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Carbonate-dominated successions of the Oipsdalcn and 
Tcmpclfjordcn Groups from Svalbard record a significant 
shift from Photozoan to Hcterozoan particle associations in 
ncritic sett ings during the late Palaeozoic.  During the 
Bashkirian, benthic particle associations which included pho- 
toautotmphs such as phylhfid algae (Chloroforam Associa- 
tion) charactcriscd shallow subtidal env iromnents. Most dcpo- 
sitional settings which endured siliciclastic terrestrial input 
exhibited poorly diversified associations dominated by bra- 
chiopods, bryozoans and siliceous sponges (13ryonodcrm 
Association). During the Moscovian to Assclian, highly diver- 
sified associations typified by various calcareous green algae, 
l'alaeoaply.s'inu. Tubiphvte.s, fusulinids, smaller and entrust- 
ing foraminifcrs (Chl(~roforam Association) prevailed in car- 
bonatc sediments from supr:atidal to shallow subtidal environ- 
ments. During lhc Sakma.rian and Early Artinskiun, oolitic 
carbonate sands (Chh~roforam Association) typified int~:rtidal 
flats, whereas shallow subtidal environments were occupied 
by moderately diversified associations with fusulinids, smaller 
foraminifers, eclfinodcrms and bryozoans (Bryonodcrm-cx- 
tended Association) and poorly diversified associations with 
echinoderms, brachiopods and brw~zoans (Bryonodcrrn As- 
sociatinn). During the I,ate Artinskian to Kazanian, poorly 
diversified associations characteriscd by brachiopods, echi- 
noderms and brvozoans (Bryonodcrm Association),  and 
sp(, he, c-d( ml latcd associations (Hyalospongc Association) 
reigned within siliceous carbonates of intertidal and shallow 
subtitled environments. 

This trend is interpreted as a result of climatic cooling alld 
fluctuations of prevailing levels of tmphic resources within 
shallow-water settings during the studied time period. \Vhilc 
raised nutrient levels were restricted to near-shore settings 
during the Bashkirian, steady mesotmphic cunditions arose 
from the Sakmarian onward and increased to late Permian 
times. 
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Schlossgarten 5, D-91054 Erlangen, Germany. e-ntail: .joachimski(r~ geol.uni-erlallgcn.de huggisch(, geol.uni-erlangcn.dc: Prof. Dr. 11. 
Liitzner, Institute for Geoscienccs, University of .lena. 13urgweg 1 I, D-07749 ,lena, (;crmanv 
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Fig.1. Simplified geologic map of Spitsbergen modified after Dallmann et al. (1999). Letters A and B indicate location of the cross 
section shown at Fig. 3. 

1 INTRODUCTION 

The archipelago of Svalbard is the emergent northwest- 
crn part of the Barents Sea Shelf, which was uplifted by late- 
Mesozoic and Cenozoic crustal movements (Fig. 1). The 
area provides a representative insight into Carboniferous 
and Permian sediments of the Barents Sea rcgion that were 
deposited along the northern margin of Pangaea during late 
Palaeozoic time. These sediments contrast with Palaeotethyan 
carbonates that were formcd around the palacoequator (e.g. 
Fltigel 1980, Krainer 1992). 

The investigated strata of central Spitsbergen have been 
the focus of a largc number of studies (McWhae 1953, Gee 
et al. 1953, Forbes et al. 1958, Cutbill and Challinor 1965, 

Winsnes 1966, Malkowski and Hoffmann 1979, Loncy 
1981, 1995, Sundb0 1982, Skaug ct al. 1982, Dons 1983, 
Steel and Worsley 1984, Nakamura et al. 1987, Nilsson 
1988, 1993, Dallmann 1993, Ezaki et al. 1994, Johansen 
1994, Pickard et al. 1996, Stemmcrik 1997, Samuelsberg 
and Pickard 1999, Buggisch et al. 2001). Changing patterns 
of sediment thickness, facies configurations, provenance 
and transport dircctions clearly reflect the varying tectonic 
regime during the late Palaeozoic (Steel and Worsley 1984, 
Johannessen and Stecl 1992, Pickard et al. 1996). During the 
Carboniferous, Spitsbergen developed from a site of fault 
block tectonism with different subsidence rates and pre- 
dominant siliciclastic-evaporitic sedimentation to a stable 
carbonate shelf that experienced uniform subsidence. These 
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Fig. 2. Simplified geologic map of central Spilsbergcn (modified 
after Dallmann et al. 1999) showing the localions of sample sites. 
The sections at Skansbukta are located at the S' flank of Gyntljcllct 
(GF), NE' flank of H6gskule(jellet (IlK 2) and E" flank of 
lt6gskuleljellet (SK, HK 1). The sections at Alvrekdalen are at 
the SE' flank of Feyling-Hanssen-Fjellct (FH) and NE flank ol 
Skansen (AV). The sections at Boltonbreen (Gipsdalcn) are 
exposed on the SW' flank of Pyefjellet (GI 1. GI 2). N' flank of 
Balchinfjellet (GI 3) and NE' flank of Balchintjcllct (GI 4). the 
sections at Odellfjellet are on the N' flank (OD I ) and E' flank of 
Odellfjellel (OD 2, OD 3). 

ctal. 1986, Stemmerik 2000). Palaeolatitude increased from 
around 25~ in the middle Carboniferous to 50~ during the 
late Permian (Steel and Worslcy 1984, Scotese and McKcrrow 
1990, Stemmerik 2(1(10), causing a change from early tropi- 
cal to later temperate conditions. Early Carboniferous gra- 
bens were the sites of  fluviatile deposition under tropical 
climatic conditions with coal swamps developed on flood- 
plains and around lakes, whereas red beds, carbonate and 
sabkha sequences reflect arid climates (luring the middle 
Carboniferous and early Permian. A regional transgression 
during the middle Permian is accompanied by the establish- 
ment of a temperate climate in the Svalbard area. 

The late Palaeozoic sedimentation in the Svalbard/Bar- 
cnts Sca is quite comparablc with that in the Wandcl Sca 
Basin in northeastern Greenland (II~.kansson and Slemmerik 
1984, Stcmmerik and Worsley 1995, Stcinmcrik 1997, 
Stcmmcrik ct al. 1995), on the Fin mnark Carbonale Platform 
in the Norwegian Barents Sea (Bruce and Toomey 1993, 
Ehrcnbergctal. 1998, Samuelsbcrg 1999) and in the Svcrdrup 
Basin in the Canadian Arctic (Bcauchamp 1994, Morin ctal. 
1994, Beauchamp and Desrochers 1997). These areas were 
originally situated not more than about 1000 km from what 
is now the west coast of Spitsbergen prior to the break-up of 
Greenland and Europe and the opcning of the Arctic and 
North Atlantic Oceans. 

The present study is part of a research program focused 
o n  late Palacozoic sediments of the St. Johnsljorden Trough, 
the Nordfjorden t ligh and the Billefjorden Trough (Fig. 3). 
l)ata on conodont stratigraphy have already been published 
(Buggisch et al. 2(]01). The main objective of the present 
papcr is to describe and interpret carbonate-donlinated fa- 
cies in the Bashkirian to Kazan Jan strata of the Nordfjordcn 
Itigh and thc Billctjordcn Trough. These sediments are part 
of the Oipsdalcn and the Tempelt]orden Group (Cutbill and 
Challinor 1965, Dallmann ctal. 1999). Emphasis is placed 
on individual facies description and thc interpretation of 
diffcrent palaeoenvironments. Time-related dcpositional 
facies models are proposed using late Palaeozoic biotic and 
abiotic bcnthic particle associations as dc fined by, Bc::mcham p 
(1994) (Fig. 8). This papcr documents the long-term depo- 
sitional evolution from Photozoan to Hcterozoan carbonates 
and discusses relevant cnvironmental controls. The cyclic 
organisation of the invcstigatcd successions gives the oppor- 
tunity to study subtidal, intcrtidal and supratidal environ- 
mcnts at repeated, closely-spaced points in time. 

conditions lasted until the late Permian when siliciclastic 
influx revived again. The Upper Carboniferous and Lower 
Permian strata display a highly cyclic rock succession which 
is composed of four long-term transgressivc-rcgressiv c cyclcs 
(Samuelsberg and Pickard 1999). These long-term cycles 
are themselves composed of stacked higher order cycles 
(Stemmerik et al. 1995, Pickard ct al. 1096, Samuclsberg 
and Pickard 1999). 

Climatic cooling, partly attributed to a northward drift of 
Pangaea, had a great influence on stratigraphical variations 
and facies dcvelopment (Steel and Worsley 1984, Worsley 

2 REGIONAI~ G E O L O G Y  

The basement of Svalbard (I lecla I lock) comprises both 
late Precambrian and Cambro-Silurian strata. l 'his complex 
was consolidated during thc Caledonian orog,zny. Subse- 
quent uplift and extension resulted in the formation of  
rcstricted N-S trending grabens during the l)ewmian and in 
the formation o1 the Central Basin of NVv' Spitsbergen. 
Devonian siliciclastic deposits (Old Red) wcrc partly de- 
formed during the Svaibardian compresskm (Vogt 1929). 

Tile sedimcnt accumulati(m during Carbtmilcrous and 
Permian times is related to tile middle Carboniferous rifting 
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Fig.3. West to east cross section of central Spitsbergen showing the late Palaeozoic horst, graben and halfgraben configuration. 
Adapted from Wright (in Heafford 1988) and modified after Ludwig (1989) and Johannessen and Steel (1992). 

on Svalbard (Fig. 3). Johannessen and Steel (1990, 1992) 
distinguish three tectonostratigraphic units: 
(i) Coal-bearing fluvial and lacustrine sequences of the 

Billefjorden Group were deposited on flood plains during 
the "early rift phase". 

(ii) The "main rift phase" led to the formation of a horst 
(Nordfjorden Block), graben, and halfgraben (Billefjorden 
Trough) topography. Coarse-grained alluvial fan- and 
sabkha-sediments interfingering with marine sandstones 
and carbonates of the Ebbadalen Formation were depos- 
ited in the subsiding depressions. The narrow and mostly 
asymmetric geometry of the NNW-SSE trending rift 
basins is well illustrated in the Billefjorden area. 

(iii) During the "late rift and post rift phase" downwrapping 
was more gentle and subsidence became more and more 
balanced. Platform carbonates, evaporites and rarely 
siliciclastics were deposited in extended areas of the 
Barents Shelf (Minkinfjellet Formation, Wordiekammen 
Formation, Gipshuken Formation and Kapp Starostin 
Formation). 
The Mesozoic was the time of more or less stable 

platform conditions (Steel and Worsley 1984). The develop- 
ment of a mobile belt (Western Spitsbergen Alpine Fold 
Belt) and of sedimentary basins (Central Basin, Foreland- 
sundet Graben) during the Tertiary were probably closely 
related to the separation of Greenland and Svalbard. 

The late Palaeozoic succession deposited across central 
Spitsbergen normally shows a cyclic organisation of strati- 
fication and facies. While local tectonic base-level adjust- 
ments mainly controlled the rift-infill sequences in the 
Billefjorden Trough during the Serpukhovian to Bashkirian 
(Johannessen and Steel 1992), eustatic sea-level fluctua- 

tions more and more controlled the late-rift and post-rift 
carbonate accumulation (Stemmerik et al. 1995, Pickard et 
al. 1996, Samuelsberg and Pickard 1999). Upper Carbonif- 
erous to Lower Permian strata display four long-term (> 10 
Ma) transgressive-regressive cycles (Samuelsberg and 
Pickard 1999): (1) The oldest transgressive-regressive se- 
quence is of Serpukhovian to Bashkirian age and represents 
a syn-rift sequence. (2) Also composed of syn-rift sediments 
is the transgressive-regressive Moscovian-Gzhelian se- 
quence. (3) The late Gzhelian to late Asselian sequence is 
mainly a post-rift sequence. (3) The youngest sequence is of 
Sakmarian to possible Artinskian age, and is also composed 
of post-rift sediments. 

The long-term cycles are themselves composed of stacked 
higher order cycles (Stemmerik ct al. 1995, Pickard et al. 
1996, Samuclsberg and Pickard 1999). These short-term 
cycles consists mainly of transgressive-regressive, domi- 
nantly shoaling-upward carbonate sequences of widely wlry- 
ing composition and thickness (e.g. Fig. 12). Many cycles 
are capped by a subaerial exposure surfaces. Local tectonic 
activity is believed to control to some extent the develop- 
merit of short-term cycles in the syn-rift succession 
(Samuelsberg and Pickard 1999), and the cyclicity of the in 
the post-rift succession could have a greater degree of 
autogenic control (Pickard et al. 1996). However, Late 
Carboniferous to early Permian cyclicity appears to be a 
word-wide phenomenon. It has been documented from other 
areas of the Barents Sea and Greenland (Stemmerik et al. 
1995, Stemmerik and Worsley 2000), the Southern Alps 
(Krainer 1992) and the U.S. Mid-continent (Boardman and 
Heckel 1989, Goldhammer ct al. 1994). The period was 
characteriscd by global ice house conditions, with major 
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by Beauchamp (i994). In the following descriptions, par- 
ticle concentrations are provided on a semi-quantitative 
scale including six subdivisions: absent, rare, occasional, 
common, frequent and abundant, represcnting 0r 1-20%, 
20-40% 40-60%, 60-80%, >80%, respectively. 

Fig. 4. Biostratigraphy of the Carboniferous and Permian 
lithostratigraphic units from the Bille(iordcn Trough and lhe 
Nordfjorden Block. Modified from Cutbill and Challinor (1965), 
Dallmann et al. {1999) and Buggisch ctal. (2001). Radiometric 
ages {Ross et al. 1994) are shown on the left. 

glaciations in the southern hemisphere and high-ffcquency, 
high-amplitude sea-level fluctuations (Ross and Ross 1985, 
Veevers and Powell 1987). But the cyclicily of the ArIinskian- 
Kazanian successions, which is separated from the underly- 
ing sediments by a subacrial exposure surfaces (Dalhnann ct 
al. 1999), is related to low-frcqucncy, low-amplitude sea- 
level fluctuations (Stemmerik 2000). 

3 METHODS 

The bulk of information used in this study comes from 
field observations and description of I I outcrop localities, 
representing approximately 2000 m of strata, along the ljord 
cliffs at Billefjorden and Austf'jorden and from the Gipsdalen 
arca (Fig. 2). The authors collected the samplcs during the 
joint Erlangen-Jena-Greifswald expedition in 1991 run by 
W. Buggisch. Buildups were physically traced along the 
extension of outcrop exposure in order to doeumcnl the 
geometry of stratal units. More than 450 samples were 
collected for lab examination as polished shlbs and thin- 
sections. A total of about 500 thin-sections, stained with 
alizarin red, were described using terminology established 
by Folk (1959, 1962), Dunham (1962), t';mbry and Klowm 
{1972) and the classification of benthic particle associations 

4 LITHOSTR.atTIGRAPHIC F R A M E W O R K  
4.1 Ebbadalen Formation (Gipsdalen Group) 

The Ebbadalen Fomlation (CutbiH and Challinor 1965) 
was interpreted as an unconformity-bounded syn-rift stlc- 
cession (Itolliday and Cutbill 1972, Johannessen and Steel 
1992) that was dcposited in tin asymmetric, elongated basin 
on the downthrown side of the Billcfjorden Fault Zone 
(Fig. 3). A more than 700 m thick sedirnentary sequence is 
developed along the western part of the Billeljordcn Trough, 
thinning to only a few tens of rnetrcs at the eastern edge of 
the basin. According 1o Johannessen and Steel ( 199(f, 1992), 
the 12bbadalen Formation consists of a transgrcssive fining- 
upward sequence at the base (Ebbaelva Member), with a 
cyclic, fault-bound marginal sequence (Odeltt]ellc! Mem- 
ber) and a basinal sequence on lop (Trikolorfjellet Member). 
Marine carbonates were deposited during rcpcated rapid 
submergence. Thcv are ovcrlain by coarsening-upward se- 
quences of alhlvial sandstones along the coastal plain, by 
fanglomerates at thc wcstcrn, fault controlled margin and by 
regressive evaporites in the basin. 

According to conodonts {Buggisch ct al. 2001) and 
fusulinids (Holliday and Cutbill 1972), the onset of accumu- 
lation of lhc 1-bbadalen Formation (Fig. 4) started during the 
early Bashkirian or even earlier (sec Johannesscn and Stecl 
1992). In our study, limestone and dolomite interbeds of the 
Ebbadalen Formation have been sampled at Odellljellet 
(NF.' flank) near the Billel]orden Fault Zonc. 

4.2 Minkinfjellet Formation (Gipsdalen Group) 

The 15(/-4(1()m thick Minkin0ellet Formation is devel- 
oped only in the Billcfjorden Trough (Cutbill and Clwllinor 
1965, Dallmann et al. 1999). According to Johannesscn and 
Steel (1992) it represents tim early post-rift platform scdi- 
mcnts (Fig. 3). Samuelsbcrg and Pickard (1999) interpret the 
succession as the transgressive part of the late svn-rift 
sediment sequence. The lower boundary is an anguhu un- 
conformity on a regional scale (Dalhnann et al. 1999). The 
Minkin[leltct Formation consists tit the base ,H reddish, 
cross-bedded, mica-rich sandstones that are interpretcd as 
basal transgressive shore deposit overlying cvaporitcs of the 
F, bbadalcn Formation (l~auritzcn ct al. 1989). Proxinml parts 
of the Billefjordcn Trou,,h - in respect to the dislancc from 
the Bille(jorden l::ault Zone-  arc charactcrised by a variable 
succession of silicichtstic rocks, anlaydritic cvaporites and 
dolomites, whereas [imesloncs domimltc in distal parts of 
lhc lrough towards the casl. 

The age of the Minkin[icllet Formation (Fig. 4) is Mos- 
eovian to early Kasimovian (Pickard ct al. 1996). According 
to conodonts (Buggisch et al. 2001), accumulation in the 
western parl oflhc trough lastcd from Late Morrowian/Early 
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Atokanian ( -  late Bashkirian/early Moscovian) to Late 
Desmoinesian (-  late Moscovian). In our study an incom- 
plete section (about 120 m) of the Minkinfjellet Formation 
has been measured at Boltonbreen (SW' flank of Pyefjellet) 
showing the facies development over the Billefjorden Trough 
(Fig. 5). 

4.3 Wordiekammen Formation (Gipsdalen Group) 

The Wordiekammen Formation (Gee et al. 1953) repre- 
sents post-rift platform sediments which overlie and onlap 
both successions of mid-Carboniferous age on troughs and 
older rocks on highs (Johannessen and Steel 1992). Al- 
though tectonic activity ceased and a general rise of sea level 
resulted in a transgressive carbonate-dominated succession, 
its thickness and sedimentary facies variation are still influ- 
enced by the structural horst/halfgraben configuration 
(Lauritzen et al. 1989). While the Nordfjorden Block per- 
sisted as a high with continuous carbonate sedimentation 
(Kapitol Member), carbonates, dolomites and interstratified 
siliciclastic carbonates were deposited within the Billefjorden 
Trough (Cadellfjellet Member). Both Members are overlain 
by the Tyrrellfje|let Member (Fig. 3). 

4.3.1 Kapitol Member 

The Kapitol Member (Cutbill and Challinor 1965) is up 
to 100 m thick and restricted to the Nordfjorden Block 
(Fig. 3). It rests unconformably on Devonian sandstones 
(Lauritzen et al. 1989) and correlates with the upper part of 
the Minkinfjellet Formation and the Cadellfjellet Member of 
the Billefjorden Trough. In the west the basal part is made up 
of mica-rich varicoloured sandstones and local conglomer- 
ates overlain by a succession predominantly of limestones. 

The age of the Kapitol Member (Fig. 4) is late Moscovian 
through Gzhelian (Cutbill and Challinor 1965, Nilsson and 
Davydov 1997). In our study, an incomplete section of the 
Kapitol Member has been measurcd at Alvrekdalen (SE' 
flank Feyling-Hanssen-Fjellet) with a thickness of about 
50 nl, showing the facies development over the Billefjorden 
Fault Zone (Fig. 6). 

4.3.2 Cadellfjellet Member 

The up to 250 m thick Cadellfjellet Member (Cutbill and 
Challinor 1965) forms the lowermost part of the Wordie- 
kammen Formation in the Billefjorden Trough and on east- 
ern Spitsbergen (Fig. 3). A dark, cliff-forming limestone 
unit of 21 to 50 m thickness, the so-called "Black Crag 
Beds", marks the base of this member in the western part of 
the Billefjorden Trough, which is useful for mapping. Fur- 
thcr to the east (c.g., at Boltonbreen) marine limcstoncs with 
algal biohcrms form the base of the Cadcllfjellet Mcmber 
(Pycfjellet Beds; Pickard et al. 1996, Dallmann et al. 1999). 
However, these beds are probably situated at a lower strati- 
graphic level than the Black Crag Beds. The Cadellf~ellet 
Member reprcscnts a singlc regressive succession (Sundsbr 
1982, Lauritzen ct al. 1989, Pickard et al. 1996). Open 

marine carbonate cycles present in the Pyefjellet Beds are 
succeeded by inner platform, open marine to restricted 
hypersaline sediments of the Black Crag Beds. The 
Mathewbreen Beds which form the uppermost part of the 
member contain evaporites and dolomites and appear to 
represent intertidal and supratidal settings. According to 
Samuelsberg and Pickard (1999) the Cadellfjellet Member 
is part of a late syn-rift sediment sequence (Fig. 3). The facial 
arrangement within the Billefjorden Trough in sub-parallel 
facial zones, which was typical during the deposition of the 
Minkinfjellet Formation, still existed until the end of the 
Carboniferous, when the Nordfjorden Block was finally 
flooded (Steel and Worsley 1984, Pickard et al. 1996). 
Restricted lagoonal environments behind barrier and shoal 
systems formed by bioclastic banks and algal bioherms are 
typical for the western part of the trough, whereas open 
marine platform carbonates accumulated in its eastern parts. 

According to fusulinids the age of the member is 
Kasimovian to Gzhelian (Nilsson and Davydov 1997). This 
is true for western parts of the Billefjorden Trough, but in its 
eastern parts the accumulation of the Pyefjellet Beds already 
started during the Late Moscovian (Pickard et al. 1996). In 
the present study, sections of the Cadellfjellet Member 
(about 60 m) have been measured at Boltonbreen (SW' 
flank of Pyefjellet and NE' flank of Balchinfjellet) showing 
the facies development over the Billefjorden Trough (Fig. 5). 

4.3.3 Tyrrellfjellet Member 

The Tyrrellfjellet Member (Cutbill and Challinor 1965) 
covers the M6rebreen Member of the St. Johnsfjorden 
Trough, the Kapitol Member of the Nordfjorden Block and 
the Cadellfjellet Member of the Billefjorden Trough (Fig. 3). 
Obviously, it represents post-rift sediments (Johannessen 
and Steel 1992, Samuelsberg and Pickard 1999) and reaches 
a thickness up to 250 m in Billefjorden Trough (Lauritzen et 
al. 1989). The base was redefined by Dallmann et al. (1999) 
to coincide with the base of the distinct Brucebyen Beds, 
consisting of dark fusulinid limestones with a thickness of 
up to 10 m. Palaeoaplysina bioherms are widespread in the 
lower part of the member. They form isolated mounds up to 
6 m high and tabular mound complexes up to 15 m thick at 
more than three stratigraphic levels (Skaug et al. 1982). 
Furthermore, Lauritzen et al. (1989) mentioned bryozoan 
buildups occurring simultaneously. As suggested by Steel 
and Worsley (1984), Palaeoaplysina bioherms tended to 
develop along the eastern and western margins of the 
Nordfjorden Block. The facial interpretation of these 
bioherms points to a lagoonal shelf environment, whereas 
the associated dark bituminous limestones suggest restricted 
lagoonal conditions (Skaug ct al. 1982, Lauritzen et al. 
1989). Thc upper part of the Tyrrellfjellet Member is domi- 
nated by a succession of well-bedded limestones and dolo- 
mites which mainly consist of bioclastic packstones to 
wackestones and a diverse fossil assemblage. A further 
distinct, cliff-forming marker hor~on, named "Limestone 
B" by Gce et al. (1953), occurs on the top of the Tyrrellfjellet 
Member. 
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An Asselian and early Sakmarian age is assigned to the 
Tyrrellfjellet Member (Keilen 1991) which is in accordance 
with conodont data (Buggisch et al. 2001). According to 
fusulinids (Nilsson and Davydov 1997), the accumulation of 
the member already started during the hltc Gzhelian, and the 
lower boundary between the Tyrrellfjcllct Membcr and thc 
undcrlying Cadellfjellet and Kapitol Members is regionally 
diachronous. Within the Billcfjorden Trough at Boltonbrcen, 
the accumulation of the mcmber obviously started some- 
what later than on the Nordfjorden Block. The development 
of laterally extensivc surfaces of discontinuity and intra- 
formational conglomcrates at its base point to a minor uplift 
of the entire area near the Carboniferous/Permian boundary 
(Steel and Worsley 1984, Pickard et aI. 1996). Nevertheless. 
renewed transgression during the early Permian led to the re- 
establishment of open marine environmcnts in most areas. 

In our study sections of the Tyrrellfjellet Member wcrc 
measured at Boltonbreen (SW' flank of Pyefjellet and N' 
flank of Balchinfjellet) with a thickness of about 190 m and 
at Alvrekdalen (SE' flank Feyling-Hanssen-1:jellct and NE' 
flank Skansen) with a thickness of 165 in. These sections 
represent the facies development over the 
Billefjorden Trough and over the eastern 
margin of the Nordfjorden Block along the 
Billefjorden Fault Zone (Fig. 5, Fig. 6). 

Worsley 1984) exhibits a regressive sequence during the 
I.ate Sakmarian that is followed by deposition of a transgres- 
sive sequence during the Early Artinskian. The area of the 
Billet]ordcn Trough was a site of restricted marine sedimen- 
tation. Stcmmerik (1997, 2000) suggests a stratigraphic 
hiatus between the Gipshuken Formation and the Kapp 
Stamstin Formation comprising parts of the Artinskian 
(Fig. 4). 

In the present study, sections have been measurcd at 
Skansbukta (NE' flank H6gskulefjcllet and S" fiank 
Gyntfjellet) and tit the basal part of the Formation at 
Alvrekdalen (NE' flank Skansen) documenting the facies 
development over the eastern margin of the Nordt'jorden 
Block and the Billcfjordcn F'ault Zone, respectively (Fig. 6, 
Fig. 7). 

4.5 Kapp Starostin Fornlation 
(Tempel[jorden Group) 

The Kapp Starostin Formation (Cutbill and Challinor 
1965) extends all over Swllbard, covering older units of thc 

4.4 Gipshuken Formation (Gipsdalen 
Group) 

The Gipshuken Formation (Cutbill and 
Challinor 1965) is characterised by cvapor- 
ites and associated sediments such as anhy- 
drite, gypsum and dolomite in the lower part, 
and peritidal dolomites in the upper part. 
According to Samuelsberg and Pickard (1999) 
it represents mainly the regressive part of a 
broad post-rift sequence. Lauritzcn (1981) 
interprets the up to 350 m thick Gipshuken 
Formation as superimposed sabkha cycles 
overlain by lagoonal, algal limestones. 

According to conodonts dcrivcd from the 
underlying Tyrrellfjellet Member and the 
overlying basal part of the Kapp Starostin 
Formation, the age of the Gipshukcn is 1,ate 
Sakmarian to Early Artinskian (Buggisch ct 
al. 2001). This conclusion is in accordance 
with other data (Nakrem et al. 1992). The 
base of the Gipshuken Formation, which is 
commonly defined by the occurrence of the 
first continuous anhydrite bed (Eauritzen et 
al. 1989), is possibly diachronous. The east- 
ward progradation of the sabkha sequence 
across the Nordfjordcn Block (StccI and 

Legend for Figs. 5-7, and 12 
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Fig. 5a. Lithology, microfacies and lithostratigraphy of the Moscovian to Sakmarian strata at Boltonbreen. Sections have been 
measured at the SW' flank of Pyefjellet (GI 1, GI 2), the N' flank of Balchinfjellet (GI 3) and lhe NE' flank of Balchinl~jellet (GI 4). 
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Fig. 5b. l.ithology, microfacies and lilhc~sl.raligraphy of Ihc Moscoxian to Saknnarian slrala at l:~t~llonluCCll. Sccliolls h~pcr been 
measured at the SW' flank of Pyefjellct (GI 1. GI 2). the N' fh.mk of Balchhfljcllcl (GI 3) and the N 1-.'" flank o[ l.~aIchir~fjcltc( (GI 4). 
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Fig. 6a. Lithology, microfacies and Iithostraligraphy of the Moscovian to Early Artinskian strata at Alvrekdalen. Sections have been 
measured at the SE'  ['lank of Feyling-Hanssen-Fjellet (FH) and the NE' flank of Skansen (AV). 
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Fig. 6[3. L i t h o l o g y ,  naicrofEacies and  l ilh(~slr~ligrziph,,, c31tllC lk,lc)sc(~,, itH1 tt~ l~:lrl ,, Artil~sRi~lN str:lla ill .-\l\'rckd~ile~l. Sccti~)11~ hzx', u hc~:r! 
mcasured at the SE' f l ank  o f  Feyl i~ lg- I - tansscn-Fjc l lc l  (1:11) zln,~l the N E  fl~lnk c~I Sk~tl,,-.cll (AV) .  
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Fig. 7a. Lithology, microfacies and lithostratigraphy of the Sakmarian to Kazanian strata at Skansbukta. Sections have been measured 
at the S' flank of Gynffjellet (GF), tile NE' flank of H6gskulcfjellet (HK 2) and the E' flank of H6gskulefjeIlet (SK, HK 1). 
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Fig. 7b. Lithology, microfacies and lithostrntigraphy of the Sal,:marian Io Kazanian strata at Skansbukta. Sections, ha\'c been measured 
at the S'  flank of Gynt[jcllet (OF), the NE" flank of lli~gskulcljcl[cl (IlK 2) and the 1! flank of II(~gskulcljcllel (SK. HK II. 
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St. Johnsfjorden Trough in the west, on the Nordfjorden 
Block and the Billefjorden Trough in the east (Fig. 3). The 
up to 460 m thick fossiliferous marine sediments wedge 
toward the Hornsund High in the south, where they are 
represented by 10 m of cherty brachiopod limestones (Steel 
and Worsley 1984). 

The basal beds of the formation are built up by bioclastic 
limestones which represent shoreface deposits, formed by 
the transgression of barrier sequences across the restricted 
marine platform and sabkha deposits of the Gipshuken 
Formation below (Hellem 1981, Steel and Worsley 1984). 
The succession grades upwards into shales and siltstones 
interstratified by a few limestone beds and some glauconitic 
sandstones at the top. Due to a high content of siliceous 
sponges, all lithologies are more or less silicified and locally 
pass into bedded cherts. Cherts and spiculitic shales repre- 
sent deep shelf deposits (Lauritzen et al. 1989). Massive 
chert bodies are interpreted as sponge buildups by Steel and 
Worsley (1984), and interbedded units of bioclastic or sandy 
shoals are most common over the western part of the 
Billefjorden Trough. 

According to conodonts (Szaniawski and Malkowski 
1979, Buggisch et al. 2001) the basal boundary of the Kapp 
Starostin Formation is regionally diachronous. It is attrib- 
uted to a stratigraphic age of Middle Leonardian and Late 
Leonardian /Early Rodian, respectively, which is consistent 
with the diachronous onset of the open marine transgression 
during the late Artinskian (Fig. 4). The accumulation of the 
Kapp Starostin Formation lasted until the end of the Per- 
mian, although the biostratigraphically dated uppermost 
beds of the formation are probably not younger than Kazanian 
(see Steel and Worsley 1984, Nakamura et al. 1987, 
Stemmerik 1988, Nakrem et al. 1992). 

In the present study the basal 120 m of the Kapp Starostin 
Formation have been measured at Skansbukta (E' flank 

It6gskulefjellet). This section shows the facies development 
over the Nordfjorden Block (Fig. 7). 

5 MICROFACIES TYPES 
5.1 Microcodium Aggregates 

Description: In situ aggregates of Microcodium grains 
include spherical clusters of prisms radiating from a cen- 
tral hollow (PI. 18/4) and sheet-like arrangements of pris- 
matic grains with long axes perpendicular to layers. The 
size of individual Microcodium grains ranges from 100 gm 
to 400 gm in lenght and from 30 gm to 80 gm in widths. 
The shape varies from well-defined prisms to vague ellip- 
soidal or subspherical outlines. Transverse sections show 
hexagonal or subspherical outlines. Curved faces, mostly 
convex to outside, tend to be more common than straight 
faces. The individual calcite grains are yellow to pale 
brown with dark inclusions concentrated within a periph- 
eral zone. Sweeping extinction within individual grains 
shows a complete radial-fibrous structure with fibres radi- 
ating from a point on the perimeter. 
Occurrence: Within the Kapitol Member (late Moscovian) 
in situ Microcodium Aggregates are common at several 
horizons. Fig. 12/C illustrates a level that is defined by 
laterally extensive discontinuity surfaces and intraforma- 
tional conglomerates (see Steel and Worsley 1984). 
Microcodium aggregates also occur at the top of some 
Palaeoaplysina bioherms and in the beds overlying the 
bioherms within the Tyrrellfjellet Member (Asselian and 
Sakmarian). Furthermore, Microcodium Aggregates are com- 
mon at several levels within the upper part of the Gipshuken 
Formation at Skansbukta (Early Artinskian) 
Interpretation: Microcodium is reinterpreted by Klappa 
(1978) as being the result of calcification of mycorrhizae, 
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Fig. 1. 

Fig. 2. 

Fig. 3. 
Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

Moscovian to Gzhelian (late Carboniferous) platform carbonates from Svalbard: Minkinfjellet Formation, 
Cadellfjellet and Kapitol Members (Wordiekammcn Formation) of the Billefjorden Trough and Nordfjorden 
Block areas. Photomicrographs of thin sections in plane polarized light. 

Peloidal grainstone. Some peloids are similar to spherical encrustations around coccoid biotic forms. 
Sample 286, Boltonbreen (GI 2). x 77 
Foraminiferal packstone. Globular and single-layered apterrinellid foraminifers are the most common 
skeletal fragments. Sample 415, Boltonbrecn (GI 4). x 77 
Colony of multithecoporid corals. Sample 298, Boltonbreen (GI 2). x 2.7 
Bioclastic Packstone/Wackestone Facies. Abundant small foraminifers indicate facial transition to the 
Small-Foraminifera Facies. Sample 181, Alvrekdalen (FH). x 19 
Beresellid Boundstone Facies. Tubiphytes contributes a lot to the sediment stabilisation. Note cross 
sections of Tuberitina and Bradyina. Sample 184, Alvrekdalen (FH). x 19 
Beresellid Boundstone Facies. Photomicrograph showing encrusting Tuberitina and abundant small 
foraminifers (such as Polytaxis) andAmmovertella within the trapped sediment. Sample 185, Alvrekdalen 
(FH). x 19 
Cylindrical thalli of the beresellid algae Dvinella in longitudinal and cross sections. Close-up view of 8. 
Sample 185, Alvrekdalen (FH). x 77 
Beresellid Boundstone Facies. Abundant berescllid algae are locally encrusted by Tubiphytes and 
Tuberitina. Interstices are filled with baffled sediment and cement. Sample 185, Alvrekdalen (FH). x 19 
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a symbiotic association between fungi and cortical cells of 
roots. Thus, Microcodi,m may be used as a criterion for 
recognition of palaeosols. The presence of in situ Micro- 
codium indicates terrestrial conditions, subaerial exposure 
and cessation of marine sedimentation. 

5.2 Laminated Facies 
(dololaminites and microbial structures) 

Description: Horizontal lamination in dolomicrites and 
dolomicrosparites generally restllts fiom 0.1 to 4 mm thick 
laminae (usually 1 to 2 ran1), which are c o n l m o n l y  sepa- 
rated from one another by llfin bituminous films. Locally 
the dolomite crystal size decrease towards the top of 
individual laminae due to primary textural grading of 
individual laminae. Normal grading is also indicated by a 
decreasing grain size of silt-sized quartz grains, which 
may occur in low quantities withila some of the units (PI. 
20/1). The presence of quartz grains also enables one to 
discern the outlines of sand-sized mud pellets, which 
originally constituted most of the thin laminae, although 
most of the textural features were destroyed during dolo- 
mitization. 

While horizontal lamination is most common, layers 
may also be arranged in atera y- inked hemispherical shapes 
indicating cryptalgal fabrics. In such cases, open-space 
structures usually occur and the primary calcite mineralogy 
is commonly preserved (Pl. 20/4). Tim orientation of fenes- 
trae can be concordant to lamination or irregularly. These 
w)ids may be filled with internal sedimeuts (micrite and 
peloids) and cement (calcite or anhydrite). Furthermore, the 
Dololaminite Facies is occasionally associated with 
Micrncodium Aggregates and circumgranular cracking. 
Occurrence: Dololaminites are typical of the Gipshuken 
Formation (Late Sakmarian to Early Artinskian) and are 

most common in its upper parts. They rarely occur within 
the Ebbadalen Formation (Bashkirian). 
Interpretation: Due to the development of extensive 
infauna or browsing organisms during the late Palaeozoic, 
the preservation of horizontal lamination is restricted to 
supratidal and upper intertidal conditions in tidal fiat 
deposits (see Shinn 1983). In sabkhas, plant life is severely 
restricted and roots are seldom as abundant as to com- 
pletely destroy sedimentary structures. The distinctly domed 
and laminated structures, which are clearly microbial in 
origin, suggest that the more horizontal lamination can 
also be a result of alternating deposition of marine sedi- 
inent and algal mat growth. The incorporated detrital 
mate,'ial is interpreted to be of eolian origin. 

5.3 Dismicrite Facies 

Description: Some micritic and pelmicritic limestones 
and dolomites exhibit open-space structures that in most 
cases are associated with microbial laminiles (Pl. 20/4). 
The fenestrae are commonly arranged more or less concor- 
dantly to micritic and pelmicritic layers, but the outline of 
fenestrae is mostly irregularly formed. The primary voids 
may be filled with internal sediments (micrite and peloids) 
and cement (calcite or anhydrite: PI. 20/2). Typical s t ro-  

matactis cavities with a .'elatively flat base and an irregu- 
larly digitated roof are rare. 
Occurrence: The Dismicrite Facies is typical of the 
Gipshukcn Formation (Late Sakmarian to Early Artinskian) 
and is most common in its upper parts. 
Interpretation: The preservation and association with the 
Laminated Facies and more rarely with Microcodium 
Aggregates points to supratidal and upper intertidal condi- 
tions in tidal flat environments (see above). 
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Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 
Fig. 6. 

Fig. 7. 

Fig. 8. 

Fig. 9. 

Moscovian to Gzhelian (late Carboniferous) platform carbonates fronl Svalbard: Minkinfjellet Foi-mation, 
Cadell0cllet and Kapitol Members (Wordiekanlmen Formation) of the B illefj orden Trough and Nordt] orden 
Block areas. Photomicrographs of thin sections in plane polarized light (otherwise stated). 

Bioclastic Grainstone Facies. Sorted and rounded grains showing strong alteration and dolomitization. 
But their outline is well preserved due to micritic envelopes. Sample 248-I, Boltonbreen (GI I). x 19 # 
polars 
Bioclastic Grainstone Facies. The well-sorted particles include abundant calcitornellid foraminifers, 
lithoclasts and rare superficial ooids. Sample 305, Boltonbreen (GI 2). x 19 
Bryozoan/Phylloid Algal Facies. Fenestrate bryozoans overgrown by Tuheritina. Sample 269. Boltonbreen 
(Gi 2). x 19 
Bryozoan/Phylloid Algal Facies. Fecal pellets among poorly preserved phylloid algae. Sample 276, 
Boltonbreen (GI 2). x 19 
Bioclastic Grainstone Facies. Close-up view of Fig. 2. Sample 305, Boltonbreen (GI 2). x 77 
Bryozoan/Phylloid Algal Facies. Interstices of fenestrate bryozoans are filled with peloidal micrite and 
sparite. Sample 269, Boltonbreen (GI 2). x 19 
Bryozoan/Phylloid Algal Facies. Photomicrograph illustrating the rare occurrence of abraded and 
rounded bioclasts of phylloid algal in peloidal packstone texture. Sample 270, Boltonbreen (GI 2). x 19 
Phylloid algal packstone. The superimposed phylloid algae thalli are poorly preserved. Sample 262, 
Boltonbreen (GI 1). x 19 
Phylloid Algal Boundstone Facies. Eugonol~hylhml sp. Note encrusting Tubil~hytes and Epimastopora 
which occasionally occur within this facies. Sample 182-2, Ah, rekdalen (FH). x 19 
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5.4 Peloidal Facies 

Description: This facies is extrelnely variable in charac- 
ter. Its most regularly occurring conlponents are peloids 
(lnore than 50 %) which arc accompanied by highly vari- 
able amounts ol 7 bioclasts. Within bioclastic wackestones 
and packstones, peloids may constitute a substantial part 
of the groundmass between bioclastic particles. Peloids 
are often squashed beyond recognition (0.03-0.2 ram). 
Therefore, the botmdaries of these pellets are difficult to 
define in the micritic matrix. They usually exhibit suban- 
gular and subrounded shapes. Peloids of more irregular 
shapes nlay be entirely micritized fragments of bioclasts. 
A typical biotic association may consist of sessile fora- 
minifers (Ammovertella), Tubiphytes, other small fora- 
minifcrs, phylloid algae, ostracods, gastropods, crinoids 
and bryozoans. Although the typical intergranular cement 
is calcite, small anaounts of the pore space may be filled 
with gypsum cement. 

Peloids in some grain-supported textures usually show 
irregular shapes, a fluffy structure and diverse sizes (0.05- 
0.3 ram), suggesting that they represent micritic calcareous 
microbes or algae (P1. 16/I ). Some of these peloids resemble 
sphe,'ical carbonate encrustations around coccoid biotic 
|:ornls (blue-green algae ?). 

Locally, typical fecal pellets (0.2-0.8 ram) occur as well, 
but in general make up a small portion among other peloids. 
They display a spherical outline with a length/width ratio of 
2:1. and often thin dark rims. Characteristically, fecal pellets 
are often concentrated in patches or occur as fills in small 
btlrrows. 

Peloids that occur in sequences of predominantly mud- 
supported textures are elongate to irregular in shape with 
subangular and subrounded outlines. Although some pe- 

loids are similar to fecal pellets (see above), most resemble 
small intraclasts (0.2-2.0 mm O). Their micritic structure is 
identical to that of the surrounding micrite. Depositional 
textures range from pehnicrites to pelsparites. In the latter 
case. anhydrite and gypsum frequently occur as intergranu- 
lar cements or as nodules (1-10 cm). Dololaminites as well 
as laminated mudstones are closely associated within these 
seq uences. 
Occurrence: The Peloidal Facies is associated with vari- 
ous bioherm facies of the Minkinfjellet Formation (Mos- 
covian), Cadellt~jellet and Kapitol Members of the 
Wordiekammen Formation (Moscovian to Gzhelian) and 
occurs as isolated beds within sequences of anhydrites and 
dolomites of the Gipshuken Formation (Sakmarian to 
Early Artinskian). 
Interpretation: This facies cha,acterises, but is not lim- 
ited to, senti-restricted environments. It nearly always 
occurs in moderate to low energy settings. The transition 
fi-om Peloidal Facies to open marine facies (in particular to 
the Palaeoaplysinid Boundstone Facies) is characterised 
by increasin,a~ biotic diversity and decreasin,,. ~. peloid con- 
tent. Peloidal grainstones are indicative of deposition in 
very warm water with only moderate water circulation 
(Fltigel 1982). 

The Peloidal Facies is typical (I) of shallow lagoonal 
environments adjacent to isolated shoals in general open- 
marine platform areas (e.g.. formed late during the 
colonisation stage of Pahwoal)lysina bioherms: Fig. 11 ). 
Restricted environments of inter-buildup lagoonal setting 
m'ise during falling stages of sea-level. Furthermore. the 
Peloidal Facies is typical (2) of tidal fiat sequences that 
include protected coastal lagoons seaward of the intertidal 
zone (Fig. 9). There, pelleted muds were easily stirred into 
suspension and transported to the flats during storms. 
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Fig. 6. 

Fig. 7. 

Fig. 8. 

Latest Gzhelian to Asselian (early Permian) platform carbonates from Svalbard: Lower Tyrrell(jellet 
Member of the Billel]orden Trough and Nordl]orden Block areas. Photomicrographs of thin sections in 
plane polarized light. 

Bioclastic Grainstone Facies. lntraclasts, crinoids, bryozoans and poorly preserved Palaeoaplysina 
fragments are the most common particles. Sample 194, Alvrekdalen (FH). x 19 
Bioclastic Grainstone Facies. Sorted and rounded particles consist of intraclasts and abraded bioclasts such 
as crinoids, bryozoans, Epimastopora and strongly altered Palaeoal)lysina fragments. Sample 140. 
Alvrekdalen (AV). x 19 
Coral Floatstone Facies. The photomicrograph shows bioclastic debris in packstone texture between large 
rugosan corals. Note 7itbiphytes enc,usting a fenestrate bryozoan and Tetrataxis. Sample 308-1. Boltonbreen 
(Gl 2). x 19 
Microcodium Aggregates. Microcodium prisms usually form spherical clusters radiating from a central 
hollow. Sample 132, Alvrekdalen (AV). x 19 
Bioclastic Packstone/Wackestone Facies. Note the calcareous alga Ungdarella and the small foraminifer 
Biseriella. Sample 309, Boltonbreen (GI 3). x 19 
Tubiphytes Facies. Tubil)hytes commonly overgrows kmmovertella, Cah'itornella and sponge spicules. 
Sample 129, Alvrekdalen (AV). x 19 
Bioclastic Packstone/Wackestone Facies. Abundant Tubiphytes skeletons show a facial transition to the 
Tubiphytes Facies. Sample 128, Alvrekdalen (AV). x 19 
Tubiphytes. Sample 128, Alvrekdalen (AV). x 77 
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5.5 Small-Foraminifera Facies 

Description: Depositional textures of the Small-Foranlin- 
if era Facies range from densely packed wackestones to 
poorly sorted grainstones, but most typical are packstones 
(P1. 16/2, 20/6). The characteristic biogenic assemblage is 
composed of common to abundant small benthic foramini- 
fers that comprise palaeotextulariids <Climacammina, 
Cribrogenerina, Deckerel la, Palaeotextularia ), tetrataxids, 
bradyinids, Biseriella and Eonodosaria. These are usually 
associated with sessile foraminifers (Ammovertella. 
Cah'itornella, Tuberitina, EotuberitimO in varying amounts 
(PI. 19/4). Colonies of large ,ugosan corals locally occur, 
while Ungdarella and Girvanella are rarely present. 

Usually fusulinids, bryozoans, crinoids, ostracods+ bra- 
chiopods, Tubil)hytes and rare trilobites complete the spec- 
trum of biogenic components. Their occurrence is obviously 
caused by complete facies transitions between the Small- 
Foraminifera Facies and the Fusulinaceart Facies or the 
Bioclastic Packstone Facies (PI. 16/4), respectively. 
Occurrence: The Small-Foraminifera Facies repeatedly 
occurs within the Minkint]ellct and the Wordiekamlnen 
Formations (Moscovian to Sakmarian) and is recognised 
in the Trikolort]ellet Member of the Ebbadalen Formation 
(Bashkirian). 

Interpretation: The Small-Foraminifera Facies was accu- 
mulated at the lee-side embayments and protected lagoons 
of isolated shoals in open marine platform areas which were 
formed adjacent to Palaeoaplysina bioherms (Fig. 11). In 
these instances the facies is commonly associated with the 
Bioclastic Packstone/Wackestone Facies and the Peloidal 
Facies. The Small-Foraminifera Facies also occurs on sub- 
tidal platform highs formed by phylloid-algal bioherms. 
Tidal bars and channels of lagoons are a further suitable 
setting (FI0gel 1982). Wilson (1975) suggested that small 
foraminifers may be concentrated by gentle winnowing of 
cun'ents or waves. Perllaps slight restriction or higher water 
temperature inhibits other biota. 

5.6 Tubiphytes Facies 

Description: The Tltbiphytes Facies is characterised by 
wackestone to packstone textures with abundant Tuhi- 
i~hytes and sessile foraminifers (Calcitornella, Ammover- 
tella, Tul)erilina). Additional biogenic elements are echi- 
noderms, small foraminifers and locally bryozoans, bra- 
chiopods and ostracods. Tubil)hytes may occur as isolated 
particles within the sediment ranging in size up to 3 rain 
(PI. 18/6), as smaller epibiont relicts that are attached on 
broken fossil debris or encrustations on flat pebbles. The 
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Latest Gzhelian to Asselian (early Permian) platform carbonates fi'om Svalbard: Lower Tyrrelltjellet 
Member of the Bille(jorden Trough and Nordl]orden Block areas. Photomicrographs of thin sections in 
plane polarized light. 

Bioclastic Grainstone Facies. Grains comprise intraclasts, crinoids, fusulirlids and bryozoans. Note the 
crinoid fragment that is overg,'own by a bryozoan. Sample 140, Alvrekdalen (AV). x 19 
Bioclastic Packstone/Wackestone Facies. The photomicrograph illustrates the diverse fauna including 
crinoids, fusulinids, small benthic foraminifers (Tetrata.vis) and Tubil)hytes. Sample P13, Boltonbreert 
(P).x 19 
Fusulinacean Facies. The pressure dissohttion is attributed to a raised amount of clay particles. Sarnple 191, 
Ah'rekdalet+~ (FH). x 19 
Small-Foraminifera Facies. Abundant single-layered calcitornellid foraminifers showing sharp edges and 
fiat base in longitudinal section possibly related to an epibionl mode of life. These biogens are embedded 
among siliciclastic particles and isolated Microcodium prisms indicating redeposition. Sample 321, 
Boltonbreen (GI 2). x 19 
Palaeoaplysinid Floatstone Facies. Tubiphyles encrusting an intensive recrystallized Palaeoal)lysina 
fragment and the dasycladacean algae Epimastopora, which is a scarcely occurring floral element within 
this facies. Sample PI3, Boltonbreen (P). x 19 
Cross-section of a Palaeo~q)lysina plate showing remnant preservation of the internal cellular tissue. Most 
of the internal plate structure is not preserved due to recrystallization to pseudosparite. Channels are 
blocked up with dark peloidal micrite. Sample 190(2), Alvrekdalen (FH). x 19 
Palaeoaplysinid Floatstone Facies. Tubiphytes micro-reef growing on Palaeoaplysiml. Sample 190(2), 
Alvrekdalen (FH). x 19 
Palaeoaplysinid Boundstone Facies. Mamelon-like protuberance at the upper-side surface ofa Palaeoaplysina 
plate encrusted by Tubil)hyte.s'. The well preserved outline of the channel system is attributed to an early 
blocking by peloidal sediment and Tubiphyles growing into external parts of these channels. Isolated 
Microcodium prisms and granular cernent fill the dissolved parts of the plate. Sample 138-2, Alvrekdalen 
(AV). x 19 
Palaeoaplysinid Boundstorte Facies. Uppe," part of a Palaeoal)lysina plate showing branching channels 
that emerge as po,es on its upper-side surface. Note peloidal sediment partly filling these channels. 
Sample 307, Boltonbreen (GI 2). x 19 
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enigmatic taxa is composed of mini-micrite (about 1 nil- 
cron) and forms a (lark, flocculent mass in parts showing 
concentrically banded internal structures. Internal tubes 
representing a central canal systenl are usually present (PI. 
18/8). 7"ubil)hytes contributes up to 30 vol.% of the sedi- 
ment within this facies. Peloids occur as small rounded 
particles (about 0.05 ram) to larger irregular micritic 
particles (up to 0.2 ram). 

Relics of a primary lamination and sorting are in places 
preserved. However, various burrow liibrics are abundant 
and suggest that burrowing organisms were active in the 
homogenisation of the fine-grained carbonate sediment. 
Occurrence: The Tubiphytes Facies occurs within succes- 
sions which are characlerised by fast and repeated facial 
shifts within the Kapitot and the Tyrrellt]ellet Melnbers of 
the Wordiekammen Foi'mation (Moscovian to Sakmarian). 
Interpretation: The Tubiphytes Facies is an associated 
bioherm facies. Since Tubil)hytes and sessile foraminifers 
did not live in the muddy, low energy sedimentary environ- 
ment but are typical epibionts growing predolninantly on 
Palaeoaplysiml plates or bryozoan branches within miscel- 
laneous bioherm facies, the wackestone/packstones of the 
Tubiphytes Facies obviously show a textural inversion in the 
sense of Folk (1962). This interpretation is borne out by the 
fact that the Tubil~hytes Facies occurs in the "'vicinity" of 
both the Palaeoaplysinid Boundstone Facies and the 
Beresellid Bouladstone Facies. and seldom as individual 
beds within the bioherm successions themselves (Fig. 1 I). 
The textural inversion may be either the restllt of storm 
events affecting the bioherms and subsequent homogenisation 
of the abraded sediment by burrowing organisms, or the 
effect of intensive bioerosion and subsequent redeposition 
of the rasped mid crushed particles. 

5.7 Bioclastic Packstone/Wackestone Facies 

Description: Typical depositional textures of the Bioclas- 
tic Facies are packstones and wackestones whose particles 
are sometimes broken but usually not abraded (PI. 19/2). 
The general lack of lamination and different packing of 
bioclastic particles is interpreted as a result of prevalent 
bioturbation. Locally bioturbation is also indicated by the 
arrangement of bioclasts in a circular pattern. However. 
the texture is usually homogenised by extensive burrow- 
ing. The matrix is micrite or microsparite, generally the 
former. A further attribute of the facies is a highly diverse 
fauna including fusulinids, crinoids, brachiopods, rugosan 
corals, ramose bryozoans, fenestellids, ostracods, tetrataxids, 
endothyrinids, palaeotextulariids, hradyinids, mollusks, 
gastropods and sessile foraminifers (Tuberitina, Cah'i- 
tornella). The shells of brachiopods arid crinoid ossicles 
are always disarticulated. Pores of tile outer tectorium of 
fusulinid tests are usually filled by micrite indicating 
redeposition of these bioclasts. The presence of scarce 
floral elements (e.g. Tubiphytes, pbylloid algae, Ungdarella; 
PI. 18/5, 7) and peloids is related to the proximity of 
bioherm accumulations (Palaeoaplysinid Boundstone Fa- 
cies, Bryozoan/Phylh)id Algal Facies and Beresellid Bound- 
stone Facies). The Bioclastic Packstone Facies is the most 
variable in composition. 
Occurrence: The Bioclastic Packstone/Wackestone Fa- 
cies occurs occasionally within the Ebbadalen Formation 
(Bashkirian) and is widespread within the Minkinl]ellet 
and Wordiekammen Formations (Moscovian to Sakmarian). 
Interpretation: The gioclastic Facies points to open lna- 
rine, low-energy depositional environments occurring in 
depths below the fair-weather wave base. It constitutes 
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Fig. 1. 

Fig. 2. 
Fig. 3. 

Fig. 4. 

Fig. 5. 
Fig. 6. 
Fig. 7. 

Fig. 8. 

Sakmarian and Early Artinskian (early Permian) platlkwm carbonates fi'om Svalbard: Uppermost Tyrrell[jellet 
Member (Wo,diekannnen Formation) and Gipshuken Formation of the Billei-]orden Trough and Nordt]orden 
Block areas. Photomicrographs of thin sections in plane polarized light (otherwise stated). 

Laminated Facies. Siliciclastic dolo-microsparite showing cryptalgal fabrics. Sample 95, Skansbukta 
(GF). x 2.5 
Dismicrite Facies. Dolomicrite with gypsum-filled birdseyes. Sample 170, Alvrekdalen (AV). x 19 
Spiculite Facies. Photomicrograph illustrating the rare occnr,'ence of spiculitic wackestones within 
dolomite and anhydrite successions. The open space structure is caused by burrowing. Sample 110-1, 
Skansbukta (SK). x 19 
Dismicrite Facies / Laminated Facies. The dolomite is characterised by fenestral and algal laminated 
fabrics. Note secondary enlargement of open spaces due to burrowing. Sample 109, Skansbukta (SK). x 19 
# polars 
Crinoid-Bryozoan Facies. Sample 337, Boltonbreen (GI 3). x 19 
Small-Foraminifera Facies. Sample 78, Skansbukta (HK2). x 19 # polars 
Oolitic Facies. Note dissolved ooid nuclei. Eqnant calcite fills these moulds and forms circum-granular and 
relict meniscus cements within the interparticle pore space. The rest of the pore space is blocked tip with 
gypsum and anhydrite. Sample 105-2. Skansbukta (GF). x 77 # polars 
Oolitic Facies. Dolomitic, poorly preserved ooids in grainstone texture. Interparticle pore space is filled 
with gypsum. Sample 154, AIvrekdalen (AV). x 77 
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widespread sheets of"normal inarine'" limestones hetween 
tim buildups which grade laterally both into nmddy and 
peloidal sedimeuts (see 5.4, and 5.5) of slightly restricted 
enviromnents, as well as into the various sediments llanking 
the Palaeoaplysino bioherms and the phylloid-algal bioherms 
(see 5.12, 5.15, 5.18). The environment was characterised 
by clear, cahn water of open circulation. The diverse steno- 
haline fauna and flora of this facies and of the associated 
bioherm facies (compare "chlorozoan'" association of Lees 
and Buller, 1972)is indicative of deposition in warm and 
tropical shelf waters (see 6.1 ). 

5.8 Crinoid Bryozoan Facies 

Description: Depositional textures of the Crinoid Bryo- 
zoan Facies range from grain- to mud-supported with 
particles which are sometimes broken but usually not 
abraded. Packstones are the most typical, however (PI. 20/ 
5 ). The facies exhibits a poorly diverse fossil assemblage 
comprising crinoids, fenestellid and ramose bryozoans, 
brachiopods, bivalves and in places silicosponges (PI. 22/ 
7). Crinoid ossicles may be abundant. Most ossicles are 
disarticulated and tend to be heavily bored. Prevalent 
bioturbation is indicated by a general lack of lamination 
and by an arrangement of bioclasts in a circular pattern. 
Substantial amounts of mature, silt- arid sand-sized silici- 
clastic particles may be present and cause lamination. 
Occurrence: The Crinoid Bryozoan Facies is found spo- 
radically within the Ebbadalen Formation (Bashkirian) 
and in the upper Tyrrell(jel let Member of the Wordiekammen 
Fornmtion (Sakmarian), but occurs typically within the 
Kapp Starostin Formation (Late Artinskian and Kungurian). 
Interpretation: The association of skeletal grains corre- 
sponds to the "foramol" association of modern shelf carbon- 
ates whicla is characteristic of temperate waters but also 
extends well into the tropics (see Lees and Buller 1972). The 
Crinoid Bryozoan Facies occurs in shallow subtidal settings 
of ol)en-marine, low-energy environments. It forms wide- 

spread sediment sheets and patches below the fair-weather 
wave base and may grade laterally into spiculitic muds (see 
5.19). Depositional textures of this facies are comparable 
with those of the Bioclastic Packstone Facies (See 5.7), 
although the less diverse fauna points to mesotrophic or 
more temperate marine water,s (see 6. I ). 

5.9 Brachiopod Facies 

Description: The facies consists of grainstones and pack- 
stones with abundant brachiopods, various types of bryo- 
zoans, crinoids and spicules from siliceous sponges (P1.21 ). 
Locally brachiopod rudstones occur, in which large and 
thick-shelled brachiopods are embedded in a packstone 
matrix of fragmented bryozoans, brachiopods and crinoids. 
In SOlne cases these particles are well rounded and sorted 
(Pl. 21/5). Brachiopod shells Dequently show punctate and 
pseudol)unctate structures and brachiopod spines are very 
common. Brachiopods with an atypical prismatic wall 
structure occur as well (Composila). 

The sediment is commonly intensively bioturbated with 
rare primary structures (P1. 22/2). Zoophycos is the only 
identifiable trace fossil in sandy limestones. Fecal pellets are 
often concentrated in isolated nests along burrows. Usually 
the facies is characterised by the presence of chert nodules 
and glauconite. A complete facies transition with the open- 
shelf subfacies of the Spiculitic Facies is characterised by a 
change to mud-supported textures and the disappearance of 
nulnerous taxa. Instead, additional biogenic elements such 
as uniserial nodosariid foraminifers occur. 
Occurrence: The B.achiopod Facies is found at the base 
of the Kapp Starostin Formation (Late Artinskian/early 
Kungurian). 
Interpretation: We interpret this facies to have been 
deposited at or above fair-weather wave base in proximal 
settings. The lack of mud and the abundance of well 
rounded particles is indicative of intense wave action, 
although periods of constant reworking are likely to have 
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Fig. I. 

Fig. 2. 
Fig. 3. 

Fig. 4. 
Fig. 5. 

Fig. 6. 
Fig. 7. 

Fig. 8. 

Late Artinskian to Kazanian (middle Permian) platfl)rm carbonates from Svalbard: Kapp Starostin Formation 
of the Billet]orden Trough and Nord0orden Block areas. Photomicrographs of thin sections in plane polarized 

light. 

Brachiopod Facies. Fenestrate bryozoan among abundant sponge spicules in bioclastic packstone texture. 
Sample 6. Skansbukta (HKI). x 19 
Brachiopod Facies. Bryozoan fragment in bioclastic packstone texture. Sample 6, Skansbukta (HK 1 ). x 19 
Brachiopod Facies. Punctate brachiopod shells in bioclastic packstone texture. Sample 6, Skansbukta 
(HKI). x 19 
Brachiopod Facies. Brachiopod shell with spine bases. Sample 6, Skansbukm (HKI). x 19 
Brachiopod Facies. Rounded and poorly sorted grainstone. Note sections of the pseudopunctate brachio- 
pod shell and spine. Sample 4, Skansbukta (HKI). x 19 
Brachiopod Facies. Bryozoan fiagment. Sample 4, Skansbukta (HK1). x 19 
Brachiopod Facies. Brachiopod shells and crinoid o,ssicles in poorly sorted grainstone texture. Sample 4, 
Skansbukta (HKI). x 19 
Brachiopod Facies. Strongly bored impunctate brachiopod shell. Sample 4, Skansbukta (HK1). x 19 
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changed with intervals of rapid growing populations and 
intense sediment biotu,bation. The predominance of bra- 
chiopods points to inner plattkwm areas since the ecologi- 
cal zones occupied by bivalves in modern environnlents 
were taken by brachiopods during Palaeozoic tirnes (see 
Stemmerik 1997). The Brachiopod Facies is comparable 
to the brachiopod-dominated facies described by Malkowski 
and Hoffrnan (1979) flom Svalbard and by Stemlnerik 
(1997) flom North Greenland. 

5.10 Coral Floatstone Facies 

Description: Isolated colonies ofrugosans, multifllecoporids, 
syringoporids and other tabulate corals are found in hori- 
zontally well-stratified limestone beds. Muhilhecopora 
sp. is the most conspicuous element (PI. 16/3). Individual 
corals or clusters of delicate skeletons root in situ in 
micrite which contains only a few scattered bioclasts. 
Sessile foraminifers are typical epibionts. Within a single 
stratum there may occur a transition to floatstones that are 
characterised by overturned and sometimes broken coral 
colonies. 
Occurrence: The facies commonly occurs in the Tyrrell0ellet 
Member of the Wordiekarnmen Fornaation (Asselian to 
Sakmarian). 
Interpretation: The Coral Floatstone Facies. which con- 
tains preserved infauna and epifauna, corresponds to the 
whole-fossil wackestone of Fit)gel (1982) and is inter- 
preted to have been deposited in quiet water below norlnal 
wave base. At the base of the Scheteligt]ellet Member, 
nmltithecopo,'ids and associated solitary corals covered 
wide areas of the St. Johnsl]orden Trough (Br6ggertinden 
Basin) and built tip colonies or extensive biostromes. 
Ludwig ( 1991 ) interpreted these biostromes as deposits of 
shallow bays or lagoons with open circulation seawards 
but only reduced wave agitation. 

5.11 Fusulinacean Facies 

Description: The Fusu linacean Facies is mostly characterised 
by loosely- as well as densely-packed wackestones and the 
dominance of fusulinids (PI. 19/3). Fusulinids occur in 
rock-forming quantities but are also commonly found in 
limestone beds with other members of varied normal 
marine biota. A high organic content is often typical. Some 
of the more intensively compacted beds, due to higher 
amounts of siliciclastic mud, give the false appearance of 
grain supported textures. These are usually dark grey to 
black bioturbated limestones or marls. 

The Fusulinacean Facies includes fusulinid wackestones 
or packstones with an interstitial matrix of silt to fine sand- 
sized bioclastic debris that reflects striking bimodal sorting. 
In many cases the fusulinids are worn and thoroughly 
micritized, reflecting transport over some distance before 
deposition. The pores of the outer tectorium are filled and 
blocked tip with micrite, which clearly indicates redeposi- 
t)on of these bioclasts. The mud-supported textures occa- 
sionally contain bioclastic particles that show features of 
textural inversion. Broken fusulinid tests are embedded 
within the re)critic matrix together with locally abundant 
fraglnents of large colonial rugosans. More rarely, crushed 
calcite cements cling to the bioclastic fragments (intraclasts) 
indicating reworking and redeposit)on after early diagenetic 
cementation. 

In cases of intensive dolomitization, the fusulinid tests 
may be well preserved (including the finely porous outer 
rector)urn), while textural features of the groundmass are 
completely destroyed by euhedral rhoinbic shaped dolomite 
crystals. 

The presence of crinoids, brachiopods, bryozoans. 
palaeotextulariids, tetralaxids, bradyinids. Eolasiodiscus, 
sessile foraminifers (Calcitornella, Tuberitina) and rare 
ostracods is indicative of gradual transitions between the 
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Fig. 6. 

Fig. 7. 

Fig. 8. 

Late Artinskian to Kazan)an (middle Penn)an) platfornl carbonates fi'om Svalbard: Kapp Starostin 
Formation of the Billel]orden Trongh and Nordl]orden Block areas. Photolnicrographs of thin sections in 
plane polarized light (otherwise stated). 

Spiculite Facies. The thick lined circular traces of Schaubcvlindichmts are dwelling burrows, whereas the 
dark pellets (crescent-shaped arranged) represent feeding structures of Scalar)tuba. Sponge spicules are 
indiscernible at this magnification. Sample 19, Skansbukta (HKI).  x 2.5 
Brachiopod Facies. Packstone showing circular burrow structure. Sample 6, Skansbukta (HKI).  x 19 
Crinoid Bryozoan Facies. Siliceous sponge. Sample 29, Skansbukta (HKI).  x 2.9 
Crinoid Bryozoan Facies. Abundant spicules within the chalnbers of a siliceous sponge. Close-up view 
of Fig. 3. Sample 29, Skansbukta (HK1). x 19 
Spiculite Facies. Section through the periphery of an agghltinated sponge that mainly consists of crinoid 
ossicles. Sample 38-1, Skansbukta (HKI)  x 19 # polars 
Spiculite Facies. Cross sections of siliceous spicules showing well preserved central canal. Sample 23. 
Skansbukta (HKI).  x 77 
Crinoid Bryozoan Facies. Silicified crinoids and sponge spicules in bioclastic wackestone texture. 
Sanlple 29, Skansbukta (HKI).  x 19 
Crinoid Bryozoan Facies. Silicified crinoid ossicles, brachiopods, bryozoan fragments, spicules and a 
small foraminifer which are embedded in glauconitic micrite. Sample 29. Skansbukta (HKI). x 19 
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Fnsulii-mcean Facies and Bioclastic Packstone/Wackestone 
Facies. In these cases, depositional textures commonly 
change to primarily grain-supported textures. Fragments of 
PahwocqUysina, rare phylloid algae and Elffnlcl.s'lopora anlollg 
abundant fusulinids point to gradual facial transitions to the 
P a l a c o a p l y s i n i d  F l o a t s t o n e  F a c i e s  that f l anks  the 
Palaeoal?6'sina bioherms. Facial transition to the Small- 
Foraminifera Facies is indicated by beds of small-foramin- 
ifera grainstones with intercalated fusulinid horizons. 

The most striking variety of this facies are the bitumi- 
nous "'packstones'" composed al most exclusively of fusulin- 
ids. Clusters of large colonial rugosans are locally abundant. 
These limestones form a distinct lithologic marker horizon 
about 10 m thick (Brucebyen Beds). They inainly occur at 
the base of the Tyrrellfjellei Member, although equivalent 
l i thologies  also cap the Palaeoap lys ina  bioherms tit 
Alwekdalen.  The total organic content ranges from about 
I% to more than 15% and is mainly derived fi'om terrestrial 
vegetation (Dons 1983. Dall mann et al. 1999). Deposition is 
believed to have occurred during a marine transgression 
(Sundsbo 1982). Such "'fusulinites" have been reported from 
coeval strata on Ellesmere Island (Beauchamp 1989, Morin 
et al. 1994), possibly indicating a time specific facies (see 
Walliser 1996). 
Occurrence: The Fusulinacean Facies is a peculiar  facies 
of  the Tyrrel l l ]el let  Member  of the Word iekammen For- 
marion (Asselian to Sakmarian).  
Interpretation: The Fusulinacean Facies represents envi- 
ronments along the inner parts of open shelf lagoons and is 
closely related to the Palaeoaplysinid biohernls. Sediment 
accumulation occurred in apparently normal, clear marine 
water, which ranged in depth fi'om a I'ew meters to a few tens 
of meters. The Fusulinacean Facies is transitional to the 
Bioclastic Packstone/Wackestone Facies which represents 
outer parts of open shelf lagoons. Furthermore, there are 
gradual transitions between Fusulinacean Facies and sedi- 
ments flanking the Palaeoaplysinid Boundstone Facies 
(Fig. 11 ). According to Wilson (1975), fusulinids nmst have 
been able to live on hioheNnal slopes and hence in quite 
shallow, rather clear water. Cowen (1983, 1988)interpreted 
fusulinids to have harboured photosymbionts such as eu- 
karyotic zooxanthellae or prokaryotic cyanobacteria. This is 
inferred on the basis of test architecture and facies associa- 
tion (Brasier 1995). Photosymbiotic associations are typi- 
cally found in nutrient-poor habitats or in hosts which 
depend on a nutrient-poor diet (Muscatine and Porter 1977, 
Cowen 1983. Hallock and Schlager 1986. Lees and Hallock 
1986, Brasier 1995). There['ore, the Fusulinacean Facies 
should indicate ol igotrophic nutrient levels. However.  
fusnlinid tests fo,-m resistant particles that were easily trans- 
ported and are found in many facies types. Consequently, the 
Fusulinacean Facies include sediments which show textural 
inversion and are formed in swales close to biolaerms and 
shoals. Dominant particles show features of high energy 
environments which have moved down local slopes to be 
deposited in quiet water below the tipper photic zone. 

Bituminous "packstones" that are composed ahnost ex- 
clusively of  fusulinids are probably the result of  expanded 

nut,'ient levels which usually have a negative effect on 
photosymbionts,  as in recent benthic invertebrates. Tempo- 
rary higher nutrient-influx levels acconapanying the inva- 
sion of detrital particles (during regressions) have caused 
short-lived mesotrophic conditions and widespread dying 
off of fusulinids. This is due to the high interdependence in 
a diverse photosymbiotic community structure in which the 
symbiosis has reached an obligate status (Brasier 1995). The 
vulnerability of  the biota is such that only a relatively minor 
perturbation may cause the collapse of specialized and 
interactive ecosystems through the loss of a few key' mem- 
bers (Plotnick and McKinney 1993). 

5.12 Bioclastic Grainstone Facies 

Description: This facies is made of  grainstones in which 
individual particles show evidence of  intense reworking.  
All or almost all of  the matrix (micrite) is washed out (Pl. 
17/5). Lamination is clearly defined where there are varia- 
tions in grain size. and in places cross- laminat ion is a 
typical  structure. Carbonate bioclasts  exhibit  the broad 
spectrum from poorly-  to well-sorted particles as well as 
rounded and abraded part icles (PI. 17/1, 18/2). Typical  
bioclasts are eclfinoderms, bryozoans (PI. 19/1), brachio- 
p o d s. s nl a I 1 fo ra m i n i fe rs, fu s u I i n i cl s. Pa la e o ap lys in a p I a t e s 

(PI. 18/1), dasycladaceans  (Epimastopora) ,  Tubiphytes  

and rare phylloid algae. Furthermore.  rounded intraclasts. 
peloids and superficial  ooids may occur (PI. 17/2)�9 Silt to 
sand-sized quartz particles are locally present. 
Occurrence: The Bioclastic Grainstone Facies is wide- 
spread within the Minkinl]el let  and the Wordiekamznen 
Formations (Moscovian to Sakmarian)  
Interpretation: It represents shoal environments of  very 
shallow water with strong wave and current action. A 
distinct proportion of Palaeoaplysina plates, phylloid algae 
and fusulinids among bioclastic particles occurs particularly 
in sequences with Palaeoaplysinid bioherms. The Bioclastic 
Grainstone Facies forms capping beds at the tops of these 
mounds that indicate temporary reworking during sea-level 
lowstands (Fig. 11: PI. 18/2). 

Within calcarenites of  the lower Kapitol Member more 
than 50c} of the carbonate salad grains are darkened, giving 
the sediment a speckled appearance. Shinn (1973) described 
comparable "'salt and pepper" sands from subtidal sand 
accumulations that occur as winnowed lag concentrate in 
channels of the intertidal zone in the Persian Gulf. 

5.13 Oolitic Facies 

Description: The Oolitic Facies  consists of nea,-ly pure 
oohtlc "1 . 4. �9 " ' g  "ainstones (> 90 <~ ooids within any o, iven sample). 
Ooids are wel l - formed and well-sorted with values of  
grain sizes f iequently between 0.2 and 0.5 rnm. Usually 
ooids are composed of several larninae, but locally super- 
ficial ooids occur as well. Frequently the distinct concen- 

tric laminae coating a nucleus m'e well preserved, but 

tangential and/or radial orientation of  crystals and other 
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microscopic textural details of ooids are lost during di- 

agenesis where some internal structure has been obliter- 
ated by predominant dolomitization (PI. 20/8). The ooid 
particles seldom have quartz nuclei. Much of the inter- 
granular pore space between grains is filled by gypsum a n d 
anhydrite cement (P1. 20/7). Besides ooids, intraclasts, 
rare peloids (micritized ooids ?), abraded bioclasts and 
sand-sized quartz grains occur. Scattered bioclasts are 
mollusks, fusulinids, gastropods, small foraminifers, bryo- 
zoans and brachiopods. 

Thick units (up to 2 m) of primary oolitic grainstoncs 
(now dolosparites) exhibit complex cross bedding struc- 
tures ranging from wedge-planar to trough cross strata. 
Medium scale cross bedding is characteristic. In these set- 
tings, good sorting of ooids and the low content of bioclasts 
(< 10 %) indicates that the accumulation of ooids occured in 
the environment of their primary formation (see Loreau and 
Purser 1973). Small scale ripple cross bedding, wide-span 
undulating lamination (hummocky cross bedding ?), cross 
bedding and channel fills occur within oolitic grainstone/ 
mudstone cycles (= dolomicrosparitcs) which arc associ- 
ated with thin (< 1 m) anhydrite interbeds, llorizontal htmi- 
nation and wavy horizontal lamination is typical in interlay- 
ered beds of oolitic grainstones and in structureless 
dolomicrosparites within thicker (> 1 m) anhydrite units 
(Fig. 12/B). Flat pebbles and mud cracks indicate emersion 
and subsequent reworking. In these settings, polyooids 
("Ooidbeutel") and broken or regenerated oc~ids rarely oc- 
cur. 
Occurrence: The Oolitic Facies is found in the form of 
thick units at the top of the Tyrrcllfjellet Member and as 
thin interbeds between evaporites at the base of the Gipshuken 
Formation (Sakmarian to Early Artinskian). 
Interpretat ion:  The occurrence of thicker, cross-bedded 
oolitic units immediately below the base of the prograding 
sabkha sequence of the Oipshukcn Formation points to 
ooid formation and accumulation in near-coastal environ- 
ments. The depositional environment is comparable to the 
wide intertidal sand flats along the Trucial Coast at Sabkha 
Matti (sue Loreau and Purser 1973). There, the intertidal 
oolitic sands of the open coastal embawncnt are virtually 
uncontaminated by non-oolitic elements and extend to a 
water depth of about 2 m. The ooids were blown bv 
"shamal" winds from the adjacent beach far into the 
sabkha coastal plain, where they t'orm eolian dunes or th in 
eolian blankets. The latter may correspond to the thin 
oolitic grainstone beds that occur within thicker anhydrite 
units of the lower Gipshuken Formation. 

5.14 Phylloid Algal Boundstone Facies 

Description: The Facies is predominantly made up of 
whole and rarely fragmented phylloid algal plates ancta 
peloidal groundmass. The most important genus of the 
phylloid algae isEugonophyllum. Occasionally, grain types 
additionally include fenestellid bryc~zmins in larger quan- 
tities (forming Phylloid Algal - Bryozoan Boundstones). 

In contrast to the Palacoaplysinid Boundstone Facies it is 
obvious that the surfaces of algal thalli as well as bryozo- 
ans arc rarely cncrusted or overgrown by Tubiphytes and 
small sessile foraminifers. 

Phylloid algal plates may form a relatively open frame- 
work in which growth cavities ark sediment-filled by peloi- 
dal packstone to wackestone (P1. 17/'9). Pcloid grains con> 
monty show graded lamination. Locally,, bunches of the 
leaflike algal thalli arc still in life position. They may, 
however, also bc tightly packed, closely fitted together and 
piled up to form grain-supported fabrics (PI. 17/8). Further 
additional biogenic elements such as shells of gastropods, 
ostracods, mollusks, brachiopods, dasycladacean fragments 
(Epimastrq)ora), Palaeoap@.~ina and echinoderms rarclv 
occur (PI. 17/9). 

The thallus of Eugonophyllum is composed of large 
blades which stood erect on the substratum (Mamet 1991). 
They were attached to the substrate by some type of rhizome 
and display dense clumps of vertical leaves (Wray 1977a, b). 
A reconstruction of the pbylloid algal community is pro- 
posed by Toomey and Babcock (1983). The group is, how- 
ever, morphological rather than biological and may include 
both red and green algae (Riding and Guo 1991 ). Most of the 
internal structure of the phylloid algae is lost during diagen- 
csis because of lhc aragonitic primary mineralogy (sec 
,lames ctal. 1'-)88). They occur as broken plates with a length 
tip to several ccntimctres. 
Occurrence:  The facies is a typical constituent of the 
Minkin(jellet Formation and the Cadellfjellct Member of 
the Wordiekammen Fornlation, but only occurs locally 
within the Kapitol Member (Moscovian to Gzhelian). 
Interpretat ion:  Phylloid Algal Boundstone Facies is in- 
terpreted as a core facies of skeletal mounds. At t3oltonbrccn 
these mounds extend across a distance of about 50 m and 
reach an overall thickness of up to 9 m. They are massive 
or have a massive core surrounded by inclined flank beds 
with a relief of up to 4 m. Individual bioherms split 
laterally into stacked subunits. The skeletal mound facies 
is generally associated with subtidal platform packstone/ 
wackestone facies which may also form intcrbeds at nlar- 
ginal parts of the skeletal mounds. 

Within the studied material, the uniform and low diverse 
biota assemblage of this core facies is obvious. As pointed 
out by Toomey (1976). dense bushes of living phyl loid algae 
induced community restriction on the seafloor, and the on Ix, 
organisms that conld survive in such an environment were 
filter feeders that were attached to the phylloid leaves (e.g.. 
encrusting foraminifcrs) and grazing animals that could 
browse and fccd on them (e.g., gastropods). Further. organ- 
isms may have been washed into these bushes Iron1 outside 
situated environments (by storms). Fencstellid and iamosc 
bryozoans may have colon ised in marginal parts (sue 5.15). 
As suggested by many milh~rs, the phylloid algal thalli have 
the capability to baffle and trap st, spension sediments 
(bafflestoncs) and thus create mound-like structures on 
shallow shelves (see Wilson 1975, Fliigel 1980, Bcauchamp 
ct al. 1980, Mc}iin ct al. 1994, Stemmerik and Worslcy 
2000). Within the Cadellfjcllct Member. the rare encrusters 
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present on phylloid thalli played a negligible role in mound 
development. Stemmerik and Worsley (2000) described 
dolomitic phylloid algal mounds from the late Moscovian 
succession of Bj0rnCya. 

The predominance of phylloid algal bioherms in the 
central Billefjorden Trough sections, the transition with 
subtidal platform packstone/wackestone lithofacies, the 
prevalence of red and green algae, the lack of abraded grains, 
and the occurrence of peloidal matrix all indicate calm open 
marine environments with well-oxygenated, detritus-free 
water for phylloid skeletal mounds. One would expect the 
depositional setting to be below the storm wave base. Since 
the phylloid algal bioherms are integrated within shallow- 
ing-upward cycles (Pickard et al. 1996, Stemmerik and 
Worsley 2000), storms have affected mound growth and 
forced seaward pmgradation. The abundance of phylloid 
and dasycladacean algae suggest bioherm growth within the 
photic zone, not deeper than about 30 m (see Konishi and 
Wray 1961, Toomey 1976, Davydov and Krainer 1999). 

5.15 Bryozoan / Phylloid Algal Facies 

Description: This facies associated with the Phylloid 
Algal Boundstone Facies consists of bioclastic packstones 
and wackestones or more rarely of grainstones. Biota 
include common fenestellid and ramose bryozoans and 
phylloid algae. In general, reworked skeletal fragments of 
phylloid algae are broken but only slightly abraded and 
rounded (P1. 17/7). Palaeotextulariids (Climacammina, 
Cribrogenerina), tetrataxids, sessile foraminifers (Am- 
movertella, Calcitornella, Tuberitina), fusulinids, crinoids, 
Tubiphytes, Ungdarella, ostracods, gastropods and rare 
brachiopods may be minor constituents in changing pro- 
portions (PI. 17/3). More than 50% of the rock volume may 
be taken up by the peloidal matrix. Conspicuous elements 
are fecal pellets which are concentrated in isolated nests 
(P1. 17/4). 
Occurrence: Th is facies occurs locally within the Ebbadalen 
Formation (Bashkirian) and is a typical constituent of the 
Minkinfjellet Formation and the Cadellfjellet Member of 
the Wordiekammen Formation at Gipsdalen (Moscovian 
to Gzhelian). 
Interpretation: The Bryozoan / Phylloid Algal Facies 
mainly occurs as deposits associated with phylloid skeletal 
mounds. Obviously, fenestellid and ramose bryozoans 
may have settled in marginal parts and supported mound- 
building by baffling and trapping lime mud and bioclastic 
carbonate particles. The higher content of bryozoans - in 
comparison with the boundstones facies - may also be 
caused by the poor preservation potential of the reworked 
phylloid algal plates. The lithofacies of the buildup flanks 
is transitional to those of the surrounding bedded platform 
deposits and the massive buildup core. Beauchamp et al. 
(1991) described bryozoan reefs from shelf margin set- 
tings of the Sverdrup Basin that evolved upward into algal 
reefs. 

5.16 Beresellid Boundstone Facies 

Description: The small tabular green algae DvineIla (P1. 
16/7) forms baffiestones, sometimes in association with 
multithecoporid framestones. The interskeletal pores of 
the erect stick-like thalli are filled by cement (P1.16/8), a 
micritic matrix or more typically by encrusting Tubiphytes 
and sessile foraminifers (mainly Tuberitina). In the stud- 
ied area the Beresellid Boundstone Facies forms massive 
biostromes. The open framework of multithecoporids and 
colonial rugosans frequently make up the base and grow 
close to the Dvinella baffiestones. Encrusting Tubiphytes 
has a secondary stabilising role during the baffling sedi- 
ment accumulation. Ungdarella is locally common. Asso- 
ciated crinoids are sometimes preserved in the form of still 
articulated colonies. 

Among trapped additional biogenic elements, small 
benthic foraminifers (especially Biseriella and Bradyina) 
dominate (P1. 16/5). More rarely echinoderm plates, 
Calcitornella, fusulinids, tetrataxids and ostracods occur. 
Occurrence: The Beresellid Boundstone Facies is a pecu- 
liar type of boundstone present locally within the Kapitol 
and Cadellfjellet Members of the Wordiekammen Forma- 
tion (Moscovian to Gzhelian). 
Interpretation: The Beresellid Boundstone Facies forms 
up to 2 m thick massive biostromes. At Balchinfjellet it 
occurs partly in place of the phylloid algal bioherms, 
According to Morin et al. (1994), beresellid algae grew in 
normal marine environments ranging from relative shal- 
low depth to the lower limit of the photic zone. The 
palaeobathymetric position of the Beresellid Boundstone 
Facies (deduced from the vertical facies successions) cor- 
responds with the situation observed in the Sverdrup 
Basin, which suggests a shelf setting at or near the fair- 
weather wave base. Stemmerik and Worsley (2000) sug- 
gest a similar cnvironment for Beresellid Boundstones 
from Bj0rn~ya during the Moscovian. 

5.17 Palaeoaplysinid Boundstone Facies 

Description: Palaeoaplysina is made up of sheet-like 
plates, about 5 mm thick but up to 1 m long (Davies and 
Nassichuk 1973). The organism has been variously as- 
signed to sponges and algae but is more probably related to 
hydrozoans (Breuninger 1976). Upper Palaeozoic build- 
ups dominated by Palaeoaplysina are apparently restricted 
to the northern rim of the Laurentian subcontinent (e.g. 
Stemmerik et al. 1994). 

In our material of the Palaeoaplysinid Boundstone Fa- 
cies, sections perpendicular to the bedding exhibit abundant 
Palaeoaplysina plates in life-position forming a relatively 
open framework. In other cases, several Palaeoaplysina 
plates are closely superimposed and interparticle pores are 
partially filled with bioclastic wackestone to packstone 
material. In both cases the primary boundstone depositional 
texture is clearly indicated by the flat-lying growth form 
showing a conspicuously greater portion of epibionts (mostly 
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Fig. 8. Composition of benthic particle associations (biola. non-skeletal elements, and mineralogy) of late Palaeozoic marine 
carbonate sedimenls according to Beauchamp (1994) and tentative environmental indications (compiled after Lees and I:lullcr (1972), 
Lees (1975), Hallock and Schlager 11986}. Birkeland (1987). Brookfield 11988). Hal lock et al. (1988), F/311mi et al. (1994), 
Beauchamp (1994), James 11997). 

encrust ing Tubiphytes, sessile foraminifers  and rare 
Ungdarella) on the mamelon-bearing surface (P1.19/7). The 
latter was thus viewed as the upper surface of the organism 
by Breuninger (1976) and is generally oriented towards the 
top within the boundstone facies. Further indications of the 
primary growth-position of the sheet-like Palaeoaplysimt 
plates are provided by the internal network of the channels. 
The complex branching channels emerge as pores on its 
outer surface, mostly on the upper mamelon side (PI. 19/8). 
Only a few pores pierce the lower flat side of the plates. 
Therefore, peloidal and bioclastic groundmass prcdomi- 
nately fills the pores of  the upper sides (PI. 19/9). 

Encrusting Tubiphytes frequently forms micro-reefs on 
the prominent mamelon-like protuberances reach ing a max i- 
mum height of  0.5 cm (PI. 19/7). l lowcver, cpibiont "luher- 
itina locally occur on the more or less flat lower side of the 
Palaeoaplysina plates. Therefore it is also plausible that 
some Palaeoaplysina grew as erect or semi-erect, semi-rigid 
organisms attached somehow to the substrate, oriented and 
tilted relative to the main currents (Beaucimmp ct aI. 1989). 

A characteristic feature of the Palaeoaplysinid Bound- 
stone Facies is the accumulation of peloidal packstoncs and 
wackestones as groundmass between Pahwoaplysina plates, 
interlaminated with bioclastic material. Peloids exhibit gco- 
petal fabrics within the growth cavities or within the locally 
infiltrated pores of the internal channels. Although some 
peloids are similar to fecal pellets, most of them show 
irregular shapes and diverse sizes (0.02 to 1 mm), suggesting 
that they are of a different origin (algal pcloids or micritized 
particles). 

Rugosans, multithccoporid corals and fcnestcllid bryo- 
zoans may occasionally settle among l'alaeoaply'sina. Phyl- 
loid algae (Eu~otzophyllum) and dasycladacean (l-pimasto- 
pora, AJ~lhracol)orella? ) occur as rare constituents (Pl. 19/ 
5). I.ocallysmall benthic foraminifers are associated in larger 
quantities. Bryozoans, brachiopods, gastropods, crinoids, 
ostracods, mollusks and fusulinids represent the biogcnic 
assemblages of the bioclastic wackestoncs-packstoaes that 
are baffled and trapped by l'alaeoiq)lysina and fill the 
growlh-cavities. 

Remnants of the internal cellular structure arc rarely 
preserved because the originally aragonitic Palaeoap@xina 
plates arc affected by extensive rccryslallization (Pl, 19:'6). 
The oulline of the internal network of channels is most 
clearly visible when thcv arc either filled by pcloidal or 
micritic material, or when the canal mouths arc encrustcd by 
diverse epibionts. 
Occurrence: l'alacoa/ffvsiml bioherms are a typical fea- 
ture of the Tyrrell[iellet Member of the Wordickammcn 
Formation (Assclian to Sakmarian). The biohcrms arc 
usually found at three stratigraphic levels (Fig. 5). Intcrbcdded 
rocks mainly consist of dark bitun3inous fusulinid-rich 
limestones similar to the Brucebycn Beds. On Bjv~rn,,~ya a 
tabular l'alaeoal)b'sina complex (ormed during the late 
Gzhclian (Stcmmcrik ct al. 1994). 
In terpreta t ion:  l 'hc biohcnns arc integrated into small- 
scale shallowing upward cycles (Fig. 12/A). Furthermore, 
the facial successions of the Palauoaply.sina biohcrms them- 
selves rellect growth stages that tyl)ically arise during mound 
growth (compare Walker and Alberstadt 1975 and James 
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1983). Complete cycles ideally exhibit four stages ( Fig. 11): 
(1) Preparation stage: The beds immediately underlying the 
mounds are commonly made of dolomitic mudstones, bio- 
clastic dolomicrosparites or dolosparites showing sparse 
bioclastic content and a distinct (algal ?) lamination in some 
places. The top surface of these mound under-beds have 
been interpreted as hardgrounds by Skaug et al. (1982). 
These authors also point to the sharp lithological change to 
the overlying mound facies. 
(2) Stabilisation stage: At the base of the mounds the core 
facies is characterised by bioclastic packstones with com- 
mon fusulinids, echinoderms and bryozoans. Individual 
bedding planes may be colonised by huge mgosan corals and 
rare multithecoporids which contribute to the stabilisation of 
the substrate. Initiation of mound accumulation is, however, 
indicated by the settlement of encrusting palaeoaplysinids 
with a clear, flat-lying orientation of their plates. Rudstones, 
including abraded colonies of rugosans, which are primarily 
interbedded within lower parts of the mounds, point to 
temporary reworking during storms. 
(3) Colonisation stage: Massive to thick bedded units of 
Palaeoaplysina boundstones are characteristic of compa- 
rable high accumulation rates during active mound growth. 
The low, mono-specific diversity is highly indicative of the 
colonisation phase of the ecological succession. Only Tubi- 
phytes and encrusting small foraminifers populate success- 
fully in sub-environments - attached to the Palaeoaplysina 
plates. The formation of a "crestal" boundstone facics of 
encrusting foraminifers and/or Tubiphytes is interpreted by 
Wilson (1975) as an indication of growth into the active 
w a v e  z o n e .  

(4) Cessation stage: The beds immediately overlaying the 
mounds are composed of different types of facies including 
fusulinid packstones with high organic content (see 5.11), 
small-foraminifera wackestones (see 5.5), peloidal bioclas- 
tic wackestones and dolomicrosparites, which all more or 
less point to shallowing or emergence of slightly restricted 
environments as reasons for the cessation of mound growth. 
Grainstones indicating shoal sand caps are rare (see 5.12). 
Furthermore, spherical grouped clusters of Microcodium are 
detectable at the top of some mounds and in the beds 
overlying the mounds. 

In concurrence with Skaug et al. (1982), we interpret the 
Palaeoaplysina bioherms as mound accumulations of a 
shelf lagoon environment. Initiation of mound growth oc- 
curred within open marine settings below the fair-weather 
wave base following transgression. Thc presence of dasy- 
cladacean algae point to a euphotic setting. During active 
mound growth, sediment accumulation (by baffling and 
trapping) continued close or within the fair-weather wave 
base (see below). The bioherm structures were frequently 
high cnough above the seafloor to affect water circulation. 
Cessation of mound growth is interpreted as a result of 
increasing restriction within the shelf lagoon that was fol- 
lowed in some cases by subaerial exposure during a sea- 
level fall. 

5.18 Palaeoaplysinid Floatstone Facies 

Description: The sheet-like plates of Palaeoaplysina are 
preserved as skeletal fragments up to some decimetres in 
length. This facies contains broken as well as abraded 
fragments of Palaeoaplysina which are embedded in bio- 
elastic pack- to wackestones or more rarely in grainstones. 
Peloidal packstone fabrics are common as well. Redeposi- 
tion of Palaeoaplysina is indicated by the loss of any 
preferred orientation of the skeletal fragments. Conse- 
quently, the upper surface of the organism may be turned 
upwards or downwards. Rudstone fabrics that comprise 
rounded, but never sorted, Palaeoaplysina fragments sel- 
dom occur. 

The typical epibionts (mostly encrusting Tubiphytes and 
sessile foraminifers) of the bioherm facies are rarely pre- 
served. Phylloid algae (Eugonophyllum),Epimastopora and 
other dasycladacean algae are infrequent yet distinctive 
biogenic elements. The Palaeoaplysinid Floatstone Facies is 
characterised by highly variable quantities of additional 
biogenic elements, commonly small benthic foraminifers 
(Tetrataxis, Cribrogenerina), fusulinids, bryozoans, bra- 
chiopods, crinoids, Ungdarella and occasionally ostracods. 
Occurrence: The Palaeoaplysinid Floatstone Facies oc- 
curs in the vicinity of Palaeoaplysina bioherms of the 
Tyrrellfjellet Member of the Wordiekammen Formation 
(Asselian to Sakmarian). 
Interpretation: The Palaeoaplysinid Floatstone Facies oc- 
curs as interstratified beds within the PalaeoapIysina 
bioherms as well as in form of sediments flanking the 
bioherms (Fig. 11). The presence of abraded or sometimes 
rounded grains is indicative of turbulent conditions within to 
the fair-weather wave base. This supports the shallowing 
upward trend indicated by the whole facial succession. 
However, the energy-level was usually too low in order to 
produce well winnowed sediments which are typical of the 
Oolitic and Bioclastic Grainstones Facies. 

Environmental studies of Palaeoaplysina bioherms in 
Idaho (Breuninger et al. 1989), Yukon (Davies 1989) and 
Ellesmere Island (Morin et al. 1994) suggest that turbulent 
conditions favoured the growth of Palaeoaplysina plates 
over fast-growing but fragile phylloid plates. In the study 
area, phylloid algal mounds do not exhibit indications of 
growth into fair-weather wave base confirming a deeper 
depositional environment for phylloid algal mounds (see 
5.14). 

5.19 Spiculite Facies 

Description: The Spiculite Facies is generally composed 
of abundant siliceous sponge spicules (Pl. 22/6) and is 
sometimes comprised of fragments of brachiopods, bryo- 
zoans and echinoderms that are deposited within bioturbated 
waekestones or packstones. Further additional biogenic 
elements such as nodosarid and frondieularid foraminifers 
and ostraeods are seldom found. Isolated specimens of 
siliceous sponges and agglutinated sponges may be present 
(P1.22/5). Among the siliceous sponge spicules, different 
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MosRovian to Gzhelian (Minkinfjel let  Formation, I(apitol and Cadenfjent Members} 

Fig. 9. Facies models of the Moscovianto Gzhelian (Minkinljcllet Formation to Cadellljellel and Kapitol Meml)ers ol the 
Wordiekammen Formation) and the Latest Gzhetian to Assclian (lower and middle Tyrrellljullct Member of the Wordiekamtncn 
Formation) carbonate succession of Central Spitsbergen. 

sizes can be discerned (up to 1 mm in length) reflecting 
some kind of bedding. Complex bioturbate textures range 
from obscure background mottling to well-preserved bur- 
rows, easily recognisable by spicules and other bioclasts 
arranged in circular patterns. Characteristic ichnotaxa seem 
to be Schaubcylindichnus and Scalariluba (PI. 22/1 ). Con- 
versely, the dominant trace fossils of pure spiculitic shales 
are Zoophycos, Thalassinoides, Cho~Mrite.s and l'h+.'cosiphon 
(Stemmerik and Worslcy 1995). 

The Spiculitic Facies is usually rich in glauconitc and 
occasionally contains small amounts of quartz silt. l 'hc 
glauconite usually occurs as rounded pellets (I).3 - 0.1 m s )  
which are evenly dissipated among other particles. Marly 
sediment types are characterised by pcloidal fabrics. The 
carbonates contain silicified echinoderm plates and brachio- 
pod shells that are made up of microquartz in wtrying 
orientations. Radial-fibrous quartz, known as chalccdonic 
quartz, is often a pore-filling cement. 

The Spiculite Facies is charactcriscd by gradual facies 
transitions exclusive to the Brachiopod Facies and the Crinoid 
Bryozoan Facies. 
Occurrence: This Facies is the dominant facies of the 
Kapp Starostin Formation (Kungurian to Tatarian) and 
occurs in the upper part of  the Ebbadalen Formation 

(Bashkirian). 
Interpretation: The lack of high energy sedimentary struc- 

lures, a low diverse open marine biotic assemblage, the 
abundance of micritc or siliciclastic mud and intensive 
bioturbation are clearly indicative of deeper shore-l'acc to 
shelf-basin dcpositional scttings below wave base. The 
Spiculitic Facies is subdivided into in fl)rmat proximal (deeper 
shore-face to open-shelf) and distal (cpiconlmcntal basin) 
subfacies as evidenced by trace fossils, facial transitions and 
the discriminating features outlined by Beauchamp ( 1994): 
The proximal subfacics comprise medium- to light-grey 
spiculitic cherls and calcareous shales with common to 
abundant glauconitc. Uniseria] nodosarid foraminifcrs are 
indicative of additional biotic elements, but monaxon spi- 
cules in parts constitute the only biotic remnant. l 'hcse 
sediments show intensive bioturbation and/or, more rarely, 
lamination. Characteristic ichnotaxa arc &:haut)c>,lindic'hnz~.s, 
,Scalarituha, "l'/zahLvwnoide.~ and Chu,Mrize.s. They pass ver- 
tical ly (and lateral ly) into well-bedded packstoncs and grain- 
stones o1: the Brachiopod [:acics (see 5.9) and the (~rinoid 
l~ryozoan Facies (scc 5.8). Calcareous and agglutinated 
sponges and bryozoans arc found near the transition to the 
distal subfacics. The dislal subfacics comprise black to dark- 
grey spiculitie cherts and siliceous shales. Prcwfiling small 
siliceous spicules are embedded in dark debris that is rich in 
pyrite and organic matter. Z(,~ol)Jl.,,:co.s alld l'h),,c(~,Wp/+on arc 
characteristic trace fossils. Addititmal biotic elements and 
glaueonitc rarely occur. ]3ioturbatioll is tlllCOtlllllOll. 
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6 ENVIRONMENTAL RECONSTRUCTION 
6.1 Modes of carbonate production 

Starting from the basic work of Lees and Buller (1972) 
and Lees (1975), the analysis of particle association has 
proven to be useful for interpreting depositional settings of 
modern and ancient carbonate deposits (e.g. Henrich et al. 
1992, 1995, James 1997, Betzler et al. 1997, Lukasik et al. 
2000). Beauchamp (1994) summarised and defined the 
biotic and abiotic benthic associations found in late Palaeozoic 
carbonate sediments (see Fig. 8). While the Bryonoderm and 
Hyalosponge associations are exclusively produced by or- 
ganisms that are light-independent, the Chlorosponge and 
Chloroforam associations additionally include skeletons of 
light-dependent organisms and/or non-skeletal particles such 
as oncoids, ooids and peloids. According to James (1997), 
the Bryonoderm and Hyalosponge associations are 
Heterozoan associations, whereas the Chlorosponge and 
Chloroforam associations are Photozoan associations. We 
use these benthic particle associations - defined by 
Beauchamp (1994) - in order to analyse the different envi- 
ronments and the developing sediment formation during late 
Carboniferous to early Permian time. Facies described in 
this paper are, however, only part of the larger late Palaeozoic 
basin fill (Fig. 1). Additional information comes from the St. 
Johnsfjorden Trough area (Fig. 3, Buggisch and Joachimski, 
unpubl, data). 

6.2 Depositional facies models 
and depositional history 

6.2.1 Bashkirian 

The Bashkirian syn-rift succession (Ebbadalen Forma- 
tion) records the long-term subsidence pattern related to the 
Mid-Carboniferous extension on Svalbard. While the basal 
unit is part of a transgressive mcga-sequence (Ebbaelva 
Member), the upper unit represents a part of a regressive to 
transgressive mega-sequence (combined Trikolorfjellet and 
Odell fjellet Members) (Johannessen and Steel 1990, 1992). 

The organisation into repeated, smaller scale sequences 
(up to 40 m thick) betrays short-term (-  1 Ma) episodes of 
asymmetric subsidence, with initially rapid and then slower 
rates of base level rise during extension (Johannessen and 
Steel 1992). Individual scquences rccord the retreat and 
submergence of alluvial fans and the subsequent develop- 
mcnt of beach spit sandstones and marine carbonates, fol- 
lowed by renewed progradation and emergence, which in 
turn gives rise to the expansion of sabkhas, eolian flats and 
alluvial fans again. Marine carbonates which occur within 
the studied successions represent periods of maximum ma- 
rine flooding, approximately corresponding to the times of 
the maximum rate of subsidence. Therefi)rc, our knowledge 
of marine biota is limited. The predominance of siliciclastics 
limits the insights on snapshots. 

The Chloroforam association is only found within 
calcareous interbeds of the Ebbaelven Member representing 
maximum marine transgression during the Bashkirian. The 
Bioclastic Packstone/Wackestone Facies (see 5.7) from 

open lagoonal settings include bioclastic remains of photo- 
autotrophs such as green calcareous algae (Eugonophyllum, 
Epimastopora) and incertae sedis (Tubiphytes, Palaeo- 
aplysina) among abundant foraminifers, bryozoans and bra- 
chiopods. Most of the bioclastic sediments are characterised 
by the Bryonoderm association. Depositional textures range 
from grain- to mud-supported, comprising the Bioclastic 
Grainstone Facies (see 5.1.2) and the Bioclastic Packstone/ 
Wackestone Facies (see 5.7). These are limestones and 
dolomites which commonly contain substantial amounts of 
siliciclastic particles. The Hyalosponge association is rep- 
resented by the Spiculite Facies (see 5.19) which is most 
typically found in upper parts of the Odellfjellet Member. 
These are mostly dolomites containing substantial amounts 
of siliciclastic particles and authigenic glauconite. 

6.2.2 Moscovian-  Asselian 

The Moscovian to Gzhelian succession (Fig. 9) com- 
prises a broad transgressive-regressive sequence (Minkin- 
fjellet Formation to Cadellfjellet and Kapitol Members of 
the Wordiekammen Formation) (Samuelsberg and Pickard 
1999). Sediments include marginal siliciclastics and evapor- 
ires, but mostly marine platform carbonates. The Latest 
Gzhelian to Asselian succession (Fig. 9) is also characterised 
by a broad transgressive-regressive sequence (lower and 
middle Tyrrellfjellet Member), bounded at its base by later- 
ally extensive discontinuity surfaces (Steel and Worsley 
1984, Samuelsberg and Pickard 1999). Platform carbonates 
of mostly open marine environments accumulated in the 
Billefjorden Trough and on the Nordfjorden Block. 

The Moscovian to Asselian carbonate succession is or- 
ganized in stacked higher order cycles (5-20 m thick; see 
Fig. 12) and exhibits subaerial unconformities at numerous 
levels in shallow-water settings, which are indicated by mud 
cracks, flat pebbles, Microcodium aggregates and meteoric 
cementation (Skaug et al. 1982, Stemmerik et al. 1995, 
Pickard et al. 1996, Samuelsberg and Pickard 1999). These 
subaerial exposure horizons are the product of high-fre- 
quency, high-amplitude sea-level changes of glacio-eustatic 
origin (Stemmerik 2000). 

The Chloroforam association is widespread in the 
neritie environments from areas with constant wave action 
reaching down into quiet water below the storm wave base. 
Consequently, the Bioclastic Grainstone Facies (see 5.12) 
produced at barriers and shoals as well as the Bioclastic 
Packstone/Wackestone Facies (see 5.7) of the open shelf 
include ubiquitous bioclastic remains of photoautotrophs 
such as grecn calcareous algae (Eugonophyllum, Epimasto- 
pora, Dvinella) and incertae sedis (Tubiphytes, Palaeo- 
aplysina), among a variety of other organisms. The same is 
true for the Fusulinacean Facics (see 5.11) which occupies 
shallow subtidal environments, although vast numbers of 
fusulinids are characteristic. This facies probably indicates 
euphotic environments, since fusulinids are interpreted to 
have harbourcd photosymbionts (Cowen 1988, Brasier 1995). 

Skeletal mounds formed by phylloid algae were wide- 
spread during Moscovian to Gzhelian time. These buildups 
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S a k m a r i a n  - ear ly  A r t i n s R i a n  [ u p p e r m o s t  Tyrre l l f je l le t  M e m b e r  - GipshuRen Format ion )  

Fig. 10. Facies models of the Sakmarian to F, arlv Artinskian (uppermost Tyrrcll(icllet Member of time Wordickammcn Formation and 
Gipshuken Formation) and the Late Arlinskian Io Kazanian (Kapp Staroslin Formal ion) carbonalc succession of Central Spitsbergen. 

generally grew in subtidal environments with open marine 
circulation below fair-weathcr wavc base. Howevcr, phyl- 
loid algae also formed skeletal mounds in association with 
bryozoans (see 5.14 and 5.15) within deeper photic environ- 
ments below storm wave base. l)uring Assclian time 
Palaeoaplysina bioherms wcre common (see 5.17and 5.18). 
Usually, they initially developed below the fair-weather 
wave base and became increasingly affected by waves 
during mound growth. Therefore, facial transitions are more 
complex in the vicinity of the Palaeoaplysirta biohcrms and 
shallowing upward successions are recorded during mound 
growth as proposed by Skaug ct al. (1982). The latter arc 
caused by high-frequency glacio-eustatic sea-level changes. 
Furthermore, isolated colonies of multithccoporids and 
rugosan corals are widespread in subtidal muddy sediments 
(see 5.1([). Sometimes in association with berescllid algae, 
these corals formed biostromes (see 5.16) indicating eu- 
photic conditions. 

The dominancc ofphotoautotrophs such as green calcar- 
eous algae probably indicates a high primary productiv it 5' on 
the shallow platforms. According to James (1997), thcsc 
organisms are not as affected by increased nutrient levels 
(transitional oligotrophic to mesotrophic conditions) as cer- 
tain hcrmatypic corals that harbour photosymbionts and live 

mixotmph. When nutrient levels rise, symbiotic animals 
cannot compete with faster-growing, fleshy algae and 
asymbiotic animals (Birkehmd 1987). 

6.2.3 g a k m a r i a n - E a r l y A r t i n s k i a n  

The Sakmarian to Early Arlinskian succession (t:ig. lO) 
is characterised by a general transgressive-regressive se- 
quence bounded at its top I) 3 , a major subacrial surface of 
exposure (I~auril.zen 1983, Samuclsbcrg and Pickard 1999). 
The basal package compriscs bioclastic shelf carbonates 
and, morc rarcly, mixed siliciclastic carbonates that cuhni- 
natc in intertidal oolitic grainstoncs (uppermost qyrrclltjcllct 
Member). The ovcrlyif+g part includes supratidal sabkha 
cycles and eolian deposits (Gipshukcn i 'ommtion). 

Generally, bioclastic shelf sediments with mad-sup- 
ported textures display a typical B ryonode rm association. 
Thcrcforc, mud-rich types of the Crinoid Bryozoan Facies 
(see 5.S) exhibit a poorly diversified fossil assemblage 
ctmaprising cri holds, fcnestcllid aim Tamosc bryozoans, bra- 
chiopods, bivalves and rare silicospongcs. It is a typical 
accumulation ofsubtidat s.cttinK,,Zs bclc) ,a, the wave-base within 
open-shelf environments. 

t3ioclast ic sediments sho ",~ 'it~ <,, <,,rain-supported textures 
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are characterised by thc Bryonoderm-extended associa- 
tion, provided that the bioclastic particles are produced 
within shallow subtidal environments. Particles of the Bio- 
clastic Grainstone Facies (\n 5.12) from shoals and thc 
Bioclastic PackstoneAVackestones Facies (\n 5.7) common 
to open lagoonal environments include fusulinids, smaller 
benthic foraminifers and rugosan corals. 

The Chloroforam association is solely represented by 
oolitic grainstones (see 5.13) which were formed in inter- 
tidal sand flats and probably redeposited in beach and eolian 
environments. Bioclastic interbeds of the supratidal deposits 
also include biotic remains of fusulinids, smaller benthic 
foraminifers and gastropods and/or non-biotic particles such 
as peloids. In most cases, however, it is doubtful whether the 
formation of these sediments is autochthonous. 

6.2.4 Late Artinskian- Kazanian 

The studied Late Artinskian to Kazanian succession 
(Fig. 10) is characterised by a general transgressive trend. 
Renewed tectonic activity and inversion along the palaeo- 
Hornsund lineament led to regression and erosion in south- 
western Spitsbergen (Stemmerik et al. 1995). Early Artinskian 
peritidal dolomites of restricted marine environments (up- 
per Gipshuken Formation) are unconformably overlain by 
open marine limestones, cherts and spiculitic shales (Kapp 
Starostin Formation). 

Transgressive-regressive cycles (40-  60 m thick) might 
be regarded as third-order depositional sequences (Stemmerik 
1997). Late Artinskian to Kazanian strata include bioclastic 
sandy shoal sediments and subtidal limestone deposits with 
a poorly diversified fossil assemblage comprising crinoids, 
bryozoans, brachiopods, bivalves and silicosponges. Oolitic 
sediments are absent. Massive chert bodies are interpreted as 
sponge buildups by Steel and Worsley (1984). The carbon- 
ates are interbedded with sandstones and spiculitic silt- 
stones. 

The Bryonoderm association is found within the Bio- 
elastic Grainstone Facics (sec 5.12) from depositional areas 
above wave base and within the Crinoid Bryozoan Facies 
(see 5.8) from scttings below wave base. Furthermore, the 
Bryonoderm association characterises the Brachiopod Fa- 
cies (see 5.9) that is typical of inner platform areas around 
wave base and of shoreface dcposits. Usually, these lime- 
stones are rich in glauconitc and lack carbonate mud. The 
Bryonoderm association is also widespread in siliciclastic 
inner shelf deposits. 

The ecological zones occupied by brachiopods in inner 
shelf deposits during late Palaeozoic times are taken up by 
bivalves in modern environments. This suggestion is docu- 
mented by facial investigations on Svalbard and North 
Greenland (Malkowski and Hoffmann 1979, Ezaki et al. 
1994, Stemmerik 1997). Therefore, the Brachiopod Facies 
is possibly an Upper Palaeozoic equivalent to the poorly 
sorted mollusk sand of Boreen et al. (1993) and the coarse- 
grained bivalve sand of James et al. (1997). Furthermore, the 
Crinoid Bryozoan Facies resembles outer-shelf bryozoan- 
dominated sands, dcposited between the fair-weather and 

storm wave base on modern cool-water shelves (see James 
et al. 1992, 1997, Boreen et al. 1993). This interpretation is 
in accordance with the conclusions inferred by Stemmerik 
(1997). The Late Artinskian to Kazanian sediments most 
likely were deposited at much shallower depth than compa- 
rable modern facies offsouthern Australia (Stemmerik 1997). 
The critical interface of wave abrasion is expected to be at 
much shallower depth in intracratonic basins like those 
discussed here. 

The Hyalosponge association is found within the 
Spiculite Facies (see 5.19) which represents subtidal envi- 
ronments below wave base that range from shallow shelf to 
deeper shelf-basin settings. Kungurian spiculitic limestones 
and cherts are characterised by intensive bioturbation, high 
glauconite content, the presence of foraminifers and 
interstratification with Bryonoderm carbonates. These fea- 
tures may indicate deposition at shallow subtidal areas (see 
Beauchamp 1994). A deposition within deeper subtidal 
shelf-basin areas is inferred for cherts and spiculitic shales 
with high organic matter content, limited bioturbation and a 
lack of glauconite. 

Even within restricted lagoonal and intertidal environ- 
ments, documented by the uppermost strata of the Gipshuken 
Formation, sponge spicules are locally abundant. These 
spicules occur within dololaminites showing open-space 
structures and cryptalgal fabrics. Although these spicules 
are most probably allochthonous particles redeposited dur- 
ing storms on tidal flats, their occurrence indicates that the 
spread of the Heterozoan association reached up into the 
shallowest shelf areas. 

The interstratification of the Spiculite Facies with 
Bryonoderm carbonates gives rise to significant facial tran- 
sitions. Common bryozoans and crinoids represent transi- 
tion to tile Crinoid Bryozoan Facies (see 5.8). Brachiopods 
are more abundant towards the transition with the near-shore 
Brachiopod Facies, which represents the shallowest water 
facies dominated by Heterozoan associations. Calcareous 
and agglutinated sponges and bryozoans are found near the 
transition to deeper shelf spiculitic shales. 

6.3 Discussion of environmental conditions 

According to Lees (1975), temperature, and to a lesser 
extent salinity, control the world-wide distribution of the 
Photozoan and Heterozoan associations. In modern oceans, 
a compositional change in bioclastic sediments can be ob- 
served both from the equator to the poles and with increasing 
water depth (Fig. 8). This is caused by decreasing water 
temperature and salinity in both directions (Brookfield 1988, 
James 1997). In consequence, carbonates of the Photozoan 
associations are restricted to shallow-water environments at 
low latitudes, where carbonates of the Heterozoan associa- 
tions concurrently occur in deeper-water environments. 
With increasing latitude, we observe a progressive replace- 
ment of Photozoan associations by Heterozoan associations. 
Therefore, low-latitude deep-water associations are similar 
to high-latitude shallow-water associations (Beauchamp 
1994). 
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Fig. I 1. Facies relationship and stratigraphic succession of the l'a/aeoaplvsina bioherms lhal typically ari>,c daring am.l attot skeletal 
mound growth. The stabilisation stage, the ctHonisalion stage and Ihe cessation slagc arc shown (for explanation scc 5.17). 

However, a similar progressive rcplaccmcnt of  the 
Photozoan associations already occurs if nutrient supplics 
increase (Fig. 8). When nutrient levels rise, photo-symbiotic 
animals cannot compete with faster-growing, fleshy algae 
and asymbiotic animals (Birkeland 1987). Increased levels 
of nutrients also increase planktic biomass and reduce light 
penetration. In such cases, Hetcrozoan associations will 
predominate even in shallow-water environments, and occa- 

sionally in photic environments at low latitudes (James 
1997). l)ctails of these theories were discussed by James 
( t 097), t~}cauchanlp (1994), Brook field (1988)and Birkcland 
(19s7). 

Furthermorc, an interpretative enigma arises bccausc 
nutrient availability is often intimately tied to tcml)craturc 
and salinity (1 lallock and Schlager 1986). 13y analogy wilh 
the present, F6lhni st al. (1994) distinguish bctwcen two 
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substantially different carbonate production modes which 
drive the carbonate factory. The coral-oolite mode of car- 
bonate production documented by Photozoan associations 
reflects "healthy" platform growth conditions with high 
average water-surface temperatures, high transparency of 
the water column, and correspondingly low nutrient levels. 
The crinoid-bryozoan mode of carbonate production docu- 
mented by Heterozoan associations reflects mesotrophic 
environmental conditions with benthic communities of fast- 
growing, less-specialised, and overall versatile suspension 
feeders such as stalked crinoids, bryozoans, silicosponges, 
brachiopods and others. Finally, eutrophic environments 
are characterised by minimal carbonate accumulation, 
phosphogenesis and glauconite formation (F611mi et al. 
1994). 

A compositional shift in benthic particle associations of 
shallow-water environments has been mostly interpreted in 
terms of changing water tcmpcratures. Consequently 
Beauchamp (1994) and Stcmmerik (1997, 2000) have pro- 
posed a dramatic climatic cooling in northern Pangaea 
during the Permian - possibly in response to changes in 
oceanic circulation patterns - inferred from platform car- 
bonates of the Sverdrup Basin and the Barents Sea. On the 
other hand, there is an increasing awareness of a relationship 
between nutrient supply and carbonate production (Hallock 
and Schlager 1986, Hallock et al. 1988, F611mi et al. 1994). 
As a result, it becomes enormously difficult to draw absolute 
conclusions because nutrient availability is often intimately 
tied to temperature and salinity. 

The biotic change from a (foraminifera-algae-domi- 
nated) Chloroforam association to a (bryozoan-echinoderm- 
dominated) Bryonoderm-extended association is apparently 
abrupt on the Finnmark carbonate platform off northern 
Norway and takes place during the late Sakmarian across a 
3-cm shale horizon (Ehrenberg et al. 1998). No lithological 
evidence is seen for a hiatus at this contact. According to the 
authors, this rapid change resulted from a reorganisation of 
the oceanic circulation, that introduced progressively coolcr 
waters over the previously warm-water shelves, triggered by 
a major rise in sea level. The most important change in 
palaeogeography from the Kungurian to the Kazanian is the 
opening of a sea-way along the axis of the Greenland- 
Norway rift from the Barents Sea southwards to the Zech- 
stein basin of northern Europe (Stemmerik 2000). 

The platform morphology also changes with the carbon- 
ates production mode (James 1997). This has been shown for 
Permian carbonate platforms in Greenland by Stemmerik 
(1997). The carbonate factory is located in shallower high- 
energy settings on Photozoan carbonate platforms in East 
Greenland, whereas on Heterozoan carbonate platforms in 
North Greenland the cool-water-factory is located in pro- 
tected settings below wave base (Stemmerik 1997). The lack 
of protective rims means that oceanic currents can bring cool 
and nutrient-rich waters on the platforms. 

In the case of the late Permian, many authors have 
interpreted the entire deep ocean as being devoid of oxygen. 
The analysis of isotopic data and pelagic cherts of the 

Panthalassa suggests a stepwise change from a ventilated 
ocean during early Permian times to a stratified ocean and 
finally to a superanoxic ocean at the Permian/Triassic bound- 
ary, which was accompanied by an upward propagation of 
anoxic water almost to the ocean surface and into shelf areas 
(e.g. Margaritz and Schulze 1980, Holser 1984, Isozaki 
1997). Furthermore, substantial amounts of silt- and sand- 
sized siliciclastic particles are commonly used as an ap- 
proximation of higher nutrient-influx levels derived from 
the land accompanying the import of detrital particles (F611mi 
et al. 1994). 

6.4 Conclusions 

The depositional evolution of late Palaeozoic epiconti- 
nental carbonates from Spitsbergen was controlled by re- 
gional and local factors such as tectonic activity, subsidence 
patterns, relative sea-level, climate and distances to 
siliciclastic sources (Steel and Worsley 1984, Johannessen 
and Steel 1992, Pickard et al. 1996, Stemmerik 1997, 2000, 
Stemmerik et al. 1995, Samuelsberg and Pickard 1999). The 
primary control on the cyclic depositional pattern is believed 
to bc glacio-eustacy (Stemmerik 1997, 2000). The carbonate 
production mode has been mainly changed (1) by a signifi- 
cant cooling within shallow-water marine environments of 
the Barents Sea from the Bashkirian to Kazanian and (2) by 
increased nutrient levels on the shelf during the Bashkirian 
and during the Sakmarian to Kazanian. Both extrinsic quan- 
tities of influence superimpose each other and cause a 
dramatic facial change in shallow marine biota associations 
during the Sakmarian to Late Artinskian time. Chlorosponge 
associations with abundant hydrozoans and calcisponges 
(Inozoan, Sphinctozoan), red algae (Archaeolithophyllum) 
and Archaeolithoporella, which characterize shallow-water 
carbonates of the Palaeotethyan region, were not found. 

(1) Cooling: Tile cooling trend is indicated by a stepwise 
disappearance of shallow marine biota and their replace- 
ment by organisms that were previously thriving in deeper 
and necessarily colder environments of the water column. 
From Moscovian to Asselian time Chloroforam associa- 
tions were widespread within neritic environments from 
areas with constant wave action reaching down into quiet 
water below the storm wave base. During the Sakmarian, 
Chloroforam associations disappeared from most shallow 
marine environments but remained at intertidal deposi- 
tional settings bordering a supratidal coastal sabkha envi- 
ronment. Subsequently, euphoric and high-energy envi- 
ronments above the fair weather wave base were occupied 
by Bryonoderm-extend associations, whereas subtidal 
environments were taken up by the Bryonodcrm associa- 
tions. During the Artinskian-Kungurian, Bryonoderm-ex- 
tend associations were taken over from Bryonoderm asso- 
ciations within water-agitated environments above the fair 
weather wavc base. Simultaneously, Hyalosponge asso- 
ciations began to occupy increasingly greater portions of 
the wide subtidal shelf. 
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Fig. 12. Details of shoaling-upward carbon'lte sequences rcprescming slmrt-tcrm r.'yclcs, el(A) lhc Tyrrdlljcllct Mcmbcr at Fcyling- 
Hansscn-Fjellel, (B) the lowermost Gipshukcn F'ormation at Skansen (Ah rckdalen) and (C) the upper Kapitol Mclllbcr :tl Fcyling 
Ilanssen-Fjellet (for location compare Fig. 6). 

(2) M e s o t r o p h i c  condit ion:  Thc disappearance of 
Chloroforam associations and Bryonodcrm-extendcd as- 
sociations from euphotic and agitated shallow-marine cn~ 
vironments and their replacement by Bryonodcrm associa- 
tions and Hyalosponge associations may point to en- 
hanced nutrient levels. Such mcsotrophie environmental 
conditions are inferred when substantial amounts of glau- 
conite and/or ripe, silt- and sand-sized siliciclastic par- 
ticles also occur. The latter are used here as an approxima- 
tion of higher nutrient-influx levels accornpanying the 
import of detrital particlcs (sec Halleck ct al. 1988, F611mi 
et al. 1994, Lukasik et al. 2000). 

Mesotrophic conditions, restricted to near-shore set- 
tings, already occurred during the Bashkirian. This is indi- 
cated by significant quantities of silt- k~ sand-sized 

silicicla~tic:., and rare authigcnic glauconite within bioclastic 
carbonates fiom shoals and subtidal lagoons charaetcriscd 
by l~ryonodcrnl associations. (.;i',cn tt~c semi-protected 
inland setting of the t3ashkirian basin and the syn-tcctonic 
nature of the basin fill (sec Steel and Worslcy 1984). nutri- 
ents arc more likely to have come [roll] the western cdgc of 
Billet] orden Trough than from a zone of coastal upwclling. 
Erosion of  older coal-bearing deposits and elastics 
(Billctjordcn Group and Old Red) on the Nordfjordcn Block 
and its basin-ward rcdcpusition by alluvial fans and marine 
fan deltas cat,sed the raised amount ofsiliciclastic scdmacnts 
and nutrients along the basin margin (Fig. 3). Fluctuation in 
the amount of siliciclastics and nutrients being delivered to 
the shallow waters affected prevailing levels of trophic 
resources and gave temporary way to the formation of pure 
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limestones in central and eastern parts of the basin which are 
characterised by Chloroforam associations. 

On the contrary, oligotrophic environmental conditions 
controlled the neritic accumulation from Moscovian to As- 
selian times. This can be seen in the widespread Chloroforam 
associations within shallow marine environments (Fig. 9). 
However, the carbonate factory is in fact not dominated by 
photo-symbiotic living corals. Instead, reef mounds and 
biostromes that occur within the photic zone were formed by 
phylloid algae, beresellid algae, Tubiphytes and Palaeo- 
aplysina. This may point to slightly raised nutrient levels 
(oligotrophic to mesotrophic conditions) having been al- 
ready present during this timc. 

The Asselian to Kazanian period is marked by a larger- 
scale trend from the oligotrophic conditions of the 
Chloroforam association (Fig. 9) to mesotrophic conditions 
such as those represented by the Bryonoderm- and 
Hyalosponge associations (Fig. 10). Increasing amounts of 
silt- and sand-sized terrigenous clastics, authigenic glauco- 
nite formation and condensation accompany this trend from 
the Kungurian onwards. In deeper, basinal settings, sedi- 
mentation took place in protected areas with dysoxic bottom 
water (Stemmerik and Worsley 1995). Unfortunately, we 
are not able to determine the nature of nutrient delivery. One 
obvious candidate for a nutrient source is oceanic upwelling. 
There is, however, no information available concerning an 
upwelling of nutrient-rich waters from coeval strata repre- 
senting outer open-shelf settings of the Barents Sea-  Sverdmp 
Basin shelf area of the Pangaea. Interestingly enough, thought, 
extensive upwelling led to the deposition of the Phosphoria 
Formation along the western margin of North America from 
the Artinskian onward (Sheldon 1989, Herring 1995). Fur- 
thermore, chamositic(?) marl/siltstones and a 50 cm thick 
phosphorite were cored at the inner shelf on the Finnmark 
Platform in late Permian sediments (Ehrenberg et al. 1998). 
A possible indication of increased fluvial run-off, which 
may also be important for delivering more nutrients, is the 
distribution of heavily bioturbated sandstones in the north- 
western part of the basin, particularly during the Kazanian 
(Steel and Worsley 1984, Stemmerik and Worsley 1995, 
Stemmerik 1997). This transition from biogenic to siliciclastic 
sedimentation becomes younger westwards, from Early 
Permian adjacent to Novaya Zemlya to Late Permian in the 
Norwegian Barents Sea (Dor6 1991) and is related to the 
Ural Orogeny farther to the east (Johansen et al. 1993). 
Coeval strata of the Sverdrup Basin received clastic sedi- 
ments from a northern landmass called Crockerland (Embry 
1992). A further explanation could be the rapid transgres- 
sion of a nutrient-rich, oxygen-depleted water mass onto an 
oligotrophic platform (e.g. Schlager 1981, 1989, Schlanger 
et al. 1987). The gradual change from a ventilated ocean 
during early Permian times to a stratified ocean and finally 
to a superanoxic ocean across the Permian/Triassic bound- 
ary is connected with such an upward propagation of anoxic 
water almost to the ocean surface and into shelf areas as 
proposed by Margaritz and Schulze (1980), Holser (1984) 
and Isozaki (1997). 

In general, we confirm a late Palaeozoic evolution 
from warm-water shelf conditions (arid palaeoclimate) dur- 

ing the Moscovian-Sakmarian to cool and cold conditions 
(temperate palaeoclimate) during the Artinskian-Kazanian 
within shallow-water environments. Such a palaeoclimatic 
shift, in part related to the northward drift of Pangaea and 
possibly in response to changes in oceanic circulation pat- 
terns, was observed in the Barents Sea area (Steel and 
Worsley 1984, Stemmerik and Worsley 1989, Stemmerik 
1997, 2000) and in the Sverdrup Basin (Beauchamp 1994, 
Beauchamp and Desrochers 1997). The rapid environmental 
change has, however, been accelerated by a shift from 
nutrient-poor to nutrient-rich shelf waters during the 
Sakmarian-Artinskian. 

ACKNOWLEDGEMENTS 

The project was financed by the Volkswagen Stiftung (Ger- 
many). Thc Alfred-Wegener-lnstitut fiir Polarforschung (AWl) 
made equipment available for the expedition. We are grateful for 
the valuable co-operation with the Norwegian Polar Research 
Institute and the Sysselmannskontoret in Longyearbyen. Special 
thanks are given to Karl Krainer (Innsbruck) for his helpful 
introduction to late Palaeozoic biota and facies in the Tethyan 
region, as well as to Dirk Knaust (Stavanger) for his support in 
interpreting trace fossils. Marie Cimino (Greifswald) kindly cor- 
rected the English language of our manuscript. The manuscript was 
significantly improved thanks to suggestions from FACIES refer- 
ees Karl Krainer and Lars Stemmerik. 

References 

Beauchamp, B. (1989): Lower Permian (Sakmarian) Tubiphytes- 
Bryozoan buildup, southwestern Ellesmere Island, Canadian 
Arctic Archipelago.- In: Geldsetzer, H.H.J., James, N.P. 
and Tebbutt, G.E. (eds.): Reefs, Canada and Adjacent Ar- 
eas.-  Canadian Soc. Petrol. Geol., Mere., 13, 585-589, 
Calgary 

Beauchamp, B. (1994): Permian climatic cooling in the Canadian 
Arctic.- In: Klein, G.D. (ed.): Pangaea: Paleoclimate, tec- 
tonics, and sedimentation during accretion, zenith, and breakup 
of a supercontinent.- Geol. Soc. Amer., Spec. Pap., 288, 
229-246, Boulder 

Beauchamp, B. and Desrochers, A. (1997): Permian warm- to 
very cold-water carbonates and cherts in northwest Pangaea. - 
In: James, N.P. and Clarke, J.A.D. (eds.): Cool-water carbon- 
ates. - Soc. Econ. Paleont. Miner., Spec. Publ., 56,327-348, 
Tulsa/Oklahoma 

Beauchamp, B., Davies, G.R. and Nassichuk, W.W. (1989): 
Upper Carboniferous to Lower Permian Palaeoaplysina- 
phylloid algal buildups, Canadian Arctic Archipelago. - In: 
Geldsetzer, H.H.J., James, N.P. and Tebbutt, G.E. (eds.): 
Reefs, Canada and Adjacent Areas. - Canadian Soc. Petrol. 
Geol., Mere., 13,590-599, Calgary 

Beauchamp, B., Olchowy, B. and Henderson, C.M. (1991): A 
newly-recognised Lower Permian reel tract, west-central 
Ellesmere Island, Canadian Arctic.- Geol. Survey Canada 
Pap., Currenl Rcs., 91-1D, 23-32, Calgary 

Betzler, C., Brachert, T.C. and Nebelsick, J. (1997): The warm 
temperate carbonate province: a review of facies, zonations, 
and delimitations.- Cour. Forseh.-Inst. Senckenberg, 201, 
83-99, Frankfurt/Main 

Birkeland, C. (1987): Differences between Atlantic and Pacific 
tropical marine coastal ecosystems: community structure, 
ecological processes and productivity.- UNESCO Report 
Marine Science, 1-262, Washington 

Boardman, D.R. and Heckel, P.H. (1989): Glacial-eustatic sea 
level curve for early Late Pennsylvanian sequence in north- 
central Texas and biostratigraphic correlation with curve 



133 

from mid-continent North America. - Geology. 17,802-805, 
Boulder 

Boreen, T., James, N.P., Wilson, C. and Heggie, D. (1993): 
Surficial cool-water carbonate sediments in the Otway con- 
tinental margin, southeastern Australia.-  Marine Geology', 
112, 35-56, Amsterdam 

Brasier, M.D. (1995): Fossil indicators of nutrient levels. 2: 
Evolution and extinction in relation to oligotrophy. - In: 
Bosence, D.W.J. and Allison, P.A. (eds.): Marine palace- 
environmental analysis from f o s s i l s . -  Geol. Soc. Spec. 
PUN., 83, 133-150, London 

Breuninger, R.H. (1976): Palaeoaplysina (Hydrozoan?) carbon- 
ate buildups from Upper Paleozoic of Idaho.-  Amer. Ass. 
Petrol. Geol., Bull., 60, 584-607, Tulsa 

Breuninger, R.H., Canter, K.L. and Isaacson, P.E. (1989): Pcnn- 
sylvanian-Permian Palaeoaplysina and algal buildups, Snacky 
Canyon Formation, east-central Idaho, U.S.A.. - In: Geldsetzer, 
H.H.J., James, N.P. and Tebbutt, G.E. (eds.): Reefs, Canada 
and Adjacent Areas . -  Canadian Soc. Petrol. Geol., Mem., 
13,631-637, Calgary 

Brookfield, M.E. (1988): A mid-Ordovician temperate carbonate 
s h e l f -  the Black River and Trenton Limestone Groups of 
southern Ontario, Canada . -  Sedim. Geol., 60, 137-153, 
Amsterdam 

Bruce, J.R. and Toomey, D.F. (1993): Late Paleozoic biohcrm 
occurrences of the Finnmark Shelf, Norwegian Barents Sea: 
analogues and regional significance. - In: Vorren, T.O. (ed.): 
Arctic geology and petroleum potemial. Norwegian Petro- 
leum Society (NPF), Spec. Publ., 2, 377-392. Amsterdam 
(Elsevier) 

Buggisch, W., H0neke, H., Joachimski, M., kiitzner, H. and 
Thiedig, F. (2001): Conodont stratigraphy of the Carbonifer- 
ous and Permian strata from Br6ggerhalv6ya and Billel]orden 
Trough (Svalbard).-  Geol. Jahrbuch, [in press I, Hannover 

Cowen, R. (1983): Algal symbiosis and its recognition in their 
fossil record . -  In: Tevesz, M.J. and McCall, P.I.. (eds.): 
Biotic interactions in recent and lossil benthic communi- 
ties. -- 431-478, New York (Plenum) 

Cowen, R. (1988): The role of algal symbiosis in reel' through 
time. - Palates, 3 ,221-227,  Tulsa 

Crowell, J.C. (1978): Gondwanan glaciation, cyclothemes, con- 
tinental positioning, and climate change. - A m e r .  Jour. Sci., 
278, 1345-1372, New Haven 

Cutbill, J.L. and Challinor, A. (1965): Revision of lhc strait- 
graphical scheme for the Carboni fcrous rocks of Spitsbergen 
and Bj0rnoya. - Geol. Mag., 102, 418-439, Cambridge 

Dallmann, W.K., Gjelberg, J.G., Harland. W.B., Johalmessen. 
E.P., Keilen, H.B., Lone.y, A., Nilsson, I. and Worsley, D. 
(1999): Upper Palaeozoic lithostratigraphy. - In: Dallmann, 
W.K. (ed.): Lithostratigraphic lexicon of Svalbard -- review 
and recommendations for nomenclature use: Upper Palacazoic 
to Quaternary Bedrock. - 25-126. Tromso (Norsk Polar 
insititutt) 

Davies, G.R. (1989): Lower Permian Palaeoaplysinid mound, 
northern Yukon, Canada . -  In: Geldsetzer, HH.J. .  James, 
N.P. and Tebbutt, G.E. (eds.): Reefs, Canada and Adjacent 
A r e a s . -  Canadian Soc. Petrol. Geol., Mcm.. 13, h38-(~42, 
Calgary 

Davies, G.R. and Nassichuk, W.W. (1973): The Hy'drozoan ? 
Palaeoaplysina from the Upper Paleozoic of 1-{llesmerc Is- 
land, Actic Canada. - Jour. Paleont., 47, 251-265, l~awrcnce 

Davydov, V. and Krainer, K.. ( 1999): Fusul in id assemblages and 
facies of the Bombaso Fin. and basal Melcdis Fro. (Mnscm - 
ian-Kasimovian) in the central Carnie Alps (Auslria!Italy). 
Facies, 40, 157-196, Erlangen 

Dons, C.E. (1983): Facies og paleostromanalyse a~ Nordens- 
ki61dbreen formasjonen (overkarbon-underperm). Scnlrale 
Spitsbergen. - Unpubl, Cand. Scient. thesis. Univ. of  Oslo, 
1-344, Oslo 

Dor6, A.G. (1991): The structural foundation and evolution o[ 

Mesozoic sea-ways between Europe and the Arctic. - 
Palaeogcography, Palacoeclimatology, Palaeoecology. 87, 
441-492, Amslcrdam 

Dunham, R..I. (1962): Classificalion of carbonate rocks accord- 
ing to depositional texture. - Mere. Amcr. Ass. Petrol. Geol., 
1, 108-121,Tulsa 

Ehrenberg, S.N., Nielsen, E.13.. Svi~nS. T.A. and Stenlmerik, I,. 
(1998): Depositional e,,olution of the Finnmark carbonate 
platform, 13arents Sea: results from wells 7128/6-I and 7128/ 
4-1. - Norsk Geologisk Tidsskrifl, 78, 185-224, Oslo 

Embry. A.F. and Klovan, E.J. (1972): Absolute waler depth 
l inlits el late Devonian palcoecological zones. - Geol. Rurldsch., 
61'2, Stuttgart 

gmbry, A.F. ( 1992): Crockerland-The northwest source area 1or 
the Svcrdrup basin.  Canadian Arctic i s land . -  In: Vorrcn, 
T.O. (ed.): Arctic geology and petroleum potential .-  Norwe- 
gian Pem~l. See., Spec. Publ.. 2, 2(15-216. Amslerdam 

Ezaki, Y., Kawamura, T. and Kawamura, K.. (1994): l{app 
Starostin Formation in Spitsbergen: A sedimentar 5 and fau- 
nal record of Line Permian palaeoenvironments ill an arclic 
reg ion . -  In: Embry, A.F., Beauchamp, B. and Glass, D.J. 
(eds.): Pangaea: Global environmcnls and resourcus. Can. 
Sou. Petrol. Geol., Mere., 17. 647-656, Calgar.,, 

Fl(igel, E. (1980): Die Mikrofazies der Kalke in den l 'rogkofel- 
Schichten der Karnischcn A lpen . -  In: Fl/igel, E. (ed.): Die 
Trogko fel-Slu fe im Unterperm der Karnischen Alpen. - Car- 
inlhia II, Sonderhcll, 36. 1-26(I, Klagenfurl 

FI/.igel, E. (1982): Microfacics aua[vsis of limestones. - 1-633, 
Berlin (Sprim, er) 

Folk, R.I_ (1959): Practical petrographical classification el l ime-  
s tones . -  Amcr. Ass. Petrol. Geol.. Bull., 43 (1), 1-38, Tulsa 

Folk, R.L. (1962): Spectral subdivision of limestone types . -  
Amer, Ass. Petrol. Geol.. Men1., 1.62-84. Tulsa 

F,511mi, K.B., WcisserI. H.. gisping, IM. and Funk, II. (1994): 
Phosphogcnesis, carbon-isotope stratigraphy, and carbon- 
ate-platform evolution along the Lower Cretaceous northern 
Tethvan margin.-- Geol. Soc. Amcr. Flu[I., 106, 72'-)-746, 
Boulder 

Forbes. C.I,., tlarlnnd, W.B. and Hughes. F. F. ( I g58): PaJaeonlo- 
logical evidence for the age of the Carboniferous and Per- 
rnian rocks of cenlral Spitsl~ergen. Geol. Meg., 95, 465- 
491): Cambridge 

Gec, E.R., H.:trland, W.I~. and Mc What, J.R.H. ( 1953): Gcolog 5. 
of Vcstspitshergcn. Part II. Carboniferous and Lower Per- 
mian of Bil lel jordcn.--frans.  Royal. Soc. Edinb., 63,299- 
356. Edinburgh 

Goldhamnlcr. R.K., Oswald, l{.O. and l)unn, l;.J. (1994): I ligh 
frequency, gl acio-euslal ic cyclicit} in tile M iddlc Pennsvlva- 
nian of the l'aradox Basin: an evaluation of Milankoviich 
forc ing. -  In: dc Boer, P.[.. and Smilh, D.G. leds.): Orbilal 
fl~rcing and cyclic sequences. - Spec. Publ. Int. Assoc. 
Scdim.. 19, 243-283. Oxford 

Ilfikausson, E. and Slenlnneril,:. L. (It)84): Wandcl Sea DaMn- 
The Norlh Greenland cqui\ aicnl to Svalhard and the IJarents 
shell. In:Spcnccr, A.M., l lohcr ,  E.,Johnson, S.O.,Mork, 
A.. Nvsaclhcr, [!., Songsh4L P. and Spinnangr, A. (cds.): 
Pc t ro leumGeologyof lheNor th t iuropcan Margin. Nor\~. 
Pelr. See., 97-107, l,ondcm ((;raham and -rrolman) 

Halleck. P. and Schlagcr. W. (1986): Nulricnl excess and lhC 
dcnlise of coral reefs and carbouatc pialfornls..- Palaios. 1. 
3<$9-398, "fulsa Okahonla 

I la l lock.  P., I line. A.C., Val-Otl, G.A., l{Irod, J.A. and .leap, VV.C. 
(19s Plalfnrms of lhc Nicaraguan Rise: Exan-lples of the 
sensit iv i lv of carbonale ~,cclimentalion to excess trophic i-e- 
sources. Geology.  16. 11(14-111)7, [:broider 

I lea l ford,  A.P. ( I tJg~): ( ' a  ~onifer ~t s Ihrough Friassic Sl l t l t ig ra-  
phy elthe lJarenlsshr In: thirlaud. W.B. and l)owdesx~cll, 
li.K. (cds.): Geolo~icul e\oltilil)n of the Barenls Shelf rc- 
Eion. <'e,q~-11}8. l.ondon ((haham and-Irotman) 

Helium, T. ( l gSI ): IZn sed irncnlologisk og diagcnctisk undcisokclsc 



134 

av utvalgte profiler fra Tempell]ordengruppen (Perm) i 
Isfjordenomrfidet, Spitsbergen.- Unpubl. Cand. Real. the- 
sis, Univ. of Oslo, 1-214, Oslo 

Henrich, R., Hartmann, M., Reitner, J., Sch~fer, P., Freiwald, A., 
Steinmetz, S., Dietrich, P. and Thide, J. (1992): Facies belts 
and communities of the arctic Vesterisbanken Seamount 
(central Greenland See). - Facies, 27, 71-104, Erlangen 

Henrich, R., Freiwald, A., Betzler, C., Bader, B., Sch/afer, P., 
Samtleben, C., Brachert, T.C., Wehrmann, A., Zankl, H. and 
Kulmann, D.H.H. (1995): Controls on modern carbonate 
sedimentation on warm-temperate to arctic coasts, shelves 
and seamounts in the northern hemisphere: implications for 
fossil counterparts. - Facies, 32, 71-108, Erlangen 

Herring, J.R. (1995): Permian Phosphorites: a paradox of 
phosphogenesis. - In: Scholle, P.A., Peryt, T. and Ulmer- 
Scholle, D.S. (eds.): The Permian of northern Pangaea: 
Sedimentary basins and economic resources, volume 2 . -  
292-312, Heidelberg (Springer) 

Holliday, D.H. and Cutbill, J.L. (1972): The Ebbadalen Forma- 
tion (Carboniferous), Spitsbergen. - Proceedings of the York- 
shire Geol. Soc., 39(1), 1-32, Yorkshire 

Holser, W.T. (1984): Gradual and abrupt shifts in ocean chem- 
istry during Phanerozoic time. -In:  Holland, H.D. andTrendall, 
A.F. (eds.): Patterns of change in earth evolution. - 123-143, 
Berlin (Springer) 

Isozaki, Y. (1997): Permo-Triassic boundary superanoxia and 
stratified superocean: Records from lost deep sea. - Science, 
276, 235-238, Washington 

James, N.P. (1983): Reef environment. - In: Scholle, P.A. and 
Bebout, D.G. and Moore, C.H. (eds.): Carbonate deposi- 
tional environments. - Amer. Ass. Petrol. Geol., Mere., 33, 
345-440, Tulsa 

James, N.P. (1997): The cool-water carbonate depositional realm. - 
In: James, N.P. and Clarke, J.A.D. (eds.): Cool-water carbon- 
ates. -Soc .  Econ. Paleont. Miner., Spec. Publ., 56, 1-20, Tulsa 

James, N.P., Bone, Y., von der Botch, C. and Gostin, V.A. 
(1992): Modern carbonate and lerrigenous clastic sediments 
on a cool-water, high-energy, mid-latitude shelf: Lacepede, 
southern Australia. - Sedimentology, 39, 877-903, Oxford 

James, N.P., Bone, Y., Hageman, S.J., Feary, D.A. and Gostin, 
V.A. (1997): Cool-water carbonate sedimentation during the 
terminal quaternary sea-level cycle: Lincoln Shelf, southern 
Australia. - In: James, N.P. and Clarke, J.A.D. (eds.): Cool- 
water carbonates. -Soc .  Econ. Paleont. Miner., Spec. PUN., 
56, 53-76, Tulsa/Oklahoma 

James, N.P., Wray, J.L. and Ginsburg, R.N.. (1988): Calcifica- 
tion of entrusting aragonitic algae (Peyssonneliaceae): im- 
plications for the origin of Late Paleozoic reefs and ce- 
ments. - Jour .  Sedim. Petrol., 58, 291-303, Tulsa 

Johannessen, E.P. and Steel, R.J.( 1990): Mid-Carboniferous rift 
sequences- Billefjorden Trough: contrast between marginal 
clastics and shallow basinal carbonates/evaporites. - Sym. 
post-Devonian Tectonic Evolution of Svalbard, November 
15-16, 1990, Dept. of Geol. Univ. Oslo, 1-2, Oslo 

Johannessen, E.P. and Steel, R.J. (1992): Mid-Carboniferous 
extension and rift-in fill sequences in the Billefjorden Trough, 
Svalbard. - Norsk Geol. Tidsskrifl, 72, 35-48, Oslo 

Johansen, S.E., Ostisty, B.K., BirkeIand, 0., Federovsky, Y.F., 
Martirosjan, V.N., Christensen, O.B., Cheredeev, S.l., 
lgnatenko, E.A. and Margulis, L.S. (1993): Hydrocarbon 
potential in the Barents sea region: play distribution and 
potential. - In: Vorren, T.O. (ed.): Arctic geology and petro- 
leum potential.- Norwegian Petroleum Society (NPF), Spec. 
Publ., 2, 377-392, Amsterdam (Elsevier) 

Keilen, H.B. (1991): Lower Permian sedimentary sequences in 
Central Spitsbergen, Svalbard.-  In: Nakamura, K. (ed.): 
Investigations on the Upper Carboniferous-Uppcr Permian 
succession of West Spitsbergen 1989-1991.- Dep. Geol. 
Min., Fac. Sci., Hokkaido Univ., 127-134, Hokkaido 

Klappa, C.F. (1978): Biolithogenesis of Microcodium: elucida- 

tion. - Sedimentology, 25, 489-522, Oxford 
Konishi, K. and Wray, J.L. (1961): Eugonophyllum, a new 

Pennsylvanian and Permian algal genus. -Jour.  Paleont., 35, 
659-667, Lawrence 

Krainer, K. (1992): Fazies, Sedimentationsprozesse und 
Pal~iogeographie im Karbon der Ost- und S/Jdalpen.- Jb. 
Geol. Bundesanst., 135 (1), 99-193, Wien 

Lauritzen, O. (1981): The development of the Gipshuken Forma- 
tion (Lower Permian) at Trollfuglfjella in Central Spitsber- 
gen, Svalbard.- Norsk Polarinst. Skr., 176, 1-23, Oslo 

Lauritzen, O. (1983): Karstic surface in the Lower Permian 
Sabkha sequence of the Gipshuken Formation, central Spits- 
bergen, Svalbard.- Polar Research n.s., 1(2), 157-160, Oslo 

Lauritzen, 6 ,  Andersen, A., Salvigsen, O. and Winsnes, T.S. 
(1989): Geological map of Svalbard 1 : 100,000 sheet C8G 
Billefjorden. - Norsk Polarinst., Temakart, 3, 1-32, Oslo 

Lees, A. (1975): Possible influences of salinity and temperature 
on modern shelf carbonate sedimentation. - Marine Geol- 
ogy, 19, 159-198, Amsterdam 

Lees, A. and Buller, A.T. (1972): Modern temperate water and 
warm water shelf carbonate sediments contrasted. - Marine 
Geology, 13, 1767-1773, Amsterdam 

Lees, J.J. and Hallock, P. (1986): Algal symbiosis as the driving 
force in the evolution of larger foraminifera. - Annals of the 
New York Academy of Science, 503,330-347, New York 

Loreau, L.-P. and Purser, B.H. (1973): Distribution and ultra- 
structure of Holocene ooids in the Persian Gulf. - In: Purser, 
B.H. (ed.): The Persian Gulf, Holocene carbonate sedimen- 
tation and diagenesis in a shallow epicontinental sea. - 279- 
328, Berlin, Heidelberg, New York (Springer) 

Ludwig, P. (1989): Mittelkarbonische Beckenentwicklung auf 
der Br6ggerhalbinsel (Svalbard) - Sedimentologische 
Vergleiche und deren fazielle und tektonische Deutung.-  
Polarforsch., 59 (1,2), 79-99, Holzminden 

Ludwig, P. (1991): The marine transgression in the Middle 
Carboniferous of Br6ggerhalv6ya (Svalbard).- Polar Res., 9/ 
1, 65-76, Oslo 

Lukasik, J.J., James, N.P., McGowran, B. and Bone, Y. (2000): 
An epeiric ramp: low energy, cool-water carbonate facies in 
a Tertiary inland sea, Murray Basin, South Australia. - 
Scdimentology, 47, 851-881, Oxford 

Malkowski, K. and Hoffman, A. (1979): Semi-quantitative fa- 
cies model for the Kapp Starostin Formation (Permian), 
Spitsbergen.- Acta Palaeotologica Polonica, 24, 217-230, 
Warszawa 

Mamet, B. (1991): Carboniferous calcareous algae. - In: Riding, 
R. (ed.): Calcareous algae and stromatolites.- 370-451, 
Berlin (Springer) 

Margaritz, M. and Schulze, K.H. (1980): Carbon isotope anomaly 
of the Pcrmian Per iod.-  Contributions of Sedimentology, 9, 
269-277, Amstcrdam (Elsevier) 

McWhae, J. R.H. (1953): The Carbon ifemus breccia of Billefjorden. 
- Geol. Mag., 90, 287-298, Cambridge 

Morin, J., Desrochers, A. and Beauchamp, B. (1994): Facies 
analysis of Lower Permian platlorm carbonates, Sverdrup 
Basin, Canadian Arctic Archipelago.- Facies, 31, 105-130, 
Erlangen 

Muscatine, L. and Porter, J.W. (1977): Reef corals: mutualistic 
symbiosis adapted to nutrient poor environments. - Bio 
Science, 27,454-460, Washington, DC 

Nakamura, K., Kimura, G. and Winsnes, T.S. (1987): Brachio- 
pod zonation and age of the Permian Kapp Starostin Forma- 
tion (Central Spitsbergen). - Polar Res., 5, 207-219, Oslo 

Nakrem, H.A., Nilsson, 1. and Mangerud, G. (1992): Permian 
biostratigraphy of Svalbard (Arctic Norway) - a review. - 
International Geology Review, 34 (9), 933-959, Columbia 

Nilsson, I. and Davydov, V.I. (1997): Fusulinid biostratigraphy 
in Upper Carboniferous (Gzhelian) and Lower Permian (As- 
selian-Sakmarian) successions of Spitsbergen, Arctic Nor- 
way. - Permophiles, 30, 18-27, 



135 

Pickard, N.A.H., Eilertsen, F., Hanken, N.-M.. Jaohansen. T.A., 
L0nty, A., Nakrem, H.A., Nilsson, I. Samuelsberg, T.G., and 
Somerville, I.D. (1996): Stratigraphic framework of Upper 
Carboniferous (Moscovian-Kasimovian) slrala in B{insov,, 
Land, central Spitsbergen: palaeogeographic implications.- 
Norsk Geologisk Tidsskrift, 76 (3), 169-185. e l se  

Plotnick, R.E. and McKinney, M.E. (1993): Ecosystem organ\sat\on 
and extinction dynamics.-  Palates, 8,202-212, Tulsa 

Riding, R. and Guo, L. (1991): Permian marine calcareous 
algae. - In: Riding, R. ted.): Calcareous algae and stmmalo- 
lites. - 452-480, Berlin (Springer) 

Ross, C.A., Baud, A. and Menning, M. (1994): A time scale for 
project Pangaea . -  In: Embry, A.F., Beauchamp, B. and 
Glass, D.J. (eds.): Pangaea: Global environments and re- 
sources. - Can. Soc, Petrol. Geol., Mere., 17.81-83, Calgary 

Samuelsberg T.J. (1999): Transgressive-regressive sequence 
development in Late Palaeozoic carbonates in central Spits~ 
bergen, arctic Norway: implication for hydrocarbon explora- 
tion on the southwestern Barenls Shell. - I lth Bathurst 
Meeting, Journal of Conference Abstracts, 4. Cambridge - 
[13ih-15th July, 1999] 

Samuelsberg, T.J and Pickard, N.A.H. ( 1999): Upper Carbonif- 
erous to Lower Permian transgressive-regressive sequences 
of central Spitsbergen, Arctic Norway. -  Geological Journal, 
34, 393- 411. Chichester 

Schlager, W. (1981 ): The paradox of drowned reefs and carbon- 
ate p la t forms.-  Bull. Geol. Soc. America, 92. 197-21 I, 
Boulder/Colorado 

Schlager, W. (1989): Drowning unconformities ou carbonale 
platforms. - In: Crevello, P.D., Wilson. J.L., Sarg, J.F. and 
Read, J.F. (eds.): Controls on carbouaie platform and basin 
development.- Soc. econ. Paleont. Miner.. Spec. Publ., 44, 
15-26, Tulsa 

Schlanger, S.O., Arthur, M.A., Jenkyns, H.C. and Scholle, P.A. 
(1987): The Cenomanian-Turonian Oceanic An.oxic Evenl. 
1. Stratigraphy and distribution of organic carbc, n-rich beds 
and the marine c5~3C excursion. - lu: Brooks, J. and Fleet, A. 
teals.): Marine Petroleum Source Rocks. - Geological Soci- 
ety London, Spec. Publ., 26, 371-399, London 

Scotese, C.R. and McKerrow, W.S. (I 99(t): Revised World maps 
and introduct ion.-  In: McKerrow, W.S. and Scotese, C.R. 
teals.): Palaeozoic Palaeogeography and Biogeography. - 
Geol. Soc. London, Mere., 12, 1-21, Ltmdon 

Sheldon, R.P. (1989): Phosphorite deposits of the Phosphoria 
Formation, western United Stales. - In: Notholt. A.,I.G., 
Sheldon, R.P. and Davidson, D.F. (cds.): Phosphate deposits 
of the world, volume 2, phosphate rock resources. -53-61.  
Cambridge (University Press) 

Shinn, E.A. (1973): Carbonate coastal accrcliou in an area o[ 
longshore transport, NE Qatar, Persian Gull, - In: F'urser, 
B.H. ted.): The Persian Gull', Holoccnc carbonate sedirnen- 
tat\on and diagenesis in a shallow cpicontincntal sea. - 179- 
191, Berlin, Heidelberg, New Ynrk (Springer) 

Shinn, E.A. (1983). Tidal flal environment . -  In: Scholle, P.A. 
and Bebnut, D.G. and Moore, C.II. (eds.): Carbonalc dcposi- 
tional environments. - Amer. Ass. Pelrol. Geol.. Mere.. 33, 
171-210, Tulsa 

Skaug, M., Dons, C., Lauritzen, O. and Worslcy. D. (19<"42): 
Lower Permian palaeoaplysinid biohcrms and associalcd 
sediments from central Spitsbergen.-  Polar Res.. 2, 57-75, 
Oslo 

Slemmerik, L. (1988): Discussion. I~Jrachiopod zonal ion aml age 
of the Permian Kapp Stamstin Formathm. - Pohtr Rcs., 6. 
179-180, Oslo 

Stemmerik, L. (1907): Permian (Artinskian-Kazanian) cool- 
water carbonates in north Greenland, Svalbard and the wcsi- 
ern Barents Sea. - In: James, N.P. and Clarke. J.A.I). (eds.): 
Cool-water carbonates. - S o c .  Econ. Paleonl. M incr.. Spot. 
PUN., 56, 349-364, Tulsa 

Stemmerik, 1,. (2000): Late Palaeozoic e',olution of the North 
Atlantic margin of Pangea. - Palaeogeography. Palaco- 

eclimatology, Palacoccology,, 161, 95-126, Amsterdam 
Stemmer\k, 1,., Larson, P.A., karssen, G.B., Mork, A. and Simonsen, 

B.T. (1994): Dcpositional evolution of l ,ower Permian 
Palaeoap@sina bu lid-ups. Kapp Duner Formation. Bjornoya, 
Arctic Norwa, , . -  Sedim. Geol., 92, 161-174, Amsterdam 

Stemmerik, L., Nilsson, I. and Elvebakk. G. (1995): (}zeiian- 
Asselian depositional sequences in Ihe western lJareuls Sea 
and Nortil Green land . -  In: Scholle, P.A., Pcryl, T. aud 
Ulmer-Scilollc, D.S. (eds.): The Permian of northern Pangaca: 
Sedimentary basins and economic resources, volume 2 . -  
529-544, Iteidelberg (Springer) 

Stcmmerik. L. and Worslcy, D. (1989): Late Palaeozoic se- 
quence correlations, Norih Greenland, Svalbard and Ihe 
lJarents Shell'. - In: (Tollinson, J.D. ted.): Correhllion in 
hydrocarbon cxphm:dion.-  Nr Petroleum Society 
(NPF), 99-111, t,ondon (Graham and Trotman) 

Stemmer\k, 1~. arid Worsley, D. ( 1995): Permian history of the 
Barents Shelf area. - In: Scholle, P.A.. Peryi, T. and Uhncr- 
Scholle, D.S. reds.): The Permian of northern F'angaea: 
Sedimentary basins and economic resources, volume 2. - 98- 
118, t leidelbcrg (Springer) 

Steel. R.J. and Worslev. D. ( 1984): Svalhard's post caledonian 
strata: an at las el scdirncnlaliolml patterns and palaeogcographic 
cv,:dulion. In: Spencer, A.M., Holler, E., Johnson, S.O., 
Mmk, A., Nysacthcr, E.. Songstad, P. and Spinuangr. A. 
(eds.): Petroleum Geology of the Nnrlh Eurc~pean Margin. - 
Norw. Petr. Sou., l{i9-135, l,ondon (Graham arid Trotruan) 

Sundsbo, G. ( 1982): Facies analyses o1 Late Carbonilcrous aud 
l:-,'arl v Permian carbonales in the Billeljorden Area, Spitsber- 
g e n . -  Unpubl. Cand. Real. thesis, Univ. of Bergen, 1-161, 
BerGen 

Szaniawski, tl. and Malkowski, K. (1979): Conodonts from Ihe 
Kapp Starosiin Formation (Permian) o1 Spitsbergen. - Acta 
Pahienntologica Polonica. 24, 231-264. Warszavva 

Toomcy, D.F. (1976): PalcosynecoMg 3 of a Perm iarl plant dorni- 
ualcd marine community. - N. Jb. (icol. Pal{toni., Abh., 132, 
I- 18. Sluugari 

Toomey, D.F. and lJabcock, J.A. ( 1 ')83): Prec:ambrian and Palcc> 
zoic algal carbonates. West Texas - southern New Mexico; 
field guide to selected localities Hf late Proterozoic, ()rdo; i- 
cian. Pcnnsylvanian and Pcrmiau ages. including lhc Per- 
mian reel complex . -  Co!. Sch. Miucs. Pro[. Contrib., 11. I- 
145. Colorado 

Veevers, J.J. and Powell. C.Mc.A. (1987): Late Paleozoic ghicial 
episodes in Gcmdvvanaland reflected in transgressive-regres- 
sive clepositional sequences in Fiuramerica. Geol. Soc. 
Amcr., Bull.. 98,475-4<"47. Boulder 

Vogl, T. ( 1929): F,-a en Spitsbergen-cl,tspcdition i 1928.- ]\rbok 
norske Vidcns k. (Nat. \,'id. KI.) I l. 10-12, Oslo 

\\"alkcr. K.R. aud Alberstadt, L.P. ( 1975): Ecological succession 
:is an aspect of structure in fossil communiies. - Palcobiology, 

_,>,S-,_. 7, Chicago 
Walliscr. O.11. (1996): (;Iobal events in the Devonian and Car- 

bunilcrous. In: Wall\set, O.ll. (cd.): Gh~bal events and 
event stratigraph,,. - 225-25(I, Berlin (Springer) 

Wilson, J.I.,. (IC,75): Carbonate facies in geologic hislor 5. I 
471, No,,; York (Springer) 

Winsnes. T.8. ( 1960]: Ol~scrvations on the Carbonifcrt}us and 
Perinian rocks of  \,'csispitsbergcn. Norsk P~larinsiitutl 
.&rlw~k. Ig64.7  29, Os)o 

Worslev. D., Aga. O.,I., Dalland, A., I{Iverhoi, t\. and Thou, A. 
( 1986): The geological history of Svalbard. e~+oluticm of an 
arclic archipelago. - I-121, Sla\ anger (Slaloi l)  

~<gl[l\', J.l_ ( 1977a): l,ate Palcozoic call,.arcotlS red ~tlgac. - In: 
Flfigcl. [!. (cd.): Fossil algae, l()7-17t~. Igor!in. t leidelbcrg, 
Ncx~ York (Springer) 

Wray. J.L. (1977b): ("alcarcous a lgae . -  Devclopmenls in 
Palaeonlology and Stratigraphy, 4. I-IS5, Ainsterdanl (l,lsc,< ie0 

Manuscripl rccei\ cd December 19, 20011 
Revised manuscirpl received .lul,v 20, 2001 


