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A structural map of Oscar I1 Land compiled using black and white, stereo-pair air photos and other 
available information sources suggests the existence of three structural zones within the deformed platform 
cover strata. The western zone consists of basement involved overthrusts of complex geometry in the north 
and large-scale folds of platform cover strata with a stepped, down to the east profile in the south. The 
central zone consists primarily of folds within Kapp Starostin Fm. and overlying Triassic strata that likely 
formed above a subhorizontal dkcollement within Gipshuken Fm. strata. Farther to the east thrusts cmplace 
Permian Kapp Starostin Fm. strata over Triassic strata. This zone probably represents stratigraphic climb 
of the basal decollement. Conservative estimates of shortening for the central and eastern zones are in the 
15-25% range. The contribution of the western zone structures to overall Tertiary shortening depends on 
the geometry of faults underlying the stepped folds and is uncertain at present. 

Changes along strike are in part due to differential levels of erosion and changes in transport direction, 
but also probably important was variable thickness of the platform cover strata involved (less to the north) 
and the availability of incompetent horizons along which thrust-flats could form. Two areas with anomalous 
structural trends may represent oblique ramps. 
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Tertiary age folds and thrusts on Spitsbergen 
affect both Hecla Hoek basement rocks (de- 
formed and metamorphosed in Caledonian and 
older events) and the overlying Upper Paleozoic 
and Mesozoic platform cover strata. These struc- 
tures, which define a belt subparallel to the 
present continental margin, formed during the 
initial opening of the Norwegian-Greenland and 
Arctic oceanic basins, were intracontinental, and 
were temporally associated with major dextral 
transcurrence linking spreading in the two oceanic 
basins (Harland 1969; Lowell 1972; Myhre et al. 
1982; Eldholm et al. 1987). Such a setting con- 
trasts with the typical convergence-related, con- 
tinental margin setting of most fold-and-thrust 
belts. They are of interest because of their unusual 
setting and are the subject of renewed inves- 
tigation (e.g. Andresen et al. 1968; Haremo & 
Andresen 1988; N~t tvedt  & Rasmussen 1988; 
Dallmann 1988). A basic question that arises 
given this unusual tectonic setting is with regard 
to the large scale crustal architecture. Lowell 
(1972) proposed a model of flower structures 
where sub-vertical transcurrent faults at depth 

had a dip slip component and bent into low-angle 
en echelon thrusts at shallower crustal levels. 
Since Lowell’s 1972 paper was one of the earlier 
formulations of the flower model, Spitsbergen in 
some respects has become a ‘type’ example. 

An alternative model of decoupled transcurrent 
and convergent components extant in two parallel 
belts can be argued for (Maher & Craddock 1983, 
1988; Haremo & Andresen 1988), but is not a 
focus of this paper. However, in order to test 
rigorously and constrain these and other models, 
a map of Spitsbergen’s Tertiary structures is being 
compiled at Norsk Polarinstitutt as a basic infor- 
mation base. Detailed maps with structural infor- 
mation have been published for some areas (e.g. 
Orvin 1934; Challinor 1967; Birkenmajer 1964, 
1977; Maher et al. 1986; Andresen et al. 1988b; 
Dallman 1988; a partial list), but several large 
gaps exist. 

One of these gaps is in interior Oscar I1 Land, 
where glacial ice makes access difficult. Air 
photos along with other sources of information 
were used to produce a structural map of the 
Tertiary structures within the platform cover 
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sequence of this area, specifically of parts of 
the Tre Kroner and St. Jonsfjorden 1:100,000 
topographic map sheets (Fig. 2). Structures were 
located on the topographic compilation base by 
inspection and comparison with the topography 
evident on the air photos. With many distinctive 
ridges and glaciers this presented little difficulty. 
It is important to emphasize that this is not a 
conventional geologic map. It is more inter- 
pretive, and has several inherent biases (discussed 
below). Detailed mapping will be necessary to 
correct and/or confirm the map interpretation 
(ground-truth). 

Also, Arild Andresen (pers. comm.) and Stef- 
fen Bergh (University of Oslo and University of 
Tromsa, respectively) are mapping with students 
along the north shore of Isfjorden (Bergh et al. 
1988a,b) and the reader should be aware that 
detailed results should be forthcoming for part of 
the area included in the present report. The focus 
of this report is presentation of the results of the 
photointerpretation, an analysis of three struc- 
tural zones that can be recognized from this com- 
pilation, and some suggestions for further 
research. 

A H e l v e t i a f j e l l e t  F m .  

8 J a n u s P j e l l e t  Subgroup 

C Kapp Toscana Group 

C Sassendelen Group 

D Kapp S t a r o s t i n  Fm. 

E Cipahuken Fm. 

E: Nordenski%ldbreen Fm. 

F P e t r e l s k a r d e t  & 
Tarkanten Fms. 

F B i l l e f j o r d e n  Group 

C Wood Bay Fm, - - - 

Cretaceous 

Compilation sources 
Holtedahl (1913) describes local aspects of the 
stratigraphy and structure of this area and 
includes panoramic plates of various mountain 
sides. Flood et al. (1971) and Hjelle & Lauritzen 
(1982) provide large scale (1: 500,000) maps that 
include the study area and suggest the general 
range of stratigraphic units exposed in a given 
area. Unpublished notes, maps of, and personal 
communication with Ohta, Winsnes, and Keilen 
at Norsk Polarinstitutt have been invaluable in 
the compilation of the map. 

The primary air photo set used is the black and 
white, vertical, overlapping (providing stereo- 
coverage) S70 series, numbers 45065963, 
residing at Norsk Dolarinstitutt. The scale is 
approximately 1:17,000 and quite a bit of struc- 
tural detail is discernible. While the S70 series 
cover most of Oscar I1 Land, an area just N of 
Borebukta is not covered, and the S66 series at a 
scale of approximately 1 : 50,000 were used with 
less satisfactory results. Various oblique airphotos 
in the Norsk Polarinstitutt collection helped in 
the interpretation of vertical stereopairs. 
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Fig. 1. Formal lithostratigraphic units (Hjelle & Lauritzen 1982) within the study area. Letters A-H refer to units on photointer- 
pretation map (Fig. 2). Revised stratigraphic nomenclature can be found in Steel & Worsley (1984). 
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and variable slope textures typify this unit. Dip 
slopes within the limestones are common. 

Triassic clastics (Fig. 1) provide a marked con- 
trast with the underlying Permian Kapp Starostin 
Fm. Bedding within the Triassic strata is typically 
discernible as color bands, ridges of alternating 
resistance, and dip slopes, but locally is not appar- 
ent, probably because of extensive talus cover. 
Slope angles are moderate and slope texture is 
smooth. In some areas one can pick out and trace 
the Botneheia Fm. (upper Sassendalen Group, 
Hjelle & Lauritzen 1982) on air photos for a map 
distance of several km as a darker band (due to 
the high proportion of organic-rich, dark shales) 
of appropriate thickness between lighter colored 
clastics of the underlying Sticky Keep Fm. and 
overlying Kapp Toscana Group. If the lighter 
colored, more resistant Kapp Toscana Group 
strata are not exposed, the base of the Botneheia 
Fm. may have been mistaken as the base of the 
Janusfjellet Subgroup, which is also composed of 
dark organic-rich shales. 

The homogeneity, tendency to slump, and gen- 
erally poor surface exposures of the Janusfjellet 
Subgroup black shales do not permit much struc- 
tural interpretation from the air photos. Cre- 
taceous age Helvetiafjellet Fm. clastics are the 
highest stratigraphic units exposed in the study 
area. Their much lighter color, higher slopes, and 
rugged topography are in marked contrast to the 
underlying Janusfjellet shales. 

Recognition of map units on air 
photos 
Eight units (Fig. 1) and seven boundaries were 
mapped on the basis of air photo grey tones, 
comparative slope angles and textures (roughness 
or extent of small scale topography), the defi- 
nition of bedding, and other traits described 
below. 

Hecla Hoek basement has a quite variable air 
photo appearance, and no single set of dis- 
tinguishing criteria can be used with the excep- 
tion, perhaps, that they are characterized by 
somewhat more rugged topography with common 
multiple topographic lineaments typical of meta- 
morphic rocks. As a fundamental boundary the 
position of the basement-platform cover contact 
has been fairly well established by previous work 
(e.g. Flood et al. 1971; Hjelle & Lauritzen 1982). 

Devonian clastics exhibit smooth, fairly dark, 
moderate to low angle slopes on the air photos. 
Abundant talus often obscures bedding. In the 
northeastern part of the study area the upper 
boundary of the Devonian is marked by a sharp 
slope break against the more resistant overlying 
Carboniferous to Permian Nordenskioldbreen 
Fm . 

Carboniferous Billefjorden Group quartzites 
have been included with the Petrelskardet and 
Tirnkanten Fm. clastics and carbonates as one 
unit. The quartzites have fairly light grey tones, 
are resistant, but often have a smooth appear- 
ance, while the overlying clastics (often with a 
red-orange tint in the field, Gjelberg & Steel 
1981) are medium grey and associated with mod- 
erate and relatively smooth slopes. Bedding is 
typically obscured or difficult to detect in the air 
photos. 

Nordenskioldbreen and Gipshuken Fms. con- 
sist primarily of light-grey dolomites, occasional 
clastics, and, locally within the Gipshuken Fm., 
well developed gypsum horizons. Nearly identical 
in appearance, the two formations are mapped 
here as one unit. On air photos they are char- 
acterized by light to medium grey tones, moderate 
slope angles, rough slope textures, and fairly 
distinct bedding. 

Conspicuous on the air photos, Kapp Starostin 
Fm. (Fig. 1) dark spiculitic cherts and light col- 
ored fossiliferous limestones provide an impor- 
tant marker horizon. The color contrast between 
the two dominant lithologies distinctly defines 
bedding in many air photos. High slope angles 

Results of photointerpretation 
Fig. 2 presents the structural map compiled from 
the above sources. Original compilation was on a 
topographic map base of 1:100,000. The scale of 
Fig. 2 has necessitated deletion of some details. 
Certain structural biases are inherent in this map. 
Folds are easier to detect than faults, especially 
thrusts with a shallow dip. Where a reversal in 
dip occurs without an exposed intervening hinge 
zone, either a fold has been inferred (an ‘i’ on the 
map signifies an inferred structure) if the strata 
in the two ‘limbs’ look similar, or a fault if they are 
dissimilar. A composite fold-fault symbol signifies 
uncertain cases. Faults with a high-angle stratal 
discordance are easier to detect than those with 
a low-angle discordance. Imbricated sequences, 
especially within the Triassic strata, may appear 
as homoclinal ones since the detailed local stra- 
tigraphy is not discernible from air photos alone. 
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Fig. 2. Compilation map of Tertiary structures of interior Oscar I1 Land based on air photointerpretation and other information 
sources. a) Part of Tre Kroner topographic sheet. b) Part of St. Jonsfjorden topographic sheet. Structural symbols as follows: 1 - 
approximate strike and dip of bedding estimated from air photos; s - shallow dip (<20 degrees), m - moderate dip (2C-60 degrees), 
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h - steep dip. 2 - same as above, hut overturned bedding. 3 - suhhorizontal bedding. 4 - geologic boundary. 5 - outline of nunataks 
and rock exposure. 6 - synclinal and anticlinal axial traces. 7 - overturned synclinal and anticlinal axial traces. 8 - monoclinal axial 
traces. 9 - thrust fault. 10 - normal fault, 11 -fault of unknown slip. All lines dashed where inferred. Map units (A-H) described 
in Fig. 1. 
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Fig. 2. continued. 
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Fig. 3. W to E cross sections from Fig. 2. See text for discussion. KS - Kapp Starostin Fm. Vertical and horizontal scales equal, 

Question marks indicate structures that have a have emplaced Kapp Starostin Fm. strata over 
notably more speculative basis. Triassic strata. Some of the folds, with more 

The resulting map pattern suggests that three angular hinges and flat tops, are of a probable 
zones with distinctive structural styles exist. From fault-bend fold style (Suppe 1985). Several 
west to east these are: smaller thrusts are also evident. 

1) A zone characterized in the north by thrusts Each of these zones are described below in 
with a complex geometry emplacing Hecla Hoek more detail in the order presented above. 
rocks into and over the lower platform cover 
strata (from the Braggerhalvetya area to St. 
Jonsfjorden), and characterized in the south by a 
series of stacked monoclinal to overturned folds 
of Kapp Starostin Fm. strata that form a ‘staircase’ 
type pattern in profile (Fig. 3a) descending to the 
east (found from the east end of St. Jonsfjorden 
down to Isfjorden). These folds are readily trace- 
able on the air photos. 

2) A central zone characterized by folds within 
upper Kapp Starostin Fm. and Triassic strata and 
without readily apparent major thrusts (move- 
ment greater than 1 km). 

3) A zone with at least two major thrusts that 

Western zone of basement 
overthrusts and ‘staircase’ folds 
Structural complexity where Hecla Hoek base- 
ment rocks are overthrust into the platform cover 
strata has been well documented in the Bragger- 
halv~ya area (Challinor 1967) and exists at the 
east end of St. Jonsfjorden (Ohta pers. comm.). 
The complexity, which includes folded thrust sur- 
faces, is of such a degree that air photo inter- 
pretation can add little new data. Detailed field 
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mapping is necessary. However, given an overall 
southerly plunge of structures throughout the 
study area, these structures are significant to the 
present discussion in that they may represent a 
deeper (more northerly) structural level under- 
lying the ‘staircase’ folds in Kapp Starostin Fm. 
strata that extend south of St. Jonsfjorden. 

Fig. 3a shows a cross section profile of the 
staircase folds with a northeast vergence. Sub- 
horizontal or shallowly west-dipping long limbs 
bend at subangular hinges into subvertical to over- 
turned short limbs. In any one cross section at 
least two full steps occur, but if one extrapolates, 
four steps exist altogether along a 30 km strike 
length. The southernmost step is not included 
in the study area. Whether a true en echelon 
character exists, where some of these folds dim- 
inish and disappear along their axis, or whether 
the map pattern is controlled by the southerly 
structural plunge, is uncertain. There is con- 
siderable overlap between fold axial traces. The 
map widths of the shallowly west-dipping limbs 
decrease consistently from a map width of about 
4 km in the west to 800-900 m in the east. Over- 
lying Triassic strata are also involved in this 
folding. A similar pattern also exists in Norden- 
skiold Land to the south across Isfjorden and 
this structural style may represent a fundamental 
aspect of Tertiary deformation in the platform 
cover strata of west Spitsbergen. 

The structural position suggests these may be 
large fault-propagation or fault-bend folds. A 
single fold with eastern vergence could be 
explained as a monoclinal bend caused by rotation 
of a hangingwall cutoff that was transported onto 
a thrust flat. If another flat existed along the same 
thrust surface farther west at a deeper strati- 
graphic level, then such a fold would represent 
the leading edge of a ramp antiform. However, 
the staircase pattern and overturned limbs suggest 
a more complicated geometry of underlying 
faults. 

For discussion’s sake three different possible 
models are provided in Fig. 4. The first model 

(Fig. 4a) explains the folds as fault-propagation 
folds where thrusts that emerge from the Hecla 
Hoek basement produce folds in the overlying 
competent Kapp Starostin Fm. strata. The fault- 
to-fold transition would be accommodated within 
the relatively incompetent Gipshuken gypsums 
and dolomites. The steep overturned limbs favor 
this model. 

The second model (Fig. 4b) explains these folds 
as associated with several independent ramp anti- 
forms produced as slip is transferred upsection 
from within the Gipshuken Fm. to within ‘basal 
Triassic strata by a ramp that cut through the 
Kapp Starostin Fm. An important prediction of 
this model is that the continuity of synclinal hinges 
of the staircase pattern would only be apparent 
and instead a hangingwall cutoff of Kapp Starostin 
Fm. strata lies above a footwall flat at the top of 
the formation. However, Triassic strata above 
the level ofa  basal slip plane (flat) would be 
continuous across the synclinal hinge. The Ber- 
zeliustinden thrust to the south in the Bellsund 
area shows a thrust truncation of a steep, locally 
overturned limb of Kapp Starostin strata 
(Dallmann 1988). However, once again the over- 
turned character of the limb indicates folding 
preceded faulting of the Kapp Starostin (in order 
to produce the implied cutoff angle and so an 
element of the first model is required). These 
structures would then be somewhat similar, 
although smaller in scale, to monoclinal flexures 
and asymmetric anticlines flanking the Rocky 
Mountain uplifts of Wyoming and Colorado in 
the U.S.A. (Berg 1962). 

The third interpretation (Fig. 4c) explains the 
staircase pattern as a result of ramps that emerged 
from the Hecla Hoek up to the Gipshuken gyp- 
sums where they bent into a flat. All slip would 
have been transferred along this horizon farther 
east beyond this zone. An age progression of 
successively younger ramps and leading edges to 
the east (breakforward sequence) is required by 
this model. One interesting implication of this 
model which is absent in the other two models is 

Fig. 4. Three different interpretations of  underlying fault geometry for the ‘staircase’ folds in Kapp Starostin Fm. of the western 
zone. 
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the folding of thrust surfaces, which is observed 
to the north as previously mentioned. However, 
overturned limbs would not be expected. 

As can be seen from the above discussion, 
each model is inadequate by itself. However, a 
combination of the first and third model would 
explain the overturned limbs and east-dipping 
(folded) thrust planes, respectively. Also, the first 
two models have a different implication for the 
overall shortening within the Tertiary fold-and- 
thrust belt than does the third model. In the first 
two models movement is on independent thrust 
surfaces and slip would be transferred to higher 
levels, presumably no longer preserved by the 
present erosion level. In other words, any short- 
ening evident in the surface structures of this zone 
would be in addition to that found farther east. 
In contrast, the third model implies that slip is 
transferred farther east, in which case the struc- 
tures preserved to the east represent the accom- 
modation of this same slip. One focus of future 
research on Tertiary structures in Svalbard could 
be the determination of the fault geometry under- 
lying these folds. 

Some suggestion as to the minimum amount of 
shortening that is represented in this zone can be 
quickly gauged from the minimum height of the 
subvertical limbs. For the two such steps in Fig. 
3a a minimum of 1.3 km shortening exists. If four 
steps actually do exist along the entire strike 
length then one can infer some 2.4 or greater km 
of shortening. 

Central zone of folding 
Fig. 3b displays structures typical of this zone. 
Open to tight folds of Kapp Starostin Fm. and 
Triassic strata have a variety of styles from con- 
jugate (Fig. 5) to more rounded fold forms (Fig. 
6). The ability of Kapp Starostin Fm. strata to 
form tight folds is a bit surprising given the much 
more competent manner they appear to behave 
south of Isfjorden (e.g. Maher et al. 1986) and to 
the west. The frequency of gypsum horizons in the 
underlying Gipshuken Fm. may in part determine 
the different structural responses in different 
areas. The folds do not appear to have any con- 
sistent asymmetry (vergence) and many of the 
axial planes are close to upright as far as can be 
ascertained from the air photos. Numerous small 
thrusts are likely within this zone but undetectable 

on air photos with a few exceptions (Fig. 5). Large 
thrusts (>1 km) have been ruled out in most 
areas since no major stratigraphic breaks were 
found. 

One important observation is that in a W-E 
cross section the upper Kapp Starostin Fm. 
boundary is seen repeatedly at the surface (Fig. 
3b). This suggests subhorizontal enveloping sur- 
faces for the folds, which in turn suggest a major, 
subhorizontal underlying detachment. The Gips- 
huken Fm. gypsums represent one obvious can- 
didate as suggested by Harland & Horsfield 
(1974). With such an interpretation this zone rep- 
resents thin-skinned deformation with folds form- 
ing above a 9-10km wide ‘mega-flat’. One 
important implication is that these would then 
represent ‘buckle’ folds above a relatively planar 
dtcollement instead of fault-bend or fault-propa- 
gation folds, and therefore the component of 
shortening accommodated by this folding would 
be blind. Associated slip on the dkcollement 
would not continue to the east, and thrusting 
found to the east would represent additional stra- 
tal shortening. 

A sinuous-bed minimum estimate of shortening 
by folding can be estimated from a determination 
of the fold wavelength and amplitude (Fig. 6). 
Given the above fold geometry, a wavelength can 
be gauged using the map distance between axial 
traces. A minimum value for amplitude can be 
gained by observing in air photos whether indi- 
vidual strata are folded within the topographic 
relief or exceed it. Using the area Fig. 3b was 
constructed from (where the best control across 
the greatest width of the zone exists), a value of 
250-300 m results for the amplitude on the upper 
Kapp Starostin Fm. boundary with a corre- 
sponding average wavelength of 800 m. A chev- 
ron fold geometry provides a minimum shortening 
since it is a straight line distance from crest to 
trough (Fig. 6). A perfectly concentric fold 
geometry provides an upper limit. With the above 
values and assumptions, shortening estimates 
range from 14 to 25% (of original length) for the 
folding. Considering the fold form, 20% (some 
2.2 km across the width of the zone) is taken as a 
likely average between the two extremes 
presented. A conservative sinuous-bed estimate 
from Fig. 3b yields a similar result. Such an esti- 
mate is a minimum since small scale thrusts that 
were observed in one case (Fig. 5b) and are likely 
more numerous, are not included. 

Using the above approach and assumptions, 
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anomalous zone of structures occurs near to 
where the central zone may disappear, and this 
coincidence and possible explanations are dis- 
cussed further below. 

a range of possible depths to dCcollement, as 
measured from the top of the Kapp Starostin Fm. 
within synclinal hinges, can also be calculated 
(Fig. 6). Considering the 400 m stratigraphic 
thickness of the Kapp Starostin Fm., the com- 
puted range of 364-694m is consistent with a 
placement of the basal dkcollement within the 
base of the Kapp Starostin Fm. or more likely 
within the underlying Gipshuken Fm. 

From experience elsewhere in Spitsbergen’s 
Tertiary structures, higher detachments within 
exposed Triassic strata can be expected (Maher 
et al. 1986; Haremo & Andresen 1988; Dallmann 
1988). Some folds within Triassic strata of the 
study area have wavelengths of several hundred 
meters or less, and may indicate the presence of 
such higher detachments. 

The map expression of the central zone, domi- 
nated by folding, thins and disappears to the 
north, and near the end of Kongsfjorden the two 
adjacent zones appear to merge (Fig. 2). An 

Eastern zone of thrusting and 
stratigraphic ascent of slip 
Two major thrusts that are interpreted to emplace 
Permian Fm. strata over Triassic strata are 
exposed in the southern part of the study area. In 
both cases the thrusts and associated pre- 
dominantly fault-bend folds are assumed to be 
the result of climb of the basal dkcollement from 
a flat within the Gipshuken Fm., up through the 
Kapp Starostin Fm. on a ramp, into Triassic and 
younger strata, in which they probably formed 
another series of ramps and flats. However, the 
structures that accommodated the slip at a higher 

Fig. 5a. Oblique air photo of tight folds in Kapp Starostin Fm. strata of Kvelpane in the foreground (see also Fig. 3b). View is to 
the east with Ekmanfjorden in the background. 
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Fig. 5b. Vertical stereo pair of folds in Kapp Starostin and Triassic strata of Devikfjellet. Note small thrust in Kapp Starostin 
strata. North is to left. The photo edge is about 3.4 km long. 
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Fig. 6. Idealized fold geometries allowing estimates of short- 
ening based on fold wavelength and amplitude. 

stratigraphic level are not exposed north of 
Isfjorden. 

The westernmost thrust recognized on air 
photos occurs in the ridges and nunataks between 
Sveabreen and Wahlenbergbreen (Fig. 3c). Air 
photo interpretation (Fig. 2) suggests that along 
strike from southeast to northwest the following 
is exposed (thrust terminology from Boyer & 
Elliot 1983; Woodward & Boyer 1985): a) a 
hangingwall flat or low-angle hangingwall cutoff 
of Kapp Starostin Fm. strata above a hangingwall 
flat or low-angle ramp footwall cutoff of upper 
Kapp Starostin Fm. to basal Triassic strata; b) a 
ramp antiform with hangingwall cutoff of Kapp 
Starostin Fm. strata above a low-angle, footwall 
ramp of Triassic strata; c) a Kapp Starostin Fm. 
hangingwall flat overlying a footwall cutoff and 
syncline of Kapp Starostin Fm. and Triassic strata. 
These may represent an intermediate, higher and 
lower view, respectively, of the same thrust. 
Given the topographic relief of some 500 m over 
which the thrust is preserved at the south end of 
Mediumfjellet, the moderate dip of the thrust, 
and the above interpretation, 1 km of movement 
on this thrust represents a minimum, and 1.4 km 
is likely. Local complexities, while difficult to 
resolve, suggest at least two other thrusts are 
present just to the east. 

The easternmost recognized thrust of this zone 
is exposed west of Lappdalen on Umefjellet 
(Flood et al. 1971; Bergh et al. 1988b). Here 
Kapp Starostin Fm., and locally, Gipshuken Fm. 
strata structurally overlie Triassic clastics (Fig. 
3c). An overlying complex ramp antiform, with a 
hangingwall cutoff, seems to exist along part of 
the thrust. On a ridge just west and northwest of 

Umefjellet a well developed monoclinal flexure 
facing west is also readily apparent on air photos. 
If this represents the trailing edge of a large, but 
complex ramp antiform (which may die out to 
the south), then a subsurface ramp where Kapp 
Starostin Fm. strata are being truncated could be 
inferred. Such an interpretation implies a mini- 
mum movement of 3.0 km on this fault. Another 
thrust within the Kapp Starostin Fm. on the 
southern face of Umefjellet is also evident in the 
air photos. However, the amount of movement 
on this fault could not be resolved in this study. 
Field mapping of some of these structures has 
been completed (Bergh et al. 1988a,b), and will 
be continued by Andresen and students (pers. 
comm.). 

While the Lappdalen thrust may be regarded 
as the foreland edge, with undeformed strata 
farther east, it clearly represents the edge as pres- 
ently preserved in this area by the erosional level. 
The minimum of 3.0 km of slip would have been 
accommodated farther east at higher stratigraphic 
levels likely within the overlying Janusfjellet Sub- 
group shales that behave so incompetently else- 
where (Dallmann 1988). The observation that 
the Lappdalen thrust is almost on strike with 
Longyearbyen is in complete accord with recent 
work by Andresen et al. (1988), Bergh et al. 
(1988a), and Haremo & Andresen (1988) on the 
presence of Tertiary structures along and west of 
the Billefjorden fault zone south of Isfjorden, 
and is also in accord with work by Nottvedt & 
Rasmussen (1988) and Bergh et al. (1988a) docu- 
menting the presence of Tertiary structures 
underneath Tertiary strata of Spitsbergen’s cen- 
tral basin. The thrust fault evident within the 
Tertiary strata near Grumantbyen (south shore 
of Isfjorden, Flood et al. 1971) is one hint of such 
underlying deformation. 

Also, three observations suggest that at least 
minor slip continues east of Lappdalen within the 
strata exposed north of Isfjorden. First a fold 
occurs within Triassic strata on the east side of 
Lappdalen (the thrust is just west). Some slip on 
an underlying slip surface is therefore likely. To 
the east, Triassic and older strata show only shal- 
low dips to the west, but locally within Gipshuken 
Fm. gypsums on Palatiumfjellet significant 
deformation is evident in outcrop and to a con- 
siderably lesser degree is also evident at Kolos- 
seum at the end of Ekmanfjorden (Keilen pers. 
comm.). A thrust of unknown magnitude also 
may exist on Blomesletta (Lauritzen, field map). 
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Kronebreen 
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Fig. 7. Photo sketch of Tertiary structures on N face of Garwoodtoppen. Drawn from slide taken by Hilde Keilen. 

Due to Sveabreen and Kongsvegen, this zone 
of thrusts is not well exposed in the very interior of 
Oscar I1 Land, but structures on Garwoodtoppen, 
near where Kongsvegen and Kronebreen meet 
in the northern part of the study area (Fig. 2 ) ,  
probably represent the northward continuation of 
the zone. Photos (from Keilen) were used to draw 
a photosketch cross-section (Fig. 7). Two thrusts 
that ascend through Kapp Starostin cherts have 
a minimum of 500m of shortening (taking into 
account the oblique cut provided by the north 
face of Garwoodtoppen). 

Changes in structural style along 
strike 

The notable thinning in map view of Tertiary 
structures within the platform cover strata, from 
some 25-30 km in the south to some 5-10 km in 
the north of the study area (Fig. 2), and associated 
changes in structural style can be explained by 
some combination of four different factors. 

An important factor is differential levels of 
exposure of the thin-skinned deformation, deeper 
to the north. From Nordenskiold Land to north- 
ern Spitsbergen successively older rocks are 
exposed from Tertiary strata to Devonian clastics 
or Hecla Hoek basement rocks. As the erosional 
surface cut deeper and removed more and more 
of the upper plate rocks the map width of the 
deformed platform cover rocks would decrease 
and the limit of deformation would shift westward 
of a simple strike continuation. This factor may 
also explain why the ‘staircase’ folds of Kapp 
Starostin Fm. are found only in the southern half 
of the study area as discussed above. However, 
such a factor alone would not account for the 

thinning and disappearance of the central fold 
zone between the two adjacent zones. 

A second and very interesting factor is the 
differential thickness of platform cover strata 
along strike and the availability of glide horizons 
in which flats could form. Tertiary strata south of 
Isfjorden lie unconformably on Cretaceous strata, 
whereas in the Br~ggerhalv0ya area Tertiary 
strata lie on top of lower Triassic or even Permian 
strata. Tilting and related erosion during Late 
Cretaceous and/or early Tertiary occurred prior 
to deposition of Tertiary clastics. Because of this 
pre-deformation pattern, thrusts emerging from 
Hecla Hoek rocks in the north must have done 
so at higher crustal levels. Farther east fewer 
incompetent horizons along which flats could 
form were available. In the very northern part 
of the study area Triassic age and Janusfjellet 
Subgroup horizons would have been largely 
absent, whereas they are present and notably 
deformed in the southern part. 

A fundamental trait determining beam strength 
is thickness. Thinner and hence weaker ‘beams’ 
would have existed above potential glide horizons 
in the north because of a corresponding lesser 
thickness of overlying platform cover strata. 
Therefore, the width of a potential flat could be 
expected to be less in the north than in the south. 
Assuming that the Gipshuken Fm. is the domi- 
nant glide horizon within the study area, variable 
cover thickness may be the reason for the change 
in width of the central fold zone. It is quite likely 
that this factor is a major one throughout the 
Tertiary fold-and-thrust belt. Extending this argu- 
ment, one can expect that south of Isfjorden 
deformation propagated even a greater distance 
eastward with the addition of more overburden. 
At the same time, to the south gypsum is more 
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sporadically present. Thus, the Gipshuken Fm. is 
a less favorable glide horizon and horizons within 
the Triassic strata take their place. When the full 
extent of Tertiary structures that root into the 
west coast zone is known and constrained cross 
sections compiled, this idea can be investigated 
more fully from a mechanical perspective by 
determining flat widths and stratigraphic position 
as a function of likely overburden thickness. 

A third factor may be the presence of a higher 
thrust sheet of Hecla Hoek rocks that covers 
extensions of the platform cover structures 
underneath. The BrBggerhalv~ya area, where 
folds in Carboniferous strata can be traced under- 
neath a thrust sheet with Hecla Hoek rocks in the 
hangingwall, suggests the operation of such a 
factor. 

A final factor is a change in transport direction 
and/or magnitude along strike. Transport direc- 
tion in the Br~ggerha lv~ya  area farther north is 
variable but includes indications of a counter- 
clockwise swing to the north (Challinor 1967; 
Kellogg 1975; Lepvrier pers. comm.). A slight 
clockwise bend is evident in the southern part of 
the study area, along the north shore of Isfjorden. 
Between the two areas Hecla Hoek outcrop fol- 
lows a roughly arcuate pattern. One important 
test of the last two factors will be to trace Tertiary 
structures from platform cover strata where their 
age is clear into the Hecla Hoek rocks (Ohta pers. 
comm.). 

Suggestions for further research 
While detailed mapping will be necessary to test 
the interpretation and analysis presented here, 
several areas stand out as anomalous and in need 
of further research. One such area is at Syltoppen 
just north of Borebukta (Fig. 2), where a fault 
and folds to the southeast of it have an anomalous 
northeast trend, oblique to folds with a more 
typical northwest trend just north of the fault. In 
that Cretaceous rocks lie on the south side, the 
north side of the fault has an up component. 
While this fault could be interpreted as a tear, 
normal, or wrench fault, the folds with a similar 
trend suggest it may be a ramp oblique to the 
northeast directed transport direction. Given the 
third factor described in the above section, any 
given flat horizon will be descending along strike 
to the southeast under an increasingly greater 
thickness of platform cover strata. Oblique ramps 

may be a compensatory mechanism allowing a 
major thrust to climb along strike. Andresen 
(pers. comm.) indicates that field mapping sug- 
gests an oblique ramp may exist along strike to 
the southwest of the anomalous zone. 

Asecond anomalous zone, also with a northeast 
strike, occurs near the source of Osbornebreen 
(whose terminus is in St. Jonsfjorden) just east 
of Kregnesfjellet (1002 m). Here Permian and 
Triassic strata show anomalous east-northeast 
strikes and are folded (Fig. 2 ) .  Immediately across 
the glacier to the north are Hecla Hoek rocks. 
On a speculative note this could be another lateral 
ramp. Slip might be climbing along strike from 
within Hecla Hoek rocks to initiate a flat within 
Gipshuken Fm. strata that the central zone of 
folding formed above. 

A third area in which detailed field mapping 
will likely provide new understanding is at the 
southeast end of St. Jonsfjorden. This area lies 
structurally below the ‘staircase’ folds and may 
allow determination of the underlying fault 
geometry, and thereby determination of the con- 
tribution of shortening in this zone to the total 
shortening in the Tertiary orogen. 

Conclusions 
1) Inspection of Norsk Polarinstitutt airphotos 
along with other sources allowed compilation of 
a structural photointerpretation map of Oscar I1 
Land in which 8 map units (correlated with the 
known stratigraphy) and numerous specific struc- 
tures are identified. 

2) Analysis of structures indicates extensive 
thin-skinned tectonics for the area as Harland & 
Horsfield (1974) and Bergh et al. (1986b) report, 
and allows the recognition of three mechanically 
distinct zones within the deformed platform cover 
strata. From west to east these are: a) a zone 
where thrusts involve Hecla Hoek rocks and a 
distinctive set of ‘staircase’ folds formed; b) a 
zone predominantly of folding above an inferred 
subhorizontal glide horizon in Gipshuken Fm. 
strata; c) a zone where slip is being transferred 
by ramps from the Gipshuken Fm. to a level 
above the Kapp Starostin Fm. strata. 

3) Minimum estimates of shortening can be 
made from the air photo interpretation and sug- 
gest that 20% or more is likely across the width 
of the zone. While some 4 km of shortening can 
be taken as an absolute minimum, 6.6 km is very 
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likely (2.2 km from the central fold zone and 
4.4 km from the eastern zone) and the air photo 
interpretation would permit up to 9.0km (an 
additional 2.4 from the western zone). This com- 
pares well with 6-7 km from the preliminary bal- 
ancing calculations of Nottvedt & Rasmussen 
(1988), based on seismic reflection data from 
western Isfjorden. 
4) Changes along strike in map pattern may be 

due to erosion patterns, changing thickness of 
platform cover strata along strike, a higher thrust 
sheet covering underlying structures, changes in 
transport direction, or some combination of the 
above. The present map distribution of Tertiary 
structures is not necessarily reflective of their 
original 3-D distribution; e.g. Tertiary structures 
no  longer preserved may have existed to the north 
of Broggerhalv~ya in the platform cover overlying 
the presently exposed Hecla Hoek basement. 

5) Two zones of anomalous structural trend 
may represent lateral ramps, and need to be more 
fully investigated. 
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