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JAR.PETRBOK

_ Mekkysi plistocenni a holocenni marinni terasy
Cerného mote u Bal€¢iku v Bulharsku a marinni mékkysi
bulharského plistocenu :

lIBe MopcKue Teppachl UepHoro Mopg B 6;au3n Banynka
B Boarapuu

(Predlozeno 18. 1. 1951.)

Po prvé byli skuteéné plistocenni marinni mékkysi Bulharska zjis-
téni teprve 1924—5 a to na Galaté u Varny, 1927 u Mesemvrie-Nesebru
a u Ses Sevmes. Ale tu béZelo pouze o marinni conchylie vétrem do
plistocennich sprasi zavlecené, nikoli o marinni - terasové - sedimenty
plistocenni. Ty byly tedy v Bulharsku nalezeny mnou po prvé a to
u Baléiku v Tuzle 1949. Studované terasa jde do vySe asi 20 metrt a je
asi jeden km dlouha. Nedovedu ji vlozit do presného horizontu plisto-
cenniho a to proto, ponévadZz jednak neni kryta jinymi plistocennimi
vrstvami, jednak nemohu ji srovnat faunisticky s jinou znamou drive
jiZz horizontovanou praci jinych autortl, zejména ruskych. Ponévadz neni
kryta sprasi, kterou jsem na 0boéi téchto strani nenasel — a¢ na na-
horni roviné kolmo nad touto terasou jsou sprase i s ulitami sucho-
zemskych mékkys§t — nemohu tedy ani rozhodnout, patii-li tato terasova
fauna marinni skuteéné do zdanlivého interglacidlniho stupné KARAN-
GAT zvaného, anebo zda nebéZi snad o faunu mladsi. Také na mysu
KALIAKRA jsem po kazdé marinni plistocenni terasové sedimentaci
patral marné téhoZz roku, a¢ jsem mél k tomu podminky co nejpriznivéjsi.
Proto nezbyva mi nic jiného, neZ spokojit se dnes tim, Ze prosté tuto
faunu jako takovou zde registruji a kazidy dalsi vyzkum jsem nucen
odkézat budoucnosti. ]

JARANOV sice tvrdi, Ze Varna lezi na terase KARANGATSKE,
ale toto své tvrzeni neprokazal ani faunisticky, ani stratigraficky
a soudil tak pouze morfologicky pri pohledu s plovouci lodi. J4 jsem
patral marné po jakékoli terasové sedimentaci plistocenni ve Varné
samotné 1 jejim okoli i v nejkrasnéji otevienych profilech a nagel jsem
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The oscilation of the sea-level of the Black-Sea (according to Grahmann).
Oscilace vodni hladiny Cerného mofte.

pouze tercierni — snad lutetienské — terasy obnaZené u pomniku Vladi-
slava Varnencika.

Grahmann vypracoval sice kiivku oscilace vodni hladiny Cerného
mote, avSak kazdé takovéto kolisani vodni hladiny mote, je pouze vy-
sledkem pohybu ker jeho vlastniho dna. A tu nesmime zapomenout, Ze
neni nezbytné nutno, aby se vsechny ty kry pohybovaly ve stejném
rytmu soucasné a proto neni také nutno, aby vSude na celém pobrezi
byla ta ktera marinni terasa skuteéné i zachovéana.

Vime velmi dobte, Ze nékde jsou pohyby pobrezni Géiry mnohem
rychlejsi, nez jinde. Tak je tomu s pohybem pobfezni kry u Baléiku,
kde je dnes pohyb nejprudsi, kdezto v zatoce Varnenské je toho dasu
nepatrny, nebo ustrnuly.

Je mozno, zZe misty mohla byt takova marinni terasa prosté na-
slednymi pohyby moiského dna i smyta. Nemame pro to sice jesté
dokiadu, ale teoreticky to mozno je, jak vidime pravé u Baléiku, kde
na dné more u samého pobiezi lezi silou priboje sesuté trosky skal,
na kterych se da predpokladat terasa marinni. Zde totiz sjizdi ve vlno-
vitém tvaru velky kus biehu do moie. Tento pohyb je vyvolavin tekto-
nickym dénim a vSechno ostatni, co se tu projevuje, jsou procesy
nasledné.

Grahmannovu vlnovku ,,oscilace vodni hladiny* Cerného mote
nesmime tedy brat jinak, nez jako dusledek pohybu ker a to periodic-
kého pohybu téchto ker dna a nikoli jako diference v kubickém obsahu
vody jednotlivich geologickych obdobi.

V plistocenni marinni terase u Baléiku snazil jsem se sice vysbirat
co nejvice materidlu, ale i tak povazuji tento sviij sbér za netplny a to
proto, Ze misty byl pristup k terénu pro kolmost brehu Gplné nemozny.

Holocenni terasy mote na bulharském pobreZi jsou mnohem pristup-
néjsi, ale nevénovali jsme jim dosud nalezitou pozornost a tak nemame
presného obrazu jejich fauny. To nam chybi pravé pri studiu této
terasové asociace plistocenni. Ale i s témito nedostatky je moje sdéleni
velkym, protoZe dnes jedinym prispévkem k poznini fauny plistocennich
mékkysa Cerného mofe.
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B utone 1949 ropaa, MHOH, BriepBbie OblJa YCTAaHOBJAEHA, KAK MAJEOHTO-
JOTHYECKasl, TaK U CTpaTernueckas Mopckas 6osarapckas teppaca I[laucro-
LeHH, B JJHHHE OKOJO OJHOTrO KUJIOMeTpa M B mHpuHe g0 20 MeTpos,
B6au3u cenenust Tyana Henameko bBamuuka. E€ TOUHBIH TOPHU3OHT, Kak
B IaJEOHTOJIOTHYECKOM, TaK U B CTPATerH4ecKOM CMBICJE, MBI elé He
MOXKEM OIpPENENUTh, a TO MOTOMY, YTO HeHMeeM HHKAaKHX CPaBHHTENbHBIX
JIOKA3aTeJbCTB, HO IPEANOJaraeM BIpOYeM, Ha HEKOTODBIH IOCHAeIHHUH
HMHarepraanuan, Bo3MoxHO KapaHrar, HO Hallld DPeJOJN0KEHHS OCTalTCs
MO BOIIPOCOM OroBOPKH. PemuTenrbHO oOTBepraeM TakK HasblBaeMbIH
HMurtepcraguan, rae rnepeMeHa B MOPCKOU (payHe NPOM3OHUTH HeMOrJa.

CkanmucTelél 60K 3TOH Teppachl B JABYX MeCTax NPOOHTA CHIbHBIMH
MOPCKUMH BOJHEHHUSMH, T'Je BO3HHKJO JBa INPOXOJAA, KOTOPBIMH MODe
BHUKJIO 32 CKaJHUCTBIA Geper U TakuMm o0OpasoM o0paBO3ano 3ajuB, KOTO-
pPBbIfi BCe BpeMs uUMeJ COOOIieHHe ¢ MOpeM. B 3TOT TO 3an¥B M BHHKJA
Mopckas dayHa, Mo KOTOPOH 3eChb OCTATUCh B OOJBIITHHCTBE CAU3HAKUA —
crenoBarenbHo Llonmxeinne. B 3ToM HOBOM NMpOCTOpPE, 3a71HB HaM OCTaBHJI
HOBYIO Teppacy, MOJOXe BbIllIeyBeJIeHHOH -— mpeanosnaaraemas Kapas-
FaHTCKas, C MOJHBIM CoJep:KaHHeM Kacawmuxca Upimxuanu. 1o obure-
CTBO HMHOe, 4eM B Teppace BBIIIEYBEJIEHHOH, XOTs HeJb3s YTBEPK/AaTb
0 nepemese (payHbl. Bo3pacTt aTo# Teppackl MOKHO OBLIO Obl TOYHO OIpe-
JleTUTh — cpaBHeHHeM C (payHo# PoccuabHbIX, a TO 'oJloceHHHX Teppac
B Hecebpy a BosoK BapHeHCKHX, HO 3a HeMMEHHEM MaTepHa/OB, HEBO3-
MOXKHO IIPOM3BECTH omnpenenenus. Kapaurarckass reppaca YepHoro mops
vy Bapuer B 1940 roxy Omlna mpexpmogarasa $ipaHoOBbIM, HO OKasanach
OIIMOOUHOH, TaK Kak Teppaca HeOblIa MOPCKON, HO HAHOCOM pEUHBIX
mebHel, yacTbio JIyTeTHHCKOH Teppachl OTKPHITOH y maMsATHHKa Baaau-
cnaBa Baprenunka, a yacTbi0 BaJHHBI C Pa3BaMBIINXCS CIOEB MODPCKOIO
Capmara. ¥ Hac HeT HHMKaKHX JOKa3aTeAbCTB KaK CTpaTerHYecKHX, TaK
H TaJeO0HTOJOTHYECKUX HAaXOJOK Ha 3TOM YJacTKe.

Teppaca B6ausn Bamuuka-Ty3anbl, okasbiBaeTcs, mepsoi B Boarapuy,
YCTAaHOBJIEHHOH MOpPCKOH Teppaco# [TaucroimeHHH.

The molluscs from one Plistocene and one Holocene Terrace
of the Black-Sea at Bal¢ik in Bulgaria and the marinne
Molluses of the Bulgarien Plistocene

Though Jaranov,l) 1940, maintained that Varna lies on
a Plistocene marine terrace of the so-called Karangatian, he did
not prove the existence of this terrace either paleontologically or strati-
graphically. Nor have I been able ever to do so, though I have tried
to especially in 1948 and 1949 in the magnificently exposed and easily
accessible sections on the Black Sea coast. I did not find anywhere
terrace material, not even gravels and sand or clayey sediments of the
sea, just as marine conchylia deposited at the time by the sea were
nowhere to be found.

On an excursion with his students Jaranov once observed the
low step on which Varna stands from the steamer on which they
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travelled. He concluded simply from the site of the town morpho-
logically to the existence of this assumed and up till now non-proved
Plistocene terrace. Already in 1922 I showed in my sections that in
Varna there are on the Sarmatian beds here and there nests of
quartz pebbles. But these pebbles were not sedimented here in the
Quaternary (i. e. at the time of the Karangatian, corresponding
to the last Interglacial in Central Europe, i. e. to the Riss-Wiirmian-
Plistocene). They are only surf accumulations derived from the locally
exposed river terrace of probably Lutétian age, or were washed out
by the surf from destroyed marine Tertiary sediments.

In them find marine conchylia set free by the disintegrration of
these sediments, i. e. from different stages of the local Tertiary. Thus
they are not marine terrace sediments of the Black Sea of the
Plistocene (here according to Jaranov of the Karangatian) or
of another Plistocene period, though it is not a priori excluded that
this secondary redisposition could take place in the Plistocene itself.

Nor does the literature until 1949 speak anywhere of Plistocene
marine terrace onthe Black Seacoastin Bulgaria. Of a Holocene
marine terrace I speak for the first time in my article of 1938 (“Le
développement de la baie de Nesebr””) and I place these sediments in
the Atlantiec, or more correctly in the pre-subboreal Lito-
rinian, just like the Varna ridge between the present Black Sea
and the Varna Lake, in my article of 1948/9.

In 1932 1 had found on the coast of the Black Sea up to about
15 meters, between Sozopol and the Arkutino Lake, also
a slightly exposed, forest-covered marine terrace with a material of
pebbles and sand, but as I did not find in it any paleontological material
1 did not speak of this terrace and left its exploration for a later year;
then however because of the war I did not get back to the place.

Similarly I did not. find on the coast of the Rumanian Do-
brudja and the Black Sea coast of European Turkey any
‘race of a Quaternary marine terrace. Therefore I consider my
find of June 1949 of Quaternary marine terraces at Balcéik in
Bulgaria tobe the first for this area really proved paleontologically
and stratigraphically.

There are here two terraces, one older, the other younger. The
older one reaches to an estimated — not measured — height of 20 m.,
the younger one to an estimated height of 2 m. above the present level
of the Black Sea and the so-called Tuzla Lake there, which
in Tiirkish means salt, i. e. a salt lake.

The older, certainly Plistocene terrace has an estimated length
of about one kilometer. Its ridge descens sometimes to 10 m., but it
has in its whole length the same fauna.

I do not venture of course to determine the accurate Plistocene
horizon of this marine terrace because of the lack of any personal
knowledge especially of the Russian terraces; admission to the
Russian coast was granted to me in autumn 1938, but the visit
became impossible through the tragic political events in CSR. Further
the whole literature on the marine Quaternary of the Black Sea does
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not supply a sufficiently clear criterion for determining without doubt
the horizontal age of these terrace sediments capable also of secondary
movements (for it is known that marine terraces can be uplifted by
some subsequent secondary movement of a block to a greater height
than the one to which they belong primarily).

Therefore I place this terrace for the present, because of its altitude
above the present sea lever, simply in the Plistocene without determin-
ing its horizon. I place it in the Plistocene also because it has been
pierced in two places by the surf, which thus opened a way to the
sea water for drowning the bay formed.

Also paleontologically we cannot venture to determine more in
detail at least per analogiam the age of the horizon of this Plistocene
marine terrace, as we cannot base ourselves on other observations, either
our own or recorded in the literature. Up till now we know the Plisto-
cene marine fauna of the Bulgarian coast exclusively from my own
finds of eolian loamy sediments, i. e. from the loess of the last Glacial
(Wiirmian), since 1922 from a few places: Nesebr 65,2 (= Me-
semvrie), Galata 3,79, Ses Sevmes 4,64 (<=Asparuchovo),
and Baba Burun, all near Varna, 5,61.

But the marine fauna of these Plistocene deposits is very scanty,
for of larger conchylia only fragments could be sedimented in this way,
and even these only very sparily. In 1949 I found in a deep military
trench about 1 km. long a for local conditions fairly large number of
these fragments, yet they are not sufficient for a knowledge of the
whole association of this geological period owing to the small number
of species represened in them.

In determining the accurate age of any horizon of Plistocene marine
terraces the vertical height alone is not sufficient, ag it is known that
this may be changed by later oscillatory movements of the shore line,
and thus the historical height sequence of the whole evolution and
real age of any terrace can be changed.

What we know of the marine terraces, Plistocene as well as Holo-
cene, of the Black Sea in Bulgaria is still too little, ‘strati-
graphically as well as paleontologically, for us to attempt accurately
to determine any horizon, especially a Plistocene one.

With regard to the Holocene terraces we are — after the analysis
of the age and development of the bay of Nesebr — a little better
off, as we have here more criteria — such as the washing off of the
upper loess, which is preserved where the basin of this bay did not
reach.

Thus I was able to determine also the age of the Varna Dam
between the Black Sea and the Varna Lake at a place near
Baba Burun. Similarly I could determine also the age of the
“undercut coasts” of the Black Sea at Kara-kid jin the northern
Dobrudja above Mamai, as here too the youngest loess was
denuded. ,

Here at Kara-kid j we have therefore a proof of the oscillation
of the water level of the Black Sea in post-Plistocene time. In
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post-Plistocene time, because the layers of the youngest loess are here
denuded by lateral wave abrasion.

It would be possible to determine this sinking of the sea level
accurately to the decimeter by levelling measurements, and at the
same time it would also be possible to calculate the rate at which it
takes place. Such a sinking of the water level in one place must of course
result in the raising of the water level of the same sea in another
place. It would certainly be better if we spoke rather of a movement
of the sea bottom, as this movement is the primary one, whereas the
corresponding oscillation of the sea level is only the consequence of the
movement of the bottom.

Such a subsidence of the bottom near the coast I ascertained in
1948 on the shore of the Vaja Lake at Burgas, where sherds of
culture pits of the stone-copper period — or Eneolithic — were settled
by Balanus sp. For we assume that the coast of the (Black) Sea
lay at the time of this culture far seawards from the present coast.
From the article Gra h m ann it is besides quite clear that the Black
S ea was several times a pure inland basin, i. e. closed, and several
times by a movement of the bottom the Bosporus opened so that
this basin became again an open sea.*)

Just because of this the Black Sea is the best, straight-out
test-proof of these elevations and subsidences by oscillations of the
bottom of this sea.

Of course this oscillating of the bottom of the Black Sea is
a phenomenon restricted to this sea itself. In it is only a dynamic
part-process, and this is of course connected with the movements of
the Caucasian block, which today has already reached the altitude
of high mountains, and whose movement in the present geological
period is not yet even periodically terminated or stopped. Thus of

Of course we speak here of an oscillation of the water level of this sea, alt-
hough the “oscilation” of this water level is simply secondary, as it is due to
orogenic movements of the bottom of the basin, caused in their turn by movements
of whole land blocks, and here on the Black Sea especially by the movements
of the Caucasus.

Here we have of course to refute the opinion that the water in the seas
increased in the Interglacial periods. We must not forget that in these periods
the water volume increased in the atmosphere as well as in the soils, and that
also vegetation formed a great water reservoir. Thus during the warm periods
the circulation of the water was greater and therefore also its effective consumption.

Grahman’s table assumes “a rise of the sea level” of the Black Sea during
the last Glacial period — perphas only because this sea was not connected by the
Bosporus (nor of course in any other way) with the Marmara Sea; but we have
not yet one single stratigraphical proof in Bulgaria of such a “rise” of its water
level. On the contrary, from the last Ice Age (Wiirmian). i. e. from the last period
of loess formation, we know from here only loess, very thickly developed (Varna
and vicinity, Nesebr and vicinity), which never lies on Plistocene marine terraces.

And it is just from Nesebr as well as from Kara kiéj in the Dobrudja
that we have proofs from the postglacial Litorinian !(Atlantic) period that the
movement of the blocks of the sea bottom were not only parallel with the coast
but under an angle to the coast; if it were different no such changes of the shore-
line as we know just from Nesebr, Kara ki6j, the Varna Bay could have taken
place, even if we take into account a variation of the surface currents of the sea
and of course an analogous variation of the regular winds.
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course also the movement of the bottom of the Black Sea cannot be
terminated. Of course, when we remember that whole continental
blocks are in movement, then we can be certain that also the bottom
of all oceans is in constant movement, and at present we can only follow
the different traces of these changes on the coasts, but cannot yet
formulate any law according to which these movements take place.

One of the proofs of such oscillations is not only Tuzla near
Balcéik for the Plistocene and Holocene, but also the V aja Lake
at Burgas. Here I found in 1948 the following profile:

gray loam (1% m.) without prehistoric fonds
black earth (— 1 m.) 2. Hallstadt sherds

1. fragments of eneolithic structure
brown loam (— 2 m.)

The water level of the lake has risen, for the sherds loosened by
the wave abrasion and projecting from the black earth into the water
of the lake are covered with Balanus. And this Balanus has settled only
on those parts of the sherds which got into the water, i. e. which were
laid bare by the waves. If there had been water here earlier, Balanus
would have settled on the whole sherds.

I was able to follow only part of this settlement, and for a final
conclusion it would be necessary to uncover the whole of it at least
by soundings.

Of course we also know already that the swamps at Arniberg
in the Reutal have dried out( just like the dried out “gyttja”, in the
Krutzelried in the Glattal, the drying out of the peat bogs in
Norway and Northern Germany are also a proof of the
climate optium of Blytt-Sernander, 1923, which dates in
Central Europe from the subboreal Litorinian, i e
practically from before the Central European Neolithic,
and ends in the early Hallstadt, but we certainly cannot say
that the rising of the level of the Vaja Lake has its cause in the
same climatic change, for the Vaja Lake it not an end-lake, and
we have not yet any proof that it ever was one.

The cause of the rising of the water level of this lake we see in
a subsidence of the coast line of the sea bottom. At the same time
we are of course aware that the substratum of the Quaternary beds
of the Vaja Lake are Tertiary marine sediments, clayey earth,
not solid rock. In these Tertiary beds I found a mandibula of Equus
stenonts and a collophanitised tusk of Mastodon sp.

At Balcéik-Tuzla no loess is preserved at the coast, perhaps
because this whole coast has already for long been sliding into the sea.
Its rock substratum consists of loose beds of brackish Sarma-
tian, which either carried the loess where preserved with it or buried
it. On the upper plateau above them this loess is however to this day
preserved in the whole Dobrudja in thick layers as is well known
already from the literature.

For all these reasons I was able to determine the geological age
of the younger terrace at the Tuzla Lake beyond Baléik as
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Holocene, and according to the loamy covering layers as older than the
subboreal Litorinian.

The difference in altitude between this terrace and the beds of
the same geological age in the bay of Nesebr and of the Varna
D am does not matter here at all, as everywhere we have here purely
local conditions. Besides, because of the paleontological material of
Nesebr as well as of Varna not having been worked, we do not
try to solve here the age relation between the terrace of Tuzla and
those at Nesebr and Varna. For this it would be necessary to
collect in detail this material here just as at Nesebr and Varna
(though I was aware of this in 1949 at Tuz1la, I was unable to collect
the material necessary for this purpose in the two latter places owing
to a sudden heavy attack of dysentery. Previous to finding the terrace
at Tuzla I did not pay any greater attention to this material.

Here we must not forget either that at each place and at the same
depth the same mollusc association does not live everywhere. Thus,
chiefly according to Veska Kaneva, assistant of the “Biolo-
gi¢na stanica” at Varna and an expert on the marine molluscs
of the Black Sea, it has never been possible to catch a living
Cerithium vulgatum LINNE and only empty shells washed up by the
surf from the sea are found, and even these only sporadically. On the
other hand this species was certainly very abundant during the
sedimentation of the youngest loess at the bay near Baba Burun,
for I found there in the military trench mentioned above 91 specimens,
i. e. several times more than all terrestrial Gastropodes living there at
the same time.

In the interpretation of marine terraces we must further not forget,
that the sea sometimes retreats from one coast and invades another.
A proof of this are just the Holocene undercut coast at Kara-Kid j,
from which the sea has retreated, just as the already mentioned
Varna Dam heaped up by the sea in the Holocene, since the time
before the subboreal Litorinian, and whose sedimentation has not yet
ended today! We know more such cases from the western coast of the
Black Sea, f. inst. at the dam of Lake Lac Siuti = Lac di
Canarain the Dobrudja, in the bay of Nesebr, at the mouth
of the river Tida, ete. In all these places the sea then leaves all its
deposits, pebbles, sand and marine conchylia.

When the coast rises because of tectonic block movements, fossil
terraces are formed.

This applies to the younger terrace of Lake Tuzla at Balcik.
As T already pointed out the dam of the Plistocene terrace
on the coast in front of this lake was broken through by the waves
in the Postglacial, and thus a bay was formed, in which a magni-
ficent fauna of marine molluscs lived, of which Cardium edule LINNE
has for the Black Sea the most remarkable shape, because its
shells are here, of the whole Bulgarianand Rumanian coast
of the Black Sea, unusually strong; this may of course be a con-
sequence of the fact that this relatively little open bay had much more
salty and warmer water than the sea here. The shells of this species,
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especially from the Varna Lake, are on the contrary very small,
as the water is here brackish with a low percentage of salt.

But as soon as the two gates were closed by the surf forming the
youngest terrace material, the water quickly evaporated, and thus the
percentage of the salt increased until the lake thus formed became
a salt lake =— tuzla, in which of course the molluscs cannot live.

As far as exposed profiles and the shortness of my stay allowed
I collected in the Holocene lake terrace the following conchylia:

Nassa reticulata Veneruptis 1rus
Nassa reticulata var. modesta ~  Cardium edule
Nassa reticulata var. modesta Cardium simile

f. minor Mytilus galloprovincialis
Nassa reticulata var. mediterranea  Mytilus lineatus
Cyclonassa nerita Ostrea taurica
Cerithiolum lineatum v Ostrea sublamellosa
Cerithiclum variegatum var. exile Tapes lineatus
Gibbula divaricata Barnea candica
Rissoa sp. Capsa fragilis
Petricola lithophaga Syndosnya ovata

Venus galling

Far less accessible was the fauna of the Plistocene terrace, as the
undercut coast of the sea is here completely vertical. Only in one place
was it possible to collect freely, and here very numerous and quite
undamaged shells of Pholas dactylus LINNE were a surprise.

Molluscs of the Plistocene Marine Terrace of the
Black Sea at Lake Tuzla beyond Balcik:

Nassa reticulata LINNE wvar. mediterranea RISSO
Nassa reticulata var. modesta

. Cerithiolum reticulatum Bruguiére var. exile
. Gibbula divaricata LINNE

Cyclonassa nerita LINNE

Pholas dactylus LINNE

. Petricola lithophaga RETZIUS

. Venus gallina LINNE

. Cardium edule LINNE

10. Mytilus galloprovincialis LAMARCK

11. Mytilaster linneatus

12. Ostrea sublamellosa

18. Ostrea taurica KRYNICKYJ

€0 00 =1 0> U A~ 0O 1O

The Marine Molluscs in the Upper Plistocene
Loess.

At different places of the Black SeacoastasatSes Sevmes
— Asparuchovo near Varna, Baba Burun above the Varna
Lake, Nesebr — Mesemvrie, as well as on the road below Galata
near Varna marine conchylia were found. These marine conchylia got
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into this loess exclusively by wind-drift. I have earlier called this case
a “stratigraphical paradoxon”, as non-terrestrial, marine
fossils got into the loess, not however by being washed out from beds
above this loess, but rolled by the wind on the ground from the coast
upwards.

The most magnificent and richest material is found in the former
military trench, about one kilometer long, between Baba Burun
and the highway to Ses Sevmes.

The following species were found here:

Nassa reticulata LINNE var. marginulate LAMARCK
Cerithium wvulgatum Bruguiere var.

Ceritholium reticulatum Bruguiére var. exile
Cyclonassa nerita. LINNE

. Rissoa sp.

Cardium edule LINNE

. Mytilus galloprovincialts LLAMARCK.

Of course though the age of all this loess is accurately determined
as youngest loess (= Wiirmian), yet the age of these marine conchylia
need not be identical with the age of this loess, though it is probably
so. But it is possible, that it came also to the erosion of some today
already completely destroyed older marine terrace. Remarkable is only
that I found here also Cerithium vulgatum LINNE var., not yet collected
in the Plistocene marine terrace at Tuzla beyond Baléik, and not
known either up till now from the Holocene terraces of the Black
Sea at Nesebr and Varna. It is known besides only from
isolated shells, always without the animal, found on the Bulgarian
coast of the Black Sea.

Of course a numerous fauna of terrestrial conchylia is often found
with this marine fauna, and it corresponds to the age of the youngest
Plistocene loess.

When we now compare all Plistocene marine species known up till
now of Bulgarian terrace and loess molluscs, we get the following
table.

Nassa reticulata LINNE, var marginulata LAMARCK
n.: Nassa marginulata LAMARCK.
Of 14 shells one attains the height of
14 mm. with a width of 8 mm.
15 mm. with a width of 9 mm.
the largest 17 mm. with a width of 9 mm.

It is thus LAMARCK’'s Nassa marginulate which is “thick-walled,
stocky, with less numerous ribs” (quoted from H. C. WEINKAUFF: Die
Conchylien des Mittelmeeres, Cassel, 1886). As however
LAMARCK’s Nassa marginulata described by him as a separate species
is only a variety of Nassa reticulata LINNE, I record it as: Nassa reti-
culata LINNE var. marginulata LAMARCK.

WEINKAUFF emphasizes that this variety comes from brackish
waters, which would correspond to the general situation in this bay in

NS ous o
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Orig. Jar. Petrbok
The bank of the Black Sea at Baléik with the plistocene marine terase.



which enter the Provadija and the Devna Rivers, both

flowing through the Varna and Beloslav (= Gebedze) Lakes
formed by them.

From other places I have from the Plistocene of the Black Sea
— Tuzla near Baléik — from the terrace a shell 25 mm. high
and 12 mm. broad (var. mediterranea), and from the Holocene terrace
there one of 21-—12 mm. (var. modesta).

] For the Black Sea coast of Bulgaria, Rumania and
Furopean Turkey this finding is new.

Nassa reticulata LINNE var. mediterraneq

This broad variety occurs in this Plistocene terrace more rarely
than the following variety:

Nassa reticulate LINNE var. modesta

I believe that there are many transition forms between them as
well as to the type, so that both are only extreme forms of one
evolutionary line, which perhaps begins to divide more sharply in the
Black Sea; this is only natural with its great geographical distribu-
tion and its historical evolution since the Miocen e. It would be worth
while to study this monographically.

Ceritholium reticularum BRUGUIERE var exile

Very rare in the Plistocene terrace here as well as in the loess
at Galata near Varna, Ses sevmes and Baba Burun.
Otherwise very abundant in the Holocene terrace just here at Tuzla
beyond Balcik; this is natural for this terrace was in a bay with
a very quieted sedimentation protected against the surf.

Ceritholium vulgatum BRUGUIERE var exile

All in all T collected in the Plistocene loess of this trench 94 larger
or smaller fragments of shells.

According to Veska Kaneva, assistant of the “Morska biolo-
giéna stancia” at V arn a this species has not yet been found alive on
the Bulgarian coast of the Black Sea; only sporadically its empty
shells have been found, and this proves that they are either shells
from the younger Quaternary or that this species lives at greater depths,
so that its shells do not reach the coast by normal waves.

The fossil shells collected also in the trench of Baba Burun-
Ses Sevmes belong all to a narrow to very narrow form, and this
proves it to be a form of a certain geological period and of certain
local conditions. But for giving a more concrete opinion we lack
material from different localities of the Black Sea. When we
consider that this species with its great geographical distribution and
considerable geological age must show a considerable variability, we
cannot draw any conclusions without a larger comparative material, for
shells are known from Algiers 71—20 mm., from the Miocene
of Vienna 75—35 mm., fossil from Palermo 100 mm., as weil
as on the other hand shells only 10 mm. long (Weinkauff).
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Therefore we have to restrict ourselves to the recording of the form
found in Plistocene loess.
Gibbula divaricata LINNE

Rare in the Plistocene terrace, abundant in the Holocene one for
reasons mentioned already elsewhere (Cerithiolum reticulatum ete.).
Cyclonassa nerita LINNE

Rare in the Plistocene terrace, more abundant in the Holocene
terrace (cf. the above reasons).
Rissoa sp.

Rare in the Plistocene terrace as well as in the loess, also in the
Holocene terrace.
Pholas dactylus LINNE

Numerous and magnificently preserved shells in the Plistocene
terrace.
Petricola lithophaga RETZIUS

Rare in the Plistocene terrace.
Venus gallina LINNE v

In the Plistocene terrace surprisingly rare (in the Holocene terrace
of Tuzla-Baléik very abundant and in magnificent specimens).
Cardium edule LINNE

In the Plistocene terrace infrequent (but in the Holocene terrace
Tuzla-Balcik extremely abundant and in very beautiful specimens).
Elsewhere fragments in the loess: Nesebr (= Mesemvrie), Baba
Burun.

Cardium sp.

According to Veska Kaneva the 14 shell fragments do not
belong to any of the four species of Cardium of the Black Sea.
Thus they belong to some fossil species. As they were transported
here from some unknown locality, for which I searched in vain in the
neighbourhood, we cannot decide for the present from which fossil
horizon it derives. Its shells are very strong, strongly convex, and
very coarsely ribbed.

Venerupis irus LINNE

Found in a fragment of one shell.
Mytilus galloprovincialis LAMARCK

Only a fragment of one shell.

In the Plistocene terrace mostly only in fragments, just as in the
loess (and here rare). In the Holocene terrace (Tuzla-Balcéik)
very abundant and in large specimens.

Muytilaster linneatus

In the Plistocene terrace infrequent (more abundant in the Holocene
terrace Tuzla-Baléik).
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Ostrea sublamellosa.

The most abundant fossil of the Plistocene terrace here, just as is
the following species:
Ostrea taurica.

Together with this marine fauna I found in the same layer also the
following fauna of terrestrial Gastropodes:

1. Hyalinia (s.1.) sp.. . . . . . . . 1 shell
2. Theba sp. frgm. . . 2 frgm.
3. Helicella sp. aff. spwulozdes A J WAGNER . 1 shell
4. Helicella sp. cf. striata MULLER . .« . 1 shell
5. Helicella sp. cf. obvia HARTMANN juv.. . . . 22 shells
6. Chondrula microtragus PARREYS (Rossm.) 7 shells
7. Cyclostoma elegans MULLER 6 shells.

In addition still some material of presumably Tertlary conchylia.

Stratigraphico-Chronological Survey of the
Course of the Oscilations of the Sea Level of the
Black Sea.

In his article of 19837 Grahmann gives the following survey,
which in my opinion need not apply absolutely to the whole coast of this
sea as it is not proved for this area as general. In his bibliography

Terrase
| Marine moluscs of the Plistocene of Bulgaria: Terasa Spras
Marinni mékkysi bulharského plistocenu: BALCIK- Loess
: TuzrLa
1. Nassa reticulata LINNE var marginulata LLAMARCK ' ®
2. Nassa reticulata var mediterranea Risso . . . ® \
3. Nassa reticulata var modesta . . . . . . . ®
4. Cerithium vulgatum BRUGUIERE var . . . . . ®
5. Cerithiolum reticulatur: BRUGUIERE var exile . . ® ®
6. Gibbula divaricats LINNE | ®
7. Cyclonassa nerita, LINNE ® ®
8. Rissow sp. . . . . . . . . . . . . .. ®
9. Pholas dactylus LINNE ®.
10. Petricola lithopaga RETZIUS ®
11. Venus gallina LINNE . )
12. Cardium edule LiNE . .o @ ®
13. Mytilus galloprovincialis LAMARCK . ® e
14. Mytilaster linneatus . ®
15. Ostrea sublamellosa . )
16. Ostrea tourica KRYNICKLJ . ®
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The abaudoned beaches of the Black-Sea at Kara-Kioj (Dobrudja). Orig. Jar. Petrbok



& Historical Developement of the Black Sea since the Pliocene. ( GRAHMANN).
Geological. : i Sea Salt : . "
Period Climate Period Level Contet Important Fossils | State of the Black Sea
Postglacial warm Pontus bhigh hight) Modiola connected with the 1) Sb;)); a{g;-a
phaseolina Dot
Petering out of the | growing ancient rises rises Cardium edule, Mediterranean Sea
Gilacial warmer Pontus Mytilus gallo-
provincialis
Last Glacial cool new low low Adacna, Monodac-| inland sea with outlet B%‘ﬁ}ful'y\;h
(= Wurmian) Euxinus na, Dreissenia e
Sevmes
Last Interglacial warm Karangat | high high Echineidae connected with the ? Balik-Tuzla
(= Riss-Wiirmian) Mediterranean
middle low low ? inland sea with outlet
Euxinus
Unsular high rises Cardium edule connected with the
Mytilaster Mediterranean
Rissian cool ancient high low Didacna pontica transgressive inland
Euxinus Dreissenia sea with outlet
Mindel-Rissian warm post-Cauda | low ? 2 regressive inland sea
Mindelian cool Cauda high low Didacna Baeri, transgressive inland
crassa sea with outlet
Giinz-Mindelian warm ? ? — — areal reduction:
Glinzian cool ? v — - ?inland sea?
?areal reduction?
Upper Pliocene very warm | Kujalnik ? — connection with the

Mediterranean




Grahmann has neither Soviet nor earlier Russian authors,
who -are however indispensable for such general conclusions. Nor does
he give in his article lists of the faunas of the different stages. We
should certainly need a complete list of all the Bulgarian faunas
of the different Quaternary terraces of this sea. It is a pity that only
the find of the Plistocene fauna of marine terrace molluscs made me
understand also the importance of the Holocene faunas, which I could
have studied in my 12 pre-war travels. It is only in the present article
that I give at least a first contribution in his respect for Bulgaria.

I proved in my papers by stratigraphical documentation that the
Bay of Nesebr and of course its marine terrace fauna belong to the
Atlantic Litorinian. I have the same proof for the Varna Dam
between the Varna Lake and the Black Sea itself. But the
Holocene terrace and its fauna at Balcéik I can place only generally
in the Litorinian, for I did not find any stratigraphical proof for a more
detailed specification.

Conclusion: We came to know the first Plistocene marine
mollusc of Bulgaria from their secondary localities in the youngest
loess (Ses-Sevmes, Galata and Baba Burun near Varna,
Nesebr = Mesemvrie), which correspond in their age to the last—
Wiirmian—aglaciation of Europe.

Only later, in June 1949, I found for the first time a Plistocene
marine terrace at Tuzla beyond Baléik in northern Bulgaria,
which is paleontologically and stratigraphically proved as such. As this
terrace is not covered by loess, and as we do not know yet the difference
between the mollusc association of this terrace and of any other,
accurately horizonted primary deposit of these marine molluscs, we
cannot for the present even by such comparative paleontology judge at
least per analogiam the accurate phase of the Plistocene period in which
this terrace at Tuzla rose above the sea.

N. B. Tuzla is a Turkish word signifying “salt, salt lake”. There are
several such “Tuzlas” in Bulgaria ,and therefore the place has to
be designated also by the nearest other place.

*
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Meékkysi plistocenni marinni terasy. BALCIK.
Tab. 1.

Nassa reticulata L. var. mediterranea Risso 1, 2

Nassa reticulata L. var modesta 3, 4, 5, 11

Nassa reticulata L. var marginulata Lamarck 6, 9

Ceritholium reticulatum Bruguiere? var exile 7

Ceritholium reticulatum Bruguiere? var exile 8

Venerupis irus 12

Cardium sp.? tercier? — plistoc. marin. terasa Baba Burun 13, 17
Mytilaster linneatus 14, 15, 16, 20

Petricola lithophaga Retzius 18

Cyclonassa nerita Linné 19

Venus gallina Linné 21, 22

Pholas dactylus Linné 23

Cerithium vulgatum Bruguiere 25 — plistoc. spras Baba Burun
Cerithium vulgatum var. ibidem 24, 26

Ostrea sublamellosa 27

Mékkysi holocenni terasy marinni. BALCIK.
Tab. II.

Tapes linneatus 1

Venus gallina Linné 2
Syndesmya ovata 3
Cardium simile 4

Cardium edule Linné 5, 7
Cardium edule var. 6
Venerupis sp. 8

Barnea candica 9.

Mytilus galloprovincialis 10
Ostrea taurica Krynickij 11
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