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Augmentation and revision of the relatively diverse Valanginian brachiopod faunas from North-
East Greenland confirm the existence of two mutually exclusive but broadly coeval assemblages,
associated with two contrasting facies types. A Boreal, relatively shallow-water assemblage
domi-nated by large terebratulids and ribbed rhynchonellids, including Cyrtothyris,
Lamellaerhynchia and Praelongithyris characterizes the Falskebugt fauna. By contrast the Albrechts
Bugt and Redryggen fauna contains Tethyan elements, more typical of deeper water, including
Lacunosella, Placothyris, Pygope and Rugitela. This early Cretaceous Out-of-Tethys migration
confirms the early and persist-ent northward track of a proto Gulf Stream current. A new taxon,
Placothyris kegeli, is described from the Albrechts Bugt and Redryggen members of the
Palnatokes Bjerg Formation.
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Brachiopods were first reported from the Lower Cre-
taceous rocks of North-East Greenland in the 1940s
(Maync 1940, 1949) based on collections made by that
author earlier in the late 1930s. Additional material
was collected by Donovan (1955, 1957) in the early
1950s on Lauge Koch expeditions, which formed the
basis for Owen’s (1976) description of the brachio-
pods from the region. Owen (1976) updated the pre-
vious, sparse brachiopod records of Muir-Wood
(1953) and Donovan (1955, 1957) from Wollaston
Forland and Traill &, respectively. The brachiopod
fauna is particularly significant. The fauna occupies
a key position, geographically, within the Boreal Prov-
ince, situated at the northern apex of the opening
North Atlantic. The region contains a relatively di-
verse and varied brachiopod assemblage, recorded,
to date, from two different facies types. Important is
the apparent co-occurrence of elements of both the
Boreal and Tethyan provinces within the region
(Owen 1976). An assemblage of large terebratulids
together with ribbed rhynchonellids characterizes
coarse-grained, iron-stained limestones from the
Wollaston Forland; this is a typical Boreal biofacies

associated with shallow-water, high-energy environ-
ments. Tethyan brachiopods, however, have been
reported from fine-grained deeper-water limestone
from Mols Bjerge on Traill &.

The exotic occurrence of Tethyan taxa in the Cre-
taceous of North-East Greenland has generated two
competing models. Tethyan elements entered the re-
gion along a proto Gulf Stream current or arrived
from deep-water, cooler Tethyan biofacies by up-
welling currents (Ager 1971, 1973; Sandy 1991). New
collections from North-East Greenland, a modern
palaeoenvironmental analysis of the succession (Sur-
lyk 1978, 2003) and a statistical approach to global
biogeographical patterns, provide an opportunity to
discuss these models further.

Geological Setting

The thick succession of Upper Jurassic — Lower Cre-
taceous rocks in North-East Greenland is dominat-
ed by black mudstones deposited in an anoxic envi-
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ronment, virtually barren of benthic fossils. During
a relatively short interval in the Late Ryazanian —
Hauterivian light grey, yellowish and red mudstones
were deposited over structural highs, containing a
rich and diverse fauna, in marked contrast to the
under- and overlying black mudstone successions;
the benthos includes brachiopods.

The Upper Jurassic — Lower Cretaceous succes-
sion was deposited during a major Mid Jurassic —
earliest Cretaceous rifting phase, which climaxed in
the Volgian, and formed a series of westward-tilted
halfgrabens (Surlyk 1978). In the Wollaston Forland
area, where the Lower Cretaceous is best exposed, a
wide halfgraben basin was filled with a thick succes-
sion of submarine conglomerates, sandstones and
shales. During the early post-rift phase, in the Val-
anginian — Early Hauterivian, the halfgraben crests
were draped by a few metres of vividly-coloured,
light grey, yellowish and red mudstones.

Stratigraphy

The late syn-rift deposits belong to the Palnatokes
Bjerg Formation, which comprises the Young Sund,
Albrechts Bugt, Redryggen and Falskebugt members
(Surlyk 1978). The western part of the NW flank of
Stratumbjerg provides an excellent cross section
through a tilted fault block and the relationships be-
tween the units are clearly observed (see Surlyk 1978,
2003). The post-rift strata were developed as con-
glomerates and sandstones of the Young Sund Mem-
ber to the west, towards the fault scarp. The mem-
ber gradually becomes finer grained towards the east
in a distal direction, towards the block crest, and
passes into the Albrechts Bugt Member. Farther to
the east, on the crest, the Albrechts Bugt Member is
almost wedged out and is overlain by the Redryg-
gen Member (Surlyk 1978, 2003). The top strata of
the Albrechts Bugt Member locally have alternating
reddish and grey and yellowish colours reflecting
interfingering with or gradual transition into the
Redryggen Member.

The Young Sund Member is a coarse-grained unit
with conglomerates, coarse- and medium-grained
sandstones with pebble layers (Surlyk 1978). It con-
tains reworked concretions of the Albrechts Bugt
Member. The member is relatively poor in fossils.

The Falskebugt Member is also a coarse grained
unit. It is a local facies developed in the easternmost
part of Wollaston Forland and represents a setting in
the proximity of an emergent block crest, which pro-
duced a coarse sandy and conglomeratic facies with
a fauna reflecting a near shore environment. A rela-
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tively diverse fauna was reported from this facies by
Maync (1949) and included a brachiopod fauna,
which was described by Owen (1976). Localities with-
in the Young Sund and Falskebugt members were
not visited during recent fieldwork, which focused
on the younger, more fossiliferous Albrechts Bugt and
Redryggen members.

The southernmost occurrences of Albrechts Bugt
and Redryggen members are within small isolated
outliers on northern and southern Mols Bjerge, re-
spectively, on Traill @ (see descriptions of localities
1 and 2 below), where they are poorly exposed but
highly fossiliferous, dominated by Buchia-bivalves,
belemnites and ammonites. The ammonite fauna in-
cludes representatives of the Lower to lower Upper
Valanginian of the Russian Platform, Arctic Canada
and NW Europe (Alsen & Rawson 2005, this volume),
proving the succession to be highly condensed, as
was similarly argued by Jeletzky (1965). The units
are less-well exposed on Traill & compared to local-
ities in the Wollaston Forland area to the north, which,
however are not so fossiliferous.

The Albrechts Bugt Member is a light grey, calcar-
eous silty mudstone that weathers to yellowish col-
ours. It interfingers with and is overlain by the Red-
ryggen Member, which is characterized by claret-
coloured mudstones. The Albrechts Bugt Member is
generally quite fossiliferous with ammonites of Val-
anginian age, whereas the Radryggen Member in the
Wollaston Forland almost completely lacks ammo-
nites. Recently, a few fragmentary specimens were
retrieved from the Rodryggen Member at Redryg-
gen (locality 5, see Fig. 1) proving the presence of the
Lower Hauterivian (Alsen, unpublished data). Dark
grey or black shales everywhere overlie the Redryg-
gen Member. These were generally correlated with
the middle Cretaceous (Aptian—Albian) and the
boundary between the Redryggen Member and the
overlying black mudstones was regarded a major
hiatus. However, Nghr-Hansen (1993) demonstrat-
ed the oldest sediments of the ‘Aptian—Albian series’
of Maync (1949) were, in fact, of Barremian age.
Mudstones of Barremian age have been since prov-
en from the Hold-with Hope area to the south by
Kelly et al. (1998). The presence of Hauterivian stra-
tanow indicates that sedimentation was more or less
continuous during the Early Cretaceous in North-
East Greenland interrupted by relatively short inter-
vals of non-deposition.

Facing page:

Fig. 1A. Location of Wollaston Forland and Traill @ in NE
Greenland; B. Localities 1 and 2 on Traill &; C. Localities 3-6
on Wollaston Forland; D. Tectonostratigraphic map of Wollas-
ton Forland, identifying the main tectonic blocks.
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Localities and fieldwork

Six Lower Cretaceous localities were investigated by
Alsen, in conjunction with a project dealing with am-
monites from North-East Greenland (Fig. 1, Table 1).
The two localities at Mols Bjerge on Traill &, in the
southern part of the study area, were discovered in
1950-52 by Donovan (1953, 1955, 1957); these have
been revisited in this study.

Donovan’s 1950 collection from his locality 92 in
southern Mols Bjerge (locality 1 of this study, Fig. 1)
comprised a rich fauna of bivalves (Buchia), ammo-
nites and belemnites that had weathered out of the
red mudstones of the Redryggen Member (Donovan
1953). The collection lacked brachiopods, but when
Donovan revisited the locality in 1952 it yielded 15
brachiopod specimens, and these were later de-
scribed and figured by Owen (1976). Recent field-
work, by the second author, (1996-98, 2000), focused
on locality 1, added only one more, fragmented, bra-
chiopod, which had also weathered out of its matrix
(Table 1).

Donovan’s collection from his locality 185 in north-
ern Mols Bjerge (locality 2 of this study, Fig. 1) yield-
ed a similarly rich and diverse fauna of Buchia, am-

monites and belemnites but it also comprised a sin-
gle pygopid (Pygope janitor, herein) brachiopod (Do-
novan 1955, 1957). The fauna had weathered out of
the hard grey limestone of the Albrechts Bugt Mem-
ber. The pygopid was described by Owen (1976), as
Pygope janitor (Pictet) and has attracted much atten-
tion due to its palaeobiogeographical and palaeo-
oceanographical significance. The locality was visit-
ed recently (during 2000) by PA and many addition-
al fossils were collected; but no further brachiopods
were found. However, both Moutonithyris moutoni-
ana (d’Orbigny) and Placothyris kegeli n. sp. (herein)
have been identified from the Donovan collection
from this locality (The Natural History Museum,
London: BMNH BB 60929-31). Compared to the few
and scattered localities on Traill &, the Lower Creta-
ceous succession on the Wollaston Forland area is
much better exposed. The succession is not as fos-
siliferous as that on Traill @ but brachiopods are fairly
common and have been collected at a number of lo-
calities during recent fieldwork in 2001 by PA; these
new collections supplement those made by Surlyk
in 1974 and in the early 1990s.

Strata of the Redryggen Member are well exposed
at locality 3 on a northern ridge of Stratumbjerg

Table 1. Distribution of Lower Cretaceous brachiopod taxa in North-East Greenland

Regional data Locality Figure 1

Taxa

Mols Bjerge, Traill @ Southern part Loc. 1

Mols Bjerge, Traill @ Northern part Loc. 2

Wollaston Forland Falskebugt

Wollaston Forland North ridge, Stratumbjerg Loc. 3

Wollaston Forland East flank, Stratumbjerg Loc. 4

Wollaston Forland Redryggen Loc. 5

Wollaston Forland Brorson Halve Loc. 6

Lacunosella groenlandica
Nucleata sp.

Pygope janitor
Lacunosella groenlandica
Moutonithyris moutoniana
Placothyris kegeli

Lamellaerhynchia cf. rostriformis
Praelongithyris borealis
Cyrtothyris maynci

Ismenia tricostata

Zittelina sp.

Lacunosella groenlandica
Placothyris kegeli

Lacunosella groenlandica

Rugitela hippopus

Pygope janitor
Lacunosella groenlandica
Placothyris kegeli
Rugitela hippopus
Nucleata sp.
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mountain in the western Wollaston Forland. Locali-
ty 3 represents a crestal position on the fault block.
The top of the Upper Jurassic black shales of the Bern-
bjerg Formation was erosively incised during rifting,
but during the Valanginian-Hauterivian the crest was
submerged; one metre of the Albrechts Bugt Mem-
ber, followed by 13.25 m of the Redryggen Member
rest unconformably on older strata. The Rodryggen
Member is overlain by middle Cretaceous (Barremi-
an-Aptian-Albian) black mudstones. The red mud-
stones appear structureless except for Zoophycos trace
fossils, and imbricated inoceramid shell fragments
are found in loose blocks. Macrofossils are common
and include the bivalve Buchia, belemnites and frag-
mented inoceramid bivalves. Brachiopods are rela-
tively common, whereas ammonites are absent. All
fossils were found in loose blocks derived from the
Redryggen Member.

The Valanginian-Hauterivian succession at local-
ity 4, on the eastern flank of Stratumbijerg, is mark-
edly different although it lies less than one kilometre
southeast of locality 3. Here, the Albrechts Bugt Mem-
ber is expanded and passes gradually upwards into
the Redryggen Member. The whole succession is c.
23 m thick and is overlain by (?Barremian—Albian)
middle Cretaceous strata. The succession is mud-
dominated but contains numerous thin centimetre
thick, silty to fine sand layers and occasional coqui-
na-like shell concentrations. Fossils occur common-
ly throughout the measured section; the fauna is
dominated by Buchia and belemnites with less abun-
dant brachiopods and rare, poorly-preserved ammo-
nites. Brachiopods are recorded from five separate
levels.

Three relatively closely-spaced sections (PAL-3/
2001, PAL-4/2001 and PAL-6/2001) were measured
at locality 5 on the ridge Redryggen south of Albre-
chts Bugt in central north Wollaston Forland. The
Lower Cretaceous succession rests on Upper Juras-
sic black shales of the Bernbjerg Formation. The suc-
cession is c. 25 m thick and is overlain by upper Low-
er Cretaceous black mudstones. The Albrechts Bugt
Member is 18 metres thick and contains very early
Valanginian ammonites (Delphinites) near the base,
Early-Late Valanginian ammonites in the middle
part, and possible Early Hauterivian Simbirskites in
the upper part (Alsen & Rawson 2005, this volume;
Alsen unpublished data). The member intercalates
with the Redryggen Member and the boundary be-
tween the two units thus is transitional. Approxi-
mately 7 m of the Redryggen Member is preserved
where thickest, and contains rare Lower Hauterivi-
an ammonites in its middle part (P. Alsen, unpub-
lished data). The succession is thus expanded simi-
lar to that at locality 4, Stratumbjerg. Each of the

measured sections yielded brachiopods, which ex-
tend from near the base to the middle part of the
Albrechts Bugt Member.

The Albrechts Bugt and Redryggen members are
also exposed at locality 6 on the peninsula of Bror-
son Halve, North Wollaston Forland. The Albrechts
Bugt Member, here, also rests on the Upper Jurassic
Bernberg Formation and is only 4 m-thick and con-
tains a rich Lower Valanginian fauna with ammo-
nites, bivalves, belemnites and brachiopods (includ-
ing a complete specimen of Pygope). It is overlain by
c. 10 m of the Redryggen Member, which is barren
in fossils except for rare echinoids, a few Buchia bi-
valves and some indeterminate ammonite fragments.

Systematic Notes

Type and figured material is reposited in the Geo-
logical Museum, University of Copenhagen (MGUH)
and The Natural History Museum, London (BMNH
BB). Additional material is reposited as follows: Alsen
and Surlyk collections (Geological Institute, Univer-
sity of Copenhagen); Donovan and Maync collections
(The Natural History Museum, London).

Family Rhynchonellidae Gray, 1848
Genus Lamellaerhynchia Burri, 1953

Type species. Terebratula rostriformis Roemer, 1836.
Lamellaerhynchia cf. rostriformis (Roemer, 1836)

1976 Lamellaerhynchia cf. rostriformis (Roemer) -
Owen, p. 6, pl. 1, figs 1-3, fig. 2.

Remarks. This large, uniplicate, strongly-ribbed rhyn-
chonellid was described originally from mainly
mouldic material; key internal features such as the
form of the hinge plates, short dental plates and char-
acteristic distal ends of the crura were established
by serial sectioning of a single, well-preserved um-
bonal shell. Owen (1976, p. 7) noted that the Green-
land form differed from the type species, recorded
from Valanginian-Hauterivian strata in Lincolnshire
together with Hannover and Brunswick, North Ger-
many, in being larger with a more consistently oval
to subcircular outline.

This taxon is restricted to the Falskebugt Member
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Fig. 2. Early Cretaceous brachiopods from North-East Greenland. A-F, I. Lacunosella groenlandica Owen. 1, 2, external and internal
views of ventral valve, MGUH 27494 (Alsen colln, locality 4). C-E, ventral, dorsal and anterior views of partly exfoliated con-
joined valves, MGUH 27495, (Alsen colln, locality 4). F, ventral exterior, MGUH 27496 (Alsen colln, locality 3). I, exfoliated ventral
valve, MGUH 27497 (Alsen colln, locality 4). G, H, ]J. Moutonithyris moutoniana (d’Orbigny), ventral, dorsal and lateral views of
conjoined valves, BMNH BB 60930 (Donovan colln, locality 2). K-M, R-T. Placothyris kegeli n. sp. K-M, holotype, lateral, ventral
and dorsal views of conjoined valves, MGUH 27498 (Surlyk colln, locality 6). R-T Ventral, lateral and dorsal valves, BMNH BB
60929, (Donovan colln, locality 2). N-P. Rugitela hippopus (Roemer), ventral, lateral and dorsal views of conjoined valves, MGUH
27499 (Surlyk colln, locality 6). Q. Pygope janitor (Pictet), external view of dorsal valve of broken conjoined pair, MGUH 27500
(Surlyk colln, locality 6). Scale bars under each photograph: 1 cm.
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and to date is exclusively known from only the
Maync collection (see Owen 1976, p. 7).

Genus Lacunosella Wisniewska, 1932

Type species. Rhynchonella arolica Oppel, 1866.

Lacunosella groenlandica Owen, 1976
Fig. 2A-F 1

1953 ‘Rhynchonella’ cf. decipiens d’Orbigny - Muir-
Wood, p. 3, pl. 1, fig. 4.

1957 ‘Rhynchonella’ cf. decipiens d’Orbigny - Dono-
van, p. 206.

1973 ‘Rhynchonella’ cf. decipiens d’Orbigny - Owen,
p.- 123.

1976 Lacunosella groenlandica sp. nov. Owen, p. 7, pl.
2, tig. 4; fig. 4.

Remarks. A significantly larger sample of this taxon
is now recorded from a wider range of localities than
those available to Owen (1976) within the Albrechts
Bugt and Redryggen members. Moreover the mate-
rial includes a spectrum of sizes, permitting some
discussion on the ontogeny of this variable species.
Although samples are still limited this taxon shows
marked allometric growth developing a more elon-
gate outline during ontogeny. The younger growth
stages are smooth with initially two strong costae
developing in the ventral sulcus with about three on
each flank. Many of the specimens are exfoliated ex-
aggerating the apparent smooth external ornament.

Family Terebratulidae Gray, 1840

Genus Praelongithyris Middlemiss, 1959

Type species. Praelongithyris praelongiforma Middlem-
iss, 1959.

Praelongithyris borealis Owen, 1976
1976 ‘Praelongithyris’ borealis sp. nov. Owen, p. 11,
pl. 2, figs 2a—c; fig. 6.

Remarks. Owen’s new species was based on material
from the Falskebugt Member in the Maync Collec-
tion. Although he identified most of the key charac-
teristics of Middlemiss’ genus in serial section, Owen
(1976) preferred to cite the generic name within dou-
ble quotation marks. No further material is availa-
ble for this species.

Genus Cyrtothyris Middlemiss, 1959

Type species. Terebratula depressa cyrta Walker, 1868.

Cyrtothyris maynci Owen, 1976

1976 ‘Cyrtothyris maynci’ sp. nov. Owen, p. 13, pl. 2,
figs la—c, pl. 3, figs 4a—c; fig. 7.

Remarks. This taxon was characterized by Owen
(1976) on the basis of its subcircular to oval outline,
swollen umbo with a large circular foramen and
marked concentric growth lines. The species, to date,
is known from only the Falskebugt Member.

Genus Moutonithyris Middlemiss, 1976

Type species. Terebratula moutoniana d’Orbigny, 1849.

Moutonithyris moutoniana (d’Orbigny, 1849)
Fig.2G, H, ]

1979 Moutonithyris moutoniana (d’Orbigny) - Midd-
lemiss, p. 63.

1991 Moutonithyris moutoniana (d’Orbigny) - Sandy,
p. 145.

Remarks. Middlemiss (1979) and later Sandy (1991)
noted the presence of this taxon in collections in The
Natural History Museum, London (BMNH BB 60930)
from a Lauge Koch expedition in 1952. Two speci-
mens have been identified from the same sample
collected by D.T. Donovan in 1952 and presented to
that museum in 1970.
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Fig. 3. Serial sections of a specimen of Placothyris kegeli n. sp. taken transverse to maximum length. MGUH 27501 (Surlyk colln,
locality 6). The following can be seen: pedicle collar (1.0 mm); disjunct deltidial plates (2.8 mm); small, weakly lobed cardinal
process (2.9 mm); flat to gently ventrally concave hinge plates (sections 3.4 — 4.2 mm); crura develop approximately at right angles
to hinge plates (3.8 mm), dorsal projection becomes greater than ventral (4.2, 4.8 mm); high crural processes (5.9 mm); low-arched
transverse band (8.2 mm); flanges of loop traced to 9.2 mm. Dimensions of sectioned specimen: Length 25.0 mm; width 21.8 mm;

thickness 13.3 mm. Scale bars under each section: 2 mm.

Genus Placothyris Westphal, 1970

Type species. Terebratula rollieri Haas, 1893.

Placothyris kegeli n. sp.

Fig. 2K-M, R-T, Fig. 3

Holotype. MGUH 27498, conjoined valves from Bror-
son Halve (Surlyk colln).

Type locality. Locality 6, Brorson Halve, North Wol-
laston Forland.
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Type horizon. Albrechts Bugt Member.

Name. After the late Docent Walter Kegel Christen-
sen in recognition of his significant and substantial
contributions to Cretaceous palaeontology and
stratigraphy.

Diagnosis. Elongately-oval Placothyris species with
relatively large pedicle foramen. Internally, crura
appear to project both dorsally and ventrally from
the earliest growth stages.



Material. 10 specimens (all conjoined valves) from the
Albrechts Bugt and Redryggen members on Stratum-
bjerg (Alsen and Surlyk collns), Brorson Halve (Sur-
lyk colln) and Mols Bjerge (Donovan colln).

Description. Exterior. Medium-sized, ventribiconvex
valves of elongately oval outline. Anterior commis-
sure rectimarginate. Ventral valve about as wide as
long and about 25% as deep as long. Lateral profile
weakly convex with maximum curvature at um-
bones; anterior profile convex medianly with slop-
ing flanks. Dorsal valve about 85% as wide as long
and about 15% as deep as long. Both profiles flatly
convex. Pedicle foramen, relatively large.

Dorsal interior. A small, weakly lobed cardinal
process is present (Fig. 3, section 2.9 mm). Hinge
plates are flat to gently ventrally concave (sections
3.4-4.2 mm). The crura develop approximately at
right angles to the hinge plates (3.8 mm) and the
dorsal projection becomes greater than the ventral
(4.2, 4.8 mm). The crural processes are high (5.9 mm)
and the W-shape of the transverse band is low-arched
(8.2 mm). The flanges of the loop were traced to 9.2
mm.

Ventral interior. Some slight thickening in the ex-
treme posterior of the valve is present (Fig. 3, sec-
tion 0.0 mm) as part of the pedicle collar (1.0 mm).
Deltidial plates are present and are disjunct (2.8 mm).
Dental lamellae are absent.

Remarks. The serial sections show dorsally directed
crura with small ventral projections, as is typical for
Placothyris. The related Cretaceous Gibbithyris does
not show these ventral projections. Dorsally direct-
ed crura at the posterior of the loop in Placothyris
were, however, illustrated by Westphal (1970, fig. 4).
In the Greenland specimen this was not observed,
the crura appear to project both dorsally and ven-
trally from the earliest phases. This appears to be
the only significant difference between the internal
structures of the Greenland and German material and
is not considered to be of generic significance.
Boullier (1976) illustrated serial sections of the type
species P. rollieri and a new species P. welschi. The
sections of the type species from Oxfordian-age lo-
calities in Switzerland (Boullier 1976, fig. 163) and
France (Boullier 1976, fig. 165) clearly show the dor-
sal and ventral projections of the crura from the hinge
plates. Serial sections though a specimen of Placo-
thyris welschi from the Oxfordian of France (Boullier
1976, fig. 166) shows that the crural plates project
dorsally at the posterior of the valve, then project both
dorsally and ventrally. This is much in the manner

of the sections of P. rollieri in Westphal (1970, fig. 4).

It would therefore appear there is some variabili-
ty in the development of the crura in Placothyris, pos-
teriorly they may project dorsally or both ventrally
and dorsally; but they do project both ventrally and
dorsally through the rest of the loop.

Cooper (1983) discussed the relationship of Placo-
thyris to other genera and reiterated Boullier’s (1976)
contention that Argovithyris is closely allied. Sulser
(1999) has summarized records of Placothyris from
the Jurassic.

Range. This new species extends the range of Placo-
thyris from the Bathonian-Kimmeridgian of Germa-
ny, Switzerland, and France into the Cretaceous of
Greenland. It is certainly likely to be ancestral to Gib-
bithyris (Sulser 1999).

Family Pygopidae Muir-Wood, 1965

Genus Pygope Link, 1830

Type species. Terebratula antinomia Catullo, 1827.

Pygope janitor (Pictet, 1867)
Fig 2Q

1955 Pygope sp. Donovan, p. 21.

1957 Pygope sp. Donovan, p. 208.

1967 Pygope sp. Ager, p. 137.

1976 Pygopejanitor (Pictet) - Owen, p. 14, pl. 3, fig. 3.

Remarks. This taxon, one of the most distinctive and
remarkable brachiopods, has a widespread distribu-
tion within the Tethyan Realm. Donovan’s material
(see Owen 1976) is supplemented by a near complete
dorsal and partial ventral valve from the Albrechts
Bugt Member (Surlyk colln, loc. 6, Brorson Halve).

Genus Nucleata Quenstedt, 1868

Type species. Nucleata collina Quenstedt, 1868.
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Nucleata sp.

1976 Nucleata sp. Owen, p. 15, pl. 1, figs 4a—c.

Remarks. One specimen from Mols Bjerge, Traill &
was assigned to Nucleata. Owen (1976) noted simi-
larities with Upper Jurassic species from France and
Austria. Further material was collected in the early
1990s (Surlyk colln) from the Redryggen Member on
Brorson Halve (locality 6).

Family Dallinidae Beecher, 1893

Genus Ismenia King, 1850

Type species. Terebratulites pectunculoides von Schlot-
heim, 1820.

Ismenia tricostata Owen, 1976

1976 Ismenia tricostata sp. nov. Owen, p. 16, pl. 3,
figs 5a—c.

Remarks. This distinctive taxon is characterized by
three strong, deeply-incised dorsal costae together
with marked and numerous concentric growth lines.
Ismenia is rare in Lower Cretaceous rocks; Owen
(1976, p. 16) recorded the presence of similar shells
in the Barremian rocks of Hildesheim, north Germa-

ny.

Genus Zittelina Rollier, 1919

Type species. Terebratula orbis Quenstedt, 1858.

Zittelina sp.
1976 ‘Zittelina’ sp. Owen, p. 16, pl. 3, figs la—c.

Remarks. One damaged specimen from the Falske-
bugt Member was tentatively assigned to Zittelina
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by Owen (1976) on the basis of its similarities to
material, possibly belonging to that genus from
France and Austria but previously assigned to Wald-
heimia. No further material of this rare taxon is avail-
able.

Genus Rugitela Muir-Wood, 1936
Type species. Terebratula bullata ]. de C. Sowerby, 1823.

Rugitela hippopus (Roemer, 1840)
Figs 2N-P

1976 ?Rugitela sp. Owen, p. 17, pl. 2, fig. 3a—c.

Remarks. Owen (1976) tentatively recorded this ge-
nus on the basis of a single specimen from the Wol-
laston Forland. Several specimens of this distinctive
species are now known from Redryggen (Alsen colln)
and Brorson Halve (Surlyk colln). The features of the
umbones and a characteristic concentric ornament
together with its similarity to species from the near-
coeval Speeton Clay and Claxby Ironstone suggests
an assignment to Rugitela hippopus.

Biofacies and biogeography

Two mutually exclusive sets of brachiopod assem-
blages occur in the Lower Cretaceous (Valanginian)
strata of North-East Greenland associated with two
very different facies. The Falskebugt Member of the
Palnatokes Bjerg Formation is dominated by con-
glomerates and coarse sandstones (Surlyk 1978) and
is restricted to the western flank of the Hiihnerbjerg
Block. These sediments, interpreted as fan deposits
(Surlyk 1978), were derived from the crest of the
emergent parts of the Hithnerbjerg Block, presuma-
bly originating in shallow water. The fauna is domi-
nated by Lamellaerhynchia rostriformis, Praelongithy-
ris borealis and Cyrtothyris maynci (Table 1) and is ex-
clusive to the shallow-water facies of the Falskebugt
Member. By contrast the fauna of the Albrechts Bugt
and Redryggen members is dominated by Lacunosella
groenlandica, Placothyris kegeli and Rugitela hippopus
together with Pygope janitor. The brachiopods occur
within red and yellow sandy mudstones commonly
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Fig. 4. Q and R-mode dendrogram plot for Early Cretaceous brachiopods generated from the Jaccard index using PAST (Hammer
et al. 2001). Based on data in Sandy 1991 [Mexico, S and N America, NW Europe, Barents Sea, Siberia, Russian Plain and the W
Cordillera] together with Sandy 1986 [Provence, France], Nekvasilova 1980 [Moravia, Czech Republic], Dieni et al. 1973 [Sardinia,

Italy] and Smirnova 1972 [Crimea, Ukraine].

forming minor shell concentrations in deeper-water
environments.

Data have been assembled from a range of Lower
Cretaceous localities, globally. The data matrix has
been updated from information presented in Sandy
(1991). Q and R-mode cluster analysis based on the
Jaccard coefficient and generated by PAST (Hammer
et al. 2001) displays a number of loosely-defined clus-
ters (Fig. 4), suggesting that biogeographical patterns
at this time were poorly delineated and a number of
sites have inadequate data. Nevertheless a Tethyan
cluster comprising, Mexico, North Africa, Sardinia,
Provence and South America is clear. The two Green-
land faunas have different associates. The Falskebugt
fauna is tied to those from NW Europe, whereas
Redryggen is linked to the assemblages from Cri-
mea (Ukraine) and Moravia (Czech Republic). None-
theless all five form part of the same supercluster
suggesting some similarities.

Palaeoecology

Ager (1965) developed a model for the ecological
distribution of Mesozoic brachiopods based on the
relationship of morphology to environment. In con-
trast to contemporary models for the distribution of
early Palaeozoic brachiopods (e.g. Ziegler 1965), sub-
strate type rather than depth of water was consid-
ered a primary controlling factor in the distribution
of this part of the post-Palaeozoic epifaunal benthos.
The model has been modified, most recently to add
seamount (Ager 1993) and chemosynthetic faunas
(Sandy 1994). The Falskebugt fauna, dominated by
large terebratulids and ribbed rhynchonellids is typ-
ical of Ager’s shallow-water associations, particularly
those on shallow non-depositional seafloors. This
type of assemblage is also typical of the Boreal prov-
ince (Sandy 1991) emphasising the relationship be-
tween biogeography and biofacies. By contrast the
Albrechts Bugt— Redryggen fauna contains pygopids
together with Lacunosella (sulcate, costate in later
ontogenetic stages) and Placothyris (smooth, rectima-
rginate), associations more typical of deeper-water
environments.
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Conclusions

Two distinctive and mutually exclusive brachiopod
faunas are confirmed from the Lower Cretaceous
rocks of North-East Greenland. The Falskebugt fau-
na is associated with shallow-water facies and has a
Boreal aspect. The Albrechts Bugt - Redryggen fau-
na, however, is from deeper-water facies and con-
tains more Tethyan elements. The occurrence of Teth-
yan elements in North-East Greenland, within the
core of the Boreal Province, requires the migration
of, presumably, larvae over long distances and suit-
able environmental conditions to sustain living pop-
ulations. The migration of these taxa confirms the
track of a proto Gulf Stream; their passage north may
have been facilitated initially by the presence of
seamounts (Ager 1993) along the ridge systems of
the low-latitude parts of the North Atlantic. This
current together with changing oceanographic con-
ditions (Alsen & Surlyk 2004) provided the means
for a significant Out-of-Tethys migration of early
Cretaceous brachiopod taxa. Moreover a number of
genera, e.g. Placothyris and Pygope, extended their
stratigraphical ranges into these higher latitudes
within the Lower Cretaceous, surviving in cooler,
partially oligotrophic environments. Such migrations,
range extensions and facies shifts add confusion to
biogeographical signals during, apparently, an inter-
val of dynamic readjustment of provincial patterns.

Acknowledgements

We thank Dr Sarah Long (The Natural History Mu-
seum, London) for access to specimens in her care
and Professor Finn Surlyk for advice and access to
his collections. They are both thanked for useful re-
views. Harper thanks the late Walter Kegel Christen-
sen for many informative discussions, some involv-
ing Cretaceous stratigraphy and faunas. Alsen ac-
knowledges DONG A/S, Knud Hejgaards Founda-
tion, Aase and Jorgen Miinters Foundation, Japetus
Steenstrup Foundation and the Palaeontological As-
sociation for financial support for fieldwork in Wol-
laston Forland in 2001 and thanks the Geological
Survey of Denmark and Greenland for field support
during the 1996-98 and 2000 seasons in North-East
Greenland. Sandy acknowledges support from the
Donors of the American Chemical Society Petrole-
um Research Fund.

224 - Bulletin of the Geological Society of Denmark

References

Ager, D.V. 1965: The adaptation of Mesozoic brachiopods to
different environments. Palaeogeography, Palaeoclimatolo-
gy, Palaeoecology 87, 137-154.

Ager, D.V. 1967: Some Mesozoic brachiopods in the Tethys re-
gion. In: Adams, C.G & Ager, D.V. (eds): Aspects of Tethyan
Biogeography. Systematics Association Publication 7, 135—
151.

Ager, D.V.1971: Space and time in brachiopod history. In: Mid-
dlemiss, FEA. & Rawson, P.F. (eds): Faunal provinces in space
and time. Geological Journal Special Issue 4, 95-110.

Ager, D.V. 1973: Mesozoic Brachiopoda. In: Hallam, A. (ed.):
Atlas of Palaeobiogeography, 431-436. Elsevier, Amsterdam.

Ager, D.V. 1993: Mesozoic brachiopods and seamounts. In:
Palfy, J. & Voros, A. (eds): Mesozoic Brachiopods of Alpine
Europe, 11-13. Hungarian Geological Society, Budapest.

Alsen, P. & Rawson, P.F. 2005: The Early Valanginian (Early
Cretaceous) ammonite Delphinites (Pseudogarnieria) from
North-East Greenland. Bulletin of the Geological Society of
Denmark 52, 00-00.

Alsen, P. & Surlyk, F. 2004: Deep Marine Redbeds of the Val-
anginian-Hauterivian (Lower Cretaceous) of East Green-
land: palaeo-oceanographic implications. 32th Internation-
al Geological Congress, Firenze, 20-28. August 2004.

Beecher, C.E. 1893: Revisions of the Families of Loop-Bearing
Brachiopoda. Connecticut Academy of Arts and Sciences,
Transactions 9, 376-391.

Boullier, A. 1976: Les Terebratulides de I'Oxfordien du Jura et
de la bordure sud du bassin de Paris. These. University of
Besancon.

Burri, F. 1953. Beitrage zur systematic der Brachiopoden aus der
untersten Kreide im westschweizerischen Juragebirge. Eclogae
Geologicae Helvetica 46, 16 pp.

Catullo, T.A. 1827: Saggio di zoologia fossile. 348 pp. Padova.

Cooper, G. A. 1983: The Terebratulacea (Brachiopoda), Trias-
sic to Recent: A Study of the Brachidia (Loops). Smithso-
nian Contributions to Paleobiology 50.

d’Orbigny, A. 1948-1851: Paléontologie francaise. Terrain Cré-
tacés. 4 Brachiopoda, 1-390.

Dieni, 1., Middlemiss, F.A. & Owen, E.F. 1973: The Lower Cre-
taceous brachiopods of East-Central Sardinia. Bolletino della
Societa Paleontologica Italiana 12, 166-216.

Donovan, D.T. 1953: The Jurassic stratigraphy and palaeontol-
ogy of Traill &, East Greenland. Meddelelser om Grenland
111 (4), 150 pp., pls 1-12.

Donovan, D.T. 1955: The stratigraphy of the Jurassic and Cre-
taceous rocks of Geographical Society &, East Greenland.
Meddelelser om Grenland 103 (9), 59 pp., 2 pls.

Donovan, D.T. 1957: The Jurassic and Cretaceous systems in
East Greenland. Meddelelser om Grenland 155 (4), 207 pp.,
pls 1-4.

Gray, J.E. 1840. Synopsis of the contents of the British Muse-
um. 42" edition. 370 pp. London.

Haas, H.J. 1893: Kritische Beitrdge zur Kenntnis der jurassi-
schen Brachiopodenfauna des schweizerischen Juragebir-
ges und seiner angrenzenden Landestheile. Abhandlungen
der Schweizerischen Paldontologischen Gesellschaft 20, 103—
147.

Hammer, &., Harper, D.A.T. & Ryan, P.D. 2001: PAST - Paleon-
tological Statistics software: Package for Education and Data
Analysis. Palaeontologia Electronica 4, 9 pp.



Jeletzky, ].A. 1965: Late Upper Jurassic and Early Lower Cre-
taceous fossil zones of the Canadian Western Cordillera,
British Columbia. Geological Survey of Canada Bulletin 103,
70 pp.

Kelly, S.R.A., Whitham, A.G., Koraini, A.M. & Price, S.P. 1998:
Lithostratigraphy of the Cretaceous (Barremian—Santonian)
Hold with Hope Group, NE Greenland. Journal of the Geo-
logical Society, London 155, 993-1008.

King, W. 1850: A monograph of the Permian fossils of Eng-
land. Palaeontographical Society Monographs 3, 258 pp.
Link, H.F. 1830: Handbuch der physikalischen Erdbeschrei-

bung. Pt. 2, abt 1, 498 pp. Berlin.

Maync, W. 1940: Stratigraphie des Kiistengebietes von Ostgron-
land zwischen 73-75° N lat. (6stliche Gauss Halve, Hold-
with-Hope, 6stliche Clavering &, Wollaston Forland, Kuhn
I, Sabine @ und Lille Pendulum ©). Meddelelser om Gren-
land 114 (5), 34 pp.

Maync, W. 1949: The Cretaceous Beds between Kuhn & and
Cape Franklin (Gauss Peninsula), Northern East Greenland.
Meddelelser om Grenland 133 (3), 291 pp.

Middlemiss, FE. 1976: Lower Cretaceous Terebratulidina of
Northern England and Germany and their geological back-
ground. Geologisches Jahrbuch 30, 21-104.

Muir-Wood, H.M. 1936: A monograph on the Brachiopods of
the British Great Oolite Series. Palaeontographical Society
Monographs 89, 144 pp.

Muir-Wood, H.M. 1953: On some Jurassic and Cretaceous Bra-
chiopoda from Traill &, East Greenland. Meddelelser om
Groenland 111 (6), 15 pp., 1 pL

Muir-Wood, H.M. 1965: Mesozoic and Cainozoic Terebratu-
lidina, H762-H816. In: Moore, R.C. (ed.): Treatise on inver-
tebrate paleontology. Part H. Brachiopoda. Geological So-
ciety of America, University of Kansas Press, Lawrence,
Kansas.

Nekvasilova, O. 1980: Terebratulida (Brachiopoda) from the
Lower Cretaceous of Stramberk (North-East Moravia),
Czechoslovakia. Sbornik Geologickych Ved (Paleontologie),
Prague 23, 49-81.

Nohr-Hansen, H. 1993: Dinoflagellate cyst stratigraphy of the
Barremian to Albian, Lower Cretaceous, North-East Green-
land. Bulletin Grenlands Geologiske Undersogelse 166, 171

PP-

Oppel, A. 1866: Die Tithonische Etage. Zeitschrift der Deut-
schen Geologischen Gesellschaft (Berlin) 17, 535-558.

Owen, E.E. 1973: The distribution of Lower Cretaceous (Ber-
riasian—-Barremian) rhynchonellid and terebratulid brachi-
opods in the northern hemisphere. In: Casey, C. & Rawson,
P.F. (eds): The Boreal Lower Cretaceous. Geological Journal
Special Issue 5, 121-130.

Owen, E.F. 1976: Some Lower Cretaceous brachiopods from
East Greenland. Meddelelser om Grenland 171, 1-19.

Pictet, EJ. 1867: Etudes paleontologiques sur la faune a Tere-
bratula diphyoides de Berrias (Ardeche). Mélanges Paléon-
tologie Geneve 2, 43-131.

Quenstedt, F.A. 1858: Der Jura. 842 pp. Tubingen.

Roemer, FA. 1836: Die Versteinerungen des Norddeutschen
Oolithen-gebirges. 218 pp. Hannover.

Roemer, F.A. 1840: Die Versteinerungen des Norddeutschen
Kreidegebirge. iv+145 pp., Hannover.

Rollier, H.L. 1919: Synopsis des Spirobranches (Brachiopodes)
Jurassiques Celto-souabes: Sociéte Paléontologie Suiss,
Mémoir 44, 279-422.

Sandy, M.R. 1986: The Lower Cretaceous brachiopods from
Provence, France, and their biostratigraphical distribution.
Bulletin British Museum (Natural History), Geology 40, 177—-
196.

Sandy, M.R. 1991: Aspects of Middle-Late Jurassic—Cretaceous
Tethyan brachiopod biogeography in relation to tectonic and
paleoceanographic developments. Palaeogeography,
Palaeoclimatology, Palaeoecology 87, 137-154.

Sandy, M.R. 1994: Mesozoic Brachiopods of Alpine Europe:
Essay review. Bulletin of the Hungarian Geological Society
123, 503-510.

Smirnova, T.N. 1972: [Brachiopods of the Lower Cretaceous of
the Crimea and Northern Caucasus.]. 143 pp., 13 pls. Mos-
cow, Nauka [in Russian].

Sowerby, J. de C. 1823: The Mineral Conchology of Great Brit-
ain. Volume 4, 115-160, pls 384—406.

Sulser, H. 1999: Die fossilien Brachiopoden der Schweiz und
der angrenzenden Gebiete Juragebirge und Alpen. Paldon-
tologisches Institut und Museum der Universitat Ziirich, 315

Surlyk, E. 1978: Submarine fan sedimentation along fault scarps
on tilted fault blocks (Jurassic-Cretaceous boundary, East
Greenland). Gronlands Geologiske Undersogelse 128, 108

PP-

Surlyk, F. 2003: The Jurassic of East Greenland: a sedimentary
record of thermal subsidence, onset and culmination of rift-
ing. In: Ineson, J.R. & Surlyk, F. (eds): The Jurassic of Den-
mark and Greenland, 659-672. Geological Survey of Den-
mark and Greenland Bulletin 1.

von Schlotheim, E.F. 1820: Die Petrefactenkunde auf ihrem jet-
zigen Standpunkte durch die Beschribung einer Sammlung
versteinerter und fossiler Uberreste der Tier- und Pflanzen-
reichs der Vorwelt erldutert 1, 378 pp. Gotha.

Walker, ].F. 1868: On the species of Brachiopoda, which occur
in the Lower Greensand at Upware. Geological Magazine
5, 399-407.

Westphal, K. 1970. Die Terebratulidae (Brachiopoda) des tief-
eren Weissjura der Schwibischen Alb. Jahresbericht und
Mitteilungen Oberrheinische Geologische Verein 52, 33-70.

Wisniewska, M. 1932. Les Rhynchonellidés Jurassique sup. de
Pologne. Palaeontologia Polonica 2, 1-71.

Ziegler, A M. 1965: Silurian marine communities and their
environmental significance. Nature 207, 270-272.

Harper et al.: Early Cretaceous brachiopods from North-East Greenland 225



