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Abstract

Localities and deposits in north-west Niigssuaq yielding fossil corals of the order
Scleractinia are described. The age of the corals is Campanian ?, Maastrichtian and
Lower Paleocene (Danian), on the basis of other marine fossils.

22 species are considered; 7 are described as new and are indigenous, 2 are pos-
sibly North American forms, 3 are known from Europe, and 10 are identifiable only to
generic level. The following genera and subgenera are represented: Haimesiastraea
(Havmestiastraea), H. (Perugiastrea) ?, Discotrochus ?, Astrangia (Coenangia) ?,Oculina,
Caryophyllia, Trochocyathus, Paracyathus, Stephanocyathus (Stephanocyathus), Desmo-
phyllum ?, Lophelia ?, Parasmilia, Flabellum, Balanophyllia, and Dendrophyllia. In
addition, two new genera are described: Kangiliacyathus and Faksephyllia.

Certain Danian corals from Scandinavia are also revised.

In a survey of habitats, the lithology of the coral localities is considered together
with bathymetric and thermal ranges known for scleractinian genera and species from
other parts of the world. Depth and temperature of the Campanian and Maastrichtian
seas in Greenland cannot be estimated with any accuracy. The Lower and Upper
Danian seas were generally rather shallow. There is little evidence on which to judge the
Danian climate.

Two species were perhaps hermatypic (no reef structures have been found). The
remaining scleractinians are presumed to have been ahermatypic. A non-reef coral
association has been found. Lower Danian rather sparsely populated polytypic coral
thickets show signs of continual disturbance from water turbulence. The approximate
depth of formation of these thickets appears to have been 80 m or shallower, which
appears to be less than is usual for coral structures of this type.

Some Lower Paleocene species provide conclusive evidence of a direct connection
between the Danian seas of West Greenland and of Scandinavia.
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INTRODUCTION

n Greenland, scleractinian corals of Upper Cretaceous and Lower Ter-

tiary age have so far been found only in West Greenland. All the
localities are situated in the north-western part of the peninsula called
Nuagssuaq (Lat. 70° N-71° N).

Scleractinian fossils were noticed on Nugssuaq for the first time by
the Danish Nugssuaq Expeditions (De Danske Nigssuaq Ekspeditioner)
1938-39, which were led by Professor ALFRED RosENkRraNTZ, Copenhagen.
The little material then collected (1939) has been supplemented since
1946 by large collections made during the current geological mapping of
the peninsula under the auspices of the Geological Survey of Greenland
(Grenlands Geologiske Undersagelse, abbreviated as G. G. U.). Professor
RosENkRANTZ was also the leader and coordinator of the G. G. U. field-
work on Nagssuaq. A history of the fieldwork is given in ROSENKRANTZ,
1970. The present writer visited most of the coral localities in 1949, 1953,
and in 1957.

The scleractinian material is housed in the Mineralogical Museum
of the University of Copenhagen. It has, however, received little notice
in the literature, a brief summary of which follows:

In 1940, RoSENKRANTZ et al. (p. 658) mentioned the occurrence of
Dendrophyllia in Danian volcanic tuff on Nigssuaq. It was on this in-
formation that PouLsen (in Begceirp, 1945, p. 16) based his reference
to the material. In 1951 (p. 156) and in 1953 (p.31) ROSENKRANTZ
briefly stated the existence of corals in the Danian of northern Nigssuagq.
On the basis of a personal communication from the author, ROSENKRANTZ
later (1962, 1964 a) pointed out that the Greenlandic Danian dendroid
genera and even species appeared to be identical with those of Europe
(Denmark) and (1963 ¢) that the European Dendrophyllia candelabrum
was recognized in the (Lower) Danian of Nigssuaq. In the latter note
he mentioned the existence of scleractinian fossils in the Greenlandic so-
called Paleocene. In 1966, RAsMUSSEN (p. 156) also mentioned this occur-
rence of Dendrophyllia in the Danian deposits. Froris (1967 a, b) pre-
sented preliminary results of his study on the fauna treated in this paper.
These same preliminary results are quoted by RosENkrRANTZ & PULVER-
TAFT (1969). RosENkrANTZ (1970) mentions the occurrence of Dendro-
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phyllia candelabrum and makes use of short personal notes on the sclerac-
tinian fauna given to him by the present author in 1968 and 1969. Ras-
MUsSSEN (1969) and HeEnDERsoN (1969) mentioned the same occurrence
of D. candelabrum. On the basis of a personal communication from the
author, HanseEN (1970) mentioned ‘‘corals’ from certain concretions and
SzczecHurA (1971) mentioned “corals” from certain beds. BIRKELUND
(1971) mentioned corals and the same occurrence of D. candelabrum.

In the stratigraphical placing of the Greenlandic material the present
writer mainly depends on the results from other faunal elements, such as
ammonites and other molluscs, by BiIRkELuND (1965), ROSENKRANTZ &
PurverTarT (1969), RosEnkranTz (1970), HAanseNn (1970). The main
part of the coral-bearing Greenlandic deposits can thereby be correlated
with the Danian deposits of Denmark. For the division of the Danian, see
RosENkRrANTZ (1970, p. 446).

The Danian is here considered lowermost Tertiary, in accordance
with many authors (see for instance EL-NAGGAR, 1967, with discussion and
references) and in contrast with the statement of DEsor (1847) that the
Danian is the youngest stage of the Cretaceous. This common disagree-
ment with DEsoRr’s point of view is based principally on palaeontological
revision and broadened study, particularly of molluses (e.g. RoSEN-
KRANTZ, 1960) and foraminifera. Generally, the Greenlandic scleractinians
treated in this paper tend to draw the Danian into the Tertiary. The
Danian is here considered a full stage constituting the Lower Paleocene.
This consideration forms part of the Paleocene concept presented by
EL-NaGGAR (1967), viz.:

Upper Paleocene: Landenian;
Middle Paleocene: Heersian (DumonT, 1851); Montian (DEWALQUE, 1868)
is a junior synonym;

Lower Paleocene: Danian.

(The lower part of the Selandian (RoseEnkraNTZ, 1924), and in
particular the Copenhagen Paleocene, is placed within the Middle Paleo-
cene, or Heersian; see HANSEN, 1968.)

The placing of formations and groups of southern and eastern U. S. A.
within the Paleocene and Eocene is in most cases in accordance with the
scheme published by PALMER & BraNN, 1965. In general, for the strati-
graphy of the Paleocene and Eocene of the Pacific Lower Tertiary of the
U. S. A., use is made of the compilation chart in Papp, 1959 (p. 318).
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Fig. 1. Map of Nigssuaq showing areas reproduced on a larger scale in Figs 2, 10 and

14, and coral localities outside these areas mentioned in the text. 1: Alluvial fan of the

Quvnilik valley; 2: Locality in the Qilakitsoq valley; 3: Locality on the south-side of

the Tunorssuaq valley. (Reproduced by permission (A.497/70) of the Geodetic
Institute, Copenhagen).

DESCRIPTION OF THE LOCALITIES
Maps, see Figs 1, 2, 10, and 14

The fossils described in this paper were collected from localities in the
north-western part of Nigssuaq, partly on the northern coast and partly
along the rivers of the interior (Fig. 1).

Most of the results of the field work carried out in this area have not
yet been published. Some of the information given below is therefore
based on the study of labels, on personal communications from Professor
RosEnkRANTZ, and on field notes made in 1946 by Dr. HeELGE GRy, in
1953 by stud. mag. GuNNAR LARSEN and the author, and in 1957 by
stud. mag. KNup ScHoU-JoRGENSEN and the author.

Relevant literature on the geology of the area is: ROSENKRANTZ et al.,
1940; RosENkrANTZ, 1951, 1953, 1955, 1964 a, 1970; ROoSENKRANTZ &
PurveErraFrT, 1969; KocH, 1959, 1963, 1964; MATHIESEN, 1961 ; BIRKE-
LUND,1965; BENDIX-ALMGREEN, 1969; HENDERSON, 1969; HaNnsEN, 1970.
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1, 2: Coral-bearing sections (“‘Store Profil” and “Nordprofil” respectively) in Danienkleft; 3: Coral-bearing
detic Institute, Copenhagen).

sandstone in Vestre Konglomeratkloft at Angnertuneq, 4: Danienrygge (Ryg A, Ryg B, Ryg C, Ryg D) at
Kangilia; 5: Alluvial fan at Serfat; 6: Coral-find at Ikorfat. (Reproduced by permission (A.497/70) of the Geo-

Fig. 2. Map of part of the Tunorssuaq valley and the northern coast of Niugssuaq, showing coral localities:
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General

The scleractinian fossils belong to the Cretaceous and Tertiary ma-
rine sediments which, in the ideal section of western Nugssuaq, overlie
limnic Cretaceous resting on Precambrian gneiss, and underlie several
kilometres of Paleocene-Eocene basaltic volcanics (pillow lava and flood
basalt lava).

In this ideal section the marine sequence is as follows:

(1) below, more than 1000 m of dark Upper Cretaceous (Coniacian-
Maastrichtian) shales (and subordinate sandy shales and sandstones) with
a predominantly pelagic fauna preferably preserved in calcareous concre-
tions;

(2) resting unconformably on these shales, about 500 m of Lower Danian
sediments, viz. a prominent basal conglomerate, which in places often
contains derived Maastrichtian and also Campanian material (concretions),
followed by a thick deposit dominated by concretion-bearing dark shale
and nearly devoid of fossils in its lower part, but in its upper part with
many fossils of benthonic organisms, mainly in subordinate beds of
basalt tuff;

(3) and above, again unconformably, the Upper Danian deltaic-transitio-
nal Agatdal Formation (earlier referred to as “‘Lower Paleocene (Montian)”,
see ROSENKRANTZ, in KocH, 1959, p. 75; KocH, 1963, p. 13). This consists
of up to 100 m of conglomerates, deltaic sandstones, dark bituminous
shales with concretions and, in the uppermost part, numerous beds of
basalt tuff.

The marine deposits have been dated mainly on the basis of ammo-
nites and other molluscs (see ROSENKRANTZ et al., 1940, pp. 6567-658,
660-662; PouLseN in BecaciLp, 1945; RosENkRANTZ, 1951, esp. p. 156;
1953; 1962; 1963 c; 1964 a; 1970; RosENkRANTZ & PULVERTAFT, 1969;
BIrkELUND, 1965; HAansEN, 1970).

The fossil scleractinians date from the Campanian ( ?), Maastrichtian,
Lower Danian and Upper Danian. Usually they were but rare finds but at
some places they occurred in great quantities. Generally they were col-
lected in situ. Only a minute portion of the material was collected from
displaced blocks, mainly calcareous concretions from the dark shale
series. All apparently belong to the north-west Niigssuaq standard section
described above.

Campanian (?) and Maastrichtian

One undeterminable solitary corallum filled with dark shale was collected at an
altitude of 560 m from a locality at Ikorfat (Fig. 2, no.6). The shale here dates from the
younger part of the Campanian (BirkELUND, 1965, p. 20) but the specimen found is
badly weathered on all sides and may be displaced, and so may possibly be younger.
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Upper Cretaceous scleractinians can be found in a Lower Danian basal conglo-
merate, which is coral-bearing at the so-called Oyster-ammonite Conglomerate
localities I and IT (altitude 410 m) and the Oyster-ammonite Conglomerate locality IIT
(altitude 510 m), in Agatdalen, (see Fig. 14, nos. 6 and 7). The conglomerate at these
localities is about 5 m thick and has yielded derived Campanian and Maastrichtian
concretions from dark shales (see BIRKELUND, 1965, p. 18). The matrix of the conglo-
merate is shaly dark mud with a conspicuous content of quartz grains. In places,
calcareous concretions have been formed within the conglomerate itself which belongs
to the Thyasira Member (RoSENKRANTZ, 1970, p. 419).

Stephanocyathus (Stephanocyathus) ? sp. no. 1 was found in a derived concretion
from Maastrichtian dark shales with some quartz grains (loc. III). The same species
and a possible Caryophyllia agatdalensis were found at the same locality, in concretion-
ary sandy bodies that may be either Campanian or Maastrichtian or Lower Danian.
One further corallum (undetermined) was found at the locality, in a calcareous con-
cretion, the age of which may be either Upper Cretaceous or Lower Danian.

Lower Danian

The Lower Danian conglomerate outcropping in Agatdalen also yielded some
rare, unquestionably Lower Danian scleractinians. Thus Caryophyllia agatdalensis and
C. sp. B were found at the Oyster-ammonite Conglomerate localities I and II (Fig. 14,
no. 6).

Lower Danian scleractinians were found very commonly at some other localities.
This was especially the case with a group of localities at Kangilia (map, Fig. 2), which
yielded 15 species of scleractinians.

The Lower Danian at Kangilia is the type of RosenkraNnTz’s Kangilia Formation
which is divided into 4 members (RosENkrANTZ, 1970, p. 419). The scleractinians
from the group of localities at Kangilia were largely collected in situ, either in or in
intimate connection with two Lower Danian beds of basalt tuff within the dark shales.
These deposits are here called Tuff I (the older) and Tuff IT (referred to as tuff beds I
and IT by BENDIX-ALMGREEN, 1969). They are exposed in a group of small spurs, Ryg
A, Ryg B, Ryg C, and Ryg D, together called the Danienrygge (Fig. 2, no. 4; Fig. 3)
(see ROSENKRANTZ et al., 1940, pp. 658, 661; RosENKRANTZ, 1951, pp. 156, 158;
ROSENKRANTZ, 1970, pp. 417419, where the Thyasira Member is established on the
two tuff beds with shale and sandstone in between. Each of the tuffs is up to 7 m thick
at Kangilia, where the member is about 35 m thick. The same member was sketched by
HANSEN (1970) as only ¢. 3 m thick).

In the case of Tuff I, corals have been found both in the tuff itself and in a weakly
developed conglomerate immediately at its top.

Tuff IT is exposed at altitudes of about 750 m. Scleractinian corals have from
time to time been collected there in the following places:

Ryg A (Figs 4, 5). The tuff is greenish-grey, taking on a conglomeratic appearance
through conspicuous, moderately to well-rounded fragments of shale (diameter up to
at least 2 cm), which may sometimes be graphitized. The graphitized shale fragments,
atleast, may be redeposited ‘‘lapilli”’. The coarse sediment does not exhibit any distinct
sorting or bedding. Scleractinians are common. Below the tuff is a thin quartz sand-
stone with plant detritus.

Ryg B and Ryg C. Tuff and coral content are generally like those of Ryg A.

Ryg D. Coral content like that of Ryg A. In 1957 the writer was unable to re-
cognize any of the sub-localities found earlier.

Small portions of the material collected in 1939, 1946, 1947 and 1952, may have
been found either in Tuff I or in Tuff II.
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Fig. 3. Danienrygge at Kangilia photographed from the north and from an altitude
of about 600 m. S. Froris photo, 1957.

Fig. 4. Tuff I of Ryg A (Danienrygge at Kangilia). S. FLoris photo, 1957.

The majority of the scleractinian fossils were found in Tuff I1. They are either
remains of solitary corals or isolated fragments (reaching 10 or 15 cm) of branching
forms. Apparently all the specimens were embedded without preferred orientation;
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2

Fig. 5. Tuff I of Ryg A (Danienrygge at Kangilia). S. FLoris photo, 1957.

one exception is the slightly preferred horizontal position in the uppermost part of the
tuff as observed in Ryg C. The sediment filling the skeletons of Tuff IT is identical
with that surrounding them. Some bases contain sediment in a manner which demon-
strates that the corals settled down and lived on a sediment dominated by rolled chips
of shale and volcanic ash. Sorting and pronounced wear after death seem to have been
negligible. Nevertheless, slight pre-embedding wear combined with later dissolution
processes within the sediment generally have caused the removal of the finest sculp-
tural elements of the surfaces.

In 1957 a 670 cm section was measured in Ryg Cin order to study the distribution
of corals in Tuff II. The top of the section was at an altitude of approximately 755 m
and the dip (influenced by a nearby intrusive body ?) was about 30° to the south-west.
Rock samples were collected at every half metre, while observations were made for the
intervals.

The Ryg C succession is as follows: The greenish-grey Tuff IT abruptly overlies
22 em of greyish-violet unfossiliferous silty clay rich in muscovite which in turn un-
evenly overlies a light grey sandstone above dark shale. Tuff II is itself overlain by
dark shale with calcareous concretions.

Almost throughout, concretionary bodies have been formed within the tuff
itself, but these are very insignificant at some levels. In a thin horizon, 1.5 m above
its base, the tuff has a rather clayey appearance. Apart from this horizon the tuff
contains numerous very conspicuous small and moderately- to well-rounded pieces of
shale (up to at least 5 mm, some graphitized).
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Fig. 6. Part of the gorge complex of Vestre Konglomeratkleft at Angnertuneq. The
two coral-bearing spurs are seen from the north and from an altitude of about 700 m.
K. ScHou-JoRrRGENSEN photo, 1957.

The basal tuff sample contained no macrofossils. All other samples contained
macrofossils, although most of the upper third of the section appeared to be almost
barren. Scleractinian remains were found at two levels in the sample series, viz.
within a 210 cm thick zone in the middle of the section, and within the uppermost c.
25 cm, where the tuff has a certain content of clay.

The presence of more or less rounded grains in an unsorted or very poorly sorted
sediment indicates that the marine Tuff IT was deposited in water which was for the
most part wave agitated.

The coral-bearing displaced blocks from the locality-complex either consist of
basalt tuff (apparently displaced from Tuff II) or they are calcareous concretions from
dark shales. The concretions probably belong to the Lower Danian. (ROSENKRANTZ
(1970) appears to have referred the corals from these concretions to his Propeamussium
Member).

At Angnertuneq there is a major group of gorges (map, Fig. 2) where Caryophyl-
lia sp. B, Stephanocyathus (S.) sp., and probably Faksephyllia faxoensis were collected
from displaced calcareous concretions (from dark shales), in the alluvial fan and in the
gorge complex of Vestre Konglomeratkleft. Age is probably Danian (in part probably
Lower Danian). Danian corals have been located ir situ in the complex of gorges and
spurs of Vestre Konglomeratkleft. They were observed here at altitudes between 750 m
and 1,000 m in the years 1939 and 1946, in one or more beds of quartz sandstone
cropping out in two small spurs (Fig. 6) in the upper part of the drainage system. In
1957 such a sandstone was visited at ¢. 750-760 m above sea level (Fig. 2, no. 3), and
only specimens from that particular level have received attention in this study (Flabel-
lum groenlandicum). They are considered to be of Lower Danian age.

A third place on the northern coast of Nigssuaq, the alluvial fan at Serfat, to the
west of the hunters’ cabin (Fig. 2, no. 5), has yielded Caryophyllia sp. B, in a displaced
calcareous concretion, probably of Lower Danian age.

In the Tunorssuaq river bed (Fig. 2) (downstream from the Danienklsft mention-
ed below) one displaced Caryophyllia sp. B was found (probably Lower Danian).

On the south side of the Tunorssuaq valley a displaced calcareous concretion
yielded one specimen (Stephanocyathus (S.) sp.), also probably of Lower Danian age
(Fig. 1, no. 3).
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Fig. 7. “Store Profil” of Danienklgft, Tunorssuaq, seen from the south-east and from
an altitude of about 825 m. Height of section ¢. 20 m. S. Froris photo, 1957.

Fig. 8. “Store Profil” of Danienkloft, Tunorssuaq. Details of tuff lens. S. FLoris
photo, 1957.

Lower Danian scleractinians have been found in situ in the Danienklsft, the
main locality of which is the river section called “Store Profil” (Fig. 2, no. 1; Figs 7, 8).
The sediments here consist of alternating shales and scleractinian-bearing basalt tuff
in beds and lenses. The “Store Profil” tuff is found about 800 m above sea level and in
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Fig. 9. “Nordprofil” of Danienkleft, Tunorssuaq. Calcium carbonate cemented shale
with solitary corals. K. ScHou-JoRrGENSEN photo, 1957.

part, at least, presents a coarser sediment type than that observed at Kangilia. Thus,
in the greenish grey unsorted tuff, up to hand-sized rounded pieces of shale can be
observed within a lens. Scleractinians are rare. In 1957 the writer observed that the
isolated skeleton fragments, found in a lens and damaged superficially by dissolution,
apparently had no preferred orientation within the sediment. They did not appear to
have been much worn before embedding. Apparently, at least a part of the tuffaceous
sediment of “Store Profil” was deposited from fast and irregularly moving water
(wave action).

Far upstream in the Danienkloeft in the “Nordprofil”” there is an exposure of shale
of Lower Danian age with calcareous concretions (Fig. 2, no.2). Here, at approximately
900 m above sea level, a slightly brecciated lens of dark shale, cemented by calcite
and locally containing quartz grains, has yielded three specimens of Caryophyllia sp.
B (Fig. 9).

A picrite body in the “Store Profil” has a single undeterminable scleractinian
(Lower Danian ?).

Below the “Nordprofil” and downstream, corals were collected in the Danien-
klgft from displaced calcareous concretions found in the river bed (1952, 1957). The
age is probably Danian (probably in part Lower Danian).

In 1957 Lower Danian scleractinian-bearing basalt tuff was found in the southern
slope of the small gorge Koralravine (Figs 10, no.2; 11,12,13). Fragments of the same
rock type were sampled in the river bed of Koralkleft (Fig. 10, no. 1) in 1951, 1952,
1953, and 1957 (almost certainly displaced from the Lower Danian of Koralravine).

The base of the tuff lies at about 585 m above sea level. The tuff is dark, greenish
grey and generally coarse grained. It contains somewhat rounded ‘lapilli” (?) of
graphitized shale and what probably represents volcanic bombs, viz. calcareous con-
cretions (from dark shales), some of which are orientated in the tuff with their longest
axis vertical. Some large bodies of shale suggest that clay deposition took place
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Fig. 10. Sketch-map of the river system of the Ilugigsoq valley, 1:50,000, indi-

cating position of, 1: Koralkleft gorge, and 2: Koralravine gorge. Coral locality

marked with cross. (Reproduced by permission (A. 497/70) of the Geodetic Institute,
Copenhagen).

intermittently in small basins in the tuffaceous sea floors. In places the tuff has been
solidly cemented with calcite at a later date.

The tuff is 4.8 m thick and lies between two shales. The upper shale contains
tuffaceous matter and irregularly orientated fragments of coral skeletons in its basal
part. The tuff contains numerous remains of ascleractinian fauna. The isolated skeleton
fragments are apparently placed without any preferred orientation. They are either
not worn, or only slightly so. Some fragments have been crushed within the sediment.

One specimen (Caryophyllia sp. B) was found in a displaced calcareous concretion
in Koralkleft. Age is probably Lower Danian. Another specimen of Caryophyllia sp. B



17

Scleractinian corals

Koralklgft

Koralravine

\

~
~
. N\
Coral-bearing tuff~~ 7 J
Sy

|
1 km

Fig. 11. Sketch-map showing coral-bearing tuff in southern slope of Koralravine.
(From field notes by S. FrLoris, 1957).

was found displaced in a southern neighbouring gorge to Koralkleft (age probably
Lower Danian). One undeterminable specimen was found in a displaced calcareous
concretion in the next big gorge to the north of Koralkleft (Fig. 10); its age is probably
Lower Danian. In the Qilakitsoq valley a displaced calcareous concretion was sampled
in 1957 in the river bed at an altitude of about 740 m and was found to contain 2
individuals of Caryophyllia sp. B (probably Lower Danian) (see map, Fig. 1, no. 2).
Quvnilik is a similar tributary (Fig. 1, no. 1). On its alluvial fan, which stretches into
the Auvfarssuaq valley, a displaced calcareous concretion, probably Lower Danian,
from dark shales, yielded an example of Trochocyathus johannesi. In the main river bed
of the Kangersdq valley (Fig. 14) one specimen of Caryophyllia sp. B was collected in

1953 from a displaced calcareous concretion from dark shales, at an approximate alti-
2

196
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Fig.12. Southern slope of Koralravine (of Koralkleft, [lugigsoq),showing scleractinian-
bearing tuff. Seen from the north and from an altitude of about 595 m. S. FrLoris
photo, 1957.

tude of 500 m; age probably Lower Danian. Another individual of the same species
was found in a displaced calcareous concretion in the river bed below the ““Store Profil”’
of Agatkleft (Fig. 14); age is probably Lower Danian.

Upper Danian

Scleractinians have chiefly been found in quartz sandstones and in basalt tuff.
Their remains demonstrate the presence of both solitary forms and colonial forms, but
the skeletons of the latter are fragmented with the fragments scattered.

The Upper Danian sediments are exposed mainly in the sides and river sections
of the three northerly gorges: Qaersutjegerdal, Agatklaft, and Turritellakleft. Each
of these has a predominant section called the “Store Profil” (Figs 14, nos. 5, 4, 1; 15).

Among the minor sections two will be mentioned here because they are coral
localities. The first is a small spur called Scaphitesnesen (Fig. 14, no. 2) on the southern
slope of Turritellakleft where a thick Upper Cretaceous sequence is overlain by dark
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Fig. 13. Scleractinian-bearing tuff (scleractinians appear as white spots), Koralravine
(of Koralkleft, Ilugigsoq). S. FLoris photo, 1957.

shales of uncertain age which are in turn overlain by shale and sandstone belonging to
the Upper Danian Agatdal Formation (555-560 m above sea level) (see BIRKELUND,
1965, Fig. 5, and p. 18). In this formation a Haimesiastraea (H.) groenlandica was
found in a sandy sediment. The other minor coral-bearing (Flabellum groenlandicum)
locality is a section in Konglomeratnasen (Fig. 14, no. 3) on the northern slope of
Turritellaklaft. Collections were made in a sandy sediment (deltaic), in 1946 and 1951,
at an altitude of approximately 550 m.

Based on observations on the type locality in Turritellaklaft gorge in this north-
ern part of the interior, RoseNkraNTZ (in KocH, 1959, p. 75) has divided his Agatdal
Formation into three members: (1) a lower Turritellakleft Member (at the type locality
50 m of shale with sandstone lenses), (2) a middle Andreas Member (at the type locality
at least 25 m of delta-sandstone), and (3) an upper Abraham Member (at the type
locality a 12 m sequence of shales and coarse basalt tuff, the latter dominating in the
upper part) (see Fig. 15).

All three members contain scleractinian remains. The Turritellaklgft Member
contains corals in Qaersutjegerdal (‘“‘Store Profil”, in coarse concretionary clastics),
and in Agatkleft (“Store Profil” (Sonja Member profile, or Sonja Section, in HANSEN,
1970, pp. 15, 16), where corals were collected in the so-called Sonja Lens at an altitude

PA
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Fig. 14. Map of the Agatdalen and Nuilaussarssuaq valleys and part of the Kanger-
sdq valley, showing coral localities: 1: “Store Profil” of Turritellakleft; 2: Scaphites-
nasen of Turritellakloft; 3: Konglomeratnaesen of Turritellakleft; 4: “Store Profil”
of Agatklaft; 5: “Store Profil” of Qaersutjegerdal; 6: Oyster-ammonite Conglomerate
localities I and II; 7: Oyster-ammonite Conglomerate locality III; 8: Coral locality of
Kangersdq; 9: Coral locality of Nuilaussarssuaq; 10: Coral locality of Tunorqo.
(Reproduced by permission (A.497/70) of the Geodetic Institute, Copenhagen).

of 460 m, almost six metric tons of rock have been washed. The lens consists of loose
subarkosic sand (HANsEN, 1970) with apparently sorted fossils and fragments of fossils,
and is part of the so-called Sonja Member of the Agatdal Formation (RoSENKRANTZ,
in KocH, 1959, p. 77); this coarse clastic deltaic member is correlated with the Turri-
tellaklgft Member, see RoseENkRraNTZ, in KocH, 1959, p. 77). Furthermore, the Turri-
tellakloft Member contains scleractinians in Turritellakloft (“Store Profil”’, Scaphites-
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Fig. 15. The Turritellaklgft Member, the Andreas Member, and the Abraham Member
exposed on the type locality, “Store Profil”” of the Turritellaklaft gorge, Agatdalen.
Height of section ¢. 80 m. A. RoseENkrANTZ photo, 1949.

nzsen, and possibly at Konglomeratnssen). The Andreas Member and the Abraham
Member contain corals in Turritellakleft (‘“‘Store Profil” and perhaps Konglomerat-
naesen).

All these Upper Danian coral-bearing sediments are found at altitudes of about
500 m above sea level.

Further south, scleractinian fossils have been collected from corresponding
deposits found in the valley Kangersoq (Fig. 14, no. 8), in the pass Nuilaussarssuaq
(Fig. 14, no. 9) and on the southern slope of Tunorqo (Fig. 14, no. 10). In this area the
deposits have been elevated to 700-800 m above sea level.

The corals were collected from coarse quartz sandstones. In Kangersoq they were
collected at an altitude of approximately 744 m in the gorge that descends from the
1,430 m mountain to the north. In the pass Nuilaussarssuaq the material was collected
at altitudes of 800-850 m. On the southern side of Tunorqo a coral (Flabellum groen-
landicum) was collected at the altitude of 800 m, above the first big gorge to the east
of Nuilaussarssuaq.

Scleractinians, probably of Upper Danian age, were found displaced in the
following localities:

(1) Turritellakleft, Flabellum groenlandicum in quartz sandstone, and one dubious
example, in concretionary dark shale;
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(2) Agatkleft, conglomeratic quartz sandstone (possibly Oculina becki, and probably
Flabellum groenlandicum);

(3) Kangersdq, in the western part of the double gorge just to the east of the gorge
that descends from the 1,430 m mountain to the north, at an altitude of 710 m, quartz
sandstone with Flabellum groenlandicum and dubious Caryophyllia sp. A;

(4) In the Ilugigsoq area: (a) quartz sandstone with pebbles and shell fragments
(carbonate cemented) (probably Haimesiastraea (H.) groenlandica, dubious Astrangia
(Coenangia) ? sp. cf. A. (C.) cretacea, Flabellum groenlandicum); (b) quartz sandstone
(altitude of 600 m) (probably Oculina becki, possibly Caryophyllia andreast, Flabellum
groenlandicum); (c) quartz sandstone (Koralkleft) (dubious Oculina becki).



SYSTEMATIC DESCRIPTIONS

The earlier estimate of 43 (unnamed) species of Scleractinia from
Greenland (Froris, 1967, a, b) is now seen to be excessive. In the present
work the number has been reduced to 22.

The terminology and taxonomy followed in this study are, in general,
those of WELLSs, 1956.

The figured specimens are registered in the type collection of the Mi-
neralogical Museum of the Copenhagen University (Kegbenhavns Univer-
sitets Mineralogiske Museum). Their numbers are cited with the prefix
MMH.

Class Anthozoa EHRENBERG, 1834
Subclass Zoantharia BrainviLLE, 1830
Order Scleractinia Bourng, 1900
Suborder Astrocoeniina Vaveuan & WEeLLs, 1943
Family Stylinidae d’OrBicNy, 1852
Subfamily Stylininae d’OrBiGNY, 1852

Genus Haimestastraea VAucHAN, 1900 (b)

In 1956 WEeLLs placed this genus, together with Peruviastrea VAUGHAN, 1922,
which was then considered a subgenus, with some doubt in the Stylininae. This doubt-
ful classification is retained here. From the text it appears that an interpretation of
septal microstructures was the basis for transferring the corals to a group among the
Astrocoeniina. They were transferred from the Caryophylliicae Gray, 1847, within
which the Haimesiastraeidae had been established exclusively for them, as two distinct
genera, by VaucHAN & WELLS, 1943.

The typespeciesis H. conferta VaAucuaN (1900 b). The columella of Haimesta-
straea VAUGHAN (1900 b) is trabecular. It is substyliform in Peruviastrea VAUGHAN
(1922), the type species of which is P. peruviana VaucuaN, 1922. This solidity was
suggested by WEeLLs (1941 b) to have been caused by secondary changes leading to
possible synonymy with Haimesiastraea, but in 1956 he accepted Peruciastrea as a
subgenus, differing from H. (Haimesiastraea) by its columella features.

Bathymetry is not known exactly for these extinct corals but a shallow-water
habitat is indicated by the sediments. They were possibly hermatypic (the two species
considered below were mentioned by Froris (1967 a, b) as “Two probably hermatypic
species”).
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Subgenus Haimesiastraea VAucHAN, 1900 (b)

Haimesiastraea (Haimestastraea) groenlandica sp. n.
Pl.1,Figs1A-1B

Holotype. MMH 12,631 (Pl 1, Figs 1 A—1 B). From Upper Danian
quartz sandstone in Scaphitesnzsen, Turritellakloft, Agatdalen, Ngssuagq,
West Greenland. Two fragments of an incomplete but otherwise rather
well preserved skeleton.

Diagnosis. Upper septal margins smooth, slight exsertation, massive
coenosteum, the surface of which is plane or slightly depressed between
calices and lacks dividing lines (intercorallite ridges); calice diameter
about 1.6 mm; distinct granulation of septal plates; corallites not filling
up with stereome.

Material. Besides the holotype, a weathered skeleton fragment probably
belongs to the species. It displays a tangential typical section through a
portion of the corallum but lacks indications of the surface sculpture.

Descriptionofholotype. Corallum incrusts a small ball of fine-grained
sandstone which lay on a sea floor consisting generally of coarser quartz
sand. Protocorallite not distinguishable. Extratentacular budding pro-
duces a small plocoidally massive corallum with monocentric corallites.
Corallum-surface between calices is plane or slightly depressed. No
dividing lines (intercorallite ridges) between calices.

Distance between centres of calices ranges from 2.5 to 4.0 mm, height
of winding subecylindrical corallites can exceed 8 mm, depth of calice
about 0.5 mm, diameter of circularly outlined calice about 1.6 mm,
diameter of preserved portion of corallum 22 mm and its height approx-
imately 14 mm.

Where the corallum extended laterally, a thin epithecal layer was
formed as a basis for either coenosteal formation or new corallites. The
wall is an imperforate septotheca.

The corallite has 24 simply radiating septa, of which 12 reach to the
axial structure. Apparently, newly formed corallites had the full septal
number. Septal plate laminar. Septal construction of few simple and
separate trabecules strongly inclined from the wall has been observed in
a small part of one septum and was suggested in other septa. An axis of
divergence was indicated in some places to be placed within the wall. The
septal plate, particularly that of the 12 smaller septa, is conspicuously
undulating. Septal sides with some small but distinct granules. A far more
prominent sculpture consists of smooth ridges roughly following the
directions of the upper septal margins. The ridges are very prominent on
the largest septa. The inner septal margin is undulating and smooth; the
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upper margin is usually also smooth (occasionally and partially with a
fine granulation similar to that found on the costae and coenosteal sur-
face). Slight exsertation. No pali or paliform lobes. Columella trabecular,
formed of 12 septa, diameter about 0.2 mm, not prominent.

Costae visible only as finely granulated (2 or 3 indistinct rows of
granules) elements that over a distance of about 1 mm merge into the
similarly granulated surface of the coenosteum. Each corallite has 24
equally developed costae. Smooth cristae ?. No synapticules. Rather few
endothecal dissepiments, which are smooth and may or may not be
connected with the septal ridges. Dense coenosteum with finely granulated
surface. The superficial zone has a comparatively dense texture and a
number of such zones can be recognized in the coenosteum. Sometimes
it can be observed how new corallites were initiated in them. No internal
stereome.

Affinities. H. petrosa (GABB, 1864) was described from Cretaceous (?) or Eocene (?)
rock (road-ballast ?), in California, see VAuGHAN, 1900 b, with synonymy; NoMLAND,
1916; VAUGHAN, 1922; WELLS, 1933; VAuGcHAN & PorPENOE, 1933. The Greenlandic
species differs from it at least in having generally smaller calices and in its minutely
but distinctly granulated septal sides. The Greenlandic species differs from the follow-
ing four species at least in its corallite dimensions and/or in the absence of dividing
lines (intercorallite ridges) between the calices on its coenosteal surface: H. (H.)
anchistina SQUIRES, 1958 a, from New Zealand (Albian/Turonian — Upper Senonian);
H. (H.) conferta VAuGHAN, 1900 b, from Paleocene in Texas and Maryland, from Paleo-
cene-Lower Eocene in Alabama and from Lower Eocene in South Carolina and Louisi-
ana (see VAUGHAN, 1900 b, 1922; VaucHAN & PoPENOE, 1933; WasEm & WILBERT,
1943); H. (H.) humilis VAUGHAN, 1922, and H. (H.) peruviana VAUGHAN, 1922, both
from Peru (Lower and Middle Eocene or, rather, Paleocene-Lower Eocene, see WELLS,
1941 b, pp. 38, 4, and Papp, 1959, pp. 349, 351).

The Greenlandic species shows very great similarity to H. (H.) distans VAUGHAN,
1922, from Peru (Lower-Middle Eocene or, perhaps rather, from Paleocene to Lower
(and Middle ?) Eocene; see WELLS, 1941 b, and Parp, 1959, pp. 349, 351). A difference
is found, however, in that the corallites of the Greenlandic species do not fill up with
stereome.

So far it has been thought reasonable to consider the Greenlandic
coral as belonging to a new species.
Occurrence
Upper Danian

Agatdalen, Turritellakleft, Scaphitesnasen, 1954, 1 example.
Displaced block: Tlugigsoq area, 1952, 1 probable example; probably Upper Danian.

Subgenus Peruviastrea VAUGHAN, 1922

Haimestastraea (Peruviastrea) ? sp.
Pl 1, Fig. 2

Material. Specimen A, collected in 1956, consists of two pieces of the
basal portion of an apparently subcylindrical corallum. External sculpture
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is rather well preserved in places but generally has been destroyed.
Specimen B, from the same locality, displays more than 10 corallites in
a fragment of a worn, probably subcylindrical corallum. Finally, 5 frag-
ments of very poor imprints of corallum surfaces doubtfully represent the
same species.

Description, of Specimen A unless otherwise stated. Protocorallite can-
not be certainly recognized among the four (?) equally developed coral-
lites, each with 24 septa, that appear, naturally sectioned, in the damaged
lower part of the corallum. This basal part has incrusted a small body of
loose sandstone and anchored the erect part of the corallum. Budding is
extratentacular, producing a plocoid and slightly curved subcylindrical
(branching ?) corallum with monocentric corallites. No distinct dividing
lines (intercorallite ridges) are observed between the corallites.

Height of preserved corallum fragment is 2 cm, diameter of incrusting
disc about 13.5-17 mm, diameter of subcylindrical part of corallum about
8 mm, diameter of calices, of circular outline, about 1.9 mm (in Specimen
B, 1.75 mm), depth of calice about 0.5 mm, diameter of calicular pro-
tuberance about 0.5 mm, distance between centres of calices about 3 mm
(in Specimen B, 2.5 mm). Original basal plate and any traces of a com-
mon basal epitheca are either not or only indistinctly preserved. The
incrusting disc of the corallum is mainly composed of massive coenosteum.
Each corallite has a thin imperforate septotheca.

Septal number is 24, 12 septa reach to the columellar structure as
seen in the calice. Septal plate laminar, with thin median dark line;
trabecules probably simple, number and arrangement unknown. One fan
system is suggested with its axis of divergence placed within the wall.
Septal plate undulating, with sides sparsely and minutely granulated and
with very prominent subhorizontal smooth ridges. Inner septal margins
undulating and smooth, upper margins smooth, or possibly minutely
granulated. Slight exsertation. No paliform lobes or pali were observed.
Columella substyliform, in cross-section circular or elliptical, with a
diameter of about 0.5 mm, projecting into the calice.

24 subequal costae merge with the coenosteal surface about 1 mm
from the calice. Their sculpture, a minute granulation, cannot be studied
in detail in the specimen. No synapticules. A few smooth tabular endo-
thecal dissepiments. No intracorallite stereome. Coenosteum compact,
ornamentation of surface is a fine granulation but is largely unknown.
Intercorallite ridges may sometimes have been formed but at least were
not developed between all corallites.

Affinities. The septa may well be typical of Haimesiastraea (Peruvia-
strea), but details are not fully known and so the assignment to Peruvia-
strea has to be made with a slight reservation.
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The type species, P. peruviana VAUGHAN, 1922, was described originally with
apparent stereomic filling, but later studies of topotypes (WEeLLs, 1941 b, p. 16) have
shown that this is not always found. Accordingly, the Greenlandic coral appears to be
very similar to P. peruviana (from Peru, Middle Eocene (see WELLS, 1941 b, pp. 3, 4)
or either Paleocene or Lower Eocene (see Papp, 1959, pp. 349, 351)). However, the
generally larger calices in the Greenlandic coral indicate that it was a different form.
Unfortunately, the state of preservation of the Greenlandic material does not allow a
full study of specific characters.

Occurrence

Upper Danian

Agatdalen, Agatkleft, “Store Profil”’, Sonja Lens, 1956, 1958, 2 specimens;
Nuilaussarssuaq, 1953, 1958, 5 dubious examples.

Suborder Fungiina VERrILL, 1865
Superfamily Fungiicae Dana, 1848
Family Fungiidae Dana, 1848

Genus Discotrochus EDwARDs & HaimE, 1848 (a)

Type species D.orbignyanus EDwarDs & HAa1mE, 1848 a. WELLS, 1956 (p. 388),
expresses some doubt over the placing of the genus in the Fungiidae (earlier comments
on the classification of the genus are found in WeLLs, 1940 (p. 376) and in VAuGHAN &
WELLS, 1943 (p. 139)). SQUIRES, 1958 a (p. 33) accepted Discotrochus as an independent
genus among the Fungiidae without comment and this view is adopted here.

The genus probably ranges from the Danian to the Miocene.

Discotrochus ? sp.
Pl 1, Figs3A-3B

Material. One fragment of a skeleton displaying the central basal part
of the corallum. The rather well-preserved aboral face is the only demon-
strated original outer surface.

Description. The preserved skeleton fragment clearly belongs to a free
solitary coral. The fragment suggests a patellate corallum but the coral
may well have developed into the discoid or cupolate form that is usually
found in Discotrochus. The basal angle is about 140°. Height of specimen
is 2.5 mm, dimensions of fragment of aboral surface are 4.6 mm and 3.7
mm. The fragment indicates a minimum diameter of 5 mm, in a circularly
outlined low corallum. Calicular conditions unknown but the calice can
reasonably be supposed to have had a circular outline. Aboral face shows
evidence of neither an attachment nor of an epitheca. The theca is a non-
sculptured and imperforate septotheca. Pits in the intercostal grooves
suggest an earlier perforation, however, and thus possibly an early
existence of a synapticulotheca. The imperfect specimen displays 42
septa in 6 systems, each of which contains 4 to 10 septa. At a distance of
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1.5 mm from corallum centre 24 septa can be counted. The best preserved
system corresponds to the septal number of 60 at a distance of 2.5 mm
from centre of corallum. A fully grown individual may have had 96 septa.
In varying degree septa of the 3rd cycle coalesce with those of the 2nd
cycle, and 4th cycle septa with those of the 3rd. The points of union can
be thickened. Septa appear laminar. (They may have been perforate along
the unknown margins. A few questionable porous parts were unfortun-
ately lost during preparation of the specimen). The traces of a dark median
line doubtfully indicate a non-porous septum. Nothing definite is known of
the nature of the trabecules or the details of their arrangement. The septal
faces have a few coarse granules and, rarely, small irregular ridges. Septal
margins and conditions of exsertation are unknown. It is not possible to
state whether or not there were pali (or paliform lobes). Columella trabe-
cular, with upper diameter in the fragmented specimen about 1.3 mm.
In a complete, fully grown individual the ratio columella-diameter:
corallum-diameter must have been considerably less than 0.26. Costae
correspond to septa in number and position. The costae are ridges, which
appear low and rounded (because of slight wear ?). The smallest of them
are simple rows of rather stout granules. Even the large costae may have
originated as such rows. Synapticulae are few but mostly strong and are
supposedly compound. They display traces of a central dark string. They
seem to be arranged in formations more or less completely encircling
the columella at different levels. A similar arrangement is met with again
in D. vaughanianus WELLs, 1945, and in D. hoelzli Kioun, 1965 a. No
dissepiments, tabulae or stereome.

Affinities. The coral probably belongs to Discotrochus. However, a full
identification is prevented by the defective knowledge about some details
of the septal structures and by the convexity of the aboral face of the
skeleton, which suggests a patellate corallum. The latter feature, however,
cannot be considered a serious objection. In the discoid type species the
central area of the concave aboral face can be convex (figures in VAUGHAN,
1900 b) and a similar condition seems to exist in certain other species.
(In fact, even a broadly attached trochoid Discotrochus has recently been
reported: D. vaughantanus WELLs, 1945).

The Greenlandic Lower Danian specimen was compared with a
number of species, which have been referred to Discotrochus and which are
listed below:

Eocene species: D. orbignyanus Epwarps & HaIME, 1848 a (see also VAUGHAN,
1900 b); D. californicus WELLS, 1940; D. vaughanianus WELLS, 1945; D. astericus
SqQUIRES, 1958 a; and D. sp. (in DurHAM, 1942).—Oligocene species: D. (?) alternans
SokoLow, 1894.—Species (see KiHN, 1965 a, b) of Miocene age: D. michelotti

Epwarps & HaimE, 1857; D. duncani REuUss, 1871, also in the Oligocene (GRUYTER,
1944); D. cylindricus (SisMoNDA, 1871); D. ottnangensis PRocHAZKA, 1893; D. hoelzli
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Kiun, 1965 a; D. minutus VASICEK, 1946; D. pseudoduncani VASICEK, 1946; and
D. pausramensis OPPENHEIM, 1922.

The Greenlandic fragment probably represents a new species, but the
material is too poor for a full description and naming.

Occurrence
Lower Danian
Tunorssuaq, Danienkleft, “Store Profil”, lens of basalt tuff, 1957, 1 specimen.

Suborder Faviina VavcuAN & WELLS, 1943
Superfamily Faviicae GrREGorY, 1900
Family Rhizangiidae d’OrsigNY, 1852

Genus Astrangia Epwarps & Haime, 1848 (c)

Subgenus Coenangia VERRILL, 1869

(Sub-)genotype (genolectotype, VaAucrAN & WELLS, 1943, p. 177) Coenangia
conferta VERRILL, 1869.

Astrangia (Coenangia) ? sp. cf. A. (C.) cretacea (BorLscHE, 1870)
Pl 1, Figs 4-5
1967 a One species with massive skeleton: Frorrs, p. 152.
Synonymy of the American species:

1870 Astraea cretacea BOLSCHE, pp. 216-217.

Pars ?: 1933 Siderastrea cretacea (BoLscHE) (non S. c¢. SOHLE, 1897): WELLS, p. 144,
probably not the Texas coral (Pl. 12, Fig. 13; Pl. 15, Fig. 26).

Pars ?: 1958 Astrangia (Coenangia) cretacea (BoLscHE): WELLS, p. 33, probably not
the Texas coral cited (PI. 3, Fig. 3).

Pars ?: 1958 b Astrangia (Coenangia) cretacea (BOLSCHE): SQUIRES, pp. 2-3, Figs 1-2,
probably not the Texas coral cited.

Material. 52 small corallum fragments, with internal skeleton elements
well preserved. Preserved parts of original corallum surface nearly always
badly worn. Additional material is one very dubious example, viz. a
badly worn skeleton-fragment exposed on the weathered surface of a dis-
placed block.

Description. The protocorallite has not been recognized for certain in
the material. Budding extratentacular, corallites monocentric, corallum
cerioid with convex surface and (always ?) incrusting base; exclusively
incrusting habit is probable. Size unknown but probably small. Height
at least 7.5 mm. Corallite number at least 7. Diameter of calice about 3
3.5 mm. Subhorizontal outline of calice polygonal (46 sided) or nearly
circular. Depth of calice about 1 mm. In the material no indication of an
epitheca is found. Wall of corallite is an imperforate septotheca. (In one
specimen a basal plate structure common to several individuals is observed



30 SerEN FLoRrIs I

covering a mollusc shell). Features of protosepta have not been studied.
Septal number in calice is 24. Septa of 1st and 2nd cycle reach the columel-
lar region, septa of 3rd cycle are but about half as long and coalesce with
those of the 2nd cycle. Septa laminar, yet with some very rare and ir-
regular perforations. Trabeculae simple (?). Axis of divergence coincides
with wall, one fan system per septum. Ornamentation of septa consists
of spines or tubercles along trabeculae; sometimes striae or even ridges
have been formed. Inner septal margins more or less distinctly spiny in
accordance with the arrangement of the trabeculae. Slightly dentate upper
septal margins are strongly indicated by the general septal structure but
they were not actually observed in the worn material at hand. The mate-
rial indicates that septa were non-exsert or almost non-exsert. No pali or
paliform lobes. Columella trabecular, with upper surface appearing
papillary and with diameter reaching 0.8 mm. Usually neither costae nor
cristae can have developed. A few costae have been observed in the mate-
rial, however, in locally developed coenosteum (see later). No synapticulae.
Many endothecal thin tabular dissepiments. Often many of these are
found at the same level within a corallite, most of them placed near the
wall and most of them with the convex face up. Stereome without sculp-
ture sometimes reinforced the walls and columella. Apparently the rein-
forcement took place at the surface of the corallum and at short intervals
of growth. Contemporaneously, septa and coenosteal costae near the
walls could also become covered with stereome. In the cerioid corallum a
coenosteum is only developed very locally. It has no particular sculpture
(?) and consists of exothecal tabular and often vertical dissepiments, of
costae, and of smooth stereome sometimes covering dissepiments, costae,
and walls. Apparently, new corallites could be founded in such coenosteal
meshwork of costae and dissepiments.

Affinities. This material was considered an Astrangia (Coenangia) by
Froris (1967 a). It does not seem referable to any other known genus
(subgenus) than Astrangia (Coenangia) and would certainly have been
referred to it had the indications of dentate upper septal margins and
the probable existence of incrusting growth-form been ascertained. The
coral species as known from Greenland is probably identical with 4. (C.)
cretacea (BoLscHE, 1870) until now known from older deposits in the
U.S. A.

The original description of that species by BoLscue (1870, pp. 216-217) was of
New Jersey material and apparently was based on but a single, unfigured specimen of
those observed and (in part ?) collected by CREpNER (CREDNER, 1870, pp. 193, 195,
205). According to the original text, BoLscHE’s material has larger calices (4—5 mm)
than the Greenlandic material. In 1958 (b) SquirEs described material believed to be
topotypic and conspecific with BérLscuE’s and found a range of calice diameters from
2.7-4.6 mm. So far the Greenlandic material with diameters about 3-3.5 mm may
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well belong to the same species. (SQUIRES records up to 6 calices per corallum in the
diagnosis but contradicts himself with his figured corallum which displays a greater
number).

The coral called Siderastrea cretacea (BoLscHE) (non SOHLE, 1897) (see WELLS,
1933), from the Maastrichtian Navarro Formation in Texas (WELLs, 1933, p. 144,
Pl. 12, Fig. 13; Pl. 15, Fig. 26), was said to have the structure typical of Siderastrea.
This suggests that a large number of synapticules had been observed and synapticules
also appear to be figured in PI. 12. This coral probably is a Siderastrea as was first
proposed. If rich in synapticules, it cannot be identical with BOLsCHE’s species as was
suggested by WEeLLs (1933) who, without material, redetermined BoLscHE’s New
Jersey species to Siderastrea. (He was presumably misled by an unfortunate translation
(1938, p. 144) of BoLscuEe’s description (1870, p. 217) of the features of the granulation
on the septal sides in some of the calices. That description does not concern synap-
ticules so characteristic in Siderastrea. Synapticules seem not to have existed at all in
BovrscHE’s specimen; at least they are not mentioned and it is evident that they
cannot have been present in the quantity found in a genuine Siderastrea). The early,
probably mistaken identification was the basis for two citations of the Texas coral as a
form conspecific with BoLscHE’s species from New Jersey (WELLs, 1958, and SQUIRES,
1958 b). It would seem that WeLLs committed a lapsus calami when he used his early
figure (1938, P1. 12, Fig. 13) of the Texas coral to illustrate BoLscHE’s species, which in
fact was then placed in Astrangia (Coenangia).

Occurrence
Upper Danian
Agatdalen: Agatkleft, “Store Profil”’, Sonja Lens, 47 fragments;
Qaersutjegerdal, “Store Profil”’, 5 fragments.

Displaced: Ilugigsoq area (1952), 1 dubious example; probably Upper Danian.

The species in Greenland seems to be restricted to the Upper Danian. In the
U.S.A., BoLscHE’s species is known with certainty only from the Upper Cretaceous
of New Jersey, and probably not from Texas. It can be supposed that the species in
New Jersey is not younger than the Campanian.

Family Oculinidae Gray, 1847
Subfamily Oculininae Gray, 1847

Genus Oculina Lamarck, 1816

The type species is Oculina virginea LAMARCK, 1816 (non Madrepora virginea
LiNNE, 1758; nec ELLis & SoLANDER, 1786) ( = O. diffusa LAMARCK, 1816; subsequent
designation by Epwarps & Haime, 1850 b).

The following are listed as synonyms in WEeLLs, 1956 (p. 410): (a) Dentipora
BLAINVILLE, 1830; (b) Trymhelia EDwaRrRDs & HAaiME, 1849 a (Trymohelia EDWARDS &
HaimE, 1857); (c) Coelohelia VAUGHAN, 1900 b (pp. 125-126).

Oculina becki (N1ELSEN, 1922)
Pl. 1, Figs 6-17
With the growth of knowledge on Greenlandic fossil corals it was early recognized
that this species was represented in strata on both sides of the Recent Atlantic Ocean

and not on its eastern side alone. But this observation was not specifically reflected in
the literature.
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Selected references to literature on the occurrence of the species in
northern Europe:

1864 Oculina: JOHENSTRUP, pp. 6, 25.

Non (pars ?): 1899 (Oculina sp.): HENNIG, pp. 5, 13-15, Pl. 1, Fig. 13.

1919 (nomen nudum)Amphihelia Bechii; Amphihelia Bechi. BR.N.: NIELSEN, pp.28,34.
1922 Amfihelia Becki NIELSEN, pp. 9, 31, PL. 4, Figs 26-32.

1944 Amphihelia becki: ANDERSEN, p. 318, Text-fig. 263.

Remarks on the species in Europe (history, identifications, recent revi-
sion):

There is no serious doubt that material of the present species, from Fakse lime-
stone quarry in Denmark (Middle Danian), was considered by JouNsTRUP, in 1864.
It was then observed how the corallites have no internal communication between
their endothecal regions but it was not considered to what extent this was due to the
way of budding or to internal filling up with stereome.

In 1899 HenNi1G, apparently without a full investigation, claimed that what had
been called Oculina from the Danish and Swedish Danian was but fossil remains of two
other specified corals altered in particular ways. He did not report new finds of an
Oculina.

NieLsEN, in 1919, mentioned the species in this way (here translated from
Danish): “Amphihelia Bechii (previously identified as an Oculina but never de-
scribed)”. Even in 1919 no description, definition or figure of the species was given,
and the name proposed for it remained a nomen nudum.

In 1922 the species was finally established by Niersen, who described it and for
the first time figured some specimens, all of them from Fakse and all new. NIELSEN
remarks that the “Oculina material” revised by Hennic¢ in fact does not confirm
HEeNNIG’s conception of an incorrectly identified Scandinavian Oculina (1899, see
above) and really represents a new species. Both the old material and the new were
then described. It cannot now be demonstrated why NieLsEN (1919, 1922) changed the
generic identification and placed the species in Amphelia Epwarps & HAIME, 1849 a
(Amphihelia Epwarps & HaiME, 1857; by NIELSEN spelled Amphikelia and Amfi-
helia), which is now considered a synonym to Madrepora LINNE, 1758 (see VAUGHAN &
WEeLLs, 1943, p. 183). As now understood his material can belong to neither Madrepora
nor Amphelia, inter alia because of its pali. On the contrary, the earlier identification
with Oculina seems correct.

Recent study of the specimens (and in particular MMH nos. 2105,
2107 and 2111) figured by NieLsEN (1922), and of additional specimens,
has now made it possible to choose a lectotype and to diagnose the species,
as found in the type locality. (The large amount of material now known
from Fakse demonstrates that the varying degree of granulation of the
septal sides met with in NIELSEN’s figured specimens (but not mentioned
by him), grades into less common cases of almost spinose, but small,
granules. Branching subplocoid portions of coralla, not described by
NieLsEN, have also been found).

The lectotype. The specimen figured by NierLsen (1922) on Pl 4,
Fig. 26, is chosen here as a lectotype. It is an unworn fragment of a coral-
lum which displays 3 natural cross-sections through 3 corallites, and a
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portion of one calice. The skeleton is secondarily calcitic and is filled with
soft calcareous mud. The specimen does not fully show the branching
pattern, the depth of calice, or the appearance of the upper end of colum-
ella. In other respects, however, it characterizes the species satisfactorily.

The lectotype is kept in Copenhagen as MMH 2105. It is refigured
here, PI. 1, Fig. 6.

The stratum typicum is Middle Danian coral limestone (T'ylocidaris
bruennichi Zone).

The type locality is Fakse limestone quarry in Sj®lland, Denmark.

Diagnosis (based on material from the type locality in Denmark). Coral-
lum is in most cases slenderly dendroid with only a little coenosteum but,
on the other hand, may be ramose (branching subplocoid) with conspic-
uous coenosteum. The alternate budding is either in one plane or with a
tendency for calices to be placed sparsely in spirals all around the bran-
ches. The coenosteal surface of ramose branches is, like the surface of
thinner branches, more or less distinctly granulated, with the granules
often arranged in pseudocostae. (The surface of coenosteum may in some
cases have been partially smooth ?). Costae, when developed, are narrow
and rather inconspicuous. Calice subcircular. Calice diameter varies from
2 to 5 mm, but is most commonly 3 mm. Depth of calice 1-2 mm. Septal
number 24. A single irregular palus crown contains 12 pali not forming a
solid tube; pali often poorly developed. Columella papillose or sub-
papillose, not large or prominent. No internal filling with stereome.
Dissepiments (endothecal, thin, tabular) are very rare.

Material. The skeleton substance is usually preserved in the Greenlandic
material; only in a few cases are external and internal moulds the only
indications left. The skeletal matter has become very much softened in
some instances. The coral material generally consists of small skeleton
fragments representing detached portions of coralla. The fragments
usually are but 1 or 2 cm high and display 1-2 budding zones each. Many
calices, and what appears to be 3 basal portions of coralla have been found.
The material comprises about 1,600 fragments, on most of which the
ornamentation is more or less destroyed. (Because of the fracturing and of
different degrees of damage caused by dissolution and ordinary slight
wear, hardly any of the specimens examined display all of the characters
needed for a full description and determination. Nevertheless, this material
from the Danian of Nigssuaq is accepted here as belonging to one species,
because all observed essential characters were found to be either constant
or varying gradually).

Description (Greenlandic material). Extratentacular and alternate bud-
ding at angles generally between 30° and 45° closely below calices of
196 3
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monocentric corallites produced slightly branching, rather openly con-
structed and slenderly dendroid coralla. New corallites were founded either
practically in the dark line zone of the mother corallites or at a greater
distance from this zone, in the outer part of the wall. Branching occurred
in all planes. Ordinary budding often appears to have been in one plane
but there may also be a tendency for calices to be placed sparsely in
spirals all around the branches. Thin fragment and thick fragments are
often found together in a way suggesting the presence of only one species
and the lack of any pronounced sorting. All degrees from thin to thick
fragments are represented. The corallite features of the two branch types
seem identical (however, the calice diameter may be slightly larger and the
corallite height correspondingly a little taller in the thick branch fragments
(subplocoid) than in those of the thin). The thick fragments of ramose
branches may represent the normal, simply coenosteum-strengthened,
comparatively basal regions of older colonies. They may also reflect
extraordinary food supply or relatively hard life conditions. (This may
apply to the stout specimens from the coarse sandstone in Nuilaussarssuaq
but here the situation may have been masked to some degree by sorting).
This combination of features agrees well with the characters of the species
as now known from the type locality in Denmark.

Nothing is known concerning the ‘“‘normal’ size of the colony which
was probably bush-shaped. The tallest fragments measure about 3 cm.
Neither has a fully grown colony been met with in Europe, where even
bases have not been definitely recognized. Three fragments of coralla
from Kangilia demonstrate an apparent basal adherence to foreign
objects. One of these fragments (PI. 1, Fig. 10) displays remains of two
corallites, both broken but clearly of the usual slender type and covered
with thick coenosteum. The lower part of the supposed protocorallite has
achieved in this way a diameter of 5 mm just above the imperfectly
preserved basal disc. This fragment may be the base of a not particularly
young corallum. The first bud is situated about 5 mm above the common
base. Nothing definite is known about the substrate. The next fragment
(Pl. 1, Fig. 11) demonstrates 8 or 9 slender corallites of the usual kind,
without coenosteum thickening, budded from a broad basal extension
which adheres to a Dendrophyllia. No protocorallite is distinguishable.
This specimen may be supposed to be the basal part of a very young
colony. Because no further budding from the crowded corallites is observ-
ed the specimen resembles a reptant corallum. The common base measures
10 by 6 mm, and the tallest of the broken corallites is about 2 mm high.
The third fragment probably belongs to the present species but its nature
as a base fragment is somewhat questionable. It adheres to an indeter-
minable coral and may be compared to a portion (2 or 3 corallites) of the
second fragment described immediately above. A protocorallite cannot be
safely demonstrated.



I Scleractinian corals 35

Height of corallite varies considerably and is usually between 5 and
8 mm. The calice, which is subcircular in outline, may be 2 mm in dia-
meter, but is more commonly 3, and may reach about 5 mm. The cavity
of the corallite is generally shaped like a curved cone, sometimes a little
compressed. At the base the cavity is shaped individually according to the
angle of budding from the mother corallite. Diameter of coenosteum-
dominated branch is about 7 mm but such branches can coalesce to
masses 1 or 2 cm across. Depth of calice is 1-2 mm. The same is observed
in the material from the type locality where NIELSEN (1922) reported that
“The calyx is not deep.”. The basal plate of the protocorallite has not
been identified for certain. No epitheca (the coenosteum of the type
material was called epitheca by NieLsEN in 1922). Wall is a solid septo-
theca, on the outside reinforced with, in some cases, very thick coenosteum.
The exterior of the wall of the corallite shows small, distinct granules often
arranged in undulating rows (pseudocostae).

The septal number is 24. NieLseN (1922), when establishing the
species, gave the septal number as 27, but this must be a printer’s error
for 24. 27 septa have not been recognized by the present writer in the
material from Scandinavia, and all sections found in NIELSEN’s figured
specimens demonstrate the septal number of 24.

The 12 septa of the 1st and 2nd cycles are almost equally developed.
Immediately after budding the new corallite has very few septa but soon
obtains the regular number of 12. Also in the newly formed corallite the
septa are normal to the wall. Septum is laminar, with median dark line.
One fan system and indications of simple trabecules are sometimes seen.
Septal sides granulated to a varying degree, in accordance with growth-
lines and trabecular directions. The inner margins of the 12 small septa
are wavy. The inner margins of the 12 large septa are involved in the
formation of the palar and columellar structures. Only in a very few cases
were the upper septal margins so well-preserved that it was possible to
observe how they are very minutely dentate; usually they appear to be
smooth. Exsertation is poorly developed. 12 pali are developed in one
irregular crown (composed of two) before the 1st and 2nd cycles of septa.
Often pali are but poorly developed. Towards the corallite-axis there are
processes, in some cases like paliform lobes, forming the lightly construct-
ed, spongy, narrow, papillose or subpapillose, but not prominent colum-
ella. (Concerning the material from the type locality, NIELSEN (1922, p.
31) wrote that in some calices there “appear to be formations at the inner
end of the septa which seem to indicate pali.”’. Placing the species in
Amphelia, NIELSEN obviously had not fully realized that pali exist. They
can be observed, however, in the specimens figured by him). Diameter of
columella reaches 0.5 mm. In the lower part of the corallite the columella
is often absent or at least apparently so, in the random sections. Costae are

3*
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usually not observed. When found, on the corallites with thinnest walls,
they consist of narrow, granulated and low ridges corresponding to all
septa. Cristae are observed very rarely. No synapticulae. Endothecal
dissepiments are extremely rare, thin and tabular.

Position of dark line in wall and also simple observations on the
corallites demonstrate that there is no internal filling of the corallites with
stereome. In the Scandinavian material a filling with stereome is extremely
rare and when found is partial and very diminutive. Therefore earlier
reports of internal stereomic fillings in the Scandinavian material need
some explanation. It is clear that some features have been misidentified as
regular fillings or have been mistaken for evidence of such. Thus NIELSEN
(1922, p. 9) writes: “Amfihelia Becki, which like all Oculinae has a ten-
dency to form compact endothecal fillings immediately under the calyces,
yields thin, elongated, slightly crooked stone kernels, resembling single
corals.”. It appears, however, that young corallites of the species were
founded regularly with a narrow lumen and that later thickening of the
wall was coenosteal. The position of some traces of the dark median line
in the wall also clearly demonstrates that the slender shape of internal
moulds cannot be due to an endothecal stereome. The peculiar shape of
the lower end of the internal mould is due merely to the particular way of
budding with the new corallite springing from the compact wall of the old
one. NIELSEN has made the following statement also (1922, p. 31): “A
lengthwise cut through the stems shows that close under the calyx very
compact endothecal formations are found which make the stems massive
like those in other Oculina forms.”. His Pl 4, Fig. 28 displays a longitu-
dinal section and it is most probable that he considered this particular
figure to illustrate the ‘“‘compact endothecal formations”. The figured
specimen has now been revised. It simply displays, in the large individual
figured to the right, a hardened and somewhat recrystallized internal
sediment-filling and,in that to the left, a transverse structure, which resem-
bles a thick dissepimental floor but which in fact is in part an obliquely
sectioned septum and in part a zone of what can easily be compared with
other features in the same corallite as being diagenetically recrystallized
calcareous sediment.

The dense coenosteum is granulated like the simple corallite wall
and often displays pseudocostae. (The coenosteum may, in some cases,
possibly be partially smooth). It unites the slender corallites and some-
times is quite extensively developed. Where two branches meet, coeno-
steal deposits may unite them firmly.

Identification and affinities. The Greenlandic coral appears iden-
tical with Oculina becki (NIELSEN, 1922), as far as that species is known
from the type locality; see the diagnosis given above.
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Concerning Dentipora BLaINVILLE (1830), no Upper Cretaceous to Oligocene
species are known to the writer and it will therefore be omitted from consideration
here. The oldest fossil Trymhelia appears to be the sole Oligocene representative, the
Italian T. solida MicuELOTTI, 1861, which differs from the present species by having
the usual solid tube made of pali.

The type species of Coelokelia, C. wagneriana VAUGHAN, 1900 b (pp. 127-128,
Pl. 12, Figs 19-19b), from the Lower Eocene (Greggs Landing) of Alabama, has
features rather much in common with the present species. Calices are, according to the
original description (concerned with but one specimen), almost exclusively disposed in
two opposite rows; differences are found in budding ?, outline of calice (C. wagneriana
has distinctly elliptical calices), in external sculpture (?), in the features of pali (C.
wagneriana has one crown of pali, before the 2nd cycle of septa), in the features of
columella (C. w. lacks columella), and lack of dissepiments (?) in C. w. In both species
internal stereome is absent. However, in 1943 it was remarked by VaAucuan & WELLS
(p. 182) that recently discovered material apparently conspecific with C. wagneriana
shows a well-developed columella and, in 1956 (WELLS, p. 410), Coelohelia was con-
sidered synonymous with Oculina which has pali in one irregular crown before the
first two septal cycles and extratentacular budding. It seems probable, therefore, that
Oculina becki and C. wagneriana were close relatives. They are different, at least in the
outline of calices found on the dendroid corallum fragments. The writer has not been
able to find references to or descriptions of any species referred to Coelohelia other than
the type species, about which also he has seen no additional information.

While the present species thus seems to stand very close to Coelo-
helia wagneriana VAuGHAN, the following Oculina species as known from
the literature and found in the Upper Cretaceous and the Paleogene, also
have been compared with the Greenlandic-Scandinavian species:

O. nordenskjoldi Ferix, 1909, from the Upper Cretaceous of Snow Hill Island
(Antarctis), has a (completely ?) slenderly dendroid corallum. It differs through long
and broad, low, distinct costae, and also through having 32-48 septa;

O. osiris WANNER, 1902, from the Paleocene (Danian) of Egypt, has a (completely
?) slenderly built dendroid corallum. It differs through possessing a very feeble
columella and proportionately coarse costae or pseudocostae on (upper) free parts of
corallites (Fig. 8);

O. (?) smitht VAuGcHAN, 1900 b, from the Paleocene (Midway limestone) of
Alabama, is known from very poor material. The coral, as it seems typically, formed
flabelliform masses of coalescing branches as is also, but rarely, observed in the present
species. By its very few known characters it cannot be safely distinguished from that
species. The corals are for the present considered to belong to two, possibly closely
related, species;

O. peruvtana VAUGHAN, 1922, from the Paleocene or Lower Eocene (but earlier
dated as Middle Eocene) of Peru (see WELLS, 1941 b, pp. 8, 4; and Parp, 1959, pp. 349,
351), so far known only from ramose branches with irregular budding, is similar in
many specific characters to the present species but is different in the longitudinal
striation of the coenosteal surface;

O. alabamensis VAucHAN, 1900 b, with (exclusively ?) ramose coralla and ap-
parently with calices rather densely placed on all sides of the branches, differs at least
in its distinct, broad costae and in the somewhat different range of calice diameters
(diameter range 1.5-2.5 mm, on average very slightly more than 2 mm);
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0. olssont WELLs, 1941 b, has corallum both subdendroid and ramose, and
corallites tend to spiral on branches. Distinct differences are found in the septal
number of 12, and in the internal filling with stereome;

O. oamaruensis PArk, 1917, (see SQUIRES, 1958 a), has (exclusively ?) ramose
branches with calices densely placed all around the branch and also differs in, at
least, the septal number of 32-38, and in the stereome-thickened tabular dissepi-
ments;

O. singleyt VAuGHAN, 1900 b, has the corallum (exclusively ?) branching plocoid
with corallites of different ages all around the branch and further differs by its prom-
inent costae on free parts of corallites;

O. conferta Epwarps & Haime, 1850 b, which is characterized by irregular,
subglobose, or lobated coralla with the corallites not arranged in a regular way, seems
to be quite different from the present species;

O. incrustans DUNCAN, 1866, at least differs through its large number of septa and
its large and prominent columella;

O. wetherelli Duncan, 1866, described on poor (dendroid ?) material, at least
differs through its septal number of 48;

O. polyphylla RoEMER, 1863, at least differs through subphaceloid corallum and
the costal number of 96;

“Oculina cf. parvistella REuss n. sp.”, in SoxoLow (1894), is poorly known from
one fragment (branching plocoid). This has calices irregularly all around the branches
and differs from the present species at least in its calice diameters being 1.5-1.8 mm
only. The younger O. parvistella REuss (1871) has a (completely ?) branching plocoid
corallum with calices all around the branches and differs from the present species at
least through its peculiar anastomozing granulated ridges on the coenosteal surface;

O. harrisi VAUGHAN, 1900 b, known from one plocoid fragment only, has calices
averaging 5 mm in diameter and placed in rather regular spirals, and differs also in
having commonly 28 septa;

O. aldricht VAUGHAN, 1900 b, with (totally ?) ramose coralla with calices in
rather definite spirals at least differs in having usually 28 septa, and in having internal
filling with stereome;

O. mississippiensis (CONRAD, 1847), (and O. americana EpwarRDs & HAIME, 1850
a; see VAUGHAN, 1900 b), has (completely ?) ramose (branching plocoid and subplo-
coid) corallum with calices in dense spirals. It also differs in its specific character of a
peculiar sculpture of the coenosteal surface.

Usually it has not proved easy, or even possible, to determine the
degree of affinity between the present species and other Oculina species.
This is mainly due to poor information on the species. Many have been
established on incomplete coralla, and in some cases the descriptions do
not give information on details like, e. g., presence or absence of stereome-
filling of the corallites. Another difficulty arises from the general ignorance
on the morphological reaction of the corals to different environments,
even those environments which might be reflected in the sediments.

Among the species listed here, Oculina becki may have its closest
relatives in O. osiris, and Coelohelia wagneriana. Rather close relationship
may exist with O. nordenskjoldi and possibly with O. (?) smithi and O.
peruviana.
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Occurrence in Greenland

Lower Danian

Danienrygge at Kangilia:
Conglomerate immediately above Tuff I, Ryg B, 4 fragments, more or less worn
(one appears certain);
Basalt tuff: Tuff I or Tuff II, 93 fragments, most of them with worn surface;

Tuff II: Ryg A, about 950 fragments, most of them with worn
surface;
Ryg B, about 100 fragments, most of them with worn sur-
face;
Ryg A + B, 52 fragments, most of them with worn surface;
Ryg C, 266 fragments, most of them with worn surface;
Danienrygge, 31 fragments, most of them with worn surface;

Tunorssuaq, Danienkleft, “Store Profil”, 11 fragments, most of them with worn
surface.

Upper Danian

Agatdalen: Qaersutjegerdal, “Store Profil”, 1 fragment;
Agatkleft, “Store Profil”’, Sonja Lens, about 50 fragments, most of them
with worn surface;
Turritellakleft, “Store Profil”’:
a) Turritellakloft Member, two lowermost sandstone beds, 1953, 3
probable examples;
b) Andreas Member, about 15 fragments probably and possibly of this
species;
¢) Abraham Member: Tuff beds, 50 fragments, most of them with worn
surface;
Tuff beds in the upper part, 20 fragments, most
of them with worn surface;
Tuff in the upper part (fallen material), 170
fragments, most of them with worn surface;
Tuff in the upper part below pillow lava, 10
fragments, most of them with worn surface;
Kangersoq, gorge descending from the 1,430 m mountain to the north, 2 (?) dubi-
ous examples;
Nuilaussarssuaq, about 100 fragments, of which the majority are represented by
rough imprints only, while a few have left good imprints, and a few more display
their skeleton substance, albeit weathered.

Displaced (probably Upper Danian)
Ilugigsoq, blocks of quartz sandstone: + 600 m (1952), 1 probable example;
Koralkleft, 1957, 1 dubious example;
Agatdalen, Agatkleft, conglomeratic quartz sandstone, 1 possible example.

Occurrence outside Greenland

Denmark: Danian, Zone of Tylocidaris abildgaardi, and Zone of T. bruennichi (i. e.
in Lower and Middle Danian);
? Heersian;
Sweden: Danian, Zone of Tylocidaris rosenkrantzi, and Zone of T. bruennichi (i. e.
in Lower and Middle Danian);
? Heersian.
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Suborder Caryophylliina VauvcuaN & WEeLLS, 1943
Superfamily Caryophylliicae Gray, 1847
Family Caryophylliidae Gray, 1847
Subfamily Caryophylliinae Gray, 1847

Genus Caryophyllia Lamarck, 1801

Thetype species is Madrepora cyathus ELL1s & SOLANDER, 1786 (genolectotype,
BropERrIP, 1828).

Eight genera are listed by WELLs (1956, p. 422) as synonyms. They will be com-
mented on briefly in the following on account of the question of affinities or identity
between possible representatives reported from the Senonian to Eocene and the Green-
landic Caryophyllia species of Maastrichtian (?) and Danian age: (1) Anthophyllea
Link, 1807. The writer is unaware of any Senonian-Eocene species referred to this
genus. (2) Anthophyllum ScHWEIGGER, 1819. Only a few Senonian-Eocene species
have been referred (and not by ScHWEIGGER) to Anthophyllum. They were later each
transferred to some other genus than Caryophyllia (see FELIx, 1914; 1925). (3) Cya-
thina EHRENBERG, 1834. Some Senonian species were accepted at an early date as
Caryophyllia (see FEL1X, 1914) and are considered below. The one Eocene species
referred (not by ERRENBERG) to Cyathina was later transferred to another genus than
Caryophyllia (see FeLIx, 1925). (4) Amblocyathus d’OrRBIGNY, 1849. Apparently no
Senonian-Eocene species has been referred to Amblocyathus. (5) Paterocyathus Du-
cHASSAING & MicHELOTTI, 1861. Likewise, no Senonian-Eocene species has been
referred to Paterocyathus. (6) Ceratocyathus SEGUENZA, 1863. Two Eocene species,
which have been referred by some authors (not by Secuenza) to Ceratocyathus,
belong to other genera than Caryophyllia (see FELIX, 1925). (7) Blastocyathus REUSS,
1864, does not appear to have been reported from the Senonian-Eocene. (8) Gonio-
cyathus YABE & EcucHr, 1932 a, has, as far as is known, not been reported from the
Senonian-Eocene (YABE & EcucHI, 1932 a, b).

The similar genera, Acanthocyathus EpwArps & HA1ME, 1848 a, with large costal
spines, and Premocyathus YABE & EcucHi, 1942, with end costa of convex side of
compressed corallum expanded, both may be interpreted as subgenera of Caryophyllia
(see WELLS, 1956, p. 422). They have not been met with in the Greenlandic deposits.

Caryophyllia andreast sp. n.
Pl 2, Figs 1 A—5

Derivation of the name. The species is named after the Greenlandic
fisherman and reliable fossil-collector, Andreas Tobiassen, in Niaqornat.

Holotype. MMH 12,647 (Pl 2, Figs 1 A—1 B), from Lower Danian
deposits, the basaltic Tuff II, Ryg A, Danienrygge at Kangilia, Nugssuaq,
West Greenland. The type specimen is a skeleton, with the outer surface
somewhat damaged by dissolution and wear. It demonstrates a portion
of the calicular margin, the bottom of the calice, and a fracture that
probably is not far above the base. 72 septa are observed in calice.
Sculpture of costae not well-preserved; for the most, only the surfaces of
some older growth stages are visible. Actual height of type specimen is
14.5 mm, and the calice measures approximately 17 by 15.3 mm.
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Diagnosis. Corallum subcylindrical-slenderly turbinate, cross-section
circular or slightly oval, axis straight or slightly curved with curvature
usually in plane of shorter diameter of a calice with oval outline, fixed
(and possibly free ?), maximum height about 25 mm. Extremely com-
pressed coralla with diameter-ratio 1.21; septal number (40-)44-72,
most typically 48 (or 56, 58, 64, 66, and 68); 4 cycles; exsertation distinct,
generally slight, in coralla about 8 mm broad not reaching 1.0 mm; 11
(possibly 10)-16 or 17 (possibly even 18) pali. Columella not heavy; costae
subequal, flat or gently convex broad bands, for all septa, visible also in
lower half of corallum, with densely but randomly placed granules stand-
ing three or four across and sometimes forming subhorizontal delicate
ridges; intercostal bands, if present, very narrow and not smooth, but
usually lacking; no dissepiments; outer stereome showing the costal pat-
tern thinly coats wall; complete or partial internal basal stereomic filling
rare, may be found in large coralla.

Material. The material comprises 350 individuals. 158 seem well-
determined. 129 are either undoubtedly Caryophyllia, mainly topotypic,
with faint costulation, the finer details of which have been destroyed,
or they are probably Caryophyllia, mainly topotypic, with costulation
like that of the species; these are all considered as probably belonging
to the species. Finally, 63 specimens are dubiously determined, for in-
stance because of crushing or weathering. Some bases and calices are
preserved, and the majority of skeletons at hand are fairly complete
and apparently were not much worn before embedding. But slight wear,
dissolution processes within the sediment, and weathering have to a large
extent destroyed the outer sculpture.

Description. Coralla range from subcylindrical to slenderly turbinate,
have circular or slightly oval (very rarely faintly polygonal) cross-section,
are straight or, particularly below, slightly curved, mostly with curvature
in plane of shorter axis of an ovally outlined calice. Attachment is by
broad basal disc, which may reach a diameter of 8 mm. The different
growth-rates within any individual have been practically constant. In
cases of most extreme compression the diameter-ratio is 1.21 (this seems
confirmed for all uncrushed specimens examined). It was rarely possible to
measure the height of complete coralla, e. g.: 11 mm, 13 mm, ¢. 11 mm.
The tallest fragment measured was 22 mm. Taking account of all the
material, the average height of a complete corallum would have been
about 15 mm, and the maximum about 25 mm. Diameters of 12 calice
margins (list below) ranges from 7.7 mm by 7.0 mm to 13.0 mm by 11.0
mm and in many cases are 8-11 mm. Larger calices obviously have been
present, measuring for instance about 19 mm by 18 mm. 12 true diameter-
ratios at calice margins range from 1.01 to 1.18, with a slight maximum
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at 1.11-1.13. 14 diameter-ratios from reconstructed calice margins (see
list below) range from 1.00 to 1.18; the only values with more than one
specimen are 1.06 (3), 1.11 (2), and 1.13 (2). Depth of calice not great,
about 2 or 3 mm.

Basal plate is thin and with concentric lines. No epitheca. Wall is a
compact septotheca rising from a prototheca of the monocyclic corallum
as in the examples of Caryophyllia analyzed by DuruaM (1949). Outer side
of wall reinforced with stereome, particularly below where the basal disc
is formed. In many cases thin layers of this stereome have been partially
detached, in certain examples evidently before embedding. This outer
wall stereome throughout and apparently in full corallum height presents
the pattern described later as costal-intercostal. Calicular margin is in
one plane or, very rarely, undulates in accordance with differences in
size of septa.

Septa arranged in 4 cycles. 29 more or less complete calices, all from
Tuff IT of Danienrygge at Kangilia, were investigated for septal numbers.
These are listed below. The list also informs on corallum-shape, diameters
of calicular margin (in brackets if estimated from reconstructed margin),
and estimated height (h). All measurements are in millimetres.

44 septa, 1 specimen: Trochoid: 9 by 8 (h 13);

48 septa, 7 specimens: Subcylindrical: 8.4 by 7.4 (h 18); ceratoid: 7.7 by 7.0 (h 10),
8.0by 7.9 (h 14 ?),8.2by 7.9 (h 14), (9.2 by 8.3) (h 14); trochoid: 9.0 by 8.2 (h 14),
9.3 by 8.4 (h 15);

52 septa, 2 specimens: Trochoid: ? by ? (h 12), (9.8 by 9.2) (h 15);

56 septa, 2 specimens: Subcylindrical: (11.5 by 9.9) (h 22); trochoid: ? by ? (h 15);

58 septa, 3 specimens: Ceratoid: (10.0 by 9.0) (h 15 ?), 11.0 by 10.5 (h 12); trochoid:
(10.0 by 10.0) (h 15);

60 septa, 2 specimens: Trochoid: (10.2) by 10.0 (h 12), 11.2 by 10.1 (h 15);

64 septa, 4 specimens: Ceratoid: (8.0 by 7.0) (h 15); trochoid: (10.5) by 10.2 (h 14),
11.0 by 10.3 (h 17), 13.0 by 11.0 (h 15);

66 septa, 3 specimens: Ceratoid: (8.3 by 7.0) (h 15); turbinate: 9.0 by 7.9 (h 10), ? by
? (h 13);

68 septa, 3 specimens: Trochoid: (15.0 by 14.2) (h 20), (17.0 by 15.0) (h 20); turbinate:
(16.8 by 15.8) (h 20);

70 septa, 1 specimen: Turbinate: (18.6 by 17.6) (h 17);

72 septa, 1 specimen: Trochoid: (18.0 by 16.0) (h 19).

The septal number ranges from 44 to 72. The most common value is
48. The values of 56, 58, 64, 66, and 68 also appear to be common. Num-
bers certainly higher than 72 have not been found in the whole material
examined. Rarely, only 40 septa seem to be represented. Among the listed
coralla, subeylindrical coralla display the number range of 48-56; the
ceratoid, 48-66; the trochoid, 44-72; and the turbinate, 66-70. In the
limited material especially investigated, the value of 48 was found in
combination with diameters about 8-9 mm, the value of 56 with diameters
of about 11 (?) mm, the value of 58 with diameters of about 10 ( ?)-11 mm,



I Scleractinian corals 43

the value of 64 with diameters of about 8 (?)-13 mm, the value of 66 with
diameters of about 8 (?)-9 mm, and the value of 68 with diameters of
about 15 (?)-17 (?) mm. A calice 9 mm wide may show 44-66 septa, ap-
parently independent of compression.

About 1 mm above the base, 6 protosepta, 6 2nd cycle septa, and
12 3rd-cycle septa are observed. Septum laminar, simple trabecules
indicated, axis of divergence placed in the wall or close to its inner side.
Septal sides with granulations arranged in accordance with growth-lines
and trabecules. The granulations usually are small, pointed or, more
commonly, rounded; similar granulations on the pali are bigger and often
confluent sub-horizontally. Inner margin of septa undulating, upper
margin appearing smooth. Exsertation distinct, generally slight; in coralla
about 8 mm broad it has not reached 1.0 mm (this was ascertained through
study of the whole material). Pali in one crown, 11 (or possibly 10) —16 or
17 (in some cases probably 18), before last-but-one septum cycle. No
paliform lobes. Spongy columella composed of thin elements, its diameter
varies from 1.5-4 mm.

Costae are found for all septa, subequal, flat or gently convex broad
bands, more or less distinct also in lower half of corallum. They display
densely but randomly placed granules standing up to 3-4 across the
individual costa and sometimes confluent to form delicate sub-horizontal
ridges. The very inconspicuous intercostal features range from the presence
of very narrow bands to the presence of very faint and very shallow
furrows, which in most cases become obliterated. The bands are not
smooth. When widest, they are filled with more or less distinct small
granules irregularly arranged in one row. Cristae are rarely observed. No
synapticules, dissepiments, or tabulae. Outer stereome reinforces the wall
in its full height but especially below. The costal-intercostal features just
described are exposed throughout and apparently in the full height of the
corallum. In the interior of corallum, complete or partial basal stereomic
fillings are seen rarely; they have been found in a few large individuals.

Affinity. The specimens determined with certainty from the Tuff II
exposures of the Danienrygge at Kangilia represent a close approach to a
population unit. They demonstrate a species with a wide range of varia-
tion in shape, in septum number and palus number.

The polymorphous species differs from C. sp. A of this paper in its
shape, from C. agatdalensis sp.n. at least in its dense granulation of
costae, and from C. sp. B of this paper in its costae, which are not rib-
formed.

The species appears to be new. It has been compared to the following
Caryophyllia species as known from the literature and found in deposits
from the Senonian-Eocene:
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(It should be noticed, however, that information has not been available concern-
ing the following semi-contemporaneous species: C. affixa MOoRREN, 1828, from the
Tertiary (see VINCENT, 1921, p. 133; FEL1X, 1914, mentioned it as Cretaceous) of
Belgium; C. dachiardic ANGELIs, 1903, Eocene in Argentina (see FELIX, 1925); and
also C. capulus Risso (1826) and C. rugulosa Risso (1826), both from the Eocene (?)
of Southern France (see Ferix, 1925). KtHN, 1960, p. 163, mentions a Danian
“Caryophyllia nov. spec.” from Austria without giving details. Too little is still known
about the Senonian C. debeyana (Epwarps & HaiME, 1850 b), (see FEL1X, 1914), from
Germany, for a comparison to be made; the same is true of the Upper Cretaceous
C. mississippiensis WELLs (1933), from the U.S.A., and both have had to be omitted
from consideration).

C. decemplex FROMENTEL, 1862, differs in having costae as distinct ribs;

C. laevigata (Epwarps & HaimEe, 1848 a), (see FELix, 1914), has the costae
confined to the upper third of corallum;

C. lonsdalet DuncaN, 1869, has subequal costae as flat ribs but these are never-
theless ribs and further they have a smooth appearance in Duncan’s figures;

C. tennanti Duncan, 1869, differs in having smooth costae (such as are shown in
DuncaN’s special figure);

Caryophyllia sp. (in SQUIRES, 1962), of Piripauan age seems to be a comparatively
small species, with a slightly cornute corallum and perhaps costated with single rows
of strong granulations. Another Caryophyllia sp., probably of Haumurian age, is
apparently but 4.5 mm high, has cornute corallum with remarkable costae as single
rows of strong granulations, and may be conspecific with that just mentioned (see
SQUIRES, 1962);

“C. bredae (EpwarDs & HaimEe, 1850 b)”’, (synonymy in Ferix, 1914), has but
48 septa and 6 pali;

“C. cylindrica (Epwarps & Haime, 1850 b)”’, (synonymy in Ferix, 1914), has
but 48 septa and 6 pali;

C. compressa DuncaN, 1880, differs in having small, compressed coralla, slightly
bent in plane of minor axis of calice (diameter-ratio 1.4) and strong, rather coarsely
granulated costae;

C. arcotensis (ForBES, 1846), (see FELIX, 1914), differs from the present species
in its costae which are distinct, narrow ribs;

C. feddeni Duncan, 1880, differs in having rib-like costae separated by broad
bands, and in possessing an extremely feeble columella;

C. indica Duncan, 1880, differs in its strong, coarsely granulated costae and
broad intercostal bands;

C. stephensoni WELLS, 1933, differs in having a rather dominating columella, and
acute costae separated by broad smooth intercostal bands;

“C. konincki (Epwarps & HaiME, 1848 a)”, (see also Epwarps & HaAIME,
1850 b; Ferix, 1914), differs in having only 6 pali;

C. danica NI1ELSEN, 1922, from the Paleocene (Middle Danian) of Denmark,
somewhat resembles some specimens of the present species e. g. in its sub-conical shape
and in the features of costulation. N1eLsen stated that “single specimens ... are
found.” In his text he states the calice diameters of 10 by 8 mm (making a ratio of
1.25). According to his plate, calice diameters could also be about 6.8 by about 5.5 mm
(with the ratio of 1.24). Only one specimen is now recognized that was certainly accep-
ted as a C. danica by NIELsEN at the time of establishment of the species. It was
labelled by him for figuring. It has been registered (MMH 2080) as the original to his
plate and this also is probably correct. However, the calice diameters of this slender
and slightly curved corallum are different from those mentioned above, being 7.9 by
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6.6 mm (giving a ratio of 1.2). The specimen has 48 septa and 12 pali, and its costae
are practically identical with those found in the present Greenlandic species (there
are no intercostal bands). But it differs from that in having the exsertation pronounced
(1.0 mm), and in so far as Ni1ELSEN observed a specimen with calice diameters of 10
mm and 8 mm, C. danica had to some extent a more oval outline to the calice than is
known for the Greenlandic species (ratios 1.2-1.25). C. danica and C. andreast are here
considered distinct but probably closely related species;

C. jasmundi WANNER, 1902, differs in that the 48 narrow costae are distinctly
separated (Figs 2, 3);

Paleocene (Danian (?) and younger) C. calcitrapa (KoENEN, 1885). The range and
distribution of this species appears to be as follows: Danian (?) (Occurrence in the
Danian of Russia is doubtful. The Danish occurrence mentioned by NieLsen (1922,
1926) depends on finds of virtually undeterminable specimens probably not belonging
to this species (see RoOSENKRANTZ, 1964 b, p. 523). A Danish occurrence is cited by
Rézkowska (1955) from RoseNkRrRANTZ (1920), but unfortunately she misunderstood
his text on Paleocene (i. e. Heersian) specimens; Heersian, in Denmark and Russia;
“Montian” in Poland (see R6zkowska, 1955, and also discussion on the age-determin-
ation in ROSENKRANTZ, 1964 b). The species distinctly differs from the present Green-
landic species at least in its coralla, which are compressed and strongly curved in the
plane of the longer axis of the calice. Since the longest costa is very prominent, wing-
like, and somewhat crenulate, the species in fact must be referred to the (sub)genus
Premocyathus. For details of KoENEN’s species in Russia, see ARKHANGELSKY, 1904,
and RAvN, 1903 (p. 93; referring to Pavrow, 1897);

C. kongieli R6zxowska, 1955, differs in costae displaying single rows of granula-
tions, and there is a sporadic occurrence of dissepiments;

C. crassicosta (KEFERSTEIN, 1859), (see FELIX, 1925; GRUYTER, 1944), differs
from the Greenlandic species in that the slightly curved subconical compressed
coralla, with internal filling up with basal stereome, have comparatively broad inter-
costal areas;

C. mediavia VAUGHAN & PoPENOE, 1933, differs in that the costae are acute and
coarsely granulated above;

C. dumblei VaucHAN & PopPENOE, 1933, differs in possessing conspicuous inter-
costal bands and pronouncedly rib-formed costae;

C. constricta VAuGcHAN & PoPENOE, 1933, differs through a peculiar fenestrate
surface of the almost straight conical coralla and in having costae thin, ragged and
widely spaced;

C. ? capayensis BENTsoN, 1943, has a more oval calice than has the present
species;

C. texana VAUGHAN, 1900 b, is distinguished by its granulated costae being of
two sizes, both types being rather acute;

C. mcglameryae SQUIRES, 1957, differs in possessing a low bowl-shaped corallum;

C. clavus zelandiae SQUIRES, 1958 a, differs through the development of a coral-
lum distinctly facetted by the prominence of certain costae;

C.dalli VaucHAN, 1900 b, differs through the presence of very prominent,
acute costae;

C. brabantica VINCENT, 1921, from the Eocene of Belgium, resembles the present
species to some degree by its straight sub-conical corallum. Its costulation is very
similar in some cases to that of the Greenlandic species, but costae in upper part of
corallum are comparatively prominent. Furthermore, it would appear that the coral-
lum is invariably more oval in cross-section than in the present species (diameter-ratios
calculated from VincenT, 1921, are 1.25 and 1.38);
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C. colei WeLLS, 1945, differs from the present species in having distinct, rounded
or sub-acute costal ribs and in the septal number, usually 53 (but ranging from 38
to 68).

These comparisons seem to indicate a close affinity with C. danica,
and perhaps with C. brabantica. These two species unfortunately are not
so well known as one would wish. The possibility for incorporation of
C. sp. A of this paper in the present species is discussed under C. sp. A.

It appears that the corallum-shape generally is not of great use for
the differentiation of Caryophyllia species. The development and ornamen-
tation of costae so far have proved more useful characters; the features of
costulation of C. andreasi sp. n. usually show small but, as far as is known,
constant differences from those of the other species, of which the costula-
tion is known. Septal number, on the other hand, is widely variable in the
present species and the most common values observed are not uncommon-
ly met with in other Caryophyllia species.

Results from studies of larger and possibly widely variable collections
of fossil, and also living, Caryophyllia can be expected to give further
evidence for affinities between species such as those quoted above. SQUIRES
(1958 a, p. 42) has also stressed the general need for broad variation-
studies on members of this genus.

Occurrence
Lower Danian

Danienrygge at Kangilia:
Basalt tuff: Tuff I, Ryg C, 1 dubious example;
Conglomerate immediately above Tuff I, Ryg B, 4 specimens, of which two are
dubious;
Basalt tuff: Tuff I or Tuff II, 12 specimens, of which 2 are probable and 3 are
dubious;
Tuff IT: Ryg A, 201 specimens, of which 78 are very probable while
26 are dubious;
Ryg B, 68 specimens, of which 31 are very probable while 9
are dubious;
Ryg A + B, 7 specimens;
Ryg C, & specimens, of which 2 are very probable;
Danienrygge, 12 specimens, of which 6 are very probable
while 3 are dubious;

Tunorssuaq, Danienkleft, ‘““‘Store Profil”’, 1 very probable example;

Tlugigsoq, southern slope of Koralravine, 12 specimens, of which & are probable and
5 are dubious.

Upper Danian
Agatdalen: Agatkleft, ““Store Profil”, Sonja Lens, 1 dubious example;
Turritellakloft, “Store Profil”’, Abraham Member:
Tuff beds, 2 certain and 1 very probable examples;
Tuff beds in the upper part, 3 probable examples, and 1 dubious;
Tuff in the upper part (fallen material), 6 certain, 1 probable, and 9
dubious examples.
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Displaced
Ilugigsoq, Koralkleft, basalt tuff, 1953, 1 certain example (age very probably is
Lower Danian);
Ilugigsoq, quartz sandstone, + 600 m, 1952, 3 possible examples (bases) (prob-
ably Upper Danian).

Caryophyllia sp. A
Pl 2, Figs 6-7 B

Material. 52 skeletons and 1 mould belonging to small coralla, all lacking
base and only a few with a rather poorly preserved calicular margin. Outer
sculpture is rarely well preserved, but is usually more or less destroyed
by pre-embedding wear and later damage. 24 specimens seem well-
determined. 24 further examples, of which the sculpture or some other
diagnostic feature could not be well studied, are considered as probable
representatives. 5 specimens are doubtfully determined because both
sculpture and palus-conditions could not be studied.

Description. Corallum subeylindrical and curved about 90° in nearly
one plane. Cross-section circular or slightly oval compression in plane of
curvature. It is not known whether the corals were fixed or free. Sudden
widenings of consistently subecylindrical corallum are observed in many
coralla.

Estimated heights usually are about 1 cm but sometimes reach 2 cm.
Diameters of the calice, which has a circular or slightly oval outline, are
about 4-5 (but up to 7) mm. Ratio of diameters generally appears to be
1.0-1.13, and when it reaches as much as 1.4 or 1.5 in specimens from
the Upper Danian basalt tuff, these high values evidently are due to
crushing of the skeletons. Depth of calice is probably always less than
1 mm.

Basal plate and protosepta could not be studied. Epitheca has not
been observed, it may have existed in lowermost portion of corallum. The
wall is an imperforate septotheca.

Septal number varies considerably. Counts in definitely determined
coralla resulted as follows (figures in brackets refer to septa not observed in
calicular regions but slightly below them):

24 septa, 4 specimens; (24 septa, 5 specimens);

26 septa, 1 specimen;

28 septa, 1 specimen; (28 septa, 5 specimens);

32 septa, 2 specimens; (32 septa, 2 specimens);
(36 septa, 2 specimens).

It appears that range of the septal number is from 24 to about 36.
Septa generally are arranged in 3 distinct cycles with one crown of pali
before 2nd cycle. Septum laminar, with dark line and indications of
simple trabecules in one fan system, axis of divergence placed within the
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wall. Septal sides with a few small granules. Inner margins are undulating,
particularly in septa reaching to the columella. Upper margins are deduced
from other septal structures to have been smooth or at least nearly so.
Exsertation slight. Pali distinct in calice, 6-8 or 9 in number, with rather
big granules; no paliform lobes. Spongy columella feeble and appearing
in calice with 2-3 tubercles.

Costae are found for all septa. They are subequal, flat or slightly
convex bands, distinguishable also near the base. Costae display densely
but randomly distributed granules standing 2-3 across the individual
costa. In some examples the median zone of costae for some distance is
like a faint rib, with 1-2 granules across it. An equivalent to this sporadi-
cal feature has not been observed in C. andreasi sp. n. No one costa on
the convex side of the curved corallum differs morphologically from
another. Intercostal features range from the presence of narrow bands
to the presence of faint shallow furrows, which may be obliterated. The
bands are not smooth. When broadest, they display more or less distinct,
small granules. These are sometimes confluent to form a faint, uneven
mound or they may be irregularly arranged in one row.

No synapticules, nor dissepiments, nor tabulae seem to have existed.
No internal filling with stereome. Faint outer stereome apparently was
found as a coating of wall in a few coralla, as far as is known retaining
the costal sculpture. Stereome may possibly have normally formed a
basal disc.

Affinities. By their shape these numerous tiny coralla can be distinguish-
ed from Caryophyllia agatdalensis sp. n. and from C. sp. B (of this paper),
and also from the protean C. andreasi sp. n. Thus, no c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>