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PREFACE

Billefjorden is located at the inner, eastern end of Isfjorden in Vest-
spitsbergen, between 78°27" N. lat. and 78°43" N. lat., and 16°2" E. long.
and 16°53" E. long., branching off from Isfjorden towards the NNI (figs. 1
and 2). Its length from Gésoyane to the head of Petuniabukta is 32 km, its
smallest breadth 5 km. Four bays branch out from the fjord, viz. Adolfbukta,
Petuniabukta, Mimerbukta and Skansbukta, to which may be added the
bights of Anservika, Phantomvika and Ekholmvika. The greatest depth,
188 m, was found 2.6 km off the front of Nordenskioldbreen which is the
only glacier in the Billefjorden area with its front in the sea (fig. 47). Steep
mountain sides rise to an average height of 600 m on both sides of the fjord,
the highest mountains being De Geerfjellet, 1023 m a.s.l. and situated
north of the front of Nordenskiéldbreen, and Pyramiden, 935 m a.s.l. at
the junction of Petuniabukta and Mimerbukta. The rocks of the region are
mainly Carboniferous limestones and sandstones with gypsum beds;
Permian rocks have a more scattered occurrence and Devonian rocks out-
crop only to the west of the area (OrvIN 1940, HarLanD 1952).

The present work is a continuation of the study of the raised, marine,
Late-Pleistocene deposits of Spitsbergen which was started in the Sassen
area of Isfjorden in 1948 (FeEYLING-HANSSEN and JorsTap 1950). The field
work was carried out during the summer of 1950 when the author together
with Jou~n A. S. Apams, Ph. D., and Cand. philol. Opp CHR. FEYLING-
HansseN, all members of the Svalbard expedition of Norsk Polarinstitutt,
disembarked at Skansbukta. I want to express my sincere thanks to my two
companions who greatly facilitated the field investigations.

The work on the collections has been carried out at the Paleontologisk
Museum of the University of Oslo. I am greatly indepted to the Head of
Norsk Polarinstitutt, Professor dr. phil. H. U. SvErRDRUP, and to the Deputy
Director, dr. phil. A. K. OrvIN, who provided a grant from Norsk Polar-
institutt, and also to the head of Paleontologisk Museum, Professor dr. phil.
A. HEeINTz, for placing laboratory facilities at my disposal.

Technical assistance has been given by Mrs. ALFHILD HoORrN, Magister
S. RICHTER, Cand. mag. H. SkALvoLL and Mr. ]J. WILHELMSEN to whom
I render grateful acknowledgment. I am especially indepted te the Faculty



artist, Miss RaNDI GULLIKSEN, who prepared all the drawings, and to the
Faculty photographer, Miss BErGLIOT MAURITZ, who prepared the photo-
graphs. The air photographs have been taken by topographer B. LUNCKE
of Norsk Polarinstitutt and generously placed at my disposal by the insti-
tute. Finally, I would like to thank Mr. W. T. DEeanN who corrected the
English of the manuscript.

Paleontologisk Museum, Oslo, October, 1954.

Rolf W. Feyling-Hanssen.



ABSTRACT

59 species of marine invertebrates (mainly mollusks) were found in the
raised, Late-Pleistocene deposits of Billefjorden; 26 of them have not previ-
ously been recorded from this region, and 5 are new from the Pleistocene of
Svalbard as a whole (p. 21). In the discussion of the fossil fauna Billefjorden
and the Sassen area (FEYLING-HANSSEN and JorsTAD 1950) have been taken
together under the designation of the Inner Isfjorden Area, the total number
of marine Pleistocene fossils from this region now amounting to 76 (table I).

In order to facilitate a classification of the fossil species, with reference
to their thermic requirements, a regional division of the European seas has
been discussed (p. 24), and three main elements distinguished within the
fossil fauna, viz. a high-arctic, a mid-arctic, and a low-arctic element. The
high-arctic element comprises the majority of the species, many of them
being distributed southwards, even into the lusitanian region. The mid-
arctic element comprises 9 species (p. 30), 3 of which, Mytilus edulis, Lacuna
vincta and Omalogyra atomus, seem now to be extinct in Spitsbergen waters.
The low-arctic element comprises 6 species, viz. Heteranomia squamula,
Volsella modiola, Cyprina islandica, Zirfaea crispata, Emarginula fissura and
Littorina littorea, which are all extinct in Spitsbergen to-day.

The vertical distribution of the fossil species in the Late-Pleistocene
deposits of Billefjorden has been illustrated in table 1I, and in the region of
Inner Isfjorden as a whole, in table III. At the level of the marine limit of
Billefjorden, 90 (96) m a.s.l., no fossils were found, and between 84.5 and
60 m a.s.l. only Saxicava arctica and Mya truncata occurred. The corres-
ponding period has been called the Late-Glacial Cold period. Between 60
and 38—-40 m a.s.l. 14 more species appeared in the deposits, among them
being three of the mid-arctic element, viz. Mytilus edulis, Lacuna vincta and
Littorina saxatilis (p. 31). The corresponding period has been called the
Post-Glacial Temperate period (p. 38). Between 38—40 and 3 m as.l. a
quite large number of invertebrate species were found in the deposits of
Inner Isfjorden; six of these are now extinct in Spitsbergen as they require
a decidedly better climate for their existence there than that of the present-
day (p. 33). The corresponding period has been called the Post-Glacial Warm
period. Below a level of approx. 3 m a.s.l. the low-arctic and also, partly,
the mid-arctic element of the fossil fauna have disappeared from the littoral
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deposits. The corresponding period has been called the Sub-Recent period.
These periods have been correlated with the Late-Pleistocene stratigraphy
of Greenland (p. 54).

The large cuspate forelands, being the most characteristic features of
shore topography along the coasts of Billefjorden, have been discussed; they
are prograded in a NNE direction by the addition of successive beach ridges
(p- 15). When prograded during periods of constant sea level the result will
be horizontal beach plains; when, on the other hand, the progradation is
continuing during a period of negative shift of the shoreline the resulting
beach plains will slope in the direction in which the forelands prograde.
These sloping beach plains have falsely been interpreted as evidence of
Pleistocene warping of the land mass (p. 17).

There seems to be evidence of a minor positive shift of the shoreline in
Recent times (p. 48), and discontinuity in the formation of the sloping beach
plains of Billefjorden, and in the faunas, suggests a temporary positive shift
of the shoreline to have probably taken place at the transition between the
Post-Glacial Temperate and the Post-Glacial Warm period,

The different localities investigated in Billefjorden have been described
(p. 58) together with the collections, measurements and analyses. The fossil
species from the area, their Late-Pleistocene and Recent occurrences within
arctic and sub-arctic regions, have been dealt with on pp. 125—175, and an
index of the species has been inserted at the end of the chapter (p. 176).
Some of the species are illustrated in plates 17—27.






I. GENERAL PART
Introduction.

Cuspate Forelands.

A good description of the physiographic conditions of Billefjorden was
given by BaLcHIN (1941) who carefully mapped its shore topography
(cf. also Harranp 1952, with the Cambridge Spitsbergen Expedition
map of Central Vestspitsbergen), so that only a few remarks need here
be added.

The large cuspate forelands are the most characteristic features of shore
topography along the coasts of Billefjorden. There are four of them along the
east coast, viz. Phantomodden, Kapp Ekholm, Kapp Scott and Kapp Napier.
They are more or less triangular, or cuspate, in shape and are prograded in
a NNE direction by the addition of successive beach ridges. The ridges are
generally close-set with narrow swales in between. Erosion is affecting the
west and southwest sides of these forelands so that practically no ridges and
swales remain parallel to those sides (fig. 3). Such forelands were termed
truncated cuspate forelands (JounsoN 1919, p. 325). An exception is a low
beach plain to the west of the main formation at Brucebyen, where a seaward
progradation takes place both to the WNW and the N.

The great fetch of southwesterly winds entering Isfjorden produces a
dominant longshore beach drifting to the north in Billefjorden (BaLcHIN
1941), such shore drifting necessarily being most prominent along the east
side of Billefjorden. Accordingly there is only one cuspate foreland on the
west coast of the fjord, viz. Narveneset, which is on a scale comparable with
those on the east coast. This is also prograded in an in-fjord direction.

Wave currents produce the shore drifting, or littoral transport, by
which beach material is, more or less constantly, being transported along the
shoreline to accumulate on its leeward sidel. The material is derived
partly from neighbouring cliffs and partly from streams which carry great
quantities of fluvio-glacial material seawards during the summer (BALCHIN
1941).

When these processes act during periods of constant sea level, i.e.
periods with no vertical shift in the position of the shoreline, the result will
be horizontal beach plains, more or less cuspate in outline. These surfaces

1 For details of these processes the reader is referred to the excellent treatise by D. W.

Jounsox (1919), and papers issued by the Beach Erosion Board (e.g. Special Issue No. 2).
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Fig. 3. Truncated cuspate foreland with successively added
beach ridges; beach material is being transported along the
shoreline by shore drifting to accumulate on its leeward
side, thus causing an extensive forward building of the

shore into the sea.

will be occupied by parallel or sub-parallel, generally curved, beach ridges of
approximately equal crest altitudes, each beach ridge marking a temporary
position of the shoreline during the progradation of the shore.

When, on the other hand, the same processes are continuing during a
period of emergence, i.e. during a period of negative shift of the shoreline,
the resulting beach plains will no longer be horizontal, but will slope in the
direction in which the forelands prograde, the older ridges being more ele-
vated than the younger ones. The gradient of the slope depends on the rate
of emergence and the rate of progradation. Every new beach ridge had to
form at a lower level than its predecessor and every new lamina in the grow-
ing sequence was deposited under a lower sea level than the previous lamina.
The beach ridges still mark the temporary positions of the shoreline, but
now they record its vertical, as well as its horizontal, movements.

Fig. 4. Fossils found at A, B, or C, in the cliff of a raised beach plain, have generally been
associated with the same terrace surface because they were once deposited on the same
sloping beach face.



LATE-PLEISTOCENE STRATIGRAPHY OF BILLEFJORDEN 17

Along the eastern shores of Billefjorden such raised sloping beach plains,
or sloping wave built terraces, have been cliffed by wave erosion. The cliffs,
which cut the plains at approx. right angles to the direction of the beach
ridges, reveal continuous incline bedding with alternating coarser- and
finer-grained strata (p. 78, figs. 30—33; pl. 5, fig. 2, and pl. 6, figs. 2, 3).
The material consists of gravel, the thicker strata with sandy gravel alterna-
ting with thinner strata containing silty gravel (p. 79). The strata have a true
northerly dip of 20—25°, i.e. they dip in the same direction as the terrace
surface above, and continue through the cliff up to the ridged surface
(cf. also BaLcHIN 1941)L.

Wherever longshore drifting brings to the shore more débris than can
be removed by the waves operating there, the shore must be prograded
(JonNsox 1919, p. 407). On the other hand, wherever wave and current
action remove more than is supplied by littoral drifting, retrograding takes
place. The first case is operative on the leeward, i.e. northern, sides of the
forelands of Billefjorden, whereas their southwestern sides, in many places,
are subject to erosion. Consequently these truncated cuspate forelands
migrate in the direction of the dominant shore drifting? Raised remnants
of wave built terraces record earlier positions of such forelands, especially
along the east shore of Billefjorden.

These sloping beach plains, so characteristic of the raised marine fea-
tures of Billefjorden and many other fjords of Spitsbergen, were falsely
interpreted as evidence of Pleistocene warping of the land mass (BALCHIN
1941)2. They have nothing to do with tilted shorelines, but are merely
constructional features formed during periods of negative shift of the
shoreline.

The sublittoral facies of the sediments of the beach plains are silty and
partly clayey deposits. In the lower part of the raised sequence of Bille-
fjorden, they are generally very rich in Lithothamnion (p. 44), whereas in
the upper part they are characterized by Mva truncata (p. 40).

1 BarcHIN (1941, p. 370) writes that the alternation of fine and coarse sediments is
either a seasonal feature or related to the frequency of storms coupled with the supply
of material. However, any variation in the longshore drifting will cause variation in
the particle size of the material actually being deposited. If the alternation of sandy
and silty gravel is seasonal we would, in this phenomenon, have an excellent method
of age determination, but this would require closer examination of the texture and
structure of the deposits. The thicker strata with sandy gravel could verv well turn
out to be summer layers deposited under free wave action, whereas the silty gravel
might represent winter lavers deposited when sea ice restricted wave action (cf. foot-
note p. 79).

For details of these processes the reader is again referred to Jouxsox (1919).

3 The present writer (1950) called attention to the improbability of the results reached
by BaLcHIN. Not having visited Billefjorden at that time, he (the writer) held the view
that BALCHIN must have misinterpreted the slope of rudimentary delta plains, but
this only partly covers the facts, the misinterpretation of the ridged beach plains having
to be added.



18 ROLF W. FEYLING-HANSSEN

Raised delta plains, or delta terraces, occur at Phantomvika (p. 69) and
at Kapp Ekholm; these are rudiments of raised deltas and have therefore a
supramarine as well as a marine facies. From their mode of formation, such
plains will slope towards the sea in all directions from the centre of accumu-
lation or apex of the delta (FeyLiNnG-Haxnssex 1950).

At Nidedalen there occurs a series of beach ridges composed of very
coarse material comparable with the boulder ridges of the coastal plain at
Gipshuken (FEYLING-HaNSSEN 1952).

Methods.

Topographical measurements in the field were made using a tachy-
meter. They were initially referred to local high-water mark and later cor-
rected to an approximate half-tide level so that all heights given refer to
mean tide level.

In general the heights of both the front and rear edges of each terrace
were determined, though in many cases solifluction had obliterated the upper
termination of the terrace. On extended beach plains the altitudes of several
points on the surface were determined.

In collecting fossil mollusks, specimens from littoral deposits were, as
far as possible, kept duly apart from those from sublittoral sediments. Fossils
from deposits which had been disturbed by glacial advance were not consi-
dered in the discussion of delimitation of fossil horizons.

It was always attempted to collect a number of fossils great enough to
give an estimate of the faunal composition, though scarcity of fossils pre-
vented this in some localities. The frequency of the different species was
indicated by the number of specimens in the sample. Of gastropods whole
shells and summits of broken shells were counted, and of pelecypods valves
and umbonal fragments, whose number was divided by two. Of balanids
carinae or rostra were counted. Chitonids and echinids were not calculated,
and microfossils were, in general, not considered (FevLING-HANSSEN and
Jerstap 1950, p. 12). In order to facilitate comparison of different faunal
assemblages the frequency of each species was also expressed as a percen-
tage of the total number of specimens in the sample.

Fossils from the cliff of a prograded, raised beach plain were generally
associated with the same terrace level even if they were found at different
heights above sea level (fig. 4). In fact, they were once deposited on the same
sloping beach face or bottom of nearshore zone.

Fossils were considered to have remained in situ when the size and
weight of the biogenic particles (size of fossil specimens or fragments thereof)
were of an order of magnitude other than that of the particles of the minero-
genic matrix. If, on the other hand, biogenic and hinerogenic particles are
of approximately equal size this may, in many cases, prove to indicate that
one and the same agency brought them together (cf. FEYLING-HANSSEN and
JorsTaD 1950, p. 22, table I).
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Errors.

Some of the measured altitudes of raised, marine features may be inac-
curate on account of the base-line chosen. In Billefjorden the high-water
line is marked neither by Fucus nor by the white lining of Balanus balanoides
found so commonly elsewhere. The position of latest high-water is generally
marked by a small sand ridge or by flotsam, this mark varying, however,
from day to day with the tidal range. Approximate corrections had to be
made for this and for occasional heavy seas and exceptional exposure. Com-
pared with the heights of the raised marine features, however, the variations
in the position of the chosen base-line are generally small, the tidal range
being on the average, 1 m within the region.

As to the fossils, the various factors tending to diminish the accuracy
of their indication were discussed by FEvLING-HaNsseN and JorsTap (1950,
p- 10). The most serious one is redeposition of fossils by streams, waves,
currents, or even by solifluction and glacial advance. Such factors are consi-
dered under the description of the localities (p. 58).

LEyicHE (cf. LAURSEN 1946 b) stated that at depths less than approx.
23 m there is in Greenland waters a relatively warmth-loving fauna, whereas
a cold-loving one appears below this depth. An uplift of land in such an area
would, accordingly, appear to be accompanied by a climatic change from
high-arctic to milder conditions, as part of the hitherto high-arctic bottom
will be raised into a zone with more temperate water. This would constitute
a serious source of error in evaluation of the fossil fauna in correlation with
change of levels, but Latrsex (1950, pp. 111—117) has shown, however,
that LLEMCHE’s theory is hardly in keeping with reality. LAURsEX (l.c.) also
entered upon the problem of relict forms (cf. also JENSEN 1942).

Geographical Names.

The terms Vestspitsbergen, Spitsbergen and Svalbard have been used
in accordance with ,, The Place-Names of Svalbard” (1942), viz. as follows:

Vestspitsbergen is the name of the greatest island in the Svalbard group.

Spitsbergen signifies Vestspitsbergen, Prins Karls Forland, Nordaust-
landet, Barentsoya and Edgeoya.

Svalbard comprises Kvitova, Kong Karls Land, Hopen and Bjerneya
in addition to the islands mentioned above.

Some of the investigated localities in the Billefjorden area had no
names, so that in order to simplify the account of the present paper the
following new names are proposed:

Muytilusbekken, stream north of Anservika (fig. 2, pl. 2).
Phantomzika, bight north of Phantomodden (figs. 2, 23).
Tjosdsdalen, valley SW of Tjosasfjellet (figs. 2, 23).
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Tjosdselva, the river of Tjosésdalen (fig. 23).

Tyrrelldalen, valley between 'I'josésfjellet and Tyrrellfjellet (figs. 2, 23).
Tyrrellelva, the river of Tyrrelldalen (fig. 23).

Ekholmvika, bight north of Kapp Ekholm (figs. 2, 23; pl. 4).
Scottzvika, bight north of Kapp Scott (p. 81).

Teltfjellbekken, stream at the foot of Teltfjellet, between Kapp Scott
and Brucebyen (figs. 2, 34).

Sordammen, pond at Brucebyen (fig. 34).

Norddammen, pond at Brucebyen (fig. 34).

Nidedalen, valley south of Mimerbukta (figs. 2, 48).

Nidedalselva, the river of Nidedalen (figs. 2, 48).

Narveneset, cuspate foreland south of Nidedalen (fig. 48).

Alvrekdalen, valley southwest of Narveneset (figs. 2, 48).

Alvrekelva, the river of Alvrekdalen (fig. 48).

Brimerpvnten, point southwest of Alvrekdalen (figs. 2, 48).
Asvindalent, small valley southwest of Brimerpynten (fig. 48).
Myadalen, valley north of Skansbukta (figs. 2, 48).

Myadalselva, the river of Myadalen (fig. 48).

Skansdalselva, the river of Skansdalen (fig. 48).

Skansdalsbreen, the glacier at the head of Skansdalen (pl. 11, fig. 1).

The Inner Isfjorden Area (fig. 1) comprises Billefjorden, Sassen-

fjorden and Tempelfjorden.

The Fossil Fauna.

Faunistic Remarks.

In the present survey 59 species of marine invertebrates? are enumerated

as occurring in the Pleistocene of Billefjorden, viz. 3 chitonids, 23 pelecypods,
28 gastropods, 4 cirripeds and 1 echinid?. Of these species 53 were found by
the author, and 6 were recorded only by other investigators, viz.

Thyasira flexuosa Sipho togatus
Sipho islandicus Buccinum ciliatum
Sipho kroeyeri Buccinum finmarchianum.

In Norse mythology Nide, Narve, Alvrek, Brimer and Asvin are synonyms for the
god Mimer.

Foraminifera, Ostracoda and Polychaeta are not considered; coralline algae have been
collected (p. 174).

Mya truncata ovata JENSEN (-=M. pseudoarenaria SCHLESCH) and M. truncata udde-
vallensis HANcCOCK are here included in Mya truncata 1LiNNE. Four of the mollusks were
probably of Recent origin, viz. Musculus discors substriatus, Liocyma fluctuosa, Pandora
glacialis and Pyrulofusus deformis.
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26 of the species are here recorded from the Pleistocene of Billefjorden

for the first time, viz.

Tonicella marmorea
Trachydermon albus
Trachydermon ruber
Volsella modiola
Musculus discors substriatus
Astarte crenata
Thyasira croulinensis
Thyasira sarsii
Liocyma fluctuosa
Zirfaea crispata
Emarginula fissura
Acmaea rubella
Margarites cinereus

Moelleria costulata
Cingula castanea
Omalogyra atomus
Trophon clathratus
Pyrulofusus deformis
Buccinum undatum
Buccinum totteni
Lora bicarinata
Verruca stroemia
Balanus balanus
Balanus crenatus
Balanus balanoides
Strongylocentrotus cf. droebachiensis.

In addition worn fragments of Thracia sp. and Cyclostrema sp. were found.

Five of these species, 4 mollusks and 1 cirriped, are here recorded from

Thyasira croulinensis
Thyasira sarsii
Emarginula fissura

the Pleistocene of Svalbard for the first time, viz.

Omalogyra atomus
Verruca stroemia.

In the raised Pleistocene deposits of the Sassen area (FEYLING-HANSSEN

Nucula tenuis

Leda pernula

Yoldiella frigida
Bathyarca glacialis
Musculus discors laevigatus
Axinopsis orbiculata
Turtonia minuta

Macoma torelli

Thracia septentrionalis

and JorsTAD 1950) 60 species of marine invertebrates were found, 17 of
which were not found in the Pleistoceene of the Billefjorden area, viz.

Thracia myopsis
Siphonodentalium vitreum
Cingula aculea

Lunatia pallida
Neptunea despecta
Buccinum tenue
Buccinium ocum

Admete viridula.

On the other hand, 16 of the species collected in the Billefjorden area

Trachydermon albus
Tracydermon ruber
Thyasira flexuosa

were not found in the Sassen area, viz.

Thyasira croulinensis
Thyasira sarsii
Emarginula fissura
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Acmaea rubella Buccinum ciliatum
Margarites cinereus Buccinum finmarchianum
Cyclostrema sp. Buccinum tottent
Omalogyra atomus Lora bicarinata

Sipho kroeveri Verruca stroemia.

Billefjorden and Sassenfjorden with T'empeltjorden constitute the inner-
most and easternmost branches of Isfjorden. The physiographic conditions
and the development of the Late-Pleistocene being similar in both areas, the
Billefjorden area and the Sassen area can be treated together under the
designation of the Inner Isfjorden Area. If these two areas are taken together,
the total number of marine invertebrate species recorded from the Pleis-
tocene of the Inner Isfjorden Area amounts to 76, which are enumerated in
table I. The occurrences at different parts of Spitsbergen are marked with
an %, butif the occurrence is supposed to be of Recent origin this mark has
been put in brackets, (><). In the ,West coast region” is included Isfjorden
west of the Inner Isfjorden Area. The Thracia sp. found in the Billefjorden
area 1s supposed to be 7. devexa, this species being listed as occurring there

in the table.

Table 1.
-
= 18| ¢
No The marine invertebrates in the Pleistocene b g = Z =
: of the Inner Isfjorden Area. '_'; & g 3 £
= = < o S
1 | Tonicella marmorea (FABRICIUS) ............ccoouun... Re X - X
2 | Trachydermon albus (LINNE) ... oo ... N X
3 | Trachydermon ruber (LINNE) .. ... i, bl e .
4 | Nucula tenuis (MONTAGU) .o vv vt . . X <
5 | Leda pernula (MULLER) ... .vuite e . v b P
6 | Yoldiella frigida (TORELL) ..........cuuiiuuuniorann. o
7 | Bathyarca glacialis (GRAY) .. ..o, e .
8 | Heteranomia squamula (LINNE) ...... ... .. ... ... P4 P P
9 | Chlamys islandica (MULLER) .. ..........oiieuienn .. SO x| K <
10 | Crenella decussata (MONTAGU) . ovvineineinenannn.. Y| %
11 | Mytilus edulis (LINNE) .« .00t “ol o
12 | Volsella mediola (LINNE) .. ......utininennnan .. O G .
13 | Musculus discors laevigatus (GRAY) ... .o .. ¥ | x >
14 | Musculus discors substviatus (GRAY) ........ooouin.... |« .
15 | Astarte boralis (CHEMNITZ) ... oivii i X X X
16 | Astarte montagui (DILLWYN) . ....ovvinnn .. i e b X
17 | Astarte elliptica (BROWN) .. .. oviii i A D e X
18 | Astarte crenata (GRAY) ... .ouinei i b X p
19 | Axinopsis orbiculata G. O. SARS ......covviiiineenn... . P
20 | Thyasira flexuosa (MONTAGU) .. ovvvneniieeianennn >
21 | Thyasira crouliensis (JEFFREYS) .. ..ovuvunineninenenn.. X
22 | Thyasira sarsii (PHILIPPI). . ..o oiiii et .
23 | Turtonia minuta (FABRICIUS) .. ...........cuuuinenen... . %
24 | Clinocardium ciliatum (FABRICIUS) . ... ...l . . X
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=1
< §D e &0
No The marine invertebrates in the Pleistocene §| ¢ e | B =
: of the Inner Isfjorden Area. 2 =] s S @
o I N e
3] @ 173 = o
= A O = T -
Rl® |5 Z A
25 | Serripes groenlandicus (CHEMNITZ) . .....cooviiinenennn. X X X X
26 | Cyprina islandica (LINNE) ........oiiiiinininnenen. X X X . X
27 | Macoma calcarea (CHEMNITZ) ... oovviinininninnenan. X X | X | X | X
28 | Macoma torelli (STENSTRUP) JENSEN .. .vvuerennnnnnnnn . X . .
29 | Liocyma fluctuosa (GOULD). ..o vt veie e (x)| x X . X
30 | Saxicava arctica (LINNE) .. ..ot it e X X X X X
31 | Mya truncata LINNE . ... ..o, X | X X | x | x
32 | Zirfaea crispata (LINNE) . ......ooiiiiininnnenennn. X X X
33 | Pandora glacialis LEACH .............cuiiiuneunnnnn. (xX) | (x)|(x)
34 | Thracia septentrionalis JEFFREYS. . ..o oovveennennenn... . X . . .
35 | Thracia myopsis (MIOLLER) . ....uvuviinninenenenennns . X X X | x
36 | Thracia devexa G. O. SARS .....oviiiininenennnnnn. X X
37 | Siphonodentalium vitreum M. SARS ................... . X
38 | Emarginula fissura (LINNE) ........ovoiiiiiniinnann. X . . .
39 | Puncturella noachina (LINNE) .................covun.. X | x X X
40 | Acmaea rubella (FABRICIUS) « vt vttt ie e i nennannns X . X . X
41 | Lepeta coeca (MIULLER) .. ......iiuiiniinnennennennn. X | x | x | x | X
42 | Margarites groenlandicus (CHEMNITZ) .« .. ovvenennenn. X X X X X
43 | Margarites helicinus (PHIPPS) .........c.cvvivenennnn. X X X X
44 | Margarites cinereus (COUTHOUY) .. vvvvvinininnnennnn.. X . X X
45 | Moelleria costulata (IMIOLLER) . ........cuovuuenenenan.. X X X X
46 | Cyclostrema sp. ........uiuiiiiiiiin i X . . .
47 | Lacuna vincta (MONTAGU) .« oot v teteeeeeieeensnnennnn X X X X
48 | Littorina saxatilis (OLIVI) ..........coviiiinnennenn.. X | X | X .
49 | Littorina littorea (LINNE) . . ..o v it it iee e X X X X
50 | Cingula castanea (MIOLLER) .......covuiuvuiinenenenn. X X X
51 | Cingula aculea (GOULD) . .....cooiiiviiiinninnenann.. . X | X
52 | Omalogyra atomus (PHILIPPI) ............ [ X . . .
53 | Lunatia pallida (BRODERIP and SOWERBY) . ............. . X X X
54 | Natica clausa BRODERIP and SOWERBY ................. X | X | X . x
55 | Trophon clathratus (JLINNE) . ..., X | X | X | x |X
56 | Trophon truncatus (STROM) .. ...vvviiuniinnennennenn. X | X
57 | Sipho islandicus (CHEMNITZ) ... vviininnnnnennnenens X X . . .
58 | Sipho kroeyeri (MIOLLER) .. ....vvuieiineinnnennennn. X . x | x | x
59 | Sipho togatus (MORCH) ... ovvuvienin i X X
60 | Neptunea despecta (ILINNE) . .......uiuiiineiiunnnnnn. . X .
61 | Pyrulofusus deformis (REEVE) .........covuiueenennnn.. )| (x) [ (x)
62 | Buccinum undatum LINNE. .. ... ..ot X X X .
63 | Buccinum groenlandicum CHEMNITZ. .. ....cvuvvuunnennn. X X X X
64 | Buccinium ciliatum (FABRICIUS) . . .....ovvvnrnennnnnn. X X
65 | Buccinum finmarchianum VERKRUZEN .................. X . . . .
66 | Buccinum glaciale LINNE. .. .. .. ... . i, X X X X b
67 | Buccinum tenue GRAY . ... ..ouutneneneunenenenenennn. X X X
68 | Buccinum ovum MIDDENDORFF . ..........oouunieneennnn . X X
69 | Buccinum totteni STIMPSON ... .vvevenvneeennenennnnns X . .
70 | Admete viridula (FABRICIUS) ..........ccuiuiuiunnennn. . X . X
71 | Lora bicarinata (COUTHOUY) ..ot i ennnnenennn. X X X
72 | Verruca stroemia (MIULLER) .. ....vuuininunnennnnennnn X . . . .
73 | Balanus balanus (LINNE). . .. ..ot ii it i inieannn. X I X | X | X |X
74 | Balanus crenatus BRUGUIERE ..............cocueunn.. X X X
75 | Balanus balanoides (LINNE) . ..........c.ciiiiununon.. X | X . .
76 | Strongylocentrotus cf. droebachiensis (MULLER).......... X | x | % X
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The total number of mollusk species now known from the whole of the
Pleistocene of Svalbard, has been augmented to 95,

The majority of the species from the Pleistocene of Inner Isfjorden are
still living in the fjords and along the coasts of Vestspitsbergen to-day. 9 of
them, however, are now extinct there (pp. 127—161), viz.:

Heteranomia squamula Emarginula fissura
Mytulis edulis Lacuna vincta
Volsella modiola Littorina littorea
Cyprina islandica Omalogyra atomus.

Zirfaea crispata

This fact points to changing thermic conditions in the sea during the
period of deposition of the Pleistocene strata within the area, and in an
insular region like Svalbard the temperature of the sea water will have a
decisive influence on the climate. In order to extract the climatic evidence of
the fossil fauna as completely as possible, it will be necessary to discuss the
Recent geographical distribution of certain groups of species.

Regional Division of the European Seas.

A large number of climatological and zoégeographical delimitations of
the European seas has been proposed by various authors; for details about
the different regions and subregions, as to water temperature, currents,
depths and organic life, the reader is referred to papers by ApPELLOF (1912),
GurjaNova, Sacus, and UscHakov (1925), ANTEvs (1928), BrocH (1933),
Exman (1935), MaDseN (1936), and others. A simple regional division which
will serve as a practical aid in the classification of our fossils from the Pleisto-
cene of Inner Isfjorden and their paleoclimatic indications is found in
ANTEVS (1928, p. 482). His classification is based on the old zodgeographical
division of arctic, boreal and lusitanian provinces, the arctic province being
sub-divided into a high-arctic and a low-arctic subregion, and the boreal into
a high-boreal, a mid-boreal and a low-boreal subregion. (Cf. HESsLAND 1943.)

ANTEVS’ regional division has here been altered a little, a mid-arctic sub-
region being inserted between the high-arctic and the low-arctic. This was
necessary to make possible a distinction, in the diagram (table III), between
species with different geographical occurrences, and different paleoclimatic
indications which would, in ANTEVS’ scheme, fall within the same geo-
graphical region. Littorina saxatilis var. groenlandica and Cyprina islandica
would both, according to ANTEVS’ scheme, be classified as low-arctic species
with reference to their northern limit of distribution. However, L. saxatilis
occurs in Spitsbergen, whereas C. islandica is distributed northwards only
to the White Sea. Their vertical distribution in the Pleistocene of Inner Is-

1 Cf. KnrrowrrscH 1902 11T, HoeL 1914, FevLiNg-HANSSEN and Jorstap 1950, Hice
1950, 1951.
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Fig. 5. Zoo6geographical division of the northern European seas; the boundaries in the sea
have been estimated, taking into consideration the effect of the Gulf Stream. The zo6-
geographical conditions in the Baltic have not been considered.
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fjorden shows that they immigrated there at different times after the latest
glaciation, L. saxatilis occurring at 45 ma.s.l., whereas C. islandica is found
up to 31 m a.s.l. In accordance with the present altered regional division of
the European seas the distribution of L. saxatilis extends into the mid-arctic
subregion, whereas C. islandica reaches only into the low-arctic one.

The ditferent regions are briefly defined below (fig. 5).

The high-arctic subregion is, on the whole, identical with Map-
SEN’s arctic region (1936, pp. 64—67), and is devoid of littoral mollusks
(cf. the high-arctic province of GURjaNOVA, SacHs, and UscHakov 1925)
and Balanus balanoides. 1t comprises the seas east of Vaigatsh and Novava
Zemlya, together with the seas of Franz Josef Land and eastern and north-
eastern Spitsbergen, East Greenland north of 66—67°N.lat., i.e. slightly
north of Angmagssalik, and West Greenland north of Proven.

The mid-arctic subregion is delimited to the north by the northern
limit of distribution of Balanus balanoides (FEYLING-HANSSEN 1953, p. 12).
In it are counted parts of the Barents Sea, the west and north coast of Vest-
spitsbergen as far east as Verlegenhuken (80°3.7" N. lat.), the East Green-
land coast south of Angmagssalik and the West Greenland coast south of
Upernivik, or rather, south of Proven, 72°25'N.lat. (MapseN 1940). The
southern delimitation of this subregion should be drawn northwestwards
from Cape Kanin (GURJANOVA, Sacus, and UscHakov 1925); whether north
or south of Bjerneya (Bear Island) cannot be decided until the shore fauna
of this island becomes better known. T'he mid-arctic subregion comprises
arctic waters which are slightly influenced by the Gulf Stream.

T'he low-arctic subregion is distinguished by a rich littoral fauna.
It includes the White Sea, the Murman coast, East Finnmarken, the northern
and eastern shores of Iceland (ANTEvs 1928, p. 483). The low-arctic sub-
region comprises arctic waters which are strongly influenced by the Gulf
Stream.

The high-boreal subregion extends from Nordkapp (North Cape)
to north of Lofoten, between Vesterdlen and Lofoten on the coast of northern
Norway, and includes also the southern and western coasts of Iceland
(ANTEVS Lc.).

The mid-boreal subregion extends from north of Lofoten to
south of T'rondheimsfjorden on the Norwegian west coast.

The low-boreal subregion extends from south of Trondheims-
fjorden to the eastern part ot the English Channel. It includes the North
Sea and the Faroes (ANTEVS l.c.).

The lusitanian region comprises the shallow seas south and west
of the Scotland-Faroe Ridge and the eastern part of the English Channel,
the coasts of France, Portugal and Spain and the Mediterranean.
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Table I1.

VERTICAL DISTRIBUTION OF FOSSILS
WITHIN THE PLEISTOCENE
OF BILLEFJORDEN

HEIGHTS ABOVE SEA LEVEL
5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85m
T M T

S PECIES

T

[R]
~7¥

Mya truncata:
Saxicava arctica
Macoma calcarea:
Chlamys 1slandica
Balanus balanus
Strongylocentrotus
Mytilus edulis :
Serripes groenlandicus-
Lepeta coeca :
Littorina saxatilis

Buccinum groenlandicum -

Astarte borealis-
Zirfaea crispata
Heteranomia squamuia
Volsella modiola
Astarte montagui
Astarte crenata
Cyprina islandica
Acmaea rubella
Lacuna vincta -
Littorina littorea
Balanus balanoides
Trophon sp -

Lora bicarinata
Balanus crenatus -
Lithothamnion -+

Margarites groenlandicus fis:
Trophon clathratus- 1

Trophon truncatus--
Crenella decussata -
Thyasira flexuosa: -
Puncturella noachina- -
Astarte elliptica
Buccinum glaciale
Tonicella marmorea
Trachydermon ruber
Trachydermon albus
Cingula castanea
Lora sp. .-~ -
Verruca stroemia
Thyasira sarsii
Omalogyra atomus
Clinocardium ciliatum
Moelleria costulata
Thyasira croulinensis -
Cyclostrema sp
Thracia cf devexa
Musculus disc substrictus
Pandora glaciaiis
Emarginuia fissura
Margarites helicinus
Margarites cinereus
Natica clausa
Pyrulofusus deformis
Buccinum undatum
Buccinum totten: -
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Vertical Distribution of the Fossils.

The fossil species from the Pleistocene of Billefjorden were found at
different heights above present sea level, as illustrated in table II. The
results of a survey of all the finds, with recorded elevation, from the region
of Inner Isfjorden as a whole have been illustrated in the diagram, table III.
Shell collections from deposits which had been disturbed by glacier move-
ments, or had been incorporated in moraines, have been omitted from the
diagrams.

The elevations at which the different species were found have been
plotted to the right in the diagrams, and the species have been arranged in
order of their first appearance in the deposits, i.e. those found at the greatest
elevation are listed first. To the left in the diagram, table III, the Recent
geographical distribution, as far as known, for the different species has been
indicated in accordance with the regional division just proposed.

We have in this way obtained a graphical connection between the Recent
geographical distribution of the species and their fossil occurrence in the
deposits of the area, i.e. we have a picture of the types of species, from the
point of view of thermic requirements, which occur at the different heights
within the marine Late-Pleistocene. All species which occur at present in
Isfjorden are plotted down to the zero line in the diagram, which makes
possible a comparison between the Recent fauna there and the faunas of
different ages back in the Late-Pleistocene, as represented by the succession
of ancient sea levels.

Only two species occur at the highest levels, viz. Mya truncata and
Saxicava arctica, but later, i.e. at lower levels, Macoma calcarea appears,
and then more and more species immigrate to the area, though some of them
disappear again in fairly Recent times. 'I'he majority of them, however,
were able to sustain life in the area, even under deterioration of the climate,
when once they had arrived there, so that the number of species has, on the
whole, been increasing during Post-Glacial time.

Provided the ecological characters of a species were the same during
Late-Pleistocene times as they are to-day, the occurrence of the species at
certain heights in the deposits indicates changes in the environmental condi-
tions of Inner Isfjorden during Late-Pleistocene time'. It is reasonable to
assume that these changes were caused mainly by changes in the climate of
the area, so that the more finds, with recorded altitudes, that can be obtained
from the area, the more completely the climatic changes can be interpreted
from the deposits.

As to zoogeographical types three main components can be distinguished
among the 65 species enumerated in the diagram, table III, viz.:

1 The delimitation of this method is discussed on p. 19.
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Table ITI.
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1) A high-arctic (high-arctic—boreal—lusitanian) element, 2) a mid-
arctic (mid-arctic—boreal—lusitanian) element and 3) a low-arctic (low-
arctic—boreal—lusitanian) element.

The high-arctic element comprises 47 species, 10 of which are
distributed southwards, even into the lusitanian region, viz.

Tonicella marmorea Saxicava arctica
Trachydermon ruber Mya truncata
Nucula tenuis Moelleria costulata
Crenella decussata Natica clausa
Thyasira flexuosa Buccinum undatum.

Taken alone these are, therefore, of little value as climatological indi-
cators in the area. 14 of the other species are of an arctic-boreal, and 6 of an
arctic-mid-boreal distribution!. 5 of the species do not occur south of the
high-boreal subregion, viz.

Musculus discors substriatus Acmaea rubella
Axinopsis orbiculata Buccinum tottent,

Serripes groenlandicus

and 11 of the species do not occur outside the arctic region:

Musculus discors laevigatus Cingula castanea
Clinocardium ciliatum Pyrulofusus deformis
Macoma torelli Buccinum groenlandicum
Liocyma fluctuosa Buccinum glaciale
Thracia septentrionalis Buccinum tenue.

Thracia myopsis

One species, viz. Pandora glacialis is distributed only in the high-arctic and
mid-arctic subregions.

The mid-arctic element comprises 9 species, viz.

Mytilus edulis Littorina saxatilis
Thyasira croulinensis Omalogyra atomus
Thyasira sarsii Verruca stroemia
Turtonia minuta Balanus balanoides,

Lacuna vincta

1 Hicc (1951, pp. 245, 247) classified Cingule aculea as a boreal species, being now

extinct at Spitsbergen. THoRsoN (1944, p. 35) found it to be a panarctic species, and
recorded it both from Franz Joseph Fjord in East Greenland and from Spitsbergen.
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which at present are distributed northwards into the mid-arctic subregion.
Three of these species seem now to be extinct in Spitsbergen waters, viz.

Mutilus edulis Omalogyra atomus.
Lacuna vincta

The low-arctic element comprises 6 species, viz.

Heteranomia squamula Zirfaea crispata
" Volsella modiola Emarginula fissura
Cyprina islandica Littorina littorea,

though Emarginula fissura has probably a boreal distribution. All these
species are now extinct in Spitsbergen waters.

Paleoclimatic Evidence of the Fossil Fauna.

At the highest levels, up to 84.5 m a.s.l,, only two species were found
in the raised deposits, viz.

Savicava arctica Mya truncata.

They are both eurytherme forms and do not indicate anything particular
about the climate of the corresponding period. On the other hand, the fact
that onlv two species occurred between 84.5 and 60 m a.s.l. points to rather
severe environmental conditions, a view which is supported also by the
scarcity of specimens at these levels, in general only some fragments being
found.

This period at which Saxicava arctica and Mya truncata immigrated to
Inner Isfjorden, where they were probably the only species present, has here
been called the Late-Glacial Cold period. '

At 56 m as.l. Macoma calcarea appeared in the deposits (cf. diagram,
table 1II) followed by Chlamys islandica and Balanus balanus at 51 m and
Strongylocentrotus cf. droebachiensis at 49 m. At present all these extend into
the high-arctic subregion, but they occur also southwards in the boreal
region. At 45 m a.s.l. 7 additional species were found in the deposits, viz.

Mytilus edulis Lunatia pallida
Lepeta coeca Trophon truncatus
Lacuna vincta Buccinum undatum.

Littorina saxatilis



32 ROLF W. FEYLING-HANSSEN

BOREAL RCTIC FOSSIL SPECIES FROM THE
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Chlamys islandica
Mytilus edulis
Serripes groenlandicus
Macoma calcarea
Saxicava arctica

Mya fruncata

Lepeta coeca

Lacuna vincta
Littorina saxatilis
Lunatia pallida
Trophon truncatus
Buccinum undatum
Buccinum groenlandicum
Balanus balanus
Strongylocentrotus

Fig. 6. Fossil species from the Post-Glacial Temperate period of Inner Isfjorden; their

Recent geographical distribution indicates that the climate of the Temperate period of the

area was no worse than that of the mid-arctic subregion of to-day and, at all events, no
better than that of the low-arctic.

Three of these, Mytilus edulis, Lacuna wvincta and Littorina saxatilis, belong
to the mid-arctic element in the fossil fauna and indicate a distinct ameliora-
tion of the climate. Littorina saxatilis lives at present along the west coast,
and occasionally also on the north coast of Vestspitsbergen (p. 159), whereas
Mytilus edulis and Lacuna vincta occur at Novaya Zemlya (pp. 132 and 158).
The period at which these species immigrated to the area of Inner Isfjorden
has here been called the Post-Glacial Temperate period.

Serripes groenlandicus and Buccinum groenlandicum appeared at 42 m
a.s.l., and Lithothamnion at 40 m; their immigration to the area should also
be referred to this period.

The species from the Post-Glacial 'I'emperate period have been listed
in fig. 6 together with their Recent geographical distribution. The Recent
distribution of Mytilus edulis, Lacuna vincta and Littorina saxatilis, and their
presence in the deposits, indicates that the climate of the Post-Glacial 'T'em-
perate period of Inner Isfjorden was no worse than that of the mid-arctic
subregion of to-day, as these species could live there. On the other hand,
the presence of Serripes groenlandicus and, especially, of Buccinum groenlandi-
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cum indicates that the climatic conditions were still severe, at all events no
better than those of the low-arctic subregion of to-day. In other words, the
fossil fauna suggests that the Temperate period had a climate slightly more
favourable than that prevailing in the area to-day.

At 34.5 m as.l. Astarte borealis and Zirfaea crispata appeared for the
first time; at 33 m Astarte crenata was found; at 31 m a.s.l. 7 new species
occured in the deposits, viz.

Heteranomia squamula Acmaea rubella
Volsella modiola Littorina littorea
Astarte montagui Balanus balanoides,

Cyprina islandica

and at 29 m a.s.l. was found Tonicella marmorea. Among these species are
5 with a low-arctic distribution, viz.

Heteranomia squamula Zirfaea crispata
Volsella modiola Littorina littorea.
Cyprina islandica

These are now extinct in Spitsbergen as they require a decidedly better
climate for their existence than that of the present-day.

The period at which these species first immigrated to the Inner Is-
fjorden Area after the latest great glaciation has here been called the Post-
Glacial Warni period.

The species from 34.5 to 29.0 m a.s.l. have been listed in fig. 7 together
with their Recent distribution, and as the result it appears that the climate
of Inner Isfjorden at the beginning of the Post-Glacial Warm period was no
worse than that of the low-arctic subregion of to-day and, any way, no better
than that of the high-boreal. It was most probably similar to that prevailing
at present at the coasts of Finnmarken and Iceland.

These favourable conditions lasted during continued lowering of the
shoreline down to approx. 3 m above present sea level, and a number of new
species immigrated to Inner Isfjorden during this period, amongst them
being 5 species with a mid-arctic Recent distribution, viz.:

Thyvasira croulinensis Omalogvra atomus
Thyasira sarsii Verruca stroemia
Turtonia minuta

and one with a boreal distribution, viz.

Emarginula fissura.

[55)
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FOSSIL SPECIES FROM THE
POST GLACIAL WARM
PERIOD

(FROM 345-290masl)

Heteranomia squamula
Chlamys 1slandica
Mytilus edulis
Volsella modiola
Astrarte torealis
Astarte montaqui
Astarte crenata
Serripes groenlandicus
Cyprina slandica
Macoma calcarea
Saxicava arctica
Mya fruncata
Zirfaea crispara
Acmaea rubella
Lepeta coeca
Lacuna vincta
Littorina  saxatilis
Littorina littorea
Tonicella marmorea
Balanus balanus
Balanus balanoides
Strongylocentrotus

Fig. 7. Fossil species from the earlier part of the Post-Glacial Warm period of Inner Is-

fjorden; their Recent geographical distribution indicates that the climate of the Warm

period of the area was no worse than that of the low-arctic subregion of to-day and, at all
events, no better than that of the high-boreal.

All were found from 7 to 2 m a.s.l., but those at lower levels occurred
in cliffs of higher terraces or in deposits referable to higher levels. The con-
temporary shoreline is probably to be found at 7 m a.s.l. or somewhat higher.
Further investigations will probably prove these species to be distributed
higher up in the deposits from the Post-Glacial Warm period.

Most of the other species which immigrated during the lowering of the
shoreline from 30 m to approx. 3 m a.s.l. have an arctic distribution, and
some of them do not at present occur outside the arctic region. These are:
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Musculus discors laevigatus Thracia myopsis
Clinocardium ciliatum Cingula castanea
Macoma torelli Pyrulofusus deformis
Liocyma fluctuosa Buccinum glaciale.

Thracia septentrionalis

This suggests that the climatic conditions were probably more favour-
able at the beginning of the Post-Glacial Warm period than they were later
‘in the same period. Most probably climatic oscillations took place. The
occurrence of Mytilus beds at 6 to 3 m a.s.l., with abundance of Mytilus edulis,
indicates the latest slight improvement of the climate before the decisive
decline of the Post-Glacial Warm period.

Below a level of approx. 3 m above the present sea level the Warm-
period-indicators, the low-arctic and also, partly, the mid-arctic element of
the fauna have disappeared from the littoral deposits. The arctic element
prevails together with some species of the mid-arctic one, such as:

Thyasira croulinensis Littorina saxatilis
Thyasira sarsii Verruca stroemia
Turtonia minuta Balanus balanoides.

The arctic gastropod Buccinum tenue and the pelecypod Pandora glaci-
alis, of high-arctic—mid-arctic distribution, probably did not immigrate to
the area until Recent times. Pyrulofusus deformis, of arctic distribution,
probably behaved in the same way (pp. 151, 166).

With regard to the climate of Inner Isfjorden, the present-day condi-
tions may be considered as being slightly less favourable than in the Post-
Glacial-Temperate period, when Mytilus edulis first immigrated to Spits-
bergen after the latest glaciation.

Ancient Sea Levels and their Characteristic Fossils.
The Late-Glacial Cold Period.

The upper marine limit as measured in Billefjorden is situated 90 m
a.s.l. It was determined at Ekholmvika (p. 80) where it forms the rear edge
of the highest terrace (pl. 5, fig. 3). No fossils were found, but the minero-
genic surface material consisted of beach gravel with sand and pebbles. A
distinct level in unconsolidated material at the mountain side north of
Phantomodden was found to be situated at an altitude of 96 m a.s.l. (pl. 3,
fig. 3), but this showed no evidence of marine origin. It was probably the
surface of an old lateral moraine (cf. p. 76).

At Kapp Belvedere, on the south side of Sassenfjorden, there is a shore-
line cut in bedrock 96.2 m a.s.l.; at Sveltihel, E of Kapp Belvedere, there is
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one at 85.7 m a.s.l. (FEYLING-HANSSEN and JorsTaD 1950, p. 41), and in a
beautiful illustration of the shore topography at Bjonahamna by STEN DE
GEER in 1908 (published in ,,Guide de I’Excursion au Spitzberg”, G. DE
GEER 1910a, and reproduced in the present paper, fig. 8) there is marked a
level of 89 m a.s.l.

The upper marine limit of Inner Isfjorden was previously considered
to be situated at 60—70 m a.s.l. (DE GEER 1910a) or 70—80 m a.s.l. (HOGBOM
1911).

Below the 90 m level at Ekholmvika in Billefjorden there is a terrace
plain sloping from 84.5 to 77.0 m a.s.l. on the surface of which fragments ot
Mya truncata and Saxicava arctica were observed. The highest marine level
at Teltfjellbekken was found at 76 m a.s.l., and at Gerritelva at 77.8 m a.s.l.,
Mya truncata being observed at these levels in both localities.

The best developed and best preserved feature representative of the
next step in the process of recovery occurs on the SW side of Skansbukta,
where a large ridged beach plain was found sloping from 73.5 (rear edge)
to 62.1 m a.s.]. (front edge). Contemporaneous with this feature is the
highest delta terrace at Tjosasdalen (T and S on fig. 24), 68.0 and 60.6 m
a.s.l. with Saxicava arctica and Mya truncata. The highest level at Alvrek-
dalen, 62 m a.s.l., probably also belongs to this stage. These terraces corre-
spond to the highest delta terrace of Noiselva at the Sassen Hut, 65.5—63.1
m a.s.l., and, further, to the terraces at 67.3 and 62.2 m a.s.l. in the same
locality. At Sveltihel there was a marine level at 70.5 m a.s.l., in the east side
of Blomedalen there was one at 63 m, and at Bjonahamna terraces were found
at 70 and 65 m a.s.l. (FEYLING-HANSSEN and JorsTaDp 1950, pp. 40, 41). The
same levels are represented by beach ridges 69 m a.s.l. in STEN DE GEER’s
illustration of the shore topography at Bjonahamna (fig. 8), and GUNNAR
HoLmSEN (unpublished) measured a terrace surface 74.5—60.2 m a.s.l. at
Bjonahamna.

All these levels, from 90 (96) to approx. 61 m a.s.l., represent stages in
the position of the sea level during the Late-Glacial Cold period. The fea-
tures are very often deformed by solifluction and snow patch erosion at their
upper terminations, and by development of structural ground patterns on
their surfaces; they have also usually been severely eroded. Fossils are
extremely rare at these levels, Saxicava arctica and Mya truncata being the
only species found, and of these only a few shells and some scattered frag-
ments occur.

The scarcity of fossils makes it difficult to deduce anvthing definite
about the climatic conditions of the period, except that this same scarcity
points to severe conditions. On the other hand, the occurrence of high shore-
lines far into Billefjorden suggests an extension of the glaciers not verv
different from the present. This does not, however, contradict the assump-
tion that the Late-Glacial Cold period had a climate more severe than the
present, because in fact the higher sea level constitutes in itself a limiting
factor to the advance of glaciers.
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The Post-Glacial Temperate Period.

The dominant littoral features of this period are the ridged beach
plains sloping from approx. 60 m a.s.l. to approx. 38—40 m a.s.l., and
usually carrying vast numbers of Mya truncata.

The large delta terrace at Tjosdsdalen (RPU on fig. 24), sloping from
60.1 to 51.9 m a.s.l., belongs to this period, as does the higher delta terrace
of Tyrrelldalen (FGN on fig. 24), sloping from its undetermined apex to
46.2—43.4—35.4 m a.s.l. The Mya terrace (D on fig. 24) rising from 36.1 m,
and the small terrace (E, fig. 24) at 41.8 m a.s.l. may also be referred to this
period. The Mya level is beautifully developed between Phantomodden and
Ekholmvika (fig. 23), forming the surface of a prominent terrace remnant
which, north of Phantomvika, was situated 50.7 m a.s.l. (p. 73 and pl. 3,
fig. 3). At Ekholmvika there is a large ridged beach plain sloping from 60 to
43 m a.s.l. (figs. 23 and 30). The corresponding terrace at Teltfjellbekken
(figs. 34 and 35) has a surface sloping steeply from approx. 63 to 55.4 m
a.s.l., the rear edge of which has been partly obliterated by solifluction. At
Gerritelva Mya terraces were found at 59.7, 45.0, 40.0 and 36.5 m as.l.,
and at Petuniabukta (pl. 8) there is one at 41.3 m a.s.l. On the west side of
Billefjorden corresponding levels were observed at Nidedalen, 54 m a.s.l.,
Mya truncata and Macoma calcarea being found in muddy material there at
36.4 m a.s.l.; at Alvrekdalen, 52 m; and at Myadalen (fig. 56), a large terrace
there sloping from 51.8 to 41.2 m a.s.l. The lower terraces at 35.5 and 31.8
m a.s.l. of this locality also contained the typical Mya fauna of the Temperate
period. In Skansdalen (fig. 48) there occurred terrace remnants with Mya
fauna at 46—44 m a.s.l., and on the southwest side of Skansbukta a marked
shoreline at 43.4 m.

These levels correspond to numerous marine levels measured in the
Sassen area (FEYLING-HANSSEN and JorsTaD 1950, p. 40), the most prominent
being that at Gipsvika (l.c. p. 32), sloping from 56.5 to 45.0 m a.s.l., from
which a large collection of fossils was made. On STEN DE GEER’s illustration
from Bjonahamna (fig. 8) this level is represented by a ridged beach plain
at 58 m a.s.l.,, and GUNNAR HoLMSEN measured a sloping terrace (probably
the same) 61.3—54.8 m a.s.l. (by courtesy from his diary).

The fossil fauna of these terraces is usually dominated by Mya truncata,
hence they have been called Mya terraces.

In the littoral sediments, viz. sand and gravel, Mya truncata is associ-
ated with Saxicava arctica, Macoma calcarea, Chlamys islandica and Littorina
saxatilis ; usually a few valves or some fragments of Mytilus edulis occur, as
do Lepeta coeca and some other species (p. 32), and Balanus balanus is not
rare.

The average frequencies of the most common species in the littoral part
of the Mya terraces of Inner Isfjorden are (fig. 9):
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Fig. 9. The average frequency of six characteristic species from the littoral deposits of the
Mya terraces of the Inner Isfjorden Area.

Mya truncata LINNE ........................... 70 per cent
Saxicava arctica (LINNE) ........................ 14 » »
Macoma calcarea (CHEMNITZ) . ................... 8 » »
Littorina saxatilis (OLIVI) ........... 0O6BEGaaaaA 2 » »
Balanus balanus (LINNE) ........................ 2 v »
Mpytilus edulis LINNEE . ........... e A O

Variations occur with different environments at the various localities.
At Gipsvika (FEYLING-HANSSEN and JorsTaD 1950, p. 32) the frequencies of
Mya truncata and Saxicava arctica were almost equal.
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Fig. 10. The average frequency of the three species from the sublittoral deposits of the

Mya terraces of the Inner Isfjorden Area.

The sublittoral deposits of the Mya terraces, clayey and silty sediments,

contain a more homogeneous fossil fauna, in general composed only of the
three species, Mya truncata, Saxicava arctica and Macoma calcarea. Their
average frequencies in Inner Isfjorden are (fig. 10):

Mya truncata LINNE ... ... ... ... ... 80 per cent
Macoma calcarea (CHEMNITZ) . ... .. |V
Saxicava arctica (LINNE) ............... ..., g “ -

The specimens of Saxicava arctica and Mya truncata were generally

large and thick-shelled in these deposits.
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The Post-Glacial Warm Period.

The dominant littoral formations of this period are the ridged beach
plains sloping from approx. 38—40 m as.l. to approx. 3 m a.s.l. with rich
tossil faunas dominated by Astarte borealis.

Numerous terraces dating from this period were found in Billefjorden
as well as in Sassenfjorden, most of them being fragmentary formations
with surfaces at various elevations within the height range mentioned. They
have all been termed .Astarte terraces.

The beach plain was found in continuous development at Ekholmvika
(p. 76) where its ridge patterned surface slopes from 37.2 m a.s.l. to 12.7 m
a.s.l. at the sea cliff. Further to the east it reaches the sea (fig. 30). A similar
plain is sloping northwards from Kapp Scott until it reaches present-day
sea level at Kapp Napier. No heights were determined at Kapp Scott. At
Teltfjellbekken the surface of the plain was situated at 12.5 m a.s.l,, but at
the mountain side just south of Teltfjellbekken .dstarte terraces were found
at 20 and 32.7 m a.s.1,, the latter having its rear edge 37—38 m a.s.L. (fig. 35).
At Petuniabukta the corresponding terrace was also fragmentary, sloping
trom 34.5 to 29.7 m a.s.l. At Alvrekdalen a large ridged beach plain slopes
northwestward from 37.8 to 26.5ma.s.l. (p. 106). Alvrekelva has carried away
a great part of the deposits, but a continuation of the beach plain is found on
the northeast side of the river, at Narveneset (p. 106) where its surface slopes
from 22 m and is cut by erosion on all sides. These features constitute a
beautiful counterpart to the .dstarte plain at Ekholmvika across the fjord.
On the northeast side of Skansbukta there is a terrace complex from the
Post-Glacial Warm period with a highest level of 37.4 m as.l.

The most magnificent littoral formation from the Post-Glacial Warm
period within the Inner Isfjorden Area is, however, the triangular ridged
beach plain at Bjonapynten on the north side of the entrance to Tempel-
fjorden. It is beautifully illustrated by STEN DE GEER (fig. 8, cf. also air-
photo, pl. 1). S. pE GEEr determined the elevation of the highest point of
the plain te be 39 m a.s.l. (FEYLING-Haxssex and Jorstap 1950, p. 40,
tound it to be 40 m as.l) It slopes towards the ESE with curved beach
ridges at approx. right angles to this direction, reaching sea level at the
inner part of Bjonahamnat.

The formation of marine features, both of progradation and degradation,
can take place at any time whatsoever during a period of recovery of the
land mass, where and when depending on local factors at the different places
along the coast, e.g. wind, waves, exposure, currents, source and transporta-
tion of sediments. Thus retrograding or prograding starts whenever these
conditions permit. On the other hand, most raised features will be found at

1 At the very point of Bjonapynten progradation has taken place between the vears 1908

(S. pE GEER) and 1936 (airphoto).
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those levels where the shoreline paused, or where its negative shift was
retarded, for longer periods.

In the slope of the uninterrupted beach plains (p. 47) we have a record
of the movement of the shoreline during the Post-Glacial Warm period.
From the height measurements of the plains at Ekholmvika and Brucebyen
(figs. 31 and 38) it appears that the smallest slopes occur at approx. 20 m,
between 15 and 10 m, at 7—6 m, and at 3—2 m a.s.l., the negative shift of
the shoreline being retarded at these levels. Consequently numerous raised
marine features are found at about these altitudes.

At Anservika there is a plain sloping from 14.8 to 9.7 m a.s.l., whilst at
Phantomvika there is one at 13.4 m and another sloping from 10.1 to 8.2 m
a.s.l. The lower delta terrace at the mouth of Tyrrellelva, Phantomvika
(KJLLMH on fig. 24), sloping from 31.4 to 7.8 m a.s.l., was also formed
during this period. The benches in the cliff of the Mya terrace north of
Phantomvika (fig. 25), at 32.3—30.5 and at 20.3—15.3 m a.s.l., where eroded
during parts of the Warm period, as was the small Astarte terrace at 13.5 m
a.s.l. at Ekholmvika (fig. 30). At Gerritelva Astarte terraces were found at
30.1, 23.2, 18.0, and at 14.0, 11.3 and 6.5 m a.s.l., and at Petuniabukta there
is a terrace at 8 m a.s.l. A Swedish expedition found Warm period deposits
20 m a.s.]. at Mimerbukta. At Nidedalen there is a succession of coarse
beach ridges from 27.2 m down to Recent sea level on the north side of the
river, and a beach plain at approx. 27 m a.s.l. on the south side; another
terrace was found at 18.6 m a.s.l. and one at 12.2 m. At Narveneset a terrace
has been cut into the remnant of the large beach plain, previously mentioned,
at 14.7 m a.s.l., and a similar feature was found 16.5 m a.s.l. at Alvrekdalen.
At Brimerpynten there is one terrace surface sloping from 28.1 to 26.2 m
a.s.l., and another at 24.2—17.6 m a.s.]. Indistinct marine features on the
northeast side of Skansbukta are situated at 24.5 and at 18.3—13.8 m a.s.l.
(fig. 51, p. 110), and on the southwest side of Skansbukta there is one terrace
surface sloping from 23.7 to 20.4 m a.s.l., and another sloping from 18.4 to
14.8 m a.s.l. Beach ridges were found there at 8.1, 6.7, and 4.6 m a.s.l. At
Rundodden Light there is a beach plain at approx. 7 m a.s.l. sloping toward
the sea cliff which is between 3 and 5 m high there.

In the Sassen area terraces from the Post-Glacial Warm period were
found at 32.9—31.5 m, 29.5—25.7 m, 24 m, 22.3—19.6 m, 14 m, 10.5—9.2 m,
and 8.3—5.3 m a.s.l. (FEYLING-HANSSEN and JorsTAD 1950, pp. 41, 42).

The fossil fauna of the littoral deposits between 38—40 and 6 m a.s.l.
is characterised by the dominent occurrence of Astarte borealis and the
simultaneous appearance of a low-arctic faunal element now extinct in
Svalbard. Such terraces have, therefore, here been termed Astarte terraces.
They have been further divided into Upper Astarte terraces from 40 to 17 m
a.s.l., and Lower Astarte terraces, from 17 to 6 m a.s.l. (These terms were
used with a different delimitation by FEYLING-HANSSEN and JorsTaDp 1950).
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Fig. 11. The average frequency of six characteristic species from the Upper Astarte terraces
of the Inner Isfjorden Area.

27 species were found in the Upper Astarte terraces of Inner Isfjorden
(table III), Astarte borealis dominating all samples from these parts of the
deposits except two from Petuniabukta, 31 m a.s.l., one of which was domi-
nated by Mya truncata and the other by Mytilus edulis. The Warm period
deposits on the northeast side of Skansbukta also contained more specimens
of Mya truncata than of Astarte borealis.

The average frequencies of the most common and most characteristic
species from the Upper Astarte terraces of Inner Isfjorden are (fig. 11):

Astarte borealis (CHEMNITZ) ..................... 46 per cent
Mya truncata LINNE . ... ... ... ... 14« -
Mytilus edulis LINNE . ... ... ... ... 10 < &
Saxicava arctica (LINNE) . .................... ... 7 ¢
Littorina littorea (LINNE) . ....................... 6 “

Astarte montagui (DILLWYN) . ................... 5 “ ¢
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Among the accessory species were the Warm period indicators: Heter-
anomia squamula, Cvprina islandica, Zirfaea crispata and Volsella modiola.
Heteranomia squamula was quite common in the deposits at Petuniabukta
(8 per cent), otherwise the average frequencies of these species were less than
1 per cent. Lacuna vincta, Littorina saxatilis and Balanus balanoides had an
intermittent occurrence in the Upper Astarte terraces.

In the Lower Astarte terraces of Inner Isfjorden, found at Ievels between
17 and 6 m a.s.l., more species have been added to the fossil fauna, the total
number of marine invertebrates (exclusive of Foraminifera, Ostracoda and
Polychaeta) recorded from these deposits now being 37.

Astarte borealis was predominant in all samples from the Lower Astarte
terraces, accounting for 49—96 per cent of the faunas. Astarte montagui and
Mytilus edulis were common, and Saxicava arctica and Mya truncata occurred
in most samples. A few valves of Astarte elliptica were found in some of them.

The average frequencies of these six species from the Lower Astarte
terraces of Inner Isfjorden are (fig. 12):

Astarte borealis (CHEMNITZ) .............oouu... 70 per cent
Astarte montagui (DILLWYN) ... ... ... ...... 9 »
Mytilus edulis LINNE .. ... oo ool 8 »
Saxicava arctica (LINNE) . ... ..o oo o L. 6 » »
Mpya truncata LINNE ... o o 4 » >
Astarte elliptica (BROWNY ... ... ... ... ... .. 1 »

Among the accessory species were Chlamys islandica, Cyprina islandica,
Macoma calcarea and Littorina saxatilis.

The Lithothamnion silt underlies the littoral deposits of the Lower
Astarte terraces (fig. 35, p. 84). It is a sublittoral deposit containing vast
quantities of Lithothamnion, together with numerous Foraminifera and
Ostracoda, and was found from 14 m a.s.l. (Teltfjellbekken) down to present
sea level (Sentabukta). Only three samples of this sediment were treated,
namely from Teltfjellbekken, Brucebyen and Sentabukta. Astarte borealis
dominated the fauna of the sample from Sentabukta, 2 m as.l. (p. 91);
Mytilus edulis, Saxicava arctica, Astarte montagui and Astarte elliptica were
common, and numerous small gastropods occurred, among them being
Emarginula fissura and Omalogyra atomus. Verruca stroemia occurred in the
sample from Sordammen, Brucebyen.

A similar sediment, with great masses of Lithothamnion, was found, at
7.0—4.6 m a.s.l., on the south side of Noiselva at the Sassen Hut (FEYLING-
HansseN and JorsTap 1950, pp. 66—67), Astarte elliptica being very frequent
in two of the samples from that deposit.

Another deposit from this period was the clayey-silty sediment, 6—0 m
a.s.l., at Ledalen (l.c. p. 64), containing numerous large valves of Cyprina
islandica.
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Fig. 12. The average frequency of six characteristic species from the Lower Astarte terraces
of the Inner Isfjorden Area.

Between 6 and 3 m a.s.l. there occur some littoral features which have
been termed Mytilus terraces, because Mytilus edulis dominates the fauna in
most of them. At Mytilusbekken there is a terrace 5.8 m a.s.l., at Ekholm-
vika one at 4.3 m, at Petuniabukta 4.3 m, at Nidedalen 4.8 m, and at Asvin-
dalen 6.2 m a.s.l. In the Sassen area similar terraces were found at 3.6, 3.0,
5.2,3.9,and 3.2 m as.l.

Mytilus edulis dominated the fauna of most of these formations, ac-
counting for 32.1—93.9 per cent. A sample from Brucebyen and one from
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Fig. 13. The average frequency of five characteristic species from the Mytilus terraces of
the Inner Isfjorden Area.

Petuniabukta contained more specimens of Astarte borealis than of Mytilus
edulis. Saxicava arctica and Mya truncata occurred in most of the samples
and Astarte montagui in some.

The average frequencies of these five species in the Mytilus terraces of
Inner Isfjorden were found to be (fig. 13):

Mytilus edulis LINNE .. ... ... ... ..., 60 per cent
Astarte borealis (CHEMNITZ) ..................... 10 » »
Saxicava arctica (LINNE) ..................... ... 5 » »
Mya truncata LINNE . ... ... ... ... 2 » »
Astarte montagui (DILLWYN) .................... 1 » »

An intermittent occurrence had Astarte elliptica, Cyprina islandica and
Littorina littorea.
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There are no sudden changes in the composition of the fauna from
littoral deposits at different levels within the sequence of the Post-Glacial
Warm period. The dominance of Astarte borealis is, on the average, most
pronounced in the middle parts of the deposits; the frequency of Mya trun-
cata decreases towards the lower levels, and Mytilus edulis becomes dominant
in most of the deposits from the youngest part of the period. An illustration
of the relative change in frequency of Mytilus edulis and Astarte borealis from
the lower part of the sloping beach plain at Brucebyen (p. 88) is given in
fig. 40. Four collections were made from the sea cliff and surface of this
plain, I at 2.3 m, II at 4.0 m, IIT at 6.0 m, and IV at 7—8 m a.s.l. The
frequency of Mytilus edulis was greatest in sample II, 4 m a.s.l.

The Sub-Recent Period.

Raised littoral deposits below 3 m a.s.l. were found at Brucebyen and
at Skansbukta. At both sides of Skansbukta beach plains with low ridges
were developed at 2.0 and 2.2 m a.s.l., their surfaces sloping very gently
inland (p. 108). In the Sassen area low beach plains were found at Sveltihel,
2.3 m a.s.l., and at Gipsvika, 1.9 m a.s.l. In both localities the height of the
crest of the Recent storm ridge excedes that of the plains behind.

At these low levels the Warm-period-indicators have disappeared from
the fossil fauna. Even Mytilus edulis seems to have abandoned the Spits-
bergen waters at the corresponding time. The scattered and often worn
fragments of this species which may be found at these lower levels have
most probably been washed down from Mytilus deposits above. The
presence of two fragments of Cyprina islandica on the low beach plain on
the southwest side of Skansbukta is explained in the same way. Some of the
gastropods on the low plain on the northeast side of Skansbukta have been
washed up unto the plain from the shore in Recent times (p. 108).

This period, during which a severe deterioration of the climate took
place, has been termed the Sub-Recent period. It involved a sudden change
in the composition of the fauna, and extends into Recent times. Astarte
borealis and Saxicava arctica are very common in these low deposits, and
Serripes groenlandicus is more frequent than in older formations.

Movements of the Shoreline.

The main movement of the shoreline in Billefjorden, and at Inner Is-
fjorden as a whole, during Late- and Post-Glacial time has been a negative
shift from the upper marine limit, 90—96 m a.s.l., down to Recent sea level.
This shift took place at a variable rate, sometimes faster, sometimes slower;
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standstills occurred for shorter periods and there were even some slight
positive shifts. The trend of the recovery is beautifully illustrated in the
sloping ridged beach plains (pp. 79, 88), the beach ridges representing
successive stages in the position of the shoreline. Retardations or slight
positive shifts have supported the formation of ponds and lakelets in the
larger swales (cf. Brucebyen, p. 87).

There is always a break between the beach plains of the Post-Glacial
Temperate and the Post-Glacial Warm period. Nowhere within Billefjorden
or in the Sassen area the beach plains of the Temperate period pass con-
formably into those of the Warm period; the latter are always developed as
new formations, and are nowhere found as continuations of the first.

A similar break occurs in the fauna of the two periods, there is a sudden
change in its composition at the border between the Temperate and the
Warm periods. A pure sample could always with certainty be referred to
one of the periods, and would never represent a little of each.

These conditions might be explained as resulting from a positive
movement of the shoreline, interrupting its general negative shift, at the
transition between the Post-Glacial Temperate and the Post-Glacial Warm
period, or rather, after the beginning of the Post-Glacial Warm period, as
the amelioration of the climate was probably able to cause a eustatic rise of
sea level sufficiently great to overcome the isostatic rise of the land mass.
If there had been an uninterrupted, continuous, negative shift of the shore-
line at the transition between the two periods the beach plains of the Tempe-
rate period should be expected, at least at some places, to continue into the
beach plains of the Warm period. The occurrence of such a transgression
within the Post-Glacial of Inner Isfjorden has, however, not been proved
by any certain finding®.

At present sea level there seems to be evidence of a positive shift of
the shoreline in Recent times. At the base of the western sea cliff of the
large Astarte plain of Brucebyen (p. 87) a lower plain has been formed in
Sub-Recent and Recent times. As described on p. 88, height measurements
of the beach ridges on this plain (figs. 34 and 39) revealed that the later
ridges are higher than the preceding ones, the height of the modern ridge
being 1.8 m a.s.l. whereas the heights of the crests of the older ridges
decreased landwards to approx. 1 m a.s.l. Similar conditions were found at
Kapp Napier (p. 88) where the general slope of the large Brucebyen beach

1 The upper limit of the Astarte plains, of the Post-Glacial Warm period, was found to

be approx. 37.5—38 m in Billefjorden (Ekholmvika, Teltfjellbekken, Alvrekdalen) and
39—40 m at Bjonapynten. In some places littoral deposits from the Temperate period
(Mya terraces) were found below these levels, viz. 35.4 and 36.1 m a.s.l. at Phantom-
vika, 36.5 m at Gerritelva, 35.5 and probably 31.8 m at NMvadalen. These may pro-
bably represent coarse-grained sublittoral extensions of the beach plains, their for-
maticn depending upen local factors during the sedimentation.
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plain lessens towards modern sea level and from approx. 1 m a.s.l. is trans-
formed into a rise towards the Recent beach ridge. The difference in alti-
tudes between the Recent ridge and the lower of the older ones was there
0.5 m. These conditions are again repeated at Skansbukta where the lowest
ridged beach plains, on both sides of the bay, slope gently landwards (p. 108).
The later beach ridges thus seem to be formed at successively higher sea
levels, suggesting a positive shift of the shoreline to have been taking place
in Recent times. Considering the amount of progradation since this lowest
position of the sea level and comparing it with the previous progradation, this
positive shift can only have lasted for a short period compared with the
duration of the preceding Post-Glacial Warm period.

A few beach ridges exhibiting a landward decrease in crest altitude do
not necessarily indicate coastal submergence or positive shift of the shoreline.
Successive beach ridges normally differ from each other in altitude of crest
line because the factors involved in their formation are variable, e.g. pro-
gradation of the beach may lead to greater exposure to wind and waves,
supporting the formation of higher ridges. The greater weathering to which
the older ridges have been subjected may probably constitute another cause
of normal decrease in altitude in a landward direction (JoHNsON 1919).

On the other hand, the beaches of Kapp Napier and along the line B—B
on fig. 34 prograde into sheltered waters, and the effect of weathering in
the course of some hundred years must be very small. The great porosity of
the beach material makes the ridges very resistant also to deformation by
solifluction (BALCHIN 1941).

HoeL (1910) assumed that the shoreline of Svalbard has remained
stationary for a long time along the present coast (cf. DE GEER 1910a, Héc-
BOM 1911), and in the numerous lagoons he recognized evidence of a Recent
positive oscillation in the movement of the shoreline. VoGt (1927) summed
up various formations and phenomena which he considered to be indicative
of a Recent subsidence of the Spitsbergen land mass®. According to VocGT
(1927) this subsidence was caused by the increased weight of the ice mass
after the Post-Glacial mild period.

The glaciers are very sensitive to climatic variations. They undergo
long-period oscillations controlled by fluctuations in the climate®. At the end

1 Several large blocks have fallen from the mountain side down on to the beach plain of

Bjonapynten. Some of them have rolled far out on the plain having left distinct traces
of their paths on the surface of the plain. These are still discernible even on airphotos
(pl. 1).

In the present low position of ruins of oil-cookeries from the whaling industri in the
17th century VogT (1932) found another evidence of subsidence. FEYLING-HANSSEN

0

(1954) explained their present position as a result of wave erosion and shore
drifting.

Beside these climatically controlled oscillations it is known that probably all Spitsbergen
glaciers ,,are subject to spasmodic fits of rapid and tumultuous advance, alternating
with longer intervals of retreat and ablation during which they become relatively stag-

4



50 ROLF W. FEYLING-HANSSEN

of the Post-Glacial Warm period, approx. 2500 years ago, a general advance
of glaciers took place (AHLMANN 1954)L. The accumulation of snow and the
consequent advance of glaciers retarded the general elevation which has been
going on ever since the ice cover of the latest glaciation vanished, and
probably caused a slight subsidence. Due to the inertia of the land mass this
retardation was not asserted until some time after the glacial advance, and it
lasted through parts of the subsequent period of amelioration.

In consequence of the climatic amelioration in Recent times, a regional
recession of the glaciers has been taking place for approx. 200 years, having
been especially pronounced during the latest 50 years (AHLMANN 1954). The
recession of the glaciers in Svalbard has been even greater than in Scandi-
navia during this period (HOEL 1953; cf. i.a. HarLAND 1952, HEINTZ 1953).
The consequence of the improving climate is a eustatic rise of sea level
caused by the surplus of water being carried to the oceans.

Both an isostatic and a eustatic component are involved in these
processes. The isostatic retardation of the general elevation of the land mass
and the eustatic rise of sea level operate almost simultaneously, thus mutu-
ally emphasising their effect which is a positive shift of the shoreline. These
conditions will last until the new climate is stabilized. The rise of sea level
will then come to an end, and the isostatic component will once again
overtake the eustatic.

Correlation.

Vestspitsbergen.

Ever since the first scientific observations of the marine Pleistocene of
Svalbard at the end of the 19th and the beginning of the 20th century, the
occurrence of molluskan shells of species no longer living in Spitsbergen
waters was recognized (BLomsTRAND 1864, CHyDENIUs 1865, HEER 1870,
KnrpowrtscH 1902 III, 1903 IV, HoeL 1910, ELToN and BADEN-POWELL
1934). Whereas HEERr (1870) considered the associated warm period to be of
Inter-Glacial age, NORDENSKIOLD (1874—1875, p. 372) and NATHORST
(1883, p. 66) found it to be of Post-Glacial age. DE GEER (1896) regarded
the presence of Mytilus edulis in Spitsbergen to be contemporaneous with

nant.” (LamprucH 1911, l.c. p. 221; cf. also DE GEER 1910 a and b). Such individual
oscillations of the glaciershad already been recognized by MATTHES (1900, pp. 181—190).
The accumulated load of several years’ snowfall ,,may be required to overcome the
rigidity of the ice; but when the limit is overpassed, a phase of active movement is
started, and may go on vigorously until the extra load is wholly discharged and the
stage of quiescence is again reached.” (LAMPLUGH 1911, l.c.). Sefstrémbreen in Ekman-
fjorden has provided excellent demonstrations of this kind of oscillations (DE GEER
1910a, LamprucH 1911, Gripp 1929).

1 Some of the shelly moraines with Warm period species (HOEL 1914, FEYLING-HANSSEN
and JorSTAD 1950) should probably be ascribed to this general advance.
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the neolithic man in Scandinavia, and GRoNLIE (1924, p. 112) and NoE-
NYGAARD (1932, p. 20) accordingly correlated the appearance of this species
with the Tapes period in Scandinavia.

ANDERSSON (1910) correlated the climatic optimum of Svalbard with
the later part of the Ancylus time in Sweden (cf. also BALCHIN 1941, p. 375).
BaDEN-PoOwELL (1939, p. 345) found it possible that there is a ,,cold” type
of raised beach fauna in Spitsbergen as well as a ,warm" type, and HoGBom
(1913) considered the warm period (,,the Mytilus period”) to have been a
late portion of the Post-Glacial age.

HokL (1914), on the contrary, concluded that the whole epoch during
which the raised beaches were formed had a more genial climate than the
present. He considered the marine limit to be 60—70 m above present sea
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level, and the fossil fauna through the whole series of subsequent levels to
have had a warmer character than the present, in consequence, suggesting
a great difference between the development of climatic circumstances in
Svalbard and in Scandinavia. He assumed, however, that the period of raised
fossil-bearing beaches in Spitsbergen could probably be correlated with the
periods of Mactra and Tapes in southern Norway. KUuLLING (KULLING and
AnLmaNnN 1936) assumed, in accordance with HorL (l.c.), that the climate
of Spitsbergen was probably more favourable during a greater part of the
Post-Glacial period than at the present day, or that more favourable
periods alternated with less favourable ones.

The stratigraphical division of the Late-Pleistocene of Inner Isfjorden
(Billefjorden and the Sassen area) resulting from the present research have
been illustrated in fig. 14. The Late-Glacial Cold period is very poor in
fossils, Mya truncata and Saxicava arctica being the only species found, the
Post-Glacial T'emperate period is characterized by the first appearance of
Mytilus edulis and Littorina saxatilis, and the Post-Glacial Warm period by
the appearance of several species of the low-arctic element (p. 31) which
are now extinct in Spitsbergen waters.

This scheme, which was erected upon observations made in the Inner
Isfjorden Area, is, in its present form, restricted to this area ,but future in-
vestigations may probably prove it to be of some service in the Late-Plei-
stocene geology of Vestspitsbergen as a whole. DINELEY (1954) found Mytilus
terraces, with dominance of Mytilus edulis in the included fauna, between
3.6 and 6.4 m a.s.l. near Millerneset and around Eidembukta, Forland-
sundet on the west coast. He found Mytilus edulis and Astarte borealis up
to 30—36 m a.s.l. in marine deposits there, but only Mya truncata and
Saxicava arctica above this level.

West Greenland.

Investigations by JENSEN and HARDER in West Greenland resulted in
the establishment of a stratigraphic division for the marine Pleistocene of
Orpigsoq and Sydostbugten. This scheme was presented in a preliminary
report of 1910, and appeared as follows:

Horizon Orpigsoq Sydostbugten

|

F | Beach gravel with Zirfaea _

E l Clayey sand with Chlamys islandica _

D ' Clay with Portlandia arctica Clay with Portlandia arctica

C ‘ Clay with Mya truncata ovata ‘ Sandy clay with Balanus hameri etc.
- . .

B | Fine clayey sand with Balanus hamer: ! R

A } Glacial formations ’ Sandy clay with Portlandia arctica



LATE-PLEISTOCENE STRATIGRAPHY OF BILLEFJORDEN 53

By further preparation of HARDER’s and JENSEN’s notes and collections,
this scheme was elaborated and partly altered by JENSEN and LAURSEN
(HARDER *, JENSEN, and LAURSEN 1946, p. 94) the modified form being:

Horizon Orpigsoq

Kangersuneq l Sydostbugten Lerbugten
F Beach gravel with Clay with —_— ?Clay and sand with
Zirfaea crispata Mytilus edulis Mytilus edulis
E Clayey sand with Sediments with — ?Clay and sand with
Chlamys islandica | Chlamys islandica Chlamys islandica
D Clay with Clay with Clay with Clay with
Portlandia arctica | Portlandia arctica | Portlandia arctica | Portlandia arctica
C Clay with —_— o —
Mya truncata ovata
B Clayey sand with | Clayey sand with Sandy clay with —_
Balanus hameri Macoma calcarea Balanus hameri
A Delta sediments — Sandy clay with E—
Clay with Portlandia arctica

Portlandia arctica

In his important work on the stratigraphy of the marine Pleistocene of
West Greenland DaN LaurseN (1950) made this stratigraphic division
applicable to the whole coast of West Greenland.

Horizon A is described as a high-arctic deposit characterized by the
occurrence of Portlandia arctica. Horizon B is an arctic one, the occurrence
of Balanus hameri indicating a climate somewhat milder than the previous.
Horizon C is not always easily distinguishable from B. Its climate was arctic,
probably with a temperature somewhat lower than during the time of
horizon B. In horizon D the high-arctic climate appeared once again, its
very poor fossil fauna being dominated by Portlandia arctica. Horizon E is
characterized by Chlamys islandica and by the first appearance of Mytilus
edulis in the Late-Pleistocene deposits of Greenland. The number of species
and specimens increased remarkably with this horizon, and among the other
species were Serripes groenlandicus, Macoma calcarea, Saxicava arctica, Mya
truncata (with varieties uddevallensis and ovata), Lepeta coeca, Littorina saxa-
tilis var. groenlandica, Lunatia pallida, Trophon truncatus, Balanus balanus,
Strongylocentrotus droebachiensis ; Astarte borealis and Astarte montagui also
occurred in this horizon. There are reasons to belive that Chlamys islandica
immigrated before Mytilus edulis (LAURSEN 1950, p. 107). The climatic
conditions of horizon E were arctic and hardly differed from those prevailing
in West Greenland to-day (l.c. p. 108).

Horizon F ,is characterized by the presence of boreal forms which do
not occur in any other horizons” (LLAURSEN 1950, p. 108). It is extraordinarily
rich in shells, containing species which are now extinct in Greenland, viz.:
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Heteranomia squamula, Macoma baltica, Cyprina islandica, Zirfaea crispata,
Acmaea virginea, Emarginula fissura and Alvania jeffreysi ; Mytilus edulis
occurs in vast quantities and Littorina obtusata is present. Among the other
species are Astarte borealis, Astarte montagui, Macoma calcarea, Saxicava
arctica, Mya truncata, Thracia myopsis, Puncturella noachina, Acmaea rubella,
Margarites groenlandicus, M. helicinus, M. cinereus, Littorina saxatilis var.
groenlandica. The climate of horizon I was more favourable than the present
at the coasts of West Greenland.

The Inner Isfjorden Area and Greenland.

The area of West Greenland in which LACRSEN (1950) carried out his
investigations lies within the same zodgeographical subregion as the Isfjorden
area of Vestspitsbergen, viz. the mid-arctic subregion (cf. i.a. the Recent
distribution of Balanus balanoides in West Greenland, FryLING-HANSSEN
1953, pp. 11—12, Mapsex 1936, 1940), a circumstance which facilitates a
comparison of the Late- and Post-Glacial conditions in the two areas.

It is at once evident that the Post-Glacial Warm period of Inner Isfjorden
corresponsd to the horizon F' in West Greenland. 'This is proved by the
appearance of warm period indicators in the fossil faunas of the two areas.
Heteranomia squamula, Cyprina islandica, Zirfaea crispata and Emarginula
fissura the Warm period in Vestspitsbergen and the horizon F in West
Greenland have in common. In addition Volsella modiola, Lacuna vincta,
Littorina littorea and Omalogyra atomus occur in the Warm period deposits of
Inner Isfjorden whereas Macoma baltica, Acmaea virginea and Alvania jef-
freysi are found in the horizon F deposits of West Greenland. Mytilus edulis
is abundant in these deposits in both regions.

In King Oscar Fjord, East Greenland, even low Mytilus beds occur,
being of the same character as the low Mytilus terraces of Inner Isfjorden.
The East Greenland deposits with Mytilus edulis, together with Astarte
borealis, A. montagui and A. elliptica (NOE-NYGAARD 1932), probably cor-
respond to the Warm period deposits of Inner Isfjorden in Vestspitsbergen.

The Post-Glacial Temperate period of Inner Isfjorden corresponds with
the horizon E of West Greenland. In both regions Mytilus edulis appears for
the first time in these deposits. Another species of the mid-arctic element
(p- 30) which these deposits of the two regions have in common is Littorina
saxatilis groenlandica, this species also having its first appearance in these
deposits. Chlamys islandica occurs in both regions and so do Macoma cal-
carea, Saxicava arctica and Mya truncata. Chlamys islandica is very abundant
in the horizon E deposits of West Greenland, whereas Mya truncata is the
most common species in deposits from the Post-Glacial Temperate period
of Inner Isfjorden. Astarte borealis and A. montagui, which do not occur in
the Temperate deposits of Isfjorden, are present in the horizon E of West
Greenland.
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Fig. 15. Correlation with the stratigraphy of West Greenland and the deposits of
East Greenland.

In East Greenland the composition of the corresponding fossil fauna is
even more uniform with that of Inner Isfjorden (NOE-NYGaarp 1932),
Mytilus edulis occuring there up to 57 m a.s.l. together with Saxicava arctica
and Mya truncata.

The Late-Glacial Cold period of Inner Isfjorden is not so easily corre-
lated with the West Greenland stratigraphy. Its scarceness of fossils suggests
rather severe climatical conditions, the hardy byt eurytherme Saxicava
arctica and Mya truncata being the only species found. The horizon D of
West Greenland comprises high-arctic deposits, very poor in fossils. The
following species were found there: Portlandia arctica, P. intermedia, Nucula
tenuis expansa, Leda minuta, Macoma calcarea, Clinocardium ciliatum and
Mya truncata. This makes it reasonable to correlate the Cold period of
Isfjorden with the horizon D of West Greenland, even though Portlandia
arctica has not been found in the high deposits of Isfjorden.

It is not ascertained, however, that the Late-Glacial Cold period of
Inner Isfjorden corresponds with the horizon D alone. It may prove to
comprise also parts of the horizon C. This horizon, too, is poor in shells and
passes into the overlaying horizon D without any sharp distinction (LAURSEN
1950, p. 103). Among the fossils are Macoma calcarea, Saxicava arctica, and
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Mya truncata (with varieties uddevallensis and ovata). A subdivision of the
Late-Glacial Cold period of Isfjorden may prove to be accomplishable when
greater areas of Svalbard have been investigated.

Marine deposits comparable with the horizons B and A were not found
in the Inner Isfjorden Area, the inner fjord regions probably not being
accessible to the sea at that time.

In the King Oscar Fjord area of East Greenland the only fossils found
above the Mytilus bearing deposits were Saxicava arctica and Mya truncata.

We have thus arrived at the correlation between the Late-Pleistocene
deposits of Inner Isfjorden and of Greenland which is illustrated in fig. 15.

The sea level at which the sediments of the horizon D were deposited
was, in the Disko Bugt region of West Greenland, 60 m above the present.
"T'he layers of horizon E were deposited when the sea level was situated at
45 m above the present, and those of horizon F at a sea level of approx. 40 m
above the present (LAURSEN 1950, pp. 127—128).

Correlation with Iceland and Scandinavia.

LaurseN (1950, p. 133) correlated the West Greenland horizons with
the Late-Pleistocene deposits of Iceland, Denmark, and Norway in the
following way:

Greenland Iceland Denmark

Norway
Horizon 7 Dosinia Sea Ostrea layer I—I1
F 6 Beech Oak Trivia layer
5 Tapes Sea Tapes layer

Horizon | Mactra layer
E 4 — Pine Pholas layer
Littorina layer
l
i
|

Horizon
D 3 — Younger Dryas Portlandia layer
Horizon
B—C 2 Zirphaea Sea Allerod Glaciated ?
Horizon
A 1 Yoldia Sea Older Dryas

With reference to the correlation of Younger Dryas of Denmark with
the Portlandia layer in southern Norway LLAURSEN (l.c.) observes: ,, Southern
Norway was probably glaciated during the first part of this time, but in the
later period her coasts were washed by the sea in which Portlandia arctica
lived”. Otherwise, the Younger Dryas clay has been correlated with the
Norwegian Ra period (i.a. HOLTEDAHL 1953; cf. also FEGRI 1940, p. 165).

If we adopt LAURSEN’s correlation of the West Greenland deposits with
those of Iceland and Scandinavia we can, in accordance with our correlation
of the stratigraphic divisions of Greenland with those of Inner Isfjorden,
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Fig. 16. Attempt at correlation with Scandinavian stratigraphy (partly from LLAURSEN 1950).

incorporate the Late-Pleistocene periods of Inner Isfjorden into this table.
Furthermore (e.g. in accordance with the Late-Pleistocene time table, pl. 22
in HoLTEDAHL 1953), Swedish and Baltic Late-Pleistocene developmental
stages can be added to the table together with an approximate absolute time
scale. The results are given in fig. 16.1

The investigations of the Late-Pleistocene of Greenland, although on
a larger scale, have been carried out in approximately the same way as in
Vestspitsbergen. The results from the two regions are therefore quite easily
comparable with each other even though Inner Isfjorden is only a small and
partial area, hardly representative of Vestspitsbergen as a whole. Direct
correlation with the Late-Pleistocene of arctic and subarctic regions other
than Greenland has not been attempted, partly because the fossil faunas
there have not been associated with definite levels (e.g. Novaya Zemlya),
and partly because the investigations there have been rather heterogeneous,
involving mainly shoreline research and shoreline cronology (e.g. Finn-
marken). The Late-Pleistocene of Spitsbergen cannot safely be correlated
with such regions until larger areas of the country have been investigated.

1 1In fig. 16 it is the time divisions which are correlated with each other, not every

single unit within each of them, e.g. the placings of the «Ostrea layer«, «Trivia
layer» and the «Tapes layer» have no special relation to the years in the time scale.
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II. SPECIAL PART
Observations and Collections.

Anservika.

Anservika (78°27.7" N.lat., 16°23" E.long.) is a broad bay on the east
side of the entrance to Billefjorden (pl. 2). In the bay there is a prominent
wave-built terrace plain 200 m broad, which rises from 9.7 m a.s.l. at its
front edge to 14.8 m a.s.l. at its rear edge (pl. 3, fig. 1). The deposits consist
of sand and gravel resting on a sandy boulder clay which in turn rests on

bedrock.
The following collection was made from the wave-cut cliff of the terrace

(cf. a previous collection from the same locality recorded by FEYLING-
HaNsseN and Jorstap 1950, p. 33):

9.7 m a.s.l. Anservika, terrace, sand and gravel (Sample No. 334).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) .. .......... 197.0 56.9
Mytilus edulis TINNE .. .. .............. 92.5 26.7
Astarte montagui (DILLWYN) ........... 22.5 6.5
Mya truncata LINNE .. ................ 11.0 3.2
Saxicava arctica (ILINNE). .. ............ 8.5 2.5
Macoma calcarea (CHEMNITZ). . .. ....... 7.0 2.0
Astarte elliptica (BROWN) . ............. 2.5 0.7
Cyprina islandica (LINNE) . ............ 2.0 0.6
Buccinum glaciale LINNE ... ........... 2.0 0.6
Balanus balanoides (LINNE) . ........... 1.0 0.3
Chlamys islandica (MULLER) ........... 0.5 0.1
Lithothamnion

l 346.5 | 100.1

The complete valves of Astarte borealis and A. montagui were measured
(figs. 19, 20). Many of them had their periostracum preserved, and some
specimens had united valves (pls. 20 and 21).

Astarte borealis was represented mostly by large and quite high speci-
mens, the majority of which had pronounced and nearly pointed beaks.
Consequently the anterior dorsal margin was strongly concave whereas the
posterior one was straight or slightly convex; a very few specimens had a
more triangular marginal outline with both anterior and posterior dorsal
margin straight (thus approaching the outline of A. crenata). Most specimens
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had a thin, light-coloured, mostly yellowish-brown periostracum, a dark-
brown to black periostracum being found only in some specimens. The dark
as well as the light-coloured periostracum occurred both with large and small
specimens, but the darker periostracum was somewhat the thicker of the two.
Some valves showed transitions in periostracum colours from yellowish-
brown at the umbones over dark-brown to black towards the ventral margins.
Many specimens had fine, dense folds at the umbo and more or less irregular
lines of growth further down the shell; extraordinarily few shells had eroded
beaks.

Astarte montagui had also some large representatives. Most specimens
of this species were of the typical form, but some represented transitions to
the var. striata LLEACH.

The shells of Mvtilus edulis were of a rather high form (fig. 21), and
five of them showed traces of pearls. The Mya and Saxicava shells were
thin and small. Of Cyprina islandica five hinge fragments and some other
fragments were found (pl. 23, fig. 1, 2); and some clods of Lithothamnion
were collected together with three carapaces of crab.

A section was made in the cliff of the 9.7 m terrace, and samples of the
sediments taken at every 0.5 m from the top down to bedrock. These samples
were later treated mechanically. (Cf. figs. 17 and 18). In addition the fossils
were collected from the different zones from which minerogenic samples
were taken. The profile showed the following succession:

1. 0.0 m below the surface. Material (sample no. 157M): gravel with
sand; pebbles rounded, some of them frost-split. Median diameter,
M=16.00 mm. Quartiles, Q;=24.00 mm, Q,=5.20 mm. Coefficient of
sorting, So=1"Q,/Q,=2.15, i.e. well sorted (TwENHOFEL and TYLER 1941).
Coefficient of quartile skewness, Sk=Q;Q;/M?=0.49, i.e. the maximum
sorting lies on the coarse side of the median diameter.

The following fossils were collected from the surface layer (shell sample
no. 335):

Mytilus edulis, some small shell fragments representing one valve.

Astarte borealis, 42 valves and umbonal fragments, most of them worn,
a few carried remnants of periostracum; two specimens were found with
their valves united. The largest valve of A. borealis measured: L=34 mm,
H=28 mm.

Astarte montagui, 3 valves, of which one was of the var. striata LeacH
(L=15.6 mm, H=13.0 mm), one was close to the var. warhami Hancock
(L=12.0 mm, H=10.5 mm), and one was of the typical form (LL=19 mm,
H=17 mm).

Serripes groenlandicus, 1 umbonal and some marginal shell fragments
probably belonging to a specimen brought on land by bird.

Buccinum glaciale, 1 spire.

Strongylocentrotus sp., some spines and plates.
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Fig. 17. Cumulative-frequency curves of 13 successive samples, 9.7 to 4.2 m as.l., from
a section in the cliff of the Astarte terrace at Anservika.

11. 0.5 m below the surface. Material (sample no. 158M): gravel. Median
diameter, M =16.00 mm. Quartiles, Q;=21.00 mm, Q,=8.00 mm. Coeffi-
cient of sorting, So=1.62, i.e. well sorted. Coefficient of quartile skewness,
Sk—0.66, i.e. the maximum sorting lies on the coarse side of the median
diameter. Pebbles rounded, some of them frost-split.

The following fossils were found in this zone (shell sample no. 336):

Muytilus edulis, 1 valve, 1 umbonal fragment, and some other fragments.

Astarte borealis, 19 valves and umbonal fragments. The largest com-
plete valve measured: L=31 mm, H=27 mm.

Astarte montagui, 1 broken valve.

Saxicava arctica, 2 hinge fragments of small specimens.

Mya truncata, 3 umbonal and some other fragments of small specimens.

Echinid spines and Lithothamnion fragments also occurred.

111, 1.0 m below the surface. Material (sample no. 159M): sandy gravel.
Median diameter, M=8.00 mm. Quartiles, Q;—14.00 mm, Q;=0.80 mm.
Coefficient of sorting, So=4.18, i.e. normal sorting. Coefficient of quartile
skewness, Sk=0.18, i.e. the maximum sorting lies on the coarse side of the
median diameter. The pebbles were rounded, some of them split.

The following fossils were collected from this zone (shell sample no. 337):

Mytilus edulis, 10 broken valves and umbonal fragments; one valve was
of a juvenile specimen, and one had a pearl.

Astarte borealis, 16 valves and umbonal fragments. 'The periostracum
was more or less preserved in all of them, and one specimen had its valves
united. The largest valve measured: [.=30.3 mm, H=26.0 mm.

Astarte montagui, 1 broken valve.

Macoma calcarea, 1 complete valve measuring, I.—=24 mm, H=18 mm;
it was of the typical form.
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Fig. 18. Variations in median diamter, sorting and skewness of the samples from the

section in the chiff of the .dstaite terrace at Anservika.

Mya truncata, 2 hinge fragments.

Echinid spines and a few Lithothamnion fragments were also found.

IV 1.0 m below the surface. Material (sample no. 160M): sandy gravel.
Median diameter, M=28.30 mm. Quartiles, Q;=22.00 mm, Q,=1.35 mm.
Coefficient of sorting, So=4.04, i.e. normal sorting. Coefficient of quartile
skewness, Sk=0.43, i.e. the maximum sorting lies on the coarse side of the
median diameter. The pebbles were rounded.

The following fossils were found in this zone (shell sample no. 338):

Mytilus edulis, 6 umbonal and some other fragments.

Astarte borealis, 12 valves and umbonal fragments; one specimen had
united valves and completely preserved periostracum.

Astarte montagui, 2 valves, one of striata form.

Saxicava arctica, 1 small, broken valve.

Mya truncata, 1 umbonal and some other fragments.

Some echinid spines and numerous Lithothamnion clods were found.

I". 2.0 m below the surface. Material (sample no. 161M): sandy gravel.
Median diameter, M=11.5 mm. Quartiles, Q;=44.00 mm, Q,=1.75 mm.
Coetlicient of sorting, So=5.01, i.e. poorly sorted. Coefficient of quartile
skewness, Sk=0.85, 1.e. the maximum sorting lies on the coarse side of the
median diameter. The pebbles were rounded.
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The following fossils were found in this zone (shell sample no. 339):

Mytilus edulis, 4 hinge fragments and some other fragments.

Astarte borealis, 12 valves and umbonal fragments. Three specimens
had their valves united.

Echinid spines and numerous Lithothamnion clods were found.

VI. 2.5 m below the surface. Material (sample no. 162M): sandy gravel,
finer than the previous. Median diameter, M=3.25 mm. Quartiles, Q;=
9.60 mm, Q,=0.78 mm. Coefficient of sorting, So=3.51, i.e. normal sorting.
Coeflicient of quartile skewness, Sk=0.71, i.e. the maximum sorting lies on
the coarse side of the median diameter. The pebbles were partly well
rounded.

The following fossils were found in this zone (shell sample no. 340):

Mytilus edulis, 1 umbonal and some other fragments.
Astarte borealis, 13 valves and umbonal fragments.
Mya truncata, 2 umbonal fragments and some others.
Lithothamnion, some fragments.

VII. 3.0 m below the surface. Material (sample no. 163M): sandy gravel.
Median diameter, M=7.30 mm. Quartiles, Q;=17.00 mm, Q;=1.25 mm.
Coeflicient of sorting, So=3.70, i.e. normal sorting. Coefficient of quartile
skewness, Sk=0.40, i.e. the maximum sorting lies on the coarse side of the
median diameter. The pebbles were rounded.

The following fossils were found in this zone (shell sample no. 341):

Mytilus edulis, 2 umbonal and a few other fragments.

Astarte borealis, 2 valves, 2 umbonal fragments, and a few other
fragments.

Macoma calcarea, 1 worn hinge fragment.

Mya truncata, 2 valves and 1 umbonal fragment. The valves, belonging
to a young specimen, were united and their periostracum was preserved.

Some echinid spines and numerous Lithothamnion clods were found.

VIiIIa. 3.5 m below the surface. Material (sample no. 164aM): sandy
gravel. Median diameter, M=6.50 mm. Quartiles, Q;=20.00 mm, Q,=
2.40 mm. Coeflicient of sorting, So=2.90, i.e. normal sorting. Coefficient of
quartile skewness, Sk=1.17, i.a. the maximum sorting lies on the fine side
of the median diameter. The majority of the pebbles were rounded but some
were angular.

The following shells were found in this zone (shell sample no. 342):

Mytilus edulis, 1 small fragment.
Astarte borealis, 2 valves and 2 umbonal fragments.
Lithothamnion, some fragments.

VIIIb. 3.55 m below the surface. Material (sample no. 164bM): clayey
silt with stones. Median diameter, M=0.25 mm. Quartiles, Q;=9.50 mm,
Q,=0.0085 mm. Coefficient of sorting, So=33.40, i.e. poorly sorted.
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Fig. 19. Shell measurements of Astarte borealis.

Coeflicient of quartile skewness, Sk=1,29, i.e. the maximum sorting lies on
the fine side of the median diameter. Most of the pebbles were poorly
rounded, and some were angular. Some of them carried striz.

No megafossils were observed in this zone in the field, but the binocular
microscope revealed 1 tiny fragment of Mytilus edulis, 1 worn specimen of
the foraminifer Elphidium incertum (WILLIAMSON), and some small echinid
spines. This biogenic material was probably derived from the overlaying
beach deposit by contamination.

IX. 4.0 m below the surface. Material (sample no. 165M): clayey-silty
sand with stones. Median diameter, M=0.025 mm. Quartiles, Q;=1.15 mm,
Q;=0.005 mm. Coefficient of sorting, So=15.2, i.e. poorly sorted. Coeffi-
cient of quartile skewness, Sk=2.31, i.e. the maximum sorting lies on the
fine side of the median diameter. Most of the pebbles were poorly rounded,
and some of them distinctly striated.

No megafossils were found in this zone. Under the microscope were
observed: three tiny fragments of Mytilus edulis, some broken echinid spines,
and 1 worn specimen of Quinqueloculina seminulum (LINNE).

X. 4.5 m below the surface. Material (sample no. 166M): clayey-silty
sand with stones. Median diameter, M=0.11 mm, Quartiles, Q;=3.5 mm,
Q;=0.0075 mm. Coeflicient of sorting, So=21.6, i.e. poorly sorted. Coefli-
cient of quartile skewness, Sk=2.17, i.e. the maximim sorting lies on the
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fine side of the median diameter. Most of the pebbles were angular, some
of them poorly rounded.

A very small fragment of Mytilus edulis was observed in the sample. A
preliminary microscopic survey revealed some echinid spines, one Quinquelo-
culina seminulum, a worn specimen of a Gyroidina, and an ostracod valve. A
mould of a Textularia, originating from much older deposits, was also
observed in the sample.

XI. 5.0 m below the surface. Material (sample no. 167M): dusty material
with sharp stones probably derived from the bedrock. Median diameter,
M=0.63 mm. Quartiles, Q;=2.80 mm, Q,=0.16 mm. Coeflicient of sorting,
So0=4.25, i.e. poorly sorted. Coefficient of quartile skewness, Sk=1.09, i.e.
the maximum sorting lies on the fine side of the median diameter.

XII. 5.50 m below the surface. Material (sample no. 168M): the same as
the previous, at the bedrock. Median diameter, M=2.10 mm. Quartiles,
Q;=6.60 mm, Q;=0.35 mm. Coefficient of sorting, So=4.34, i.e. poorly
sorted. Coeflicient of quartile skewness, Sk=0.52, i.e. the maximum sorting
lies on the coarse side of the median diameter.

Thus, at the front of the 9.7 m high terrace in Anservika, a 3.5 m thick
deposit of beach material dating, according to its fossil content, from the
Post-Glacial Warm period rests on a 1.5 m thick deposit of a clayey-silty sand
with stones, probably representing morainic material, this in turn resting on
1 m of a dusty material with sharp stones, the latter in some way or another
derived from the underlying bedrock.

The fossil-bearing beach gravel was deposited as a prograding beach
during a period of emergence so that the shoreline was lowered from 14.8 to
9.7 m a.s.l. or probably even lower, because the terrace front has been driven
back by wave erosion in Recent times. Geologically this beach gravel belongs
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to one and the same unit, so that the fossils collected at different levels in
the section can be treated, together with the previous collection from the cliff
of the terrace (p. 58), as one assemblage which has the following composition:

9.7 m a.s.l. Anservika, terrace (Samples Nos. 334—342).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) ............ 258.0 59.2
Mytilus edulis LINNE . ... ............. 106.0 24.3
Astarte montagui (DILLWYN) ........... 26.0 6.0
Mya truncata LINNE ... ............... 17.5 4.0
Saxicava arctica (LINNE). . ............. 10.0 2.3
Macoma calcarea (CHEMNITZ). . ... ...... 8.5 2.0
Buccinum glaciale LINNE . ............. 3.0 0.7
Astarte elliptica (BROWN) .............. 2.5 0.6
Cyprina islandica (LINNE) . ............ 2.0 0.5
Chlamys 1sland:ca (MULLER) ........... 0.5 0.1
Serripes groenlandicus (CHEMNITZ) ...... 0.5 0.1
Balanus balanoides (LINNE) ............ 1.0 0.2
Strongylocentrotus sp. plates and spines
Lithothamnion sp. clods and fragments

435.5 100.0

Mytilusbekken.

Mytilusbekken' is the rivulet 1.5 km NNE of the terrace in Anservika
(pl. 2). On the south side of the rivulet a Mytilus terrace was measured,
whose height was 5.8 m a.s.l. and from which the following shells were
collected:

1 'The name refers to the occurrence of Mytilus edulis in the Post-Glacial deposits at the
rivulet.
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5.8 m a.s.l. Mytilusbekken, terrace, gravel (Sample No. 343).

Species Frequency | Percentage

Mytilus edulis LINNE . ... oovvivinnenn.. 44.0 85.4
Astarte borealis (CHEMNITZ) .. .......... 5.5 10.7
Mpya truncata LINNE .. ................ 1.0 1.9
Clinocardium ciliatium (FABRICIUS) ...... 0.5 1.0
Cyprina islandica (LINNE) ............. 0.5 1.0
Lithothamnion sp.

| s1s 100.0

88 valves and umbonal fragments of Mytilus edulis were found; many
of the valves were complete (measurements fig. 22), the majority of them had
well preserved periostracum, and two of them had incipient pearls. One
broken valve of Clinocardium ciliatum and a marginal fragment of Cyprina
islandica were found. Lithothamnion was rare.

Phantomodden.

Phantomodden (78°32.2" N.lat., 16°29" E.long.) is the southernmost of
the major cuspate forelands on the east side of Billefjorden (fig. 23). It has
a straight coastline to the west and a curved one to the north. It is prograded
towards the north where close-set ridges with east-westerly direction are
being added (fig. 24). The greater part of the beach plain between the point
and the mountains to the ESE in occupied by a large alluvial fan formed by
Tjosdselva, the river of Tjosdsdalen.

Towards the upper end of this fan there are remnants of two delta ter-
races (P and T on fig. 24) on the north side of the river, the higher delta
remnant (T') having a counterpart on the south side of the river (S).
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The east coast of Billefjorden from Phantomodden to Ekholmvika, with the raised

features which were investigated.
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North of these features ,at Phantomvika, there are still more magnificent
terraces and delta plains. At the mounth of Tyrrelldalen two delta generations
have been preserved, their surfaces sloping towards the north on the north
side of the river and towards the southwest on the south side — according
to the slope of the surface of the original fans.

Between these features at the mouths of the two valleys, Tjosisdalen

and 'T'yrrelldalen,

there is a succession of raised marine terraces (A, C, D,

E of fig. 24; cf. pl. 3, fig. 2).

The tachymetrical height measurements of the raised features at
Phantomodden and Phantomvika gave the following results (cf. fig. 24):

A, 82masl,
B, 10.1 ——
C, 134 ——
D, 361 ——
E, 418 ——
F, 434 ——
G, 46.2 —»—
H, 123 ——
], 314 ——
K, 78 ——
L, 13.1 ——
M, 84 ——
N, 354 —»—
O,, 43.7 —»—
0,, 44.6 »

P, 51.9 ——
R, 60.1 —»—
S, 60.6 ——
T, 680 ——
U, 8.7 —r—

front edge of Astarte terrace.

rear edge of Astarte terrace.

front edge of small terrace.

front edge of large Mya terrace.

front edge of small terrace.

on the higher delta plain on the south side of Tyrrell-
dalen; alluvial facies.

further up on the same delta plain, alluvial facies.

front of lower delta plain at the south side of Tyrrellelva
(Tyrrell river).

on the lower delta plain, towards its upper termination,
on the south side of the river; alluvial facies.

on the lower delta plain, at its erosional cliff on the south
side of the river; marine facies.

on the lower delta plain, on the north side of the river;
alluvial facies.

on the lower delta plain, at its erosional front at the north
side of the river; marine facies.

on the higher delta plain, on the north side of the river.
front edge of small terrace cut into the cliff of the large
delta terrace (P) on the north side of the mouth of Tjosis-
dalen.

rear edge of the same small terrace.

tront of large delta plain at the north side of 'T'josasdalen;
alluvial facies.

rear edge of the same large delta plain; alluvial facies.
front cdge of terrace remnant at the south side of '1josis-
dalen; marine facies.

front of the highest delta plain at the north side of Tjosas-
dalen; alluvial facics.

cn the large delta plain (P), north of erosion furrow;
warine facies.
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From the Astarte terrace, A, 8.2 m a.s.l., were collected (shell sample
no. 344):

Mytilus edulis, six small fragments.

Astarte borealis, 16 valves and umbonal fragments.

Mpya truncata, 1 umbonal fragment.

From the marine facies of the lower delta plain on the south side of
Tyrrellelva, at K on fig. 24, the following shells were collected:

7.8—8.0 m a.s.l. Phantomuvika, delta terrace, coarse sand (Sample No. 345).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) ... ......... 15.5 64.6
Mya truncata LINNE . ................. 2.5 10.4
Saxicava arctica (ILINNE). . ............. 2.0 8.3
Astarte montagui (DILLWYN) ........... 1.5 6.3
Mytilus edulis IAINNE .. ................ 1.0 4.2
Macoma calcarea (CHEMNITZ). .. ........ 1.0 4.2
Cyprina islandica (LINNE) .. ........... 0.5 2.1

| 2140 | 1001

Of Astarte borealis 31 valves and umbonal fragments were collected. A
few valves had their periostracum preserved. The largest complete valve
measured, L=33 mm, H=28 mm, I=100-H/L—=84.9, and the complete
valve of Astarte montagui measured, L=15 mm, H=15 mm, I=100. Of
Cyprina islandica one hinge fragment and two fragments from the ventral
margin were found. One of the Saxicava valves was large, L=48.5 mm,
H=22.5 mm, and of regular pholadis form, but the others were small and
irregular.

From the Mya terrace (D) at Phantomvika, which represents the marine
facies of the higher delta plain at Tyrrelldalen, more than 100 valves and
umbonal fragments, in addition to other fragments, of Mya truncata were
collected. The minerogenic material was largely composed of very coarse
sand and the Mya shells were rather thin and small.

The population from the upper part of the deposit had the following
composition:

36—37 m a.s.l. Phantomvika, terrace (D), very coarse sand (Sample No.346).

Species Frequency | Percentage
Mpya truncata LINNE . ... ... ... ... 50.3 90.2
Saxicava arctica (I.LINNE). .. ............ 3.5 6.3
Chlamys islandica (MCLLER) ........... 0.5 0.9
Mytilus edulis TAINNE . ....... ... ...... 0.5 0.9
Balanus balanus (LINNE) .............. 1.0 1.8
! 56.0 100.1
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Of Muytilus edulis 4 small shell fragments were found, and of Chlamys
tslandica a large umbonal fragment.

From the surface, 42.1 m a.s.l., of the small terrace (O), which has been
cut into the cliff of the large delta terrace (P) on the north side of Tjosas-
dalen, there were found (sample no. 347):

Mytilus edulis, 2 small shell fragments.

Mya truncata, 2 umbonal fragments and seven small shell fragments.

The surface of the delta plain (P) was irregular with incipient structural
ground, the surface material being composed of gravel with frost-split and
angular pebbles; this is the supramarine or alluvial facies of the delta plain.
The marine facies of the same plain was found on the north side of the
erosion furrow (at U on fig. 24), and the border between the supramarine
and the marine surface was distinct and easily observable. The marine sur-
face gravel was sandy with rounded bebbles, only a few of which were split
by frost wedging. Of shells there were found only some very small frag-
ments, viz. of (48.7 m a.s.l., sample no. 348):

Mya truncata

Saxicava arctica

Balanus balanus, a worn carinolateral compartment,

Strongylocentrotus cf. droebachiensis, a plate.

On the terrace remnant at the south side of Tjosdsdalen (S on fig. 24)
were found (61—62 m a.s.l.):

Saxicava arctica, one valve,
Mya truncata, two shell fragments.

Further up in the valley remnants of four terminal moraines were
observed situated high avobe each other.'

The Swedish expedition to Spitsbergen in the year of 1896 collected
the following species from a shell bed southeast of Sfinxudden (=Phantom-
odden ?), Klas Billen Bay (HAGG 1951, p. 243, height not recorded):

Mytilus edulis 1LINNE, 1 valve and one fragment,
Chlamys islandica (MULLER), 5 valves,

Astarte borealis (CHEMNITZ), 5 valves,

Astarte montagui (DILLWYN) (=A. banksi LEacH), 1 valve,
Macoma calcarea (CHEMNITZ), 2 valves,

Mya truncata LINNE, 3 valves,

Saxicava arctica (LINNE), 5 valves,

Littorina littorea (LINNE), 1 specimen,

Littorina saxatilis (OL1v1), 1 specimen,

Lacuna vincta (MONTAGU), frequency not indicated,
Lithothamnion, 1 clod.

From the Recent shore of Phantomvika 17 valves and umbonal fragments of Astarte
borealis and some Lithothamnion clods were picked up.
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From ,the valley at Sfinxudden™ they collected (height not recorded):

Margarites groenlandicus (CHEMNITZ) var. umbilicalis BRODERIP and
SOWERBY, 1 specimen,

Littorina littorea (LLINNE), 5 specimens,

Buccinum glaciale 1.INNE, 1 small specimen,

Buccinum groenlandicum CHEMNITZ, 4 small specimens.

From ,,Udden innanfor Gaskap®, which is probably identical with
Phantomodden, the same Swedish expedition collected (Hicc 1951, p. 240,
height not recorded):

Natica clausa BRODERIP and SOWERBY, 1 specimen,

Buccinum ciliatum FaBricius, 1 specimen,

Buccinum finmarchianum VERKRUZEN var. scalaris G. O. SaRs, 1 specimen,

Buccinum glaciale 1.INNE, 3 specimens,

Sipho islandicus (CHEMNITZ), 1 specimen,

Sipho togatus (MORcH), frequency not indicated,

Mya truncata 1.LINNE, 2 valves.

Three periods of Late-Pleistocene history are represented at Phantom-
odden and Phantomvika, marked both by marine terraces and delta plains:

1. The lower raised delta (M, L, H, K) at T'yrrelldalen and the Astarte
terrace (A). The supramarine facies of the delta rises to 31.4 m a.s.l. (at ] on
fig. 24), whereas the marine facies of the plain was found at approx. 8 m
a.s.l. (at K), thus corresponding with the Astarte terrace (A) which rises
from 8.2 to 10.1 m a.s.. The delta and terrace date from the Post-Glacial
Warm period.

II. The higher raised delta (G, F, N) at Tyrrelldalen, the large delta
plain (P, R, U) at Tjosédsdalen, and the Mya terrace (D). The surface of the
delta at Tyrrelldalen rises from 35.4—43.4—46.2 m to its undetermined
apex. The delta at Tjosisdalen has been eroded back closer to its apex thus
rising from a higher level, viz. 48.7—51.9, to 60.1 m as.. These delta
deposits are contemperaneous with the Mya terrace, the front edge of which
is situated at 36.1 m a.s.l., and date from the Post-Glacial Temperate period.

ITI. The highest delta terrace (T, S) at Tjosdsdalen, 60.6 and 68.0 m
as.l., from the Late-Glacial Cold period.

North of Phantomvika.

This locality (78°32.8" N.lat., 16°32.8" Elong.) is found approx. 1 km
NNE of the mouth of Tyrrellelva, i.e. between Phantomodden and Kapp
Ekholm on the east side of Billefjorden (fig. 23). A prominent terrace level,
at an altitude of approx. 50 m, which can be followed from Phantomvika
(Tyrrelldalen) to Kapp Ekholm, is represented by a large remnant in the
locality (pl. 3, fig. 3). To the north and south the feature has been eroded by
streams, thus offering good cross-sections; fig. 25 illustrates the section as
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Fig. 25. Section through a Mya terrace north of Phantomvika (height twice exaggerated);
the numbers in the squares refer to samples. (Cf. figs. 26, 27).

revealed in the northern erosion furrow!. Wave erosion had cut two benches
in the deposits beneath the prominent terrace level. The following heights
were measured:

15.3 m a.s.l., front edge of 30 m broad bench.

203 —»— rear » » » » » »
30.5 —»— front » » 40 » » »
323 —»— rear » » » » » »

50.7 —»— front edge of large terrace.

The rear edge of the prominent terrace could not be determined in the
locality because it had been destroyed by subsequent erosion.

The feature was built up of three Pleistocene strata; measured in verti-
cal section from near the front edge of the prominent terrace and down to
bedrock these were:

Sandy gravel, thickness .................... 13 m
Silty sand with fossils, thickness ............ 2 »
Till, thickness ................ e c. 10 »

The till rests on bedrock of Culm shale (OrvIN 1940). Six samples
were taken from the section (cf. fig. 25), the results of the mechanical
analyses of which are illustrated in the cumulative-frequency curves (fig. 26)

1 The gravel wash which partly obliterated the strata in the field has been eliminated

in the figure. The stream had eroded down to, and partly into, the bedrock. The
stream bed was full of boulders of various dimensions washed out of the till.
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Fig. 26. Cumulative-frequency curves of six samples from a section through a Mya terrace
north of Phantomvika. (Cf. figs. 25 and 27).

and in the graphs of the median diameters and coefticients of sorting (fig. 27).
A brief description of the samples is given below:

1. 0.0 m below the surface (sample no. 174M). Coarse gravel. Median
diameter, M=1100 mm. Quartiles, Q;=19.2 mm, Q;=4.40 mm. Coefli-
cient of sorting, So=2.1, i.e. the sediment is well sorted. It is an outwash
gravel with several pebbles frost-split.

1. 2.5 m below the surface (sample no. 175M). Sandy gravel. Median
diameter, M=5.40 mm. Quartiles, Q;=14.00 mm, Q,=1.50 mm. Coefficient
of sorting, So=3.1, i.e. normal sorting. The pebbles were well rounded.

1. 5.0 m below the surface (sample no. 176M). Sandy gravel, finer
than the previous. Median diameter, M=2.80 mm. Quartiles, Q;=7.20 mm,
Q,=0.97 mm. Coeflicient of sorting, So=2.7, i.e. the sediment is normally
sorted.

IV. 12.5 m below the surface (sample no. 177M). Sand. Median dia-
meter, M=0.37 mm. Quartiles, Q;—2.00 mm, Q,=0.16 mm. Coefficient
of sorting, So=3.5, i.e. normal sorting. This sample represents the transition
to the stratum of silty sand. Some quite large pebbles occurred.

V. 14.5 m below the surface (sample no. 178M). Fine, silty sand.
Median diameter, M=0.11 mm. Quartiles, Q;=0.22 mm, Q,=0.052 mm.
Coefficient of sorting, So=2.0, i.e. the sediment is well sorted. It was
distributed in a 2 m thick stratum which was very rich in fossils, mainly
Mya truncata.

VI. 17.0 m below the surface (sample no. 179M). Till. Median dia-
meter, M=0.11 mm. Quartiles, Q;=4.76 mm, Q;=0.011 mm. Coefficient
of sorting, So=20.8, 1.e. the sediment is poorly sorted. It contains numerous
pebbles, cobbles and boulders with striations. Two specimens of the
foraminifer Elphidium clavatum CUSHMAN were observed in this sample.
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Fig. 27. Variationes in median diameter and sorting of six samples from a section
through a Mya terrace north of Phantomvika. (Cf. figs. 25 and 26).

The till outcrops in the surface of the lowest bench, the marine silt and
gravel having been washed away by wave erosion.

The fossil-bearing, fine, silty sand could be followed in a rising stratum
further up in the erosion furrow. Numerous shells which originated from
this stratum had been washed down into the stream bed. The following
collection was made from the stratum with silty sand (some of the shells

were picked up from the stream bed):

50.7 m a.s.l. North of Phantomvika, Mya terrace (Sample No. 349).

Species Frequency | Percentage
Mya truncata LINNE . ................. 105 69.1
Macoma calcarea (CEMNITZ) ........... 38 25.0
Saxicava arctica (LINNE). . ............. 7 4.6
Chlamys islandica (MULLER) ........... 1 0.7
Balanus balanus (LINNE) . ............. 1 0.7
152 | 100.1

210 valves and umbonal fragments of Mya truncata were collected.
They were thick-shelled and, on the whole, similar to the forms from the
Mya terrace at Myadalen (figs. 28 and 57). The shells of Macoma calcarea
were quite small and had an ovate-triangular outline with somewhat pointed
and truncated posterior part which was in all specimens bent somewhat to
the right (pl. 23, figs. 8—11). The pallial sinus of the left valve was very
deep, but less deep in the right. (Cf. SooT-RyYEN 1932). The largest shell
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measured, length, L.=31.5 mm, height, H=24.0 mm, index, 100-H/L=
76.19. The Saxicava shells were thick and of regular pholadis form (fig. 29).

The prominent terrace level, 50.7 m a.s.l., dips gently to the north.
ENE of the locality just discussed was observed a distinct accumulation of
unconsolidated material at the mountain side (pl. 3, fig. 3). Its horizontal
surface was situated 96 m a.s.l.; it was uneven and composed mainly of
coarse material (sample nr. 181M) with angular particles. The median dia-
meter of the deposit, M=0.33 mm. Quartiles, Q;=28.10 mm, Q;=0.02 mm.
Coefficient of sorting, So=20.12, i.e. poorly sorted. Neither megafossils nor
microfossils were observed in the sample. This deposit is probably the
remnant of a lateral moraine, though it could perhaps represent a marine
terrace, the surface of which has been deformed by snow patch erosion.

Ekholmvika.

Ekholmvika (78°35” N.lat., 16°37’ E.long.) is the broad bay north of
Kapp Ekholm on the east side of Billefjorden (pl. 4). At the bay, approx.
1.3 km ENE of the cape, there is a conspicuous terrace complex which is
schematically illustrated in the block diagram, fig. 30. (Cf. also sketch map,
fig. 23).

The main feature is the raised ridged beach plain with Astarte, the sur-
face of which slopes N28°E, almost the exact trend of the eastern shores of
Billefjorden. The height of the plain was measured at some points along its
direction of slope. It rises from 12.7 m a.s.l., at the obtuse point which
terminates Ekholmvika to the north, to 37.0 m a.s.l. at its upper termination.
Southwards along the Recent sea cliff the following heights were measured:
12.7 m at the above mentioned obtuse point, 15.2 m, 18.8 m, 20.4 m, and
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of Saxicava arctica.

22.6 m, at the southern end of the sea cliff where a deep erosion furrow has
been cut through the plain (pl. 5, fig. 1); the horizontal distance between the
first and last points was 516 m. In fig. 31 it is demonstrated that the slope of
the terrace surface is not uniform along this distance, but is largest between
15 and 20 m a.s.l. and smallest at 22 m a.s.]. The average gradient of the
slope within this distance is 20 m per km, or 1.14 degrees (360 graduation).
— The terrace surface rises southwards to 26 m, and to 37 m a.s.l. at the
foot of the cliff of a Mya terrace above.

The surface of the large Astarte terrace is occupied by close-set beach
ridges. These are slightly curved with a northward concavity. Their direc-
tion, at the sea cliff of the terrace, is N 64°W at an elevation of 15 m and
N 62°W at a height of 19 m, i.e. perpendicular to the slope of the terrace
surface.

The sea cliff, 500 m long, which has been cut in the terrace deposits by
wave erosion in Recent times at the east shore of Ekholmvika reveals conti-
nuous incline bedding with alternating coarser and finer strata, the bulk of
the material consisting of gravel. The strata have a true northerly dip of
20—25°, i.e. they dip in the same direction as the slope of the terrace surface
(pl. 5, figs. 1, 2).

Six samples were taken in vertical succession at intervals of 15 cm from a
clean section of the lower part of the cliff (figs. 32, 33, and pl. 6, fig. 23), and
are briefly described in the following:

1. (Sample no. 186 M). Sandy gravel. Median diameter, M=1.70 mm.
Quartiles, Q;=10.10 mm, Q;=0.47 mm. Coefficient of sorting, Se=4.6, i.e.
poorly sorted. Coeflicient of quartile skewness, Sk=1.64, i.e. maximum
sorting on the fine side of the median diameter.

I1. (Sample no. 187M), 15 cm below 1. Sandy gravel. Median diameter,
M=1.70 mm. Quartiles, Q;=7.50 mm, Q;=0.31 mm. Coefficient of sorting,
S0=4.9, i.e. poorly sorted. Coeflicient of quartile skewness, Sk=0.80, 1.e.
maximum sorting on the coarse side of the median diameter.
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Fig. 30. Schematic illustration of the raised features at Ekholmvika. (Cf. pl. 4).

II1. (Sample no. 188M), 30 c¢cm below I. Sandy gravel of the same
texture as the two previous. Median diameter, M=1.90 mm. Quartiles,
Q;=4.80 mim, Q;=0.36 mm. Coefficient of sorting, So=3.70, i.e. normal
sorting. Coefficient of quartile skewness, Sk=0.50, i.e. maximum sorting on
the coarse side of the median diameter.

IV. (Sample no. 189M), 45 cm below I. Silty gravel. Median diameter,
M=125 mm. Quartiles, Q;=8.10 mm, Q;=0.08 mm. Coefficient of
sorting, So=10.00, i.e. poorly sorted. Coefficient of quartile skewness,
Sk=0.40, i.e. maximum sorting on the coarse side of the median diameter.

V. (Sample no. 190M), 60 cm below I. Sandy gravel. Median diameter,
M=3.30 mm. Quartiles, Q;=28.80 mm, Q,=1.40 mm. Coefficient of sorting,
S0=2.51, i.e. normally to well sorted. Coefficient of quartile skewness,
Sk=1.13, i.e. maximum sorting on the fine side of the median diameter.

VI. (Sample no. 191M), 75 cm below I. Silty gravel. Median diameter,
M=2.50 mm. Quartiles, Q;=12.00 mm, Q;=0.15 mm. Coefficient of
sorting, S0=8.90, i.e. poorly sorted. Coefficient of quartile skewness,
Sk=0.30, i.e. maximum sorting on the coarse side of the median diameter.

The pebbles were well rounded in all samples.

Thus, two strata with sandy gravel and two with silty gravel are repre-
sented in this section.

On the whole the strata vary in thickness, and hence the distance be-
tween them is also variable. In general those with sandy gravel are thicker
than the silty ones. The order of magnitude of the thickness of the sandy
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Fig. 31. Profile along the large ridged beach plain with Astarte at Ekholmvika, showing
its slope (vertical scale 10 times horizontal).

strata is 30 cm, and for the thickness of the silty beds 10 cm, with great and
frequent variations in both?.

Due to their lower porosity the silt-bearing strata retain the moisture,
thus to some extent becoming consolidated so that they stand out conspi-
cuously from the cliff, beautifully emphasizing the stratification (pl. 5, fig. 2);
an especially good impression of the stratification is attained when the sun
is in the north. One stratum was exclusively composed of pebbles, all with
their surfaces strongly stained red by iron oxide.

In the cliff where the erosion furrow cuts through the Astarte terrace
the following collection was made:

17 m a.s.l. Ekholmvika. Terrace cliff and surface. Gravel. (Sample No. 350).

Species Frequency | Percentage
Astarte borealis (CHEMNITZ) . ... ........ 45.5 92.9
Mpya truncata LINNE .................. 1.5 3.1
Mpytilus edulis LINNE .. ................ 1.0 2.0
Astarte montagui (DILLWYN) ........... 1.0 2.0

| 490 | 1000

South of the prominent sea cliff a smaller terrace has been cut in the
Astarte deposits at an altitude of 13.5 m, the trend of its front edge being
NNE—SSW. It is horizontal as seen from the fjord, and its surface carries
beach ridges which are parallel to the front edge of the terrace so that it
rises slightly eastwards.

Below this lower Astarte terrace there is a small and indistinct Mytilus
terrace at an elevation of 4.3 m a.s.l.; the beach ridges of its surface are
parallel to those on the lower Astarte terrace.

1 Plotted in the M-So diagram (SELMER-OLSEN 1954) sample III falls within the area
of glacifluvial material, whereas the rest of the samples fall within the area of morainic
gravel. This is due to the fact that the samples are inhomogeneous, one sample con-
taining more than one unit of the sediment. The silty gravel (pl .6, figs. 2, 3) contains at
least two sediments in one stratum; the wave current at which the coarse fraction was
deposited must have been of an order of magnitude other than that at which the fine frac-
tion came to rest. The silt fraction was deposited later than, and in between the particles of
the gravel fraction so that in this protected position it could remain in the stratum
during later periods of stronger water turbulence, thus being covered by new strata
of gravel (cf. footnote p. 17). These conditions are also demonstrated by the trend of
the cumulative-frequency curves, fig. 32.
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Fig. 32. Cumulative frequency curves of six samples from the cliff of the raised ridged
beach plain with .4starte at Ekholmvika; I\ and VI from strata with silty, the others from
strata with sandy gravel. (Cf. fig. 33).

The large and prominent raised beach plain with Astarte has its upper
termination, 37.2 m a.s.l., at the foot of the cliff of a Mva terrace. The front
edge of the Mya terrace is situated 43 m a.s.l., its surface rising to the SSE,
and BarcHIN (1941, p. 375) found its gradient to be 58 minutes towards
N 38°W. This is another raised beach plain, and the direction of the beach
ridges on its surface is perpendicular to the gradient of the slope of the sur-
face. According to BaLcHIx (1941, fig. 2, lines of levels no. 7 and §) this
plain rises to 50 m on the north side of Mathiesondalen and to 60 m further
inland. The material consists of silty gravel (sample no. 185M) with manyv
of the pebbles frost-split. The following shells were found at the terrace
front, 43 m a.s.l. (sample no. 351):

Macoma calcarea, 2 valves and 3 umbonal fragments,

Saxicava arctica, 2 umbonal fragments,

Mya truncata, 18 umbonal fragments and many other fragments.

East of the obtuse point terminating Ekholmvika to the north remnants
of two high marine terraces (pl. 5, fig. 3) were measured:
77.0 m a.s.l., front edge of terrace, its surface rises inland.
84.5 —»— rear edge of the same terrace.

90.0 —»— rear edge of the highest terrace.

T'hese terraces are horizontal as seen from the fjord and Mva truncata
and Saxicava arctica were observed at the rear edge of the lower of the two
terraces, at 84.5 m a.s.l. This is the greatest elevation at which Pleistocene
fossils have been recorded from marine deposits in Svalbard up to the present.

Summing up, the heights of the following marine features were determi-
ned around Ekholmvika:

4.3 m a.s.l., front edge of Mytilus terrace.
13.5 mia.s.l., front edge of lower .dstarte terrace.
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12.7—37.2 m a.s.l., large ridged beach plain with Asfarte; just north of
Ekholmvika it reaches modern sea level.

43—60 m a.s.l., large ridged beach plain with Jva.

77.0—84.5 m a.s.l., terrace, Mya and Saxicava observed.

90 m a.s.l.,, rear edge of the highest marine terrace.

The heights of the marine features on the south side of Mathieson-
elva (Mathieson river) were not measured.

The Scottish Spitsbergen Syndicate Expedition, 1920 (BADEN-POWELL
1939, p. 338) collected the following species from raised beaches at the
mouth of Ekholm Valley (=Mathiesondalen), height not recorded:

Mutilus edulis 1.INNE,

Chlamys islandica (MULLER),

Astarte borealis (CHEMNITZ),

? Astarte montagui (DILLWYN),

Mxya truncata LINNE var. uddevallensis HANCOCK,

Saxicava arctica 1LINNE var. pholadis LINNE,

Buccinum glaciale 1.INXE.

Kapp Scott.

At this locality (78°36.7" N.lat., 16°41" E.long.) the conditions described
from Phantomodden and Kapp Ekholm are, on the whole, repeated. Just
north of the cape there is a large raised beach plain, gently sloping to the
N or NNEL, with well developed beach ridges at right angles to the direction
of the slope (pl. 7). This plain corresponds to the higher Astarte plains and
continues northwards, interrupted by erosion furrows, to Kapp Napier
where it reaches modern sea level. A 1 km long sea cliff at Scottvika, cut
into these deposits by wave erosion in Recent times, beautifully reveals
continuous incline bedding with the strata dipping northwards.

From the southern end of the sea cliff an older cliff continues towards
the SSW with its base on the rear edge of a younger terrace which most
probably corresponds to the lower .4starte terrace at Ekholmvika.

Above the large raised beach plain the pronounced cliff of a higher
terrace is seen, the surface of which has a northward slope. This feature
probably represents the Myva terrace in the locality.
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No heights were determined at Kapp Scott, but according to BaLcHIN
(1941, fig. 2, map A) the scarp of the Astarte plain just ENE of the cape
has an altitude of approx. 25 m, and on the higher terrace he determined a
point at an elevation of 180 feet (approx. 60 m).

Teltfjellbekken.

Teltfjellbekken (78°37.7" N.lat., 16°44’ E.long.) is a brook debouching
into Billefjorden in the southern part of the Brucebyen area, at the north-
western foot of the mountain Teltfjellet (fig. 34 and pl. 7). Teltfjellbekken
has eroded the gravel deposit of the Astarte plain and also cut a furrow
through the underlying clayey silt with Lithothamnion. 'This Lithothamnion
silt outcrops also in the sea clift of the Astarte terrace (cf. sketch map fig. 34
and the profile fig. 35, section C—C).

A clean section was made in the silt bed at the brook (cf. map fig. 34)
and six samples taken at 30 cm intervals. Mechanical analyses gave the fol-
lowing results (cf. figs. 36, 37):

1. (Sample no. 45M). Surface layer of the Lithothamnion silt, 7 m as.l.,
of yellowish colour, very rich in lime. Median diameter, M=0.011 mm.
Quartiles, Q;—=0.024 mm, Q,=0.0045 mm. Coefficient of sorting, So=2.4,
i.e. well sorted. Coefficient of quartile skewness, Sk=0.87, i.e. the maximum
sorting lies on the coarse side of the median diameter.

The sample was rich in ostracods and contained also Foranimifera.
Some Mytilus fragments and plant remains were also present.

1. (Sample no. 46M) 30 cm below the surface. Silt of characteristic
vellewish colour, very rich in lime. Median diameter, M=0.05 mm. Q,=
0.12 mm, Q,=0.018 mm. So=2.58, i.e. normally sorted. Sk—=0.86, i.e.
maximum sorting on the coarse side of the median diameter.

The sample contained numerous ostracods, especially of the genus
fSvthocypris ; Lithothamnion, a few shell fragments and some plant remains
were also present.

[T, (Sample no. 47M) 60 cm below the surface. Fine, grey sand with
~ome silt and well rounded pebbles. Median diameter, M—=0.23 mm.
Q,~0.38 mm, Q;=0.14 mm. So-=1.65, i.e. well sorted. Sk=1.01, i.e.
manimum sorting slightly on the fine side of the median diameter.

The sample contained valves and fragments of Mytilus edulis and
Saxicava arctica. One shell of Omalogyra atomus (PHILIPPI) was observed
(recorded for the first time from the Pleistocene of Svalbard). Among the
numerous Foraminifera were observed Elphidium incertum (WILLIAMSON),
Elphidium orbiculare (BRADY), Buccella frigida (CusHMAN), Cibicides lobatulus
(WALKER and JacoB). Ostracods also occurred.

1V. (Sample no. 48M) 90 cm below the surface. Sandy silt. M=0.032
mm. Q;=1.00 mm, Q,=:0.011 mm. S0=9.54, i.e. poorly sorted. Sk=10.26,
i.e. maximum sorting on the fine side of the median diameter.



83

“(6€ ‘8¢ ‘S¢ "s8Y §D) 'sd[yord 01 19§01 H—)) pue g—( Y—V SUI oY
LudNYaqIafJa[a,], 1T saanieoj pasiel oyl pue sute[d yoeaq padpir oyl yum (£ '1d 'J0)) vare usakqaonag ay,J, ‘¢ ‘81

LATE-PLEISTOCENE STRATIGRAPHY OF BILLEFJORDEN

y NIQHOr437171¢9

cotwww

/NN
ZZAWAY

00¢ omv 0o 007 00| ©
SUOIJD4S POy o

uaD4 sajdwpg 1S uoluwWDY}oy4I sabpiu yobag
I I Y




34 ROLF W. FEYLING-HANSSEN

80 80

50 / 60
Mya truncatra /
50 - —lso

o _ ]
40 v 40
Ve
Q
e Astart /
30 — = - — 30
= Litrorina
= Astarte
> ar
wt— 9 — 7 20
Astarte
10
- u T r T T T O
100 200 300 400 500 600 700 800 900 iooom

Fig. 35. Profile of the raised features at Teltfjellbekken (C—C on fig. 34).

This sample contained large quantities of Lithothamnion, some plates of
Tonicella marmorea, valves and fragments of Mytilus edulis, Macoma calcarea,
Saxicava arctica and Mya truncata, spines and plates of Strongylocentrotus
droebachiensis, and two shells of Omalogyra atomus. Foraminifera were
abundant also in this sample, the most frequent species being Quinquelo-
culina arctica CUSHMAN, Quingueloculina seminulum (LINNE), Elphidium cla-
vatum CUSHMAN, Elphidium orbiculare (BRaDY), Buccella frigida (CusHMAN)
and Cibicideslobatulus (WALKERand JaCOB). Some ostracods were also observed.

V. (Sample no. 49M) 120 cm below the surface. Sandy silt. M=
0.036 mm. Q;=0.12 mm, Q;=0.011 mm. So=3.30, i.e. normal sorting.
Sk=1.02, i.e. maximum sorting slightly on the fine side of the median
diameter.

The sample contained large quantities of Lithothamnion. Tonicella
marmorea and fragments of Mytilus edulis occurred, together with numerous
valves, especially juveniles, of Saxicava arctica. Further, two juvenile valves
of different specimens of 1hyasira sarsii (PHILIPPI) (not previously recorded
from the Pleistocene of Svalbard), one shell of Moelleria costulata, and three
of Omalogyra atomus were observed. Spines and plates of Strongylocentrotus
were present, and numerous specimens of Foraminifera, Quinqueloculina
arctica, Quinqueloculina seminulum, Cibicides lobatulus and Buccella frigida
being the most frequent.

V1. (Sample no. 50M) 150 cm below the surface. Silt. M=0.03 mm.
Q3;=0.09 mm, Q;=0.01 mm. So=3.00, i.e. normal sorting. Sk--1.00, i.e.
the maximum sorting coincides with the median diameter.
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The sample contained quite large quantities of Lithothamnion, and
shells and fragments, most of them of juveniles, were frequent. Fragments
of Mytilus edulis, one valve of Thyasira sarsii, one of Thyasira croulinensis
(JEFFREYS) (not previously recorded from the Pleistocene of Svalbard), one
broken specimen of Cyclostrema sp., a few of Omalogvra atomus, and spines
and plates of Strongylocentrotus occurred. Foraminifera were found abund-
antly, Quinqueloculina ssp. and Cibicides lobatulus being the most frequent.
Ostracoda were quite common.

To the south of Teltfjellbekken the surface of the Lithothamnion silt
rises gently to the foot of a gravel cliff, 14 m a.s.l. (Cf. sketch map fig. 34
and profile fig. 35). From the top of the cliff, at an elevation of 19 m a.s.l.,
a terrace surface, with some strongly developed beach ridges parallel to its
tront edge rises to approx. 25 m. Astarte borealis and Littorina littorea occur-
red, the latter quite commonly in a beach ridge at 23.6 m a.s.l. (pl. 26,
figs. 4—8). At approx. 25 m a.s.l. there is another cliff ascending to the front
of a second Astarte terrace at 32.7 m a.s.l. In the lowest part of the latter
silty clay with Mya truncata outcropped, whereas the coarser material of
the upper part of the cliff contained Astarte borealis. The quite strongly
sloping surface of this second Astarte terrace was badly deformed by soli-
fluction and snow patch erosion, so that the rear edge of the terrace was not
easily discernible; it was probably situated at about 38 m a.s.l. Above this
level a Mya terrace was recognized, the altitude of its front edge being
55.4 m, and of its somewhat uncertain rear edge 63.0 m a.s.l. Marine de-
posits were still present in the solifluction slope above 63 m, and fragments
of Mya truncata were found almost up to the foot of the talus slopes at 76 m
a.s.l. Large blocks were frequent in the upper part of the marine complex,
some of them erratics, and the rest indigenous to the scree cones.

A collection of fossils was made around the most prominent beach
ridge on the first Astarte terrace south of Teltfjellbekken:

23m a.sd. Teltfjellbekken. Terrace, beach ridge, silty gravel. (Sample No. 357).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) .. .......... 21.5 35.3
Littorina littorea (LINNE) . ............. 18.0 29.5
Mya truncata LINNE ... ... .. ... ... 9.0 14.8
Saxicava arctica (LINNE) .............. 4.5 7.4
Macoma calcarea (CHEMNITZ). .. ........ 3.0 4.9
Mytilus edulis LINNE ... ... 1.5 2.5
Astarte montagui (DILLWYN) ........... 1.5 2.5
Cyprina islandica (LINNE) ............. 1.0 1.6
Balanus balanoides (LINNE) . ........... 1.0 1.6

i 61.0 l 100.1

The largest shell of Littorina littorea had a length of 29 mm
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Fig. 36. Cumulative-frequency curves of six samples of Lithothamnion silt from a section
at T'eltfjellbekken (marked ,,Section” on fig. 34).

Some shell fragments were collected from the }{ya terrace, 56 m a.s.l,,
among them being (sample no. 358):

Mya truncata, 7 umbonal fragments,
Macoma calcarea, 1 broken valve.

Further up, at approx. 70 m a.s.l.,, shell fragments of Mya truncata and
a columella fragment of a gastropod were found.

Summing up the height measurements of the marine complex at Telt-
fjellbekken, we have:

12.2 m a.s.l., sea front of Astarte terrace.

7—14 m a.s.l., rising surface of Lithothamnion silt.

19.5 —»— front edge of Astarte terrace.

23.6 —»— beach ridge with Astarte and Littorina.

32.7 —»— front edge of Astarte terrace.

55.4 —»— front edge of Mya terrace.

63.0 —»— rear edge of Mya terrace.

76.0 —»— highest marine deposit in the locality.

According to BaLcHIN (1941, p. 374, and fig. 2, first line of instrumental
levels) there should be no Pleistocene marine terrace higher than 12—13 m
a.s.l. in this locality.

Brucebyen.

The name of Brucebyen (Bruce City, 78°38.2" N.lat., 16°45’ E.long.)
includes the area between Teltfjellbekken and Adolfbukta, and between
Billefjorden and Gerritelva (cf. sketch maps figs. 34 and 47, and also pl. 7).

As observed above, the prominent raised beach plain with Astarte,
described from Kapp Scott, continues towards the NNE at a more or less
uniform gradient until it reaches present-day sea level at Kapp Napier (fig. 38).
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Fig. 37. Variations in median diameter, sorting and skewness of six samples of Lithothamnion
silt from a section at Teltfjellbekken, 7.0 to 5.5 m a.s.l. (Cf. fig. 36).

All along this distance ridge patterns, representing the successive beach
ridges during the process of recovery, occupy its surface; their main direction
is E—W or ESE—WNW, with a pronounced tendency to curvature with
a northward concavity. Other directions are also seen, and in fact, we can
already from the air photographs read, more or less completely, the changing
of the coastline during the period of recovery. At Kapp Napier, the pointed
termination of this long succession of close-set ridges, a lagoon, the most
westerly branch of Sentabukta, is being formed at present, as the later beach
ridges have extended further to the east than their predecessors. This process
will, in time, most probably lead to the formation of a lakelet as the later
ridges enclose the basin so formed. At the huts of the Scottish Spitsbergen
Syndicate (Brucebyen in sensu strictu), approx. 800 m south of Kapp Napier,
two old lagoons of this kind have been preserved at 6 and 7 m above present
sea levell. South of these lakelets the various configurations of the predeces-
sors of Kapp Napier are beautifully demonstrated by the trends of the
raised beach ridges.

This large raised beach plain slopes from 12.5 m a.s.l. at Teltfjell-
bekken to Recent sea level at Kapp Napier, its slope, in a profile parallel to
the line A—A in the map (fig. 34) being illustrated in fig. 38. The gradient

! Several smaller ponds are marked on the sketch maps of SuaMERHAYES and ELTON
(1923) and WaLTox (1922). I did not observe them in 1950, and they are not marked
on the Cambrigde expedition map (HarLaxD 1932).
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Fig. 38. Profile, parallel to the line A—A of fig. 34, of the sloping beach plain with Astarte
at Brucebyen; I, IT and I1I mark samples from the sea cliff, IV from the surface at Sordammen.

(Cf. fig. 31).

is small above 10 m, at 6.5 m and at 3 m. At Kapp Napier the later beach
ridges are higher than their predecessors.

The large beach plain has been cliffed to the west by wave erosion, and
during relatively Recent times a lower beach plain has been built out from
the base of the cliff between Norddammen and Teltfjellbekken. The beach
ridges on this lower plain are, moreover, parallel to the coast.

The heights of these beach ridges were measured along the line B—B
on the map (fig. 34), and the result has been illustrated in the profile fig. 39.
It appears that the later ridges are higher than the preceding ones. The height
of the crest of the modern ridges was 1.8 m a.s.]. whereas the heights of the
older ridges decreased towards the base of the cliff, to approx. 1.0 m a.s.l.
(Cf. fig. 38). Similar conditions were found at Kapp Napier, as mentioned
above, where the youngest ridges were higher than the inside adjacent ridges.
The Recent ridge there had a height of 1.7 m a.s.1. and the older, neighbouring
ridges one of 1.2 m a.s.l. (Cf. map fig. 34). Consequently the lower of the
older ridges are truncated and overlain by the Recent storm-ridge to the
west at the cape.. The general slope of the large beach plain becomes less
towards modern sea level, and from approx. 1 m a.s.l. the plain rises towards
the Recent storm-ridge.

The ridged beach plain, the surface of which is composed of beach
gravel, is bounded to the east by a clayey silt containing large quantities of
Lithothamnion and Astarte. It is, moreover, covered by vegetation and
appears dark in the field and on the air photographs, so that the border-line
between Lithothamnion silt and light beach gravel is thus very sharp. (Cf.
map fig. 34 and pl. 7).

Both WaLTON (1922, pp. 110, 114) and SUMMERHAYES and ELTON (1923,
p- 258) distinguished between an unsilted and a silted region of the raised
beaches, but they erroneously assumed that the raised shingle beaches were
the primary features and that, on being raised, they came under the influence
of silt-bearing streams from the mountains (WALTON Lc. p. 114). In this
way the greater part of the raised plain should have been silted over by
streams.

In point of fact the Lithothamnion silt is the primary of the two depo-
sits. It is marine throughout (cf. sample no. 356) and has been deposited
partly in somewhat deeper water outside the corresponding beach, and
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Fig. 39. Landward decrease in crest altitude of successive beach ridges along the line B—B
of fig. 34; the numbers refer to meter.

partly in larger swales or lagoons. Similar depositional conditions can be
studied to-day at Kapp Napier and at Sentabukta.

A row of large boulders traverses Sentabukta in a northeasterly direc-
tion, marking an old position of the front of Nordenskicldbreen.

Four collections of fossils were made from the beach gravel of the large
Astarte plain, three from its sea cliff (marked with black rings, I, II, III, on
the map fig. 34, also fig. 38) and one from the northern end of Serdammen
at the huts (IV on the map), the height of the plain at the places of collections
being 2.3 m, 4.0 m, 6.0 m, and 7—8 m a.s.l.

2.3 m as.l. 1. Brucebyen. Terrace cliff. Sandy gravel (Sample No. 352).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) .. .......... 30.0 69.8
Astarte montagui (DILLWYN) ........... 5.5 12.8
Mytilus edulis TLINNE .. ..o 2.5 5.8
Saxicava arctica (LINNE) .............. 2.5 5.8
Astarte elliptica (BROWN) .............. 1.0 2.3
Mya truncata LLINNE . ................. 1.0 2.3
Serripes groenlandicus (CHEMNITZ) . ..... 0.5 1.2

| 10 | 1000

Further south in the same cliff were collected:

4.0 m a.s.l. II. Brucebyen. Terrace cliff. Sandy gravel (Sample No. 353).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) .. .......... 31.0 57.4
Muvtiius edulis LINNE .. .......... ... 17.0 31.5
Astarte montagui (DILLWYN) ........... 3.5 6.5
Saxicava arctica (LINNE). . ............. 1.5 2.8
Astarte elliptica (BROWN) .............. 0.5 0.9
Cyprina islandica (LINNE) ............. 0.5 0.9

| 540 100.0

Further south in the same cliff, at the bay formed by the prograding of
the lower beach plain, were collected:
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6.0 m a.s.l. III. Brucebyen. Terrace cliff. Sandy gravel (Sample No. 354).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) .. .......... 20.5 67.2
Mpytilus edulis LINNE .. ................ 5.5 18.0
Astarte elliptica (BROWN) .............. 1.5 4.9
Astarte montagui (DILLWYN) ........... 1.0 3.3
Saxicava arctica (LINNE). . ............. 1.0 3.3
Chlamys islandica (M[ULLER) ........... 0.5 1.6
Mpya truncata LINNE . ................. 0.5 1.6

30.5 ’ 99.9

From the terrace surface, or rather from the low cliff, at the northern
end of Serdammen, 7—8 m a.s.l., the following shells were collected:

7—8 m a.s.l. IV. Brucebyen. Terrace. Gravel (Sample No. 355).

, —_—
Species Frequency | Percentage
Astarte borealis (CHEMNITZ) . ........... 48.0 66.7
Astarte montagui (DILLWYN) ........... 14.0 19.5
Saxicava arctica (JLINNE). . ............. 3.5 4.9
Mua truncata LINNE . ... .. ... ...... 2.0 2.8
Buccinum glaciale LINNE . ............. 2.0 2.8
Muytilus edulis LINNE ... .............. 1.5 2.1
Cyprina islandica (LINNE) . ............ 0.5 0.7
Macoma calcarea (CHEMNITZ). .. ........ 0.5 0.7
72.0 I 100.2

Astarte borealis clearly dominated the fauna of all these gravel samples.
The highest frequency of Mytilus edulis occurred in sample II from 4 m a.s.l.
(fig. 40). Some valves of Astarte borealis and A. montagui have been measured
(figs. 41 and 42).
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Fig. 41. Shell measurements of Astarte borealis Fig. 42. Shell measurements of Astarte
from sample IV. montagui from sample IV.

In Lithothamnion silt from the sea cliff at Sentabukta, 2 m a.s.l., the
following collection was made:

2 m a.s.l. Sentabukta. Clayey Lithothamnion silt. (Sample No. 356).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) .. .......... 64.0
Mytilus edulis LINNE . ................. 33.5
Saxicava arctica (LINNE). . .............
Astarte montagui (DILLWYN) ........... 1
Astarte elliptica (BROWN) ..............
Moelleria costulata (MOLLER) ..........
Margarites groenlandicus (CHEMNITZ) ... .
Crenella decussata (MONTAGU) ..........
Tonicella marmorea (FABRICIUS) ........
Cingula castanea (MULLER) ............
Mpya truncata LINNE . .................
Emarginula fissura incurva JEFFREYS. . . ...
Trophon truncatus STROM .............
Macoma calcarea (CHEMNITZ). . .. .......
Puncturella noachina (LINNE) . ..........
Acmaea rubella (FABRICIUS) ............
Margarites helicinus (PHIPPS) . ..........
Margarites cinereus (COUTHOUY) ........
Littorina saxatilis (OLIVI) ..............
Omalogyra atomus (PHILIPPI) ..........
Balanus balanoides (LINNE) . ...........
Lithothamnion, large quantities
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Emarginula fissura incurva JEFFREYS has not previously been recorded

from the Pleistocene of Svalbard; it is a boreal form now extinct in Spits-
bergen waters (p. 152, pl. 24, fig. 12). Some valves of 4starte and Saxicava
were measured (figs. 43—46).

A stoney, silty clay sample from the debouch (SE end) of Serdammen

at the huts of Brucebyen, 7 m a.s.l., yielded the following species (sample
no. 269M):

Tonicella marmorea (FABRICIUS), 25 plates,

Trachydermon ruber (LINNE), 5 plates,

Trachydermon albus (LINNE), 1 plate,

Chlamys islandica (MULLER), 1 fragment,

Mytilus edulis LINNE, 1 fragment,

Astarte borealis (CHEMNITZ), 1 fragment,

Saxicava arctica (LINNE), 10 valves and umbonal fragments,
Mya truncata LINNE, 2 hinge fragments,

Acmaea rubella (FABRICIUS), 3 specimens,

Cingula castanea (MOLLER), 3 specimens,

Lora bicarinata (CouTHOUY), 1 specimen,

Lora sp., 1 broken specimen,

Verruca stroemia (MULLER), 9 comparments, 2 scuta, 1 tergum,
Balanus crenatus BRUGUIERE, 1 scutum and 1 rostrum,
Strongylocentrotus cf. droebachiensis, plates and spines,
Lithothamnion sp., several fragments.

Additionally some Ostracoda and a few Foraminifera occurred. Verruca

stroemia has not previously been recorded from the Pleistocene of Svalbard

(p- 171, pl. 26, figs. 15, 16).

36 valves of Astarte montagui
100 valves of Astarte borealis SENTABUKTA
SENTABUKTA 2m a.s.k (Sample ar 356)
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Fig. 43. Shell measurements of Astarte Fig. 44. Shell measurements of Astarte mon-

borealis from Lithothamnion silt. tagui from Lithothamnion silt.
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15 valves of SaAxicava arctica
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Fig. 45. Shell measurements of Astarte Fig. 46. Shell measurements of Saxicava arctica
elliptica from Lithothamnion silt. from Lithothamnion silt.

The Brucebyen area has been visited by several investigators. Sketch
maps are found i.a. in SUMMERHAYES and ELTON (1923, p. 265), WALTON
(1922, p. 110) and Srater (1925, p. 430); the Cambridge Spitsbergen
expedition, 1949, made a plane-table survey of the lowland at Brucebyen
(HarLAND, 1952, p. 316). Some of the expeditions collected fossils from the
raised marine Pleistocene deposits:

The Swedish expedition in the year of 1896 collected the following
species from , The point SW of Nordenskioldbreen (Hicc 1951, p. 242;
height not recorded):

Chlamys islandica (MULLER), 1 valve,

Mytilus edulis LINNE, lost,

Astarte borealis (CHEMNITZ), 1 valve,

Serripes groenlandicus (CHEMNITZ) (= Cardium groenlandicum), 4 valves,
Saxicava arctica (LINNE), 2 valves,

Buccinum glaciale LINNE, 10 shells,

Sipho kroeyeri (MGLLER), 9 shells,

Sipho togatus (MORcH), 2 shells.

Southwest of Nordenskitldbreen they found:

Mya truncata LINNE, 3 valves and some fragments.

On a Russian expedition in the year 1900, A. WoLkowITscH collected
the following Late-Pleistocene shells from terraces 1% km from the coast and

some meters obove sea level, on the east side of the head of Billefjorden
(KnrpowitscH 1902, p. 425):
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Astarte borealis (CHEMNITZ), 51 valves,

Mytilus edulis 1LINNE, 30 valves,

Mya truncata LINNE, 30 more or less broken valves and many fragments,
Saxicava arctica (LINNE), 7 valves and some in clods of Lithothamnion,
Macoma calcarea (CHEMNITZ), 8§ valves,

Buccinum groenlandicum CHEMNITZ, 3 specimens,

Sipho kroeyeri (MOLLER), 1 specimen,

Buccinum ciliatum FaBricius, 1 broken shell,

Chlamys islandica (MULLER), 2 fragments,

Astarte montagui (DILLWYN) (==A. banksi (LEACH)), 1 valve.

ErtoN and BapeN-PoweLL (1931, pp. 390, 395—404)! recorded the
following mollusk species from a section through the upper part of a 10—12
m raised beach near one of the Scottish Spitsbergen Syndicate borings,
known as,,Bore No. 1 and situated one quarter of an Eglish mile southwest
(probably a misprint of southeast) of Brucebyen:

Chlamys islandica

Crenella decussata

Mytilus edulis

Serripes groenlandicus

Astarte borealis

Thvasira flexuosa

Macoma calcarea

Mya truncata ovata (recorded as Mya arenaria)

Mya truncata

Saxicava arctica

Puncturella noachina

Margarites groenlandicus

Littorina saxatilis

Littorina littorea

Trophon truncatus (=Boreotrophon truncatum)?

Gerritelva,

Gerritelva (78°38.2" N.lat.,, 1651’ E.long.) is the river running along
the southwest side of Ferriermorena, the southern lateral moraine of Norden-
skioldbreen (fig. 47). On its southwest side the river has eroded in raised
marine deposits, the heights of which were measured as follows:

6.5 m a.s.l., front edge of silt terrace with Astarte and Lithothamnion.
11.3 —»— undistinct terrace.

14.0 —»— front edge of silt terrace with Astarte and Lithothamnion.
18.0 —»— front edge of gravel terrace with Astarte.

! These authors erroneously state (pp. 391, 403) that Littorina saxatilis (=L. rudis) is
now extinct in Spitsbergen waters. (Cf. OpHNER 1915, p. 17; FEYLING-HANSSEN and
Jorstap 1950, p. 77; FeEvriNG-Haxssexn 1933).

Cf. footnote 1 on page 135.

©
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Fig. 47. (From HarrLaxDp 1952, p. 318; the scale is incorrect.)

23.2 m as.l., front edge of gravel terrace with dstarte.
30.1 —»— small plain with Astarte.

36.5 —»— small terrace with Mya truncata.

40.0 —»— small terrace with Mya truncate and Macoma calcarea.

45.0 —»— terrace, surface destroyed by solifluction, Mya truncata oc-
curred.

59.7 —»— disturbed terrace, partly coarse material, Vya truncata present.

68.0 —»— terrace remnant with 1/ya, otherwise difficult to recognize its
marine origin.

77.8 —»— highest marine level.

The height of the front of the somewhat uneven silt plain with Astarte
and Lithothamnion, 6.5 m as.l., was measured at the west side of the mouth
of Gerritelva. The height of the cliff decreases towards the southwest. The
silt was depsited in zuiet water under conditions similar to those in Senta-
bukta to-day.

At 14 m a.s.l., at the top of a low cliff in the same silty material, the
following collection was made:
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14 m as.d. Gerritelea. Small terrace, Lithothamnion silt. (Sample No. 360).

Species Frequency | Percentage

Astarte borealis (CHENINITZ) .. .......... 63.5 56.0
Astarte montagui (DILLWYN) ........... 18.0 15.9
Saxicara arctica (ILINNE) . ... ... ... 13.0 11.4
Mya truncata ILINNE .. .. ... ..., 10.0 8.8
Mpytilus edulis TLINNE ... ... oo ... 3.5 3.1
Littorina saxatilis (OLIVI) .. ............ 2.0 1.8
Macoma calcarea (CHEMNITZ). ... ....... 1.0 0.9
Trophon clathratus (ILINNE) ............ 1.0 0.9
Gastropoda . ............. ... 1.0 0.9
Cyprina islandica (ILINNE) ... ... .. ... 0.5 0.4
Echinid spines
Lithothamnion sp. masses.

‘ 113.5 | 100.1

Most of the Saxicaza specimens were small and irregular.

From the gravel terrace at 18 m a.s.l. the following shells were collected:

18 m a.s.l. Gerritelva. Astarte terrace, gravel. (Sample No. 361).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) .. .. ....... 28.0 83.6
Mpya truncata ILINNE .. ... ... .. .. .. 2.5 7.5
Astarte mentagui (DILLWYN) . .......... 1.5 4.5
Mytilus edulis TLINNE ... ... o ... 0.5 1.5
Macoma calcarea (CHEVMINITZ). .. ... ... .. 0.5 1.5
Saxicava arctica (ILINNE). . ... ... . ... .. 0.5 1.5
Lithothamnion sp., 1 small fragment.

335 | 1001

From the Astarte terrace at 23.2 m a.s.l. were collected:

23.2 m as.l. Gerritelva. Astarte terrace, silty gravel. (Sample No. 362).

Species Frequency | Percentage

33.9
16.9
13.9
10.8

Astarte borealis (CHEMNITZ) .. oo vvvn ..
Littorina littorea (ILINNE) ..............
Muytilus edulis I.INNE .. ..o L.
Mpya truncata ILINNE ... ... . oL
Littorina saxatilis (OLIVI) . .............
Saxicava arctica (1.INXE). . .......o... ..
Lacuna vincta (MoNTAGUY oo . ..
Astarte montagui (DI.LWYN) ... ... ...
Macoma calcarea (CHEMNITZ). ... ... .. ..
Cyprina islandica (LINNE) . ... ... ...,
Astarte crenata GRAY . ... ..............
Balanus balanoides (LINNE) ............
Trophon Sp. . .vvui i
Lora bicarinata (COUTHOUY) ...........
Balanus crenatus BRUGUIERE ... .........
Serripes groenlandicus (CHENMNITZ) ......
Zirfaea crispata (ILINNE) .. ... .. ... ...,
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This fauna compares well with that from 23 m a.s.l. at Teltfjellbekken,
both being indicative of optimal climatic conditions for the area.

The largest complete valve of Littorina littorea had a length of 28 mm.
The Mya shells and fragments, moreover, belonged to small and thin-
shelled specimens, and most of the Saxicara shells were small and irregular.
Five hinge fragments and many other fragments of large specimens of
Cyprina islandica were found (pl. 22, figs. 6—9; pl. 23, fig. 3). The Trophon
specimen was too worn for safe specific identification. Lora bicarinata was
of the form described as var. levior by G. O. Sars (1878, p. 239, Bela viola-
cea var. levior). A hinge fragment of Serripes groenlandicus was found
(pl. 22, fig. 4), and of Zirfaea crispata a fragment of the anterior end of a right
valve. Two rostra and two lateral compartments of Balanus balanoides occurred.

In a little stream bed behind the 23 m terrace plain Mya truncata and
Saxicava arctica occurred, having been washed out from the }ya sediments.

From the small gravel plain at 30.1 m a.s.l. the following shells were
found (Sample no. 363):

Astarte borealis, 18 valves and some fragments,

Mwya truncata, 7 umbonal and some other fragments,
Macoma calcarea, 3 broken valves,

Saxicava arctica, 2 broken valves,

Littorina saxatilis, 1 shell,

Littorina littorea, 1 broken shell,

Mytilus edulis, 1 small fragment,

Astarte montagui, 1 valve,

Cyprina islandica, 4 fragments.

From the small terrace at 36.5 m a.s.l. were collected:

Mya truncata, 5 umbonal and 30 other fragments,

Macoma calcarea, 2 broken valves,

Mytilus edulis, 5 small fragments,

Saxicava arctica, 1 fragment.

The small terrace at 40 m a.s.l. was partly destroyed; its material
contained some head-sized boulders, and Mya truncata and Macoma cal-
carea occurred.

The marine features above were badly deformed. Quite large boulders
and blocks occurred in the deposits, and scattered fragments of Vva truncata
were found at all levels up to 77.8 m a.s.l.

In the stream bed of Gerritelva, which runs between the raised marine
features just dealt with and the lateral moraine of Nordenskicldbreen, there
occurred some shells washed out from the eroded deposits. The following
were collected (sample no. 365):

Mya truncata, 46 umbonal and many other fragments,

Astarte borealis, 3 valves,

Macoma calcarea, 3 broken valves,

Saxicava arctica, 3 broken valves.

~1
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These shells originate partly from the raised beaches, and partly from
the lateral moraine of Nordenskioldbreen, the glacier having slightly invaded
the beaches and incorporated some of their material in its moraine. (Cf.
LamprucH 1911, p. 236).

Petuniabukta.

On the east side of Petuniabukta (78°42" N.lat., 16°39" E.long.) raised
marine features were surveyed between Ebbaelva (Ebba river) and Rudmose-
pynten (pl. 8). At the coast south of the debouch of Ebbaelva there is an old
hut, where the heights of two marine terraces were measured:

4.3 m as.l., front edge of the terrace with the hut.
8.0 —»— front edge of a terrace farther inland.

From the cliff of the 4.3 m terrace were collected:

4.3 m a.sl. Petuniabukta. Terrace cliff, gravel. (Sample No. 366).

Species } Frequency | Percentage

Astarte borealis (CHEMNITZ) . ........... 56.0 76.2
Mpytilus edulis LINNE .. ................ 8.0 10.9
Saxicava arctica (LINNE). .............. 4.5 6.1
Astarte montagui (DILLWYN) ........... 2.0 2.7
Mpya truncata LINNE .. ................ 1.5 2.0
Littorina littorea (LINNE) .............. 1.0 1.4
Astarte elliptica (BROWN) .............. 0.5 0.7
Lithothamnion occurred

73.5 ’ 100.0

The fauna of the 8 m terrace was also dominated by Astarte borealis.

More marine levels were discernible farther in the valley, but these were
not investigated.

To the south of the entrance to the valley the heights of the following
marine levels were determined:

3.2 m a.s.l,, front edge of lowest terrace,
29.7 —»— ridged beach plain with Astarte,
31.0 —»— farther south on the same beach plain,
34.5 —»— same plain at the talus, silt with Aszarte,
41.3 —»— terrace with Mya.

The raised beach plain with Astarte slopes gently to the north with
beach ridges in an approximately east-west direction. It has been deeply in-
cised by streams, and is cliffed to the west by Recent wave erosion. To the
north only a huge gravel hill with N—S edge remains.

Fossil shells were collected from the terrace surface and cliffs, the fauna
being predominated by Mya truncata which is unusual for the level. A few
Mya fragments belonged to large and thick-shelled specimens suggesting
that they originated from older Mya deposits, but by far the major part of
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the Mya shells and fragments were of small and thin-shelled forms. The
following species were found in the terrace:

31 m a.s.l. Petuniabukta. Beach plain, surface and cliff, sandy gravel.
(Sample No. 368).

Species Frequency | Percentage
Mpya truncata LINNE .................. 79.0 33.3
Mytilus edulis LINNE . ................. 43.5 18.4
Astarte borealis (CHEMNITZ) .. .......... 24.5 10.3
Saxicava arctica (LINNE). . ............. 24.5 10.3
Heteranomia squamula (LINNE). . ........ 19.0 8.0
Littorina littorea (LINNE) .............. 13.0 5.5
Macoma calcarea (CHEMNITZ). ... ....... 9.5 4.0
Astarte montagui (DILLWYN) ........... 5.5 2.3
Balanus balanoides (LINNE) ............ 5.0 2.1
Zirfaea crispata (LINNE) ............... 3.0 1.3
Volsella modiola (LINNE) .............. 2.0 0.8
Balanus balanus (LINNE) . ............. 2.0 0.8
Chlamys islandica (MULLER) ........... 1.5 0.6
Cyprina islandica (LINNE) ............. 1.5 0.6
Acmaea rubella (FABRICITUS) ............ 1.0 0.4
Littorina saxatilis (OLIVI) .............. 1.0 0.4
Balanus sp. ... 1.0 0.4
Serripes groenlandicus (CHEMNITZ) ...... 0.5 0.2
Strongylocentrotus cf. droebachiensis
plates and spines
| 2370 | 997

Six species indicative of a comparatively mild climate occur in this
fauna, viz.: Heteranomia squamula, Mytilus edulis, Volsella modiola, Cyprina
islandica, Zirfaea crispata and Littorina littorea. Of Volsella modiola 4 umbo-
nal and many other fragments were found (pl. 19, figs. 1-—3). Of Cyprina
islandica 3 hinge fragments and a few others were present, and of Zirfaea
crispata 6 hinge fragments. 4 carinae, 4 rostra, 4 lateral and 5 carinolateral
compartments of Balanus balanoides were found.

Approximately 50 m south of this locality, on the same raised beach
plain but on the other side of an erosion furrow, another collection was
made, mainly from the surface:

31 m a.s.l. Petuniabukta. Beach plain, surface, sandy gravel. (Sample No. 369).

Species Frequency | Percentage

Mytilus edulis TINNE .. .........ooo.... 21.5 36.7
Mpya truncata LINNE . ................. 16.5 28.2
Saxicava arctica (LINNE). . ............. 12.5 21.4
Lacuna vincta (MONTAGU) ............. 3.0 5.1
Chlamys islandica (MULLER) ........... 1.0 1.7
Astarte borealis (CHENINITZ) . .. ......... 1.0 1.7
Zirfaea crispata (LINNE) . .............. 1.0 1.7
Balanus balanus (LINNE) .............. 1.0 1.7
Astarte crenata GRAY . ... ...ooveien.. .. 0.5 0.9
Macoma calcarea (CHEMNITZ) . .......... 0.5 0.9
Strongylocentrotus sp. spines and plates

58.5 100.0
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Three of these species are now extinct in Spitsbergen waters, viz.:
Mpytilus edulis, Zirfaea crispata and Lacuna vincta.

Towards the mountain side there was a silty flow from the base of the
talus out on to the plain. This silt contained Astarte borealis up to a height
of 34.5 m as.l.

The following shells were collected from the silt, 34.5 m a.s.l. (sample
no. 367):

Mya truncata, 1 valve, 9 umbonal and some other fragments,
Astarte borvealis, 4 valves,

Saxicava arctica, 1 valve and 1 hinge fragment,

Littorina littorea, 1 broken shell,

Mytilus edulis, 3 small shell fragments,

Macoma calcarea, 1 hinge fragment,

Zirfaea crispata, 1 small shell fragment.

The Littorina shell was found somewhat lower on the terrace plain than
the other shells.

Approximately 500 m farther south there is a Mya terrace 41.3 m a.s.l.,
and from its surface and cliff were collected the following species (sample
no. 370):

Mya truncata, 21 umbonal fragments,

Saxicava arctica, 9 umbonal fragments,

Mytilus edulis, 2 hinge fragments and a few others,
Chlamys islandica, 2 small shell fragments,

Astarte montagui?, 1 umbonal fragment.

From Mya silt outcropping in the cliff of the same terrace at about
30 m a.s.l., the following species were collected:

c. 30 m a.s.l. Petuniabukta. Clff of 41.3 m terrace. Silt. (Sample No. 371).

Species Frequency l Percentage
Mya truncata LINNE .. ................ 24.0 66.7
Saxicava arctica (LINNE). . ............. 11.5 32.0
Macoma calcarea (CHEMNITZ). ... ....... 0.5 1.4
36.0 | 100.1

I'rom the storm-ridge and the present backshore at the above-mentioned
hut the following shells, being of Recent origin, were collected:
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1 m a.s.l. Petuniabukta. Recent storm-ridge, gravel. (Sample No. 372).

Species ’ Frequency ‘ Percentage

—_
~
=

Astarte borealis (CHEMNITZ) ... ..ovn... 92.
Astarte montagur (DILLWYN) ...........
Saxicava arctica (LINNE). ..............
Mvya truncata LINNE ... .. ... oo ..
Chlamys islandica (MULLER) ...........
Trophon truncatus (STROM) ............
Buccinum groenlandicum (CHEMNITZ) . ...
Astarte elliptica (BROWN) ..............
Serripes groenlandicus (CHEMNITZ) ......
Thraci@sp. . .......cooiiiiiiiiinan.
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The Swedish expedition to Spitsbergen in the year of 1896 found at
,Klas Billen Bay. Innermost Bay” (Hicc 1951, p. 241):

Cyprina islandica (LINNE), 1 shell fragment, but the height of the locality
is not recorded.

At the ,,point west of Nordenskiéldbreen®, which could probably be
Rudmosepynten, they found:

Macoma calcarea (CHEMNITZ), 3 valves.

The Scottish Spitsbergen Syndicate Expedition, 1920, collected the
following shells from a raised beach at Ebbadalen, 15 m a.s.l. (BADEN-
Powerr 1939, p. 338):

Mytilus edulis LINNE,

Astarte borealis (CHEMNITZ),

Astarte montagui (DILLWYN),

Saxicava arctica (LINNE) var. pholadis.

The Oxford University Spitsbergen Expedition, 1933, collected the
following shells from a raised beach at Petuniabukta, at 27 m a.s.]. (BADEN-
PoweLL 1939, p. 340):

Mytilus edulis 1.INNE,

Astarte borealis (CHEMNITZ),

Macoma calcarea (CHEMNITZ),

Mya truncata LINNE,

Saxicava arctica (LINNE),

Littorina littorea (LINNE).

From a raised beach at about 8§ m a.s.l. at Petuniabukta they found
(l.c. p. 341):

Astarte borealis (CHEMNITZ),

Cyprina islandica (LINNE),

Macoma calcarea (CHEMNITZ),

Mya truncata 1LINNE,

Saxicava arctica (LINNE) var. pholadis,

Buccinum glaciale 1.INNE.
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BaLcHIN (1941, p. 373) recorded the following species from the raised
Pleistocene marine deposits on the east side of Billefjorden:

Mytilus edulis LINNE,

Chlamys islandica (MULLER),
Astarte borealis (CHEMNITZ),
Astarte sp.,

Cyprina islandica (LINNE),

Mya truncata LINNE,

Saxicava arctica (LINNE),
Margarites helicinus (PHIPPS),
Margarites groenlandicus (CHEMNITZ),
Lithothamnion glaciale KJELLMANN,
Whale bones.

Exact localities are not recorded and, due to his erroneous idea of an
enormous local tilting of the Pleistocene beds on the east side of Billefjorden,
nothing accurate can be said about the heights at which the fossils were found.

Mimerbukta.

Mimerbukta (78°39" N.lat., 16°23" E.long.) on the west side of Bille-
fjorden near its head, was not visited by the author.

A Swedish expedition of 1911 (HicG 1951, p. 233) collected the follow-
ing species from Mimerdalen at a height of 20 m above the sea:

Astarte borealis (CHEMNITZ), many valves,

Mya truncata LINNE, 11 valves,

Cyprina islandica (LINNE), 9 valves,

Macoma calcarea (CHEMNITZ), 7 valves,

Mytilus edulis LINNE, 4 valves,

Astarte montagui (DILLWYN) (=A. banksi (LEacH)), 3 valves,
Saxicava arctica (LINNE), 2 valves,

Serripes groenlandicus (CHEMNITZ) (=Cardium groenlandicum),
Lithothamnion, 2 clods.

From a cliff at the river, 20 m a.s.l., on the south side of Mimerdalen,
the same expedition collected (l.c. p. 234):

Mya truncata LINNE var. ovata JENSEN, 10 valves,
Littorina littorea (LINNE), 4 specimens,

Mytilus edulis LINNE, 6 valves,

Macoma calcarea (CHEMNITZ), 4 valves,

Lepeta coeca (MULLER), 2 specimens,

Littorina saxatilis (OL1vI), 2 specimens,
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Astarte borealis (CHEMNITZ), 3 valves,
Mya truncata LINNE, 1 specimen and 1 valve,

~ Savicava arctica (LINNE), 3 valves,

Heteranomia squamula (LINNE) (=Anomia squamula), 2 valves,
Chlamys islandica (MULLER), 2 valves,
Cyprina islandica (LINNE), 1 small valve and 2 fragments.

At an elevation of 30 m above the sea in the same cliff they found:
Mpya truncata LINNE, 4 valves.
From a shell bed south of Mimerdalen they collected:

Cyprina islandica (LINNE), 5 valves,

Mytilus edulis LINNE, 1 valve,

Chlamys islandica (MULLER), 1 shell fragment,
Mya truncata LINNE, 1 valve,

Lithothamnion, on a stone.

A Swedish expedition in the year 1908, found:
Cyprina islandica (L.INNE), 2 specimens,

at Mimerbukta, , northern gat” (HicG 1951, p. 241).

Nidedalen.

Nidedalen (78°35" N.lat., 16°21" E.long) is a little valley debouching on

the west side of Billefjorden between Mimerbukta and Skansbukta (fig. 43

and

pl. 9). Along the northeast side of the river there is a succession of

prominent beach ridges composed of coarse material, mainly boulders. The
ridges are situated at the following heights:

1.3
2.4
3.3
4.0
5.0
7.7
9.1
10.8
11.4
13.1
13.9
16.2
18.2
22.4
27.2

m a.s.l., beach ridge with some old drift wood,
—— » » o,

—_— N N » » N

—v— ,  » »  with small flat behind,
——,  » » o

—»—, » » o,

—)— » » o,

—n— » o,

——,  » » o,

——,  » » o,

—_—— » DA

—h— ] » o,

—h—, » »  with small flat behind,
—h—,  » » o,

——, » , corresponding with a quite large beach plain on

the southwest side of the river, slightly rising upstream. The horizontal
distance between the lowest ridge (1.3 m) and the highest (27.2 m) is 158 m.
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Fig. 48. The west side of Billefjorden, from Nidedalen to Skansbukta, with the raised

marine features which were investigated.

The highest find of fossils was made at an elevation of 36.4 m a.s.l. The

fossils occurred mostly as fragments in muddy material, and only two species
were found (sample no. 331):

Mya truicata, 37 valves and umbonal fragments,
Macoma calcarea, 5 broken valves.

North of the mouth of Nidedalen remnants of a terrace complex occur,
where the following heights were measured:
4.8 m a.s.l., Mytilus terrace,
12.2 —»— , small terrace,
18.6 —»— , terrace partly destroyed by soil flow,
31.8 —»— , on a large, uneven terrace,
54.0 —— , shoreline with a small gravel flat.
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The large terrace rises towards the north, or rather towards the steep
cliff at the rivulet which has eroded the complex on the north side. This plain
represents the southern part of a delta terrace formerly built up by the
rivulet. At the mountain side it attains an elevation of approx. 60 m a.s.l.
Mya truncata occurred in it, and a fragment of Chlamys islandica and one
of Saxicava arctica were found on its surface.

From the Mytilus terrace the following collection was made:

4.8 m a.s.l. Nidedalen N. Terrace, sandy gravel (Sample No. 332).

Species Frequency

Percentage
Mytilus edulis LINNE . ................. 44.0 90.7
Astarte borealis (CHEMNITZ) .. .......... 3.0 6.2
Buccinum sp. .. ... 1.0 2.1
Mya truncata LINNE . ................. 0.5 1.0
48.5 ‘ 100.0

The Mytilus shells were in the same good state of preservation as those
from Asvindalen (6.2 m a.s.l., cf. p. 107). Two of them had initial pearls. The
largest complete valve had a length, L=68 mm and a height, H=30 mm
(cf. measurements fig. 49). Of Astarte borealis 5 valves and one fragment
were found, the largest valve measuring, L.=32 mm, H=27 mm. A small,
broken, and worn specimen of a Buccinum rendered its specific determina-
tion unsafe. Of Mya truncata only a hinge fragment of a small specimen was
found.
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Narveneset.

Narveneset (78°33.8" N.lat., 16°19" E.long.) is a little cuspate foreland
approx. 2.5 km SSW of the mouth of Nidedalen (fig. 48; pl. 9). A remnant
of a raised ridged beach plain occurs there. It has a northeasterly slope
with beach ridges approx. perpendicular to the direction of slope. It is
eroded on all sides, but attains a height of 22 m a.s.l. The following species
were picked up from the surface of this terrace (sample no. 330):

Mytilus edulis, numerous small fragments, no umbonal,

Astarte borealis, two broken valves and some fragments,

Astarte montagui, two broken valves and some fragments,

Cyprina islandica, one small fragment from the dorsal margin,

Saxicava arctica, one umbonal fragment,

Mya truncata, one valve, two umbonal fragments, and many other
fragments.

At 147 m as.l. later wave action has cut a bench in the south side of
the gravel deposits of the larger beach plain. Mytilus edulis occurred at this
level. At 2.7 m a.sl. there is a plain with ancient drift wood, unaffected by
man.

The raised beach plain (22 m a.s.l.) dates back from the Post-Glacial
Warm period, and has its continuation on the SW side of Alvrekelva (cf.
below).

Alvrekdalen.

Alvrekdalen (78°33.6" N.lat.,, 16°17.5" E.long.) is the largest vallev
between Mimerbukta and Skansbukta on the west side of Billefjorden
(fig. 48; pl. 10). The most prominent raised marine feature in this locality
is a cliffed ridged beach plain with northeasterly sloping surface. The
beach ridges, at approx. right angles to this slope, are slightly curved with a
northeastward concavity. The following heights were measured on the sur-
face of this plain: 26.5 m, 27.2 m and 37.8 m a.s.l, the last being the
elevation of the rear edge of the terrace. It represents the upper marine
limit for the Post-Glacial Warm period in this locality, which is in keeping
with the height of the upper termination of the large beach plain with
Astarte on the other side of Billefjorden, at Ekholmvika.

At an elevation of 16.5 m a.sl. wave action has cut another terrace into
the gravel deposits of the southeast side of the large beach plain. A lowest
terrace plain is found at 3.7 m as.l.

Above the upper termination of the large beach plain two indistinct
features were discernible, viz.: an uneven terrace surface at 52 m a.s.l., and
a very uneven surface at 62 m as.l. A fragment of Mya truncata occurred in
the 52 m terrace. The minerogenic material at 62 m a.s.l. was very coarse,
boulders and cobbles occurring with the gravel.
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Brimerpynten.

Brimerpynten (78°32.8" N.lat., 16°15" E.long.) is the point between
Alvrekdalen and Asvindalen (fig. 48; pl. 10).
The heights of two terraces were measured in this locality:

17.6 m a.sl., front edge of first terrace,
24.2 —p— |, rear edge of first terrace,
26.2 —»— , front edge of second terrace,
28.1 —»— , rear edge of second terrace.

No fossils were observed in this complex except some Mya shells in the
highest terrace. Astarte and Mytilus would be expected in these terraces.

Asvindalen.

Asvindalen (78°32.6" N.lat., 16°12.3" E.long.) is the next valley SW of
Alvrekdalen (fig. 48; pl. 10). A Mytilus terrace was observed in this locality
at a height of 6.2 m a.s.l., and the following species were collected from it:

6.2 m a.sl. Asvindalen. Mytilus tervace, sandy gravel (Sample No. 329).

Species Frequency | Percentage
Mytilus edulis LINNE .. ................ 54.0 93.9
Astarte borealis (CHEMNITZ) ............ 2.5 4.3
Saxicava arctica (LINNE). .. ............ 0.5 0.9
Mya truncata LINNE . ................. 0.5 0.9
Echinid spine
57.5 100.0
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Some of the Mytilus shells (pl. 18, figs. 4, 5) had remnants of perio-
stracum. They were quite large, the largest complete valve measuring
L=68 mm, H=33 mm (cf. measurements fig. 50). The largest shell of
A. borealis measured, L=33 m, H=27.5 mm, the periostracum being partly
preserved and the beak partly eroded. The valve of Saxicava arctica was a
juvenile one with spines. One Nonion was observed in the sample.

Skansbukta.

Skansbukta (78°31.5" N.lat., 16°3’ E.long.) is a sheltered bay on the
west side of the entrance to Billefjorden (pl. 11, fig. 1). On the north side of
the bay there are two huts (sketch map fig. 48) built on a low beach plain
2.2 m a.s.l. The beach plain is composed of sandy gravel, and its surface is
very gently sloping inland. At its inner termination, at the foot of the scree
cones from the mountain Skansen, it carries a swampy vegetation. The fol-
lowing shells were collected from the surface of this beach plain:

2.2 m a.s.l. Skansbukta N side. Beach plain, sandy gravel (Sample No. 301).

Species Frequency | Percentage

Natica clausa BRODERIP and SOWERBY . .. 8.0 24.3
Buccinum glaciale 1L.iNNE ... ... ... 8.0 243
Astarte borealis (CHEMNITZ) . ........... 6.0 18.2
Saxicava arctica (1ANNE). .. ... .. ... .. 3.0 9.1
Serripes groenlandicus (CHEMNITZ) . ..... 2.5 7.6
Mytilus edulis LINNE .. ... ... ... 1.0 3.0
Mya truncata LINNE .. ... .. .. ... 1.0 3.0
Margarites groenlandicus (CHEMNITZ) . . .. 1.0 3.0
Buccinum groenlandicum (CHEMNITZ) . ... 1.0 3.0
Pyrulofusus deformis (REEVE) ........... 1.0 3.0
Astarte elliptica (BROWN) .............. 0.5 1.5
Lithothamnion

| 33.0 ’ 100.0

Many of these shells may have been washed up unto the plain from the
shore in Recent times; this certainly applies to most of the gastropod shells
which are easily transported by waves and currents. Thus the shell of
Pyrulofusus deformis (pl. 27, figs. 1, 2) can hardly be considered as a fossil in
this sample (cf. p. 35). The largest valve of Astarte borealis measured,
L=38 mm, H=31 mm; all valves showed traces of periostracum, and all
had eroded beaks. The single shell of A4. elliptica was small and broken.
Of Mytilus edulis two umbonal fragments were found, both of them of left
. valves so that, in fact, two specimens of this species are represented in the
sample. Of Serripes groenlandicus fragments belonging to five valves were
collected. The two largest specimens of Natica clausa had lengths of 26 and
28 mm. The eight specimens of Buccinum glaciale were of the typical form,
distinctly carinated with strongly developed spiral structure. They were all
more or less broken. The specimen of B. groenlandicum was small and broken.
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From the Recent beach, at the huts, the following shells were collected
(sample no. 300):

Liocyma fluctuosa (GotLp), 6 valves, some of them united,
Mya truncata LINNE, 7 valves, some of them united,
Astarte borealis (CHEMNITZ), 1 specimen,

Serripes groenlandicus (CHEMNITZ), 1 specimen,

Buccinum undatum LINNE, 1 specimen,

Astarte montagui (DILLWYN), 1 valve,

Mytilus edulis LINNE, one small fragment.

The specimen of A. borealis nieasured, L=40 mm, H=34 mm. One
specimen of Liocyma fluctuosa measured, L=10.1 mm, H=8.2 mm, but
some of the fragments belonged to larger specimens. The shells of Mya
truncata were thin, and one specimen belonged to the var. ovata JENSEX.

Northwest of the huts, on the northeast side of Skansbukta, there is a
terrace complex consisting of coarse sand and gravel. The forms of the
features are indistinct, but three levels are discernible (fig. 51), the heights
of which were measured on the northwest side of a brook which had incised
the terraces transversely:

13.8 m a.s.l., front of the first terrace,

18.3 —»— | rear edge of the first terrace,
24.5 —»— , front of the second terrace,
37.4 —»— | third terrace.

Between the highest terrace and the mountain side to the northeast
there is a depression in the unconsolidated deposits caused by subsequent
stream erosion.

A section, 4.5 m deep, was worked out in the strem cliff of the first ter-
race, from its surface at 17.7 m a.s.l. (figs. 52, 53; pl. 11, fig. 2). Samples
were taken at intervals of 0.5 m:

1. (Sample no. 3M) surface layer, coarse gravel with frost-split pebbles
(pl. 13). Median diameter, M=17.50 mm. Quartiles, Q;=25.00 mm, Q,=
12.0 mm. Coefficient of sorting, So—=1.44, i.e. well sorted. No fossils were
found.

1. (Sample no. 4)M) 0.0 m below the surface, gravel. The greater part
of the pebbles had kept their rounding, but some were split by frost wedging.
M=9.80 mm, Q;=27.00 mm, Q;=3.45 mm. So=2.80, i.e. normal sorting.
The following shells occurred in this zone (shell sample no. 306):

Chlamys islandica, 1 fragment,

Mytilus edulis, 4 umbonal fragments,
Macoma calcarea, 3 umbonal fragments,
Saxicava arctica, 2 umbonal fragments,
Mya truncata, 6 umbonal fragments,
Balanus balanus, 2 carinae.
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Fig. 51. Profile of the raised marine features at the northeast side of Skansbukta; a section
was made from the surface at G. (Cf. fig. 52).

1. (Sample no. 5M) 1.0 m below the surface, sandy gravel, many peb-
bles frost-split (pl. 14). M=3.20 mm, Q;="7.80 mm, Q,=1.25 mm. So=2.50,
i.e. well sorted. The following species were represented (shell sample no. 307):

Chlamys islandica, fragments of 1 valve,
Mpytilus edulis, fragments of 1 valve,
Saxicava arctica, fragments of 1 valve,
Mpya truncata, fragments of 3 valves.

IV. (Sample no. 6M) 1.5 m below the surface, coarse gravel with some
sand. Many frost-split pebbles (pl. 15). M=16.50 mm, Q;=27.00 mm,
Q,=7.50 mm. S0=1.90, i.e. well sorted. A few, very small shell fragments
of the same species as in sample IIT were found.

V. (Sample no. 7M) 2.0 m below the surface, coarse gravel with many
angular and flat particles. M=16.00 mm, Q;=21.00 mm, Q,=11.00 mm.

S0=1.38, i.e. well sorted. The following species were found (shell sample
no. 309):

Heteranomia squamula, 1 left valve,

Chlamys islandica, 1 hinge fragment,

Mytilus edulis, two fragments,

Astarte borealis, 2 broken valves of different specimens,
Astarte montagui, 1 complete valve and 2 broken,
Saxicava arctica, 1 shell fragment,

Mya truncata, 2 umbonal fragments,

Lepeta coeca, 1 specimen.
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Fig. 52. Profile of the lower part of the raised features at the northeast side of Skansbukta,
with a detail of the section at G.

V1. (Sample no. 8M) 2.5 m below the surface, gravel with rounded
pebbles and sand. M=8.50 mm, Q,=18.00 mm, Q,=3.10 mm. So=2.41,

i.e. well sorted. The following species occurred in this zone (shell sample
no. 310):

Chlamys islandica, two small shell fragments,

Mpytilus edulis, 3 umbonal fragments,

Astarte borealis, 8 valves (one specimen had united valves),
Astarte montagui, 20 valves (one with united valves),

Saxicava arctica, 3 hinge fragments and some others,

Mya truncata, 2 hinge fragments and some others,

Littorina saxatilis, 2 specimens, lengths 8 and 9 mm,

Lacuna vincta MoNTAGU, 1 specimen, 7.2 mm long (pl. 26, fig. 1).

The largest shell of A4. borealis measured, L=26.5 mm, H=22.2 mm,
and the largest shell of A. montagui, L=21 mm, H=20 mm.

VII. (Sample no. 9M) 3.0 m below the surface, gravel with rounded
and angular pebbles and granules. M=6.90 mm, Q;=12.00 mm, Q,=
2.90 mm. So=2.04, i.e. well sorted. The following species occurred in this
zone (shell sample no. 311):

Chlamys islandica, two fragments of 1 specimen,

Mpytilus edulis, 4 small umbonal fragments and some others,
Mya truncata, 7 valves, six of which were juveniles,
Margarites groenlandicus, 1 specimen,
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Fig. 53. Cumulative-frequency curves of 11 samples from the section
in the terrace complex at the northeast side of Skansbukta.

Lacuna vincta, 1 specimen (pl. 26, fig. 2),

Littorina saxatilis, 1 columella with apex,

Balanus balanoides, 1 rostrum and 1 lateral compartment,
Balanua balanus, 1 carina and 1 lateral compartment.
Two Echinid spines were also observed.

VIII. (Sample no. 10M) 3.5 m below the surface, gravel with rounded
and some angular pebbles and granules (pl. 16). M=4.20 mm, Q;=—8.80 mm,

Q,=2.05 mm. So0=2.07, i.e. well sorted. The following species occurred
(shell sample no. 312):

Chlamys islandica, 1 fragment,

Mytilus edulis, 1 umbonal fragment and another fragment,

Macoma calcarea, 2 umbonal fragments,

Saxicava arctica, 1 umbonal fragment,

Mya truncata, 2 small, broken valves and 1 umbonal fragment,
Zivfaea crispata, 1 umbonal fragment of a small right valve (pl. 24, fig. 7),
Lacuna vincta, 1 specimen 10.3 mm long (pl. 26, fig. 3),

Lepeta coeca, 1 broken specimen (pl. 24, fig. 13),

Balanus balanoides, 1 rostrum and 1 lateral compartment,

Balanus crenatus, 1 carinolateral compartment and 1 fragment.

IX. (Sample no. 11M) 4.0 m below the surface, gravel. M—=06.60 mm,
Q;=13.50 mm, Q;=2.45 mm. So-==2.40, i.e. well sorted. The following
species occurred in this zone (shell sample no. 313):
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Mytilus edulis, 1 small fragment,

Astarte borealis, 1 broken shell,

Mya truncata, 2 small valves and some fragments,
Lepeta coeca, 1 small and broken specimen,
Lacuna wvincta, 1 small and broken specimen,
Balanus balanoides, 2 lateral compartments.

X. (Sample no. 12M) 4.5 m below the surface, gravel. M=6.90 mm,
Q;=13.50 mm, Q;=2.70 mm. So=2.24, i.e. well sorted. Only four species
could be recognized among the very few shell fragments present, viz. (shell
sample no. 314):

Mytilus edulis, 1 small hinge fragment and two others,
Saxicava arctica, 2 umbonal fragments,

Mya truncata, 1 umbonal and two other fragments,
Balanus balanoides, 1 carina and 2 lateral compartments.

In this section a 3 cm thick lamina of humus with roots occurred above
the bed with coarse gravel, i.e. at approx. 1.5 m below the terrace surface
(fig. 52). This humus lamina continued, gently sloping, for more than 3 m
from the section towards the bay, approaching the terrace surface (cf. fig. 52),
and in its whole extension carried roots and remnants of mosses and other
vegetation. Humus samples of this layer taken from permanently frozen
parts of the deposits also contained such remnants. Roots from the present
vegetation on the terrace continued through the outer parts of the humus
layer where it came close to the terrace surface. At the section (G, fig. 52),
where 1.5 m sandy gravel separated the humus bed from the humus at the
terrace surface, no difference could be observed between the present vege-
tation and that represented by roots and remnants in the buried humus bed.
Between the humus bed and the underlying coarse gravel there was a sandy
transition approx. 5 cm thick, and above the humus there was also some
sand which became coarser upwards, forming coarse gravel towards the
surface.

These conditions are explained by soil flow. At the present terrace sur-
face a sparse vegetation, carried by a very thin humus layer with some sand
in-between and below, kept by roots, rests on a coarse outwash consisting
mainly of angular, frost-split pebbles which become smaller and more round-
ed downwards with increasing amount of sand. These conditions are re-
peated from the buried humus layer downwards, the humus layer represent-
ing a former terrace surface which, in part, has been buried by material that
slid down from the former cliff at the rear edge of the terrace. The dotted
line in fig. 52 suggests the former profile of the feature.

The deposits in this locality are situated close to the mountain side
from which numerous brooks descend. Thus, being richly supplied with
water, the deposits are subject to solifluction. By this means, in conjunction

8
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with frost and thaw, the morphology of the terrace complex has been greatly
modified (cf. fig. 51).

Below the bed of coarse gravel, in the stream cliff, the following shells
were collected (sample no. 315):

Mytilus edulis, 10 umbonal and some other fragments,

Astarte borealis, 1 umbonal fragment,

Astarte montagui, 2 valves and one umbonal fragment,

Saxicava arctica, 3 broken valves of small, thin-shelled specimens,
Mya truncata, 2 small valves of young specimens and 1 hinge fragment
of an adult,

Lacuna vincta, 1 broken shell,

Balanus balanoides, 1 rostrum.

In the same cliff, about midway between front and rear edges of the
first terrace, another collection was made up to, and partly into, the lower
half of the coarse bed. The following species occurred (sample no. 316):

Mytilus edulis, some very small fragments,
Astarte borealis, 1 right valve,

Astarte montagui, 27 valves, complete and broken,
Saxicava arctica, 2 broken valves,

Mpya truncata, 1 hinge fragment.

Within the bed of coarse gravel the following collection was made
(sample no. 317; cf. fig. 52):

Chlamys islandica, 2 fragments with hinge,

Mytilus edulis, 3 umbonal and some other fragments,
Astarte borealis, 21 valves and umbonal fragments,
Astarte montagui, 18 valves and umbonal fragments,
Macoma calcarea, 2 broken valves,

Saxicava arctica, 4 broken valves,

Mya truncata, 5 umbonal fragments,

Littorina littorea, 2 specimens and one fragment.

Above the bed of coarse gravel very few shell fragments were found in

the cliff (sample no. 318):

Chlamys islandica, 1 small hinge fragment,

Mytilus edulis, 1 hinge fragment,

Astarte montagui, 1 umbonal fragment,

Saxicava arctica, 3 hinge fragments,

Mya truncata, 2 hinge fragments,

Balanus balanoides, 1 rostrum,

Balanus balanus, 1 carina and 1 lateral compartment.
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This stratification of the fauna, viz. the pronounced dominance of
~Astarte borealis within the bed of coarse gravel, has been caused by secondary
sorting of the biogenic fraction together with the minerogenic one. The
Astarte shells constitute the largest particles within the biogenic fraction of
the material and, consequently, they occur with the coarser particles of the
minerogenic fraction. (Cf. FEYLING-HANSSEN and JorsTap 1950, p. 19).

From the upper part of the stream cliff, just behind the rear edge (C)
of the first terrace, the following collection was made:

18—17 m a.s.l. Skanshukta NE. Terrace cliff, gravel. (Sample No. 319).

Species Frequency | Percentage

Mya truncata LINNE ... ..o oo 12.0 27.9
Saxicava arctica (LINNE). . ............. 11.5 26.7
Mytilus edulis TLINNE ... ...t 4.0 9.3
Littorina saxatilis (OLIVI) .............. 3.0 7.0
Zirfaea crispata (LINNE) . .............. 2.0 4.7
Margarites groenlandicus (CHEMNITZ) .. .. 2.0 4.7
Balanus balanus (LINNE) . ............. 2.0 4.7
Balanus balanoides (LINNE) ............ 2.0 4.7
Chlamys islandica (NIOLLER) ........... 1.5 3.5
Macoma calcarea (CHEMNITZ). .. ........ 1.5 3.5
Astarte montaguir (DILLWYN) . .......... 1.0 2.3
Astarte borealis (CHEMINITZ) . ..o vvvun. .. 0.5 1.1

| 430 | 1001

Most of the species were represented by small fragments. The Saxicava
shells were quite thick.

Above the front of the second terrace, at 26.5 m a.s.l., the following
species were found (sample no. 320):

Chlamys islandica, 4 hinge fragments,

Mytilus edulis, two small fragments,

Astarte borealis, 1 umbonal and one marginal fragment,
Cvprina islandica, one marginal fragment,

Macoma calcarea, 4 hinge fragments,

Saxicava arctica, 7 hinge fragments and many others,
Mpya truncata, 13 hinge fragments and numerous others,
Balanus balanus, 1 carina and 1 rostrum,

Balanus balanoides, 1 rostrum.

No fossils were found further up in the complex.

This terrace complex, at least up to approx. 30 m a.s.l., and most pro-
bably up to its top at 37.4 m a.s.l., should be regarded as one littoral forma-
tion deposited during the Post-Glacial Warm period. All shell collections
from the feature contain one or more species now extinct in the area and
some of them, viz. Heteranomia squamula, Cyprina islandica, Zirfaea crispata
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and Littorina littorea, leave no doubt as to the age of the formation. There is
a remarkable scarcity of Astarte in most samples, as was also the case at
Petuniabukta.

If all fossils collected from the complex are treated together, the faunal
assemblage is as follows:

26.5—10 m a.s.l. Skansbukta NE. Terrace complex, gravel.

Species Frequency | Percentage

Mya truncata LINNE .................. 37.5 19.0
Astarte montagui (DILLWYN) ........... 37.0 18.7
Saxicava arctica (LINNE), ... ........... 26.5 13.4
Mytilus edulis LINNE .. ................ 21.0 10.6
Astarte borealis (CHEMNITZ) . ........... 19.0 9.6
Chlamys islandica (MULLER) ........... 9.0 4.6
Balanus balanoides (LINNE) ............ 9.0 4.6
Macoma calcarea (CHEMNITZ . .......... 7.0 3.5
Balanus balanus (LINNE) .............. 7.0 3.5
Littorina saxatilis (OLIVI) .............. 6.0 3.0
Lacuna vincta (MONTAGU) ............. 5.0 2.5
Margarites groenlandicus (CHEMNITZ) . . .. 3.0 1.5
Lepeta coeca (MULLER) . ............... 3.0 1.5
Littorina littorea (LINNE) .............. 3.0 1.5
Zirfaea crispata (ILINNE) ............... 2.5 1.3
Balanus crenatus BRUGUIERE . ........... 1.0 0.5
Heteanomia squamula (LINNE) .......... 0.5 0.3
Cvprina islandica (ILINNE) ... .......... 0.5 0.3
Echinid spines

| 1975 | 999

The sea cliff of the first terrace of the complex just dealt with decreases
in height towards the NW, so that, at the head of the bay, its height is onlv
2—3 mas.l (pl. 12, fig. 1). The minerogenic material is composed partly of
silty sand, partly of coarse gravel, and seems to be subject to solifluction.
This accounts for the mixed composition of the sediment as well as of the
fauna. The following collection was made from the cliff at the head of
Skansbukta, at the debouch of the river from Myadalen:

2—3 m a.s.l. Skansbukta. Terrace cliff, silt and gravel. (Sample No. 304).

Species Frequency | Percentage

Mya truncata LINNE .. ... .. .. ... .. 24.5
Saxicava arctica (1INNE). .. ............ 12.0
Macoma calcarea (CHEMNITZ). . .........
Littorina littorea (LINNE) ..............
Mytilus edulis LINNE . ... ... ...,
Astarte borealis (CHEMNITZ) . ...........
Chlamys islandica (MULLER) ...........
Astarte montagui (DILLWYN) ...........
Buccinum totteni STIMPSON ............
Buccinum glaciale TLINNE . ... ... . ... ..
Volsella modiola (I.LINNE) . .............
Mya truncata ovata JENSEN ............
Zirfaea crispata (LINNE) ...............
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29 valves of Mya truncata
SKANSBUKTA NNE

2-3m a.s.l. Cliff (sulllp!l nr 305)
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Mya truncata.

Foraminifera occurred in the sample. All shells of Mytilus edulis were
broken, 11 umbonal and some other fragments being collected. Of Volsella
modiola two shell fragments were found, none with umbo. Astarte borealis
was represented only by small shells, the greatest valve measuring, L=
27 mm, H=23.5 mm. Three complete valves of A4. montagui measured,
L=174 mm, H=15.3 mm; L=16.0 mm, H=14.5 mm; L=13.5 mm,
H=11.4 mm, and the largest shell of Macoma calcarea had a length of
35 mm and a height of 26 mm. The Saxicava shells were also small, the
largest one, which measured, L=54.0 mm, H=24.7 mm, being the only
valve of typical pholadis form; the others were more or less irregular. The
largest Mya valve measured, L=>58.2 mm, H=42.0 mm. One small umbonal
fragment of Zirfaea crispata was found. The shells of Littorina littorea were
large, lengths varying from 25 to 35 mm. The specimen of Buccinum tottent,
had a length of 42 mm and a breadth of 25 mm. This species has not previ-
ously been recorded from the Pleistocene of Svalbard.

A collection was made from another place in the same cliff at the inner-
most part of Skansbukta, and contained the following species:

2—3 m a.s.l. Skansbukta. Terrace cliff, silty gravel. (Sample No. 305).

Species Frequency | Percentage

Mya truncata LINNE .. ................ 20.0 74.1
Mytilus edulis LINNE .. ....... .. ... ... 2.0 7.4
Saxicava arctica (LINNE). .. ............ 1.5 5.6
Chlamys islandica (MULLER) ........... 1.0 3.7
Thraci@ sp. .. ...vueun . 1.0 3.7
Littorina saxatilis (OLIVI) .. ............ 1.0 3.7
Macoma calcarea (CHEMNITZ). . ... ...... 0.5 1.8

27.0 100.0
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Fig. 55. Profile of the raised features at the southwest side of Skansbukta.

The largest, and only measurable, valve of M. edulis had a length of
57 mm and a height of 25 mm. The largest Saxicava arctica had a length of
53 mm and height 25 mm. The Saxicava shells were thick and regular, of
a clear pholadis form. A fractured left valve and two fragments of a right
valve of a young Thracia occurred, which is probably referable to Thracia
devexa G. O. Sars. The length of the largest valve of Mya truncata was
64 mm, breadth 57 mm (cf. measurements fig. 54).

On the southwest side of Skansbukta a tachymetric line of levels was
run approx. perpendicular to the coast line, i.e. in a southwesterly direction,
and the heights of the following marine levels were determined (fig. 55):

2.0 m a.s.l., front edge of a 28 m broad beach plain,
1.9 —»— , rear edge of the beach plain,
4.6 —»— , beach ridge with pebbles,
6.7 —»— , beach ridge with pebbles,
8.1 —»— , beach ridge with pebbles,
9.6 —»— , foot of low cliff,
14.8 —»— , front edge of rising terrace surface,
18.4 —»— , rear edge of rising terrace,
20.4 —— , front edge of small terrace,
23.7 —»— , rear edge of small terrace,
43.6 —»— , shoreline,
62.1 —»— , front edge of large terrace,
73.5 —»— | rear edge of large terrace.

Indistinct markings were observed at 83.0 and at 105.4 m a.s.l., but
these were probably formed along snow patches and not by any marine
action.

On the surface of the large terrace, at approx. 70 m a.s.l., some frag-
ments of Mya truncata were found (sample no. 321).

From the surface of the lowest beach plain (2 m a.s.l.), which slopes
very gently inland, the following species were collected:
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2 m a.s.l. Skansbukta SW. Ridged beach plain,sandy gravel. (Sample No. 302).

Species

Frequency | Percentage

Astarte borealis (CHEMNITZ) ... ..o ... 20.0 23.6
Buccinum glaciale LINNE ... .. ..... 15.0 19.2
Muytilus edulis LINNE .. ... ... ..... 14.0 ‘ 18.0
Saxicava arctica (LINNE). .............. 8.0 ! 10.3
Serripes groenlandicus (CHENMNITZ) . ... .. 7.0 9.0
Buccinum undatum LINNE ........ ... .. +.0 51
Buccinum groenlandicum (CHEMNITZ) .. .. 3.0 3.5
Musculus discors substriatus (GRAY) . ... .. 2.0 2.6
Mya truncata LINNE ... ... .. ... 1.3 1.9
Cyprina islandica (LINNE) ............. 1.0 1.3
Pandora glacialis 1.EacH .. .......... ... 1.0 : 1.3
Natica clausa BRODERIP and SOWERBY . . . 1.0 | 1.3
Macoma calcarea (CHENINITZ). .. ... ... .. 0.3 i 0.6
Lithothamnion sp. ;

l 78.0 I 100.2

Many of these shells may have been washed up from the sea in Recent
times and some may have been redeposited from higher levels, as this plain
is the lowest level in the succession of raised beaches. Thus, the worn
fragments of Mytilus and Cvprina were most probably redeposited.

Four right valves of Mytilus edulis were complete, the length of the
largest being 61.0 mm, and the height 28.5 mm. The periostracum was
completely abraded both on valves and fragments of the species. Most shells
of Astarte borealis were complete, and some had a Recent appearance with
periostracum and ligament preserved, but many of them had been strongly
worned; only one specimen had united valves. The length of the largest
shell of A. borealis was 39 mm, and its height 31 mm. All the shells of
Serripes groenlandicus were thin and broken but had periostracum and liga-
ment partly preserved. Of Cyprina islandica two hinge fragments and eight
other fragments were found; the majority of the Saxicava arctica shells were
small and irregular; the fragments of Mya truncata were thin and carried
remnants of periostracum. Four small, complete valves of Musculus discors
substriatus were collected. Their greenish periostracum was preserved, and
the radiating strie were more distinct on the anterior area than on the
posterior. They measured: L.=20.2 mm, H=13.2 mm; L=20.2 mm,
H=13.1 mm; L=17.0 mm, H=10.5 mm; L-=15.2 mm, H=10.3 mm,
and appeared to represent three specimens. The specimen of Pandora
glacialis had its almost complete valves united, length L=18.5 mm, H=
11.0 mm. Among the 15 shells of Buccinum glaciale there were several
varieties, viz.: bicarinata FRIELE, tricarinata FRIELE and even quadricarinata
DatTzexBERG and FISCHER; three specimens were of the typical form de-
scribed by LiNNE (1761).r The length of the largest B. glaciale was 60 mm,

1 According to DAUTZENBERG and FiscHer (1912, p. 120) the var. unicarinata FRIELE 1s
synonymous with the typica (cf. p. 169).
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its greatest breadth being 37 mm, and the largest B. groenlandicum had a
length of 47 mm. Many of the Buccinum shells had been brought ashore by
bird. Bryozoa were present in a shell of B. undatum and in the Macoma valve.

A small fragment of Cyprina islandica and one of Mytilus edulis were
found in the Recent beach of this locality together with shells and fragments
of A. borealis and some spines and fragments of Strongylocentrotus. On the
whole, Recent shells were rare on the SW shores of Skansbukta, but living
specimens of Liocyma fluctuosa occurred at the innermost part of Skansbukta
where the rivers from Skansdalen and Myadalen debouch.

Myadalen.

Myadalen! (78°32.7" N.lat., 16°4’ E.long.) is the valley which branches
off towards the NNE 1 km north of the head of Skansbukta (fig. 48). On
both sides of the river, Myadalselva, prominent raised marine terraces occur.
On the east side there are two distinguished levels with a less pronounced
between, the surface of the lower terrace, 33 m a.s.l., being uneven structu-
ral ground made up of clayey-silty sand with stones of varying size, in fact
representing the underlying till. A soil sample (no. 16M) from this terrace,
taken outside any distinguishable structural ground feature, was analysed
to find the grain size distribution: Median diameter, M=-0.055 mm. Quarti-
les, Q;=2.4 mm, Q;=0.008 mm. Coeflicient of sorting, So=17.32 i.e.
poorly sorted. Coefficient of quartile skewness, Sk—6.39, i.e. the maximum
sorting lies on the fine side of the median diameter. (Cf. the till underlying
the Mva terrace north of Phantomvika, p. 74, sample VI, figs. 25 and 20).

Of Pleistocene fossils this terrace held almost exclusively large shells of
Mya truncata, though in addition some specimens of Macoma calcarea and
Saxicava arctica occurred.

The highest terrace on the east side, approx. 43 m a.s.l., was, in its
outer parts, made up of sandy gravel with littoral shells, viz. small and
thin-shelled Mya with some Mytilus and Littorina saxatilis. The clayey-
sandy silt of the lower terrace continued under this coarser deposit and
appeared in the surface of the highest terrace behind its outer parts.

The following collection was made from the lower terrace:

33ma.s.l. Myadalen E. Terrace, clayey-sandy silt with stones. (Sample No. 322).

Species Frequency | Percentage
Mya truncata TINNE ... ... ... .. ... 60.0 95.2
Saxicava arctica (LINNE). . ............. 2.0 3.2
Macoma calcarea (CHEMNITZ). . ......... 1.0 1.6
63.0 100.0

This name is proposed because of the numerous valves of Mya truncata in the raised
marine deposits of the valley. On the map of Central Vestspitsbergen by the Cambridge
Spitsbergen Expedition 1949 (HarRLAND 1952) this valley has erroneously been given
the name Skansdalen. Skansdalen, however, is the wide valley in northwesterly direct-
ion from the head of Skansbukta (cf. The Place-Names of Svalbard 1942).
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The shells of Mya and Saxicara were thick and quite large, most of
them being broken.

From the coarse deposit of the highest terrace, at approx. 42 m as.l,,
the following species were collected:

42 m a.s.l. Myadalen. Terrace, sandy gravel. (Sample No. 323).

Species Frequency | Percentage

Mya truncata LINNE ... ... . ... 15.5 53.5
Saxicava arctica (LINNE). . ... ... ... 5.0 17.3
Macoma calcarea (CHEMNITZ). .. .. ...... 3.5 12.1
Littorina saxatilis (OLIVI) . ............. 3.0 10.3
Lepeta coeca (NIULLER) ................ 1.0 3.4
Muvtilus edulis TLINNE ..o oo L. 0.5 1.7
Serripes groenlandicies (CHEMNITZ) .. .. .. 0.5 1.7
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Most specimens were fragmentary, the length of the largest complete
valve of Mya truncata being 42 mm, with height not determinable.

On the west side of Myadalselva corresponding terraces occur even more
conspicuously developed (fig. 56). The tachymetric survey gave the following
result:

23.8 m a.s.l,, base of the cliff of terrace I, 1035 m north of the head of
Skansbukta (figs. 48 and 50),

31.8 —— | front edge of terrace I,

35.5 —»— , front edge of terrace 11,

41.2 —— , front edge of terrace I1I,

43.0 —»— , on terrace 111,

51.8 —»— , rear edge of terrace III.

"T'he main part of the terrace surfaces consists of clayey-sandy silt with
stones, and structural grounds are developed to various degrees. Numerous
large shells of Mya truncata had been frozen to the surface. At the front edges
of the terraces the finer fractions were absent in the surface and some meters
down in the terrace. In terrace I1I frost-split pebbles occurred in the outer
part of the surface, but further down they had kept their rounding. Towards
the upper termination of the highest terrace sand and gravel again occur in
the surface.

In the clayey silt of the lowest terrace, 32 m a.s.l., the following pele-
cypods were found (sample no. 324):

Chlamys islandica, 3 small fragments,

Macoma calcarea, 5 valves,

Saxicava arctica, 1 complete valve,

Mya truncata, 17 valves and umbonal fragments, thick-shelled.
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Surface conditions
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Fig. 56. Profile of the Mya terraces at the west side of Myadalselva; between the underlying
till and the littoral deposits there is a transitional, fossil-bearing stratum composed of silt.
(Cf. fig. 25).

From the river cliff of the highest terrace were collected:

42—35 m a.s.l. Myadalen W. Terrace cliff, sandy gravel. (Sample No. 325).

Species Frequency | Percentage
Mya truncata LINNE . ................. 17.0 ‘ 57.6
Macoma calcarea (CHEMNITZ). . ......... 7.0 23.7
Saxicava arctica (LINNE). . ............. 4.5 153
Buccinum groenlandicum (CHEMNITZ) . ... 1.0 3.4
29.5 l 100.0

The Mya shells were quite large and thick; the Macoma shells were
small, the largest valve of Macoma calcarea having a length of 31 mm, and
a height of 22 mm. One specimen of the latter showed affinities to var.
longisinuata SooT-RYEN (1932) in marginal outline, but the pallial sinus of
the right valve was not particularly deep.

From the surface of the highest terrace were collected: 3

42 m a.sl. Myadalen W. Terrace surface, clayey-sandy silt. (Sample No.326).

Species Frequency | Percentage
Mya truncata LINNE .. ................ 116.5 95.1
Saxicava arctica (LINNE). . ............. 3.5 2.9
Macoma calcarea (CHEMNITZ). .. ........ 2.5 2.0
122.5 100.0

233 valves and umbonal fragments of Mya truncata were collected, the
largest valve measuring, L=65.2 mm, H=45.5 mm (cf. measurements
fig. 57). All the Mya shells were very thick and many of them short and
obliquely truncated, thus being referable to the var. uddevallensis HaNncock
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(cf. pl. 25), but all transitions between typica and uddevallensis occurred in
the sample. The Saxicava shells were of pholadis form, the length of the
largest being 48.5 mm, height 23.6 mm. The largest shell of Macoma calcarea
was 29 mm long and 22 mm high.

In the sandy gravel at the rear edge of the highest terrace, 51.8 m a.s.l.,
numerous small fragments of Mya and Saxicava were collected, among these
being 9 umbonal fragments of Mya truncata and 2 of Saxicava arctica.
Most of the fragments represented thin-shelled specimens. A windblown,
dusty fraction occurred with the gravel in this locality.

Skansdalen.

In Skansdalen (78°33" N.lat., 15°57" E.long. ), midway between Skans-
bukta and the glacier Skansdalsbreen at the end of the valley, marine terraces
corresponding to the highest terrace level in Myadalen were found (fig. 48).
Only three species of mollusks were found, collected partly from the terrace
surface, and partly from an intersecting stream bed:

44—46 m a.s.l. Skansdalen. Terrace, very coarse sand. (Sample No. 328).

Species Frequency | Percentage
Mpya truncata LINNE .. ................ 15.0 79.0
Saxicava arctica (LINNE). .............. 3.5 18.4
Macoma calcarea (CHEMNITZ). . ......... 0.5 2.6
19.0 100.0
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Remnants of high lateral moraines occurred on both sides of the valley
along its entire length extent (pl. 12, fig. 2), but terminal moraines were not
observed until 500 m from the actual front of Skansdalsbreen at the inner
termination of the valley. Another terminal moraine was located between
the above mentioned and the glaciers front (pl. 12, fig. 3).

In Skansdalen no traces were found of a marine level corresponding to
the highest large terrace at the SW side of Skansbukta, 62.1—73.5 m a.s.l.

Rundodden.

At Rundodden Light and Radio Circular (78°29" N.lat., 15°58" E.long.),
on the west side of the entrance to Billefjorden, the surface of the lower
raised marine deposits forms a terrace plain rising inland to approx. 7 m
a.s.l. at the Radio circular. Bedrock with sandy gravel on top of it, appears
in the base of the sea cliff, the particles of the unconsolidated material being
quite sharply angular, probably due to frost wedging in conjunction with
the humidity of the deposit. The height of the sea cliff was 3 to 5 m. From
the terrace surface and cliff at the light, approx. 1 km east of Studentdalen,
fossil shells were collected, most of them evidently in situ, the valves being
articulated:

7—3m a.s.l. Rundodden. Terrace surface and cuff,gravel. { Sample No.373).

Species Frequency | Percentage

Astarte borealis (CHEMNITZ) .. .......... 62.5 63.8
Mytilus edulis LINNE ... ... o ... 23.5 24.0
Saxicava arctica (LINNE). .. ... .. ..... 6.0 6.2
Astarte montagui (DILLWYN) .. ... ...... 1.5 1.5
Serripes groenlandicus (CHEMNITZ) ...... 1.5 1.5
Mpya truncata TINNE .. ... ... . .. ... 1.0 1.0
Gastropod columella . ................ 1.0 1.0
Balanus balanus (LINNE) .............. 1.0 1.0
Lithothamnion sp. rare

98.0 | 100.0

Samples collected in 1950 are kept in Paleontologisk Museum, Oslo.



LATE-PLEISTOCENE STRATIGRAPHY OF BILLEFJORDEN 125

III. SYSTEMATIC PART

Synopsis of the Species from the Late-Pleistocene of
Billefjorden.

Amphineura.

Tonicella marmorea (FaBricits 1780).
Plate 17, figs. 1—3.
Chiton marmoreus FaBricits 1780, p. 420.
Boreochiton marmoreus, G. O. Sars 1878, p. 116, pl. 8, figs. 3a, b.

Late-Pleistocene records :

Billefjorden: Plates of this species were found in Lithothamnion-silt
from 2 to 7 m above the sea in the Brucebyen area, viz. in the section at
Teltfjellbekken (p. 84, sample IV and V), at Sordammen (p. 92, 7 m a.s.1.,
plates belonging to 4 specimens) and at Sentabukta (p. 91, 2 m a.s.l,, plates
accounting for 4 specimens). Not previously recorded from the Pleistocene
of Billefjorden.

Sassen area: Fragments of this species were found in terraces up to
28.8 m a.s.]. (Kapp Schoultz), and in the moraine of Von Postbreen at a
height of 30 m (FEyLING-HANSSEN and JorsTap 1950, p. 79). A Swedish
expedition of 1896 found it in Post-Glacial gravel together with Littorina
littorea and L. saxatilis at Gipsvika (HicG 1951, p. 239).

Elsewhere in the Isfjorden area: Quite common in the morainic
deposits on Coraholmen (Cora Island) in Ekmanfjorden, also recorded from
Erdmannflya (Erdmann Tundra) 1—2 m a.s.l. (Hice 1951).

West coast region: Recherchefjorden (KxrpowrtscH 1903 IV,
Hicc 1950) and Axeloya (Axel Island), 20 m a.s.l., (Hicc 1951) in Bell-
sund, and in the moraine at Lilliehookbreen (Lillieh6k Glacier) to the
north of Krossfjorden (HoeL 1914).

East coast region: 10 plates from Kvalpynten (Whales Point),
Edgeoya (KN1powiTscH 1902 III).

Adjacent arctic and subarctic regions: The Murman coast
(Kx1powitscH 1900b), the region to the south of Varangerfjorden (Ishavs-
finland, TANNER 1930, p. 192), East- and West Finnmarken ("T'aANNER 1907b,
who also considered previous records: HoLMBOE 1904, TaANNER 1907a),
Disko Bugt in West Greenland, at approx. 40 m a.s.l. (HARDER, JENSEN and
LAURSEN 1949, p. 42).
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Recent distributien :

Circumarctic-boreal-lusitanian, extending southwards to the Mediter-
ranean (Cartagena), Cape Cod, Mexico, Japan (Hice 1905, ODHNER 1915).
It is quite common in Isfjorden in shallow water down to a depth of 40 m
(ODHXER, 1915).

Trachydermon albus (LINNE 1767).

Chiton albus 1.1NXE 1767, p. 1107.

Trachydermon albus, VERRILL 1874, p. 412.

Lophyrus albus, G. O. Sars 1878, p. 114, pl. 8, figs. 2a, b.
Ischnochiton albus, Hicc 1951, pp. 235, 236, 244.

Late-Pleistecene records :

Billefjorden: One plate of this species occurred in a sample from
the debouch of Serdammen, Brucebyen, 7 m a.s.l. (p. 92). Not previously
recorded from the Pleistocene of Billefjorden.

Elsewhere in the Isfjorden area: Recorded from the morainic
deposits of Coraholmen (HicG 1951).

Recent distributien :

Circumarctic-boreal-lusitanian, extending southwards to the British
Isles, New England, California (Hicc 1905, OpuNER 1915). It is quite com-
mon in Isfjorden in shallow water down to 150 m (OpHNER 1915, pp. 49—50).

Trachydermon ruber (LINNE 1767).
Plate 17, figs. 4, 5.
Chiton ruber LINNE 1767, p. 1107.
Trachydermon ruber, VERRILL and SMiTH 1874, p. 368.
Boreochiton ruber, G. O. Sars 1878, p. 116, pl. 8, figs. +a—1.
Tonicella rubra, HAcG 1951, pp. 235, 236, 244.

Late-Pleistocene records :

Billefjorden: 5 plates of this species occurred in a sample from the
debouch of Serdammen, Brucebyen, 7 m above the sea (p.92). It was not
previously recorded from the Pleistocene of Billefjorden.

Elsewhere in the Isfjorden area: Present in the morainic depo-
sits of Coraholmen in Ekmanfjorden (HAicc 1951).

West coast region: Recorded from morainic deposits at Lillieh66k-
breen, north of Krossfjorden (HoEL 1914, p. 33).

Adjacent arctic and subarctic regions: The Murman coast
(K~rpowrtscH 1900b), Finnmarken ('TANNER 1907b), Northern West Green-
land (LAURSEN 1944).

Recent distributien :

Arctic-boreal-lusitanian, occurring southwards to Portugal, New Eng-
land, Japan. OpHNER (1915, p. 50) found 4 specimens at the entrance to
Dicksonfjorden, Isfjorden, at a depth of 14—44 m.
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Pelecypoda.

Heteranomia squamula (LINNE 1767).
Plate 17, figs. 6—9.
Anomia squamula LINNE 1767, p. 1151.
Anomia ephippium, ForBes and HANLEY 1833, p. 325 (part.).
Anomia aculeata, MULLER 1776, p. 249. LLavpLuGH 1911, p. 235.
Anomia squamula, JENSEN 1912, p. 5, pl. 1, figs. 2a—d.
Heteranomia squamula, WINCKWORTH 1932, p. 240.

Late-Pleistocene records :

Billefjorden: One left valve of this species was found 15 m a.s.l
(2m below the surface) in a terrace on the north side of Skansbukta (p. 110),
and 38 valves in the cliff of a 31 m terrace between Ebbadalen and Rudmose-
pynten (p. 99). Two valves were found by a Swedish expedition in a cliff 20 m
a.s.l. on the south side of Mimerbukta (Hicc 1951, p. 234; cf. present
paper p. 103).

Sassen area: 7 valves in stripes of soil flow 4.6 m as.l. at the Sassen
Hut, and one valve 4 m a.s.l. at Ledalen (FEYLING-HANSSEN and J@RSTAD
1950, p. 70).

Elsewhere in the Isfjorden area: Recorded from the morainic
deposits of Coraholmen in Ekmanfjorden (LaMpLuGH 1911, p. 235, NoRD-
MANN 1912, p. 75, Hicc 1951, p. 235).

Adjacent arctic and subarctic regions: White Sea and the
Murman coast, where it has been recorded as Anomia ephippium and var.
aculeata (KN1powITscH 1900b, LinpHoLM 1921), the region to the south of
Varangerfjorden (Ishavsfinland, TANNER 1930), East and West Finnmarken
(Taxxer 1907b, Ovex 1929), Iceland (Anomia sp. THORODDSEN 1892,
approx. 20 m above the sea; BARpARSON 1921, 2—17 m a.s.l.), West Green-
land (JeENsex 1905, JENSEN and HarDER 1910, JENSEN 1942, LAURSEN 1944,
1950).

Recent distribution :

Low-arctic—boreal—lusitanian, occurring northwards along the Nor-
wegian coast, the Murman coast, the White Sea, the Barents Sea, and the
southern parts of the Kara Sea (Gatevskory 1948, p. 427), Iceland (JENSEN
1912), Cape Hatteras to the southern part of Labrador (LAURSEN 1944, p. 48),
Corea (FRIELE and GRIEG 1901).

It has never been taken alive in Spitsbergen waters, but SooT-RYEN
(1925, pp. 4—5) recorded it from fish stomachs up to 78°45" Nlat. at
Spitsbergen.

Remarks :

The left (upper) valves from Billefjorden had no ribs, but distinct con-
centric lines of growth; they were variable in form and marginal outline.
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The laminae of the left valve are very liable to separate, this, if not consi-
dered, constituting a possibility of having the species over-represented in
the faunas.

Heteranomia squamula is an important guide fossil to deposits from the
Post-Glacial Warm period in Spitsbergen.

The largest valve from the east side of Petuniabukta had a diameter of
18 mm whereas the largest valve found by NorpMANN on Coraholmen
measured 14 mm. The largest specimen collected by JEnsen (1912, p. 10)
from the Faroes measured 23.5 mm.

Chlamys islandica (MULLER 1776).
Plate 18, fig. 1—3.
Ostrea islandica MTLLER 1776, p. 248.
Pecten islandicus, O. Fapricius 1780, p. 415.
Chlamys islandica, BoLTEN 1798, p. 161. — DaurzeNBERG and FiscHER 1912, p. 319.

Late-Pleistocene records :

Billefjorden: This species was present in 23 of the samples from
Billefjorden from present sea level up to 50.7 m above (north of Phantom-
vika, p. 75). It was usually rare, at the most accounting for 3.7 per cent of a
fauna from a cliff at the north side of Skansbukta (2—3 m a.s.].). In most
samples a single valve or a few fragments were present.

Swedish expeditions found it at two places in Mimerbukta, up to 20
m as.l, at a point southwest of Nordenskiéldbreen, and southeast of
Phantomodden (Sfinxudden, Hicc 1951, p. 243). ELTOoN and BADEN-
PoweLL (1931, pp. 390, 395—404) recorded it from Brucebyen, 10—12 m
above the sea, and BADEN-POWELL (1939) from raised beaches at the mouth
of Mathiesondalen (Ekholm Valley). KntpowriTscH (1902 III) recorded it
from the Brucebyen area, and BALCHIN (1941) from the west side of Bille-
fjorden.

Sassen area: Recorded from numerous localities, though never in
large quantities, from sea level up to 45 m above (FEYLING-HANSSEN and
JorsTap 1950, 70). HiGG (1950, 1951) recorded it from Pleistocene deposits
at Sassenfjorden, Tempelfjorden and Gésodden!, 8 m a.s.l.

Elsewhere in the Isfjorden area: Large specimens were found
at Kapp Thordsen (Saurie Hook) and on the east side of Adventfjorden,
6 m a.sl. (HEEr 1870, pp. 23, 25, 91). It was later recorded from numerous
localities within the Isfjorden area (KN1powiTscH 1903 IV, LampLucH 1911,
NorbpMmaNN 1912) Grrpp 1927, HicG 1950, 1951).

1 Hicc (1951, p. 233) writes Gaskap, and it is not quite certain if Gasodden west ot
Anservika is meant by this. The shells were collected by Nordberg who, on the same
day made a collection at ,, Goes Bay" also 8 m a.s.l. ,Goes Bay"” probably refers to
Anservika and not to Gashamna in Hornsund.



LATE-PLEISTOCENE STRATIGRAPHY OF BILLEFJORDEN 129

West coast region: Hornsund (HeiNTz 1953), Bellsund area
(NaTHORST 1900, H6GBOM 1911, COsTER 1925), St. Jonsfjorden (DINELEY
1954), Blomsterstrandhamna, on the north side of Kongsfjorden, 19 m a.s.l.
(HoEeL 1914).

North coast region: Gyldénoyane (at the mouth of Wahlenberg-
fjorden), Lomfjorden, Tommelpynten (Duym Punt) on the west side of
Hinlopenstretet (ELToN and BapeEnN-PoweLL 1931, p. 396). KULLING
(KvrLing and AHLMANN 1936, p. 4) found it 14—21 m above the sea in
Lomfjorden.

LEast coast region: Recorded from raised marine deposits at manv
localities in the Storfjorden area, including Barentsova and Edgeoya, at up
to 10 m a.s.l. and in morainic material at Ginevrabotnen up to 25 m (Kx~1pO-
wITsCH 1900a, 1902 III). It was also recorded from Isispynten on the east
coast of Nordaustlandet ,,morainic deposit, south moraine, Isis Point”
(BapEN-PoweLL 1939, p. 342).

Adjacent arctic and subarctic regions: Cape Chelyuskin,
30 m a.s.l. (GrRoNLIE 1928), Novaya Zemlya, up to 142 m (GRONLIE 1924,
KnrpowiTscH 1900b), the northern coasts of the European part of the USSR
(KxtpowitscH 1900b, 1904b, LixpnorMm 1921), Kolguev Island (K~N1po-
wITsCH 1904a), the region to the south of Varangerfjorden (''axNER 1930),
Finnmarken (T'aNNER 1907b, OYEN 1929, RosENDAHL 1931), Iceland, up to
32 m (THORODDSEN 1892, BArparsox 1921), East Greenland, up to 9 m
(Noe-NyGaarD 1932), North Greenland (JENSEN 1917) and West Green-
land, up to 200 m (i.a. LaAURSEN 1944, 1950).

Recent distribution :

Arctic—mid-boreal, occurring southwards to Trondheimstjorden (Doxs
1937, p. 29) and even to Lysefjorden at Stavanger on the southern part of
the Norwegian west coast, Cape Cod, Korea, and North Japan (LECHE 1878°
G. O. Sars 1878, NorDGAARD 1903, JENseN 1912, GRIEG 1924b, THORSON
1933). It does not extend into the high-arctic areas of Greenland; in West
Greenland it was found up to 76° N.lat., and in East Greenland it was taken
alive in the Franz Joseph Fjord (LatrRseN 1944, THorsox 1933). In the
Svalbard archipelago it is recorded from all around Spitsbergen (GRIEG
1924a, SooT-RYEN 1925, west coast; ToReELL 1859, FRIELE and GRIeG 1901,
north coast; KxrpowitscH 1901 I, also reviewing older records from the
east coast). It occurs in Isfjorden at depths from 11 to 150 m (Opu~ER 1915)
and even down to 253 m (SooT-RyEX 1923, Gronfjorden), being most com-
mon in depths less than 30 m (ODHNER 1913), and at the most accounting
for 16.6 per cent of the fauna.

Remarks :

Chlamys islandica is often met with in shellv moraines, e.g. at Horn-
sundbreen (HeINTz 1953), Paulabreen (NatnHOrRsT 1960, H6cBOM 1911,
CosTER 1925), Damesmorena (Hice 1950) and the morainic deposits of

o)
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Coraholmen (LampLUGH 1911, Norpmany 1912, Hice 1951). The speci-
mens in the moraines are often large and numerous, such shells probably
having been pushed up from the sea bottom and incorporated in the moraines
by oscillations of the glacier fronts in Recent or Sub-Recent times.

Crenella decussata (MoNTAGU 1808).
Plate 17, fig. 10.

Mytilus decussatus MonTacu 1808, p. 69.
Crenella elliptica BRowN 1827, pl. 31, figs. 12—14.
Crenella decussata, MACGILLIVRAY 1844, p. 229. — DauTzENBERG and FiscHer 1912, p. 371

(with extensive synonymy).

Late-Pleistocene records :

Billefjorden: 9 valves occurred in a sample of Lithothamnion silt
from 2 m a.s.l. at Sentabukta, Brucebyen area (p. 91). Previously recorded
from Brucebyen (,,Bore 1) 10—12 m a.s.l. (ELTON and BADEN-POWELL
1931, p. 396).

Sassen area: Found in three localities, Sveltihel, Von Postbreen
(moraine), Gésoyane, up to 7 m (FEYLING-HANSSEN and JorsTap 1950, p. 70).

Elsewhere in the Isfjorden area: Recorded from the morainic
deposits of Coraholmen (LampLuGH 1911, NorbMaxN 1912, Hicc 1951).

Adjacent arctic and subarctic regions: Recorded from various
localities along the northern coasts of the European part of the USSR
(K~1powitscH 1900b, 1904b), Boris-Gleb, Harefossen, Holmfossen ('TANNER
1930, pp. 189, 190, 192), Finnmarken (TaxNEr 1907b, OveEx 1929), and
West Greenland up to 35 m a.s.l. (LAURSEN 1944, 1950).

Recent distribution :

Arctic-boreal-lusitanian, Kara Sea, Novaya Zemlya, Franz Josef
Land, Svalbard, Greenland, Melville Bay, Bering Sea; southwards to the
Mediterranean, the West-Indies, Korea (LEcHE 1878, JENSEN 1912, ODHNER
1915, Soot-RyEN 1932, Garvskol] 1948). It is rare in Isfjorden, preferring
shallow water (OpHNER 1915, p. 79).

Mytilus edulis T.iNNE 1758.
Plate 18, figs. 4, 3.
Mytilus edulis LINNE 1758, p. 705. — DavrzeNBerG and Fisciier 1912, p. 353 (with extensive

synonymy).

Late-Pleistocene records :

Billefjorden: This common species was present in 61 of our samples
from the Pleistocene of Billefjorden, from 2 m to 42 m a.s.l., accounting for
a maximum of 93.91 per cent of the fauna (Asvindalen, 6.2 m a.s.l., p. 107).
It was previously found by Swedish expeditions up to 20 m — Mimerbukta,
southwest of Nordenskitldbreen, and Phantomodden — (Hicc 1950, 1951).
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British expeditions recorded it at Petuniabukta, 15 and 27 m a.s.l. (BADEN-
PoweLL 1939), in the Brucebyen area, up to an estimated height of 30—45 m
(ELTOoN and BapEN-PoweLL 1931), and at Kapp Ekholm (BADEN-POWELL
1939). A Russian expedition of 1900 recorded it from the Brucebyen area
(K~tpowitsch 1902 III).

Sassen area: Common, especially in terraces, up to 45 m, and pre-
dominating at lower levels, 3—5 m (FEYLING-HANSSEN and JorsTap 1950).
Found by Swedish expeditions at Sassenfjorden and Tempelfjorden
(K~xtPowrtscH 1903 IV); found also at Gidsodden and Anservika, 8 m a.s.l.,
Gipsvika, Bjonahamna and Von Postbreen (NaTHORST 1884, Hicc 1930,
1951).

Elsewhere in the Isfjorden area: HoeL (1911, p. 252) recorded
it at Lykta in Dicksonfjorden from a terrace, the surface of which rises from
40 to 60 m a.s.l.! Furthermore recorded from Kapp Wijk and both sides of
Dicksonfjorden (KN1powrTscH 1903 IV, HicG 1950, 1951), Coraholmen in
Ekmanfjorden (LamMpLUGH 1911, NorpMANN 1912, HicG 1951), Boheman-
neset, Erdmannflya (KnipowitscH 1903 IV, Hicc 1950, 1951), Kapp Linné,
7—8 m a.s.l. (FEYLING-HaNSSEN and JorsTaD 1950, p. 48), Gronfjorden, up
to 14 m (HocsBom 1911, p. 46, Gripp 1927, p. 37, Hicc 1951, p. 240),
Colesbukta, 21 m (Hocsom 1911, Gripp 1927, HicG 1951) and 30 m (HoLwm-
SEN 1913, p. 7), Adventfjorden, 6 m (BLOMSTRAND 1864, p. 41, first record
of Mytilus edulis from the Pleistocene of Spitsbergen, HEer 1870, pp. 23, 24,
92, NaTHORsT 1884, p. 53, Kxrpowitscu 1903 IV, p. 139, Jexsex and
HArDER 1910, p. 400, DAUTZENBERG and FiscHER 1912, pp. 5340—41, Hice
1951, p. 231), and up to 10 m (HicG 1950, p. 331).

West coast region: Isoyane off Torellbreen (Kn1ipowitscu 1903 IV,
p. 141,) Bellsund area (HicG 1950, 1951), St. Jonsfjorden (DINELEY 1954),
the moraine of Eidembreen (Gripp 1929), Kongsfjorden area, moraines
(Hoer 1910, p. 15, 1914, pp. 32, 33).

North coast region: Breiddholmen (Eider Island) at the head of
Woodfjorden, 2—3 m a.s.l. (HoeL 1910, 1914), Dirksbukta in Wijdefjorden
(ELToN and Babpen-PowkeLL 1931, p. 395), Sorgfjorden, west side 4.5 m
a.s.l. (CHYDENIUS 1865, pp. 141—42), Langgrunnodden (Shoal Point, HEER
1870, p. 80), Murchisonfjorden, 14.5 and 16—19 m (KtvLLING and AHLMANN
1936), Wahlenbergfjorden, in morainic boulder clay at approx. 55 m a.s.l.
(SaxDrorD 1929, p. 547, Babex-PoweLL 1939, p. 339)2

East coast region: Kraussbukta on Edgeoya (Kx1tpowritscH 1900a,
1902 III), Kapp Weissenfels on Kong Karls Land, 25 m above the sea

1 FreBorD (1933, p. 144) erroneously writes that HoeL found Myvtilus edulis in Dickson-
fjorden in terraces at a height of 70 m a.s.l. This erroneous height was later quoted by
several authors.

2 Kx~tpowlITscH (1903 IV, p. 141) erroneously recorded it from Lomfjorden (Lommebav).
Pleistocene shells were found there, but not My tilus edulis (HEeR 1870, p. 80).
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(ANDERssON 1900, p. 249; cf. Narnorst 1901, 1910, Knrpowritsc 1903 IV,
p- 141, Hicc 1950, p. 337).

Adjacent arctic and subarctic regions: Franz Josef Land,
3—6 m above the sea (NANSEN 1902, p. 420; cf. JENSEN and HARDER 1910,
p- 401), Novaya Zemlya, up to 10 m a.sl. (GRoNLIE 1924, p. 99), Kolguev
Island, one fragment (KN1powiTscH 1904a, p. 177), the northern coasts of
the European part of the USSR (Kn1powriTscH 1900b, 1904b, LiNDHOLM
1921), the region to the south of Varangerfjorden (Ishavsfinland, TANNER
1930), Finnmarken (HoLmBOE 1904, TANNER 1907a, b, OYEN 1929, ROSEN-
DAHL 1931), Iceland, up to 35 m (‘THORODDSEN 1892, BArRbARSON 1921),
East Greenland, up to 25 m (NATHORST 1901, FLINT 1948), up to 57 m (NOE-
Nycaarp 1932), and West Greenland (JENSEN 1889, 1905, ENGELL 1904,
Jensex and HarDER 1910), up to 70 m (L.AURSEN 1944, 1950).

Recent distribution :

Mid-arctic—boreal—lusitanian, lacking in high-arctic waters, otherwise
nearly cosmopolitan (ANTEvs 1928, LaURSEN 1944). Living specimens of
Mytilus edulis were never recorded from Spitsbergen waters!. Valves of this
species were collected from the Recent shore at two places in Skansbukta;
thev had probably been washed out of older deposits (pp. 109, 120).

Remarks :

Mytilus edulis was previously regarded as an important index fossil for
deposits from the Post-Glacial Warm period in Spitsbergen, being referable
to the Tapes time in Scandinavia. It was later recognized that it appeared
in the fauna of Spitsbergen before that time (FEYLING-HANSSEN and JoRrsTAD
1950, cf. also HoeL 1914, p. 37).

During the Swedish expedition of 1861 AcarpH found small specimens of M. edulis
on sca-weed at Spitsbergen. HEER (1870, p. 82, cf. NORDENSKIOLD 1866), therefore,
considered this species to belong to the Recent fauna of Spitsbergen, but that it must
have been far more common there in earlier periods, according to its frequency in
raised beaches. KnirowitscH (1903 IV, p. 4) wrote about this: ,,Aber da diese Art
nie von irgend einem Forscher an den Kisten von Spitzbergen lebend gefunden ist,
und wir ausserdem nicht wissen, woher diese Tange stammen und ob die Exemplarc
von Myiilus wirklich recent waren, so verliert diese Angabe fast jede Bedeutung.”
None of the later investigators of the Recent mollusk fauna of Svalbard have recorded
M. edulis as living there. (Cf. i.a. HAcG 1904, OpHNER 1915, DAUTZENBERG and FiscHERr
1912, Griec 1925, Brorzy 1930, Ipersox 1930). Heintz (1926) recorded fresh
Mytilus specimens, attached to Aschopyllum nodosum, from the shore at Raudfjorden
(Red Bay), and concluded that the specimens had drifted in from a remote southern
locality (l.c. p. 76 also Voot 1927, p. 376). The present author found numerous valves
of M. edulis, of a remarkably fresh appearance, on the beach of Vesle Raudfjorden at
the innermoat part ol Breibogen on the north coast.
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olsella modiola (LINNE 1758).
Plate 19, figs. 1—3.

Mytilus modiolus 1.INNE 17538, p. 706.
Musculus modulus BoLTEX 1798, p. 157.
Modiola papuana 1.Leacu 1815, p. 33.
Modiolus vulgaris MacLavriN 1838, p. 241.
Iolsella modiolus, Gray 1847, p. 198.
Perna umbilicata N1OrRcH 1833, p. 33.
Iolsella modiolus, DAUTZENBERG and FIscHER 1912, p. 363 (with extensive synonymy).
Modiolus modiolus, WINxCKWORTH 1932, p. 240.

Late-Pleistocene records :

Billefjorden: Two shell fragments were found in a cliff of marine
deposits, 2 m a.s.l., at Skansbukta (p. 116), and four umbonal fragments
together with many other fragments of this species were present in a terrace,
31 m a.s.l, at Ebbadalen, Petuniabukta (p. 99). Not previously recorded
from the Pleistocene of Billefjorden.

Sassen area: Four umbonal fragments were found 20 m a.s.l. in the
29 m high cliff of a terrace at Kapp Schoultz (FEYLING-HaNSSEN and Jor-
staD 1950, pp. 26, 70).

Elsewhere in the Isfjorden area: Adventfjorden (DAUTZENBERG
and FiscHErR 1912, pp. 540—41', cf. also OpHNER 1915, p. 267), and at
Dicksonfjorden (Hicc 1950, p. 334, 1951, p. 232).

Adjacent arctic and subarctic regions: The White Sea and the
Murman coast (Kx1powiTscH 1900b, LinpHOLM 1921), the region to the
south of Varangerfjorden (TaxNer 1930), Finnmarken ('I'axNer 1907b,
OvEX 1929), and Iceland (BArparsox 1921). It was not recorded from the
Pleistocene of Greenland.

Recent distribution :

Low-arctic—boreal—lusitanian, (low-arctic—boreal, ANTEVs 1928),
occurring in the southwestern part of the Barents Sea (Gagvskor) 1948), in the
White Sea, Norwegian coast, Iceland, the Faroes, the British Isles and
France; on the west side of the Atlantic it is recorded from ILabrador to
North Carolina, and in the Pacific from the Bering Sea to California and
Japan (JExsex 1912). It also occurs in the Beaufort Sea (SooT-RyEN 1932).

Remark : Volsella modiola is an important guide fossil to deposits from
the Post-Glacial Warm period in Svalbard.

1 DatrzexBerG and Fiscuer (1912, p. 368) recorded [I7. modiola as living in Advent-
fjorden. This is obviously incorrect as the collection was made on land (Stn. 2476 of

1906).
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Musculus discors substriatus (GRay 1824).
Plate 19, fig. 4—7.

Modiola laevigata var. b. substriata GrRay 1824, p. 245.

Modiolaria laevigata var. substriata, PosseLT 1895, p. 67.

Modiolaria substriata, HAcG 1904, p. 25.

Modiolaria discors var. substriata, JENSEN 1912, p. 58, pl. 3, figs. 5a—b.
Mousculus discors substriatus, SooT-RYEN 1939, p. 10.

Late-Pleistocene records :

Billefjorden: Four small valves, representing three specimens, were
found on the lowest terrace, 2 m a.s.l., at the southwest side of Skansbukta,
the largest valve being 20.2 mm long. They had a Recent appearance and
were probably washed ashore in Recent times (p. 119).

Sassen area: One specimen was found in Gipsvika, approx. 2 ma.s.l.,
and two specimens at the Gipshuken Hut, 2—3 m a.s.]. (FEYLING-HANSSEN
and JorsTaD 1950, pp. 57, 71); they too were probably of Recent origin.

Elsewhere in the Isfjorden area: Recorded from the northern
end of Coraholmen in Ekmanfjorden, in morainic deposits (HicG 1951,
p. 235).

East coast region: Edgeoya (Knrpowitscu 1902 III, p. 79).

Adjacent arctic and subarctic regions: West Greenland
(Laursex 1950).

Recent distribution :

Circumarctic-highboreal, extending southwards to Iofoten, Massachu-
setts and Japan (JENSEN 1912, p. 60).

Astarte borealis (CHEMNITZ 1784).
Plate 20, figs. 1—38; plate 21, figs. 1, 2.
Venus borealis Cuem~1Tz (part. non LINNE) 1784, p. 26, pl. 39, fig. 412.
Venus compressa MONTAGU (part. non LINNE) 1808, p. 43, pl. 26, fig. 1.
Tridonta borealis SCHUMACHER (non LLINNE) 1817, p. 147, pl. 17, figs. la—b.
Crassina semisulcata 1.eacH 1819, p. 175.
Crassina borealis, N11.ssox 1822, p. 188, pl. 2, figs. 3—S5.
Crassina arctica Gray 1824, p. 243.
Astarte lactea BRODERIP und SOWERBY 1829, p. 365.
Astarte borealis, PHiL1PPI 1845, p. 58, pl. 1, fig. 11. — JENsEN 1912, p. 92, pl. 4, figs. la—f.
Astarte semisulcata, DAUTZENBERG and FiscHeEr 1912, p. 421, pl. 11, figs. 23—28 (with
extensive synonvmy).

Late-Pleistocene records :

Billefjorden: This species is the most common one in Post-Glacial
Warm period deposits of Spitsbergen. It occurred in 47 samples from Bille-
fjorden, from sea-level up to 34 m above (Petuniabukta, p. 100), accounting for
4.35 per cent (Mvtilus terrace 6.2 m a.s.l. at Asvindalen, p. 107) to 69.77
per cent (cliff of dstarte plain 2 m a.s.l. at Brucebyen, p. 89) of the fauna.

It was previously recorded from the Pleistocene of Billefjorden by
Kxrtpowrtsch (1902 I11), ELTON and BaDEN-PoweLL (1931), BADEN-POWELL
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(1939), BaLcHIN (1941), Hicé (1950, 1951), from sea-level up to 27 m above
(Petuniabukta, Oxford University Exp., 1933, Bapex-PoweLL 1939, p. 340,
present paper p. 101)%

Sassen area: 4. borealis was found up to 21 m a.s.l. (solifluction slope
at Kapp Belvedere), dominating the faunas of the Post-Glacial deposits at
about 2 m above the sea and from 7 to 20.5 m a.s.l. (FEYLING-HaNsSEN and
JorsTaD 1950, pp. 50, 53, 71). At Kapp Schoultz in Tempelfjorden it was
found approx. 20 m a.s.l. in the cliff of a terrace, the surface of which was
situated 28.8 m a.s.l. (l.c. p. 26). A. borealis should therefore be expected
there at least up to that height. In morainic material at the south side of the
front of Von Postbreen it occurred up to 30 m (L.c. p. 61).

Hice (1950, 1951) recorded it from Gésodden (Géskap) and Anservika
(Goes Bay), 8 m a.s.l., Gipsvika, Von Postbreen (moraine), Sassenelva, and
Diabasodden.

Elsewhere in the Isfjorden area: Adventfjorden, 6 m as.l.
(HEer 1870, p. 92), Colesbukta (Gripp 1927, p. 37), Gronfjorden (GRIPP
1927, HicaG 1951), Coraholmen in Ekmanfjorden (LavMpLUGH 1911, NoRD-
MANN 1912, Hice 1951), Kapp Thordsen, 23 m a.s.l., Saurieberget, Kapp
Wijk, Dicksonfjorden, Erdmannflya, 1-—2 m a.s.l., Longyeardalen (Hicc
1950, 1951).

West coast region: Hornsund (HEINTZ 1953), at Torellbreen (HAGG
1950), at different localities in the Bellsund area (C0sTER 1925, Hicg 1950,
1951). PeacH (1916, p. 299) found it in ,,Saxicava-Beach” deposits at Prins
Karls Forland at heights of 50—70 feet (16—23 m); ELTON and BADEN-
PoweLL (1931) recorded it 12 m a.s.l. there (also HicG 1950, height not re-
corded), and DINELEY (1954) found it up to 18—22.5 m in marine deposits
at St. Jonsfjorden (at 49.5 m in the Eidembreen moraine, cf. also Gripp 1929).
HokL (1914, pp. 32—33) recorded it from Blomstrandhamna (Kongsfjorden),
14 m a.s.l,, and from morainic deposits at Lillieh6okbreen, 8—10 m above
the sea.

North coast region: Breiddholmen at the head of Woodfjorden,
2—3 m a.s.l. (HokL 1914), Dirksodden in Wijdefjorden (ELTOX and BADEN-
PoweLL 1931). From the area around Hinlopenstretet it was recorded from
raised beaches up to an altitude of 22 m at Gyldénovane, Wahlenbergfjorden,
and Tommelpynten (ELTON and BaDEN-PowELL 1931, p. 393). It was found
in morainic material, boulder clay, at approx. 55 m a.s.].? (SANDFORD 1929,
p. 547, BapEx-PoweLL 1939, p. 339) at the head of Wahlenbergfjorden.

1 Errox and Babpex-PoweLL (1931, p. 391), recorded A. borealis, together with Mytilus
edulis, Astarte montagui, Cyprina islandica, Macoma calcarea, Mya truncata, Saxicara
arctica (var. pholadis), Littorina saxatilis and Littorina littorea, from . Upper raised
beaches” in the vicinity of Brucebyven, at an estimated height of between 100 and 150
feet (30—45 m)“. The present author found it up to 32.7 m at Teltfiellet, and up to
30.1 m at Gerritelva. The height of the finds recorded bv ELToN and BabpeEx-PowrLL

(l.c.) does not necessarily excede these figures.
FreBoLD (1933, p. 147) quoted this occurrence without mentioning the character of

the deposit.
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(For further details about the records of A. borealis from the Hinlopen
region cf. KULLING in KULLING and AHLMANN 1936, and FEYLING-HANSSEN
and Jorstap 1950, pp. 50—51).

East coast region: It was recorded from raised beaches in the Stor-
fjorden area up to 10 m a.sl. (Knrpowrtscu 1902 111, pp. 434—35), and in
moraine deposits up to 100 m (l.c.). Woopwarp (1860, p. 438) recorded it
trom a moraine at Tjuvfjorden (Deeve Bay).

Astarte, probably borealis, was recorded from Kong Karls Land at
approx. 10 m above the sea (NATHORST 1901 a, p. 375, 1910, p. 414).

Adjacent arctic and subarctic regions: Franz Josef Land,
20—25 m as.l. (SooT-RYEN 1939, p. 18), Novaya Zemlya (KNIPOWITSCH
1900b), up to 142 m a.sl. (GRoNLIE 1924, p. 100), and up to 163 m on a
glacier (l.c.), the Chelyuskin Peninsula, up to 40—50 m (GRoNLIE 1928),
Kolguev Island and the northern coasts of Russia and Norway (Knipo-
wiTscH 1900b, 1904a and b, LiNnpHOLM 1921, T'ANNER 1907b, 1930, OYEN
1929), Iceland, 2—17 m as.l. (BArbarsoN 1921), East Greenland, up to
25 m (NOE-NyYGaarD 1932, FLINT 1948), North Greenland (JENSEN 1917,
LaurseN 1954), West Greenland, up to 28 m (LAURSEN 1950), and up to 39 m
(LLAURSEN 1944, Northern West Greenland).

Recent distribution :

Circumarctic—midboreal, extending southwards to Denmark, Nova
Scotia, the Aleutian Islands, and North Japan (SooT-Ryex 1932, p. 12; for
details cf. Hicg 1904 and Jensen 1912). Vertical distribution: 0—463 m
(ANTEvVs 1928), usually found in shallow water, down to 45 m (THORsON
1933, 1934).

It is common in Isfjorden, accounting for 4.1-—28.5 per cent of the
local faunas (OpHNER 1915, p. 89).

Remarks :

"The highest find of Astarte borealis from raised beaches in Spitsbergen
is from Ebbadalen in Petuniabukta, 34 m above sea level (p. 100). Its first
appearance in the mollusk fauna of Vestspitsbergen (and probably Svalbard
as a whole) coincides with the beginning of the Post-Glacial Warm period
there, and due to its high frequency it is the most useful guide fossil for
deposits of that age, especially for their upper limits.

A. borealis did not disappear from Svalbard as the climate again became
less favourable, but is one of the most common species there also to-day.
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Astarte montagui (DiLLwyx 1817).

" Plate 21, figs, 3--12.
Ienus compressa NIONTAGU (part., non LINNE) 1808, p. 43, pl. 26, fig. 1.
I"enus montagui DILLwYN (part.) 1817, p. 167.
Nicania banksii 1.Leacu 1819, p. LXII.
Astarte compressa FLEMING 1828, p .440.
Astarte montagui, NIorRcH 1868, p. 223.
Astarte banksi, DAUTZENBERG and Fiscuer 1912, p. 425, pl. 11, figs. 15—22.
Astarte montagui, JENSEN 1912, p. 97, pl. 4, figs. 2a—c.

Late-Pleistocene records :

Billefjorden: 'This species was present in 30 of the samples collected
in 1950, from sea level up to 31 m above (Ebbadalen, Petuniabukta, p.99),
accounting for 2.3—19.5 per cent of the fossil faunas and usually occurring
together with 4. borealis. A single umbonal fragment of 4. montagui was
present in a sample from a }Mya terrace between Ebbadalen and Rudmose-
pynten, 41.3 m as.l., probably due to contamination.

It was previously recorded from the Pleistocene of Billefjorden by
Swedish, Russian and English expeditions (Hice 1950, 1951, KNIPOWITSCH
1902 IIT, Bapex-PoweLL 1939, ErtoN and Bapex-PowerL 1931), from
8—15—17—20 m above sea level (as to the record of ELTON and BaDEN-
PoweLL, p. 391, from an estimated height of 30—45 m a.s.l., cf. footnote
p- 135 of the present paper).

Sassen area: Recorded from raised beaches in many localities, up
to 20 m, and from the moraine of Von Postbreen up to 30 m (FEYLING-
HansseN and Jorstap 1950). Hice (1950, p. 339, 1951, p. 242) recorded
it from the same moraine, and, furthermore, from the mouth of Sassenelva,
from Gipsvika (1951, pp. 239, 243, keights not recorded), and from Anser-
vika (Coes Bay, cf. p. 128) at 8 m a.s.l. (Lc. p. 332).

Elsewhere in the Isfjorden area: Coraholmen in Ekmanfjorden
(LampLUGH 1911, as 1. compressa ; NORDMANN 1912, as 4. barksii ; Hice
1951, as 4. banksi) Erdmannflya, 1—2 m a.s.l, Bohemanneset (Hice 1951),
Gronfjorden and Colesbukta (Gripp 1927).

West coast region: Bellsund area, up to 18 m at Kapp Lyell
(KxtpowitscH 1903 IV, CosTerR 1925, Hige 1950), Prins Karls Forland,
12 m a.s.l. (ELTox and Bapex-PoweLn 1931), Miillerneset and St. Jons-
fjorden, up to 30—36 m (DiNeLEY 1954), Blomstrandhamna, in moraine 19
m above the sea (HceL 1914).

North coast region: Breiddholmen at the head of Woodfjorden
(HokeL 1914), Dirksodden in Wijdefjorden (ELTON and BaDEN-PoweLL 1931),
Lomfjorden, 14—21 m a.s.] (KtriiNG in KrLrine and AHLMANN 1936,
p. 4), one valve also found there by ToreLL (Hicc 1950).

East coast region: From the Storfjorden area it was recorded up
to 4 m in raised beaches, and up to 100 m in moraines (Kx1powrtscH 1902
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ITT). Woopwarp (1860, p. 438) recorded it from a moraine at Tjuvfjorden
(as A. compressa var. striata).

Adjacent arctic and subarctic regions: Cape Chelyuskin,
25—30 m a.s.l. (GrRoNLIE 1928), Novaya Zemlya (KN1powiTsc 1900b), up
to 170 m a.s.l. (GroNLIE 1924), Kolguev Island (KN1powiTscH 1904a) and
the arctic coasts of Russia and Norway (KN1powrtscH 1900b, 1904b, LiND-
HOLM 1921, 'TaNNER 1907b, 1930, OvEN 1929), Iceland (BARbPARsoN 1921),
East Greenland (JENSEN 1905, p. 313, FLINT 1948, p. 192), up to 20 m a.s.L.
(NoE-NYGAARD 1932), North Greenland (JENSEN 1917), West Greenland,
up to 36 m a.s.l. (LAURSEN 1950), and up to 42.5 m in northern West Green-
land (LAURSEN 1944).

Recent distribution :

Circumarctic-boreal (ANTEvS 1928), extending southwards to I'rance,
Nova Scotia and British Columbia (ScoT-RYEN 1932). Vertical distribution:
0—534 m (HicG 1904), usually met with in shallow water ('THoRrsox 1933).
It occurs within the same main depth zone as A. borealis, but usually extends
somewhat deeper than the latter (I.aAursEN 1950, p. 113).

Astarte montagui is the most common species in Isfjorden, accounting
for 28—64 per cent of the Recent faunas there. Only in Ymerbukta was a
low frequency found, viz. 0.6—8.0 per cent (ODHNER 1915, p. 99).

Remarks :
A. montagui 1s common in most marine sediments in Spitsbergen depo-

sited during the Post-Glacial Warm period there, and later. Different vari-
eties are treated together in this account.

Astarte elliptica (BRowN 1827).
Plate 21, figs. 13, 14.
Crassina sulcata N11.ssoN (non Da Costa) 1822, p. 187.
Crassina elliptica BRow~N 1827, pl. 18, fig. 3.
Astarte semisulcata M oO1LER 1842, p. 19.
Venus compressa HANLEY 1855, p. 454.
Astarte elliptica, DavTzENBERG and Fiscukr 1912, p. 418, pl. 11, figs. 12—14 (with extensive
synonymy). — JENSEN 1912, p. 108, pl. 4, figs. 4a—¢g.

Late-Pleistocene records :

Billefjorden: This species was present in 7 samples from the Post-
Glacial Warm period in Billefjorden, at 2-—9.7 m a.s.l., accounting for
0.7—4.9 per cent of the fossil faunas. It was previously recorded from
Anservika, 8 m a.s.l. (Hicc 1951).

Sassen area: It was found up to 10 m a.s.l. in raised marine deposits,
and up to 30 m in the moraine of Von Postbreen (FEYLING-HaANSSEN and
JorsTaD 1950). Swedish expeditions found it in the same moraine (HicG
1950), and KnrpowrTtsch (1903 IV, p. 138) recorded one valve from T'empel-
fjorden.
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Elsewhere in the Isfjorden area: Recorded from the morainic
deposits of Coraholmen (LamprucH 1911, HicG 1951), from Erdmannflva,
1—2 m a.s.l. (Hice 1951), Gronfjorden (moraine), and Colesbukta (GRIPP
1927).

West coast region: Hornsund (HEINTZ 1953, moraine), Bellsund
area (KxrpowitscH 1903 IV, Hice 1950, 1951, moraine), St. Jonsfjorden,
at 28.5 m a.s.l. (DINELEY 1954) and Kongsfjorden area (HoeL 1914, moraines,
8—10 and 19 m a.s.l., recorded as .4. compressa).

North coast region: Breiddholmen at the head of Woodfjorden,
2—3 m as.l. (Hoer 1914), Gvldénovane in Wahlenbergfjorden, 5—22 m
a.s.l. (ELTOX and BapeEx-PowEeLL 1931).

East coast region: From the Storfjorden area KXNIPOWITSCH
(1902 III) recorded it up to 4 m in raised beaches, and up to 100 m in
moraine deposits. He also mentions a worn valve (specific identification un-
certain) from Mistakodden (Forvixlingsudden), Barentsova, at about 50 m
as.l. N. L. FaLcox, of the Cambridge exp. to Edge Island 1927, collected
some shells from a raised beach at about 33 m above the sea, amongst them
being A. elliptica (Bapex-PoweLL 1939).

Adjacent arctic and subarctic regions: Novava Zemlva
(Kxtpowitsc 1900b), 50—142 m a.s.l. (GrRoNLIE 1924), Kolguev Island
(Kx1powiTscH 1904a), the northern coast of Russia and Finnmarken
(KxtpowrTscu 1900b, 1904b, LLixpHOLM 1921, 'T'axNER 1907b, 1930, OvEN
1929), Iceland (Birparsox 1921, 2—17 m), Last Greenland, up to 9 m
(JExSEN 19053), up to 20 m (NOE-NYGaAARD 1932), and northern West Green-
land, up to 42.5 m and even 190 m a.s.l. (LAURSEN 1944).

Recent distribution :

Arctic—boreal, extending southwards to France and New lingland
(JexsEx 1912, ANTEvs 1928, Gaevssor) 1948). It occurs in Isfjorden at
depths down to 75 m and even 150 m, accounting for a maximum of 19
per cent of the fauna (Ekmanfjorden) (OpHNER 1915, p. 93).

Astarte crenata (Gray 1824).

Nicania crenata Gray 1824, p. 242.
Astarte crebricostata N éreyr 1837a, p. 91.
Astarte crenata, PosseLt 1893, p. 71. — Jexsex 1912 p. 113, pl. 4, figs. Sa—m.

Late-Pleistocene records :

Billefjorden: This species was present in two samples, one valve
from a terrace at Petuniabukta, 31 m a.s.l., and two valves from a terrace at
Gerritelva, 23,2 m a.s.l.

Sassen area: One valve from a 7 m terrace at Gipsvika, and one from
a solifluction slope, 33 m a.s.l., in the same locality (FEYLING-HaNssEX and
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JorsTap 1950, p. 72). Hicc (1950, p. 339) recorded it from the south side
of Von Postbreen.

West coast region: Recorded from Van Mijenfjorden by COsTER
(1925) and Hica (1950), the latter recording it also from Kapp Lyell.

Adjacent arctic and subarctic regions: Novaya Zemlya
(KntpowriTscH 1900b), up to 115 m (GroNLIE 1924), Kolguev Island
(KNntpowiTscH 1904a), the arctic coasts of the European part of Russia
(KnrpowritscH 1900b, 1904a, LinpHOoLM 1921'), Finnmarken (TANNER
1907b), and West Greenland, up to 42.5 m (LAURSEN 1944).

Recent distribution :

Circumarctic( ?)—mid-boreal, occurring as far south as Bergen () on
the east side of the Atlantic (SooT-Ryen 1932). Vertical range: 5—650 m
(JENSEN 1912), deep-water form, only exceptionally in shallow water (LAUR-
SEN 1944, p. 55).

ODHNER (1915, p. 94) recorded it from Isfjorden at depths of 0—300 m.
It is further recorded from all around Spitsbergen (Kn1powiTscH 1901 I).

Thyasira flexuosa (MoNTAGU 1803).

Tellina flexuosa MoxTtacu 1803, p. 72.
Axinus flexuosus, G. O. Sars 1878, p. 59, pl. 19, figs. 4a, b.

Late-Pleistocene records :

Billefjorden: Recorded from Brucebyen, 10 —12 m above the sea, by
ErToN and Babpen-PoweLL (1931, , Bore No. 17).

Elsewhere in the Isfjorden area: Coraholmen (LampLuGH 1911,
Axinus gouldi ; NoRDMANN 1912; Hicc 1951) and Erdmannflya (Hice 1951).

East coast region: KnNrpowrrscH (1902 III, p. 436) recorded
Thyasira flexuosa gouldi (PHILIPPI) from Diabastangen in Ginevrabotnen,
4 m as.l., and from Kvalpynten (Whales Point), Edgeoya.

Adjacent arctic and subarctic regions: White Sea and the
Murman coast (Kx1powrrscir 1900b, 1904b, LinpHoLm 1921), Finnmarken
(i.a. HoLmBorg 1904, 'TANNER 1907b), East Greenland (JENSEN 1905), North
Greenland (JENSEN 1917), West Greenland (i.a. LAURSEN 1950).

Recent distribution :

Thyasira flexuosa incl. var. gouldi is widely distributed, in the Atlantic
from the Arctic to the Canaries and south of Cape Cod, in the Pacific south-
wards to New South Wales and Corea (SooT-RYEN 1932). It is common in
Isfjorden at depths down to 100 m (OpsNER 1915).

1 Recorded as Astarte crebricostata FORBES.
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Thyasira croulinensis (JEFFREYS 1847).
Plate 22, fig. 1.

Clausina croulinensis JEFFREYS 1847, p. 19.
Axinus croulinensis, JEFFReys 1863 11, p. 250; 1869 V', p. 180, pl. 33, fig. 2.
Thyasira croulinensis, DAUTZENBERG and FiscHer 1912, p. 487.

Late-Pleistocene records :

Billefjorden: One valve was found in the section at Teltfjellbekken,
sample VI, 5.5 m a.s.l. Not previously recorded from the Pleistocene of
Svalbard.

Recent distribution :

Mid-arctic—boreal—lusitanian, from the Murman coast to the Azores.
It was dredged in Tempelfjorden, at a depth of 102 m, by the Prince of
Monaco in 1898 (DavTzeENBERG and FIscHER 1912, OpuxnEer 1913).

Thvasira sarsii (PuiLieer 1845).
Plate 22, fig. 2.
Axinus sarsii PuiLippr 1845, p. 91.
G. O. Sars 1878, p. 60, pl. 19, figs. 34, b.
Thyasira sarsti, DaLL 1901, p. 786.

Late-Pleistocene records :

Billefjorden: 5 valves of this species were found in the section at
Teltfjellbekken, 4 in sample V (5.8 m a.s.l.), and 1 in sample VI (5.3 m a.s.1.).
Not recorded previously from Svalbard, either as a fossil or as a living animal.

Adjacent arctic and subarctic regions: Ura Bay onthe Murman
coast (Kx1powrTscu 1960b, p. 37), Ishavsfinland (TaxNer 1930).

Recent distribution :

Mid-arctic—~boreal, Novava Zemlva—>Murman coast— Norwayv to the
Oslofjord (Jexsex and SpiArck 1934, p. 91; Garvsrol) 1948, p. 438).

Clinocardium ciliatum (FaBricics 1780).
Plate 22, fig. 3.
Cardium ciliatum Fanricivs 1780, p. 410,
Cardium islandicum CueaiNitz 1782 V1, p. 200, pl. 19, figs. 193, 196,
Cerastoderma ciliatum, N1orerr 1833 11, p. 34
Cardium (Cerastoderm; islaridica DavirzeNviire and Fiscrer 19120 po 448 (with extonsive

synonymy).

Late-Pleistocenie records :

Billetjorden: This species was rare in the Pleistecene of Billefjorden,
enly one valve heing found in a M vtilus terrace, 3.8 m a.s.l. at Mytilus-
bekken, 1.5 km north of Anscrvika. Hiqo (19531, p. 233) recorded one valve
from Gasodden (Guskap), 8 ma.s L
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Sassen area: One valve was found in a terrace at Svetlihel, 3.6 m
a.s.l. In addition it was found in five other places in clayey material up to
7 m a.s.l., and at an elevation of 30 m in the moraine of Von Postbreen
(FEYLING-HaNsseN and Jorstap 1950, p. 72).

Elsewhere in the Isfjorden area: 7 valves recorded from the east
side of Dicksonfjorden (HicG 1950, p. 334). The species was also present
in the morainic deposits of Coraholmen (LamprLucH 1911, p. 235).

West coast region: Swedish expeditions found it in four localities
in the Bellsund area, viz.: Braganzavigen, Kapp Amsterdam, Barryneset,
and Damesmorena (Hicc 1950, 1951).

East coast region: KNrpowiTscH (1902 111, p. 436) recorded it from
Ginevrabotnen and Edgeoya.

Adjacent arctic and subarctic regions: GRONLIE (1928, p. 4)
recorded two valves and some fragments from the beach at Maudhavn to
the south of Cape Chelyuskin, these being probably of Recent origin. It was
recorded from Pleistocene deposits along the northern coasts of the European
part of Russia (Kx1rowrrscn 1900b), Ishavsfinland (Boris-Gleb, TANNER
1930), Finnmarken (TANNER 1907b, OYEN 1929, approx. 14 ma.s.l.), Iceland
(LAaUrseN 1944, p. 56), East Greenland, 25—50 m a.s.l. (NaTHORST 1901b,
cf. JENSEN 1905), up to 28 m (NOE-NYGAARD 1932, also FLINT 1948), North
Greenland (JENSEN 1917, LLAURSEN 1954) and West Greenland, up to 200 m
(Laursex 1944, 1950).

Recent distribution :

Circumarctic (JENSEN 1912, p. 83). It is common in Isfjorden, occurring
more frequently towards the open fjord than towards the heads of the fjord
branches. It seemed to be more frequent at depths below, rather than above,
50 m (OpuneRr 1915, p. 119). Its southern limit of distribution is East Finn-
marken (in the Varanger district at depths of 22—125 m, cf. SOOT-RYEN
1951), Cape Cod, Puget Sound, and northern Japan (JENsex 1912).

Remark :

Many specimens of C. ciliatum found on the terrace surfaces may have
been brought there by birds.

Serripes groenlandicus (CHEMNITZ 1782).
Plate 22, figs. 4, 5.

Cardium groenlandicum Cuev~itz 1782 VI, p. 202, pl. 19, fig. 198.

Aphrodite Groenlandica, Stivpsox 1851, p. 19.

Serripes groenlandicum, PAckarp 1866, pp. 227, 280.

Cardium ( Serripes) groenlandicum, 1avTzENBERG and FiscHER 1912, p. 453 (with synonymy).

Late-Pleistocene records :
Billefjorden: This species was present in 10 samples, taken from sea
level up to 42 m above (Myadalen p. 121), two of which were of Recent origin

(Skansbukta and Petuniabukta). The maximum frequency was 7 valves,
accounting for 9 per cent of the assemblage (Skansbukta). It was previously
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found by Swedish expeditions at Mimerbukta, 20 m a.s.l, and to the SW
of Nordenskioldbreen (Hicc 1951). ELTox and Babpex-Powerr (1931)
recorded it from Brucebyen, 10—12 m a.s.L

Sassen area: Found fromsealevel up to 13,5 mabove, rare (FEYLING-
HaxsseN and JorsTap 1950, p. 73).

Elsewhere in the Isfjorden area: Saurieberget and the east side
of Dicksonfjorden (Hicc 1950), Coraholmen (LampPLUGH 1911, NORDMANN
1912, Hice 1951), Nansenbreen (HicG 1950, 1951), Grenfjorden, moraine
(Grrpp 1927), and Adventfjorden, 6 m a.s.l. (HEer 1870, p. 91).

West coast region: Recherchefjorden and Van Mijenfjorden
(Kx1tpowitscH 1903 IV, CosTER 1925, Hice 1950, 1951), Prins Karls For-
land (ErToN and Bapex-PowerL 1931), Blomsterstrandhamna and the
moraine at Lillieh6okbreen (HoEL 1914).

East coast region: Ginevrabotnen, 4 m a.s.l. and in moraines at
Negribreen, 25—100 m above the sea (KN1powitscH 1902 III, p. 437),
Edgeoya (Kn1powiTscH 1902 111, BapEx-PowEeLL 1939, p. 338).

Adjacent arctic and subarctic regions: Franz Josef Land,
20—25 m a.s.l. (S00T-RYEN 1939), southeast of Cape Chelyuskin, 40—50 m
a.s.l. (GRoONLIE 1928), Novaya Zemlva, up to 120 m (GRoNLIE 1924, p. 100),
Kolguev Island (KN1powITscH 1904a), the northern coasts of the European
part of Russia (Kx1powiTscH 1900b), Ishavsfinland (Boris-Gleb, 0.85 m
a.s.l. TaxNer 1930, p. 188), East Greenland, 25—50 m a.s.l. (NATHORST
1901b, Jexsex 1905), 5 m as.]l. (NOE-NYGAARD 1932), North Greenland
(Jexsex 1917), West Greenland, up to 190 m (Lavrsex 1944, 1950), and
also from the Disko Bugt (HARDER, JENSEN, and LaUrsEN 1949).

Recent distribution :

Circumarctic; in the Atlantic south to eastern I'innmarken (SooT-RyEN
1951), Iceland and Stonington; in the Pacific south to Puget Sound and
Hakodadi (SooT-RYEN 1932). It is one of the dominant species in Isfjorden
at present, being most frequent in shallow water, at depths less than 30 m
(OpHNER 1915).

Remark :
Many shells of S. groerlandicus have been brought on land by birds.

Cyprina islandica (LINNE 1767).
Plate 22, figs. 6—9; plate 23, figs. 1—3.

Fenus islandica L1NNE 1767, p. 1131.
Cyprina islandica, Laziarck 1818 V, p. 557
DavTzeENBERG and FIscHER 1912, p. 458 (with extensive synonymy).

Late-Pleistocene records :

Billefjorden: This large, conspicuous species occurred in 14 samples,
from 2.0 to 31.0 m a.s.l. (Petuniabukta, p. 99). One fragment was found in
the Recent shore of Skansbukta, certainly derived from older deposits. The
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frequency of C. islandica in the investigated Pleistocene deposits of Bille-
fiorden was low.

Swedish expeditions found it at Mimerbukta, 20 m a.s.l., and at two
other places in Billefjorden, heights not recorded (Hicg 1951). British
expeditions recorded it from Petuniabukta, 8 m a.s.l. (BADEN-PowELL 1939),
Brucebyen, 30—45 m (?) (ELTON and BaDEN-PoOwELL 1931), and from the
east side of the fjord, height not recorded (BaLcHIN 1941).

Sassen area: Half a kilometre west of the outlet of the rivulet in
Ledalen, west of Vindodden, 20 valves and umbonal fragments of C. is-
landica were collected from a cliff of silty material, 0—6 m a.s.l. It was also
found in four terraces, up to 19 m, and from a solifluction slope, 29 m a.s.l.,
a fragment probably belonging to this species, was collected (FEYLING-
HanNsseN and JorsTap 1950, pp. 64, 65, 73). DE GEER found it up to 20 m
at Diabasodden (Hyperitudden) in Sassenfjorden (NaTHORsT 1882, p. 60,
Hice 1950, 1951).

Elsewhere in the Isfjorden area: The Swedish expedition of
1868 found it at Saurieberget (Saurie Hook) close to Sauriedalen (Rendalen)
on the Kapp Thordsen peninsula (HEer 1870, p. 24, JENSEN and HARDER
1910, Hice 1950). B. HocBoM found it 23 m a.s.]. at Kapp Thordsen, .
WimaN found it NW of Kapp Wijk, and OBERG collected 50 valves at
Dicksonfjorden (HiAGG 1951). It was further recorded from clayey deposits
on both sides of Dicksonfjorden (NATHORST 1882, p. 64, KN1PowITsCH 1903
IV, p. 138, Hicc 1950), from Coraholmen in Ekmanfjorden (LAMPLUGH
1911, Hicc 1951), Bohemanneset (Hicc 1951), from the east side of
Adventfjorden (Heer 1870, JenseN and HARDER 1910), and from Longyear-
dalen (Hicc 1951).

West coast region: Recorded from Richardlaguna on Prins Karls
Forland (HoEL 1914, p. 35), and from the moraine of Eidembreen (GRripp
1929).

North coast region: Kriring (KviLing and AHLMANN 1936,
p. 4—5) found it 14—21 m a.s.l. at the southern end of LLomfjorden in Hin-
lopenstretet.

Adjacent arctic and subarctic regions: Kolguev Island, the
Russian coast to the south of Kolguev, the Murman coast, ,,Ishavsfinland®,
Finnmarken (Kx1powrTsci 1900b, 1904a, 'I'aNNER 1907b, 1930, OvEN 1929),
Iceland, 2—35 m a.s.l. (BARbarsoN 1921), West Greenland (South Strom-
fjord, JEnsEN 1942, p. 24, Latrsex 1950, p 120).

Recent distribution :

Cyprina islandica is a low-arctic—boreal—lusitanian species (JENSEN
1942, p. 27), being distributed from southwestern France to the White Sea,
and from Cape Hatteras to the southern part of the Gulf of St. T.awrence
and Newfoundland.

Remark :

C. islandica is an excellent guide fossil for deposits dating from the
Post-Glacial Warm period in Svalbard.
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Macoma calcarea (CHEMNITZ 1782).
Plate 23, figs. 8—13.

Tellina calcarea CHEMNITZ 1782 VI, p. 140, pl. 13, fig. 136.
Macoma calcarea, DAUTZENBERG and FIscHER 1912, p. 514 (with extensive synonymy).

Late-Pleistocene records :

Billefjorden: This species occurred in 38 samples, from present sea
level up to 56 m above (Teltfjellbekken, p. 86). It was most common in
Late-Pleistocene deposits older than the Post-Glacial Warm period, where
it usually occurred together with Saxicava arctica and Mya truncata.

Swedish expeditions recorded it from Mimerbukta, 20 m a.s.l., W of
Nordenskioldbreen and from ,,Sfinxudden” (HAGG 1951), a Russian expedi-
tion collected it from Brucebyen (KnrpowirtscH 1902 III), and British
expeditions from Brucebyen, 30—45 m (?), (ELTON and BADEN-POWELL
1931), and Petuniabukta, up to 27 m, (BADEN-POwWELL 1939).

Sassen area: It occurred in most of the investigated deposits, up to
45 m, and was far more common in clayey and silty than in coarser sediments
(FEYLING-HANSSEN and JorsTap 1950). It was previously found at Diabas-
odden, at Sassenelva and in the moraine at Von Postbreen (Hicc 1950, 1951).

Elsewhere in the Isfjorden area: Kapp Thordsen, Dickson-
fjorden, Coraholmen, Bohemanneset, Erdmannflya, Kapp Starostin, Gron-
fjorden, Colesbukta, Adventfjorden, ILLongyeardalen (Heer 1870, Knipo-
wiTsCH 1902 I1Tand 1903 IV, NATHORST 1910, LAMPLUGH 1911, DAUTZENRERG
and FiscHER 1912, NorpDMANN 1912, Hormsex 1913, HoeL 1914, Grirp
1927, FreBoLD 1935, HiGcG 1950 and 1951).

West coast region: Recherchefjorden and Kapp Lyell (Hicc 1950),
Blomstrandhamna and Lilliehookfjorden (HoEeL 1914).

North coast region: North side of Liefdefjorden, up to 12 m a.s.l,,
Wijdefjorden, and Sorgfjorden, up to 21 m a.s.l. (ELTON and BADEN-POWELL
1931, Bapen-PoweLL 1939), Murchisonfjorden, 14.5 m and 16—19 m,
Lomfjorden, 14—21 m a.s.]l. (KuLLING in KULLING and AHLMANN 1936),
and Wahlenbergfjorden, 14—16 m (SaxDFORD 1929).

East coast region: Diabastangen in Ginevrabotnen, and Edgeova,
up to 53 m a.s.l. (KN1powrtscH 1902 I1I, BADEN-PoweLL 1939).

Adjacent arctic and subarctic regions: Only a few of the
numerous occurrences are mentioned below: Novaya Zemlya, up to 115 m
(K~tpowrtscu 1900b, GrRoNLIE 1924), Kolguev Island, the northern coasts
of the European part of Russia, Finnmarken (Kx1powitscu 1900b, 1904a
and b, TANNER 1907b and 1930, LixpHOLM 1921, OYEN 1929), Iceland, up
to 40 m (BArbarsox 1921), East Greenland, up to 48 m (JENsSEN 1905, NoOE-
NyGaArRD 1932, FLINT 1948), North Greenland (JExsex 1917) and West
Greenland, up to 70 m (LAURSEN 1944, 1950).

10
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Recent distribution :

Circumarctic —midboreal, in the Atlantic south to Denmark and Long
Island Sound, in the Pacific south to Oregon and North Japan (SooT-RYEN
1932). In deeper water it extends southwards to the Bay of Biscay (JENSEN
and SprARcK 1934, LAURSEN 1944, p. 58).

It is one of the dominant species in Isfjorden, occurring there at depths
between 0 and 100 m on mud bottom (ODHNER 1915).

Liocyma fluctuosa (GouLp 1841).
Plate 24, figs. 8—11.
Venus fluctuosa Gotrrp 1841, p. 87, fig. 50.
Tapes fluctuosa, SOWERBY 1851 11, p. 786, pl. 168, fig. 167.
Chione astartoides, Desnaves 1853, p. 147.
Liocyma fluctuosa, DavL1. 1870, p. 256. SooT-Ryex 1939, p. 16, pl. 1, fig. 8.

Late-Pleistocene records :

Billefjorden: This species was found in the Recent shore of Skans-
bukta, where living specimens were also observed. It is not recorded from
the Pleistocene of Billefjorden.

Sassen area: 47 valves were found in a silty deposit 4 m a.s.l. west
of the river outlet in I.edalen, and one valve in the moraine of Von Post-
breen, 30 m a.s.l. (FEYLING-HaNSSEN and JorsTap 1950, p. 73); there, too,
it was quite common in the littoral of the Recent shore.

Elsewhere in the Isfjorden area: On the west side of Coles-
bukta, and from the moraine of Gronfjordbreen (Grirp 1927).

West coast region: Blomstrandhamna in Kongsfjorden, 19 m a.s.1.,
in moraine (HoEeL 1914).

East coast region: Diabastangen in Ginevrabotnen, 4 m a.s.l., and
Kvalpynten on Edgeoya (KNrpowrrscu 1900a and 1902 III, p. 436).

Recent distribution :

Circumarctic (though only dead specimens in the East Siberian Sea),
occurring south to the Barents Sea, Massachusetts and Japan (SooT-RykN
1932, p. 20).

[t is quite common in Isfjorden on mud bottoms, generally at depths
between 0 and 20 m, and is recorded from the west, north and east coasts
of Vestspitsbergen (FrieLe and Griec 1901, Hice 1904, Opuxer 1915).

Saviceea arctica (LiNNE 1767).
Plate 23, hgs. 4—7; plaie 24, figs. 1—35.
Mya aretice TasNE 1767, po 11130
Murilus pliodadis 1< 1771, p. 545,
Flratella biaperta Baose 1802, p. 120, pl. 21, tia 2.
Mytdus rugosus Diawys 1817 1) po 304
Suxteava pholadis, Laaiarer 1818 V) po 502,

Hiatella arctica, Voaxiares 1819 VI po 30,
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Saxicara arctica, DAUTZENBERG and FIScHER 1912, p. 504.
Saxicara pholadis, DAUTZEXBERG and FiscHer 1912, p. 510, pl. 11, figs. 34—40.
Hiatella arctica, WINCKWORTH 1932, p. 247. — SooT-RvEex 1939, p. 17.

Late-Pleistocene records :

Billefjorden: This species is second only to Mya truncata in its
abundance in the Pleistocene of Vestspitsbergen, and the two usually occur
together. Saxicava arctica was found in 62 samples from Billefjorden, from
modern sea level up to 84,5 m a.s.l. (north of Ekholmvika, p. 80), and was
especially frequent at heights of about 40—50 m, and also at about 2 m.

"This species was previously recorded from Billefjorden by KN1POWITSCH
(1902 III), ErtoN and BabpeN-PoweLL (1931), Babex-PoweLL (1939),
BaLcHIN (1941) and Hice (1951), up to 30—45 m (Brucebyen, cf. p. 135).

Sassen area: It was very common in the terraces up to 60 m as.l.
(FEYLING-HAaNssEN and JorsTap 1950). Other expeditions found it in many
places within the area (cf. .a. Hicc 1950, 1951), the highest record being
from Diabasodden, 65 m a.s.l. (Hicc 1951).

Elsewhere in the Isfjorden area: It was recorded from many
localities (HEER 1870, KnrpowiTscH 1902 111, NaTHORST 1910, LAMPLUGH
1911, DavTzENBERG and FiscHER 1912, NorpMaxN 1912, HorLmsex 1913,
HoeL 1914, Opuxer 1915, Peacu 1916, Gripe 1927, FreBorLp 1935,
FeyLING-HaNsseN and Jorstap 1950, p. 48, Hice 1950, 1951). K~1po-
wITSCH (1903 IV, p. 139) recorded it from approx. 50 m above the sea in
Trygghamna. (Cf. Hicc 1950, p. 340).

West coast region: Hornsund (HEiNTz 1953), Bellsund (COsTER
1925, Hice 1950, 1951), Prins Karls Forland and Forlandsundet (PEach
1916), Eidembreen (Gripp 1929), St. Jonsfjorden and Miillerneset, 30—36 m
a.s.l. (DINELEY 1954) and the Kongsfjorden region (HoeL 1914, BADEN-
PowEeLL 1939).

North coast region: Liefdefjorden, north side, up to 12 m (BADEX-
PowgLL 1939), Woodfjorden (HokL 1914), Wijdefjorden (ELTON and BaDEN-
PowerLL 1931), Sorgfjorden (Bapex-PowkeLL 1939), Hinlopen area (SaND-
rorp 1929, Ertox and Bapex-Powerr 1931, KuLLiNG in KULLING and
Anraany 1936, Babex-PowerL 1939, Hice 1950). The highest record of
Saxicava arctica from the north coast region is from Murchisonfjorden,
65 m a.sl. (Kripize in Kvrenixg and Ancaaxy 1936). The Oxford Uni-
versity Arctic Expedition to North East Land 1935—36 found it at the
eastern end of Nordaustlandet, up to 100 m above the sea in .morainic
beach deposits south of South I.and (BapEx-PowEeLt 1939, p. 342).

Last coast region: Edgeova, up to 53 m a.s.l. (KxtpowirscH 1900a,
1902 TIT and 1903 IV, Babex-Powrit 1939). KxrpowirscH (l.c.) recorded
it also from many other localities in the Storfjorden area, and NATHORST
(1901, p. 373) recorded it from Kong Karls Land, 10 m a.s.l.

Adjacent arctic and subarctic regions: Sevicava arctica being
one of the most common species among Late-Pleistocene fossils in northern
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regions, has been recorded from numerous localities, only a few of which
are mentioned below: Cape Chelyuskin, 40—50 m a.s.l. (GRoNLIE 1928),
Franz Josef Land, 20—25 m a.s.l. (NEwTON 1899, p. 529, SooT-RYEN 1939,
p. 18), Novaya Zemlya, up to 200 m a.s.l. (KN1powITscH 1900b, GRONLIE
1924), Kolguev Island, Northern coasts of Russia, Finnland, Finnmarken
(K~tpowiTscH 1900b, 1904a and b, LiNpHOLM 1921, 'T'ANNER 1930, 1907b,
OveN 1929, RoseNpaHL 1931), Iceland, up to 55 m (THORODDSEN 1892,
BArparson 1921), East Greenland, up to 67 m (JENSEN 1905, NOE-NYGAARD
1932, FrLiNT 1948), North Greenland (JENSEN 1917, LAURSEN 1954), West
Greenland, up to 70 m, and even up to 475 m (LAURSEN 1944, 1950), the
find at 475 m being ascribed to transportation by bird.

Recent distribution :

Nearly cosmopolitan, mainly in shallow water, but also found at
greater depths down to 1400 m (JENSEN and SpARCk 1934). It is one of the
dominant species in Isfjorden, accounting for a maximum of 26.6 per cent
of the local faunas, usually at depths of 0—75 m (OpHNER 1915).

Remarks :

The valves of S. arctica varied in shape from small, high and irregular
forms to large, elongate valves of pholadis form (cf. measurements, figs. 29,
46). Shells with rows of spines on the posterior part of the exterior were
found only among juveniles. The pholadis form was more frequent in
Pleistocene deposits older than the Post-Glacial Warm period than in youn-
ger sediments; it occurred, for the most part, in finer sediments (silt—clay),
whereas the small, irregular form was found in coarser deposits (gravel—
sand). Small, irregular S. arctica usually occurred together with Lithothamn-
ion. (Cf. KnrpowitscH 1902 III, p. 438; HoeL 1914, p. 33; FEYLING-
Hanssex and Jorstap 1950, p. 19).

Mya truncata 1LINNE 1758.
Plate 25.
LiNNE 1758, p. 670.
JExseEN 1900, p. 137, text.-figs. 2 and 8.

Late-Pleistocene records :

Billefjorden: This is the most common species in the Pleistocene
deposits of Vestspitsbergen, and predominates in Late-Pleistecene faunas
of Inner Isfjorden older than the Post-Glacial Warm period.

It occurred in 79 samples from Billefjorden, from present sea level up
to 845 m above (North of Ekholmvika, p. 80). At Teltfjellet, Brucebyen
area, it was observed at 70 and 76 m a.s.l., at Gerritelva it occurred 77.8 m
a.s.l., and at Skansbukta 70 m a.s.l. (p. 118).

It was previously recorded by Kn1powitscH (1902 III), ELTON and
Bapex-PoweLL (1931), BabpeEx-PoweLL (1939), BaLcHIN (1941), and HiGe
(1951).
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Sassen area: Very common in terraces and clayey silt deposits up to
60 m a.s.l. (FEYLING-HaNSSEN and JorsTaD 1950). Previously found at many
localities within the area (HicG 1950 and 1951).

Elsewhere in the Isfjorden area: Many expeditions found it in
numerous localities (HEer 1870, KntpowritscH 1902 III, NaTHORST 1910,
LamrLucH 1911, NorDMANN 1912, DAUTZENBERG and FiscHER 1912, HoLM-
SEN 1913, HokL 1914, Opuner 1915, PeacH 1916, Gripp 1927, FrReBoLD 1935,
FEYLING-HANssEN and JorsTap 1950, p. 48, Hice 1950, 1951). KN1powITSCH
(1903 IV, p. 139) recorded it from approx. 50 m a.s.l. at Trygghamna (Safe
Haven, collected by NaTHORST). HAGG (1950, p. 340) recorded another find
from the same locality and at the same height, and HocBom (1911, p. 45)
found fragments of the species 65 m a.s.l. at Diabasodden (cf. HicG 1951,
p. 232).

West coast region: Hornsund (HEINTZ 1953), at Torellbreen (HicGG
1950), Bellsund (C6sTER 1925, HAGG 1950, 1951), Prins Karls Forland and
Forlandsundet (PEacH 1916, ELTON and BabpEN-PoweLL 1931), St. Jons-
fjorden and Miillerneset (DINELEY 1954), and the Kongsfjorden region
(HoerL 1914, Babpen-PoweLL 1939).

North coast region: Liefdefjorden, north side (KuLLING in KuL-
LING and AHLMANN 1936, BaDEN-PoweLL 1939), Wijdefjorden (ELTON and
Bapen-PoweLL 1931), Sorgfjorden (CHYDENIUS 1865, pp. 141—142), the
Hinlopen area (SANDFORD 1929, ELTON and BADEN-PowELL 1931, KULLING
in KuLLING and AHLMANN 1936, BapEN-PoweLL 1939, Hicc 1950). The
highest record of Mya truncata in situ from the north coast region is from
Murchisonfjorden, 65 m as.l. (KvLLinG l.c.). The Oxford University
expedition to North East Land, 1935—36, found it at Isispvnten up to 80
m in moraine material (BADEN-PowEgLL 1939).

East coast region: Edgeoya (WoopwarD 1860, p. 438, KNIPOWITSCH
1900a, 1902 ITI, 1903 IV, BaDEN-POowELL 1939, 53 m above the sea). Kx1pO-
wITscH (l.c.) recorded it from many other places in the Storfjorden area,
and it was also found at Kong Karls Land, 10 m a.s.l. (NATHORST 1901a,
p- 375).

Adjacent arctic and subarctic regions: This species, being the
most common among Late-Pleistocene fossils in northern regions, has been
recorded from numerous localities, a few of which are mentioned below:
Franz Josef Land (recorded as Mya arenaria by NEwTox 1899, p. 529)
20—25 m as.l. (SooT-RyEx 1939), Cape Chelyuskin, 40 —50 m a.s.l.
(GRroNLIE 1928), Novaya Zemlya (KnrpowitscH 1900b) up to 200 m (?)
(Grox~LIE 1924), Kolguev Island and the northern coasts of Russia and
Finnmarken (K~x1powritscH 1900b, 1904 a, b, LixpHoLMm 1921, HOLMBOE
1904, 'TaNnNER 1907b, 1930, Ovex 1929, RosenpaHL 1931), Iceland (‘THOR-
ODDSEN 1892) 2—55 m a.s.]. (BArRparsoN 1921) East Greenland (JENseEN 1905,
with older records) up to 130 m (Noe-NyvGaarp 1932), North Greenland
(JEnseEN 1917, LatrseN 1954) and West Greenland, up to 200 m (ILAURSEN
1944, 1950).
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Recent distribution :

As demonstrated by its fossil occurrence Mya truncata is a eurytherm
species with a very wide Recent distribution. Its main distribution is arctic—
boreal, occurring southwards to the Bay of Biscay, Massachusetts, Van-
couver and Japan (DAUTZENBERG and FIscHER 1912, SocT-RyEN 1932,
JENsEN and SpARCK 1934, LAURSEN 1944). It is one of the dominant species
in Isfjorden to-day, thriving at depths from 0 to 100 m there. Its maximum
frequency was 5.1—13.8 per cent, being greatest towards the mouth of the
fjord (OpuxNer 1915, p. 122).

Remarks :

Some of the numerous valves of Mvya truncata from the Late-Pleistocene
of Billefjorden were of forma ovata JENSEN, and some of forma uddevallensis
Hancock, though transitions occurred between the typical and the extreme
forms (cf. shell measurements of M. truncata, figs. 28, 54, 57). Thick-
shelled specimens were common in deposits older than the Post-Glacial
Warm period, whereas thin-shelled specimens were most frequent in voun-
ger and coarser deposits. The uddevallensis form was usually associated with
thick-shelled specimens, whereas the ovata form was found among thin-
shelled onest.

Zirfaea crispata (LINNE 1758).
Plate 24, figs. 6, 7.
Pholas crispata LINNE 1758, p. 1111.

Late-Pleistocene records :

Billefjorden: This species was rare, but broken valves and umbonal
fragments occurred in 7 samples from Billefjorden, from 2 to 34.5 m a.s.l.
(Petuniabukta, p. 99). In all, fragments representing 16 valves were found
in the Pleistocene of Billefjorden, from which it had not previously been
recorded.

Sassen area: One umbonal fragment was found at Kapp Belvedere,
21 m a.s.l. (FEYLING-HANSSEN and JorsTaD 1950, p. 75).

Elsewhere in the Isfjorden area: One shell fragment 23 m
a.s.l. at Kapp Thordsen, and one from moraine material northwest of
Bohemanneset (HAGG 1951, pp. 233, 241).

Adjacent arctic and subarctic regions: Petchora region, White
Sea, and the Murman coast (KN1powITscH 1900b), ,Ishavsfinland”, up to
14.5 m (Tanxer 1930), Finnmarken (HoLmBoE 1904, TANNER 1907b),
Iceland, 3—35 m a.s.l. (BARparRsON 1921, also T'HOrRODDSEN 1892), West
Greenland, Zirphaea-layers (JENSEN 1905, ENGELL 1905, JENSEN and HARDER
1910, JENSEN 1942, HARDER, JENSEN, and LAURSEN 1949, up to 40 m a.s.l.,
Laursen 1944, 1950).

1 ScuHrescH (1931, p. 136) raised Mya truncata ovata JENSEN to specific rank under the

new name Muya pseudoarenaria. Cf. also SooT-Ryex 1951, p. 3.
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Recent distribution :

Its distribution is low-arctic—boreal—-lusitanian, occurring from Jar-
fjord, Ser-Varanger in Finnmarken (SooT-RyEx 1951) along the European
west coast to western France, at the North American east coast and in the
northern Pacific (JENSEN and Spirck 1934).

Remarks :

Zirfaea crispata is an excellent index fossil for Svalbard deposits from
the Post-Glacial Warm period. Its discontinuous boreal distribution, viz.
its occurrence in the northern Atlantic and the northern Pacific, and its
absence along the Siberian and the North American arctic coasts, is explained
by the appearance of a less favourable climate at the decline of the Post-
Glacial Warm period.

Pandora glacialis LeacH 1819.
Plate 19, figs. §, 9.
Pandora glacialis 1.LeacH 1819, p. 174.
LecHE 1878, p. 11, pl. 1, figs. la—b.
Pandora ( Kennerlia) glacialis, SOoT-RYEN 1932, p. 11.
Calopodium (Kennerlia) glacialis, SooT-RyEN 1939, p. 18.

Late-Pleistoceite records :

Billefjorden: One specimen with united valves was found at the
lowest plain on the south side of Skansbukta, 2.0 m a.s.l., but may well
have been washed ashore in Recent times. (Cf. p. 119). Recorded from the
Recent shore of Anservika (FEYLING-HANSSEN and Jerstap 1950, p. 37).

Sassen area: Found on the present beach at Vindodden (FEyLING-
Hanssex and JorsTap 1950, p. 35).

Elsewhere in the Isfjorden area: Recorded from the moraine of
Gronfjordbreen (Gripp 1927).

West coast region: One valve from the moraine of the Lillieh6ck-
breen, 8—10 m above the sea (HOEL 1914); as pointed out bv Hicas (1950,
p. 344) this is the first record of Pandora glacialis as a Pleistocene fossil from
Svalbard.

Adjacent arctic and subarctic regions: At the river Dwina,
White Sea (KxtpowriTscH 1900b).

Recent distribution :

High-arctic—mid-arctic, in the Atlantic occurring south to the Mur-
man coast, in the Pacific south to Fuca Straits. Not recorded from: the
western part of the North American arctic seas (S00T-RYEN 1932, p. 11).

In Isfjorden it was usually found in the littoral and in shallow water
down to 30 m. At one locality only within Isfjorden it was taken at the
depth of 80-—90 m (Opuxer 1915, p. 130). It is recorded from the west,
north and east coast of Spitsbergen (Kxirowrrscr 1902 I1).



152 ROLF W. FEYLING-HANSSEN

Remark :

The two finds of P. glacialis in the moramnes of Lilliehookbreen and
Gronfjordbreen do not prove its occurrence in the Pleistocene of Svalbard;
the shells may have been incorporated in the moraines and pushed up from
the sea bottom during a Recent advance of the two glaciers.

Gastropoda.

Emarginula fissura (LINNE 1766).
Plate 24, fig. 12.
Patella fissura LINNE 1766.
Emarginula reticulata SOwERBY 1812 I, p. 74, pl. 33.
Emarginula fissura, S. V. Woob 1842, p. 528.
JEFFREYS 1865 111, p. 259; 1869 V, p. 200, pl. 59, fig. 2.
Harmer 1920—25 11, p. 776, pl. 62, fig. 7.
ODHNER 1912, pp. 14, 40, pl. 2, figs. 42—45.

Late-Pleistocene records :

Billefjorden: T'wo specimens of this species were found in a sample
of Lithothamnion-silt from Sentabukta, Brucebyen, 2 m a.s.l. (p. 91). Both
of them belong to the variety incurva JEFFREYS 1865, being small, with the
beak almost overhanging the posterior margin.

Emar ginula fissura has not previously been recorded from the Pleistocene
of Svalbard.

Adjacent arctic and subarctic regions: LAURSEN (1950, pp. 73,
120) found one specimen, which also belonged to the variety incurva, in a
section, 24—26 m a.s.l.,, in Muslingdalen, Giesecke So, West Greenland.

Recent distribution :

E. fissura is a boreal-—lusitanian species, occurring along the East
Atlantic coast from Hammerfest (Norway) to the Mediterranean (G. O. SaRrs
1878. OpuNER 1912, ANTEvVS 1928, I.AURSEN 1950). OpHNER (1912, p. 41)
included Bellsund, Spitsbergen (35—40 fms) in his list of records of this
species, but added, however: ,Locality probably mistaken.”

Remark :

E. fissura is an excellent index fossil for deposits from the Post-Glacial
Warm period in Svalbard.

Puncturella noachina (1LINNE 1771).

Patella noachina 1L1NNE 1771, p. 551.

Patella fissurella \Mi‘11ur 1776, p. 237.

Fissurella noachina, ScHuMacHER 1817, p. 181.

Puncturella noachina, 1.owe 1827, p. 77.
ODHNER 1912, p. 13, pl. 2, figs. 28—41.

Late-Pleistocene records :
Billefjorden: One specimen was found in Lithothamnion-silt at
Sentabukta, Brucebyen, 2 m a.s.l. (p. 91).
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It was previously recorded from Brucebyen, 10—12 m a.s.l., by ELTON
and Bapenx-PoweLL (1931, p. 402).

Sassen area: Itwasfound there in terraces up to 7 ma.s.l. (FEYLING-
Haxssex and Jorstap 1950, p. 75).

Elsewhere in the Isfjorden area: Recorded from Coraholmen
(LamprucH 1911, NorbpMANN 1912, Hicc 1951) and from Erdmannflya,
1—2 m a.sl (Hice 1951).

West coast region: Recorded from a moraine at Braganzavigen,
Van Mijenfjorden (Hicc 1951).

East coast region: Found at two places at Edgeoya, 1—2 m a.s.l
(K~tpowitscu 1902 I1I).

Adjacent arctic and subarctic regions: The Murman coast
and Finnmarken (KnrpowrirscH 1900b, LinpHoLM 1921, TaANNER 1907Db,
1930), Iceland, 2—3 m a.s.l. (BArRpARsON 1921), West Greenland, up to
35 m, and even 70 m at Holsteinsborg (LAURSEN 1944, 1950).

Recent distribution :

Arctic-boreal, bipolar (Gaevskory 1948, p. 368).
It was quite rare in Isfjorden (ODHNER 1915, p. 142).

Acmaea rubella (Fapricivs 1780).
Plate 24, fig. 14.

Patella rubella Fasricius 1780, p. 386.
Tectura rubella, G. O. Sars 1878, p. 121, pl. 8, figs. 5a—b.
Acmaea rubella, Opuxer 1912, p. 26, pl. 1, figs. 16—23.

Late-Pleistocene records :

Billefjorden: Five specimens, in all, were found in three samples,
at 2, 7, and 31 m a.s.l. (Petuniabukta highest record, p. 99), the maximum
number of specimens in any one sample being 3 (Sordammen, Brucebyen).
Not previously recorded from the Pleistocene of Billefjorden.

Elsewhere in the Isfjorden area: Recorded from the morainic
deposits of Coraholmen in Ekmanfjorden (LamprLrcH 1911, NORDMANN
1912, HicG 1951) and from Erdmannflya, 1—2 m a.s.l. (Hice 1951).

East coast region: Diabastangen in Ginevrabotnen, 4 and 5—7 m
a.s.l,, and on Kvalpynten, Edgeoya (K~x1powitscH 1900a and 1902 III).

Adjacent arctic and subarctic regions: Novaya Zemlya,
130—142 m a.s.l. (GRoNLIE 1924), the Murman coast (Kx1powitscH 1900b,
LixpHorar 1921), , Ishavsfinland” (TaxNER 1930), Finnmarken (TANNER
1907b), West Greenland (Latrsex 1944, 1950).

Recent distribution :

Arctic—high-boreal, south to Tromso, Iceland, and Newfoundland.
Not in the Pacific. Vertical range: 4—565 m (THORsON 1944).

In Isfjorden it was found living only in the northern bays, where it was
restricted to shallow water, down to 28 m (ODHNER 1915).
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Lepeta coeca (MULLER 1770).
Plate 24, fig. 13.
Patella coeca O. F. MNELLER 1776, p. 237.
Lepeta caeca, Gray 1847, p. 168.
Lepeta coeca, ODHNER 1912, p. 32, pl. 2, figs. 2- -17.

Late-Pleistocene recerds :

Billefjorden: This species was found in 4 of the samples, from 13,7
up to 42 m a.s.l. (Myadalen, p. 121), one specimen in each sample. Previously
recorded from Mimerbukta at a height of 20 m (Hicc 1951).

Sassen area: Rather common, found up to 45 m a.s.l. at Gipsvika
(FEYLING-HANssEN and JorsTaD 1950, p. 76). HiGG (1951) recorded it from
Von Postbreen and at Sassenelva.

Elsewhere in the Isfjorden area: Coraholmen (LampLUGH 1911,
NorpMANN 1912, HicG 1951), Erdmannflya, Adventfjorden (Hicc 1950,
1951), and Colesbukta (Gripp 1927).

West coast region: Damesmorena, Kapp Amsterdam, and Bra-
ganzavagen in the Bellsund area (COsTER 1925, Hicc 1950, 1951).

North coast region: Dirksodden in Wijdefjorden (ELTON and
Bapen-PoweLL 1931).

East coast region: Kvalpynten, Edgeoya (KN1powrrscu 1902 III).

Adjacent arctic and subarctic regions: Tscheschskaya Guba,
White Sea (Kn1powiTscH 1900b), Murman coast (LiNpHOLM 1921), Petsamo
Valley ('TaANNER 1930, p. 186), Iceland, up to 17 m (BArRpaRsoN 1921), East
Greenland, 3 and 11 m a.s.l. (NOE-NyGaarD 1932), West Greenland, 2—34
m a.s.l. (LAURSEN 1950).

Recent distribution :

Arctic-boreal, on the east side of the Atlantic distributed southwards to
the Shetlands, also recorded from the Azores. In East Greenland living
specimens have never been taken at depths less than 20 m, and the species
is found attached to the red algae epifauna at depths from 20 to 80—85 m
('THORsON 1944, p. 14). :

It is quite common in Isfjorden, usually in depths between 100 and

400 m (OpuNER 1915, p. 141).

Margarites groenlandicus (CHEMNITZ 1781).
Plate 24, fig. 15.
Trochus groenlandicus — — CuEMNITZ 1781 V, p. 108, pl. 171, fig. 1671.
Margarita groenlandica, ODHNER 1912, p. 56, pl. 4, figs. 4—27; pl. 6, figs. 14—20.
Margarites groenlandicus, Fir.atova and Sazrpix in GAEvskol] 1948, p. 369, pl. 96, figs. 1, 1a.

Late-Pleistocene records :

Billefjorden: This species was found in 4 samples, from 2 to 17.5 m
a.s.l. (Skansbukta, p. 115), the maxirnum number of specimens in one sample
being 5.
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It was previously recorded from the , Vallev at Sfinxudden™ (Hico
1951), where one specimen of the var. wmbilicalis BRODERIP and SOWERBY
was found, and from Brucebyen, 10—12 m a.s.l. (ELTox and Bapex-PowrLt
1931).

Sassen area: Found at four places, up to 4.1 m a.s.l. (FEYLING-
Haxssex and Jorstap 1950, p. 76).

Elsewhere in the Isfjorden area: Coraholmen in Ekmanfjorden
(LamprucH 1911, NorpMaxN 1912, Hice 1951), Erdmannflva, 1—2 m
a.sl. (Hice 1951), Gronfjorden, moraine (Gripp 1927).

North coast region: Dirksodden in Wijdefjorden (ELTON and
Bapex-PoweLL 1931).

East coast region: Ginevrabotnen and Edgeova (KxNipowiTscH
1900a and 1902 III).

Adjacent arctic and subarctic regions: Cape Chelyuskin,
20 m a.sl. (GrRoxNLIE 1928), the north coast of the White Sea and the Mur-
man coast (KN1powITscH 1900b), the area to the south of Varangerfjorden,
up to 18 m (TAxNER 1930), Finnmarken (Horasoe 1904, TaxNeEr 1907b,
OveN 1929, RosexpaHL 1931), Iceland, 5—6 m a.sl. (BArparsoN 1921),
West Greenland (LAURSEN 1944, 1930, HARDER, JENSEN, and LLAURSEN 1949).

Recent distribution :

Artic—boreal, extending southwards to Shetland and the North Chan-
nel on the East Atlantic coasts. Vertical range: 0 to 300 m (THORsON 1944,
p. 19).

It is quite common in Isfjorden at depths less than 30 m (OpHNER 1915).

Margarites helicinus (PHIPPS 1774).

Turbo helicina Puipps 1774, p. 198.

Eumargarita helicina, Dat1ZENBERG and FIiscHER 1912, p. 270.

Margarita helicina, ODHNER 1912, p. 50, pl. 3, figs. 26—34; pl. 6, figs. 3—35.
Margarites helicinus, FiLatova and SazepiN in Gagvskoly 1948, p. 369, pl. 95, fig. &.

Late-Pleistocene records :

Billefjorden: One specimen of this species occurred in a sample of
Lithothamnion-silt, 2 m a.s.l., from Sentabukta in the Brucebven area (p. 91).

It was previously recorded from the east side of Billefjorden (BarcHIN
1941).

Sassen area: 106 specimens was found, 2 m a.s.l.,, in the cliff of a 7 m
terrace at Gasoyane, and 3 specimens, 4.6 m a.s.l., in a solifluction slope at
the Sassen Hut (FEyLING-HaNSsEN and Jorstap 1950, p. 76).

Elsewhere in the Isfjorden area: Coraholmen in Ekmanfjorden
(LaarpLeca 1911, Norbavaxy 1912).

East coast region: Kvalpynten, 2—3 m a.s.l. (KxtpowrrscH 1900a
and 1902 I11).
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Adjacent arctic and subarctic regions: The Murman coast
(KnrpowiTscH 1900b), Finnmarken ('TANNER 1907b), West Greenland
(LAURSEN 1944, 1950), up to 39.1 m at Disco Bugt (HARDER, JENSEN, and
LAUrseN 1949).

Recent distribution :

Arctic—boreal, extending southwards to South Norway, the British
Isles, the Faroes, and Iceland. Vertical range: 0 to 407 m (THorsoN 1944,
pp- 20—23.)

It is quite common in Isfjorden at depths between 0 and 10 m, but is
rare at greater depths, down to 130 m (ODHNER 1915, pp. 143—145). Tt has
been taken at many localities in the Svalbard archipelago (ODHNER 1912,
p- 52).

Margarites cinereus (CouTHOUY 1838).

Turbo cinereus CoutHouy 1838, p. 99, pl. 3, fig. 9.

Eumargarita cinerea, DAUTZENBERG and FiscHER 1912, p. 273.

Margarita cinerea, ODHNER 1912, p. 62, pl. 4, figs. 28—37; pl. 5, figs. 1—5; pl. 7, figs. 1-4.

Margarites (Pupillaria) cinereus, FiLaTova and Sazepin in Gagvskolj 1948, p. 369, pl. 96,
figs. 2, 2a.

Late-Pleistocene records :

Billefjorden: One specimen was found in Lithothamnion silt at
Sentabukta in the Brucebyen area (p. 91). The species was not previously
recorded from the Pleistocene of Billefjorden.

Elsewhere in the Isfjorden area: HicG (1950, p. 334) recorded
one specimen from the east side of Dicksonfjorden.

East coast region: KnipowiTscH (1900a and 1902 III) recorded it
from Ginevrabotnen and Edgeoya, up to 4 m a.s.l.

Adjacent arctic and subarctic regions: Cape Chelyuskin,
probably washed ashore in Recent times (GRoNLIE 1928), Murman coast
(KxrpowitscH 1900b), ,,Ishavsfinland®, 15 m a.s.l. (Tan~er 1930), Finn-
marken ('TANNER 1907b), East Greenland (NOE-NvGAARD 1932), and West
Greenland (LAURSEN 1950).

Recent distribution :

Arctic—mid-boreal, southwards to Bergen on the Norwegian west coast.
Vertical range: 8 to 660 m (THORSEN 1944, p. 25).

It occurs in Isfjorden at depths between 10 and 150 m (Opn~NEeR 1915,
p. 150).
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Moelieria costulata (MOLLER 1842).
Plate 24, figs. 16, 17.

Margarita? costulata NIOLLER 1842, p. 8.
Méolleria costulata, JEFFREYS 1867, p. 235.
Moelleria costulata, ODHNER 1912, p. 75, pl. 5, figs. 43—+47.

Late-Pleistocene records :

Billefjorden: One specimen in sample V" of the section at Teltfjell-
bekken in the Brucebyen area, 5.8 m a.s.l. (p. 84), and 7 specimens in a
sample of Lithothamnion silt, 2 m a.s.l., at Sentabukta in the same area (p. 91).
It was not previously recorded from the Pleistocene of Billefjorden.

Sassen area: Two specimens were found 2 m a.s.l. in the cliff of a
7 m terrace at Gasoyane (FEYLING-HANSSEN and JorsTap 1950, p. 75).

Elsewhere in the Isfjorden area: Found in the morainic depo-
sits of Coraholmen (L.amMPLUGH 1911, NorpMmaNN 1912 HAcG 1951).

East coast region: Diabastangen in Ginevrabotnen, 0.5—1.0 m
above the sea, and Kvalpynten on Edgeoya, 1—2 m as.l. (KxipowiTscH
1900a, 1902 III).

Adjacent arctic and subarctic regions: The Murman coast
(K~n1powrtscH 1900b, 1904b, LiNnpHoLM 1921), Saarikoski (Holmfossen)
to the south of Varangerfjorden (LLINDBERG 1911, p. 175, cf. TaNNER 1930,
p. 192), Finnmarken (TANNER 1907b), West Greenland, up to 29 m a.sl.
(LAURSEN 1944, 1950, HARDER, JENSEN, and [LAURSEN 1949).

Recent distribution :

Arctic—boreal—lusitanian, throughout the North Atlantic, especially
associated with great depths ('THORsON 1944, pp. 29—30), from Franz Josef
Land to east of Morocco.

It is very rare in Isfjorden where OpHNER (1915, p. 152) found one
empty shell at the entrance to Dicksonfjorden, depth between 14 and 44 m.
It is recorded from the west and north coasts of Spitsbergen (ODHNER 1912,
p. 75).

Cyclostrema species.

One broken specimen was found in the section at Teltfjellbekken,

5.5 m as.l.

Lacuna cincta (MoxTacr 1803).

Plate 26, figs. 1—3.

Turbo vinctus Nloxtagu 1803, p. 307, pl. 20, fig. 3.
Lacuna vincta, TUrRTON 1828, p. 192.
Lacuna divaricata, G. O. Sars 1878, p. 169, pl. 21, fig. 22.
Lacuna ( Epheria) vincta, DAaU1zENBERG and FiscHER 1912, p. 201.

Late-Pleistocene records :

Billefjorden: 'This species occurred in 6 of the samples, from 13.7
to 31.0 m a.s.]. (Petuniabukta, p. 99), the maximum number of specimens in
one sample being 5 (Gerritelva, p. 96).
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I't was previously found by a Swedish expedition, 1896, at Phantom-
odden (Sfinxudden, Hice 1951).

Sassen area: Gipsvika, 45 m a.s.l., Sassen Hut, 4.1 m, and Ledalen
(Fryrixg-HaxsseN and Jorstap 1950, p. 70).

Elsewhere in the Isfjorden area: Coraholmen, Erdmannflya,
1—2 m a.s.l., and Bohemanneset, moraine (Hicc 1951).

North coast region: Breiddholmen (Eiderholmen) at the head of
Woodfjorden, 2—3 m a.s.l. (Hokr 1914).

Adjacent arctic and subarctic regions: The Murman coast,
up to 75 m a.s.l. (KNrpowrTsch 1900 b,p. 43), ,,Ishavsfinland”, up to 15 m
(TANNER 1930), Finnmarken (HormBor 1904, TaNNEr 1907b), Iceland,
5—17 m a.s.]. (BARPARSON 1921), West Greenland (LAURSEN 1944, HARDER,
JENSEN, and LAURSEN 1949).

Recent distribution :

Mid-arctic—boreal —lusitanian, occurring from Novaya Zemlya (GAEV-
skoI] 1948, p. 373) to the Bay of Biscay. Elsewhere it is recorded i.a. from
Iceland and West Greenland as far north as Jakobshavn, approx. 69°10'
N.lat. (LAURSEN 1944). Its depth range is 0—100 m (ANTEvs 1928), usually
living in the littoral or sublittoral, and often associated with Laminaria
(GaEevskorj 1948, p. 373).

Remarks :

KxrtpowitscH (1900a) recorded Lacuna divaricata (==L. wincta) from
Pleistocene deposits at Ginevrabotnen (p. 379) and Kvalpynten (Whales
point, p. 383), but later (1902 III, pp. 428, 4406) referred these specimens to
L. glacialis MOLLER (= L. pallida (DoNovaN)). FrRIELE (1879) listed L. divari-
cata in his catalogue on Spitsbergen mollusks, but Knrrowrtscu (1901 T,
p. 453) found the record to be incorrect as FrRIELE’s find was made in the
Bjornoya (Bear Island) region rather than at Spitsbergen (cf. also Hokr 1914,
p. 34). KxtpowrtscH (1901 I, p. 451) recorded L. glacialis from five Spits-
bergen stations, the specimens from the fifth station, Storfjorden, however,
not being typical but forming a transition to L. dizaricata (1.c.). FEYLING-
HaxsseN and JorsTap (1950, p. 36) found shells of L. vincta in the modern
beach of three localities within the Sassen area (at T'cmpelfjorden and at
Gipsvika). These may have been washed out of deposits from the Post-
Glacial Warm period; this applies especially to the sample from the inner
part of Gipsvika because it contained many shells of Mvtilus edulis. The two
other collections, however, contained no species which do not live in the
arca to-day.

HAice (1950, p. 345 and 1951, pp. 245, 247) pointed out that L.zincta
is a boreal species, extinct in Spitsbergen since the decline of the Post-Glacial
Warm period. As we have scen, however, this species is not a real boreal one;
its habitat 1s quite similar to that of Mytilus edulis. Its presence indicates
mid-arctic conditions (Gulf Stream influence in arctic waters), and it should
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be regarded as an index fossil for deposits from the Post-Glacial Temperate
period, as demonstrated by its occurrence 45 m: a.s.l. at Gipsvika (FEYLING-
Haxssex and Jorstap 1950, p. 32).

Littorina saxatilis (Or1vi 1792).

Turbo saxatilis Orivi 1792, p. 172, pl. 5, figs. 3a—d.
Turbo rudis Nlatox 1797, p. 277.
Littorina groenlandica NIENKE 1830, p. 45.
Littorina saxatilis, JoHNSTON 1841, p. 268.
DavTzexBERG and FiscHER 1912, p. 187, pl. 9, figs. 1—32; pl. 10, figs. 1—30.

Late-Pleistocene records :

Billefjorden: This species occurred in 10 of the samples, from 2 m
up to 42 m as.l. (Myadalen, p. 121). In general there were 1—3 specimens
in each sample, butthe maximum number was 18 (Gerritelva,23 ma.s.l., p. 96).

It was found by Swedish expeditions at Mimerbukta, 20 m a.s.l., and
at ,,Sfinxudden” (Phantomodden) (Hicc 1951), and has also been recorded
from the Brucebyen area, 10—12 m and 30-—45 > m a.s.l. (ELTON and BADEN-
PowkeLL 1931).

Sassen area: Found in three samples from terraces, up to 45 m a.s.l,,
and in two samples from silt deposits, c. 4 m a.s.l. (FEYLING-HANSSEN and
Jorstap 1950). Recorded also from the mouth of Sassenelva and from
Gipsvika (Hicc 1951).

Elsewhere in the Isfjorden area: The east side of Dickson-
fjorden, Coraholmen, Erdmannflya, Bohemanneset (K~N1powiTscH 1903 IV,
FevrLing-Haxssex and Jorstap 1950, p. 77, HicG 1950, 1951), Gronfjorden,
Colesbukta, (Gripp 1927).

Adjacent arctic and subarctic regions: The White Sea, the
Murman coast (K~x1powrrscun 1900b, Lixpnorat 1921), | Ishavsfinland”
(‘Taxxer 1930), Finnmarken (Horasoe 1904, "I'axxger 1907b, OveN 1929),
Iceland (BArparsox 1921), and West Greenland. up to 70 m (Lavrsex 1950).

Recent distribution :

Mid-arctic—boreal —lusitanian (ANTEvs 1928), occurring from the
White Sea and Svalbard southwards to the Mediterranean. There are many
records i.a. from Greenland (Opuxrr 1915, Mapsex 1936).

It is quite common on rocks and stones in the littoral of Isfjorden
(OpnxEr 1915, p. 170, FEvriNg-Haxssex and Jorstap 1950, p. 77). It is
also recorded from the west and north coasts of Vestspitshergen (KN1po-
wiTscu 1902 I, FEvrixg-Haxssex 1933).

Remarks :

All specimens of Litiorina saxatilis from Svalbard should be reterred to
the var. groenlandica MEXKE. ELToN and Bapex-PoweLL (1931, pp. 391, 403)
erroneously recorded L. savatilis as being extinct in Spitsbergen waters.
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Litterina litterea (1.LINNE 1758).
Plate 26, figs. 4—8.
Turbo littoreus 1.INNE 1758, p. 761.
Littorina littorea, LLyELL 1835, p. 37.
Late-Pleistocene records :

Billefjorden: This species occurred in 9 of the samples, from 2 m
up to 31 m a.s.l. (Petuniabukta, p. 99), the maximum number of specimens
in any one sample being 33 (Gerritelva, 23.2 m a.s.l.).

It was previously recorded from Mimerbukta, 20 m a.s.l., Phantom-
odden (Sfinxudden, HAcG 1951), Brucebyen, 10—12 m and 30-—45? m
(cf. p. 135) (ELTON and BADEN-POwWELL 1931), and Petuniabukta, 27 m a.s.l.
(BaDEN-PowELL 1939).

Sassen area: It was found in a shoreline, 16.3 m a.s.l., at the Sassen
Hut, and in a terrace, 19 m a.s.l., to the south of Von Postbreen (FEYLING-
HansseN and Jorstap 1950, p. 77). Swedish expeditions found it at Bjona-
hamna, Gipsvika (NATHORST 1884, p. 38, Hicc 1950, p. 332), and Tempel-
fjorden (KN1powITscH 1903 IV).

Elsewhere in the Isfjorden area: The first record is from the
,Mytilusbeds” on the east side of Adventfjorden, 6 m a.s.l. (HEer 1870).
Elsewhere it is recorded from the east side of Dicksonfjorden, from Kapp
Thordsen and Bohemanneset (Hicc 1950, 1951, Kn1powiTscH 1903 1V).

North coast region: Found by Gois, 1861, at Grihuken (HEER
1870) and by HokL (1914) on Breiddholmen (Eiderholmen) at the head of
Woodfjorden.

Adjacent arctic and subarctic regions: The White Sea and the
Murman coast (KnipowitscH 1900b, LinpHorLm 1921), ,Ishavsfinland”
(Tanner 1930), Finnmarken (HoLmBOE 1904, TanNEr 1907b, OvEN 1929,
RosexpaHL 1931), and Iceland, 20 m and 49 m a.s.l. (‘THORODDSEN 1892).

Recent distributien :

Low-arctic—boreal—lusitanian, from the Murman coast southwards to
Gibraltar (DAUTZENBERG and FI1scHER 1912).

Remark :

Litterina litterea is an excellent index fossil for littoral deposits from
the Post-Glacial Warm period in Svalbard.

Cingula castanea (MOLLER 1842).

Plate 26, tigs. 9, 10.
Rissoa castanea Nlorirr 1842, p. 9.
Cingula castanea, G. O. Sars 1878, p. 174, pl. 10, figs. 1a—Db.

Late-Pleistecene recerds :

Billefjorden: 3 specimens occurred in a sample from Brucebyen,
7 m as.l. (p. 92), and 4 in a sample of Lithethamnien silt from Sentabukta,
2 m as.l. (p. 91). It had not previously been recorded from the Pleistocene
of Billefjorden.
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Sassen area: Two specimens from the cliff ¢f a 7 m- terrace at Gis-
oyane, 2 m a.s.l. (FEYLING-HANSSEN and JorsTaD 1950).

Elsewhere in the Isfjorden area: Found in the morainic deposits
of Coraholmen in Ekmanfjorden (LamprLuch 1911, Hicc 1951).

Adjacent arctic and subarctic regions: HoLrmBoE (1904) re-
corded it frem Ser-Varanger, Finnmarken, 16 m a.s.l., and LAURSEN (1944,
1950) recorded it from West Greenland, up to 29 m.

Recent distribution :

Arctic, southwards to Finnmarken, Iceland and the Gulf of St.
Lawrence.

It is rare in Isfjorden, where it occurs in fairly shallow water (ODBNER
1913).

Omalogyra atomus (PHILIPPI 1841).
Plate 26, figs. 11, 12.

Truncatella atomus PuiLippr 1841, p. 54, pl. 5, fig. 4.

Homalogyra atomus, JEFFREYS 1867 IV, p. 69, pl. 1, fig. 5; 1869 V, pl. 70, fig. 2.
G. O. Sars 1878, p. 215, pl. 22, figs. 21a—c.
BroGGer 1900—1901, pl. 18, figs. 9a—b.

Omalogyra atomus, WINCKWORTH 1932, p. 223.
WEexz 1939, p. 647, fig. 1839.

Late-Pleistocene records :

Billefjorden: One specimen was found in a sample of Lithothamnion
silt, 2 m a.s.l., at Sentabukta (p. 91), and in the section at Teltfjellbekken
(Brucebyen area, p. S2) there occurred 1 specimen in sample III (6.4 m
a.s.l.), 2 in sample IV (6.1 m a.s.l.), 3 in sample V (5.8 m a.s.l.) and a few in
sample VI (5.5 m a.s.l.).

Greatest diameter of the specimen of pl. 26, figs. 11, 12, is 0.82 mm
(sample VI).

Omalogyra atomus has not previously been recorded from Svalbard,
either as a Pleistocene fossil, or as a living animal.

Recent distribution :

Mid-arctic—boreal—lusitanian. On the east side of the Atlantic it is
recorded from Vadso in Finnmarken to the Mediterranean, also from the
Faroes, Iceland, and from the southern parts of East and West Greenland,
though not north of Angmagssalik (MADSEN 1936, p. 12, THORsON 1944,
p. 39). Vertical range: 0 m (Iceland) to 38 m (West Greenland), a typical
inhabitant of the tidal zone (''HORsOX l.c.).

Remarks :

Omialogyra atoimus was regarded as lusitanian (BrRoGGER 1900—1901) or
boreal—lusitanian (ANTEvs 1928). After having found it at Angmagssalik,
Southeast Greenland, Trorsox (1944, p. 39) stated its main distribution to
be ,,the Mediterranean, and the lusitanian, boreal and arctic parts of the
N.E. Atlantic.”

11
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Its occurrence at the southern parts of Greenland, however, does not
prove its high-arctic habitat. Its distribution has probably much in common
with that of Mytilus edulis.

Natica clausa BRODERIP and SOWERBY 1829.
Plate 26, fig. 13.

Broperip and SowerBy 1829, p. 372.
Natica affinis MORrcH 1857, p. 51.
Natica clausa, G. O. Sars 1878, p. 159, pl. 21, figs. 12—13.
Natica affinis, G. O. Sars 1878, p. 160, pl. 21, figs. 14a—b.

Late-Pleistocene recovds :

Billefjorden: This species was found in the two lowest terraces at
Skansbukta, 2.2 and 2.0 m a.s.l., 9 specimens in all (pp. 108 and 119).

Previously one specimen was found at ,,Udden innanfér Géskap. Klas
Billers Bay 1896 (HicG 1951), and one in the Brucebyen area (Kn1po-
wiITscH 1902 III).

Sassen area: Found at three different places, one specimen in each,
up to 4.1 m a.s.l. (FEYLING-HANsSEN and JorsTap 1950).

Elsewhere in the Isfjorden area: Recorded from the morainic
deposits of Coraholmen (LaMPLUGH 1911, NorDMANN 1912, as N. affinis,
and HAGgG 1951) and Gronfjorden (Grirp 1927).

West coast region: Kapp Lyell, 18 m a.s.l. (Hice 1950, p. 336),
Axeloya, c. 20 m a.s.l. (Hice 1951, p. 231), Blomstrandhamna, 14 m a.s.l.
(HokL 1914).

East coast region: Diabastangen in Ginevrabotnen, 4 m a.s.l,
Kvalpynten on Edgeoya, and Kapp Balfour on Barentsoya (Freemansundet),
2—3 m a.s.l. (KnrpowrtscH 1902 111, p. 428).

Adjacent arctic and subarctic regions: Novaya Zemlya, sever-
al places at present sea level (GronLIE 1924, p. 101), Kolguev Island
(KN1powrTtscH 1904a), the northern coasts of the European part of Russia
(KnrpowrtscH 1900b, LinpuoLm 1921), , Ishavsfinland” (Tax~Ner 1930),
Sor-Varanger in Finnmarken (Hoimpor 1904, TaNNER 1907b), Iceland,
5—35 m a.s.]. (BArparsox 1921), Nerth Greenland (Jensex 1917) and
West Greenland, up to 32 m (LLAUrseN 1944, 1950).

Recent distribution :

Arctic—boreal—lusitanian parts of the Atlantic and the Pacific. Vertical
range: 0 m (Norway) to 2660 m (Algeria) ('1'HORsON 1944, p. 58).

I't is quite common &t all depths in Isfjorden (OpHNER 1915).

Remark :

N. clausa is often brought on land by birds.
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Trophon truncatus (STROM 1768).
Plate 26, fig. 14.

Buccinum truncatus STROM 1768, p. 369, pl. 16, fig. 26.
Murex ( Trophon) truncatus, MOrcH 1868, p. 213.
Trophon truncatus, G. O. Sars 1878, p. 246, pl. 15, fig. 9.

Late-Pleistocene records :

Billefjorden: Two specimens from Lithothamnion-silt, 2 m a.s.l.
at Sentabukta (p. 91), and one from the Recent storm-ridge at Ebbadalen,
Petuniabukta, the latter most probably of Recent origin (p. 101).

This species was recorded from Brucebyen, 10—12 m a.s.l,, by ELTOoN
and BADEN-POWELL (1931) as Boreotrophon truncatum in the tabular list on
p. 404, but in the text, p. 403, they have written Trophon clathratus.

Sassen area: One specimen from a terrace 45 m a.s.l. at Gipsvika
(FEYLING-HANSSEN and JorsTap 1950, p. 79).

Adjacent arctic and subarctic regions: The Murman coast
(Kn1powiTscH 1900b), ,, Ishavsfinland” (TANNER 1930), Finnmarken (HoLm-
BOE 1904, TaNNEr 1907b, OveEn 1929), Iceland (BArRparsoN 1921), West
Greenland (LAURSEN 1944, 1950).

Recent distribution :

Arctic—boreal, the Siberian Arctic Sea, Spitsbergen, Greenland, and
southwards to Kattegat and the British Isles (THORsON 1944, p. 67).

It is very rare in Isfjorden (FRIELE and GRrIEG 1901, ODHNER 1915).
GrrIpP (1927, p. 37) found it on the beach of Gronfjorden.

Trophon clathratus (LINNE 1767).

Murex clathratus TLINNE 1767, p. 1223.
Trophon clathratus, G. O. Sars 1878, p. 247, pl. 13, fig. 10.

e v

s Late-Pleistocene records :

Billefjorden: One specimen was found 14 m a.sl. at Gerritelva
(p- 96) in the Brucebyen area. The species was not previously recorded from
the Pleistocene of Billefjorden.

Sassen area: 3 specimens from a terrace, 3.6 m a.s.l., at Sveltihel,
2 from a terrace, 19 m a.s.l., at Von Postbreen, and 2 from the moraine to
the south of the same glacier, 30 m a.s.l. (var. grandis) (FEYLING-HANSSEN
and JorsTap 1950). Kn1powITscH (1903 IV, p. 138) and Hicc (1950, p. 332)
recorded it from Tempelfjorden.

Elsewhere in the Isfjorden area: Coraholmen in Ekmanfjorden
(LaMPLUGH 1911, NorDMANN 1912) and Erdmannflya, 1—2 m a.s.l. (Hice
1951).

West coast region: Recorded from a morainic deposit at Braganza-
vagen at the head of Van Mijenfjorden (Hicc 1951).

North coast region: Breiddholmen at the head of Woodfjorden,
2—3 m a.sl. (HoeL 1914, p. 34).
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Ifast coast region: Diabastangen in Ginevrabotnen, 4 m a.s.l.,
Kvalpynten on Edgeoya (height not recorded), and from morainic deposits
at Negribreen, 25—100 m a.s.l. (Knrpowrrscrr 1902 I11).

Adjacent arctic and subarctic regions: The White Sea and
the Murman coast (KKnx1tpowitsca 1900b, LinoHoLm 1921), the area to the
south of Varangerfjorden (Ishavsfinland, TANNER 1930), Finnmarken (HoLn-
BOE 1904, TaNNER 1907b), Iceland, 5—35 m a.s.l. (BARbARSON 1921), North
Greenland (JENSEN 1917) and West Greenland (I.AURsEN 1944, 1950).

Recent distribution :

Circumarctic—boreal, extending southwards along the whole Nor-
wegian coast to Bohuslin, to North England, Cape Cod, Puget Sound and
Japan. Vertical range: 8§ m (Svalbard) to 1033 m (the Hebrides) ('I'Horsox
1944, p. 63).

It is quite rare in Isfjorden; living specimens (var. grandis MORCH)
were taken at depths from 8 to 71 m (OpHNER 1915, p. 176).

Trophon species.

One worn specimen from a terrace at Gerritelva (p. 96).

Sipho islandicus (CHEMNITZ 1780).

Fusus islandicus Cuem~iTz 1780 IV, p. 159, pl. 141, figs. 1312—1313.
Sipho islandicus, DAuTZENBERG and FiscHER 1912, p. 87, pl. 3, figs. 8—9 (with extensive
synonymy).

Late-Pleistocene records :

Billefjorden: One specimen of this species was found by C. A. HaNs-
soN, 1896, at ,,Udden innanfér Géskap. Klas Billers Bay“ (Hicc 1951,
p. 240), which probably refers to Phantomodden.

Sassen area: One specimen was found in the moraine of Von Post-
breen, 30 m a.s.l. (FEYLING-HaNnsseN and Jorstap 1950).

Adjacent arctic and subarctic regions: The White Sea
(KnrpowitscH 1900b).

Recent distribution :

Arctic-boreal, in the northern Atlantic and the arctic part of the Pacific.
Vertical range: 5—1203 m (THORsON 1944, p. 77).

A single specimen was taken alive in Billefjorden, at depth 133—142 m,
by a Russian cxpedition (KN1powITscH 1901), otherwise only empty shells
have been found in Isfjorden (OpnNER 1915).
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Sipho togatus (NOrcH 1809).

Fusus ebur var. togata NIOrcH 1869, p. 275 in PETIT DE LA SAUSSAYE 1869.
Sipho togatus, KoBeLT 1878, p. 278, pl. 9, fig. 4.
Davrzensers and Fiscuer 1912, p. 91, pl. 3, figs. 12—13.

Late-Pleistocene records :

Billefjorden: 'I'wo specimens were found at the point to the south-
west of Nordenskiéldbreen by DE GEER in 1896, height not recorded (HAGG
1951, p. 242), also recorded from ,, Udden innanfor Gaskapp™ (l.c. p. 240).

Sassen area: 4 specimens were found in the moraine of Von Post-
breen, up to 30 m above the sea (FEYLING-Haxssex and Jorstap 1950,
p. 78).

Adjacent arctic and subarctic regions: Cape Chelyuskin,
probably washed ashore in Recent times (GrRoxNLIE 1928), Iceland, 8—25 m
a.s.l. (BArparsox 1921), and West Greenland (LLAURSEN 1944, 1950).

Recent distribution :

Arctic (GaEvskol] 1948, p. 387), high-arctic (ANTEvs 1928) Franz Josef
Land, the Kara Sea and the Murman coast, Last and West Greenland.

It is common in all parts of Istjorden and at all depths there (ODHNER
1915).

Sipho kroever: (MOLLER 1842).

Fusus Kroyveri MOLLER 1842, p. 15.
Sipho ( Parasipho) Kriveri, DAUTZENBERG and FiscHer 1912, p. 100, pl. 4, figs. 6—7.

Late-Pleistocene records :

Billefjorden: Recorded by a Swedish expedition, 1896, from the
point southwest of Nordenskicldbreen (HicG 1951), and by a Russian
expedition from the Brucebyen area (Kx1tpowrrscu 1902 III).

Elsewhere in the Isfjorden area: Found in the morainic
deposits of Coraholmen (NorbMaNN 1912), and also in a moraine at Gron-
fjordbreen (Gripp 1927).

West coast region: Damesmorena, Van Mijenfjorden (Hicc 1951).

North coast region: Sorgfjorden, 9 m a.s.l. (BADEN-PowELL 1939,
p. 340).

East coast region: Ginevrabotnen and Edgeoya (K~N1powitscH
1902 I1I).

Adjacent arctic and subarctic regions: Kolguev Island
(KxrpowitscH 1904a) and North Greenland (JExsex 1917).

Recent distribution :
Circumarctic. Vertical range: 0—122 m (‘Trorsox 1944, p. 85). It is
also recorded from Isfjorden (OpuxER 1915, Grirp 1927).
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Pyrulofusus deformis (REEVE 1847).
Plate 27, figs. 1, 2.

Fusus deformis REEVE 1847 1V, pl. 12, figs. 45a—b.

Neptunea ' Pyrulofusus) deformis, FrRIELE 1879 VI, p. 280.

Pyrulofusus deformis, FRIELE 1882, p. 8, pl. 1, fig. 8; pl. 4, figs. 11—13.
DauTzENBERG and FiscHER 1912, p. 67, pl. 1, figs. 6—7.

Late-Pleistocene records :

Billefjorden: One specimen was found on the lowest terrace plain
at Skansbukta, 2.2 m a.s.l., but may probably have been washed ashore in
Recent times (cf. p. 108).

Not previously recorded from Billefjorden.

Sassen area: One broken shell from the moraine of Von Postbreen,
30 m a.s.l,, and two fragments 1 m above high-water level at the inner part
of Gipsvika, probably of Recent origin (FEYLING-HANSSEN and JoRrsTaD
1950, p. 78). A Swedish expedition of 1896 found two specimens at ,,Diabas-
udden, Gipsbay” (Hicc 1951, p. 238).

West coast region: Damesmorena, probably pushed up from the
bottom of Van Mijenfjorden (Coster 1925, Hicc 1950, p. 333).

Recent distribution :

P. deformis is an eastern arctic species.

It is rare in Isfjorden, and has only been recorded as living in Advent-
fjorden and Groenfjorden (DAUTZENBERG and FiscHER 1912). Empty shells
were found on the beaches of Sassenfjorden and Gronfjorden (ODHNER 1915,
p- 200, Grirp 1927, p. 37).

It is also recorded from Magdalenefjorden, 112 m, and Storfjorden,
77--139 m (OpHNER 1915, pp. 200, 267).

Buccinum undatum LINNE 1758.
LixNE 1758, p. 740.
DautzeNBerG and FiscHer 1912, p. 101, pl. 4, figs. 10—14; pl. 5, figs. 1—13; pl. 6,
figs. 1—6.

Late-Pleistocene records :

Biilefjorden: 4 shells in a sample from Skansbukta, 2.2 m a.s.l
(1 shell was found also in the Recent shore). Previously not recorded from
Billefjorden. )

Sassen area: 1 specimen from Sveltihel, 2.3 m a.s.l., and 2 from a
terrace at Gipsvika, 45 m a.s.l. (FEvLING-HANssEN and JorsTap 1950, p. 78).
Recorded from Gipsvika (,,Diabasudden, Gips Bay") also by Hicc (1951,
p. 238).

Elscwhere in the Isfjorden area: Recorded from Coraholmen
in Ekmanfjorden, 6 specimens in all (HAcG 1951, pp. 236, 238).

Adjacent arctic and subarctic regions: Novaya Zemlya
(KxrpowrtscH 1900b, p. 147; GroNLIE 1924, p. 101, with a,, ), the north-
ern coasts of the European part of Russia (KntrowriTscr 1900b, 1904b),
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,Ishavsfinland (Tax~er 1930), Finnmarken (TaNNER 1907b), Iceland,
2—35 m a.sl. (BArparsox 1921), West Greenland, up to 15 m (LAURSEN
1944, 1950).

Recent distribution :

B. undatum (and varieties) is supposed to be a circumarctic—boreal,
and partly lusitanian species, occurring southwards to the Bay of Biscay and
Cape Cod (FRrIELE and GRIEG 1901, ODHNER 1915). THORsON (1944, p. 87)
excluded it from the Recent fauna of East Greenland.

It occurs in Isfjorden, usually in shallow water, and almost exclusively
on mud bottom (OpHNER 1915, p. 181).

Buccinum groenlandicum CHEMNITZ 1788.

CHem~ITZ 1788, p. 16.
DAUTZENBERG and FiscHER 1912, p. 129, pl. 8, figs. 9—15.

Late-Pleistocene records :

Billefjorden: This species occurred in three samples, from sealevel
up to 42 m above (Myadalen and Skansbukta), 5 specimens in all being
found (together with one specimen in the Recent shore).

Three specimens were found by a Russian expedition, 1900, in the
Brucebyen area (Kn1powitscH 1902 III, p. 429), and four by a Swedish
expedition, 1896, at Phantomodden (Sfinxudden, Hicc 1951, p. 243).

Sassen area: One specimen from a terrace at the inner part of Gips-
vika. At the same locality, at 1 m a.s.l., 26 specimens were collected which
were most probably of Recent origin (I'EYLING-HANSSEN and JorsTaD 1950,
p. 78). It was recorded also from the mouth of Sassenelva (Sassen river)
and from Bjonahamna (Hicc 1950, 1951).

Elsewhere in the Isfjorden area: Coraholmen (LampLuGH 1911),
the east side of Dicksonfjorden, and Bohemanneset (Hicc 1950, 1951).

West coast region: Kapp Lyell, 18 m a.s.l. (Hicc 1950).

East coast region: Diabastangen in Ginevrabotnen, 4 m a.s.l., and
Edgeoya (Kn1powrTscH 1902 II1, p. 429).

Adjacent arctic and subarctic regions: Novaya Zemlya
(KxtpowitscH 1900b; up to 50 m, GRoNLIE 1924), the Murman coast
(Kn1powrtscH 1900b), ,Ishavsfinland” and Finnmarken (TaNNER 1907D,
1930), and West Greenland, up to 24.5 m (LAURSEN 1944, 1950).

Recent distribution :

Circumarctic, occurring southwards to Finnmarken, Labrador and
Nova Scotia, British Colombia and the Aleutians. Vertical range: 0—392 m
(THORSON 1944, p. 97).

It is quite common in Isfjorden, generally at depths less than 75 m,
and preferring the outer parts of the fjord (OpHNER 1915, pp. 192—194).
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Buccinum ciliatum (Fasricivs 1780).

Tritonium ciliatum Fasricius 1780, p. 401.
Buccinwon ctliatum, MOLLER 1842, p. 12.
DauTzENBERG and Fiscurr 1912, p. 116, pl. 4, figs. 8—9.

Late-Pleistocene records :

Billefjorden: One broken specimen, probably referable to this
species, was found at Brucebyen (Kn1powrrscH 1902 111, p. 429), 9 speci-
mens were found northwest of Nordenski6ldbreen, and 1 at ,the point in-
side Gisodden, Klas Billers Bay“ (HicG 1951), probably Phantomodden.

East coast region: 6 specimens from Diabastangen, Ginevra-
botnen, 4 m a.s.l. (Kntpowrtscu 1902 I11).

Recent distribution :

B. ciliatum (and var. laevior MORCH) 1s a circumarctic species, occurring
south to the Murman coast, Bjornoya, Gulf of St. Lawrence, Bering Sea
and Alaska (OpHNER 1915, THORsON 1944).

It occurs in Isfjorden and along the coasts of Svalbard (OpHNER 1915).

Buccinum finmarchianum VERKRUZEN 1875.

VERKRUZEN 1875, p. 237, pl. 8, figs. 1—3.
G. O. Sars 1878, p. 262, pl. 13, fig. 10; pl. 10, fig. 12.

Late-Pleistocene records :

Billefjorden: One specimen of Buccinum finmarchianum var. scalaris
G. O. Sars was found by C. A. Hansson, 1896, at ,,Udden innanfér Giskap*
(Hicec 1951, p. 240). This is the only record of this species from the Plei-
stocene of Svalbard.

Adjacent arctic and subarctic regions: Salmijirvi (,,Ishavs-
finland®, TANNER 1930) and Finnmarken (TaANNER 1907D).

Recent distribution :

Low-arctic. Vertical range: 5—245 m (THorsoN 1944, p. 105).

Buccinum glaciale 1LINNE 1761.
Plate 27, figs. 3—S.
LINNE 1761, p. 523.
DauTzeNBERG and Fischir 1912, p. 117, pl. 7, figs. 1—4.

Late-Pleistocene records :

Billefjorden: This species occurred in 6 of the samples, from 2 m to
9.7 ma.s.l,, and 15 specimens were also collected from the 2.0 m plain at
the SW side of Skansbukta, though many of these were, no doubt, of
Recent origin (p. 119).

It was previously found in Billefjorden by Swedish and British expedi-
tions, up to 8 m a.sl. (HAcc 1951, ErtoN and Baben-PowrrL 1931, BADEN-
PoweLL 1939).
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Sassen area: Tempelfjorden (KN1powrTscH 1903 IV). It was rather
common in the terraces up to 5.3 m, and cne specimen was found in the
moraine of Von Postbreen, 30 m above the sea (Fryring-Haxssex and
Jorstap 1930). Swedish expeditions found it at Gasodden, Bionahanina,
and at Sasseneiva (Hicg 1950, 1931).

Elsewhere in the Isfjorden area: The east side of Dickson-
fjorden (Hicc 1950), Coraholmen (LaxPLUGH 1911, NORDMANN 1912), the
moraine cf Gronfjordbreen (Gripp 1927), Festningen (Hicc 1951), and
Bohemanneset (KN1powiTscH 1903 TV).

West coast region: Bellsund ,at about 114 to 2 miles inland and
400 or 500 feet above the sea-level” (Woobpwarp 1860, p. 438) — probably
transported by bird, and in the moraine of Eidembreen, Forlandsundet
(DINELEY 1954).

North coast region: Sorgfjorden, 3 m a.sl. (SaNDFOrRD 1927,
Bapex-PowEeLL 1939), Langgrunnodden (Shoal Point), 10—15 m above the
sea (HiGG 1950).

East coast region: Diabastangen in Ginevrabotnen, 4 m a.s.l., and
Kvalpynten on Edgeoya, 2—3 m a.s.l. (Kx1powiTscH 1902 I1I). It was also
recorded from Hopen (DAUTZENBERG and FiscHER 1912, pp. 534—35).

Adjacent arctic and subarctic regions: Cape Chelyuskin
(GroNLIE 1928, probably of Recent origin), Novaya Zemlya (KN1POWITSCH
1900b, p. 147).

Recent distribution :

Circumarctic, distributed south to Jan Mayen, Gult of St. Lawrence,
the Aleutians and Japan. Vertical range: 0 to 318 m. (FRIELE and GRIEG
1901, OpHNER 1915, THORSON 1944).

It is at present the most common gastropod in Isfjorden, living there
at depths between 0 and 150 m (OpHNER 1915, pp. 185—188).

Remarks :

This species varies much in shape and, more especially, in structure.
(Cf. present paper p. 119, and also DatTzexBERG and FiscHER 1912, p. 121,
and ODHXNER 1915, p. 187).

Many shells of B. glaciale have been brought on land by birds.

Buccinum totteni StivirsoN 1865.

StinipsoN 1865, p. 385.
Datt1zexBERG and FiscHER 1912, p. 125, pl. 7, figs. 13—16.

Late-Pleistocene records :

Billefjorden: One broken specimen was found in a cliff, 2—3 m
a.s.l,, to the north of the head of Skansbukta (p. 116).

This species has not previously been recorded from the Pleistocene of
Svalbard.
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Recent distribution :

Circumarctic. It occurs in Isfjorden down to 150 m, and is recorded

from the west and east coast of Vestspitsbergen (DAUTZENBERG and FISCHER
1912, Opuner 1915).

Remark :

Loy~NiNGg (1932, p. 11) and others, hold the opinion that Buccinum
totteni and B. terrae-novae are varieties of a single species.

Buccinum species.

A small, broken and worn specimen from a terrace 4.8 m a.s.l. at

Nidedalen.

Lora bicarinata (CoutHOUY 1838).

Pleurotoma bicarinata Coutnouy 1838, p. 104, pl. 1, fig. 11.
Pleurotoma violacea MIGHELS and Apams 1843, p. 51, pl. 4, fig. 21.
Bela bicarinata, G. O. Sars 1878, p. 237, pl. 16, figs. 11—12.

Late-Pleistocene records :

Billefjorden: One specimen was found in a terrace, 23.2 m a.s.l., at
Gerritelva (p. 96) and one at the outlet of Serdammen (p. 92), both localities
in the Brucebyen area. Previously not recorded from the Pleistocene of
Billefjorden.

Elsewhere in the Isfjorden area: Recorded from the morainic
deposits of Coraholmen in Ekmanfjorden (LamMPLUGH 1911; NORDMANN
1912, var. wiolacea ; HicG 1951) and from Erdmannflya (Hicc 1951).

East coast region: Lora bicarinata var. violacea and var. laevier
were recorded from Diabastangen in Ginevrabotnen, approx. 4 m a.s.l,
and from Kvalpynten on Edgeoya (KNtpowrtscH 1902 I11).

Adjacent arctic and subarctic regions: Var. violacea recorded
from the Murman coast by KnipowitscH (1900b). LAURrsEN (1944, 1950)
recorded both the typical form and the var. violacea from West Greenland.

Recent distribution :

Circumarctic—boreal, occurring southwards to Bohuslin, Ireland, New
England, British Columbia. Vertical range: 0—761 m ('THorRsoN 1944, p. 112,
several varieties included).

It is.quite common everywhere in Isfjorden (OpuNER 1915).

Lora species.

One broken specimen was found at Serdammen, Brucebyen (p. 92).
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Thracia species.

One valve was found on the Recent storm-ridge at Ebbadalen, Petunia-
bukta, and two in a cliff, 2—3 m a.s.., at the innermost part of Skansbukta
(p. 117). They were all worn, rendering specific identification uncertain, but
should probably be referred to devexa G. O. Sars.

Cirripedia.

I"erruca stroemia (MULLER 1776).
Plate 26, figs. 15, 16.

Lepas stroemia O. F. NICLLER 1776.
Verruca stroemia, BRocH 1924, p. 63, text-fig. 22.

Late-Pleistocene records :

Billefjorden: Compartements and operculars of two specimens were
found at Sordammen, Brucebyen, 7 m a.s.l. (p. 92).

The species has not previously been recorded from the Pleistocene of
Svalbard.

Adjacent arctic and subarctic regions: At the river Dwina
(White Sea) and on the Murman coast (KxtpowritscH 1900b, pp. 40, 66),
also recorded from the Petsamo valley and Boris Gleb, 2.4 m a.s.l., and
Kervanto and Pumanki, up to 18 m at the Norwegian-Russian border

(Taxxer 1930).

Recent distribution :

Ierruca stroemia is an East Atlantic, mid-arctic—boreal—lusitanian
species extending northwards to the White Sea and Spitsbergen (BrocH
1924, pp. 108—109).

Balanus balanus (LINNE 17538).

Lepas balanus 1.INNE 17385 1767, p. 1107.
Balanus porcatus Da Costa 1778.
Balanus balanus, BRocu 1924, p. 73, pl. 1, figs. 1—2; pl. 2, figs. 1—2.

Late-Pleistocene records :

Billefjorden: This species is the most common barnacle in the
Pleistocene of Svalbard, and occurred in 11 samples, from 7.0 m up to
50.7 m (north of Phantomvika, p. 75). Not previously recorded from the
Pleistocene of Billefjorden.

Sassen area: It occurred in 18 samples from 10 different localities
within the area, from present sea level up 45 m above (FEYLING-HANSSEN
and JorstaDp 1950). Previously found by a Swedish expedition at Diabas-
odden, 20 m a.s.l. (HicG 1951).
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Elsewhere in the Isfjorden area: Coraholmen (LampLUGH
1911), Erdmannflya (Hicc 1951), Kapp Linn¢ (FryLING-HANSSEN and
JorsTaDp 1950, p. 48).

West coast region: 'lorellbreen, Richardodden in Van Mijen-
fjorden, Kapp Lyell (Hicc 1950, 1951), Miillerneset, Forlandsundet (DINE-
LEY 1954), Blomstrandhamna, 14 m a.s.l., and in moraine 19 m a.s.l. (HoEL
1914).

North coast region: Wijdefjorden, 18—22 m as.l. (ELTOoN and
Baben-PoweLL 1931, p. 392), Sorgfjorden, 15 and 21 m a.sl. (BADEN-
PoweLL 1939), and T'ommelpynten in Hinlopenstretet (ELTON and BADEN-
PoweLL 1931).

East coast region: Diabastangen in Ginevrabotnen and Kval-
pynten on Edgeoya (Kx1powrtsci 1900a).

Adjacent arctic and subarctic regions: Cape Chelyuskin, 20 m
a.s.l. (GroNLIE 1928), Kolguev Island, Lamposhnja, Murman coast (KN1PO-
wiITscH 1900b, 1904a, b), ,Ishavsfinland” ('TANNER 1930), at Kirkenes in
Finnmarken (OveEN 1929), Iceland (BArbarsoN 1921), North Greenland
(JEnseEN 1917) and West Greenland, up to 70 m (LaurseN 1950).

Recent distribution :

Circumarctic, extending its habitat through the boreal to the lusitanian
region. It is a bipolar species occurring also in antarctic waters.

There are several records of B. balanus from Isfjorden (BrocH 1924,
pp. 73—78, 110—111).

Remark: :

Many records of ,,Balanus” and,,Balanus sp.” should probably be referred
to this species.

Balanus crenatus BRUGUIERE 17809.

Brocu 1924, p. 78, pl. 1, figs. 3—6; pl. 2, fig. 14.

Late-Pleistocene records :

Billefjorden: The species occurred in three samples, viz: Skans-
bukta, Brucebyen, Gerritelva, at 7.0, 14.2 and 23.2 m a.s.l. respectively.
It was not previously recorded from the Pleistocene of Billefjorden.

Sassen area: Onespecimen was found at the Gipshuken hut, 2—3 m
a.s.l., probably of Recent origin (FEYLING-HANSSEN and JorsTaD 1950, p. 57).

West coast region: Fragments of this species (or B. balanoides)
was found in the moraine of Lilliehookbreen (HoeL 1914, p. 35).

Adjacent arctic and subarctic regions: Kolguev Island, Mesenj
at the Kanin Peninsula, Murman coast (Kx1powrrscu 1900b, 1904a, b),
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,»Ishavsfinland” ('I'anNER 1930), Kirkenes and Vardo in Finnmarken (Horm-
BOE 1904, OvEN 1929), Iceland (BArparsoxn 1921, p. 352), and West Green-
land, up to 70 m (LLAURSEN 1944, 1950, HarpER, JENSEN, and LaUrseN 1949).

Recent distribution :
Circumarctic—boreal—lusitanian, extending southwards to the Medi-
terranean, Long Island, California, Japan (BrocH 1924).

Balanus balanoides (L.INNE 1767).
Lepas balanoides 1LINNE 1767, p. 1108.
Balanus balanoides, DARWIN 1854, p. 267, pl. 7, figs. 2a—d.

BrocH 1924, p. 84, pl. 1, fig. 17; pl. 3, fig. 8.

FevLing-HansseN 1953, pp. 1—65, pl. 1—8.

Late-Pleistocene records :

Billefjorden: The species occurred in 13 of the samples, from 2 to
31 m a.s.l. (Petuniabukta, p. 99, being highest record). It was not previously
recorded from Billefjorden.

Sassen area: Compartments of this species were found in a terrace,
16.3 m a.s.l,, on the east side of Sassenelva (FEYLING-HANSSEN and JorsTAD
1950, p. 25, FeyLING-Hanssen 1953, p. 17).

Adjacent arctic and subarctic regions: Recorded from a ter-
race some 20 km from the town of Mesenj south of the Kanin Peninsula
(KntrowiTscH 1904b, p. 191, with a ,, ?) and from a terrace, 16.6—20 m
a.s.l. at Claushavn in West Greenland (HARDER, JENSEN, and LAURSEN 1949,
p. 78; cf. FEYLING-HaNssEN 1953, pp. 17—18).

Recent distribution :

B. balanoides is distributed in both Atlantic and Pacific boreal waters,
and has a scattered occurrence in the southern parts of Greenland and along
the west and north coast of Vestspitsbergen as far as Verlegenhuken (80°3.7°
N.lat.). On both sides of the Atlantic it extends soutwards to approx. 39°
N.lat. (FEYLING-HaNsSEN 1953).

Balanus species.

A worn rostrum occurred in a sample from Ebbadalen in Petuniabukta,
31 m as.l

Echinoidea.

Strongylocentrotus cf. droebachiensis (MULLER 1776).

Late-Pleistocene records :

Billefjorden: Spines and plates of this species occurred in 17 of the
samples, from sea level up to 48.7 m above (Phantomodden, p. 71), one of the
samples being of Recent origin. The species has not previously been recorded
from the Pleistocene of Billefjorden.
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Sassen area: It occurred in 14 samples, from 2 to 45 m above the sea
(FEYLING-HANSSEN and JoRrSTAD 1950).

Elsewhere in the Isfjorden area: Coraholmen in Ekmanfjorden
(LampLuGH 1911, Hice 1951).

West coast region: Recherchefjorden (Knipowrtscu 1903 1V,
Hicec 1950).

East coast region: Kvalpynten on Edgeoya, , Stachel von Seeigeln”
(K~1powrTscu 1900, p. 384).

Adjacent arctic and subarctic regions: Novaya Zemlya,
,Echinus” (GRoNLIE 1924, p. 73), Lamposhnja at the Kanin Peninsula
(Kn1powiTscH 1904b), the Murman coast (KN1powiTscH 1900b, LiINDHOLM
1921), ,, Ishavsfinland” ("T'aNNER 1930), Finnmarken (HoLMmBOE 1904, p. 29),
North Greenland (JENSEN 1917) and West Greenland, up to 70 m (LAURSEN
1944, 1950).

Recent distribution :

Circumarctic—boreal (for details cf. HorsTen 1915, pp. 135—144).
It is very common in Isfjorden at all depths below 5 m (HoFsTEN l.c.).

Remark :
This species is often brought on land by birds.

Lithothamnia.

Lithothamnion species.
Plate 17, figs. 11—15.

Late-Pleistocene records :

Billefjorden: Clods and fragments occurred in 21 of the samples,
from present sea level up to 18 m above.

A Swedish expedition found two clods 20 m a.s.l. at Mimerbukta, and
coralline algae were recorded also from Phantomodden and Anservika
(Goes Bay), 8 ma.s.l. (HAcc 1951). ErtoN and BADEN-POWELL (1931, p. 391)
recorded Lithothamnion glaciale from Brucebyen.

Sassen area: Occurred in 19 samples, from present sea level up to
10.5 m a.s.l. in terraces, and up to 30 m a.s.l. in moraine (FEYLING-HANSSEN
and Jorstap 1950). Swedish expeditions collected Lithothamnion sp. at
Tempelfjorden, Von Postbreen, and at Sassenelva (HAicc 1951).

Elsewhere in the Isfjorden area: Coraholmen (LamMPLUGH
1911, Hice 1951), the east side of Dicksonfjorden, Bohemanneset, Erd-
mannflya (Hicc 1950, 1951).

West coast region: Hornsund (HeINTZ 1953), Torellbreen (Hico
1950), Recherchefjorden (Kx1powrrscrr 1903 IV, Hice 1950), Miillerneset,
Forlandsundet (Dixgrey 1954), Blomstrandhamna and LilliehGokfjerden,
L. glaciale (IoEL 1614).
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Remarks :

Specific determination of the numerous clods and fragments of coralline
algae collected in Billefjorden (and in the Sassen area) was not undertaken.
The majority of them, however, seem to be referable to Lithothamnion
glaciale KJELLMAN 1883, of which forma typica FOSLIE is the most common.
(Cf. FosLIE 1929, KjeLLMAN 1883).

1 The Foraminifera will be considered in a later paper.
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Index of Species from the Late-Pleistocene of Billefjorden.’

Page Plate Figures
i
Acmaea rubella (FABRICIUS) . .................... 153 24 \ 14
[Anomia squamula (LINNE)] .. ... .. ... .. ... .. .. 127 17 ‘I 6—9
Astarte borealis (CHEMNITZ) . .......c.coooono... 134 20 ! 1—8
21 1, 2
Astarte crenata (GRAY) ..o v 139
Astarte elliptica (BROWN) . ....... ... ... ........ 138 21 13, 14
Astarte montagui (DILLWYN) . ................... 137 21 3—12
[Axinus croulinensis (JEFFREYS)] .................. 141 22 1
[Axinus flexuosus (MONTAGU)} ... ... on. .. 140
[Axinus sarsii PHILIPPI] .. ... ... ..o, 141 22 2
Balanus balanoides (ILINNE) .. ........ ... ... ..... 173
Balanus balanus (LINNE). ... ..................... 171
Balanus crenatus BRUGUIERE. . . ................... 172
[Balanus porcatus Da Costal..................... 171
Balanus sp........... 173
[Bela bicarinata (Coutiiouy)] .............ou... 170
[Boreochiton marmoreus (FABRICIUS)] . ............. 125 17 1—3
[Boreochiton ruber (LINNE)] .. .......... ... ....... 126 17 4, 5
Buccinum ciliatum (FABRICIUS). . . ................. 168
Buccinum finmarchianum VERKRUZEN .. ............ 168
Buccinum glaciale LINNE. ... ... ... o i 168 27 3—8
Buccinum groenlandicum CHEMNITZ. .. ............. 167 i
Buccinum sp. . ... 170 i
Buccinum totteni STIMPSON .. ..o.vuiuunuenenen.. 169 j
Buccinum undatum LINNE. .. ... ... o L 166 “
[Cardium ciliatum FABRICIUS] .................... 141 X 22 3
[Cardium groenlandicum CHEMNITZ] ... .......... 142 22 N
[Chiton albus (LINNE)] © oo e 126 :
Chlamys islandica (MULLER) . ........... ... ...... 128 1 18 bo1-=3
Cingula castanea (MOLLER) ... .............c..... | 160 w 26 9, 10
Clinocardium ciliatum (FABRICIUS). .. .............. : 141 ‘ 22 i 3
Crenella decussata (MIONTAGU) ... ... ... ...... ‘ 130 E 17 10
Cyclostrema sp. . ... ... . i | 157 :
Cyprina islandica (LANNE) ... ... ... . ... .... } 143 22 Lo6—9
| ‘ 23 13
Emarginula fissura (JNNE). ..o o o oo | 152 : 24 12

1 Synonyms in common use have been added in brackets.



LATE-PLEISTOCENE STRATIGRAPHY OF BILLEFJORDEN

177

Figures

Heteranomia squamula (LINNE) . .................. 127 17 6—9

[Homalogyra atomus (PHILIPPI)] .................. 161 26 11, 12

Lacuna vincta (MONTAGU) .. ..oiviiinnnnnnn. 157 26 1-3

Lepeta coeca (MULLER) ... .vititiuinninnnennn. 154 24 13

Liocyma fluctuosa (GOULD). .. ..., 146 24 8—11

Lithothamnion sp. .............coiiiiiiiiann... 174 17 11—15

Littorina littorea (LINNE) . ....... ... ..o, 160 26 4—8

[Littorina rudis (MATON)]. .. .. ..o, 159

Littorina saxatilis (OLIVI) ....................... 159

Lora bicarinata (COUTHOUY) ... .vvvivennnnnnnn.. 170

Lorasp. «.ovvvi i 170

Macoma calcarea (CHEMNITZ) .. ....ooviennnnnn.. 145 23 8§—13

Margarites cinereus (COUTHOUY) ................. 156

Margarites groenlandicus (CHEMNITZ) . ............ 154 24 15

Margarites helicinus (PHIPPS) . ................... 155

[Modiola modiolus (LINNE)] .. ..., 133 19 1—3

[Modiolaria discors substriata (GRAY)] ............. 134 19 4—7

Moelleria costulata (MOLLER). . .. .....vvvveunn... 157 24 16, 17

Mousculus discors substriatus (GRAY) ............... 134 19 4—7

Mpya truncata LINNE .. ..., 148 25

Mytilus edulis LINNE .. ... ... 0., 130 18 4, 5

Natica clausa BRODERIP and SOWERBY ............ 162 26 13

Omalogyra atomus (PHILIPPI) .................... 161 26 11, 12

[Onoba castanea (MOLLER)] ... .....c.covuiunenen.. 160 26 9, 10

Pandora glacialis LEACH ...............cccuu... 151 19 8 9

[Pecten islandicus (MULLER)] .. ...........coouun.. 128 18 1—3

Puncturella noachina (LINNE) .................... 152

Pyrulofusus deformis (REEVE) . .................... 166 27 1, 2

Saxicava arctica (LINNE) . ... ..., 146 23 4—7
24 1—5

Serripes groenlandicus (CHEMNITZ) ................ 142 22 4, 5

Sipho kroeyeri (MOLLER) . ... ...vviinnnennnnnn.. 165

Sipho togatus (MORCH) . ........c.couirurnnnnnnn. 165

Strongylocentrotus cf. droebachiensis (MULLER) . ..... 173

ThraciQ Sp. ..o oo ii e 171

Thyasira croulinensis (JEFFREYS) .. .......ouuvuennn. 141 22 1

Thyasira flexuosa (MONTAGU) ... ovvvviennennnn.. 140

Thyasira sarsii (PHILIPPI). . ... ... ... .o e, 141 22 2

Tonicella marmorea (FABRICIUS) .................. 125 17 1-3

[Tonicella rubra (LINNE)] . ... ..o, 126 17 4, 5

Trachydermon albus (LINNE) ..................... 126

Trachydermon ruber (LINNE) .. .....couuiununanan.. 126 17 4, 5

Trophon clathratus (LINNE) ........ ... ..., 163

Trophom SP. .« oottt 164

Trophon truncatus (STROM) ... ...vuvuinrnnnnnnnn. 163 26 14

Verruca stroemia (NJULLER) . ..................... 171 26 15, 16

Volsella modiola (LINNE) ......... ... ... ... ...... 133 19 1—3

Zirfaea crispate (ILINNE) ... ... . i 150 24 6, 7
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Plate 3

IYig. 1. The cliff and front edge of the Astarte terrace at Anservika, 9.7 m a.s.l.
Photo: Author, July, 1950.

Iig. 2. The raised marine features at Phantomvika; Tjosasfjellet (Tjosas mounta'n) with
Tjosasdalen to the right and Tyrrelldalen to the left. Photo: Author, July, 1950.

Fig. 3. Tyrrellfjellet (Tyrrell mountain) north of Phantomvika with raised marine terraces.

The investigated part of the Mya terrace, 50.7 m a.s.l. (p.73), lies a little to the right of

the centre of the picture, the highest terrace found in Billefjorden, 96 m as.l., is scen
to the left. Photo: Author, July, 1950.
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Plate 5

Fig. 1. The sea cliff of the sloping Astarte plain at Ekholmvika.
Photo: L. PEDERSEN, July, 1950.

Fig. 2. The stratification of the sloping Astarte beach plain at Ekholmvika; height of cliff
22 m. Photo: Author, July, 1950.

Fig. 3. Part of the Astarte beach plain in the foreground (note the man on the other side
of the erosion furrow), and the high terraces at 77 and 90 m as.l. in the background 1 km
east of Ekholmvika. Photo: O. CHr. FeyLiNG-HaNssEN, July, 1950.



Plate 0

Iig. 1. Ekholmyvika with the raised Asrarte beach plain as seen from the high terrace, 77 m
a.s.l,, to the cast of the bay.
Photo: O. Ciir. FreyLing-Hanssen, July, 1950.

Figs. 2, 3. Details of the stratification within the beach plain deposits, alternating silty and
sandy strata; from the Astarte beach plain at Ekholmvika.
Photo: L. PEDERSEN, July, 1950.
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Plate 10

Asvindalen (1), Brimerpynten (2), Alvrekdalen (3), and Narveneset (4). Photo: B. LuNckg, Aug. 1936.



Plate 11

Fig. 1. Skansbukta and Skansdalen. Photo: B. LLunckEg, Aug. 1936.

Fig. 2. Working out a section in the cliff of a terrace on the northeast side of Skansbukta.
(Cf. fig. 52 p. 111.) Photo: Author, July, 1950.



Plate 12

Fig. 1. Terrace cliffs at the head of Skansbukta.
Photo: Author, July, 1950.

Fig. 2. Skansdalen from Skansdalsbreen.
Photo: Author, July, 1950.

Fig. 3. The terminal moraine of Skansdalsbreen, the front of the glacier to the right.
Photo: Author, July 19th, 1950.
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FOSSIL SPECIES

Photo: B. Mavwritz



Plate 17.

Figs. 1—3. Tenicella mormorea (FABRICIUS). .. ... ... ..., p. 125
Plates from Serdammen, Brucebyen, 7 m a.s.l. (Sample no. 269 M), < 14.

Figs. 4, 5. Trachydermon ruber (I.LINNE) .. ... .. ... ... ..o, p. 126
Plates from Serdammen, Brucebyen, 7 m a.s.l. (Sample no. 269 M), ~« 14.

Figs. 6—9. Heteranomia squamula (ILINNE) .. ... ... .. .. .. .. . . iieveiion.. p. 127
Four valves from a terrace at Petuniabukta, 31 m a.s.l. (Sample no. 368), - 1.4.

Fig. 10. Crenella decussata (MONTAGU) . ...ttt p. 130
A broken valve from Lithothamnion silt at Sentabukta, 2 m a.s.l. (Sample
no. 356), x 17.

Figs. 11—15, Lithothamnion ...... ... .. ... . . .. i p. 174

Fragments from Lithothamnion silt at Sentabukta, 2 m a.s.l. (Sample no. 356),
¥ 1.
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Figs. 1-=3. Chlamys islandica (MULLER) .. ...... .. ... . i p-

1, A broken valve from a Mya terrace north of Phantomvika, 50,7 m a.s.l.
(Sample no. 349), > 1; 2, valve from the Recent storm ridge at Petuniabukta,
1 m as.l. (Sample no. 372), » 1; 3, broken valve from a cliff at the head of
Skansbukta, 2-——3 m a.s.l. (Sample no. 305), ~ 1.

Figs. 4, 5. Mytilus edulis TANNE oo p.

4, internal, and 5, external view of two valves from a Myiilus terrace at
Asvindalen, 6.2 m a.s.l. (Sample no. 329), « 1.
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Plate 19.
Figs. 1—3. Volsella modiola (1.INNE)

Three umbonal fragments from an Astarte terrace at Petuniabukta, 31 m a.s.l.

(Sample no. 368), x 1.

Figs. 4—7. Musculus discors substriatus (GRAY) ... .. ... ... ...
4, external view of a left valve; 5 and 7, external view of right valves; 6, internal
view of a right valve, all from the low beach plain at the southwest side of
Skansbukta, 2 m a.s.l. (Sample no. 302), ~ 2.4,

IFigs. 7, 8. Pandora glacialis LEACH . ........ ... ... ... ... ... . ..

Internal view of the valves of a specimen from the low beach plain at the south-
west side of Skansbukta, 2 m a.s.l. (Sample no. 302), « 2.7.



Plate 19




Plate 20.

Figs. 1—8. Astarte borealis (CHEMNITZ) . ... ... .0,
1—6, external view of valves from the sea cliff of the terrace at Anservika,
9.7 m a.s.l. (Sample no. 334), > 1.3; 7, 8, internal view of two valves from
Astarte plain at Ekholmvika, collected 17 m a.s.l. (Sample no. 350), ~ 1.3.
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Figs.

Figs.

Figs.

Plate 21.

1, 2. Astarte borealis (CHEMNITZ) ..ottt e e e e s p. 134
Two valves with periostracum, from the sea cliff of the terrace at Anservika,
9.7 m a.s.l. (Sample no. 334), ¥ 1.8.

3—12. Astarte montagui (DILLWYN) ... . i p. 137
3—11, external view of valves with periostracum more or less preserved, from

the sea cliff of the terrace at Anservika, 9.7 m a.s.l. (Sample no. 334), - 2.1;

12, internal view of one valve from a terrace at Gerritelva, 14 m a.s.l. (Sample

no. 360), « 2.2.

13, 14. Astarte elliptica (BROWN) .. .. .o p. 138
Two valves from the sea cliff of the terrace at Anservika, 9.7 m a.s.l. (Sample
no. 334), - 1.
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Fig. 1. Thyasira croulinensis (JEFFREYS) ..ottt p.

A valve from Lithothamnion silt at "Ucltfjellbekken, 5.5 m a.s.l. (Sample
no. 50 M), ~ 10.

Fig. 2. Thyasira sarsii (PHILIPPI) oo e e e p.

Juvenile valve from Lithothamnion silt at Teltfjellbekken, 5.8 m a.s.l. (Sample
no. 49 M), - 10.

Fig. 3. Clinocardinm ciliatum (FABRICIUS) ... . e i p.

A broken valve from the Mytilus terrace at Mytilusbekken, 5.8 m a.s.l.
(Sample no. 343), - 1.

Figs. 4, 5. Serripes groenlandicus (CHEMNITZ) . oo p.

4, internal view of a hinge fragment from a terrace at Gerritelva, 23.2 m a.s.l.
(Sample no. 362), » 1; 5, a broken valve from the low beach plain at thc
southwest side of Skansbukta, 2.0 m a.s.l. (Sample no. 302), - 1.

Figs. 6—9. Cvprina islandica (1LINNE) .. ... e p.

6, broken, small valve; 7—9, internal view of three hinge fragments, all from
an Astarte terrace at Gerritelva, 23.2 m a.s.l. (Sample no. 362), < 1.

141

141

141
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143
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Plate 23.

Figs. 1—3. Cyprina islandica (ILINNE) ... ... it
1, 2, hinge fragments from the sea cliff of the terrace at Anscrvika, 9.7 m a.s.l.
(Sample no. 334), > 1; 3, external view of a fragment from the ventral margin
of a specimen from an Astarte terrace at Gerritelva, 23.2 m a.s.l. (Sample no.
362), ~ 1.

Figs. 4—7. Saxicava arctica (ILINNE) .. o i e
4, 7, external view, 5, 6, internal view of four valves from a My« terrace north
of Phantomvika, 50.7 m a.s.l. (Samplc no. 349), - 1.

Figs. 8—13. Macoma calcarea (CHEMNITZ) .. ..ottt
8, 9, internal view, 10, 11, external view of four valves from a Mya terrace
north of Phantomvika, 50.7m a.s.l. (Sample no. 349), < 1; 12, 13, external view
of two valves from a cliff at the head of Skansbukta, 2—3 m a.s.l. (Sample
no. 304), x 1.5.

p. 143
p. 140
p. 145
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Plate 24.

Figs. 1—5. Saxicava arctica (ILINNE) ... ... . e
Five valves from a cliff at the head of Skansbukta, approx. 2 m a.s.l. (Sample
no. 304), < 1.5.

Figs. 6, 7. Zirfaea crispata (LLINNE). . . ... oo e
6, umbonal fragment from the low beach plain at the southwest side of Skans-
bukta, 2.0 m a.s.l. (Sample no. 302), < 2.5; 7, umbonal fragment from a cliff
at the northeast side of Skansbukta, 14.2 m a.s.l. (Sample no. 312), ~ 2.5.

Figs. 8—11. Liocyma fluctuosa (GCULD). .. ... ... i
Four valves from the northeast beach of Skansbukta, 0—1 m a.s.l. (Sample
no. 300), < 1.7.

Fig. 12. Emarginula fissura incurva JEFFREYS ... ...t ut it
A broken specimen from Lithothamnion silt at Sentabukta, 2 m a.s.]. (Sample
no. 356), - 20.

Fig. 13. Lepeta coeca MULLER ... ...
A specimen from a cliff at the northeast side of Skansbukta, 14.2 m a.s.l.
(Sample no. 312), < 2.5

Fig. 14. Acmaea rubella (FABRICIUS) ... ...ttt it

A specimen from an Astarte terrace at the east side of Petuniabukta, 31 m a.s.l.
(Sample no. 368), - 1.4,

Fig. 15. Margarites groenlandicus (CHEMNITZ) ... . ...t
A specimen from a cliff at the northeast side of Skansbukta, 14.7 m a.s.l.
(Sample no. 311), - 3.

Figs. 16, 17. Moelleria costulata (MOLLER) . ... .. .. i
16, spiral view, 17, umbilical view of two specimens trom Lithothamnion silt
at Sentabukta, 2 m a.s.l. (Sample no. 356), - 16.
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Plate 25.

Mya truncata TLINNE .. ...
Different forms from the clayey-silty surfacz of the large Mha t.rrace o Myadalen,
42 m a.s.l. (Sample no. 326), > 0.9.
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Plate 20.

Figs. 1—3. Lacuna vincta (MONTAGU) ..ottt e
1, A specimen from a terrace at the northeast side of Skansbukta, 15.2 m a.s.l.
(Sample no. 310), < 2.8; 2, A specimen from the same terrace, 14.7 m a.s.l.
(Sample no.311), < 3; 3, A broken specimen from the same terrace 14.2 m a.s.1.
(Sample no. 312), ~ 1.4,

Figs. 4—8. Littorina littorea (ILINNE) . ... e
All specimens from a cliff at the head of Skansbukta, approx. 2 m a.s.l.
(Sample no. 304), - 1.4,

Iigs. 9, 10. Cingula castanea (NIOLLER) .. ..o i
9, A specimen from a silty sample from Serdammen, Brucebyen, 7 m as.l.
(Sample no. 269 M), < 17; 10, A specimen from Lithothamnion silt at Senta-
bukta, 2 m a.s.l. (Sample no. 356), < 17.

Figs. 11, 12. Omalogvra atomus (PHILIPPL) . ... .. . .. i
11, Apertural view, 12, Side view of a specimen from Lithothamnion silt at
Sentabukta, 2 m a.s.l. (Sample no. 3506), = 22.

Fig. 13. Natica clausa BRODERIP and SOWERBY ...................covin....

A specimen from the low beach plain at the northeast side of Skansbukta,
2.2 m as.l. (Sample no. 301), ~ 1.

IYig. 14. Trophon truncatus (STROM) ... .o i
A specimen from the Recent storm-ridge at the east side of Petuniabukta,

1 m a.s.l. (Sample no. 372), - 1.

Figs. 15, 16. Verruca stroemia (MULLER) ... ... ..o,
15, Tergum, 16, Carina (deformed) from a silty sample from Sordammen,
Brucebyen, 7 m a.s.l. (Sample no. 269 M), =~ 17.
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Plate 27.

Figs. 1, 2. Pyrulofusus deformis (REEVE) ... ... . . . o i i p. 166
1, side view, 2, apertural view of a specimen from the low beach plain at the
northeast side of Skansbukta, 2.2 m a.s.l. (Sample no. 301), - 1.

Figs. 3-—8. Buccimum glaciale TUNNE. ..o 0 p. 1068
Different forms from the low beach plain at the southwest side of Skansbukta,
2.0 m a.s.l. (Sample no. 302), - 1.
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MAPS AND CHARTS

The following topographical maps and charts have been published separately:
Maps:
Bjerngya. 1:25000. 1925. New edition 1944. Kr. 3,00.
Bjorngya. 1:10000. [In six sheets.] 1925. Kr. 30,00.
Adventfjorden—Braganzavagen. 1:100000. 1941. Kr. 2,00.
Svalbard. 1:2000000. 1937. New edition 1944. Kr. 1,00.
Topografisk kart over Svalbard. Blad C 13. Serkapp. 1:100000. 1947. Kr. 3,00.
Topografisk kart over Svalbard. Blad B 10. Van Mijenfjorden. 1:100000. 1948. Kr. 3,00.
Topografisk kart over Svalbard. Blad C 9. Adventdalen. 1:100000. 1950. Kr. 3,00.
Topografisk kart over Svalbard. Blad B 11. Van Keulenfjorden. 1 :100000. 1952. Kr. 3,00.
Topografisk kart over Svalbard. Blad B 12. Torellbreen. 1:100000. 1953. Kr. 3,00.
Austgrenland. Eirik Raudes Land fra Sofiasund til Youngsund. 1:200000. 1932. Kr. 2,00.

Preliminary topographical maps [1:50000] covering claims to land in Svalbard and a
preliminary map of Hopen 1:100000 may be obtained separately.

In addition, Norsk Polarinstitutt has prepared a wall map: Norden og Norskehavet,
in 4 sheets. This map is to be obtained through H.Aschehoug & Co. (W. Nygaard), Oslo, at
a price of kr. 27,80.

Charts
No. 501. Bjerngya. 1:40000. 1932. Kr. 4,00.
,» 502. Bjerneyfarvatnet. 1:350000. 1937. Kr. 4,00.
, 503. Fra Bellsund til Forlandsrevet med Isfjorden. 1:200000. 1932. Kr. 5,00.
504. Fra Serkapp til Bellsund. 1:200000. 1938. Kr. 5,00.
505. Norge—Svalbard, nordre blad. 1:750000. 1933. Kr. 4,00.
, 506. Norge—Svalbard, sgre blad. 1:750000. 1933. Kr. 4,00.
» 507. Nordsvalbard. 1:600000. 1934. Kr. 4,00.
, 508. Kongsfjorden og Krossfjorden. 1:100000. 1934. Kr. 4,00.
509. Fra Storfjordrenna til Forlandsrevet med Isfjorden. 1:350000. 1946. Kr. 4,00.
, 510. Fra Kapp Linné med Isfjorden til Sorgfjorden. 1:350000. 1946. Kr. 4,00.
, S11. Austgrenland, fra Liverpoolkysten til Store Koldeweygya. 1:600000. 1937. Kr. 4,00.

Prices above do not include purchase tax.
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