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Abstract

A local stratigraphical scheme for the Paleogene deposits of the whole archipelago
is proposed. In the central part of the island of Spitsbergen, presence of Palaeogene,
Eocene, and Oligocene (total thickness exceeding 2.5 km) is assumed, while on the west
coast, only that of Eocene and Oligocene (thickness sometimes exceeding 3.5 km). It
is concluded that Svalbard was an archipelago during the Palaeogene. The stratigra-
phical section of Svalbard is proposed to be used as a standard for the Central Arctic
coal-bearing province of the entire Polar Basin.

Tectonic division of the epi-Caledonian platform mantle into a block structure is
proposed, and structures of three ranks with local structures among them are distin-
guished in the axial part of the Spitsbergen trough. Four main stages of platform struc-
ture development are recognized: late Palaeozoic, Mesozoic, early Cenozoic, and late
Cenozoic.

Besides the Mesozoic and possibly the Palaeozoic deposits, oil and gas possibili-
ties are also suggested for the basal Palaeogene. Analysis of different criteria for oil
and gas content testifies to prospects for oil and gas not only in the archipelago, but
also in the adjacent areas of the Barents Sea Shelf.

AHnHoTanusa

IlaseorenoBrie oriosenusa u miaaropmenHas crpykrypa (Bamabbapra.

Pa6ora mpegcrasiser co6oil epBoe KOMILIEKCHOe ONUCAHHE IAJIe0reHO-
BHIX OTJIOeHuil n miargopmenHoii crpykryps Ceans6apaa B riesom. Paspabo-
TaHa MecTHas crparurpaduueckas cxema MajeoreHOBOW TOJIIIM, NPUBA3aHHAA
K Me:mRIYHapoaHOl mikase. YKassiBaercsa, yro Ha CBajgnbappe mpefcTaBiIeHH
IaJIeOIleH, BOLeH I OJIUIOIleH, KOTOpPBle COBMECTHO BCTPEYAIOTCA JHIIL B
npefesax OcHOBHOIT oGsmacru pasBurtusa tosmu (LlenrpasnbHbii Gacceiin), rae
CyMMapHasi MOIIHOCTh UX mpeBsimaer 2,5 kM. BoJsee rpy6osepHucTse 06paso-
BaHHUA 3aMaJHOT0 Io0epe;KbA apXuIesara CyMMapHOH MOIIHOCTBIO GoJee
3,5 KM OTHOCATCA K ®0oIeHYy U osuroneny. Ha ocHoBanum maseoreorpadudgec-
KOro aHaJjmsa fejaercsa BbIBOA, 4yro CBaisbapi B majieoreHe IPeACTABIIAI
co0oif apxumeJiar, MpuYeM KJIMMaT B ®TOT IepHOA OBLI Temjiee COBPEMEHHOTO
6omnee uem Ha 12—13°. BmipmensAwTca Tpu KpyNHEE MepUAMOHAJIbHEE IPOBU-
HIOUY I0JApHOIl o6iacty B majieoreHe: 3amafgHas BYJKaHOTeHHAsa (6a3asbTH
Tyae), LlenrpasnbHas yrienocHasa n Bocrounas ByJkaHOTeHHas (B Ipepesiax
Tuxoorkeanckoro mopsm:kHoro mosica). Paspes Cpasmbbapma MOMKHO MCHOJIB-
30BaTh KaK ONMOPHHI mpu paspaborke crparurpadun IleHTpasbHoil yrieHo-
cHoil mpoBuHIuK. IIpu ®TOM I1A/IEOreHOBEE NOPOAHI OTJINYAIOTCA OT OJHOBO3-
pacTHHX o0pasoBaHmil niaropMeHHHX obJyacreil HeOOKYHO BHICOKOIT MIIOTHOC-
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THIO U JlajKe BKJIIOYAIOT KaMeHHHIE YIJIM Ia3oBOil cTaguy yraeukamuum, 4To
0€e3yCJIOBHO CBA3AHO € IOCTCEAUMEHTAIOHHBIMHI IIPOIECCAMU.

[Inardopmennnit gexon Caabbapna uMeeT deTkoe 0JI0KOBOe CTpOeHHeE.
B cocraBe uexisia Qukcupyercsa pAR pasHONOPAAKOBHX ININKATHBHEX CTPYK-
TYp, Pa3s/ieIeHHHX KPYIHBIMI 30HAMI PA3JIOMOB, B TOM 4HCJe IIEeCTh CTPYKTYP
IIepBOTO MOPAAKA: FOPCTO00pa3HOe MOMHATIE 3AMAHOT0 MO0eperKbs, 3anafHo-
IMmuu6eprenckuit rpabenoo6pasusiii npornt, CacceHaaneHcKas MOHOKINHAJD,
Bocrouno-IllnuiGeprenckoe mopguarue, mporu® mnposusa OJbru, mogHATHE
3eman Kopoua Kapma. B ¢opmuposanun niardopMeHHOI CTPYKTYDPH BEHIfie-
JIAeTCA YeTHpe OCHOBHHIX HTalla: IO3IHEIaJIe030CKI, Me3030MCKIl, paHHe-
KAHOB0MICKNI 1 II03JHEKAITHO30MCKNI, KOTOPHE OIeHHBAIOTCA He TOJbKO
Ka4yeCTBEHHO, HO U KOJIMYECTBEHHO. Y CTAHOBJIEHA pAasinyHasA MOOMIBHOCTD
naardpopmentoro dexiaa CBaapbappma: Gosee MoOuiIbHAA 3amajgHas dacTh
cBA3aHa ¢ objgacTbi0 Haubojlee WMHTEHCHBHOTO IIPOABJIEHNA KaJle[OHCKOMI
cKyagyaTocTH M mpubimsxeHa K pudrosoii some CpepuHHO-OKeaHUYECKOTO
xpebra. HommiekcHBIi aHamu3 pasiNYHHX KpuTepueB HeTerasoHOCHOCTH
CBUJIETEILCTBYET O IEPCIHeKTHBHOCTU apxumejara M 0JIM3pPacHoiioKeHHBIX
akBaropuii BapenneBa mops Ha HedThb u ras. MecTOposkeHUA MOTYT OHITH
o0Hapy:KeHH He TOJBKO B Me3030WUCKMX U I1ajie030iCKNX 00pasoBaHMAX, C
KOTOPHIMH B HACTOsIlee BPeMA CBA3HBAIOTCS OCHOBHHIE IE€PCIIEKTHBHI, HO U B
0asaJbHEIX TOPMBOHTAX IIAJIeOTEHA.

Pabora paccunrana Ha IMPOKUIlI Kpyr reojoroB. MarepuaJsl 0 majeore-
HOBHIX OTJIOKEHUAX N IIaTdopMeHHO#l cTpykrype CBasbnbapha IMO3BOJAIOT
IpaBUJIbHee NPefCTaBUTh ajabnuiickyio ucropuio Iloaaproro GacceitHa m mep-
cnekTNBH HererazoHocHoctu meabda Bapenmesa mops.



Introduction

Because of the key position of the Svalbard archipelago in the Atlantic
sector of the Arctic, the Palaeogene deposits of this comparatively small land
area are of special interest. It is clear that the archipelago’s position on the
north-western corner of the Eurasian continent makes an interpretation of
its platform structure valuable.

The archipelago is composed of sedimentary, metamorphic, and igneous
rocks of Precambrian to Quaternary age. The modern block structure of the
archipelago is a result of a complex and long development in the history of
which three main periods are distinguished: a geosynclinal, a post-geosyn-
clinal, and a platform period (SokoLov et al. 1968). During each of these
periods a certain structural complex was formed. In present exposures, for-
mations of the geosynclinal structural complex (Hecla Hoek — Precambrian to
Ordovician) are developed in northern Svalbard and along its west coast,
and formations of the post-geosynclinal complex (the Devonian variegated
sequence) are developed in the centre of northern Spitsbergen (the so-called
Devonian graben). Platform formations (beginning with the Lower Carboni-
ferous) occupy the entire southern and south-eastern part of the archipelago.
They occur also in southern Nordaustlandet and in Kong Karls Land.

Svalbard has attracted the attention of geologists of different countries
for a long time, but until recently all industrial prospecting of the archipe-
lago was connected with coal, mainly of Palaeogene age. Special oil pro-
specting was started only in 1960 by geologists of different nations: American,
French, Norwegian, Soviet, etc.

The Palaeogene deposits are of great importance for the determination
of oil and gas prospects in Svalbard. These deposits outcrop in the main
part of the Spitsbergen graben-like trough (Fig. 1), within which oil and
gas occurrences seem most probable, especially as indications of them are
already known there. These formations are also very important for inter-
preting the Alpine history of the archipelago and of the whole northern At-
lantic, and also for the correlation of the still poorly investigated Palaeogene
deposits of the entire Polar Basin. Nevertheless, the investigation of Svalbard
Palaeogene deposits until recently was carried out mainly in connection with
their industrial coal content or as a subsidiary to the study of other geo-
logical problems. Therefore the stratigraphical scheme for these formations
proposed by NATHORST (1910) for the southern half of Spitsbergen (Central
Basin) with lithological names for the separate formations (Table 1), has
been reproduced almost without changes in subsequent, mainly summary
papers (HAGErRMAN 1925; Hoer 1929; KorLukov 1936; LjuTkeviC 1937;
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ORVIN 1940; HARLAND 1961; ATKINSsON 1963). However, in contrast to NAT-
HORST (1910) the rock age is considered to be not Miocene, but Palaeocene
and Eocene, on the basis of faunal determinations (Ravy 1922)1.

The deposits have been correlated according to the results of flora deter-
mination, carried out by HEER (1866, 1870, 1876) and NaTHORST (1910).
All investigators have regarded the Palaeogene deposits developed within
small isolated sectors on the west coast of Svalbard (except the Kongsfjorden
area) — Forlandsundet, Renardodden — as either contemporaneous with
the upper formation of the Central Basin or even younger than these, but
no definite dating has been done. Information on Palaeogene deposits of
these areas is given in HOLTEDAHL (1913), TYRRELL (1924), OrvIN (1934,
1940), SCHLOEMER-JAGER (1958), MaNuM (1960), ATKINSON (1962, 1963),
CHALLINOR (1967), and BarBAROUX (1967).

This paper had already been prepared for printing, when the author
became acquainted with a paper published by VoNDERBANK (1970), who

A description of the fauna from the different horizons of the Palaeogene suc-

cession has also been given by Gripp (1927) and by HAGG (1927), while spores and pollen
have been described by Manum (1962).
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considers the age both of the lower part of the Palaeogene sequence in the
Central Basin and of the succession from the Renardodden area (Kapp Lyell
area) as Dano-Montian. His view is based on ROSENKRANTZ’s (1942) suggested
similarities between the Palaeogene fauna of Svalbard and that of Greenland.
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In my opinion, the analysis of fauna, plant fossils, microfossils, spores,
and pollen does not permit us at present to consider the age of Palaeogene
basal horizons in the Central Basin to be older than Palaeocene. The Renard-
odden Formation is undoubtedly younger, as shown by plant remains, spores,
pollen assemblages, and data on mineral rock composition. The classification
according to large rhythms proposed by VONDERBANK, is undoubtedly pro-
gressive. However, the rhythm boundaries (and hence the formation bound-
aries) proposed by him are open to objection, especially as these boundaries
are difficult to trace in the field and cannot be used to the full in compiling
geological maps. Besides, VONDERBANK’s scheme is even less detailed than
that of NATHORST, as Table 1 shows.

In accordance with a contract with the organization «Arktikugol’s, the
Institute of the Geology of the Arctic organized in 1962 the Spitsbergen
Complex Geological-Geophysical Expedition under the leadership of Dr.
V. N. SokorLov. Being a member of this expedition, the author studied the
Palaeogene formations and structures of the platform mantle from 1962
to 1968, first by carrying out geological mapping of Nordenskicld Land
and Nathorst Land with special structural investigations and measurement
of key horizons, and afterwards in the course of thematic investigations.
At this period the author managed to visit all the main outcrop areas of
Palaeogene deposits. Besides the main area of their development (Central
Basin), five separate areas on the west coast of the archipelago were also
studied; these are, from north to south: the Kongsfjorden area, both sides
of Forlandsundet (as well as the eastern side of Prins Karls Forland), near
Renardodden, Bellsund, and Jyrlandet, Sgrkapp Land (Fig. 1). During these
investigations many fossils were collected and determined afterwards by
Professor I. A. KoroBkov (fauna, molluscs), Dr. T. N. BAJjKovskaJa, Dr. L.
Ju. Bupancev, Dr. N. D. VasiLEvskaja, Dr. E. N. Kara-Murza, Dr. 1. N.
SveESNIKOvA (plant fossils), Dr. N. N. SuBBoTINA (foraminifera), and Mrs.
A. S. VAKULENKO (spores and pollen).

Stratigraphy

Recent investigations have shown that the lithological names given by
NATHORST (1910) to the formations of the Central Basin cannot be used for
the correlation of Palaeogene formations throughout Svalbard. The for-
mations, many of which have been distinguished for the first time, have,
therefore, been given geographical names (LivSic 1967)2. It is presumed that

1 Besides this, the author made investigations on Bjgrngya in 1970, and in northern
Torell Land, on Erdmannflya, and on Edgesya in 1972.

2 At present a geological map of Adventdalen on the scale 1:100,000 has been
compiled at Norsk Polarinstitutt by H. Major and J. NaGy, where geographical names
are also proposed for the formations (Table 1). These same names have also been adop-
ted for the south-western sheet of the geological map of Svalbard on the scale of 1:500,000
(FLooD et al. 1971), even though the Palaeogene succession has not been differentiated
on this map.
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the Palaeogene system is represented by Palaeocene, Eocene, and Oligo-
cene deposits, which occur together only in the Central Basin, the main
area of development of the sequence (Fig. 2, Appendix 4)*. It is necessary
to note, however, that a complete monographic treatment of the palaeonto-
logical and palaeobotanical data is still not finished. Therefore the accepted
dating of some formations is essentially provisional. Thus, according to L. Ju.
Bupancev and I. N. SveSNikova, the age of the youngest Palaeogene for-
mations of Svalbard is not Oligocene but Upper Eocene. Some investigators
have doubts about the possibility of ascribing the Palaeogene basal horizons
in the Central Basin to the Thanetian stage.

A. INTERPRETATION OF SECTIONS ACCORDING
TO AREAS

The Central Basin

The Palaeogene deposits accumulated during the formation of two
macrorhythms containing a number of rhythms of first and second rank
(rhythmicity has been analysed according to the method of Ivanov 1967).
The first macrorhythm began with the deposition of the Upper Palaeocene
(Thanetian stage) Barentsburg Formation on the eroded surface of Albian
deposits. Basal conglomerates (0.2 to 3.6 m) are widespread only in western
Nordenskitld Land. In other areas the Albian rocks are immediately overlain
by siltstones, argillites, and sandstones of the productive member (5 to 53 m)
with coal seams of mineable thickness (up to 2.8 m, usually 1 m thick) such
as those exploited in the Barentsburg (USSR) and Longyearbyen (Norway)
fields. The rocks contain a great number of the fossil plants Ginkgo spits-
bergensis, Metasequoia occidentalis, Trochodendroides arctica, T. vichardsonit,
Platanus sp. Quercus juglandina etc., and spores and pollen; molluscs and
insect remains also occur?. The main part of the formation consists of feld-
spathic/quartzose sandstones and sandy siltstones with the marine bivalves
Callista nathorsti, Cyprina ex gr. lunulata, Dosiniopsis ex gr. orbicularis, etc.,
as well as the foraminifera Cyclammina coksuvorovae and Saccamina sp.
The total thickness of the formation is 80 to 230 m. (Fig. 3). The rocks ex-
posed in Uyrlandet (Sgrkapp Land) in extreme south-western Svalbard may

! In a number of previous papers, the author (LivS8ic 1965b, 1967) has provision-
ally considered the age of the upper part of the sequence as Oligocene-Miocene (?).
However, supplementary study of fossils has led to the conclusion that it is necessary
to limit the upper boundary to the Oligocene.

2 Detailed lists of preliminary determinations of fauna and flora, as well as of
spores and pollen, found in 1962—1968 in the Palaeogene deposits of Svalbard have
already been published (Liv8ic 1965b, 1967; VAKULENKO and LivSic 1971). Preliminary
determinations of the flora have been made by T. N. Bajkovskaja, N. D. VASILEV-
skaja, and E. N. Kara-MURza. These lists are presented here in appendices 1, 2, and
3. Palaeobotanical determinations have been made by L. Ju. BubpanNcev and I. N.
SVESNIKOVA.
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apparently also be related to the Barentsburg Formation. Above, the black
argillites and siltstones of the Colesbukta Formation follow conformably;
these rocks contain calcareous lenses with a marine fauna: Thyasira sp.,
Tkredo sp., and others; according to I. A. KoroBKOV these fossils are charac-
teristic of the Thanetian stage. The thickness of the formation is highly
variable (Fig. 3). In the main part of the area it usually fluctuates from 200
to 350 m, while in the centre of Torell Land it reaches 650 m (BIRKENMAJER
and NAReEBSKI 1963)'. Within the north-eastern part of the Central Basin
(in the eastern part of Nordenskiold Land and Nathorst Land, to the east
of the Colesbukta fault) the thickness of the formation does not exceed 20
to 100 m, and the rocks are represented by sandstones and siltstones. The
homogeneous greenish-gray feldspathic/quartzose sandstones of the 160 to
240 m thick Grumantbyen Formation with rare remains of Cyrena altissima
are provinsionally ascribed to the Lower Eocene, while the conformably
overlying rocks of the Hollendardalen Formation are also regarded as Eocene.
The lower member of this formation (up to 60 m thick) is composed of argillites
and siltstones with the foraminifer Cyclammina sp. and spores and pollen,
while the upper member (up to 80 m) is composed mainly of feldspathic/
quartzose sandstones, siltstones, and argillities with numerous bivalves
(Cyrena hoeli, «Solenocurtusy spitsbergensis) and rare leaves of Tilia malm-
grenit, Viburnum sp. etc. Intercalations of gritstones, conglomerates, and a
coal seam (up to 1 m thick) have also been recorded.

The argillites of the Frysjaodden Formation (200 to 400 m) with the
foraminifera Cyclammina coksuvorovae and Cyclammina sp., and spores and
pollen rest unconformably on the rocks of the Hollendardalen and, locally,
of the Grumantbyen Formations. They indicate the beginning of the next
macrorhythm. The age of this formation as well as that of the conformably
overlying Collinderodden IFormation (100 to 500 m) is considered to be Eocene.
The rocks of the lower member of the Collinderodden Formation (50 to 390 m)
are characterized by considerable variability along the strike. The member
is composed of rhythmically alternating beds of gray and greenish-gray
often calcareous siltstones and polymict sandstones. The bivalve Cyrena
altissima and others, the foraminifer Cribroelphidium risthanicum, remains
of the plants Ginkgo spitsbergensis, Metasequoia occidentalis, Credneria spec-
tabilis etc., spores, and pollen are recorded. The upper member (40 to 110 m)
is represented mainly by polymict sandstones with the bivalves Cyrena
(Corbicula) angustidens, cf. Solenotellina brevisinuata, etc. The upper mac-
rorhythm is concluded by the Oligocene (?) Storvola Formation (more than
700 m) composed of polymict sandstones, rhythmically alternating with ar-
gillites and siltstones (usually calcareous), thin coal beds (5 to 20 cm thick),
and rare intercalations of gritstones and conglomerates. The following shells
have been found near the base of the formation: Cyrena aff. convexa, Con-
geria sp., Valvata sp., Hydrobia sp., etc. Numerous well preserved plant
remains occur throughout the section: Osmunda spetsbergensis, Sphenop-

1 According to Professor K. BIRKENMAJER (pers. comm. when this manuscript was
already in press) this thickness is incorrect and much higher than the true value.
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teris blomstrandii, Metasequoia occidentalis, Cercidiphyllum nathorstiz, Ulmus
pseudobraunii, Aesculus antiqguorum. Tilia malmgrenit, Macclintockia lyel-
lit, etc.

The Forlandsundet area.

Exposures of Palaeogene deposits extend for more than 45 km in a
north-westerly direction on both sides of Forlandsundet, particularly on the
east side of Prins Karls Forland. The Palaeogene formations belong to one
macrorhythm, in which a number of rhythms of first and second rank have
been formed. The basal horizons are represented by the characteristic ruda-
ceous and clumpy variegated conglomerates of the Selvdgen Formation (30
to more than 1,000 m — Fig. 2), which transgress with a sharp angular un-
conformity over different horizons of the Hecla Hoek succession. The over-
lying Sesshogda Formation* (120 to more than 300 m) is composed of rhyth-
mically alternating conglomerates and gritstones, polymict sandstones, silt-
stones, argillites, and three to ten cm thick coal beds. The following fossils
have been discovered in the rocks: numerous small specimens ot the bivalves
Elliptotellina tellinella, Sportella sp. (? sp. corbulina), etc. as well as a number
of plant remains of Metasequoia occidentalis, Cercidiphyllum elegans, Tilia
malmgreniy, Vitis olrikiz, etc. Besides these MaNxuM (1960) has noticed, appar-
ently in the same deposits, the dinoflagellate Swvalbardella cooksonia and
spores and pollen. The overlying Reinhardpynten Formation (210 m) is re-
presented by greenish-gray calcareous siltstones (110 m) with shells of Chlamys
ex gr. sublaevisatus, Gari ex gr. effusa, etc. (lower part of the formation) and
by compact black siltstones more than 100 m thick (upper part). This for-
mation is conformably overlain by thick (60 to 80 m) beds of black siltstones
and argillites of the Krokodillen Formation, which rhythmically alternate
with compact polymict to quartzitic sandstones (total thickness of this for-
mation is approximately 400 m). The age of all these formations is provi-
sionally ascribed to the Upper Eocene. The overlying Marchaislaguna IFor-
mation is provisionally considered as Oligocene (?) and has a disconformable
lower junction. This formation is represented by rhythmically alternating
polymict sandstones, siltstones, argillites, conglomerates, and gritstones with
plant detritus. Rhythms of two ranks are very distinctly marked. The rhythms
of first rank (the larger ones) begin with rhythmically alternating rocks,
usually sandstones, conglomerates, and gritstones with a total thickness of

! The Selvagen and the Sesshogda Formations are exposed on both sides of For-
landsundet, while overlying formations occur only on Prins Karls Forland, mainly in
the Selvagen area (Fig. 2). The most widespread Marchaislaguna Formation is found
in the northern parts of the island. The fauna in the Sesshogda Formation has been
found only on the east coast of I'orlandsundet near Sarsbukta, while plant remains
occur on both sides of the strait (both near Sarsbukta and near Selvagen).

Formerly only two formations were distinguished within the Palaeogene deposits
of Prins Karls Forland (TyrRrRELL 1924, ATKINSON 1962): the Selvagen Formation and
the McVitie Formation. The latter formation corresponds to the combined Sesshegda,
Reinhardpynten, Krokodillen, and Marchaislaguna Formations.



14

55 to 400 m!, and are completed by units of black siltstones and argillites
with a thickness of 20 to 180 m (Fig. 2). These are disconformably overlain
by coarse-grained rocks of the next rhythm. The total thickness of the for-
mation exceeds 2,000 m.

The Kongsfjorden area.

Palaeogene deposits are exposed on the southern coast of Kongsfjorden
(Brgggerhalvgya), and occur within an isolated small area (about 4 to 5 sq.
km), known as the «Ny-Alesund field». Two formations of Oligocene (?) age
are distinguished (one of gray and one of green sandstone, after OrRvVIN 1934).
The lower Kongsfjorden Formation (110 to 120 m) is represented mainly
by polymict sandstones and rests unconformably on Lower Triassic (?)
(CHALLINOR 1967) and Upper Permian rocks. Lowermost occur basal conglo-
merates with a maximum thickness of 4 m. These are followed by a 28 to
30 m succession of rhythmically alternating siltstones, argillites, and coals
(with three seams of mineable thickness — up to 4 m). A great number of
plant remains of Taiwania schaeferii, Betula frigida, Acer sp. have been found.
In the upper part of the formation, a coal seam up to 2.3 m thick is recorded.
The Ny-Alesund Formation (more than 120 m) overlaps the basal formation
and is composed mainly of more coarse-grained rocks: polymict sandstones,
alternating with conglomerates and gritstones. Three coal seams have been
found, the thicknesses of which decrease upwards in the succession (maxi-
mum 0.5 to 3.0 m, minimum 10 cm). Plant remains of Metasequoia occiden-
talis, Tilia malmgrenis, etc. have been found.

The Renardodden area.

The rocks are exposed at the base of a marine terrace on the southern
side of Skilvika by Renardodden (southern part of Bellsund) and in a sub-
meridional coastal plain sector of 4 to 5 sq. km. Two Oligocene (?) formations
are distinguished. At the base of the lower one, the Skilvika Formation (112 m),
4.3 m thick conglomerates unconformably overlie the Hecla Hoek succession.
Above follow rhythmically alternating black argillites and siltstones, poly-
mict sandstones and thin (usually 2 to 20 cm, rarely 28 to 66 cm) coal beds.
Throughout the whole section occur numerous remains of Metasequoia occi-
dentalis, Cercidiphyllum lyellii, Tilia malmgrenii, Acer arcticum, etc., as well
as spores and pollen. The Renardodden Formation (more than 300 m thick)
overlaps the lower formation and is represented by quartzitic to polymict
sandstones rhythmically alternating with argillites, siltstones, and 2 to 50 cm
thick coal beds. Remains of Metasequoia occidentalis, Corylus scottii, Alnus
sp., Acer arcticum, etc., and spores and pollen are found.

1 The lower part of one of the rhythms of first rank, apparently 270 m thick, near

McVitiepynten, was adopted by ATKINsON (1962) as the basis for his description of the
whole McVitie Formation.
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B. CORRELATION OF SECTIONS

A correlation of the Palaeogene deposits of Svalbard is here made for
the first time using both palaeontological, lithological, and structural evi-
dence. The most complete and best studied Central Basin section is used as
a standard section.

It has been established that the lower part of the Palaeogene sequence
of the Central Basin (the lower macrorhythm — the Upper Palaeocene Barents-
burg and Colesbukta Formations and the Eocene Grumantbyen and Hol-
lendardalen Formations) has no analogue on the west coast. The accumulation
of Palaeogene sediments in the extreme west of the archipelago apparently
did not start before the end of the Eocene. The Frysjaodden Formation of
the Central Basin (Upper ? Eocene) most probably corresponds to the Sel-
vagen, the Sesshggda, and the Reinhardpynten Formations of the Forland-
sundet area (Fig. 2). Of these the rudaceous Selvigen and Sesshggda For-
mations should be correlated with only the basal horizon of the Frysjaodden
Formation. The Upper (?) Eocene Collinderodden Formation apparently
corresponds to the Krokodillen Formation on the west coast. Finally, the
Oligocene (?) Storvola Formation of the Central Basin should be correlated
with the Marchaislaguna Formation (Forlandsundet), the combined Kongs-
fjorden and Ny-Alesund Formations (Kongsfjorden), and the combined
Skilvika and Renardodden Formations (Renardodden).!

C. SVALBARD PALAEOGENE DEPOSITS AS PART OF THE
PALAEOGENE DEPOSITS OF THE POLAR BASIN

The Palaeogene deposits of Svalbard are similar to the contemporaneous
terrigenous coal-bearing formations of comparable thickness in the Canadian
Arctic Archipelago, the New Siberian Islands, the adjacent part of the Soviet
Arctic coast, and probably even of Northern Alaska (Table 2). Thus, an
enormous coal-bearing province existed within the main part of the present
Polar Basin in the Palaeogene; this was bordered by the plateau basalts of
the British-Arctic Province to the west of Svalbard and by the volcanic
formations of the Pacific mobile zone of the New Siberian Islands to the
east. It is characteristic that the three zones distinguished have meridional
strike and thereby emphasize the peculiar segmental zonality of the Palae-
ogene formations of the Arctic.

The several kilometers thick succession of the Svalbard Palaeogene
deposits, which is now sufficiently thoroughly studied, may serve as a stan-
dard section for establishing the stratigraphy of this Arctic coal-bearing

1 The correlation of the separate formations produced in this paper is not absolutely
certain. At present one can with sufficient certainty correlate only the three upper for-
mations of the Central Basin jointly with the whole Palaeogene sequence of the west
coast.
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province. However, before this, a monographic treatment of the fossils now
collected is needed, and is also necessary for producing a detailed scheme
for the biogeographic zonation of the Arctic Palaeogene.

It is noteworthy that the Palaeogene deposits in Svalbard are consider-
ably denser (average density 2.61 gm/cm?® KURININ 1965) than the poorly
lithified contemporaneous formations of the adjacent regions, and they
include hard coal of the gasseous stage of coalification. Rocks of such den-
sity are unknown even in Greenland, where they underwent an intense con-
tact metamorphism during the formation of Cenozoic plateau basalts. In
this respect they may be correlated only with Palaeogene deposits of the
Northern Pacific mobile zone. There is no doubt that these features are con-
nected with post-depositional processes caused essentially by the great mobi-
lity of Spitsbergen.

Mineral composition and conditions of deposition

For the study of the mineral composition more than 2,000 petrographic
thin sections have been investigated, and 120 complete mineralogical, 960
semi-quantitative spectrographic (for 40 elements), 250 thermal, 25 X-ray
diffractometer, and 20 phase analyses have been carried out. Fifteen complete
technical coal analyses have been accomplished, and 100 thin sections and
polished sections of coal have been described. For the study of geochemical
properties of the sequence, 33 ammonium chloride, 63 acetic acid, and 34
hydrochloric acid extractions have been analysed. Such a detailed study of
mineral composition has not been carried out on Svalbard Palaeogene rocks
before. The results have been of importance not only in rock correlation but,
together with data from stratigraphic investigations, have made it possible
to reconstruct conditions of deposition in the Palaeogene.

A. MINERAL COMPOSITION?

The Palaeogene deposits of Svalbard include practically all varieties of
terrigenous sediments as well as hard coals. One of the main features of the
sequence (particularly in the Central Basin) is the monotonous composition
of the individual formations. Similar rock types show little compositional
variation throughout the different formations.

The conglomerates are represented by five types which differ not only
in the nature of their pebbles but also in their matrix composition. Fine-
pebbled conglomerates with a sandy matrix often occur in the Central Basin,
while on the west coast more massive coarse-pebbled conglomerates with an
argillo-micaceous matrix are found.

1 Data on mineral composition are presented only in a general form. The mineral
composition of Svalbard’s Palaeogene rocks will be dealt with by the author in a separate

paper.
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The sandstones of the Central Basin are mainly fine-grained, while on
the west coast they are medium- to coarse-grained. Feldspathic/quartzose
and polymict varieties can be distinguished. The former are assigned to the
lower part of the Palaeogene sequence of the Central Basin, and are absent
on the west coast. The latter occur in the upper part of the sequence and
have been found in both regions. Leucoxene and titanium minerals domi-
nate the heavy minerals in both types of sandstones; although chloritoid
sometimes dominates in the polymict sandstones, this mineral occurs in only
very small amounts in the feldspathic/quartzose sandstones. Iron hydroxides
and pyrite are the most common authigenic minerals.

The argillaceous material in the argillites and siltstones is represented
mainly by illite with kaolinite admixtures.

The Palaeogene coals are at present the main natural resources of Sval-
bard. The chief coal-bearing area in the Central Basin is Nordenskitld Land,
while deposits on the west coast are known from the Kongsfjorden area.
The coals are humic, clarainous (frequently with a considerable amount of
lipoid components), and clarain-durainous. The most ash-rich coals (up to
19 to 20 9, of dry mass) are the clarain-durainous varieties of the western
part of the Central Basin. In the eastern part, where clarainous coals are
dominant, the ash content decreases to 5 to 10 9. The calorific power is
usually 8100 to 8400 kcal. According to grade of coalification, the coals are
gas coals (bottle coals) — combustible volatile component = 31.2 to 42.8 9, —
(according to Soviet classification). In the Kongsfjorden area they are similar
to long-flame coals, and in all other areas they are usually more like fat
steam coals.

B. CONDITIONS OF DEPOSITION

The nature of the Palaeogene sediments was determined in the first
place by the high mobility of the humid and relatively small sedimentary
basins. During the Palaeogene, Svalbard was probably an archipelago as
it is now (Fig. 4). Sedimentation apparently occurred within comparatively
shallow trough-like depressions, surrounded by land areas (large islands)
and connected with the open sea by straits. Besides the main Central Basin,
the contours of which were similar to those of the present day, small isolated
basins existed on the west coast of Svalbard. These were commonly situated
inside the islands and were not connected with the open sea; this was also
the case with the Central Basin during its final stages of development.

The insular land surrounding the Palaeogene basin was probably an
uplifted plateau-like plain with isolated mountain massifs. It was composed
of formations of different age and apparently similar to those now surround-
ing the outcrop area of the Palaeogene sediments. The palaeogeography of
the islands surrounding the basin changed repeatedly, and thus the main
sedimentary source area also changed. It is worth noting that for short periods
at the very beginning of the Thanetian age and again at the beginning of the
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Fig. 4. Palacogeographical maps of Svalbard in the Palaeogene. 1. Beginning of Thanetian
age — peviod of deposition of the productive (coal-beaving) member of the Baventsburg For-
mation. 11. End of Thanetian age — peviod of deposition of the Colesbukta Formation.
II1. Beginning of late Eocene — peviod of deposition of the Frysjaodden and Selvigen
formations. IV. Beginning of Oligocene — peviod of deposition of the Stovvola, Marchais-
laguna, Kongsfjorden, and Skilvika formations. 1. The epicontinental sea (shallow part of
the shelf). 2. Low-lying depositional plains with numerous swamps and lakes. 3. Intevmontane
depressions intevmittently submerged by sea. 4. Intermontane depression. 5. Upland plain,

plateau. 6. Mountain areas.
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Oligocene, the Central Basin consisted of one single island with isolated
lacustrine and lacustrine-swampy hollows and even small basins. The period
of the Oligocene regression in Svalbard emphasizes the extensive retreat of
the sea in the Oligocene in northern Eurasia.

Although Pre-Quaternary deposits younger than Oligocene are not
known in the archipelago, it is most probable that deposition continued after
this period. An indication of this is the grade of coalification in Oligocene
deposits, for the formation of which a pressure equivalent to that produced
by a 2 to 2.5 km thick sedimentary sequence would be required. Taking for
granted the average rate of Palaeogene sedimentation in the Central Basin
(72 m/million years) and the data on the length of the Oligocene and Miocene
(25 million years after AFANAS’EV et al. 1964), it is possible to assume that
the sedimentation in Svalbard continued up to the Pliocene.

Judging from the complex of palaeontological and lithological evidence,
the climate in Svalbard was much warmer in the Palaeogene than now (prob-
ably by more than 12 to 13 degrees C), and was more like the present climate
of Central Europe.

Structure of the platform mantle of Svalbard

The epi-Caledonian platform mantle has a clear block structure, and the
following major elements are distinguished from west to east (structures of
first rank): the west coast horst-like uplift, the Spitsbergen graben-like trough,
the Sassendalen monocline, the east Svalbard horst-like uplift, the Olga-
stretet trough, and the Kong Karls Land uplift. The structures enumerated
mainly reflect the peculiarities of structure of the platform basement and
are divided by major faults (Fig. 5). The structures of the western part of
the archipelago (west of the east Svalbard uplift, in the areas of Palaeogene
exposures) have been studied most thoroughly.

THE WEST COAST HORST-LIKE UPLIFT

This platform structure (visible width 50 km) coincides spatially with
the Caledonian horst-anticlinorium of the same name. Its main part is com-
posed of intensely dislocated and metamorphosed Hecla Hoek rocks. The
platform formations, mostly Palaeogene, but also Palaeozoic and Mesozoic,
are usually preserved in graben-like troughs. These have a north-western
strike and occur along the whole west coast of Svalbard in the central part
of the uplift. From north to south the Forlandsundet, Renardodden, Horn-
sundneset, and Qyrlandet troughs have been recognized. The largest of them
— the asymmetrical Forlandsundet trough, more than 45 km long and 12 to
20 km wide, with a steeper western limb — is filled with Eocene-Oligocene
deposits and is bordered on both sides by submeridional fault zones with
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Fig. 5. Structural scheme of the Svalbard avchipelago devised by the authov on the principles
of the scheme proposed by SoxoLov et al. (1968). 1. Rejuvenated block of the pre-Riphean
cvystalline basement. 11. Caledonian fold systems: 1. west coast horst-anticlinovium, 2. western
Ny-Friesland anticlinovium, 3. Hinlopenstvetet synclinovium, 4. Novdaustlandet anticlin-
orium. I111. Devonian graben on the Caledonian fold basement: 5. innev horst, 6. Andvée Land
monocline. IV. Platform mantle: a) avea of incveased wmobility (on the Caledonian fold
basement), b) avea of veduced mobility (on the Caledonian and wmore ancient basement).
Major structures (first rank). West coast horst-like uplift, spatially coinciding with the
Caledonian horst-anticlinovium of the same name (1) and its pavts: W — western block,
C — central zome of grabem-like troughs (Cy— Fovlandsundet, C; — Renavdodden, Cy —
Hornsund, Cy— Oyriandet), E — eastern block (Ey — Kongsfjorden graben-like trough),
7. Spitsbergen graben-like trough, 8. Sassendalen wonocline, 9. East Svalbard hovst-like
uplift, 10. Olgastretet trough, 11. Kong Karls Land uplift. Intermediate structures (second
rank). In the west coast horst-like uplift: 12. Olsokbreen swell; in the Spitsbevgen graben-
like trough: 13. Ivadalen depression, 14. Holmsenfjellet swell, 15. Skiferdalen depression,
16. Reindalen swell, 17. Tverrdalen depression, 18. Bettybukta depression, 19. Isbukta swell;
east Svalbard uplift: 20. East Svalbavd depression, 21. Baventsoya-Edgeoya swell. V. Axes
of the middle structuves with divections of plunge: a) in swells, b) in depressions. V1. Major
fault zones not manifested in post-Devonian time. VII. Major fault zones manifested in
post-Devonian time: 22. western mavginal zone, 23. eastern wmarginal zone, 24. Pyetender
zone, 25. Bockfjorden-Evdmannflya zone, 26. Lomfjovden— Agardhbukta, 27. Hinlopenstretet
—Olgastretet. VIII. Depth of the occurvence of the base of the platform mantle in km.
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throws of 2,200 m in the west and 1,400 m in the east. The trough is dissec-
ted by a number of faults which result from a strong dislocation of the rocks
and the formation of fault folds. A narrow internal horst occurs to the north
of Sarsbukta within the eastern limb of the trough. Hecla Hoek rocks are
exposed by the structure, which although less than 1 km wide, is more than
30 km long and is also seen on Hermansengya. The relative uplift of this
structure is almost 1,000 m. The axis of the Forlandsundet trough rises on
the whole to the north and to the south, and the dip angles in these directions
are flattened out to 10° to 20° as compared to the more usual 30° to 40°.

The graben-like Renardodden trough is composed of Oligocene rocks and
has a northwesterly plunge of 12° to 25°. Only its western part is accessible to
observation (visible length 5 to 6 km, width 2.5 to 3 km). A western border
fault is seen, which dips steeply to the east.

The graben-like Hornsundneset trough (visible length 15 km, width
10 km) is filled with Lower Carboniferous rocks, which in its axial part are
covered by Triassic rocks. The eastern limb dips to the south-west, and the
western limb to the south-east (10° to 12°). The axis of the structure plunges
towards the south. The vertical amplitude of the eastern border fault is
100 to 200 m.

The graben-like Qyrlandet trough (visible length and width 10 km) is
composed of Palaeocene formations which cover an Aptian-Albian succes-
sion. The rocks have southwesterly dip of 3° to 4°. The vertical amplitude is
more than 300 m along the eastern border fault and more than 1,500 m along
the western border fault. On the whole, the dips of the rocks within the chain
of troughs discussed become more gentle southwards.

The structure of the western and eastern blocks of the horst-like uplift
is generally similar. However, the platform formations are somewhat more
developed within the eastern block, and they have been preserved not only
in small grabens and graben-like troughs, but also within positive structures
(e. g. the Olsokbreen swell in Sgrkapp Land, Fig. 5, 6). The largest of the
troughs, the Kongsfjorden trough with a north-westerly strike axis, is filled
by Upper Palaeozoic, Triassic (?), and Palaeogene formations. Its present
structure is very complicated and results from movements of the western
marginal fault zone. The Palaeogene deposits are bordered by faults in a
small sector of the eastern limb of the main trough; they dip principally
monoclinally south-west by 10° to 35° and are dissected into five blocks
by submeridional faults (OrvIN 1934).

THE WESTERN MARGINAL FAULT ZONE

This name has been given by the author (L1v8ic 1965a) to a zone of
intensely dislocated rocks principally of Middle — Upper Palaeozoic, Meso-
zoic, and Palaeogene age; this zone is up to 10 to 15 km wide and stretches
for more than 300 km along the eastern edge of the west coast horst-like
uplift. This zone changes its strike to the west and north-west and probably
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Fig. 6. Scheme of the platform structuves of the southevn parvt of Spitsbergen. PLICATE STRUC-
TURES. Major structures (of first rank) —— I. West coast hovst-like uplijt and its pavts: W —
western block, C — central zone of graben-like troughs (Cy — Renavdodden, Cy, — Hovnsund,
Cy — Oyrlandet), E — eastern block. 11. Spitsbergen graben-like trough and its parts: a)
western slope, b) axial part, c) eastevn slope. 111. Sassendalen monocline. IV. East Svalbard
horst-like uplift. Middle structures (second rank) — V. Swells: Olsokbreen, Holmsenfjellet,
Reindalen, Isbukta. V1. Depressions: Iradalen, Skifevdalen, Tvervdalen, Bettybukta. VIL. The
buried Novdhallet swell (to the west of Kapp Laila). Minor structures (third rank) — VIII.
Domes: 1. Grumantbyen, 2. Bromdalen, 3. Ishogda, 4. Blixodden, 5. Kapp Laila, 6. Laila-
dalen, 7. Collindevodden, 8. Storvola, 9. Davisdalen. 1X. Hemianticlines: 10. Kalvdalen,
11. Bjorndalen, 12. Favdalen, 13. Vendomdalen, 14. Fulmardalen, 15. Svenfjellet. X. Hemi-
synclines: 16. Kalvdalen, 17. Bjorndalen, 18. Fardalen, 19. Moskusdalen, 20. Stovfjellet.
DisjuNCTIVE STRUCTURES. Major Pre-Carboniferous fault zones — XI. Western marginal
zone. X11. Eastern mavginal zone. X1I1. Bockfjorden—Evdmannflya zone. XIV. Main faults
within the major zones, a) faults of thrust type with geneval dip divection of the dislocation
plane: 21. Midtevhuken, 22. Bevzeliustinden, 23. Saussuveberget, 24. Supanberget, 25. Hyrne-
frellet; b) faults: 26. Janssondalen, 27. Avctowskifjellet, 28. Arnicadalzn, 29. Brentskavd-
haugen. Near-fault and over-fault linear folds in marginal zones — XV. Fold axes with
divection of the plunge, a) of anticlines: 30. Gvonfjorden, 31. Annabevget, 32. Engadinerberget,
33. Awnicadalen, 34. Brentskavdhaugen, 35. Gipshuken, 36. Bohemanflya, 37. Roslagen-
fiellet; b) of synclines: 38. Gronfjorden, 39. Annuberget, 40. Engadinevbevget, 41. Arnica-
dalen, 42. Brentskardhaugen, 43. Bohemanflya. XVI1. Post-Carboniferous faults: 44. Gron-
dalen, 45. Hollendardalen, 46. Vestalaksla, 47. Ravndalen, 48. Colesdulen, 49. Grumani-
byen, 50. Adventdalen, 51. Reindalen, 52. Van Keulenfjorden, 53. Hornsund, 54. Lom-
fjorden—Agavdhbukta.



23

extends through the northern part of Greenland to the Canadian Arctic
Archipelago. Beyond Svalbard the eastern and western marginal fault zones
are apparently adjacent, and it is possible that the same zones can also be
traced to the south, being the northern continuation of the Rhine-Scandi-
navian lineament, distinguished by BELJAEvVSKI] (1963).

This zone represents a complex but single unit of tectonic dislocations
connected with crustal block movements. A number of thrust sheets have
been assigned to the 2 to 10 km wide subzone of major thrusts (western zone)
(Fig. 6); these sheets overlap each other and are often curved (Rézycki
1959, CHALLINOR 1967). The blocks have moved north-eastwards in the
southern part of the zone, and north-westwards in the northern part (up to
6 to 7 km in Brgggerhalvgya).

The subzone of linear folds (1 to 10 km wide) is situated in front of the
main thrusts. The Grgnfjorden anticline and the overturned Gregnfjorden
syncline, linked with the former to the west, are distinguished (Fig. 6). The
formation of both structures has been influenced by the thrusts; they are
asymmetrical and dissected by a number of faults. The dips of the western
limbs are 5° to 10°, and those of the eastern limbs 15° to 35°. Their general
strike is 330 to 340 degrees. The anticline is complicated by the minor (1 to
1.5 km wide) linked Annaberget and Engadinerberget anticlines and syn-
clines (Rézvckr 1959, LivSic 1965a).

THE SPITSBERGEN GRABEN-LIKE TROUGH

The trough is filled with all the formations of the platform structural
complex: mainly Palaeogene deposits are exposed, and the trough has a
north-western strike. The total width is 50 to 60 km, the length exceeds
250 km (elongation 1:4 to 1:5), the growth intensity — the relationship be-
tween the amplitude of the structure and its area (after NALIVKIN et al.
1965) — is 0.24 m/sq. km.

The trough is asymmetrical — its western limb is considerably steeper
and narrower than its eastern one (4° to 17° and 2.5 to 5 km against 2° to 5°
and 9 to 12 km). The axial part is 20 to 45 km wide and is complicated by a
number of intermediate (second rank) and minor (third rank) platform struc-
tures (L1v8ic 1965a) (Fig. 6). These structures are classified in accordance
with the resolution of the Conference on Platform Structure Classification
(1963). According to terrestrial and marine seismic survey investigations,
these structures are well defined in all the horizons of the platform mantle
down to a depth of 3 to 4 km, i. e. they are transverse. The most typical
are the linked swells and depressions (medium structures) which are usually
subparallel to the general strike of the trough. The only buried structure
recorded by seismic survey is the Nordhallet swell (situated to the west of
Kapp Laila), which is recorded only at 2,000 m below sea level on the south
coast of Isfjorden.
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The axial part of the trough is divided into two almost equal parts in
a meridional direction by the Skiferdalen depression. Bilaterally linked to
this depression in Nordenskiold Land are first swells (the Holmsenfjellet
swell in the west and the Reindalen swell in the east) and so depressions (the
Iradalen and Tverrdalen depressions). The same relation is preserved further
south, but the structures west and east of the Skiferdalen depression are
displaced relative to each other submeridionally by 60 km. As a result of
this, these structures occur only to the east of the Skiferdalen depression in
Nathorst Land; in Sgrkapp Land and Torell Land, the Isbukta swell and the
Bettybukta depression are situated to the west of the Skiferdalen depression.
The total length of the intermediate structures is 40 to 150 km, their width
2 to 16 km, and their area is 240 to 2 250 sq. km; their amplitude (beginning
from the core of the depression and up to the swell arch) is 150 to 800 m,
while their growth intensity is 0.1 to 1.3 m/sq. km (total) and 0.6 to 1.8 m/sq.
km (in a certain horizon)!. The largest structures are the Skiferdalen and
Tverrdalen depressions and the Reindalen swell. The highest growth inten-
sity is observed in the Holmsenfjellet swell, and the lowest in the Tverr-
dalen depression. The structures are asymmetrical. Although the dip angles
are not large — usually 2° to 5°, and rarely up to 8° — the swells usually
have steeper eastern limbs, whereas the depressions have steeper western
limbs.

The minor structures of third rank (domes, hemianticlines, hemisynclines)
are best represented in the eastern part of the trough. Thus in the northern
part of the Holmsenfjellet swell, the small Kapp Laila and Lailadalen domes
(respective widths 2 and 1 km and lengths 4 and 1.8 km) are distinguished.
Four domes are distinguished from north to south in the Reindalen swell,
viz. the Grumantbyen, Bromdalen, Ishggda, and Blixodden domes. Their
width is 3 to 6 km, their length 8 to 12 km, and their amplitude (measured
from the lower closed structure contour to the arch of the swell) is 60 to 150 m.
The dip angles are usually 2° to 4°. The Bromdalen dome is the highest, and
has the highest growth intensity (37 m/sq. km). Among the hemianticlines,
the Kalvdalen hemianticline, which complicates the southern pericline of
the Holmsenfjellet swell, is noteworthy. Its length is 3 to 14 km, its width
1 km, its height 50 to 100 m, and the limbs dip by 2° to 5°.

The trough is dissected by numerous steep-angled faults, with associated
drag folds. Faults first initiated prior to the Carboniferous are distinguished
from Carboniferous and later faults, although all were highly active in the
Palaeogene and post-Palaeogene. Pre-Carboniferous faults include: a) the
western and eastern marginal zones, b) the Bockfjorden-Erdmannflya fault
zone (NNE and submeridional strike), and c) possibly the Pretender zone
(OrvIN 1940, CuTBILL and CHALLINOR 1965). Carboniferous and later faults
include: a) steeply dipping faults, strike WNW, vertical throw 50 to 200 m
(e. g. the Grgndalen, Hollendardalen, Colesdalen, and Adventdalen faults),

1 Data on amplitude, intensity, increase, and other peculiarities of the northern
part of the Isbukta swell in the centre of Torell Land (FLoop et al. 1970) have not been
taken into account.
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b) those faults with both NE and sublatitudinal strike and vertical throws
of 30 to 300 m (e. g. Vestalaksla, Ravndalen, Grumantbyen, Reindalen,
Isfjorden, Van Mijenfjorden, Van Keulenfjorden, Hornsund, etc.).

The latter faults regulate the strikes of the corresponding bays and
fjords.

THE EASTERN MARGINAL FAULT ZONE

This zone is 2 to 12 km wide and extends in a meridional direction across
the whole of Svalbard from Wijdefjorden to Kvalvigen. It represents a
totality of dislocations which have affected both the deposits of the platform
mantle and older formations. The most intense dislocations took place in
the Upper Devonian, the Middle Carboniferous, the Palaeogene, and in the
post-Palaeogene. Steep submeridional faults with throws of up to 500 m
and sometimes even 3 to 4 km (Upper Devonian movements) are dominant
(McWHAE 1953; L1v8ic 1965a, 1966). Their downthrow is usually to the east.
The formation of asymmetrical anticlines with fractured crests and linked
synclines is typical. Examples are seen at Pyramiden, Arnicadalen, and
Brentskardhaugen. These structures here are 1 to 5 km wide and 200 to
600 m high; the steeper western limbs dip by 10° to 35°, the eastern limbs
by 8° to 12° (LivSic 1965a, 1966; PARKER 1966) (Fig. 6). The products of
basic magmatism are restricted to this zone.

THE SASSENDALEN MONOCLINE

This monocline, which is separated from the Spitsbergen trough by the
eastern marginal zone, extends from south to north for more than 120 km,
and has a width of 30 to 40 km. It is composed of Upper Palaeozoic rocks
in the north; Mesozoic rocks in the south dip SSW by 1° to 5°. According
to A. I. PaNxov and V. F. NEPOMILUEV (unpublished data), the monocline
is complicated in Sabine Land and in eastern Nordenskicld Land by gentle
submeridional hemianticlines and hemisynclines (lengths 10 to 15 km, widths
3 to 5 km) (Fig. 6).

THE EAST SVALBARD HORST-LIKE UPLIFT

This uplift extends for more than 250 km, with a width of 160 km, and
is separated from the Sassendalen monocline by the Lomfjorden — Agardh-
bukta fault. It is formed mainly of Triassic and, to a lesser extent, of Jurassic
and Upper Palaeozoic rocks dipping very gently (maximum 1° to 1.5°).

The total thickness of the Triassic rocks is less than that of the contem-
poraneous formations in western Svalbard (KLuBov 1965a, 1965b; PCELINA
1965, 1967; BucuaN et al. 1965). Very gentle submeridional structures of
second rank are noticed: first of all the Barentsgya-Edgegya swell and the
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east Svalbard depression (KrLuBov 1965b). The swell is complicated by a
number of smaller structures with an east-north-eastern strike, and by iso-
lated dome-shaped structures, where Upper Permian rocks outcrop (eastern
coast of Barentsgya, the Krokda and Veidebreen areas on Edgegya).

THE OLGASTRETET TROUGH

This trough is separated from the east Svalbard uplift by the Hinlopen-
stretet — Olgastretet fault which, as with the main part of the structure, is
almost completely under sea level. Unlike the more westerly structures, the
basement of the trough is composed, as the basement of the eastern part of
the east Svalbard horst-like uplift, mainly of Precambrian crystalline rocks
which outcrop in the eastern part of Nordaustlandet (KrasiL’SCikov 1965).

THE KONG KARLS LAND UPLIFT

This uplift is provisionally identified to the east of the Olgastretet trough.
As with the previous structure, it is situated on the ancient Barents Sea
massif and is almost completely under sea level.

The differences between the platform structures to the east and west
of the eastern marginal fracture zone, are notable:

1. The major structures (troughs and uplifts) in the west are smaller in
dimension, but the values of their linearity and growth intensity are
much higher than those of the eastern structures. At the same time,
the rocks dip more steeply than in the east.

2. Intermediate structures (swells and depressions) occur more frequently
in the west of the archipelago, and the values of their linearity and
growth intensity are much higher than in the east.

3. In the east of the archipelago, disjunctive dislocations occur more rarely
in the platform sedimentary mantle.

Thus, all the dislocations are much more strongly developed in the
western part of Svalbard.

The main stages of formation of the platform
structure of the archipelago

All platform history of Svalbard is the history of block movements.
Four stages of platform development are distinguished: late Palaeozoic
(including also the early Carboniferous epoch), Mesozoic, early Cenozoic,
and late Cenozoic (L1v8ic 1970). These stages coincide with the main depo-
sitional cycles and are separated by periods of general uplift of the area and
subsequent levelling (Fig. 7). Block movements in different directions have
determined the partial structural reorganization of the archipelago between
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the different epochs. Therefore, each stage of development has apparently
a certain corresponding structural stage.

The origin of the largest dislocations, which have played the main part
in the development of the region, dates back to the initial phases of Cale-
donian tectogenesis or even to earlier periods of geological history. These
are primarily the submeridional faults, bordering the Spitsbergen graben-
like trough (western and eastern marginal zone), and controlling the large
Devonian graben in northern Svalbard.

Svalbard first developed as a mobile platform in the early Carboniferous.
Extensive faulting in the early Bashkirian produced for the first time a block
structure with a series of horst-like uplifts and graben-like troughs (CuTBILL
and CHALLINOR 1965; UsTRrICKI] 1967). Block movements were again mani-
fest at the Upper Carboniferous/Lower Permian junction, and a single trough
was formed in place of the uplifts and troughs. This still existed in the late
Permian. The average rate of sedimentation during this stage was 35 metres
per million years (Fig. 8, all values given are for the central part of Spits-
bergen). The stage of general uplift was completed at the end of the Upper
Permian.

The Mesozoic stage began with the accumulation of Lower Triassic
rocks on a considerably peneplaned surface. Movements along the faults were
not very intense at this stage, and the general contours of the Permian trough
were preserved, although its axis migrated eastwards. The average rate of
sediment accumulation during this stage was 16 m/million years. The stage
was completed in the late Cretaceous by an uplift which continued into the
beginning of the Palaeocene. The main phase of basic magmatism apparently
dates to the middle of the Cretaceous (100 million years), whereas dolerite
intrusions are usually localized near the major faults (Firsov and Liv8ic
1967).

At the beginning of the early Cenozoic (in late Palaeocene) the importance
of block movements greatly increased, the Palaeogene troughs were reduced
in size and had a character of near-fault position and aulacogen shape. The
average rate of sediment accumulation increased to 72 metres per million
years. Only the general contours of the present Spitsbergen trough were
determined between the late Palaeocene and Middle Eocene. The inter-
mediate structures (of second rank) did not originate before the beginning
of the Upper Eocene (Fig. 3). The main graben-like troughs of the west coast
were formed in the Upper Eocene and Oligocene. The most intense move-
ments took place in the Pliocene, when the present structure of the archipe-
lago was mainly formed. The stage was completed with a general uplift at
the end of the Pliocene.

It is of interest to note that the formation of each of the stages indicated
took place in three phases: first an intense accumulation of sediments, then
a period of less intense sedimentation, and finally a new increase in the rate
of deposition (Fig. 8). The highest rates correspond to periods of intensiti-
cation of block movements.

The late Cenozoic was characterized by an irregular uplift, which has
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continued until the present time. Connected with this stage was the forma-
tion in the Holocene of olivine basalt sheets, trachybasalts, and tuffs, com-
posing the Quaternary volcanos of northern Spitsbergen.

It has already been pointed out that both disjunctive and plicative
dislocations are more common in the western part of Svalbard than in the
east of the archipelago. The higher mobility of the western part is seen through-
out the whole platform history. The varying mobility of the epi-Caledonian
platform in the late Palaeozoic and Mesozoic was apparently connected with
the peculiarities of the basement structure, and in the early and late Ceno-
zoic — with the influence of the rift zone of the mid-Atlantic ridge. It is
worth noting that the increased mobility is restricted to Cenozoic time, during
which the aulacogen-shaped structures were formed in the west of the archi-
pelago.

The importance of Palacogene deposits for oil
and gas prospecting in Svalbard

Palaeogene deposits are exposed in the most downwarped areas of the epi-
Caledonian platform mantle and, therefore, have limited importance for oil
and gas prospects. Firstly, the basal Palaeogene horizons may contain oil
and gas deposits. Secondly, good marker horizons in the Palaeogene permit
us to trace out on the surface structures in the deep Mesozoic (and possibly
Palaeozoic) sediments which are of prime interest for oil and gas prospecting.

The only known indications of liquid oil in Svalbard have been dis-
covered in the lower productive member of the Barentsburg formation in
the Isfjorden area. Combustible gas of methane compisition with an ad-
mixture up to 3 9, of higher hydrocarbon is contained in groundwater which
rises along fissures in the same region. In addition to this, gas indications
on the surface have been discovered in the field where Upper Palaeocene
and Mesozoic rocks are developed in some areas on the west coast of Svalbard.

BITUMINOSITY AND RESERVOIR ROCK PROPERTIES IN
PAT.AEOGENE DEPOSITS

470 determinations of organic carbon, 1150 luminiscence-capillary deter-
minations of chloroform bitumen «A»s, and a number of special analyses
of oil and bitumens (group composition, chromatographic division, etc.)!
have been carried out. The results have been analysed statistically. Parti-
cularly it has been established that the content of bitumen «A» in sandstones
and siltstones approximates to the Pirson curve of type III, and in argillites
to the Pirson curve of type I; the distribution of organic carbon is subordinate
to the normal law.

1 All determinations of bituminological and reservoir properties of the rocks have
been carried out in laboratories of the fuel mineral department of the Scientific Re-
search Institute of the Geology of the Arctic.
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II. Types of bitumen «A» in sandstones and siltstones in °, of the total numnber of samples
from each formation: M — median bitumen «4», T —tarved bitumen «A», TA — tavred-
asphaltene bitumen «d». The indicated types of bitumen «A» ave distinguished uccording
to the luminiscence colours of the chlovoform extrvacts (yellow extract- nedian bitumen
«A», ovange extract — tarved bitumen «d», brown extract — tavred-asphaltene bitumen «A»)
and testify to the gvade of oxidation of bitumen from median bitumen (least oxidized) to
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The bitumens are present mainly in a dispersed state. The average values
of the content of chloroform bitumen «A» (mainly tarred and median) in
certain formations (a few hundredths and thousandths of one per cent) usu-
ally do not exceed the Clark values (UsPENsKIJ et al. 1949; Dvart 1963).
The argillites are more bituminous than the sandstones. The most bitumin-
ous rocks are those of the Central Basin, among them the argillites of the
productive member of the Barentsburg Formation (Fig. 9). The content of
bitumen «A» in them sometimes reaches 0.3 to 0.6 9, with an average bi-
tumen content of 0.09 9%,, C org. of 20 9%, and the bitumen coefficient of
340 (- A bit.

4% (C org. X 1.3
the values are respectively 0.04, 0.8, and 3.8 %. In composition the bitumens
correspond to malthas and petroleum asphalts (according to the classi-
fication of UspENSKIJ et al. 1961), and in this respect are relatively similar
to the oil from the Isfjorden area and to bitumens from the Triassic deposits
and apparently correspond in composition to the naphthenic-aromatic oil,
altered by supergenesis (according to the classification of DOBRJANSKI]J
1948) (Fig. 10).

The content of bitumen in rocks of all the formations of the Palaeogene
sequence (except the Barentsburg Formation) is directly dependent upon
the amount of organic C in the same rocks. A direct connection in the con-
tent of bitumen «A» and that of organic C is observed with the rhythmicity
of the deposits. The bituminosity of rocks increases in the lower part of each
macrorhythm and decreases upwards in the section (Fig. 9). The main part
of the dispersed bitumen in Palaeogene sequences has probably been formed
in place by transformation of the organic matter in the rock. However, the
bituminosity of the Barentsburg Formation (at least that of its basal horizons
from where oil indications are known) is epigenetic and is connected with
the migration of the hydrocarbons from the underlying deposits. The bi-
tuminosity of the Palaeogene deposits on the western coast is on the whole
lower than in the Central Basin. In the Palaeogene rocks from Kongsfjorden
and Renardodden, tarred-asphaltene bitumen «A» dominates, with an aver-
age abundance of 0.01 9. It is of interest that rocks of the Selvdgen For-
mation and the Sesshggda Formation in the Forlandsundet region of Spits-
bergen contain chloroform bitumen «A», usually median bitumen, and more
rarely tarred-asphaltene bitumen in a quantity of 0.0003 to 0.007 %, and
only sometimes 0.01 %,. On Prins Karls Forland only traces of bitumen have
been discovered both in these and overlying formations. This increase in
bituminosity in the eastern part of the region is apparently due to the in-
fluence of the western marginal fault zone, from where fluids have come.
It is characteristic that the content of organic carbon in the rocks on the
eastern coast of the strait, where seams of hard coal are known, is lower
than on its western coast. Thus, in sandstones and siltstones of the Sess-
hggda Formation in the region of Sarsbukta, the main content of organic
carbon is 0.71 9, while it is 2 9, on the opposite shore of the strait near
Selvédgen.

after NERUCEV 1962). In the Barentsburg Formation
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Fig. 10. Diagram of compound (A ) and element (B) composition of bitumens. 1. Bitumens
from Triassic arvgillites, after PCELINA and KLUuBOV (unpublished data) (mean values of
four samples given) : a) Lower Triassic argillites, b) Middle Tviassic avgillites. 2. Bitumens
from the Baventsburg Formation: from the coal-beaving argillite member of the Gronfjorden
avea — 73/201, 485/104; of the Todalen avea — 95]7, from argillites of the Richtevelva avea
— 52/24; compound sample from the Neppeldalen avea — 214, from bovehole near Gvon-
fjovden — 246. 3. Bitumens from avgillites of other Palaeogene formations: Colesbukta For-
mation (Richtevelva) — 53/10; Hollendardalen Formation — 1]11 (Opphkuvbekken), 63/7,
63/8 (Pallfjellet), 72]1 (Gvondalen),; Frysjaodden Fovmation — 727 (Gvondalen),; Collin-
devodden Fovmation — 831 (Stovvola), 65/5 (Palifjellet); Storvola Formation — 224 (Col-
lindevodden),; Skilvika Fovmation — 4119 (Renavdodden).
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To investigate the properties of the reservoir rocks, 430 open porosity
determinations and 50 permeability determinations have been made. The
distribution of the open porosity coefficients is subordinate to the normal
law. The Palaeogene rocks are generally poor granular oil traps: their per-
meability is less than 0.3 millidarcy, and the values of the open porosity
coefficients do not exceed 5 to 6 9, (Fig. 9). However, in the lower member
of the Barentsburg Formation some 3 to 10 m thick sandstones and con-
glomerates are observed with a porosity of 8 to 11 %,. In view of the highly
fractured rocks of the lower part of the formation (the volumetric density
of the fractures for sandstones is 30 m/sq. m), they may apparently serve as
fractured/porous oil and gas reservoirs (SMECHOV et al. 1963). All these con-
siderations together with other evidence of oil and gas indications and bi-
tuminosity give us reason to assume that the lower member of the Barents-
burg Formation may contain productive oil and gas accumulations in fa-
vourable structural conditions.

HYDROGEOLOGICAL CRITERIA TESTIFYING TO GAS AND OIL
CONTENT OF THE ROCKS

These criteria are the presence of naphthenic acids in the underground
waters of the Isfjorden area and a high content of higher hydrocarbons in the
natural gas dissolved in the underground waters. Favourable indications for
search of oil and gas are also the predominantly saline composition of the
underground waters, high bromine content in some samples, comparatively
low sulphate content, predominance of methane in the gaseous phase, and
presence of hydrogen sulphide and carbonic acid as gas constituents.

TECTONIC CRITERIA OF OIL AND GAS CONTENT

Detailed investigations by the Spitsbergen Expedition of the Institute
of Geology of the Arctic have shown that the most promising area for oil
and gas search is the territory of the Spitsbergen trough, and most of all its
most downwarped part (Nordenskitld Land and Nathorst Land) where
Palaeogene rocks are exposed. A number of tectonic features testify to the
importance of this area:

1. Subsidence persisted from the Moscovian to the Oligocene; this resulted
in the formation of a sedimentary sequence with a total thickness of
more than 5.0 km.

2. Deposition occurred predominantly in marine and coastal-marine en-
vironments at shallow depths under conditions favourable for the accu-
mulation of organic matter.

3. Traces of volcanic activity are rare.
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4. Positive platform structures have been established in the central part
of the trough; these are similar to oil-bearing structures of other plat-
form areas.

According to T. M. PCerLiNa, V. N. Sokorov, and B. A. KLuBov, oil
and gas deposits may have formed and been preserved principally in the
Mesozoic (Upper Triassic and Barremian-Aptian) and to a lesser degree in
the Palaeozoic rocks (LivSic and Sokorov 1965). The basal horizons of the
Palaeogene may also be considered to be oil-bearing. Impermeable Palaeogene
sequences, mainly of argillaceous composition (beginning with the Coles-
bukta Formation) may serve as cap rock for these deposits; such accumu-
lations are most probably of a structural type (though lithological ones are
also possible) and are to be found principally within the positive structures
observed in the axial part of the trough.

Besides this, the sea areas situated to the east and south-east of Sval-
bard are undoubtedly of interest in connection with oil and gas prospecting
— principally the Olgastretet trough area, the western and southern area of
the east Svalbard uplift, and the southern extension of the Spitsbergen
trough. The sea areas to the west of Svalbard may also be interesting in this
respect; the presence of a considerable thickness of sedimentary formations
of the platform mantle is also possible here.

As is known, the first exploration well (3.0 km deep) was bored by Ameri-
can geologists in the northern part of Van Mijenfjorden, Central Basin, in
1965 (Nacy 1967). Neither this, nor the rotor well bored by French geologists
on Edgegya in 1972, gave any direct positive results. However, this does
not exclude the expediency of deep boring in the future, particularly taking
into account the enormous significance of Svalbard for the investigation of
a sea area so promising in respect of oil and gas as is the Barents Sea Shelf.
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Appendix 1

Preliminary list of fossil plants from Palaeogene deposits of Svalbard. Collections
of Ju. Ja. Liv8ic (1962—1968), L. Ju. Bupancev and I. N. SveSnikova (1959, 1967)
(Fig. 11). Determinations made by L. Ju. Bupanciv and I. N. SVESNIKOVA.

Central Basin
Barentsburg Formation

Osmunda spetsbergensis NATH.
Hemitelites torellii HEER

Sphenopteris blomstrandii HEER
Ginkgo spitsbergensis MANUM
Pitiophyllum sp.

Picea sp.

Metasequoia occidentalis (NEwB.) CHANEY
Taxodium dubium (STERNB.) HEER
Glyptostrobus sp.

Thuites ehvenswerdii HEER

Moviconia cyclotaxon DEB. et ETT.
Trochodendroides avctica (HEER) BERRY
T. vichardsonii (HEER) KRyYSHT.
Nordenskisldia bovealis HEER
Trochodendrocarpus arvcticus (HEER) KRYSHT.
Platanus vectinervis HoOLLICK

P. basicordata BUDANTS.

Quercus juglandina HEER

Q. groenlandica HEER

Corylus scottii HEER

C. carpinifolia BUDANTS.

The most complete collections were made in the lower coal-bearing part of the
section in the Barentsburg mines. Similar specimens from the same part of the succession
were also found in the Grumantbyen and Sveagruva mines, near Camp Morton (north
coast of Van Mijenfjorden), in Neppeldalen (south coast of Van Mijenfjorden), and on
Erdmannflya.

Hollendardalen Formation

Isolated remains of Platanus sp., Quercus sp., Tilia malmgrenii HEER, Viburnum
sp. were collected on the west side of Vassdalen (north coast of Van Mijenfjorden) in
the uppermost part of the formation.

Collinderodden Formation

Ginkgo spitsbergensis MANUM, Metasequoia occidentalis (NEwB.) CHANEY, Tvo-
chodendroides arctica (HEER) BERRY, Credneria spectabilis (HEER) KocH were found
west of Collinderodden on the south coast of Van Mijenfjorden 120—140 m above the
base of the formation.

Storvola Formation
Osmunda spetsbergensis NATH.
Sphenopteris blomstrandii HEER
Metasequoia occidentalis (NEwB.) CHANEY
Taxodium dubium (STERNB.) HEER
Taiwania sp.

Thuja sp.
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Fig. 11. Locations of fossils in Palaeogene deposits of Svalbard (collections of 1962—1968).
1. Fauna. 2. Flova. 3. Spores and pollen (with number of specimen). 4. Fovawminifera.

Cercidiphyllum wathorstii BUDANTS.

C. heerii BUDANTS.

Credneria spectabilis (HEER) Kock
Ulmus pseudobraunii HOLLICK

Betula nansenit BUDANTS.
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B. spitsbergensis BUDANTS.

Carpinus nathorstic BUDANTS.

Tilia malmgrenii HEER

Aesculus antiqguorum (NEWB.) ILJINSK.
Macclintockia lyellii HEER

Numerous plant remains were found throughout the section in all the outcrops in
Nordenskicld Land and Nathorst Land. The most complete locations are Sandstein-
fjellet, Lindstromfjellet, Mefjellet, Hogsnyta (Nordenski6ld Land), Collinderodden, Stor-
vola (Nathorst Land) as well as Bingtoppen, Nordenskioldfjellet, Kalvdalen, Gramryggen
(Nordenskiold Land), Synshovden, Wahlenbergfjellet, Marlowfjellet, Brongniartfjella,
Hisingerfjellet (Nathorst L.and), etc.

Forlandsundet
Sesshggda Formation

A. Prins Karls Forland

The flora was collected 30 to 40 m above the base of the formation.

1. The north coast of Selvagen

Sequota langsdovfii (BRONGN.) HEER
Metasequoia occidentalis (NEwB.) CHANEY
Glyptostrobus sp.

Cervcidiphyllum elegans BUDANTS.

Vitis olrikit HEER

2. Sesshggda, 409 m
Equisetum avcticum HEER
Metasequoia occidentalis (NEwB.) CHANEY
Platanus sp.
Tilia malmgrenii HEER

B. East coast of Forlandsundet

Metasequoia occidentalis (NEwWB.) CHANEY
Platanus sp.

Alnus sp.

Cornophyllum sp.

The fossils were found in six horizons near Sarsbukta in the north of Aavatsmark-
breen and in two horizons located 3 and 5 km south of Kapp Graarud. Better preserved
flora was found in the upper part of the section.

Kongsfjorden
Kongsfjorden Formation

Taiwania schaeferit SCHLOEM.- JAGER. Betula frigida BUDANTs. Acer sp., were
found in the Advokat mine (the lower part of the section).

Ny-Alesund Formation

Metasequoia occidentalis (NEwB.) CHANEY, Tilia malmgrenii HEER were found
near the base of the Ragnhild seam in the upper part of the section.
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Renardodden
Skilvika Formation

Metasequoia occidentalis (NEwB.) CHANEY
Trochodendroides spitsbergiana BUDANTS.
Cercidiphyllum lyellii BUDANTS.

Carpinus gracilis BUDANTS.

Tilia malmgrenit HEER

Acer arcticum HEER

Numerous plant remains are found throughout the section in coastal scarps along
the south coast of Skilvika.

Renardodden Formation

Metasequoia occidentalis (NEwB.) CHANEY
Corylus scottitc HEER

Alnus sp.

Acer arcticum HEER

Trochodendrocarpus arcticus (HEER) KRYSHT.

Plant fossils were found in the creek flowing from under the glacier 1 km south
of Renardodden approximately in the middle of the section.
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Appendix 3

Preliminary list of fauna from Palaeogene deposits of Svalbard. Collections of
Ju. Ja. LivSic (Fig. 11). Determination made by I. A. KoroBKoOV.

Central Basin

Barentsburg Formation

Callista nathorsti RAVN

Gari ex gr. edwardsi (MORRIS)

Gari (Psammocola) sp.

Gari sp. (? Solenocurtus novdenskioldi RAVN)
Gari sp. (? Solenocurtus spitsbergensis RAVN)
Gari sp.

Cyprina ex gr. lunulata DESH.

Cyprina sp. nov.

Cyprina sp.

Dosiniopsis ex gr. orbiculavis EpW.
Dosiniopsis sp.

Aporvhais sp.

The fauna was found in the Berzeliusdalen and Camp Morton areas (north coast
of Van Mijenfjorden), on the east coast of Gronfjorden near the Grumantbyen and Svea-
gruva mines, in the Richterelva area, and in the Kapp Hesselman area (north coast
of Van Keulenfjorden). At least four horizons were recognized; these were characterized
by homogeneous assemblages. The most complete assemblage was found in the Richter-
elva area 27 m above the base of the formation:

large Callista nathorsti RavN

Cyprina ex gv. lunulata DESH.

Dosiniopsis ex gr. orbicularis EDW.

Gari sp. (? Solenocurtus novdenskiéldi RAVN)
Gari sp.

Similar assemblages were found in the same section 90 and 145 m above the base
of the formation. Abundant gastropods (Aporrhais sp.) as well as the bivalves Cyprina
sp. and Gari sp. ex gr. edwardsi Morris were found 35 m above the base of the for-
mation in the Berzeliusdalen — Camp Morton areas.

Colesdalen IFormation

Large Thyasiva sp. and Tkredo sp. were found in limestones in the upper part of
the formation in the Colesbukta area, near Svartodden (north coast of Van Mijenfjorden),
and in the Richterelva basin (Van Keulenfjorden). On Erdmannflya at the same horizon
A. I. Panov and V. F. NEPoMILUEV (unpublished data) found specimens of Thyasira
sp., Taras sp. (= Diplodonton), Isognomon (= Perna Pedalion), Ficus sp. (= Rurula),
Aporvhais sp., and Ranina. Dosiniopsis sp. was found in argillites in the middle part
of the formation in the Dumskolten area (Serkapp Land).

Grumantbyen Formation

Cyrena altissima RavN was found in the upper part of the formation in Fox-
dalen (Adventdalen area).
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Hollendardalen Formation

Upper member
Numerous
Cyrena altissima RAVN
Cyrena hoeli RAvVN
Cyrena sp. (? C. acutangularis DEsH. RAVN)
Cyrena sp.
«Solenocurtus» nordenskioldi RavN
«Solemocurtusy spitsbergensis RAVN
«Solenocurtus» spp. RavN

were found in sandstones overlying the coals between Isfjorden and Hollendardalen.
Bivalves were found in the same member on Pallfjellet (Van Keulenfjorden).

Collinderodden Formation

I.ower member
Cyrena altissima RAVN
Cyrena spp.

were found 120 to 140 m above the base of the formation at the head of Bromelldalen
(south coast of Van Mijenfjorden).

Storvola Formation
Numerous

«Solenocurtus» sp.

Solenotellina brevisinuata CossM. (after RaVN)
Cyrena aff. convexa BRONGN.

Cyrena sp.

Corbula sp.

Cyrtodaria sp.

Congeria sp.

Valvata sp.

Hydrobia sp. (= Bayania sp. ?)

were found in argillites 25 m above the base of the formation in the Storvola area.

Cyrvena altissima RAVN
Cyrena hoeli RAVN

Cyrena aff. convexa BRONGN.
Corbula sp.

Valvata sp.

were found in the lower part of the formation on Bingtoppen (Fardalen, Nordenskisld
Land).

Forlandsundet

Sesshogda Formation
Numerous small specimens of
Elliptotellina tellinella Lan.
Elliptotellina sp. (? E. transversu DESH.)
Sportella sp. (? sp. corbulina) DESH.
were found in calcareous argillites 60 m above the base of the formation in the Sarsbukta
area (east coast of Forlandsundet).
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Reinhardpynten Formation

Chlamys ex gr. sublaevisatus NyYST.
Tellina sp.

Gari ex gr. effusa Kon.
Solenocurtus cf. deshayesi DESM.
Angulus sp.

were found in calcareous argillites near the base of the formation on the north coast
of Selvagen (Prins Karls Forland).

Appendix 4 »—

Geological map of the southern part of Spitsbergen. Compiled by Ju. Ja. LivSic
from data obtained by BIRKENMAJER and NAREBsKI (1963), Firsov and LivSic (1967),
Froop et al. (1971), Liv8ic (1965 a, 1965 b, 1967), NaGgy (1966), ORVIN (1940), R6zYCKI
(1959), and unpublished data by A. A. KrasiL’8Cikov, Ju. Ja. LivSic, V. F. NEPOMILUEV,
A. V. Paviov, A. I. Panov, V. N. SokoLov.

Palacogene : 1. Oligocene (the Stovvola Formation in the Central Basin, the Skilvika
and the Renardodden Fovmation in the Renavdodden avea); 2. Locene. a) the Grumant-
byen Formation and the Hollendavdalen Formation, b) the Frysjaodden Fovmation and the
Collinderodden Formation,; 3. Palacocene: the Barventsburg Formation and the Colesbukta
Formation,; 4. Cretaceous/Bayvemian-Albian; 5. Jurassic and Cretaceous (Lower Jurassic—
Hauterivian),; 6. Triassic and Jurassic;, 7. Tviassic; 8. Middle to Upper Cavboniferous,
9. Lower Carboniferous; 10. Devonian; Hecla Hoek rocks; 11. Upper Protevozoic and
Lower Palaeozoic; 12. Lower and Middle Protevozoic; 13. Dolevite intrusions,; 14. Fault
and thrust fault.
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