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The ammonite sequence in the Middle Jurassic of central East Greenland is the most complete and 
detailed known in the Arctic so far, and has become a standard of reference for the whole of the Bo real 
Faunal Province. It is made up of some 37 distinguishable assemblages that characterize a time-ordered 
succession of discrete faunal horizons. This succession has been pieced together from over 80 recorded 
sections in Jameson Land lying between Scoresby Sund and Kong Oscars Fjord (70-72°N). It forms the 
biostratigraphic basis for the regional chronostratigraphy. 

The faunal assemblages are listed and described by reference to published illustrations in the 
literature. Faunas 1-23 are of pre-Callovian age and have no elements in common with their 
contemporaries in the classical regions of Europe. They still cannot be correlated with the European 
standard pre-Callovian chronozonations. Most of them must be of Bathonian age, although the earliest 
of them could well be, and probably are, even still Upper Bajocian. The Bathonian-Callovian boundary 
most probably lies somewhere in faunas 24-26, which closely resemble those of the keppleri horizon at 
the base of the Callovian. Faunas 27-35 span the rest of th� Lower Callovian, while faunas 36 and 37 are 
the only evidence of Middle and Upper Callovian. The ammonites from Jameson Land previously 
described by Spath (I 932) are revised and assigned to their correct horizons. Of 11 new species, only 
one is formally named: Kepp/erites vardekloeftensis sp. nov., of latest Bathonian age. 

John H. Callomon, University College London, 20 Gordon Street, London WCJH OAJ, U.K. September 
28th, 1992. 

Introduction 

The history of our knowledge of the Middle Ju
rassic of East Greenland has been told many 
times. The first ammonites to be described, by 
Madsen (1904), were brought back from Jameson 
Land by the Danish expedition led by Amdrup 
and Harts in 1900. This expedition, like others, 
had been one of general exploration. The system
atic study of the geology of East Greenland be
gan with the many expeditions led by Lauge 
Koch in the years 1926--58. The widespread pres
ence of richly fossiliferous Middle Jurassic sedi
ments became apparent already during the first 
of these, 1926--7, when large collections of am
monites were made by Rosenkrantz and Tom 
Harris in the region of Jameson Land west of 
Hurry Inlet. These were described in a classical 
monograph by Spath (1932) which in many ways 
remains the standard work of reference even to
day, at least as concerns the description of spe
cies. Its main shortcoming was a lack of detailed 
stratigraphy, so that the relative successions of 
forms had in part to be inferred and the type 
horizons of most of them were not precisely 
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known. A ·further good collection from Jameson 
Land was made in 1933 by Aldinger (1935), who 
produced some excellent maps and recorded the 
first usable sections. His collection was also sub
mitted to Spath at the British Museum, but it was 
never described. After the war, exploration was 
resumed north of Kong Oscars Fjord (72°N), into 
Traill 0, but although the Middle Jurassic there is 
thick and extensive, ammonites are scarce and 
scattered. The state of knowledge at the time was 
comprehensively reviewed by Donovan (1957). 

A new phase in the study of the Middle Juras
sic started with Koch's last two expeditions in 
1957 and 1958. It was prompted by a re-exam
ination of the ammonite faunas in the light of 
what had been learned in the meantime about 
those of the Middle Jurassic more generally. 
Some of the forms from East Greenland were 
clearly congeneric with European ones. They are 
members of the families Cardioceratidae and 
Kosmoceratidae, which make a sudden appear
ance in Europe somewhere in the lower part of 
the Callovian Stage and then range upwards. 
They were however not conspecific. Others were 
quite different, totally unknown in Europe but 
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previously recorded from elsewhere in the Arc- 
tic, as in the Petshora (Keyserling 1846), the is- 
lands of Franz Josef Land (Newton 1897, Whit- 
field 1907) and Novaya Zemlya (Salfeld & Fre- 
bold 1924). The evidence from East Greenland 
suggested a succession of four ammonite associ- 
ations of which only the highest closely resem- 
bled European Callovian forms. But the three 
below it resembled even less anything known 
elsewhere from the underlying Bathonian Stage. 
The most cautious approach, therefore, was to 
assume that the morphological differences be- 
tween the Greenland and European members of 
the Cardioceratidae and Kosmoceratidae might 
have represented merely biogeographic differ- 
ences, their ages being about the same, late 
Lower Callovian; and that the underlying assem- 
blages were only a little older, quite possibly also 
already early Lower Callovian or perhaps still 
just late Upper Bathonian. Such an interpreta- 
tion seemed to fit well a more general picture 
expounded by Arkell in his influential book 
(1956), of the Bathonian as a time of world-wide 
marine regression leaving no sediments - or, at 
least, no ammonites like those of the Bathonian 
of Europe recently monographed by him. At- 
tempts to date these Arctic faunas more closely 
clearly could make no progress without new evi- 
dente. 

Efforts were therefore concentrated in 1957-8 
on the ammonite biostratigraphy of southern Ja- 
meson Land, making new collections in situ from 
carefully recorded sections. It became immedi- 
ately clear that an immensely rich succession of 
faunas remained to be discovered. After four 
weeks in the vicinity of Hurry Inlet and Carlsberg 
Fjord, the number of faunal horizons character- 
ized by clearly distinguishable ammonite assem- 
blages had risen to nine (Callomon 1959). During 
a private expedition in 1964 led by R. Marris, 
further faunal horizons were discovered in the 
area of Olympen by D. Brown and R. C. What- 
ley, who recorded sections and brought back 
good collections of ammonites. The resumption 
of systematic mapping of central East Greenland 
by the Greenland Geological Survey (GGU) in 
1968 provided access to the remoter interior of 
Jarneson Land where yet further localities were 

discovered (Birkelund, Håkansson & Surlyk 
1971). Subsequent expeditions in 1970,1971 and 
1974 completed the field-work arid led to the 
publication by GGU of geological maps at 
1:100,000 of the whole area with Mesozoic sedi- 
ments lying between Kong Oscars Fjord and 
Scoresby Sund (70-72"N). 

In all, over 80 sections yielding Middle Jurassic 
ammonites have been recorded and the number 
of fauna1 horizons has risen to 37. Of these, two 
or three in the middle of the succession yield 
species of Kepplerites so similar to those that now 
define the base of the Callovian Stage in Europe 
(Callomon et al. 1989) that the Bathonian age of 
the 25 horizons below it can no longer be in 
doubt. In fact, there is strong evidence that the 
lowest, the horizon with Cranocephalites borea- 
lis, is still early Upper Bajocian in age (Callomon 
1984). The ammonite succession of central East 
Greenland has become the best known and prob- 
ably the nearest to complete through the Upper 
Bajocian and Bathonian anywhere in what is now 
recognized to have been a clearly delimited bio- 
provincial domain, the Boreal Province, whose 
ammonites were so strongly endemically re- 
stricted that a precise correlation with their tem- 
poral equivalents elsewhere in the world remains 
impossible. Conversely, this succession has been 
used as a standard of reference for time-correla- 
tions within the whole of the Arctic Boreal Prov- 
ince. 

Such a reference succession is conveniently 
cast into the form of a scale of Standard Chrono- 
zones (Callomon 1985a). The scale has grown 
from its early form, which had seven Zones be- 
low the Callovian (Callomon 1959, 1972), into 
the form of to-day, shown in fig. 2, which has 
nine. Each of these is divisible further into Sub- 
zones, but this must await a ful1 taxonomic eval- 
uation and description of the ammonite faunas 
and their correlations with those elsewhere, a 
task beyond the present scope. Most of the am- 
monite species have however already been de- 
scribed in some form somewhere or other, nota- 
bly in Spath's monograph. The purpose of the 
present account is therefore to present a compila- 
tion of the ammonite succession that should be 
more widely usable by reference to descriptions 

Fig. I. Outcrop of Middle Jurassic sediments in Jameson and Score 
of recorded sections, numbered 1-86 from S to N. 

:sby Lands, central East Greenland, with place-names and locations 
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already in the literature, modeled on a similar 
compilation of the 46 ammonite horizons recog- 
nized in the Upper Jurassic of Milne Land (Callo- 
mon & Birkelund 1980, 1982, Birkelund, Callo- 
mon & Fursich 1984). 

Lithostratigraphy 
The outcrop of Middle Jurassic rocks between 
Scoresby Sund and Kong Oscars Fjord is shown 
in fig. 1. The positions of the sections are in- 
dicated, as are the names of some important lo- 
calities. 

The lithostratigraphy has been described by 
Surlyk et al., who illustrated some typical and 
important sections (1973, figs 14-23). The Middle 
Jurassic is represented by the Vardekloft Forma- 
tion, which has been subdivided into three Mem- 
bers (see fig. 2). Of these the lowest, the Sortehat 
Member, lies disconformably on the Ostreaelv 
Member of the Niells Klinter Formation, of 
Lower Toarcian age. The Sortehat Member con- 
sists mainly of black shales with sideritic concre- 
tions and extends with little change from south- 
ern Jameson Land northwards as far as Kong 
Oscars Fjord and perhaps into Traill 0. Its thick- 
ness varies between 60 m in the south and 120 m 
in the north. The only macrofossils are belem- 
nites and rare oysters. Its age is not closely docu- 
mented. Its upper boundary is however conform- 
able with, and to some degree gradational into, 
the overlying Pelion Member whose base is char- 
acterized by Cranocephalites borealis. It is as- 
sumed therefore to be only moderately older. 
The best guess is Bajocian, the whole of the 
Aalenian and Upper Toarcian being lost in the 
nonsequence. 

The Pelion Member attests to the onset of vig- 
orous blockfaulting, pitching northwards. Its 
thickness in southern Hurrv Inlet is only 5 m, but 
it increases rapidly northwards, reaching 150 m at 
the head of Hurry Inlet (Katedralen), 300 m at 

Pelion and 550 m at Antarctic Havn on the south- 
ern shore of Kong Oscars Fjord. In Traill 0 it is 
at least 700 m thick. It consists of siliclastic are- 
nites, locally with some cobble conglomerates. Its 
upper boundary is gradational and diachronic, so 
that in the north it has laterally replaced the 
whole of the Fossilbjerget Member. Sedimenta- 
tion was highly episodic and discontinuous, cross- 
bedded forsets attaining thicknesses of up to 30 
m. There are rich assemblages of trace-fossils, 
which have been used as bathymetric indicators 
in an evolutionary basin analysis by Heinberg and 
Birkelund (1984). 

The Fossilbjerget Member consists mainly of 
silty, micaceous shales, locally indurated into 
concretions of all sizes, with subordinate thin 
shaly fine-grained sandstones. Thicknesses range 
from 120 m in Hurry Inlet to 100 m at Pelion, 
where sandstones begin to be important, taking 
over completely at Antarctic Havn. The upper 20 
m in southern Jameson Land are marked by an 
abundance of fossil wood in the form of silicified 
logs (the Wood Beds). Despite a rather monoto- 
nous aspect, detailed sedimentology and fossil 
evidence show quite clearly that sedimentation 
was here also highly discontinous. There are 
marked cyclic sequences: barren fine-grained 
shales passing upwards into indurated shales or 
coarser doggery sandstone and terminating in 
thin, red-weathering glauconitic conretionary ho- 
rizons with abundant fossils which are preserved 
as phosphatized casts or as nuclei of phosphatic 
concretions. Each cycle represents typically the 
interval between two separate ammonite fauna1 
horizons, i.e. a significant fraction of an ammo- 
nite Zone, and may span 1-20 m of sediment. 
Any sedimentary structures there may have been 
have usually been obliterated by bioturbation, so 
that no primary sedimentological evidence re- 
mains to indicate the original rate of sedimenta- 
tion and, conversely, the duration of non-se- 
quences; but of the importance of such gaps there 
can be no doubt. 

The upper boundary of the Fossilbjerget Mem- 

Fig. 2. Summary of litho- and standard chronostratigraphies of the Middle and early Upper Jurassic sediments in Jameson Land. The 
chronostratigraphic units are standard ammonite Zones in the relevant biogeographic provinces. The smallest equispaced units 
defining the scales in the Submediterranean column are standard Subzones (not explicitly written Out as such) or, where these are 
widely further subdivisible, extensively recognizable ammonite horizons. The appearance of  parallel provincial standard zonal units 
opposite each other at the same height is a schematic device that does not imply time-correlation. The 41 ammonite faunal horizons 
recognized in East Greenland are numbered as in the text and are shown at the side of the Sub-boreal column. The numbers 1-10 in 
the column under " M  refer to the faunal horizons recognized at Kap Leslie in Milne Land. 
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Fig. 3. Part of a collection of Arcticoceras cranocephaloide Callomon & Birkelund, topotypes, gathered from a layer of slightly 
phosphatic concretions on the southern slopes of Fossilbjerget between sections 42 and 43 by Tove Birkelund and Claus Heinberg in 
1974. Note that the specimens are all adult and macroconchs, which dominate over microconchs in a ratio of at least 50:l. (From 
Birkelund & Perch-Nielsen 1976). 

ber is variable, reflecting a change in tectonic Olympen Formation. In Traill 0, no boundary 
regime in the Upper Oxfordian. In southern Ja- can any longer be drawn between Pelion Member 
meson Land it is sharply terminated somewhere and Olympen Formation, and fossils have be- 
in the Upper Callovian by an erosional non-se- come too rare to  be usable as time-controls. 
quence, overlain by late Middle o r  early Upper 
Oxfordian Hareelv Formation. In central Jame- 
son Land there is a gradational transition in 
Lower Oxfordian to a renewed succession of Biostratigraphy 
clean, fine to medium-grained silicarenites, the 
Olympen Formation. In northern Jameson Land The biostratigraphy of the Middle Jurassic is 
the transition has descended into the Upper Cal- dorninated by that of the ammonites. Their oc- 
lovian, which is there already included in the currences epitomize some very general features 
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of this group of fossils, pointing to a strong eco- 
logical control of their immediately premortal 
distributions (Callomon 1985b). The shells are 
concentrated in sharply defined layers, usually 
separated by thicknesses of sediment in which 
they are absent or best very sparsely scattered. 
Often the fossiliferous layers coincide with tops 
of sedimentary cycles described above, enriched 
in glauconite, which suggests accumulation at 
clastic omission-surfaces or lag-deposits - "con- 
densed deposits"; but there are no signs of re- 
working, abrasion, boring or epifaunal encrusta- 
tion usually symptomatic of such deposits. There 
is also almost no other benthos, such as bivalves. 
Sometimes, in sandstones, the surrounding sedi- 
ments still retain some sedimentary structures 
such as cross-bedding. Elsewhere the shells of 
sphaeroconic groups such as Cadoceras may be 
preserved end-on, at the angles at which they 
came to rest on the sea-ffoor. Most of the shells 
are complete and unbroken, although they may 
have become diagenetically deformed. At some 
horizons, the abundance of fossils can be enor- 
mous. One example was illustrated already by 
Rosenkrantz (1929, p. 146), whose legend to a 
photograph taken in central Jameson Land (fig. 
44) states: "In the foreground thousands of am- 
monites lie spread over the ground". In the the 
fine-grained sediments of the Fossilbjerget Mem- 
ber, these ammonite-beds can sometimes be fol- 
lowed for distances up to 20 km across country, 
although the richness of the fossil-content may 
vary much more rapidly and fade to nothing. In 
the coarser sandstones of the Pelion Member, in 
which the sediments are built up of sharply- 
bounded beds of variable lithologies, showing 
signs of rapid deposition, the distribution of am- 
monites is similarly spasmodic. A thick and mo- 
notonous sequence of sandstones marked only by 
occasional levels of trace-fossils is suddenly punc- 
tuated by a bed, usually less than a metre thick, 
in which ammonites are again abundant. Beds 
such as these are usually impersistent and lentic- 
ular, extending for no more than a few hundred 
metres. The taphonomic evidence suggests, 
therefore, a distribution determined not so much 
by random accidents of preservation as by rela- 
tively infrequent and short-lived periods of re- 
gional habitation by ammonites. 

Stronger evidence in support of such an in- 
terpretation comes from the compositions of the 

assemblages themselves. They have very low di- 
versities. Almost all the faunas fall into only two 
families. Those occurring in the lower and middle 
parts of the Vardekloft Formation belong exclu- 
sively to the Cardioceratidae, which continue up- 
wards and are joined in the upper parts of the 
formation by Kosrnoceratidae. With only few ex- 
ceptions, the assemblages are at every level 
monospecific within each family. These features, 
sometimes cited as characteristic of so-called "im- 
poverished faunas", are typical of habitats at high 
latitudes and call for no special comment. They 
can provide ideal examples for evolutionary stud- 
ies and the Cardioceratidae of East Greenland 
constitute a substantial segment of what must 
now be one of the longest and most closely-docu- 
mented .lineages we know (Callomon 1985b). 
More striking is the make-up of the species them- 
selves. 

The assemblages at almost every fauna1 hori- 
zon consist nearly exclusively of mature adults of 
only one sex: the macroconchs, presumed to have 
been females. An example from Fossilbjerget in 
Jameson Land shown by Birkelund and Perch- 
Nielsen (1976) is reproduced here in fig. 3. De- 
monstrably immature individuals cannot number 
more than a percent or two of the total; and the 
sex-ratio is rarely Jess than 10:1, and can be 
higher than 100:1, in favour of the macroconchs. 
In contrast, there occur, in the otherwise un- 
fossiliferous beds between ammonite horizons in 
the Fossilbjerget Member of southern Jameson 
Land, very rare concretions packed with smal1 
ammonites that are again complete but consist 
entirely of juveniles. Finally, the assemblages in 
successive ammonite-beds are almost invariably 
distinguishable in overall morphology, showing 
that detectable evolutionary changes have taken 
place. Rough estimates of average time-interval 
indicate periods of the order of 100,000 years. 
Yet within each assemblage the morphological 
variation, although considerable, is very homoge- 
neous in a way again indicating close contempo- 
raneity. An interpretation of these distributions 
(Callomon 1985b) is based on a mode of life 
resembling that of many nektonic cephalopods 
to-day. During their well-defined life cycle they 
migrated gregariously, probably spending their 
growing stages nektonically on the high seas and 
returning to their benthic spawning-grounds only 
when fully grown, sexually mature and segre- 
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FAUNAL HORIZONS 

F o r m a t i o n  

gated, to breed and, in the case of the females, to evolving in, a wide biogeographic region prob- 
spawn and then to die. Hence we find their shells ably continuously for millions of years, yet leav- 
at the restricted localities at which the animals ing a fossil record that is highly spasmodic and 
made their only relatively brief contact with the strongly polarized in the selection of only one 
marine substrate, their spawning and dying- ontogenetic stage. 
ground Hence the resolution of an apparent para- Such, then, is the nature of the ammonite re- 
dox, of a group of organisms inhabiting, and cord in East Greenland: a highly discontinuous, 
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(Aldinger 1935). which were also subsequently re-recorded and recollected. His "Signalalp = Freyberg Fjeld" is section 4; "Signalalp 
2A = Spath Fjeld", section 7; and "Signalalp 5A = Bnnkmann Fjeld", section 8. There are additional voluminous collections made 
by Stauber in 1938, in many cases af excellent and important material, but the indications af locality are at best vague and there is no 
stratigraphical information. Section 49 is a composite record af numerous short part-sections exposed in shallow river-banks around 
the lower reaches of Fegins, Depot and Draba Siberica Elven. 
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Table I. Key to horizons and localities af ammonites from Jameson Land, East Greenland, figured by Spath (1932). 

Plate & Faunal Nearest Identification 
figure horizon section 

Cranocephalites maculatus Spath [M] ( H T )  [= C. gracilis Spath pars?] 
C. pompeckji (Madsen) [M] 
C. pompeckji (Madsen) [M] 
C. pompeckji (Madsen) [M] [= C. vulgaris Spath (HT)] 

C. pompeckji (Madsen) [M] 
C. cf. ar  aff. pompeckji (Madsen) [M] 
C. cf. pompeckji (Madsen) [M] 
C. gracilis Spath [M] var. ornatus (type) 

C. gracilis Spath [M] (HT) 
Arctocephalites cf. arcticus (Newton) 
Cranocephalites furcatus Spath [m]? 
C. pompeckli (Madsen) [M] (juvenile)? 
C. pompeckji (Madsen), suture-line of 1-4 
C. aff. gracilis Spath [M] (coarse variant) 

(A .  arcticus, suture af topotype, 12-2) 

C. pompeckji (Madsen) [M] 
C. aff. gracilis Spath [M] 
C. pompeckji (Madsen) [M] (typical) 
Morrisiceras morrisi (Oppel), suture-line af an English specimen; note the 

bifid umbilical lobe diagnostic af the Tethyan family Tulitidae, found 
neither in the Cardioceratidae, to which Cranocephalites belongs, nor in 
the Macrocephalitinae, a homoemorphic but only distantly related group. 

Arctocephalites arcticus (Madsen) [m] 
Cranocephalites furcatus Spath [M] 
C. furcatus Spath [M] 

C. pompeckji Spath [M] (compressed variant) 
C. subbuliatus Spath [M] [= C. carlsbergensis sp. nov. MS?] 
C. carlsbergemis sp. nov. MS [M] 
C. furcatus Spath [M] 
C. carlsbergensis sp. nov. MS [M] 

C. furcatus Spath [M] (HT) 
C. furcatus Spath [M] (smal1 variant) 
Arctocephalites arcticus (Newton) [M] (fragment) 
A. arcticus (Newton) [m] 
C. cf. carlsbergensis sp. nov. MS [M] 
C. subbullatus Spath [M] (very coarse variant) 

C. carlsbergensis sp. nov. MS [M] 
C. subbullatus Spath [M] 
C. subbullatus Spath [M] 
C. subbullatus Spath [M] (HT) 
Arctocephalites arcticus (Newton) [M] 
C. subbullatus Spath [M] 

C. pompeckhji (MAdsen) [M] (typical) 
Arctocephalites cf. or aff. arcticus (Newton) 
A. arcticus (Newton) [M] (fairly inflated variant, intermediate between 

arcticus s.s. and sphaericus) [HT af A. ornatus Spath] 
Arctocephalites? sp. indet. (nucleus) 
C. subbullatus Spath [M] 
Arcticoceras ishmae (Keys.) [M] pars [HT of Cadoceras pseudishmae Spath] 

Arctocephalites greenlandicus Spath [M] (HT) 
(Pseudocadoceras? sp.; Franz Josef Land) 
Arctocephalites cf. arcticus (Newton) (nucleus) 
Cranocephalites sp. 
C. cf. a r  aff. maculatus Spath a r  carlsbergensis [MS] (= C. subextremus 

Spath, HT) 
Arctocephalites sp. indet. (cont.) 
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Table I .  (Cont'd). 

Plate & Faunal Nearest Identification 
figure horizon section 

A. greenlandicus Spath [M] (HT)  (see % l )  
C. c f .  pompeckji (Madsen), fide Spath (nucleus) 
Arctocephalites arcticus (Newton) [M] [HT o f  A.  elegans Spath] 

A.  arcticus (Newton) [M]  [HT o f  A. nudus Spath] 
A.  arcticus (Newton) [m]  
Arcticoceras sp. c f .  ishmae (Keys.) 

(Pseirdocadoceras sp.; Franz Josef Land) 
Arctocephalites arcticus (Newton) [M] pars 
A.  arcticus (Newton) [M]  inflated variant [A.  sphaericus Spath pars] 
A. c f .  arcticus [sphaericus Spath] 

Arcticoceras ishmae (Keys.) a [M] 
(Arctocephalites arcticus (Newton) [M],  topotype, Franz Josef Land) 
A.  arcticus (Newton) [M] 

Cranocephalites furcatus Spath [M]  
Arcticoceras ishmae (Keys.) a [m] [HT o f  A. michaelis Spath, allotype of  A.  

kochi Spath] 
A. ishmae (Keys.) (see 14-1) 

(Arctocephalites arcticus Pars; Franz Josef Land) 

Arcticoceras ishmae (Keys.) a [M]  (compressed variant, A.  kochi Spath) 
A. ishmae (Keys.) [M]? 
A.  ishmae (Keys.) a [m] 
Cranocephalites borealis (Spath) [M] (HT)  

Arcticoceras ishmae (Keys.) [M] [HT o f  A. kochi Spath] 
Arctocephalites arcticus (Newton) [M] (nucleus) 
Cranocephalites sp.? [m] 
Arctocephalites cf.  greenlandicus 
Arcticoceras cf.  ishmae 
A. ishmae (Keys.) [m] 

(A.  ishmae (Keys.) [ M ] ,  Petshora) 

Arctocephalites arcticus (Newton) [M] 
A. cf.  crassum (Madsen) [M]  
A.  arcticus (Newton) [M] 
Cadoceras calyx Spath [M] [C. victor, HT] 

Arcticephalites arcticus (Newton) [M] (the most inflated variant) 
[A. sphaericus Spath, HT] 
Cadoceras c f .  calyx Spath [M] 

Arctocrphalites cf.  freboldi Spath [M] (slightly less strongly ribbed variant) 
A. freboldi Spath [M] (HT) 

Cadoceras variabile Spath [M]  (HT)  
Arctocephalites? sp. 
Kepplerites cf.  vardekloeftensis sp. nov. [M] (septate nucleus) 
Arctocephalites c f .  arcticus (Newton) (fragment o f  a [m]?) 
Arcticoceras cf.  ishmae (Keys.) [M]  (by level and locality; extreme, 

spheroconic variant) 

Cadoceras calyx Spath [M]  (HT)  (wholly septate, extremely evolute variant) 
C. calyx Spath [M] (inner whorls o f  more typical variant) 
Arctocephalites cf.  freboldi Spath [M] or Arcticoceras cf.  harlandi Rawson 

Cadoceras calyx Spath [M] [C, victor; typical variant] 
C. calyx Spath [ M ]  (juvenile; compressed, evolute variant) 

Kepplerites peramplus Spath [M]  
Arctocephalites freboldi [M] or Arcticoceras harlandi [m] (inflated variant)? 

(cont .) 



Callomon: The ammonite succession 

Table I .  (Cont'd). 

Plate & Fauna1 Nearest Identification 
figure horizon section 

Kepplerites cf. svalbardensis Sok. & Bodyl. [M]  
K. cf. vardekloefrensis sp. nov. [M] (septate nucleus) 
K. cf. vardekloeftensis sp. nov. [M] (septate nucleus) 
K. cf. peramplus Spath [M] [= K. noblis; ar extreme involute variant af 

vardekloeftensis?] 

K. peramplus Spath [M] (HT) 
K. cf. vardekloeftensis sp. nov. [m]? 
K. pauper (Spath) [m]  (HT) 
K. cf. vardekloeftensis (nucleus) 
Cadoceras? sp. indet., calyx Spath? 
Kepplerites vardekloeftensis sp. nov. [M]  (paratype) 

Kepplerites vardekloeftensis sp. nov. [M] (paratype) 
K. vardekloeftensis sp. nov. [M]  (HT) 

2 6 1  21 1 K. rosenkrantzi Spath [M] (HT) 
-3 23? 2-3 K. cf. vardekloeftensis sp. nov. (cf. 24-4: note barely tabulate venter) 
-4 22 2-3 K. peramplus Spath [ M ] ,  nucleus 
-5 23? 12 K. pauper (Spath) [m] (HT; cf. 24-3) 
-6 18 2-3 K. sp. nov. G. [stephanoides sp. nov. MS] [M]  

[ M ] ,  [m]:  macro- ar microconch dimorphs, respectively. 
[ . . . l:  subjective synonyms. 
- identifications are "biospecific", horizon by horizon (see text). 

strongly punctuated succession of snapshots in 
the evolving history o£ two lineages. The bio- 
stratigraphy is strongly quantized. Few individual 
sections show more than a handful of fauna1 hori- 
zons and many have only one or two. Some fau- 
nal horizons can be followed widely and picked 
up in many sections, while others have been seen 
in only one or two. The list of faunal horizons 
described below has been accumulated from 
many localities and its time-ordered succession 
pieced together from partial sections by correla- 
tion. 

How complete is this succession? There can be 
no definite answer. On the one hand, the evolu- 
tionary changes in the complete record would 
presumably have been continuous, so that no 
sharp boundaries between successive evolution- 
ary stages would be expected in the fossil record. 
Yet it is just such boundaries at sharp breaks that 
are observed. Conversely, whether two fossil as- 
semblages at two localities really are distinguish- 
able or not, and hence to be regarded as strictly 
coeval or not, depends on the quantity and qual- 
ity of the material available, both highly variable 
and neither ever perfect. It could well be, there- 
fore, that some of the assemblages from different 
localities assigned to the same fauna1 horizon do 

in fact differ slightly in ages. Nevertheless, some 
relatively major fauna1 breaks remain and the 
question arises to what exient they keflect merely 
collection failure - ammonite beds present some- 
where in the region but just not yet found - or 
represent true regional faunal non-sequences: pe- 
riods of time during which ammonites were not 
present to leave a record. The indications are that 
our recording of the evidence regionally is toler- 
ably complete. As more and more sections came 
to be recorded ever further afield, the discovery 
of new honzons becarne less and less frequent, 
and the same horizons kept on reappearing. 
Thus, nothing discovered in the North Sea (Cal- 
lomon 1976, 1979, and numerous more recent 
collections) or in Svalbard (Rawson 1982) has 
added anything to the list of known horizons. It is 
only on going as far away as the Yukon (Poulton 
1987) or arctic Siberia (e.g. Meledina 1973) that 
new faunas appear. Whether they fall into the 
gaps in Greenland or represent biogeographic 
subspecific contemporaries of known Greenland 
faunas remains to be seen and may never be 
determinable. 
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The ammonite fauna1 horizons 

The ful1 systematic description of the faunas of 
East Greenland is a major task that has been in 
progress for some time. Its completion is how- 
ever beyond the scope of the present account and 
has to be deferred. Fortunately, however, the 
majority of nominal species has already been de- 
scribed: the number of new nominal taxa to be 
formally defined is relatively few. What has been 
lacking has been the knowledge of stratigraphical 
succession, which is now available. AI1 of the 
exisiing species have been recollected and their 
type-horizons are now known. It should there- 
fore be possible to interpret the summary of the 
faunal succession given below by reference to 
existing figures and descriptions in the literature. 
The majority are in Spath's monograph (1932) 
and a revision of the legends to his plates, in 
Table I, gives the horizons and revised names of 
all his figures. The sections in Jameson Land in 
which faunal horizons have been recognized are 
shown schematically in fig. 4. They are numbered 
more or less in ascending order from Hurry Inlet 
in the south to Antarctic Havn in the north (fig. 
1). The relation of faunal horizons to the stan- 
dard chronostratigraphical zonal classification of 
the Boreal Middle Jurassic is shown in fig. 2. 

The status of faunal horizons as biostratigraph- 
ical units and the distinction from chronostra- 
tigraphical units was discussed on a previous oc- 
casion (Callomon 1985a). Each horizon is la- 
belled by the name of its most characteristic 
species. The dimorphic status of the type of a 
species is indicated in the usual way: [M], [m] for 
macro- and microconchs respectively. The prob- 
lems of zoological nomenclature that arise in at- 
tempts to adopt a "vertical" classification of suc- 
cessive steps - transients in an evolving lineage - 
have also been discussed elsewhere (Callomon 
1985b), illustrated by numerous examples taken 
from the faunas discussed below. The choice of 
names to label what are in effect formally chro- 
nospecies is to some degree arbitrary, dictated 
largely by convenience and the desire to retain as 
far as possible an existing and well-established 
nomenclature. In many cases, successive tran- 
s ient~  already have separate names, which may 
be retained. In others, it is possible to resolve 
several transients within what has been classified 
together under a single name. In such cases it 

suffices to label such transients with an additional 
non-Linnéan symbol indicating relative strati- 
graphical horizons: a ,  P, y ... This procedure is 
adopted here. 

Boreal Bathonian, Borealis Zone 

Fauna 1. Cranocephalites borealis (Spath, 1932) 
a and p 

Holotype: Spath 1932, pl. 14, figs 4a-d, a nucleus, 
found loose at Hj~rnefjeld by Rosenkrantz. It 
was his only specimen, despite the fact that the 
species is in fact very common and widespread. 
One locality alone at Ugleelv yielded over 200 
specimens from a level of concretions. As with so 
many of the Greenland faunas, macroconchs 
dominate, here by at least 20:l. 

Over most of Jameson Land, C. borealis is 
confined to a narrow interval. In southern Jame- 
son Land, in the area of Hurry Inlet where it is 
most abundant, this interval can be reduced to a 
single layer of concretions. Further north, it may 
span a metre or two in othenvise barren quartz 
sandstones of the Pelion Member up to 100 
metres thick. Only in a smal1 area, in Ugleelv and 
Ræveelv north of Katedralen, has a succession of 
assemblages been found. The most extensive is in 
section 22, where C. borealis occurs at seven 
levels: at 42 m (no. l), and between 61 and 99 m 
(nos. 2-7) above the base of the 101 m thick 
Pelion Member. Of these assemblages, nos. 2-7 
are indistinguishable from the forms found else- 
here in Jameson Land, which appear to be them- 
selves everwhere the same. But assemblage no. 1 
is different: the macroconchs are rather smaller 
and much more coarsely ribbed, retaining their 
ribbing on the bodychamber. It is therefore pos- 
sible to distinguish two transients, a and 0. The 
common, widespread form, including the type, is 
trans. p. To it belong most of the specimens fig- 
ured reviously (Callomon 1959, pl. 17, figs 1, 2, 
pl. 18, fig. 3; 1985b, text-fig. 8A [M], 8 b  [m]). 
Another dimorphic pair (Callomon 1984, fig. 2B 
[M], 2b [m]; 1985b, text-fig. 7B [M], 7b [m]) is 
trans. a. As this transient has so ar been clearly 
recognized at only a single locality, it has not 
been entered in fig. 4 separately, 

The species has also been found in Traill0 and 
described by Donovan under separate names 
(1953, C.  kochi Donovan, p. 80, pl. 15, fig. 8 [M]; 
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id. var. pygmaeus, p. 81, pl. 16, fig. 5 [m]; var. 
latus, p. 82, pl. 16, fig. 6 [M]; ?C. parvus Dono- 
van, p. 79, pl. 15, fig. 2 [M]). 

This fauna, or very close contemporaries, 
makes a sudden widespread appearance through- 
out the Arctic. It seems to have been the first to 
colonize the entire region after a long period 
during which ammonites were absent, for the 
youngest faunas anywhere found below are of 
Aalenian or Early Bajocian age. Typical C. bo- 
realis is widespread in the Yukon (C. warreni 
Frebold, 1958, from the Porcupine River; Poul- 
ton & Callomon 1976, Poulton, Leskiw & Au- 
dretsch 1982, from the Richardson Mountains), 
lying above either Pseudolioceras (Aalenian) or 
Arkelloceras (Lower Bajocian). It has also been 
described from the Anabar region of northern 
Siberia (C. kononovae, laptinskajae, sibiricum 
(Voronets, 1957); Boreiocephalites *pseudobo- 
realis Meledina, 1967; sections given in Meledina 
1973, p. 104). The species has been taken to be 
the first member of the family Cardioceratidae, 
which then inhabited the Arctic without break 
into the Kimmeridgian, a period of some 20 mil- 
lion years (Callomon 1985b). It so strongly re- 
sembles what must have been its immediate an- 
cestors, Chondroceras of the late Lower Bajo- 
cian, that it cannot be much younger, hence 
presumed early Upper Bajocian. 

Indistinctus Zone 

Fauna 2. Cranocephalites indistinctus Callomon, 
1959 [Ml 

Collections from two distinct horizons in the 
Ugleelv area differ slightly, but the material is 
not sufficiently well preserved to distinguish for- 
mally. The two assemblages are therefore simply 
labelled a and P, and assignment of individual 
specimens to one or other is in many cases based 
on stratigraphical position rather than on mor- 
phology. Of the specimens figured in 1959, pl. 17, 
fig. 4 is a, the others P. Microconchs are very rare 
(Callomon 1985b, fig. 8b). Found also in the 
Richardson Mountains of the Yukon (Poulton et 
al. 1982, p. 84) and on Prince Patrick Island in 
the Canadian Arctic Archipelago (Frebold 1958, 
pl. 8, figs 2, 3). There remains a considerable 
morphological jump from C. borealis to C. indis- 
tinctus (see Callomon 1985b figs SA, B) suggest- 

ing a fauna1 hiatus, although there is no great 
thickness of strata in the interval in Greenland. 
Intermediate forms may be represented by e.g. 
Meledina's C. indistinctus (1973, pl. 4, figs 3a, b) 
from Anabar, although the stratigraphy is not 
well enough resolved (id., p. 104, bed 18, 18 m) 
to establish a sequence. 

Pompeckji Zone 

Ammonites of "the group of Cranocephalites 
pompeckji" also occur at many localities in Jame- 
son Land between the head of Hurry Fjord in the 
south and Antarctic Havn in the north, some- 
times in enormous numbers. Detailed examin- 
ation of the collections show them to be made up 
of at least nine distinguishable fauna1 assem- 
blages, each presumably representing a separate 
fauna1 horizon. Of these, six (nos. 3-8) have 
been clearly characterized stratigraphically in 
separable beds that can be recognized over some 
distances. The others, however, have been found 
so far at only one or two localities, and then on 
weathered slopes on which their individual beds 
could not be separated. They have therefore not 
been separately numbered but included in the 
descriptions of the better-characterized assem- 
blages to which the seem to show the closest 
affinities, as sub-assemblages labelled (a), (b), 
etc. As a corollary, there remain considerable 
uncertainties in their stratigraphical order. Such 
uncertainties extend in part to some of the princi- 
pal assemblages themselves, for as may be seen in 
fig. 4, some of these, such as no. 6, that of C. 
furcatus, known so far only from the region of 
Mikael Bjerg, have not been found in succession 
with any of the others. The order of succession 
shown in fig. 4 may therefore have to be revised 
one day. 

Fauna 3. Cranocephalites sp. nov. A 
[intermissus MS] 

A distinct assemblage, to be described, of large, 
involute and very inflated forms resembling 
fauna 5, found so far only in section 21 on Ka- 
tedralen in a local lenticle of slightly crossbedded 
sandstone, above fauna 2 and below fauna 4. 
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gracilis, perhaps a little higher. Similar, but per- 
Fauna 4. CranOce~halites-gracilis 'path, 1932 haps slightly different farms occur at locality 19 

(bed 7) clearly above fauna 4a. C. gracilis var. 
with C. gracilis var. ornata Spath [Ml 

C. maculatus Spath [Ml 
var. tenuis Spath [Ml 
var. transitoria Spath [M] 

Large collections from the eastern and northern 
slopes of Katedralen are made up of at least three 
closely related faunal assemblages that have so 
far been only partially resolved. They include all 
the fornis brought back by Harris and described 
as new species and varieties by Spath, as well as 
some that are new. 

- 4a: Cranocephalites gracilis trans. nov. a 
Smal1 to medium-sized, evolute, compressed, al- 
most serpenticone forms with strong, coarse pri- 
mary ribbing that persists to the end of the ma- 
ture bodychamber, the secondaries weakening or 
narrowly fading on a highly arched, rounded ven- 
ter, tending to regenerate near the final peris- 
tome. There is a general overall resemblance 
both to C. gracilis and to C. distinctus (fauna 2). 
But the only collection of any size from a single 
bed (section 19, bed 6) contains no gracilis proper 
and lies well above the levels of C. indistinctus 
sedarated from them by beds correlated unam- 
biguously with those of fauna 3, C. intermissus, in 
section 21. This assemblage 4a is overlain in sec- 
tion 19 by a bed (no. 7) yielding large, inflated 
forms of C. cf. and aff. maculatus. It occurs loose 
also at localities 20 and 21. 

- 4b: Cranocephalites gracilis trans. P, s.s. 
Found loose only at localities 20 and 21, on the 
northern slopes of Katedralen. Collections made 
at successively higher intervals on the slopes at 
locality 21 suggest that this assemblage immedi- 
ately follows 4a, which occurs there at the lowest 
levels. 

- 4c: Cranocephalites maculatus 
This species is relatively rare and not enough 
material is so far available to be able reliably to 
estimate the intraspecific variability. It rnay in- 
clude the large, inflated end-variant~ of several 
faunas. Specimens closely resembling Spath's 
type have been found only at localities 20 and 21, 
where they occur together, but loose, with C. 

ornata appears to be morphologically intermedi- 
ate between C. maculatus and C. gracilis, and for 
this reason C. maculatus has been attached here 
to C. gracilis rather than to other larger, inflated 
species, such as C. carlsbergensis. 

Some previously described forms are hard to 
place. C. maculatus var. transitoria has also been 
recollected at locality 21. It is characterized by 
the strong, coarse, relatively sharp ribbing that 
persists without fading on the adult bodycham- 
ber. C. maculatus var. tenuis shares this feature 
but is smaller and develops a narrow, smooth 
band on the adult venter. Both forms are rare 
and not at present linked via intermediates to the 
more familiar species, of which, however, they 
may be merely extreme variants. On the other 
hand, there may be yet further distinguishable 
faunal horizons to be resolved here. 

Fauna 5. Cranocephalites sp. nov. B 
[carlsbergensis MS] 

with ? C: inversus Spath [Ml 
? C.  inconstans Spath [Ml 
? C. subbullatus Spath [Ml 
? C.  subextremus Spath . [Ml 
? C. pompeckji var. laevis Spath [M] 

var. intermedia Spath [M] 

Another distinct, well-defined assemblage repre- 
sented by large coliections of well-preserved 
adults from Trefjord Bjerg, section 39 (fauna 5a). 
Some specimens have been figured previously 
(Callomon 1976, fig. 6C, 1985b, figs 8C [M], 8c 
[m]). The characteristic features are large size, 
coarse pnmary ribbing tending to circumbilical 
bullae, and secondary nbbing that fades, leaving 
the external side of the bodychamber smooth. 
The four new species created by Spath are all 
based on types too poorly preserved to be closely 
identifiable. They are part of a collection made 
by Whittard in 1929 at AntarcticHavn during the 
Cambndge expedition of that year (Parkinson & 
Whittard 1931) and came from a single bed about 
a metre thick in an immense succession of barren 
sandstones. The locality has been rediscovered 
(sections 84-86) but newly collected material is 
no better than what was available previously. 
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Doubts remain, therefore, whether this assem- 
blage really is identical with that of C.  carls- 
bergensis, and this could be expressed formally 
by retaining a separate assemblage (5b) of C. 
subbullatus Spath. But for general purposes it 
seems preferable to discontinue the use of these 
ill-defined names and to introduce a new one 
based on good, well-dated material. 

The fauna has been met with repeatedly in 
borings in the North Sea (e.g. Callomon 1976). It 
is probably represented in the Canadian Arctic 
(Frebold 1958, pl. 7, figs la-c), and closely simi- 
lar, if not identical, assemblages occur in north- 
ern Siberia (C.  vulgaris Voronets, Meledina, non 
Spath: Voronets 1962, pl. 5, fig. 1; Meledina 
1973, pl. 2, fig. 1, pl. 3, fig. 1). A similar but 
separate assemblage appears to be represented 
there by C. nordvikensis Voronets (1962, pl. 6, 
figs 1,2, pl. 12, fig. 5; Meledina 1973, pl. 4, fig. 8, 
pl. 10, fig. 1). 

Fauna 6. Cranocephalites furcatus Spath, 1932 
[Ml 

incl. C. furcatus var. pygmaeus Spath [M] 
C. pompeckji var. rustica Spath [Ml 

var. costata [MI 

Slimmer, more evolute forms retaining coarse, 
blunt bifurcating ribbing on the bodychamber. 
Similar but not identical forms seem to occur in 
Siberia e.g. Meledina's C. nordvikensis (1973, pl. 
5 ,  fig 3. ?pl. 3 fig. 3). 

The stratigraphical position of this fauna is un- 
certain. It is widespread around Mikael Bjerg, 
sections 29-37, where however none of the other 
faunas have so far been positively identified. 
Conversely, it appears to be absent around Ka- 
tedralen if we discount one or two specimens of 
the correct morphology, found loose, that may be 
merely extreme variants of one of the other fau- 
nas. The species as a whole closely resembles C. 
. gracilis (fauna 4), but there are consistent differ- 
ences in the styk of ribbing, the quadrate whorl- 
section, and the morphology of the inner whorls, 
which are closer to those of C. pompeckji. 

with C. vulgaris Spath [Ml 
var. compressa Spath [M] 
var. densicostata Spath [M] 
var. inflata Spath [Ml 
var. robusta Spath [Ml 

The species was based on five syntypes collected 
by Nordenskjold and Harz during the Danish 
expedition of 1900. Madsen's pl. 8, fig. 6 was 
selected to be the type by Spath (1932, p. 17). 
The locality, "Ammonite Mountain", must have 
lain somewhere north of Sortehat (section 24) if 
the elevation of 500 m is to be believed. Cer- 
tainly, Madsen's type can be matched in a stra- 
tigraphically well-defined assemblage that occurs 
in profusion all round upper Ugleelv and on Ka- 
tedralen, whence came also C.  vulgaris and its 
varieties. Other topotypes have been figured in 
Callomon 1985b, fig. 4; fig. 8D [M], 8d [m]. 

Also found in the Yukon (Poulton et al. 1982), 
Prince Patrick Island (Frebold 1958, pl. 8, fig. l ) ,  
Novaya Zemlya (Sokolov 1913, pl. 1, fig. 2) and 
northern Siberia (Voronets 1962, pl. 7, fig. 1). 

Fauna 8. Cranocephalites sp. nov. C 
[episcopalis MS] 

Very large, inflated forms strongly and densely 
ribbed to large diameters, sometimes to the end, 
sometimes becoming smooth on the bodycham- 
bers. The available material is not great and is 
rather poorly presened, but the morphology is so 
distinct that it cannot be mistaken. The type lo- 
cality is in Ugleelv (section 21) but there was no 
difficulty in recognizing the fauna again in anoth- 
er isolated section on Pelion, section 58. The 
closest figures in the literature appear to be again 
of specimens from Siberia (Meledina 1973, pl. 2, 
fig. 2, pl. 3, fig. 2, pl. 5, fig. 2). 

There is again no direct evidence of the relative 
stratigraphic position of this fauna other than that 
it lies above C. carlsbergensis, fauna 5. Morph- 
ologically, however, it has already almost as 
much in common with the earliest forms of Arcto- 
cephalites above as it does with typical Crano- 
cephalites, especially in the wide variability of 
inflation and large size. For this reason it is 
placed here a t  the top of the Pompeckji Zone. 

Fauna 7. Cranocephalites pompeckji (Madsen, 
1904) [Ml 
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Arcticus Zone 

Fauna 9. Arctocephalites arcticus (Newton, 
1897) [Ml 

with A.  koettlitzi (Pompeckj) [Ml 
A.  ellipticus Spath [Ml 
A.  pilaeformis Spath [Ml 
A.  nudus Spath [Ml 
A. elegans Spath [Ml 
A .  ornatus Spath [Ml 

var. pleurophora Spath [M] 
A.  sphaericus Spath [Ml 
A. platynotus Spath [Ml 

This fauna marks a change in direction in the 
evolution of the Cardioceratidae, towards forms 
that are predominantly compressed, highly in- 
volute, densely and finely ribbed on the inner 
whorls and wholly smooth on the adult body- 
chamber. At the same time the intraspecific var- 
iability of the inflation of the shell greatly in- 
creases, ranging at every level from compressed 
to sphaeroconic. These changes have been con- 
ventionally indicated by a change of generic 
name, although the transition is phyletic, not 
phylogenetic. Fauna 9 is intermediate but already 
highly variable. The first four species were from 
Windy Gully on Franz Josef Land and appear to 
be from the same horizon, although this is not 
proven (Newton & Teall 1897, Pompeckj 1900, 
Whitfield 1907). The remaining six forms all 
came from a single horizon, half a metre thick, in 
Jameson Land, rediscovered and recollected in 
1971 (section 35), and there are intermediates 
between all the extremes of variability repre- 
sented by elegans (compressed), nudus (smooth) 
and sphaericus (inflated), including specimens 
that match very closely the forms from Franz 
Josef Land. Hence the same name is used for 
both assemblages, even if they are not quite iden- 
tical. Additional figures in Callomon 1985b, fig. 
8E [M], 8e [m] (= Callomon 1976, fig. 5E). Sib- 
eria: Meledina 1973, pl. 12. 

Fauna 10. Arctocephalites sp. nov. D 
[delicatus MS] 

with A.  cf./aff. sphaericus Spath 

Callomon 1985b, fig. 8F [M], 8f [m]. Typically 

7* 

rather small, compressed forms with very small 
umbilicus and rounded venter, dense but sharp 
ribbing retained to later stages than in the fauna 
below. There is again a tail in the distribution, of 
inflated forms up to nearly spherical. But the 
most significant change is in the microconchs, 
which are now evolute, compressed and densely 
ribbed to the end, a style changing little until well 
up in the Callovian and previously often de- 
scribed under the name Pseudocadoceras or, for 
the early forms, Costacadoceras Rawson, 1982. 
?Novaya Zemlya: Salfeld & Frebold (1924), pl. 
1, fig. 1. 

The differences between faunas 9 and 10 are 
again large enough to suggest a considerable fau- 
nal hiatus in Greenland. What may be the mis- 
sing intermediates have been described from the 
Yukon (Poulton 1987, as A.  spathi, A. porcupi- 
nensis and A.  arcticus in part, Spathi and Porcu- 
pinensis Zones). 

Greenlandicus Zone 

Three faunas dominated by large, compressed 
and highly involute forms, still finely and densely 
ribbed on the inner whorls, becoming smooth. 

Fauna 11. Arctocephalites sp. nov. E 
[micrumbilicatus MS] 

Predominant morphology disc-like, with minute 
umbilicus and arched venter; larger than the 
forms in fauna 10; occasional variants again large 
and inflated. 

Fauna 12. Arctocephalites greenlandicus Spath, 
1932 [Ml 

with A. crassum (Madsen, 1904) [Ml 
A.  spp. aff. crassum 

Callomon 1985b, fig. 8g [M], 8g [m]. Larger, 
more evolute and more coarsely-ribbed to grea- 
ter diameters than fauna 11. Widely recognizable 
throughout south and central Jameson Land. The 
types of greenlandicus (compressed) and crassum 
(inflated) came from Katedralen (Ugleelv) and 
Vardekloft (southern Hurry Inlet) respectively, 
but new collections from both localities are suffi- 
ciently numerous to leave little doubt that the 
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two "species" came from the same horizon; and 
intermediates show that they are merely the ex- 
treme variants of a single biospecies. The micro- 
conchs are now also relatively large, evolute and 
still finely ribbed. The Greenlandicus Zone is 
almost certainly present both in Siberia and the 
Yukon, represented by such forms as A. kigilakh- 
ensis Voronets, 1962 (pl. 9, fig. 3; MeIedina 1973, 
pl. 17, fig. 1 [M], pl. 18, fig. 3 [m]) and A.  frami, 
amundseni Poulton, 1987 (pls. 12, 13), but the 
faunas do not seem to be identical. 

Fauna 13. Arctocephalites freboldi (Spath, 1932) 

with A. cf. greenlandicus, late form 
A. aff. crassum 

Large, fairly evolute, strongly and coarsely 
ribbed; inflated forms now predominate. Only 
the inner whorls were figured by Spath (holo- 
type, pl. 18, fig. 2a, b), but a cast of the whole' 
specimen, which is septate to 100 mm with the 
bodychamber just beginning, has been illustrated 
by Poulton (1987, pl. 16, fig. 1, 2). Possibly rep- 
resented in the Yukon by A.  belli Poulton and his 
A. cf. freboldi, sp. A, sp. B (pls. 14, 17). 

Ishmae Zone 

Fauna 14. Arcticoceras harlandi Rawson, 1982 

[Ml 

A. cf. excentricum Voronets, 1962 [M] 
A.  (Costacadoceras) bluethgeni Rawson, 

1982 [ml 

Very large, coarsely-ribbed forms, the primaries 
accentuated low on the whorl-side, the second- 
aries becoming accentuated on the arched venter 
- taken arbitrarily as the distinction between 
Arctocephalites and Arcticoceras - without how- 
ever yet sweeping forward. Inflated variants now 
quite evolute. Microconchs also large, strongly 
ribbed. The pair A. harlandilA. bluethgeni give as 
clearcut an example of dimorphism as could be 
wished for. The type material came from a beau- 
tifully-preserved and abundant assemblage found 
in Kong Karls Land, Svalbard. Material from 
Jameson Land is less well-preserved, but suffi- 
cient to leave identity with the Svalbard assem- 
blage in little doubt. The specimens from the 

Yukon figured by Poulton (1982, pls. 19, 20) 
under the same name seem identical. Petshora: 
Meledina 1987. 

Fauna 15. Arcticoceras ishmae (Keyserling, 
1846) a 

The first of two successive assemblages differing 
in details - see below. 

Fauna 16. Arcticoceras ishmae (Keyserling, 
1846) P [= S.S.] [Ml 

with A. kochi Spath [Ml 
var. pseudolarnberti Spath [m] 

A. michaelis Spath [ml 
A. pseudishmae (Spath) [inflated var.][M] 
Oxycerites cf. birkelundi Poulton, 1987 

Callomon 1985b, fig. 8H [M], $h [m]. This, one 
of the most venerable of Arctic ammonites, had 
until quite recently to rely for its interpretation 
largely on a topotype in London figured by Spath 
(1932, pl. 15, figs 7a, b; refigured by Krymholts 
et al. in the Russian Osnovy, Luppov & Drush- 
chits 1958, pl. 31, figs 6a, b), obtained from 
Krantz in 1897. The specimen originally de- 
scnbed by Keyserling (1846, pl. 20, figs 8 ,9  only) 
has now been refigured (in Saks et al. 1976, pl. 9, 
figs la ,  b, and in Krymholts, Mesezhnikov & 
Westermann 1988, pl. 6, figs la ,  b). It was one of 
several syntypes, not holotype as stated in the 
legends of the refigurations, and any residual 
doubts are now removed by formally designating 
it lectotype. The similarity between it and Spath's 
specimen is extremely close. In both fauna 15 and 
16 compressed variants dominate, although as 
usual there is a minority of inflated forms, the 
extremes being almost spherical. The ribbing is 
sharp and strong, with now a pronounced for- 
ward sweep of the accentuated secondaries on 
the sharply arched venter, slightly more so in 
fauna 16 than in 15; the forms of fauna 16 are also 
somewhat smaller and become smooth on the 
adult bodychambers rather earlier. The holotype 
and probably most of the rest of the type-series of 
A.  kochi came from fauna 16, as do the variants 
most closely resembling the lectotype and Spath's 
specimen of A .  ishmae. Furthermore, the type of 
A. kochi is somewhat crushed and otherwise 
poorly preserved, in no fit state to uphold a well- 
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defined, independent species. Hence A. kochi is 
treated as no more than a junior synonym of A. 
ishmae S.S. These relationships have become 
clear only through new and stratigrahically con- 
trolled collections, made after A .  kochi had be- 
come index of the Kochi Zone. This should 
therefore also be renamed Ishmae Zone. Other 
specimens from Greenland have been figured by 
Callomon (1976, fig. 5B) and Callomon & Wright 
(1989, fig. 6). 

This is one of the commonest and most wide- 
spread faunas in the Arctic. Northern North Sea 
(Callomon 1976); northern Russia (Petshora, 
Keyserling 1846, Sokolov 1912, Meledina 1987); 
Novaya Zemlya (Meledina 1973); northern Sib- 
eria (Lena-Anabar, Meledina 1973); Yukon (see 
discussion in Callomon 1984, p. 165, fauna C8). 

Of special interest is the appearance at this 
level of the genus Oxycerites, otherwise usually 
restricted to more temperate or tropical "Teth- 
yan" latitudes. Specimens from Greenland have 
been figured by Birkelund et al. (1971, pl. 1, pl. 
2, figs 1-5). Very similar specimens, from almost 
identical levels in tlie Yukon, were described un- 
der the name Ox. birkelundi by Poulton (1987). 
Ox. undatus and jugatus Ershova & Meledina, 
1968 (redescribed by Meledina, 1973) from 
northern Siberia appear to be a little older, from 
either the Arcticus or Greenlandicus Zones. 

Fauna 17. Arcticoceras sp. nov. F 
[crassiplicatum MS] 

Typically compressed forms with relatively open 
umbilicus and acute venter, as in A.  ishmae, but 
with now very coarse and strong ribbing which 
persists ventrally on the whole of the adult body- 
charnber. Has been found at several localities, 
from Hurry Inlet to Mikaels Bjerg, but is alrnost 
always fragmentary or crushed. The only record 
elsewhere so far appears to be in the Yukon 
(Callomon 1984, p. 165, fauna C8 (c)). 

Cranocephaloide Zone 

Fauna 18. Arcticoceras cranocephaloide 
Callomon & Birkelund, 1985 

with Kepplerites sp. nov. G [stephanoides MS] 
K. tychonis var. fasciculata Spath, 1932 
(pi. 26, fig. 6) 

Text-fig. 3; Callomon 1985, fig. 81 [M], 8i [m]. 
Late forms of Arcticoceras beginning to be transi- 
tional to Cadoceras, particularly in the inner 
whorls which are evolute with open umbilicus, 
and the microconchs, which can be almost ser- 
penticone. The adult bodychambers are ribbed to 
the end and round-whorled; found as fragments, 
they strongly recall Cranocephalites (see fig. 3). 

This horizon sees the first appearance, sud- 
denly and in quantity, of the Kosmoceratidae. 
These early forms are round-whorled at all 
stages, both in macro- and microconch, and could 
equally well be placed still in Cadomites [M]/ 
Polyplectites [m], themselves descendents of Ste- 
phanoceras. Similarly small, round-whorled, den- 
sely-ribbed forms still resembling Cadomites 
make an equally abrupt first appearance at about 
the same level in the Western Interior of North 
America (see Callomon 1984, p. 153, fauna A5, 
Kepp. costidensus (Imlay, 1953)). In the Yukon, 
what appears still to be true Cadomites occurs as 
high as the lower Ishmae Zone (Poulton 1987, pl. 
29, figs 20-23). 

Fauna 19. Kepplerites tychonis Ravn, 1911 

with Arcticoceras aff. cranocephaloide 

The name tychonis has hitherto been applied in- 
discriminately to numerous forms of Kepplerites 
found in the Arctic and in North America (e.g. 
by Spath), in the absence of stratigraphical de- 
tai l~.  The type (Ravn 1911, pl. 37, figs la-e, refig- 
ured by Irnlay 1975, pl. 5, fig. 4, pl. 6, fig. 6, for 
comparison with forms from southern Alaska) 
was found loose on Store Koldewey, 600 km 
north of Jameson Land. The true K. tychonis has 
since been found in abundance and in succession 
in Jameson Land, and at one locality in Milne 
Land (Callomon & Birkelund 1980, pl. 1, fig. 3 
[M], 4 [m]. The microconchs now have sharply 
tabulate venters, as in Kosmoceras, but no ven- 
tro-lateral tubercles. The Arcticoceras was also 
illustrated from Milne Land (ibid., pl. 1, fig. la, b 
[Ml, 2a, b [ml). 

Variabile Zone 
Fauna 20. Kepplerites sp. nov. H [inflatus MS] 

with Arcticoceras sp. 
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Cadoceras cf. or  aff. variabile Spath 

The Keppleritids resemble K. tychonis in style of 
ribbing but are much more inflated, some with 
almost spheroconic inner whorls. The Arcticocer- 
atids are highly variable, some beginning to de- 
velop on the umbilical margin in the adult macro- 
conch bodychamber the sharp edge usually taken 
as the differentiating character of Cadoceras. 

Fauna 21. Kepplerites rosenkrantzi Spath, 1932 

with Arcticoceras sp. nov. Z 
Cadoceras variabile Spath, 1932 

(cf. Callornon 1985b, figs 8J, j) 
C. ventroplanum Voronets, 1962 
C. subcatostoma Voronets, 1962 
C. cf. or aff. barnstoni (Meek) 
C. aff. caiyx Spath and spp. 

This assemblage may be a mixture of two faunas 
of slightly differing ages that could not always be 
separated in the field. The Arcticoceras is small, 
involute and compressed, and seems genuinely to 
be the last representative of the genus, not con- 
nected at this horizon with coeval Cadoceras 
through intermediates. The Cadoceras now have 
the coiling characteristic of the genus but retain 
the coarse, strong ribbing of Arcticoceras. C. 
barnstoni is a Canadian species and has been 
redescribed from the Yukon, where it is abun- 
dant (Poulton 1987). Arctic Russia: Kanin Pen- 
insula (Meledina 1987). 

Calyx Zone 

Fauna 22. Kepplerites peramplus Spath, 1932 
? = K. antiquus Spath, nobilis Spath 

with K. svalbardensis Sokolov & Bodylevsky, 
1931 
Cadoceras cf. franciscus Spath 
C. cf. victor Spath 
C. aff. variabile Spath 
C. perrarum Voronets 

The Keppleritids seem to fall into two quite sep- 
arate groups, the huge, involute, compressedper- 
ampius probably representing a local element. 
Other specimens were figured in Dietl & Callo- 
mon 1988 (figs 3-5) for comparison with a very 

similar specimen found in the Upper Bathonian, 
Orbis Zone of the Franconian Alb in Germany. 
The Cadoceratids are relatively small, with in- 
flated bodychambers. 

Fauna 23. Kepplerites vardekloeftensis sp. nov. 
(= K. tychonis Spath non Ravn) 

with Cadoceras victor Spath 
C. calyx 
C. franciscus Spath 
C. ammon Spath [a juvenile] 

This is the horizon of the "tychonis beds" of 
Spath, a prominent level of calcareous, concre- 
tionary siltstone that can be followed all along 
Neills Klinter, the cliffs that border the western 
shore of Hurry Inlet. It forms the top bed of the 
Fossilbjerget Member proper of the Vardekl~ft 
Formation and marks a non-sequence below the 
irnmediately overlying Wood Beds, of late Lower 
to Middle Callovian ages. Overlooking Rosen- 
krantz's principal camp-quarters in the years 
1926-7, it provided an exproportionately large 
component of the faunas described by Spath. The 
type of K. vardekloejlensis is Spath's K. tychonis, 
pl. 25, fig. 2, a fine complete adult, with the other 
specimen, fig. 1, as paratype. The coiling is 
slightly more evolute than in K. tychonis, the 
whorl-section more inflated and rounded, the 
adult size larger; but the ribbing is still fine and 
dense, with fasciculate secondaries dividing in- 
conspicuously low on the whorl-side. The macro- 
conchs have inner whorls that are still almost 
round-ventered, with only a hint of flattening. 
The microconchs are compressed with narrow, 
flat venter bordered by sharp, angular ventro- 
lateral margins but no tubercles. The adult peris- 
tome has a long, slender lappet. There is a strong 
resemblance to Kosmoceras pauper Spath (1932, 
p. 96, pl. 24, fig. 3a, b), but as Spath himself 
pointed out, the closest resemblance of this holo- 
type and only known specimen is to the micro- 
conchs of the English upper Calloviense Zone, 
Enodatum Subzone. I t  was said to have come 
from the "tychonis bed" west of Harris Fjeld, at 
the northern end of the Neills Cliff outcrops, but 
in this area the bed has become rather unfossilif- 
erous. It may well have come from a concretion 
in the Wood Beds above, which are there well 
exposed and which have yielded Calloviense 



Bulletin of the Geological Society of Denmark 

Zone ammonites. None closely like it have been 
rediscovered during the renewed search of the 
"tychonis bed". The species K. pauper is there- 
fore best kept separate for the time being, as of 
uncertain age. 

The commonest Cadoceras in this fauna is C. 
victor, probably the largest species of Cadoceras 
known. Inner whorls are evolute, the umbilicus 
in the adult open: C. calyx is merely an extreme 
variant. The ribbing fades fairly early, but traces 
of the primaries remain as crenulations on the 
sharp umbilical edge. Additional figures in Callo- 
mon 1985b (fig. 8K [M], 8k [m]). 

Lower Callovian, Apertum Zone 

Faunas 24-26. Cadoceras apertum Callornon & 
Birkelund 1985 a, P, y 

with C. cf. or aff. frearsi (d'orbigny) [M] 
Kepplerites cf. or aff. keppleri (Oppel)[M] 
K. truillensis Donovan, 1953 [Ml 

Three faunas found in rapid succession, clearly 
distinguishable in the field and morphologically 
when material is plentiful; but there is so much 
overlap of variants that individual specimens may 
be hard to assign, especially among the rather 
featureless Cadoceratid macroconchs. The forms 
of this genus are now highly evolute, some of the 
microconchs of transient y becoming round- 
whorled serpenticones like Perisphinctids (for ad- 
ditional figures see Callomon 198513, fig. 8L [M], 
81 [m]). Of all the Cadoceratids known from 
Greenland and Britain, it is those from these 
horizons that most closely resemble d'orbigny's 
Amm. frearsi (1845, p. 444, pl. 37, figs 1,2). The 
type appears to be lost, so we are dependent on 
the first reviser, who was Nikitin (1885, p. 55). 
He pointed out that even the locality given by 
d'orbigny - Khoroshovo, near Moscow - could 
not be correct, for the earliest beds there are 
Volgian in age. He described new material, in- 
cluding a specimen, refigured by Sazonov (1957, 
p. 106, pl. 4, figs 1, la ,  from Elatma), that was 
designated neotype by Callomon and Birkelund 
(1985, p. 82, with ful1 discusssion). The species 
occurs in the Elatrnae Zone of the Russian Plat- 
form; and the age of this is now firmly established 
as early Lower Callovian through the affinity of 
C. elatmae with C.  guenstedti, which occurs in the 

lowest, Keppleri Subzone of the basal Heweyi 
Zone (Callomon, Dietl & Niederhofer 1989). 

The Keppleritids are not sufficiently numerous 
to show whether the Greenland fauna matches 
that of the type fauna of K. keppleri in Swabia 
across the whole range of variability, but some 
variants match European specimens exactly. 
There can be little doubt that the relations are 
very close. The type horizon of K. keppleri has 
now been precisely established in Swabia and is 
characterized by a rich'accompanying fauna of 
Macrocephalitids, Oppeliids, Bullatimorphitids 
and Perisphinctids (Callomon et al. 1989 cit. 
sup.). It is being proposed as the basal fauna1 
horizon in defining the basal boundary stratotype 
of the Callovian Stage. The horizons of C.  aper- 
turn are therefore also taken to mark the base of 
the Callovian in Greenland, although how closely 
this coincides with the stratotype cannot be deter- 
mined with a precision greater than that which 
the fauna1 correlations permit - as in all correla- 
tions. 

Fauna 27. Kepplerites sp. nov. J 
[tenuifasciculatus MS] 

A distinct horizon found in the Mikael - Fossil- 
bjerget area of central Jameson Land, in which 
Keppleritids dominate almost to the exclusion of 
Cadoceratids. The forms are more evolute than 
K. keppleri. The style of ribbing is similar but 
much finer and denser. 

Fauna 28. Cadoceras (Paracadoceras) cf. or aff. 
breve Blake, 1905 

with Kepplerites aff. traillensis Donovan 

Found in the area around Olympen. Material is 
fairly abundant but rather poorly preserved, and 
perhaps of slightly different ages at different 
places; but the identification of the small, evo- 
lute, smooth Paracadoceras seems secure. The 
type horizon of C. breve in Dorset lies some way 
up in the Upper Cornbrash, still in the sidding- 
tonensis brachiopod zone (Douglas & Arkell 
1928), which occasional Macrocephalitids indi- 
cate to be the upper part of rhe Keppleri Subzone 
of the Herveyi Zone. In the North American 
Cordillera Paracadoceras occurs at a similar lev- 
el, irnmediately above Kepplerites loganianus, 
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the local equivalent of K. keppleri (Callomon 
1984, p. 160, fauna B8 (b)). 

Nordenskoeldi Zone 

 auna nas 2%30. Cadoceras nordenskjoeldi 
Callomon & Birkelund a, P 

with C. (Paracadoceras) sp. indet. [Ml 
C. (Pseudocadoceras) sp. [ml 
Kepplerites aff. traillensis 

All the available material is more or less crushed, 
but the evolute and coarsely-ribbed C. norden- 
skoeldi is highly characteristic and hard to mis- 
take. The first specimen to be found was col- 
lected by Nordenskjcild and described by Madsen 
as a Perispinctid, Olcostephanus sp. Two succes- 
sive faunas are'clearly distinguishable in the field, 
the lower (a) being somewhat less coarsely rib- 
bed, resembling still the evolute but regularly rib- 
bed forms of the probably ancestral C. aperturn. 
C. nordenskoeldi appears to represent a local 
fauna that died out abruptly, leaving no descend- 
ents. It is quite distinct from the associated Para- 
cadoceras, which represents the long-ranging 
mainstream of the evolving Cadoceratid lineage. 

Koenigi Zone 

Fauna 31. Cadoceras septentrionale Frebold, 
1964 

Callomon 198513, fig. 8M [M], 8m [m]. The type 
series came from Axel Heiberg Island in the Can- 
adian Arctic Archipelago. The resemblance of 
the Greenland assemblage is close, over the 
whole range of variability; cadicones predomin- 
ate. May be represented in Siberia. There is now 
also a growing resemblance to the earliest fauna 
of Cadoceras found in Britain in the Koenigi 
Zone, although they are not the same the Green- 
land forms, having consistently more open umbil- 
ici. In the absence of Keppleritids it is difficult to 
correlate the fauna more closely with those of 
Europe. It is therefore placed somewhat arbitra- 
rily already in the Koenigi Zone. The base of this 

has itself not yet been formally defined, because 
of remaining unresolved problems of correlation 
even in Europe (see Callomon et al. 1989). 

Fauna 32. Kepplerites cf. gowerianus (Sowerby) 

with K. cf. metorchus Buckman [Ml 
K .  (Torricellites) cf. approximatus 

Buckman [ml 
Cadoceras cf. tolype Buckman [Ml 
C. (Pseudocadoceras) cf. grewingki 

Pompeckj [ml 
Proplanulites cf. laevigatus Buckman [M] 

The abundantly fossiliferous sandstones and 
shales with concretions of the Apertum-Nor- 
denskjoeldi Zones in central Jameson Land are 
followed by a considerable thickness of silty to 
fine-grained sandy shales with almost no hard 
beds. Even if they do contain ammonites, these 
cannot be recovered because of weathering. The 
material in the present fauna came from two lo- 
calities. The first lies in one of the rare indurated 
lenticles in these shales in section 68, SSW of the 
summit of Olympen. The second lies in a bed of 
more substantial sandstone that has come in, 
west of Olympen, in section 74. The specimens in 
the first sample are crushed and poorly pre- 
served, but the Keppleritids show the character- 
istic evolute coiling, smal1 size and dense ribbing 
of K. gowerianus, typical of the group referred to 
the subgenus Gowericeras that marks the begin- 
ning of the Koenigi Zone in Europe. The second 
sample is larger and better preserved. Its Kep- 
pleritids are closer to K. metorchus, which in 
England is perhaps a little older than K. gower- 
ianus s.s. (Callomon, Dietl & Page 1989). The 
Greenland material is however insufficient to 
make a distinction, and both samples are there- 
fore assigned to the same fauna1 horizon. 

Fauna 33. Chamoussetia phillipsi Callomon & 
Wright, 1989 

with Kepplerites (Gowericeras) cf. trichophorus 
Buckman, 1922 [Ml 

K. (Toricelliceras) sp. [ml 
Cadoceras sp. cf. or aff. sublaeve 

(Sowerby) 
Propfanulites sp. 
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This fauna correlates closely with those of the 
Curtilobus Subzone of the Koenigi Zone, espe- 
cially from Yorkshire, recently revised by Page 
(1989). It may be represented in the Petshora by 
Chamoussetia stuckenbergi (Lahusen, 1875) (see 
Callomon & Wright 1989), where the Keppler- 
itids appear however to be absent. 

Fauna 34. Kepplerites galilaeii (Oppe], 1862) 

with K. (Toricellites) cf. curticornutus 
(Buckman) [ml 

Cadoceras sp. nov. J [coriniense MS] [M] 
C. (Pseudocadoceras) cf. grewingki 

Pompeckj [ml 
Proplanulites (Crassiplanulites) cf. 

crassicosta Buckman, 1921 [Ml 
l? (Proplanulites) cf. petrosus 

Buckman [ml 

Found in a bed about a metre thick cropping out 
widely to the west of Olympen as far as Kosmoc- 
eras Bjerg, bearing an astonishing resemblance 
both in fauna and facies to the classical Kellaways 
Rock of Wiltshire. As there, the succession is 
condensed and several fauna1 honzons occur in 
quick succession, their resolution having been 
achieved only recently (Callomon, Dietl & Page, 
1989). K. galilaeii is morphologically transitional 
to Sigaloceras, beginning to show involute, com- 
pressed inner whorls with tabulate venter and 
dense, fine ribbing. The Cadoceras is a form 
characteristic of the Galilaeii Subzone: relatively 
compressed, with arched venter, smal], and be- 
coming wholly smooth at already early stages. It 
was noted by Spath (1932 (p. 60) and referred to 
as the "English form of C. tchefkini, d'orbigny 
sp.", to which it certainly bears a strong resem- 
blance, but the true tcheffkini (d'orbigny 1845, 
pl. 35, figs 10-15, refigured by Douvillé 1911, no. 
214, from Elatma) comes from the Middle Callo- 
vian (Nikitin 1881, p. 64). 

Calloviense Zone 

Fauna 35. Sigaloceras calloviense (J. Sowerby, 
1815) [Ml 

with S. (Guliemina) quinqueplicata 
Buckman [ml 

Cadoceras cf. sublaeve (J. Sowerby) 

Faunas 34 and 35 could often not be clearly sep- 
arated in the field. They are most profuse by far 
in a bed of hard sandstone, about a metre thick, 
that crops out only around Kellaways- and Kos- 
mocerasbjerge, sections 75-78. The bed is locally 
divisible into up to five thinner units (a)-(e) sep- 
arated by sharply-defined partings. These sub- 
units may be cross-bedded. They are traversed by 
vertical burrows to depths of 0.5 m, crossing the 
partings. The fossils occur in nests, almost always 
in the top one or two units, the ammonites em- 
bedded at all angles. As an exception, in section 
74 the ammonites are from the middle of the bed. 
Here tliey are however demonstrably older, 
fauna 32 above. Sedimentation must therefore 
have been rapid but highly sporadic. Yet the sedi- 
ments must have remained unconsolidated and 
vulnerable to bioturbation for almost the whole 
of the time interval of their accumulation, shown 
by the ammonites preserved in them to represent 
a period.equivalent to the whole of an ammonite 
Subzone, perhaps 300000 years. The inability to 
separate some of the faunas stratigraphically in 
the field is therefore not surprising. That the two 
faunas really are of different ages has been 
clearly established in England, where the dis- 
tinction between K. galilaeii and S. calloviense is 
clear-cut. The forms of the latter from Greenland 
are not identical with the English type faunas, but 
are  -very..- close* They differ mainly in being 
slightly more evolute and compressed. The fine, 
dense ribbing and tabulate venters are the same. 
The difference in age of the two faunas is con- 
firmed in Greenland by the fact that their relative 
abundances in the collections vary widely from 
place to place. 

The horizon o£ S. calloviense is one of the most 
widely recognizable: from East Greenland, via 
Britain and northern France to southern Ger- 
many, eastwards across much of the Russian Plat- 
form (Meledina 1987) to the Caucasus (Lomi- 
nadze & Sakharov 1985). 

Middle Callovian 

Fauna 36. Kosrnoceras cf. or aff. jason 
(Reinecke) [Ml 

with K. cf. or aff. gulierni (Sowerby) [m] 
Cadocerai aff. anabarense Bodylevsky, 

1960 or aff. rnilaschevici (Nikitin, 
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1881) [M] 
C. (Pseudocadoceras) cf. laminatum 

Buckman or cf. concinnum 
Buckman [ml 

The post-Calloviense beds in Jameson Land, al- 
though thick, become sparsely fossiliferous. Am- 
monites, usualiy pooriy preserved, are found at 
scattered and stratigraphically widely separated 
localities. Even so, they appear to have colonized 
the region at only a few times, so that only some 
of the Zones of the Middle and Upper Callovian 
have been recognized at all. The fauna listed 
above seems to indicate one reasonably coherent 
assemblage. The Kosmoceratids occur around 
Olympen and Parnas in beds that are transitional 
to the Olympen Formation; the Cadoceratids 
came mainly from further south, from shales or 
the Wood Beds in the upper part of the Varde- 
k l ~ f t  Formation. Attempts to identify the macro- 
conch more closely are hindered by the absence 
so far of a systematic descnption of the Cadocer- 
atids of the early Middle Callovian of Europe. 

figured). The Kosmoceratids are most closely 
similar to those found in the lower Athleta Zone 
of Britain and northern France, in the Phaeinum 
Subzone of the British standard zonation. 

The intraspecific variability is considerable. 
One of the forms with fine, dense spinose ribbing 
on the inner whorls was figured from Milne Land 
by Callomon and Birkelund (1980, pl. 2, fig. 1); 
another, with "looped" secondary ribbing, as in 
K. phaeinum itself, from northern Jameson 
Land, by Birkelund, Håkansson and Surlyk 
(1971, pl. 2, fig. 6). As at other levels, this fauna 
from central East Greenland represents a mix- 
ture of elements from two faunal provinces, the 
Subboreal (Kosmoceras) and truly Boreal (Lon- 
gaeviceras). In the Subboreal proper, in Britain, 
Longaeviceras is uncommon and Kosmoceras 
dominates. In the Boreal proper, e.g. in the Pet- 
shora, Kosmoceras is extremely rare (Meledina 
1987, ?pl. 8, figs 1, 2, 4). 

Higher faunas: Oxfordian 

Upper Callovian Scattered finds of Cardioceratidae in Jameson 
Land indicate Lower and Middle Oxfordian: 

Fauna 37. Longaeviceras keyserlingi (Sokolov, 
1912) 

with L. cf. or aff. stenolobum (Keyserling, Fauna 38. Quenstedtoceras woodhamense 
1846) Arkell, 1939 

Kosmoceras cf. jibuliferurn (Buckman, 
1924) Valley in the south slopes of Olympen, an iso- 

Kosmoceras cf. phaeinum (Buckman, lated level in thick Olympen Formation. Mariae 

- 1924) Zone, Scarburgense Subzone 

Quite well-preserved material has been found at 
one narrow horizon around Kosmocerasbjerg, 
west of Olympen, and what appears to be the 
same fauna occurs in the hills around Antarctic 
Havn and in Milne Land. The Longaeviceras 
seems to be identical with the fauna described 
from the Petshora by Sokolov. It can become 
huge (cf. Sokolov's pl. 1, fig. 3a-d: L. nikitini is a 
synonym of L. keyserlingi) and has the character- 
istic acute venter on the inner whorls. (The no- 
menclature of L. stenolobum is complicated by 
Sokolov's attempt to attach Keyserling's name to 
a specimen that was not a syntype: see discussion 
by Bodylevsky 1960, p. 77, who in turn desig- 
nated as lectotype a specimen that has yet to be 

Fauna 39. Cardioceras alphacordaturn Spath, 
1939 

River-bank in the area of lower Depot Elv, cen- 
tral Jameson Land, in shales laterally equivalent 
to Olympen Formation. Mariae Zone, Praecor- 
datum Zone. 

Fauna 40. Cardioceras cf. densiplicatum Boden 

Scattered finds in the higher parts of th t  Olym- 
pen Formation around Olympen (e.g. Birkelund 
et al. 1971, pl. 2, figs 7-9) and on Mikaels Bjerg. 
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Densiplicatum Zone, Vertebrale Subzone of the 
Middle Oxfordian. 

Fauna 41. Decipia cf. decipiens (Sowerby) 

The lowest fauna found in the Hareelv Formation 
in Neills Klinter on Hurry Inlet, and at scattered 
localities further inland to the west. Upper Ox- 
fordian, Glosense Zone, equivalent to fauna 9 of 
Milne Land (Callomon and Birkelund 1980). 

The Upper Jurassic faunas of East Greenland, 
including those of the Oxfordian, are best devel- 
oped in Milne Land, which provides the regional 
standard of reference. For comparison, the levels 
of the first ten fauna1 horizons of Milne Land 
have been included in fig. 2. Kimmeridgian and 
Volgian faunas are sparse and scattered in Jame- 
son Land. Those found so far have been summa- 
rized by Surlyk et al. (1973). 

Conclusions 

Fig. 2 shows how far we have come since those 
first intriguing collections brought back by Ro- 
senkrantz and Harris were described by Spath in 
1932. His Cranocephalites, Arctocephalites, Arc- 
ticoceras and Seymourites Beds included what he 
tentatively identified as seven ammonite faunal 
horizons (1932, p. 138). They correspond roughly 
to faunas 5, 7, 9, 15 and 23. Among the forms 
described by him we can now additionally recog- 
nize representatives of faunas 1,4,  6 ,  12, 13, 18, 
21 and 22: a total of 13 out of the 37 Middle 
Jurassic faunas known from Jameson Land to- 
day. 

The greatest interest attaches to faunas 1-30, 
almost all of which, because of fauna1 provincial- 
ism, can still not be closely correlated with their 
European equivalents. Faunas 1-23 are definitely 
pre-Callovian and span what has usually been 
called the Boreal Bathonian, for which they have 
become the standard. As discussed previously, 
there are in fact grounds for believing that the 
Borealis Zone at the base could well correspond 
to a level still somewhere as low as the late Lower 
Bajocian Humphriesianum Zone of Europe. The 
finest subdivisions indicated at the left of the 
Subrnediterranean BajocianIBathonian in fig. 2 
correspond to the best faunal resolution now 
available for that part of the column in Europe, 

the product of a century and a halfs intensive 
study. Whatever their precise correlations rnight 
be, the 23 horizons of Greenland can therefore 
be equivalent at most to the 32 horizons of the 
Humphriesianum-Discus interval in Europe. 
These figures need of course not be identical 
even ideally, for there are no reasons whatever 
for believing that the rates of morphological evo- 
lution of all ammonite shells were so similar and 
constant that the time-spacings of ammonite hori- 
zons are everywhere the same. Nevertheless, the 
figures are sufficiently similar to give some cre- 
dence to the belief that the ammonite fauna1 re- 
cord over this range is not much less complete in 
Greenland than it is in Europe. In contrast, 
higher in the Callovian (faunas 33-39), direct 
correlation with the well-known European stan- 
dard is again possible and shows that the record 
in Greenland is here highly incomplete. This con- 
clusion was however already quite clear frorn the 
field evidence itself. Ammonites in this part of 
the succession are sparse and stratigraphically 
widely-spaced by any standards. 

Finally, what fig. 2 does not reveal is that the 
results it presents depend entirely on three coin- 
cidental strokes of luck. The first is that in the 
whole of the Arctic Boreal Province, there were 
in fact areas at all to which the ammonites chose 
during Boreal Bathonian times to return again 
and again to die and to leave us a succession of 
their shells as guide-fossils. How many of such 
areas there may ever have been we do not know. 
But they cannot have been many, for the major- 
ity with Boreal Bathonian sediments known to us 
to-day yield very few ammonites: even less, suc- 
cession~ of them. Traill 0, for instance, immedi- 
ately Iiorth of Jameson Land, is for purposes of 
detailed Jurassic ammonite biostratigraphy quite 
useless. The second stroke of luck is that at least 
one of these favoured areas should have been 
preserved frorn loss by erosion. Not much of the 
Middle Jurassic that once undoubtedly covered 
the East Greenland shelf has survived. And 
thirdly, we are lucky also to have one of the 
preserved, favoured areas so well exposed at out- 
crop as in Jarneson Land. The sediments could 
have been covered by ice, as they still are on 
Olympen; or in moraines and other supe-rficial 
deposits, as they are in parts of central Jameson 
Land; or in Tertiary basalts as, if preserved at all, 
they must be everywhere south of Scoresby Sund. 
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In the Upper Jurassic, the same three factors
have converged even more acutely in the tiny
surviving outlier at Kap Leslie in Milne Land.

All these points are obvious and barely worth
making. They do however raise some questions
that are important in more general contexts. How
much would we have known about Arctic Juras-
sic biostratigraphy, biogeography and chronology
had the successions of Jameson and Milne Lands
no longer existed or never been discovered? The
geological record is notoriously incomplete, but
at what scale? The discoveries in Greenland have
perchance filled one or two gaps and, perhaps
more importantly, shown how large such gaps
can still be. How many other such gaps remain to
be filled, and where? Are there some that will
never be filled because the evidence has been
permanently lost, for example by subduction
along the whole of the northern rim of the Tethys
and Pacific between the Pamirs and Alaska? The
moral of Greenland is that, even after a century
and a half of world-wide study of a System as
intensively explored as the Jurassic has been, it
would be rash to assume that our knowledge
must necessarily now be close to complete.
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Dansk sammendrag
Ammonitforekomsterne i det mellem jurassiske interval i det
centrale 0stgr0nland er de mest kornplette og velstuderede fra
det arktiske omrade og er blevet en standard for hele den
boreale faunaprovins. Der er 37 forskellige selskaber, som ka-
rakteriserer en tidsf0lge af aflejringer. Denne tidsf0lge er op-
naet gennem studier af mere end 80 forskellige fossilf0rende
sedimentsre sekvenser pa Jameson Land mellem Scoresby
Sund og Kong Oscars Fjord. Ammonitforekomsterne udg0r
rygraden i den regionale stratigrafi.

Ammonitselskaberne gennemgaes med henvisning til alle-
rede publiserede beskrivelser. Faunaerne nr. 1-23 er af prae-
callovien alder og har ingen reprasentanter faelles med deres
formodede samtidige i det europsiske omrade. De kan derfor
endnu ikke korreleres med den europaeiske ammonit standard-
zonering. De fleste af dem ma nok tilh0re bathonien tiden, selv
om de tidligste nok tilh0rer bajocien. Bathonien-callovien
gransen ligger sandsynligvis inden for fauna 24-26, som ligner
den europaiske fauna i keppleri zonen i den nederste del af
callovien. Faunaerne 27-35 omfatter resten af nedre callovien,
mens faunaerne 36 og 37 er den eneste indikation pa mellem og
0vre callovien. Ammonitterne fra Jameson Land, der tidligere
er beskrevet af Spath (1932), er i dette arbejde revideret og
henf0rt til deres rette niveauer. Blandt 11 nye arter bliver kun
en beskrevet nemlig Kepplerites vardekloeftensis. Den er af sen
bathonien alder.
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70-30. Kosmoceras Bjerg, northern Jameson Land: sandstones of the upper Vardekloft Formation capped by Olympen Formation, 
representing almost the whole of Callovian and the lowermost Oxfordian Stages. In the foreground, a sandstone in the same facies 
and of the same age as the classical Kellaways Rock of Wiltshire in England, so named by William Smith, with abundant ammonites of 
the Calloviense Zone, including Sigaloceras calloviense (J. Sowerby). 



71-2. Ugleelv, southern Jameson Land, looking east towards the head of Hurry Inlet with ice-capped peaks of Liverpool Land in the 
far distance; Katedralen lies to the right. Pelion Member of the Vardekloft Formation (foreground) on Liassic Neill Klinter Formation 
(hills in the middle distance). 

70-25. Jameson Land, upper Olympen Elv, looking north. In the foreground, Fossilbjerget Member of the Vardekloft Formation: 
dark. silty shales with layers of concretions of Lower Callovian age, grading upwards (middle distance) into sandstones of the 
Olympen Formation. of Lawer-Middle Oxfordian age. 



70-52. Parnas, northern Jameson Land, looking north: giant foreset sandstone buttress on the southern ridge, in the lower Olympen 
Formation, of Oxfordian age. 


