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Foraminiferal assemblages recorded from limestones of the Upper Permian Wegener
Halvø Formation in the Wegener Halvø, Karstryggen and Clavering ø areas of East
Greenland mostly consist of the nodosariid genera Dentalina, Frondina, Geinitzina and
Ichtyolaria, and the miliolid genera Agathammina and Calcitornella. More limited
assemblages dominated by Agathammina were recorded from the underlying Karstryg
gen Formation. The foraminifera are all benthonic, mostly shallow-water forms. The
fauna is of Zechstein aspect and suggests a broad correlation with Zechstein 1 and
younger strata in the Zechstein basin of North-West Europe.

Solid specimens of agglutinated foraminifera, mostly referable to Ammobaculites and
Ammodiscus, were recorded from the youngest Permian strata, the Schuchert Dal
Formation, in the Schuchert Dal.
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The Upper Permian basin in East Greenland has been
studied intensivelyover the last ten years in association
with onshore hydrocarbon activity in the region, and the
overall depositional history is well described (Surlyk et
al., 1986; Scholle et al., 1991; 1993; Stemmerik, 1987;
1991; Stemmerik et al., 1988; 1993; Stemmerik &
Piasecki, 1991; Christiansen et al., 1993). However,
studies of the Upper Permian fauna have been very lim
ited since the pioneer work by Dunbar (1955) on the
brachiopods and Newell (1955) on the bivalves. Recent
stratigraphic studies include work by Piasecki (1984) and
Utting & Piasecki (1995) on the palynostratigraphy and
by Rasmussen et al. (1990) on the conodont fauna.

The East Greenland Basin is situated midway between,
to the south, the evaporitic Zechstein basin and adjacent
Bakevellia Sea basin in north-west Europe, and, to the
north, the cold temperate basins of North Greenland,
Spitsbergen and the Barents Sea. It thus provides impor
tant information on the Late Permian faunal provinces in
the North Atlantic region. This paper describes, for the
first time, the Upper Permian foraminiferal fauna from
East Greenland and discusses its relationships with those
in the Zechstein and Bakevellia Sea basins (Fig. l).

Regional setting and stratigraphy

The Upper Permian basin in East Greenland is more
than 400 km long and at least 80 km wide (Fig. 2). The
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western limit is a major fault system which separated the
depositional basin from the stable Greenland craton dur
ing the Carboniferous and subsequent periods (Surlyk et
al., 1986).Structural elements which infiuenced the Late
Permian sedimentation are the Liverpool Land and Wege
ner Halvø highs to the south-east and the Clavering ø
high to the north (Figs 1,2). The Liverpool Land high is
inferred to have formed the south-eastern limit of the
basin and, as suggested by Maync (1961), the basin was
most likely closed towards the south.

The depositional succession starts with fiuviatile con
glomerates of the Huledal Formation. They are followed
by shallow-water, restricted marine limestones and evap
orites of the Karstryggen Formation deposited during the
initial Late Permian transgression of the basin. The
Karstryggen Formation was eroded to produce a palaeo
karst terrain. During the succeeding overall rise in sea
level the platform carbonates of the Wegener Halvø For
mation were deposited along the basin margins and over
structural highs while shales of the Ravnefjeld Formation
were deposited in the central parts of the basin (Fig. 3).
FolIowing another marked fall in relative sea level, sedi
mentation changed dramatically and the entire basin was
filled by shallow-water siliciclastics of the Schuchert Dal
Formation (Fig. 3).

The most likely correlation between the East Green
land succession and the Zechstein sediments of North
West Europe equates the base of the Zechstein succession
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Fig. 2. Outcrops of Upper Permian strata in East GreenJand.

Foraminifera have also been noted in two thin sections of
limestone from the Karstryggen Formation. In addition, a

with the base af the Wegener Halvø and Ravnefjeld for
mations (Rasmussen et al., 1990; Stemmerik & Piasecki,

1991). The boundary is regarded as roughly equivalent to
the Ufimian-Kazanian boundary in the Russian zonation
(Stemmerik, 1995).
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Fig. I. Late Permian palaeogeography of the orth Atlantic rift
system.

General description of the fauna

The majority of the foraminifera deseribed in this
paper were seen in thin-sectioned limestones, largely from
the Wegener Halvø Formation (Tables 1-3). Most ofthese
are from the cmbonate platform succession an Wegener
Halvø along the ea tern basin margin, where foraminifera
mosl commanly occur in the more marginal part of
bryozoan build-ups and in biogenic grainstone deposits
associated with bryozoans and brachiopods (Stemmerik,
1991). Other foraminifera recorded in Wegener Halvø
Formation limestones include a few specimens from de
posits af more protected platform environments in the
Karstryggen area along the western basin margin and
larger assemblages from marginal palts ofbryozoan buiId
ups an the Clavering ø high to tne north (Figs I, 2).
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Fig. 3. Perntian stratigraphical succession in East Greenland.

number of samples from a section through thc top of the
Schuchert Dal Formation in a basinal position east of
Schuchert Dal have yielded olid specimens of aggluti
nated foraminifera (Fig. 6).

Wegener Halvø (Wegener Halvø Formation)

MOSL ol' lhe foraminifera recorded from this formation
come from lhree shallow cores drilled through bryozoan
build-ups in eastcrn Wegener Halvø (Figs 2, 4). The larg
est and most varied fauna is found in core 303 J29 lhal
was drilled through the marginal parts of a bryozoan

Table 1. Summary offoraminifera recordedfrom the East Greenland Permian during this study
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Table 2. Foraminifera recordedfrom GGU shallow core 303129 on Wegener Halvø
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Table 3. Foraminifera recordedfrom GGU shallow cores 303113, 303117 and 303130
on Karstryggen and Wegener Halvø

GGU shallow core 303113 GGU shallow core 303117
Karstryggen Wegener Halvø
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Fig. 4. Sedimentological log of GGU shallow core 303129 on
Wegener Halvø with distribution of foraminifera assemblages.

Assemblage B contains Agathammina pusilla, although
fewer in Assemblage A, and a limited nodosariid fauna. It

Assemblage E contains Calcitornella and nodosariids. It
occurs in marine cementstones with comminuted organic
debris from 34.25 m to 35.10 m.

The other two boreholes in the Wegener Halvø area
also yielded foraminiferal faunas with a Zechstein aspect
(Table 3). The collection from 303130, near 303129,
resembles that ofAssemblages D and E. It includes Gein
itzina, Frondina and abundant Calcitornella, but no Agat
hammina. This core was drilled through a build-up core,
and the fauna occurs in depositional facies similar to
those of Assemblage E (cf. Stemmerik, 1991). Borehole
303117, farther south, was drilled through the flanks of a
large bryozoan build-up. The fauna yields Agathammina
and thick-walled nodosariids and is comparable with
Assemblage C of 303129.

Surface samples examined from Wegener Halvø were
mostly from the north-eastern end of the peninsula near
boreholes 303129 and 303130. The overall fauna includes
the same calcareous porcellanous and nodosariid forms
recorded in the boreholes plus the agglutinated Ammo
discus roessleri and Glomospira. One surface sample
from the southern part of the area yielded, in addition to
the characteristic Zechstein species Geinitzina acuta, an
indistinct probable Endothyra, a genus unrecorded in
North-West European Zechstein strata.

Most of the material examined came from the Wegener
Halvø Formation on the western side of the area and
included a number of samples from the borehole 303113.
They yielded a monotonous fauna in which Agatham
mina pusilla was ubiquitous but otherwise only contained

Karstryggen (Wegener Halvø and Karstryggen
Fonnations)

occurs in bryozoan-foraminifer packstones and grainstones
together with cryptostome bryozoans in the interval from
9.40 m to 13.70 m (Fig. 4; Table 2).

Assemblage D contains a varied nodosariid fauna includ
ing Geinitzina and other double-walled forms, such as
lchtyolaria and possibly Pachyphloia. No Agathammina
were recorded in this assemblage. Assemblage D occurs
in bryozoan-bivalve grainstones from 24.95 m to 29.70 m
(Fig. 4; Table 2).

Assemblage C is comparable to assemblage B but in
cludes some doubtful forms which might be fragmentary
Ammobaculites and Reophax. This assemblage occurs in
a bryozoan-bivalve packstone with both cryptostome and
trepostome bryozoans, and some brachiopods from
17.90 m to 19.65 m (Fig. 4; Table 2).

I Assemblage E

IAssemblage A
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build-up and reached the build-up core in the basal part
(Fig. 4; Stemmerik, 1991). The cored succession contains
five distinct assemblages that can be correlated to various
carbonate facies (Fig. 4; Table 2).

Assemblage A contains numerous large Agathammina
pusilla as well as mostly simple-walled nodosariids,
notably Dentalina. It occurs in bryozoan-foraminifer
packstones together with abundant cryptostome bryozoans
in the interval from 4.75 m to 8.00 m and 21.60 m to
23.15 m (Fig. 4; Table 2).
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Fig. 5. Distribution of agglutinated and siliceous foraminifera
across the Permian-Triassic boundary in Schuchert Dal.

European Zechstein forarninifera are among the most
intensively studied Permian populations of smaller
foraminifera (see e.g. Scherp, 1962; Woszczynska, 1968;
Pattison, 1989), although much about them remains prob
lematic, especially factors related to test wall structure
and composition, and thus to their supra-generic taxonomy.
Therefore, inferences about the environmental, stratigraph
icaI and evolutionary significance of the East Greenland
foraminifera necessarily draw upon lessons leamt about
Zechstein foraminifera but those inferences are limited
by similar doubts relating to wall structures and nomen
clature.
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A total of only six samples from this area yielded a
sufficiently large number of species to suggest the pres
ence of a relatively rich foraminiferal fauna with distinct
characteristics. No specimens of Agathammina were
recorded but the agglutinated genera Ammodiscus, Glo
mospira and a possibie Ammobaculites were seen. The
nodosariids, which constitute most of the foraminifera
seen, include a greater proportion of broad-tested forms
such as Frondina, Geinitzina and Ichtyolaria than in the
faunal collections from the Wegener Halvø Formation
farther south. In addition, a coiled, chambered forarnini
fer was seen which might be referred to Globivalvulina,
a taxon not recorded elsewhere in East Greenland or in
the European Zechstein.

a few nodosariids, including Dentalina and Geinitzina
(Table 3). One other borehole (303101), and surface sam
pling, from the Wegener Halvø Formation in the western
side of the area yielded comparable limited assemblages
including Agathammina, Calcitornella and a few nodosa
riids.

Two samples from the Karstryggen Formation farther
east in the area yielded only Agathammina pusilla.

Schuchert Dal (Schuchert Dal Formation and
Wordie Creek Group)

Both palynomorphs and solid foraminifera have been
extracted from samples collected from a surface section
on the east side of Schuchert Dal. The palynomorphs
suggest that the section crosses the Permian-Triassic
boundary (S. Piasecki, personal communication), which
is taken as the boundary between the Schuchert Dal Forma
tion and the overlying Wordie Creek Group (Fig. 5).

The foraminifera collected from the section are all
agglutinated forms which are comparable with European
Zechstein material but cannot be regarded as diagnostic
of age. The samples from below the postulated boundary
are richer than those from above: the latter yielded no
Ammobaculites, a genus well-represented in the lower
part of the section (Fig. 5). The most prolific sample
proved to be that from what is taken to be the top of the
Schuchert Dal Formation; specimens from that sample
are illustrated in Fig. 6.

Discussion

These foraminiferal faunas, as might be expected by
analogy with the East Greenland Upper Permian brachio
pod and bivalve faunas, are comparable with those of the
Zechstein and Bakevellia Sea basins. The North-West

Palaeoenvironments

The fauna consist of benthonic, probably epifaunal,
relatively shallow-water, assemblages with some indica
tions of varying depths and substrates. The variations of
environment inferred from the collections seen, however,
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are limited in range compared with those indicated by
known Zechstein foraminiferal faunas.

In Zechstein strata, the foraminiferal assemblage (E)
of core 303129, with predominant Calcitomella, would
be regarded as indicative of relatively shallow-water fades.
The overlying assemblage (D), with Geinitzina but with
out Agathammina, accompanied by bivalves, is also
broadly indicative of shallow water but includes more
nodosariid forms than might be expected. Assemblages
C, B and A contain Agathammina throughout and deelin
ing numbers of Geinitzina, associated with bryozoans
(both cryptostome and tepostome) and brachiopods. The
interpreted trend towards increased water depth is in line
with observations of foraminiferal distribution in Polish
Zechstein strata by Peryt & Peryt (1977). The deepening
upward trend inferred from the changes in the forarnini
fer fauna is supported by microfacies studies of the core
(Stemmerik, 1991). Assemblages E and D occur in high
energy facies which represent the core of the bryozoan
build-ups. Assemblages C, B and A OcCur in flank deposits
surrounding the build-up core, and are accordingly asso
ciated with more protected environments. The micro"
facies indicate a trend towards more protected environ
ments, and abundance of Agathammina seems to be
restricted to mud-supported facies.

Analogous inferences can be made from the foraminif
eral assemblages yielded by the other two cores of the
bryzoan build-ups in the Wegener Halvø area (Table 3).
The foraminifera from core 303130 are comparable with
assemblages (D) and (E) of 303129 and are similarly
associated with abundant marine cement, bivalves and
probable algal debris, supportive of a shallow-water, reef
COfe origin (Stemmerik, 1991). The foraminifera, compa
rable with those of assemblage C of 303129, yielded by
core 303117 occur in build-up flank deposits associated
with brachiopods and bryozoans and indicate a deeper
water she1f-sea environment. The rest of the material
collected from the Wegener Halvø area is broadly indic
ative of relatively deep, shelf-sea waters.

The limited number of foraminiferal forms yielded by
core 303113 (Table 3) in the Karstryggen area together
are broadly comparable with the relatively deep-water
assemblage (A) of core 303129. They are associated with
brachiopods, bryozoans, bivalves and gastropods.

The rich assemblages collected from Clavering ø are
less easy to characterise. The species represent consider
able variations of water depth, substrate and turbulence
and most likely they are reworked from different parts of
the bryozoan bui1d-ups.

The presence in North-West European Zechstein strata
of agglutinated foraminifera such as those recorded from
the section through the top of the Schuchert Dal Forma
tion (Fig. 5), is usually an indication of the availability of

suitab1e adventitious material for incorporation in the test
wall. They are most commonly recorded in marginal
marine environments where the introduction of terrige
nous sediment by rivers can be inferred.

Biostratigraphical correlation

The established view of what are broadly termed Zech
stein rocks in north-west Europe is that they are the
products of four or five cycles of mostly evaporitic depo
sition a1though this cyelic character is on1y distinct in the
southem part of the main Zechstein basin. There, the first
three of those cyeles inelude carbonate units which,
together with some associated mudstones, have yielded
most of the known marine Zechsteil1 fossils. The first
Zechsteln cycle carbonate (Zl) contains a fairly rich
brachiopodlbryozoanlbivalve/gastropod fauna and varied
foraminiferal assemblages. There are considerable lateral
variations in the faunal content of the Z1 carbonate strata
due to both palaeoenvironmental and diagenetic factors.

The carbonate units of the next two Zechstein cyeles
(Z2 and Z3) in the southem part of the Zechstein basin
contain faunas which are more limited, both in total num
bers and in diversity. The differences between these
faunas and those of the first cyele result largely from the
elimination of Zl species rather than the introduction of
new ones and this kind of change is characteristic of the
foraminifera as well as the other groups.

In the northem sub-basin of the Zechstein Sea and the
contemporaneous Bakevellia Sea to the west the cyelic
nature of the deposition is less uniform in character and,
in the Bakevellia Sea basin, more difficult to correlate
between sub-basins. There is commonly only one marine
fossil-bearing carbonate unit in any area and that unit can
usually be correlated, in part or in whole, with the tirst cycIe
carbonate of the southem part of the main Zechstein basin.

Overall, the North-West European Zechstein faunas
lack representatives of several groups of organisms which
occur in late Permian marine strata of other parts of the
world; notably no arnmonoids or fusulinaceans have been
recorded. These deticiencies can be largely attributed to
postulated land barriers between the Tethyan Ocean, where
those groups flourished, and the Zechstein Sea. Conse
quently, Zechstein faunas, despite their inferred low
latitude origins, can be regarded as belonging to the
Boreal Province, in common with those of the late Perrnian
rocks in East Greenland and other depositional basins
associated with the proto-North Atlantic. This distinctive
paucity of the Permian Boreal faunas which occur around
the present-day North Atlantic and Arctic oceans as well
as the Russian Platform was noted by both Gobbett (1973)
and Stehli (1973) with reference to the fusulinaceans and
brachiopods respectively.
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Fig. 6. AggJLltinaled and siliceoLls foraminifera, exlracled as solid lests, from the top af the Oksedal Member ol' lhe SchucheI1 Dal
Formation in SchucheI1 Dal.
(I) Hyperammina reCIa Scherp; MGUH 23598. (2) H. recta; MGUH 23599. (3) Ammodiscus robustus Vangerow; MGUH 23600.
(4) AmmodisclIs roessleri e/liplicus (Spandel); MGUH 2360 I. (5) A. roe.l'sleri e/lipticus: MGUH 23602. (6) Ammodiscus roessleri
(Schmid); MGUH 23603. (7) A. messleri; MG UH 23604. (8) Ammobaculites sp. [= A. eiseli Scherp, 1962); MGUH 23605.
(9) Ammobaculites p. [a previoLls fig.]; MGUH 23606. (LO) Ammobaculites ei.l'eli (Paalzow): MGUH 23607. (II) A. eiseli; MGUH
23608. (12) Ammobaculites directa Scherp; MG H 23609. (13) A. directa: MGUH 23610.

Tt must be emphasised thai taxonomic uncertainties at
both upra-generic and specie levels make biostratigraph
icai correJation between the Zechstein, East Greenland
and other late Permian Boreal foraminiferal faunas a
somewhat speculali ve exercise. Broad comparisons be
tween whoJe assemblages appear to be more u eful than

correlations based on possibly dubious records ol' indi
vidual species. The numerically be Hepre ented subor
ders of foraminifera in the East GreenJand Upper Pem1ian
appear to be the calcareous porcellanous Miliolina and
the calcareous, multilocular, uniserial forms here regarded
as nodosaliids within the Lagenina. Al o present are the
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finely siliceous genera Ammodiscus, Glomospira and
Hyperammina, and the coarsely agglutinatedAmmobacu
lites. This general composition is entirely comparable
with that of the north European Zechstein and other late
Permian, non-Tethyan, foraminiferal faunas.

Another similarity with the north European Zechstein
fauna is the widespread presence of Agathammina pusilla.
The previously noted significance of that species as an
indicator of a relatively deep water environment may
diminish its biostratigraphical value, but it should be
noted that within the Zechstein it is almost diagnostic of
a Zl age. If it does occur in younger Zechstein strata it is
extremely rare in them. The species, in its dominance
among Zl foraminifera, and absence or rarity in Z2 or Z3
rocks, is analogous with Bakevellia binneyi among Zech
stein bivalves and suggests a correlation of the Wegener
Halvø Formation with the first Zechstein cycle. Other
miliolids in the Zechstein are more facies-controlled and
their absence from the East Greenland samples probably
results merely from comparable facies not being repre
sented. They include Cyclogyra and partly planispirally
coiled Agathammina species, characteristic of low-energy,
shallow water with mud substrates in the Zechstein; and
tightly streptospirally coiled Calcitomella or Orthovertella,
common in the core of Zl barrier reefs.

The nodosariid assemblages are also broadly compara
ble with those of the first Zechstein cycle including both
thin simple-walled Dentalina and Frondina, and more
complex, double-layer walled forms referred to Geinitzina,
Ichtyolaria and Nodosaria. Woszczynska (1981) reviewed
the stratigraphical distribution of nodosariids recorded
from Zechstein strata in Europe. All the species she listed
from post-Zl rocks were forms also recorded in first
cycle strata. Similar nodosariid assemblages have been
described from Zl and Z2 strata in the British Isles,
where again, no new forms appeared after the first cycle
(Zl). What appear to be comparable nodosariid assem
blages were described by Sosipatrova (1972) from Spits
bergen in strata correlated with the Upper Permian Ufim
ian and Kazanian stages of the Russian Platform.

The nodosariids offer the most promise as biostrati
graphical tools among the Boreal late Permian small
foraminifera but at present their potential cannot be real
ised because of the taxonomic confusion surrounding the
group. The confusion partly derives from the transitional
nature of the group in the late Perrnian but has been
compounded by some inadequate original descriptions of
the genera and species to which these foraminifera are
usually assigned. Because they include both tests with
single-layered and multiple-layered walls they have been
variously assigned to two different suborders, the
Fusulinina and the Lagenina, but not always with the care
that such a major distinction should justify. Mamet &

Pinard (1990) have described uniserial, rectilinear, cal
careous foraminifera from early Permian rocks of the
Canadian Arctic Sverdrup Basin which may represent an
earlier phase of the transition between these two major
groups. In particular, their new genus Nodosinelloides,
within the Fusulinina, could include several double-walled
species recorded from East Greenland and the European
Zechstein, which have been referred to Nodosaria, both
here and in previous work. However, the late Perrnian
faunas also include species with thinner, single-layered
walls, inc1uding some of the Dentalina in this paper,
which appear to be more closely related to Mesozoic
Lagenina, or may be referable to the genus Protonodo
saria, also within the Fusulinina. The authors prefer to
retain the mixed generic taxonomy used by most earlier
authors for these Perrnian forms until the wall structures
of all the relevant generic type species have been
re-examined.

The siliceous or agglutinated forms recorded mostly in
the Schuchert Dal section mentioned above, across what
is taken to be the Permian-Triassic boundary, are of even
less stratigraphical value as they are all long-ranging
forms similar to or comparable with foraminifera found
in many mudstones of Upper Palaeozoic or later age.

Pending a thorough re-examination of Perrnian 'nodo
sariid' taxonomy, the biostratigraphical usefulness of the
foraminifera described here must be limited to a general
support for the broad correlations aiready based on the
macrofaunas. That is to equate the transgression which
initiated the Wegener Halvø and Ravnefjeld formations
with that of the first Zechstein cycle (Z1) and to assign a
Kazanian age to both. The impact of the transgression
was so profound in East Greenland and so sudden and
widespread in Europe, where it resulted in the deep-water
Kupferschiefer-Marl Slate sea, that a major eustatic sea
level rise seems the probable cause. Given a sea-Ievel rise
of such apparent magnitude, it is reasonable to expect
that other late Perrnian marine strata in the Boreal Prov
ince were also initiated by il. The faunal evidence sug
gests that the latter include the earliest marine strata in
the various sub-basins of the Bakevellia Sea and contem
poraneous marine deposition might be expected to have
taken place in half-grabens aligned parallel to the late

Fig. 7.
Magnification x 77
7.1 Agathammina pusilla (Geinitz); [longitudinal section]

MGUH 23611 from GGU 303129-8
7.2 Agathammina pusilla; [transverse section]; MGUH 23612

from GGU 303129-9
7.3 Agathammina pusilla; [transverse section]; MGUH 23613

from GGU 303129-10
7.4 Agathamtnina pusilla; [diagonal section]; MGUH 23614

from GGU 303129-13
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Palaeozoic rift north-west and north of the British Isles
and west of Norway.

Outside this simplistic correlation of all the main Per
mian marine fossil-bearing stratigraphical units in the
north Atlantic region the age of severalless organically
rich marine formations is more doubtful. They include
older strata such as the Karstryggen Formation in Bast
Greenland and the Banderschiefer, the Mutterfloz and the
Zechstein Konglomerat in Germany and Poland. The last
three are commonly regarded as local and Ininor precur
sors of the Zechstein proper as their faunas have a Zech
stein aspect although the brachiopods of the Zechstein
Konglomerat form a distinct assemblage. However, a broad
correlation between some or all of those three formations
and the Karstryggen Formation is possible.

The Zl and Z2 carbonate units, are stratigraphical1y
separate in the southem Zechstein sub-basin, and are
usually mutually distinguishable because of the distinc
tiveness of the Z3 biota. However, they are not so easily
correlated with deposits in the northem sub-basin of the
Zechstein or of the Bakevellia Sea. Therefore precise
corre1ation with strata in Bast Greenland is not feasib1e
and the Wegener Halvø and Ravnefjeld formations must
be regarded as broadly equivalent to the unified Halibut
carbonate formation of the northern North Sea and all
three of the older cycles (Zl-Z3) in the more distal parts
of the southem Zechstein sub-basin and the Bakevellia
Sea basin.

Brief systematic descriptions

Suborder Textulariina

(Mostly seen as solid specimens)

Ammobaculites directa Scherp
Fig. 6.12, 6.13 = Ammobaculites directa Scherp, 1962.

Remarks. The early coiled part is roughly in line with the
rectilinear part and less than 1.5 times its width. The
chambers in the coiled part are indistinct. There are 4 to
5 chambers in the rectilinear part; all except the final one
are much wider than long. The test wall is coarse-grained
with a probable siliceous cement.

Ammobaculites eiseli (Paalzow)
Fig. 6.10, 6.11 =Ammobaculites eiseli (Spandel) Paalzow, 1936.

Remarks. The early coiled part is slightly offset from the
line of the rectilinear part. The chambers in the coiled
part are indistinct but less so than in'A, directa. There are
5 to 6 chambers in the rectilinear part; they are almost as

long as wide. Sutures are distinct. The test wall is like that
of A. directa.

Ammobaculites sp.
Fig. 6.8, 6.9 = Ammobaculites eiseli (Spandel) Scherp, 1962.

Remarks. The early coiled part is at least 1.5 x the width
of the rectilinear part and distinctly offset. The chambers
in the coiled part are indistinct. There are 2 to 3 chambers
in the rectilinear part; their width and length about equal.
The test wall is like those of A. directa and A. eiseli.

Ammodiscus robustus Vangerow
Fig. 6.3 = Ammodiscus robustus Vangerow, 1962.

Remarks. The test consists of a planispirally coiled tube.
Coiling is involute; the inner whorls and aperture are
indistinct. The final whorl is thick. The test wall is fairly
coarse-grained; the cement probably siliceous.

Ammodiscus roessleri (Schmid)
Fig. 6.6, 6.7, 8.2 =Serpula roessleri Schrnid, 1867.

Remarks. The test is discoid and consists of a proloculus
followed by a p1anispirally coiled, tubu1ar second cham
ber. The tubular chamber increases slowly in width. The
aperture is indistinct. The test wall is fine-grained and
probably siliceolls. The species has been seen both as
solid specimens and in thin section.

Ammodiscus roessleri ellipticus (Spandel)
Fig. 6.4, 6.5 =Trochammina bradyna elliptica Spandel, 1898.

Remarks. The test consists of a planispirally coiled tube
but has an overall ovoid shape. This form is possibly a

Fig. 8
Magnification x 77
8.1 Calcitomella sp.; MGUH 23615 from GGU 292697
8.2 Ammodiscus roessleri (Schmid); [approximate axial section];

MGUH 23616 from GGU 357316-1
8.3 Glomospira sp.; [approximate axia! section]; MGUH 23617

from GGU 357316-2
8.4 Endothyra?; MGUH 23618 from GGU 298134
8.5 Calcitomella sp.; MGUH 23619 from GGU 303113-91
8.6 Dentalina permiana Jones; MGUH 23620 from GGU

303129-14
8.7 Dentalina cf. siliquaeformis Sossipatrova; MGUH 23621

from GGU 393129-21
8.8 D. cf. siliquaeformis; MGUH 23622 from GGU 303129-9
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distorted, originally discoid, A. roessleri sensu stricto, but
was recognised as a distinct subspecies by Spande!.

Glomospira sp.
Fig. 8.3

Remarks. The test (seen only in thin-section) consists
of a proloculus and a tubular second chamber. The
latter is streptospirally coiled initially but possibly
becomes more evolute. The transverse section of the
tube is a compressed semi-circle. The tube increases
slowly in width.

Hyperammina recta Scherp
Fig. 5.1, 5.2 =Hyperammina clavacoidea recta Scherp, 1962.

Remarks. The test is an elongate, compressed, simple
tube with a bulbous early part which could be regarded as
a proloculus. The aperture is slit-like. The test wall is
fine-grained and probably siliceous.

Rephax ?
Remarks. The test is multilocular, uniserial and rectiline
ar with a coarse-grained agglutinated wall comparable
with that ofAmmobaculites. Only doubtful, possibly frag
mentary, specimens have been seen, both as solid tests
and in thin-section.

Suborder Fusulinina

Endothyra ?
Fig. 8.4

Remarks. Seen in thin-section as a planispirally coiled
test with short intercameral septa. The test wall is
indistinct, but appears to be transparent and single
layered. Reference to the genus Endothyra is dubious,
merely serving to indicate a possibIe familial assign
ment.

Suborder Miliolina

(Seen only in thin-section)

Agathammina pusilla (Geinitz)
Fig. 7.1-7.4 = Serpula pusilla Geinitz, 1848 [part]

Remarks. The test is elongate and fusiform, consisting of
a globular proloculus followed by a tubular second cham
ber coiled in a quinqueloculine manner. The transverse

section of the second chamber is hemispherical. The test
wall is calcareous and mostly appears homogeneous and
grey, but is commonly recrystallised to clear calcite.

Calcitornella spp.
Fig. 8.2, 8.5

Remarks. The test consists of a proloculus followed by a
tubular second chamber. The latter inereases slowly in
diameter; it is irregularly coiled, sometimes in an involute
streptospiral, sometimes in an evolute body of variable
shape. The transverse section of the tube in the involute
tests is hemispherical; in the evolute forms, it can be
circular. The test wall is like that of Agathammina pusilla.
Most of these forarninifera in the East Greenland material
appear to be attached to other organic debris: bryozoa etc.
However, it is possibIe that they include free forms which,
although similar in every other respect, should properly
be assigned to Orthovertella.

Suborder Lagenina

The uniserial, rectilinear, ca1careous, multilocular fora
minifera comprising a large part of these faunas are all
described here under the heading of the Lagenina. They
were all seen only in thin-sections.

Fig. 9
Magnification x 77
9.1 Frondina sp. A; MGUH 23623 from GGU 346190
9.2 Frondina sp. A; MGUH 23624 from GGU 303130-30
9.3 Frondina sp. B; MGUH 23625 from GGU 303129-48
9.4 Frondina thuringica (Paalzow); MGUH 23626 from GGU

360652
9.5 Geinitzina postcarbonica Spande!; MGUH 23627 from GGU

303129-35
9.6 Nodosaria permiana (Spandel); MGUH 23628 from GGU

303117-116
9.7 Pachyphloia?; MGUH 23629 from GGU 303117-132
9.8 Geinitzina acuta (Spandel); MGUH 23630 from GGU

303113-59
9.9 G. acuta; MGUH 23631 from GGU 303130-37
9.10 G. acuta; MGUH 23632 from GGU 298134
9.11 Nodosaria permiana; MGUH 23633 from GGU 357539
9.12 Pachyphloia?; MGUH 23634 from GGU 303129-28
9.13 chtyolaria cf. permotaurica Civrieux & Dessauvagie; MGUH

23635 from GGU 303117-103
9.14 Globivalvulina?; MGUH 23636 from GGU 360653
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Dentalina permiana Jones
Fig. 8.6 = Dentalina permiana Jones, 1850.

Remarks. The test is multilocular and uniserial. It typically
has 6 to 9 chambers, each aslender barrel shape, mostly
longer than wide, increasing in size although the proloc
ulus may be about the same size as the second chamber.
The chambers are arranged in a gentle arc. The test wall
is commonly thin and clear, rarely with a very thin, dark,
inner layer.

Dentalina cf. D. siligaeformis Sosipatrova
Fig. 8.7, 8.8

Remarks. As D. permiana but with narrower cham
bers. The curvature of the test is less regular, and may
comprise two arcs facing in opposite directions. Com
parable forms, from the Polish Zechstein, were assigned
to D. siliquejormis Sosipatrova, 1969, by Peryt &
Peryt (1977).

Frondina thuringica (Paalzow)
Fig. 9.4 =Spandelina thuringica Paalzow, 1936.

Remarks. The test is multilocular and uniserial with a
slightly arcuate line of up to 10 chambers. The latter are
irregularly shaped but are all wider than long, and mostly
slightly arched over the previous chamber. The test wall
is very thin, simple and appears dark in thin-section
under ordinary light.

Frondina sp. A
Fig. 9.1, 9.2

Remarks. As F. thuringica but the chambers are wider
and more irregularly shaped.

Frondina sp. B
Fig. 9.3

Remarks. As previous two species but the test is less
arcuate and has distinctly arched chambers.

Geinitzina acuta (Spandel)
Fig. 9.8-9.10 =Geinitzella acuta Spande!, 1898.

Remarks. The test is multilocular, rectilinear and uniserial
but simulating biserial by having a longitudinal central

compression. Aspherical proloculus is fol1owed by com
pressed chambers which initially increase quickly in width.
The last part of the test may be parallel-sided. The test
wall is double, with a dark inner layer and a generally
thicker, paler outer layer.

Geinitzina postcarbonica Spandel
Fig. 9.5 =Geinitzina postcarbonica Spande!, 1901.

Remarks. As G. acuta but longer and narrower, with a
greater proportion of the test parallel-sided.

Nodosaria permiana (Spandel)
Fig. 9.6, 9.11 =Orthocerina permiana Spandel, 1898.

Remarks. The test is multilocular, rectilinear and uniseria1.
Aspherical proloculus is fol1owed by generally barrel
shaped chambers which are mostly longer than wide. The
test wall commonly appears double, with a thin dark
inner layer and a thicker, paIe outer layer. This species,
both here and in the European Zechstein, might be refer
able to the genus Nodosinelioides Mamet & Pinard but
see discussion earlier on nodosariids.

Ichtyolaria cf. I. permotaurica Civrieux &
Dessauvagie
Fig. 9.13

Remarks. The test is multilocular, rectilinear and uniseria1.
Aspherical proloculus is followed by chambers which
increase rapidly in width. They are much wider than long
and have a chevron shape in thin-section, each embracing
the previous chamber. The test wall is thin, simple and
clear. The species I. permotaurica was erected for exter
nal1y striate forms from Upper Perrnian strata inAnatolia,
Turkey by Civrieux & Dessauvagie (1965).

Pachyphloia ?
Fig. 9.7, 9.12

Remarks. Several specimens with thick, clear, but possi
bly lamellar test walls have been tentatively assigned to
this genus although none of them show the pronounced
median wall thickening visible in longitudinal axial sec
tions of typical forms of the genus. They are comparable
with the specimens from the Polish Zechstein assigned to
Pachyphloia exilis Luperto by Peryt & Peryt (1977).



Other form, of doubtful taxonomic assignment
Fig. 9.14

One thin·section of material (sample GGU 360653) from
the Wegener Halvø Formation of Clavering ø shows a
coiled, multilocular foraminifer with a clear calcareous
test wall. It may be referable to Globivalvulina although
one non-axial section constitutes insufficient evidence for
anythirtg other than a tentative suggestion.
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