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The Kupferschiefer (T1) re cords a pe riod of ba sin-wide euxinic con di tions, and is thus con sid ered an ex cel lent time-marker in the
Zechstein (Lopingian) ba sin. Pre vi ous stud ies in di cated that both the Kupferschiefer and Marl Slate and the over ly ing Zechstein Lime -
stone (Magnesian Lime stone) show re mark able changes in car bon iso to pic com po si tion to wards higher 13Ccarb val ues. We have ex am -
ined the Kupferschiefer of the Zdrada IG 8 bore hole that has re cently been stud ied in de tail by Pašava et al. (2010) aim ing to use the
car bon iso tope data from the basal Zechstein for strati graphic cor re la tion of the Zechstein ba sin with the global iso to pic curve for Late
Perm ian. The d13C val ues in the Zdrada IG 8 change from +0.7‰ at the Kupferschiefer base to +5.4‰ in its mid dle part, then de crease to
+1.7‰ at the Kupferschiefer top and next rap idly in crease to +3.5‰ (in the low est part of the Zechstein Lime stone) and fi nally to +5.1‰
(0.5 m above). This in creas ing trend con tin ues into the Zechstein Lime stone; all sub se quent Zechstein ma rine car bon ates show highly
pos i tive d13C val ues. The d13C curve that best shows the Zechstein base may lie near a se quence bound ary in the up per Guadalupian of
South China that post dates the mid-Guadalupian ex tinc tion, but the early Wuchiapingian cono donts re ported from the basal Zechstein
de pos its else where ex clude such an in ter pre ta tion. The in crease re corded in the in ter val from the Kupferschiefer to the Main Do lo mite
fits well the in crease of the d13C val ues ob served af ter Iso tope Event 0 (some 258 Ma) of the iso to pic curve for the Late Perm ian, al though 
the in crease in the Zdrada IG 8 is clearly more sig nif i cant than that of the global d13C curve. In turn, the sub se quent slight fall that ac cel er -
ated af ter Iso tope Event 1 fits the more sig nif i cant fall in the Platy Do lo mite. 
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INTRODUCTION

Global C-iso tope pro files have proved to be ef fec tive in
Perm ian chemostratigraphic cor re la tions par tic u larly in those
sed i men tary se quences that lack re li able biostratigraphic time
mark ers. Carbon-iso tope ex cur sions are rec og nized in a wide
range of ma rine and con ti nen tal de pos its; they rep re sent ma jor
per tur ba tions of the global car bon cy cle and are of ten global
events (e.g., Metcalfe et al., 2009; Cao et al., 2010; Bond et al.,
2010; Korte and Kozur, 2010; Richoz et al., 2010), al though
changes in the d13C of car bon ate rocks of epeiric seas might not 
be re lated to vari a tions in the global or ganic car bon cy cle (e.g.,
Swart, 2008). Re gional strati graphic cor re la tion within the up -

per Perm ian Zechstein of cen tral and north-west Eu rope is rel a -
tively straight for ward since sed i men ta tion through out the area
fol lowed the clas si cal model of cy clic chem i cal pre cip i ta tion in
a gi ant sa line ba sin. At its base, the Zechstein con tains one of
the prime cor re la tion mark ers in NW Eu ro pean stra tig ra phy,
the Kupferschiefer (= Marl Slate, T1; Fig. 1). This unit re cords
a pe riod of ba sin-wide euxinic con di tions, and can thus be con -
sid ered an ex cel lent time-marker. The Kupferschiefer is fol -
lowed by the Zechstein Lime stone (Ca1; Fig. 1) that con tains
the most di verse fauna in the South ern Perm ian Ba sin (e.g.,
Suveizdis, 1975; Hollingworth and Pettigrew, 1988; Wag ner,
2001), but the cor re la tion of Zechstein se quences with global
stan dard stages by means of fau nal ev i dence is dif fi cult be cause 
of the lack of in dex fos sils, and is still un der de bate. Rare cono -



donts re corded in the basal Zechstein in di cate its early (but not
ear li est) Lopingian age (Korte et al., 2005, with ref er ences
therein; Legler and Schnei der, 2008).

The basal Zechstein de pos its show re mark able changes in
car bon iso to pic com po si tion to wards higher d13Ccarb val ues

(Magaritz et al., 1981; Magaritz and Turner, 1982).
In turn, all sub se quent Zechstein ma rine car bon ates
show highly pos i tive d13C val ues (e.g., Clark, 1980; 
Margaritz and Schulze, 1980; Magaritz et al., 1981; 
Botz and Müller, 1987; Huttel, 1989; Peryt and
Magaritz, 1990; Peryt and Scholle, 1996).
S³owakiewicz et al. (2009) used pub lished data
from the Pol ish Kupferschiefer (Bechtel et al.,
2002) and the Zechstein Lime stone (Magaritz and
Peryt, 1994) to con clude that the base of the
Zechstein is equiv a lent to the Guada -
lupian/Lopingian bound ary, and should be shifted
down to 260.4 Ma (S³owakiewicz et al., 2009;
Wag ner, 2009). How ever, ear lier pub lished data in -
di cate a rise in d13C val ues at the base of the
Zechstein so it is un clear why they were re garded
by S³owakiewicz et al. (2009) as “...d13Ccarb neg a -
tive shift...” (Kamura event – e.g., Isozaki et al.,
2007). In ad di tion, their con clu sions ig nored the
pre vi ous de tailed biostratigraphical con sid er ations
in di cat ing that the base of Zechstein is not equiv a -
lent to the Guadalupian/Lopingian bound ary but in -
stead is youn ger and of Wuchiapingian age (e.g.,
Korte et al., 2005, fig. 2) and also ig nored
magnetostratigraphic ev i dence (Menning, 2001).

In this pa per, we re port new data on the car bon
and ox y gen iso to pic com po si tion of cal cite in the basal
Zechstein de pos its in the Zdrada IG 8 bore hole lo cated in
North ern Po land (Fig. 2). This par tic u lar area was lo cated some 
70 km from the palaeo-shore line and more than 50 km from the
sea ward mar gin of the car bon ate plat form dur ing Zechstein
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Fig. 1. Zechstein stra tig ra phy in the Zdrada area (af ter Peryt et al., 1998)

and the d13C re cord in the Kupferschiefer (this pa per, gen er al ized)
and the Zechstein car bon ate units

Zechstein Lime stone of the Zdrada IG 8 bore hole af ter Peryt and Peryt (2012): solid line
– real d13C curve, dashed line – gen er al ized d13C curve; Main Do lo mite of the Zdrada
IG 4 bore hole af ter Peryt and Magaritz (1990) solid line; Platy Do lo mite of the Zdrada
IG 3 bore hole af ter Peryt and Scholle (1996); the Main Do lo mite and Platy Do lo mite
gen er al ized d13C curves for the Puck Bay re gion (af ter Peryt and Magaritz, 1990; Peryt
and Scholle, 1996) are shown by dashed line

Fig. 2. Lo ca tion of the Zdrada IG 8 bore hole as well as other bore holes dis cussed in the text; thick solid line shows pres ent limit 
of the Zechstein Lime stone (af ter Peryt et al., 2010a) 

The off shore bore holes D7 and VT8 are lo cated ca. 4 km NEE of Sea ham, and D4 ca. 7 km NEE of Sea ham (see Smith, 1994, fig. 3 
for de tailed lo ca tion); lo ca tion of bore holes in Ger many af ter Marowsky (1969), Magaritz et al. (1981) and Bechtel and Püttmann (1997)



Lime stone sed i men ta tion (Peryt et al., 2010a). The
Kupferschiefer strata of the Zdrada IG 8 bore hole were re -
cently char ac ter ized by Pašava et al. (2010) based on study of
six sam ples and we have used the same sam ple set (plus eight
ad di tional sam ples) in our study. We also dis cuss the po ten tial
of car bon iso tope data from the basal Zechstein of the Zdrada
IG 8 bore hole for strati graphic cor re la tion of the Zechstein base 
with the global iso to pic curve for the Late Perm ian.

GEOLOGICAL SETTING

The Zechstein depositional cyclicity and the on set of the
Zechstein ba sin re sulted from a com bi na tion of tec tonic events
and cli ma tic fluc tu a tions, rather than be ing a di rect re sult of the
eustasy (cf. Ross and Ross, 1995). The Zechstein sea was
formed vir tu ally in stan ta neously when the Bo real Ocean broke
into and flooded a chain of sub-sea level in land drain age bas ins
(Smith, 1979). At the time of trans gres sion, the Puck Bay area
(with the Zdrada IG 8 bore hole) was a pe ne plain, gently dip -
ping to ward the Mid-Pol ish Ba sin. The Kupferschiefer oc curs
across al most the en tire area ex cept for lo cal ero sional el e va -
tions that be came loci of sed i men ta tion not ear lier than dur ing
the later part of the Zechstein Lime stone which here over lies
Si lu rian de pos its. Pre vi ous stud ies (Oszczepalski and
Rydzewski, 1987; Oszczepalski, 1989) dis tin guished three

micro lithofacies (termed a, b and c) in the Kupferschiefer ba -
sin. Microlithofacies (a) cor re sponds to lithotype 1 oc cur ring in 
the Marl Slate (Turner and Magaritz, 1986). Microlithofacies
(b), and microlithofacies (c) have no coun ter parts in the Marl
Slate al though microlithofacies (c) shows some sim i lar ity to
lithotype 1 of Turner and Magaritz (1986). Microlithofacies (b) 
com monly oc curs across al most the en tire Kupferschiefer ba sin 
(Oszczepalski and Rydzewski, 1987). 

In the Zdrada IG 8 bore hole the Kupferschiefer is 0.74 m
thick and con sists, as al ready char ac ter ized by Pašava et al.
(2010), of lower fis sile and lam i nated black clay shales
(microlithofacies a, Fig. 3) and up per platy, lam i nated dark
gray cal car e ous shales (microlithofacies b, Fig. 3) in ter ca lated
with or ganic-rich shale with fine dis crete clay and car bon ate
laminae and len tic u lar laminae com posed of fine-grained
terrigenous ma te rial (microlithofacies c, Fig. 3). In ad di tion, in
the up per part gray streaky marlstones oc cur (Fig. 3; Pašava et
al., 2010). Lam i nated black clayey shales are rich in or ganic
mat ter (9.4–10.3 wt.% Corg) and clay ma te rial (mostly illite),
dis play ing poorly de vel oped al ter na tions of or ganic and clay
laminae; framboidal py rite abounds (2–3 vol.%). Lam i nated
dark gray cal car e ous shales are char ac ter ized by a gen er ally
high con tent of car bon ates (cal cite pre dom i nates over do lo -
mite) and or ganic mat ter (2.4–6.3 wt.% Corg) that form al ter nat -
ing laminae; py ritic framboids are com mon (1 to 2 vol.%).
Gray streaky non-lam i nated marlstones oc cur as thin in ter ca la -
tions within the lam i nated dark gray cal car e ous shales. The
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Fig. 3. The Kupferschiefer sec tion of the Zdrada IG 8 bore hole show ing microlithofacies, sam ple lo ca tion, d13C and d18O val ues
of sam ples and to tal or ganic car bon con tent (TOC)

(a) – or ganic-rich clayey shale with fine pla nar dis crete laminae com posed of clay (brown); abun dant dark ma trix; microsparitic lamine (white) and
pos si ble skel e tal re mains are con cor dant with lam i na tion; sparse non-skel e tal grains (microsparitic pelletoids); (b) – lam i nated cal car e ous muddy
shale with wavy and len tic u lar microsparitic laminae (dark brown); abun dant non-skel e tal grains (microsparitic pelletoids); (c) – or ganic-rich
muddy shale with fine dis crete clay and car bon ate laminae and len tic u lar laminae com posed of fine-grained terrigenous ma te rial



marlstones are poor in or ganic ma te rial (<1.5 wt.% Corg) and
con tain scat tered microcrysts of euhedral py rite in low abun -
dance (<1 vol.%) (Pašava et al., 2010). 

The Kupferschiefer se quence is usu ally com posed of three
or two (full or re duced) cy cles that can be cor re lated through -
out the Zechstein ba sin (Paul, 1982; Oszczepalski and
Rydzewski, 1987); each cy cle con sists of black lam i nated
clayey shales at the base and lam i nated marlstones at the top. In 
the Zdrada IG 8 bore hole, one full cy cle and a ru di men tary sec -
ond cy cle (lim ited to sam ple 13a, Fig. 3) oc cur. The cy cles are
var i ously in ter preted (Pašava et al., 2010, with ref er ences
therein). It is com monly ac cepted that the Kupferschiefer and
Marl Slate rep re sent a rel a tively short time in ter val, prob a bly of 
less than 20,000 yr (Oelsner, 1959; Hirst and Dun ham, 1963;
Turner and Magaritz, 1986), and the anoxic events are of much
shorter du ra tion: in NE Eng land, sapropel 1 in the Marl Slate is
con sid ered to have lasted 5,000 yr (Magaritz and Turner,
1982), sapropel 2 only a few hun dred years (Turner and
Magaritz, 1986), and the fresh wa ter flood ing peaks also rep re -
sent time in ter vals of less than 1,000 yr (Turner and Magaritz,
1986). Ac cord ing to Swee ney et al. (1987), the oxic-anoxic
bound ary “...was static for up to a few thou sand years be tween
up ward/down ward move ments”.

The Kupferschiefer of the Zdrada IG 8 re gion was de pos ited
in the shal low part of a mud-dom i nated strat i fied shelf sea where
de po si tion from sus pen sion dom i nated. Ini tially, sed i men ta tion
took place in a low en ergy an aer o bic en vi ron ment, in deep
subtidal con di tions be low the storm wave base. Cal car e ous
shales and marlstones com pris ing the mid dle and up per parts of
the Kupferschiefer sec tion were de pos ited at the tran si tion from
the deep to shal low subtidal zone, within the anoxic zone, in ter -
spersed with dysaerobic con di tions. Anoxic to dysoxic sed i men -
tary en vi ron ment and anoxic-sulfidic diagenesis of the rocks is
ad di tion ally shown by var i ous geo chem i cal pa ram e ters (see
Pašava et al., 2010, for de tailed dis cus sion).

The Zechstein Lime stone con sists of mudstones and
wackestones with sub or di nate oncoid packstones in the lower
part of the unit; in the mid dle and up per parts oncoid
packstones (some oncoids are en crusted by foraminifers –
Peryt and Peryt, 1975) oc cur which con tain in ter ca la tions of
stromatolite boundstones (Peryt and Peryt, 2012). The
Zechstein Lime stone is fol lowed by the Lower Werra
Anhydrite over lain by the Old est Ha lite de pos its that are cov -
ered by the Up per Anhydrite (Fig. 1). The PZ1 (= Werra) de -
pos its, in turn, are cov ered by PZ2 (= Stassfurt) de pos its (Main
Do lo mite and Basal Anhydrite) and PZ3 (= Leine) de pos its; the 
lat ter are re stricted in the Zdrada area to the Platy Do lo mite
(Fig. 1; Peryt et al., 1998). 

MATERIAL AND METHODS

The basal Zechstein strata of the Zdrada IG 8 bore hole were 
re cently char ac ter ized by Pašava et al. (2010) and Peryt and
Peryt (2012), and for this study we have used the pre vi ously
stud ied sam ples, and ap ply the same sam ple nu mer a tion. The
iso to pic anal y ses on the frac tion were per formed in the Mass
Spec trom e try Lab o ra tory, Maria Cu rie-Sk³odowska Uni ver -
sity, Lublin (Po land). Slabbed spec i mens (with other slabs used 

to pro duce stan dard thin sec tions) have been sam pled se lec -
tively and a 1.5 mm di am e ter stain less steel drill with tung sten
car bide coat ing was used for ma te rial ex trac tion from the sur -
faces of the spec i mens. CO2 gas was ex tracted from the sam -
ples by re ac tion of cal cite with H3PO4 (McCrea, 1950) at 25°C
in a vac uum line, fol low ing the stan dard pro ce dure. In ad di tion, 
a small amount of fresh P2O5 was used, and CO2 was in con tact
with it for only a few sec onds prior to the usual trap ping at
–80°C (this was only to make sure no wa ter was re leased e.g.,
from liq uid in clu sions in the sam ples ana lysed into the rest of
the prep line, which was con stantly kept un der vac uum and free 
of mois ture; the frac tion ation re lated to P2O5 was tested on ref -
er ence ma te ri als, and no sta tis ti cally sig nif i cant shifts were
found). The gas was thus pu ri fied of H2O on a P2O5 trap and
col lected on a cold fin ger. Iso to pic com po si tions were ana lysed 
us ing a mod i fied MI1305 tri ple-col lec tor mass spec trom e ter
equipped with a gas ion source. Iso baric cor rec tion was ap -
plied. Af ter sub se quent nor mal iza tion to mea sured cer ti fied
ref er ence ma te ri als, the iso to pic com po si tion was ex pressed in
per mille (‰) rel a tive to the VPDB in ter na tional stan dard. An -

a lyt i cal pre ci sion of both d13C and d18O in a sam ple was
±0.08‰. 

The sam ple ar eas se lected for drill ing were in spected un der
a stereomicroscope to iden tify ar eas ho mo ge neous in terms of
col our, tex ture and free of cracks and vis i ble in clu sions. Con -
sid er ing the di am e ter of sam pling (1.5 mm), each re sult ing iso -
to pic mea sure ment re flects both depositional and diagenetic
sig nals.

Three sam ples (Nos. 3, 7 and 8) from the Kupferschiefer
and one sam ple (No. 13b) from the low est Zechstein Lime stone 
were ana lysed as re gards their or ganic geo chem is try. In ad di -
tion, one sam ple (No. 56) from the top part of the Zechstein
Lime stone was stud ied for com par a tive pur poses. Core sam -
ples were cleaned from mud con tam i na tions and milled to be -
low 0.2 mm. Screen ing py rol y sis anal y ses of rock sam ples
were car ried out with Rock-Eval 6. Aliquots of the pul ver ised
sam ples were ex tracted with di chloro methane: meth a nol so lu -
tion (93:7 v/v) in a SOXTEC™ ap pa ra tus. Af ter re moval of car -
bon ates with hy dro chlo ric acid and ex trac tion of bi tu mens,
rock sam ples se lected for sta ble car bon iso tope anal y sis of
kerogen were combusted in an on-line sys tem. Sta ble car bon
iso tope anal y ses were per formed with a Finnigan Delta Plus
mass spec trom e ter. The sta ble car bon iso tope data are shown in 

d-no ta tion, rel a tive to the VPDB stan dard (Coplen, 1995), at an
es ti mated an a lyt i cal ac cu racy of ±0.2‰. 

In ad di tion, chem i cal anal y ses for Corg on the sam ples used
for iso to pic study were car ried out in an ac cred ited lab o ra tory
of the Pol ish Geo log i cal In sti tute; some re sults have been re -
ported by Pašava et al. (2010).

RESULTS

The Kupferschiefer shows a large vari a tion in d13C val ues,
from +0.7‰ at its base to +5.4‰ in its mid dle part (Fig. 3 and

Ta ble 1). The av er age d13C value is +3.3 ±1.4‰. In the top most 

part of the Kupferschiefer the d13C val ues rap idly in crease,
from +1.7‰ (sam ple 13a) in the Kupferschiefer via +3.5‰
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(sam ple 13b) in the low est part of the Zechstein Lime stone to
+5.1‰ (sam ple 15 lo cated 0.5 m above sam ple 13a, Fig. 3). In

the Zechstein Lime stone the range of d13C val ues shows a mod -
er ate vari a tion from +3.6 to +6.4‰, the av er age be ing +5.1

±0.6‰; d13C data show a long-term trend to wards more pos i -
tive val ues (Peryt and Peryt, 2012). 

The d18O val ues of the Kupferschiefer show a sim i lar range

of vari a tion to the d13C val ues, from –4.2 to 0.8‰ (Fig. 3 and Ta -
ble 1), the av er age is –2.1 ±1.5‰. The Zechstein Lime stone in
turn shows a mod er ate vari a tion only: it ranges from –1.8 to
0.9‰, with an av er age of –0.5 ±0.7‰ (Peryt and Peryt, 2012).

The plot of the d13C and d18O val ues is shown in Fig ure 3. The
very weak cor re la tion (R2 = 0.004) pre cludes a def i nite
es ti ma tion of the func tional de pend ence be tween the
delta val ues. How ever, one can note that in spite of un -
known func tional de pend ence, the over all trend is a
neg a tive cor re la tion.

In Fig ure 4 microlithofacies a and c clearly show
lower d13C val ues than microlithofacies b and thin in -
ter ca la tions of microlithofacies c oc cur ring in the
thicker unit of microlithofacies b, are al ways char ac ter -
ized by lower d13C val ues. The low est d13 value oc curs
in the low est sam ple (micro lithofacies b, Fig. 3).
Microlithofacies a show lower d13C val ues than
microlithofacies c. As far as d18O val ues are con -
cerned, the microlithofacies do not dif fer (Fig. 4). 

Very high TOC (to tal or ganic car bon) and bi tu men
con tents were en coun tered in three sam ples taken from 
the Kupferschiefer; they are 4.54 to 14.0 wt.%, and
2990 to 4930 ppm, re spec tively. Sig nif i cantly lower
val ues were found in two sam ples from the Zechstein
Lime stone: 0.35 and 0.85 wt.%, and 270 and 430 ppm,
re spec tively (Ta ble 2). The val ues of the Rock-Eval

hy dro gen in dex (HI), ox y gen in dex (OI), Tmax tem -

per a ture and d13C of kerogen in Kupferschiefer
were ob served to change as fol lows: 356 to 424
mg HC/g TOC, 50 to 78 mg CO2/mg TOC, 409 to

413°C, and –27.3 to –26.5‰, and in the Zechstein
Lime stone are as fol lows: 36 and 37 mg HC/g
TOC, 238 and 266 mg CO2/mg TOC, 413 and
419°C, and –26.5 and –25.8‰ (Ta ble 2). 

The con tent of or ganic car bon in the
Kupferschiefer ranges from 0.84 to 10.32% (Fig. 3
and Ta ble 1) and is 5.66 ±2.94% on av er age.

INTERPRETATION 
AND DISCUSSION

The basal Zechstein strata in the Zdrada IG 8
bore hole lo cated in the ba sin cen tre zone are char -

ac ter ized by a marked gen eral in crease in d13C val -
ues, from low val ues in the lower part of the
Kupferschiefer to higher val ues in the Zechstein
Lime stone (Fig. 1). 

The trend ob served in the basal Zechstein of
the Zdrada IG 8 bore hole has also been ear lier rec -
og nized by sev eral au thors (e.g., Marowsky, 1969; 

Magaritz et al., 1981; Turner and Magaritz, 1986). Magaritz et

al. (1981) re corded a change in d13C from “nor mal ma rine val -

ues” (0 to +2‰) to val ues higher in d13C (+3.5 to +4.5‰) in
Cen tral Ger many and NE Eng land and con cluded that the car -
bon iso tope trend re mains the same de spite changes in min er al -
ogy (mainly cal cite in Ger many and do lo mite in NE Eng land).

It was as sumed that there is no change in d13C val ues as a re sult
of dolomitisation (Magaritz et al., 1981, p. 249). How ever, the

ac tual val ues of d13C ap pear to be higher in the Marl Slate than
in the Kupferschiefer (Magaritz et al., 1981, fig. 4). 

In Fig ures 5 and 6 we show the ear lier pub lished d13C and
d18O val ues from cen tral Ger many and NE Eng land
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T a  b l e  1

Iso to pic com po si tion of cal cite and or ganic car bon con tent in the Kupferschiefer
and in two sam ples of the Zechstein Lime stone (Zdrada IG 8 bore hole)

No. Stra tig ra phy and 
microlithofacies

Sam ple
num ber

Depth

[m]
d13C VPDB

[‰]

d18O VPDB

[‰]

Corg

[%]

1 Zechstein 
Lime stone

56 1018.20
5.08

5.33

  0.16

–0.34
n.a.

2 13b 1026.12 3.51   0.21 0.30

3

refei
hcsref

p
u

K

a 13a 1026.21 1.67   0.79 1.52

4 gsm 12b 1026.27 4.02 –2.09 6.31

5 b 12a 1026.28 1.76 –1.37 7.44

6 gsm 11b 1026.31 3.86   0.13 0.84

7 c 11a 1026.36 5.43 –3.39 2.40

8 b  9b 1026.48 3.2  –3.37 4.94

9 c 8 1926.57 4.88 –3.54 4.39

10 b 7 1026.62 5.35 –4.18 6.63

11 c 6 1026.64 2.88 –2.01 5.80

12 c 5b 1026.68 4.13 –1.35 8.78

13 a 5a 1026.73 2.95 –2.4  9.41

14 a 3b 1026.79 2.5  –2.97 10.32  

15 b 1 1026.88 0.68 –1.18 4.82

gsm – grey streak marlstone, n.a. – not ana lysed

Fig. 4. The plot of the d13C and d18O val ues of the Kupferschiefer 
in the Zdrada IG 8 bore hole

For microlithofacies de scrip tion, see ex pla na tion to Fig ure 3



(Marowsky, 1969; Magaritz et al., 1981; Turner and Magaritz,
1986; Swee ney et al., 1987). The orig i nal data plot ted rel a tive
to the thick ness of the Kupferschiefer and Marl Slate (Fig. 5A)
were then ex panded or re duced as re quired for di rect com par i -
son, as sum ing that those de pos its have been formed within the
same time in ter val (see the dis cus sion be low; Fig. 5B). This ap -
proach al lows a par tial elim i na tion of re gional en vi ron men tal
per tur ba tions.

The in creas ing trend – from the basal clay unit to wards the
up per car bon ate unit – is main tained in NE Eng land, within the
Marl Slate d13C (and d18O) val ues first de crease and then in -
crease (Magaritz et al., 1981; Fig. 2). Sub se quent de tailed
study of the Marl Slate (Turner and Magaritz, 1986) showed a
gen eral in crease in d13C val ues, with an ex cur sion to wards
more neg a tive val ues in the up per part of sapropelic silty
dolomicrite (Lithotype 1 of Turner and Magaritz, 1986). In one
bore hole sec tion in Ger many, Buchenau 1 (Magaritz et al.,
1981), the d13C re cord shows a very sim i lar pat tern to that in the 
Zdrada IG 8 bore hole (Fig. 5B). The P292 and Z23 bore holes
(Marowsky, 1969) show first an in crease and then a de crease in 
d13C val ues in the low est Zechstein Lime stone (P292) or in the
up per part of the Kupferschiefer that con tin ues in the low est
Zechstein Lime stone (Z23), and in the Ibbenbüren bore hole
d13C val ues start to de crease from the base of the
Kupferschiefer (Fig. 5). How ever, it should be taken into ac -
count that the pub lished data for Ger many have to be treated
with cau tion be cause de tailed lithological data are not avail able 
and hence it is not cer tain that the Kupferschiefer-Zechstein
Lime stone bound ary is iden ti cal in all cases. Lo cally, es pe -
cially when the d18O val ues are highly neg a tive, as in the
Kupferschiefer sec tions from Ger many re ported by Marowsky
(1969) and Magaritz et al. (1981), the d13C val ues are prob a bly
not the orig i nal ones and hence are not rep re sen ta tive. Be cause
dur ing diagenesis the pre dom i nant shift of the car bon and ox y -
gen iso to pic ra tios is to ward neg a tive, or less pos i tive, val ues
(Hud son, 1977), the re ported data from the Zdrada IG 8 bore -
hole are the clos est to the pris tine ones as far as the basal
Zechstein is con cerned (see Fig. 6). How ever, diagenetic

changes in or ganic-rich sed i ments in anoxic-sulphidic con di -
tions can im pact their d13C val ues with out ma jor change of
d18O val ues. There is quite a good cor re la tion be tween low d13C 
val ues and high or ganic car bon con tent sug gest ing less-de com -
posed or ganic mat ter un der an aer o bic con di tions (cf. Fig. 3). 

Vari a tion in d18O val ues is com monly re garded to re flect
the iso to pic com po si tion of the wa ter in which the car bon ate
was formed. Turner and Magaritz (1986) ar gued that the pat -
tern ob served in d18O val ues of the Marl Slate is re lated to ad -
mix ture of two types of wa ter dur ing de po si tion: sea wa ter and
evap o rated wa ter en riched in d18O and con ti nen tal fresh wa ter
de pleted in d18O. The min ima in d18O val ues in di cate pe ri ods
when the in flux of fresh wa ter into the ba sin was at its max i -
mum, and the fact that the peaks em brace sev eral one cm sam -
ples and show well-de fined trends within in di vid ual
lithological units in di cates that these fea tures are prob a bly pri -
mary (cf. Turner and Magaritz, 1986). How ever, in gen eral the
sapropelic units of the Marl Slate have more neg a tive d18O val -
ues than the laminites or dolostones (Magaritz et al., 1981;
Turner and Magaritz, 1986), and in the Kupferschiefer of the
Zdrada IG 8 bore hole such a trend is not ob vi ous (Fig. 3): the
low est d18O value is from the lower in ter ca la tion of
microlithofacies b within microlithofacies c, and microfacies a
shows a low d18O value in one case and the high est value in an
other case (Fig. 3).

The Kupferschiefer shales con tain much more dis persed or -
ganic mat ter than the Zechstein Lime stone car bon ates (Ta -
ble 2). The val ues of Rock-Eval hy dro gen in dex (HI), ox y gen
in dex (OI), Tmax tem per a ture and re sid ual hy dro car bon po ten -
tial (S2) (Ta ble 2; Figs. 7 and 8) in di cate the dom i nance of al gal 
type II kerogen in the Kupferschiefer shales, and ter res trial type 
III kerogen in the Zechstein Lime stone car bon ates. The
Kupferschiefer pro files of bore holes in south-west Po land
(Kotarba et al., 2006) also show high con tents of the same type
of or ganic mat ter (up to 10.8 wt.% TOC), but the Zechstein
Lime stone car bon ates con tain in sig nif i cant quan ti ties of or -
ganic mat ter (usu ally less than 0.1 wt.% TOC). 
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T a  b l e  2

Re sults of Rock-Eval anal y ses, bi tu men con tent and sta ble car bon iso tope com po si tion of kerogen 

Stra tig ra phy Li thol ogy

Sam -
ple

num -
ber

Rock-Eval data
Bi tu -

men ex -
tract

[ppm]

 d13C
(Kerogen)

[‰]
TOC

[wt.%]
Tmax

[°C]

S1 S2

PI
HI

[mg HC/
g TOC]

OI
[mg CO2/
g TOC]

[mg HC/g
rock]

Zechstein
Lime stone

grey oncoid packstone 56    0.35 419 0.0
4 0.13 0.25   37 266   270 –25.8

dark grey peloid-oncoid
packstone 13b   0.85 413 0.0

4 0.31 0.12   36 238   430 –26.5

Kupferschief
er

dark grey
lam i nated cal car e ous

shale (microlithofacies b)
8   4.54 409 0.6

5
16.1

8 0.04 356   78 2990 –26.5

or ganic-rich mud shale
with fine clay, cal car e ous 
and siliciclastic laminae

(microlithofacies c)

7   6.95 413 0.9
4

27.3
9 0.03 394   68 3600 –27.3

black lam i nated
clay-shale

(microlithofacies c)
3 14.0 412 1.9

6
59.2

1 0.03 424   50 4930 –27.1
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Rock-Eval Tmax tem per a ture val ues be low 435°C (Espitalié
and Bordeneve, 1993) show that or ganic mat ter within these
lithostratigraphic di vi sions is im ma ture (Fig. 8). The
Kupferschiefer or ganic mat ter was de pos ited in a re duc ing en -
vi ron ment and the Zechstein Lime stone or ganic mat ter was
sub ject to ox i diz ing pro cesses (Fig. 8). 

The d13C val ues of kerogen in Kupferschiefer and
Zechstein Lime stone strata vary from –27.3 to –25.8‰ (Ta -
ble 2). The com par i son of changes in d13Ccarb and d13Ckerogen

val ues in the Kupferschiefer and the Zechstein Lime stone of
the Zdrada IG 8 bore hole is shown in Fig ure 3. These d13C vari -
a tions in car bon ate and or ganic mat ter of the pro file ana lysed
match the gen eral trend in the Perm ian (see fig. 41 in Galimov,
2006; Hermann et al., 2010). The change in the in ten sity of
bioproduction and thus the shift in d13C val ues of both or ganic
and car bon ate car bon was the most im por tant event in the con -
text of global tec ton ics and cli mate change (Galimov, 2006). A
model of the global iso tope bal ance that in ter prets the iso tope
vari abil ity in d13Ccarb and d13Ckerogen val ues has been sug gested
(Galimov, 1999, 2006). No pos i tive cor re la tion has been ob -
served be tween sta ble car bon iso topes in car bon ates (d13Ccarb)
and or ganic mat ter (d13Ckerogen) of black shales of the

Kupferschiefer (Fig. 3) as is char ac ter is tic of Oce anic Anoxic
Events (e.g., Jenkyns, 2010; Jarvis et al., 2011). Typ i cally, if
both the d13C of the in or ganic and or ganic por tions co-vary in a
sed i men tary se quence, it is as sumed that the vari a tions in the
d13Cin or ganic val ues in di cate a real change in the d13Cin or ganic of the
en vi ron ment (e.g., Under wood et al., 1997; Jarvis et al., 2006).
How ever, Oehlert et al. (2012) in di cated that within a rel a tively 
short dis tance from the plat form mar gin there are com pletely
dif fer ent pat terns in the as so ci a tion of d13Cor ganic and d13Cin or ganic

val ues be cause bulk re cords are sourced from a va ri ety of pro -
duc ers in the shal low ma rine and pe lagic en vi ron ment. The
lack of cor re la tion be tween d13Ccarb and d13Ckerogen in black
shales of the Kupferschiefer (Fig. 3) can be re lated both to
diagenetic changes and to pri mary vari a tion in epeiric seas (cf.
Oehlert et al., 2012).  

IMPLICATIONS

The Kupferschiefer de po si tion lasted at most some tens of
thou sands of years, and the lam i nated clayey shales were de -
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Fig. 6. The plot of the d13C and d18O val ues of the Kupferschiefer in Po land and Ger many and the Marl Slate in Eng land

Boxes show the range of the val ues for the Marl Slate (Magaritz et al., 1981; Turner and Magaritz, 1986; Swee ney et al., 1987) 
and for two bore holes (P292 and Z23) of the Kupferschiefer in West Ger many (Marowsky, 1969)



pos ited dur ing a lon ger time span than the lam i nated
marlstones (see dis cus sion in Pašava et al., 2010). In con trast,
the sed i men ta tion of the Zechstein Lime stone was es ti mated as
last ing 1 Ma by Peryt (1984). Al to gether, the Zechstein cor re -
sponds to the very last 5–7 My of the Perm ian (Menning,
1995), al though Menning et al. (2005) pro posed a du ra tion of
the com plete Zechstein suc ces sion, based on a cyclo -
stratigraphic in ter pre ta tion, of about 2.8 Ma. Denison and Peryt 

(2009), based on 87Sr/86Sr ra tios of an hyd rites, sug gested that
the de po si tion of the se quence ex am ined (Up per
Anhydrite–Basal Anhydrite) lasted ap prox i mately 2 Ma. 

The sharp change in the car bon iso to pic com po si tion, from
the low d13C val ues at the be gin ning of the Kupferschiefer
(Figs. 1 and 3) to the high val ues char ac ter is tic of Zechstein
car bon ates (Fig. 1), lasted only a few thou sand years, if the as -
sump tions re gard ing the length of de po si tion of par tic u lar
lithologies of the Kupferschiefer and the Marl Slate are cor rect.
Magaritz et al. (1983) re ported high d13C val ues from the
Castile For ma tion of the Del a ware Ba sin (USA) and sug gested
a dra matic rise from –2.8 to +5.7‰ in only 4400 years. They
cor re lated the Del a ware re cord with sim i lar re cords from the
Zechstein Ba sin and pos tu lated that the event was world-wide;
this, how ever, poses ob vi ous dif fi cul ties for the car bon cy cle
(Magaritz et al., 1983). Holser and Magaritz (1987, p. 159,
160) con sider that the on set of this fi nal car bon high was co eval 
but they ad mit that al though sim i lar, the pro files are not iden ti -
cal in de tail. In the Del a ware Ba sin, the tran si tion oc curs just
be fore the change in fa cies from clastic de pos its (claystones
and siltstones) of the Bell Can yon For ma tion to evaporites of
the Castile For ma tion (Magaritz et al., 1983). How ever, there
are se ri ous doubts whether the phases ana lysed by Magaritz et
al. (1983) rep re sent pri mary un dis turbed ma te rial, i.e., ma te rial
which re flects pos si ble orig i nal sea wa ter con di tions. There are
good rea sons to con clude that, as in the case of the sand stones
and siltstones, most of the ma te rial ana lysed prob a bly con sisted 
of in ter me di ate to late-stage diagenetic car bon ate ce ments (Ar -
thur, 1984; Scholle, 1995). As con cluded by Scholle (1995, p.
144), “When data from or ganic-rich shales, sand stone ce ments, 
ma rine lime stones, and concretio nary car bon ates are com bined
in a sec u lar vari a tion curve, it is not sur pris ing that iso to pic
shifts co in cide with formational bound aries”. Re cent study of
the top part of the Reef Trail Mem ber of the Bell Can yon For -
ma tion in di cated a large neg a tive iso tope shift of 4.5–5‰ in
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Fig. 7. Re sid ual pe tro leum po ten tial S2 ver sus to tal or ganic 
car bon (TOC) con tent re veal ing the kerogen type in Kupferschiefer

and Zechstein Lime stone strata

Ge netic bound aries af ter Lang ford and Blanc-Valleron (1990)

Fig. 8. Rock-Eval hy dro gen in dex ver sus (A) Tmax tem per a ture and (B) ox y gen in dex

Ma tu rity paths of in di vid ual kerogen types af ter Espitalié et al. (1985)



d13C from whole-rock in or ganic car bon which ap pears to cor -
re late with the start of a glob ally rec og nized neg a tive ex cur sion 
as so ci ated with the mid-Guadalupian mass ex tinc tion (No ble et 
al., 2009). Both fine and coarse grained lithologies show com -
pa ra ble shifts, and the as so ci ated changes in radiolarian as sem -
blages in di cate that the shift re cords eco log i cal/en vi ron men tal
vari a tion, and is not a diagenetic sig nal (No ble et al., 2009).
No ble et al. (2009) found that this shift con tin ues into the
Castile For ma tion.

The large-scale rel a tive car bon iso to pic shifts re corded in
con tin u al ma rine sec tions, such as the Mid dle Perm ian Del a -
ware Ba sin, can re flect real shifts in oce anic chem is try through
time, but it is doubt ful that the change re corded in the basal
Zechstein de pos its is iden ti cal with that in the Del a ware Ba sin.
The Zechstein ba sin came into ex is tence af ter rad i cal en vi ron -
men tal change when the South ern Perm ian Ba sin, which was
an intracontinental de pres sion lo cated well be low the con tem -
po ra ne ous sea level dur ing most of the Perm ian (Gast et al.,
2010, with ref er ences therein), was flooded cat a stroph i cally
(Smith, 1979) and be came a mar ginal sea. There fore, al though
the iso to pic ef fects of changes which oc curred in the Del a ware
and the Zechstein land locked bas ins are sim i lar, they re sulted
from dif fer ent mech a nisms

Mar ginal seas, such as the Del a ware Ba sin (and the

Zechstein ba sin), have high d13C-sig nals rel a tive to their
Tethyan coun ter parts (Korte et al., 2005); they also show

higher d18O val ues for brachi o pods, per haps re flect ing a slight

d18O en rich ment of sea wa ter due to high evap o ra tion rates in
the ba sin (Korte et al., 2005). The car bon iso tope curve for the
Capitanian and Wuchiapingian car bon ates de vel oped on an an -
cient seamount in mid-Panthalassa (Kamura area, Kyushu, Ja -

pan) shows that the high pos i tive d13C val ues (+5 to +6‰)
(Kamura event) con tin ued un til the late Capitanian; af ter three

neg a tive shifts the d13C value felt to +2‰ (Isozaki et al., 2007).

The very sim i lar d13C com pos ite curve de rived from the study
of the Capitanian and lower Wuchiapingian plat form car bon -
ates of South China can be cor re lated with the Panthalassan
seamount re cord and with that of the Zdrada IG 8 bore hole

(Fig. 9A). The d13C re cord from sec tions in South China, cal i -
brated against a high-res o lu tion cono dont biostratigraphy, re -
vealed a ma jor intra-Capitanian neg a tive ex cur sion (of >5‰;
Fig. 9A); the Capitanian mass ex tinc tion oc curs dur ing the
early stage of this ex cur sion (Bond et al., 2010). Sub se quently,

the d13C val ues in crease rap idly to 3.5‰ (Bond et al., 2010, fig. 
11) and then the val ues in crease grad u ally to 5.5‰ in the top -
most Capitanian (Wang et al., 2004; Fig. 9A). In the low est
Wuchiapingian a mod er ate de ple tion of ca. 1.5‰ oc curs
(Wang et al., 2004; Bond et al., 2010; Isozaki et al., 2011) that

is fol lowed by a gen eral in crease in d13C val ues (Fig. 9A), with
some pos i tive and neg a tive 1‰ ex cur sions (Korte et al., 2004;
Bond et al., 2010), to the pre vi ous high val ues of ca. 5‰. How -
ever, the mod er ate ex cur sion in the low est Wuchiapingian does 
not oc cur in some ar eas, e.g. in Oman (Koehrer et al., 2010).

At 258 Ma the d13C val ues de creased with an am pli tude of
0.9–1.5‰ to +3‰ (Iso tope Event 0 – Richoz et al., 2010) and
then they in creased and re mained steady around a rel a tively high 
value of 4–5‰ for sev eral Ma un til a con sis tent, grad ual and
pro gres sive de cline in d13C through late Changhsingian strata

oc curred (Cao et al., 2010; Gaetani et al., 2009; Korte et al.,
2010; Fig. 9A); this de cline be gan in the early Changhsingian at
ca. 255 Ma (Iso tope Event 1 – Richoz et al., 2010).

Con sid er ing the high pos i tive d13C val ues of the Zechstein
car bon ates start ing from the Zechstein Lime stone (Fig. 1), and

that the Zechstein show high d13C-sig nals rel a tive to their
Tethyan coun ter parts (Korte et al., 2005), they fit well the in ter -

val of rel a tively high d13C val ues re lated to the up per
Wuchiapingian and the lower Changhsingian (Fig. 9A). In the

low est Zechstein, there is a clear in crease in the d13C val ues,
and the high est pos i tive val ues (ex ceed ing 8‰ – Peryt et al.,
2010b) have been re corded in the Main Do lo mite. In the Platy

Do lo mite the d13C val ues drop slightly (cf. Fig. 1). When com -
pared to the gen er al ized iso to pic curve for the late Perm ian pro -

posed by Richoz et al. (2010), the in crease in the d13C val ues
ob served af ter Iso tope Event 0 (some 258 Ma) fits well the in -
crease (al though more sig nif i cant) from the Kupferschiefer till
the Main Do lo mite. In turn, the sub se quent slight fall that ac cel -
er ated af ter Iso tope Event 1 (Richoz et al., 2010) fits the fall (al -
though more sig nif i cant) in the Platy Do lo mite. If – as we as -
sume – the Platy Do lo mite cor re sponds to the time around Iso -
tope Event 1, then the time in ter val en com pass ing the Up per
Werra-Main Anhydrite de po si tion would be around 2 Ma (cf.
Denison and Peryt, 2009), and the in ter val of Zechstein de po si -
tion would amount ca. 5.5 Ma. This value fits the range of
5–7 Ma for the Zechstein con cluded by Menning (1995).

The d13C curve from the Kupferschiefer and the Zechstein
Lime stone of the Zdrada IG 8 bore hole cal i brated for 1 Ma
(Fig. 9B) and 0.5 Ma (Fig. 9C) shows a strik ing sim i lar ity to the 
com pos ite d13C re cord from sec tions in South China (Bond et
al., 2010) that rep re sent the up per Guadalupian (Fig. 9A) and
spe cif i cally to the d13C curve around the se quence bound ary
(SB in Fig. 9A) fol low ing the mid-Guadalupian ex tinc tion.
How ever, the early Wuchiapingian age of cono donts re corded
in basal Zechstein de pos its ex cludes such a pos si bil ity. Perm ian 
cono donts show very dis tinct pro vin cial ism, and cono donts
from the Zechstein ba sin and East ern Green land be long to the
North ern Cool Wa ter Prov ince (Mei and Henderson, 2001).
The Mesogondolella rosenkrantzi and Merrillina divergens
fauna in East ern Green land (Bender and Stoppel, 1965; Sweet,
1976; Ras mus sen et al., 1990) is in ter preted to be Lopingian, as 
it is as so ci ated with Cyclolobus which is Wuchia -
pingian–Changhsingian in age (Zhou et al., 1996); in the Salt
Range Cyclolobus has been found to oc cur with late
Wuchiapingian to early Changhsingian cono donts (Wardlaw
and Mei, 1999). The base of the East ern Green land equiv a lents
of the Zechstein is put into the mid dle part of Wuchiapingian
(e.g., SÝrensen et al., 2007). Cono donts from the Zechstein Ba -
sin are dom i nated by Merrillina divergens (Szaniawski, 1969;
Swift and Aldridge, 1986; Swift, 1995); Mesogondolella is not
com mon in the Zechstein, and is re ferred to as M. bri tan nica by
Kozur (1998). Al though in di rectly, the Zechstein cono dont
fauna sug gests a Wuchiapingian, and not Guadalupian age (cf.
Legler and Schnei der, 2008).

Re cently it was sug gested that the in ter val of Zechstein de -
po si tion is lon ger, and the Zechstein base was shifted down to
260.4 Ma (Wag ner, 2009; S³owakiewicz et al., 2009), be ing
equiv a lent to the Guadalupian/Lopingian bound ary, but such a
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spec u la tive con cept has no sup port in the data and it ig nores the

fact that rapid changes in d13C val ues in the basal Zechstein are

not com pat i ble with the grad ual changes of d13C val ues re -
corded at the Guadalupian/Lopingian bound ary (Isozaki et al.,
2007; Bond et al., 2010). 

As com monly ob served in the deep shelf area of the
Kupferschiefer, lam i na tion in the up per most part of the
Kupferschiefer is lo cally dis rupted by small cryptoburrows,
which have been made by a soft-bod ied infauna (with a lack of
skel e tal re mains), with the high est in ten sity at the top of the
Kupferschiefer (Oszczepalski and Rydzewski, 1987, fig. 5). As 
a re sult, the bound ary be tween the Kupferschiefer and the
Zechstein Lime stone is grad ual and is marked by a up wards
tran si tion from unfossiliferous, par tially cryptobioturbated
shales into ho mo ge neous (to tally bioturbated) fossiliferous car -
bon ates. It is likely that the ter mi na tion of the de po si tion of the
Kupferschiefer laminites was caused by: 

– a fur ther shallowing of the sed i men tary ba sin
(Gerlach and Knitzschke, 1978); 

– better cir cu la tion of the sea wa ter as a re sult of
eustatic sea level changes (Smith, 1979; Peryt,
1984);

– low er ing of the redoxcline be low the storm wave
base due to a de crease in the sur face wa ter or -
ganic pro duc tiv ity (Paul, 1982; Oszczepalski and
Rydzewski, 1987; Swee ney et al., 1987). 

It seems plau si ble that pulsed changes in sed i men tary con -
di tions caused by ver ti cal shifts in the redoxcline po si tion were
of pri mary im por tance. The rise of the redoxcline re sulted in
progradation of anoxic sed i men ta tion, whereas its low er ing
caused the area of anoxic sed i ments to be re stricted. Such fluc -
tu a tions pro duced multicycle se quences of the Kupferschiefer,
cor re lated through out the ba sin (Rentzsch, 1965; Gerlach and
Knitzschke, 1978). De spite this cause, an marked ex pan sion of
the fauna and an as so ci ated grad ual in crease in the ho mog e ni -
za tion of lam i nated sed i ments ter mi nated the de po si tion of the
Kupferschiefer. In any case, in the deeper shelf area – in which
the Kupferschiefer of the Zdrada IG 8 bore hole was de pos ited – 
there is ab so lutely no sign of the large hi a tus (a few mil lions of
years) needed to com bine the Wuchiapingian age of the
Zechstein Lime stone cono donts and the mid-Capitanian age
con cluded from the sim i lar ity of iso to pic curves char ac ter is tic
of the mid dle Guadalupian and the basal Zechstein (Fig. 9).

There fore, we re ject the cor re la tion of the Kupferschiefer d13C
curve and a neg a tive ex cur sion cor re spond ing to a ma jor se -
quence bound ary in the up per Guadalupian al though it seems
plau si ble from other points of view.
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Fig. 9A – Gen eral iso to pic curve for the late Perm ian (af ter Richoz et
al., 2010) show ing the pre sumed po si tion of the Kupferschiefer and

Zechstein car bon ate units, and the com pos ite d13C re cord for the late
Guadalupian and the ear li est Wuchiapingian in South China (af ter
Bond et al., 2010), show ing the top of the ex tinc tion in ter val and the se -

quence bound ary (SB); B, C – d13C curve for the Kupferschiefer and
Zechstein Lime stone in the Zdrada IG 8 bore hole as sum ing the du ra -
tion of both units as 1 Ma (B) and 0.5 Ma (C)



CONCLUSIONS

1. The Kupferschiefer of the Zdrada IG 8 bore hole lo cated
in North ern Po land shows a large vari a tion in d13C val ues
(from +0.7 to +5.4‰; av er age +3.3 ±1.4‰) and d18O val ues
(from –4.2 to 0.8‰; av er age –2.1 ±1.5‰). The d13C val ues
change from +0.7‰ at the Kupferschiefer base to +5.4‰ in its
mid dle part, then de crease to +1.7‰ at the Kupferschiefer top
and than rap idly in crease to +3.5‰ (in the low est part of the
Zechstein Lime stone) and then to +5.1‰ (0.5 m above). This
in creas ing trend con tin ued sub se quently dur ing the Zechstein
Lime stone de po si tion. 

2. The trend in car bon iso to pic com po si tion to wards higher

d13C val ues ob served in the basal Zechstein of the Zdrada IG 8
bore hole was ear lier rec og nized by sev eral au thors in the
Kupferschiefer of Ger many and the Marl Slate of Eng land. The 

d18O val ues from the Zdrada IG 8 bore hole in di cate that they
are the clos est to pris tine ones as far as the basal Zechstein is
con cerned. 

3. Al though the d13C curve shows that the best place for the
Zechstein base may lie near the se quence bound ary in the up per 
Guadalupian of South China that post dated the
mid-Guadalupian ex tinc tion, the early Wuchiapingian cono -
donts re ported from the basal Zechstein de pos its else where in
the Puck Bay area (Szaniawski, 1969) ex clude such an in ter -
pre ta tion.

4. When com pared to the gen er al ized iso to pic curve for the
Late Perm ian pro posed by Richoz et al. (2010), the in crease in

the d13C val ues re corded in the in ter val from the Kupferschiefer 
till the Main Do lo mite fits well that ob served af ter Iso tope
Event 0 (some 258 Ma), al though the in crease in the Zdrada

IG 8 is clearly more sig nif i cant than is shown in the global d13C
curve. In turn, the sub se quent slight fall that ac cel er ated af ter
Iso tope Event 1 (Richoz et al., 2010) fits the fall al though a
more sig nif i cant one in the Platy Do lo mite. 

5. The Kupferschiefer shales con tain high quan ti ties of im -
ma ture, al gal type II kerogen (TOC con tent up to 14.0 wt.%,
and the bi tu men con tent ranges from 2990 to 4930 ppm),
whereas the Zechstein Lime stone car bon ates con tain less im -
ma ture, ter res trial type III kerogen (TOC con tent 0.35 and
0.85 wt.% and bi tu men con tents of 270 and 430 ppm). The
Kupferschiefer or ganic mat ter was de pos ited in a re duc ing en -
vi ron ment and the Zechstein Lime stone or ganic mat ter un der -
went ox i da tion. The d13C vari a tions in car bon ate and or ganic
mat ter of the Kupferschiefer and Zechstein Lime stone pro file
match the gen eral trend in Late Perm ian time. 
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