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Abstract Fourteen determinations of C and O stable isotopic composition we-
re made in limestones, dolomitic limestones and dolomites (dolostones) representing
the upper members of the Gogolin Beds, Gérazdza Beds, and the Lower Carboni-
ferous carbonate rocks. A diagrammatic profile of these series, their brief petrogra-
phic description, and the results are presented in Table 2 and in Figures 1 and 2.

INTRODUCTION

Petrographic studies of the dolomites occurring in the Lower Muschel-
kalk of the Cracow-Silesian area were extended by determinations of the
carbon and oxygen stable isotopes. This procedure was treated as a sup-
plementary method for geological and petrographical investigations, gi-
ving new information on the conditions of origin of these rocks. This me-
thod is not commonly used in Poland. About twenty determinations of
the C and O stable isotopes in Triassic limestones and dolomites (dolo-
stones), together with their interpretation, were published by Pawlowska
and SzuwarzynskKi (in press).

This paper is a contribution to the knowledge of the C and O isotopic
composition in Triassic rocks. Determinations were made on samples de-
rived from the continuous profile of the upper part of the Gogolin Beds
and from the Gorazdza Beds, which were compared with the dolomitized
equivalents of the Gorazdza Beds. Particularly valuable were the samples
collected from a quarry in Plaza which permitted a characterization of
limestones, dolomitic limestones, and early-diagenetic ,primary” dolomi-
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tes (acc. to Siedlecki 1952). Ore-bearing dolomites were characterized by
means of samples from the Trzebionka zinc and lead ore mine. Also sam-
ples of early-diagenetic dolomites occurring in the ore-bearing dolomites
in the Trzebionka mine were investigated. To obtain comparative data,
determinations were made for the Lower Carboniferous limestones and
epigenetic dolomites from Czerna near Krzeszowice.

Several authors (e.g. Craig 1953, 1957; Clayton, Epstein 1958; Bathurst
1975) noticed differences in the isotopic composition of carbonate rocks
depending on the mode of their formation and on the geologic processes
that could have later affected them. The causes of this differentiation are
not well known yet, but isotopic studies begin to gain ever increasing
importance.

INVESTIGATION OF STABLE ISOTOPES

Fractionation effect of the carbon and oxygen stable isotopes is ge-
nerally expressed in d values (in permil %eo):

= [wo/wolsample EiE [180/160]““}”,4

S13C 5 O
[130/12C]standard e
5180 — [°0/*Olsampic — [**0/"Olstanaara . 1 000%
[ISO/IGO]standard
where: [*C/*2CJsample — ratio of carbon isotopes in the samples;
[*80/*%0]stanaara — ratio of oxygen isotopes in the measured stan-
dard.

For geochemical purposes, first measurements of §3C were referred
to P.D.B. standard, whose isotopic composition had been determined by
Craig (1957). Up till now, all results have been referred to this internatio-
nal standard which is a carbon dioxide obtained from CaCO; of the ros-
‘trum of Cretaceous belemnite from the Peede formation, South Carolina
(P.D.B. — Peede Belemnite), by treatment with 100% phosphoric acid at
25.2°C. P.D.B. is materially non-existing standard, therefore other inter-
national standards for intercalibration versus P.D.B. are vailable, e.g.:

— NBS-20 — Solenhofen limestone
Taile i from the National Bureau of Stan-
dards (Washington, USA);
— Toilet Seat — CaCO, from the In-
ternational Atomic Energy Agen-

Isotopic composition of standards

Sample &’& cy (Vienna, Austria);
| versusPDBin %o | — Carrara Marble — marble from
Marianna Biata ’ +1.68 ‘ —5.70 the University of Pisa (Italy).
Toilet Seat +188 | —188 A new universal CaCO; standard
NBS . alfos ) — 375 with a carbon and oxygen isotopic
|
|

S composition identical with that of
P.D.B. will be prepared and distri-

* Results obtained in the Institute of buted by the International Atomic
Nuclear Geology in Fiza, in the year 1969. Energy Agency in Vienna

Carrara Marble * } +2.40
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All the values discussed in this paper were measured vs. the Marianna
Biata Marble (Kletno, Lower Silesia), which was calibrated versus P.D.B.
using Toilet Seat, Carrara Marble and NBS-20 standards (Table 1). The
reproducibility of the presented values shows that there is a good corre-
lation with the results obtained by other well established laboratories.
(Baranski, 1976). Standard deviation of a single determination of $*C and
5180 was —+ 0.1%o.

Carbon and oxygen isotopes of investigated calcium carbonate sam-
ples can be introduced into the mass spectrometer for measurement only
in the form of CO, gas. Carbon dioxide is generally obtained from calcium
carbonate by treatment with 100% phosphoric acid. This reaction ensures
liberation of CO, without changing its isotopic composition.

Preparation methods and measurement techniques applied to the
samples discussed in this paper are described in detail by Baranski (1975).

DESCRIPTION OF THE MATERIAL

The first detailed description of the Muschelkalk profile in Ptaza near
Chrzanow was given by Siedlecki (1952). A part of this profile was des-
cribed again, basing on the recently exposed parts of the quarry (Fig. 1).
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Fig. 1. The 83C and 810 along the simplified profile of Muschelkalk rocks and two
samples of Lower Carboniferous rock. On the left—hapd side diagram of percentage
of calcite and dolomite in the examined samples

1 — dolomite, 2 — calcite; 3 — samples of rock with variable contents of dolomi?e ang calcite
in which quantitative measurements were aimless, 4 — doloston'e, 5 — dolomitic limestone
6 — limestone, 7 — pebbly limestone, 8 — limestone with chert nodules
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The lower part of the profile corresponds to the upper part of the Gogolin
Beds (Siedlecki, 1952). The series in question are diversified, being repre-
sented by smooth limestones beige in colour, as well as by laminated,
cavernous, spotted, nodular and conglomeratic limestones. T.he upper part
of the profile, the Gorazdza Beds, is less differentiated. It is made up of
heige massive limestones, sometimes sugary grained, containing two inter-
calations of limestones with cherts (Fig. 1). About 10 m above the top of
the Gogolin Beds is the bottom of a several-metre thick layer of early-
-diagenetic dolomites. In the Gorazdza Beds, at the extension of limesto-
nes in another part of the quarry, dolomites have been found. The oblique
boundary of their sole suggests epigenetic dolomites. According to Sie-
dlecki (1952), they are ore-bearing dolomites which, in Bogacz’s opinion
(pers. comm.), owe their origin to surficial dolomitization.

Dolomites from Trzebionka were represented by four samples only.
One was a typical ore-bearing dolomite, the remaining three were early-
-diagenetic dolomites, some of them partly altered intoore-bearing dolo-
mites *.

Samples from Czerna represented Lower Carboniferous limestones and
dolomites formed due to surface dolomitization **.

Table 2 gives a brief petrographic description of the samples whose
isotopic composition was investigated, Figure 1 shows the lithologic
profile and a diagram presenting the percentage of dolomite and calcite,
whereby the degree of dolomitization of limestones was defined. The per-
centage of calcite in dolostones determines the content of calcite veinlets
and inclusions in the rock.

RESULTS

The results presented in Figures 1, 2 and in Table 2 show homogeniza-
tion of the isotopic composition of the rocks. For limestones not containing
dolomite 3C values vary from +1.56%o to +3.17%0, while for dolomitic
limestones two values of 13C determined vs. PDB are —1.76%0 and
+2.44%0. 5180 values for limestones range from —4.62%0 to —6.03%o, and
those for dolomitic limestones are —3.07%0 and —5.05%o.

Early-diagenetic dolomites (Bogacz et al., 1972) and similar, primary
dolomites from Plaza (Siedlecki, 1952) had 8'*C values vary'm% from
+0.02 to +3.01%o0, and 580 values ranging from —4.17%o to +0.23%o. For
epigenetic dolomites 83C was —0.21%o and —0.20%o, and 5180 — —6.37%w
and —5.75%o (Table 2, Fig. 1).

A comparison of determinations of the oxygen isotopes for limestones,
dolomitic limestones and early-diagenetic dolomites has revealed that the
latter are enriched in heavy isotopes. This fact is consistent with the
generally known regularities (Friedman, Sanders, 1967; O’Neil, Epstein,
1966). Worth noting is sample P-10d of early-diagenetic dolomite whose
isotopic composition compared with that of limestones (e.g. sample P-3)

* Samples obtained from Dr K. Bogacz and Prof, S. Dzulynski. The sample T7z,
was classified by Bogacz et al. 1973 (Table XILIX, Fig. 2 — middle part) as ore-
-bearing dolomite. However, because of lack of typical petrographical features of
ore-bearing dolomite, it was named now as only partly altered carly diagenetic
dolostone,

** Samples obtained from K. Bogacz.
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Fig. 2. Carbon and oxygen isotope rations in examined carbonate rocks
a — epigenetic dolostones, b — early-diagenetic dolostones, ¢ — dolomitic limestones, d — lime-
stones

shows an increase in the content of heavy isotopes by more than 6%
therefore falling within the limits 6—10%o. This difference of 6—10%o in
the oxygen isotopic composition of dolomite and calcite suggests that the
two carbonates and formed in the same sedimentary basin (O'Neil, Eps-
telnr.x 1966). In the profile studied, only one sample satisfies the above con-
dition whereas another one, P-5, is close to it. However, they should not
bq left out of account because on other samples of earlv-diagenetic dolo-
mites the content of heavy isotopes is expected to be underestimated. In
samples P-9d, P-5 and P-10d lower values can be due to the presence of
calcite veinlets and infilling of caverns in the rocks; its content determi-
ned by point counts in polished sections amounts to a few per cent (Fig.
b)) F"J'()rp Gross’s studies (1964) it appears that the presence of secondary
_calmte is responsible for enrichment in both carbon and oxygen ]ighte;r
1sotopes. ;

Samples Trz 4, Te and Trz 3 also represent early-diagenetic dolomite
from the same stratigraphic level as the dolomites in Plaza, originating
however from the surroundings of ore-bearing dolomites. Lower values
than t.h.ose obtained for the Plaza dolomites may be due to subsequent
dolomitization processes. Similarly, sample P-C; is a dolomitic limestone,
but it differs from the other dolomitic limestones in its location in the
border zone of limestones and epigenetic dolomites; therefore, it repre-
sents the front of epigenetic dolomitization observed in the Plaza profile

6
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Variations in the oxygen isotopic composition in _early—diagenetm dolo-
mites are controlled by their structural features, 1.e. by the content of
micrite zones in the structure of rock. According to Bathur'st (1975),.there
is a positive correlation between the degree of neomorphic alteratlon.of
the micrite defined as the ratio microspar/micrite measured by point
count and the increase of the lighter oxygen and carbon isotopes. Micro-
scopic studies revealed that early-diagenetic dolomite samples Te and
Trz 4 (from Trzebionka) are characterized by a smaller amount of micrite
than dolomites of the same type from Plaza. This testifies to recrystalli-
zation of the primary material. :

The results of carbon isotopes determinations are difficult for geologi-
cal interpretation. The range of 3%C values for limestones, dolomitic lime-
stones and early-diagenetic dolomites are largely the same. Three values
obtained for early-diagenetic dolomites show their enrichment in the
lighter carbon isotope.

A regards epigenetic dolomites, it has been found that both ore-
-bearing dolomite and epigenetic dolomite formed as a result of altera-
tions of Carboniferous limestones have similar 33C and 5®0O values. How-
ever, a comparison of sample Trz-20a, derived from a typical ore-bearing
dolomite from the Trzebionka mine, with other samples of Triassic lime-
stones and dolomites has shown that it has the lowest 8°C and 50 values.
which is in agreement with the observations of other authors (Fritz,
Smith 1970; Fritz, Jackson 1972). The lowest content of lighter isotopes
suggests dolomites originated from other solutions than the formation
environment of calcareous sediments. According to Fritz and Smith (1970),
secondary dolomites could have formed by the action of solutions con-
taining lighter C and O isotopes compared with the solutions in the en-
vironment of precipitation of limestones, or the dolomitization tempera-
ture was 10—20°C higher.

Relatively insignificant differences in the isotopic composition of the
ore-bearing dolomite and epigenetic dolomite from Czerna, being a dolo-
mitized Carboniferous limestones, suggest that the nature of the dolomi-
tizing solution was not so important. However, the samples discussed do
not permit drawing any definite conclusions.

In the ore-bearing dolomites the correlation between the size of dolo-
mite grains and the isotopic composition (Bathurst 1975) has been expli-
citly confirmed. The ore-bearing dolomites are coarsest-crystalline and
simultaneously have the lowest content of lighter isotopes.

DISCUSSION

The foregoing analysis of the isotopic composition is to be treated as
preliminary studies. More detailed petrographic investigations and
a greater number of isotopic determinations will be able to extend our
knowledge about the formation of the rocks. Worth noting, however, are
the following regularities: :

~ 1. In the group of early-diagenetic dolomites both in Plaza and Trze-
bionka there are rocks with an isotopic composition suggesting their syn-
genetic origin with limestones in the same sedimentary basin. No later
metasomatic action was necessary for their formation.
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2. Ore-bearing dolomites, which were formed by metasomatic solu-
tions that altered the rocks already formed, have a different carbon and
oxygen isotopic composition. The same applies to epigenetic dolomites
formed by the action of surface water. It is worth noting that the isotopic
composition of the ore-bearing and epigenetic dolomites is similar.

3. Variations in the isotopic composition confirm the well-known cor-
relation between this composition and the structure of rock, or the degree
of neomorphic alteration. Coarser-crystalline rocks show a higher content
of the lighter oxygen and carbon isotopes.

4. The presence of secondary calcite in veinlets and caverns in the
rocks may affect the isotopic composition of early-diagenetic dolomites.
In this type of rocks carbon and oxygen isotopes are lighter.

3 Acknowl_edge;ments. The authors wish to thank Dr J. Pawlowska and her asso-
ciates for their kind assistance in preparation of the material for analyses.
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Lestaw K. BARANSKI, Ksenia MOCHNACKA

OZNACZENIA SKLADU IZOTOPOWEGO TLENU I WEGLA
W SKALACH WAPIENIA MUSZLOWEGO REJONU
CHRZANOWSKIEGO

Streszczenie

Wykonano 14 oznaczen skladu izotopowego tlenu i wegla w wapie-
niach, wapieniach dolomitycznych i dolomitach, nalezacych do gérnych
ogniw warstw gogolinskich, gérazdzanskich oraz skal weglanowych wieku
dolnokarbonskiego. Schematyczny profil badanych serii, skrécony opis
petrograficzny oraz zestawienie wynikow oznaczen znajduje sie w tabeli 2
oraz na figurach 11 2.

Z uwagi na nieduzg liczbe oznaczen artykut ma charakter przyczynko-
wy 1 nie pozwala na wysnucie ogolniejszych wnioskéw. Nasuwajg sie
jednak pewne prawidlowosci w skladzie izotopowym badanych skat:

1. Wsrod dolomitow wezesno-diagenetycznych wyrézni¢ mozna skaty,
w ktérych charakter izotopowy $wiadezy o tym, ze powstaly w tym sa-
mym zbiorniku co wapienie.

2. Odrebny charakter sktadu izotopowego wykazuja dolomity kruszco-
nosne, utworzone pod wplywem roztworéw zmieniajacych skaly juz zdia-
genezowane. Sklad izotopowy dolomitow kruszconosnych i epigenetycz-
nych utworzonych przez dolomityzacje wodami powierzchniowymi jest
zblizony.

3. Zroznicowanie w skladzie izotopowym potwierdza znang w literatu-
rze zaleznosé od stopnia zmian neomorficznych.

4. Czynnikami zaburzajacymi sktad izotopowy niektorych probek do-
Jomitow wezesno-diagenetycznych wydaje si¢ byé obecnogé wtornego kal-
cytu, co powoduje ze probki staja sie izotopowo lzejsze.

OBJASNIENIA FIGUR

Fig. 1. Skiad izotopowy 81C i 80 probek skat z profilu wapienia muszlowego oraz
dwu prébek skat dolno-karbonskich. Z lewej strony wykres procentowej za-
wartosci kalcytu i dolomitu w badanych probkach
1 — dolomit, 2 — kaleyt, 3 — probki, w ktorych z powodu zmiennych zawarto§ei kalcytu
i dolomitu pomiary ilosciowe byly niecelowe, 4 — dolomit (skata), 5 — wapien dolo-

mityezny, 6 — wapien, 7 — wapien zlepiencowy, 3 — wapien z wkladkami krzemieni

Fig. 2. Skiad izotopowy tlenu i wegla w badanych probkach skat weglanowych
a — dolomity epigenetyczne, b — dolomity wezesno-diagenetyczne, ¢ — wapienie dolo-
mityczne, d — wapienie

Jlecaas K. APAHDBCKH, Kcens MOXHAIIKA

ONPENEJNEHHE U30TOMHOI0O COCTABA KHCJIOPOJIA
A YIJIEPOOA B CPENHETPSACOBBIX MOPOSAX
PAMOHA X)XAHOBA

Pesiowme

Boiio cienano 14 ompejienienuii H30TOMHOTO COCTABA KHCJIOPOAA M YrJie-
poja B H3BECTHSKAX, JOJOMHTHBIX H3BECTHSKAX M JIOJOMHTAX TPHHAIC/KA-
IWHX BEPXHHM 3BEHAM TFOTOJHHCKHX CJIOEB, TYPasIZKaHLCKHX CIOEB H KapOo-
HATHBIM TIOPOJIAM HHKHEKAMEHHOYroJbHOH 3noxu. CxemaTHuecKHil mpouIn
H3YUACMbIX SIPYCOB, COKPALIEHHOE MEeTPOrpaHICCKOe OMHCAHHE H COMOCTABJIC-
HIIC HTOTOB ONpe/IeJIeHHH HaxojsTest B Tadauue 2 u na ¢Gurypax | u 2.

Mz-3a HEOOJBIIOTO KOJHUECTBA ONPEICJNEHHI 9Ta CTaThsi HMEET JIHIb Xa-
pakTep MPHJIOXKEeHHsT K BONPOCY O H30TOMHOM COCTABE BBIIIE YIIOMSIHYTHIX 3J1¢-
MEHTOB. DTO SIBJISICTCS TOXKE MPHUHHOH OTCYTCTBHSI 00J€e UIHPOKHX BBIBOIOB.
Ho oueBiHBl HEKOTOPLIE 3aKOHOMEPHOCTH H30TOMHOrO COCTABA H3YUACMDBIX
TIOPOJL:

1. Cpenu paHHeIHATEHETHUCCKHX JOJOMHTOB MOZKHO BBIAEJNHTH TOPOIBI,
B KOTOPBIX M3OTOMHEI XapaKTep SABJISETCs N0KA3aTeJbCTBOM HX 0Opa3oBaHHs
B 0JIHOM OacceidHe ¢ H3BECTHSIKAMH.

2. JIpyroii xapakrep H30TOMHOIO COCTaBa HMEIOT PYAOHOCHDIE JTOJOMHTLI
©00pa3oBaHble, 00pPAa30BAaHHBIX MOJ BO3/JEHCTBHEM PAaCTBOPOB, H3MEHSIOUIHX
TIOPO/bI MOABEPKEHHBIE Tpex/ae JuareHesncy. Kaoronmbiii coctaB pyJioHC-
HBIX H SIHT€HeTHUeCKHX JIOJIOMHTOB, 0OpPa30BaHHbIX H3-3a JIOJOMHTH3ALHH
110BCPXHOCTHBIMH BOJLAMH, OYeHb OJIH3KHIL.

3. Paanuuusa B H30TOMHOM COCTABE MOATBCPAIAIOT H3BECTHYIO 110 JIHTEpa-
TYPHBIM JaHHBIM 3aBHCHMOCTb OT CTENEHH HEOMOP(HUECKHX MepeBpalleHHH.

4. ®akTOPOM, KOTOPBIH BbI3bIBAET HAPYIICHHE H3OTOMHOTO COCTABA HEKO-
TOPBIX 0OPA3IOB PAHHEJHATEHETHYCCKHX JIOIOMHTOB, MOKET ObITb TIPHCYTCTRHE
BTOPHUYHORO KAJILIHTA, NPHBOSILIEr0 K TOMY, UTO 0Opa3ibl KazyTCst H30TOMHO
Gogiee NErKHMH.

OBbACHEHHUSA K PHUTYPAM

<bur. 1. Usoronupiii cocras dBC n 81#0 o06pa3os NOPOL H3 CPEIHETPSICOBOrO npopHIst
H ABYX 06pAa3il0B HHKHEKAMEHHOYTObIBIX MOPOL. C n1eBoit CTOpOHbl — rpadHK npo-
IEHTHOTO COAEPIKAHIST KaNbUHTA H JOJOMHTA B H3YUaEMLIX obpasiax

2 — KaabUHT, 3 — OGpasubl, B KOTOPBHIX H3-32 MEPEMEHHOro COACPACAHIA Kallh-

1 — pONOMHT, 2
LHTA W AONOMHTA KOJHYECTBEHHble H3MepeHHs Oblan HeweaecooOpasnniMH, 4 — aoaoMur (1o-
I)O}la) 5 — JIOJIOMHTOBBLIA H3BECTHSHK, 6 — H3IBeCTHRNK, 7 — KOHIIOMEPATHLIN HMABECHAK, 8 —

H3DECTHAK C BKJIOUCHHSMH KPEeMHUS

H /TJ ¢ oOpa3uax KapOOHATHBIX
«bur. 2. V30TONHBIH cOCTaB KHCJAOPOAA H YIJIEpoAa B H3YYaCMBIX 00Pasuax Kap

nopojt
a —- 3MUFeHeTHUYECKHEe JO0JOMHTBI,
H3BECTHAKH, d — H3IBECTHAKH

0 = pauucnuureucnmemme JOJOMHTbI, € — AOJOMHTHBIC



