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4'3C AND 6'®0 IN THE MAJOR PHANEROZOIC BOUNDARIES
AND A MAIN REASON FOR A GREAT EXTINCTION

Y.D. Zakharov, N.G. Ukhaneva, K. Tanabe, J. Tazawa, Y. Shigeta, A.V. Ignatyev,
G.V. Kotlyar, T.B. Afanasyeva, A.K. Cherbadzhi and V.0. Khudolozhkin

The reason for a great extinction of organisms at the P-Tr and K-P boundaries often attracts the
investigator’s attention. Within the Permian the anomalously high &'3C values are known in the
Zechstein Formation of Germany (Kupferschiefer) and England (Marl Slate) (Magaritz and Turner,
1982), Bellerophon Formation of the Alps (Holser, 1994; Holser et al., 1989; Magaritz et al., 1988;
Magaritz and Holser, 1991), Wargal (member 4b} and Lower Chhidru (member 2) Formations of Salt
Range (Baud et al., 1995) and the Upper Capitanian - Lower Dzhulfian (Claystone lil, Basal
limestone, Anhydrite) (Glenister et al., 1992; Magaritz et al., 1983) of Texas.
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Fig. 1: 6"°C and Ca/Mg ratio in black (Kabayama) and predominantly grey (lwaizaki) limestones
of the Lower and Middle Permian of Kannkurasawa-Kattisawa Valley region in Kitakami,
Japan (Zakharov et al., in prep).
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Positive shifts of 6'3C were recently discovered in the Lower Permian black limestone {Sakamotoza-
wa Series, Kawaguchi Stage) (3.9 - 4.7 %) (fig. 1) and upper Middle Permian limestone (Kanokura
Formation, Lepidolina multiseptata zone, uppermost part of the member "f"} (3.9 %) in Kitakami,
Japan (Zakharov et al., in prep.), in the Midian - Dzhulfian boundary beds in the Transcaucasia (4.0
%) (fig. 2) and South Primorye (3.6 - 4.1 %o) (fig. 3) (Zakharov et al., 1996a), characterized by a
high index 6'3C (Zakharov et al., in prep.).
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Fig. 2: Paleotemperature and positive shift of carbon isotopes in Transcaucasia during the Permo-
Triassic. *Paleotemperature fluctuation tendency is shown on the basic of data on 6'°0 and Ca/Mg

ratio (Zakharov et al., 1996a). Abbreviated name of Zones: H.i. = Hemigordius irregulariformis -
Orthotetina azarjani, P.a. = Pseudodunbarula arpaensis - Araxilevis intermedius, A.l. = Araxoceras
latissimum, V.v. = Vedioceras ventrosulcatum, Ph. = Phisonites triangulus, | = Iranites

transcaucasius, D.s. = Dzhulfites spinosus, S. = Shevyrevites shevyrevi, Pr. = Paratirolites kittli,
P. = Pleuronodoceras occidentale, L.m. = Lytophiceras medium, G. = Gyronites.
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Fig. 3: 8'°C and Ca/Mg ratio fluctuations in limestones of the Upper Midian- Lower Dzhulfian interval
(Upper Permian) in South Primorye (Zakharov et al., 1996a).Abbreviated name of Zones (Beds,
Horizon): Ms. - M.d. = Monodiexodina sutschanica - Neomisellina dutkevitchi, P.s. = Parafusulina
stricta, N.I. = Neomisellina lepida - Lepidolina kumaensis, S.0. = Stacheoceras orientale, X ==
Xenodiscus subcarbonarius, C.k. = Cyclolobus kiselevae, L. = Lyudyanza Horizon. .
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Another significant event of the Late Paleozoic - Early Mesozoic is a sharp decrease of 4'3Cin the
sediments of the Permian and Triassic boundary beds. A short-term fall of temperature at the
beginning of the Induan stage soon followed by a warm period (recognized somewhat conditionally
from Ca/Mg of carbonates of the Lytophiceras medium zone in Transcaucasia)} corresponds,
apparently, to the time of the Siberian trap injection.
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Fig. 4: 8'3C fluctuations during the Late Paleozoic and Mesozoic. 1-27 - carbonates of the Tethys,
28-32 and, apparently, 3-4 - carbonates of the Boreal realm: 1 - Missurian of Texas (Grossman et
al., 1991), 2 - lower Virgilian of Texas (Grossman et al., 1991), 3-4 - Gzhelian of Urals, 5 - upper
Virgilian of Texas (Grossman et al., 1991), 6 - Kubergandinian of Crimea, 7 - Midian-Dzhulfian
boundary beds of Transcaucasia, 8 - Dorashamian of Transcaucasia, 9 - lower Induan of South
China, 10 - lower Induan (the base of the Ophiceras (Lytophiceras) medium beds) of Transcaucasia,
11 - upper Ophiceras (Lytophiceras) medium beds of Transcaucasia, 12 - Norian of Crimea, 13 -
Upper Callovian of Oka River basin, 14 - Oxfordian of England (Anderson et al., 1994), 15 -
Kimmeridgian-Tithonian of West Mediterranean (Price and Sellwood, 1994), 16 - Aptian of the
southern Alps (Erbacher, 1994; Coccioni, 1996), 17 - Albian of the southern Alps and England
(Erbacher, 1994; Gale, 1995; Jenkyns et al., 1994; Coccioni, 1996}, 18 - Cenomanian-Turonian
boundary beds of the southern Alps and England (Erbacher, 1994; Gale, 1995; Jenkyns et al.,
1994; Coccioni, 1996}, 19 Upper Turonian of Hokkaido, 20 - Turonian of Koryak Uplands, 21 -
Coniacian of Hokkaido, 22 - Upper Santonian of Hokkaido, 23 - Lower Campanian of Sakhalin, 24 -
Upper Campanian of Sakhalin, 25 - Lower Maastrichtian of Sakhalin, 26 - middle Upper
Maastrichtian of Sakhalin, 27 - middle Danian {middle Sinegorsk member) of Sakhalin, 28 and 29 -
Lower Olenekian of Buur River basin in Arctic Siberia, 30 and 31 - Upper Olenekian of Olenek River
{Mengilyakh Creek}, 32 and 33 - Upper Anisian of Taimir, 34 - bivalve shells of lower paleolatitudes,
35 - cephalopod shells of lower paleolatitudes, 36 - brachiopod shells of lower paleolatitudes, 37 -
limestones of lower paleolatitudes, 38 - ammonoid shells of high paleolatitudes.
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There are grounds to consider that the low index of 6'20 in the aragonitic cephalopod shells from
the Lower Olenekian (Buur River), Upper Olenekian (Olenek River, Mengilyakh) and Anisian (Taimir)
of Arctic Siberia was caused by the recurrent fresh-water influence at that part of the Boreal realm
(Zakharov, Ukhaneva, Ignatyev et al., in press).

A relatively high index of 6'3C was found in carbonates of the middle Mesozoic: Norian of Alma
River in Crimea (2.4 %o) (Zakharov, Ukhaneva, Ignatyev et al., in press), Oxfordian of England
{Anderson et al., 1994), Aptian (Erbacher, 1994) and Cenomanian-Turonian boundary beds
(Erbacher, 1994; Gale, 1995; Jenkyns et al., 1994; Coccioni, 1996) of the southern Alps and
England (fig. 4).

Data on Late Turonian, Coniacian and Santonian ¢'20 have not yet been reported from Sakhalin,
but new information on Japan (Zakharov et al., in prep.) confirm the existence of a climatic
optimum (14.1-19.6 °C in Hokkaido) and a zone of relatively high &'*C values (2.5%o in Hokkaido)
during the Santonian (fig. 5). :
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Fig. 5: Paleotemperature and positive shifts of carbon isotopes in Hokkaido
during the late Cretaceous (Zakharov et al., in prep.). Hak. = Hakubachi Group.
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The Late-Middle Campanian is characterized by positive shifts of 6'*C (1.4%o in Hokkaido and 1.0%o
in Sakhalin), negative 6'80 excursion (climatic optimum with temperature about 18 °C in Sakhalin},
sea-level regression, rapid polarity changes and the beginning of the strong volcanic activity (fig.
6). During Early Maastrichtian, a drop in temperature (5.2 °C in Sakhalin) happened; ¢'°C data
(-2.5%0 in Sakhalin) suggests that there was a sharp drop in organic productivity. The ¢'°C index
of middle Late Maastrichtian carbonate is relatively high (1.4 - 1.8%. in Sakhalin}. A sharp fall of
temperature in the Maastrichtian - Danian boundary time is expected just after some warming (about
10-11 °C in Sakhalin) during the middle Late Maastrichtian (Zakharov et al., 1996b).

It seems justified to assume that the repeated influence of the three basic factors: drop of
temperature, oxygen deficit and enormous eustatic level fluctuation (figs. 6, 7), provoked by thermal
perturbation at the core/mantle boundary and change in rotation regime of the Earth (speed of Earth
rotation) (Krassilov, 1985; Zakharov, 1986; Canaghan et al., 1994) is the main reason for the
destruction of epicontinental sea ecosystems both at the end of the Permian and the end of the
Cretaceous.
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Fig. 6: Correlation of isotopic/chemical shifts, volcanic activity intervals, main changes in climate
and mass extinction in South Sakhalin and adjacent territory during late Cretaceous - early Tertiary.
1 - ammonoids from South Sakhalin, 4 - bivalves from South Sakhalin, 5 - sedimentary rock from
South Sakhalin, 6 - non-inoceramid bivalve species, 7 - inoceramid bivalve species, 8 - ammonoid
species.
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