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P. B. Teiic, . II. Haiidun, M. Cmosanosa-Bepeuioéa — FOpcrue u pannemeoesvle naieomem-
nepamypvt Boazapuu no Oaruvim uzomonnozo cocmasa Kuc.iopoda 6 pocmpax betemnumos. TIpo-
BEJCHHI NaJIEOTEMOEPaTypPHBIE HCCIIEIOBAHHA MO M30TONAM KHCJIOPOAa B POCTpax FOPCKHUX M HHXK-
HeMeNoBbIX OeneMHHTOB U3 bonrapuu. IloncyuraHHble HaneoTeMIepaTypbl A Pa3iM4HbIX HOp-
CKHAX BEKOB MOATBEPXJAIOT NPEICTABJIEHHUE O TOM, YTO IOPCKMH IIEPHOA OT/IMYANCA TEIUIBIM KIH-
MAaTOM C NEPHONAMM MOXOJOJAHHS, IPUYPOYEHHBIMU K NO3aHeMy Oaitocy M 6aty. HckimioyurensHo
BBICOKHE ,,[1aJIE0TEMNEPATYPHI“ 171 TOapca H paHHero H6aifoca (25—39,9°C), cooTeeTCTBYIOIME JaH-
HbIM, noJy4yeHHbIM 1o IlIBaGekoit FOpe m CubupH, 0ObACHSAIOTCA 3BEHTYalbHO KaKoi-TO €lIe He-
M3BECTHOH ro6anbHOM 0COOGEHHOCTBIO BOAHOTO ¢oHa Mopeit EBpa3zuu B TOapcaancHe.

ITaneotemMmepaTypbl paHHero mena B bonrapuu Hike U paBHOMepHee lopckux. Bosee yc-
TOHYMBOE IMOHMXEHUE TEMIEPATyp, HO C HE3HAYUTE/IbHOH CpenHedl aMIIMTYHO#H, BbLIABIAETCA B
anre. OTH pe3yNbTaThl YKa3bIBAIOT HA 3HAYMTENBHOE CXOACTBO TEMIIEPATYPHBIX YCIOBHil B paH-
HeMenosoM GacceiiHe Cesepo-BocTouHo¥ Bonrapun B TeyeHde oTAesbHbIX BekoB. bacceitn u npu-
MBIKaBIIafA Cyma HaXOAMWIMCh B 30HE YMEPEHHOTrO KiMMaTa.

Abstract. Oxygen isotope palaeotemperature measurements of Jurassic and Lower Creta-
ceous belemnite rostra from Bulgaria have beencarried out. The palaeotemperatures calculat-
ed for various ages of the Jurassic come to confirm the conception for the existence of warm
climate in the Jurassic period, alternating with periods of cooling in the Late Bajocian and
Bathonian. The estimations for the Toarcian and the Early Bajocian extremely high “palacotem-
peratures” (25°-39.9°C), which agree with Juia on the Schwabian Jurassic and on Siberia,
may get a probable explanation with certain global peculiarity, still unknown, of the water
background of the seas in Eurasia during the Toarcian - Aalenian.

The values of the palaeotemperatures of the Early Cretaceous in Bulgaria are lower and more
constant than those for the Jurassic. A more stable decrease is outlined in the Aptian which how-
ever has a lower average amplitude. These results indicate that temperatures in the basin of
North-Eastern Bulgaria were very similar in the different ages of the Early Cretaceous and that
the corresponding zone may be referred to the moderate climate zone.
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Temperature measurements of the water in marine basins of the geological
past are of great importance for a number of palaeogeographic and palaeoclimatic
conclusions. Without underrating the part played by biological and other indices
in that respect, the attention of researchers is directed towards getting results
by other means, too, physico-chemical in particular, in recent years. That is how
the method of oxygen isotope palaeothermometry and other chemical-analytical
methods have been developed. This paper reports the results from isotope pa-
laeotemperature measurements on material originating from Bulgaria. This in
point of fact is the first attempt to interpret on this basis the palaeotemperature
conditions in the basins of this country’s territory in the Jurassic and the Early
Cretaceous.

The theoretical basis of the method of isotope palaeothermometry, evolved
by Urey et al. (1954), as well as the results obtained from its application in
the past twenty years, are put forward in detail by Bowen (1966) and by
Te#tic & Haiiaun (1973). The oxygen isotope composition of the carbonates
is analyzed and the rostra of the Mesozoic belemnites proved to be the most
favourable for this purpose. Belemnites, owing to the compactness of their rostra,
retain the initial oxygen isotope composition for a long while. The results from
the measurements, effected with a mass-spectrometer, are determined in the pro-
milies of the equation:

R of the sample — R of the standard /

0™ = R of the standard 1000, where R = 0'%/0.

O!8distribution between the water and the carbonate, deposited from it, de-
pends on the temperature: the lower the temperature is, the greater the signifi-
cance of 018 In addition to the temperature, however, the O!® concentration in
organogenic carbonates is also determined by the so-called aquatic background —
the oxygen isotope composition of the water, determined by various factors. The
aquatic background alters with the inflow of fresh water, with the mixing of the
ground water and in the case of evaporation. In many cases, the results are af-
fected also by diagenetic changes in the rostra.

The isotope palaeotemperature analyses used here have been carried out in
the Laboratory for Stable Isotopes at the Institute of Geochemistry and Analy-
tical Chemistry, jointly with the Moscow State University. Rostra from the col-
lection of Jurassic and Lower Cretaceous belemnites, arranged systematically
in the Higher Mining and Geological Institute in Sofia, were studied. The mate-
rial was obtained from Western Bulgaria, some areas of the Fore-Balkan, the east-
ern part of the Stara Planina Range and from Central and North-Eastern
Bulgaria, They are of Pliensbachian, Toarcian, Bajocian, Bathonian, Callovian,
Tithonian, Valanginian, Hauterivian, Barremian, Aptian and Albian age. Owing
to the lack of material that has been systematically arranged, no measurements
have been made from Sinemurian, Oxfordian, Kimmeridgian and Berriasian be-
lemnites, while from Bajocian, Valanginian and Albian measurements, which are
sparse and insufficient, no exact interpretations are possible.

Results from Analyses of Jurassic Belemnites

The measurement of JO'® in a Catateuthis apicicurvata (Bl.) rostrum from the
Lower Pliensbachian in Western Bulgaria (Zabardé) made it possible to calculate
the mean annua] palaeotemperature of the water, in which the rostrum was form-
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ed — 23.09C, and in the rostra of Passaloteuthis sp., 23.4° and 23°C. Rostra
have been found in sandy organogenic crystalline limestones having leptochlo-
ritic odlites filled with remains of ammonites (genus Androgynoceras), bivalva,
brachiopods, etc. The rostra are elongated and tapering towards the apex and
belonged probably to animals inhabiting surface shallow waters of the sublit-
toral zone. The relatively high palaecotemperatures in this case could be due to
the fact that the rostra were formed in warm, well insolated waters.

The palaeotemperatures of the Late Pliensbachian have been studied by
rostra taken from four localities: in the Western Stara Planina Range (the vil-
lages of Ginci and Zimevica, District of Sofia), in Western Bulgaria (the village
of Bukorovci, District of Sofia) and in the Eastern Stara Planina Range (the vil-
lage of Tarnak, area of Aytos).

In the first three localities the belemnites were obtained from marls, which
alternate with aleurolitic and clayey limestones and contain small phosphoritic
concretions. They have been formed in a depression of the neritic zone. The rostra
analyzed (representatives of the genus Passaloteuthis) are nectonic and lived pro-
bably in deeper waters too. In spite of this, however, the values of §O'® obtained
are lower in comparison with those of the Early Pliensbachian. Thus, from Pas-
saloteuthis rudis Liss. and from P. laevis (Simps.) from the village of Ginci,
District of Sofia, the mean annual palacotemperatures have been calculated: 26.5¢
and 28.99C, respectively, and from Passaloteuthis sp. and from P. cf. ridgensis
Lang from the village of Zimevica, 33.5° and 25.4° C, respectively. P. bruguieriana
(d’Orb.) specimens from Western Bulgaria (the village of Bukorovci) show a §O18
isotope composition of —2.13 and —0.33%,,, which corresponds to palaeotem-
peratures of 25.19 and 16°C, or 20.5°C on an average. The species has a large,
solid guard with a rounded apex and a nekto-benthonic way of life may be as-
sumed for it,

From the Upper Pliensbachian rostra from the village of Téarnak, area o
Aytos (Haues et al., 1967, ascribe an olistostrome origin to these outcrops), have
been calculated palaeotemperatures of 24.1° C from P. striolata (Phill.), of 32.5°C
from P. rudis Liss., and of 27.7° C from Orthobelus rudis (Phill.)). They have
been obtained from the layers constituting a frequent and continuous alterna-
tion of thin intercalations of organogenic limestones (crynoids and brachiopods)
with sandy marls. In this locality the rostra are accumulated in a vast amount,
both in the limy and marly intercalations, and represent genuine “battle fields”
In all probability a warm current passed there.

Significant temperature differences (16°, 259 and 33.5°C) have been obtained
for the Late Pliensbachian in general. In comparison with the palaeotemperatures
for the Early Pliensbachian, there they manifest a considerable rise, particularly
when the relatively deeper water nature of the sediments, from which the rostra
have been obtained, is taken into account.

The exceptionally low §O!8 values have been obtained from Toarcian rostra.
Analyses have been made on belemnites from three localities: the town of Tete-
ven, the village of Polaten (area of Tet:ven) and the village of Bov (District of
Sofia). A palaeotemperature of 25.5°C, the lowest for the Toarcian, has been cal-
culated from the Lower Toarcian near the town of Teteven (from the Tenuicosta-
tum Zone to the Bifrons Zone) from Dactyloteuthis aff. irregularis (Schloth.).
This species possesses short solid guards with a blunt apex, adapted probably
for a nekto-benthonic way of life. The rest of the guards manifest considerably
higher “palaeotemperatures”; above 30°C, e.g. Acrocoelites quenstedti (Oppel),
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33.20C and Mesoteuthis janenschi (Ernst), 34.0°C. All of them have been found
in marly layers containing thin limy layers and leptochloritic odlites in the Var-
bandovec locality. Along with the belemnites, numerous ammonites (Hildoceras,
Harpoceras) and almost no benthonic fauna, are found in them.

From M. conoidea (Oppel) in the lithologically similar layers near the vil-
lage of Polaten, the lower part of the Upper Toarcian (Thouarsense Zone; I. Sa-
punov —a verbal communication) also a low value of §O!'8 (— 3.51), correspond-
ing to 33.20C, has been obtained.

The lowest JO® values are those of the belemnite guards from the Upper
Toarcian (Levesquei — Moorei Zones) near the village of Bov, District of Sofia,
included in the dark marls, having more limy intercalations and lenses. The high-
est “palaeotemperatures” have been measured from M. cf. inornata (Phill.) —
38.49C, and from Acrocoelites subtriscissus Kolb, 39.9°C.

These exceptionally high values of the “palaecotemperatures” of the Toarcian,
measured from rostra of deep-water, normally saline sediments, raise doubts
concerning their authenticity (Fig. 3). Owing to the considerable interest in this
question, it will be examined in greater detail further on.

Low JO!8 values have been established also from analyses of guards from
the Lower and Middle Bajocian [Aalenian is not used as an independent stage
in Bulgaria. It corresponds to the Lower Bajocian Substage, which embraces the
interval from the Opalinum Zone to the Concavum Zone (Sapunov & Stepha-
nov, 1964)]. The number of the measurements (one each for the three substages
of the Bajocian) is not sufficient to formulate well-grounded conclusions, yet a
certain trend is at hand. Thus, for instance, from Holcobelus blainvillei (Voltz)
from the dark argillites of the Lower Bajocian near Teteven (Concavum Zone),
a palaeotemperature of 30.1°C (dO!#=-—3.17) has been measured. From Mega-
teuthis elliptica (Mill.) a palaeotemperature of — 34.80C (60'8=—3.76%,)
has been measured for the Middle Bajocian in Etropolé (Sowerbyi Zone). These
guards possess a morphology of good swimmers and the dark Bajocian argil-
lites are the most deep-water formation in the Middle Jurassic in general. Owing
to this, these “palaeotemperatures” are higher than the expected ones for the cor-
responding conditions under which the belemnites deposited the limy substance
of their rostra.

A leap in the change of 4O!8 values is at hand barely in the Late Bajocian,
when the value —0.29 has been obtained from Belemnopsis sp., corresponding
to a temperature of 16C. The guard is solid, possibly a representative of the nekto-
benthos found in the deep-water marly sediments near the village of Belotinci,
area of Belograd¢ik. The low palaeotemperature of the Late Bajocian remains
distinct for those of the Early and Middle Bajocian in Bulgaria, but is in agreement
with the low values obtained for the Late Bajocian in other countries.

A somewhat higher palacotemperature (20.1°C) is calculated from Belem-
nopsis parallelus (Phill.), originating from the Upper Bathonian marly layers
in the village of Belotinci, area of Belogradgik.

By measuring the dO!® in the calcite of guards from the Middle Callovian and
the Tithonian, again a decrease in their values is established. From Hibolites has-
tarus (BlL) of the Middle Callovian near the village of Gaganica, District of Mi-
haylovgrad, a value of -——1.25 (25.8°C) has been obtained for O'®, and from Cono-
belus strangulatus (Opp.) from the Tithonian near the village of Plegivec, District
of.Vi'din, —1.879 (23.6°C). This rise in the mean annual palaeotemperatures
coincides with the formation of the compact limestones of the Upper Jurassic
carbonate complex, which constitute facies of the open sea.
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Table 1
80'8Values and Palaeotemperatures Measured from Belemnites of the Jurassic in Bulgaria
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302
315
322
319
320
321
330
323
324
325
326
312
303
300
301
398
311

l Sample No.
|

Specles

Locality

Catateuthis apicicurvata (Bl.)
Passaloteuthis sp.

Passaloteuthis sp.

Passaloteuthis rudis Liss.

P. laevis (Simp.)

P. rudis Liss.

Orthobelus rudis (Phill)

P. striolata (Phill.)

P. bruguieriana (d’Orb.)

P. bruguieriana (d’'Orb.)
Passaloteuthis sp.

P. cf. ridgensis Lang.

M. janenschi (Ernst)
Megateuthis coniformis Ernst.
Acrocoelites quenstedti (Oppel)
Salpingoteuthis aff. blomenhofensis Kolb
Dactyloteuthis aff. irregularis (Schloth)
Mesoteuthis conoidea (Oppel)
Acrocoelites triscissus (Yane)

A. subtriscissus Kolb.
Mesoteuthis cf. inornata (Phill)
Holcobelus blainvillei (Voltz)
Megateuthis cf. elliptica (M111])
Belemnopsis sp.

Belemnopsis parallelus (Phill.)
Hibolites hastatus (B 1)
Conobelus strangulatus (Oppel)

Berendé-Izvor, near Sofia
Berendé-lzvor
Berendé-lzvor

Ginci, near Sofia

Ginci

Tranak, near Aytos
Tranak
Tranak
Bukoroveci,
Bukorovci
Zimevica, near Sofia
Zimevica

Teteven

Teteven

Teteven

Teteven

Teteven

Polaten, near Teteven

Bov, near Sofia

Bov

Bov

Teteven

Etropolé

Belotinci, near Vidin
Belotinci

Gaganica, near Mihaylovgrad
Plesivec, near Vidin

near Sofia

Lower Pliensbachian

Upper Pliénsbachian

Lower Toarcian

Upper Toarcian

Lower Bajocian
Middle Bajocian
Upper Bajocian
Upper Bathonian
Middle Callovian

60"1 B/m n/m

Age - . T°C

heated [Heated |Dence
‘—1.79 —1.74 (+0.05| 23.0
—1.78|—1.82|—0.04 | 23.4
—1.871—1.76 |+0.11§ 23.0
‘—1.96 —2.80|—0.84| 28.9
—2.30{—2.40 (—0.10 | 26.5
—2.71|—3.38 |—0.67 | 32.5
—2.56 |—2.60 |—0.04 | 27.7
—1.81 |—1.96 |—0.15| 24.1
—1.94|—2.13|—0.19 | 25.1
—0.111—0.33 (—0.22 | 16.0
—3.49)—3.55|—0.12 | 33.5
—1.831—2.27 |—0.44| 25.4
—3.33|—3.63 [ —0.30 | 34.0
—3.06{—3.331—0.27 | 32.2
—3.09:—3.51 |—0.42 33.2
—3.02 ‘—3.43 —0.41| 32.8
—2.90—-2.40 +0.50| 26.5
Lower part of Upper Toarcian—2.87 ' —3.51 |—0.67 33.2
1—4.86° 3.82|+41.04| 35.2
—4.72 —4.48 | +0.22 | 39.9
—4.131—4.29|—0.16 | 384
{—2.73 --3.17|—0.44| 30.1
{—2.85|—-3.76 . —0.91 | 34.8
‘—0.11:—0.29 |—0.18 | 16.0
|—0.64|—1.18|—0.54 | 20.1
—1.74|—2.25|—0.51 | 25.8
—1.57—1.87 |—0.30 | 23.6

Tithonian




Results from Analyses of the Lower Cretaceous Rostra

Figures which are of low value and are very different have been obtained for O18
from two Valanginian rostra of Duvalia lata (Bl). From guards of the Lower
Valanginian aleurolitic marls, alternating with the thick-layer sandstones near
the village of Gorno Sipkovo, area of Troyan, a §O'8=-—2.29%, has been ob-
tained, and by the same manner, from the flyschoid formation in the area of Ve-
liko Tarnovo, —3.76 (temperatures of 25.9° and 34.70 C, respectively). These ros-
tra proved to be in the deep-water sediments in the thanatocoenosis, but still one
of these values, possibly the higher one, should be accepted as a random one.

Belemnite guards in sediments, formed from the Hauterivian up to the Ap-
tian, yielded relatively high §O1® values, while the mean annual palaeotempera-
tures are lower.

Two rostra of Pseudoduvalia polygonalis (B1.) have been analyzed from the
Lower Hauterivian glauconite clayey-carbonate rocks, having rare phosphoritic
concretions (Cultrata Zone) near Teké-Deré in Sumen. The palaeotemperatures
calculated are 20.2° and 17.79C or the mean of two measurements is 18.99C. Si-
milar values have been obtained also from two D. dilatata (Bl.) rostra, originating
from a slightly higher level (the lower part of the Upper Hauterivian Sayni Zone)—
17.39 and 21.1°C, or 19.29C on an average. These rostra possess the morpholo-
gical characters of good swimmers and could have lived doubtlessly in somewhat
deeper water, but the temperatures measured are typical of surface waters of a
quite warm sea.

The oxygen isotopes of 13 guards belonging to different species have been
analyzed from the Barremian clayey marls and slightly limy clays in North-East-
ern Bulgaria. From a short and thick guard of Curtohibolites oosteri St.-Verg.
and from a small and thin guard of Hibolites mirificus St.-Verg. from the Lower
Barremian near the village of Podgorica, the mean annual palaecotemperatures
have been calculated, 19.6" and 21.99C, respectively. In analyzing the calcite of
three specimens D. binervia (Rasp.) from the Lower Barremian in the town of
Térgovisté (Emerici Zone) palaecotemperatures of 15.6%, 18.69 and 20.9°C, or 18.3°C
on an average, have been calculated. These guards could be found in the deep-
water Barremian marls likewise only in the thanatocoenosis, since they resemble
passively-swimming forms by their morphological characters. The palacotempe-
ratures obtained in this case seem to be feasible.

The temperatures calculated from the guards coming from Barremian layers
that have not been exactly dated (possibly the very base of the Upper Barremian)
near the villages of Svetlen, Zaraevo and Golyamo Novo, District of Targovisté,
are within the 180-21.6°C range. For instance, palacotemperatures of 17.8° and
21.6°C, or 19.7°C on an average, have been measured from two specimens of
Mesohibolites varians (Schw.) 18.60 C from M. cf. shaoriensis (Hetch.), etc.

From two specimens of M. beskidensis (Uhlig.) from the Upper Barremian
in the villages of Podgorica and Golyamo Novo, District of Targoviité, sO!®
values = —1.09 and —0.409,, have been obtained, which correspond to tempe-
ratures of 19.6° and 16.30C, and from a D. grasiana (Duv.-Jouve) —1.57,
or a mean annual palaeotemperature of 22.2°C.

Obviously, the §O!8 values for the Barremian are limited within a not very
wide range, from —0.73 to —1.55%,, or to temperatures from 18.2° to 21.9°C,
respectively, excluding the lowest values from —0.26 and —0.40%;,, which ar¢
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Table 2

808 Values and Palaeotemperatures Measured from Belemnites of the Lower Cretaceous in Bulgaria

é. 3018, %0 %0 !
o Species Locality Age “Non- T iDiffer. T°C
&= hﬁ‘iﬂd ‘He“ed IDL'.IZ’Z
530 (Duvalia lata (B1.) Yovkovci, near Veliko Tarnovo |Valanginian —3.76 [—3.76 | 0.00{ 33.8
533 |Duvalia lata (B1.) Iroyan area . —2.13/—2.29|—0.16 25.9
521 |D. polygonalis (B 1.) Teké-Deré, Sumen Lower Hauterivian —0.67 |—1.22 |—0.55( 20.2
522 |D. polygonalis (B1.) Teké-Deré . —0.71} 071} 0.00|17.7
527 |D. dilatata (B1.) Teké-Deré The lower part of the Upper
Hauterivian —0.84 ! —0.61 |+0.23117.3

528 |D. dilatata (B1.) Teké Deré . —0.451—1.391—0.94 | 21.1
503 |Curtohibolites oosteri St-Verg. Podgorica, near Targovisté Lower Barremian —0.85|—1.10|—0.25| 19.6
532 |Hibolites mirificus St-Verg. Podgorica —1.24—1.55 |—0.31 | 21.9
509 |D. binervia (Rasp.) Targovishté . —0.58 |—1.35 |—0.83 | 20.9
510 |D. binervia (Rasp.) Térgovistée . —0.99—0.26 {4-0.73 | 15.6
511 |D. binervia (R asp.) Targovisté . —1.09:—0.88 |+0.20 | 18.6
507 |Mesohibolites tzankovi St.-Verg. Svetlen, near Targovisté Barremian —0.20:—0.84 |—0.64 | 18.4
525 (M. varians (Schw.) Svetlen —0.811—0.731+0.08 {17.8
526 (M. varians (Schw.) Svetlen —1.47 . —1.47 | 0.00]|21.6
523 |M. elegantoides St.-Verg. Zaraevo, near Targovisté ” —0.89 —0.92 |—0.03 | 18.7
501 (M. cf. schaoriensis (Hetch.) (Giolyamo Novo, near Targovisté . —0.00 |—0.90 |—0.90 | 18.6
531 (M. beskidensis (Uhl.) Podgorica, near Targovisté Upper Barremian —0.06 - -1.09 {+1.03 | 19.6
502 |M. beskidensis (U hl.) Golyamo Novo, near Targovisté —008(—0.40 |—0.32 | 16.3
1013 (Duvalia grasiana (Duv.-Jouve) Golyamo Novo —1.57 |—1.59 |—0.02 | 22.2
504 M. beskidensis (Uhl.) Polski Trambes, near Veliko Tar- |

novo Lower Aptian —0.38 | —0.69 {—0.31 | 17.5
505 |D. grasiana (Duv.-Jouve) Varana, near Pleven — =051y — 1168
506 |Neohibolites sp. Varana . —0.14 —0.94 |—0.80 | 18.8
524 \M. cf. falauxi (Uhl) Zaraevo, near Targovisté . —0.34 —0.20 |+0.14 |15.4
812 |N. clava Stoll Kozar-Belené, near Pleven Upper Aptian (Clansay) —0.061—0.06 | 0.00|14.8
513 N. clava Stoll. IKrivina, near Rusé —0.66 {—-0.96 |—0.30 | 18.9
514 |N. wollemanni Stoll lKozar-Belené. near Pleven —0.68{—1.47 |—0.79 | 21.6
515 |N. wollemanni Stoll. 'Kozar Belené¢ —0.14|—0.70 |—0.56 | 17.7
516 |N. moderatus (Schw.) Kozar Belené -—0.23|—1.36 |—1.13 | 21.0
517 |N. moderatus (Schw.) iKozar Belen¢ —0.23|—0.27 |—0.04 | 15.8
518 |N. clansayense St-Verg. ';Batin, near Rusé . —0.57 |—0.65 | —0.08 | 17.4
819 |N. clansayense St. Verg. iBatin . —0.74]—1.00 |—0.26 { 19.2
520 [N. clansayense St. Verg. ‘Batin . —0.23 | —0.20 | +-0.03 | 15.4
908 [N. minimus (Miller) |Virovsko, near Vraca Middle Albian —0.15}—0.27 |[—0.12115.7




only two of a total of [3 measurements. In comparison with the Hauterivian, no
significant changes in the temperature of the water in the basins is established.

The palaeotemperatures of the Lower Aptian may be judged from the values
of JO!8 obtained from the analyses made of four guards from different locali-
ties. From M. beskidensis (Uhl.) in the Lower Aptian marls near the village of
Polski Trambes, District of Veliko Tarnovo, a value of —0.699,, has been ob-
tained, or a mean annual palacotemperature of 17.5°C. From D. grasiana (Duv.-
Jouve) and Neohibolites sp. from the village of Varana, District of Pleven, the
palaeotemperatures calculated are 16.8° and 18.80C, respectively, and from M.
cf. falauxi (UhL) in the village of Zaraevo, 15.49 C. In this case the most shallow-
water formations are the Lower Aptian sandy marls, alternating with impure
limestones near the village of Varana, District of Pleven, and those from the deepest
water ones, the clayey marls near the village of Zaraevo, District of Targovisté.
The palaeotemperatures obtained correspond to a greater or lesser extent to the
conditions of the respective environment inhabited by the belemnites.

The 5018 values obtained for the Upper Aptian (Clansaysian) from nine spe-
cimens from three localities range from —1.47 to —0.20, and also with a mea-
surement of —0.06 (14.5°C). From three guards of Neohibolites clansayense St.-
Verg. from the village of Batin, District of Rusé, the mean §O!8 value is —0.62,
corresponding to a mean palacotemperature of 17.59C. From two N. wollemanni
Stoll. guards in the village of Kozar-Belené, District of Pleven, which showed an
average of —1.08 for §O'%, a mean palacotemperature of 19.5°C has been calcu-
lated, and from two N. moderatus (Schw.) rostra, a temperature of 18.49C .The
Clansaysian sediments near the village of Batin, District of Rusé, are represen-
ted by sandy marls, including a large amount of glauconite containing numerous
belemnites, probably brought over by a current. Near the village of Kozar-Belené,
the Clansaysian layers are siltstone clays intercalated by limy siltstones and red
limy concretions. If compared proportionally, the sediments near the village of
Batin, District of Rusé, are formed under shallow-water conditions and the some-
what lower palacotemperatures obtained from them could be possibly explained
by the abundant development of the glauconite in the Clanysaysian marls (Imlay,
1957).

In comparison with the Barremian, the Aptian §O'® values are somewhat
higher and the palaeotemperatures calculated from them demonstrate a slight
decrease, which is not conditioned by the differences in the conditions under which
the belemnites lived (Fig. 4).

Only one rostrum of N. minimus (Mill.) from the Albian in the village of
Virovsko, District of Vraca, has been analyzed. A high 60® value, —0.21, has
been obtained, corresponding to a palaeotemperature of 15.7°C. No well-founded
conclusions may be drawn from this single measurement.

Comparison of the Jurassic and Early Cretaceous
Palacotemperatures in Bulgaria and other Countries

The Jurassic and Early Cretaceous palaecotemperatures obtained by measuring
the 6O!® from belemnite guards in Bulgaria may be compared with available data
on isotope palacotemperatures in other European countries. These data have
been summed up and analyzed by Bowen (1961, 1966) and Teiic & Haliaun
(1973). The Jurassic temperatures in Bulgaria may be compared above all by re-
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sults obtained for the Schwabian Jurassic in the southern part of the Federal
Republic of Germany (Bowen & Fritz, 1963; Fritz, 1965), for Bavaria (Bowen,
1963), for Switzerland and France (Bowen & Fontes, 1963), for England (Bo-
wen, 1961b) and for the northern part of the German Democratic Republic (Kunz,
1973). For the Late Jurassic in particular our measurements are insufficient,
but as many of them as are available they may be compared with those for Ger-
many and Poland (Bowen, 1961¢c; Teiic et al., 1968).

Owing to the similar and exceedingly high values for the isotope palaeotem-
peratures of the Early and a part of the Middle Jurassic in the southern part of
the Federal Republic of Germany and Bulgaria (Fig. 2), they will be discussed in
greater detail in the conclusion of this paper. Isotope palaeotemperatures in France,
according to the Pliensbachian and the Toarcian, vary between 24.6° and 24.9C
and they are somewhat lower (20.1° to 21.8°C) for the Bajocian and the Bathonian.
In England the data are valid only for the Toarcian, where palaeotemperature
values are high; they range from 23.8° to 31.79C, or 27.7°C on an average, which
brings them closer to those in Bulgaria.

Kunz (1973) published data on measurements of palacotemperatures from
belemnite guards from the Jurassic sediments in the northern part of the German
Democratic Republic. The highest values of palaeotemperatures there are also
calculated from Toarcian rostra (25.20—26.6°C), but they are lower by 10 and
more degrees than those in Bulgaria. The minimum mean seasonal temperatures
(13°C) have been established for the Middle and Late Bajocian and for the early
part of the Late Bathonian. As of the Late Callovian, an increase in the palaeo-
temperatures in Northern Germany is observed, as the onset of a new warm period
during the Oxfordian and the Kimmeridgian.

Palaeotemperatures from the Upper Jurassic rostra in Poland, where the
belemnites are of a Mediterranean nature, have been established by Bowen (1961c)
near Lubaczov, which vary from 27.0° to 28.8°C. The palaeotemperatures ob-
tained by Teiic et al. (1968) for the Middle and Late Jurassic in Poland vary with-
in different but much lower limits than those. In comparison with these for
Bulgaria, they are by about 5-8°C lower on an average. Considerably high pa-
laeotemperatures have been established for Eastern Greenland from the Bajocian
to the Early Portlandian (14.1° and 19.49, 22.9°C on an average), which Teiic et al.
(1968) relate to the presence of a warm current towards the Arctic.

Considerably greater is the difference in the calculated mean annual palaeo-
temperatures for the Bathonian and the Middle Callovian in the European part
of the USSR (the Ryazan area) and Bulgaria. A palaeotemperature of 14.50 C has
been determined for the Late Bathonian by Cylindroteuthis spathi Sachs et Naln.
as compared with 20°C for the Upper Bathonian in North-Western Bulgaria from
Belemnopsis parallelus (Phill.). The values for the Middle Callovian range from
10.39-14.19C to 18.4°C from different representatives of the genera Acroteuthis
and Cylindroteuthis as compared with25.80C from Hibolites hastatus (B1.) in North-
Western Bulgaria.

Data available on the palacotemperatures for the Cretaceous in different
countries are valid mainly for the Post-Aptian and Late Cretaceous periods. Most
suitable for comparison with the results obtained for Bulgaria are the palacotem-
peratures for the Early Cretaceous, obtained from French material (Bowen,
1961a; Bowen & Fontes, 1963; Bowen, 1966). The results for the palaeotem-
perature measurements (dep. Hautes Alpes, Devolui) have manifested regular
changes with a trend towards a gradual decrease from the Berriasian towards
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the Barremian. Thus, from 20.00-22.89 C for the Berriasian, the temperatures
fall to 17.0°-20.50 C for the Barremian (Bowen & Fontes, 1963). Somewhat
higher palaeotemperatures — from 19.2°C near Bedule to 23.7°C near Vissant,
for the Early Aptian have been established for the Aptian and the Albian, and
20.59 and 21.0°,C for the Late Aptian near Vaucluse and Clansay (Bowen, 1961a).

The values of the palaeotemperatures

r'c for the Albian in France are higher.

o Near Pas-de-Callais they range from
* o, 22.7° to 25.19C. From Albian rostra
n from the Hautes Alpes 27.7° and

28.1° C have been obtained, which are
the highest palacotemperatures for the
Cretaceous in France. These values
agree with the opinions put forward
by certain researchers on the pre-
sence of an Albian temperature ma-
ximum in Western Europe (Bowen,
196la; Lowenstam & Epstein,
1954).

The general picture of the chan-
ges in the Early Cretaceous palaeo-
tJop [ [w [« Jup [ Jwn |t [or [t [mlew| temperatures in France indicate that
Berrias. ]Vulungin_Huu!env Barrem.| Apt Alb. they vary for the different ages be-
tween 17°and 22.8° C, i.e. they have

Fig. 1. Early Cretaceous oxygen isotope tempe- an amplitude of about 60 C. If certain
ratures in Bulgaria and in France ‘ single measurements are excluded,
e e e Lo B i by staac  which have manifested. lower values,
o e mn e & po ey for (Bow-  the general trend in the changes in
Early Cretaceous palaeotemperatures
in Bulgaria is a similar one. Only, a more distinct decrease in the values in this
case is outlined during the Aptian, and not in the Barremian, as it is in France
(Fig. 1).

Data on Early Cretaceous palacotemperatures outside the Thetys area
are known from the “Neocomian” near Braunschweig in Germany, which change
from 18.7° to 21.20C (Bowen, 196lc). The term “Neocomian” embraces a large
stratigraphic range and if it is judged by the locality in Braunschweig, in that
case mainly Aptian sediments (Gargasian and Claynsaysian) occur there. In such
a case these palacotemperatures are fully within the limits of the fluctuations for
the Late Aptian in Bulgaria.

Interpretation of Some Anomalous Palaeotemperatures

In analyzing the results obtained from the isotopic investigations of the Jurassic
and Cretaceous Belemnites guards in Bulgaria, the high “palaeotemperatures”
for the Toarcian, Early and Middle Bajocian are distinctly obvious in particular.
These values reaching up to 38.4% C and 39.9°C are the highest for all data on other
European and non-European countries known so far. They exceed the tempe-
ratures of the surface waters of the seas in the subtropical and tropical areas and
evidently call for a more special explanation,

74



The 5O!8 values obtained for the Toarcian are of great interest since they
fully agree with the results published for the Federal Republic of Germany (Fritz,
1964), and those obtained by R. V Teis and D. P. Naidin for Siberia (the data
are being prepared for publication). Bowen & Fritz (1963) established par-
ticularly low dO!*® values for rostra of Toarcian belemnites in Western Europe.
P. Fritz (1964) showed that the low
00!8® values are typical also for the r°c
Aalenian in the southern part of the =
Federal Republic of Germany. Hence
if from these 6018 values the tempera- ,,
tures are calculated, then they will be ]
very high, distinctly higher than the pos-
sible actual values. The data on Bul-
garia, quoted above, also show that
the lowest JO1® values are typical of
belemnite rostra taken from border se- *
diments between the Lower and the =
Middle Jurassic (Toarcian and Lower =
Bajocian). The data on the Federal
Republic of Germany and Bulgaria are
presented in Table 3.

As is seen, the SO1® values for
the Toarcian-Aalenian in the Federal =«
Republic of Germany and the Toar- e ]rwmn - Bu]ocrnn:{% Car
cian-Bajocian in Bulgaria differ consi- — l—m _wlplow
derably from the values for the Pliens- . . )
bachian and very markedly from the  FIt,3 Jurasde owgen soone enperatres
Bajocian for the Federal R_epl}bhc of  Republic of Germany and the northern part
Germany and the Late Bajocian for  of the German Democratic Republic
Bulgaria. For the sake of comparison, I — mean values by substages for Bulgaria; 2--single
we shall cite data on the 6O values  Southern part g?rtl?:ll%:?;,ﬂljR:pumbeﬁ: ‘g}lueéeffx;;:;
for organogenic carbonates of different  (orer & Fritsisck Frite? ags)” ¢ e
ages (Telic & Ha#guu, 1973): the  cratic Republic (Kunz, 1973)
mean JO1® values calculated from
Upper Jurassic belemnites in Siberia and the Russian Platform are of
the —0.55 to —0.60 order (from 130 measurements of an average); according to
Upper Cretaceous belemnites from the Russian Platform: 1-0.01 (an average
for 240 measurements).

On the basis of the measurement of the oxygen isotope composition in the
calcite in rostra from Lower Jurassic belemnites in Western Europe (the Federal
Republic of Germany, Switzerland, France and England), Bowen suggests the
existence of warmer conditions in the Lias in Western Europe in comparison with
other epochs of the Jurassic Period. This suggestion is in contradiction with the
longstanding ideas, based on lithological and palaeonthological data, about cooler
climatic conditions during the Lias as compared with the Middle and Late Jurassic.

Fritz (1965) interprets the JO% values with greater care. He believes
that the O8/Q1® ratio in the rostra of Toarcianand Aalenianbelemnitesin the south-
ern part of the Federal Republic of Germany do not entirely reflect tempera-
ture conditions. In his opinion, the aquatic background of the basins in Western
Europe at the boundary between the Early and the Middle Jurassic could be un-
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der the influence of river water inflow poor in O!8, In that case it seems that the
interpretation of isotope measurements from the Toarcian in Western Europe,
as suggested by Fritz, is closer to reality than that put forward by Bowen.
Of particular interest are the data on the Toarcian also owing to the fact
that in the mass-spectrometric study of material from Siberia (the collection of

Table 3

00" wvalues (heated) from Belemnite guards in sediments on the boundary between the
Lower and Middle Jurassic in the Federal Republic of Germany and Bulgaria

Pllensbachian Toarclan Aal ! B Bath
Area ﬁn:n. ; cﬂ:- O:lta;l
Lower | Upper | Lower | Upper i
—0.86 (13)
Southern part of the Federal Republic —2.76 |—2.67 {4-0.12
of Germany¥** —1.02|—0.31 (2) (1) (6)
109 | @) -
—1.64 (15)
Southern part of the Federal Republic |—1.26 —1.94 |—0.04 | —0.51
of Germany¥¥¥# (4) —1.08|—1.93 (11) (7) (2
(5) | (10)
—2.73(12) —3.60 (9) —3.46|—0.29 |—1.18
Bulgaria @ | @1 @
—1.77|—2.38|—3.26 |—4.02
@Ol 6@

Note. For the Plienstachlan and the Toarclan on the upper Jine — the mean values for the stage, on
the lower line — the mean values for the substages: the number of measurements are given in brackets ;
% — for the Lower and the Middle Bajocian: ** — for the Upper Bajocian ; *%%# — Bowen & Frltz (1963);
k% Fritz (1964)

V. 1. Saks), in that area also from Toarcian rostranamely the lowest JO!® values
have been established (of the —4.5 order on an average). The low §O1® values for
the Toarcian-Aalenian in Europe and Siberia could be explained by the action of
the following three factors:

(a) the §O18 values obtained reflect the diagenetic changes in the initial OQ18/
O'¢ ratio;

(b) the temperatures of the sea water during the Toarcian and the Aalenian
(of the lower Bajocian in Bulgaria, respectively) have becen higher then during the
other ages of the Jurassic Period;

(c) in the Toarcian-Aalenian the isotopic aquatic background was different
from the aquatic background during the other ages of the Jurassic and the Cre-
taceous.

If the low §O'® values are determined by diageretic changes in the primary
0'*/0!® ratio, there arises the question why these changes are menifested cnly in
Toarcian-Aalenian rostra and why have they proceeded similarly in tke three
areas, so much distant from cach other: Westein Euvrcre (the Feceral Republic
of Germany mainly), Bulgaria and Siberia. It is hardly pessible, hcwever, that
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such selective processes of the diagenesis in the primary oxygen isotope compo-
sition could have been possible.

The 60O'® values, higher than —2.8 to —3.0 (which corresponds to the calcu-
lated temperatures of 29-30°C) may possibly be viewed as initial values reflec-
ting the real temperatures.

And finally, the third possible explanation for the low §O'" values for the
Toarcian-Aalenian could be related to disturbances in the isotope aquatic back-
ground of the seas in Euroasia at the boundary of the Early and the Middle Ju-
rassic. The most feasible explanation, as already stated above, is the one sugges-
ted by Fritz: the flow of river waters, poor in O'* The inflow of river waters is
a local phenomenon, hence it should be assumed in such a case that the entire
material on the Toarcian-Aalenian, studied so far, originates from sediments
that have formed under the effect of fresh waters (in bays, for instance). Naturally,
it would be strange to believe that the Toarcian-Aalenian rostra come from bays,
while the rostra of other stratigraphic subdivisions of the Jurassic and the Cre-
taceous, from normally saline basins. For this reason it is possible that the low
d08 values for the Toarcian-Aalenian could be related with a certain global fea-
ture of the aquatic background of seas in Euroasia, unknown to us.

Conclusion

The results from the isotope measurements of belemnites guards from the other
ages of the Jurassic and the Cretaceous seem to be of a more normal nature. Clay-
ton & Stevens (1968) accept as valid only the minimal values of the isotope
palaeotemperatures, being the only least altered carbcnates. According to the
data obtained by us that opinion is unacceptable since only one result shows
16°C (60'® —0.33) from Pliensbachian guards for example as compared with
eight measurements above 24°C (6O from —1.96 to —3.35), or from Toarcian
only one measurement of 25.5°C (6O'® —2.48) as compared with eight having
values above 32.2°C (§O'* —3.33 to —4.48%,,). Generally, taking into account
what has been stated above about the slightly raised values of the belemnite pa-
laecotemperatures (bepsiun et al., 1966; Teiic et al., 1968), the conception about
the prevalence of a warm (subtropical) climate in Bulgaria during the Jurassic
may be maintained, based on lithological and other indices (Haues, 1973; Na-
chev, 1967). At the same time, however, there are indications that the cli-
mate has not been the same throughout the whole Jurassic (somewhat warmer
during the Pliensbachian — Middle Bajocian interval and the Late Jurassic, and
possibly cooler during the Upper Bajocian and the Bathonian) (Fig. 3). A dif-
ferentiation of this type has been established from isotope measurements also
in the northern parts of the USSR (Bepnwuu et al., 1966).

The §O'¢ values established from the Lower Cretaceous are higher and the
values of the palaeotemperatures calculated are correspondingly lower and more
uniform than the Jurassic ones. They range from —0.73 to —1.59%, (18.2° to
22.2°C) for the different ages.

If the palaecotemperatures for the Valanginian are accepted asrandom ones,
in that case there are no markedly expressed maxima. The Albian temperature
maximum shown in other countries, to which many authors lend a global nature,
cannot be confirmed. A more stable decrease in the palacotemperatures is ob-
served during the Aptian, yet having a weak average amplitude: 2-3°C (Fig. 4).
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The general results from isotopé measuréments are in agreement with the con-
clusions made by 'opanoB (1966) that sedimentation conditions in the Lower
Cretaceous basin in North-Eastern Bulgaria were almost the same during the
ages and that the basin and the adjoining land coincided with the zone of the
moderate humid climate.
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