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Bryozoans from the Nordenskioldbreen Formation (Middle Carboniferous Mosco-
vian througfr Early Permian Sakrnarian) and the Gipshuken Formation (late

Salarrarian - tate Artinskian), from central Spitsbergen, Svalbard, are represented
by 36 species (22 genera). One species is new: Hinn Lemn sualbardensis of the
order Trepostomata. The bryozoan fauna is typical Boreal and resembles those
from the Timan-Pechora region (western Siberia) and the Urals. Similarity indices
based on generic composition show that the Boreal far-rna became more endemic
by the late Early Permian, clearly separated from the Tethyan faunas. Several
species have stratigraphic ranges in Spitsbergen longer than elsewhere.
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Introduction

Bryozoans have been previously described from ttre ?Kungurian-Late
Permian Tempe$orden Group of Svalbard (e.g. Morozova & Kruchinina
1986; Nakrem 1991a). Only summary distributions have been outlined for
the Middle Carboniferous-Early Permian Gipsdalen Group (Nakrem
l99la; Nakrem et al. f992). A single occurrence of Archimedes was,
however, reported by Czarniecki (1964) from southern Spitsbergen, zrnd
Streblascopora Jasciculata (Bassler 1929) from Polakkfellet by Malecki
(1977), both records from strata equivalent to ttre TlrrrellSellet Member in
the present study (see Fig. 1A).

Most previous descriptions have been based on material from Spitsber-
gen, the largest island in the Svalbard Archipelago which comprises all
islands situated in the area74-81'N, f O-35"E. In older usage, prior to the
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Svatbard Treaty of 1920, Spitsbergen was named Vestspitsbergen, and the
island group was named Spitsbergen.

The study of Late Palaeozoic bryozoans from Svalbard of which the
present contribution is a part of was initiated when bryozoan remains were
found in cutting samples (IKU Petroleum Research, Trondheim; in-house
data) from the south-western Barents Sea. Subsequent shallow drillings
in 1987-1988 provided additional material which will be described and
published at a later stage. The aim of the bryozoan project is to describe
the faunal composition, and to access its possible biostratigraphic value
for dating on-shore sections in Svalbard as well as subsurface rocks in the
Barents Sea. The bryozoanfaunas of Svalbard also have important palaeo-
biogeographic implications, as they act as faunal links between the rich
faunas known from the Timan-Pechora Basin (Nikiforova 1938; Morozova
& Kruchinina 1986) in the east and the Sverdrup Basin (Morozova &
Kruchinina 1986) and the Wandel Sea Basin (Ross & Ross 1962; Madsen
& HAkansson 1989) in the west. All these basins were included in the
Franklinian Shelf in the bryozoan palaeobiogeographic reconstructions by
Ross (1981) and Ross & Ross (1990) (Fig. 2).

Geological framework

Lithostratigraphy. - The Late Palaeozoic rocks of Svalbard are
divided into two major lithostratigraphic units: the Carboniferous - Early
Permian Gipsdalen Group and the ?Kungurian - I"ate Permian Tempel-

{orden Group (Cutbill & Challinor 1965). In the investigated area of
western and central Spitsbergen, the Gipsdalen Group is represented by
the Nordenskioldbreen and the Gipshuken formations. The Nordenskiold-
breen Formation is divided into several members of which the upper
Kapitol and Cadell{ellet (lateral equivalents) and the T}rrrell{ellet mem-
bers (Cutbill& Challinor 1965) were collected for bryozoans (Fig. tA)'

In Late Carboniferous through Early Permian time Svalbard was situ-
ated in a sub-tropical position and drifted northwards from 25'N to 35'N.
Deposition of dominantly carbonates took place under warrn and humid,
and later arid, conditions. The Nordenskioldbreen Formation consists
mainly of limestones and dolomites with less corlmon clastics; the over-
lying Gipshuken Formation, deposited under evaporitic conditions is
made up of anhydrite, dolomite, intraformational breccias and less com-
mon limestone intervals (Steel & Worsley 1984; Worsley et al. 1986: Keilen
r992).

Biostratigraphy. - A comprehensive re-investigation of the fusulinid
faunas in the Nordenskioldbreen Formation has been carried out recently,
and new age determinations have been proposed for different parts of this
formation (Nilsson 1988; Nilsson & Davydov in press). Conodonts occur
sparsely in the Late Palaeozoic rocks of Svalbard (Nakrem 1991b)' but a
conodont based zonation is still to be completed. Pallmomorphs have also
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Fig. 1. BA. Lithostratigraphic units and their ages, based on Cutbill & Challinor (f965),

Nakrem et aL (1992), and Nilsson & Davydov (in press). DB. Locality map, westem Spitsber-
gen, indicating sampling localities, Carboniferous and Permian outcrops based on Winsnes
(1988). Inset map of Svalbard with framed locality map.
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been described from the Permian of Svalbard (Mangerud & Konieczny
1993). The Gipshuken Formation contains few age diagnostic fossils,
although smaller foraminifera, brachiopods, pal5momorphs and a single
conodont occurrence have been recorded (Nakrem etat. 1992). Abiostrati-
graphic review of tlle Permian (and latest Carboniferous) of Svalbard is
given in Nakrem et aL (1992).

Bryozoan samples were collected from the same sections as those for
fusulinids, conodonts and palynomorphs, and the age of these samples is
therefore precisely known. Fusulinid and conodont co-occurrences with
the described bryozoans are noted where possible in the systematic
section, and in the distribution charts. Sampled intervals range from
Middle Carboniferous Moscovian through Early Permian ?late Artinskian.

Material and methods

Field workwas carried out inwestern and central Spitsbergen during IKU
Petroleum Research expeditions in 1985 and 1986. Bryozoan samples
(with personal sample codes used in the systematic description of
bryozoart taxa) were collected from Kolosseum (KOL), Trollfuglfella (TRO),
Skansen (SKA), Gipsvika (GIP) and Rejmyrefiellet (REF) (Fig. 1B). All
material was collected by the author, except where noted in the systematic
description. Additional specimens from Gron{orden and Boltonbreen
(BOLT-B2) have been selected from the collections of the Paleontologisk
Museum in Oslo. Material was collected from 45 }:rorjzons, most of them
with bryozoans visible during field inspections. Some intervals without
visible bryozoans were also collected from which fewbryozoan identifica-
tions could be made during laboratory sectioning.

Most bryozoan samples were collected from limestone beds, in which
dolomitization and silicification have commonly taken place. In many
samples, chemical alteration hinders observation (preservation) of micro-
scopic details (Fig. 3). Physical damage, e.g. abrasion due to extensive
transportation is seldom observed, although most delicate fenestrate
colonies are preserved as small fragments.

Laboratory techniques include thin sectioning and preparation of ace-
tate peels, with identifications in most cases made from acetate peels.
Dolomitized and partly silicified bryozoans were usually identified from
petrographic thin sections. Some distinctive genera were also identified
from hand specimens, e.g. Coscinium artd Archimedes.

Bryozoans are not very common in the investigated successions; when
present they are usually fragmented and embedded in solid limestone or
dolomite. It was not possible to obtain isolated specimens for accurate
external investigation. 36 species, belongingto 22 genera are described in
ttre systematic section, marry of which are placed in open nomenclature
due to insufficient material or poor preservation. The general diversity is
moderate and few specimens of each taxa were found sufficiently well
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Fig. 2. Simplified palaeogeographical maps for Late Carboniferous (A) and late EarlyPermian
(B); based on Ross & Ross (1990) with Svalbard and surrounding palaeobasins indicated.

preserved for treatment. Some additional indeterminate species ar.e drawn
in the distribution charts (Fig. 4).
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All described and illustrated specimens a-re in the collections of t]le
Paleontologisk Museum, Oslo (abbreviated PMO).

Faunal dynamics

Morozova & Kruchinina (1986) presented a biostratigraphic scheme for the
Late Palaeozoic of Arctic canada (mainly Ellesmere Island), svarbard,
Timan-Pechora/Polar urals and Novayazernlya in which the correlative
value of bryozoans was outlined. Time equivalent bryozoan faunas of
northern affinity are also known from eastern North Greenland (Ross &
Ross 1962; Madsen & HAkansson 1989). Except for the Timan-pechora
and Polar Urals faunas, the mentioned investigauons are relatively frag-
mentary, and more studies must take place in order to obtain a useful
database of bryozoan occurrences and stratigraphic ranges. Considering
this, the investigated spitsbergen faunas are best compared with Russian
faunas of Late carboniferous to Early Permian age (Alekseeva et aL rg86;
Morozova & Kruchinina 1986). The bryozoans occur together with brachio-
pods, corals, echinoderms (crinoid debris) and fusulinids in varying
amounts. Palaeoaplysinid (Skaug et aI. t9B2), and phylloidal algal bio-
herms are developed at irregular intervals, and these bioherms seem to
house very few bryozoans. Studied bryozoan growth forms represent
characteristic Late Pafaeozoic types, and can be compared with those
discussed by Stach (1936), Duncan (1969), and McKinney & Gault (1980);
see Nakrem (1993) for review.

The Kapitol Member (Moscovian-Gzhelian) contains abryozoan fauna
with many species in common with the Moscovian-Gzhelian of the East
European (Russian) Platform (Shul'ga-Nesterenko 1 9bb; Morozov a 1 gbb),
e.g. Rhombotrgpetln rectangulnta Shul'ga-Nesterenko 1955, R. duinensis
Shul'ga-Nesterenko f955, Ascopora oblonga (Nikiforova fgg3), and A.
muromensis shul'ga-Nesterenko 1955. one species, RectiJenestetla sub-
microporata (Shul'ga-Nesterenko 1952), previously known from the Early
Permian of the East European Platform and riman-pechora (Morozova &
Kruchinina 1986), and from the Late Permian of caucasia and china
(Morozova lsTo), is arso present in this part of the succession in Spitsber-
gen. This record significantly edends the stratigraphic rErnge of this
species. The flauna is characteized by delicate, minute fenestrates with
thin branches and dissepiments, and finely branched trepostomes and
cqptostomes. Although the zoaria are fragmented, there is litfle sign of
abrasion, except in Archimedeswhere meshwork flanges are denuded, and
it is concluded that the individual colonies have not been transported over
extensive distances. Moreover, thick ramose and encrusting trepostomes
and cystoporates (e.9. Tabutipora and Fishtlipora) adapted to high enersr
waters are absent in this part, thus suggesting that the depositional
environment was different from time equivalent conditions in eastern
North Greenland (Ross & Ross 1962; Madsen & Hakansson 1989). The
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Fig. 3. Sample preservation and biotic interactions. JA. FlextJenestello cf. grartdis (Shul'ga-
Nesterenko 1936) with initial dolomite crystal grovu'th in primary pores (fenestmles). Major
part of fenestmles with preserved porosity. Crossed polars, x 25. Boltonbreen, Tlrrrel$ellet
Member, latest Gzhelian, BOLT-B2, PMO A42O78. JB. Tubiphytes algae fblack, arrow)
gro\,\ring on fenestrate fragments. Plane polarized light, x 25. Trollfug$ella, Kapitol Member,
Moscovian, TRO-2--4O.Om, PMO A42930. trC-D. Silicified colony of Tabulipora; plane po-
lartzed light {C) and crossed polars (D). Trollfug$ella, T}rrrellfjellet Member, Asselian, TRO-
2-98.0m, PMO A42165; both x 40. trE-F. Grain contact leading to pressure dissolution and
stylolite formation (EC - echinoderm, BY - bryozoan), crossed polars, x 25. E - Trollfug$ella,
Tlrrel$ellet Member, Asselian, TRO-2-6O.0m, PMO A42OI4; F - Trollfirglfiella, Tyrrel$ellet
Member, Asselian, TRO-2-60.0m, PMO A420f 3.

bryozoan fauna reflects a normal-marine environment witJl moderate to
low water energy.

The lowermost part of the Tlrrellflellet Member, of latest Gzhelian age
as demonstrated by fusulinids (Nilsson & Davydov in press), contains a
rich bryozoan fauna with 16 species of previously reported Late Carbonife-
rous-Early Permian range, most of which are lclown from the Gzhelian of

5 l
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Timan, the East European Platform and the Urals. The middle and upper
part of the Tlrrel$ellet Member, of Asselian to early Sakmarian age as
documented by fusulinids and conodonts (Nakrem et aL 1992) is charac-
tertzedby abryozoan fauna similar to the richAsselian-Artinskian faunas
described from Timan-Pechora by Nikiforova (1938) and Morozova &
Kruchinina (1986). Characteristic species include Coscinium cyclops
Keyserling 1846, Ascopora sterlitamakensis Nikiforova 1939, Ascoporelta
grandis {Kruchinina 1973), and Rectdenestella cf. ornala (Shul'ga-Nes-
terenko 1939). Some species, e.g. Ascopora rrurroffr-nsis and Rhombotrg-
peLla duinensis known from the Moscovian and Kasimovian of the Urals
(Morozova 1955) extend into the Early Permian of Spitsbergen.

The bituminous fusulinid rich layers (Brucebyen Beds; Cutbill & Chal-
linor 1965) contain a low diversity bryozoan fauna with some fenestrates
and delicate Rtnmbotrgpettazoxia present. It has been suggested (Skaug
et aL L982) that these layers represent sedimentation in a quiet lagoonal
environment under low oxic conditions not favouringbryozoan growth.

The upper part of the TJrrrellfellet Member contains a normal-marine
fauna including arich bryozoanfaunawith relatively thick ramose species
(Ascoporella and Tahulipora), delicate fenestrates, as well as finely bran-
ched Ascopora and Rtnbdomeson Fenestrated specimens of Cosctnistm
(bilaminate/adeoniform growth) are also common in these deposits. The
bryozoan growttr forms encountered reflect an environment witll stronger
currents, but with deposition still below storm wave base.

The basal, slighfly dolomitized beds of the Gipshuken Formation, of late
Sakmarian age, contain rare specimens of HirnclemnsuaLbardensis sp. n.,
Rhombopora sp. A, and?AscoporeLlnsp. A. Identifiable bryozoans were also
found in non-dolomitized horZons near the top of the formation and
include Hinaclema suatb ard.ensr,s sp. n. arfi Polg pora u oluminosa Trizna &
Klautsan 1961, the latter with a previously reported Artinskian distribu-
tion (Morozova & Kruchinina 1986). The genus Hinaclemawas previously
only known from the Early Carboniferous (Schastlivtseva 1991). Silicified
zoaria of fenestellids and polyporids were freed from carbonate matrix
during acetic acid processing for conodonts of some limestone intervals.
This part of the succession is characterized by evaporitic sedimentation
under shallow water conditions with few open marine incursions.
Bryozoans are exLremely rare in the anhydritic layers (observed as leached
voids), but fenestrates are locally present in horizons deposited under
episodes of more normal marine conditions. The marine incursions con-
tatn Hinaclema suatbardensis sp. n., a trepostome bryozoan which is
believed to have encrusted ?flexible algal or similar stems in shallowwater.
The host substrate decayed shortly after burial, and the internal void did
not collapse but was subsequently infilled wittr sediment preserving the
bryozoarr colonies with a hollow central part.

Stratigraphic distribution of individual taxa are sketched in Fig. 4,
where two range charts are presented. Fig. 4,A. shows the distribution of
bryozoans in western-central sections (Nord{orden Block development;
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Fig. 4. Range-charts shov/ing stratigraphic distribution of bryozoans. Black boxes indicate

actual occr-rrrence; solid lines denote inferred range. trA. Western sections located along the
western margin of t1le Nordforden Block. trB. Central to eastern sections within the
Billeforden TYouglt.

Cutbill & Challinor f 965) where extensive fusulinid datings exists (Nilsson

1988; Nilsson & Darrydov in press). Fig. 4E} shows the distribution in
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central-eastern sections (Billef ordenTrough development; Cutbill & Chal-
linor 1965) where bryozoans have been more extensively collected, but are
less precisely dated.

As has previously been demonstrated, e.g. by Bancroft (1987) for the
Carboniferous, bryozoans may be of biostratigraphic value, but many taxa
have long ranges and may also show strong provincialism (Ross 1981;
Ross & Ross 199O). Some Spitsbergen bryozoans have different strati-
graphic r€rnges compared with the Urals and Timan-Pechora successions,
and the present descriptions extend the ranges of some species. With some
exceptions, the bryozoans, however, generally are in accordance with the
age determinations of the investigated rocks previously documented by
other fossil groups, e.g. brachiopods, conodonts and fusulinids (Nakrem
etaL 1992).

Palaeobiogeography

Occurrences of bryozoan taxa in Spitsbergen are compared with time
equivalent intervals elsewhere recorded in Ross (1981) and Ross & Ross
(1990). As was concluded by Ross (f981) and Morozova & Kruchinina
(1986) the bryozoans of present day western Arctic constituted a sub-
tropical to boreal faunal province (Franklinian Shelf, including the Sver-
drup Basin, the Wandel Sea Basin, and the Svalbard Platform) in the tate
Palaeozoic (Fig. 2), with internal faunal similarities, but significant dif-
ferences compared with Tethyan faunas. The degree of provinciality in-
creased at the later Permian stages when ttre Boreal faunas diminished
and Tethyan faunas increased significantly in diversity. Tlpical Early
Permian Boreal genera include Coscinium. Ascopore\a and Timanodictga
as well as some goniocladiids. Similarity indices (Sgrensen/Dice's index,
see Fig. 5) have been calculated between the different provinces tabulated
in Ross & Ross (1990) using the IBM-PC package 'MVSP Plus'written by
W.L. Kovach. As was expected, .the present day Arctic faunas (including
Spitsbergen) are more similar to the Timan-Pechora faunas than the Urals
faunas through theAsselian and Salcrrarian (Fig. 5). An interesting feature
is the placement of tlle Patagonian Shelf (western Argentina) in the
Arctic/Uralian cluster. This can be e4plained in the bi-polarity of faunas
distributed in boreal/temperate waters and reflects the high-latitudinal
placement of both provinces. A similar bi-polarity was reported by Ustri-
tskii (1974) where he found great similarities between mainly brachiopod
faunas from Boreal (Siberia, Svalbard, Arctic Canada, and Alaska) and
Notal (mainly Australian) regions. The internal similarities in the Boreal
cluster is however significantly weaker (typically 4O-5Oo/o) than the inter-
nal similarities in the different Tethyan sub-provinces (typically 8O-lOOo/o
within and 5O-550/o between). Province 4 (American shelves) and 5 (Anga-
ran shelves) (Fig. 5) are clearly separated from both the Boreal and the
Tethyan provinces. In the Artinskian-Kungurian (including data from
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Fig. 5. Cluster diagram drawn from similarity matrices of Asselian-Sakrnarian faunas, and
formulae used (Dice's index of similarity). Geogpaphic regions are numbered and refer to Ross
& Ross (1990). la - Russian Platform, including Moscow Basin, Voronez basin, and Ural
Shelf, lb - Donetz Basin, 2 - Franklinian Shelf and adjacent regions, 4 - American shelves,
5-Angaranshe lves ,6-Nor thernTethys ,T-Cent ra lTe thys ,8-SouthernTethys ,g-
Tasman geosyncline, lO - Norttr American Cordillera, eastern part, 11 - Patag;onian Shelf.
S = 2Ciil(Ni+N:); S - similarity between samples i and j, Cii - number of species present in
bottr samples ('match'), Ni - number of species present in sample i, N; - number of species
present in samplej.

Nakrem in press) the general trend did not change much. The Spitsbergen
faunas cluster with other present day Arctic faunas, and the Timan-Pe-
chora cluster with the Urals. Still these provinces are distinctly different
from the Tethyan provinces. At this time the Uralian sea-way between the
northern realm and the Tetlrys sea became closed off and the warm water
adapted fauna diminished in diversity in the Boreal province (Ross & Ross
1990). Faunal migration also declined due to t)lis physical barrier. The
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Fig. 6. Measured characters in ramose bryozoans (transverse section, A), ramose bryozoans
(tangential section, B), fenestrate bryozoans (C), pinnate bryozoans (D).

present records of Early Permian bryozoans from Spitsbergen have thus
provided an imporlant faunal link between faunas from the Urals and
Timan-Pechora, and those from more western Arctic localities, mainly
North Greenland and Arctic Canada.
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Taxonomy

Taxonomic procedures and character measufements. - In the de-
scriptions of ramose trepostomes and rhabdomesid cryptostomes the
following measurements have been taken (Fig. 6,{-8):

BD branch diameter in (sub)cylindrical forms,

EW exozone width,

AL autozooecial aperture length,
AW autozooecial aperture width,

AAL distance between autozooecial aperture centers along colony,

AN./2 number of autozooecial apertures per 2 mm along colony surface,

AAC/2 number of autozooecial apertures per 2 mm diagonally or across colony
surface.

DIA/I diaphragms per I mm in autozooecial tubes,
EXWA exozonal wall thiclctess.

ENWA endozonal wall thiclcress,

MACA diameter of large acanthost5rles,
MACA/A Large acanthostyles per autozooecial aperture (from tangential section),

MICA diameter of small stylets in cryptostomes,

MICA/A small stylets per autozooecial aperture (from tangential section),
E)O-L lengfh ofovate or irregular exilazooecia,

E)(LW width of ovate or irregular exilazooecia,

S8/1 number ofsquare endozonal autozooecial tubes per I mm in transverse,

section (endozone), In Rhombotrgpella only,

AXB diameter of axial bundle of parallel autozooecial tubes, in Ascopora and

AscoporeLUt only.

In meshwork and pinnate fenestrated bryozoans (order Fenestrata and
some cystoporates) the following measurements have been taken (Fig.
6C-D):

FL lenggh offenestrule opening,
FW width of fenestrule opening,

AD apertr:re diameter,

AAL distance between apertural centers along branch,
AAC distance between apertural centers diagonally across branch at closest point,

WB width of branch (not measured at branch bifurcation),
TB thickness of branch (measured in obverse-reverse direction),
WD width of dissepiment,

NL lengf,h ofoval carinal nodes on obverse surface,

NW width ofoval carinal nodes on obverse surface,
ND diameter of circular nodes,

SNB distance between nodes along obverse branch surface,
LAT/\O lateral branches (pinnae) per 10 mm along main stem (in Penniretepora

and Acantlocln-dia only).

To provide data for comparison with older, especially Russian literature,
the classical'micrometric formula' (Miller 1961 ; Tavener-Smith 1966) has
been calculated for each species:
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branches per 10 mm across colony,

dissepiments or fenestrules per'lo mm along colony,

apertues per 5 mm along branch,
number of apertures per fenestrule (family Fenestellidae),

number of apertural rows across branch (farnily Polyporidae),

carinal nodes per I mm along branch.

In the systematic description, the micrometric formula is denoted as
BRl O/DS r O/ASIAFEN for fenestellids, and BRIO/DS 1 O/ASIAROW for
polyporids.

Due to low numbers of specimens available of many fenestrates, all
measurements advocated in Snyder (1991) and Hageman (1991) could not
be taken. Basic statistics for most characters in each species are presented
in Measurements; arithmetic mean (AVG), sample standard deviation
(STDS), coefficient of variance (CV=STDS*IOO/AVG), minimum (MIN) and
maximum (MAA values observed and number of observations (n). Not all
characters are tabulated for some species, usually due to insufficient
amount of or poorly preserved material. Statistical calculations tabulated
were obtained using the PC spreadsheet software Quattro Pro 4.0 from
Borland.

Order Cystoporata Astrova 1964
Suborder Fistuliporina Astrova I 964
Family Fistuliporidae Ulrich 1BB2
Genus Ertdapora l-llrich 1882
Tlrpe species: Ertdopora macrostoma Ulrich 1884,, Chesterian of Kentucky.

Eridoporasp.
Fig.7A-8.
Remarks. - Identification is based on an incompletely preserved z,oariurni
sheet-like encrusting with large elongated zooecial apertures. Lunaria are
long and overhanging. Specific assignmentis impossible due to incomplete
preservation of important taxonomic features.
Material. - SKA-2-132.Om (PMO A41932, A.41989-991).
Stratigraphic occurrence in Spitsbergen. - Asselian, middle part of the
TJrrrell{ ellet Member.
Occurrence outside Spitsbergen. -The genus Eridopora is most com-
mon in the La.te Carboniferous in North America and Russia (Utgaard in
Boardman et aL 1983), although it ranges through the Artinskian (Ross &
Ross 199O).

Fig. 7. trA, B. Eridoporasp.; Skansen, Tyrrell$ellet Member, Asselian. A. Tangential section,
SKA-2-132.Om, PMO 441991, x 25. B. Transverse section showing Endopord sp. encrusting
a specirnen of Cosciniurru SKA-2-132.0m, PMO 441989, x 25. trC-F. Cosciniltm cgclops
Keyserling 1846; Gipsvika, T5rrrell$ellet Member, late Asselian, GIP-1-2O.Om, petrographic
thin sections. C. Oblique shallow to deep tangential section, P}|l{O A42I79, x 10. D. Shallow
tangential section displaying lunaria, P}0l{O A42179, x 25. E. Longitudinal section, partly
silicified, PMO A42 I 80 / I, x 25. F. T?ansverse section, PMO A42 1 80 / 2, x IO. trG-H. Gonio-
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cladin cf . tenuis Shul'ga-Nesterenko 1933; Rejmyre{ellet,Tgrel$ellet Member, latest Gzhe-

lian, REF-O-25.0, PMO A42lIg, petrographic thin section. G. Mesh in median tangential

section, x 1O. H. Enlarged part showing blisterlike cysts between autozooecial tubes, x 25.



60 Carbonlferots and. Perminn Bryozocu NAKREM

Family Hexagonellidae Crockford 1947
Genus CosciniltmKeyserling 1846
Tlrpe species: Cosciniumcgclops Keyserling 1846, Early Permian of Timan, Russia.

Coscintum cActops Keyserling 1846
Fig.7C-F.
Cosciniumcgclops sp. n.; Keyserling 1846: p. 191.
Cosciniumcgclops Keyserling; Stuckenberg 1895: p. lZ2,Pl.24 2a, c.
Cosciniumcgclops Keyserling; Nikiforova 1938: p. l9I l27gl, pls 2: 7-lO, 3: l-4.
Coscinium cgclaps Keyserling; Utgaard in Boardman et aL. 1983 p. 4II, Fig. 197: 1a-f.
Coscinotrgpa cgclops (Keyserlin$; Morozova & Kruchinina 1986: p. 37, pls 5: S, 6: 2.

Description. - colonies with reticulate fronds with oval and circular
fenestrules and anastomosing branches with zooecia opening on both
sides of branches. The branches are ovate in cross section being bifoliate
compressed perpendicular to branch surfaces. width of branches varies
between 2.7 arrd 3.1 mm, thickness average 2.0 mm. Branch spacing
measured from center to center 4.5-5.0 mm (about 2.1 per l0 mm). The
fenestrules varies greafly in size being I.7-3.6 mm long arrd l.g-2.2 mm
wide, oval or more circular. Autozooecial tubes originate in low angles from
a median lamina (mesotheca) being 0.018-0.020 mm thick. Vesicular,
blisterlike tissue is developed between autozooecial tubes. Massive stere-
om is developed near colony surface. Apertures are ovate in outline being
0.23-0.26 mm long and 0.16-o.19 mmwide. The apertures carry aweakly
developed lunarium. There are about 3.7 apertures along colony per 2 mm
ar:d 5.2 diagonally. Distance between apertural centers longitudinally is
about 0.55 mm. Maculae devoid of apertures, about 1.1 x 0.5 mm in size,
are rarely developed adjacent to some fenestrules.
Remarks. - One specimen was found to be completely overgrown by an
indeterminate species of Eridopora (Fig. ZB).
Measurements. - (For abbreviations see pp. 5Z-58.)

AVG STDS CV MIN MAX n
BRlO 2.too o.089 4.26 2.OO 2.20 C)

AAJ./2 3.650 0.399 ro.93 3.20 4.30 t 2
AAD/2 5 . 2 t 7 o.413 7.92 4.50 5.70 t2
WB 2.833 o.145 5 . 1 3 2.64 3.05
TB 2.O20 0.340 r6.82 t . 7 7 2.73
FL 3.059 o.565 18.46 1.68 3.64
FW 2.t50 o.368 t 7 . t 4 r.34 2.70 o

AL o.245 o.oo8 3.26 o.23 o.26 L2
AW o.178 0.009 5.26 o .16 0 . 1 9 T2
AAL 0.551 o.o18 3.23 o.52 o.58 I 2

Comparison. - C. cgclaps is roughly similar to C. cyclops pobreinae
Nikiforova 1939, from the sakmarian-Artinskian of the Urals (Bashkiria)
which has generally larger apertures (O.27 rnrnxO.IS-O.22 mm) and more
widely spaced branches (1.5 per 1o mm). c. kegserlingi Stuckenberg 18gb
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has larger fenestrules (4.5 mm long and 3.8 mm wide) and apertures of
varying size (Nikiforova 1938).
Material. - GIP-1-1.0m (PMO 138.125), GIP-1-5.Om (PMOA42r76-178),
GIP-1-14.0m (PMO 138.055-056), GIP-1-20.0m (PMO A42r79-rB0), GIP-
t-30.0m (PMO 138.072-073), SKA-2-132.0m (PMO A4r932).
Stratigraphic occurrence in Spitsbergen. - Asselian-early Sakmarian,
within and below the EoparaJusutina paralinearts fusulinid zone (Nilsson
& Davydov in press) and associated with Suseetognathus inorno;hs:.
middle-upper part of the \rrrellfellet Member.
Occurrence outside Spitsbergen. - Asselian (Nenets Horizon) - Artin-
skian of Timan (Morozova & Kruchinina 1986).

Family Goniocladiidae Waagen & Pichl 1885
Genus Goniocladio. Etheridge I 876
Tlrpe species: Carirelta celluLderaEtlteridge 1873, Early Carboniferous of Scotland.

Gontocladia cf . tenuis Shul'ga-Nesterenko f 933
Fig.7G-H.
cf. Goniacladia tenuis sp. n.; Shul'ga-Nesterenko 1933: p.49, Pl. l: L-3,5-7,10, Text-figs

4-5.
cf . Goniaclndio tenurs Shul'ga-Nesterenko; Shul'ga-Nesterenko 1941: p. f 83, Pls 49:.3-8, 47:

3-6.
cf . Goniocladin tenuis Shul'ga-Nesterenko; Alekseeva et al. 1986: Pl. l0O: 1.

cf. Goniocladia cf. tenuis Shul'ga-Nesterenko; Fengsheng lg86: p.229, Pl. 1O: 7.

Description. - Reticulate colony with hexagonal fenestrules formed by
anastomosis of branches. Fenestrules measure 3.6-4.1 mm in leng[h and
f .B-2.3 mm in width. The branches are about O.7O mm wide and 0.95 mm
thick (perpendicular to colony surface). Branch spacing about 2.5 mrn (4
branches across per 1O mm and 2 fenestrules along colony per 10 mm).
Apertures are developed in 2-3 rows on each side of median keel, being
circular (0.13 mm in diameter) or slightly oval, 0. L4 x O.12 mm. Aperture
spacing measured from center to center 0.45-0.50 mm (10-l I apertures
per 5 mm) along the branches.
Remarks. - Lack of sufficient material prevented a more precise identifi-
cation and measurements are thus not tabulated. lrpically most goniocla-
diids in the present study are partially silicified and microscopic details
are usually obscured or destroyed.
Comparison. - The few measurements permit an identification very close
to G. tenuis. Branch dimensions (width and thiclcress) and aperture size
distinguish this species from other Early Permian species; e.g. G. pulchra
Shul'ga-Nesterenko 1933 (branches 0.94-1.05 mm wide and L.46-I.92
mm thick) and G. cycloporaShul'ga-Nesterenko 1933 (branches 1.05-1.22
mm wide and 1.57-1.85 mm thick).
Material. - REF-O-25.0 m (PMO A42119 and A42I87).
Stratigraphic occurrence in Spitsbergen. - Late Gzhelian, associated
with Schelluieniaaff. arctica (Nilsson, personal communication 1993) and

O I
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Streptognathodus excelstts and S. elongahs,lowermost part of the Tfrrell-
fiellet Member.
Occntrence outside Spitsbergen. - G. tenuis was originally described
from the Saraninian (late Artinskian) of the Urals (Alekseeva et aL 1986).

Genus Ramiporidra Nikiforova I 938
TJr;:e species: Ramipora uralica Stuckenberg 1895, Early Permian of tl.e Urals.

Ramip oridr a cf . minuta- (Shul' ga- Nesterenko I I 3 3 )
Fig.8A.
cf. Ramiporaminuta sp. n.; Shul'ga-Nesterenko 1933: p. 57,pl. B:6, g, f f , 14, lb.
cf. Ramiporidramintta(Shul'ga-Nesterenko); Shul'ga-Nesterenko l94l: p.2I3, pl. 58: 2-5.

Description. - Delicate species of Ramiporidra with narrow main stem
(O.5+-O.75 mm wide) and secondary brairches (0.45-O.51 mm wide).
Secondary branches branch off from main stem at angles between 65" and
75'. Distance between points of branching varies between 2.0 and 4.0 mm
(2.5-3.3 per lO mm). There are between 12 and 16 apertures, 0.08-0.09
mm in diameter per 5 mm along main stem. Apertural rows on each side
of keel number 3-4 on the main stem, 2-3 on lateral branches.
Remarks. - Lack of sufficient well preserved material for study prevented
a more precise identification and measurements are thus not tabulated.
Comparison. - This species is distinguished from all other Early Permian
species of Ramiporidraby its very narrow branches (0.81 mm). R. uartotata
(Shul'ga-Nesterenko 1933), R. uariolata surensis (Shul'ga-Nesterenko
1933), and R. uariotatacaDernosa.(Shul'ga-Nesterenko 1933) have all main
stems exceeding 1.47 mm (commonly 1.80-2.30 mm) in width.
Material. - REF-G25.0m (PMO A423IO).
Stratigraphlc occurrenee in Spitsbergen. - Late Gzhetan, associated
with Schellu ienin aff . arctica (Nilsson, personal communication I 993) and
Streptognattadu.s excebus and S. elongahs, lowermost part of the Tfrrell-
fiellet Member.
Occurrence outside Spitsbergen. - R. minuta was originally described
from the Gzhelian of the Urals (Shul'ga-Nesterenko 1933).

Ramtp oridr a cf . u artolnta (Shul' ga- Ne sterenko I I 3 3)
Fig. BB-C.
cf. Ramiporauartolr;Ltasp. n.; Shul'ga-Nesterenko 1933: p. 55,Pl.Z: l-5,Z,8,Text-fig. BS.
cf. Ramipora uanolata Shul'ga-Nesterenkoi Morozcva & Kruchinina 1986: p. 4O, Pl. Z: 4a-c.

Fig. 8. BA. Ramlporidra cf. minuta (Shul'ga-Nesterenko f 933) in deep tangential section.
Rejmyre$ellet, Tyrrel$ellet Member, latest Gzhelian, REF,0-25.0n, PMO A4231O, x 1O.
trB-C. Ramtporidracf. uariolata(Shul'ga-Nesterenko 1933); Rejmyre$ellet, \rrrellfellet Mem-
ber, latest Gzhelian. B. Slightly silicified oblique transverse section, REF-0-25.Om, PMO
442204/1, x IO, petrographic thin section. C. Slightly silicified oblique longitudinal section,
REF-1-36.Om,PMOA42l81,x25,petrogpaphicthinsection.trD-H. Hinaclemnsualbardensis
sp. n., petrographic thin sections. Rejmyrefellet, Gipshuken Formation, Iate Artinskian,
REF-zt-l5.Om. D. Irregulargrowthinlongitudinalsection,442600/2,x25.E.Shallowtangen-
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tial section, holotype, A42600/1, x 40. F. Deep tangential section, holo$pe, A42600/l' x 40.

G.Transverse/longitudinalsection, A42600/s,x2S.H.Longitudinalsectionwithwellvisibie
central part believed to represent decayed encrusting substrate, A42600 / 4, x 25.

. .;. ;-
3 i
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Descrlption. - Relatively robust colony of Ramiporidra with main stem
being I.7-2.2 mm wide. Secondary branches between 0.9 and 1.5 mm
wide. Thickness of main stem about 2.2-2.3 mm whereas secondar5r
branches are 2.O mm thick. Secondary branches diverge from main stem
at angles between 7O' and 8O'. Distance between branching points 2.7 to
3.6 mm (3.5-4 per lO mm). Aperlures are slightly oval (0.15-0.18 mm in
diameter) with a weakly developed lunarium. A peristome is visible in
apertures, being 0.036 mm wide. 7-noecia originate from a 0.036-0.040
mm thick median lamina (mesotheca). Four to five rows of apertures are
developed on each side of median keel. Apertural spacing 0.45-0.5O mm
(10-11 per 5 mm) along both main stem and secondar5r branches.
Remarks. - Lack of suf{icient well preserved material prevented a more
precise identification and measurements are thus not tabulated.
Comparison. - Measured characters in the investigated specimens
match well with the original description by Shul'ga-Nesterenko (f 933). R.
simplexMorozova 1955, described from the Gzhelian of Donbass (Morozo-
va 1955) is intermediate between R. minuta and R. uarioLata regarding
robustness. R. uratica (Stuckenberg 1895) is distinguished from the men-
tioned species in having thicker, and generally more robust main stem and
secondar5r branches, and also in having greater number of apertural rows
on each side of the median keel (5-6).
Material. - REF-0-25.0m (PMO A422O4), REF-1-36.0m (PMO A42l8L-
184).
Stratigraphlc occurrence in Spitsbergen. - Late Gzhelian, associated
with Schellurieniaaff. arcttca (Nilsson, personal communication 1993) and
Streptognattndts excebus and S. etongah.s,lowermost part of the lrrrell-
fellet Member.
Occurrence outside Spitsbergen. - R. uariolntais known from the Gzhe-
lian of the Urals (Shul'ga-Nesterenko 1933) and the Belcher Channel
Formation (Asselian-Sakmarian) of Ellesmere Island (Canadian Arctic)
(Morozova & Kruchinina 1986).

Order Trepostomata Ulrich 1882
Family Crustoporidae Dunaeva & Morozova 1967
Genus Hinaclema Sakagami & Sugimura 1987
Tlrpe species: Hinaclemahinaensis Sakagami & Sugimura 1987, Visean of southwestJapan.

Remarks. - The genus Hinaclema was first described from the Early
Carboniferous (Vis6an) of Japan, and subsequently reported from the
Visean of Uzbekistan (SchastlivLseva 1991). The genus was removed from
the family Heterotrypidae Ulrich 189O, and placed in the flamily Crusto-
poridae Dunaeva & Morozova 1967 by Schastlivtseva (1991). The current
material closely resembles the descriptions of Hinaclemaboth by Sakaga-
mi & Sugimura (1987) and Schastlivtseva (1991). Diagnostic characters
include lamellar or multilamellar encrusting zoarium with hollow axial
area, thin endozone and absence of diaphragms in auto- and exilazooecial
tubes (Sakagami & Sugimura 1987).
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Fig. 9. Line drawing of Httaclema sualbardensis sp. n. in shallow tangential section.
Abbreviations: MIC - micro acanthostyle, MAC - macro (large) acanthostyle, E)OL - exila-
zooeciaf aperture, AP - autozooecial aperbure.

Htnaclema sualbardernsis sp. n.
Figs 8D-H, 9.
?Hinoclemasp.; Nakrem 1993: Fig. 2d.

Holotype: REF-uf-15.Om, PMO A42600/1 (petrographic thin section); REF-4-15.Om, PMO
r38.126 and PMO A42600/24.

Type locality: Rejmyref ellet, Spitsbergen.

Tlrpe horizon: Gipshuken Formation, 15 metres below the top of the formation, late ArLin-
skian.

Et5rmologi: Species named after the Svalbard island group.

Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BI o.776 o-359 46.24 o.3r r. ro 7
AL o.252 o.o2a r0.94 o.2r o.30 r9
A t / o.206 o.o47 22.96 0 . 1 4 o.25 t9
AAC o.273 0.o40 t4.54 o.21 o.32 24
AAJ,/2 6.904 0.489 7.O9 6.50 8.OO 23
E'{J-L o.052 o.005 1 0 . 1 5 o.04 0.06 1 8
E)Ow o.o52 o.oo5 10 .15 o.o4 o.06 18
MACA o.o55 o.or2 22.r5 o.04 o.o7 I9
MICA o.oro o.oo2 i9.06 0 .01 o.o1 t2
MACA/A 3.400 o.940 27.66 2.OO 5.OO 20
MICA/A r4.333 1.435 10.o1 1 1 . 0 O r6.oo t2
EXWA 0.031 0.o03 to.67 o.03 0.04 1 C

ENWA 0.o18 o.o01 5.86 o.o2 o.o2 10

Material. - REF-2-4.Om (PMO 138.124), REF-4-15.Om (petrographic
thin sections PMO A42600/14, rock specimen 138.f 26).
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Diagnosis. - Zoafirxn encmsting, less than 0.45 mm in thickness; auto-
zooecial. apertures indented with acanthostyles and ovate in outline,
bordered by a chain of small acanthostyles and scattered larger acanthos-
tyles; abundant exilazooecia; autozooecial and exilazooecial tubes devoid
of diaphragms; zooecial walls evenly thickened approaching zoarium sur-
face.
Description. - Zoarium encrusting, with thickness of encrusting layer
0.38-0.45 mm. The endozone is indistinguishable from the exozone. The
autozooecial tubes meet zoarial surface at 80-90 in longitudinal section;
proximal (endozonal) portion of tubes sometimes are oriented parallel to
zoarial growth direction. Diaphragms are not observed in autozooecial or.
exilazooecial tubes. 7-ooecial walls are evenly thickened (not beaded); a
dark central zone is visible in deep tangential section. The zooecial aper-
tures are oval, O.2l-0.23 mm long and O.14 mm wide. Distance between
centers of adjacent apertures O.2I-O.29 mm (7-9 per 2 mm). Abundant
exilazooecia, O.043-O.071 mm diameter, are developed between auto-
zooecia. 1l-16 small acanthostyles (O.OO7-0.014 mm in diameter) are
developed around each autozooecial aperLure. Scattered larger acanthos-
tyles (diameter 0.035-0.057 mm; 0.071 mm in shallowest section) are also
developed, usually 2-B per autozooecial aperture.
Remarks. - The zoaria are preserved as 'hollow tubes', and it is believed
that they lived encrusted to quickly-decayed (algae?) thread- or ribbonlike
plants.

Comparison. - Apertural dimensions separate the new species from H.
sakagamii Schastlivtseva 1991 (0.30-0.45 mm across) and H. hinaensis
(O.18-0.32 mm across). Acanthostyles in H. hinctensrs have greater diame-
ters than the Spitsbergen species.

Stratigraphic occurrence in Spitsbergen. - Sakmarian-late Artinskian,
associated with the conodonts Sueetognatfus inornahts and Neostrepto-
gnathodus cf. pequopensr.s, upper part of the TJrrrelt{ellet Member, and
upper parl of the Gipshuken Formation.

Family Stenoporidae Waagen & Wentzel 1886

Genus TabuliporaYoung 1883
Tlrpe species: Cellepora uniFleming 1828, Early Carboniferous of Scotland.

Fig. 10. QA. TabuLiporo sp., silicified exozone with beaded zooecial walls. Trollfuglfjella,
Tyrrel$ellet Member, Asselian, TRO-2-98.Om, PMO A42165, x 25, petrographic ttrin section.
trB-H. Rhombotrgpetlnduinensis Shul'ga-Nesterenko 1955; Trollfugl$e[a, Tyrrellfjellet Mem-
ber, Asselian (B) and Rejmyre{ellet,T}rrrel{elletMember, latestGzhelian (C-H). B. Transverse
section showing partly recrystaJlized endozone with square zooecial tubes, TRO-2-6O.0m,
PMOA42O13, x 1O, petrogpaphic thin section. C. Transverse section of exozone showing evenly
thickened zooecial walls, REF-O-25.On, PMO A42l2I, x 25. D. Longitudinal section of
exozorre, REF-0-25.0m, PMO A42l2I, x 25. E. Tangendal section, REF-O-25.Om, PMO
A42l2I, x 25. F. Regenerated growth with protruding acanthostyles trapped in subsequent
growth cycle (arrow), Rpf'-O-Z5.Om, PMOA42189,x25. G. Fragment of polyporid overgfown
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by Rtnmbotrgpella duirensis, REF-O-25.0m, PMO A42L89, x 10. H. Unlarown substrate
(silicified) encrusted by foraminifers (arrow) and RtnmbotrypeLLa duinensis, REF-0-25.Om,
PMO 442189. x 25.

o t
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Tabuliporasp. indet.
Fig. 1OA.
Remarks. -A thick (7-8 mm) colony apparently with multilaminar or
encrusting growth is assigned to Tabulipora. Observations and quantifica-
tions of important taxonomic features could not be carried out due to the
complete silicification of the colony. The specimen is assigned to the genus
because of beaded exozonal walls, abundant complete and perforated
diaphragms in exozone and polygonal pattern in endozonal zooecial tubes.
Material. - TRO-2-98.0m (PMO A42165-166).
Stratigraphic occurrence ln Spitsbergen. - Middle Asselian, Schtuo-
gerina princeps fusulinid zone (Nilsson & Davydov in press), middle part
of the Tlrrrellfellet Member.

Genus Rtrcmbohypella Nikiforova 1933.
\rpe species: Rtnmbohypelkt astragoloides Nikiforova 1933, Middle Carboniferous of the

Donetz Basin, Ukraine.

Rhomb otrg p etla duinens is Shul' ga- Nesterenko f 9 5 5
Fig. IOB-H.
Rtambotrypelktduhensis sp. n.; Shul'ga-Nesterenko 1955: p. 91, Pl. 11: 5-7.
Rtwmbotrypella duinensis Shul'ga-Nesterenko; Morozova 1955: p. 20.

Description. - Rhombotrypella with moderately thick branches avera-
gng4.7 mm in diameter. The exozone shows greatvariation inwidth being
O.32-I.15 mm wide, and is clearly distinguished from the endozone. A
single hook-like hemiseptum as well as I or 2 perforated diaphragms are
commonly present in autozooecial tubes in exozone. Autoz.ooecial aper-
tures are ovate in outline, about O.22 rnrn long and O.l3 mm wide. These
apertures are arranged relatively regularly along branch with about 5.5
apertures along colony and 6.8 diagonally per 2 mm. The distance between
apertural centers is about 0.37 mm. Exilazooecial apertures are irregularly
distributed, w-ith ovate or irregular oufline being 0.03-0.09 mm in
diameter. Three to five large acanthostyles with a diameter of about O.1O
mm are present around each autozooecia-l aperture. Small acanthostyles,
observed as a chain on ridges between apertures are about O.O2 mm in
diameter. Exozonal walls are about O. 13 mm thick: endozonal walls about
0.Ol mm. Autozooecial tubes in transverse section are square in oufline
and number 4.4-5.6 per 1 mm.
Remarks. - Regenerated growth is well developed in one specimen where
new calcified walls have grown around and encapsuled long protruding
acanthostyles of previous growth stage/cycle (Fig. fOD. The same spe-
cimen has also overgrown and trapped a specimen of Polgpora and an
encrusting foraminifer (Fig. 1OG-H).
Comparison. - R. dubtensis resembles the Artinski an R. inuulgataTrtzna
1948 in many characters, but is distinguished in having lower number of
diaphragms (1-2 against 3-4) and in having smaller and more closely
packed autozooecial apertures. The Gzhelian R. subcomposita Shul'ga-
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Nesterenko 1955 has a larger colony diameter and significantly larger
autozooecial apertures (0.20-0.30 mm in diameter).
Measnrements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BD 4.705 o.443 9.42 3.90 5.50 20
EW 0.653 o.263 40.25 o.32 r . 1 5 22
DIA/1 L.250 o.500 40.00 r.00 2.OO 4

AL o.221 o .017 7.64 0 .  r9 o.25 36
AW o.r27 o.o16 12.aa 0.09 0 . 1 5 36
AAC 0.369 o.02l 5.79 o.34 o.42 37
AN./2 5.528 o.237 4.30 5.00 5.90 40
AAC/2 6.8r7 0.576 8.45 5 . 1 0 7.70 36
E)(LL o.066 o.015 23.13 0.03 0,09 39
E)(Lw o.066 0 .015 23.13 0.03 0.09 39
sg/1 5.030 0.353 7.O1 4.40 5,60 37
MACA o.098 0 .010 to.32 0.08 0 . 1 1 40
MICA o.o19 0.001 b . D l o.o2 o.o2 32
MACA/A 3 .615 0.768 2I .24 3.00 5.OO 13
MICA/A t7.167 3.841 2234 10.00 26.OO 24
EXWA 0.129 0.0r.5 t  1.33 0 .  t 0 0 .  r6 36
ENWA o.or0 0.002 24.31 0.01 0 .01 20

Material. - REF-O-25.0m (A42121, A42LBB, A42I89, 138.064, 138.067,
138.068), TRO-2-60.0m (441264, A42Or3, A42Or4, A42Or5), TRO-3-
97.5m (A42597).
Stratlgraphic occurrence in Spltsbergen. - Late Kasimovian (Rau-
serttes quasinrcticrls fusulinid zone) through middle Asselian (Schtuageri-
na princeps fusulinid zone) (Nilsson & Davydov in press), Kapitol and
T5rrrell{ ellet members.
Oceurence outside Spitsbergen. - Kasimovian of the Urals (Shul'ga-
Nesterenko 1955).

RhombotrgpellarectanguLataShul'ga-Nesterenko1955
Fig. r lA-D.
Rtnmbotrgpeunrectangulatasp. n.; Shul'ga-Nesterenko 1955: p.91, Pl. 12: l-4.

RhombotrgpelJa rectangulnta Shul'ga-Nesterenko; Morozova 1955: p. 2O, Pl. 2: Sa--c.

Rtnmbotrgpelarectongulatashul'ga-Nesterenko; Go4runova & Kruchinina 1975: p. l47,Pl.
58:7-9.

Description. - Finely branched Rhombotrgpellz with colony diameter
averaging 2.9 mm. Exozone is clearly distnguished being about 0.51 mm
wide and continued to increase in \Midth as the colony opanded in
diameter. A hook-like hemiseptum is present in the transition between
endozone and exozone; diaphragms are not observed in autozooecial
tubes. Autozooecial apertures ovate in outline, approximately 0.23 mm
long and 0.15 mm wide. The apertures are :irranged in rather regular rows
with about 5.5 in 2 rnrn in all directions. Distance between apertural
centers.about 0.33 mm. Exilazooecial apertures circular or irregular in
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outline, about O.O5-O. 1O mm in diameter. Exilazooecia are rare, not more
than two in each autozooecial aperture. Three to four large acanthostyles,
averaging 0.096 mm in diameter, are developed around each autozooecial
aperture. Small acanthostyles, being about 0.O2 mm in diameter are
developed as a chain around each autozooecial aperture. Exozonal walls
are O.12420 mm thick: endozonal walls about O.O2 mm. Autozooecial
tubes in transverse section are square in oufline in endozone numbering
5-6 per I mm.
Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n
BD 2.905 o.262 9.O2 2.50 3.45 24
EV/ o .5 r3 o.r87 36.45 o .21 0.81 26
DIA/I
AL o.230 0.023 9 . 8 1 o.20 o.26 t 2
AW o.149 o.016 t0.49 o. r3 0 . 1 8 t2
AAC 0.328 0.023 6.97 o.29 o.35 t2
AN-/2 5.528 o.407 7.36 5.UU 6. o 1 8
AAC/2 5.524 o.407 7.36 5.00 6. 0 1 8
E)(LL o.o75 o.o23 30.31 0.05 o. o 10
E)C\ry o.o75 o.o23 30.31 o.05 o o 10
sg/1 5.609 o.262 4.67 5.OO 6.00 34
MACA o.096 o.or7 t7.25 o.o7 o . l  I t 4
MICA 0.020 o.ool 6.86 o.o2 o.02 8
MACA/A 3.500 o.707 20.20 3.O0 4.OO 2
MICA/A 22.500 t .871 8 . 3 1 20.00 25.OO 6
EXWA 0.163 o.035 2t .44 o .12 o.20 6
ENWA o.or8 0.00r 6.52 o.o2 o.o2 I I

Comparison. - The investigated specimens are similar to RlrcmbotrUpeLla
rectangulataas described by both Shul'ga-Nesterenko (1955) and Morozo-
va (1955) in most measured characters. Tnarial dimensions are larger in
R. duinensis whereas autozooecial apertures are smaller and generally
more closely packed in the latter species (see above). R. arbtsculz (Eich-
wald 1860), known from the Artinskian and Kungurian of Timan and the
Urals (Morozova & Kruchinina 1986) and from the Voringen Member of the
Kapp Starostin Formation of Spitsbergen (Nakrem in press) has generally
thinner branches, n€urower exozone as well as smaller and more closelv
packed zooecial apertures.

Fig. 11. trA-D. Rhombohypettarectangulata Shul'ga-Nesterenko 1955. Kolosseum, Kapitol
Member, Moscovian. A. T?ansverse section of exozone with evenly thickened zooecial walls,
KOL I-80.0m, P}NI) A42173,x 25. B. Oblique longitudinal section of exozone, KOL-1-80.Om,
PIMO A42I7.l, x 25. C. Tangential section. Kolosseum, Kapitol Member, Moscovian, KOL 1-
8O.0m, PMO A42L73, x 25. D. Regenerated growth/seH overgrowth, KOL-1-80.Om, PMO
A42I7l, x 25. DE. Rha.bdomeson sp.; Skansen, Tlrrrel{ellet Member, Asselian. SKA-2-
I32.Om, PMO A4199O, x 25, petrographic thin section. QF-I. Ascopora muromensis Shul'ga-
Nesterenko 1955; Kolosseum, Kapitol Member, Moscovian. F. Tfansverse section, TRO-2-4O.Om,
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PMO A42I63, x 10. G. Transverse section with well visible bundle of parallel zooecial tubes,
TRO-2--40.0m, PMO 442163, x 25.H. Longitudinal section, KOL-1-80.0m, PII{O A42l7O,
x2S. L Tangential section, TRO-2-40.Om, PMO ,A,4I930, x 25.
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Material. - KOLl-8O.Om (A4217I, A42173, A42I74), REF-0-25.Om
(A42116, 138.063), TRO- 1-29.0m (A42162).
Stratigraphic occurrence in Spitsbergen. - Moscovian, WedekindelLtna
dutkeuiclti-Rtstilinetta eopubttra fusulinid zone (Nilsson & Davydov in
press), and late Gzhelian, associated with Schettwienis.aff. arcttca (Nilsson,
personal communication 1993) and Streptognathodus excelstts and S.
elongahs,lowermost part of the T!'rrellfiellet Member.
Occurrence outside Spitsbergen. - Kasimovian and Gzhelian of the
Urals (Shul'ga-Nesterenko 1955); Gzhelian of Timan (Morozova & Kru-
chinina 1986: table 5).

Order Cryptostomata Vine lBB4
Suborder RhabdomesinaAstrova & Morozova 1956
Family Rhabdomesidae Vine 1884
Genus Rhnbdomeson Young & Young 1874
\pe species: Milleporagracilis Phillips 1841, Devonian of England.

Rhabdomeson sp.
Fig. r lE.
Remarks. - Specimens of Rhabd.omesonwere encountered in some ran-
domly oriented sections, and identified due to the characteristic hollow
central canal. Properly oriented sections have not been made, and specific
identification is thus not possible.
Material. - cIP-1-14.0m (PMO A42LO4), SKA-2-132.0m (PMO ,{41990),
TRO-2-6O.0m (PMO A41264, A42O 13-O I 5)
Stratigraphic occurrence in Spitsbergen. - Late Kasimovian-late Asse-
lian (Kapitol and Tlrrrell{ellet Members).
Occurrence outside Spitsbergen. - Rhnbd.omeson has a wide Middle
Devonian-Late Permian range (Blake ur Boardman et aL 1983).

Genus AscoporaTrautschold 1876
Tlrpe species: MiLteporarhombiJeraPhlllips 1836, Early Carboniferous of Yorkshire, England.

Remarks. - During the current study almost 5O specimens of Ascopora
were thin sectioned/investigated, and different measurements were taken
to discriminate the four species described below. Zoarial characters
(branch diameter, exozone width and diameter of axial bundle) were found
to vary continuously. To provide a useful distinction, apertural dimensions
and packing of apertures were found to give the best results. Branch
diameter and acanthostyle dimensions are more or less normal distributed
when observing all specimens together, but discrimination is possible
between each species. Measurements of stylet dimensions and endozone
wall thickness are suspect due to recrystallization and subsequent loss of
minute detail.

Ascopora murornerTsris Shul'ga-Nesterenko I 9 55
Fig. 1rF-I.
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AscoporamtLromensis nom. nud.; Shul'ga-Nesterenko 1949: Pl.7: l-3.

Ascoporanx;romensb sp. n.; Shul'ga-Nesterenko 1955: p. 160, Pl. 26:4-8.

Ascopora mwomensis Shul'ga-Nesterenko; Morozova I 955: p. 57.

Descrlption. - Cylindrical branching colony average 2.3 mm in diameter.
Exozorte up to l.l mm wide (average O.75 mm), but also preserved
na.rrower due to abrasion. Axial bundle with parallel zooecial tubes O.5O
mm in diameter vrith 4, rarely 5 parallel tubes as observed in longitudinal
sections. Up to two hook-like hemisepta are present in exozonal zooeciaf
tubes. Apertures oval, being O.23*O.28 mm long and O.O7-0.14 mm wide.
The apertures are arranged in distinct rows with a ridge between each row'
There are about 4.8 apertures per 2 mm along colony and up to 7 '7
(average 6.7) diagonally. The large acanthostyles have long pointed ends
now preserved in surrounding sediment, their diameter average 0.11 mm'
Usually there is one large acanthostyle between adjacent apertures,
whereas in some areas there are two. Stylets with a diameter of O.O2&
0.040 mm are developed in the ridges separating apertural rows.

Comparison. - A. mttromensis is very similar to A. magmrseptataShul'ga-
Nesterenko 1955 regarding many zoarial and zooecial dimensions, but is
distinguished in the smaller number of distinct hemisepta developed. A.
muromensis is distinguished from A. stertfiamakensis in havin$ more
closely packed zooecial. apertures, and from A. oblarga in having thicker
branches and more closely packed zooecial apertures.

Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BD 2.296 o.373 16.23 1.67 3 .  r0 1 6

EW o.750 0.286 38.10 0.45 r .  1 0
A)<B 0.499 o.068 r3.66 0.36 o.56 1 1
AL 0.253 o .o l7 6.54 o.23 o.28 36
AW o .  1 1 1 0.025 22.86 o.o7 0 . 1 4 36
AAL o.42r 0.043 IO.20 0.35 0.48 29
AI'J,/2 4.764 o.223 4.67 4.40 5 .10 34
AAC/2 6.688 o.529 7.91 6.O0 7.70 4 1

MACA o.105 0.010 9.84 o.09 o . t 2 38
MICA o.034 0.003 8.99 o.03 0.04 t 7
EXWA o.103 o.or0 9.68 o.09 o .12 9
ENWA o .o11 o.o02 15.86 o.o08 0.o13 8

Material. - KOL-1-8O.0m (PMO A4I8L4, 441853, A41863, A42l7O,
A42r72), KOL-3-169.Om (PMO A422Br-283), TRO-2--4O.Om (PMO
A47924=925, A41927 -93 L).
Stratigraphic occurrence in Spitsbergen. - Early Kasimovian, Protri-
ticites pseudamortiparus fusulinid zone through late Asselian, khtoager|
na sphaerica fusulinid zone (Nilsson & Davydov in press), Kapitol and
Tlrrrell{ ellet members.
Occurrence outside Spitsbergen. - Moscovian-Kasimovian of the Urals
(Morozova 1955).

73



74 Carboniferous and Permian Bryo?-oo: NAKREM

Ascopora obLonga (Nikiforova f 933)
Fig. r2A-D.
RtnmboporadictntomaUlnchvar. oblongavar. n.; Nikiforova ISSS:p. 2Z,pls6:T-g,Z:54.
Ascoporaoblonga(Nikiforova); Morozova lgb5: p. 56, pl. 1O:4a-b.
Ascoporaoblonga (Nikiforova); Goryunova & Kruchinina IgZd: p. Ibf , pl. 6l: 4-6.

Descrlption. - Delicate cylindrical dichotomically branching colonies
averaging 1.9 mm in diameter. Exozone 0.49 mm wide. Axial bundle of
parallel zooecia about o.5o mm in diameter with 4, rarely 5 parallel
zooecial tubes as observed from longitudinal sections. TWo distinct proxi-
mal hemisepta are present in zooecial tubes in exozone. Apertures .tortg-
ated oval, in some areas slit-like, about 0.28 mm long and O.l0 mm wide.
There are about 4.2 apertures per 2 mrn along colony and 6.b diagonally.
Distance between aperlures longitudinally average 0.48 mm. Large ac€rn-
thostyles 0.08-0.11 mm in diameter, stylets Erre present in ridges between
apertural rows o.ol8-o.o3o mm in diameter. 7-ooecial wall in exozone is
about 0.12 mm in thickness; endozonal wall about O.O11 mm.
Measurements. - (For abbreviations see pp. 5T-58.)

AVG STDS CV MIN MAX n
BD I .87 I o.3r7 16.92 1.45 2.33 to
EW 0.485 o. r39 28.59 o.3 l o.62 8
A)(B 0.504 0.035 6.89 o.45 o.55 1 1
AL 0.281 0.030 10.6r o.25 0.33 24
AW o.098 0.009 8.83 o.09 o . r2 24
AAL 0.483 0.033 6.83 o.44 o.55 1 6
AIJ,/2 4. r80 0.188 4.50 3.90 4.60 20
AAC/2 6.455 o.467 7.24 5.90 7.30 20
MACA o.095 0 .011 1 1 . 8 4 o.08 0 . 1  1 25
MICA o.o25 o.oo5 20.t2 o.o2 o.03 8
EXWA o .  119 o.o17 I 4 . T 4 o.09 0 .13 7
ENWA o.o1r o.oor 1 1 . 3 5 0.009 o.or2 6

comparison. - A. oblonga is distinguished from the other species of
Ascopora in this study in the small branch diameter and the extremelv
elongated apertures.
Material. - KOL-1-28.3m (PMO A42t6Z/t-2), REF-O-25.Om (pMO
138.069).

stratigraphic occurrence in spitsbergen. - Late Moscovian, wedekin-
dellina dttkeuictti- Fltsutinetln eopulchrafusulinid zone (Nilsson & Darry-
dov in press) and late Gzhelian, associated with schellwienia aff. arctica

Fig. 12. QA-D. Ascoporaoblonga (Nikiforova 1gs3); Kolosseum, Kapitol Member, Moscovian,
KoLl-28.3m. A. Transverse section, pMo A4216z/1, x 2s. B. Tangential section, pMO
1'42167/3, x 25. c. Longitudinal section, p[4:o A4zt6z/)., x 2b. D. Longitudinal section
through region of bifurcation, Pl0''{o A4216z/4, x lo. trF-H. Ascopora sterlitamakensis
Nikiforova 1939; Gipsvika, TJrrrell{ellet Member, Asselian. E. Tfansverse section, GIp-I-g.Om,
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PMO 138.047 /2, x25. F. Tangential section, GIP-l-1.0m, PMO f 38.050, x 25. G. Longitudi-
nal section, partly silicified, GIP-l-9.0m, PIIIO 138.047 / I, x IO. H. Longitudinal section with
I-2 hemisepta visible in exozone (arrows), GIP-l-9.0m, PMO f 38.047 /I, x 25.
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(Nilsson, personal communicaton 1993) and Streptognnthodus excelsu.s
and S. elorqahls,lowermost part of the T5rrrel$ellet Member.
Occurrence outside Spitsbergen. - Podolsky Horizon (Moscovian) of the
Urals (Morozova 1955).

Ascopora sterlitamakensrs Nikiforova I 939
Fig. r2E-H.
Asaporanodosa Fischer de Waldheim var. sterlitamakensisvar. n.; Nikiforova 1939: p. 87

t981, Pl.  4:7-8.

Ascopora sterlitamalcensis Nikiforova; Morozova & Kruchinina 1986: p. 64, PL.22:2a-b.

Description. - Ascoporawith cylindrical bifurcating branches of varying
diameter (1.8-3.3 mm). Exozone about O.8O mm wide, axial bundle of
parallel zooecial tubes O.4O-0.55 mm in diameter containing 4 parallel
tubes as observed in longitudinal sections. TWo proximal hemisepta are
usually present in zooecial tubes in exozone. Apertures elongated oval,
sometimes slitlike, about 0.25 mm long and O. 1O mm wide. The aperLures
are arranged in rows with ridges between; 3.3-4.0 per 2 mm along colony
and 5.4-6.6 diagonally. Distance between apertural centers longitudinally
average 0.52 mm. One, or rarely two large acanthostyles are present
adjacent to each aperture. A chain of stylets, O.O2-O.O4 mm in diameter,
is present on the ridges between apertural rows. Zooecial wall in exozone
is O.O9O-O.16 mm in thickness: endozonal wall about O.010 mm.

Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n
BD 2.444 o.519 21.2r 1.80 3.30 t 1
EW 0.806 o.221 27.41 o.50 1 . 1 0 8
AXB o.470 0.055 II.72 o.40 o.55
AL o.253 o.o42 16.67 o.20 o.33 24
AIW o.104 o.o22 2 t . 6 1 o.o7 0 .15 24
AAL o.518 o.03r 5.98 o.49 o.62 1 8
AN,/2 3.722 o.163 4.38 3.30 4.OO 1 8
AAC/2 5.889 o.254 4.32 5.40 6.60 1 8
MACA o.r12 o.o16 t4.24 o.09 o . r4 22
MICA 0.031 o.oo7 23.92 o.o2 o.04 5
EXWA o. r34 o.o27 20.t6 o.09 o. r6 5
ENWA o.oro o.oor 7.44 o.oo9 o.or0 2

Comparison. - The present specimens are similar to the specimens of A.
sterlitamakensis described by Nikiforova (1939) and Morozova & Kruchini-
na (1986) in most characters, although longitudinal distance apertures is
slightly gfeater in the Spitsbergen specimens. A. sterlttamskensis differs
from A. sp. A in having wider exozone and having larger acantkrostyles, and
from A. muromensis in having greater distance between apertures in all
directions.
Material. - GIP-1-9.Om (PMO A421O3, I38.O47 /I-2), GIP-I-I.0m (PMO
r38.049-054).
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Stratigraphic occurrence in Spitsbergen. - Asselian, below the Eopara'
j-tsutinaparalinearis fusulinid zone (Nilsson & Davydov in press), middle
part of the Tyrrel$ellet Member.
Occurrence outside Spitsbergen. - Sakmarian of Timan (Morozova &
Kruchinina tg86).

Ascopora sp.A
Fig. r3A-B, D.
Description. - Relatively delicate bifurcating colony, with a diameter
averaging 2.3 mm. Exozone shows great variation between 0.29 and 0.64
mm in rridth. Axial bundle of parallel zooecial tubes about 0.71 mm in
diameter with 4 parallel tubes as obsewed in longitudinal section. Zooecial
apertures strongly elongated oval, averaging 0.28 mm in length, O.11 mm
in width. In 2 mm there are 3.4-3.8 apertures along colony and 6.9-7.6
diagonally across colony. Distance between apertural centers along colony
about 0.52 mm. A single large acanthostyle with a diameter about O.O8
mm is developed between each aperture. A chain of stylets is present on
the ridges separating the individual apertural rows. l5-2O stylets with a
diameter of about O.O25 mm surround each aperture. Exozone wall
thickness varies between O.O8 and O.l0 mm; zooecial walls in the endo-
zone measure about O.Of l rnrn. I-2 hemisepta are present in exozonal
part of zooecial tubes.
Measnrements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BD 2.244 o.448 r9.59 r.82 2.82
EW o.429 o.t57 36.66 o.29 o.64 a

A>(B o.7t2 o.056 7.45 o.65 o.77 5
AL o.284 0.033 t  1 .54 o.23 0.31 t 7
AW o . l 1 4 o.o10 8.78 0.r .0 o .13 T 7
AAL o.5r7 o.o27 5.32 o.46 0.58 25
A/,J-/2 3.569 0.149 4 . t 8 3.40 3.80 1 6
AAC/2 7.325 0 . 1 9 5 2.66 6.90 7.60 1 6
MACA o.o83 0.008 9.20 o.o7 o. ro r8
MICA o.025 o.005 20.39 o.o2 o.03 1 0
EXWA o.090 o.006 7.O3 0.08 0 .10 t)

EN\MA o.0l  I o.oo1 12.30 0.o10 0.or2

Comparison. - The relatively distant apertures longitudinally and more
closely packing across colony distinguishes the present species from those
described herein. In many characters Ascopora sp. A resembles A. els-
nyensrls Trizna 1961 described from the Myachkovian-Podolskian (Bash-
kirian, Middle Carboniferous) of the Urals, which however has smaller
apertures and narrower axialbundle. Ascoporasp. Ais distinguished from
both A. muromensis and A. oblonga in having longer distance between
apertures longitudinally, but more closely spaced aperlures diagonally.
Material. - REF-1-9.5m (PMO A42ll3), TRO-1-9.5m (PMO A42586-
588).
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Stratigraphic occurrence in Spitsbergen. - t ate Moscovian Wedekin-
dellina dulkeuichi - F.rtsulinellr- eopulctva fusulinid zone (Nilsson & Darryr-
dov in press) and ?late Gzhelian-?early Asselian, associated with Strepto-
gnnthodrts esrcebus artd S. elongattts, lower part of the Kapitol Member and
lowermost part of the Tyrrell{ellet Member.

Genus Ascoporella Kruchinina in Morozova & Kruchinina 1986
T\rpe species: Ascopora gran dis Kruchinina, Sal<rnarian of Timan, Russia.

Remarks. - Ascoporella differs from Ascopora in having thicker bran-
ches, larger number of parallel zooecia) tubes in endozone (usually more
than 1O), beaded exozonal walls and less regularly arranged autozooecial
apertures. As observed from the illustrations in Kruchinina (1973) and
Morozova & Kruchinina (1986) all these features are not well visible in a]l
the species assigned to this genus. Ascoporapugnalis Fengsheng 1986 and
Ascopora yangirna Fengsheng 1986 from the Late Permian of China
(Fengsheng 1986) fulfill most of the above mentioned features and should
consequently be transferred to Ascoporella-

Ascoporella grandis (Kruchinina 197 3)
Fig. 13F-H.
Ascopora grandls sp. n.; Kruchinina 1973: p. 95, Pl. 27: 6.
Ascoporetla grandis (Kruchinina); Morozova & Kruchinina 1986: p. 65, Pl. 22: la4.

Description. - Zoarium ramose with thick branches averaging 6.6 mm
in diameter (slighfly abraded). Exozorrc about O.6 mm wide; endozone
5.3-5.5 mm in diameter. Axial bundle diameter 2.4rnrn. The axial bundle
comprises 11 parallel zooecial tubes as viewed in longitudinal section.
Zooecial apertures elongated, about 0.26 mm long and 0.15 mm wide.
There are 4 zooeciial apertures in 2 mm along colony; 5-6 diagonally. There
are2-3 hemisepta present in exozonal zooecial tubes. One large acanthos-
tyle is developed in the area between zooecial apertures; diameter 0.09-
O.l1 mm. Small, infrequent pores are also present in exozonal walls.
Remarks. - The described specimens compare well with the illustrations
and descriptions given by Kruchinina (1973) and Morozova & Kruchinina
(1986). It should be remarked that the axial bundle was described as
containing 15-22 parallel zooecial tubes, but the illustrations given (Kru-
chinina 1973: Pl. 28: lc. identical to Morozova & Kruchinina 1986: PI.22:
lc) display a maximum of 11 parallel zooecia. The number of parallel

Fig. f 3. DA-B, D. Ascoporasp. A. A. Transverse section with siliciffed central part. Trollfugl-

lella, Kapitol Member, Moscovian, TRO-1-9.5rn, PMO A42588, x 25, petrographic thin
section. B. Tangential section. Tfollfug$ella, Kapitol Member, Moscovian, TRO-1-9.5m, PMO
A425a7, x 25, petrographic thin section. D. Longitudinal section. Rejmyrefellet, Tlrrrel$ellet
Member, latest Gzhelian, REF-1-9.5m, PMOA42113, x25. DC. ?AscoporelUtsp. A, transverse
section with central part completely dissolved. Rejmyre{ellet, upper part of }rrel-{ellet
Member, early Sakmarian, REF-2-4.0m, PMO 138.123, x 25. trF-H. Ascoporellngrandis
(Kruchinina 1973); Gipsvika, Tlrrrell{ellet Member, lateAsselian, GIP-l-14.0m. E. Tlansverse
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section, PlVIo A42lo4/3, x lo. F. Tangential section, pMo rg8.04b, x 2s. G. Longitudinal
section shoqdng part of axial bundle of parallel zooeciaT tubes and exozone with hemisepta,
A42IO4/ 1, x 25. H. Axial bundle with t2 parallel tubes visible, pMrO A42LO4/2, x 25.
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zooecial tubes counted from these illustrations is actually lower than the
minimum figure given in the generic diagnosis.
Comparison. - A. grcndisis distinguished from A. borealis (Stuckenberg

1895) and A. enarmi,s Kruchinina 1986 hoth Artinskian species from
Timan) in having smaller branch diameter, and fewer parallel zooecia in
the axial bundle.
Measurements. - (For abbreviations see pp. 57-SB.)

AVG STDS CV MIN MAX n

BD 6.425 o . r7 l 2.66 6.20 6.60 4

EW 0.563 0.0r5 2 . 7 1 o.55 0.58 J

AXB 2.O50 0.071 3.45 2.OO 2 . ro 2

AL o.257 o.olo 3.84 o.24 o.27 T2

AW o.r52 o.oo7 4.73 o . t4 o . r6 I 2

AAL o.477 o.oo9 1.86 o.47 o.49 t2

AN,/2 3.988 o.145 3.65 3.80 4.20 I O

AAC/2 5.66t! o.357 6.O7 5.OO 6.30 t4

MACA 0.102 0.006 6.20 o.09 0 . 1 1 10

MICA

EXWA 0.134 o.olo 7.27 o . t2 o . 1 5
ENWA 0 .012 o.oo2 t7.aa 0 .0r o.o1 5

Material. - GIP-1-14.0m (PMO A42IO4,138.045, 138.060).
Stratiglraphic occurrence in Spitsbergen. - Late Asselian, below ttre

Eopcrrafsulina parahnearrs fusulinid zone (Nilsson & Davydov in press)

and Stoeetognnthus inornahs, middle part of the T)rrrellfellet Member.

Occurrence outside Spitsbergen. - Sakrnarian (Ilibei Horizon) of Timan
(Morozova & Kruchinina 1986).

?Ascoporella sp. A
Figs ISC, L7A-C.
Description. - Moderately tfuick branches 2.4-5.1 mm in diameter. Exo-
zone average 0.63 mm in width; it is, however, possibly abraded. Axial
bundle of parallel zooecial about 0.87 mm in diameter with 6--7 zooeciaf
tubes as observed in longitudinal section. Apertures are alTanged in
regular rows, elongated ovate in oufline, being O'25-O.30 mm long and
0.11-0.16 mm wide. There are 4.3 aperLures per 2 mm along colony and
7 diagonally. Distance between apertural centers longitudinally 0.40-0.50
mm. A single large acanthostyle is present adjacent to each aperture,
about 0.10 mm in diameter; stylets are o.o1-0.o2 mm in diameter ar-
ranged on ridges between apertural rows. Exozonal walls about O.O8 mm
thick; endozonal walls about 0.011 mm thick. 7-ooeciaJwalls are in places
beaded and display an annular growth pattern.
Remarks. - A number of moderately thick specimens have been assigned
to ?Ascoporetlnsp. due to many features in common with Ascoporella.'Ihe
generic assignment is questioned because the branches are si$nificanfly
thinner than defined for Ascoporella by Kruchinina (in Morozova & Kru-
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chinina 1986), and the axial bundle also contains a lower number of

parallel zooeciathan in Ascoporetta. The mentioned features are, however,

more similar to those in Ascoporetla t]nan Ascopora. No previously de-

scribed species of Ascoporellz match the measured characters in the

current specimens.
Comparison. - Both zoarial and zooecial dimensions distinguish ?Asco-
porelln sp. from AscoporetLa grandis. The apertures are more elongated,
and also more closely distributed as counted in tangential sections' Axial

bundle is narrower, and number of parallel tubes is smaller. Other
previously described species of Ascoporella have significantly greater

dimensions in most zoarial characters (Morozova & Kruchinina 1986).

Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BD 3.503 o.907 25.89 2.40 5 . 1 0 t 7

EW 0.631 o.264 4 I . 9 1 o.35 l .  1 0 1 1

A)(B 0.869 o.r06 12 .20 o.76 r .  l o 10

AL o.276 0.o17 6.03 o.25 0.30 38

A\M o.r29 0.017 r3.05 0 . 1  I 0 .  r6 38

AAL 0.456 0.026 5.65 0.40 0.50 38

AN-/2 4.274 o.327 7.64 3.60 4.90 39

AAC/2 6.989 o.372 5.32 6 . 1 0 7.80 36

MACA 0.099 o.o l  l I  I .09 0.08 o. r2 43

MICA 0 .o17 0.oor 7.82 0 .01 o.o2 l 5

EXWA o.o77 0 .011 r3.84 o.o7 0 . 1 0 22

ENWA o.ol  l o.006 56.90 o.oo4 0.020 26

Mater ial .  -REF-2-4.Om (PMO 138.115, 138.117, 138'119, I38.I22,
1 38. 123, r38.r24, A42300, A42302-304).
Stratigfaphic occurrence in Spitsbergen. - ?Early Sakmarian, below
Stoeetognalhtts inorncrtus, uppermost part of the T5rrrellfiellet Member.

Family Rhomboporidae Simpson 1895
Genus Rlwmbopora Meek 187 2
Tlrpe species: Rhomboporal.epidodendroides Meek 1872, Virgilian of Nebraska.

Rtnmbopora sp. A
Fig. 14D-F.
Description. - Dichotomously branching zoaria commonly 1.5-1.6 mm

in diameter (up to 1 8 prior to bifurcation) are assigned to Rhombopora sp.

A. Exozone about 0.35 mm wide. Zooecia originate in a spiral growth
pattern from a central axis. some tubes carry up to 2 thin diaphragms.
Apertures in a moderately well arranged linear pattern, being abottt O.27
mm long and 0.15 mm wide. Zooecial tubes meet colony surface at low

angles, and slightly deeper cut (polished) tangential sections will produce

artificially larger, more elongated apertures, up to 0.36 mm long. There are

about 3 aperLures per 2 mm along colony and 5.2 diagonally. Distance

8 l
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between apertural centers 0.43-0.86 mm longitudinally. Large acantho-
styles protrude well above colony surface, being O.0g-0.13 mm in
diameter. There are usually 5-6large acanthostyles around each aperture.
6-1O stylets, O.OI&O.O4O mm in diameter are developed in exozonalwalls
around each aperture. Exozonal walls about O.l2 mm thick; endozonal
walls about O.Of G mm thick.
Comparison. - R. nikiJorouae Baranova 196Oa, described from the late
salcnarian-earlyArtinskian of Timan has greater zoarium diameter (2.85
mm) than R. sp. A, and wider exozone (0.474.6I mm), the apertures are
more elongated (O.22-O.31 mm long and O.O9-O.11 mm wide) and are also
more widely spaced. R. sp. A is distinguished from R. optima Goqrunova
197 5, from the Artinskian of Pamir, which has thinner branches ( f . OO mm
in diameter) and extremely elongated apertures (O.43-O.50 mm long and
O.1O-0.13 mm wide), 2 and 3 per 2 rnrn longitudinatly and diagonally
respectively.
Measurements. - (For abbreviations see pp. 5T-58.)

AVG STDS CV MIN MAX n
BD r.597 o.168 LO.54 1.330 r.800 q

E \ / 0.354 0.030 8.60 0.310 o.400 7
AL o.267 0.033 12.41 o.220 0.360 26
A \ / 0 .153 o.031 20.08 0 . 1 1 0 o.240 26
AAL o.640 o.126 19.62 0.430 0.820 I T ,

AAL/2 3.050 0.463 75.t7 2.500 4.OOO 22
AAC/2 5.205 0.502 9.65 4.700 6.200 20
MACA o.108 o.o13 rt.78 o.o90 0.130 25
MICA 0.029 o.oo7 25.2a 0.018 o.040 22
EXWA o .1  19 o.o l9 16'29 0.o90 0.150 r 8
EN'\MA 0.or6 o.oo2 9.46 0.014 0.020 I 4

Materlal. - REF-2-4.On (PMO A423Ot/t-2, 138.118, 198.120).
Stratigraphic occunence in Spitsbergen. - ?Early Sakmarian, below
Sueetognatlus inornnhs, uppermost part of the Tlrrrellfiellet Member.

Suborder Timanodictyina Moro zova Ig66
Family Timanodictyidae Morozova 1966
Genus Timriltdictga Nikiforova I 938
Tlrlre species: coscinium dirlntomum stuckenberg 1895, Early permian of riman, Russia.

Timanodtctaa sp. A
Figs 14G-H, 15A-D.

Fig. 14. fl,&-C. ?Ascoporellasp. A; Rejmyrefiellet, upper part of Tyrrel$ellet Member, early
sakmarian, REF-2-4.om. A. Tangential section, PMo 138.122 , x2s.B. Longitudinal section,
PMO f 38. f 24, x 25. C. Transverse section with partly abraded or leached outermost exozone
and visible central bundle of zooecial tubes, PMo A423or /2, x 2b. trD-F. Rhomtcoporasp. A;
Rejmyre{ellet, upper part ofT}rrrel{ellet Member, early Sakmarian, REF-2--4.0m. D. Tangen,
tial section, PMo 130.12o, x25. E. Tlansverse section, pMo 138.118, x 25. F. longitudinal
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section with protruding styles, P]]N4O A423Ol /2, x 25. trG-H. ?imanodictga sp. A, tangential
sections. Gipsvika, Tlrrrettfietlet Member, late Asselian, GIP- 1-14.0m, PMO f 38.057 . G -x 25:
H - with large [shallow) and smaller (deeper) tubercles, x 40.
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Description. - A small fragment of Timanodictgawas found attached to
an unlceown, now silicified substrate. The attachment portion gave rise to
a superficially hollow colony, but development of a lateral bifoliate branch
is also observed. Encrusting layer about 0.30*0.50 mm in thickness;
bifoliate branch up to 0.9 mm in thickness. Encrusting lamina, and
median lamina in lateral branch about 0.050-0.064 mm in thickness.
Apertures, carrying a stellate peristome, are slightly ovate, about 0.16 mm
long and 0.14 mm wide. Apertures arranged in oblique rows, about 4.5 per
2 mm along branch and 6-7 diagonally. Colony surface has a striated
pattern of abundant stylets developed between aperlures; O.O8-O.09 mm
in diameter in shallowest tangential section and significantly smaller in
deeper section. Larger stylets are developed adjacent to apertures. A
single, significantly smaller aperture (?fossazooecium) was also observed,
being O.O9 mm in diameter. Elevated monticules, about 1.O x O.55 rrlm are
not common.
Comparlson. - hoecial dimensions and aperLural spacing are most
similar to those n T. nikdorouae Morozova 1966 of Late Permian age.
Development and dimensions of stylets and capillaries account for sirni-
larity with T dicLntoma (Stuckenberg 1895) and T cgtindrica Nikiforova
1939 of Early Permian age. Limitations in the material available prevent a
precise assignment, and measurements are subsequently not tabulated.
Material. - cIP-1-14.0m (PMO 138.057).
Stratigraphic occurrence in Spitsbergen. - Late Asselian (below ttre
Eoparqfusulirta parahrrcans fusulinid zone (Nilsson & Dar.lrdov in press)
and Stoeetogrwlhi$ inornatts, middle part of the TJrrrellfellet Member.

Order Fenestrata Elias & Condra 1957
Note: Morozova (f987) is followed in the subdivision of this order.

Family Fenestellidae King 1849
Genus Flex!f,ene stelln Mor ozova'1, 97 4
Tlrtrre species: Feneste\a eichu;atdiStttckenberg 1895, Early Permian of the Urals.

FLe xiJene s tella cf . g r andis (Shu l' ga - Ne sterenko t 9 3 6)
Fig. I5E.
cf. Fenestells.foraminosaDichwaldvar. grandisvar. n.; Shul'ga-Nesterenko lg36: p.2bO, pl.

5:2, Text-fig. 13.

Fig. 15. AA-D.ftmnnodtctgasp. A, tangential sections. Gipsvika, TJrrrell$ellet Member, late
Asselian, GIP-1-14.Om, PMO f 38.057. A. Transverse section of complete zoarium encrusting
a (now) dissolved substratum with a well developed geopetal crystal growth (ge) and local
silicification (si), x 10. B. Longitudinal section of lateral bran ch, x 25. C. Oblique longitudinal
of encrusting layer, x 25. D. Oblique transverse section of encrusting layer, x 2b. trE.
FlexiJenestellacf. grandis (Shul'ga-Nesterenko 1936), deep tangential section. Boltonbreen,
\rrrellfielletMember, latestGzhelnan, BOLT-B2, PMo A42oz8, x 25, petrog5aphic thin section.
EF. Fabdenestellnsp. A, oblique shallow (top) to deep (bottom) tangential section wittr well
visiblerowo-f carinalnodes (almostwhite). Boltonbreen, T)rrrel{elletMember, latestGzhelian,
BOI.T-B2,PMO A42O77, x 25, petrographic thin section. fJG. Fab!f,enestetlasp. B, shallowto
medium deep section. Rejmyre{ellet, Tyrrel{ellet Member, latest Gzhelian, REF-0-25.0m,



ACTA PAI"AEONTOLOGICA POLONICA (39) (1)

PMO 13B.071, x 25. DH. RectiJenestellamicroporata (Shul'ga-Nesterenko 1939), shallow [top)
to deep, reversal hottom) tangential section. Gipsvika, Tyrrel$ellet Member, late Asselian,
GIP-1-20.0m, PMO 138.058/ I ,  x 25.
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cf. Fenestella Joraminasa Eichwald va:". grandis Shul'ga-Nesterenko; Shul'ga-Nesterenko
1939:  p .  69 ,Pt .  12 :4 .

cf. Fenestetta Joraminosa Eichwald var grandis Shul'ga-Nesterenko; Shul'ga-Nesterenko
194I :  p .  62 ,PL.7 :  l .

cf . FlexiJenesteLla grandis (Shul'ga-Nesterenko); Morozova 1974: Pl. 3: 3.
cf . FlexiJenestella grandis (Shul'ga-Nesterenko); Alekseeva et aI. 1986: Pl. 99: 1.

Description. - The fragment identified as F|ex!f,enestetln cf. grandis is
characterized by a fenestrated colonywith undulating, almost anastomos-
ing branches, and short but wide dissepiments. There are 14-16 branches
across colony and about 6 fenestrules along colony per 10 mm. Both
branches and dissepiments are about 0.29 mm wide, but variation in
branch width is larger. The branches carry about 2 circular nodes per 1
mm on a sinuous carina. The nodes are 0.06-0.07 rnrn in diameter with a
distance of O.4O-O.70 mm between centers. Apertures are circular, O.l2-
0.13 mm in diameter. Distance between apertural centers is 0.33 along
branch and O.27 diagonally across branch. There are 15-16 apertures
along branch per 5 mm. Tnoeciaf bases are rectangular to parallelogram
shaped in median tangential section, sometimes with an outer sin$e
hemiseptum. Fenestrules have a pointed (sharp) outline, about 1.40 mm
long and O.4O mm wide, bordered by 4-5 apertures.
Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n
BRIO 14.767 0.668 4.53 14.OO 15.70 6
DSlO 6.200 0.361 5.82 5.80 6.50 3
A5 t5.467 o.408 2.64 r5.00 r6.oo 6
AFEN 4.500 o.577 12.83 4.OO 5.00 +

WB o.286 0 .018 6.35 o.27 0.3 r D

WD o.288 o.o52 1 8 . 0 1 o.22 o.36 6
FL r.357 o.05r 3.78 r.30 r.40 3
FW o.400 0.o10 2.50 0.39 o.4t 3
AD 0.125 o.oo6 4.62 o .L2 o .13 4

AAL o.333 o.o15 4.52 o.32 0.36 r,
AAC o.268 0.0r  l 4.O9 o.25 o.2a 5
N I 2.OO0 o.500 25.OO 1.50 2.50 3
SNB 0.550 0.129 23.47 o.40 o.70 4
NL o.068 o.004 6.00 o.06 o.o7 +

NW 0.068 o.oo4 6.OO o.06 o.o7 4

Comparison. - -e grandis is separated from E Joramino.sa (Eichwald
f860) in having more elongated fenestrules and more closely packed
apertures. E eichwaldi (Stuckenberg 1895), also from the Early Permian
of Timan, has shorter distance between branch centers across colonv, as
well as more closely separated apertures.
Material - BOLT-B2 (PMO A42O78, collected by Carl E. Dons in 1980).
Stratigraphic oceurrence in Spitsbergen. - Latest Gzhelian, Palneo-
aptgsirnbioherm 2, lowermost part of Tlrrrel$ellet Member.
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Occurrence outside Spitsbergen. - Sakmarian-Artinskian of Urals and
the East European Platform (Alekseeva et aL. 1986).

Genus Fab!f,enestetln Morozova I97 4.
lrpe species: FenestetlnpraeuirgosaShul'ga-Nesterenko 1951, Gzhelian of central Russia.

Fablferrcstella sp. A
Fig. 15F.
Description. - A fragment of an intermediately robust zoarium with
zooecial chambers with a moderately well developed superior hemiseptum
is identified as Fabifenestetla sp. A. The zoarium has 14-15 branches
across and about 13 fenestrules along per 10 mm. The branches are
straight, 0.30-0.36 mm wide; dissepiments are O. f 6-0.18 mm wide. The
branches carr5r a row of monoserial nodes 0.05-0.06 mm in diameter,
about 0. 17 mm spaced from center to center (87 per I mm). Aperhrres
are circular, with a diameter between O. 1O and O.l I mm. Distance between
apertures is 0.29-O.31 along branch (about 17 per 5 mm); distance
diagonally across branch could not be measured due to section obtque-
ness. Zooecial bases are fabiform in shallowest tangential section, elong-
ated rectangular to slightly parallelogram shaped in deeper sections.
Fenestrules are ovate to approaching rectangular shaped, about 0.62 rnm
long and O.35 mm wide.
Measnrements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BRlO 14.300 o.447 3.  13 r4.00 15.OO 5
DSTO r3.060 0.089 o.68 13.00 13.20 5
A5 16.867 0.058 o.34 r6.80 16.90 3
AFEN 2.750 o.289 10.50 2.50 3.OO A

WB o.323 o.o32 9.94 0.30 o.36 3
WD o.L70 0.o10 5.88 o .16 o .18 3
FL o.620 0.028 4,.56 o.60 o.64 2

FW 0.345 o.o21 6. 15 o.33 0.36 2
AD o.to7 o.006 5.41 o. ro 0 . 1 1 3
AAL o.304 o.oo7 2.45 o.29 0 .31 8
AAC

NI 6.367 o.153 2.40 6.20 6.50 3
SNB o.t67 o.oo8 4.52 o .  r6 o . r8 -
NL o.o55 o.oo7 12.46 0.05 o.o6 2
NW 0.o55 0.007 r2.86 0.05 o.o6 2

Remarks. -The few measurements conducted on a single specimen do
not justify assignment to a specific species, but the calculated meshwork
formula is different from otkrer described species of Fabdenestella-
Material. - BOLT-B2 (PMO A42O77, collected by Carl E. Dons in 1980).
Stratigraphic occurrence in Spitsbergen. - Latest Gzhelian, Palseo-
aplgsinabioherm 2, lowermost part of Tlrrell{ellet Member.
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Fab!f,enestella sp. B
Fig. 15G.
Remarks. - Small fragments of fenestellids with the typical generic char-
acters of Fabdenestella, e.g., wide branches and straight dissepiments are
observed in some samples. Closely spaced, larger, slightly ovate apertures
(0.13-O.14 mm x O.1t-0.12 mm) distinguish this species from E sp. A.
Both branches and dissepiments are wider than in.R sp. A.
Material. - REF-O-25.0m (PMO A422O4, 138.071).
Stratiglraphic occurrence in Spitsbergen. - Late Gzhelian, associated
with Schellurieninaff. arcttca (Nilsson, personal communication 1993) and
Streptognathodus excebus and S. elortgatus,lowermost parl of the lzrrell-
fellet Member.

Genus Rectdene stelln Morozova 197 4
Tlrpe species: Fenestella medtedkensis Shul'ga-Nesterenko 1951, Kasimovian of central

Russia.

Re ctde ne s tella micr o p or ata (Shul' ga- Ne s terenko I 9 3 9 )
Figs 15H, 16A-C.
FenestellaelegantissimaEichwald var. microporatavar. n.; Shul'ga-Nesterenko 1939: p. 67,

Text-f ig.21.
Fenestellaeleganfissrma Eichwaldvar. microporata Shul'ga-Nesterenko var. n.; Shul'ga-Nes-

terenko l94l:  p. 69, Pls 7: 3,8:, 3.
Fenestelln elegantissima Eichwald var. corndera Shul'ga-Nesterenko var. n.; Shul'ga-Nes-

' terenko 1941: p. 71 12321,PL.9: I-2.
RectiJenestelamicroporata (Shul'ga-Nesterenko): Morozova 1981: p. 65, Pls 15: 5, 29: 3.
RectiJeneste\a microporata (Shul'ga-Nesterenko); Morozova & Kruchinina 1986: p. 80, Pl.

28:3.

Description. - Delicate meshwork witl: 20-24 small fenestrules along
colony and 2I-27 branches across colony per 1O mm. Branches about
Q.22 mrn wide with a straight low carina carrying about 4.5 nodes per I
mm. Nodes are about O.O9O mm long and 0.075 mm wide being 0.18-0.29
mm apart. Dissepiments varying significantly in vridth, from O. 07 mm near
colony reverse side up to O.2O mm near obverse side. Fenestrules vary in
size being smallest nea.r obverse surface; about 0.35 mm long and 0.19
mrn wide. Fenestrules near reverse side of colony almost circular, being
O.22-O.27 mm in diameter. The shape of branches and dissepiments in
transverse secfions thus accounts for cone-shaped fenestrules. Apertures

Fig. 16. JA-C:Rectifenesteltamicroporata (Shul'ga-Nesterenko 1939); Gipsvika, T)rrrellfjellet
Member, Asselian. A. Tangential section, GIP-1-5.0m, PMO A42lO7, x 25. B. Tangential
section with ovicells (arrows), GIP-1-5.Om, PN'fO A42lO7, x 40. C. Tlansverse section,
GIP-1-20.Om, PMO f 38.O58 /2,x40.QD. RectdenestelLacf . ornata(Shul'ga-Nesterenko 1939),
poorly preserved deep tangential section. Gipsvika, Tlrrrel$ellet Member, Asselian, GIP-1-
1.Om, PMO f 38.048, x 25. DE-F. Rectifenestetla submicroporata (Shul'ga-Nesterenko 1952);
Kolosseum, Kapitol Member, Moscovian, KOLl-28.3m, PMO A42167/2. E. Tangential
section close to colony origin, x 25. F. Shallow hottom) to deep (top) tangential section, x 40.
JG-H. Alternifenestetlabifida(Eichwald 1860); Grontorden, Tlrrrel$ellet Member, latest Gzhelian.
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G. Shallow to deep tangential sectionwith large nodesvisible flower right), PMOA42O18,x 25,
petrographic thin section. H. Deep tangential section with local silicification, PN'{O A42OI7,
x 25, petrographic thin section.
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circular in outline, about 0.1o mm in diameter. There are usually 22-2s
aperlures per 5 mm along branch. Distance between apertural centers
along colony about 0.20 mm; diagonally across branch about 0.2S mm.
2-2.5 apertures border each fenestrule. Zooecial chambers pentagonal in
outline in median tangential section.
Remarks. - The branches do not display the heavy calcified reverse side
as was observed in the specimens from the Voringen Member (Kapp
Starostin Formation) (Nakrem in press).
comparison. -R. microporata is distinguished from R. submicroporata
(see below) in having larger apertures {0.10 mm against O.O7 mm in
diameter) and wider and more widely spaced branches and dissepiments.
R. cf . ornatn (see below) has a looser meshwork with more robust branches
and dissepiments.
Measurements. - (For abbreviations see pp. 5Z-58.)

AVG STDS CV MIN MAX n

BRlO 23.818 1.026 4.31 2t .40 26.80 40
DSlO 2t .733 o.989 4.55 r9.80 24.OO 39
A5 22.50a 1.385 6. r5 20.90 25.80 36
AFEN 2.263 0.256 I L33 2.OO 2.50 1 9
WB o.224 o.o42 14.92 o . i 7 0 .3 r 35
WD 0 .  1 1 r o.04t 36.43 o.o7 o.20 34
FL o.350 o.o24 6.90 o.26 0.38 37
FW o.188 o.or7 9.28 o. r6 o.23 37
AD 0 .101 0 .011 T T . I 7 0.08 o . r2 I 6
AAL o.227 o.02r 9 . 1 9 o .18 o.26 2A
AAC 0.195 o.o22 1L.52 0 . 1 6 o.23 22
N I 4.530 0.283 6.25 4.OO 4.70 to
SNB o.235 o.o27 rt.37 o .18 o.29 22
NL 0.o90 o.or8 20.29 o.o7 0 . 1  1 4
NW 0.075 o.006 7.70 o.o7 0.08 A

Material. - cIP-1-5.0m (PMO A42|OZ), clp-I-20.0m (pMO tgB.ObS),
REF-2-4.0m (PMO A423OB).
stratigiraphic occurence in spitsbergen. - Late Asselian, below the
EoparaJtsulina paralineanrs fusulinid zone (Nilsson & Davydov in press),
early salcrrarian, associated with sueetognnthtts inornah:'s, middle and
upper part of the TJrrrel$ellet Member, and late Artinskian-early Kungu-
rian (lveos treptognattadts peqtnpensis-sureetognattrus uhitei conodont
association, Horridonia timanica brachiopod zone), voringen Member of
the Kapp Starostin Forrnation (Nakrem in press).
occurrence outside spitsbergen. - sakmarian of the urars and the
Artinskian of Ellesmere Island (Morozova & Kruchinina 1986).

Re ctife ne s tella cf . or rtata (Shul' ga- Ne sterenko I 9 3 9)
Fig. 16D.
cf. Fenestellaornatasp. n.; Shul'ga-Nesterenko lg39: p. 6g, pl. ll: 5.
cf. Fenestelln" ornotashul'ga-Nesterenko; Shul'ga-Nesterenko 1941: p. gg, pl. 14: l.
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cf. FenesteLla ornafaShul'ga-Nesterenko;Tnzna 1948: p. 162, Pl. 13: l,2.

cf. FenesteLkt stibornata Shul'ga-Nesterenko; Shul'ga-Nesterenko 1952: p. 40, Pl. 6: 3'
Text-fig. 19.

cf. RecttJenestelUtornatashul'ga-Nesterenko; Morozova & Kruchinina 1986: p. 79,P\s27:5,
28: L

cf . RectiJenestella subornata (Shul'ga-Nesterenko); Alekseeva et aL' 1986: Pl. 96: 5.

cf . RectiJenestelta orttsta (Shul'ga-Nesterenko); Alekseeva et aL. 1986; Pl. 96: 6.

Description. - Moderately loose meshwork with 14-16 branches across
colony and 13-14 dissepiments along colony per 10 mm. Branches, about
0.31 mm wide carrfr a slighfly sinuous carina with 2-3 elongated nodes
per 1 mm. Nodes about 0.20 mm long and 0.11 mm wide; about O.42 mm
from center to center. Dissepiments about 0.23 mm wide. Fenestrules are
O.5O mm long and 0.35 mm wide. Aperlures 0.14 mm in diameter, about
0.39 mm from center to center along branch an:d O.27 mm diagonally.
There are about 19 apertures per 5 mm along branch, with 2.5-3 borde-
ring each fenestrule. Zooecial chambers are pentagonal in outline in
median tangential section.
Measnrements. - (For abbreviatons see pp. 57-58.)

AVG STDS CV MIN MAX n

BRlO r5. r90 0.605 3.98 14.00 16.20 10
DSlO r3.530 o.258 1 . 9 1 I3 .20 14.OO 1 0

A5 r8.850 0.534 2.83 18.30 19.90 10
AFEN 2.750 0.354 12.86 2.50 3.OO 2

wEl 0.309 0.o 1 l 3.56 o.29 0.33 ro
WD o.229 0.018 7.43 o .2 l o.26 10
FL o.492 o.o32 6.4r 0.45 0.53 10
FW o.350 o.o40 1 1 . 4 3 o.29 o.40 ro
AD o.140 o . t 4 o . r 4
AAL o.273 o.oo8 2.99 o.26 o.28 6
AAC o.392 o.o2r 5.46 0.36 o.4 l 6

N1 2.500 o.408 r6.33 2.OO 3.OO 4

SNB 0.419 o.o23 5.45 0.38 0.46 1 0
NL o.205 o.oo7 3.45 o.20 o .2 l 2
NW 0 . l l o o.o28 25.7r 0.09 o.  r3 2

Remarks. - Both zooecial characters and meshwork formulas of pre-
viously reported R. ornnta and R. subornata resemble the Spitsbergen
specimen (see p. 14 for explanations). For R. ornataShul'ga-Nesterenko
(1939): l5-L6/ 13-14/ 18/2-3, Shul'ga-Nesterenko (1941): 14-16/ 13-
14/18/2-3, and Morozova & Kruchinina (1986): L4-17 /ll-I4/I8-2O/3-
4. This work: 14-16/13-14/18-20/2-3. For R. subornata according to
Shul'ga-Nesterenko (f951: Tab. 4, p. 48; rtornerlnudum): 16/13/20/34
and Shul'ga-Nesterenko ( 1952) : 15 / 14 / L8 / 2-3.

The current specimen is, however, identified as R. cf. ornata dut to
insufficient material.
Comparison. - R. ornatais separated from other species of RectiJenestel-
la in having large fenestrules producing a relatively loose meshwork.
Number of zooecial chambers in a given linear distance is also greater.

9 l
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Material. - GIP-l-l.Om (PMO 138.048).
Stratigiraphic occurrence in Spltsbergen. - Asselian, below the Eopara-
jsnlirn paraltrcaris fusulinid zone (Nilsson & Darydov in press), middle
part of the TJrrrellfellet Member.
Occurrence outside Spitsbergen. - R. ornatais recorded from the ?Sak-
marian-Artinskian of the Urals and Timan (Shul'ga-Nesterenko I94I,
Morozova & Kruchinina 1986).

Rectif,enestelLasubmicroporata(Shul'ga-NesterenkoL9S2)
Fig. 16F-F.
FenesteUa submicroporata sp. n.; Shul'ga-Nesterenko 1952: p.35, Pl. 4: 2, Text-fi€. 15.
Ferestelln submicroporataShul'ga-Nesterenko; Morozova lgTO: p. 175, Pl. 36: 1.
Rectif,enesteLla submicroporal.a (Shul'ga-Nesterenko); Alekseeva et aL 1986: Pl. 9l: 5.

Description. - RectlfenestelLawith minute meshwork and narrow bran-
ches and dissepiments. There are 27-29 branches per 1O mm across
colony and25-27 dissepiments per 1O mm along colony. Branches about
0.14 mmwide canrying 5-5.5 small nodes (O.O6 mm x 0.04 mm) per 1 mm.
Distance between node centers about 0.19 mm. Dissepiments O.O5-0.06
mm wide. Fenestrules 0.32-O.35 mm long and O.2O-O.22 mm wide.
Apertures circular in outline being 0.07 mm in diameter. There are about
26 apertures per 5 mm along branch; 2 bordering each fenestrule. Dis-
tance between apertural centers 0.18-0.20 mm both along and diagonally
across branch. Tnoecial chambers fabiform in shallow tangential section;
pentagonal in median section.
Comparison. - R. submicroporatais distinguished from other species of
Rect!f,enestellz in the sigpificanfly minute meshwork and the very small
apertural diameter.
Measnrements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BRlO 28.320 0.665 2.35 27.50 29.30 t 0
DSlO 25.940 o.743 2.86 24.70 27.OO ro
A5 26.190 o.233 o.89 25.70 26.50 to
AFEN 2.OOO o.ooo o.oo 2.OO 2.O0 2
WB o. r40 o.o l  l 7.53 o . t2 0 .15 l 0
\ / D 0.055 o.o05 9.58 o.05 0.o6 10
FL 0.339 0.0r0 2.94 o.32 o.35 t4
FW o.2ro o.oo8 3.74 o.20 o.22 I4
AD o.o73 o.ool 0.98 o.o7 o.o7 2
AAL 0 . 1 9 1 o.o08 4 . t 6 o .18 o.20 I2
AAC 0.190 0.009 4.49 o .18 o.20 I 2
N I 5.350 o.058 1.08 5.30 5.40 A

SNB o.r92 o.oo8 4.36 o .18 o.20 12
NL o.055 o.oo5 9.2r o.05 o.06 3
NW o.035 o.oo5 14.24 o.03 0.04 3

Material. - KOI-1-28.3m (PMO A42167 / 2).
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Stratigpaphic occurrence in Spitsbergen. - Late Moscovian, Wed.ekin'
detlina dutkeuichi - F\sulirrclla eopulchra fusulinid zone (Nilsson & Davy-
dov in press), lower part of the Kapitol Member.
Occurrence outsidi Spitsbergen. - Asselian of the Urals (Shul'ga-Nes-

terenko 1952); Late Permian of Caucasia and China (Morozova f970).

Genus ALternif,enestella Termier & Termier 197 I
(incl. Mirandlfenestelh Termier & Termier I 97 1)

T\rpe species: Fenestella muior Nikiforova 1933, Middle Carboniferous of the Donetz Basin,

Ukraine.

Alterndene stella btfida (Eichwald I 8 60)
Fig. 16G-H.
Fenesteltab!fidasp. n.; Eichwald 1860: p. 354,PL.23:.6.

Fenesteltt bgftda Eichwald; Stuckenberg 1 895: p. 1 44' Pl. 2 l: 7 .

Fenestella bgftda Eichwald; Nikiforova 1938: p. 78 I23Ol' Pl. 14: 6-9' Text-fig. 40.

FenestellabifidaBichwald; Shul'ga-Nesterenko 1939: p. 67 ' Pl. 71: 6--7.

FenestetLabgEdcEichwald; Shul'ga-Nesterenko 1941: p. 119, Pls 26:4,28:3-4'

FenestetLa bgfrda Eichwald; Shul'ga-Nesterenko 1949: Pls 4: ll' 7: 6.

Atternifenestelabifida {Eichwald); Morozova & Kruchinina 1986: p. 83' Pl. 3O: 4.

Description. - Relatively delicate meshwork with moderately thin bran-
ches and dissepiments. There are 10-13 branches across and &1 I fene-
strules along colony per 1O mm. Branches are about 0.38 mm wide

carrying variably spaced (1.5-6 per I mm) small, elongated nodes. The
nodes are variably elongated, average O.12 mm long and O.O7 mm wide.
Dissepiments average O.24 mrn in width. Apertures are circular (about

O.11 mm in diameter) or sligfrfly ovate in outline (O.12 x O.14 mm). Ttrere
are 13-16 aperlures per 5 mm along branch. Distance between apertural
centers is about 0.35 mm along and about O.3O mm diagonally across
branch. 7-ooecialbases are ovate-fabiform in shallowest section, typically
triangular to trapezoidal in median to deep tangential section. Three

apertures border each fenestrule in avera$e. Fenestrules, varying distinct-
ly in sze, averaging o.83 mm in width and 0.43 mm in length are formed
in an off-set alternating pattern. The branches frequenfly bifurcate, and
some unusually small fenestrules (almost circular, 0.30-O.4O mm in
diameter) are developed in such parts of the zoatia.
Comparison. -A. b!fida was described in various Russian papers as
having a meshwork formula of IU|2/6-12/I4-18/3 which embraces
several varieties of A. bifidadescribed as A. b!frdntricosaQrina 1939)' A.
bi"fida crassiseptata (Shul'ga-Nesterenko 1941) and A. bifrdn cyctotriangu-
tafa (Shul'ga-Nesterenko 1941). A. b!frdn is distin$uished from other
species in the current work in having large fenestrules and subsequently
widely spaced branches and dissepiments.
Material. - BOLT-B2 (PMO A42O8O), Gron{orden (PMO A42O17-O18)'
REF-O-25.Om (PMO A42L22).
Stratigraphic occunence in Spitsbergen. - Late Gzhelian, associated
with Schelho ienia aff . arctica(Nilsson, personal communication I 993) and
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Streptognattrcdus exceLsus and S. elangahts,lowermost part of the Tlrrrellf-
jellet Member, and late ArLinskian-early Kungurian (Neostreptognatlodu.s
pequopensis- Stueetognathus tuttitei conodont association, Horridonia ti-
manicabrachiopod zone), Voringen Member of the Kapp Starostin Forma-
tion (Nakrem in press).
Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n
BRlO r.252 o.863 7.67 ro.oo 13.00 2 1
DSTO 8.895 r.226 13.78 7.70 r r.oo 2 l
A5 14.158 o.790 5.58 t2.90 16.0O 33
AFEN 3.136 o.595 18.98 2.OO 4.00 1 1
WB o.375 0.032 8.66 0.30 o.43 24
WD o.235 o.o57 24. t4 0 . 1 6 0.30 22
FL 0.834 o .170 20.44 0.65 r . 1 5 L 4
FW o.432 o.o75 17.46 0 .31 o.55 t4
AD o .  1 1 5 o.o22 19.  t6 o.09 o . r4 8
AAL 0.35I o.ot7 4.92 o.32 0.38 26
AAC 0.298 o.o23 7.71 o.27 o.34 I 6
N 1 2.775 2 . O 1 1 72.45 1.50 6.00 8
SNB o.521 o.223 42.76 o .14 o.70 20
NL o.r22 0.064 52.85 0.06 o.20 5
NW 0.066 0.028 42.24 o.04 0.09 5

Occurrence outside Spitsbergen. - Salcrrarian -Artinskian of the Urals
and Timan (Shul'ga-Nesterenko I94l: Nikiforova 1938); Gerke Group
(Ufimian) of Novaya 7-emlya (Morozova & Kruchinina 1986).

Alter nde ne s tella s ub quadr dtop or a (Shul' ga- N e s terenko 1 9 5 2)
Fig. 17A-8.
Fenestella subquadratopora sp. n. ; Shul'ga-Nesterenko 1 952: p. 42, Pl. 9 : 5.
Fenestetla subqtndratopora Shul'ga-Nesterenko; Gorlrunova 1975. p.84, Pls 19: 3, 2O: 1.

Description. - Meshwork with frequently bifurcating branches and
short, almost quadrate fenestrules. There are about I7-I8 branches
across and 18 fenestrules along colony per lO mm. The branches carrSr
two rows of apertures being O.28 mm from center to center along branch
and 0.25 mm diagonally across branch (17-19 per 5 mm longitudinally).
The branches average 0.26 mm in width, they are commonly n€rrrower
closer to reverse side of colony. The apertures are circular, 0.07-0.08 mm
in diameter. Zooecial chambers are oval or pisiform in shallowest section,
pentagonal to trapezoidal in median to deeper tangential.section. Elong-
ated carinal nodes are developed in alternating ro\Ms being O.13 mm from
center to center. The nodes are O.O72 mm long and 0.036 mm wide, about
7 per 1 mm. Dissepiments are ttrin, usually O.l3 mm wide. Fenestrules
are 0.42-0.46 mm long and 0.30-0.36 mm wide. 2 apertures border each
fenestrule, often indenting the fenestrule giving rise to an irregular fene-
strule outline.
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Comparison. - A. sub quadralopora is distinguished from A. bifida in that
the latter has a much looser meshwork made up of larger fenestrules. A.
tenuiseptata (Shul'ga-Nesterenko f 941) is distinguished in having greater
distance between branches and dissepiments, 14-16 of both in 1O mm as
described by Shul'ga-Nesterenko (f 941).
Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BRlO t7.487 o.707 4.O4 r6.40 18.70 l 5

DSlO 17.808 o.396 2.23 r6.80 18.30 t2
A5 t7.825 o.5 ro 2.86 t7.20 r8.60 12
AFEN 2.OOO 0.000 o.oo 2.OO 2.OO 2
wE| 0.258 0 .018 6.97 o.23 o.28 12
WD o. r34 0.008 5 . 9 1 o .L2 0 . 1 5 t2
FL o.Mo 0.010 2.37 o.42 o.46 t2
FW o.327 o.o22 6.42 0.30 0.36 t2
AD 0.076 0.003 3.94 o.o7 0.o8 l

AAL o.278 o.oo9 3.21 o.27 o.29 t4
AAC o.246 o.o14 5.61 o.23 o.27 t2
NI 7.OOO o.ooo o.oo 7.OO 7.OO 2
SNB o.133 o.oo7 5.O7 o . r2 o .14 10
NL o.o73 o.ool o.98 o.o7 o.o7 2
NW o.o37 o.ool t.94 o.04 o.04 2

Material. - REF-O-25.Om (PMO A42lI8).
Stratigraphic occurrence in Spitsbergen. - Late Gzhelian, associated
with Scheltu ienin aff . orctica(Nilsson, personal communication I 993) and
Streptogrnttndus exceLstts and S. elongahrc,lowermost parl of the Tlrrrell-

fiellet Member.
Occurrence outside Spitsbergen. - Sakmarian of the Urals (Shul'ga-
Nesterenko f952).

ALte r nif,e rrc steLlo. cf . tenuis e ptata (Shul' ga - Ne s terenko 1 9 4 I )
Fig. 17C-D.
cf. Feneste[Ioterutiseptntasp. n.; Shul'ga-Nesterenko l94l:p. f f5 [2351, Pl. 26: 1.
cf . AXerndenestellnteruriseptala (Shul'ga-Nesterenko); Morozova l98l: p. 70, Pl. 17: 2.

Description. - Tnariwm with frequently branching branches giving rise
to great variation in branch spacing (14-2I per 1O mm across colony). The
inter-zoarial variation is great (CV 10.40) whereas intra-zoarial variation
is significantly smaller {CV 2.69-6.48). The same variation is observed in
dissepiment spacing (12-17 along colony per lO mm) with high inter-
zoarial variation and clearly smaller trttra-zoarial variation. The branches,
being about O.23 mm wide, carr5r apertures in two rows, 18-23 per 5 mm
along colony. The apertures are circular (diameter 0.08-0.09 mm) or
slightly ovate (O.l l x O.O9 mm). The distance between apertural centers is
O.25 mm longitudinally and 0.20 mm diagonally across branch. ZooeciaJ
chambers are triangular to trapezoidal in median to deep tangential
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section. Circular and slightly elongated nodes are present on branch
carina; 3-4 per I mm, about 0.06-0.08 mm in diameter. Dissepiments are
thin, about 0.13 mm wide. Fenestrules, being about 0.59 mm long and
0.36 mm wide, are bordered by 2.5-4 apertures.
Measnrements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BRIO 17.542 r.429 10.40 14.OO Z I . l U 28
DSlO 13.800 1.402 1 0 . 1 6 r r .60 16.50 30
A5 20.228 1.538 7.60 18.30 22.80 29
AFEN 3.OOO o.522 L 7 . 4 1 2.50 4.OO T2
WB o.234 o.030 12.89 o .18 o.29 29
WD o.r29 0.035 26.78 o.08 0 . 1 8 30
I L o.592 o.082 13.93 o.49 o.76 3 l
FW o.362 o.036 ro.o2 o.29 o.44 31
AD o.094 o.oo9 9.34 o.08 o .1  I I
AAL o.252 o.o18 7.32 o.2 l o.2a 25
AAC o.200 0.013 b.DD o . t7 o.22 22
N 1 3.600 0.458 12.73 3 .10 4.OO c

SNB o.301 o.025 8.2r o.25 0.33 10
NL 0.082 0.03r 38.35 o.05 o .1  I 4
NW o.064 o.o l  l t7 .45 o.05 o.o7 4

Comparison. - The present specimens compare fairly well with the orig-
inal description given by Shul'ga-Nesterenko (1941) who gave the
micrometric formula as I 4-16 / I4-I5 / l9-2O / 34. Morozova ( 198 f ) ident-
ified her specimens with a micrometric formula of 16-20 / I2-I5 / I&-2O /2-
2.5. The close spacing of the zooecial aperLures distinguishes A. tenuisep
tata frorn A. pubterrima (Shul'ga-Nesterenko 1 936) ( I B- f I against 1 4- I 5
per 5 mm).
Material. - REF-O-25.0m (PMO A421I7, A422O3, A422OS).
Stratigiraphic occurrence in Spitsbergen. - Late Gzhelian, associated
with Schellu-r ienin aIf . arctica (Nilsson, personal communication 1 993) and
Streptognattndu.s excebus and S. elangahs,lowermost part of the TJrrrell-

{ellet Member.
Occnrrence outside Spitsbergen. -A. terutiseptata is lceown from the
Sakmarian - Artinskian of the Urals (Shul'ga-Nesterenko 194f) and the
Siberian Far East (Morozova 1981).

Genus Archimedes Owen 1842, SD Hall 1857
Tlrpe species: Feneste[auorttlr;nifJ:ll 1857, Mississippian of Warsaw, Illinois.

Fig. 17. R.A-B. Atterndenestellasubqtndratopora (Shul'ga-Nesterenko 1952); Rejmyre$ellet,

\rrrel$elletMember, latestGzhelian, REF-0-25.Om, PMO A42118,x25. A. Shallowtangential
section with nodes present. B. Deeper tangential section . fJC-D. Attern!f,enestettacf . tenuisep'
tata (Shul'ga-Nesterenko 1941); Rejmyrefiellet, Tlrrell$ellet Member, latest Gzhelian, REF-O-
25.0m, PMO A422O5,x25. C. Deep tangential section. D. Shallowtangential section of partly
leached colony. P,E-C. Arclimedes sp. A; Kolosseum, Kapitol Member, Moscovian, KOL-I-
80.0m. E. Abraded colony surface encrusted by indetermined trepostome (?Tabutipora), PMO
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A42L6B/1, x 25. F. Tangential section, PNIO A42168/2,x25. G. Oblique transverse section,
P}/jO A42168/2,x25.tf]H. Archimedessp. B, oblique longitudinal section of meshworkflange.
Gipsvika, T5rrrel$ellet Member, late Asselian, GIP-l-14.0m, PMO 138.046, x 25.
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Arclttmedes sp. A
Fig. f7F-G.
Description. - Investigated material consists of a denuded zoarium with
abraded volutions being 8-9 mm apart. Angle between central axial screw
and volutions is about 6O. Preserved portion of zoarium has a meshwork
wit}e 17-22 branches across and 1O-11 fenestrules along colony per 1O
mm. The branches are 0.35-0.39 mm wide, slightly sinuous with great
variation in spacing due to sections being taken close to central axial
portion of zoarium. Nodes are present on branch carina (although few
could be measured), being 0.07 mm in diameter, 0.30-0.35 from center to
center. Apertures are circular, O.O9-0.IO mm in diameter, being 0.23-0.26
mm from center to center longitudinally and 0.274.31 mm diagonally
across branch. There are about 17 apertures per 5 mm along branch.
Zooecial chambers are elongated or parallelogram shaped, with a distinct
hemiseptum. Fenestrules, 0.48-0.50 mm long and 0.254.29 mrn wide
bordered by 3 apertures, are regularly arranged, usually in a diverging
pattern.

Remarks. - The description is based on denuded specimens without the
delicate meshwork preserved. Typical measurements thus originate from
zoarial portions close to the coiled central axial support where branch
morphologr is believed to be more robust than more distally. Hemisepta,
as being observed in zooecia in the current specimen (in meshwork
attached to central axis) are generally regarded as being absent in
Archimedes (Snyder 199 1).
Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n
BRIO r8 .5ro t.574 8.51 17.20 22.OO l 0
DSlO r0.900 0.365 3.35 10.40 11 .50
A5 r7.333 o.510 2.94 16.50 r8.oo q

AFEN 3.OOO o.ooo o.oo 3.OO 3.OO 2
WB 0.366 o.o15 4 . 1 4 o.35 0.39 5
WD 0.368 0.0r6 4.47 0.35 o.39 5
FL o.490 o.o10 2.O4 o.48 0.50 3
FW o.270 o.020 7.41 o.25 o.29 3
AD 0.093 0.006 6. 19 o.09 o. ro 3
AAL o.286 o.o13 4.42 o.27 0 .31 r.0
AAC o.244 o.oo8 3.46 o.23 o.26 10
N 1 3.OOO o.o00 0.00 3.OO 3.OO 2
SNB o.327 0.025 7.70 o.30 0.35 3
NL o.o70 o.oo0 o.oo o.o7 o.o7 2
NW o.070 o.000 0.00 o.o7 o.o7 2

Comparison. - The current species is most similar to A. sttrckenbergi
Nikiforova 1938 as based on meshwork characters, but is distinguished in
having more closely spaced volutions (B-9 mm apart, against 12-14 rnrn
inA. stuckerbergfl. A. cf. mngmls Condra & Elias 1944, described from the
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Treskelodden Formation of southern Spitsbergen (Czarniecki 1964) has
more closely spaced volutions (6.7-7.7 mm apart) and smaller fenestrule
dimensions. A. arcticys (Toula 1875) has similar meshwork characters,
but zooecial characters are unknown (Toula 1875). It should be noted that
the latter species was described from the Early Permian of the Barenlz
Istand situated close to the northern coast of Novaya 7-ern7ya, not the
Barents Island belonging to the Svalbard island group as was believed by
Condra & Elias {1944: p. L78).
Material - KOL-r-80.0m (PMO A4rB53, A42LGB).
Stratigraphic occurrence in Spitsbergen. - Early Kasimovian, Protri-
ttcites pseu.domontiparus fusulinid zone (Nilsson & Davydov in press),
lower part of the Kapitol Member.

Archimedes sp. B
Figs 17H, 18A-C.
Description. - The description is based on internal characters obserwed
from a broken off meshwork fragment (GIP-l-30.0m, PMO A42f O8)' and
zo2lrial characters (axial screw and volution dimensions) from a denuded
axial portion (GIP-1-f4.Om, PMO 138.046). Distance between mesh vol-
utions has been calculated to be 7-B mm, with volutions departing from
axial screw at angles between 65 and 7O. The meshwork consists of regular
straight branches, elongated fenestrules and moderately thin dissepi-
ments. There are 2O-23 branches across and 14-15 fenestrules along
colony per l0 mm. The branches are about 0.26 mm wide, carrying 4
elongated (average 0.09 x 0.06 mm) nodes per 1 rnrn (0.22-0'26 mm
between node centers). Obverse side of branches are wide (up to 0.32 mm);
near reverse side. the branches are about O.22 mm wide; striated or
pierced by minute capillaries. Apertures are circular, O.O&0.1O mm in
diameter, numbering commonly 20-23 per 5 mm alongbranches' Distance
between apertural centers both longitudinally and diagonally across
branch is 0.21-0.23 mm. 7-ooecial charnbers are irregular oval or pisiform
in shallow section; pentagonal in median to deep tangential section.
Hemisepta are not observed. Dissepiments are 0. f 4-0.15 mm wide. Fene-
strules are elongated oval, average O.49 mm long and 0.23 mm wide
bordered by 2.5-3 apertures. Near reverse side of colony the fenestrules
are oval or almost circular. about O.5l x 0.33 mm.
Comparison. - The meshwork formula of ttre current species is similar
to that of A. timanibrls Condra & Elias 1944, which was erected as a new
species by Condra & Elias {lg44) to embrace some (but not all) specimens
described as A. kegserlingistuckenberg 1875, by Stuckenberg (1895) and
Nikiforova (1938). Distance between volutions is, however, smaller than in
previously described species of Archimedes, as is also the case in the other
species known from Spitsbergen (see above).
Material. - GIP-1-14.Om (PMO 138.046), GIP-1-3O.Om (PMO A42LO8).
Stratigraphic occurrence in Spitsbergen. - [,ate Asselian-early Sakma-
rian, within and below thre EoparaJusutina paralirrcaris fusulinid zone
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(Nilsson & Dav5rdov in press) and associated with stueetognatluts inorna-
tus; middle-upper part of the lrrrellfellet Member.

Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n
BRlO 2I .8r4 o.770 3.53 20.60 23.00 1 4
DS10 14.633 o.235 r.60 14.40 r5.oo I 2
A5 20.975 1 . 1  1 0 5.29 19.60 23.30 t2
AFEN 2.750 o.274 9.96 2.50 3.00 6
WB 0.259 0.026 10.20 o.22 o.32 t2
WD o.147 0.o05 3.29 o .14 o. r5 1 0
FL o.487 o.013 2.60 o.47 o.50 t4
FW 0.231 o.or7 7.55 o.20 o.25 I4
AD o.090 o.oo7 7.86 o.08 0 .10 5
AAL o.220 o.oo7 3.03 o.2 l o.23 lo
AAC o.220 0.007 3.03 o.21 o.23 1 0
N I 4.I20 o.239 5.79 3.90 4.50 5
SNB o.242 0.016 6.79 o.22 o.26 5
NL o.090 o.000 o.oo o.09 0.o9 5
NW 0.058 o.oo8 I4.43 0.05 o.o7 5

Genus Ptglopora M'Coy 1844
T)r1re species: PtyloporaplumaM'Coy 18214, Vis6an of lreland.

Ptglopora sp.A
Figs l8D-F, lgD.
Description. - The zoariurn consists of a moderately strong main stem to
which lateral branches forming a meshwork is attached. The main stem is
0.63-0.71 mm wide, carrying apertures in two rows. Aperture diameter
O.1O-O.ll mm. There are 14-15 apertures longitudinally per 5 mm.
Distance between apertural centers average O.35 mm along and 0.45 mm
diagonally across branch. 7-ooecial bases are oval to fabiform in median
tangential section with a single hemiseptum present. Elongated, indistinct
carinal nodes, O.18 mm x 0.09 mm are present; 1.5-2 per I mm. Lateral
branches are 0.34-0.4O mm wide connected by dissepiments being O.23-
0.25 mm wide. There are about 14 lateral branches and 7-8 dissepiments
per l0 mm. Fenestrules are about 1.13 mm long and O.3Z mm wide,
bordered by 4 apertures. Apertures with diameter O.l0-O.11 mm are
placed 0.31-0.40 mm from center to center along and 0.25-O.BB mm

Fig. 18. fJA-C. Archimed,es sp. B; Gipsvika, Tlrrrell{ellet Member, early Sakmarian, GIp-l-
3O.O, PMO A42f 08. A. Tangential section, x 25. B. Tlansverse section, x 4O. C. Longitudinal
section, x 25. trD-F. Ptglopora sp. A; Rejmyre{ellet, T}rrrell{ellet Member, latest Gzhelian,
REF-O-25.0m, PMO442311. D. Mediantangentialsectionoflateralmeshworkbranch, x40.
E' Shallow tangential section of main stem, x 25. F. Deep tangential section of main stem,
x 25, trG. Penniretepora subtila. (Shr-rlga-Nesterenko 1941), shallow to median deep tangential
section. Rejmyre{ellet, TJrrrell$ellet Member, latest Gzhelian, REF-o-2s.om, PMo A422o8, x2s.
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QH. Acanttloclrtdin cf. rhornbiceLlata Shul'ga-Nesterenko 1955, shallow tangential section of

main stem. Rejmyrefiellet, TJrrrell{ellet Member, earlyAsselian, REF-1-36.Om,Pl{O A42ll4,
x 2 5 .

1 0 1
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diagonally across lateral branches. Lateral branches also carr\r indistinct
nodes 0.07 mm in diameter,2.5-3 per I mm.
Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n
Meshwork BRlO r3.978 o.244 t .74 13.40 I4.30 I

DSIO 7.567 o.404 5.34 7.20 8.OO 3
AFEN 4.000 0.000 o.oo 4.OO 4.00 2
FL 1 .130 0.037 3.31 r.09 1 . 1 8 A

FW o.373 0 .019 5.08 0.36 0.40 4
Main stem WB o.673 0.o30 4.48 o.63 o .7r 8

AD o. r05 o.oo7 6.73 0 .10 o . r 1 2
AAL 0.346 0.014 4.06 o.32 o.37 1 5
AAC o.452 o.o22 4.82 0.43 o.49 I 5
A5 r4.560 o.313 2 . t 5 1 4 . 1 0 r5.o0 1 0
N I 1.600 0.  141 8.84 r.50 1.70 2
SNB o.620 o.028 4.56 0.60 o.64 2
NL 0.180 o .18 0 .  r8
NW o.090 0.09 o.09

Lateral
branches

WB 0.364 0 .018 4.86 o.34 0.40 8
AD o.105 o.oo7 6.73 0 .10 o . 1 1 2
AAL 0.345 o.o27 7.90 o.31 o.40 1 5
AAC o.293 o.026 8.80 o.25 0.33 1 5
A5 14.550 o.392 2.70 14.00 l5.oo 1 0
N 1 2.733 o.252 9.2r 2.50 3.00 3
SNB o.363 o.035 9.67 0.33 0.40 3
NL 0. r05 0.007 6.73 0 .10 0 . 1  1 2
NW o.o70 o.ooo 0.o0 o.o7 o.o7 2

Remarks. - The identificati on of PtAlopora is based on a fairly large (g mm
high, 7 mm wide) zoari:ur:"r with both main stem and lateral meshwork
preserved. The genus is distinguished in having a robust main stem being
wider than lateral branches which are of uniform widtJl, while Pttloporetla
Hall f 885 has lateral branches of significantly varying rridth.
Comparison. - Ptglopora sp. A is distinguished from p. pluma, well
known from the Carboniferous of Ireland and UK (Bancroft lg85) which
has stronger main stem (up to 2.80 mm wide), larger apertures (up to
O.f8-0.19 mm in diameter) and more widely spaced nodes (2.5-4 per I
mmJ. In otherzoarial characters, the spitsbergen specimen falls within the
variation of the specimens re-described by Bancroft (1985).
Material. - REF-0-25.0m (PMO A423II).
Stratigraphic occurrence in Spitsbergen. - l,ate Gzhelian, associated
with schelhl ienia aff . arctica (Nilsson, personal communication I 993) and
streptognattndus excelstts and s. elongahs,lowermost part of the Tlrrell-
{ellet Member.

Genus Penniretepora d'Orbigny I 849
T\rpe species: Retepora pluma Phillips 1836, Early Carboniferous of yorkshire, England.
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Penniretepora subttla (Shul'ga-Nesterenko I 94 I )
Figs 18G, 19E.
Pinnatopora subfila sp. n.; Shul'ga-Nesterenko I941: p. 174l24ll, Pl. 46: 2, Text-fig. 137.
Pennireteporasubtikt (Shul'ga-Nesterenko); Alekseeva etaL L9B6:. Pl. 97: 3.

Description. - Pinnate colony with 2 rows of apertures both on main
stem and lateral branches. The main stem is 0.66-0.69 mm wide with
paired lateral branches (pinnae). There are 10-12 lateral branches per 1O
mm along the main stem. The lateral branches are 0.55-0.60 mm wide.
Zooecial characters are rather identical in main stem and lateral branches,
as there are 10-12 circular apertures (0. f 0-0.1 I mm in diameter) in 5 mm.
Distance between apertural centers along branches is 0.4O-0.44 mm.
Zooecial chambers are oval or elongated rectangular in median tangential
section with a distinct superior hemiseptum. Small nodes are present on
main branch, being 0.04-0.06 mm in diameter, 0.4l-0.46 mm between
centers. Nodes on lateral branches are identical in size, but more closely
spaced {0.33-0.39 mm between centers).
Remarks. -Penniretepora sp. cf. subtila in SKA-1-43.5 (PMO A42175)
has narrower main stem (0.49 mm wide) and lateral branches (O.37 mm),
and is thus more similar to P. subtiln temeraria (tnzna 1939) from the
Artinskian of the Urals (Trizna 1939). Pinnate fragments with two rows of
zooecia otherwise too small for detail measurements are assigned to
Peruriretepora sp. with occurrence shown in Fig. 4.
Measurements. - (For abbreviations see pp. 57-SB.)

AVG STDS CV MIN MAX n

IATIO I  I  . 0 1 0 o.567 5 .  r5 r0.20 t2.oo ro
Main stem WB o.673 0.015 2.27 0.66 0.69 3

AD o.1 02 0.oo4 4.38 o .10 0 . 1 1 5
AAL o.418 o .o11 2.53 o.40 o.M L2

A5 r r .588 o.295 2.54 I  1 . 1 0 12.00 8

N1 2.325 0.096 4 . r2 2.20 2.40
SNB o.437 0 .017 3.90 0.41 0.46 10
ND o.049 0.006 r3.  r5 0.04 0.06 8

Lateral
branches

wB o.580 o.026 4.56 o.55 o.60 3
AD o.ro2 o.oo4 4.38 o .10 o . t 1 5
AAL o.425 o.008 r .g7 o.42 o.44 6
A5 1 1 .700 0.283 2.42 1 1 . 5 0 1 1 . 9 0 2
N I 3.033 0.058 1.90 3.OO 3 .10 3
SNB o.357 o.03r 8.57 o.33 0.39 3
ND o.o49 o.006 13 .15 0.04 o.06 8

Comparison, -Trtzna (f 939) described three varieties of P. subtila (P.
subtils mqjor, P. subtila grandtatla, and P subtila temerarln) but at that
Lirte Penniretepora subtila was a nomen nudum- These varieties were
basically discriminated in the meshwork composition, distance between
and branching angle of lateral branches, apertural dimension and spacing
as well as zoarium robustness.
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Material. - REF-0-25.0m (PMO A422O8, A423O9, l3B.07O), SKA-I-
43;5m (PMO A42L75).
Stratigraphic occurrcnce in Spitsbergen. - Late Gzhelian, associated
with Schellu ienia aff . arctica (Nilsson, personal communication I 993) and
Streptognattwdus excelsus and S. elongahrc,lowermost part of the \rrrell-
{ellet Member.

Family Acanthocladiidae Zittel I BBO
Genus Acanthocladia King 1 849
T)r1re species: Keratophgtes anceps Schlotheim 182O, Zechstein of Germany.

Ac antlw clndia" cf . rhomb iceLLata Shul' ga- Ne sterenko I I 5 5
Figs l8H, 19A=C.
cf. AcantlncLadktrhombicellata sp. n.; Shul'ga-Nesterenko 1955: p. 133, Pl. 20: l,2.

Description. - The zoasiurn consists of an undulating main stem with
alternating offset lateral branches (pinnae). 7-oarfixn surface is striated
and densely packed with minute capillaries. Width of main stem is about
O.82 mm: lateral branches are about 0.55 mm wide. There are about 5
lateral branches per 1O mm along main stem. Apertures are slightly ovate
in outline, being O.I2-O.12 mm long and O.1O-0.11 mm wide both on the
main stem and the lateral branches. There are 12-14 apertures on main
stem and 15-16 on lateral branches per 5 mm. The apertures zre arranged
in 4 rows on the main stem and in 2-3 rows on the lateral branches.
ZooeciaJbases are irregular fabiform in outline in shallow section; rhombic
in center rows and more pentagonal in distal rows in median section.
Comparison. - A. cf. rtnmbice\atais different from A. htndricaKruchini-
na 1986 uzMorozova & Kruchinina {1986), which has widermain stem and
lateral branches, as well as more closely spaced apertures. A. sparsif,urcata
Shul'ga-Nesterenko 1941 also has a more robust zoarium, with greater
number of apertural rows along main stem and lateral branches as
compared with A. cf. rttombice\ata-
Material. - REF-O-25.0m (PMO A422lO), REF-r-36.Om (PMO A42Il4)
Stratigraphic occurrence in Spitsbergen. - Late Gzhelian-early Asse-
lian, associated with SctrcLlustenia-aff. arctica (Nilsson, personal communi-
cation 1993) and Streptognathodu.s excelsus and S. elongahts,lower part
of the T5rrrell{ellet Member.

Fig. 19. JA-C. AcantlwcLadia cf. rlambicellata Shul'ga-Nesterenko 1955; Rejmyrefellet,

lrrrel{ellet Member. A. Shallow to median deep tangential section, early Asselian, REF-I-
36.0m, PMO A42II4, x lO. B. Deep tangential section, latest Gzhelian, REF-0-25.0m, PMO
A422IO, x IO. C. Deep tangential section. Rejm5rrefellet, T5rrrell$ellet Member, latest Gzhe-
lian, REF-0-25.0m, PMO A422lO, x 25. trD. Ptglopora sp. A, tangential section of lateral
meshwork and main stem (left). Rejmpe$ellet, Tlrrel{ellet Member, latest Gzhelian, REF-O-
25.Orn, PMO.A.423l I, x I0. trE. Pennireteporasubtrla(Shul'ga-Nesterenko 1941), deep section
of main stem. Rejmyre{ellet, T}rrrel$ellet Member, latest Gzhelian, REF-0-25.0m, PMO
f 38.070, x 25. DF. Potgpora sulaerrrsis Nikiforova 1938, median to deep tangential section.
Rejmyre{ellet, }rrrellfiellet Member, Iatest Gzhelian, REF-O-2S.Om, PMO A42l2O, xlO.
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DG-H. Polgpora mnrfls Fischer deWaldheim 1837. Gipsvika, Tlrrell{elletMember, late Asselian,
GIP-1-14.0m, PMO 442105. G. Shallow tangential section with large nodes between aper-
tures, x 40. H. Median tarlgenilal section with ?ovicell adiacent to fenestrule (arrow), x 25.

I U D
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Measnrements. - (For abbreviations see pp. 5Z-SS.)

AVG STDS CV MIN MAX n
I-ATIO 4.450 o.647 I4 .55 3.70 5 .10 6

Main stem wEl r.o52 o.222 21.O9 o.8r 1 . 2 7 5
AW o. ro2 o.008 8.20 o.09 o . I  l 5
AL 0. r38 0.o16 1  1 . 9 1 o .12 0 .  r6 5
A5 rr.463 r.308 t t .4r r0.00 14.OO 8
AROW 4.000 o.ooo o.00 4.OO 4.00 4

Lateral
branches

WB o.695 o. r62 23.37 o.54 o.90 t)

AW 0.102 0.o08 8.20 o.09 0 . 1  I 5
AL o.138 0.016 1 1 . 9 1 o .12 o .16 D

A5 r3.333 1.949 t4.62 1 1 . O 0 15.80 6
ARO\ry 2.750 0.500 r8 .18 2.OO 3.OO

occurrence outside spitsbergen. - Acantlncladia rhombtcellata was
originally described from the Gzhelian of the Urals.

Genus PolgporaM'Coy 1844
Tlrtrre species: PoLgporadendroid.esM'Coy l8+4, Vis6an of Ireland.

Polgpora mcirtis Fischer de Waldheim 1837
Figs 19G-H,2OA-B.
PoLgpora martis sp. n.; Fischer de Waldheim 1837: p. l.
Polgpora marfes Fischer de Waldheim; Trautschold 1876: p. 9 I, pl. I I : 2.
Polgpora martis Fischer de Waldheim; Stuckenberg 1888: p. 34, pls B: 5G-5g, 4: 80.
Polgpora marfis Fischer de Waldheim; Stuckenberg 1895: p. 160.
Potypora marfis Fischer de Waldheim; Bolkhovitinova 1915: p. 71, pl. 6: 6.
Polgpora marfls Fischer de waldheim; Nikiforova 1938: p. r22 l24ll, pls 25: l-g, 26: l-2.
Polgpora marfis Fischer de Waldheim; Shul'ga-Nesterenko l95l: p. 134, pls 1: g, 30: 3-4,

Text-fig. 53.
Polgpora marfis Fischer de Waldheim; Morozova 1g55: p. 32.
Polgpora marhs Fischer de Waldheim;Titzna 196l: p. 82-85, Text-figs 3la-b.
Polgporasp. cf. mortis Fischer de Waldheim; Ross & Ross 1962: p. Sl, pl. 14: l, S.
Polgpora ma.rfis Fischer de Waldheim; Gor5runova & Kruchinina l97b: p. l5O, pl. 59: g.

Description. - Robust meshwork with relauvely small fenestrules and
moderately n€urow branches and dissepiments. There are 8-lo branches
across and B-9 fenestrules along colony per 10 mm. The branches are
about o.8o mm wide carrying 4-5 rows of apertures with a diameter of
o. t4-0.15 mm. Up to 6 rows of apertures are developed prior to bifurca-
tion. Distance between apertural centers average 0.29 longitudinally and
0.23 mm diagonally across branch. Tubercles with a stellate oufline are
randomly distributed on obverse branch surface, about 0.r4-0.15 mm or
smaller in diameter. Fenestrules average 0.90 mm in length and 0.47 mm
in width. The fenestrules are larger in sections taken closer to the reverse
side of colony. Also near reverse side, the branches have a striated and
spotty pattern.
comparison. - The current specimen is most similar to p. martis. but has
generally more closely spaced apertures as compared with previous de-
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scriptions (IB-19 against l5-L7 per 5 mm). The Carboniferous specimens
of P. martis, described by Shul'ga-Nesterenko (1949, 1951) have a very
small apertural diameter (0.07-0.08 mm) as compared with the Permian
specimens (0.I3-0.15 mm) (e.g. Trizna 1961; Go4runova & Kruchinina
1975). The meshwork formula is otherwise similar to those in many I-ate
Permian species of Polgpora described by Morozova (L97O).

Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BRlO 8.940 0.481 5.38 8.20 r0.00 1 0
DSTO 8.510 o.t29 t . 5 l 4.20 8.60 I O

A5 18.230 o.323 1.77 17.80 r8.90 10
AROW 4.500 o.707 t5.7r 4.00 5.00 2
WB 0.800 0.058 7.29 o.70 o.B7 10
WD 0.3r3 o.o42 r3.39 o.25 o.40 10
FL 0.90 r 0.021 2.30 o.85 o.92 I I

FW o.474 0.034 7.27 o.44 o.55 1 l

AD o .145 0.007 4.48 0 . 1 4 o .15 2
AAL 0.288 0 . 0 1 1 3.47 o.27 o.3r t2
AAC o.226 0 .0 Io 4.4 t o.2 l o.24 I2
NL

NW

Material. - GIP-1-14.Om (PMO A42lO5).

Stratigraphic occurrence in Spitsbergen. - Late Asselian, below the
EoparaftsuLina paralineans fusulinid zone (Nilsson & Davydov in press),
middle-upper part of the Tlrrrell{ellet Member, and late Artinskian-early
Kungurian {N e o streptognathodus pe quopensis - Sue etognathtts tohitei co -

nodont association, Horridonia timanicabtachiopod zone), Voringen Mem-
ber of the Kapp Starostin Formation (Nalrrem in press).

Occurrence outside Spitsbergen. - Early Permian of Timan (Nikiforova

1938), Late Carboniferous of eastern North Greenland (Mallemuk Moun-
tain Group; Ross & Ross 1962), Artinskian and Carboniferous of the Urals
(lrjzna 1948: Shul'ga-Nesterenko I 95 1).

Polgpora sulaensis Nikiforova I 938
Figs 19F,2OC.
Potgporaporo.saEichwaldvar. sulrensisvar. n.; Nikiforova 1938: p. 137 12491' PI.39: '1-8.

Polgpora sulaeinsis Nikiforova; Morozova & Kruchinina 1986: p. 1O5' Pl. 38: 1a-c.

Description. - Moderately robust colonies with relatively large fene-
strules and wide branches and dissepiments. Five to six branches across
and 3-4 fenestrules along colony are present in 10 mm. The branches are
straight, average 0.94 mm wide, 1.18 mm wide prior to bifurcation.
Striated branch reversal surface with closely packed small capillaries
(O.OO9 mm in diameter) and randomly distributed larger nodes (about 0.O6
mm in diameter). There are 10-15 slightly oval apertures (0.13 x O' 18 mm)
per 5 mm along branch, with apertural centers O.4O-0.51 mm apart.

r07
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Apertural rows number 5-6, with largest number present prior to bifurca-
tion. Between normal autozooecia there are rare 'cyclozooecia', O.O9-0.1O
mm in diameter. Dissepiment width shows large inter-zoarial variation
(0.30-1.46 mm wide, CV 38.08) whereas intra-zoarial variation is consi-
derably smaller (CV 6.64-6.67). The same great degree of variation is
observed in fenestrule dimensions, averaging 1.98 in length and l.tl in
width.
Remarks. - The investigated colonies are generally too deeply polished
during thin section preparation and some measurements could not be
tabulated.

Comparison. - The recorded meshwork formula (5-6 / 3-4 / LO-f 5/5-6)
embrace more than 50 previously described species of Polgpora (see
discussion under P. uoluminosabelow). P. breuire\ata Baranova 196Ob, of
Sakmarian-Artinskian age, has a resembling meshwork composition, but
differs from P. sulzensr.s in having larger circular apertures (0.15-0. t6 mm
in diameter) and narrower dissepiments (0.34-O.85 mm).

Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n

BRIO 5.393 o.5t7 9.58 4.90 6.50 t4
DSTO 3.236 o.5r8 16.02 2.40 3.90 t 4
A5 r3.  136 t.62r 12.34 lo.oo r5.oo 22
AROW 5.500 o.577 10.50 5.00 6.OO 4
WB o.941 o.o77 4.23 o.82 r .  lo L 4
WD 1 . 1 1 4 o.424 38.08 o.30 1.46 r6
FL 1.984 0.969 48.84 1 . 1 5 3.64 t4
FW r.031 o.099 9.56 o.86 l . l 5 t4
AD
AAL o.464 0.o34 7.34 o.40 o.5r I 2
NL
NW

Material. - GIP-1-14.0m (PMO A42LOG), REF-O-2S.O m (PMO A42l2O).

Stratigraphic occurrence in Spitsbergen. - Late Gzhelian, associated
with Schelhl ienin aflf . arctica (Nilsson, personal communication I 993) and
Streptognathodus excelsus and S. elorgatus,lowermost part of ttre TJrrrell-
fellet Member, and late Asselian, below L}:re Eoparajsulina paraltnearis
fusulinid zone (Nilsson & Davydov in press), Tyrrel$ellet Member.

Fig. 20. DA-B. Polypora martis Fischer de Waldheim 1837; Gipsvika, l)rrrell{ellet Member,
late Asselian, GIP-l-14.0m, PMO A42IO5. A. Deep tangential section, x 25. B. Tangential
section, x 1O. trC. Polgpora sulaensis Nikiforova 1938, shallow tangential section of branch
fragment. Rejmyrefellet, \rrrel$ellet Member, Iatest Gzhelian, REF-O-25.0n,PMO A42l2O,
x 25. DD-F. PolyporauolumrnosaTrizna & Klautsan 1961; Rejm5rre{ellet, Gipshuken Forma-
tion, late Artinskian, REF-4-15.Om , PN'{O A42602. D. Oblique tangential section of diverging
branches close to colony origin, x 10. E. Tangential section, x 10. F. Tangential sectionwith
ovicells (arrows), x 25. QG-H. ?Shulgaporasp; Rejmyrefellet, Tyrrel$ellet Member, latest
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Gzheliarr, REF-0-25.Om, PN{O A42206. G. Shallow tangential section showing cyclozooecial
openings (arrows) between autozooecial apertures, x 25. H. Deep tangential section showing
presence of dissepiments, x 10.
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Occurrence outside Spltsbergen. - Sakmarian-Artinskian of Timan
(Morozova & Kruchinina 1986).

PoLgpora uoluminosc- Trrzrra & Klautsan I 96 I
Fig.2OD-F.
Polgpora uolumurosa sp . n.; Tr,zna & Klautsan 196 I : p. 433, Pl. 12: 5.
PotgporauoluminosaTfizna & Klautsan; Morozova & Kruchinina 1986: p. lO6, Pl. 40: 2.

Description. - Robust meshwork with relatively small fenestrules com-
pared to the wide branches. About 7 branches are present across colony,
and 6 fenestrules along per 1O mm. The branches average 1.02 mm in
width, being up to 1.50 mm wide prior to bifurcation and O.5O mm
immediately after. Dissepiments show less degree of variation being about
O.60 mm wide. The branches carry commonly 5 rows of apertures (6 prior
to bifurcation and 3 after). There are about 15 apertures per 5 mm along
branches, about 0.34 mm from center to center. Nodes, circular (0. 12-0.13
mm in diameter) or elongated (0.12 x 0.18 mm), are irregularly distributed
on branch surface. Znoecial bases are commonly regularly hexagonal to
rectangular box-shaped in outline in median tangential section. Ovicells,
O.2O-O.25 mm in diameter, are in places present between normal auto-
zooecia. Fenestrules are about 1.20 mm long and 0.58 mm wide.
Comparison. - The variability of the meshwork formula of the current
species matches the variability of almost 50 species of PoLgpora recorded
from the Late Carboniferous through Permian. This implies that ttre
geometqr and robustness of zoarial characters are common for many
species (some of which most certainly are s5monyrnous) and probably
reflects the ecological fitness of such morphologr. Most similar species
(and their published meshwork formulas) are P. culta Morozova l98l
(6-8/6-7/15/5) from the Ufimian of Kol5rma, P. dnuricaMorozova I97O
(6/5/14-1515-6) from the Late Permian of Primorie. P. subuoluminosa
Kruchinina 1973 (6-8 /5-7 / 15-16 / 4-5) from the Sakmarian of Timan and
P. uisendnTrtzna 1948 (6-8/M/14=16/4-5) from the Artinskian of the
Urals.
Measurements. - (For abbreviations see pp. 57-58.)

AVG STDS CV MIN MAX n
BRlO 6.840 o.227 3.32 6.60 7.20 10
DSlO 5.990 o.543 9.06 5. r0 6.60 I O
A5 r5.o50 0.350 2.33 14.50 15.80 t 2
AROTvI/ 4.733 o.96r 20.3r 3.O0 6.OO 1 5
WB 1.o19 o.288 28.26 o.49 1.50 L 2
WD o.597 0.031 5 . 1 2 o.54 o.64 t 0
FL t .2r4 o .1  I 9 9.79 1.08 1.40 8
FW o.579 o.091 15.77 o.43 o.70 I
AD O. I2 I o.or2 9.6r o .  1 l o.  r4 t4
AAL o.344 o.or5 4.50 o.32 o.37 1 5
NL o.r49 o.o27 t7.99 o . t2 0 . 1 8
NW o.126 0.010 7.76 o .  11 o . r4
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Material. - REF-4-ls.Om (PMO A42599, A42602).
Stratigraphic occurrence in Spitsbergen. - Late Artinskian, associated
with the conodont species Neostreptognathadus cf. pequopensis, upper-
most parl of the Gipshuken Formation.
Occurrence outside Spitsbergen. - Artinskian of the Urals and Timan
(Morozova & Kruchinina 1986).

Genus ShulgaporaTermier & Termier 197 I
Tlrpe species: PolgporahelenaeShul'ga-Nesterenko 1951, Moscovian of central Russia.

?Shulgapora sp.
Fig.2OG-H.
Remarks. -A small fragment is assigned to ?Shulgapora sp. based on
presence of reticulate meshwork (unlike Thnmniscus artd Acanlhocladia)
with 3-4 rows of apertures and cyclozooecial apertures between ordinary
autozooecial apertures. A single fenestrule could be measured being 0.78
mm long arfi, O.47 mm wide. Both dissepiments and branches (measured
midway) are spaced about I.O mm. The branches are about 0.55 mm wide;
dissepiments O.1B-O.19 mm wide. Autozooecial apertures slightly oval in
outline, about O.l4 x O.17 mm. Cfrclozooecia circular, O.O7-O.OB mm in
diameter.
Materiat. - REF-O-25.0m (PMO A42206-207).
Stratigiraphic occunence in Spitsbergen. - Late Gzhelian, associated
with Schellur ienin aff . arctica (Nilsson, personal comrnunication 1 993) and
Streptognathodts excelsus and S. elongatus,lowermost part of theTlrrrell-

fiellet Member.
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Norsk sammendrag

Bryozoer fra Nordenskioldbreenformasjonen (midtre karbon moskva til
tidlig perm sakmar) og Gipshukenformasjonen (sen sakmar- sen artinsk)
fra Spitsbergen, Svalbard, er representert med 36 arter (22 slekter). En art
er ny: Hinaclema suafbardensis, orden Trepostomala. Bryozofaunaen er
typisk boreal (nordli$ og ligner pA tilsvarende fauna beskrevet fra Timan-
PechoraomrAdet (vestlige Sibir) og fra Uraldistritrrtet. Likhetsindekser ba-
sert pA slektssammensetningen viser at den Boreale faunaen ble stadig
mer endemisk mot slutten av tidlig perrn, og er markant forskjellig fra
Tethysfaunaen i sor. Mange arter har en stratigrafisk utbredelse pa
Spitsbergen som awiker fra utbredelsen i andre omrAder.

Streszczenie

Artykul zawiera taksonomiczn4 rewizjg ms4,rwiol 6w z forrnacji Nordens-
kioldbreen (Srodkowy karbon-wczesny perm) i Gipshuken (perm) Spitsber-
genu, obejmuj4c rownieZ gatunki bqdace niegdyS przedmiotem publikacji
Czarnieckiego (f964) i Maleckiego (1977). W sumie zident5rfikowano 36
gatunkow z 22 rodzajow; tylko jeden gatunek nowy. Fauna msz5rwiolow
jest typowo borealna i prz5rpomina fauny obszaru timansko-peczorskiego
i Uralu. Od konca wczesnego permu fauny borealne staty sig bardnej
endemiczne, wyraZnie odrqbne od tetydzkich. Wiele gatunkow ms4rwiolow
mialo dluizsze zasiqgi w permie Spitsbergenuni7 gdzie indzie}
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