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Tertiary history of Spitsbergen
and continental drift

ABSTRACT: The present paper is a sequel to that dealing with the Alpine fold belt
of Spitsbergen (Birkenmajer (1972). The Telation of the Early Tertiary sedimentary
basing o the Alpine fold belt is discussed, and the stages of Cenozoic expansion
and compression recognized in Spitsbergen are temtatively related to the stages of
separation and translation of the Greenland block from the Euro-Asiatic block.

TERTIARY BASINS IN SPITSBERGEN

The ‘exposures of the Tertiary strata in the Svalbard archipelago
(Fig. 1) occur only on its main, Spitsbergen island, and on Prins Karls
Forland. The majority of exposures are grouped in a wide zone extending
NW-SE between Isfjorden and Storfjorden where they belong to the
Main Spitsbergen Basin (Fig. 1). The south-eastern prolongation of this
basin could be expected in the area of the Barents Sea shelf to the south-
-east of Serkapp Land. The north-western prolongation of the basin is
represented by the Tertiary outcrops: at Kongsfjorden (Ny Alesund
mines). . .

The palaeogeographic reconstruction of the basin (Fig. 1) indicates
the length of the basin, measured along its axis between Ny Alesund and
Serkapp Land, as exceeding 320 km. The width of the’ basin. probably
did not exceed 10—15 km near:its north-west closure (Ny Alesund) but
grew up to ¢. 80 km in Nordenskisld Land, and to more than 90 km in
the southern part of Spitsbergen.
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Along the west coast of Spitsbergen another, but smaller, zone of
Tertiary outcrops is known from both sides of Forlandsundet. This basin
was most probably separated from the Main Spitsbergen Basin and,
' probably extended southwards as far as Bellsund (Kap Lyell). This basin
will be further discussed as the Forlandsundet-Bellsund Basin. Its axis
is oriented NNW-SSE,. the supposed length of the basin, between the
entrance to Kongsfjorden and Bellsund, amounts to a minimum of 180 km,
the width being barely.10—20 km.

The thind exposure of the Tertiary strata in Spitsbergen is at the
@yrlandet peninsula, Serkapp Land. The geological relationships are here
poorly known.. This could be either a separate Qyriandet Basin, structu-
rally equivalent to the Forlandsundét-Bellsund Basin, or a branch of the
Main Spitsbergen Basin.

Relation of the Tertiary to the Cretaceous

In the Main Spitsbergen Basin between Isfjorden and Serkapp the
Tertiary strata contact wrfh the Lower Cretaceous Carolinefjellet For-
mation, This is a marine sequence of shales and sandstones, 180—850 m
thick, with Ditrupa (hence Ditrupa beds of the previous authors), pelecy-
pods, belemnites and ammoniites, the latter indicating the Aptian age for
the lower part, and the Albian-age for the upper part (see Frebold 1951,
Nagy 1970). The youngest amnmonite fauna so far recorded from the
formation (Nagy 1970) corresponds to the Middle Albian Euhoplites lautus
Zone, The Upper Albian (M(mbo-mceras inflatum Zone) and the succeeding
Upper Cretaceous stages are missing (Tab. 1).

The palaeogeographical reconstruction of the Aptian sea in Sval'bard
has been presented by Birkenmajer (1966) on the basis of sedimentological

Fig. 1

Palacogene basing and the .Alpine fold belt in Spitsbergen. Geological features se-
lected and re-interpreted from Orvin (1834, 1940), Dineley (1958), R6Zycki (1959), Har-
land (1961, 1969), Hjelle (1962), Challinor (1967), Barbaroux (1966, 1967, 1968), Flood
& al. (1971) and the present author’s own data (see Birkenmajer & al. 1971, Fig. 2;
Birkenmajer 1972, Fig. 1 — slightly modified)
1 exposures of Palaeogene sediments (f basin axis for the basal Firkanten Fm., b basin axis
for the. successive Basilika Fm.); 2 possible maximum extensions of Palaeogene basing; 3 stru-
ctures produced by the Spitsbergemian phase: a overthrusts and reverse faults, b fold belt
(major thrust zone and transitional zone), ¢ normal faults, d. zone- of gentle folded foreland
(transitional zone); 4 tauits amd fractures younger than the Spdtsbergenla.n phase; § centres
of Late Pleistocene/Early Holocene volcanic activity; B Brbggerhalvdya; Ke Kellhaufjellet;
KL Kapp Lyell
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investigations made in the basal Dalkjegla Member of the Carolinefjellet
Formation. The sediments deposited in the Aptian sea were derived from
a land area which covered the north-eastern and eastern parts of the
Svalbard archipelago. Another land mass, along the west coast of Spits-
bergen, suggested already by Frebold (1931), according to Birkenmajer

Table 1

Subdivision of the Carolinefjellet Formation in Spitsbergen
(age correlation after Nagy, 1970; simplified)

Southern Spitsbergen Kjellstromdalen area, Von Mijenfjorden
Age (Nagu, 1970) (Parker, 1967) (Hagerman,1925)
Maestrichtion
Cenomanian
Upper
- Middle Schénrockfjeliet Member
Ibian Zillerberget Member
Lower | Langstakken Member | Langstakken Member | Upper lamina sandstone
Innkjegla Member Innkjegla Member Cretaceous shale
Agtian Upper 189 9_ | Creracecus dle |
.| lower | balkjegla Member Dalkjegla Member Lower lamina sondstone
Barremian Helvetiafjellet .Formation

(1966) supplied practicaly no clastic material to the Aptian-Albian sea.
The above conclusions have been supported by Nagy (1970) on investi-
gations of the sandstone Langstakken Member of the Carolinefjellet
Formation.

The Carolinefjellet Formation is thinnest at Isfjorden (Festningen
section: ¢, 180 m — Hoel & Orvin 1937; Carolinefjellet section: 270 m —
Parker 1967). Farther south, at Van Keulenfjorden, it grows to 520 m
(Ulladalen) and 667 m (Suessbreen — Roézycki 1959, Nagy 1970). The
-greatest thickmesses of the formation have been reported from the south-
-east part of Spitshergen: 768 m at Kjellstrémdalen (Parker 1967), 830 m
in south Heer Land (Nagy 1970), 850 m in Central Torell Land (Lang-
leiken) and north-east Serkapp Land (Tromsgbreen — the present author’s
observations).

The Carolinefjellet Formation is overlain by the basal member of
the Tertiary succession, i.e. the Firkanten Formation of Paleocene age.
Hence the sedimentary break covers the whole Upper Cretaceous (Upper
Albian to Maestrichtian) time span. This break is generally regarded as
an evidence of regression of the Aptian-Albian sea due to earth move-
ments, and of erosion and denudation which preceded the deposition of
the basal Tertiary clastics, According to Orvin (1940) the pre-Tertiary
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earth movements in Spitsbergen caused an unequal rise of the region,
the uplift being greatest in the northern part of Spitsbergen, and gradually
diminishing towards the south. This view is also shared by Nagy (1970)
who suggests that in consequence of this oblique rise of the region, the
Upper Cretaceous denudation had removed an appreciably larger portion
of the Carolinefjellet Formaftion in the morth and north-west, than in the
south-east. This is supported by the following evidence.

At Festningsodden at Isfjorden (see Hoel & Orvin 1937), the Caro-
linefjellet Formation is represented by the Dalkjegla Member c. 556 m
-thick (mostly sandstone, with subordinate shale), followed by the Innkjegla
Member ¢. 125 m thick (mostly shale and imarl), the latter corresponding
to the lower shale-siltstone part of this member (Nagy 1970). The rema-
ining part of the formation is considered to have been removed by denu-
dation prior to the deposition of the Tertiary conglomerate. The conglo-
merate marks an apparent angular unconformity (see Birkenmajer 1966,
Fig. BE), but this may be partly due to Tertiary movements, as both the
Lower Cretaceous and Lower Tertiary sediments are here strongly folded
together. .
In the Braganzavigen (east Van Mijenfjorden), Ulladalen (east
Nathorst Land), Suessbreen (north-west Torell Land) and Kjelberget
(west Heer Land) areas the basal Tertiary beds rest directly upon the
Zillerberget Member of the Carolinefjellet Formation (Nagy 1970). Here
the age gap between the Lower Cretaceous and Lower Tertiary is smaller.
The Schénrocktjellet Member, the youngest member of the Carolinefjellet
Formation, is preserved only in the south-eastern part of Spitsbergen
(Heer Land, and morthern part of Torell Land: Jemelianovbreen area).
The stratigraphiic positions of ammonite faunas within the Carolinefjellet
Formation with respect to the lower boundary of the Tertiary strata also
confirm the above picture (Nagy 1970, p. 29).

In the central part of Torell Land four sandstone members appear
in the shaly sequence of the Carolinefjellet Formation. The three lower
ones probably correspond to the Dalkjegla, Langstakken and Schén-
rockfjellet members, The fourth member is separated from the third by
shales, and is overlain by shales with red-weathering clay-ironstone
coneretions containing Inoceramus. These shales form the substratum of
the basal Tertiary formation (Firkanteh Fm.).

In the area of Ny Alesund coal mines (Kongstjorden), the Tertiary
beds rest on a thin shale and siltstone unit ("Bottom Shale” of Orvin 1934).
Orvin believed the ”Bottom ‘Shale” to be of Cretaceous age, but its
lithologic similarity to the Triassic Vardebukta Formation suggests that it
is Lower Triassic {(Challinor 1967). At Scheteligfjellet, Kongsfjorden, the
Tertiary beds rest directly on the Permian Kapp Starostin Formation
(Challinor, op. cit.).
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The above data indicate the presence of a large-scale planation level
which developed in Spitsbergen prior to the Paleocene. This planation
level cut through different members of the Lower Cretaceous Caroline-
fjellet Formation (between Serkapp and Istjorden), locally down to Lower
Triassic and Permian substratum (at Kongsfjorden). This is the evidence
of a slight angular unconformity at the base of the Tertiary in the Main
Spitsbergen Basin. Locally this unconformity may amount to as much.
as 10 degrees, as was suggested by the present author (in Birkenmajer
& Nargbski 1963) on field observations in the area of Hedgehogfjellet,
north-west Serkapp Land.

This pre-Tertiary denudation could also be responsible for removing
some presumably still younger Cretaceous sediments, as well as some thin
regressive Cretaceous beds, so far unknown from Svalbard.

Main Spitsbergen Basin
Age _

The stratigraphic succession and ages of the Tertiary strata are
known best from the Main Spitsbergen Basin. The scheme currently
~ adopted follows Nathorst’s (1910) subdivision into  six units, for which
lithostratigraphic mames (formation mames) have been introduced by
H. Major in the map of Adventdalen (1:100,000) printed by Norsk
Polarinstitutt in 1964 but not yet published ! (Table 2). '

The first more adequate determination of the age of particular
lithostratigraphic units has been made possible on marine molluscs from
the 1st, 3rd and 5th umits (’series”) of Nathorst by Ravn (1922). This
indicated a- Lower Palaecogene (Paleocene-Eocene) age of the strata,
contrary to stratigraphic conclusions based on plant remains, for which
a Miocene age was adopted by Heer in 1870. Manum (1962) confirmed the
Lower Palaeogene (mostly Paleocene) age of the rocks by determination .
of microflora from the 1st and the 6th series of Nathorst. He has found
no essential differences in the microfloral content of these two series,
being the lowermost and the uppermost formations of the Tertiary in the
Main Spitsbergen Basin. The apparent differences in macrofloral content
of taxodiaceous remains (Sequoia versus Taxodium) as indicated by
Nathorst (1910) have been eliminated by Chaney’s work of 1951 through
unification of these remains into Metasequoie (Manum 1962).

Rosenkrantz (1942) suggested the idea, based on re-examination of
fossil collections from the Tertiary of Spitsbergen, that these beds could
correspond to the Tertiary of West Greenland. The latter contain fossils
typical for the lowermost Paleocene (i.e. Danian) of Denmark, and the
Danian age of the Spitsbergen Tertiary finds confirmation in its pelecypod

' *In the legend to this map the Basilika Formation is improperly called
¥Basilikaen Formation”. The spelling was corrected by Harland (1969, Tab. VIT). :
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fauna. A similar view was also shared by Vonderbank (1970) who des-
cribed new faunal collections from the Tertiary deposits of the Isfjorden
area, Spitsbergen. Vonderbank stressed the similarity of the Spitsbergen
fauna to that of the Agatdal Formation (Danian-Montian) of West Gre-

Table 2
Terfiary succession in the Main Spitsbergen Basin
Age Group . . Formation
(Harland, [969) (Natharst, 1910; Orvin, 1940} ‘(major, 196Y) ] (Vonderbank, 1970)
(iower Eocene?) g onb-beati link WordenskitldFiellet Schichben
) Upper porbbeori®®  sop-gtom | oo nEoPRen
Upper Paleoc 5) Flaggy sandstone Batifjellet
amniun) ;“ s-rigeau : 200m !
b e - fardalen Schichten
Yan Mijenfjorden 4 :lgr;p:; black shale . 200-360m Gilsonryggen
3)Green sondstone Sarkofagen e
bower stries 175~250n arkelage
(Daniaa- G tdalen Schichten
; Lower dark shal Bastlik rumantcale
Montian) B e 0-130m asika
D.I;I':’:nzr s'l?!'.‘;’""d' 100~ 130m Firkanten . Adventfjorden Schichten
o,

Ay .
Suvbstratum:  Aptian-Albian (Carolinsfeliet Fm.), localy Triassic or Permian

enland, and also cited some fossils common to both the Spitsbergen
Tertiary and the Selandian (Upper Danian) of Denmark. His Adventfjor-
den Schichten (= lower and middle parts of the Firkanten Formation)
and Grumantdalen Schichten (=uppermost part of the Firkanten For--
mation, the Basilika Formation and most of the Sarkofagen Formation)
répresent, therefore, the Danian-Montian stdges. The upper and the up-
permost formations of the Tertiary sequence in Spitsbergen did not yield
sny index fauna; the floral remains however, according to Vonderbank
(1970, p. 115), are decidedly older than the Miocene. Here he opposed
the conclusions reached by J. J. Liwschitz (unpublished manuscript 1965;
see also Sokolov & al. 1965) who has assumed the topmost beds of the
Tertiary in Nordenskitld Land (central Spitsbergen) to extend into the
Miocene. : _ '

Summarising ‘the above, we can conclude that the lower four for-
mations of the Tertiary in the Main Spitsbergen Basin représent the basal
Palacocene (Danian-Montian), the remaining two either belonging still
to a higher Palaeocene (Landenian)-or at least to the Eocene.

Lithologies

Of the six Tertiary formations of the Main Spitsbergen Basin four -
(1st, 3rd, 5th and 6th) consist predominantly of sandstones, the remaining -
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two (2nd and 4th) of shales (see Nathorst 1910, Orvin 1840). The Firkanten
Formation begins either with a basal conglomerate or with dark shale
resting on weathered Lower Cretaceous roclks, while light coloured sand-
stones (predominantly fresh-water) with subordinate shale and conglo-
merate dominate fts sequence. Coal-seams (mined at several sites) occur
near the base, and shale intercalations with marine fossilg appear higher
in the succession. A tuff intercalation has been reported by Vonderbank
(1970, p. 13) from a thicker shale intercalation.

The Basilika Formation consists predominantly of dark grey shale
with scanty marine fossils, often passing into sandy shale and fissile
sandstone, Thin tuft intercalations have been reported from the formation
by Gripp (1827), Nagy (1966) and Vonderbank (1970). ‘

The Sarkofagen Formation is represented mainly by homogenous,
medium-grained, grey to greenish sandstone, often containing glauconite.
Quartz pebbles occur sometimes in greater number giving rise to thin
conglomerates, Marme fossils have been found in the upper part of the
formation.

The Gilsonryggen Formation consists of black shales yielding marine
fossils. In general there seems to be a transition between the Sarkofagen
and Gilsonryggen formations, but locally (in the area of Jemelianovbreen,
north-east Torell Land) a 5—10 cm thick basal conglomerate consisting
~ of Permian chert, quartz and quartzite pebbles appears at the base of the
G1lsomyggen Formation, with a slight erosional unconformity wupon
strongly weathered and limonitized green sandstone of the Sarkofagen
Formation. This could be evidence of subaerial weathering following a
regression of the sea, the conglomerate marking a new transgression
which deposited the succeeding black shales.

" The Battfjellet Formation consists of alternating black clayshale
and grey to greenish fissile (flaggy) sandstone, the latter containing some
marine fauna and land plant remains.

The Aspelintoppen Formation consists of light grey to green,
usually fine-grained sandstone, fissile sandstone and siltstone, with clay-
-ironstone, marl and subordinate coal seams. This formation is supposed
to be completely of fresh-water origin. Usually it is difficult to separate
the Aspelintoppen and the Battfjellet formations (see Orvin 1940 p. 41),
at least in the area south of Van Mijenfjorden.

Vonderbank (1970) has distinguished four sedimentary cycles se-
parated by erosion (corresponding to his lithostratigraphic umits —
”Schichten” — see Tab. 2) within the Tertiary of the Main Spitsbergen
Basin of Isfjorden, each beginning with conglomerate or coarse sandstone
(resp. greywacke) and usually terminating with shale, with the exception
of the first cycle which often begins with shale.
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Sources of sediment

The sources of clastics supplied to the Main Spitsbergen Basin have
been calculated on the basis of the distribution of drift pebbles (Birken-
majer & Narebski 1963, Birkenmajer & al. 1971) and on the facies change
(Voniderbank 1970). The drift pebbles are scattered at random within the
marine shale of the Basilika Formation, becoming more and more common
in the succeeding marine sandstone of the Sarkofagen Formation and,
especially, of matine shale of the Gilsonryggen Formation (see Nathorst
1910; Orvin 1934, 1940; Frebold 1935, 1951; Birkenmajer & Nargbski 1963;

- Birkenmajer & al. 1971). They consist predominantly of quartz, quartzite

and Permian chert, but sometimes also of Precambrian porphyry rhyolite,
postorogenic Caledonian granite, and late-Mesozoic dolerite (white-trap
variety). The pebbles are thought to have been brought to the sea by
driftwood,. kelp, and/or by floatirig islets of tangled growth, their major
source being probably river outlets and coastal beaches of a land which
included the morthern part of Spitsbergen, Nordaustlandet, and the
islands to the east of Storfjorden — Barentsoya and Edgeoya (see Birken-
majer & al. 1971, Fig. 2).

The distribution of fresh-water (deltaic), coastal and shallow marine
sediments in the 1st, 2nd and 3rd Tertiary formations (Adventfjorden
Schichten and Grumantdalen Schichten) as shown by Vonderbank {1970,
Figs 15—16) also confirms the above pattern of land and sea distribution
in Svalbard. No more detailed conclusions can be reached at present,
since no statistical measurements of the direction of sediment transport
on ripplemarks, cross-bedding and erosional furrows (these structures
being often mentioned by Orvin 1940, and Vonderbank 1970, as frequent
in the 1st and 6th divisions of the Spitsbergen Tertiary) have yet been
published.

Rates of deposition

Table 3 shows the thickness variation of the Tertiary strata in the
southern part of the Main Spitsbergen Basin (data from Birkenmajer &
Narebski 1963, Nagy 1966, and the present author’s own measurements)
as compared with the thickness-range for the standard area of Nathorst
Land and Nordenskitld Land (see Nathorst 1910, Orvin 1940) — Tab. 2.
The total thickmess of the Tertiary sediments amounts to c. 950 m in the
Isfjorden area (Vonderbank 1970, Fig. 2) but grows to c. 1500 m in
Nathorst Land (Orvin 1940). In Torell Land the maximum thickness of
the sequence is 1020 m, but here the Aspelintoppen Formation is either
missing (due to subsequent erosion) or represented only in its lowest part.
If we added 500—600 m for the denuded Aspelintoppen Formation to the
remaining Tertiary column in Torell Land, we would obtain a sediment
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Table 3

Thickness variation (in metres) of the Tertiary formations in the Main Spitsbergen

Basin: Torell Land

. Western border Central area Eastern border
Formation ” .
West Centre East

Aspelintoppen - - - - -
Battfjellet - +250 ~ 1 wm -
Gilsonryggen +200 240-260 +25 260 -
Sarkofagen 70-120 . 00} 120~180 150470 150-160 100-120
Basilika 50 150 200-220 10-190 150
Firkanten 15-20 . +50 95-10 unknown 130

column of ¢. 1.5 km (1520—1620 m) for the whole Tertiary sequence of
the area. '

Taking-into account that the Firkanten-, Basilika- and Sarkofagen
formations represent Danian-Montian (see above), for which stage the
absolute age limits are 65 and 58.5 m.y.b.p. (see Holmes’ Symp. 1964),
and that the total thickness of these three formations in Torell Land
amounts to 500 m (see Tab. 3), we can obtain a mean rate of deposition

' 500 m' X 1000

_ 6.5 m.y.

It is obvious that the real rates of deposition were lower for the
marine shales than for the sandstones, especially when fluviatile.
Nevertheless, the mean rate of deposition c. 0.08 m per millennium is low,
and does not favour any idea of intense erosion of the neighbouring land
or of rapid subsidence of the Main Spitsbergen Basin.

of c. 0.08 m per millennium: :

Migration of basin axis

The basin axis was reconstructed for the lowest, Danian-Montian
deposits of Nordenskitld Land by Vonderbank (1970, Figs 15—16). During
the formation of his Adventfjorden Schichten (= -major part of the
Firkanten Formation) the basin axis ran from west of Colesbukta (Isfjor-
den) to west of Kaldbukta (Van Mijenfjorden) NNW-SSE (azimuth 150°),
and during the deposition of the subsequent Grumantdalen Schichten
(= uppermost part of the Firkanten Fm., Basilika Fm. and most of the
Sarkofagen Fm.) it shifted some 7 km WSW, while still retaining the same
direction, :



TERTIARY HISTORY OF SPITSBERGEN 203

The same pattern is also valid for Torell Land (see Tab. 3 and Fig. 1)
for the Firkanten and the Basilika formations. The basin axis passed
through the area of Jemelianovbreen during the deposition of the Fir-
kanten Formation and shifted about 12 km towards WSW during the next,
the Basilika Formation. During the deposition of the Sarkofagen For-
mation the basin axis lay within a 20 km broad central part of the basin
where the thicknesses of the green sandstone were between 120 and
180 m (versus two border zones — eastern and western — with 70—
120 m thick deposits). , _ _

The above data indicate that the direction of the basin axis NNW-
-SSE (azimuth 150°) did not change during the Danian-Montian but
gradually migrated towards WSW, towards the later-formed Tertiary fold
belt. The shift of the basin axis towards the WSW grew in the southern
part of the basin (7 km for Isfjorden versus c. 12 km for Torell Land),
possibly being accompanied by a simultaneous basin-floor spreading.

Volcanism

The appearance of thin tuff horizons predominantly in the basal
Danian-Montian formations of the Tertiary in the Main Spitsbergen Basin
coincides with the period of basic volcanic activity in the North Atlantic
province during Paleocene-Eocene, i.e. 65—40 m.y. (see Beckinsale & al.
1970). In West Greenland it succeeded the Danian Agatdal Formation .
(see Rosenkrantz 1970), and in East Greenland it post-dated a thin
sequence of estuarine sediments yielding a fauna of Senonian or very
early Tertiary age (Haller 1970; Beckinsale & al. 1970). The oldest K-Ar
ages for the basaltic rocks of East Greenland fall within the range 55—
60 m.y. (Beckinsale & al. 1970), i.e. correspond %o the base of the Eocene
or to the top of the Paleocene.

The Danian-Montian tuffs in Spitsbergen are thus older than the
dated basaltic rocks of both West and East Greenland. The Spitsbergen
tutfs could therefore be wind-borne voleanic ashes derived from the then
active eruptive centres of the North Atlantic province other than Gre-
enland.

" Petrological investigations of the Spitsbergen tuffs could contribute
to the problem of their provenance. So far only one and that very general
description is available from the Grenfjorden area, central Spitsbergen,
which does not contradiet the above assumptions. This was presented by
Gripp (1927) who stated that the tuff appears to be basic, having mafic
plagioclases and basaltic glass. Gripp, however, compared the tuff with
glassy basalts from the area of Woodfjorden, north Spitsbergen, which
are certainly younger, and related to the Quaternary volcanic . activity
centered round the Sverrefjellet volcano (see below).
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Forlandsundet-Bellsund Basin

The Tertiary sediments of the Forlandsundet-Bellsund Basin crop
out in two areas: (1) at Forlandsundet — along the east coast of Prins
Karls Forland; at Sarseyra and Kaffisyra — along the west coast of
Oscar II Land; and (2) at Kapp Lyell, Bellsund (see Orvin’s map 1940;
also Fig. 1n this paper). '

The thickness of the Tertiary strata at Forlandsundet is supposed to
be 2060—2150 m (see Atkinson 1963; Harland 1969, p. 838) — Table 4.

Table 4

Tertiary succession at Forlandsundet

Age Group . Formation (Atkinson, 1963, com)
(Harlond, 1969) West East
Lower Eocene? McVitiepynten ¢ 2000m Sarsbukta Tm
Fll'l' A Ant S—— —? ______
Upper Paleocene Selvégen Conglomerate 60-150m ?
(Londenian) ?
, Svbstralum: Precambrian (Hecla Hoek)

In the west, the Tertiary begins with the Selvgen Conglomerate For-
mation 60—150 m thick, with boulders more than 1 m in diameter. Higher
up comes the McVitiepynten Formation (conglomerates, sondstones and
shales) about 2000 m thick. To the east of Forlandsundet the equivalent
rocks show lithologies similar to the McVitiepynten Formation and are
here distinguished as the Sarsbukta Formation 2 which also contains some
coal seams. The substrate of the Tertiary is formed by the Precambrian
Hecla Hoek rocks.

Orvin (1940, pp. 36, 42, Fig. 7 supposed these Tocks to be either
coeval with the "Upper Plant-bearing Sandstone” (= Aspelintoppen
Formation) of the Main Spitsbergen Basin or younger than the latter.
Harland (1961, p. 109) concluded that they were “later than the main
Tertiary deposits, in which case they could represent an orogenic molasse-
-like deposit consequent upon the post-Palaeogene folding, uplift and
erosion”. A similar view was also shared by Atkinson (1962, 1963).

~ The palaeontological evidence to support this conclusion is insuf-
ficient. From Sarsbukta at Forlandsundet, Manum (1960, 1962) described
pollen and microplanktonic fauna of little stratigraphic value. Characte-

2 Atkinson (1963) and Harland (1969) used improper terms "McVitie Formation”
and "Sars Formation”, here corrected to McVitiepynten Formation and Sarsbukta
Formation. ’ . :



TERTIARY HISTORY OF SPITSBERGEN 205

ristic is the presence of Tsuga pollen not recognized by Manum in the
_samples from the Main Spitsbergen Basin (Manum 1962). The microfauna
indicates the age as no greater than the Upper Paleocene (Manum' 1960).
Manum’s investigations, however, did not contradict Orvin’s view that
the deposits at Sarsbukta (= Sarsbukta Formation) could be somewhat
younger than the Aspelintoppen Formation. '

The Tertiary deposits at Kapp Lyell, Bellsund, begin with basal
conglomerate 4—5 m thick resting on strongly weathered Hecla Hoek
rocks. There follow coal-bearing shales and sandstones with subordinate
conglomerate, finally more shale and sandstone (see Nathorst 1910, Von-
derbank 1970). The total thickmess of the Tertiary strata amoumts to
about 130 m (Vonderbank 1970). Vionderbank (op. cit.,, p. 31) correlated
the beds in question with his Adventfjorden Schichten (= % Firkanten
Formation) mostly on lithological grounds. However the correlation with
the Aspelintoppen Formation is equally possible.

It seems at present reasonable to retain Orvin’s view that the
Tertiary of Forlandsundet and Bellsund represents a sedimentary event
generally post-dating the Tertiary sedimentation in the Main Spitsbergen
Basin. The differences in lithology, the abundance of conglomerates and
their thickness (especially at Forlandsundet), the large dimensions of
boulders, the direct contact with strongly weathered Hecla Hoek rocks,
all seem to favour an independent sedimentary environment, with clastics
possibly supplied from the north, along the basin axis (hence thicker and
coarser basal conglomerates at Forlandsundet, and thinner and finer basal
conglomerates at Kapp Lyell), and north-west (see Atkinson 1963). Evi-
dences of marine influence in this basin are slight (microplanktonic fauna,
possibly also some trace fossils) and the rocks could well correspond to
the orogenic molasse of an intramontane basin (rift Valley)

The palaeontological arguments provided by Manum (1960, 1962)
may speak in favour of an Upper Paleocene (Landenian) and (partly?)
Eocene age of the Tertiary strata in the Forlandsundet-Bellsund Basin
versus Lower Paleocene {Damnian-Montian) to Upper Paleocene (Lan-
denian) ages of the Tertiary in the Main Spitsbergen Basin.

Tertiary strata at Gyrlandet

Little is known about the Tertiary strata at Dyrlandet (in- Serkapp
Land) marked on geological maps by Orvin (1940), Major and Winsnes
(1955, Fig. 1) and Flood & al. (1971). These beds occur to the west of the
Tertiary fold belt, possibly in a small graben, and are separated from the
south-west by a fault or thrust-fault (see Fig. 1). South-west of this fault
occur vertically dlpp_mg Permian rocks (see Siedlecki 1964) exposed at
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@yrlandsodden and Tokrosseya. Thus the Tertiary at Gyrlandet could
represent the fragment of a basin equivalent to the Forlandsundet-Bel-
Isund Basin or a branch of the Main Spitsbergen Basin (see Fig. 1).

ALPINE STRUCTURAL PATTERN IN SPITSBERGEN

During the Tertiary the area of Spitsbergen was subject to strong
tectonic deformations. The Alpine structural pattern includes the zome
of most intense deformations, the fold belt, and the zones of less intense
deformations: the foreland {(central depression) and the hinterland
(western block) — see Figs 1—2.

Fig. 2
Alpine structural elements of
Spitsbergen (for explanations see
Fig. 1)

Fold belt

The Alpine fold belt of Spitsbergen is regarded as an extreme case
of frame tectonics affecting a post-Caledonian platform (Birkenmajer
1972). It stretches NNW-SSE from Breggerhalveya (Kongsfjorden) on the
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north to Keilhaufjellet (Serkapp Land) on the south, over a distance of

nearly 300 kun. The belt of most intense deformations involving low-angle

thrusting is maximum 10 km wide between Serkapp Land and Van

Keulenfjorden, but seems to increase to 20 km between Istjorden and

Kongsfjorden (Fig. 1). :

The fold belt consists of two structurally different units, namely
the magor thrust zone (i.e. the easternmost part of the overthrust western
block), and the transitional zone (i.e. the western margin of foreland)
(op. cit.). . ' :

The major thrust zone has been studied in most detail at Brogger-
halveya (Orvin 1934; Barbaroux 1966, 1967, 1968; Challinor 1967), and in
the area between Van Keulenfjorden and Hornsund (Rézycki 1959;
Birkenmajer 1960, 1964, 1972). At Breggerhalveya the folding was
generally from south to north or south-west to north-east involving
thrusting of the Precambrian metamorphic rocks (Hecla Hoek) over the
Lower Carboniferous to Upper Permian and Palaeogene sediments. Up to

' three (according to Challinor) or five (according -to Barbaroux) thrusi-
-sheets were formed, translated one over another from 1 to 4 km.

_ Between Van Keulenfjorden and Hornsund the folding was from -
south-west (or WSW) towards morth-east (or ENE) involving thrusting of
the Hecla Hoek rocks {mainly Eocambrian, Cambrian and Ordovician)
over the Devonian to Lower Cretaceous sediments, some of which are
penetrated by dolerite sills (Upper Jurassic-Lower Cretaceous). One or
~two thrust-sheets formed between Bellsund and Kopernikusfjellet

(Torell Land), and up to. five thrust-sheets between Kopernikusfjellet
and Hornsund {and still farther south), translated one over amother at a
distance up to 6 km. '

The intensity of tectonic deformations rapidly diminishes towards
the north-east of the thrust zone, in the foreland. Only the westernmost
margin of the foreland, some 1—1.5 km wide, shows the presence of
small-scale thrusts, disharmonic folding and reverse faults. -

Two-sets of vertical wrench faults cut through the fold belt between
Kopernikusfjellet and Hornsund. The first set is directed WNW-ESE,
and the second set WSW-ENE. These sets form a pair of cross-faults
intersecting at an angle of c. 30°. The direction of the greatest principal
stress would be horizontal, almost exactly west-east, thus differing by
c. 45° from the direction of tectonic transport in the zone of thrusting
which is towards north-east (Birkenmajer 1972).

-Fo'reland

The foreland includes platform sediments of Lower Carboniferous
to Palacogene age unconformable upon the folded and denuded Cale-
donian structure (Precambrian to Ordovician) and the Devonian molasse.



208 KRZYSZTOF BIRKENMAJER

Only the narrow western margin of foreland is involved in ‘intense
tectonic deformations (see above). Farther east, within the western flank
of the central depression, two to three major anticlines appear between
Van Keulenfjorden and Hornsund parallel to the zone of thrusting (R6-
zycki 1959; Birkenmajer 1964, 1972). They are steeper and more complex
close to the fold belt, but become increasingly gentle further away. Gentle
undulations (depressions and swells) with axes parallel to the fold belt
have been recognized in the axial part of the central depression between
Isfjorden and Van Keulenfjorden (Sokolov & al. 1968), but only in central
Torell Land does a major anticline appear (Birkenmajer 1972). In the
eastern part of Torell Land the strata lie horizontally, forming a typical
table-land structure, gently up-tilted at the eastern flank of the central
depression. : :

The morth-eastern part of the central depression is often disturbed
by generally N-S-striking faults (inner Isfjorden area and still farther
east), which continue northwards in the Devonian and pre-Déevonian-
basement. These faults are regarded as a tectonic event younger than the
main folding phase.

Western block

The western block (along the west coast of Spitsbergen between:
Broggerhalveya and Serkapp) represents the hinterland with respect to
the fold belt; It is 285 km long and 15—40 km wide — including the
Forlandsundet graben and Prins Karls Forland, and 75—100 km wide ift
the whole western land strip and the submarine continental platform of
‘Spitsbergen (some 60 km wide) is also taken into account. The area is
built principally of folded Hecla Hoek rocks (Precambrian to Ordovician)
and, to a much less extent, of Lower Carboniferous to Lower Cretaceous:
sediments. _ :

Two systems of faults are recognized in the western block. The first
one is directed NNW-SSE, parallel to the fold belt, and includes i.a.
normal faults bordering the Forlandsundet graben filled with Palacogene
sediments, The second system is directed SW-NE and may corréespond to
the second set of wrench faults from the fold belt.

Succession and age of deformations

Spitsbergenian phase

The main Tertiary defqQrmation phase in Spitsbergen has been
defined as the "West Spitsbergen Orogeny” (Harland 1969) or the “Spi-~
tsbergenian phase” (Birkenmajer 1972). Birkenmajer regards this as a sta-
ge within the Alpine cycle of folding and suggests a Paleocene age (boun~
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Supposed stages of Tertiary diastrophism in Spitsbergen

A possible position of the Western block with respect to the Main Spitsbergen Basin (stippled); B Spitsbergenian phase, first stage — formation of the fold belt (thick arrows indi-

cate direction of tectoni¢ transport in the zone of folding; thin arrows indicate direction of translation along the supposed transcurrent fault); C Spitsbergenian phase, second

stage — formation of the rift graben (sediments in the Forlandsundet-Bellsund Bagin and Uyrlandet Basin stippled); D Spitsbergenian phase, third stage — formation of

wrench faults; E post-Palaeogene events: mormal faulting and velcanic activity. Big hatched arrows indicate direction of principal orogenic siress, For other explanations gee
Figs 1 and 2



TERTIARY HISTORY OF SPITSBERGEN 200

dary of Lower and Upper Paleocene?) for the phase which thus could
correspond to the youngest phase of the Laramide orogeny, as reoogmzed
in the Alpine-Carpathian orogenic belt.

The Spitsbergenian phase has been subdivided into three s-tages of
deformations (Birkenmajer op. cit.). The first stage involved a forceful
push from the SW of the western block which was thrust over the south-
~west margin of the central depression. The folding took place most pro-
bably above sea level. The crustal shortening in the fold belt amounted
to c. 10 km on the north (Breggerhalveya) growing to c. 15 km on the
south (between Bellsund and Serkapp). The whole NNW-SSE-trending
strip of the west coast of Spitsbergen between Kongsfjorden and Serkapp,
including the major thrust zone and its hinterland (western block and
continental shelf), had been franslated to the NNW possibly some tens
of kilometres (Fig. 3). At Kongsfjorden it collided with the rigid . land
mass of NW Spitsbergen thus producing an anti-clockwise rotation of -
the Alpine and Caledonian structures at Breggerhalveya (hence the axes
of Alpine thrust-sheets are here W-E and the apparent tectonic transport
towards the north). It seems that the contact of the major thrust zone with
the western margin of foreland is thus that of a dextral strike-slip (trans-
current) fault.

The second stage, subsequent to tne above described deformations,
involved vertical arching of the western block where a rift valley (gra-
ben) formed between Forlandsundet and Bellsund (possibly also at Qyr-
landet), simultaneously being filled with orogenic molasse.

_ The third stage could have been marked by the formation of two
sets of wrench faults in the fold belt, and analogous systems of faults in
the western block, reflecting a horizontal stress from the west.

Post-Palaeogene events

No palacontologically dated Late Palaeogene or Neogene deposits
have so far been reported from Svalbard. This was the period of intense
erosion and planation of the whole area. No foredeep developed to the
east of the fold belt and, consequently, no molasse deposits formed there.
The post-Spitsbergenian phase tectonic events include the formation of
great N-S-trending mormal faults present mostly in the northern, cen-
tral and north-eastern part of Spitsbergen (Fig. 1). These faults are pa-
rallel to the Spitsbergen:Fracture Zone, the major feature of the ocean-
—floor structure between Svalbard and Greenland. The deep fracture
(fault) line passing through Bockfjorden, NW Spitsbergen, served as a
feeder for basaltic central volcanoes active during the Late Pleistocene to
Early Holocene times (Hoel & Holtedahl 1911; Gjelsvik 1963 Harland
1969, p. 841).

2
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CENOCZOIC DEFORMATIONS IN SPITSBERGEN AND CONTINENTAL DRIFT

Within the last few years Wegener’s concept of continental drift
has progressed from heresy to a theory virtually unanimously accepted
by the scientific community (Johnson & al. 1970, p. 14). The fit of the
opposing coast-lines and, especially, of the continental shelf margins of
the Atlantic, has been the strongest piece of evidence for the drift (Fri-
end 1967, p. 579). Bullard, Everett and Smith (1965 — fide Friend 1967)
used ‘a computer to establish the best fit for the longitude and latitude
co-ordinates of points along both edges, and used the 500-fathom isobath
ag the margin of continental blocks (Fig. 4).

Fig. 4

Computed best fit for Canada, Greenland and Eurasia (after Bullard, Everett &
Smith, 1965; redrawn from Friend 1967)

Heavy lines denote 500-fathom line on continental slope; short Jines indicate down slope

The ocean-floor spreading as a cause of growth of the North Atlan-
tic Basin has exténsively been discussed in recent years by many authors
(see review by Friend 1967; also papers presented in 1967 at the symposia
in Reykjavik — Bjornsson ed. 1967, and in Gander, Newfoundland — Kay
ed. 1969). The central hypothesis is that oceanic erust is created by dyke
injection with some volcanism and normal faulting at the axis of the
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Mid-Oceanic Ridge (Dietz 1961; Heezen 1960; Johnson & al. 1970). The
proof for the ocean-floor spreading is provided i.a. on study of magnetic
anomalies over mid-~oceanic ridges (e.g. Vine 1960, Vine & Matthews 1963,
Heirtzler & al. 1966, Avery & al. 1968, Vogt & al. 1970).

Johnson & Heezen (1967) and Harland (e.g. 1967, 1969) presented
the most complete accounts of the tectonic evolution of the North Atlan-
tic Basin, and Johmson & al. (1970) and Vogt & al. (1970) supplied valu-
able new evidence to support this. Harland’s concept is here summa-
rized as in Fig. 54A—D.

The present attempt, following the same train of thought, offers
some re-interpretations of tectonic data presented by Harland (op. cit.),
with the use of data on the present structure and evolution of the North
Atlantic Basin (see Johnson & Eckhoff 1966; Johnson & Heezen 1967;
Johnson 1968; Johnson & al. 1968, 1970; Vogt & al. 1970), the Alpine fold
belt of Spitsbergen (Blrkenma.}er 1972), and the tectonic structure of
North-East Greenland (see Haller 1969, 1970).

Protoforms, mid-oceanic ridges and transform faults

The role of great faults resp. fracture (shear) zones separating Elles-
mere Island from Greenland — the Wegener Fault, and Greenland from
Spitsbergen — the De Geer Line (shear zone) resp. Spitsbergen Fracture
Zone, has been discussed particularly by Wilson (1963, 1965) and Harland
(1967, 1969). These major tectonic lines (now: strike-slip faults resp.
fracture zones) correspond to great scars of separation of continents, and
have persisted during the evolution of the North Atlantic Basin and the
Arctic Basin (see Figs 5 and 6).

Another fracture zone, parallel to the continental margins of Nor-
way and North-East Greenland, is here termed the Harland Fracture Zo-
ne (Fig. 64). It is considered a proto-fracture for the major part of the
Mid-Oceanic Ridge in North Atlantic (see Fig. 54).

Such great tectonic lines (faults or fracture zones) may be termed
protoforms on analogy with Wilson’s (1965) transforms. The transform
fault is a strike-slip (transcurrent) fault or fracture zone which offsets
the mid-oceanic ridge (see Wilson op. eit.), thus being subsequent to pro-
toform which pre-dates the formation of mid-oceanic ridge. It is supposed
that protoforms may either persist as fracture zones (strike-slip faults)
or evolve into mid-oceanic ridges and transform faults (Tab. 5). Accord-
ing to Johnson & al. (1969) the transform faults may appear and disap-
pear repeatedly in the history of ‘an ocean basin. '

Both Wilson (1965) and Harland (1969) suggested that the Spitsber-
gen Fracture Zone (term ‘introduced by Johnson & Eckhoff 1966), resp.
the De Geer Line (shear zone) is a transform fault. Vogt & al. (1970, Fig.
10a) interpreted its northern termination (between 80 and 85° N) as a
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Table 5

Supposed transformation of the tectonic-plate structures into ocean-bot-
tom structures: North Aflantic-Arctic Basins

Initial structure ' Present structure
Wegener Fault resp. Wegener Fault vesp. Fracture Zone
Fracture Zone (proto- | (strike-slip fault)
form)
De Geer Fauli resp.
Spitsbergen Fracture
Zone (strike-slip fauft
De 'Geer Fault resp. or ridge crest dissected Hovgaard
Line {shear zone) by transform faults) Fracture
{protoform) Atka Ridge Zone (trans-
(mid-oceanic ridge) form fault) |
Greenland
i Fracture
Mohns Ridge Zone (trans-
(mid-oceamic ridge) iorm fault)
Jan Mayen
Fracture
5 Scoresby Ridge resp. Zone (trans-
Harland Fracture North Tceland — Jan form faults)
Zone resp. Line Mayen Ridge
(protoform) (mid-oceanic ridge) .
Spar
Fracture
Iceland Ridge resp. Zone (trans-
South Iceland — Jan from fault)
Mayen Ridge
(mid-oceanic ridge)

very narrow ridge crest dissected by NW-SE directed transform faults.
In the writer’s interpretation the present Spitsbergen Fracture Zone
still retains the character of a shear zone (De Geer Line = protoform),
which has not yet been transformed into the Mid-Oceanic Ridge. On the
contrary, the segment of the Ridge between the Hovgaard Fractire Zone
and the Greenland Fracture Zone (i.e. the Atka Ridge — see Fig. 6E) can
be regarded as transformed southern termination of the De Geer Line
(protoform).

Late Cretaceous stage

The Late Cretaceous time witnessed in Spitsbergen the regression
of the sea due to unequal uplift of the land, strongest on the north. The
palinspastic reconstruction of the Svalbard area prior to the Alpine (late



ACTA GEOLOGICA POLONICA, VOL, 2% K. BIRKENMAJER, FIG. 6

75

70"

65

o E
Pleistocene/Holocene

c . ,. D
Early Tertiary: Late Tertiary

Lote Cretaceous = | = Early Tertiary:

expansion compression
boundary of sediment tectonic Early Tertiary . fracture expanding
ontinental shel ! o ; + ; . /s ny .
_,...-/ §optinentalshelf 7" transport # transport 5T sediments ~ - volcanism ‘H‘:"g folding ,»” zones  J %%gge&%zh)

plateav

Stages of evolution of the North Aflantic Basin, Author's interpretation with the use of data presented ia. by Harland (1969) and Johnson & Heezen (1967)

ontinental rise, abyssal plains, Bll.’fpel- of mid-ocganic ridges ete.); blank — eontinental blocks snd insular shel?; hatched — gubmarine

Elementg of the ocean bottom morphology simplified from the latter source, Stippled — undifferentiated ocean hottom (¢
. . plateaux



TERTIARY HISTORY OF SPITSBERGEN 213

Laramide) folding (Fig. 34) indicates a 10—15 km broader shelf to the
west of Spitsbergen. A splinter of the continental platform comprising
the future fold belt and ‘its hinterland (western block) is shown in a po-
sition farther south than at present. Thus we obtain a better fit of the
continental margins of Eurasia and Greenland (Fig. 64) than that shown
in Fig. 4.

Early Tertiary expansion

The Early Tertiary ‘(Danian-Montian) palinspastic map (Fig. 6B)
shows clockwise rotation of Greenland (of the order of 5 degrees). The
hinge zone (pivot) is indicated close to the north-west corner of Spitsber-
gen and the corresponding northern terminus of the North Greenland
shelf. The expanding mid-oceanic ridges situated along the De Geer- and
Harland protoforms caused the opening of the Greenland-Norwegian Ba~
sin, and the west drift of Greenland. Along the south-east and north-east
coasts of Greenland small sedimentary basins were formed. These are
mainly fluvio-lacustrine deposits, and their source area of the clastics (at

74—75° N) lies west (see Haller 1970).

In Svalbard, the Main Spitsbergen Basin was formed, with lacu-
strine (coal-bearing) and shallow marine clastics at the base, followed by
shallow marine shales and sandstones, altogether c¢. 1.5 km thick. The
clastic material was derived from the north and north-east (see Von-
derbank 1970, Birkenmajer & al. 1971, Birkenmajer 1972). The basin axis
migrated towards SW (Fig. 1), apparently in the same direction as the
drifting Greenland. .

The rotation of Greenland Tesulted in sinistral translation of Elle-
smere Island with respect to North Greenland (Wilson 1985, Harland
1369).

In the middle sector of the Harland Fracture Zone (protoform), the
south-western drift and clockwise rotation of the Greenland block cor-
relates with a clodkwise rotation of two short, parallel mid-oceanic rid-
ges and the corresponding transform faults (the future Jan Mayen and
Spar Fracture Zones).'A rhomboidal splinter of continental shelf between
these elements is the future Jan Mayen Ridge. Johnson and Heezen (1967)
interpret the Jan Mayen Ridge as a fragment splintered from the Green-
land block. In the writer’s interpretation it could equally belong to either
the Greenland or the Norwegian continental shelf (Fig. 6A4)..

Early Tertiary compression

The Early Tertiary compression (Fig. 6C) or the Spitsbergenian pha-
se (West Spitsbergen Orogeny of Harland 1969) is tentatively dated here
(see also Birkenmajer 1972) as a higher Paleocene (boundary of Lower



214 KRZYSZTOF BIRKENMAJER

and Upper Paleocene?). The dextral translation of the Greenland block
respective to the Svalbard-Barents Sea block along the De Geer Line
causes compression on both sides of the fracture zone (see Harland 1967,
1969). The folding in North Greenland (in Kronprins Christians Land and
Peary Land) has NNW-SSE directions of fold axes, with tectonic tran-
sport towards SW. The folding is here gentle ag compared with that of
Spitsbergen, and thrusts are infrequent (see Haller 1970).

In Spitsbergen a splinter of the continental block (representing the
western block or hinterland with respect to the Alpine fold belt — see
Figs 2 and 3A) was translated northwards, along the De Geer Line, and
sandwiched between the continental blocks of Greenland and Svalbard.
There the compression produced strong folding and overthrusting along
the western margin of the post-Caledonian platform, with tectonic tran-
sport principally towards NE. The collision of the splinter with rigid
crystalline land mass of NW Spitsbergen produced a counter-clockwise
rotation of Alpine structures at Breggerhalveya. Hence the apparent
tectonic transport is there towards the north.

The second and third stages of the Spitsbergenian phase, i.e. the
formation of the rift graben (resulting from extension), and wrench-
~fault system (compression) respectively, can also be considered as ef-
fects of dextral translation of the Greenland and Svalbard blocks along
the De Geer Line. The alternating compression (stages 1 and 3) and exten-
sion (stage 2), along with the change in the direction of principal stress
in Spitsbergen (from south-westerly during stage 1 to westerly during
stage 3 — see Fig. 3), might reflect oscillatory compression/extension
regime along the zone of colliding continental blocks.

Late Tertiary and Pleistocene/Holocene stages

During the Late Tertiary, the volcanic centres migrated to Iceland
and, possibly to Jan Mayen, i.e. to the mid-oceanic ridges and transform
faults (Fig. 6D). In this stage of ocean-floor spreading we can show the
presence of submarine plateaux, the Vering Plateau and the Yermak
Plateau, which so far did not fit into the ”jigsaw puzzle” of continental
drift.

The Vering Plateau, some 21,000 square kms, is situated at the
terminus of the Jan Mayen Fracture Zone (transform fault). Hence the
existence of volcanoes here is probable (Johnson & al. 1968, p. 117). Sei-
smic reflection profiles revealed at least 1000 m of generally horizontal
strata (probably sediments) below the surface of the plateau which lies
between 1190—1460 m below sea level (Johnson. & Heezen 1967, Johnson
& al. 1968).

The volcanic activity is also suggested for the Yermak Plateau si-
tuated very close to the Spitshergen Fracture Zone (= De Geer Line).
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Little is knowm about the structure of this plateau, previously conside-
red to be part of the "Nansen Ridge” (see Ahlmann 1933, Heintz 1962).
Its surface lies at about 500 m below sea level. The supposed Late Ter-
tiary volcanism at the Yermak Plateau could have been related to deep
faults of approximately the same age parallel to the Spitsbergen Fracture
Zone (see Figs 6D and 1). As the last stage of this volcanic activity we
could consider the Late Pleistocene/Early Holocene central basaltic vol-
canoes (Figs 6E and 1) and the Recent hot springs in the area of Bockfjor-
den, NW Spitsbergen. On the occurrence of olivine and peridotite nodules
in the basaltic (trachydoleritic) lava of Sverrefjellet volcano, Bockfjorden,
Gjelsvik (1963, p. 54) supposed that the fault zone in Bockfjorden re-
presents a very deep fracture, reaching perhaps even to the Moho dis-
continuity.
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K. BIRKENMAJER

TRZECIORZEDOWA HISTORIA SPITSBERGENU
A DRYFT KONTYNENTALNY

(Streszczenie)

Autor omawia historie rozwoju basenéw paleogefiskich Spitsbergenu { ich
stosunek do alpejskiej strefy faddowej tego obsmaru. RozwazZane sq stadia keno-
zoicznej ekspansii i kompresji rozpoznane na Spitsbergenie, kiére s3 prbébnie od-
niesione 'do wtadiéw rozddiclania sie i wzajemnego przemieszezamia blokéw kon-
tynentalnych Grenlandii i Eurazji.

Pracownia Geologii Miodych Struktur
Zakladu Nauk Geologicznych PAN
Krakdw, ul. Senacka 3
Krakdw, w styczniu 1972 r.
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