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Structural investigations have shown that the basin fill of the Forlandsundet Graben, Svalbard, has suffered stronger deformation 

than previously assumed. From plate-tectonic reconstructions it is known that the basin was initiated in a regional, dextral 

transpressional environment. During its early history, the basin may have been wider than its present outline, and syn-depositional 

deformation of the basin sediments was common. Later, the basin fill was affected by regional folding and local thrusting, 

probably in relation to continued strike-slip movements. The most intense deformation is localized in certain areas which may have 

acted as restraining bends of the graben margin. This event was followed by mild inversion of the basin margins. The inversion is 

now traced as compressional, margin-vergent structures. Several systems of extensional fractures are developed. These clearly 

post-date the compressional event. 
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Forlandsundet Graben represents one of three exposed 
areas of Tertiary sediments within the West Spitsbergen 
fold-and-thrust belt. The other two are found at Renar
dodden and at Øyrlandet (Fig. 1). The structural posi
tion, development and timing of the Forlandsundet 
Graben differ from those of the Tertiary Kongsfjorden 
Basin area to the northeast (Midbøe 1985) and the 
Central Basin to the southeast (Fig. l). Eiken & Auste
gard ( 1987), using reflection seismic data, pointed to the 
existence of possibly similar offshore basins along more 
or less the entire west coast of Spitsbergen. 

The Tertiary sediments on the east shore of Forland
sundet were first recognized and described by Holtedahl 
( 19 13), whilst those on Prins Karls F orland were dis
cussed by Craig ( 19 16) and Tyrell (1924). Atkinson 
(1962) documented the tectonic influence on the sedi
mentological evolution of the Forlandsundet Graben, 
and defined its setting as 'taphrogeosynclinal', thereby 
indicating an extensional origin for the basin. Birkenma
jer ( 1972, 198 1), Harland & Horsfield ( 1974) and Kei
logg ( 1975) argued in favour of Oligocene post-orogenic 
collapse as the driving mechanism, whereas later work
ers, building on Harland ( 1969), have suggested that the 
Forlandsundet Graben developed in Eocene to Oligocene 
times, first in a transpressive setting, and later in 
transtensive and extensional tectonic regimes (Steel et al. 
198 1, 1985). In concert with the shear movements, com
pressional components of stress have influenced the de
formation of the basin sediments (Lepvrier & Geyssant 
1985; Lepvrier 1988, 1990). 

The Forlandsundet Graben is filled by an approxi
mately 5000 m thick sequence of sediments (the Forland
sundet Group of Harland 1969; see Fig. 2). The basin is 
bordered by marginal alluvial fan sequences (Selvågen, 
Sarsbukta and Sarstangen Formations), which grade 
laterally into nearshore and shallow marine units 
(Sesshøgda, Reinhardpynten, Krokodillen and Mar
chaislaguna Formations). To the north and in the central 
part of the basin the sub-marine fan-dominated Ab
erdeenflya Formation is found (Livsic 1967; Rye Larsen 
1982; Steel et al. 1985). 

The rocks within the graben are reported to be mildly 
deformed (Rye Larsen 1982). NW-SE-trending folds of 
'apparent Tertiary age', interpreted to be related to dex
tral wrench movements, were mentioned but not de
scribed in any detail by Kellogg (1975, p. 483). 

The age of the rocks of the Forlandsundet Group has 
been estimated as Eocene to early Oligocene (Manum 
1962; Livsic 1974), but this is still disputed. The Sars
bukta Formation, which constitutes the youngest se
quence (Fig. 2), has been dated to Oligocene, based on 
foraminiferae assemblages (Feyling-Hansen & Ulleberg 
1984), whereas dinoflagellae indicate a mid to late 
Eocene age for this unit (Manum & Throndsen 1986). 
The latter interpretation is supported by the recent study 
of palynomorphs (Nøttvedt et al. pers. comm). Schliiter 
& Hinz ( 1978) and Steel et al. ( 1985) have shown that 
post early Oligocene deposits are lacking in the onshore 
basins, and units of this age are found in offshore basins 
east of the Hornsund fault zone only. 
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Fig. l. Regional geological map with exposures of Tertiary sediments on land 

and position of offshore Tertiary grabens as inferred from reflection seismic data. 

Partly after Eiken & Austegard ( 1987). 

The more fine-grained sediments of the Forlandsundet 
Gra ben are well exposed in cliffs up to l O m high along 
the eastern coastline of Prins Karls Forland, whereas 
exposures in the conglomerates are abundant along the 
foot of the mountains bordering the strandflats on both 
shores of Forlandsundet. In the northern part of the area 
described here (Aberdeenflya and Fuhrmeisterstranda, 
Fig. 3), a broad strandflat separates the coastal cliffs 
from the mountain chain which forms the spine of the 
island. From a distance, exposures may seem very sparse 
on the strandflat, but doser inspection often reveals 
small exposures, or, where layers of sandstones are in
terbedded in the shales, even several hundred metres of 
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continuous outcrops. Even though the rocks may be 
affected by congelifraction, the fragments are in situ, and, 
as seen from aerial photographs (e.g. Fig. 12), may still 
be used to identify structural elements. 

The present description derives mainly from field data 
gathered during Norsk Hydro expeditions in 1989 and 
1990. These data were supplemented by field check of 
some of the master faults in 199 1. The work concen
trated on Prins Karls Forland, particularly on Ab
erdeenflya, Fuhrmeisterstranda, Buchananryggen and 
between Krokodillen and Selvågen. The eastern graben 
margin was only visited on one occasion (Dahltoppen 
east of Sarstangen). The present work therefore empha
sizes the western margin of the graben. For the present 
study two seismic lines have been released by Barents 
Oil. 

Key localities and the position of the seismic lines are 
given in Fig. 3. 

Structural description of the Forlandsundet 
Gra ben 
The Forlandsundet Graben is approximately 30 km wide 
and 80 km in length. Principally it has a half-graben 
geometry in east-west sections, with changing polarities 
along strike (Fig. 4). As illustrated in Fig. l it is one 
element in a system of Tertiary graben structures situated 
along the western coast of Spitsbergen. 

Structural architecture of the northern part 

of Forlandsundet Graben 

The present study indicates that the Forlandsundet 
Graben has a more complex architecture than previously 
assumed. The exposed part of the basin may be subdi
vided into four graben units (in the context of Rosendahl 
et al. 1986 and Rosendahl 1987), of which the northern
most NW -SE-striking unit (graben unit A, Fig. 3) is 
delineated to the west by fault segment Wl .  The eastern 
margin of this graben unit is difficult to locate precisely, 
but may be defined by a submerged NW -SE trending 
fault (fault segment El, proposed by Steel et al., 1985, 
their Fig. 1 1) situated north of the well-exposed fault 
segment E2. Unfortunately, no seismic or other data are 
available to the present authors to confirm the existence 
of fault segment El .  

The next graben unit to the south (graben unit B ,  Fig. 
3) trends slightly west of north and is bordered by fault 
segments W2 and W3 to the west and fault segments E2 
and E3 to the east. Of particular interest is fault segment 
E3, reported by W6jcik ( 198 1), which seems to sp1ay out 
from the easterly master fault system towards the graben 
axis. This indicates that a further structural subdivision 
of the graben into subunits may be justified. 

Farther to the south, graben unit C is de1ineated by fault 
segments W4 and E4 to the west and east, respectively. 
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Fig. 2. Schematic stratigraphical profile of the Forlandsundet Graben with relative position of the stratigraphic units (not to scale). The structural drag effects seen 

in reflection seismic profiles are not shown in this figure. After Rye Larsen ( 1982), reproduced with the permission of the author. 

Fig. 4 illustrates the interpretations of two reflection 
seismic profiles across the Forlandsundet Graben be
tween Selvågen and Sarsbukta (Fig. 4a) and between 
Brucebukta and St. Jonsfjorden (Fig. 4b) (for location of 
profiles, see Fig. 3). Line NP-F0-85/08 crosses graben 
unit C in a SW-NE direction. It shows that the strata 
have a general westerly tilt. A large extensional fault, 
with a flexure above it, occurs near the centre of the 
basin. In contrast, in line NP-F0-85/ 1 1, which is shot in 
an ESE-WNW direction, and is situated approximately 
10 km further south, the graben fill clearly has an east
erly dip. It is natural to assume that the transition zone 
between the two graben units is to be found near the 
kink in the master fault trends, i.e. near Peter Winter
bukta and Sarsbukta. Graben geometries documented to 
the south of Prins Karls Forland (Eiken & Austegard 
1987) indicate that similar polarity shifts may also occur 
in graben units further south along the west coast of 
Spitsbergen. 

The original total width of the Forlandsundet Graben 
may have been greater than presently defined by the 
master fau1ts. For example at Geddesfjellet, cong1omer
ates of the Tertiary Selvågen Formation appear with 
primary depositional contact to the folded and metamor
phosed Hecla Hoek rocks. The depositional surface is 
tilted strongly and paralleled by post-depositional faults 
which betong to fault segment W4 of the present master 
fault system (see also Kleinspehn & Teyssier, this vol
urne). This suggests that the present outline of the graben 
is at least partly defined by faults which have been active 
after the deposition of the Selvågen Formation. Thus, 
the true master faults (if they existed) which delineated 
the Forlandsundet Graben at the time of deposition of 
the Selvågen Formation should be sought west of the 
present graben margin, although not very far, as indi
cated by the immaturity of the conglomerates. It is noted 

that similar relations are reported from Renardodden 
(Dallmann 1989; Norsk Hydro pers. comm. 199 1). 

Both graben margins are associated with a pronounced 
normal drag, but this is best developed in the west. 

The master fault systems 

Regionally, the present extension of the Forlandsundet 
Graben is defined by NNW -SSE-striking faults separat
ing the Tertiary clastic sediments from basement rocks 
('Hecla Hoek'). The master faults dip steeply (Atkinson 
1962; Livsic 1974; Lepvrier 1990) and are composed of 
systems of en echelon structures (Wojcik 198 1; Morris 
1989). In some cases termination of the fault segments 
coincides with NW -SE-trending semi-regional faults 
(Hjelle & Lauritzen 1982, see Fig. 3). 

The exposed part of the Forlandsundet Graben is 
structurally dominated by the pronounced normal drag 
along the graben margins (Fig. 4). For the western part 
of the graben, this is reflected in the plots of bedding 
planes, as shown in Fig. 8. The average maximum dip 
near the master faults is in the order of 40-50°, but may 
locally approach vertica1 orientation, as described by 
W 6jcik ( 198 1) at Kaffiøyra near Gråfjellet. In con trast, 
the graben ftoor is rather flat in the more central part of 
the basin (Fig. 4). 

As seen from the following descriptions, strong 
deformation, partly brecciation, is common in the foot
walls of the master faults along the western as well 
as the eastern margins of the Forlandsundet Graben. 
It is emphasized that the bulk of this deformation is 
believed to be pre-Tertiary, and probably Caledonian, 
as demonstrated in Fuglehukfjellet by Man by ( 1986). 
This indicates that the present margins of the Forland
sundet Graben are old, rejuvenated zones of weakness. 
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Fig. 3. Structural key map with Jocalities. In addition to present field data, data from Atkinson (1962), W6jcik (198 1), Hjelle & Lauritzen (1982), Manby ( 1986) and 

Morris ( 1989) have been used in the compilation. Fau1t segments and graben units A, B, C and D (see text), and 1ocation of lines NP-F0-85/08 and NP-F0-85/1 1 

(see Fig. 4) are indicated. Arrows near the seismic .profi1es indicate dip direction of sediments in the graben units. Letters indicate tectonic subareas. Stereop1ots of data 

from the subareas are given in Fig. 8 .  
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Fig. 4. Forlandsundet Graben, geoseismic sections based on (a) line NP-F0-85/08 and (b) line NP-F0-85/1 1. Note the drag effects along the graben margins and 

difference in tilt between the two sections. For locations, see Fig. 3. Reproduced with the permission of Barents Oil. 

This point has been stressed a1so in previous 1iterature 
(Lepvrier 1990). 

Western margin. - A1ong the western graben margin five 
separate fault segments may be identified. All master 
fault segments are common1y paralleled by small faults 
with abundant horizontal or oblique slickenside lin
eations. 

Fault segment Wl defines the border of the northern
most part of the presently exposed graben margin. It 
strikes NW-SE to N-S, and runs a1ong the base of the 
mountains west of Aberdeenflya southwards to the 
southwestern shore of Richard1aguna (Fig. 3). At the 
base of Fuglehukfjellet in the north, the Hecla Hoek 
rocks close to the fault consist of heavily brecciated 
reddishly weathering quartzites of the Fuglehuken For
mation of the 'Grampian Group' as defined by Harland 
et al. ( 1979), cut by white quartz veins (Fig. 5). The 
brecciation is believed to represent a syn-metamorphic 
Caledonian deformational event (Manby 1986), and sup
ports the view that the master faults have had a history 
also prior to the Tertiary deformation. In this locality, 
exposures in the brecciated rocks and undeformed Ter
tiary sediments on Aberdeenflya, which here consist of 

Fig. 5. Brecciated quartzites of the Fuglehuken Formation of the 'Grampian 

Group' impregnated with white quartz veins, Fuglehukfjellet. The age of the 

brecciation is believed to be Caledonian. Picture is taken towards the northwest. 

Note hammer for scale. 

sandstones with occasional conglomeratic horizons and 
mudstones, suggest that the contact between the Hecla 
Hoek rocks and the Tertiary sequence is situated a few 
hundred metres east of the foot of the mountain. The 
Tertiary beds in these localities typically dip 40-50°ENE. 
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Fig. 6. Sketches of contact relations between Hecla Hoek rocks and Tertiary sediments along the master faults. (a) The contact at Fuhrmeisterstranda at the base of 

Laurantzonfjellet, seen towards the north. (b) Geddesfjellet seen towards the north from Magdabreen. Inset shows a detail of the primary unconformity at the contact 

where it is unfaulted. Higher up towards the summit of Geddesfjellet the contact is disturbed by several faults, one of which is indicated in the sketch. (c) The contact 

west of Dahl toppen northeast of Sarsbukta seen from the southeast. Note the drag along the fault. The Hecla Hoek rocks are heavily brecciated at this locality. 

Fault segment W2 trends NNW -SSE and is identified 
in the area southwest of Richardlaguna southwards to 
Buchananryggen (Fig. 3). South of Richardlaguna the 
fault disappears beneath Murraybreen. It has been sug
gested to reappear at the shore of Grimaldibukta (Atkin
son 1962, his Fig. l), but has also been indicated to run 
off the coast in this area by Hjelle & Lauritzen ( 1982). In 
the southerly part of Buchananryggen, the fault seems to 
split into two(?) major branches, thus defining an iso
Iated sliver of Tertiary conglomerates bordered on both 
sides by Hecla Hoek rocks. This implies that the master 
fault delineating the Hecla Hoek phyllonites against the 
continuous Tertiary sequence is found rather far to the 
east on Buchananryggen. 

Strongly deformed Hecla Hoek rocks are seen in 
river creeks east of Laurantzonfjellet. At Laurantzon
fjellet itself, phyllites, probably of the Kaggen Formation 
of the Scotia Group (Harland et al. 1979), are exposed 
along the nearly N-S-striking fault. The contact between 
the Tertiary sediments and the Hecla Hoek rocks is 
complex; east of Laurantzonfjellet an abrupt, faulted 
contact is seen, and no drag effects in the Ter
tiary sequence are observed (Fig. 6a). In a couple of 
small exposures on Buchananryggen, however, con
glomerates are found to lay unconformably on the 
top of the basement, demonstrating that also here 

there is a primary depositional contact which was later 
affected by faulting. 

The Tertiary strata on Trocaderostranda immediately 
east of Buchananryggen are affected by open to close 
NW to N, and W-plunging folds (Figs. 7 and 8). 

Fault segment WJ trends southwards from Buchanan
ryggen below Søre Buchananisen to Krokodillen (Fig. 3). 
Three major N-S striking faults, of which the two western 
are extensional and the eastern probably compressional, 

Fig. 7. Folded Tertiary strata at Trocaderostranda seen towards the northwest. 

The cliff is approximately 6 m high. The viewer looks towards the northwest. 
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Fig. 8. Stereoplots of poles of bedding planes, fold axes and poles of fractures, 

Tertiary, Prins Karls Forland. (l) All data, Prins Karls Forland, (2) all data 

northem Prins Karls Forland; Aberdeenflya and Fuhnneisterstranda, (3) all data 

southem part of mapped area, (a) Aberdeenflya, (b) Fuhnneisterstranda, (c) 

BuchananryggenfTrocaderostranda, ( d) Sesshøgda/Geddesfjellet{Peter Winter

bukta/Krokodillen, (e) Sesshøgda, (f) Geddesfjellet, (g) Peter Winterbukta, (h) 

Krokodillen. Numbers and letters refer to locations given in Fig. 3. Lower 

hemisphere, equal area net. 



1 12 R. H. Gabrielsen et al. 

cross the ridge of Krokodillen. Also Atkinson ( 1962) 
and Rye Larsen ( 1982) indicated that the master fault 
splays into several major branches in this area, with 
major strands cutting into both the hanging wall and the 
footwall. 

The westernmost fault in this system defines the con
tact between the Hecla Hoek rocks and Selvågen Forma
tion. The dips of the Tertiary strata are generally 40° to 
70° to the SE or E (Fig. 8). In the present interpretation, 
the western fault on Krokodillen has been linked with 
the eastern fault on Buchananryggen to constitute Seg
ment W3, because both these faults separate the Tertiary 
rocks from the basement. However, no conclusive evi
dence for this correlation exists, and other alternatives 
for the correlation may be just as likely. 

Fault segment W 4, which is situated between Geddes
fjellet and Peterbukta, defines a NW -SE-striking strand 
of the western master fault system. On Geddesfjellet, 
where the fault-contact traditionally has been drawn, the 
conglomerates of the Selvågen Formation rest uncon
formably on Hecla Hoek chloritic schists (Fig. 6b), indi
cating that, during deposition, the syndepositional 
master fault was located to the west of the present 
western limit of the Tertiary graben sediments. The tilted 
contact locally strikes NW -SE in this locality. On a 
larger scale the Tertiary strata are seen to dip 45-50° to 
the east, i.e. towards the present graben axis. 

The contact at Sesshøgda farther to the southeast is 
more obscure, and a combination of NW -SE- and N-S
trending faults has been suggested (Rye Larsen 1982). 
The present authors were unable to identify the N-S
trending fault in the field. On the other hand, two separate 
branches of the NW -SE-trending fault were observed. 
Farther to the southeast Segment W4 crosses Ferrierryg
gen and probably goes offshore at Peterbukta (Fig. 3). 

Fault segment W5. Atkinson (1962) proposed the exis
tence of a N -S-trending fault in Scotiadalen. Discussion 
has been going on in the literature on the interpretation 
of this structure (Hjelle et al. 1979); Morris ( 1989) 
interpreted it as a right lateral strike-slip Palaeocene
Eocene fault composed of a large num ber of left-stepping 
Riedel shears. The Scotiadalen fault links up with fault 
Segment W4 south of Selvågen, and is accordingly in
cluded as Segment W5 in Fig. 3. It should, however, be 
noted that there is stratigraphic continuity in the Hecla 
Hoek rocks in Scotiadalen, and that no large displace
ment across this fault is possible (G. M. Manby pers. 
comm. 199 1). 

Eastern margin. - Also the eastern margin of the For
landsundet Graben is segmented. The vertical separation 
on the eastern margin is estimated to be in excess of 
700 m (Harland & Horsfield 1974). East on Sarstangen 
(Fig. 3), NNW -SSE to NW -SE-trending fault branches 
are separated by ENE-WSW to NE-SW possibly 
younger faults ( Birkenmajer 1972; W 6jcik 198 1 ). 

Fault segment El is not observed onshore, but is 
inferred to run NW -SE along the coastline north of 
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Engelskbukta (Steel et al. 1985). The present authors did 
not have data to confirm this interpretation. 

Fau/t segment E2 trends NNW -SSE and is suggested 
to run from Kapp Graarud and southwards at the base 
of Alexanderfjellet and Kuppelryggen to Cissybreen 
(W6jcik 198 1). 

Fault segment EJ. According to W6jcik ( 198 1), the 
fault zone makes a pronounced westerly step towards 
Sarstangen, and trends WNW,-ESE towards the north
em margin of Aavatsmarkbreen. W6jcik ( 198 1, p. 33) 
also reports Quaternary fault activity along this segment. 
During a visit at this locality in 199 1, the present authors 
were unable to confirm the Quaternary faulting reported 
by W 6jcik ( 198 1 ). These faults are therefore not included 
in Fig. 3. 

At Gråfjellet and Dahltoppen the master fault cuts 
well into the Hecla Hoek rocks, which are characterized 
by pre-Tertiary (?Caledonian) folding and brecciation 
(Fig. 6c). Slickenside striae on fault surfaces in the 
Tertiary conglomerates indicate both strike-slip ( dextral) 
and oblique movements. Faults parallel to the graben 
margin are developed also in the Tertiary conglomerates, 
which typically reveal normal drag towards the fault 
zone. Here, the westerly dips of the beds change from 
approximately 20° to (locally) 70° within a few hundred 
metres. 

Fault segment E4 trends NNW -SSE from the south
em margin of Aavatmarksbreen towards Farmsundet. 
Even this system is offset by a number of transverse 
faults according to W6jcik (198 1). 

Compressional structures in the Tertiary graben sediments 

Even though the regional dip in the Tertiary sediments 
along the western margin of the Forlandsundet Graben 
is relatively consistent, folding is not uncommon. This 
deformational style is best exposed in the shore sections. 
The folds are seen on two scales. Large, gentle, upright 
folds with amplitudes up to a few tens of metres and 
wavelengths of several hundred metres are seen in shore 
sections and on the strandflats, e.g. at Furhmeister
stranda and Reinhardpynten. In addition to these large
scale gentle structures more intense folding characterized 
by amplitudes in the order of l to 5 m and wavelengths 
of up to a few tens of metres are seen. These are 
frequently associated with reverse faulting or thrusting. 

Folds and reverse faults or thrusts seem to be devel
oped in two settings: 

(l) A complicated deformational pattern is seen in 
areas where there are major steps in the graben margin. 
This is particularly evident at Buchananryggen where the 
master fault, according to our interpretation, splits into 
several major fault branches, and an easterly step in the 
fault system is indicated. It is noted, however, that the 
step may be associated with two generations of fractures 
where (older) N -S-trending faults are cross-cut by 
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Fig. 9. (a) Schematic cross-section with reverse south-vergen! faults south of Rottenburgpynten. (b) Schematic cross-section with reverse north-vergen! faults at 

Fuhrmeisterstranda. Continuous lines are observed, stippled lines are inferred. Scales are approximate. 

(younger) ENE-WSW trending fau1ts. A1so, the Tertiary 
sediments at Trocaderostranda, which is situated imme
diately east of this step (Fig. 3), are deformed by steep 
reverse fau1ts and associated folds. As shown in Fig. 8, 
the fold axes plunge towards the N and NW . 

At Krokodillen, which consists of shales interbedded 
with sandstones of the Krokodillen Formation (Livsic 
1967; Rye Larsen 1982), strong deformation is recorded. 
Severa1 approximately N-S-trending faults cross the 
ridge of Krokodillen. One of these seems to be a thrust 
fau1t with a dip of 35-40° to the SE and with northwest
erly vergence. As the fault more or less follows the 
contact between a sandstone bench and the shales within 
the Krokodillen Formation, the amount of movement is 
difficult to determine. 

(2) NW -SE-trending folds with SE-plunging axes as
sociated with reverse faults or small thrust faults are 
commonly exposed along the eastern coastline of Prins 
Karls Forland (Fig. 8). Examples of the deformational 
style from Fuhrmeisterstranda and the area south of 
Rottenburgpynten are shown in Figs. 9a and b, 10 and 
11. Folds and thrusts appear in zones separated by 
undeformed areas, suggesting that the deformed zones 
represent fault branches ramping up-section from a 
deeper floor fault, and that the steep reverse faults define 

Fig. JO. High-angle, reverse fault, Peter Winterbukta. Note person in centre of 

the picture for scale. North is to the right in the picture. 

separate horses within a duplex. It should be noted 
that northerly as well as southerly vergence of these 
structures are observed, and that direction of transport 
may vary considerably (Fig. 3). However, a tendency 
exists for vergence towards the graben margin to domi
nate, although E-W to NE-SW-trending structures with 
northerly as well as southerly vergence are seen (Fig. 9). 
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Fig. Il. Thrust fault, Fuhnneisterstranda. The cliff is approximately 6 m high. 

North is to the right in the picture. 

Fractures 

The compressional structures are crosssed by several 
generations of steep fractures characterized by exten
sional, oblique and also shear movements. Fracture sets 
parallel to the graben margins are common, but this 
simple pattern is complicated by conjugate sets of 
WNW-ESE and ENE-WSW-trending fractures. 

Shear fractures and oblique fractures are frequent. 
One system of shear fractures has been mapped dose to 
the master faults, and runs sub-parallel to them. Hori
zontal and oblique slicken-side striae are common on the 
fracture surfaces, which are frequently crossed by more 
or less E-W -trending fractures, also with sub-horizontal 
or oblique slickensides. 

On the strandfl.ats at Aberdeenfl.ya and Fuhrmeister
stranda, the Tertiary strata are cut by faults with appar
ent strike-slip components. These faults seem to 
constitute conjugate NW-SE and NE-SW-trending sets, 
which are easily mapped from aerial photographs (Fig. 
12) and on the ground (Fig. 13). Typical apparent hori
zontal separations are in the order of 5-30 m. As the 
fault planes are seen in horizontal sections only, it has 
not been possible to decide whether or not these struc
tures are true strike-slip or oblique faults, or if they are 
extensional non-vertical faults developed in a tilted rock 
sequence. However, in exposures along the shore, indica
tions of strike-slip movements along minor fractures with 
similar trends are abundant. 

Fractures with sub-parallel tren ds (WNW- ESE and 
NE-SW to ENE-WSW) are also seen northeast of 
Geddesfjellet. Clear indications of shear are seen where 
these fractures cross the conglomerates of the Selvågen 
Formation. Unfortunately, the present data are insuffi
cient to make any firm interpretation of these fracture 
systems, but it is noted that the fractures have a surpris
ingly fresh appearance to have suffered strong glacial 
erosion, and that the relief across the faults is frequently 
preserved (Fig. 14). 
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Extensional structures are seen in the coastal expo
sures, and can, in some cases, be followed as topographic 
depressions a few tens of metres inland. The extensional 
faults are usually steep ( dips of 65-75° are common), are 
frequently seen to strike N30°-75°E, and clearly post
date the compressional structures (Fig. 9b). They have a 
vertical separation from 0.5 to 2 m. Relative to the 
systems of min or fractures, the extensional faults mapped 
are few, and they have little impact in the stereoplots 
presented in Fig. 8. 

Soft-sediment and syn-depositional deformation 

Soft-sediment and syn-depositional deformation are seen 
in several places in the finer-grained parts of the Tertiary 
sequences. These structures include fl.ow in mudstones as 
well as slumping and growth faulting. The general defor
mational style and the lack of mineralization on fault 
surfaces make it possible to separate the soft-sediment or 
syn-depositional deformation effects from the tectonic 
structures. 

Structural synthesis 
Dog-leg geometry, as seen in the Forlandsundet Graben, 
is common in most graben systems (e.g. Johnson 1930; 
Freund & Merzer 1976; Bally 1982; Harding 1984; Mulu
geta 1985) and should not, as such, be taken as definite 
proof of a strike-slip origin of the structure. Gibbs 
( 1984), Bosworth et al. (1986), Rosendahl et al. (1986) 
and Rosendahl (1987) have demonstrated that, depend
ing on geometries, pattern of over-lap and vergence of 
the master faults, dog-leg geometries may be associated 
with either shifting or constant polarity of graben units. 
The gra ben units are connected by transfer faults ( Gibbs 
1984) or accommodation zones (Rosendahl et al. 1986; 
Rosendahl 1987). 

As shown in Fig. 4, shift in polarity occurs between 
graben units C and D, and a general subdivision of the 
basin in to graben units may be defended. According to this 
model, accommodation zones should be looked for in the 
areas around Murraypynten, Geddesfjellet and south of 
Peterbukta on the western margin, and near Engelsk bukta, 
possibly Sarstangen, and around Farmsundet along the 
eastern margin of the graben. At the present stage, these 
structures have not yet been analysed in detail, but the most 
obvious candidate for an accommodation zone is the area 
between Murraypynten and Sarstangen (Fig. 3). 

However, until a detailed investigation of refiection 
seismic data from within the graben has been carried out, 
it is not possible to decide whether the general structure 
is built in an overlapping or non-overlapping, opposing 
half-graben configuration, in the context of Rosendahl et 
al. ( 1986) and Rosendahl ( 1987). 

Investigations on Prins Karls Forland demonstrate 
that folding has occurred, and that NW-SE striking 
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Fig. 12. Aerial photograph (S69 2 1 19) with interpretation of the southern part of Aberdeenftya. Note offset of bedding in the central part of the picture. The straight 

lines near the lake east of the centre of the picture and the wavy lines to the south are post·glacial strandlines and should not be confused with bedding. The aerial 

photograph is reproduced with the permission of Norsk Polarinstitutt and Fjellanger-Widerøe a.s. 

axial traces are dominating, whereas the vergences of 
reverse faults and thrusts vary more (Fig. 3). It is sug
gested that the thrusts and reverse faults are subdivided 
into two genetic groups in the investigated area. Type 
1-structures strike at a large angle to the graben margin 
and are characterized by both northerly and souther1y 
vergence. Type 2-structures are associated with transport 
towards the western graben margin. 

It may be reasonable to associate the generation of 
these structures with a strike-s1ip event and moderate 
basin inversion, respectively. The reverse faults and 
thrusts are frequently seen to occur in groups, indicating 
that they are parts of duplexes associated with ramps 
from deeper sub-horizonta1 fioor fau1ts. 

Most fold axes plunge towards the southeast or east, 
indicating a possible rotation in connection with the 
normal drag developed along the present graben margin. 

This suggests that the drag was developed after the 
compressional event. If this assumption is correct, and an 
average dip of 35° associated with the later drag is 
assumed, removal of this effect in a stereoplot shows that 
the original orientation of most of the fold axes was 
nearly horizontal NW -SE to E-W. 

As shown in the previous section, a set of extensional 
fractures post-dates the compressional structures, indi
cating a final relaxation of the compressional component 
in the stress system. 

Discussion 
Palaeontological constraints on the timing of the tec
tonic stages affecting the Tertiary West Spitsbergen are 
scanty (e.g. Atkinson 1962; Steel et al. 1985) and, hence, 
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Fig. 14. Transverse fault with high, fresh-looking relief and oblique slickenside 

lineation, Geddesfjellet. Note hammer for scale. 

interpretations rely heavily on plate tectonic reconstruc
tions of the Norwegian-Greenland Sea. These models 
(Talwani & Eldholm 1972, 1977; Myhre et al. 1982; 
Eldholm et al. 1984, 1987; Myhre & Eldholm 1988) 
suggest that transpression dominated in the northern 
part of the Hornsund fault zone at anomaly 23-time 
(54 rna; earliest Eocene), whereas further south the Senja 
Fracture Zone acted as a leaky ( transtensional) trans
form at the same time. The transtensional regime spread 
northwards and reached the southern tip of Spitsbergen 
at about anomaly 21-time (49.5 rna; mid-Eocene) when 
the tectonic activity as associated with a compressional 
component peaked. At anomaly 13-time (36 rna; early 
Oligocene) a shift in the relative plate movements 
brought an end to the shear movements (Eldholm et al. 
1987; Nøttvedt et al. 1988a; Muller & Spielhagen 1990). 
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Fig. 13. Offset sandstone beds at the 

southem part of Aberdeenflya, Jooking 

towards the north. Note person in 

background for scale. 

Although some of the interpretations upon which 
these ideas are based may at present be under revision 
(Andresen et al. 1988; Maher & Craddock 1988; 
Nøttvedt et al. 1988b; Maher et al. 1989; Bergh & 
Andresen 1990; Haremo & Andresen in press), it has 
been generally accepted that dextral shear associated 
with the break-up of the Laurasia as the Greenland and 
Eurasian plates were sliding past each other in the Ter
tiary was also responsible for the deformation of western 
Spitsbergen and development of the West Spitsbergen 
fold-and-thrust belt (e.g. Harland 1965, 1969; Lowell 
1972; Harland et al. 1974; Kellogg 1975). Within this 
plate-tectonic framework, and bearing the available dat
ings of the sedimentary fill of the basin in mind ( see 
introductory paragraphs for a short summary), it seems 
obvious that the Tertiary Forlandsundet Graben was 
initiated during a phase of prevailing regional dextral 
transpression. 

To explain its subsidence, Steel et al. ( 1985) proposed 
a dextral transpressional situation in late Palaeocene to 
Eocene times, prior to formation of the Forlandsundet 
basin. Deformation peaked in mid-Eocene times with 
formation of the West Spitsbergen fold-and-thrust belt 
(see also Steel & Worsley 1984). In this model, the 
transpressional system switched back to tension in late 
Oligocene via a period of late Eocene-mid-Oligocene 
transtension during which the Forlandsundet Graben 
was formed, probably in a releasing bend position. 

The large apparent stratigraphic thickness compared 
with the vertical thickness of the basin fill was taken as a 
suggestion of strike-slip origin. This was supported by 
studies of conglomerate clasts in the Selvågen Formation 
that may have been transported at least 3 km along 
strike of the graben margin from their source area (Rye 
Larsen 1982). However, recent studies show that strati
graphical thicknesses, as measured from reftection seis
mic data, correspond roughly to maximum stratal 
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thickness (Nøttvedt et al. this volume). Also, as stated by 
Steel et al. ( 1985), since the sedimentological evidence for 
a transcurrent component is sparse, the regional tectonic 
setting of the basin may be the strongest argument for a 
strike-slip origin. 

Based on fracture studies Lepvrier & Geyssant ( 1985) 
and Lepvrier ( 1 988, 1990) suggested dextral transpres
sion to have dominated the Forlandsundet area in late 
Cretaceous times, switching locally to sinistral in early 
Palaeocene. Further, by clockwise rotation of the maxi
mum horizontal stress axis from approximately N20°N 
to N70- 80°N, compression took over. A relaxation of 
the horizontal stress then took place, and the compres
sional regime was followed by extension from early 
Eocene time on. For the dating of the Tertiary events 
Lepvrier ( 1990) partly relied on correlations to a parallel 
study of the Central Basin (Kleinspehn et al. 1989), 
where sediments as old as Palaeocene are preserved. It is 
noted here that the sequence of events described by 
Lepvrier ( 1990) is in accordance with o ur structural 
observations. However, since the available biostrati
graphical data suggest that the sediments of the Forland
sundet Graben were deposited during the Eocene, we will 
try to use this time-framework in the following. 

It should also be mentioned that vitrinite reftectance 
data (Manum & Throndsen 1 986; Kleinspehn & Teys
sier, this volume, Norsk Hydro pers. comm. 1991) sug
gest that differential subsidence (or differential uplift) 
has characterized the graben development. Thus, the 
rocks of the western margin may have been buried 
several thousand metres deeper than the sediments of 
the eastern margin. This is supported by the two seismic 
lines (Fig. 4) which demonstrate that the sequence ex
posed along the eastern shores of Prins Karls Forland is 
situated stratigraphically higher than those in the 
Selvågen area. 

The present investigation has suggested that the devel
opment of the Forlandsundet Graben may be subdivided 
into four stages: 

( l) During the initial stage deposition took place in a 
basin somewhat broader than that now delineating For
landsundet (Fig. 15a). This is suggested by the rotated, 
primary sedimentary contacts between the Hecla Hoek 
rocks and the Tertiary conglomerates, which were later 
to be cut by the younger master faults of the present 
Forlandsundet Graben. It is not known whether or not 
an active fault system existed outside the present graben 
area at this time. We have no evidence from within the 
Forlandsundet Graben to indicate the tectonic setting of 
the basin at this time, but from regional evidence a 
dextral strike-slip regime is proposed. 

According to Steel et al. (1985) the initiation of the 
sedimentation in Forlandsundet Graben may have taken 
place in ( early?) Eocene time. This is in accordance with 
the present investigation, which has shown that the con
glomerates of the Selvågen Formation occur in a position 
stratigraphically lower than that of the Sarstangen For
mation (Fig. 4, see also Nøttvedt et al. this volume). The 
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Selvågen Formation has been dated to be 'not younger 
than Eocene' (Manum 1962 ; Livsic 1965, 1974; Feyling
Hansen & Ulleberg 1984) .  It is also noteworthy that 
Kleinspehn et al. ( 1989), based upon paleostress investi
gations in the Central Basin, suggested a phase of exten
sion (or transtension) in earl y Eocene time. 

(2) Following the initial stage, the early phase of graben 
formation involved rapid subsidence and the establish
ment of (?) discontinuous fault_ scarps in a generally 
right-stepping configuration of graben units (Fig. 15 b). 

Even though it is acknowledged that dextral shear was 
prevailing on a regional scale, it seems clear that an 
extensional component contributed to the basin develop
ment at this stage. This may be supported by the general 
architecture of the present graben. Steel et al. (1 985) 
preferred a model which involved extension in the lee of 
a wrench fault curvature around a resistant land mass to 
explain this stage in the formation of the Forlandsundet 
Graben. However, when the extension of similar graben 
structures along the coast of Spitsbergen is considered 
(Eiken & Austegard 1987), a transtensional event of 
more regional significance may seem more likely. Also, in 
a system of right-stepping faults exposed to dextral 
shear, a series of separate pull-apart basins should be 
expected (Rodgers 1980 ; Aydin & Nur 1982, 1985). So 
far, isolated basins associated with the early phase of 
basin formation have not been observed (Eiken & Auste
gard 1987) . 

Dextral shear would be consistent with subsequent 
development of the observed NW - SE to NE-SW steik
ing folds and faults within the gra ben (type 1-structures, 
see 'Structural synthesis') as well as the complications 
and strain concentration which is seen in the vicinity of 
steps in the master fault systems. On the other hand, 
many of these structures are characterized by northerly 
vergence. It may be speculated as to whether a loca1 
phase of sinistral shear (as proposed by Lepvrier (1990) 
and tentatively dated to Palaeocene by him) has con
tributed to this complex pattern. Tilt of the graben ftoor 
may be associated with this event, or alternatively with 
event ( 4) ( see below). 

It may be concluded that, even though the basin 
formation took place in a dextral transcurrent environ
ment, the total amount of strike-slip in the Forland
sundet Graben was probably not very large, possible a 
few kilometres. 

(3) It is proposed that the stress changed to transpres
sional or compressional at the stage when the type 
2-structures were developed, possibly in late Eocene
early Oligocene times (Fig. 15c). This led to narrowing of 
the basin, and a mild phase of inversion, which may have 
been noticeable only in the vicinity of the master faults 
along the graben margin. 

Again, it is noted that a compressional event with a 
N70° -80°E oriented maximum horizontal axis has been 
reported by Lepvrier ( 1990) . 

( 4) The extensional structures that are seen to cross
cut compressional structures may represent the transition 
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Fig. 15. Schematic development of the Forlandsundet Graben. Shadowed area illustrates anticipated area of deposition. Note that the basin area extended o utside the 
present graben as defined by its present master faults at the stage of initiation. See text for further explanation. 
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to transtension and later extension to prevail during the 
remaining part of the Oligocene (Fig. 15d). The flexuring 
of the basin margins is attributed to this event. Klein
spehn et al. (1 989) and Lepvrier ( 1990) reported a N-S 
directed extensional phase to have been active in the 
Oligocene. 

Conclusions 

The present structural investigation of the Forlandsundet 
Graben has revealed no unequivocal evidence for the 
mechanism of initiation of the graben formation. How
ever, local dextral transtension in a regional dextral 
transpressional regime is considered the most likely envi
ronment. There are also indications that subsidence 
started in (?)early Eocene times, resulting in a basin that 
may have been somewhat wider than the present For
landsundet Graben. 

During continued deformation the northern part of 
the basin was subdivided into at least four graben units, 
probably with opposite polarities in an overall right-step
ping graben configuration. As can be seen from sedimen
tological evidence (Rye Larsen 1982; Steel et al. 1 985) 
and the present structural analysis, indications are that 
the horizontal component of the movements were subor
dinate. A reasonable estimate may be in the order of a 
few kilometres. The graben sediments were then de
formed by folding, reverse faulting and thrusting in a 
continuing dextral strike-slip environment, possibly with 
a phase of sinistral shear. 

A late Eocene-(?)early Oligocene episode of compres
sion led to mild inversion of the basin margins before 
accelerated subsidence resulted in the development of 
large-scale drag structures along the graben margins. 
During this deformation the older border faults acted as 
binge-lines. This deformation, which may correspond to 
the transition from dextral transpression to transtension 
on a regional scale, was accompanied, or followed, by 
extensional faulting within the graben itself. 

It is acknowledged that the resolution of the tectonic 
events within the Forlandsundet Graben is no better 
than that of the available biostratigraphical data. It is 
also realized that dateable fossils are rare, and that 
detailed dating of the sediments is difficult. Nevertheless, 
it is suggested that future structural geological studies in 
the area should be accompanied by a dating programme 
to obtain a good correlation to the plate tectonic events 
that governed the development of the Forlandsundet 
Gra ben. 

Acknowledgements. - The present work is a cooperation between Norsk Hydro 
a.s. and the University of Bergen. The part of the project carried out at the 
university has been financially and logistically supported by Norsk Hydro a.s. 
The authors would like to thank Norsk Hydro a.s. for permission to publish the 
data and Barents Oil for permission to publish interpretations of lines NP-F0-85/ 
08 and Il . We are indebted to the crew on 'lsdronningen' for their patience and 
seamanship during manoeuvres necessary to land in the places pointed out from 
geological and not navigational grounds. Furthermore, we thank Winfried 
Dallmann, William Helland-Hansen, Karen Kleinspehn, Ron J. Steel and an 

Structural outline of the Forlandsundet Graben 119 

anonymous referee, whose comments helped to improve the manuscript from 
both a geological and linguistic point of view. The figures were drafted by 
Masaoki Adachi and Jane Ellingsen of the University of Bergen. 

Manuscript received March 1991 

References 

Andresen, A., Bergh, S. G., Hansen, H.,  KJøvjan, 0., Kristensen, S. E., Livbjerg, 
F., Lund, T., Midbøe, P. & Nøttvedt, A: 1988: Geometry and structural 
development of the Billefjorden and Lomfjorden fault zones in the Isfjorden -
Sabine Land area, Spitsbergen ( abstract). Abstracts, 18. Nordiske geologiske 
Vintermøde, København, Januar 1988, 33-34. 

Atkinson, O. J.  1962: Tectonic control of sedimentation and the interpretation of 
sediment alternation in the Tertiary of Prince Charles' Foreland, Spitsbergen. 
Geological Society of America Bulletin 73, 343-364. 

Aydin, A. & Nur, A. 1982: Evolution of pull-apart basins and their scale 
independence. Tectonics l, 91-105. 

Aydin, A. & Nur, A. 1985: The types and roles of stepovers in strike-slip 
tectonics. In Biddle, K. T. & Christie-Blick, N. (eds.): Strike-slip deformation, 
basin formation, and sedimentation. Society of Economic Paleontologists and 
Mineralogists Special Pub/ication 37, 35-44. 

Bally, A. W. 1982: Musings over sedimentary basin evolution. Royal Society of 
London, Philosophical Transactions, Series A305, 325-338. 

Bergh, S. G. & Andresen, A. 1990: Structural development of the Tertiary 
fold and thrust belt in Oscar Il Land, Spitsbergen. Polar Research 8, 
217-236. 

Birkenmajer, K. 1972: Tertiary history of Spitsbergen and continental drift. Acta 
Geologica Polonica 22 (2), 193-218. 

Birkenmajer, K. 1981: The geology of Svalbard, the western part of the Barents 
Sea and the continental margin of Scandinavia. In Nairn, A. E. M., Churkin, 
M. & Stehli, F. G. {eds.): The Ocean Basins and Margins. 5, The Arctic Ocean, 
265-329. Plenum Press, New York. 

Bosworth, W., Lambiase, J .  & Keisler, R. 1986: A new look at Gregory's Rift: 
The structural style of continental rifting. EOS, Transaction American Geophys
ical Union 67, no. 29, 582-583. 

Craig, R. M. 1916: Outline of geology of Prince Charles' Foreland. Edinburgh 
Geological Society Transactions 10, 276-288. 

Dallmann, W. K. 1989: The nature of the Precambrian-Tertiary boundary at 
Renardodden, Bellsund, Svalbard. Polar Research 7, 139-145. 

Eiken, O. & Austegard, A. 1987: The Tertiary orogenic belt of West-Spitsbergen: 
Seismic expressions of the offshore sedimentary basins. Norsk geologisk 
Tidsskrift 67, 383-394. 

Eldholm, 0., Faleide, J. I.  & Myhre, A. M. 1987: Continent-ocean transition 
at the western Barents Sea/Svalbard continental margin. Geology 15, 
1118-1122. 

Eldholm, 0., Sundvor, E.,  Myhre, A. M. & Faleide, J.-I. 1984: Cenozoic 
evolution of the continental margin off Norway and western Svalbard. In 
Spencer, A. M. et al. (eds.): Petroleum Geology of the North European Margin, 
3-18. Norwegian Petroleum Society (Graham & Trotman). 

Feyling-Hansen, R. W. & Ulleberg, K. 1984: A Tertiary-Quaternary section 
at Sarsbukta, Spitsbergen, Svalbard, and its foraminifera. Polar Research 2, 
3-19. 

Freund, R. & Merzer, A. M. 1976: The formation of rift valleys and their zigzag 
fault patterns. Geological Magazine 1 13, 561-568. 

Gibbs, A. D. 1984: Structural evolution of extensional basin margins. Journal of 
the Geo/ogica/ Society of London 141, 609-620. 

Harding, T. P. 1984: Graben hydrocarbon occurrences and structural styles. 
American Association of Petroleum Geologists Bulletin 68, 333-362. 

Haremo, P. & Andresen, A. in press: Tertiary decollement thrusting and inversion 
structures along Billefjorden and Lomfjorden Fault Zones. In Larsen, R. M. & 
Larsen, B. T. (eds.): Structural and Tectonic Modelling and its App/ication to 
Petroleum Geo/ogy. Norwegian Petroleum Society. 

Harland, W. B. 1965: The tectonic evolution of the Arctic-North Atlantic region. 
Royal Society of London, Philosophical Transactions 258, Ser. A, 59-75. 

Harland, W. B. 1969: Contribution of Spitsbergen to understanding of the 
tectonic evolution of the North Atlantic region. Tulsa American Association of 
Petroleum Geo/ogists Memoir 12, 817-851. 

Harland, W. B., Cutbill, J. L., Friend, P. F. ,  Gobbett, D. J., Holliday, D. W., 
Maton, P. 1., Parker, J. R. & Wallis, R. H. 1974: The Billefjorden Fault Zone, 
Spitsbergen. The long history of a major tectonic Jineament. 72 pp. Norsk 
Polarinstitull Skrifter 161. 

Harland, W. B. & Horsfield, W. T. 1974: West Spitsbergen Orogen. In Spencer, 
A. M. (ed.): Mesozoic-Cenozoic orogenic beits. Geo/ogical Society of London 
Special Pub/ication 4, 747-755. 



1 20 R. H. Gabrielsen et al. 

Harland, W. B., Horsfield, W. T., Manby, G. M. & Morris, A. P. 1979: An 
outline pre-Carboniferous stratigraphy of central western Spitsbergen. Norsk 
Polarinstitutt Skrifter 167, 119-144. 

Hjelle, A. & Lauritzen, Ø. 1982: Geological map, Svalbard, 1:500.000. Sheet 3G, 
Spitsbergen northern part. Norsk Polarinstitutt Skrifter 154C, 15 pp. 

Hjelle, A., Ohta. Y. & Winsnes, T. S. 1979: Hecla Hoek rocks of Oscar Il Land 
and Prins Karls Forland, Svalbard. Norsk Polarinstitutt Skrifter 167, 145-169. 

Holtedahl, O. 1913: Zur Kenntnis der Karbonablagerung des westliches Spitzber
gens. Il: Allgemeine stratigraphisehe und techtonisehe Beoachtungen. Viden
skapsselskapets Skrifter, Kristiania, Matematisk-Naturvidenskapelig Klasse, No. 
23, 91 pp. 

Johnson, D. 1930: Geomorphologic aspects of rift valleys. 15th International 
Geo/ogica/ Congress Proceedings 2, 354-373. 

Kellogg, H. E. 1975: Tertiary stratigraphy and tectonism in Svalbard and 
continental drift. American Association of Petroleum Geo/ogists Bulletin 59, 
465-485. 

Kleinspehn, K. L., Pershing, J. & Teyssier, Z. 1989: Paleostress stratigraphy: a 
new technique for analysing tectonic control on sedimentary-basin subsidence. 
Geo/ogy 17, 253-256. 

Kleinspehn, K. L. & Teyssier, C. 1991: Tectonics of the Palaeogene Forlandsun
det Basin, Spitsbergen: A preliminary report. This volume. 

Lepvrier, C. 1988: Ralais compressifs et distensifs entre decrochements dans la 
chain tertiaire du Spitzberg (Svalbard, Norvege). C.R. Acad. Sei. Paris 1. 307, 
Serie Il, 409-414. 

Lepvrier, C. 1990: Early Tertiary paleostress history and tectonic development of 
the Forlandsundet basin, Svalbard, Norway. Norsk Po/arinstilu/1, Meddelelser 
112, 16 pp. 

Lepvrier, C. & Geyssant, J. 1985: L'evolution structural de la marge occidentale 
du Spitsberg: coulissementy et rifting tertiaires. Societe Geologique de France 
Bulletin 8, 115-125. 

Livsic, Ju. Ja. 1965: Paleogene deposits of Nordenskiiild Land, Vestspitsbergen. 
In Sokolov, V. N. (ed.) : Maleria/y po geo/ogii Shpitsbegen (Engl. translation: 
Boston Spa, Yorkshire, England National Lending Library of Science and 
Technology, 1970, 193-215). 

Livsic, Ju. Ja. 1967: Tertiary deposits in the western part of the Spitsbergen 
Archipelago. In Sokolov, V. N. (ed.) : Stratigraphy of Spitsbergen (translated by 
E. T. Francis & G. Kleiner, the British Library Board, 1977), 235-259. 

Livsic, Ju. Ja. 1974: Palaeogene deposits and platform structure of Svalbard. 
Norsk Polarinstitutt Skrifter 159, 50 pp. 

Lowell, J. D. 1972: Spitsbergen Tertiary Orogenic Belt and the Spitsbergen 
Fracture Zone. Geo/ogica/ Society of America Bulletin 83, 3091-3120. 

Maher, H. D. jr. & Craddock, C. L. 1988: Decoupling as an alternate model for 
transpression during the initial opening of the Norwegian-Greenland Sea. Polar 
Research 6, 137-140. 

Maher, H. D. jr., Ringset, N. & Dallmann, W. K. 1989: Tertiary structures in the 
platform cover strata of Nordenskiold Land, Svalbard. Polar Research 7, 
83-93. 

Manby, G. M. 1986: Mid-Palaeozoic metamorphism and polyphase deformation 
of the Forland Complex, Svalbard. Geologica/ Magazine 123, 651-663. 

Manum, S. B. 1962: Studies of the Tertiary flora of Spitsbergen, with notes on 
Tertiary floras of Ellesmere Island, Greenland and Iceland. Norsk Polarinstitutt 
Skrifter 125, 127 pp. 

Manum, S. B. & Throndsen, T. 1986: Age of Tertiary formations on Spitsbergen. 
Polar Research 4, 103-131. 

Midbøe, P. S. 1985: Kongsfjordfeltet (Paleocen), Spitsbergen. Sedimentologisk 
og tektonisk utvikling. Unpubl. cand. sei. thesis, University of Bergen, 
226 pp. 

Morris, A. 1989: Distributed, right-lateral slip in Prins Karls Forland, western 
Svalbard. Polar Research 7, 79-82. 

NORSK GEOLOGISK TIDSSKRIFT 72 (1992) 

Miiller, R. D. & Spielhagen, R. F. 1990: Evolution of the Central Tertiary Basin 
of Spitsbergen: Towards a synthesis of sediment and plate tectonic history. 
Pa/aeogeography, Pa/aeoclimato/ogy, Pa/aeoeco/ogy 80, 153-172. 

Mulugeta, G. 1985: Dynamic models of continental rift valley systems. Tec
tonophysics 113, 49-73. 

Myrhe, A. M. & Eldholm, O. 1988: The Western Svalbard margin (74°-80°N). 
Marine and Petroleum Geology 5, 134-156. 

Myhre, A. M., Eldholm, O. & Sundvor, E. 1982: The margin between Senja and 
Spitsbergen Fracture Zones: lmplications from plate tectonics. Tectonophysics 
89, 33-50. 

Nøttvedt, A., Berglund, T., Rasmussen, E. & Steel, R. 1988a: Some aspects of 
Tertiary tectonics and sedimentation ·along the western Barents shelf. In 
Morton, A. C. & Parson, L. M. (eds.): Early Tertiary Volcanism and the 
Opening of the NE Atlantic. Geo/ogica/ Society of London Special Publication 
39, 421-425. 

Nøttvedt, A., Livbjerg, F. & Midbøe, P. S. 1988b: Tertiary deformation on 
Svalbard - various models and recent advances. Norsk Polarinstitutt Rapport
serie 46, 79-84. 

Nøttvedt, A., Gabrielsen, R. H., Haugsbø, H., Kløvjan, O. S., Midbøe, P. S., 
Rasmussen, E. & Skott, P. H. 1991: Stratigraphy and sedimentology of the 
Forlandsundet Graben. This vo/ume. 

Rodgers, D. A. 1980: Analysis of pull-apart basins produced by en eche/on 
strike-slip faults. In Ballance, P. F. & Reading, H. G. (eds.) : Sedimentation in 
oblique-slip mobile zones. Special Pub/ication International Association of Sedi
mento/ogists 4, 27-41. 

Rosendahl, B. R. 1987: Architecture of continental rifts with special reference to 
East Africa. Annua/ Review of Earth and P/anetary Sciences 15, 445-503. 

Rosendahl, B. R., Reynolds, D. J., Lorber, P. M., Burgess, C. F., McGill, J., 
Scott, D., Lambiase, J. J. & Derksen, S. J. 1986: Structural expression of 
rifting: lessons from Lake Tanganyika, Africa. In Renaut, R. W., Reid, l. & 
Tiercelin, J. J. (eds.) : Sedimentation in the African rifts. Geo1ogica/ Society of 
London Specia/ Pub/ication 25, 29-43. 

Rye Larsen, M. 1982: Forlandsundet Graben (Paleogen), Svalbard's vestmargin. 
Sedimentasjon og tektonisk utvikling av et basseng ved en transform plate
grense. Unpublished cand. sei. thesis, University of Bergen, 380 pp. 

Schliiter, H. U. & Hinz, K. 1978: The geological structure of the western Barents 
Sea. Marine Geo/ogy 26, 199-230. 

Steel, R. J., Dalland, A., Kalgraff, K. & Larsen, V. 1981: The Central Basin of 
Spitsbergen, sedimentary development of a sheared margin basin. In Kerr, J. 
W. & Ferguson, A. J. (eds.) : Geology of the North Atlantic Borderland. 
Canadian Society of Petroleum Geologists Memoir 7, 647-664. 

Steel, R. J., Gjelberg, J., Helland-Hansen, W., Kleinspehn, K., Nøttvedt, A. & 
Rye Larsen, M. 1985: The Tertiary strike-slip basins and orogenic belt of 
Spitsbergen. In Biddle, K. T. & Christie-Biick, N. (eds.) : Strike-slip deforma
tion, basin formation, and sedimentation. Society of Economica/ Pa/eonto/ogists 
and Mineralogists Specia/ Publication 37, 339-359. 

Steel, R. J. & Worsley, D. 1984: Svalbard's post-Caledonian strata - an atlas of 
sedimentational patterns and palaeogeographic evolution. In Spencer, A. M. et 
al. (eds.) : Petroleum Geo/ogy of the North European Margin. Norwegian 
Petroleum Society ( Graham & Trotman), 109-135. 

Talwani, M. & Eldholm, O. 1972: The continental margin off Norway: a 
geophysical study. Geological Society of America Bulletin 83, 3375-3408. 

Talwani, M. & Eldholm, O. 1977: Evolution of the Norwegian-Greenland Sea. 
Geo/ogica/ Society of America Bulletin 88, 969-999. 

Tyrell, G. W. 1924: The geology of Prince Charles' Foreland, Spitsbergen. Royal 
Geo/ogical Society of Edinburgh Transactions 53, 443-478. 

W6jcik, C. 1981: Geological observations in the eastern part of the Forlandsundet 
Graben between Dahlsbreen and Engelsbukta, Spitsbergen. Studio Geo/ogica 
Polonica LXXIII, 25-35. 


