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Zusammenfassung

Die Kohlenstoff- und Sauerstoffisotopenzusammensetzun-
gen anisischer Karbonatgesteine (Mitteltrias) der Nördlichen
Kalkalpen und des Drauzuges (Österreich) zeigen signifikante
Variationen der ö13C-Werte zwischen 0 und +4 °/00 (PDB) und
der ö180-Werte zwischen +20 und +29 °/00 (SMOW). Unmeta-
morphe anisische Kalke sind durch hohe C- und O-Isotope
gekennzeichnet; mit steigender anchizonaler Überprägung
werden diese ö-Werte der Karbonatgesteine niedriger.
In den anisischen Karbonatgesteinen gibt es vier Hauptmi-

neralisationstypen:

1) Bleiglanz, Zinkblende und Fluorit, feinkörnig sedimentär in
partiell bituminösen Schichten.

2) Fluorit, Bleiglanz, Zinkblende und Cölestin als Kluftfüllun-
gen in tektonisch beanspruchten Zonen in der Nähe von
Evaporiten.

3) Eisenreiche Magnesite in Dolomiten in Zusammenhang mit
Evaporiten.

*) Supported by the Austrian Academy of Sciences (Kommis-
sion für Grundlagen der Mineralrohstoff-Forschung).

**) Authors' addresses: Dr. MICHAELA. GÖTZINGER,Institut für
Mineralogie und Kristallographie der Universität Wien, Dr.
Karl Lueger-Ring 1, A-1 010 Wien; Dr. WOLFGANGPAPESCH,
Geotechnisches Institut der BVFA Arsenal, P.O.B. 8, A-
1031 Wien.

4) Kupfer- und Arsenerze (Tennantit, Kupferkies, Auripigment)
in Zusammenhang mit tektonischen Lineamenten (z. B.
Möll-Linie in Kärnten).
Unter Berücksichtigung der C- und O-Isotopenergebnisse

wird gefolgert, daß die Bleiglanz-, Zinkblende-, Fluorit- und
Cölestinmineralisationen in den Klüften die Mobilisate der je-
weiligen sedimentären Minerale sind, mobilisiert durch die
NaCI-haltigen Wässer aus Evaporiten der unmittelbaren Um-
gebung. Die Differenzen der Isotopenzusammensetzungen
zwischen Trägergestein und Kluftkarbonaten sind gering.
Die Bildungstemperaturen liegen zwischen 270 und 330°C;

dies stimmt mit Untersuchungen an Flüssigkeitseinschlüssen
in Fluoriten (Homogenisationstemperaturen) gut überein. Die-
se Temperaturen wurden während einer anchizonalen Über-
prägung der anisischen Karbonatgesteine erreicht.
Die Kupfer- und Arsenerze sind wahrscheinlich Produkte

von Erzlösungen, welche möglicherweise aus den erzführen-
den Permsandsteinen herzuleiten sind, die die triassischen
Karbonatgesteine stellenweise unterlagern. In diesen Fällen
sind die Differenzen der Isotopenzusammensetzungen zwi-
schen Trägergestein und erzbegleitenden Karbonatmineralen
sehr groß.

Abstract

C- and O-isotope compositions of Anisian (Mid-Triassic)
carbonate rocks (Northern Calcareous Alps and Drauzug, Au-
stria) show significant variations of ö13C-values between 0
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and +4 °/00 (POS) and of o180-values between +20 and +29 °/00
(SMOW). Unmetamorphosed Anisian limestones have high C-
and O-isotope values; with increasing anchizonal metamor-
phism the o-values decrease.

Four main types of mineralizations occur in Anisian carbo-
nates:

1) Fine grained, sedimentary galena, sphalerite and fluorite in
more or less bituminous strata.

2) Fluorite, galena, sphalerite and celestine as fissure and
cleft fillings in tectonic zones near evaporites.

3) Iron bearing magnesites in dolomites near by evaporites.
4) Cu-As-ores (tennantite, chalcopyrite, orpiment) related to

major tectonic lines (e. g. Möll-Iine in Carinthia).

According to C- and O-isotopic investigations the galena,
sphalerite, fluorite and celestine mineralizations in fissures
were mobilized from sedimentary minerals by NaCI-bearing
solutions derived from evaporites. The differences in isotopic
compositions between host rocks and cleft carbonates are
small.

The formation temperature lies between 270 und 330°C,
which agrees with the results of fluid inclusion investigations
of fluorites. These temperatures were reached during the an-
chizonal metamorphism of Anisian strata.
The Cu-As-ores are probably the products of ore bearing

solutions which possibly originated from the ore bearing
. Permian 'sandstones, which underly the Triassic carbonate
rocks. The differences in isotope compositions between host
rocks and accompanying carbonate minerals are large.

1. Introduction

Many small deposits of Pb, Zn, Cu and As accom-
panied by fluorite, magnesite and celestine occur in
Anisian carbonates (Mid-Triassic) of the Northern Cal-
careous Alps (in Lower Austria, Styria, Upper Austria
and Salzburg) and of the Drauzug (Carinthia); some of
them were mined in the past century. These mineraliza-
tions have to be distinguished from the large and well
known Pb-Zn-(Ba-F)ores in Ladinian and Carnian
strata, e. g. Bleiberg (Carinthia), which are of economic
and scientific interest (e. g. CERNY, 1984; SCHROLL,
1984; SCHULZ, 1985).

Furthermore, Pb-Zn-ores in Anisian carbonates are
known from Yugoslavia (e. g. Topla [$TRUCL, 1981;
DROVENIK, 1983; DROVENIK & PUNGARTNIK, 1987]), from
Italy (e. g. Auronzo/Cadore [ASSERETO et aI., 1976]),
from Switzerland (Silberberg/Davos [KÖPPEL, pers.
comm.]), from Western Germany (between Basel and
Rottweil, and e. g. Wiesloch [HOFMANN, 1979; HILDE-
BRANDT& FLICK, 1984]) and from Poland (Upper Silesia
[SASS-GuSTKIEWICZ et aI., 1982]).

Mineral occurrences in Anisian carbonates are wide-
spread in Austria and are situated in limestones and
dolomites at the basis of Mid-Triassic sediments (GÖT-
ZINGER, 1985). Twelve of the about 40 known occur-
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Fig.1.
Geological sketch map of the Northern Calcareous Alps and the Drauzug in Austria with the mineral occurrences investigated.
1 ~ SchwarzenbergW Türnitz, Lower Austria; 2 ~ Halltal E Mariazell, Styria (HTM); 3 ~ Arzriedel near Trübenbach/Ötscher, Lower Austria (AAZ); 4 ~ Gams NE
Hieflau, Styria (GA); 5 ~ Kaswassergraben NW Hieflau, Styria (KWG);6 ~ Laussa-Platzl N SI. Gallen, Styria (LP); 7 ~ Oambachtal E Windischgarsten, Upper
Austria (OBT);8 ~ Arikogel N Hallstatt, Upper Austria (ARK);9 ~ Oi(e)grubE Abtenau, Salzburg (01); 10 ~ Stein SW Oellach/Orau,Carinthia (STO);11 ~ Pöllan S
Paternion, Carinthia (PÖ); 12 ~ Kellerberg NW Villaeh, Carinthia (KLB).
Type localities of Anisian Strata: A ~ Annaberg, G ~ Gutenstein (both in Lower Austria).
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rences were selected for this C-O-isotope study and all
important types of mineralizations are represented (see
Fig.1).

2. C- and O-Isotopes:
Relations

to Mineral Formation Processes

The precision of the mass spectrometer for gaseous
samples is :t0.1 0/00 in routine work both for C and O.
The sample preparation used in this work is an off-line
method, the total error therefore being :t0.2 0/00 for C
and O.

The o-values relate to an isotopic ratio of a standard,
the ß-values are differences between o-values of min-
erai pairs.

Investigations of the C- and O-isotope distribution
between cleft minerals and the surrounding carbonate
host rocks are of great interest. Similar o-values pos-
sibly indicate similar formation conditions, e. g. a mine-
rai mobilization within short distances by connate wa-
ter. Large differences in o-values may indicate that the
mineralizations were formed under different conditions,
for example at higher temperatures and/or in the pre-
sence of water of a different origin. Comparisons of 0-
values are a very simple way to distinguish genetically
different mineral formations. The isotopic compositions
are mainly determined by the origin of the mineral
forming fluids and by the formation temperatures (e. g.
Mc CREA, 1950; FRIEDMANN& HALL, 1963, FRITZ, 1969;
OHMOTO & RYE, 1979; TAYLOR, 1979; KAPPEL & SCHROLL,
1982).

The aim of the following work is to compare the pre-
sent genetic concepts with possible interpretations of
C- and O-isotope distributions in calcite and/or dolo-
mite of the fissure/cleft fillings and of host rocks. For
genetic interpretations of (ore) minerals in fissures and
clefts the differences of the o-values for pairs of calcite
- limestone (c-rc), calcite - rock dolomite (c-rd) and
dolomite - rock dolomite (d-rd) are of interest (see
e. g. FRITZ & SMITH, 1970; FRITZ, 1976).

3. Analytical Methods

4. The Geological Setting

In the Northern Calcareous Alps the Anisian carbo-
nate rocks are called "Gutensteiner Schichten"; for
stratigraphy and lithological characterization see
TOLLMANN (1966). Large outcrops of an important pro-
file are located near Trübenbach/Ötscher (Fig. 1/3) and
at Annaberg (Fig. 1/A.) in Lower Austria. The basis are
Anisian evaporites (age indicated by means of their S-
isotope ratios, GÖTZINGER& PAK, 1983). The type local-
ity of Anisian rocks near Gutenstein (Fig. 1/G.) in Lower
Austria was described by SUMMESBERGER & WAGNER
(1971, 1972).

In the Drauzug (Gailtaler Alpen and Karawanken,
Carinthia) the Anisian carbonates are known as "Al-
piner Muschelkalk"; for stratigraphy see BECHSTÄDT
(1978). In contrast to the Anisian carbonates of the
Northern Calcareous Alps in the Drauzug a higher ter-
restrial-clastic influence is evident as well as the pre-
sence of restricted evaporitic basins.

Evaporites, to which some types of mineralizations
are related, occur in both geological units: In the
Northern Calcareous Alps thick Permian evaporites
occur (cf. SCHAUBERGER,1986) whereas Anisian evapo-
rites are less important. In the Drauzug Permian evapo-
rites play a minor role, however, important evaporitic
beds of lower to middle Anisian age occur (STREHL, et
aI., 1980). A comprehensive presentation of the geolo-
gy is given by TOLLMANN (1977).

Mass spectrometric measurements were carried out
on a Varian MAT 250 mass spectrometer. The ratios
44/45 and 44/46 were corrected for 170 and other con-
tributions according to GONFIANTINI (1970) to obtain the
013C and 0180 values. 0180 values of samples contain-
ing both calcite and dolomite were corrected according
to dolomite content after PERRY & TAN (1972).

Samples were ground in a hand mortar to 55 11mand
an amount of 50 mg was reacted with 4 ml H3P04 to
produce CO2, During preparation the reaction vessels
were kept at a temperature of 25°C. Initially 85 %
H3P04 was used and the reaction time was 4 hours.
Samples of a second batch were treated overnight with
100 % H3P04 (COPLEN et aI., 1983). The purpose of
using 100 % phosphoric acid is to avoid water, which
equilibrates with oxygen and thus influences the re-
sults.

Two samples were treated with both methods and
the results differ only slightly; so the results of the two
sample groups are comparable (values in 0/00):

1:\13C (PDS)

5. The Mineralizations
and their Host Rocks

In the Northern Calcareous Alps the host rocks of
ore mineralizations are marls, limestones and dolo-
mites, mostly located in tectonic zones near large
evaporites of Permian age (cf. PAK & SCHAUBERGER,
1981).

In the Drauzug the ore mineralizations are located in
the intermediate dolomitic level ("Dolomitisches Zwi-
schenniveau"). Both, the Anisian carbonates of the
Northern Calcareous Alps and of the Drauzug show a
weak anchizonal metamorphism (;::=270°C, 1.5-2 kbar;
[NIEDERMAYR et aI., 1984; GÖTZINGER, 1985; KRALIK et
aI., 1987]). For sedimentological descriptions of these
Anisian sequences see SUMMESBERGER & WAGNER
(1971, 1972), TOLLMANN (1976), BECHSTÄDT (1978) and
GÖTZINGER et al. (1980).

Trace element contents of Anisian carbonate rocks
are given in Table 1. The presence of very fine grained
(50.1 mm) dispersed sphalerite, pyrite and/or marca-
site, fluorite and coarser grained galena accounts for
the high trace element values, significantly in dolo-
mites. In some of these rocks organic matter obviously
played a role during mineral formation.

28.66
20.90

1:\180 (SMOW)

28.55
20.77

3.16
1.47

3.30
1.60

4
31

sample
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Fig.2.
Histogram of /i13C (0/00, POB) distribution in Anisian carbonate rocks (lime-
stones and dolomites).

Unmetamorphosed Anisian limestones (e. g. sample
nr. 5*) show high C- and a-values; however, with in-
creasing grade of anchizonal metamorphism C- and 0-
values decrease. This might be the result of an isotopic
exchange with migrating fluids and/or silicates during
metamorphic events. The intensity of metamorphism
was detected by determinations of illite crystallinity
and characteristic silicate minerals in the acid residue
(GÖTZINGER,1985 and unpublished data).
Fine grained galena, sphalerite, fluorite and celestine

are dispersed in Anisian sediments (mostly in dolo-
mites), together with pyrite and/or marcasite. These
minerals are locally concentrated in bituminous parts; a
sedimentary origin seems to be very likely. Lead, zinc
and fluorine could derive from leaching of crystalline
rocks as indicated by Pb-isotopes (KÖPPEl& SCHROll,
1985, 1988; KÖPPEl,pers. comm. 1986).
Sample nr.21, 38, 64 are ore bearing dolomites with

fine grained, dispersed galena (:t pyrite/marcasite and
sphalerite). Two of them show very similar C- and 0-
isotope values with /)13Cvalues slightly higher than
those of other rocks with /)180 near +220/00• Since the
ore formation did not significantly change the isotope
ratios, it is suggested that the ore minerals are the re-
sult of synsedimentary enrichment and crystallization
(cf. e. g. OOlENECet aI., 1983).

42o-2
o

5

C- and a-isotope values are listed in Table 2. The
following signs and abbreviations are used:

calcite in fissures and clefts (c) ...
dolomite in fissures and clefts (d) •
limestone, rock calcite. . . . . . . . . . . . .. (rc) •
dolomite, rock dolomite . . . . . . . . . . . . . (rd) •
Numbers in italics are sample numbers.

Four main types of mineralizations occur in Anisian
carbonates:
1) Fine grained ores in (bituminous) strata consisting

of galena, sphalerite, fluorite and celestine;
2) are mineralizations in fissures and clefts

a) fluorite (:t traces of galena)
b) galena and sphalerite;

3) Cu-As-ores (tennantite, chalcopyrite; orpiment, real-
gar) in clefts, veinlets and dolomitization zones re-
lated to major tectonic lines;

4) Magnesites and their host rocks near evaporites -
Hall type magnesites according to POHl & SIEGl
(1986).

6. C- and O-Isotope Data
and their Interpretation

Northern Calcareous Alps Drauzug

limestones dolomites limestones dolomites
(n = 9) (n = 11) (n = 3) n = 13)

Pb 90 :t 40 150 :t100 80:t 26 68:t 35

Zn 10 :t 9 120 :t 85 253:t230 123:t 115

Cu 3.5:t 1,8 2.7:t 0.8 510 510

Fe 720 :t600 1200 :t480 2450:t490 3550:t2800

Mn 30 :t 10 70 :t 20 790:t650 730:t 660

Sr 860 :t600 200 :t110 310:t140 63:t 29

F 260 :t180 470 :t320 n.d. n.d.

Table 1.
Average contents of some trace elements in limestones and
dolomites of the Northern Calcareous Alps and the Drauzug
(only Gailtaler Alpen: WARCH, 1984; about Karawanken see
CERNY, 1977, 1978).
EDX-, XRF-, AAS- and ICP-analyses; F-analyses with an ion-
sensitive electrode; values in ppm.

6.1. Anisian Carbonate Rocks
Locally with Fine-Grained Ores

The /)13C(POB)values of the Anisian carbonate rocks
vary between a and +4 0/00, which is characteristic for
Triassic sediments (VEIZER& HOEFS,1976); the /)180-
values of most Anisian carbonate rocks vary from -10
to -50/00 (POB), or +20.6 to +25.70/00 (SMOW); see
Figs. 2 and 3.
At some occurrences the isotopic compositions of

different samples of limestones are similar. But lime-
stones and dolomites from the same occurrence are
obviously not in equilibrium (LP, HTM), see Figs. 3-5.
So the dolomitization probably took place in the pre-
sence of different solutions (see e. g. FRIEDMANN&
HAll, 1963; FRITZ& SMITH,1970; MATTHEWS& KATZ,
1977), which may be the result of a late diagenetic
dolomitization (BAUSCH& HOEFS,1972).

6.2. Ore Mineralizations
as Fissure and Cleft Fillings

Galena, sphalerite, fluorite and celestine with calcite
and/or dolomite occur as fissure fillings in tectonized
limestones or dolomitization zones in the vicinity of
evaporites. According to REE-contents and REE-dis-
tribution in fluorites these mineralizations are mobiliza-
tions of the sedimentary enrichments (see above).

Fluorite (:ttraces of galena)
Nine mineral pairs (cleft carbonate - host rock) were

selected from a small area (about 100 m2) of one out-
crop (Laussa-Platzl, LP) to test for possible variations
of the /)13Cand /)180-values (Fig. 4).

*) Specimen nr. 4 is a calcite in paragenesis with coexisting
celestine in a fissure filling from Schwarzen berg, Lower Au-
stria (cf. HAGENGUTH et aI., 1982).
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Table 2.
C- and O-isotope compositions of Anisian carbonate minerals and rocks.
c c cleft calcite; d = cleft dolomite; rc c limestone; rd c rock dolomite.

sample mineral locality accompanying minerals (i13C (ileO
nr. rock (%'" POS) (0/00, SMOW)

2 d Arzriedel galena, sphalerite 1.70 23.21
20 rd Arzriedel 1.94 25.29
3 rd Annaberg-Hocheck acanthite 2.05 24.89
4*) c Schwarzenberg celestine 3.30 28.55

3.16 28.66
5 rc Schwarzenberg 3.70 31.75

21 rd Schwarzenberg sedimentary galena and pyrite 2.72 21.75
6 c Laussa-Platzl fluorite 1.13 22.47
7 c Laussa-Platzl fluorite 0.24 22.28
8 c Laussa-Platzl fluorite 0.70 24.00
9 rc Laussa-Platzl 1.47 24.07
10 d Laussa-Platzl 1.51 23.44
11 rd Laussa-Platzl 2.51 25.97
12 c Halltal fluorite -0.48 21.89
13 rc Halltal 1.71 20.31
14 rd Halltal 1.53 23.12
15 rc Gams (nr. 3376) fluorite 4.25 28.77
16 c Gams (Dr. F.) fluorite 1.45 19.71
17 rc Gams (Dr. F.) 1.74 20.09
18 c Stein/Dellach orpiment 1.59 19.04
19 rc Stein/Dellach 2.79 24.09
25 c Arikogel pyrite -3.60 17.38
26 d Arikogel sphalerite 2.62 25.64
27 rd Arikogel 2.50 27.97
28 d Kellerberg galena, fluorite 1.65 19.49
29 rd Kellerberg 1.64 20.50
64 rd Kellerberg sedimentary galena 2.58 21.55
31*) c Kellerberg motorway (mylonite) 1.60 20.77

1.47 20.90
32 rc Kellerberg motorway 2.84 27.04
33 c Gratschenitzen (road) cleft -1.21 14.44
34 rc Gratscheriitzen (road) -1.93 24.28
35 d Pöllan tennantite, chalcopyrite -0.12 18.79
36 rd Pöllan 0.47 19.90
37 (r)d Pöllan dolomitization zone 0.47 19.93
38 rd Pöllan sedimentary galena 0.11 22.88
39 c Dambachtal fluorite, galena 0.43 22.64
40 rc Dambachtal 1.22 21.24
45 c Laussa-Platzl fluorite 0.86 23.12
46 rc Laussa-Platzl 1.33 22.54
47 c Laussa-Platzl fluorite 0.90 23.08
48 rcd 1 : 1 Laussa-Platzl 1.44 23.16
49 c Laussa-Platzl fluorite 0.21 22.71
50 rc Laussa-Platzl 1.28 22.46
51 c Laussa-Platzl fluorite 0.20 22.56
52 rc Laussa-Platzl 1.26 22.24
53 c Laussa-Platzl fluorite 0.75 22.75
54 rc Laussa-Platzl 1.13 23.02
55 d Laussa-Platzl calcite 1.92 24.35
56 c Laussa-Platzl dolomite 0.78 22.84
57 rd Laussa-Platzl 1.47 24.86
58 d Pöllan tennantite -0.68 18.34
59 c Pöllan azurite -5.50 21.11
60 rd Pöllan 1.22 20.59
61 d Pöllan azurite -0.25 19.35
62 rd Pöllan 0.81 20.57
63 rd Pöllan bituminous 1.43 24.07
Tb 11 rc Trübenbach sedimentary fluorite 2.02 24.23
4201 rd Annaberg-Spindelhof -0.63 22.12

'J first line: 85 % H3PO.; second line: 100 % H3PO•.

In most cases (specimens nr. 45-57) the ö-values are
very similar, especially the ö18Q-values. Th~ average
differences ß (c-rc) and ß (d-rd) are for carbon 0.66
:1:0.320/00 and for oxygen 0.26 :1:0.17°/00. The range of
ß (c-rd) values is much bigger, especially for oxygen:
1.6 to 2.5 °/00. However, the pairs calcite - limestone
define a restricted field (see also Fig. 5), which serves
as a reference field of C- and Q-isotope variations in
mobilization zones within Anisian carbonates.
Fig. 5 shows the C- and Q-isotope values of geneti-

cally similar fluorite-calcite occurrences in fissures and

clefts (Halltal, HTM; Dambachtal, D8T; Gams, GA; Kel-
lerberg, KL8). The values are similar to those of
Laussa-Platzl (LP). In all these occurrences small
amounts of galena are present, sphalerite is scarce.
Mobilizations range from a few tens of centimeters to

a few tens of meters as shown at the occurrences of
Laussa Platzl and at Kellerberg (GÖTZINGER,1985). In
the close vicinity of all mineralizations Permian evapo-
rites occur, from which NaCI-rich solutions may have
originated and which mobilized metals and minerals.
Fluorite crystals often contain small fluid inclusions
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with NaCI crystals (GÖTZINGER& WEINKE,1984; GÖT-
ZINGER,1984). Homogenization temperatures of primary
inclusions lie between 270 and 330°C (in preparation).

Galena and Sphalerite
Galena and sphalerite ores occur predominantly in

dolomite bearing veinlets and clefts or in dolomitization
zones; the occurrences Dambachtal (DBT) and Keiler-
berg (KLB) contain only galena and fluorite. Fig. 6
shows the C- and a-isotope data. It is remarkable that
the ö13C-values of each occurrence lie within a narrow
range. The cleft dolomites show slightly lower ö1BO-va-
lues than the corresponding rock dolomites. This might
indicate that the vein dolomite with ore minerals preci-
pitated at a higher temperature than the rock forming
carbonates (occurrences ARK, ARZ, KLB). There are no
convincing indications of an influence of meteoric wa-
ter during mineral formation.

5

30

15
4 •

,7 .77

32•• 78

. 11•

At Kellerberg (KLB) dolomites contain fine grained
galena (54); and dolomites (29) contain mobilized
galena with dolomite in clefts (28).
The original ore bearing dolomite shows higher iso-

tope ratios than those in mobilization zones. The de-
creasing ratios might be the product of solutions re-
sulting from anchizonal metamorphism.
Decreasing isotope ratios are also observed at Pöl-

Ian (pO), where bituminous limestones (53) occur to-
gether with fine grained galena bearing dolomites (38).
The very low ß-values of carbon isotopes and the ß-

values for oxygen isotopes (1.05 to 2.33 0/00) between
cleft carbonates and host rocks suggest mineral
mobilization from the surrounding rocks during anchi-
zonal metamorphism as described for the fluorite
mineralizations. According to the Pb and Zn contents
of Anisian carbonate rocks (Table 1), this explanation
of ore formation is obvious and not problematic.

Fig.3.
A Ö180 (0/00, SMOW) versus Ö13C (0/00, POB) dia-
gram of isotopes distribution in Anisian carbo-
nate rocks .
• 0 limestone; • 0 dolomite; • 0 calcite.

20•25 71 .3
34 57••• 72• g63.Tb".,9

/,8
38. tM'4

4201 544)50• 52 l2140• 64
62 6029
37. • \13

20 136 17
J13C(PDB>

-2 a 2 4 0/00
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Fig.4.
Comparison of the isotopic composition of cleft calcites (A) and
cleft dolomites (+) with their host rocks, limestones (e) and dolo-
mites (.) of the fluorite occurrence of Laussa-Platzl in Styria.
Lines indicate pairs of cleft and hostrock carbonates.3 0/0021

23

25

24

22o

0/00 J180 (SMOW)

26 n

24

22

20

o 2 4 0/00

Fig.5.
The isotopic composition of cleft and host rock carbonates of five fluorite
occurrences.
The dark field represents' the specimens nr. 45-54, 56 of Fig. 4.
DBT = Dambachtal E Windischgarsten (Upper Austria); GA = Gams NE Hieflau
(Styria); HTM = Halltal E Mariazell (Styria); KLB = Kellerberg NW Villach (Ca-
rinthia); LP = Laussa Platzl N SI. Gallen (Styria).
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6.3. Cu-As-ores in Clefts, Veinlets
and Dolomitization Zones

7. Concluding Remarks

statt (ARK). Figs. 6 and 7 show that two stages of ore
mineralization are discernible. At the stratigraphic ba-
sis of the Northern Calcareous Alps many chalcopyrite-
siderite occurences of the type Hirschwang (lower
Austria [BAUMGARTNER,1976]) are known in the Permian
Prebichl-Schichten. Possibly, parts of this Cu-ores
were mobilized into Anisian carbonate rocks.
A more complex situation prevails in the mineraliza-

tions of the Drauzug near Pöllan (Carinthia), which is
situated closely to the south of the tectonic Möll-Iine.
The original rocks are more or less bituminous lime-
stones (nr. 63). In some dolomitic intercalations fine
grained galena ore occurs (nr. 38). The ö-values of car-
bon and oxygen of the two rock samples are nearly
equal: 1.20/00• The host rock dolomites of the Cu-As-
ore bearing clefts and veins (Nr.36. 37, 60. 62) show
very similar o-values for C and 0; average values are:
013C= 0.74:t0.36 0/00; 0180 = 20.25:t0.38 0/00• The dif-
ference to the fine grained galena bearing dolomite
(nr. 38) is large for ö 180: 2.63 0/00. So it is evident that
within this occurrence three carbonate types are dis-
cernible:
a) Bituminous limestone.
b) Dolomite with sedimentary galena.
c) Dolomite with clefts containing dolomite and ores.
Dolomites of the ore bearing clefts and veins show

variable ö-values with respect to their host rocks. The
ö (d-rd)-values for carbon lie between 0.58 and
1.900/00 and for oxygen between 1.14 and 2.250/00• In
addition some clefts contain calcite which may have
crystallized late from solutions containing meteoric
water (nr. 59).
North of the Drauzug NW Villach a mylonitic zone

near Kellerberg (KlB-MY) is probably related to the im-
portant tectonic Möll line (Fig. 1). large outcrops were
exposed during the construction of the motorway.
These mylonites contain veinlets, fissures and clefts fil-
led with calcite and locally galena, celestine, baryte
and secondary minerals (NIEDERMAYRet aI., 1986; PRAS-
NIK, 1987). Some parts are rich in liquid and solid
bitumina. Also at the road near Gratschenitzen (GRT-
Cl) calcite in fissures and clefts occurs. All these min-
erai pairs (c-rc) show high Ö180-values. In both cases
the calcites show lower 0180-values than their host
rocks and thereby indicate the presence of thermal so-
lutions which circulated along the Möll line.
Near Stein/Dellach, Drau-Valley (Carinthia) orpiment,

realgar and calcite occur as fissure fillings in the Al-
piner Muschelkalk. This mineralization also shows simi-
lar C- and O-isotope differences as observed in the
Kellerberg mylonites (KlB-MY). So this orpiment
mineralization might be genetically related to a vein
type ore mineralization such as the stibnite - arse-
nopyrite - mercury veins of the Kreuzeck-Gruppe NW
of Stein (CERNYet aI., 1981; GÖTZINGER& PAK, 1983).

C- and O-isotope investigations confirm the evi-
dence of four different types of mineralizations in Ani-
sian carbonate rocks:
o A primary sedimentary enrichment of galena, spha-

lerite, fluorite and celestine, fine grained dispersed
within Anisian carbonate rocks. These minerals are

2
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Tennantite, chalcopyrite and cuprite (with azurite and
malachite) occur in dolomite veins and in dolomitiza-
tion zones. locally sedimentary galena, which is not
cogenetic with the Cu-paragenesis, is also present. An
origin of the Cu from the host rocks appears to be un-
likely in the view of their low Cu concentrations (Table
1). It seems more likely that Cu and As were supplied
from Permian sandstones (e. g. Präbichl-Schichten,
Grödener Sandstein), where Cu-As-ores are known to
exist (BAUMGARTNER,1976; HADITSCH& MOSTLER,1982;
MOSTLERet aI., 1982; NIEDERMAYR& NIEDERMAYR,1983;
WOPFNERet aI., 1983). Most of the mineral pairs of this
group (cleft carbonate/host rock) show high or very
high ö-values for carbon and especially for oxygen
isotopes. These data and the geological situations sug-
gest an origin of the ore bearing solutions (probably of
higher temperature) from other geologic horizons
(Fig. 7). One characteristic example is the pyrite and
chalcopyrite ore mineralization of Arikogel near Hall-

Fig.6.
The isotopic composition of cleft and host rock carbonates of five galena-
sphalerite occurrences.
ARK = Arikogel N Hallstatt (Upper Austria); ARZ = Arzriedel near Trübenbachl
Ctscher (Lower Austria); OBT = Oambachtal E Windischgarsten (Upper
Austria); KLB = Kellerberg NW Villach (Carinthia); pC = Pöllan SPaternion
(Carinthia).
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Fig.7.
The isotopic composition of cleft and host rock
carbonates of Cu:tAs-bearing mineralizations
and in mylonites.
ARK ~ Arikogel N Hallstatt (Upper Austria);
GRT-CL ~ Gratschenitzen SW Patern ion (Carin-
thia); KLB-MY ~ Kellerberg motorway NW Villach
(Carinthia); PÖ ~ Pöllan SPaternion (Carinthia);
STD = Stein SW Deliach/Drau (Carinthia).

syngenetic; in some occurrences they are coarser
grained (up to 1 mm) caused by high fluid activity of
formation waters (e. g. Kellerberg).

f) A mobilization of sedimentary galena, sphalerite,
fluorite and celestine from Anisian carbonate rocks
into tectonic fissures and clefts. According to fluid
inclusions in fluorite, the solutions are rich in NaCI
and yield homogenization temperatures between
270 and 3'30°C. This indicates a formation of fluorite
(and accompanying minerals) during anchizonal
metamorphism. The NaCI bearing solutions are de-
rived from evaporites, where locally cubic caverns,
typically for halite, are found in chlorite bearing
quartzites.e A magnesite formation in Anisian carbonate rocks -
this is a theme of a separate article (GÖTZINGERet
aI., 1990).

o A formation of chalcopyrite, tennantite and orpi-
ment by Cu- and As-bearing solutions. These solu-
tions are derived from e. g. Permian strata; in rela-
tion to deep tectonic lines, especially in the
Drauzug. The time of formation and the origin of the
solutions are not known, but they are related to tec-
tonic events and to accompanying dolomitization
processes.
Finally, within some Permian evaporites basic volca-

nic rocks occur. Some of them contain numerous pri-
mary and secondary Cu-minerals (KIRCHNER et aI.,
1981). A genetic connection to the Cu-mineralizations
in the Anisian strata is possible.
The Anisian Pb-Zn-deposits show similarities to the

worldwide occurring Mississippi Valley Type Pb-Zn-de-
posits (see e. g. KISVARSANYIet aI., 1983; SVERJENSKY,
1986). Considering the C- and Q-isotope compositions,
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similarities are evident to the Pb-Zn-deposits of Blei-
berg (Carinthia) and Lafatsch (Tyrol) (SCHROLL, 1985).

Acknowledgements
We gratefully acknowledge the support by the Austrian Aca-

demy of Sciences. The previous fluid inclusion investigations
were made with an equipment provided by the "Fonds zur
Förderung der Wissenschaftlichen Forschung" (P 6072). The
authors thank Prof. V. KOPPEL (ETH Zürich) for many hints,
Prof. Dr. E. SCHROLL (BVFA Arsenal, Wien) for helpful discus-
sions and Mrs. M. KORNER for preparing the samples.

References
ASSERETO, R., BRIGO, L., BRUSCA, C., OMENETIO, P. & ZUFFARDI,

P.: Italian ore mineral deposits related to emersion surfaces
- a summary. - Mineral. Deposita, 11, 170-179, Berlin -
Heidelberg 1976.

BAUMGARTNER, W.: Zur Genese der Erzlagerstätten der
östlichen Grauwackenzone und der Kalkalpenbasis. - Berg-
und Hüttenm. Mh., 121, 51-54, Wien 1976.

BAUSCH, W. & HOEFS, J.: Die Isotopenzusammensetzung von
Dolomiten und Kalken aus dem süddeutschen Malm. -
Contr. Miner. and Petrol., 37, 121-130, Berlin - Heidelberg
1972.

BECHSTÄDT, Th.: Faziesanalyse permischer und triadischer
Sedimente des Drauzuges als Hinweis auf eine großräumige
Lateralverschiebung innerhalb des Ostalpins. - Jb. Geol.
B.-A. Wien, 121, 1-121, Wien 1978.

CERNY, I.: Zur Fazies- und Blei/Zink-Verteilung im "Anis" der
Karawanken. - Carinthia 11,167/87,59-78, Klagenfurt 1977.

CERNY, I.: Geochemie "anisischer" Sedimentgesteine in den
Nordkarawanken. - Carinthia II, 168/88, 55-70, Klagenfurt
1978.

CERNY, I.: Die Blei-Zink-Lagerstätte Bleiberg-Kreuth. Ein
geologischer Überblick. - Aufschluß, 35, 331-336, Heidel-
berg 1984.

CERNY, I., PAK, E. & SCHROLL, E.: Schwefelisotopenzusammen-
setzung von Antimoniten und anderen Erzen aus Lagerstät-
ten der Kreuzeckgruppe. - Österr. Akad. Wiss., Anz. math.-
naturw. KI., 1981, 161-163, Wien 1981.

COPLEN, B., KENDALL, C. & HOPPLE, J.: Comparison of stable
isotope reference samples. - Nature, 302, 236-238, London
1983.

DOLENEC, T., KUSEJ, J. & PEZDIC, J.: The isotopic composition
of oxygen and carbon in lead and zinc deposits from North-
ern Karavanke. - In: H. J. SCHNEIDER (Ed.): Mineral Deposits
of the Alps, Proc. of the IV. ISMIDA 1981,176-188, Berlin -
Heidelberg - New York - Tokyo (Springer) 1983.

DROVENIK, M.: Mineral deposits in Permian and Triassic beds
of Slovenia (Yugoslavia). In: H. J. SCHNEIDER (Ed.): Mineral
Deposits of the Alps, Proc. of the IV. ISMIDA 1981, 88-96,
Berlin - Heidelberg - New York - Tokyo (Springer) 1983.

DROVENIK, M. & PUNGARTNIK, M.: Nastanek cincovo-svincevega
rudisca Topla in njegove znacilnosti (Origin of the zinc-lead
ore deposit Topla and its particularities). - Geologija, 30,
245-314, Ljubljana 1987.

FRIEDMANN, I. & HALL, W. E.: Fractionation of 018/016 between
coexisting calcite and dolomite. - Journ. Geol., 71,
238-243, Chicago 1963.

FRITZ, P.: The oxygen and carbon isotopic composition of
carbonates from the Pine Point lead-zinc ore deposit. -
Econ. Geol., 64, 733-742, Lancaster 1969.

FRITZ, P.: Oxygen and carbon isotopes in ore deposits in
sedimentary rocks. In: K. H. WOLF (Ed.): Handbook of
strata-bound and stratiform ore deposits, vol. 2, 191-127,
Amsterdam - Oxford - New York (Elsevier Sci. Publ.
Comp.) 1976.

164

FRITZ, P. & SMITH, D. G. W.: The isotopic composition of se-
condary dolomites. - Geochim. Cosmochim. Acta, 34,
1161-1173, Oxford 1970.

GONFIANTINI, R.: Mass spectrometer data treatment for <,\180
and <,\13Cdetermination. - IAEA Sect. Isotope Hydrology,
Int. report pp. 36, Nov. 1970.

GOTZINGER,M. A.: Über sedimentäre Fluoritbildungen in
triadischen Karbonatgesteinen des Drauzuges, Kärnten,
Österreich. - Aufschluß, 35, 351-358, Heidelberg 1984.

GOTZINGER, M. A.: Mineralisationen in den Gutensteiner
Schichten (Anis) in Ostösterreich - Ein Überblick. - Arch. f.
Lagerst.forsch. Geol. B.-A., Wien, 6, 183-192, Wien 1985.

GOTZINGER, M. A., LEIN, R. & WEINKE, H. H.: Vorläufiger Unter-
suchungsbericht über das Fluoritvorkommen in den
Gutensteiner Schichten aus der Laussa bei Altenmarkt/
St. Gallen in der Steiermark. - Österr. Akad. Wiss. Anz.
math.-naturw. KI., 1980, 1-6, Wien 1980.

GOTZINGER, M. A. & PAK, E.: Zur Schwefelisotopenverteilung in
Sulfid- und Sulfatmineralen triassischer Gesteine der Kalk-
alpen, Österreich. - Mitt. Ges. Geol. Bergbaustud. Österr.,
29, 191-198, Wien 1983.

GOTZINGER, M. A. & WEINKE, H. H.: Spurenelementgehalte und
Entstehung von Fluoritmineralisationen in den Gutensteiner
Schichten (Anis-Mitteltrias), Nördliche Kalkalpen, Öster-
reich. - T. M. P. M., 33, 101-119, Wien 1984.

GOTZINGER, M. A., PAPESCH, W. & DOLEZEL, P.: C- and O-iso-
tope distribution and geochemistry of Hall type magnesite
deposits, Eastern Alps. - In preparation.

HADITSCH, J. G. & MOSTLER, H.: Late Variscian and early Alpine
mineralization in the Eastern Alps. - In: G. C. AMSTUTZ et al.
(Eds.): Ore Genesis - The State of the Art, 582-589, Berlin
- Heidelberg (Springer) 1982.

HAGENGUTH, G., POBER, E., GOTZINGER, M. A. & LEIN, R.: Beiträ-
ge zur Geologie, Mineralogie und Geochemie der Pb/Zn-
Vererzungen Annaberg und Schwarzenberg (Niederöster-
reich). - Jb. Geol. B.-A., Wien, 125, 155-218, Wien 1982.

HILDEBRANDT, L. & FLICK, H.: Eine Blei-Zink-Vererzung in Mauer
bei Heidelberg. - Aufschluß, 35, 395-404, Heidelberg 1984.

HOFMANN, B.: Blei-, Zink-, Kupfer- und Arsenvererzungen im
Wellengebirge (unterer Muschelkalk, Trias) am südlichen
und östlichen Schwarzwaldrand. - Mitt. Naturf. Ges.
Schaffhausen XXXI: 1-40, 1979.

KAPPEL, F. SCHROLL, E.: Ablauf und Bildungstemperatur der
Blei-Zink-Vererzung von Bleiberg-Kreuth/Kärnten. - Carin-
thia II, 172/92, 49-62, Klagenfurt 1982.

KIRCHNER, E.Ch., MEIXNER, H., HOLL, R. MOSTLER, H.,
SCHAUBERGER, O. & SEEMANN, R.: Exkursion zu den
Lagerstätten und Mineralvorkommen innerhalb der
Grauwackenzone, des Tauernfensters (Schieferhülle) und
der nördlichen Kalkalpenbasis im zentralen Teil Österreichs.
Exkursion E2, DMG-ÖMG-Tagung 1981. - Fortschr. Miner.,
59, Bh. 2, 39-68, Stuttgart 1981.

KISVARSANYI, G., GRANT, S. K., PRATI, W. P. & KOENIG, J. W.:
Int. Conf. on Mississippi Valley Type Lead-Zinc Deposits. -
Proc. Vol. pp.603, Univ. of Missouri-Rolla 1983.

KOPPEL, V. & SCHROLL, E.: Herkunft des Pb der triassischen
Pb-Zn-Vererzungen in den Ost- und Südalpen - Resultate
bleiisotopengeochemischer Untersuchungen. - Arch. f.
Lagerst.forsch. Geol. B.-A., Wien, 6, 215-222, Wien 1985.

KOPPEL, V. & SCHROLL, E.: Pb-isotope evidence for the origin
of lead in stratabound Pb-Zn deposits in triassic carbonates
of the Eastern and Southern Alps. - Mineralium Deposita,
23, 96-103, Berlin - Heidelberg (Springer) 1988.

KRALIK, M., KRUMM, H. & SCHRAMM, J. M.: Low grade and very
low grade metamorphism in the Northern Calcareous Alps
and the Greywacke Zone: Illite-crystallinity data and isoto-
pic ages. In: H. FLÜGEL & P. FAUPL (Eds.): The Geodynamics
of the Eastern Alps, Wien (Deuticke) 1987.

MATIHEWS, A. & KATZ, A.: Oxygen isotope fractionation during
the dolomitization of calcium carbonate. - Geochim. Cos-
mochim. Acta, 41, 1431-1438, Oxford 1977.



MC CREA, J. M.: On the isotopic chemistry of carbonates and
a palaeotemperature scale. - J. Chem. Phys., 18, 849-857,
1950.

MOSTLER, H., KRAINER, K. & STINGL, V.: Erzlagerstätten in der
postvariszischen Transgressionsserie im Arlberggebiet. -
Arch f. Lagerst.forsch. Geol. B.-A., 2, 131-136, Wien 1982.

NIEDERMAYR,E. & NIEDERMAYR,G.: Beitrag zu den Vererzungen
im Quarzporphyr und in den Grödener Schichten im Raum
Kaltenbrunn - Bletterbach bei Radein, Südtirol. - Mitt.
Österr. Geol. Ges., 76, 179-187, Wien 1983.

NIEDERMAYR,G., MULLIS, J., NIEDERMAYR, E. & SCHRAMM, J. M.:
Zur Anchimetamorphose permo-skythischer Sedimentge-
steine im westlichen Drauzug, Kärnten - Osttirol (Östrreich).
- Geol. Rdsch., 73, 207-221, Stuttgart 1984.

NIEDERMAYR,G., MOSER, B., POSTL, W. & WALTER, F.: Neue
Mineralfunde aus Österreich XXXV. - Carinthia II, 176/96,
521-547, Klagenfurt 1986.

OHMOTO, H. & RYE, R. 0.: Isotopes of sulfur and carbon. In:
H. L. BARNES (Ed.): Geochemistry of hydrothermal ore de-
posits, 2nd ed., 509-567, New York - Chichester - Brisbane
- Toronto (J. Wiley & Sons) 1979.

PAK, E. & SCHAUBERGER, 0.: Die geologische Datierung der
ostalpinen Salzlagerstätten mittels Schwefelisotopenunter-
suchungen. - Verh. Geol. B.-A. Wien, 1981, 185-192, Wien
1981.

PERRY, E. C. & TAN, F. C.: Significance of oxygen and carbon
isotope variations in early Precambrian cherts and carbo-
nate rocks of Southern Africa. - Bull. Geol. Soc. Amer., 83,
647-664, Washington 1972.

POHL, W. & SIEGL, W.: Sediment-hosted magnesite depoists.
In: K. H. WOLF (Ed.): Handbook of strata-bound and
stratiform ore deposits, part IV, vol. 14, 223-310, Amster-
dam (Elsevier Sci. Publ.) 1986.

PRASNIK, H.: Kroislerwand, Autobahntunnel bei Villach. - Die
Eisenblüte, 19, 25-56, Graz 1987.

SASS-GUSTKIEWICZ, M., DZULYNSKI, St. & RIDGE, J. D.: The
emplacement of Zinc-Lead sulfide ores in the Upper Sile-
sian district - A contribution to the understanding of Mis-
sissippi Valley-Type deposits. - Econ. Geol., 77, 392-412,
Lancaster 1982.

SCHAUBERGER, 0.: Bau und Bildung der Salzlagerstätten des
ostalpinen Salinars. - Arch. f. Lagerst.forsch. Geol. B.-A., 7,
217-254, Wien 1986.

SCHROLL, E.: Mineralisation der Blei-Zink-Lagerstätte Blei-
berg-Kreuth (Kärnten). - Aufschluß, 35, 339-350, Heidel-
berg 1984.

SCHROLL, E.: Geochemische Parameter der Blei-Zink-Verer-
zung in Karbonatgesteinen und anderen Sedimenten. -
Arch.1. Lagerst.forsch. Geol. B.-A., 6,167-178, Wien 1985.

SCHULZ, 0.: Ausgewählte Gefügebefu.nde in der kalkalpinen
Pb-Zn-Lagerstätte Bleiberg-Kreuth (Gailtaler Alpen,
Kärnten). - Archiv f. Lagerst.forsch. Geol. B.-A., 6, 91-99,
Wien 1985.

STREHL, E., NIEDERMAYR, G., SCHERIAU-N'IEDERMAYR,E. &, PAK,
E.: Die Gipsvorkommen an der Südseite des Dobratsch (Vil-
lacher Alpe), Kärnten. - Carinthia II, 170/90, 77-89, Klagen-
furt 1980.

STRUCL, I.: Die schichtgebundenen Blei-Zink-Lagerstätten
Jugoslawiens. - Mitt. Österr. geol. Ges., 74/75, 307-322,
Wien 1981.

SUMMESBERGER,H. & WAGNER, L.: Der Lithostratotypus des
Gutensteiner Kalkes (Gutenstein, Niederösterreich; MitteI-
trias). - Ann. Naturhistor. Mus. Wien, 75, 343-356, Wien
1971.

SUMMESBERGER,H. & WAGNER, L.: Der Stratotypus des Anis
(Trias), Geologische Beschreibung des Profiles von Groß-
reifling (Steiermark). - Ann. Naturhistor. Mus. Wien, 76,
515-538, Wien 1972.

SVERJENSKY, D. A.: Genesis of Mississippi Valley-type lead-
zinc deposits. In: G. W. Wetherill (Ed.): Ann. Rev. of Earth
and Planet. Sci., 14, 177-199, California 1986.

TAYLOR H. P.: Oxygen and hydrogen isotope relationships in
hydrothermal mineral deposits. In: H. L. BARNES (Ed.):
Geochemistry of hydrothermal ore deposits, 2nd ed.,
236-277, New York - Chichester - Brisbane - Toronto (J.
Wiley & Sons) 1979.

TOLLMANN, A.: Geologie der Kalkvoralpen im Ötscherland als
Beispiel alpiner Deckentektonik. - Mitt. Geol. Ges. Wien,
58, 103-207, Wien 1966.

TOLLMANN, A.: Monographie der Nördlichen Kalkalpen. Teil II.
Analyse des klassischen nordalpinen Mesozoikums. Strati-
graphie, Fauna und Fazies der Nördlichen Kalkalpen. -
580 p., Wien (Deuticke) 1976.

TOLLMANN, A.: Geologie von Österreich. Vo11. - 766 p., Wien
(Deuticke) 1977.

VEIZER, J. & HOEFS, J.: The nature of 018/018and C13/C12 secu-
lar trends in sedimentary carbonate rocks. - Geochim. Cos-
mochim. Acta, 40, 1387-1395, Oxford 1976.

WARCH, A.: Vererzungen im Alpinen Muschelkalk der
nördlichen Gailtaler Alpen. - Carinthia II, 174/94, 91-106,
Klagenfurt 1984.

WOPFNER, H., GRIESECKE, S., KOCH, J. & FELS, H.: New aspects
on metal deposits of the Groeden Sandstone (South Tyrol,
Italy). - In: H. J. SCHNEIDER (Ed.): Mineral Deposits of the
Alps, Proc. of the IV. ISMIDA 1981, 60-69, Berlin - Heidel-
berg - New York - Tokyo (Springer) 1983.

Manuskript bei der Schriftleitung eingelangt am 17. Mai 1988.

165


	Götzinger, Michael A.;Papesch, Wolfgang: Carbon and Oxygen Isotope Composition of Carbonates Accompanying Pb-Zn-Cu-As- and F-Mineralizations in Anisian Carbonates (Mid Triassic) in the Northern Calcareous Alps and the Drauzug, Austria.- Archiv für Lagerstättenforschung der Geologischen Bundesanstalt, 11, S.155-165, 1989.
	Seite 156
	Seite 157
	Seite 158
	Seite 159
	Seite 160
	Seite 161
	Seite 162
	Seite 163
	Seite 164
	Seite 165

