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lntroduction. 

The material on which the present paper is chiefly based has been 
collected by Mr. ARTHUR S. LEWIN, mining engineer of Oslo, Norway, 
during the summers of 1923 and 1924. It was placed at my disposal in 
the most courteous way by the collector, and I therefore wish to express 
here to him my most sincere thanks. 

In addition to the material first referred to also other material brought 
together by the late Mr. H. L. NORBERG of Tromsö, Norway, and by 
certain of the Swedish expeditions to Spitsbergen has been dealt with in 
the following pages. 

Description of the Material collected by Mr. A. S. Lewin. 

GeologicaJ Remarks. 

The locality in which Mr. LEWIN collected his material is situated 
somewhat West of Coles Bay (on· the South coast of the Ice Fjord) about 
half-way between Cape Eriksson 1 and the Lagoon. Mr. LEWIN says in 
a letter t hat the locality is situated about I 50 m above the sea and about 
300-400 m above the boundary between the Cretaceous and the Tertiary 
systems. The rock in which the fossils occur is an impure limestone rich 
in fossil wood. The chemical composition of the rock is as follows: 

0.3 

in diluted 
H

_
20 (firmer bound) + orgamc matter 2.o 

Not soluble i H20 given off at I05o ------ ·-:--------------

hydrochloric acid 
SI02 -_---------_-------------------------------------------
Metalhc ox1 des ------------------------------------

30-5 
62 

1 This Cape has been named so by DE GEER on his map published in 1912, whereas 
lsACHSEN, on the contrary, on his map published in 19:5 ca lled it Cape Laila. 



�4_0 __________________________ R. HÄGG 

[i,:§':: : :: :: : �: 

hyd::�l�l:t.dd l �i� ; :: : � :�:� :���:: �f; l Other substances 1 (by difference) _________ 0.9 

S:a IOO.o o/o 

This analysis shows that the rock is camposed of: 

38.7 % substances not soluble m diluted hydrochloric acid 
61.3 % » soluble » 

Si02 enters partly in free form as quartz in rather ]arge grains, partly 
combined with the alkalies and the w ater to compounds of a composition 
not nearer made out. Organic matters with a faint smell of petroleum 
are present in but slight quantities. 

The substances soluble in hydrochloric acid are represented chicfly 
II 

by earbonates of Ca, Fe, Mg and Mn. If the RO-quantities found were 
bound exclusively to C02, the percentage of the different earbonates 
would be: 

CaC03 ·-----·--·-··--·- --·····-·--··----·---·--·-·--···· 84 .6 
FeC03 ________ ·------------------------------------------ 8.9 
MgC03 ------- - - - ------------------- --------- ___________ 6.o 
M n C03 --· ------------------------------------------------ o. s 

S:a IOO.o 0o 

These figures, however, only approximately earrespond to the pro
portions between the earbonates present, because the C02-content of the 
sample should be 0.7% higher to bind completely the total RO-quantities 
as carbonates. 

The analysis is made by Dr. A. BYGDEN, chemist at the GeologicaJ 
Survey of Sweden, to him and to his chief, Direktor GAVELIN, I therefore 
wish to express my sincere thanks. 

The Tertiary of Spitsbergen was subdivided by NATHORST into six 
series, as follows: 

6) Upper sandstone series (with coal and fossil plants)------·--
5) Flaky sandstone series ------- ------------------------ ---------- ------ ----------
4) Upper series of black shales (with pebbles of Permo-

Car bo n i c ch ert) ·- _____ . __________________ ---------__ --- - -------------- -----

3) Series of green sandstone (with trails of worms)---------------
2 ) Lower series of black shales _________________________________ --------------

1 Solnble Si02, alkalies etc. 

about 313 m 
» 193 m 

2 30m 
» 2 00m 
» 75 m 
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I )  Lowest series of bright sandstone (at the bottom with 
layers rich in fossil plants. Above the coal seams 
marine bi val ves occur.) ------------------------------------------------

The total thickness of the Tertiary thus amounts to _____ _ 

41 

» I SO m 
» I I6 I  m 

The upper plant-hearing harizon (in series 6) differs from the lower 
on e in the occurrence of Sequoia Langsdorfi and U !mus asperrima. Se
quoia Langsdorfi is replaced, in series I ,  by Sequoia Nordmskiöldi. 

In series 3 WIMAN and B. HöGBOM found in 1908 a plant-hearing 
stratum in the »Bird Canyon» at Coles Bay, 290 m above the sea and at 
!east 300 m above the basis of the Tertiary. The plants in that stratum 
resemble those from the lower plant-hearing harizon (in series I). 

As far as can be judged the material collected by Mr. LEWIN at 
Cape Erikson appears to belong to series 3· A remarkable fact is, 
however, t hat the rock consists of limestone, which otherwise is completely 
unknown in the Tertiary of Spitsbergen. The locality at Cape Erikson 
was previously unknown. The previously known locality with marine 
Tertiary fossils in the vicinity is Mount Vesuve at the western slope of 
which the Norwegian expedition in 1914 found both marine and fresh 
water bivalves, the former, according to RAVN, probably deriving from a 
stratum samewhat older than that in which the latter occur. Both these 
strata belong, according to RAVN's opinion, to series 3· 

Marine bivalves are found in the Tertiary of Spitsbergen in series 
I by A. E. NoRDENSKIÖLD, by NATHORST's and DE GEER's expedition s 
in 1882, by NATHORST's expedition in 1898, by HoLMSEN in 1909, by 
H. L. NORBERG in 1914 and by A. HoEL in I 919. 

Fresh water bivalves from series I have been found only by NAT
HORST 1898 and by B. HöGBOM in I 91 r. They have already been dealt 
with by RAVN in I 924. 

The above data are according to statements given by NATHORST 
(1910) and RAVN ( I 922). 

In 1910 NATHORST mentians that in 1898 some undeterminable gast
ropad remains h ad been f o und in series I. The locality was not given, 
but from what he says it seems evident that it must be either the foot 
of Mt. Hedgehog or Fyrkanten. These statements evidently have regard 
to some remains of gastropads preserved in the Riksmuseum. They are 
imbedded in a !arge block of loose sandstone. This block was collected, 
according to the label, in Mt. Brongniart by NATHORST's expedition in 
1898. The gastropads are not determinable. They are the only gast
ropads hitherto mentioned from the Tertiary of Spitsbergen. 

In 1868 NORDENSKIÖLD discovered in series I remains of insects 
and fragments of decapad crustaceans and fishes, all land or freshwater 
animals, associated with plants in a freshwater deposit. 

I series 2 no fossils seem to have been found hitherto. 
From series 3 fossils were mentioned only as late as in I 924 by 

4-25245. Bull. of Geol. Vol. XX. 
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RAVN. These fossils were collected by HoLMSEN in I909, by B. HöGBOM 

in 191 I and by HoEL in I914. They consist of bi val ves, both fresh
water and marine ones, the former, however, predominant. These fresh
water bivalves were collected by HOEL. According to RAVN the marine 
bivalves occur both in layers samewhat older and samewhat younger than 
that in which the freshwater bivalves have been found. 

From series 4 only a single fragment of a bivalve is known (NA

THORST I9IO). 
In series 5 bivalves have been found by NATHORST's and De GEI:m's 

expedition in 1882, by G. NORDENSKIÖLD in 1890, by NATHORST in I898, 
and by B. HöGBOM in I909. Among the determinable species four are 
marine forms and three freshwater forms. 

From series 6 no fossil animals at all have been known as yet. 
This is the layer most abundant with plant remams. 

According to RAVN two species of bivalves are common to the 
series I, 3 and 5, two species to series I and 3, and two species to 
series 3 and 5- Six species are found on ly in series I, three only in 
series 3 and four 1 on ly in series 5-

It is noteworthy that four of the species from series 5 are found 
only in blocks, among these the two (Cyrena, So!enocurtus) which are 
common to series I, 3 and 5, and two (Cyrena, Cyprina) of the four 
found only in series 5-

Concerning on e of the species common to series I, 3 and 5 i t is, 
however, not impossible that it must be subdivided into two distinct species 
(c f p. 5 I and fig. 26). 

Thus, as seen, both marine and freshwater bivalves have been found 
in series I, 3 and 5· 

In series 3 the freshwater bivalves played a more important part 
than the marine bivalves. 

According to RAVN the series 1-3 of the Spitsbergen Tertiary are 

PaJeocene and the remaining series (4-6) only slightly yotmger. 
The fauna of the Tertiary of Spitsbergen has been dealt with by 

HEER in 1870 (only freshwater and terrestrial animals), by FucHs in 
r883 and in I9IO (in NATHORST's Beiträge etc. ), and in detail by RAVN 
in 1922 (marine and freshwater bivalves). 

In the Arctic region marine Tertiary fossils have further been found 
in the following countries: North eastern part of Greenland (Cape Dalton), 
the north coast of Iceland, east of Ural, the north western part of Kam
chatka, the north and west coasts of the Sea of Okhotsk, in Saghalien, 
on the north and western coast of Alaska, on St. Paul, Fribiloff Islands, 
and on the north coast of Canada (Mackenzie Territorium). 

Somewhat south of the Arctic region Tertiary with marine fossils is 

1 Among these four is included as a distinct species also the specimen of Solm
ocurtus that was mentioned by RAVN on p. 26 tagether with 5. spitsbergmsis. That 
specimen is deal t with by me on p. 5 r cf. als o fig. 27 in the present work. 
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known from the Aleutiarr Islands, Alaska Peninsula, Shumagin Islands 
and · Kadiak . 

The Tertiary at Cape Dalton (Eastern Greenland) is said by RAVN 
in I903 to be lower Eocene. On that account it is remarkable that there 
is no species in common with Spitsbergen, despite the fact that the 
deposits in question both contain marine species and forms of Cyrena. 

The fauna of the Tertiary situated east of the Ural mountains is 
still almost undescribed. The oldest part of this Tertiary is considered 
to be Eocene and the youngest Oligocene. One species, Solenocurtus n. sp. 
RAVN is said by RAvN: in 1922 to occur also in the Tertiary of Spits
bergen (in series I and 3). 

From the Alaska Peninsula DALL mentioned in 1904 marine fossils 
of a middle Eocene age. Arriong these fossils is Venericardia planicosta, 

one of the fossils most characteristic of Eocene time, known for instance 
from Alabama and the Paris basin. As a proof of the importance attri
buted to this species as an indexfossil, I will quote to following words by 
C. A. WHITE (1882): »There is probably no species among all the known 
fossil mollusca concerning the geological age of which paleontologists are 
more in accord than Cardita ptanieosta LAMARCK. It is a wellknown 
form in the European Eocene, and it is guite as characteristic of the 
Eocene of our Atlantic and Gulf borders as of the Eocene of Europe. 
The European and the American specimens differ so little from each 
other that no one now pretends to guestion their specific identity . Both 
the European and the American strata furnish specimens of this specie!;> 
in abundance and great perfection, so that all the characteristics of the 
s hell are weil known. Its rang e of variation is not great.» In Europe, 
at !east, the Eocene epoch was warmer than the PaJeocene and thus the 
warmest time of the Tertiary period. It is probable, according to current 
views, that these marine deposits of the Alaska Peninsula are superimposed 
by the so-called Kenai formation, which contains coal and plants and 
which is said to be of a lower Oligocene age. DALL is of the opinion 
that the Oligocene time in these regions was much warmer than the 
Miocene time. The tertiary deposits on the north coast of Canada have 
been recently discovered; they are situated at Brock River (Mackenzie 
Territorium) near the mouth of the river in the Arctic Ocean. Their 
fauna is camposed of marine and lacustrine bivalves as weil as lacustrine 
gastropods. The lacustrine elements are by far predominating; tagether 
with thcm there occur plant fossils, too. The strata in guestion are 
considered by DALL ( I924) to bel on g to the upper Eocene or the Oligocene. 

Marine Miocene occurs on the Aleutiarr Islands, on the Alaska 
Peninsula, on Shumagin Islands, Kadiak, and the north coast of the Sea 
of Okhotsk. On the Aleutiarr Island, Alaska Peninsula, Shumagin Islands 
and Kadiak the Miocene follows immediately above the Kenai series and 
has several species in common with the Miocene at As to ria in. Oregon; 
like this it is considered to belong to the horizon which is called the 
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Astoria group. Its fauna is considered by DALL to indicate that a cool 
elimate prevailed at that time from Oregon as far as to Alaska. This 
cool elimate might have been prevailing during the older and middle Mio
cene, whereas, during the upper Miocene, the elimate was becoming warmer. 

As was al read y pointed out by me ( 1924, p. 461 ), i t is of mu ch 
interest that the deposits of the Astoria group on the Aleutian Islands 
and Alaska Peninsula contain recent arctic marine bivalves which have 
not been found within the Atlantic region (neither in Europe nor in 
America) in strata of Miocene age. The recent fauna of marine arctic 
bivalves thus appears much earlier in the Pacific Ocean than in the north 
Atlantic. 

According to DALL ( 1884) the Tertiary deposits on the north coast 
of the Sea of Okhotsk are also Miocene. Their fauna indicates, however, 
a warmer elimate than the actual one. To me it appears, on the contrary, 
that this Tertiary formation is Pliocene. 

Pliocene is sa id by DALL ( 1 904) to occur on St. Paul and is found 
also on the north coast of Alaska (upper part of the Colville series) and 
on the Seward Peninsula (elevated beaches of Nome). DALL (1920) has 
shown that the Pliocene fauna from the latter two places indicates a eli
mate which was warmer than in both the Miocene and the recent time. 

The marine tertiary deposits at Tigil, N. W. Kamchatka, at Taui 
on the west coast of the Sea of Okhotsk and on Saghalien are said to be 
of Pliocene age. F. SCHMIDT states (1902) that at Taui Miocene with 
plants is superiroposed by marine Pliocene. In 1868 SCHMIDT held the 
opinion that the marine Tertiary of Kamchatka and Saghalien is younger 
than the plant hearing lignite that he considers as Miocene. 

According to the later investigations the lignite deposits, both in 
Kamchatka (after oral cornmunication by Dr. R. FLORIN) and in Saghalien 
(after KRYSHTOFOVICH) are said to be partly of Paleogene, partly of 
Neogene age. KRYSTOFOVICH says that the paleogene lignite is super
iroposed by marine Tertiary. 

Of pliocene age are, finally, the Tertiary deposits on the N. coast 
of Iceland. According to SCHLESCH these are elosely related to the 
English Crag hut contain a greater number of arctic Mollusca. There 
occur, however, together with those also southern forms which, in present 
time do not range so far towards the North as Iceland. The Pliocene ot 
leeland contains two species which are found nowadays in the Bering Sea, 
and many species living on the east coast of North America hut lacking 
on the European side of the Atlantic. 

Tertiary freshwater mussels are found in Spitsbergen and Green
land, as mentioned above, and besides in West Greenland. The West 
Greenland species belong to other genera than the Spitsbergen and East 
Greenland ortes. From the latter countries we know only species of Cyrena. 
From West Greenland, on the contrary, a Unio and a Cyclas have been 
recorded, which, according to HEER, are similar to Unio u 1Zdatus Hur-m. 
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and Cyclas rivu laris. The single species of Cyrena described from 
East Greenland is not identical with any of the Cyrenas found in 
Spitsbergen. From the Arctic region of Canada lacustrine bivalves have 
recently been reported, viz. representatives of the genera Anodonta, Unio, 
Sphaerium and Cy11natocyclas ,  as weil as lacustrine gastropads of the genera 
Limnaea, Ap lexa, Vivipara, Amnico la and Goniobas is . N o species are in 
common with Greenlan d, b ut on e species ( Anodon/a athlios) is known 
from a plant-hearing deposit of the same age from the south coast of 
Alaska. The genus Goniobas is has a southern distribution and does not 
range nowadays north of Oregon (TRVON). 

Arctic marine Crustacea are found in East Greenland only. They 
are Decapads of the genera Hopl�paria and Coeloma (RAVN I903). 

Description of the Species. 

I. ?Gibbu la spec. PI. III, figs. I a, I b. 

One fragmentary specimen. 

2. Natica spec. I. PI. III, figs. 2, 2 a. 

One specimen, height 2I mm. 

3· Natica spec. 2. PI. III, fig. 3· 

7 specimens, the largest (fig. 3) I6 mm in height. 

4· N atica spec. 3· Pl. III, fig. 4· 
One specimen, IO mm in height. 

5· Nas s a  spec. PI. III, figs. 5, 5 a. 
One specimen, I7 mm in height. 

6. Nuculan a spec. 1. PI. III, figs. 6, 6 a, 7· 

I4 specimens. The largest specimen (the original of figs. 6 and 6 a) 
is 6.s mm in length, 4 mm in breadth and 3 mm in crassitude. 

7· Nucu lan a spec. 2. PI. III, figs. 8, 8 a 8 b. 

3 specimens. The largest one (reproduced in PI. I) measures 6 mm 
in length, 5 mm in breadth and 3·5 mm in crassitude. 

8. A starte spec. PI. III, fig. 9· 

One specimen. Length 27 mm, breadth 22 mm, crassitude rz.s mm. 
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9· Lu cina spec. PI. III, tigs. 10, 10 a, I 1. 

The shell has no teeth, as was made evident from a section ground 
by me. There are 33 specimens, the largest attaining a length of I6.s 
mm and a breadth of I 5 mm. 

10. Thyas i r a  bisecta  CoNRAD. PI. IV, figs. J4, J4 a, I5, I6, PI. V, 

figs. I8, I9, I9 a, 20, 20 a. 

I85o . Venus bisecta CONRAD: U. S. Explor. Exp. ro Geology. New York, 
p. 724, pi. l 7, tig. 10. 

I864. T!tyatz'ra? bisecta MEEK: Checklist Invertebr. foss. N. Amer. Miocene. 
Smithson. mise. coli. I83. Washington, p. 8, 29. 

1865. Cyprina bisecta CoNRAD: Amer. Journ. Conch. I, I865, Philadelphia 
p. I 53· 

I 866. Cyprina bisecta CONRAD: Check list Invertebr. f oss. N. Amer. 
Eocene and Oligocene. Smithson. mise. coli. 200, vol. 7· Washing
ton, p. 6. 

I869. Conchocele disjuncta GABB: Pal. Calif. 2, p. 27, pi. 7, tig. 48. 
I875 - >) SCHMIDT : Z. deutsch. geol. Ges. 27, Berlin, 

p. 713· 
1891. Cryptodon bisectus DALL: Proc. U. S. Nat. Mus. I4, Washington, 

p. 189. 
I895- Cryptodon bisectus » Proc. U. S. Nat. Mus. 17, Washington, 

p. 7 r 3, pi. 26, tigs. 2, 5. 
1901. Thyasz'ra bisecta DALL : Proc. U. S. Nat. Mus. 23, Washington, 

p. 789, 817. 
I902. Conclzocele disjzmcta SCHMIDT: Geogr. Journ. I9, London, p. 754· 
I903. Thyasira bisecta DALL: Trans. Wagner Free Inst. of Sci., Philadephia, 

vol. 3, p t. I 903, p. I 340. 
1909. Tlzyasira bisecta DALL: U. S. Geol. Survey, Prof. Papers no. 59, 

Washington, p. II8. 
Igzr. Tlzyasira bisecta DALL: Bull. 112 U. S. Nat. Mus. Washington, 

p. 33· 

Mr. LEWIN's material contains no less than 84 specimens and JO 
single valves of this species. The largest specimen has a length of 85 mm. 

This is the largest species of the genus. DALL (1901) gives its length 
to be about 80 mm (fossil specimens). Specimens from the miocene at 
Astoria, Oregon, are stated by CONRAD ( I85o) to be »two inches» in 
length. Living specimens attain, according to DALL, a length of 77 mm, 
in Pudget Sound, and 50 mm, S. of Alaska Peninsula. They are, conse
quently, larger in warm districts than in cold ones. The considerable 
size of specimens from the Spitsbergen Tertiary thus would possibly be 
interpreted as implying that a warmer elimate than that of Pudget 
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Sound (Washington) nowadays were prevailing in Spitsbergen when this 
species existed there. A comparison between the average air temperatures 
at Seattle, situated near Pudget Sound and at Ice Fjord on the west 
coast of Spitsbcrgen gives the following table (HANN 191 r): 

Coldest month ------------------
W armest >> 

Average pr annum ___________ _ 

Seattle 

+ 4·3° c. 
+ I7·7o C. 
+ 10.6° c. 

Ice Fjord 

- r8.s0 C. 
+ 460 c. 

-- 6.zo C. 

The difference between the average temperatures of year in the 
vicinity of Pudget Sound and in Spitsbergen is, consequently, r6.8° C. 
As, in the Tertiary, the species was larger in Spitsbergen than it is now 
in Pudget Sound, we may draw the conclusion that the average annual 
temperature in Spitsbergen would have been more than 16.8 degrees 
higher than now, when the species existed there. HEER heJd the opinion 
that the Tertiary flora in Spitsbergen indicated an annual average tempe
rature in that country of + 9° C. As high an average temperature pr 
annum as above 10.6° C. can hardly have been prevailing in Spitsbergen 
during another period of the Tertiary than its warmest epoch, the Eocene; 
certainly i t d id not prevail in the N eogene. 

Of the present species there are preserved in the Riksmuseum 2 
specimens from the Tertiary of Saghalien. They are determined by FR. 
SCHMIDT as Concftocele disjuncta GABB. The largest of them is 83 mm 
in length. The smaller one has been reproduced by me for comparison 
(P l. V, tigs. 20, 20 a). 

In preparing the specimens from the Spitsbergen Tertiary I have 
made out that their binge is without teeth. 

According to DALL the species occurs living partly S. of Alaska 
Peninsula, 69 fatboms ( = 124 m) at a temperature of 44° F. (= 7° C.), 
partly in Pudget Sound, 133 fathorns (= 239 m). It is found fossil in 
the Miocene at Astoria, Oregon, and in the upper Miocene at Seattle, 
Washington. In the Pliocene it has been found at S. Pedro (California), 
in Japan, Saghalien and at Taui on the west coast of the Sea of Okhotsk, 
the three last-mentioned statements according to SCHMIDT 1875 and 1902. 
Thus it has been found neither living nor fossil without the Northern 
Pacific. 

Akin species are living on the Californian coast, in the Gulf of 
California, on the Pataganian West coast and in the Straits of Magellan. 
During the Cretaceous period a closely related species, Th. Townsendi 
WHITE, lived in the Straits of MageHan and on the west coast of Graham 
Land (WILCKENS). The division of the genus Thyasira to which Th. 
bisecta belongs thus has bad a distribution from Graham Land to Spits
bergen via the west coast of America. Nowadays it has disappeared 
from the uttermost outposts, Graham Land and Spitsbergen, that is from 
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the coldest districts of its former range. The division is now entirely 
lacking in the Antarctic and the Arctic Regions. The coldest tracts where 
it lives now, are the Straits of Magelian and S. E. of Alaska Peninsula. 
In this connection it may be of interest to recollect the fact that Pleu
roleura Walteri KRAUSE, a marine gastropod which lives nowadays on 
Spitsbergen and N. E. Greenland (from where it was brought back by 
the KoLTHOFF-Expedition; HÄGG 1905), belongs to a genus which is, for 
the remaining species, known only from the Indopacific. 

II. ?Kellia spec. PI. III, tigs. IZ, IZ a, rz b. 

One specim en, 3·5 mm in length. 

1Z. Xylophaga spec. PI. III, figs. 13, 13 a, 13 b, 13 c. 

Two specimens. The length of the largest is ZI.5 mm. 

13. Lamellibranchiat e r. PI. V, figs. ZI, z r a. 

On e specimen, r z mm in length . 

14. Lamellibranchiate z. Pl. V, figs. zz, zz a. 

One specimen , IO mm in length. It belongs probably to the same 
genus as the preceding species. 

15. Galathe a spec. PI. VI, figs. z8, z8 a. 

One fragment. 

Description of the Material collected by Mr. H. L. Norberg and 

by certain Swedish Expeditions. 

In this Connection I find_ it opportune to record a Iot of Lamelli
branchia from the Tertiary of Spitsbergen, which, since Iong, have been 
stored in the Riksmuseum. Except four specimens these have not been 
mentioned by RA v� nor an y other author. Most of them are collected 
by Mr. H. L. NORBERG in 1913 in three localities S. of the Ice Fjord. 

One of these localities, according to NORBERG's labelling, is situated 
»about I 5 m above the uppermost coal layer, arctic coal comp. layer C». 
Judging from a map-sketch drawn by Mr. NORBERG this locality seems 
to be the same as RAVN's loc. 1. This is narned by RAVN Flower Valley 
in spite of the fact that another valley, in Sassen Bay, has got the same 
name previously (CONWAY, DUBOIS). The rock is a sandstone belongin g 
to series 1. 

The seeond locality is labelled by NoRBERG as »solid alp at the 
strand within Coles Bay, layer B.» Probably it is the locality 5 of RAVN. 
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The rock i s  a sandstone. From this place NORBERG also collected a slab 
of a conglamerate that Dr. T. HAGERMAN considers to belong possibly 
to the upper part of series 1. 

The third locality is designed on NORBERG's label as »Fossil Fjeld•. 
By this name evidently Mt. Fossil is meant. From that locality no animal 
fossils nor marin Tertiary remains have been recorded. In the Riksmuseum 
collections, further, there is kept a slab labelled »Spitsbergen, the summit 
of Mount Fossil, Green Harbour, by H. NORBERG 1912». In this slab 
there are remains of indeterminable mussels. The summit of Mt. Fossil 
lies 825 m above the sea leve!. In the Riksmuseum there are present, 
too, some plant fossils from Mt. Fossil, likewise collected by NoRBEl{G. 
From the fact that no fossil plants have been found in series 5, and on 
account of the leve! above the sea it seems probable that the mussels in 
question come from series 6. As yet there are no reports at all on finds 
of animals or marine fossils from that series. 

NORBERG's mussels from Mt. Fossil, beside the species of Cyprina, 
dealt with by me further on, form remains of 3 further species of Lamelli· 
branchia. These are, unfortunately, undeterminable. On e of them reminds 
one of a Cyrena. The rock is a sandstone with chert balls and pieces of 
coal. The chert balls recall the Permo-carbonic chert in series 4· The 
rock from the summit of Mt. Fossil is of a similar nature. 

In this paper I have also mentioned a specimen of Cyprina taken 
during NATHORST's and DE GEER's expedition in 1882, which specimen 
is not included in the work of RA VN or else reported. 

Finally, I have recorded 4 specimens belonging to as many species 
of mussels mentioned by RA VN. T hese are: Cyprina s p. I , Solenocurtus 
(Novaculina?) s p., Solellocurtus ( Macha) s p. , and Solenocurtus (T agalus ?) s p. 

Description of the Species. 

r. Cy prina spec. I . PI. VI, fig. 23. 
1922. Cyprina sp. RAVN: Moll. Tert. Spitsb. p. 20. 

Two valves of a single specimen. Locality: Mt. Brongniart. Block 
of sandstone. A. G. NATHORST 1898. The specimen which has been 
described by RAVN hut not reproducecl , is supposed by him to come 
from N A THORST' s series 5 ?  FUCHS has not reported this specimen i n his 
publication, though he has put a label with the name Cytherea to the 
original. The find is not mentioned by NATHORST 1910. 

2. Cyprina spec. 2. PI. VI, fig. 24. 

One east, entirely without shell remains. Its length is 56 mm , and 
its height 41.5 mm. Locality: E. of Coles Bay. NATHORST's and DE 
GEER's expedition r882. Sandstone. 
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The specimen was not mentioned by RAVN nor by any other author. 
It derives from NATHORST's series r. FUCHS has neither mentioned nor 
labelled this specimen. 

3· Cy prina spec. 3· PI. IV, fig. IJ. 

On e east with fragments of the she!!. Its length is 3 I mm, and its 
height 21.6 mm. Locality: Mt. Fossil. H. L. NoRBERG I9 13. 

Concerning rock, age etc. see p. 49· 

4. Meretr ix (Ca/lista) Nathorstz" RAVN. 

I922. Meretrix (Ca/lis ta) Natho rs tz" RAVN: Moll. Tert. Spitsb. p. 22, pi. 2, 
fig. 7· 

Locality I: Western side of Advent Bay, about I 5 m above the 
uppermost coal seam, layer c. H. L. NORBERG I9I3. Concerning rock, 
age etc. see p. 48. 

8 casts without shells. The largest one has a length of 85 mm and 
a height of 43 mm. 

Also RAVN mentions the species from this same locality. 
Locality 2: on the shore inside Coles Bay, in place. 
4 casts without shells. The largest has a length of 92 mm and a 

height of 52 mm. The largest specimen reported by RAVN has a length 
of only 65 mm. Concerning rock, age etc. see p. 48. 

Al so RA VN mentions the species from this same locality. 

5· Meretrix (Do s inz" o p,s i s) orbicul a ri s  EDWARDS. 

I852. Cytherea orbicularis EDWARDs; MoRRIS: Fossil shells, p. 265, pi. 
I6, fig. 5· 

1904. Dos iniops z·s orbicul m-is EDWARDS; CosSMAN & PISSARO, Iconogr. 
eocene. Paris, fasc. I' pi. I2, figs. 52, 53· 

1922. Meretrix (Dosiniopsis) orbicularis Enw. sp?; RAVN: Moll. Tert. 
Spitsb., p. 20, pi. I, fig. ro. 

T wo casts totally without any traces of shells. The largest specimen 
is 43·5 mm in length and 35.5 mm in height. 

Locality: On the shore inside Coles Bay, in place, layer b. H. L. 
NORBERG 19I3. Concerning rock, age etc. see p. 48. 

The species is not reported by RAVN from this locality, but is 
new to it. 

6. Meretrix py r zfo rm is RAVN. 

I883. Terebratula sp? FuCHS: Tertiärconch. Spitsb. p. 21, pi. 2, fig. 3· 
1922. Meretrix pyrifonnis RAVN: Moll. T ert. Spitsb. p. 2 I, pi. 2, fig. 3· 
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Locality I :  Western side of Advent Bay, about I 5 m above the 
uppermost coal seam, layer c. H. L. NORBERG 1913. 

One east without any trace of she!!. Its length is 56 mm and its 
height 38 mm. 

Considering rock, age etc. see p. 48. 
RAVN reports the species from this same locality. 
Locality 2: at the shore inside Coles Bay in solid rock, H. L. NOR· 

BERG 1913. 
Two casts without all traces of shell. The largest has a length of 

82 mm and a height of 64 mm. It is larger than RAVN's biggest spe
cimen, which has a Jength of 75 mm. 

Considering rock, age etc. see p. 48. 
RAVN reports the species from this locality. 

7· Solenocurtus (Macha)  spec. PI. VI, fig. 26. 

19!0. Psammosolen F UCHS in NATHORST: Beitr. Geol. Spitzb. p. 378. 
(partim). 

1922. Solenocurtus n. sp. RAVN: Moll. Tert. Spitsb. p. 25 (partim). 

Two casts without shell belonging to one single specimen. 
Locality: Mt. Brongniart in a block. A. G. NATHORST 1898. 
RAVN has written about the present specimen but not figured it. 

He considers that it may perhaps belong to a species distinct from his 
»Solenocurtus n. sp.» The rock which is a sandstone, is held by RAVN 
to belong to N A THORST' s series 5? 

8. So lenocurtus? (Novaculina?) spec. PI. VI, fig. 27. 

1883? Psammobia sp. Fucns: Tertiärconch. Spitzb. p. 7· 
1922. Solmocurtus (Novaculina ?) spiisbergensis RA VN: Moll. T ert. Spitsb. 

p. 26 (partim) . 
Two casts without shell belonging to one single specimen. Its 

length is 33·5 mm and its height 14.5 mm. The specimen was previously 
mentioned but not figured by RAVN, who is of the opinion that it passi
bly belongs to Solenocurtus (Novaculina) spiisbergensis RAVN. 

Locality: Mt. Hierta. A. G. NATHORST 1882. The rock is a sand
stone and belongs to NATHORST's series s. 

9· Solen ocurtus (Tagalus?) spec. PI. VI, fig. 25. 

1883. Pharella spec. FucHs: Tertiärconch. Spitzb. p. 7· 
1922. Solenocurtus (Tagalus?) sp. RAVN: Moll. Tert. Spitsb. p. 26. 

Locality I: East of Coles bay. A. G. NATHORST 1882. 
Two casts without traces of corresponding valves belonging to one 

single specimen. Its length is s6 mm and its height IS mm. It has been 
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mentioned by RAVN hut not reproduced. The rock which is a sandstone, 
belongs to NATHORST's series I. 

Locality 2: At the shore inside Coles Bay, in solid rock. H. L. 
NORBERG I9I3. Two casts belonging to one single specimen. Every 
trace of shell is absent. The length of the specimen is 38 and the height 
I2 mm. Considering rock, age etc. see p. 48. 

Conclusions. 

A comparison between the fossils of Mr. LEWIN's material on the 
one hand and, on the other, all remaining marine material known from 
the Tertiary of Spitsbergen, makes evident that both have no species 
and only one genus (Lucina) in common. Nevertheless Mr. LEWIN's 
material counts I 5 distinct species allotted to I I genera, and the remain
ing marine material is formed by 16 species (including 2 not previously 
mentioned and 2 not discriminated by RAV:i'< as distinct species) belonging 
to 6 genera. Also in another respect a great difference is to be observed. 
Mr. LEWIN's material comprises 5 species of gastropods, 9 species of 
lamellibranchs and I decapod crustacean. The remaining material is 
represented exclusively by mussels (leaving out of consideration the in
conspicuous and indeterminable fragments of gastropads belonging to the 
Riksmuseum collections and only mentioned by NATHORST). Mr. LEWIN's 
collection contains only one species, Thyasira bz'seäa, found elsewhere, 
viz. from Miocene to recent time within the northern Pacific. The remain
ing material contains 4 species known from Paleogene deposits of Eng
land, France, Belgium and Ural Mountains. 

RAVN has shown that the fauna from the tertiary deposits mentioned 
above which has not been brought back by LEWIN indicates the end 
of the PaJeocene and the time nearest after. 

The occurrence of Thyasira bisecta in LEWIN's collections refers 
them to the Neogene. As mentioned on p. 47 the species is larger in 
the Tertiary of Spitsbergen than as alive. As the species is, in recent 
time, larger in southern than in northern parts of its area, the inference 
might be drawn that the elimate of Spitsbergen was warmer during the 
Tertiary period than it is now at the southern boundary of that area of 
distribution. From my argumentation on p. 47 it followed that the ave· 
rage annual tempefature in Spitsbergen during the time when Thyasira 
bisecta lived there, would be higher than I0.6 C. = above I6.s C. higher than 
in recent time. I also pointed out the prohability that so high a temperature 
cannot have prevailed during another time than the Eocene, the warmest 
tertiary period, and certainly not during Neogene. Of course, conclusions 
drawn about the elimate on account of comparisons of the mere size of a 
single species will be rather hypothetical, the more so, if we consicler the 
considerable remeteness of the periods here in question. But the scant 
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material does not allow of any more positive statements. That the age 
of the new material belonging to Mr. LEwiN's collections must be esti
mated higher than the Neogene is corroborated also by the mass of the 
new species yielded. I t is remarkable t hat M r. LEWIN' s material, w h ich 
according to all facts available, seems to belong to NATHORST's series 
3, does not contain any lacustrine mussels, which are, indeed, rather 
characteristic of that series (5 species of Cyrena against only 2 marine 
lamellibranchs). It is to be observed, further, that the fossils in question 
lie in a limestone, a rock which is totally absent in the remaining Ter
tiary of Spitsbergen. Conclusively, this material, both in faunistical and 
petrographical characters, differs from all previously known tertiary remains 
from Spitsbergen, and its exact relations implie a problem solvable only 
by further research. 
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Explanation of the Plates. 

Plate III. 
Fig.  J , I a ,  r b.  ? Gibbula, I n at.  s ize,  I a X 3, I b X 3· 
Fig.  2,  2 a. Natica spec.  I ,  n at. s i z e .  
F i g .  3 ·  Natica s p e c .  2 ,  n at .  s i z e .  
F i g .  4 · Natica spec .  3 ,  nat .  s ize.  
Fig. 5, 5 a .  Nassa spec . ,  5 n at .  s ize ,  5 a X z .  
F i g .  6 ,  6 a .  ]lluculana spec.  J , 6 n at .  s ize ,  6 a about X 3 ·  
F i g.  7 .  Nu culana s p e c .  I ,  about X 3 ·  The bright i n  the  h i n ge m argi n i s  a 

rem nant of t h e  sh ell (the  teeth) , the  dark z i gzag I i n e  is rock filling bet
ween the teeth . 

F i g .  8 ,  8 a, 8 b. Nuculana spec.  2 ,  nat. s i z e  and X 3 · 
F i g .  9 ·  Astarte spec. , n at .  s ize .  
F i g .  I o ,  r o a, J r .  Lucina spec . ,  n at .  si  z e (r  o , I I ) and X 2 ( I o a) . 
Fig. 1 2 , I 2  a, I 2  b .  ? IS:ellia spec. , nat .  s ize  and X 3 · 
Fig.  1 3 ,  1 3 a, I 3  b, I 3  c. Xylop!wga spec , nat.  size and X 2 .  

Plate IV. 

Fig. J 4 ,  I 4 a, I S , I 6 . T!tyasira biseda CoNRAD, nat size ; fi g. I S a specimen 
with the  J e ft valve exceeding above .  

F i g. I 7 .  Cyprina spec.  3 ·  n at .  s i z e .  Riksm useum, Stockhol m .  

F i g .  I 8 ,  
F i g. 2 0 ,  
F i g.  2 J ' 
F i g .  2 2 , 

F i g. 2 3 .  
F i g. 2 4 .  
F i g .  2 5 ·  
F i g .  2 6 . 
F i g. 2 7 . 
F i g. 2 8 ,  

Plate V. 
I 9 ,  1 9  a.  Thyasira bisecta CoNRAD, fro m  Spitsbergen,  nat. s ize .  
20 a .  The same,  fro m  Sagh al ien,  n at.  s ize .  Riksmuseum, Stockholm . 
2 I  a .  Lamel l i branch i ate I ,  n a t . s i z e  and X 2 .  
2 2  a .  Lam ell ibranchiat e  z ,  n a t .  si z e  and X 2 . 

Plate VI. 

Cyprina spec. I ,  nat . size. R i k smuseum, Stockholm.  
Cypritla spec .  z ,  n at. s i z e .  Ri ksmuseu m .  
Solenocurtus ( Tagalus ?), n at.  s i  z e .  Ri ksmuseum. 
Solenocurtus (Macha) spec . ,  n at . s ize .  Riksmuse u m .  
So!enocurtus ? (Novaculina ?)  spec . ,  n a t .  s i z e .  Riksm useum. 

z8 a.  Galat!zea spec . ,  n a t .  s ize and X 3 ·  
Printed 12/s I92J. 
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