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Abstract: The samples of marble from Przeworno quarry have been analyzed
using the mass spectrometer MICROMASS-602C for isotopic composition of carbon
and oxygen. d%C and $®0 values for carbonate and graphite dispersed matter were

determined.
d13C values in marble range from + 2.4 to — 1.7%0 whereas in graphitic dispersed

substance extracted from the rock vary from — 9.0 to — 16.4 vs PDB.

The results confirm previously published data that carbonates in marble are iso-
topically heavier than coexisting graphite. The graphite from Przeworno shows an
increased content of heavy 3C isotope, in comparison with other graphites from
metamorphic rocks. This could be due to: 1) biogenic origin of graphitic matter disse-
minated in dark varieties of marble and 2) interaction between heavy carbonates and
lighter micro-organisms during geochemical processes occurring in the complex meta-

morphic history of these rocks.

INTRODUCTION

Among the diversified rock series making up the crystalline Strzelin
hills (metamorphic mantle of the Variscan granitoid rocks of Strzelin) are
marbles. Originally, they were assigned to the Devonian but, according to
Oberc (1966) they represent the Proterozoic. The marbles. in question out-
crop at Przeworno (Lower Silesia) where they are still _bemg quarried.

There are a great many publications dealing from different stal_qdpom?:s
with the rocks occurring in the Przeworno quarry. Geologipal—stratlgraphlc
(Oberc 1966, Glazek et al. 1971), mineralogical—petr(_)graphlca} (Pentlakowa
and Wojno 1952, Olszynski 1973) and paleontological studies have been
carried out, yet none of the investigations has attempt_ed so far to determine
the composition of the stable carbon and oxygen isotopes. The authors
thought such studies might yield interesting results, all the more so as
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: appear in several varieties differing in colour, structure, tex-
Fcﬁiene:erllrc;jl‘rexfrxerr)glf')ogical composition. If the colour is assumed to be the mOSE
important diagnostic feature, then white, grey and black varieties }CI),A
marble are macroscopically discernible (Pgntl-akowa_\ gnd Wojno 1952). Tthe
white veriety is represented by coarsegramed calcitic marbles with a su-
gary texture, containing practically no foreign mmerfils. The grey variety
is a fine-crystalline flaser marble which contains Varl.able amour.)ts.of dis-
persed graphitic pigment. In the black, thlck—lamlr}a‘ged varieties the
content of graphitic substance increases and abundant idioblasts of tremo-

lite can be found.
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Fig. 1. Profiles of the northern (N) 2nd eastern (E) walls of the quarry of marbles
in Przeworno:
I — unit consist of white marble, II — unit consist of white-grey flaser marble, III — unit
consist of dark marble, IV — unit consist of white marble with laminated, flaser intercala-
tions, a — amphibole-sericite top schists, b — laminated marble, ¢ — white marble, d — black
marble, e — white-grey marble, 1—12 samples nc
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The presence of fossil diatoms (Kwieciniska, Sieminska 1973) and other
fossil micro-organisms (nannofossils) (Kwiecinska, Sieminska 1974) embed-
ded in situ in the dark varieties of the Przeworno marbles (Fig. 1 samples
6, 9, 12) was another argument for making a detailed mineralogical-petro-
graphical study of those rocks. Analysis of the composition of the stable
carbon and oxygen isotopes, treated as a subsidiary research method, was
included in this study. In view of the enormous amount of available but
widely divergent data concerning the isotopic composition of C and O in
sedimentary and metamorphic rocks of different age, the authors did not
expect to find an unequivocal answer to all the unsolved questions connec-
ted with the Przeworno marbles.

The only aim of isotopic investigations carried out by the present aut-
hors was to determine the interrelations between the compositions of the
stable carbon and oxygen isotopes present in the white, grey and black
varieties of marble. The variability of marbles is well marked in the pro-
files of the northern (Fig. 1, I) and eastern (Fig. 1, II) walls of the quarry,
made for the lower mining level.

It must be pointed out that neither the top rocks (amphibole-sericite
schists) nor the intermediate carbonate schists or calc-silicate rocks nor
clays and silts making karst infillings found in the southern part, in inten-
sely tectonically disturbed areas (Glazek et al. 1971) and in the western
wall of the quarry (Oberc 1966) were embraced within the scope of the
present investigations. Samples collected from the crystalline marbles alone
were to provide information on the variability of carbon participating in
the mineralogical (inorganic, carbonate) and biochemical cycles, the latter
being associated with the presence of organic fossils and graphite.

MINERALOGICAL CHARACTERISTICS OF MARBLES

Macroscopic observations made in the northern wall of the quarry have
shown that the differentiation of marble is pronouced in the vertical section
of the wall. Due to this, four units were distinguished in the complex stu-
died (Fig. 1):

I — the lowermost postition in the profile is occupied by white calcitic
marble which is compact, medium-crystalline and sugargrained. Sometimes
it contains intercalations of light-grey and cream-yellow marble, which
attain a thickness of a dozen or so centimetres and show a similar textural
features. The marble of this part of the complex is faintly bedded and fis-
sured in many directions.

II — higher in the profile is white-grey flaser marble, fractured into
slabs of different thickness. Streaks of different colour have different stri-
kes and variable thickness (1—10 cm). The rock shows a fine-crystalline,
sugary texture.

III — a layer of dark marble, about 18 cm in thickness. It has a fairly
fixed position in the profile (Fig. 1, I and II) and may therefore be consi-
dered as an index layer. The marble is thicklaminated, black-grey, almost
black when wet, with thin, streaky light-grey laminae. The thickness of
the laminae is variable as well, in places horizontal or wavy, sometimes
fine-folded. Flaser marble exhibits very diversified appearance, manifesting
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T ablie 1

Bulk chemical analyses of dark varieties of marble from Przeworno (in weight %)

Samples

Content ) 2

SiO, 8.5 16.2

ALO; 2.6 5.3

CaO 33.6 38.0

MgO 11.4 B
Fe, Oy 0.80 1.80
Na,O 0.90 1.60
K,0 0.30 1.20
loss on ignition 40.54 31.59
H,00) 0.28 0.28
H,0() 0.12 0.07
graphite 0.24 0.40
Total 99.18 99.54

Analyses: M. Sikora and J. Tarkowski.

itself on one hand in changes of the colour intensity and, on the other, in
changes of structural and textural characteristics. Its dark colour is due
to dispersed graphitic pigment. There is a direct relationship between
the colour of the rock and its texture. Dark laminae have a very fine-
—crystalline texture. The marble layer is intensely fissured in places. The
fissures striking in all directions are cicatrized with white coarse-crystalli-
ne calcite. Fairly abundant idioblasts of tremolite have been found in pla-
ces in marble. Their presence had been already noted by Traube (1888).
The tremolite crystals vary in size, attaining a maximum length of 3—5 cm
and a thickness of 0.5 cm. They are black with an intensely shining lustre
and intergrow calcium carbonate in all directions, sometimes forming feat-
hery aggregates. Some idioblasts are fractured and disrupted with the
fissures infilled with calcite. :

IV — white calcitic (monomineral) marbles showing textural features
similar to those of the bottom 7 m bed. They contain laminated flaser inter-
calations which in the eastern wall of the quarry (Fig. 1, II) grade into
a complex of dark, in places black, compact limestones. The content of
graphitic substance and accessory minerals is here the highest compared
with the other layers.

Microscopic examinations have revealed that white marble is a purely
calcitic rock. Calcite grains vary 0.1—1.0 mm in size, those of the size
0.5—0.8 mm being most common. The grains are usually polygonal or,
occasionally, tooth-shaped. They are homogeneous, transparent, with
pronounced twin striation showing no deformations. The white variety
has the lowest content of accesory minerals which are also the least di-
versified. They are represented by quartz grains and single, very  fine

muscovite -flakes. appearing both in the form of inclusions and on the
contacts of calcite grains. ;

Grey marble with a light (Fig. 1 samples 4, 7) or dark tinge (Fig. 1

samples 9a, 9b) shows flaser lamination. Grey laminae contain finely dis-
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seminated graphite, mica flakes and quartz grains. Calcite grains making
up the grey laminae are somewhat smaller in diameter (0.2—0.3 mm).

As was mentioned earlier in this paper, the content of accessory com-
ponents increases in the black varieties of marble. Calcite grains have iso-
metric shapes and range from 0.01—0.05 mm in diameter. Chemical analy-
sis of samples 6b and 12 derived from black marbles is given in Table 2
and compared with the results obtained for black marble (Table 2 sample
26) by Pentlakowa and Wojno (1952).

To compare the contents of calcite and dolomite in marble, two samples
were selected, representing the extreme varieties: white, pure (Fig. 1, 1)
and black (Fig. 1 12). The contents of CaO and MgO obtained from parts
soluble in HC1 were expressed in terms of CaCO;, MgCos, calcite and dolo-
mite contents. The results were compared again with the data given by
Pentlakowa and Wojno for respective samples, i.e. white (Table 2 sample
25) and black (Table 2 sample 26). A good agreement was obtained between
the data for samples of white marbles (Table 2).

Table 2

Contents of CaO, MgO, CaCO,;, MgCO;, calcite and dolomite in white and black
varieties of marble from Przeworno (in weight %)

Samples
Eontend after Pentlakowa, Wojno 1952
white (1) black (12) -
white (25) { black (26)
CaO 54.0 25.0 54.69 43.00
MgO 0.36 1.37 0.51 1.09
CaCOg,4 96.23 44.68 97.60 76.74
MgCOy, 0.75 2.87 1.05 2.27
calcite 95.34 41.27 96.66 73.97
dolomite 211 6.28 2.29 4.95

The black varieties, which are substantially mineralized were subjected
to detailed mineralogical analyses. The residue left after dissolution of
calcite in HCI has been found to contain; amiant (actinolite asbestos), an-
tigorite, Mg-Fe chlorites, phlogopite, graphite, quartz, pyrrhotite, pyrite,
siderite and tremolite. Those minerals were identified using X-ray diffrac-
tometry, IR absorption spectroscopy, DTA, as well as optical and electron
microscopy. It has been found that the dominant accessory mineral is
tremolite. Its detailed mineralogical description was given by Kwiecinska
(1973). It is interesting to note that microscopic observations are consistent
with IR analyses. The angle of extinction for tremolite crystals is 15—18°,
which suggests the presence of the ferrotremolite member
Ca,Fe32t[(OH)SigOq1]z. In the IR spectrum (Fig. 2) two additional bands
appear in the range of 3652 and 3630 em~1, evidencing the presence of
a certain amount of Fe2t substituting for Mg2* in the crystal lattice (Burns,
Strens 1966). In thin section tiny black plates showing concentric arran-
gement are visible on the surface of tremolite crystals. They are presu-
mably microcrystalline graphite inclusions.
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Fig. 2. Infrared spectrum of the tremolite from Przeworno

Electron microscopy was the only method capable of affording more
precise mineralogical data on graphite. It has been noticed on the carbon-
-platinum replicas obtained from fresh fractures of black marbles that
graphite appears in the form of very fine, irregular or rugged particles of
the size up to some pm. Their electron diffraction patterns show the
presence of weak (002) lines and distinet (100) (110) and (112) lines. They
are evidence of the ordering of the structure of graphite. Identical electron
diffractograms were obtained by one of the authors (B.K.) for graphite
dispersed in the metamorphic rocks of Poland, originating from the amphi-
bolite facies.

MASS — SPECTROMETRIC MEASUREMENTS

A double collector mass spectrometer MICROMASS-602C for stable
isotope of carbon and oxygen determination has been used. In spectrometer
we can analyze the isotopic composition of C and O only in gas-CO, form.
Carbon dioxide was obtained by treatment with phosphoric acid 100%
from calcium carbonate:

3 CaCO3 e 2 H3(PO4) Z 3 COz RIS Hgo Ar Ca;;(PO.;)z

The liberation of CO, should be without changing of its 13C/2C and
180/160 ratios. Detailed experimental procedure for the measurements is
described by e.g. Baranski (1976).

In the literature concerning fractionation effects of carbon stable isoto-

pes in the investigated samples all results in & values (in permil %) are
expressed.

6 i Csamp[e a7 E Cstandard

-1000 (4

Cstandard
where:
C = is the abundance ratio of carbon 3C/22C or oxygen 180/160.
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Practically all 8 values are referred to the international standard PDB,
whose isotopic ratios have been determined by Craig (1953, 1957). The
standard PDB is the carbon dioxide obtained by treatment with H;PO,
100% at 25.2°C, from the CaCOj of the rostrum of a Cretaceous belemnite
from the Pedee formation of South
Carolina. Up to day this standard is
not available any more, but other in-
ternational standards are available
for intercalibration e.g.

Table 3

International standards for C and O
isotopes in % vs PDB

— NBS-20-Solenhofen limestone
from National Bureau of Standards Rfandsuds Sloe 3o
(Washington, USA), — Toilet Seat
marble from International Atomic Marianna Biala +1.68 —5.70
Energy Agency (Vienna, Austria), — Toilet Seat +1.88 —1.88
Carrara Marble from University of Carrara Marble* | +2.40 —141
Pisa (Italy). NBS-20 —1.06 | —3.75

In the Mass SPeCtrometry Labora— * Results obtained from the Laboratoric
tOl‘y of the Institute of Phy51CS and  di Geologia Nucleare dell Universita, Pisa,
Nuclear Techniques internal standard  Italy in 1969.

Marianna Biala marble has been ca-
librated versus PDB. Its values are reported in Table 3.

Analysis of the measurements of the IAEA and NBS standards shows
a good correlation with the results obtained by other well established labo-
ratories. The demonstrated reproducibility agrees with values generally
quoted. The standard deviation of single determination of 8°C and »'®O
is == 0.1%,.

In the varieties of marble in which dispersed graphitic substance was
determined (grey and black varieties) the composition of stable carbon

to high vacuum

to
high
vacuum
Fig. 3. Schematic diagram showing the graphite combustion arrangement
1 — O'’ring seal, 2 — vacuum valve, 3 — cold trap (CO.) 4 — measuring bottle for CO,, 5 — cir-
culating membrane pump, 6 — tubular furnace for combustion of samples, 7 — graphite sample
mixed with oxidant (CuO)



Table 4

Carbon and oxygen isotope compositions of marble and graphite from Przeworno
(in %o vs PDB)

Description of sample §13C “ §180
: graphite i graphite
grain size |Mar- et
No colour y bl bl :
. in mm € 1* 9 A ’ € 1% 9k A
12 |b1ack [ 0.01—0.05 .1—1.7 —98 | —11.6 | 1.8 | —6.9 | —22.7 —17.0} 5.7
9b- | dark +1.0 | —11.9 [ =100, 1.9 | —43| =174 ]-15.3| 2.1
9a | light- ' =
grey | 0203 |+1.2 —43 ;
9 | grey i+0.8 —10.7.| =121 [ 1.4 [ 41, —18.2 [=1671] 2.1.
7., | white- |
| grey 0.5—0.8 \ +1.8 =0l !
6b | black +04 | —110 | —113 | 03 | —46 | —145 |17 | 34
6a | grey | 0.01—0.05 ‘+0.4 —11.1| —113 [ 02 | <1.7|"—145 |—10.5| 4.0
6 . dark | +08 1 —15.0°[ —1647] 14 | —43| =108 [—130] 2.2
4 white- ~ ‘ :
: grey | 05—08 , +16 —24
3 white 05—08 | +24 —25
“1 | white 05—08 /| +23 —2.6
57+ | grey 0.01—0.05 —9.0 : —16.8
18 | Passava graphite :19:3 ! 21.0
61 Sri Lanka graphite =30 —22.4
Sri Lanka (Ceylon)
3 3 ; —8.1
graphite after Craig (1953)

* Samples were treated with Hy;PO, burned in the special combustion system at 1000°C.

** Samples were treated with HCl and HF heat
; ! ed up to 400°C and after
in the special combustion system at 1000°C. S i B

g m
* verage sample of marble from Przeworno after treatment wi o Oof sl
schaacd - & 1 £ ble f B ft tment th HCI and HF f single

and oxygen isotopes has been investigated in graphi
¢ | in graphite separately. I d
to get the relative control of results the measure'fnentspof gra};;hige Oﬁasg
been done after the preparation of samplesin two ways: ’
1. Sampl ed wi (f
s ?cr)?;)zgsm(;fl.marble were treated with 109% H;PO, and burmed at in
2. Samples of marble were treated with HCl, HF i
2 Gl and the 1d.
?;ear‘gfi%a]illl; to fxoghc fz;nci aftervga;ds were burned in the tubuﬁi firvggzg
( as in the first way. Schematic di ite
stion arrangement is presented in Figure 3. f ol g e combu.—

Oxidation process goes due to the following reaction
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C + 0, C0O; and C + O —»CO.

Particular attention was paid to complete combustion of graphite which
was obtained, by multiple circulation of gas. This control is very important
since entire oxidation of graphite to CO, eliminates the possibility of for-
mation of strong fractionation effect for both carbon and oxygen isotopes.
A comparison of  C13 value obtained for samples received from both met-
hods of graphite preparing shows the minor differences existing between
the results of measurements (Table 4). The maximum difference in this
case equal 1.9 %g,.

The § C13 values obtained from graphite samples extracted from marble
by second way (HCI, HF) there are in general more depleted in C®. In
one case (Fig. 1 sample 9b) the 13C value is reversed.

RESULTS

The results of stable carbon and oxygen isotope determinations obtained
from marble and isolated graphitic substance which occur in Przeworno
are shown in Table 4 and in Figure 4. A comparison of the isotopic compo-
sition of graphite and carbonate carbon illustrates that all samples of car-

—————— M
_— g
—g Sox

L 1 1 i 1 1 1 1 1 1 3 2 1 1 1 1 1

-24 -22 20--18 =16 -44 -12 -10 -8 6. -4 -2 0. +2 +4. 36

= — g4

b——-—-——---igz A 5”07.0
L <] 1 1 1 i 1 1 1 £’} 1 1 1 I 1 R 7

S 50 2018 B e N2 A 2B Bl = 10 3 Dokl G i

Fig. 4. Carbon and oxygen isotope compositions of marble and graphite
: : . from Przewerno ; p

g, — graphite prepared by first way (Table 4), g — graphite prepared by second
. way (Table 4), m — marble (Table 4) 3

bonates in marble are considerably heavier than the associated coexisting
graphite. It was proved by many investigators: Craig (1953, 1954), Hahn-
“Weinheimer et al. (1967), Gavelin (1957), Andreae (1974) and others. . a

Marble

; The d3C value détermined in marble fall in the range from —E—V.2.4'to
—1.7%,, for whole profile of the.northern and eastern walls of the quarry.
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White varieties of marble show increased ammount of heavy '13C isotope,
whereas black variety (Fig. 1, sample 12) is the most decreased in *3C.

Besides, the analysis of 13C/12C ratios obtained for individual marble
samples revealed another regularity: the increase of grain size of calcite
is accompanied by rising of concentration of 13C isotope. However, because

Table 5

Carbon isotope compositions of marbles and limestones in %o vs PDB

Range or mean of

Author Description of samples 815C (carbonate)

Craig 1953 Ordovician, West Rutland marble +0.9
Cambrian Murphy marble A BT A
Pre-cambrian Grenville marble o131

Keith, Weber Precambrian limestones —0.26+3.09

1964 Cambrian to Quaternary limestone —0.13+2.61
Cambrian to Quaternary selected
limestones +0.56-+1.55

Vinogradov, I stratified marbles with no or little

Kuleshov 1976 silicate minerals S 2 LOF=SIN

II calcareous rocks i.e. stratified car-
bonate rocks with metamorphic sili-

cate minerals > 20% +2.9 to —3.6
Veizer, Hoefs carbonate rocks close to 0 with scatter
1976 of ~3—5
Kwiecinska, marbles from Przeworno P2 00 Sl e st 051,

Baranski

of limited amount of data, it is yet difficult to state if this regularity is of
geochemical importance.

Whep examining the marble of Przeworno the present authors tried
to find if there is a possibility to apply the isotopic investigations to co-

existing phases: C—CaCO; and to what degree the results of their studies
are comparable with the literature data.

Comparative study of 33C value range for marble from Przeworno
with 8C values concerning other limestones and marbles reported by
Craig (1953), Keith et al. (1964), Keith and Weber (1964), Veizer and Hoefs
(1976), Vinogradov and Kuleshow (1976) showed a good agreement of the
results (Table 5). The previously quoted authors generally agree with the
statement, that in the most cases it is impossible to estimate the sources
and processes which changed the isotopic composition of carbonates during
their diagenesis and metamorphism. The investigators argue that all the
anomalies e.g. variation of chemical activity of water, circulation of CO,
and decgy of hydrocarbons display but very small influence on
carbon isotopic composition of limestones. Besides, they state, that mar-

bles fall within the limestone range and metamorphism of these rocks does
not seem to have produced any striking isotopic change.
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the average

Craig (1953, 1954) and his followers (Galimov 1968, Veizer and Hoefs
(1976), Keith and Weber (1964) suggested that there are no sign, no evidence
of a pronounced age effect. Moreover, Sheppard and Schwarcz (1970)
stated that 3C/12C ratio in essentially pure marble is largely inherited
from the sedimentary precursor.

The oxygen isotopic composition does not reveal any regularities con-
nected with light and dark varieties of margle. $%0 values vary from
—1.7 to —6.9%o vs PDB for whole profile in the quarry.

Graphite

The 33C and %0 values of graphite extracted from marble of Prze-
worno are presented in Figure 4. The 80 values range from —10.5 to
—22.7%0 and 3°C values vary from —9.0 to —16.4%o vs PDB. Taking into
account all the available, very often divergent data (Andreae 1974, Barker
and Friedman 1969, Craig 1953, 1954, Degens 1969, Degens and Epstein
1964, Fairbridge 1972, Gavelin 1957, Galimow 1968, Hahn-Weinheimer
et al. 1968, Hoefs 1973, Hoefs and Frey 1976, Polanski 1961, Rankama 1954,

Table 6
Isotopic composition of graphites (in %o vs PDB)
Atithor Description of occurrence Range or mean
of graphites value of 33C (graphite)

Andreae 1974 high grade metamorphic rocks

Arendal area, S Norway 2202 +3.9

graphitic quartzite, Uganda =184

calc-silicate rocks

Arendal area, S Norway —=50- ta —155
Craig 1953 schist Laramie Range, Wyoming

USA —35.5

pegmatite Bleiklia, Bamle, Norway | —9.7

gneiss, Ceylon =83k

marble, Montana USA =21

graphitic gneiss, Westerbotten,

N Sweden —19.6 to —30.8
Gavelin 1957 phyllite, Norbetten, N Sweden o 1 g
Hahn-Weinheimer, | marble or limestone, Bavaria, GFR | —10 to —24
Mark], Raschka 1967| gneiss or amphibolite, Bavaria, GFR | —14 to —26
Hoefs, Frey 1976 carbonates from metamorphic pro-

file of the Swiss Alp (up to lower

greenschist facies) —25

carbonates from amphibolite facies

of the Swiss Alp g
Landergren vide graphitic carbonates, Norberg,
Galimov 1968 Sweden =89 to 112
Schoell, Morteand, carbonates metamorphosed, Austria | —6.1 +1.5
Hormann 1973
Kwiecinska, marble from Przeworno, Poland —9.0 to —16.4
Baranski




Schoell et al. 1973, Veizer and Hoefs 1976, Wickman '1956) gpd, simulta—
neously, distinct lack of sufficient evidences on geologic conditions of for-
mation of graphite, the pattern of its isotopic composition cannot be defini-
tely interpreted. 4
The compilation of 3C values published by many above mentioned
authors with those for graphite from Przeworno (Ta]ole 6) shows that va-
riation range of 13C/12C ratio for graphite dispersed in marble from Prze-
worno overlaps in general with those found for graphites denyed frgm
carbonate rocks of various regions of the whole world. In comparison W}th
graphites from various metamorphic rocks like quartzite, phyllite, schist,
amphibolite the graphite in question displays increased content of heavy
isotope. "
When assuming Proterozoic age for marble from Przeworno (Oberc
1966) and biogenic origin for graphite contained in it, we may look for. the
source of carbonaceous matter in water microorganisms of planktonic type,
the remnants of which, preserved in situ, were found by electron micro-
scopy (Kwiecinska and Sieminska 1973, 1974). Water micro—organlsms
when compared with continental ones are isotopically heavier (Craig 1953,
Polanski 1961) what is presumably reflected in **C enrichment of resulting
graphite. Biological activity e.g. photosynthesis of organic matter, processes
of its decomposition, CO, and CH, circulation and then pyrolysis involved
both organic and inorganic carbonate material have lead finally to forma-
tion of graphite. In these processes an interaction of organic matter with
carbon derived from heavy carbonates and reaction with CO, in gaseous
phase cannot be entirely excluded. These reactions can also be the cause
of increased content of heavy isotope *C (Andreae 1974). !
The results of investigations of marble from Przeworno have confirmed
the thesis that carbonates in marble are isotopically heavier than the co-
existing graphite. In this particular case they are enriched in 3C by
approximately 10%o. However, at the moment the authors are not able to
determine the correct factors for isotopic equilibrium in such environment.
From the theoretical point of view this problem was a general topic of
investigations and considerations carried out by Craig (1957) and Bottinga
(1969). The latter author explained explicitly the carbon fractionation
factors in the system calcite-graphite and finally concluded that isotope
equilibrium cannot have been reached. :
It is still a matter of dispute if such interpretation can be applied in
our concrete case of marble from Przeworno. g
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Barbara KWIECINSKA, Leszek BARANSKI

SKEAD TRWALYCH IZOTOPOW WEGLA W MARMURZE 1 GRAFICIE
Z PRZEWORNA (DOLNY SLASK)

Streszczenie

Przeprowadzono pomiary skladu trwalych izotopow wegla i tlenu
w marmurze wystepujacym w Przewornie (Dolny Slask), przy zastosowa-
niu spektrometru mas MICROMASS—602C. Sprofilowano poéinocng
i wschodnig $ciane kamieniolomu i podano szczegoélowy opis makro- i mi-
kroskopowy wyréznionych odmian marmuru. W odmianach ciemnych
stwierdzono m.in. obecnoéé¢ tremolitu i grafitu. W graficie wyekstrahowa-
nym z marmuru oznaczono rowniez sklad izotopéw C i O. Wartosci 913C
ksztaltuja sie odpowiednio: dla marmuru od +2,4 do —1,7%0 a dla grafitu
od —9,0 do —16,4%0 wzgledem PDB. Wyniki pomiaré6w poréwnano z da-
nymi literaturowymi. Grafit rozproszony w marmurze z Przeworna jest
wzbogacony w izotop C!* w poréwnaniu z innymi grafitami wystepujacymi
w skatach metamorficznych. Powodem zwiekszonego udzialu ciezkiego izo-
topu C moze by¢ biogeniczne pochodzenie grafitu z mikroorganizméw wod-
nych oraz mozliwo$¢ wzajemnego oddzialtywania weglanéw i Swiata orga-
nicznego w czasie procesow bio- i geochemicznych.

OBJASNIENIA DO FIGUR

Fig. 1. Proﬁl'e péinocnej (N) i wschodniej (E) §ciany kamieniolomu marmuru w Prze-
wornie
I — ogniwo zbudowane z marmuru bialego, II — ogniwo zbudowane z marmuru biato-
szarego, smuzastego, III — ogniwo zbudowane z czarnego marmuru, IV — ogniwo zbu-
dowane z marmuru bialego i wkladek smuzastych, laminowanych, a — lupki stropowe
amfibolowo-serycytowe, b — marmur laminowany, smuzasty, ¢ — marmur bialy, d —
marmur czarny, e — marmur bialtoszary, 1—12 — numery prébek

Fig. 2. Widmo absorpcyjne w podczerwieni tremolitu z Przeworna

Fig. 3. Schemat stanowiska spalania prébek granitu 7
1 — zigcze Prézpiowe ?ypu O-ring, 2 — szlifowany zawér prézniowy, 3 — wymrazarka
CO;, 4 — .zbmrfnk pomiarowy na CO,, 5 — membranowa pompa cyrkulacyjna, 6 — piec
do spalania probek, 7 — probka grafitu wymieszana z utleniaczem CuO

Fig. 4. Sklad izotopowy wegla i tlenu w marmurze i w graficie z Przeworna

g1 — grafit przygotowany do pomiaréw pierwsz i
Ofo} C ym sposobem (tab. 4), g, — grafit prz
gotowany do pomiarow drugim sposobem (tab. 4), m — marmur (tab. 4)), ; = o
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bapoapa KBELIHHHCKA, Jlewex BAPAHHCKH

COCTAB CTABUJIBHbBIX U3OTOMNMOB YIJIEPOJA B MPAMOPE
U TPA®UTE U3 MUWEBOPHA (HU)KHSS CHJIE3US)

Pesome

[1pou3BOAUIKCH H3MepPEeHHsl coCTaBa CTaOMJIBHBIX H30TONOB YIJIEpOAad
1 Kucaopoaa B Mmpamope u3 IMTmesopua (Huxusas Cunesus), myTém HCIOJb-
s0Banust ciekTpomerpa Macchi MICROMASS-602C. Boun cienanbtit npodub
CeBEepHOIl 1 BOCTOYHOH CTEHBI KAMEHOJIOMHH U OBLIH COCTABJIEHDI noApoOHbIE
MaKPOCKOTINYECKOe M MHMKPOCKOMHYECKOe ONHCAHHMS BbIAENEHHBIX DA3HOBHIL-
HocTell MpaMopa. B TeMHBIX Pa3HOBUAHOCTSX 0GHAPYIKEHO, MKy MPOYHMH,
NpUCYTCTBUE TpeMoJsuTa u rpagura. B rpacdure KOOBITOM H3 MpaMmopa H3Me-
pero Takxke cocrap nzoronos C u O. Beanunnbl 8'*C paBHbl COOTBETCTBEHHO:
st Mpamopa ot +2,4 10 —1,7%o, a ans rpagura ot 9,0 1o —16,4%0 otHO-
cutenbno PDB. Pesyabrarsl H3MepeHuil ObliH CPaBHEHbI C JIUTEpATypHBIMH
JlaHHBLIMH. [padut copepxKallnics B MpaMope K3 [TieBopHa 0OOTOLIEH H30-
tonom C!3 1Mo CPaBHEHHIO C APYTMMH IpaduTaMH, KOTOpBIE OblIH HaNJEHDI
p MeTaMOp(UUecKux nopojax. [[puuHHOH yBeIHYIEHHOro KOJIHYECTBa TSKENO-
ro usorona C MOMeT GbITh GHOreHHUECKoe MPOHCXOXK/eHHe rpaduta U3 BOA-
HbIX MHKDPOOPTaHH3MOB H BO3MOXKHOCTb B3auMOjeHCTBHsT OUKapOOHATOB
W OpraHHUecKOro MHpa BO BpeMs OHO- H F€OXHMHUYECKHX MPOLECCOB.

OBbSICHEHHUS K ®PUTYPAM

®ur. 1. Tlpopunu ceeproit (N) u pocroynoit (E) creHbl KameHaJaMHH Mpamopa B [Te-

BOpHE

I — 3BeHO cocTosiee H3 Gemoro mMpamopa, II — 3BeHo cocrosllee H3 Geslo-ceporo, MoJocaToro
mpamopa, III — 3BeHO cocrosiuee H3 yépHoro Mpamopa, IV — 3BeHO cocrosllee H3 Gesioro
MpaMopa H IIOJIOCATHIX, MEJIKOCHOHCTHIX BKJanbimedl, @ — BepxHHe aM@nGOIO-CePHIUHTOBbIE
CaHIbl, b — MEJKOCJOHCTHIH, mosocaThlii, Mpamop, ¢ — OeJblil Mpamop, d — uépHbIH Mpamop

e — Gejio-cepblii Mpaxkop, I—I2 — HOMEpa o6Gpasnos
®ur. 2. UK-cnekrp norJauieHust TpemMosanTa H3 [TureBopHa
®ur. 3. Cxema crenja JUIsl CKHraHus 06pasioB rpadura

] — BakyyMHOe COEJAHHEeHHE THIa O-pHHT, 2 — uHoBaHHBIH BaKyyMHBIH Kiaanmad, 3 — BBIMO-
posuteap CO,, 4 — H3MEpHTEeJbHbIH GaK s COs 5 — IHPKYJISHOHHBIH Hacoc ¢ MeMGOpaHOH,
6 — moub MJs CKHMaHHs 06pasnos, 7 — oGpaser rpagpura cMelaHHBI ¢ oKHcauTesem CuO

Mur. 4. V30TONHBI COCTAB yIJepojaa H KHCJIOPOJa B MpaMope H rpadure u3 [lwesopHa
g1 — rpadur NPHIOTOBJIEHHBIH ISt H3MEpEeHHi 1-bIM crocoGom (Tab. 4), 8 — rpadHT MPHIO-
TOBJICHHBIH JJIsI H3MEPEeHHH 2-bIM crioco6om (raG. 4), m — MpaMmop (ral. 4)



