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ISOTOPIC COMPOSITION OF OXYGEN, CARBON AND SULPHUR IN
SIDERITE ORE DEPOSITS ASSOCIATED TO NEOGENE VOLCANISM
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Abstract: Isotopic Composition of Ozygen, Carbon and Sulphur in Siderite Ore De-
posits associated to Neogene Volcanism in the East Carpathians - Preliminary Data. The
isotopic composition of oxygen and carbon in siderites and of sulphur in associated marca-
sites, from siderite ore deposits related to the Neogene volcanics in the East Carpathians,
has been measured. The obtained §'®0 values (~7.56-9.16 %oPDB) are consistent with
the meteoric origin of water in the carbonate forming hydrotherms. Siderite formation
temperatures (ca. 60° C), obtained using Epstein’s isotopic thermometer, are in agree-
ment with both mineralogical features of siderites and geothermal data concerning their
occurrence areas. The '*>C values in the samples from the Harghita Mts can be explained
~ as in the case of free CO; from the actual thermomineral systems in the same area - by
thermal decomposition of marine carbonates. The isotopic composition of sulphur from
marcasites is consistent with their magmatic origin but also other hypotheses (filtration
of hydrotherms through sulphate-bearing formations for instance) may be taken into

account.

1. Introduction

By the courtesy of Dr. Wang Zhonggang and Dr.
Yu Xueyuan preliminary *0 and '3C data have been
obtained in the Institute of Geochemistry — Academia
Sinica — from Guiyang (People’s Republic of China)
on siderite samples collected in the Harghita and
Calimani Mts., Romania. Simultaneously Sulphur iso-
topic composition of marcasite associated to siderite
in the Harghita Mts. has been determined in the In-
stitute of Geology and Geophysics, Bucharest.

Informations concerning isotopic composition of
Oxygen, Hydrogen and Carbon have recently been ob-
tained for hydrogeological systems in the aria of the
Neogene Volcanic chain (Criciun et al., 1989).

2. Geological and metallogenetical framework

Two major siderite occurrences forming accumu-
lations of economic interest at Lueta-Vlahita and
Madirag, and a large number of minor occurrences
scattered along the western and eastern sides of the
volcanic range are known in the Harghita Mts. Small-
scale siderite outcrops have also been found within a

limited area in the southern part of the Cilimani Mts
(near Toplita).

The siderite deposits occur either at the contact zone
between Neogene andesitic volcanic rocks and their
pre-volcanic basement or within the Volcaniclastic for-
mation produced during the first phase of volcanic evo-
lution. They have been denominated as the ”Lueta
type” and "VIghita type” respectively (Peltz et al.,
1982).

The deposits essentially consists of sideritized rocks
of various original composition: Precambrian meta-
morphics (at M&dirag), Neogene sedimentary rocks
(at Lueta-Vl}ahita and Mdadirag) and Neogene vol-
caniclastics (in all occurrence areas). The mineral
paragenesis includes, besides host-rock mineral assem-
blage, siderite + opal + marcasite, as neoformation,
the monomineral siderite deposits being however the
most frequent ones.

Siderite genesis has largely been debated, the opin-
ions differing from one author to another or even
at the same author from one ore type to another.
Thus, for instance, Tandsescu (1967) stressed the hy-
drothermal origin for the Midarag siderites. Peltz
et al. (1983) stated different genesis for various ore
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types: volcano-sedimentary (Lueta type), volcano-
sedimentary + hydrothermal-metasomatic (Vlahita
type) and hydrothermal-metasomatic (Chirui type

siliceous siderite deposit). Szakacs (1988, unpubl. re-

port) assumed a hydrothermal genesis for all types of
siderite deposits in the Harghita and South Calimani
Mts.

3. Sampling localities

Three siderite samples have been analysed for their
stable isotope composition: sample V-1 VlIhi{a-
type sideritized clay, Tirbuc brook, Biile Homorod
(Harghita Mts); sample L-2 Lueta-type sideritised clay,
Lueta mine (Harghita Mts.); sample Ro-37 Vlihita-
type sideritised clay ”soft pebble” from volcaniclastic
deposit, Piriul Popii brook, Toplita (Cilimani Mts).
The marcasite samples are localised as follows: sam-
ple Fe-29 Vlahita-type ore, horchole 733 Selters m.
232-235, Vlahita; sample Fe-39, Lueta-type ore, Lueta
mine; sample Fe-47, Lueta-type ore, borehole 25133 m.
522-524, Midaras.!

4. Analytical method

Isotopic composition of Oxygen and Carbon has
been analysed at the Departament of Isotopic Geo-
chemistry of the Institute of Geochemistry - Academia
Sinica — from Guiyang, People’s Republic of China by
the analysts Qiu Xiuhua and Liu Deping. After testing
their mineralogical composition by X-ray diffractome-
try the samples have been chemically disaggregated
by etching with H3PO4 100 % at 75° C for five hours.
180 and !3C have been measured using a MAT 230-C
type mass-spectrometer yielding an instrumental error
of 0.04 %. The obtained results are rendered as 6§30
(%0) and 6'3C (%) values® according to the PBD In-
ternational Standard. 630 is given according to the
SMOW Standard as well.2

Sample processing and analytical method for Sul-
phur isotope analysis used at the Institute of Geol-
ogy and Geophysics, Bucharest have already been pub-
lished (Udubasga, Gaftoi, 1985). The analytical results
are given as §24S (%) according to the CDT Interna-
tional Standard.

1The sample has been taken off from borehole core kept in the
Lithoteque of the Institute of Geology and Geophysics with the
contribution of dr. Mugat Gheorghian to whom we are grateful.

2The isotopic composition of an element X is rendered as §,
representing the relative difference between isotopic ratios of the
sample and that of the Standard, acording to the formula:

RS le— RStandard _
by = am}{'Setandqradn ﬂT. x 10 (%0)'
where R is the isotopic ratio for sample and standard
respectively.

3The transformation is made using the formula:
§180gspmow = 1.03086 x §'80pp g + 30.86
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5. Analytical results and discussion

5.1. Oxygen isotopes

A narrow range of !0 in CO, of the three analysed
siderite samples (6'®0 = -7.56 to -9.16 %o PDB) can
be observed. This becomes obvious as compared with
the wide variation field in different types of carbon-
atic rocks (+0.6 to +34 %q, Degens, 1967) suggesting
the formation of the discussed siderites under similar
conditions of isotopic equilibrium, in similar thermo-
dynamic conditions respectively. '

In most natural media the isotopic equilibrium be-
tween aqueous solutions and minerals precipitating
from them is reached for Oxygen and Hydrogen due
to the high rates of their isotopic exchange reactions.
Thus minerals usually preserve isotopic composition of
the fluid at precipitation temperature (Ohmoto, 1986).
For this reason Oxygen and Hydrogen isotopic compo-
sition is frequently used for water origin determination
in mineralizing solutions. Since the great deal of hy-
drothermal solutions have been proved to be formed
of meteoric water (Sheppard, 1986) and since Craciun
et al. (1989) reached the same conclusion for hydro-
geothermal systems associated to the Neogene volcanic
arcas in Romania, the exogene origin of water in hy-
drothermal solutions {rom which the study siderites
have been generated. can also be presumed. A simple
calculation based upon experimental data concerning
180 fractionation in the calcite-water system (O’Neil
et al., 1969) points to the fact that our siderites could
be in isotopic equilibrium with a water having 613 =
+0.93 %o at a temperature of 60° C. This value is con-
sistent with the hypotesis of meteoric origin of water
in the ore generating hydrotherms.

The higher 6170 in geothermal systems as compared
with unheated local meteoric waters - the so called
"oxygen-shift” - is largely explained by heavy isotope
enrichement as a result of rections between geother-
mal waters and percolated crustal rocks. The higher
180 content of our analysed siderites and their gen-
erating hydrotherms respectively — assuming isotopic
equilibrium between them — with respect to that of wa-
ters from the actual geothermal systems of the areas
(Craciun et al., 1989) could be explained by the same
mechanism.

The isotopic composition of Oxygen from siderites in
base-metal hydrothermal veins at Rudnany (Slovakia)
(-11.7%, PDB) has been interpreted by Cambel et al.
(1984) as indicating the magmatic origin of water in
the generating hydrotherms.

The Oxygen isotopic geothermometer has been
stated by Epstein et al. (1953, fide Sheppard, 1984)
and it 1s widely used especially in sedimentary petrol-
ogy. It has also been used in the study of thermal
conditions of hydrothermal carbonate mineral genesis
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fe. g. Cornides et al., 1966). Taking into acount
that Epstein’s geothermometer has been calibrated for
the calcite-water system, its use in our case would not
be justified. There are, however, several favourable
circumstances for such an attempt even only to test
the consistency of the obtained thermic parameter, as
order of magnitude, with that suggested by the para-
genetic and mineralogical features of the siderite ore.
The structural identity of siderite and calcite makes
possible the use of the isotopic reaction constants of
the latter as already has been done by other authors
(Cambel et al., 1984, for instance). Furthermore, the
high probability that an isotopic equilibrium state has
been reached as suggested by chemical equilibrium in-
ferred from mineralogical studies (Szakacs, 1988, 1989,
unpubl. reports), the mineralogical and chemical sim-
plicity of the system and the recent age of the ore form-
ing process (Szakacs, 1988, unpubl. report) making
improbable isotopic exchange reactions subsequent to
ore deposition, are all in favour of the use of the iso-
topic thermometer.

Table 1 presents isotopic temperatures obtained for
each sample using Epstein’s equation:

T (°C)=16.5-4.3(6c~6w)+0.14(bc—-bw)? *

were 6w~0. The obtained values of about 68°C (61.24°
C in average) are in agreement with both the thermal
domain suggested by the mineral paragenesis (siderite
+ marcasite + opal) and the mineralogical features of
siderite (Szakacs, 1988, unpubl. report). They are
also consistent with regional thermal features in the
occurence areas, as reflected in heat-flow anomalies
(Veliciu, 1988).

abundance of '3C in the mantle (ca. —5%g in aver-
age){Ohmoto, 1986) points to a high participation of
the heavy Carbon isotope in the Vlihita siderites ex-
ceeding the common values of carbonate rocks.

Carbon, unlike Hydrogen and Oxygen but like Sul-
phur, tends to preserve ibs initial isotopic composition
during precipitation process of minerals from solutions
because the low rate of the isotopic exchange reactions
at low temperatures that usually makes impossible iso-
topic equilibrium to be reached (Ohmoto, 1986). Thus,
8!3C data are interpreted rather in terms of Carbon
(CO3) source than in terms of thermodynamic and
chemical conditions of precipitation. Consequently, a
possible explanation for high '3C content of Harghita
siderites has to be looked for in connection with CO»
source.

Using published data, Degens (1967, Fig. 2) pre-
sented a sketch showing !3C fractionation in carbon-
atic systems from different natural media. In order
to explain '3C enrichement in travertines the origin of
CO4 by thermal decomposition of marine limestones
has been admitted. The increase of '3C content takes
place during CO; dissolution in thermal water, the pre-
cipitated carbonate from these solutions having §'3C
of ca. +7 -~ +8%op. Such a hypotesis is worth consid-
ering for the CO; origin in the Harghita siderites as
well.

Considering §'2C data Criciun et al. (1989) pre-
sumed Carbon origin in thermal waters of the Pannon-
ian Plain in carbonate deposits. They also assign the
isotopic values obtained for free CO; on the Tugnad
and Poiana Cognei mineral waters (6'3C =-2.9 - -5.2

Table 1
Isotopic composition of oxygen and carbon from siderites
No | Sample | Siderite % | 6°O %o PDB [ §'°S %o SMOW [ 67°C %, PDB | t(°C)
1 RO-37 95 -9.1610.2 21.42 -0.1840.2 67.63
2) L-2 90 -7.8840.2 22.74 +4.2740.2 59.07
3 V-1 90 -7.56+0.2 23.07 +6.814+0.2 57.01
Average -8.20 22.41 61.24

5. 2. Carbon isotopes

The two samples from the Harghita Mts. present
close positive §13C values whereas that from Toplita
shows a low negative value with respect the PDB Stan-
dard (Tab. 1). The comparison of these results with
the isotopic composition of Carbon in various natu-
ral media (ca. -7%g for atmospheric COy, -2 to 4%
for marine limestones, -22%, in average for organic
Carbon in marine environment and -26 % for organic
Carbon in terrestrial environment) or with the inferred

46c and §w represent the isotopic composition of Oxygen from
carbonate and water respectively.

%) either to the ”probably thermal transformation”
of certain carbonatic formations or to mixing processes
between CO, originating in carbonatic rocks with ju-
venile CO; in proportion of 3/1 (p. 35).

The isotopic composition of Carbon in siderites of
hydrothermal veins at Rudnany (Slovafia) with an av-
erage 6'3C = -4.2 %, is interpreted by Cambel et al.
(1984) as indicating the mixing of 2/3 deep-seated Car-
bon (with 613C=-6.5 %) and 1/3 sedimentary carbon
(with 613C = 0 + +1 %q).

The value of §'2C=-0.18 % obtained for the Toplita
siderite sample is clearly influenced by the organic Car-
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bon pointed out in the composition of the initial sider-
itized clay (Szakacs, 1988, unpubl. report).

5. 3. Sulphur isotopes

Two of the analysed marcasite samples present pos-
itive §434S values (+2.32% and 1.54 %) close to the
CDT Standard. The third sample shows a higher pos-
itive value (+10.76 %) (Tab. 2).

Table 2
Isotopic composition of sulfur from marcasite samples
No | Sample no. | 6°*S %o CDT [ ¥2S/°%S),
1 Fe-29 +1.54 22.186
2 Fe-30 +2.32 22.169
3 Fe-47 +10.67 21.983
A value of 63S = -3.60 %, has been measured ear-

lier for a marcasite sample occuring within a siderite
occurence hosted in a fault clay localised in metamor-
phic formations near Frumoasa (Ciuc Mts) (Runceanu,
Voicu, 1988). This autcrop is considered to be geneti-
cally linked with the nearby Harghita Neogene volcan-
ism (Runceanu, Voicu, 1988).

Udubaga and Gaftoi (1985) presented Sulphur iso-
topic data for numerous hypogene Neogene ore sul-
phide deposits from Metaliferi Mts. According to these
data 634S varies from +1.46 to +3.60 %y in pyrites,
+0.25 to +4.43 %o in sphalerites and -1.52 to + 2.32
%o in galenas. The 62*S values for the Lueta-Vlshita
marcasites are placed in the variation domain of pyrites
from the Neogene hydrothermal ores in the Metaliferi
Mts. The marcasite from M&adaras displays higher 3S
content.

Genetical interpretation possibilities of our analyti-
cal results are strongly limited by the lack of informa-
tion concerning 31S distribution in several associated
sulphidic and/or sulphatic phases. The low §*S val-
ues close to the Standard are usually considered to
be consistent with the magmatic origin of Sulphur.
Although our Sulphur isotope analyses on marcasite
samples from the Harghita Mts are not contrary to a
deep-seated (magmatic) origin, other interpretations
can also be taken into account, especially if we con-
sider the probable non-magmatic origin of Carbon in
siderites as suggested by Carbon isotopic data. Cam-
bel et al. (1984) for instance explained the §34S range
(=2.0 - +2.5 %) measured in pyrites in siderite gangue
of the hydrothermal ores at Rudnany (Slovakia) by the
deep-seated origin of Sulphur; the high values (+4.5
to +12 %) obtained for pyrites in the main ore body
are assigned to a possible filtration process of the hy-
drothermal solutions through sulphate bearing Pale-
ozoic rocks. The influence of a sulphate phase dur-
ing the generation and movement of ferriferous hy-

AL. SZAKACS, F. GAFTOI

drotherms is not out of question in the Harghita Mts,
at Midarag especially.

Further detailed isotopic investigations involving
larger number of samples, both carbonates and sul-
phides, would provide more accuracy in genetic studies
of siderite deposits associated to the Neogene volcan-
ism in the East Carpathians.
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