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ABSTRACT: Stable isotopes 1 8 0 and 1 3C record of the Kapp Starostin Formation 
(Late Permian) is presented. The interdependence of 5 1 8 0 nad 8 1 3 C isotope time 
series is applied for calculating paleotemperatures in the depositional basin of the Kapp 
Starostin Formation. The obtained results indicate overall cooling from c. 25°—10°C, 
and confirm some paleogeographical and paleoclimatical inferrences. 
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Introduction 

Previous geological (Birkenmajer 1964, 1977) and paleoecological (Mał-
kowski and Hoffman 1979) investigations of the Permian sedimentary strata 
of Spitsbergen have allowed for a reconstruction of depositional environ-
ments and facies development in the Late Permian sea in this area. The 
Upper Permian Kapp Starostin Formation (Cutbill and Challinor 1965, 
Burov et al. 1965, Forbes et al. 1958, Szaniawski and Małkowski 1979) 
is representative of a shallow open shelf (Fig. 1). 

The depositional history of this formation included three distinct episodes 
of tectonism, which caused local regressions allowing for a chronostratigraphic 
correlation between different geological sections of the Kapp Starostin 
Formation (Małkowski 1982). The formation consists mainly of cherts and 
carbonates associated with terrigenous rocks (Siedlecka 1970). A number 
of facies, each of them with its characteristic fossil assemblage, have been 
distinguished among the carbonate and terrigenous rocks (Małkowski and 
Hoffman 1979). A sequence of these facies and a parallel trend toward 
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impoverishment of the fossil assemblages is observed in particular geological 
sections (Fig. 2), presumably due to a fundamental change in paleogeography 
(Fig. 3) and the associated change in climate, f rom warm subtropical to 
cool temperate conditions (Małkowski in press). 

The present study has been undertaken in order to evaluate this climatic 
change during the sedimentation of the Kapp Starostin Format ion also by 
stable isotope analyses, which might help to assess its extent in more 
quantitative terms. Several analyses of this kind have been performed on 
Permian strata in various geographic areas (Magaritz and Schulze 1980, 
R a o and Green 1982, Magaritz et al. 1983, Clemmensen et al. 1985, Holser 
et al. 1986) and provide a content for our study. 

Materials and methods 

For the purpose of stable isotope analyses, we took 12 samples covering 
roughly the geographic and stratigraphic extent of the Kapp Starostin Forma-
tion (Fig. 1—2). From each particular stratigraphic horizons (Małkowski 
1982) couple of samples were taken, thus permitting us to test for consistency 
among isochronous samples. In order to ensure compatibility of the geoche-
mical results, we largely restricted the sampling to the low magnesium cal-
cite (LMC) in productacean brachiopod shells, while the associated rock 
was sampled only for comparative purposes; this supplementary sample 
set included rocks with micritic and sparitic matrix as well as diagenetic 
sparite. 

Previous geochemical studies on brachiopod shells indicate that, in constrast 
to skeletal remains of foraminifers, corals, and echinoderms (see Weber 
1968, Weber and Woodhead 1970, Woodruff et al. 1980, Swart 1983, 
Veizer 1983), both L M C of the brachiopod shell and its isotopic composition 
essentially are not subject to diagenetic alterations (Lowenstam 1961, Brand 
and Veizer 1980, 1981; Brand 1981a, b ; Al-Aasm and Veizer 1982, 
Popp et al. 1986, Veizer et al. 1986). Various brachiopod families rather 
insignificantly fractionate oxygen and carbon isotopes, and their shells are 
close in isotopic composition to the seawater (Veizer et al. 1986). Stable 
isotope analyses of samples derived f rom a single fossil brachiopod family 
are therefore likely to reflect well the isotopic composition of seawater in 
the geological past (Hudson 1977). Carbonate rocks, by contrast, undergo 
during diagenesis serious alterations which may also affect the original 
isotopic composition (Veizer 1977a, b ; Dickson and Coleman 1980, Wagner 
and Matthews 1982). 

The present investigation deals only with a small number of samples 
and is merely a pilot study intended to identify the most interesting 
stratigraphic intervals and problems for further, more detailed analysis. 



Fig. 1. Geographic extent of the Kapp Starostin Formation deposits (stippled). 
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Fig. 3. Paleogeographical position maps of northern Pangea before (A) and after (B) 
the Kapp Starostin Formation deposition time equivalent. Compilation based partly on 
Harkmd (1973, with question mark on his hypothetical plate) and Scotese et al. (1979) 

The measurements of 8 1 3 C and 5 l s O in our . samples were made by 
Dr. S. Hałas and his colleagues f rom the Laboratory of Nuclear Physics 
of the Maria Curie-Sklodowska University, Lublin. 

Results 

The analytic results (Table 1) are presented in the context of the strati-
graphic position of the samples, thus constituting time series of 5 1 3 C 
and 8 1 8 0 during the Late Permian in the investigated area (Fig. 4). 
The curves are based on the brachiopod L M C measurements. Generally, 
measurements on the rock matrix primarily reflect the extent of diagenetic 
alterations toward more negative values (Hudson 1977). The distinct shift 
in 5 l s O expresses the successive stages of burial diagenesis (Bathrust 
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1980), when carbonate rocks undergo a graduate change in isotopic composition 
due to pore water influences (Dickson and Coleman 1980). The absence 
of a significant shift in 8 1 3 C from the rock matrix relative to the brachiopod 
samples indicates only negligible effects of the meteoric water (Allan and 
Matthews 1977, see also Hudson 1977). Our sample set is too small to 
allow for statistical evaluation of the reliability of particular measurements. 

Many geochemical studies on large stratigraphic intervals (Degens and 
Epstein 1962, Keith and Weber 1964, Yeizer and Hoefs 1976, Veizer 1983) 
indicate that measurements on roughly coeval samples generally do not 
differ by more than 2 °/0 0 , even though these studies cover 
carbonates which are likely to be at various diagenetic stages. We assume 
therefore thet our empirical 8 1 3 C and 8 l s O curves, based entirely on 
a single brachiopod family, are highly reliable (Veizer et al. 1986, Popp 
et al. 1986) and the potential error is unlikely to exceed l°/0 0-

Our samples come from various facies of the Late Permian basin, 
different in their biotic and abiotic characteristics (Małkowski and Hoffman 
1979) as well as in land proximity. Thus, they may have been differentially 
affected by freshwater influx from land (Craig 1953, Degens 1969). The 
effects of this factor on our results can hardly be accounted for without 
a through sedimentological analysis, but the observations on isotopic 
variations in the skeletons of living invertebrates (Magaritz and Heller 

Table 1 
Results of oxygen and carbon isotopic analyses from the Kapp Starostin Formation 

samples 

Sample " c " O 

v , 4.23 -4.11 

v , 1.60 - 7 4 9 

v . 1.71 -12.08 

S , 3.84 -6 .59 

A, 3.88 - 7.28 

3.86 - 4.46 

4 3.36 -5 .64 

s , 4.97 -5 .69 

P3 6.64 -7.13 

H, 6.04 -6.18 

T, 1.05 -10.05 

Ss -1.42 -11.47 
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1983) suggest that these effects are likely to be less than the measurement 
error. Therefore, in the Kapp Starostin Formation, these effects are neglected. 

Our 8 1 3C and 8 1 8 0 time series (Fig. 4) are clearly bipartite, with 
a zone too crudely sampled to be interpreted in the middle. The isotopic 
composition is roughly constant in the lower part of the sampled stratigraphic 
interval (5 l s O may slightly increase up the section), but both the curves 
shift dramatically toward lower values in the upper part . The inflection 
of the curves cannot bo here considered because any interpretation of its 
geometry would require many more sample points than we have had at our 
disposal. This problem will be the subject of our future study. 

The observed shift in 5 1 3 C and 8 l s O indicates a substantial change 
in oxygen and carbon flux through the investigated paleogeochemical system 
(Garrels and McKenzie 1971), which must have also affected the paleoecological 
conditions in the basin (Fischer 1984a, b ; Schidlowski and Eichman 1977). 

In fact, a macroscopic study of the litho- and biofacies in the Kapp 
Starostin Formation suggests a significant change in its uppermost part . 
Therefore, we studied also over 200 petrographic thin sections, covering 
the entire formation but with a focus on the stratigraphic intervals sampled 
for stable isotope analysis (Pis. 1—2). 

Discussion 

After the initial enthusiasm for paleotemperature reconstruction f rom 
5 1 8 0 changes (Urey et al. 1951, Epstein et al. 1953, Emiliani 1955, 
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Craig 1965, Shackleton and Opdyke 1973, Shackleton and Kennett 1975), 
a certain crisis developed in this field due to difficulties with accounting 
for local or regional changes in seawater isotopic composition (Hudson 
1977, Veizer 1983) and with estimating the global changes in 8 l s O through 
geological time {cf. Degens and Epstein 1962, Keith and Weber 1964, 
Veizer and Hoefs 1976). Nevertheless, several authors continue to determine 
paleotemperatures in Phanerozoic rocks on the basis of their oxygen isotopic 
composition. Such paleotemperatures generally are overestimated (Hudson 
1977), sometimes reaching even 100°C (Dorman 1968), and they are often 
explained by nonactualistic conditions in the oean in the geological past 
(Brumsack 1980, Brand 1981b, 1982, Popp et al. 1986); this is also the case 
with the Permian (Rao and Green 1982, Veizer et al. 1986). Given, 
however, the obvious continuity in the history of life on Earth and the 
known temperature tolerances of plants and animals (cf. Knauth and Epstein 
1976), we are forced to conclude that ocean water temperatures could not 
dramatically differ from those prevailing today. We are therefore compelled 
to assume that oxygen isotope measurements of paleotemperatures for older, 
particularly Paleozoic, rocks are systematically biased because many authors 
did not consider a possibility of change in the global oxygen cycle in the 
exogenous system (Lerman 1979). A quantitative change in this cycle, 
however, must have also affected the oxygen isotope fractionation (Veizer 
and Hoefs 1976). 

The oxygen and carbon isotope curves obtained for the K a p p Starostin 
Formation cover a time interval (Kazanian-Tatarian) on the scale of 106—107 

years. Stable isotope studies on younger sedimentary rocks, Cretaceous through 
Recent, demonstrate patterns of change on a variety of time scales — from 
seasonal to hundreds of thousands of years (Mórner and Karlen 1984). 
Seasonal changes are particularly well reflected by planktic foraminifers 
(Shackleton 1977, Kroopnick et al. 1977); benthic studies generally refer 
to greater time scales. On the geological time scale, as in our study, all 
these smaller scale changes are overwhelmed by very general trends of 
seawater isotopic composition through time. 

The oxygen and carbon isotope time series obtained for the Kapp 
Starostin Formation are remarkably congruent (Fig. 4). This suggests their 
mutual interdependence, which is in fact well known f rom the Pleistocene 
(Shackleton and Pisias 1985) and well justified by theoretical models on 
the global scale (Berner et al. 1983, K u m p and Garrels 1986). We have 
therefore undertaken to employ this interdependence for calculating paleo-
temperatures in the depositional basin of the Kapp Starostin Formation. 

Because of the high rate of carbon cycling in nature (Campbell 1977), 
8 1 3 C time series reflects changes in the global carbon cycle, especially when 
it is correlated with 8 3 4S time series (Veizer et al. 1980, K u m p and 
Garrels 1986). The Upper Permian is the best known case of 8 1 3C 

i* 
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and 8 3 4S intercorrelation (Holser 1984), and our 8 1 8 0 curve almost 
perfectly conforms to 5 1 3 C curve. We assume therefore that our empirical 
isotope composition curves represent a single geochemical process involving 
both carbon and oxygen. It then follows ' f r o m K u m p and Garrels 's 
(1986) model of geochemical relationships between carbon, oxygen, and sulphur 
that we must here deal with a global process of change f rom a period 
of sulphate and organic matter burial in the sediments to a period of sulphide 
deposition and organic matter decay in the ocean — according to the reaction: 

2 F e 2 0 3 + 8 S O 4 " + 15 C H 2 0 + C 0 2 ^ 4 F e S 2 + 16 H C 0 3 + 7 H 2 0 

The causes of such a change are to be thought in perturbations of the global 
carbon dioxide cycle (Arthur 1982, Kennett 1983, Miller and Fairbanks 
1985, Andersen and Malahoff 1977). What is important for our studies on 
the Upper Permian is that organic matter ( C H 2 0 ) decay in the ocean causes 
a negative shift in both 5 1 3 C and 5 l s O (Brumsack 1980, Brand 1981b, 
Hoefs 1973). 

In each particular sample, 5 l s O depends not only on the oxygen 
isotope composition of water in the world ocean but also on the local 
conditions: temperature and the possible influence of isotopically light fresh-
water influx f rom land (Veizer and Fritz 1976). The latter factor seems to 
us negligible in the case of the Kapp Starostin Format ion, as there is no 
independent paleontological or sedimentological evidence for any freshwater 
influx. Generally, significant freshwater influx occurs on the time scale of 
103—105 years and hence should appear on the geological time scale as 
rapid fluctuations in 5 l s O independent of the associated 5 1 3 C curve 
(Allan and Matthews 1982); such fluctuations, however, are invisible in our 
data. We assume therefore that our empirical 8 l s O curve is the net result 
of only two factors: global changes in oxygen isotope composition of 
seawater and local changes in water temperature. If not for the local changes 
in temperature, our 5 1 3C and 8 1 8 0 curves should therefore be fully 
congruent, depending solely on the global system. 

The differences between the actual values of 8 l s O and the values 
obtained assuming perfect congruence between 8 l s O and 8 1 3 C curves 
(Fig. 5) can then be interpreted as local paleotemperature corrections 
on the global oxygen isotope curve in the Late Permian ocean. Provided 
that water temperature at the starting point of our time series — the base 
of the Kapp Starostin Format ion — can be estimated on independent evidence, 
these corrections allow for quantitative reconstruction of the local temperature 
curve. The small number of measurements and lack of samples in the middle 
of the section, however, permit us merely to assess the general, long-term 
trend in temperature, which may be represented by linear approximation. 

The oldest rocks in the Kapp Starostin Format ion (Forbes et al. 1958, 
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Fig. 5. Isotope curve analysis and inferred paleotemperature calculations. 

Siedlecka 1970) constitute the Voringen Member (Fig. 2). Because of their 
high-diversity biofacies defined by thick-shelled brachiopods, crinoids, bryo-
zoans, and algal mats (cf. Małkowski and Hoffman 1979), and of their 
proximity to evaporates (Nysaether 1977), these rocks are here interpreted 
as deposited in a warm subtropical epicontinental sea (see Fig. 3 for the 
paleogeographic position). Water temperature at the time of their deposition 
can therefore be assumed to approximate 2 5 ± 5 ° C . Following f rom this 
figure and f rom our estimated paleotemperature corrections on the 8 l s O curve, 
water temperatures can be calculated for the successive stratigraphic inter-
vals (Fig. 5). The obtained figures indicate overall cooling by some 15°C. 
With the profound paleogeographic change that took place during the sedimen-
tation of Kapp Starostin Format ion (cf. Fig. 3) taken into account, they 
thus fall well within the range predicted by the actualistic thinking on 
paleoceanographic changes. We consider this consistency as a corroboration 
of our line of argument. 

The largest drop in paleotemperature occurs in the upper part of the 
Hovtinden Member and amounts to 10°C. Such a cooling should be reflected 
also in the paleontological record. F a d e s analysis indeed confirms this 
conclusion. Macroscopically, there are changes in size and abundance of 
solitary tetracorals, as well as a change in composition and impoverishment 
of brachiopod and bryozoan assemblages (Małkowski in press). Thin section 
analysis clearly shows a decline in size and abundance of bioclasts and a transition 
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f rom predominantly authigenic to terrigenous sediments (Pis. 1—2, Fig. 5). 
At least a part of these changes in the record may be related to climatic 
cooling (Davis 1977, Schopf 1980). 

General remarks 

Several authors present the results of their stable isotope analyses in 
the form of covariation scattergrams of 8 1 8 0 and 8 1 3 C (e.g., Rao and 
Green 1982, Veizer et al. 1986, Popp et al. 1986). They thus discard 
a possibility of istope time series reconstruction and analysis. We demonstrate 
in this paper the potential of such time series for paleotemperature reconstruc-
tion. Covariation scattergrams, by contrast, present clouds of measurement 
points and thus suggest very wide margins of error and low reliability of the 
procedure (cf. Rao and Green 1982). 

The paleotemperature assumed in this study for the Voringen Member 
and thus fixing the entire paleotemperature curve equals the value obtained 
on the assumption that 8 l s O deviation f rom the modern standard (SMOW) 
— which is generally accepted as the basis for paleotemperature calculations 
(Craig 1965, Shackleton and Kennett 1975) — is identical with 8 1 3 C deviation 
in the same sample. One might apply this assumption also to the base 
of the upper portion of our empirical curve, that is, to the carbonate 
facies of the Hovtinden Member. We prefer our simple linear approximation 
because of uncertainty concerning the quantitative ,geochemical links between 
carbon and oxygen balances at either stratigraphic level. 

Our results seem to corroborate the validity of our method; they thus 
point to an interesting perspective on paleoceanographic and paleobiologie 
studies on stable isotope ratios. Highly promising are also studies on 
chronostratigraphic correlation of stable isotope shifts (cf. Magaritz et al. 
1983, Holser et al. 1986), especially in 8 1 3C, because of their potentially 
global nature. The rapid negative shift in 8 1 3 C observed in our data 
seems to offer a correlation marker for the uppermost Permian strata 
(Holser et al. 1986). 

Paleotemperature analysis can only be reliably extended far back in the 
Phanerozoic after the global curve of 8 l s O through geological time will have 
been constructed, with precision and reliability at least equating those of 
8 1 3 C and 8 3 4S curves (cf. Claypool et al. 1980, Veizer et al. 1980, 
Hoefs 1982). Nevertheless, paleotemperature estimate error will even then be 
on the order of at least a few centigrades. 

Perhaps the most interesting results on the operation of the global 
exogenic system (including the entire biosphere) in geological time will come 
f rom interpretation of the global 8 1 3C curve, especially when taken in 
conjunction with other stable isotope curves and geological and paleoecological 
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observations (Fischer 1984a, Holser 1984). The complexity of this system 
allows thus far only for its preliminary characteristics (Fischer 1984b, 
Degens et al. 1986), working hypotheses (Hsii 1986, Kasting et al. 1986), 
and general computer models intended to represent at least a part of the 
known interactions (Berner et al. 1983, Kump and Garrels 1986). 

It is nevertheless possible to quantitatively estimate the geochemical 
phenomena underlaying stable isotope curves (Spitzy and Degens 1985), 
and hence to evaluate rival hypotheses with respect to their explanatory 
potential. For example, the observations of 8 1 3C beyond 4°/ 0 0 , encountered 
both in our study and also in other areas (Holser et al. 1986), and the 
consequent shift to negative values seem to demand a huge input of 
isotopically light carbon to the Permian ocean as an explanation; however, 
the amount of carbon involved must have considerably exceeded the total 
standing crop of land ecosystems of the time (Tiffney 1985). 

We believe that the only acceptable process that could causally explain 
such a dramatic change in carbon isotope composition of the world ocean 
is a change in flux between the main reservoirs of organic carbon (Lerman 
1979, K u m p and Garrels 1986), such as organic carbon buried in sedimentary 
rocks and/or fossil fuels which can be mobilized by global megatectonics 
(Pollack 1982, Brass et al. 1982). • 
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Streszczenie 

Badania stosunków izotopów stałych 1 8 0 / 1 6 0 i 1 3C/1 2C (tab. 1) w osadach formacji 
Kapp Starostin (fig. 1—2) zostały zastosowane do oceny zmian paleotemperatur w permskim 

. morzu Spitsbergenu. 
Analiza facjalna i pozycja paleogeograficzna badanego obszaru, przed i po okresie sedy-
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mentacji osadów formacji Kapp Starostin (fig. 3), prowadzą do wniosku o stopniowym 
ochładzaniu się klimatu w tym czasie. 

Dla określenia metodą Urey'a paleotemperatur odpowiadających uzyskanym pomiarom 
izotopowym (fig. 4), przyjęto wartości globalnego stosunku 1 8 0 / 1 6 0 na podstawie współ-
zależności zmian 5 l s O i 8 1 3C w czasie późnego permu. W wyniku uzyskano gradient 
permskich temperatur w zakresie od 25°C do 10°C (por. fig. 5). 

Zarejestrowane zmiany paleoklimatyczne mają swoje odbicie w mikrofacjalnym zapisie 
paleontologicznym (pl. 1—2). 

Praca została wykonana w ramach problemu CPBP 03.03. B.8. 



POL. P O L A R RES., VOL. 8 M. G R U S Z C Z Y Ń S K I A N D К . M A Ł K O W S K I , PL. 1 

Biointramicrite (1) and coquinite (2), with brachiopod, crinoid and bryozoan skeletal 
fragments. Both sections of S, horizon. (Voringen Member) 
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Coquinite (1) with brachiopod, crinoid and bryozoan skeletal fragments. Section of S2 
horizon. (Hovtinden Member) 

Siliciclastic-cherty-muddy aleurite (2—3), with some brachiopod skeletal fragments and sponge 
spicules. Both sections of T j horizon. (Hovtinden Member) 




