern Niigssuaq. She suggested (pp. 145-150) that 
the Coniacian and Santonian ammonites found 
here represent the remains of breeding swarms 
that migrated en masse and possibly were sensi- 
tive to changes in salinity, temperature etc. The 
ammonites are found in fully marine prodelta 
shales occuring in northern Niigssuaq and Svar- 
tenhuk. Very recently, two incomplete ammo- 
nites were found in burnt shales from Pautiit by 
A. Boyd (in press). These are the only ammo- 
nites ever found at Pautiit but they might possibly 
have drifted in from somewhere else in the basin. 
The almost total lack of ammonites in delta front 
association thus suggests that the delta front did 
not constitute a suitable environment for ammo- 
nites. This is further confirmed by the sporadic 
occurrence of ammonites in the more distal parts 
of the delta and even here only as migrating 
swarms (Birkelund 1965). 

On the basis of the discussion above, we con- 
clude that the fossiliferous delta front shales cor- 
responds to periods of marine conditions. How- 
ever, the scarcity of fossils and the low diversity 
also points to serious ecological limitations. The 
presence of many juvenile sphenoceramids and 
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the occurrence of several complete echinoids 
closely together on the same bedding plane is 
attributed to major floods, during which river 
water significantly lowered the salinity. In effect, 
most animal life was killed. Reestablishment of 
the fauna would then take place until the next 
flood. Lowered levels of dissolved oxygen is envi- 
saged due to the decay of large amounts of com- 
minuted plant debris and were tolerated by 
Oxytoma, the nuculoids and probably also the 
large sphenocerarnids. Finally, the very high sedi- 
mentation rates would seriously have limited nor- 
mal marine animal life as well as producing a 
"dilution" of the fossils (Galloway & Hobday 
1983). 

Stratigraphy and age 

The bivalves Sphenoceramus patootensis, Sphe- 
noceramus pinniformis and Oxytoma (Hypoxy- 
toma) tenuicostata clearly indicate the age of the 
beds as: transition Santonian - Campanian (A. 
V. Dhondt, pers. comm. 1990). According to 
Seitz (1965) Sphenoceramus patootensis is youn- 
ger than Sphenoceramus pinniformis. In the pre- 
sent investigation only Spenoceramus patootensis 
has been identified, but the older species (Sphe- 
noceramus pinniformis) is known to occur in 
higher stratigraphic levels (Steenstrup 1883a; 
Ravn 1918). Thus some of our unidentified mate- 
rial may represent the latter species. Conse- 
quently, the Pautiit section corresponds to the 
relatively brief period when Sphenoceramus pin- 
niformis and Sphenoceramus patootensis coex- 
isted. In addition, the sedimentary facies indicate 
that the 300 - 400 m of fossiliferous sediments at 
Pautiit very likely were deposited within a limited 
time span. 

ARCO (Ehman, Sodero & Wise 1976) dated a 
section at Pautiit on the basis of palynomorphs. 
They indicated a Coniacian - Santonian age for 
the sediments above 380 m (their section N6), 
while the samples below represent the Middle 
Cenomanian. Subsequent fieldwork have failed 
to find sedimentological evidence for this hiatus. 

Previously, the sediments found at Pautfit have 
been divided into two formations based on the 
plant macrofossils collected by Steenstnip. These 
were sent to O. Heer, who assigned the sedi- 
ments either to the greyish and white Atane For- 

mation or to reddish (burnt shales) Patoot For- 
mation (Heer 1883). This division is, however, 
based on two major misinterpretations: 1. The 
Patoot Formation do not form a separate unit 
overlying the Atane Formation but is laterally 
equivalent as recognized by Steenstrup (1883b) 
and Koch (1964). 2. The "burnt shales" of Pautiit 
are not stratigraphically connected with those at 
At2 or Kingigtoq. 

Koch (1964) discussed the stratigraphy of the 
Pautfit locality. He revised the fossils determined 
by Heer and also presented new material which 
minimized the difference between the Patoot 
Formation and the Atane Formation. He con- 
cluded, that all the fossils found at Pautiit origin- 
ated from one formation. 

The investigations within the Pautiit area have 
revealed identical fossil faunas at many strati- 
graphic levels (Steenstrup 1883a; Ravn 1918; 
Koch 1964; this paper). This indicates that out of 
the total 700 m exposed deltaic deposits at Pautiit 
at least 300 to 400 m have the same marine fauna. 
It is therefore considered likely, that no major 
breaks in the sedimentation occurred within this 
interval. 

The Upper Santonian marine fossils have been 
found in sediments dated on the basis of palyno- 
morphs as equivalent to the rest of the Atane 
Formation. Thus, very little evidence remains in 
favour of a distinct Patoot Formation. We agree 
with Koch (1964) in regarding the Patoot Forma- 
tion as an artificial unit. The Cretaceous sedi- 
ments at Pautiit should therefore be referred to 
the Atane Formation. 

Conclusions 

Based on the sedimentology, the described sedi- 
ments from Pautiit appears to have been depos- 
ited within a major fluvial dominated delta. The 
well developed coarsening-upward trend and the 
content of marine rnacrofossils show that the 
delta front association formed during prograda- 
tion of a delta lobe. In the sub-aerial part of the 
delta extensive wetlands with distributary chan- 
nels, very shallow lakes and large vegetated areas 
existed. The vertical repetition of the marine 
coarsening-upward sequences as well as their lim- 
ited thickness (5-20 m) points to progradation 
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out into relatively shallow water probably result- 
ing in a lobate delta morphology. 

Based on the sedimentology and the distribu- 
tion of the fossils, previously mentioned hiati 
within the Pautfit area can be discarded. It is thus 
impossible to retain the Patoot Formation as a 
separate stratigraphical unit. All Cretaceous sedi- 
ments at Pautut should henceforth be referred to 
the Atane Formation with the bivalves indicating 
the age of the beds as latest Santonian - earliest 
Campanian. 

The evidence from the scarce fauna confirms 
the interpretations of the depositional environ- 
ment based on the sedimentary structures. We 
conclude that the fossil fauna appears to be 
adapted to a low-energy muddy environment that 
were subject to fluctuations in salinity and rate of 
deposition. 
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Dansk sammendrag 
Det vestgrenlandske bassin rummer en tyk lagserie af sedi- 
menter fra Kridt og Tertiær, overlejret af vulkanske breccier og 
plateaubasalter. Atane Formationen omfatter fluviale og del- 
taiske sedimenter fra Kridt (fortrinsvis Cenomanien til ældste 
Campanien) og kan underseges i 100400 m heje blotninger på 
Disko og på den sydlige halvdel af Nugssuaq. Pautut er en 8 km 
lang kyststrækning (fig. 1) hvor Atane Formationen er detal- 
jeret opmålt. De sedimentologiske undersegelser viser, at 
-Atane Formationen her e r  cyklisk aflejret. Fire faciesassocia- 
tioner er tolket som aflejret på en prograderende delta front, i 
deltafordelingskanaler, i lawandede seer eller på vegetations- 
dækkende dele af deltasletten samt på en forladt deltalobe 
under marin transgression. Faciesassociationerne opbygger 32 
næsten identiske deltasekvenser hvoraf 5 e r  repræsenteret i fig. 
8. Den sedimentologiske model forudsiger, at såfremt marine 
fossiler forekommer, burde de findes i deltafront associationen. 

I Paututområdet findes brændte skifre. Selvantændelse og 
forbrænding af Atane Formationens kulholdige sedimenter har 
resulteret i temperaturer over 1100°C hvorved de smuldrende 
grå skifre omdannes til hårde rede skifre med relativt god 
spaltelighed og fin bevaring af aftryk af marine invertebrater. 
Alt skalmateriale er dog edelagt. Det undersegte profil (fig. 8) 
dækker faststående brændte skifre. Der blev fundet aftryk af 

fossiler i de skifre, som udgcbr den nederste del af deltafront 
associationen. Dette viser, a t  hver deltacyklus repræsenterer en 
udbygning i et marint bassin. Antallet af fossiler er lavt (fig. 3) 
og kun få arter af muslinger og sepindsvin blev fundet (fig. 
4-7). Fossilerne repræsenterer dyr, som synes tilpasset til en 
eksistens i et milj0 med mudderbund, med varierende sedi- 
mentationshastigheder og muligvis med fluktuationer i salthol- 
digheden. Såvel Steenstrup (1883) som Ravn (1918) rapporte- 
rede om fund af marine fossiler ved Pautut. Den foreliggende 
undersegelse viser, at fossilerne ikke er knyttet til en bestemt 
horisont men a t  de  e r  karakteristisk forekommende i en be- 
stemt faciesassociation i hele det tidsmm, som lagserien repræ- 
senterer. Selv om faunaen er sparsom, supplerer den de sedi- 
mentologiske data og styrker tolkningen af aflejringsmiljeet. 

Muslingerne daterer sedimenterne til et snævret tidsinterval 
på overgangen Santonien-Campanien. De sedimentologiske 
undersegelser indicerer, at lagserien ved Pautiit ikke indehol- 
der længerevarende hiati. 

References 
Birkelund, T. 1965: Ammonites from the Upper Cretaceous of 

West Greenland. Bull. Grenlands geol. Unders. 56 (also 
Meddr Grenland 179,7) 192 pp. 

Boyd, A. in press: A preliminary report on the lithostratig- 
raphy and biostratigraphy of the Late Cretaceous Pautut 
flora from west Greenland. In: Knoblock, A (edit.): Pale- 
ofloristic and Paleoclimatic changes in the Cretaceous and 
Tertiary. Inter. Geol. Corr. Proj. 245, Nonmarine Cretace- 
ous Correlation Symposium Volume. 

Clarke, D.B. & Pedersen, A.K. 1976: Tertiary volcanic prov- 
ince of West Greenland. In: Escher, A. & Watt, W.S. 
(edit.) Geology of Greenland, 368-385. Copenhagen: 
Geol. Surv. Greenland. 

Duff, K.L. 1975: Palaeoecology of a bituminous shale - the 
Lower Oxford Clay of Central England. Palaeontology 18, 
443-482. 

Ehman, D.A., Sodero, D.E. & Wise, J.C. 1976: Report on 
ARCO and Chevron Groups 1975 West Greenland field 
party. ARCO Greenland Inc., 84 pp. 

Fiirsich, F.T. 1976: Fauna - substrate relationships in the Cor- 
allian of England and Normandy. Lethaia 9, 343-356. 

Fiisich, F.T. 1981: Salinity-controlled benthic associations from 
the Upper Jurassic of Portugal. Lethaia 14, 203-223. 

Fiirsich, F.T. & Kauffman, E.G. 1984: Palaeoecology of mar- 
ginal marine sedimentary cycles in the Albian Bear River 
Formation of south-western Wyoming. Palaeontology 27, 
501-536. 

Galloway, W.E. & Hobday, D.K. 1983: Terrigeneom clastic 
depositional systems; Applications to petroleum, coal and 
uranium exploration. 423 pp. Springer-Verlag. New York. 

Hallam, A. 1976: Stratigraphic distribution and ecology of Eu- 
ropean Jurassic bivalves. Lethaia 9, 245-259. 

Hansen, J.M. 1976: Microplankton and sedimentological stud- 
ies in the Nugssuaq and Disko region, central West Green- 
land. Rapp. Grenlands geol. Unders. 80, 3 W 2 .  

Heer, 0. 1883: Oversigt over Grenlands fossile flora. Meddr. 
GrØnland 5, 79-202. 

Henderson, G. 1969: Oil and gas prospects in the Cretaceous- 
Tertiary basin o€ West Greenland. Rapp. Gr~nlands  geol. 
Unders. 22, 63 pp. 

Henderson, G., Rosenkrantz, A. & Schiener, E.J. 1976: Creta- 
ceous-Tertiary rocks of West Greenland. In: Escher, A. & 
Watt, W.S. (edit.) Geology of Greenland, 340-362. Copen- 
hagen: Geol. Surv. Greenland. 

Henderson, G., Schiener, E.J. Risum, J.B., Croxton, C.A. & 
Andersen B.B. 1981: The West Greenland basin. In: Kerr, 



Olsen & Pedersen: Upper Cretaceous sediments 

J.W. & Ferguson. A.J. (edit.): Geology o£ the North At- 
lantic borderlands. Mem. Can. Soc. Petrol. Geol. 7, 399- 
428. 

Kennedy, W.J. 1978: Cretaceous communities. In: McKerrow, 
W.S. (edit): Ecology of fossils: An illustrated guide. 280- 
323. London: Duckworth. 

Koch, B.E. 1964: Review of fossil floras and non marine depos- 
its of West Greenland. Bull. geol. Soc. Am 75,535-548. 

Kranz, P.M. 1974: The anastrophic burial of bivalves and its 
paleoecological significance. Jour. Geology 82,237-265. 

Midtgaard, H. & Olsen, T. 1989: Sedimentological studies in 
the Upper Cretaceous coal bearing strata of southern 
Niigssuaq, central West Greenland. Rapp. Gr~nlandF geol. 
Unders. 145, 32-37. 

Nordenskiold, A.E. 1871: Redogorelse for en expedition til 
Grönland Ar 1870. K. Vet.-Akad. Förh. Stockholm 1870 
10, 973-1082. 

Pedersen, G.K. 1989: Deltaplain sequences in the Cretaceous 
of the West Greenland Basin. Abstr. 10th IAS Reg. Mtg. 
Budapest 1989, 186187. 

Pedersen, G.K. & Midtgaard, H.H. 1990: Spatial distribution 
of delta plain depositional environments, the Atane For- 
mation, West Greenland. Abstr. 13th Inr. Sed. Congress 
Nottingham 1990,414-415. 

Penland, S., Boyd, R. & Suter, J.R. 1988: Transgressive depo- 
sitional systems of the Mississippi delta plain: a model for 
barrier shoreline and shelf sand development. Jour. Sedi- 
ment. Petr. 58, 932-949. 

Pulvertaft, T.C.R. 1987: Status review of the results of stra- 
tigraphical and sedimentological investigations in rhe Creta- 
ceous - Tertiary of West Greenland, and recommendations 
for new GGU activity in these fields. Unpubl. intern. GGU 
rep., 18 pp. 

Raaf, J.F.M., Boersma, J.R. & van Gelder, A. 1977: Wave- 
generated structures and sequences from a shallow marine 
succession, Lower Carboniferous, County Cork, Ireland. 
Sedimentology 24, 451484. 

Ravn, J.P.J. 1918: De marine Kridtaflejringer i Vest-Grenland 
og deres fauna. Meddr. Grenland 56, 309-380. 

Rhoads, D.C., Speden, I.G. & Waage, K.M. 1972: Trophic 
group analysis of Upper Cretaceous (Maastrichtian) biv- 
alve assemblages from South Dakota. Am. Assoc. Petrol. 
Geol. Bull. 56, 11OLh1113. 

Rolle, F. 1985: Late Cretaceous - Tertiary sediments offshore 
central West Greenland: Lithostratigraphy, sedimentary 
evolution, and petroleum potential. Can. J. Earth Sci. 22, 
1001-1019. 

Rosenkrantz, A. & Pulvertaft, T.C.R. 1969: Cretaceous - Ter- 
tiary stratigraphy and tectonics in northern West Green- 
land. Mem. Am. Ass. Petrol. Geol. 12, 88S898. 

Schiener, E.J. 1975: Basin study: Central West Greenland on- 
shore Cretaceous - Tertiary sediments. IXme Congrés in- 
ternational de Sedimentologie, Nice 1975, Theme 5, Tome 
2, 37F385. 

Seitz, 0. 1965: Die Inoceramen des Santon und Unter-Campan 
von Nordwestdeutschland. II. Teil. Beihefte zum Geol- 
ogische Jarhbuch, 69. Hannover. 

Shekhar, S.C., Frandsen, N. & Thomsen, E. 1982: Coal on 
NCgssuaq, West Greenland, 82 pp. Copenhagen: Geol. 
Surv. Greenland. 

Stanley, S.M. 1970: Relation of shell form to life habits in the 
Bivalvia (Mollusca). Geological Society of America, Mem. 
125. 

Steenstrup, K.J.V. 1874: Om de kulfarende Dannelser paa 
0 e n  Disko, Hareeen og syd-siden af Nugssuak's halv&n i 
Nord-Grenland. Vidensk. Meddr dansk naturh. Foren. 
1874,76-112. 

Steenstrup, K.J.V. 1883a: Om Forekomsten af Forsteninger i 
de kulferende Dannelser i Nord-grenland. Meddr Gren- 
land 5, 4S77. 

Steenstrup, K.J.V. 1883b: Et par Bemærkninger til Professor 
Heers Afhandling i dette Hefte. Meddr Grenland 5, 215- 
216. 

White, D. & Schuchert, C. 1898: Cretaceous series o€ the west 
coast of Greenland. Geol. Soc. Am. Bull. 9, 343-368. 


