The Jurassic and Cretaceous Sequence in Spitshergen

By J. R. PARKER

ABSTRACT

The Jurassic and Cretaceous sequence of Spitsbergen, Svalbard
archipelago, is described and a revised lithostratigraphical scheme,
of four formations, is proposed. The main episode of tectonic
activity, together with dolerite intrusion, was in late Jurassic-early
Cretaceous times and is represented by a non-sequence and local
unconformity between the two lower formations. The fauna!l
succession is also discussed.

I. INTRODUCTION

Tae Jurassic and Cretaceous rocks of Spitsbergen are exposed as an
elliptical outcrop around the main Tertiary syncline (Text-fig. 1). Along
the west coast the rocks have been folded and thrust in a deformation
belt of Tertiary age but in the north and east are gently dipping and
little deformed, apart from local activity along fault belts.

Jurassic fossils were first collected from Spitsbergen by Lovén in
1837 from Grenfjorden, and subsequent expeditions, led principally by
Nordenski6ld and Nathorst, established the presence of Jurassic and
* Neocomian ” strata along the south side of Isfjorden, in Bellsund, at
Agardhbukta on the east coast, and on Kong Karls Land, the group of
islands which lie some 150 km east of Vestspitsbergen. The results of
these early expeditions were summarized by Nathorst (1910).

Subsequent palacontological work was based mainly on material from
the Festningen section (Hoel and Orvin, 1937 ; Sgkolov and Bodylevsky,
1931 ; Frebold and Stoll, 1937) but much information on other localities
and collections was given in a series of papers by Frebold (1929 a-c,
1930, 1931) who also discussed the palaeogeography and correlation of
the Arctic Jurassic and Cretaceous rocks. Useful summaries of the
Jurassic-Cretaceous sequence were given by Frebold in his two reviews
of Spitsbergen geology (1935, 1951) and Arkell (1956) has, in particular,
discussed the Jurassic faunas. In addition, results from the Russian
geological investigations of 1962-64 have recently been published
(Sokolov, 1965) and two papers by Pchelina (1965 a, b) provide detailed
descriptions of the Mesozoic successions in the Isfjorden and Van
Keulenfjorden regions.

Recent work by the Cambridge expedmons has produced additional
stratigraphical and palaeontological information, mostly from central
Spitsbergen, on the Jurassic~Cretaceous sequence and this is discussed
here in conjunction with a revised lithostratigraphical scheme. This
scheme essentially follows that of Nathorst (1910 ; sce also Table 1),
but further divisions are proposed and type sections specified. Reference
must also be made to the forthcoming Norsk Polarinstitutt { : 100,000
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geological map of Adventdalen and I am indebted to Mr. H. Major of
Norsk Polarinstitutt for discussion and information on the strati-
graphical scheme appearing with this map.

II. STRATIGRAPHICAL SUCCESSION

The whole Spitsbergen Mesozoic succession is of fairly constant
thickness, having a maximum development of about 2,400 metres.
The main Lower and Middle Triassic marine shale sequence is overlain
by the non-marine sandstones and shales of the Kapp Toscana Forma-
tion (Buchan, Challinor, Harland, and Parker, 1965). For the strata
between the top of the Kapp Toscana Formation and the base of the
Tertiary, four formations are proposed, these together being termed
the Adventdalen Group. The lower Agardhfjellet and Rurikfjellct
Formations are a marine shale sequence, together equivalent to the
Aucella Shale of Nathorst (1910) and other authors, extending from
the uppermost Bathonian/lowermost Callovian to the Hauterivian.
For this interval, the term Janusfjellet sub-group (following Norsk
Polarinstitutt and other unpublished usage) is informally proposed.
The two formations are separated by a non-sequence and local uncon-

. formity, the break occurring between the Lower Volgian and the
Valanginian. Above is a series of continental deposits (Helvetiafjellet
Formation) consisting of coarse quartz clastics, thin coal seams, and
carbonaceous shiles, and these are assigned to the Barremian. The
highest Mesozoic strata seen beneath the Tertiary unconformity are
shallow water marine shales and flaggy sandstones of Aptian and
Albian age (Carolinefjellet Formation).

The relationship of these proposed terms to previous stratigraphical
nomenclature is shown in Table 1. Further details of the new units are
given in the appendix and representative sections are illustrated in

Cretaceous)

[ ] order rocks

50 Km Text-figs. 2, 3, and 4.
° TEXT-FIG. 1.—Outcrop and place-name map. Place-names numbered as follows:
KONG KARLS LAND (1) Adventdalen (17) Jurakammen
< \ T (2) Agardhbukta (18) Keilhaufjellet
P S (3) Agardhfjellet (19) Van Keulenfjorden
- W (4) Bellsund (20) Kjellstramdalen
(5) Brentskardhaugen (21) Langstakkefi
N §6) Carolinefjellet (22) Lundstromdalen
7) Dalkjegla (23) Marmierfjcliet
- (8) Festningen (24) Van Mijenfjorden
’ (9) Glitrefjellet (25) Nordenskiold Land
_ore (10) Grenfjorden (26) Ramfjellet
TEXT-FIG. 1. (11) Heer Land (27) Rurikfjellet
(12) Helvetiafjellet (28) Sabine Land
(13) Hinlopenstretet (29) Sassenfjorden
(14) Innkjegla (30) Storfjorden
(15) Isfjorden (31) Torell Land

(16) Janusfjellet : (32) Wilhelmgya
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TABLE L—STRATIGRAPHICAL SCHEME SHOWING RELATIONSHIP TO PuBLISHED
STRATIGRAPHICAL NAMES.
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(a) Kapp Toscana Formation
The Triassic-Jurassic boundary is not represented by any lithological

or palacontological marker horizon. Plant remains from the sandstones
of the Kapp Toscana Formation indicate a Rhaetian age but by analogy
with East Greenland, where a flora of Rhaeto-Liassic age is recorded
(Harris, 1937), the upper part of the Kapp Toscana Formation could be
of lower Jurassic age (see discussion in Rozycki (1959, p. 66), and in
Buchan et al. (1965)). At the top of the Kapp Toscana Formation is the
so-called * Lias conglomerate ™ which contains the first undoubted
Jurassic fossils ; hence this conglomerate has frequently been separated
from the Kapp Toscana Formation. 1t is a thin remanié deposit and
consists largely of reworked Kapp Toscana Formation material together
with phosphatic nodules containing fossils of Toarcian age. Lithologi-
cally it is part of the Kapp Toscana Formation, the sharp lithological
junction and topographical break occurring at the top of the con-
glomerate. It is therefore proposed to include the ** Lias conglomerate ™
within the Kapp Toscana Formation, as an upper Brentskardhaugen
Bed, rather than with the overlying shale sequence as suggested by

Buchan et al. (1965).

(b) Janusfjellet sub-group

The Agardhfjellet Formation (Text-fig. 2) is a shale sequence, dark
grey to black in colour, with interbeds of grey siltstone, These interbeds
weather yellow-brown over most of the unit but in- the lowest 20 m
and in the upper 40-50 m weather to a brick red colour. This variation
in weathering colour is gradational but provides a useful broad sub-
division.

The Rurikfjellet Formation (Text-fig. 2) is again a shale sequence,
black in colour, with dark brown and black clay ironstone nodules,
weathering brown-red and orange.

The junction between these two formations is a sharp lithological
change from the shale/siltstone sequence below to the shale/nodule
sequence above, each having distinctive weathering colours. There is
also a distinct break in slope at the junction. The two units have
different geomorphological features, gullies being developed on the
lower unit but not on the upper, and the upper limit of gullying provides
aclose approximation to the junction. Locally septaria may be developed
below the junction and in the Agardhbukta-area a yellowish clay,
interpreted as weathered doleritic material, occurs along the junction.
This lithological break most probably also represents an Upper
Volgian non-sequence (see below) and locally the Rurikfjellet Forma-
tion is unconformable on the Agardhfjellet Formation and older strata,

and on intruded dolerites.
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TEXT-FIG. 2.—Agardhf jellet section,
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Fossils are relatively abundant, although poorly preserved, within
these two formations. Buchia (formerly termed Aucella) occurs through-
out but the ammonites are found mostly in distinct horizons (Text-fig. 6).

The Agardhfjellet Formation has a fairly constant thickness of
between 240 and 260 m except where modified by the two fault belts
of the central area (Text-fig. 1). Over these fault belts the Agardhfjellet
Formation is either much thinner or has been completely removed by
erosion, this being related to the late Jurassic movements along the belts
(Text-fig. 5 and Parker, 1966). The submarine features resulting from
these movements persisted into Cretaceous time and gave rise to localized
variation in the thickness of the overlying Rurikfjellet Formation along
the belts. Apart from this, the Rurikfjellet Formation is of fairly
constant thickness (160-180 m) over central Spitsbergen but the area to
the west shows a much thicker sequence.

1n the west coast area the Jurassic and Cretaceous rocks occur as a
narrow strip in the Tertiary deformation belt. Here the Agardhfjellet
and Rurikfjellet Formations especially are deformed by thrusting,
having acted as déccllement horizons. Consequently it is difficult to
obtain reliable thicknesses for these two formations but three sections

lying to the east of the main deformation (Ramfjellet, Jurakammen, and
Keilhaufjellet) give thicknesses of about 250 m for the Agardhfjcilet
Formation and between 300 and 340 m for the Rurikfjellet Formation.

From his study of the succession in Torell Land, Rozycki (1959)
proposed three divisions for the Aucella Shale interval : (in ascending
order) Ingebrigtsenbukta Series, Tirolarpasset Series and Ullaberget
Series. The lower two are principally shales and are separated by
a conglomerate representing, according to Rozycki, the Portlandian
transgression, The Ullaberget Series is characterized by arenaccous
strata and the lower two also have characteristic lithologies. In the
Ingebrigtsenbukta Series there is an absence of ferruginous rocks,
except at the base, and the siltstone interbeds weather to a light yellow
colour, whereas in the Tirolarpasset Series the siltstones are more iron-
rich and weather to yellow-brown and reddish colours. In the Jura-
kammen section, described by Rozycki, this lithological change
apparently occurs distinctly at the conglomerate. Elsewhere in
Spitsbergen, as noted above, no conglomerate is found but a similar,
although gradual, weathering colour change is seen in the upper part of
the Agardhfjellet Formation. Thus, although a distinct lithological
break is represented in the south-west of Spitsbergen (Torell Land),
it is not found over the rest of Spitsbergen. The upper arenaceous
Ullaberget Series of Rozycki also appears to be a local development
confined to the western coastal areas as it is not found to the east over
the major part of the Jurassic—Cretaceous outcrop examined. It is

~ best developed in the area around Isfjorden (Ramfjellet, Janusfjellet,
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and Festningen) but is not seen to an
: r y extent further so
Keilhaufjellet. uth except on

(c) Helvetiafjellet Formation

The. Helvetiafjellet Formation (Text-fig. 3) is a sequence of continental
deposits, consisting of coarse quartz clastics, thin coal seams and
carbopaceous shales. It is divided into two members: a lower
Festningen Sandstone Member, consisting of the massive Festningen
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Lithology
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TexT-FIG. 3.—Helvetiafjellet section.

sandst ; itrefj
sands :i:'l; ,s tr:;?: an upper Glitrefjellet Member, consisting of the
The Helvetiafjellet Formation is represented over the whole of
Spitsbergen and, although there is much local variation, shows
overall thickening to the south and south-east. In the Isf jo’rden re ian
the: ]ovyer Festningen Sandstone Member is generally thin butgt(r’ln
Glitrefjellet Member above contains many massive sandstone unit ;
;vhereas to t'he south and east the Festningen Member is a massive ulnft’
C0—30 m t.hlck. and the overly!ng strata are principally argillaceous.
urrent directions measured in the Helvetiafjellet area indicate a
general pattern of derivation from the west and north-west
The .formafion has yielded plant remains and freshwatt;r molluscs
from six horizons at the Festningen section (284-30), including the
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Elatides, Lioplax, Pityophyllum, and Ginkgo layers (Nathorst, 1910 ;
Hoel and Orvin, 1937); theextensive flora was listed by Nathorst (1910).

The Festningen Sandstone Member is a hard light grey sandstone,
weathering grey but also yellowish and orange, very variable in grain
size, from medium grained to a coarse breccia ; conglomeratic beds
and lenses are frequent. The pebbles in the conglomerates represent
a variety of lithological types including recognizable fragments of
nodules from the Agardhfjellet and Rurikfjellet Formations, chert (most
probably from the Permian Kapp Starostin Formation), quartzitic
sandstones of possible Middle Carboniferous age, and weathered
feldspars and marble fragments suggesting derivation from the
Caledonian Hecla Hoek sequence.

The Glitrefellet Member is a complex unit of lithologies of Coal
Measure type, consisting of coarse grey sandstones, cross bedded and
ripple marked, with abundant plant remains and carbonaceous stieaks,
together with carbonaceous shales, clay ironstone horizons and thin
seams of poor quality coal. Material of volcanic origin is present in
several thin beds, the first being noted by Hagerman (1925) as a tuff
conglomerate ”, containing rounded grains of quartz and altered
isotropic fragments showing a trachytic texture of included feldspar
laths. Large picces of lithified wood arc also common.

(d) Carolinefjellet Formation

The Carolinefjellet Formation (Text-fig. 4) marks a return to marine
conditions but fossils are not commori and where found are poorly
preserved ; worm tubes referred to the genus Ditrupa (and formerly
recorded as Dentalium) are found throughout.

The top of the succession is limited by the Tertiary unconformity
and thus the original development of the highest Mesozoic rocks is not
known. The thickest sequence of the Carolinefjellet Formation is
preserved in the area around Van Mijenfjorden and Van Keulenfjorden.
In Kjellstromdalen, at the head of Van Mijenf, jorden, the formation is
about 750 m thick and three members are defined from this area. The
lower part of the succession consists of flaggy sandstoncs and inter-
bedded shales (** Lower Lamina sandstone ™) followed by a thick shale
sequence with nodular siltstones and occasional sandy intercalations
(* Cretaceous Shale ) and the upper part is a return to interbedded
sandstones and shales (* Upper Lamina sandstone >'). These lithological
divisions, which were first proposed by Hagerman (1925), are further
described below and in the appendix. The names of the members
(Dalkjegla, Innkjegla and Langstakken respectively) are from localities
in Kjellstromdalen and Lundstrédmdalen where they are very ‘well ex-
posed, this being the area from which Hagerman originally described
this part of the succession.

35
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Around Van Keulenfjorden, the total thickness is again about 750 m
but here the Innkjegla Member (Cretaceous Shale) is much thinner
compared with the Kjellstromdalen section and there is a thick shale
development at the top of the Langstakken Member (Upper Lamina
sandstone). This shale, which contains the highest Cretaceous fauna
so far recorded (see below), most probably represents a highest, fourth
member of the Carolinefjellet Formation, preserved only in that region ;
however, little field information is available and so no formal definition
is given in this account.

Over the south of Spitsbergen the sequence is somewhat thinner
(about 500 m) but on the few sections described (e.g. Rozycki, 1959;
Birkenmajer and Narebski, 1963; Nagy, 1966; Birkenmajer, 1966) the
three main divisions of the Carolinefjellet Formation are still recognized.
To the north of Van Mijenfjorden the Tertiary unconformity cuts
progressively down through the Carolinefjellet Formation. Around
Isfjorden no Langstakken Member is preserved and there is less than
one half the thickness of the Innkjegla Member, compared with its
development in Kjellstromdalen, preserved beneath the Tertiary. The
limited fossil evidence suggests that the junction between the Dalkjegla
and Innkjegla Members may be diachronous when traced north, the
shale-sandstone facies, represented by the Dalkjegla Member, having
persisted for longer in the north.

In the Kjellstromdalen region, the lower Dalkjegla Sandstone
Member is a cliff-forming unit, consisting of flaggy thinly bedded
sandstones, fine to medium grained, grey and brown in colour,
weathering grey-green, with interbedded grey shales, weathering grey.

The succeeding Innkjegla Shale Member is a sequence of grey shales,
weathering grey, with interbeds and nodules of yellow weathering grey
siltstone in the lower part and with intercalations of grey flaggy fine
to medium grained sandstone, weathering orange and buff. These
sandstones generally occur at the base of the upper third of the member
and above them the shales are without interbeds or nodules of siltstone.
The siltstones below the sandstone intercalations often contain wood
and poorly preserved bivalves ; mud flake conglomerates are very
common and cone-in-cone and algal structures have also been noted.

The upper Langstakken Member is more or less identical in lithology
with the Dalkjegla Member and again consists of alternating shales
and flaggy thin-bedded grey sandstones, weathering grey-green. At the
base of the unit there is an equal alternation of shale and sandstones
in units about 10-15 m thick but higher up the sandstones are much
thicker and the shales correspondingly thinner.

Birkenmajer (1966) has described the sedimentary structures of the
Dalkjegla Member and concluded that the strata were deposited in a
shallow-water marine environment, strongly influenced by tidal action.



The Jurassic and Cretaceous Sequence in Spitshergen 499
498 J. R. Parker—

ey

The overlying Innkjegla Member suggests a more placid, although
still shallow, environment but there was a return to the initial conditions

for the deposition of the sandstones and shales of the Langstakken
Member.

Formation

1II. MEesozoic IGNEOUS ACTIVITY

A prominent feature of the Mesozoic rocks of Spitsbergen is the 1
extensive sheet intrusion of dolerite. The principal areas of intrusion o =
are Hinlopenstretet, Storfjorden and Isfjorden. Around Hinlopenstretet
the sills intrude Hecla Hoek, Carboniferous, Permian, and Triassic rocks
while in the Storfjorden and Isfjorden regions they are confined mainly
to rocks of Triassic age. A comprehensive account of the Spitsbergen
dolerites is given by Tyrrell and Sandford (1933); in addition
Birkenmajer and Narebski (1963) and Burov and Livshitz (1965) have
discussed further the petrology of the dolerites, and the general question
of their age was again considered by Orvin (1940), Harland (1961),
Gayer, Gee, Harland, Miller, Spall, Wallis, and Winsnes (1966), and
Parker (1966).

The bulk of the Spitsbergen dolerite intrusions are of the normal
medium- to fine-grained type of Tyrrell and Sandford (1933). They
are essentially plagioclase-pyroxene rocks with randomly orientated
laths of labtadoritic plagioclase in ophitic relationship with clino~
pyroxene, The degree of alteration varies but the thinner sills and the
margins of the larger sills, especially when intruded into shales, are
largely replaced by carbonate material forming a bleached and softened
rock, termed by Tyrrell and Sandford * white trap .

The sills are known to intrude rocks ranging in age from pre-Down-
tonian (Hecla Hoek) to Upper Jurassic and on the basis of this evidence,
together with De Geer’s report (1923) of basaltic lavas overlain by e
unbaked Lower Cretaceous sediments on Wilhelmgya, Tyrrell and i
Sandford (1933) dated the dolerites as between Jurassic and Radetegse
Cretaceous. The recent investigations in central Spitsbergen have
resulted in confirmatory evidence for this view from two localities. At -
Marmierfjellet, south of Sassenfjorden, the Valanginian Rurikfjellet
Formation overlies and truncates dolerite dykes intruded into the
Middle Triassic Botneheia Formation (Parker, 1966) and at Agardh-

bukta, on the east coast, dolerites intruded into the Lower Volgian
part of the Agardhfjellet Formation are again overlain by the Rurik-
fjellet Formation. The few radiometric determinations made on the
dolerites are not inconsistent with this age (Gayer et al, 1966).

On Kong Karls Land, to the east of the main island of Spitsbergen,
the dolerites and associated basalts are younger, being interbedded with
and overlying continental deposits of post-Valanginian age and most
probably equivalent to the Helvetiafjellet Formation (Nathorst, 1910).
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The only evidence for this later activity on Spitsbergen itself is in the
volcanic horizons, mentioned above, which occur in the upper part of
the Helvetiafjellet Formation. The source of this material is not known,
there being no evidence of any dykes or sills in the immediately under-
lying sediments. Derivation by weathering from the late Jurassic-early
Cretaceous dolerites would be possible but the trachytic and glassy
fragments found within these horizons are unlike anything seen or
described from the intrusive dolerites. Also, the occurrence of the
volcanic fragments in definite horizons and not disseminated throughout
the rock suggests that the fragments were not derived from the
weathering of a pre-existing volcanic mass but rather that contem-
poraneous volcanic material was added to the sediment beinglaid down.

IV. FAUNAL SuccessioN (Text-fig. 6)

The lowest undoubted Jurassic fossils come from the Brentskard-
haugen Bed (* Lias conglomerate **) of the Kapp Toscana Formation,
phosphatic nodules in this conglomerate yielding a fauna of bivalves,
belemnites, and ammonites, the latter indicating a Middle and Upper
Toarcian age (see Frebold, 1929 a, ¢ ; 1930). :

The lowest fauna of the Agardhfjellet Formation is that of Kepplerites
and is found in some sections immediately above the Brentskardhaugen
Bed. It is of uppermost Bathon ian-basal Callovian age and equivalent
to the variable or tychonis zone of East Greenland (Callomon, 1959).
Upper Callovian is represented by a fauna of Cadoceras, Longaeviceras,
and Quenstedtoceras recorded from Festningen by Sokolov and
Bodylevsky (1931) and by Frebold and Stoll (1937) and from Torell
Land by Rozycki (1959).

Lower Oxfordian had not previously been recorded from Spitsbergen
but in 1961 an ammonite fauna was collected from the Agardhfjellet
Formation on Keilhaufjellet, in Serkapp Land, by J. L. Cutbill of the
Cambridge expedition. These ammonites, which were found 73 m
above the top of the Brentskardhaugen Bed and 76 m below the
Amoeboceras-Rasenia fauna, have been identified as Cardioceras sp.
and Dr. J. H. Callomon has suggested (personal communication) that
they represent the cordarum sub-zone of the cordatum zone. Upper
Oxfordian is represented by Amoeboceras (Prionodoceras) nigrum
SpatH from Festningen and Bellsund, which was referred to the
bimammatum zone by Arkell (1956).

The succeeding Amoeboceras-Rasenia fauna is very widely distributed
and occurs principally in three fossiliferous horizons contained within
some 20 m of strata, although @aészg?é'ﬁ‘rrecords are known from above
and below. The horizons all contain a more or less identical fauna,
which is probably equivalent to Spath’s ¥ horizon from East Greenland
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thus the lithological junction between the Agardhfjellet and Rurikf jellet
Formations appears to represent an Upper Volgian non sequence and
can be taken as the Jurassic-Cretaceous boundary.

The records of the Berriasian ammonite Subcraspedites are now
largely discounted (see Spath, 1952) and the main ammonite fauna in
the Rurikfjellet Formation is that of Polyprychites, Dichotomites, and
possibly Thorsteinssonoceras, of Valanginian age (Frebold 1928
1929 b; Sokolov and Bodylevsky, 1931; Frebold and Stoll: 1937:
Jeletzky, 1965). However, recent finds of the ammonites Simbirskfm;
and Speetoniceras from the top of the Rurikfjellet Formation (Pchelina
1_965 a, b ; and in the Cambridge collections) have extended the forma:
tion’s stratigraphical range upwards into the Upper Hauterivian.

The non-marine Helvetiafjellet Formation has yielded plant remains
and fresh-water mofluscs from six horizons at Festningen (Nathorst
1910 ; Hoel and Orvin, 1937). These beds can only be dated indirecti):
as Barremian from the age of the fossiliferous marine strata above and
below, aithough Maync (1949) has suggested an Aptian age for the flora.

In the Carolinefjellet Formation three main ammonite faunas appear
to be represented. These are of Tropaeum arcticum STOLLEY of Upper
Aptian age (Frebold and Stoll, 1937), Arcthoplites jachromensis
NikITIN of probable Lower Albian age (Donovan, 1957) and Cleoniceras
of Middle _Albian age (Pchelina, 1965 b). In the Kjellstrdmdalen region
the lower two are found in the lower part of the Innkjegla Member of
the Carolinefjeliet Formation and, at the base of the Langstakken
Member, while the upper is as yet only recorded from the Upper

Shale Member "in the Van Keulenfjorden region.
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VI. APPENDIX
BRENTSKARDHAUGEN BED: upper division of the De Geerdalen Member
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of the Kapp Toscana Formation (Buchan ef al., 1965); name from Brents-
kardhaugen, Adventdalen, Nordenskiold Land. Type scction: Adventdalen,
river gorge exposure 1 -5 km south-west of 530 m height on Brentskardhaugen;
thickness of unit in type section 1-5 m. Dominant lithology: conglomeratic
sandstone with phosphatic nodules; fossils include Harpoceras, Dactylio-
ceras, Catacoeloceras and Pseudolioceras age—Middle and Upper Toarcian.

ADVENTDALEN GRoOUP: consists of the Agardhfjellet, Rurikfjcllct, Helve-
tiafjellet and Carolinefjellet Formations.

JANUSFJELLET SUB-GRouP: consists of the Agardhfjellet and Rurikfjellet
Formations. Name from Janusfjellet, Nordenski6ld Land (H. Major, in lit.).

AGARDHEJELLET FORMATION: name from Agardhfjellet, Sabine Land.
Type section: Agardhfjellet (Text-fig. 2); thickness of unit in type section
241-5m; also illustrated by Hoel and Orvin (1937) and by Hagerman (1925).
Dominant lithology: shale with siltstone interbeds; fossils include Buchia
throughout and horizons containing Kepplerites, Cadoceras and Longaevi-
ceras, Cardioceras, Amoeboceras and Rasenia, and Dorsoplanites; age—
uppermost Bathonian to Lower Volgian.

RURIKFJELLET FORMATION: name from Rurikfjellet, Heer Land. Type
section: Agardhfiellet (Text-fig, 2); thickness of unit in type section 176 m;
also illustrated by Hoel and Orvin (1937) and by Hagerman (1925). Dominant
lithology: shale with clay ironstone and siltstone nodules; fossils include
Buchia and horizons containing Polyptychites, Dichotomites and Simbirskites;
age—Valanginian to Hauterivian.

HELVETIAFJELLET ForMmaTiON: divided into a lower Festningen Sandstone
Member and an upper Glitrefjellet Member; name from Helvetiafjellet,
Nordenskiold Land (H. Major, in lir.). Type section: Helvetiafjellet (Text-
fig. 3); thickness of unit in type section 53 m; also illustrated by Hoel and
Orvin (1937) and by Hagerman (1925). Dominant lithology : coarse sand-
stones with carbonaceous shales and thin coal seams; cliff forming in lower
part; fossils include fresh water molluscs and an extensive flora; age—
Barremian,

FESTNINGEN SANDSTONE MEMBER: name from Festningen, Nordenskidld
Land (Nathorst, 1913; Hagerman, 1925). Type section: Festningen {Hoecl
and Orvin, 1937); thickness of unit in type section 29-5 m; also illustrated
in Text-fig. 3 and by Hagerman (1925). Dominant lithology: massive
quartzitic sandstone.

GLITREFJELLET Memser: name from Glitrefjellet, Nordenskidld Land.
Type section: Glitrefjellet; thickness of unitin type section 69 m; illustrated
in Text-fig. 3 and by Hoel and Orvin (1937) and by Hagerman (1925).

CAROLINEFJELLET FORMATION: divided into a lower Dalkjegla Sandstone
Member, a middle Innkjegla Shale Member, and an upper Langstakken
Sandstone Member; a further upper shale member is not formally defined
here; name from Carolinefjellet, Nordenskiéld Land (H. Major, in lit.).
Type section: Carolinefjellet; thickness of unit in type section 270 m;
iliustrated in Text-fig. 4 and by Hoel and Orvin (1937) and by Hagerman
{1925). Fossils sparse but include Ditrupa throughout and horizons con-
taining Tropaeum and Arcthoplites; age—Aptian and Albian.

DALKJEGLA SANDSTONE MEMBER: name from Dalkjegla, Nordenskiold
Land. Type section: Langstakken, Nordenskiold Land (Text-fig. 4);
thickness of unit in type section 131 m; also illustrated by Hoel and Orvin
(1937) and by Hagerman (1925). Dominant lithology : alternating sandstones
and shales; cliff forming. -

INNKJEGLA SHALE MEMBER: name from Innkjegla, Nordenski6ld Land,
Type section: Langstakken, Nordenskiold Land (Text-fig. 4); thickness of
unit in type section 429-5 m; also illustrated by Hoel and Orvin (1937) and
by Hagerman (1925). Dominant lithology: shale with siltstone interbeds,
nodules and sandstone intercalations.

LANGSTAKKEN SANDSTONE MEMBER: name from Langstakken, Norden-
skiold Land. Type section: Langstakken (Text-fig. 4); thickness of unit in
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type section 208 m; also illustrated by Hagerman (1925). Dominant litho-
logy: alternating sandstones and shales; cliff forming,

Vil. REFERENCES

ARKELL, W. 1., 1956. Jurassic Geology of the World. Oliver and Boyd, Ltd.,
Edinburgh and London.

BIRKENMAIJER, K., 1966, Lower Cretaceous tidal deposits of central Vestspits-
bergen. Norsk Polarinst. Arbok 1964, 73-85.

——and W. NareBsk1, 1963. Dolerite drift blocks in marine Tertiary of
Sarkapp Land and some remarks on the geology of the eastern part of
this area. Norsk Polarinst. Arbok 1962, 6819,

BucHAN, S. H., A. CHALLINOR, W. B. HARLAND, and J. R. PARKER, 1965,
The Triassic Stratigraphy of Svalbard. Skr. norsk Polarinst., 135.

Burov, Yu P., and Yu. Ya. LivsHrrZ, 1965, [Weakly differentiated intrusive
dolerites of the Spitsbergen Archipelago.] Mareriali po geologii
Shpitsbergena, Edit. V. N. Sokorov. (Institute for Geology of the
Arctic, Leningrad.) p. 246-271. [In Russian.]

CaLLoMON, J. H., 1959. The Ammonite zones of the Middle Jurassic beds
of East Greenland., Geol, Mag., 96, 505-513, ‘

De Geer, G., 1923. Topographie et Géologie. Mission scientifique pour la
Meésure d’'un Arc de Méridien au Spitsberg. Mission suédoise, 2 (9).
Stockholm. ‘

DonovaN, D. T., 1957. The Jurassic and Cretaceous systems in East Green-
land. Meddr Grenland, 155, Nr. 4. ‘*

FreBoLD, H., 1928, Das Festungsprofil auf Spitzbergen. Jura und Kreide.
I1. Stratigraphie. Skr. Svalb. og Ishavet, 19,

~— 1929a4. Oberer Lias und Unteres Callovien in Spitzbergen. Skr. Svalb,
og Ishavet, 20. .

—— 19295. Ammoniten aus dem Valanginien von Spitzbergen. Skr. Svalb.
og Ishavet, 21.

—— 1929¢. Die Schichtenfolge des Jura und der Unterkreide an der Ostkiiste
Sﬁdwest-Spi(zbergens. Abh. Naturw. Hamburg, 22, 251-292,

—— 1930. Verbreitung und Ausbildung des Mesozoikums in Spitzbergen.
Skr. Svalb. og Ishavet, 31.

—— 1931, Fazielle Verhiltnisse des Mesozoikums im Eisfjordgebiet Spitz-
bergens. Skr. Svalb. og Ishavet, 37.

— (Edit.), 1935. Geologie von Spitzbergen der Bireninsel des Konig
Karl- und Franz-Joseph-Landes. Geol. der Erde, Berlin, 1-195.

— 1951. Geologie des Barentsschelfes. Abh. dt. Akad. Wiss. Berl., Jahrg,
1950, 5, 1-150.

—— and E. StoLr, 1937. Das Festungsprofil auf Spitzbergen. III. Strati-
graphie und Fauna des Juras und der Unterkreide. Skr. Svalb. og
Ishavet, 68.

GAYER, R. A, D. G. Geg, W. B, HARLAND, J. A. MILLER, H. R. SPALL,
R. H. WaLwis, and T. S. WiNsNes, 1966. Radiometric age deter-
minations on rocks from Spitsbergen. Skr. norsk Polarinst., 137.

HaGerMAN, T. H., 1925. Results of the Swedish expedition to Spitzbergen,
1924. 11 Stratigraphic and structural investigations within south-
western Spitzbergen. Geogr. Annlr, 7, 195-221.

HARLAND, W. B,, 1961. An Outline Structural History of Spitsbergen. In
RaascH, G. O. (Edit.), Geology of the Arctic, Toronto, 1, 68-132. ;

—— 1962. The Cambridge Spitsbergen Expedition, 1961. Norsk Polarinsy.
Arbok 1961, 1312, :

_ 196:}35C83mbridge Spitsbergen Expedition, 1962, Polar Rec., 11 (73),

—— 1964, Cambridge Spitsbergen Expedition, 1963. Polar Rec., 12 (79),

—_— 19655.8 C;;?bridge Spitsbergen Expedition, 1964. Polar Rec., 12 (80),
9--591.

——and R. H. WaLLIs, 1966. Cambridge Spitsbergen Expedition, 1965.

Polar Rec., 13 (83), 1924, :

The Jurassic and Cretaceous Sequence in Spitsbergen 505

. M., 1937. The Fossil Flora of Scoresby Sound, East Greenland.
HAgss, ’;ar \'/. Stratigraphic relations of the Plant Beds. Me:ddr Gronland,
112, Nr. 2. itzbe
. K. Orvin, 1937. Das Festungsprofil auf Spitzbergen.
Hoxt, A.l’(:rli::m/-\l(rcide. 1. Vermessungsresultate. Skr. Svalb. og Ishavet, 18.
JELETZKY, J. A., 1965. Thorsteinssonoceras, a new craspegiltld ammonite
f’rom the Valanginian of Ellesmere Island, Arctic Archipelago.
Bull. geol. Surv. Can., 120. 4c
., 1949, The Cretaceous beds between Kuhn Island and Cape
MaKe, ;vra’nﬁin {Gauss Peninsula); Northern East Greenland. Mediir
, 133, Nr. 3.
NaAGyY, J. Glrggtli‘fm{’relirﬁinary report on the geology of Eastern Torell Land,
’ ’Vestspitsbergen. Norsk Polarinst. Arbok 1964, 69-12. indet
NATHORST, A. G., 1897. Zur Mesozoischen Flora Spitzbergens gegriin e:l
auf die Sammlungen der Schwedischen Expeditionen.  Kungl.
. Svenska VetenskapsAkad. Handl., Bd. 30, No. 1, 77 pp. id
—— 1910. Beitrige zur Geologie der Biren Insel, Spitzbergens und des
Konig-Karls-Landes. Bull. geol. Instn Univ. Upsala, 10, 261-415.
—— 1913. Die pflanzen fuhrenden Horizonte innerhalb der Kreide Spitz-
bergens. Geol. Fir. Stockh. Forh., 35 (4), 273-282. ctsbe
ORvIN, A. K., 1940. Outline of the Geological History of Spitsbergen.
. og Ishavet, 78. L . . .
PARKER .iSer ﬁ;aslg %goljing, faulting and dolerite intrusions in the Mesozoic
> Yocks of the fault zone of central Spitsbergen. Norsk Polarinst.
Arbok 1964, 47-55. h
. M., 1965a. [Stratigraphy and genéral development of the
PCHEUNAMZSO%ié rocks of Ehe central parts of Vestspitsbergen.] Materiali
po geoligii Shpitshergena, Edit. V. N. Sokorov. (Inst. for Geology
of the Arctic, Leningrad.) p. 127-148. {In Russian.] be I
——1965h.  [Mesozoic rocks of Van Keulenfjorden (Vcstspl(s'rger;_).
Materiali po geologii Shpitsbergena, Edit. V. N. SokoLov. (Inst. for
Geol. of the Arctic, Leningrad.) p. 149-173. [in Russnan.]l q
Rozyckl, S. Z., 1959. Geology of l‘”‘?"?“f’%"’" part of Torell Land,
Vestspitsbergen. Studia geol. pol., -98. o
SoxoLov V\elf 3 .I,t§9658.e [Materials on the Geo’logy of Spitsbergen.] Materiali
’po geologii Shpitshergena. (l]nst. for Geology of the Arctic, Lenin-
. 2 pp. [In Russian. .
SOKOl.ov,g %é,)agg “p,p BE)DYLEVSKY, 1931, Jura- und Kreide-faunen von
Spitzbergen. Skr. Svalb. og Ishavet, 35. Lesti
SeaTH, L. F,, 1935. The Upper Jurassic invertebrate faunas of Cape Les ie,
* “"Miine Land. I. Oxfordian and Lower Kimmeridgian. Meddr
, 99, Nr. 2. . i .
_ 1952qr%$;‘1€0nal oll;servations on the invertebrates (chiefly ammonites)
of the Jurassic and Cretaceous of East Greenland. 2. Some lnfra:
Valanginian ammonites from Lindemans Fjord, Wollaston Forland ;
with a note on the base of the Cretaceous. Meddr Gronland, 133,
Nr. 4.  the
G. W., and K. S. Sanprorp, 1933. Geology and petrology of t
TYRRELL’dolcritesaof Spitsbergen. Proc. R. Soc. Eainb., 53, 284-321.

C/o PeTroLEUM DEVELOPMENT (OMAN), LtD.,
P.O. Box 81, i
MuscaT,
SULTANATE OF MUSCAT AND OMAN,

ARABIAN GULF.



	Image24.tif
	Image25.tif
	Image26.tif
	Image27.tif
	Image28.tif
	Image29.tif
	Image30.tif
	Image31.tif
	Image32.tif
	Image33.tif

