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The Minkinfjellet Member of the Nordenskiiildbreen Forrnation was deposited in a narrow, asymmetric rift basin - the 
Billefjorden Trough. The member represents the lower part of a major transgressive systems tract, and progressively onlaps the 
Nordfjorden Block to the west and the northem part of the Ny Friesland Block to the northeast of the trough. In the western part 
of the trough the lower part of the member shows a retrogradational interfingering with the upper part of the Ebbadalen 
Forrnation, although episodic, local progradation was caused by tectonic movements along the Billefjorden Fault Zone. The 

Nordfjorden Block was eventually transgressed in late Moscovian to early Kasimovian time, and the lower part of the Cadellfjellet 
Member forms the upper part of"the transgressive tract. Parasequences are represented by shallowing-upward cycles bounded by 
transgressive surfaces. The parasequences are forrned by: ( l )  Restricted, shallow subtidal to intertidal dolomites grading upwards 
into intertidal to supratidal evaporites, and (2) platforrn dolomudstones grading upwards into shallower, grain-supported limestones 
capped by subaerial exposure surfaces. Sol uti on collapse breccias of more than l 00 m thickness forrned during the subaerial 
exposures. Water was probably derived from the Nordfjorden Block and the breccias are restricted to the eastem margin of the 
block. 

A. Lønøy, Norsk l(ydro Research Centre, Sands/iveien 90, N-5020 Bergen, Norway 

Introduction 

The Moscovian Minkinfjellet Member, which forms the 
lower part of the Nordenskioldbreen Formation (Fig. 1), 
was deposited in the Billefjorden Trough in central Spits
bergen. The trough represents a narrow and asymmetric
rift basin, possibly resulting from oblique-slip tectonic 
movements along the Billefjorden Fault Zone (Steel & 
Worsley 1984). It was active from the Bashkirian into the 

Gzhelian/Kasimovian and the depocentre of the trough 
shifted eastwards through time (Dallmann 1993). The 
Nordfjorden Block to the west of the trough was subaeri
ally exposed during deposition of both the Minkinfjellet 
Member and the Bashkirian-Moscovian Ebbadalen For
mation. The exposed block supplied the western margin 
of the Billefjorden Trough with siliciclastic alluvial sedi
ments (Ebbadalen Formation) during active tectonic pe-

Fig. l. Stratigraphic nomenclature for 
the Billefjorden Trough based on: ( l )  
Cut bill & Challinor ( 1965) and 

Nilsson ( 1993). (2) Defined by Cutbill 
& Challinor ( 1965) to be part of the 

Svenbreen Fm. Redefined by 
Johannessen ( 1980) to include only 
red-beds and to be placed within the 
Ebbadalen Fm. (3) Gee et al. ( 1953). 

(4) Dallmann (1993), who actually 
proposed raising the Minkinfjellet 

Member to forrnation rank and the 
three beds to member rank. ( 5) 

Holliday & Cutbill (1972). (6) Cutbill 
& Challinor ( 1965). 
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riods (Johannessen & Steel 1992), while peritidal and 
subtidal evaporites and carbonates to the east were de
posited interfingering with the alluvial sediments 
(Ebbadalen Formation and Minkinfjellet Member). 

The Minkinfjellet Member has not previously been 
described in much detail, presumably because of poor 
exposures (at least on Biinsow Land) and the extensive 
dolomitization which obliterates most primary sedimen
tary textures and structures. The only detailed descrip
tion has been made by Dons ( 1983), which was based on 
only one profile measured in the Boltonbreen area, and 
Dallmann ( 1993), who studied the northern exposed part 
of the Billefjorden Trough. 

The present study involves regional facies interpreta
tions, thickness variations and evaluation of hydrocar
bon reservoir potential within the southern exposed parts 
of the Billefjorden Trough (Biinsow Land). The study is 
based on both fieldwork and thin-section analyses of 
selected samples. Twelve sedimentological sections were 
measured in Biinslow Land and one section was mea
sured on Malte Brunfjellet in Sabine Land (Fig. 2). Some 
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additional information in the eastern part of the study 
area has been acquired by reconnaissance studies {Terri
erfjellet, Kaffekjelen and the northeastern part of Gips
dalen). Because of the extensive dolomitization of the 
sediments, all thin sections were studied using both po
larising and fluorescence microscopy. Fluorescence mi
croscopy is sometimes useful in unravelling the primary 
textures of dolomites but did not give much additional 
textural information from the samples studied. 

Definition of the Minkinfjellet Member 

Cutbill & Challinor (1965) subdivided the Minkinfjellet 
Member into the Elsabreen, Pyramiden, Carronelva and 
Anservika beds. According to Dallmann ( 1993), the 
Elsabreen and Pyramiden beds may 6e identical and are 
probably parts of the Ebbadalen Formation. Dallmann 
( 1993) proposed raising the Minkinfjellet Member to 
formation rank and the Carronelva and Anservika beds 
to member rank. Additionally, he introduced a new 

Weatherspoon botnen � Cadellfjellet, middle north 

Beach-profile, Urmstonefjellet, W 

Weatherspoon botnen 

� 
Urmstonfjellet, E 

Mc Cleod botnen De Geerfjellet 

Teltfjellet, NW Nordstrømfjellet, S 

Teltfjellet, N 1 
1 

Boltonbreen 

Cadellfjellet, W @ Malte Brunfjellet, E 

Fig. 2. Location map for measured profiles through the Minkinfjellet Member, Nordenskioldbreen Formation. 
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member, the Fortet member, representing massive car
bonate breccias and conglomerates. Dallman's ( 1993) 
stratigraphic subdivision and nomendature seem reason
able, but have not yet been approved by the Committee 
on the Stratigraphy of Svalbard (SKS). The stratigraphy 
of Cutbill & Challinor ( 1965) has therefore been used in 
this study. 

Only the Anservika Beds (which indude the Forter 
member of Dallmann 1993) and Carronelva Beds are 
present within the studied area, and only subtle distinc
tions are seen between the two. The Elsabreen and 
Pyramiden Beds have not been found but would, if part 
of the Minkinfjellet Member, probably only be present 
doser to the Billefjorden Fault Zone. 

The lower boundary of the Minkinfjellet Member (and 
the Nordenskioldbreen Formation) has been defined as 
the top of massive gypsums of the underlying Ebbadalen 
F ormation (Cut bill & Challinor 1965). These evaporites 
(anhydrites in the subsurface) were defined as the 
Trikolorfjellet and Teltfjellet Members (hereafter collec
tively called the Trikolorfjellet Member) by Holliday and 
Cutbill ( 1972). This boundary is a fairly good marker 
horizon in the northwesternmost part of Biinsow Land; 
it is slightly poorer in the southwestern part and useless 
in the eastern part of Biinsow Land and on Sabine Land. 

In the southwestern part of the studied area (Fig. 2), 
the Minkinfjellet Member undergoes a facies change 

Nordfjorden 
Block 

Not to 
scala 

Billefjorden 
Fault 
Zone 

RST : Regressive systems tract 
TST : Transgressive systems tract 
TS : Transgressive surface 
SU : Subaerial unconforrnity 
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towards evaporitic sabkha deposits similar to those of 
the Trikolorfjellet Member. Although these are separated 
from the Trikolorfjellet Member by interbedded sand
stones, evaporites and carbonates, they could be mis
taken for the Trikolorfjellet evaporites as these are 
covered in this area. This mistake has been made on the 
Geological map of Svalbard (Lauritzen et al. 1989) on 
the southern part of Campbellryggen. 

Eastwards, the evaporites of the lower Trikolorfjellet 
Member onlap the Heda Hoek basement and the upper 
Trikolorfjellet Member grades into evaporitic limestones 
and dolomites (lower unit of the Minkinfjellet Member 
in the present study) (Fig. 3). The Minkinfjellet Member 
is thus in direct contact with the basement in the north
eastern part of Biinsow Land. It is not dear whether 
Cut bill & Challinor ( 1965) induded these carbonates 
within the Ebbadalen Formation or the Minkinfjellet 
Member. The dose lithological similarity with the overly
ing carbonates and the dissimilarity with the evaporites 
of the Trikolorfjellet Member strongly suggest that the 
carbonates should be induded within the Minkinfjellet 
Member. The boundary between the Minkinfjellet Mem
ber and the Ebbadalen Formation should thus be set at 
the transition (vertically and/or horizontally) from evap
orite- to carbonate-dominated sediments. This transition 
is generally easy to define and map within the studied 
area. 

Billefjorden Trough Ny Friesland Block 

Syn-rift transitional to 
post-rift platform: 
L Cadellfjellet Mb. 
Minkinfjellet Mb. 
Syn-rift narrow basin: 
Ebbadalen Formation 
(Hultberget to Odellfjellet/ 
Trikolorfjellet Mb.) 
Pre-rift wide basin: 
Billefjorden Group 

Fig. 3. Schematic cross-section showing Billefjorden Trough, Billefjorden Fault Zone and adjacent blocks. Strongly modified from Johannessen & Steel (1992). 
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The upper boundary of the Minkinfjellet Member 
(base Cadellfjellet Member) has been defined as the base 
of 'Black Crag', a cliff-forming dark grey mudstone 
bench of about 20 m thickness, or at the first appearance 
of Waeringel/a usvae zone fusulinids (Cut bill & Challinor 
1965). This boundary is poorly defined in major parts of 
the studied area. In the western part of Biinsow Land, 
'Black Crag' is well developed and the boundary is easy 
to pick. Eastwards, in the Gipsdalen area, the restricted 
lagoonal mudstones comprising 'Black Crag' interfinger 
with interbedded phylloid algal buildups and open 
marine lagoonal wackestones and packstones (Sundsbø 
1982; Dons 1983). More recent studies (Pickard et al., in 
prep.) have indicated that 'Black Crag' is actually 
younger than the phylloid algal buildups, and is sepa
rated from the buildups by a 40-50 m thick sequence of 
stacked open marine limestone cycles in central and 
eastern Biinsow Land. 

Despite these different interpretations, I feel that the 
best mappable horizon is central and eastern parts of 
Biinsow Land, and thus the best marker for definition of 
the boundary between the Minkinfjellet and Cadellfjellet 
Members, is the base of the first appearing phylloid algal 
buildup. This commonly occurs at the base of the first 
massive limestone bench above a thick (tens of metres) 
scree-covered interval in the upper part of the Minkin
fjellet Member. This boundary coincides with a transi
tion from a dolomite-dominated sequence to an over
lying limestone-dominated sequence. East of Biinsow 
Land, phylloid algal buildups are sometimes absent or 
poorly developed and are replaced by shallow, open 
marine platform limestones. These are therefore difficult, 
sometimes apparently impossible, to differentiate from 
similar deposits of the Minkinfjellet Member. 

The use of fusulinids in definition of the base of the 
Cadellfjellet Member, as suggested by Cutbill & Challi
nor ( 1965), must be rejected. Firstly, definitions should 
be lithostratigraphical, and second, because of the overall 
restricted depositional setting, very few fusulinids are 
present or preserved. 

Owing to the stratigraphic confusion related to the 
Minkinfjellet Member, as defined by Cutbill & Challinor 
( 1965), it is proposed here that the definition should be 
modified. It is suggested that the base of the Minkinfjel
let Member should be defined as the base of the first 
dominating carbonate sequence above the Hecla Hoek 
basement (where the base of the Cadellfjellet Member 
can be defined). If the base of the Cadellfjellet Member 
cannot be defined, then the Minkinfjellet Member may 
possibly be absent and the first appearing carbonate 
sequence may be the Cadellfjellet Member. The base of 
the Cadellfjellet Member should be defined as the base of 
the 'Black Crag' in the western part of Biinsow Land (as 
suggested by Cutbill & Challinor 1965), and as the base 
of the phylloid algal buildups in the central and eastern 
parts of Biinsow Land (and possibly eastwards). This 
revised definition will not be in conflict with proposals 
made by Dallmann ( 1993), but merely redefines the 
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lower boundaries of the Minkinfjellet and Cadellfjellet 
Members. 

According to Dallmann ( 1993), who studied the more 
northern parts of the Billefjorden Trough, both the base 
and the top of the Minkinfjellet Member are strati
graphic unconformities. The basal unconformity cannot 
be confirmed by the present study and the upper uncon
formity can only be confirmed from the northwestern 
part of the study area. 

According to the proposed definition of the member, 
the base of the Minkinfjellet Member is diachronous and 
becomes younger to the west. Based on the work of 
Pickard et al. (in prep.) the base of the Cadellfjellet 
Member is also diachronous, becoming younger west
wards towards the Billefjorden Fault Zone. 

Sedimentological description - Biinsow Land 

The Minkinfjellet Member may be divided into three 
distinct units on Biinsow Land. The boundaries are 
defined as the base of the first appearing siliciclastic 
sandstone bed and the top of the uppermost siliciclastic 
sandstone bed (Figs. 4 and 5). The lower and middle 
units probably comprise the Carronelva Beds of Cutbill 
& Challinor ( 1965), although their description is very 
superficial. The upper unit is probably equivalent to the 
Anservika Beds of Cutbill & Challinor ( 1965), and 
clearly includes the proposed Fortet Member of Dall
mann ( 1993). 

Lower unit 

The lower unit of the Minkinfjellet Member represents 
the eastward extension of the upper Trikolorfjellet Mem
ber and is therefore only present in the eastern part of 
Biinsow Land (Figs. 3, 4, 5 and 7a). The maximum 
measured thickness of the unit is 29 m (at the middle 
north side of Cadellfjellet). The unit appears to thin 
further to the east, probably onlapping the Hecla Hoek 
basement in the northeastern part of Biinsow Land, 
although stratigraphic control is sparse. Further south 
the thickness possibly increases eastwards, although this 
cannot be verified because the lower boundary of the 
member is not exposed. 

The unit is composed of interbedded dolomite, lime
stone and gypsum. The gypsum content decreases up
wards and southeastwards. The do1omites are commonly 
unfossiliferous but may occasionally have some bioclasts 
(generally crinoid fragments, brachiopods and rugose 
corals) or intraclasts. Some of the dolomites have a 
characteristic yellow weathering surface. 

Limestones are most common in the southeastern part 
of the study area. Textures range from mudstone to 
grainstone. Foraminifera and pelecypods are the domi
nant faunal constituents of the grainstones while crinoid 
fragments, brachiopods and fusulinids occur within all 
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SYMBOL INDEX 
C ARBONATE TEXTURES LITHOLOGIC DESCRIPTORS 

M Mudstone :::r Llmestone/Calcareous 

w Wackestone I Dolomite/Dolomltic 

p Packstone 1\ Gypsum/ Anhydrite 

G Grainstone ... Chert/Cherty 

B Boundstone . Sand/San dy 

W/P Wackestone to Packstone li Silt/Sil ty 

wd Dolomitic Wackestone 
-

Shale/Shaly --
Wo Dolowackestone [> Breccia!Brecciated 

o Dolomite (undiff.) c Covered 

* Glauconite 

'Tl-r Algal stromatolites l"""'\ Brachiopods 

PARTICLE TYPES � Oncoids * Echinoderms 

0 Ooids # GJRÆ Algae, green/red/encrusting # Bryozoans 

© Coated grains � Phylloid algae 'T Trilobites 

o Peloids p (];) Calcispheres ••• Foraminifera (undiff.) 

\ Bioclasts Q Corals (undiff.) - Fusulinids 1\ 
3 l ntraclasts fS\ Stromatoporoids A Sponges 

1 Lithoclasts """" Palaeoaplysina 
-E- Microcodium � Bivalves 

(@ Gastropods 

SEDIMENTARY STRUCTURES AND DESCRIPTORS 
::::::::=:::::: � Wavy or nodular bedding T Bioturbation 
--

Plane parallel lamination v? -- Burrows (vert., hor.) --
� Cross-bedding 1\.w"\ Stylolites ----

PORES --

� Open pores MO Mouldic IC Fibrous to bladed calcite 

� Cemented pores EC Equant calcite to 
w/isopachous distribution 

slightly ferroan calcite o Dolomite 
BP lnterparticle 

FC Equant ferroan calcite FD Ferroan dolomite 
VUG Vuggy 

BC lntercrystalline 

Middle unit 
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Fig. 6. Symbol index for sedimentological 
logs. 

textural vaneties. Radial-concentric ooids and coated 
grains are locally abundant within limestones, whereas 
oncoids and intraclasts locally are important constituents 
within both limestones and dolomites. These particles 
commonly form grain-supported textures. 

Some irregular plane-parallel laminations may occa
sionally occur within the upper dolomite beds, but pri
mary sedimentary structures are generally not observed. 
A possible karst surface, overlain by intraclasts, can be 
correlated between some localities. 

The middle unit decreases in thickness eastwards, from a 
maximum of more than l 00 m in the western part of 
Biinsow Land to about 50 m at Nbrdstrømfjellet and 
35 m at Urmstonfjellet (Fig. 7b). In the northeastern
most part of Biinsow Land the unit probably onlaps the 
Hecla Hoek basement, but stratigraphic control is sparse. 
The unit consists of interbedded dolomites, limestones, 
gypsum and siliciclastic sandstones. 
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Fig. 7. Palaeogeographic 
reconstructions. (a) The lower unit of 
the Minkinfjellet Member and the 
upper Trikolorfjellet Member, (b) the 
middle unit of the Minkinfjellet 
Member, (c) the upper unit of the 
Minkinfjellet Member. Poor 
stratigraphical control east of 
Filchnerfonna in (a) and (b). 

(a) 

(b) 

(c) 

Sandstone beds occur in the lower and uppermost 
parts of the unit. The oldest is red, at least 8 m thick, 
planar- and trough-crossbedded, and medium-to-coarse 
grained in the western part of Biinsow Land. Bas�d on 
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the scree material at the Teltfjellet NW locality, the 
sandstone may here be more than 30 m thick. Transport 
direction for the sand is towards north-northwest. East
wards, the sandstone gets finer (very fine to fine sand) 
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and thinner, and interfingers with evaporitic dolomites. 
The sandstone here is plane parallel laminated and 
trough-crossbedded, and is mainly green (due to glau
conite) or yellow. 

The lower sandstone bed Iies almost directly on top of 
the Trikolorfjellet Member in the western part of Biin
sow Land ( only separated by 0-2 m thick dolornite bed). 
Eastwards, the Trikolorfjellet Member grades into car
bonates assigned to the Minkinfjellet Member, and the 
lower sandstone bed is successively separated from the 
Trikolorfjellet Member by an up to 29 m thick limestone
and dolornite-dominated sequence (lower unit). 

The younger sandstone bed is best developed in the 
eastern part of Biinsow Land, where it is at least 8 m 
thick, planar- and trough-crossbedded and fine to 
medium grained. The base of the sandstone bed is occa
sionally erosional and reworked carbonate breccias may 
be found immediately above the erosional surface. West
wards, the sandstone gets finer (very fine to fine sand
stone) and thinner ( 1.5 m in the northwest, absent in the 
southwest), and no sedimentary structures are seen, 
partly because of the frequent scree cover. The transport 
direction for the sand could only be reliably measured at 
one locality and indicated a southeasterly direction. The 
sand is often green because of a high glauconite content. 

The interval between the two sandstone intervals is 
composed of interbedded gypsum, dolornites and some 
limestones. A very thin (tens of centimetres) glauconitic 
sandstone bed also occurs locally. Gypsum beds are most 
common in the upper part of the unit and in the south
westernmost part of the study area. Eastwards, the evap
orite content decreases, whereas the limestone content 
increases. 

Some dolomites have packstone to grainstone textures 
but commonly no primary textures are preserved. A few 
echinoderms, brachiopods and fusulinids are occasion
ally identified. Some of the dolomites are cherty or 
evaporitic, notably in the lower and middle part of the 
sequence, and some have a characteristic yellow weather
ing surface. Algal stromatolites occur locally, within both 
dolomites and limestones, in the eastern part of Biinsow 
Land. 

Limestones have textures ranging from mudstones to 
grainstones. Bioclastic packstones/grainstones and oolitic 
or oncoidal grainstones are common. All the ooids have 
a radial-concentric structure and they seem to have a 
primary calcite composition. The faunal assemblage of 
the limestones includes foraminifera (including fusulin
ids), crinoid fragments, bryozoans, pelecypods and a few 
rugose corals. 

Intraclasts occur within a few of the limestone beds, 
notably in the eastern part of Biinsow Land, where they 
commonly form a grain-supported texture. At the Nord
strømfjellet locality, larninated lime mud fills in the inter
granular spaces of an intraclastic bed. Some intraclastic 
intervals directly overlie sharp, irregular to planar disso
lution surfaces (karst). Two, possibly three, irregular 
dissolution surfaces occur within a 3 m  interval in the 
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Nordstrømfjellet locality. One of these can be traced 
throughout the eastern and possibly into the southwest
ern part of Biinsow Land. 

Upper unit 

This unit has a thickness of 140 m to more than 230 m 
within the studied area. The thickness distribution is 
irregular, although the unit is generally thickest to the 
southwest towards the fault zone (Fig. 7c). Most of the 
unit is generally covered by scree material, particularly in 
the northwest, but is probably dominated by dolornite. 
The exposed beds consist of dolornites with mudstone to 
grainstone textures, dolomite/limestone breccias, gypsum 
(probably anhydrite in the subsurface), and a few lime
stone beds. The studied area may be divided into three 
lithologically distinct regions. 

In the northwestern part of the study area, dolomite/ 
limestone breccias (Fortet member of Dallmann 1993) 
comprise almost the entire exposed part of the unit. 
These breccias occur in up to 5 m thick beds and consist 
of clasts measuring from a few centimeters to more than 
a metre in diameter. Most of the unit is covered in this 
area, but large rock fragments of breccia occur almost 
throughout the scree material, indicating that several 
breccia beds may be covered. Based on the scree mate
rial, the brecciated interval could be up to 170 m thick. 
The breccias are commonly highly porous (20-30% 
porosity, visually estimated in the field) and/or are ce
mented by either coarse, fibrous calcite or equant, isopa
chous, fringing calcite. Locally, some pores are filled with 
ligh-coloured, unconsolidated, sometimes laminated, 
clay. Algal laminations are occasionally associated with 
the breccias. In the upper part of the unit, the breccias 
sometimes grade into beds with a strongly disturbed 
horizontal bedding. According to McWhae ( 1953), the 
breccias cover an area of approximately 300 km2, al
though only a minimum of l 00 km2 could be verified by 
the present study. The breccias, which were named 'Cy
athophyllum Limestones Breccia' by Gee et al. ( 1953), 
are almost identical to breccias occurring in the lower 
part of the Artinskian Gipshuken Formation (Lauritzen 
1981). 

Southwards along the Billefjorden Fault Zone, the 
dolomite/limestone breccias interfinger with gypsum and 
minor dolomite. Gypsum eventually becomes the domi
nating lithology in the southwesternmost part of the 
study area, being capped by only a few tens of metres of 
breccia. The gypsum forms up to 20 m thick beds sepa
rated by thinner (up to a few metres thick) dolomite 
beds. The gypsum beds frequently contain gypsum nod
ules with chickenwire structure. 

Eastwards, the dolornite/limestone breccias and the 
evaporites interfinger with dolomites. Dolomites 
throughout Biinsow Land, apart from the northeastern
most locality, commonly have mud-supported textures, 
are often unfossiliferous, frequently have bituminous lay-
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ers, and are occasionally evaporitic. Algal stromatolites 
occur locally. Grain-supported dolomites occur occa
sionally, and their fauna] assemblage includes crinoid 
fragments, bryozoans, fusulinids, rugose corals, bra
chiopods, Tubiphytes and pelecypods. Primary sedimen
tary structures are commonly absent but locally 
irregular plane-parallel laminations, ripples and cross
beds occur. 

In the northeasternmost part of Biinsow Land bitumi
nous layers are absent and mud-supported dolomites 
are much more fossiliferous. The fauna] assemblage in
cludes crinoid fragments, bryozoans, fusulinids, rugose 
corals and brachiopods. 

At the Nordstrømfjellet locality in the eastern part of 
Biinsow Land (Fig. 2), a stacked succession of bry
ozoan limestone buildups occurs. These were first con
sidered to belong to the upper part of the Minkinfjellet 
Member. However, subsequent detailed studies by Han
ken and Pickard (pers. comm.) have shown that small 
phylloid algal buildups occur under the scree-covered 
interval below the bryozoan buildups. These buildups 
should therefore be assigned to the Cadellfjellet Mem
ber, although perhaps being time-equivalent to the up
permost part of the Minkinfjellet Member elsewhere. 
Five individual bryozoan buildups, each approximately 
2 m  thick and separated by up to 0.5 m thick dolomi
tized mudstones/wackestones, form a stacked sequence 
of Il m. The buildups are often extremely porous (20-
30% porosity or more, visually estimated in the field), 
although frequently they have been extensively cemented 
with radiaxial fibrous calcite. The porosity is mainly of 
primary origin, occurring within and between fenestrate 
bryozoan skeletons. Fenestrate bryozoans are invariably 
the main constituent of the buildups, but brachiopods, 
echinoderms and gastropods also occur. Similar 
buildups have recently also been reported from the 
Stenhousebreen area, approximately 6.5 km to the 
southwest (Hanken & Pickard, pers. comm.). 

Because of the high porosity of the bryozoan 
buildups and their fragile nature, the buildups readily 
disintegrate into a characteristic unconsolidated lime 
sand. Similar lime sands have been found in the scree 
cover in the upper part of the Minkinfjellet Member at 
several localities in the eastern part of Biinsow Land. It 
is thus suggested that these buildups are much more 
widespread than their exposed counterparts signify. 

Sedimentological description - Malte 
Brunfjellet 
A sedimentological profile was measured on Malte 
Brunfjellet in Sabine Land (Figs. 2 and 8). The se
quence starts with a red-bed sequence, probably of De
vonian age, which is overlain by a 55 m thick 
scree-covered interval. Above this a 20 m thick sequence 
of siliciclastic conglomerates occurs, which over a few 
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metres grades up into a carbonate sequence. The rest of 
the sequence up to the top of the nunatak (190 m) 
comprises carbonates, ending in the lower part of the 
Tyrrellfjellet Member. 

The age of the siliciclastic sequence underlying the 
carbonates is unknown. However, because of its strati
graphical position it is believed to be of Bashkirian or 
Moscovian age and may thus be time-equivalent to the 
Minkinfjellet Member or the Ebbadalen Formation. The 
siliciclastic sequence is composed of stacked units of 
conglomerates and chert. Each unit is composed of nor
mal graded, partly calcite cemented conglomerate, ap
proximately l m thick, capped by thin (10-30 cm) chert 
beds. The conglomerate is mainly composed of well
rounded and poorly sorted quartz clasts with a maxi
mum particle size of approximately l cm. Limestone 
clasts (approximately 5 cm in diameter) and crinoid 
fragments occur locally. 

The base of the Minkinfjellet Member could be 
defined either as the base of the siliciclastic conglomer
ates (as suggested by Miloslavskij et al. 1992) or as the 
base of the overlying carbonates. The base of the car
bonates is preferable because of the lithological dissimi
larity between the siliciclastic conglomerates and the 
main lithology of the Minkinfjellet Member. In this case 
the underlying siliciclastic interval should be given a 
formal name. The transition between the Minkinfjellet 
Member and the overlying Cadellfjellet Member is 
defined as the base of the first appearing phylloid algal 
buildup, which occurs approximately 75 m above the 
base of the carbonates (Fig. 8). 

The subdivision of the Minkinfjellet Member into 
three units, as performed in Biinsow Land, is not possi
ble at Malte Brunfjellet. This is probably because of the 
absence of the lower two car bona te units ( Carronelva 
Beds) at this locality, but may also be due to an east
ward facies change. 

The Minkinfjellet Member is poorly exposed. All ex
posed beds consist of fossiliferous limestone and there is 
a dominance of grain-supported depositional textures, 
mainly packstones. The fauna] assemblage is dominated 
by foramainifera (both benthonic and planktonic 
forms), crinoid fragments, brachiopods, corals and bry
ozoans. Foraminifera are particularly abundant in the 
lower part of the sequence. Pelecypods, trilobites, 
sponges and green algae occur more sporadically. Abun
dant in situ Microcodium occurs in the upper part of 
two fossiliferous packstone/grainstone beds in the mid
dle to upper part of the member. 

The fusulinid distribution at Malte Brunfjellet (B. T. 
Simonsen, Table l) indicates that the Minkinfjellet 
Member is of late Bashkirian to late Moscovian age. 
Fusulinid datings performed by Forbes et al. (1958) 
suggest that the Passage Beds ( equivalent to the 
Minkinfjellet Member) in Biinsow Land are of Mosco
vian age. The Minkinfjellet Member thus appears to be 
more or less time-equivalent in Biinsow Land and 
Sabine Land. 
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Fig. 8. Sedimentological log at Malte Brunfjellet, Sabine Land. 

Interpretation 
Siliciclastic wedges assigned to the Odellfjellet Member 
of the Ebbadalen Formation built out eastwards from 
the Billefjorden Fault zone during Bashkirian to Mosco
vian time. They are composed of alluvial fan, fan-delta 
and eolian deposits (Johannessen 1980) and are east
wards reported to interfinger with coastal flat and sabkha 
evaporites of the Trikolorfjellet Member, Ebbadalen for
mation (Holliday 1966, 1968; Holliday & Cutbill 1972). 
Further east (15-20 km east of the western limit of the 
Billefjorden Fault Zone in the studied area), the lower 
part of the Trikolorfjellet Member onlaps the }leda 
Hoek basement, whereas the upper part grades into 
carbonates assigned to the lower unit of the Minkinfjellet 
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Member, Nordenskioldbreen Formation (Fig. 7a). The 
upper part of the Odellfjellet and Trikolorfjellet Mem
bers are thus believed to be time-equivalent to the lower 
unit of the Minkinfjellet Member. The Odellfjellet Mem
ber does not appear to be developed within the studied 
area, but has been reported at localites more proximal to 
the Billefjorden Fault Zone (Johannesen 1980; Johan
nessen & Steel 1992). 

Carbonates of the lower unit of the Minkinfjellet 
Member were probably deposited in peritidal to shallow 
subtidal environments during a general transgressive 
episode. The environment was dominantly restricted, pe
riodically hypersaline, in the northern areas, but became 
successively more open marine southeastwards. This is 
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Table l. Fusulinid distribution at Malte Brunfjellet. See Fig. 8 for sarnple locations. No fusulinids in sarnples MB-1, MB-10, MB-14 and MB-17. Identification and 
age deterrnination by Bjørn Tore Simonsen. 
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Eostaffella pseudostruvei X X 
Eostaffella cf. pseudostruvei X X 
Pseudostaffella sp. X 
Pseudostaffella cf. gorskyi X X 
Profusulinella spp. X 
Profusu/inella sp. X X 
Profusulinella cf. prisca X 
Pseudoendothyra spp. X X X 
Pseudoendothyra sp. 
Ozawainella sp. ? ? 
Ozawainella mosquensis 
Fusulinella spp. 
Fusulinella sp. 
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Fusulinella cf. bocki 
Wedekindellina sp. 
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clearly indicated by the lack of evaporites in the south
east and by the lower degree of dolomitization and 
increased faunal intensity and diversity in this direction 
(Fig. 7a). A general low-energy depositional setting pre
vailed in the northern areas, as indicated by the domi
nance of mud-rich carbonate textures, whereas in the 
more open marine areas to the southeast, depositional 
energies varied considerably. The Nordfjorden Block on 
the western side of the Billefjorden Fault Zone and 
probably also the northeastern part of Biinsow Land 
were subaerially exposed throughout deposition of the 
lower unit. The barrier effect of these two land areas rna y 
explain the more restricted and cairn depositional settings 
in the northern parts of the study area. 

Periodically, the lower unit may have been subaerially 
exposed with chemical erosion of consolidated carbonate 
and the development of a karst surface. 

The rniddle unit represents a continued transgressive 
episode whereby the Minkinfjellet Member transgresses 
over the Ebbadalen Formation (Odellfjellet Member in 
the proximal, western parts and Trikolorfjellet Member 
in the axial parts of the trough). However, the transgres
sion was not of sufficient magnitude to transgress the 
Nordfjorden Block to the west or the land areas in the 
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northeastern part of Biinsow Land (Fig. 7b). The middle 
unit represents overall more open marine environments 
than the underlying sequences (Trikolorfjellet Member 
and the lower unit of the Minkinfjellet Member), as 
indicated by the higher faunal intensity and diversity, 
lower evaporite content and the more common occur
rence of grain-supported carbonate textures. However, in 
the western parts of the trough the environment was 
probably still restricted during most of this period. In the 
southwestern part of the study area deposition occurred 
in peritidal settings, including sabkhas, as indicated by 
the high evaporite content, the restricted fauna and the 
presence of a karst surface. Further north and east, 
deposition occurred in peritidal to shallow subtidal envi
ronments (possibly lagoons) which grades from restricted 
marine to open marine east and northwards (Fig. 7b ). 

The local abundance of intraclasts within the rniddle 
unit indicates erosion of consolidated carbonate. The 
common association of clasts and karst surfaces suggest 
that the erosion was at least partially of chemical nature, 
with formation of karst collapse breccia during subaerial 
exposure. 

The oldest siliciclastic sandstone bed within the rniddle 
unit rna y represent one of the last pulses of erosion of the 
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Nordfjorden Block, and express the declining tectonic 
activity along the Billefjorden Fault Zone. The eastward 
change in colour and reduction in grain size and thick
ness, indicate a westerly source area for the sand. The 
north to northwesterly transport direction may represent 
a marine reworking of the sand. 

The youngest siliciclastic sandstone bed has an eastern 
source area, as indicated by the westerly reduction in 
thickness and grain size. This suggests that also the 
exposed land areas in the northeastern part of Biinsow 
Land were tectonically active and supplied erosional 
products to the Billefjorden Trough. The glauconite 
suggests a marine depositional setting and the south
easterly transport direction indicated from one meas
urement could be explained in terms of longshore trans
port. 

A detailed facies analysis of the upper unit is difficult 
owing to the widespread scree cover and also to the 
extensive dolornitization. The unit, however, was proba
bly deposited in peritidal to shallow subtidal environ
ments which bad great fluctuations in depositional 
energy, salinity and oxygen level. Periodically, the unit 
may have been subaerially exposed, as indicated by the 
presence of in situ Microcodium in the eastern part of the 
study area. Microcodium is believed to be a calcite struc
ture formed as a result of symbiotic association between 
terrestrial plant roots and fungi (Klappa 1978) and thus 
aids in the identification of paleosols and unconformities. 

The western part of the studied area was more proxi
mal to the shoreline and bad more restricted environ
ments than the eastern part. This is reflected in the high 
bitumen content, low fauna} intensity and diversity, the 
presence of algal stromatolites, and the abundance of 
evaporites and breccias in the western part. The upper 
unit was thus probably deposited in restricted peritidal 
environments (including sabkha) in the western part of 
the Billefjorden Trough, grading eastwards into a shal
low, more open marine middle platform. 

Different exp1anations have been given for the origin 
of the breccia in the upper unit. McWhae ( 1953) dis
cusses several possible origins but concludes that it was 
most likely formed by solution of evaporite minerals 
followed by collapse of the overlying carbonate layers. 
Cut bill & Challinor ( 1965) suggest that the breccia has a 
tectonic origin and was formed by subsurface sliding 
associated with late Jurassic faulting. Dallmann ( 1993) 
suggests that the breccias were formed in response to 
earthquake activity. 

The aerial distribution of the breccia may be in agree
ment with all hypotheses. However, several other obser
vations favour a solution collapse origin. These include: 

• Upward transition from breccia to beds with a 
strongly disturbed horizontal bedding. The overlying 
Cadellfjellet Member, with the exception of the lower
most part of 'Black Crag', is not affected. This sug
gests that brecciation was more or less synsedimentary 
in origin. 
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• The southward transition from carbonate breccia to 
interbedded gypsum and carbonate indicates that 
evaporites are synsedimentary with the host material 
of the breccia, and suggests that evaporites in the 
northern areas may have been dissolved. 

• The upper unit increases in thickness southwards 
along the Billefjorden Fault Zone as the breccia is 
replaced by evaporites and dolomites. The reduced 
thickness to the north may be due to compaction of 
the sequence during solution collapse. 

The solvent for the evaporites was probably fresh 
water and a large flux was needed for such an extensive 
dissolution. The driving force for the water may have 
been the exposed Nordfjorden Block, especially its north
em extension, as suggested by the northward increase in 
breccia thickness. The presence of in situ Microcodium in 
the eastern part of the study area indicates periodic 
subaerial exposure of the sequence, and the solution 
collapse most likely occurred during these events. 

Sequence stratigraphic evolution 

The base of the Minkinfjellet Member in central and 
eastern parts of Biinsow Land represents the onset of a 
major marine transgression. This is shown by the pro
gressive onlap of the Minkinfjellet Member onto the 
Hecla Hoek basement of the Ny Friesland Block in the 
northeastern part of Biinsow Land. This transgressive 
surface is probably time-equivalent to a transgressive 
surface, defined by Johannessen & Steel (1992), within 
the upper Odellfjellet and upper Trikolorfjellet Members 
(Fig. 3). 

According to Johannessen & Steel (1992), the upper 
part of the Odellfjellet and Trikolorfjellet Members con
sists of a series 

.
of back-stepping units representing the 

lower, transgressive phase of a megasequence. This ret
rogradational nature is not expressed in their figures, 
however (e.g. their Fig. 3), which in fact show a progra
dational character of the Odellfjellet Member. Neverthe
less, the present study shows that the interfingering 
transition between the lower unit of the Minkinfjellet 
Member and the upper part of the Trikolorfjellet Mem
ber is retrogradational and represents a transgressive 
phase (Fig. 3). The progradational nature of the time
equivalent Upper Odellfjellet Member may be related to 
increasing tectonic movements along the Billefjorden 
Fault Zone causing local progradation in an overall 
transgressive regime. 

The Nordfjorden Block to the west was eventually 
transgressed in late Moscovian to early Kasimovian time, 
and the Gerritbreen Beds of the Cadellfjellet Member 
form the upper part of the transgressive systems tract. 
Dolomites and evaporites in the overlying Mathewbreen 
Beds indicate a change towards more restricted marine 
environments and probably represent regressive units of 
a highstand systems tract. This culminated in the devel
opment of a subaerial unconforrnity, represented by an 
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intraformational conglomerate (Cutbill & Challinor 
1965; Steel & Worsley 1984) at the Carboniferous/Per
mian transition. The combined Minkinfjellet and 
Cadellfjellet Members thus form a 350-500 m thick 
transgressive-regressive sequence. A renewed transgres
sion which initiates the development of a new transgres
sive-regressive sequence occurred in the early Permian. 

The transgressive and highstand system tracts compris
ing the Minkinfjellet and Cadellfjellet Members consist 
of several smaller scale parasequences ( tens of metres in 
thickness) represented by shallowing-upward cycles 
bounded by transgressive surfaces. Subaerial unconfor
mities, represented by karst surfaces in the Minkinfjellet 
Member on Biinsow Land and in situ Microcodium in the 
Minkinfjellet Member on Sabine Land and in the 
Cadellfjellet Member, occasionally underlie the transgres
sive surfaces. 

In the lower two units of the Minkinfjellet Member, 
the parasequences consist of: 

• Dolomites ( occasionally limestones) representing the 
transgressive part of the cycles, overlain by gypsum 
representing the regressive, shallow part of the cycles. 
The dolomites were deposited in shallower subtidal to 
intertidal environments, whereas the evaporites were 
probably deposited in upper intertidal to supratidal 
environments, and possibly also subtidal environ
ments. This kind of parasequence occurs most com
monly within the lower unit in the northern part of the 
study area, and within the upper part of the middle 
unit in the western part of the study area. 

• Dolomitic or dolomitized mudstones representing the 
transgressive part of the cycles, overlain by thinner, 
grain-supported, commonly dolomitic, limestones rep
resenting the regressive, shallower part of the cycles. 
The regressive part is occasionally capped by a sub
aerial exposure surface (karst). This kind of parase
quence occurs most commonly within the lower unit in 
the southeastern part of the study area, and within the 
middle unit. The full parasequence is often difficult to 
see because of extensive dolomitization, which obliter
ates sedimentary textures, and poor exposures. 

The syntectonic nature of the Ebbadalen Formation is 
evident from thickening and coarsening towards the 
Billefjorden Fault Zone (Johannessen & Steel 1992). The 
Minkinfjellet Member and possibly the lower part of the 
Cadellfjellet Member were also deposited during syntec
tonic activity. This is shown by their great thickness (at 
least 450 m) dose to the Billefjorden Fault Zone as 
opposed to their absence on the exposed Nordfjorden 
Block, and sedimentary thickening towards the fault 
zone. However, the siliciclastic input from the exposed 
blocks was drastically reduced and the basin became 
wider, indicating that the tectonic activity was declining. 
The Minkinfjellet Member and the lower part of the 
Cadellfjellet Member may thus be regarded as syn-rift or 
transitional to post-rift in nature. 
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Reservoir quality 
The carbonates within the lower unit of the Minkinfjellet 
Member are very tight, mainly due to a dominance of 
mud-rich sedimentary textures but also because of exten
sive ferroan calcite cementation of interparticle pores. 

(a) 

(b) 

(c) 

Fig. 9. Microphotographs. (a) Dolospar with high intercrystalline porosity. 
Porosity is black. Middle unit of Minkinfjellet Member at the Urmstonfjellet-East 
locality. (b) Oolitic grainstone. Note the radial-concentric structure of the ooids. 
Interparticle pores have been cemented by equant calcite. Middle unit of the 
Minkinfjellet Member at the Urmstonfjellet-East Locality. (c) Solution collapse 
breccia. Breccia clasts are lined by bladed, isopachous calcite cement. Note the 
abundance of open pores (black). Upper unit of the Minkinfjellet Member at the 
Urmstonfjellet-West locality. 
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Secondary porosity related to dolomitization has only 
been developed locally. 

The reservoir quality of the middle unit is highly 
variable. High porosity and permeability occur within 
the siliciclastic sandstones of the middle unit. Porosities 
of 11-27% (image-analysis measurements) and perme
abilities of 88-1834 mD ( minipermeameter measure
ments) have been measured in the proximal areas. The 
reservoir quality deteriorates distally, i.e. eastwards and 
westwards for the lower and upper sandstone beds, 
respectively. 

Minor to moderate porosity (0-10%, visual estimates 
from thin sections) occurs within most of the dolomites 
in the middle unit, while a few beds ( coarsely crystalline, 
sucrosic dolomites) have high porosity (up to 15-20%, 
visual estimates from thin sections). The porosity is in 
the form of intercrystalline porosity (Fig. 9a) and the 
permeability is expected to be fairly good, although no 
measurements have been performed. Some dolomite beds 
have a high pre-cementation porosity, so-called 'minus
cement porosity', which was later occluded by equant 
calcite cement. 

Oolites quite commonly form good reservoir rocks 
throughout the geologic record. The porosity is often 
formed through the dissolution of the ooids forming 
moulds. However, this process is dependent on the pri
mary mineralogy of the ooids as only aragonitic ooids 
will be altered through to the mouldic stage. The good 
preservation of primary microstructures within the ra
dial-concentric ooids of the Minkinfjellet Member (Fig. 
9b) indicates that the ooids had a primary calcite miner
alogy and thus have not gone through the modulic stage. 
The oolites within the studied area have very low porosi
ties through the entire area, not only because of their 
stable primary mineralogical composition but also be
cause of a mud-rich depositional texture. 

The reservoir quality of the upper unit is locally very 
good, particularly within some of the solution collapse 
breccias which have visually estimated porosites (from 
thin sections) of up to 30% (Fig. 9c). Many of the 
dolospars within the sequence are also porous and 
porosities of 10-20% are not uncommon. The dominant 
pore types within the dolospars are intercrystalline and 
mouldic/vuggy (after dissolved calcite grains and evapor
ites). The abundance of intercrystalline porosity indicates 
that the permeability is relatively high, but no measure
ments have been performed. A few limestone beds in the 
upper unit are porous and locally have abundant vuggy 
porosity. 

The low resistance of the dolomites to erosion seems to 
be caused by the high porosities. This indicates that 
many of the scree-covered intervals, which constitute the 
major part of the upper unit, are porous. 

The good reservoir quality of the upper unit is proba
bly restricted to a relatively narrow zone closest to and 
parallel to the Billefjorden Fault Zone. In the more distal 
eastern parts of the basin, tight limestones and dolomites 
are more frequent and solution collapse breccias are 
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missing. The porosity distribution is strongly controlled 
by freshwater flux from the exposed Nordfjorden Block, 
and porous zones may be discontinuous along the fault 
zone. Evaporites and undolomitized carbonates near the 
fault zone were dissolved, forming either breccia porosity 
during solution collapse, or mouldic and vuggy porosity. 
Additionally, this zone also had the most restricted de
positional settings and was most prone to early diagen
etic dolomitization with formation of intercrystalline 
porosity. 

Conclusions 
The Minkinfjellet Member of the Nordenskioldbreen 
Formation was deposited in an asymmetric rift basin, the 
Billefjorden Trough, which was bounded to the west by 
the Billefjorden Fault Zone. It forms the lower part of a 
major transgressive systems tract, progressively onlap
ping the Nordfjorden Block to the west and the Ny 
Friesland Block to the northeast. The member has been 
subdivided into three units. The lower unit was deposited 
in peritidal to shallow subtidal environments which east
wards towards the Billefjorden Fault Zone interfinger 
with coastal flat and sabkha evaporites of the Trikolor
fjellet Member, Ebbadalen formation. 

The middle unit transgresses over the Ebbadalen For
mation but the transgression was not of sufficient magni
tude to transgress the land areas to the west and 
northeast. The relative rise in sea level caused more open 
marine environments in the central and eastern parts of 
the basin, and depositional settings range from domi
nantly subtidal in the east to peritidal and sabkha in the 
west. 

Peritidal and sabkha environments persisted in the 
western parts of the trough during deposition of the 
upper unit, grading eastwards into more open marine, 
middle platform environments. Sabkha evaporites in the 
northwestern part of the basin were subsequently dis
solved by fresh water drained from the exposed Nord
fjorden Block, causing extensive solution collapse of 
interbedded carbonates. Subaerial exposure surfaces oc
cur within all units, indicating fluctuations in sea level in 
the overall transgressive regime. 

Acknowledgements. - I would like to thank Bjørn Tore Simonsen for studying the 
fusulinids, and Nei! Pickard and Nils Martin Hanken for critically reading and 
commenting on an earlier version of this paper 

References 
Cutbill, J. L. & Challinor, A. 1965: Revision of the stratigraphical scheme for the 

Carboniferous and Permian rocks of Spitsbergen and Bjørnøya. Geo/ogica/ 
Magazine 102, 418-439. 

Dallmann, W. K. 1993: Notes on the stratigraphy, extent and tectonic implica
tions of Minkinfjellet Basin, Middle Carboniferous of central Spitsbergen. 
Polar Research 12(2), 153-160. 

Dons, C. E. 1983: Fasies og paleostrømanalyse av NordenskOidbreen For
masjonen (Overkarbon-Underperm), sentrale Spitsbergen. Unpublished Cand. 
Real thesis, University of Oslo. 335 pp. 



NORSK GEOLOGISK TIDSSKRIFT 75 (1995) 

Forbes, C. L., Harland, W. B. & Hughes, N. F. 1958. Paleontological evidence 
for the age of the Carboniferous and Permian rocks of Central Vestspitsbergen. 
Geo/ogica/ Magazine 95, 465-490. 

Gee, E. R., Harland, W. B. & McWhae, J. R. H. 1953: Geology of cen
tral Vestspitsbergen: Part l. Review of the geology of Spitsbergen, with 
special reference to Central Vestspitsbergen. Part 2. Carboniferous to Lower 
Permian of Billefjorden. Transactions of the Royal Society of Edinburgh 63, 
299-356. 

Holliday, D. W. 1966: Nodular gypsum and anhydrite rocks in the Billefjorden 
region, Spitsbergen. Norsk Polarinstitutt Årbok, 65-73. 

Holliday, G. W. 1968: Early diagenesis in Middle Carboniferous nodular anhy
drite of Spitsbergen. Proceedings of the Yorkshire Geological Society 36, 277-
292. 

Holliday, D. W. & Cutbill, J. L. 1972: The Ebbadalen Formation (Carbonifer
ous), Spitsbergen. Proceedings of the Yorkshire Geo/ogical Society 39(1), 1-32. 

Johannessen, E. P. 1980: Facies analyse av Ebbadalen formasjonen, mellom 
Karbon, Billefjorden trau, Spitsbergen. Unpublished Cand. Real thesis, Univer
sity of Bergen. 314 pp. 

Johannessen, E. P. & Steel, R. J. 1992: Mid-Carboniferous extension and rift-infill 
sequences in the Billefjorden Trough, Svalbard. Norsk Geologisk Tidsskrift 72, 
35-48. 

Carboniferous carbonate platform, Spitsbergen 63 

Klappa, C. F. 1978: Biolithogenesis of Microcodium: elucidation. Sedimento/ogy 
25, 489-522. 

Lauritzen, Ø. 1981: Investigation of Carboniferous and Permian sediments in 
Svalbard. Norsk Polarinstitutt Skrifter 176. 44 pp. 

Lauritzen, Ø., Salvigsen, O. & Winsnes, T. S. 1989: Geological map of Svalbard 
l :l 00,000, Sheet C8G Billefjorden. Temakart No. 5. Norsk Polarinstitutt, Oslo. 

McWhae, J. R. H. 1953: The Carboniferous breccias of Billefjorden, Vestspitsber
gen. Geo/ogica/ Magazine 90, 287-298. 

Miloslavskij, M. Ju. , Birjukov, A. S., Slenskij, S. N. & Dallmann, W. K. 1992: 
Geological map of Svalbard l :  100,000, preliminary edition, sheet D8G Negri
breen. Norsk Polarinstitutt, Oslo. 

Nilsson, I. 1993. Upper Paleozoic fusulinid stratigraphy of the Barents Shelf 
and surrounding areas. Unpublished Dr. scient thesis, University of Tromsø. 
538 pp. 

Steel, R. J. & Worsley, D. 1984: Svalbards' post-Caledonian strata - an atlas of 
sedimentological pattems and paleogeographic evolution. In Spencer, A. M. et 
al. ( eds.): Petroleum Geo/ogy of the North European Margin, 109-135. Graham 
& Trotman, London. 

Sundsbø, G. 1982: Facies analysis of late Carboniferous and early Permian 
carbonates in the Billefjorden area, Spitsbergen. Unpublished thesis, University 
of Bergen. 161 pp. 




