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Carbon and oxygen isotope constraints on the origin
of magnesite deposits, North Evia (Greece)

by Efthimios Gartzos’

Abstract

The origin and temperature of formation of the cryptocrystalline magnesite deposits of North Evia have been
studied from an isotopic point of view. Magnesites and dolomites have 8"O,, ., compositions ranging from
25.45%o t0 29.85%o and 8'C .. compositions ranging from ~8.63%o to -13.31%e.. The isotopic compositions indi-
cate a common origin for all types of magnesite deposits. The variations in isotopic compositions can be related to
different generations of magnesite and reflect different temperatures of precipitation as well. Based on analogies
with the Red Mountain magnesite district, a process is proposed in which the formation of magnesite results from
mixing of ascending CO,-rich fluids with descending meteoric water. Temperatures of magnesite formation, in-

ferred from oxygen isotope data, are less than 60 °C.

Keywords: Magnesite deposit, {luid, carbon isotopes, oxygen isotopes, North Evia, Greece.

Introduction

North Evia is the major magnesite producing
area of Greece. There have been numerous stud-
ies on the magnesite deposits of Evia and similar
deposits all over the world; however, the major-
ity of the previous work on magnesite deposits in
ultramafic rocks has been essentially descriptive
(e.g. FausT and CALLAGHAN, 1948; BONDELOS,
1949; Petrascheck, 1964; CapeDprl and Rossi,
1973; DaABITZIAS, 1980). These studies reveal a
general controversy on the origin of magnesite,
persisting even today, in which weathering versus
hydrothermal origin is debated. Two indepen-
dant studies on the magnesite deposits of Vavdos
(Chalkidiki peninsula, northern Greece) were re-
cently published by Dagitzias (1981) and BURr-
GATH et al. (1981). They suggested two different
origins for the same magnesite deposits, as hy-
drothermal and weathering products, respective-
ly. The magnesite problem becomes more diffi-
cult as some workers suggest that lens-like bodies
and medium- to large-sized veins of magnesite
which occur at deeper levels are hydrothermal;
while isolated, near-surface nodules and sub-

spherical bodies of magnesite are products of
weathering (ILuic, 1968). Suggested tempera-
tures for the precipitation of magnesite range
from 10 °C to 400 °C,

In the present study, the conditions of mag-
nesite formation and the origin of the magnesite
deposits in Northern Evia are investigated from a
stable isotope point of view.

Geological situation

The entire northern portion of Evia is highly
faulted due to extentional tectonics prevailing in
the area during the last 13 million years (LE
Pichon and ANGELIER, 1979). The magnesite
deposits occur in ultramafic rocks (Fig. 1) and
are closely associated with these faults. The
moste important deposits are hosted by non or
partly serpentinized rocks (dunites and harzburg-
ites) which usually have been altered to "brown
serpentinite" (= a rock composed mainly of car-
bonates, quartz, limonite, and serpentinite) at the
sites of intense mineralization or towards the
contacts of some veins (Gartzos, 1986). The
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Fig. I Geological map of North Evia.

known deposits are restricted to shallow depths
(maximum depth is about 200 meters) and the
majority of veins are in a zone which roughly
parallels the surface, thus indicating that a gener-
al zone of deposition prevailed during their for-
mation.

Style of mineralization

Magnesite is cryptocrystalline with crystals 1-5
microns large. It is usually snow-white, shows
conchoidal fracture, and resembles unglazed por-
celain. On the basis of the style of mineralization
three main types of magnesite deposits are distin-
guished:

a. Nodular aggregates of magnesite replacing
the host rock. Very often, coalesced nodules
form irregular to roughly subspherical bodies of
magnesite, varying from a few cm to a few me-
ters in diameter. They usually occur at higher
levels in the mines (near-surface).

b. Fracture-filling magnesite which occurs as
veins along fault or fracture surfaces. The veins
which occur at the upper parts of the deposits
(near-surface) are thin and usually form dense
networks (stockwork-type deposits). Medium-
sized veins (5-25 cm) and larger ones (25-
100 cm) occur at deeper levels of the deposits.
The majority of the veins have nodular structure.

c. Lens-like bodies of magnesite (1 to 4 meters
wide and 5 to 12 meters long) formed by coales-
cence of nodules in dilatant zones of pinch-and-
swell structures. They are located at the deeper
levels in the mines.

Studied material and analytical procedure

Magnesite and dolomite associated with the
ultramafic rocks and serpentinites of North Evia
were sampled and analyzed for their C- and
¥0-isotopic compositions. The modes of occur-
rence of the carbonate minerals include: 1. isolat-
ed nodules of magnesite (a-type in Table 1); 2.
near-surface stockwork type deposits, medium
size veins and thick veins of magnesite occurring
at the deeper levels in the mines (b-type); 3. mas-
sive lens-like deposits (c-type); 4. fragments and
nodules of magnesite occurring in the Neogene
conglomerates, which are erosion products of
magnesite deposits; and 5. dolomite formed by
replacement of magnesite and serpentine.

All samples were reacted with phosphoric
acid at 50 °C. The isotope ratios were deter-
mined on a VG Micromass 903 triple collector
mass spectrometer at the stable isotopes labora-
tory of the ETH in Ziirich. The samples were
measured against the Carrara Marble laboratory
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Tab. I Carbon and oxygen isolopic compositions of magnesites and dolomites from North Evia.

Nr. Sample Phase Type of deposit 5180ppg 8180smow  813CppR
1 SOT.1.MG* Magn. C-medium size vein -3.09 27.67 -10.57
2 SOT.I.MG** Magn. C-medium size vein -3.09 27.67 -10.57
3 SOT.IB.MG Magn. C-thin vein -1.69  29.12 -10.43
4 KAK4MG Magn. B -4.05 26.42 -10.56
5 KAK.53.MG Magn. C-thick vein -2.60 28.18 -11.07
6 KAK2AMG Magn, B -5.29 25.40 -10.83
7 PARS.20MG Magn. A-nodular aggregate -2.33 28.46 -9.98
8 PARS.23MG Magn. A-nodular aggregate -0.98 29.85 -9.85
9 PARS.22.C Magn. A-nodule -0.73 30.11 -9.87

10 PARS.2IMG Magn. A-nodular aggregate -1.03 29.80 -9.67

11 GER.I11L.MG Magn. C-medium size vein -3.02 27.75 -11.50

12 PAP.6.MG Magn. A-nodule -2.04 28.76 -12.35

13 PINK.MG Magn. A-nodule -2.06 28.74 -13.31

14 MG Magn. C -3.59 27.16 -9.87

15 MGt Magn. C -2.15 28.64 -10.90

16 mMGH Magn. C -3.62 27.13 -9.29

17 LIMNI Magn. A -3.33 27.43 -8.63

18 KAK.30.MG Magn. A-Neogene nodule -7.27 23.37 -8.93

19 KAK.53.11x Dol C -5.08 25.62 -12.18

20 TR.6/4x Magn. B -4.01 26.73 -11.93

21 TR7/3x Dol. B -4.33  26.40 -10.64

A : Isolated nodules or nodular aggregates of magnesite.

B : Lens-like bodies of magnesite.

C : Fracture filling magnesite which occurs as veins along faults and

fractures.

standard. Carbon isotope ratios of the carbonates
are reported in per mil deviations relative to the
Chicago PDB standard; whereas oxygen isotope
ratios are given relative to SMOW.

The oxygen and carbon isotope compositions
of the analyzed carbonates are presented in
Table 1 and are shown graphically in Figure 2.
Identical results were obtained from samples
SOT.1.MG* and SOT.1.MG**, which represent
two independent analyses of powder prepared
from hand specimen SOT.I.MG and reacted sep-
arately.

Isotopic compositions of carbonates
from North Evia

With the exception of one sample (No. 18, Table
1), the oxygen isotope compositions of the mag-

nesites and dolomites range from 254 to
29.85%o0, and carbon isotope compositions vary
between -8.63 and -13.31%o. These composi-
tions correspond to magnesite values which
O'NEIL and BARNES (1971) consider to represent
isotopic equilibrium with their formation waters.
Small isotopic variations in the North Evia car-
bonates occur over small distances and can be
correlated with different generations of deposi-
tion. For example, a difference of 1.5%o0 in both
80 and 8°C is observed between the three sam-
ples MG, MG~ and MG** (Nos. 14-16 in Table 1)
collected from the same outcrop over a distance
of a few tens of centimeters. Multiple genera-
tions of magnesite formation is also substantiated
by structural evidence in the field. However,
larger isotopic variations occur on a regional
scale and can be correlated with different types
of magne- site deposits (Fig. 2).
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Fig. 2 Plot of 80 vs, 84C for the carbonates of this
study.

A-type: Isolated nodules or nodular aggregates of mag-
nesite occurring at the upper parts of the mines (near-
surface}. B-type: Fracture-filling magnesite which oc-
curs as veins, C-type: Lens-like bodies of magnesite lo-

cated at the deeper parts in the mines.

Sample KAK.30.MG (No. 18 in Table 1) is
the most depleted in 'O and the least depleted in
3C. This sample is a magnesite nodule which was
found in the overlying conglomerates at Kakavos
mine. Many similar magnesite nodules and frag-
ments have been replaced by opal and indicate
interaction with fluids (weathering fluids) which
have probably changed the isotopic composition
of the magnesite nodules occurring in the overly-
ing conglomerates.

The scatter in isotopic compositions of the
North Evia carbonates (Fig. 2) contradicts the
presence of a large, underlying, isotopically ho-
mogeneous fluid reservoir which could feed all
tectonically-related channelways through the
ultramafic host rocks. Relevant to the observed
variation in the carbonates is the study of the
chemistry and isotopic composition of waters oc-
curring in North Evia and other areas with mag-
nesite bearing ultramafic rocks (GARrTzos, 1986).

Water chemistry studies (GARTZOs, 1986) re-
veal that the area in which magnesite occurs is an
extensive tectonically-controlled mixing site of
fluids with different chemical and isotopic com-
positions (PapastamaTaki and Leonis, 1982).
At these sites, descending dilute aqueous fluids
(local meteoric waters), driven by gravity, are
mixed with ascending fluids driven by deep-
seated heat sources. The ascending fluids include
gases very rich in CO, and aqueous solutions

more or less charged with various aqueous spe-
cies which have chemical and isotopic composi-
tion similar to that of seawater. Similar mixing
processes have been reported from the Red
Mountain magnesite district in the Western Unit-
ed States, where present-day magnesite deposi-
tion is observed (BARNEs et al., 1973). However,
no direct precipitation of magnesite has been ob-
served at the North Evia area.

Comparison between North Evia
and the Red Mountain area

A number of comparisons can be drawn between
North Evia and the Red Mountain magnesite dis-
trict in the Western United States. North Evia
and Red Mountain belong to similar geotectonic
environments with compareable main rock units.
The vein mineralogy, wall rock alteration, style
of mineralization, as well as the oxygen and car-
bon isotope compositions of the magnesite de-
posites of the Red Mountain magnesite district
are identical to those of North Evia (e.g. BONDE-
Los, 1949; GarTzos, 1986). Many of the ultra-
mafic rocks occurring in the Western USA have
suffered the characteristic "silica-carbonate” al-
teration found in North Evia. In many places
these altered rocks are the host rocks of mercury
and magnesite deposits. In addition, the isotopic
compositions of the local meteoric waters in
these two areas are similar, as they have the
same latitude and proximity to sea.

Magnesite deposition as a result of fluid mix-
ing in the North Evia area is comparable with
present-day carbonate deposition in uvltramafic
rocks of the Western USA (BArNEs and O'NEIL,
1969, 1971; BARNES et al., 1967, 1972, 1973,
1978). BARNES et al. (1973) have shown that the
most interesting waters associated with magne-
site formation are those high in CO, with Mg as
the dominant cation. On the basis of the chemi-
cal and isotopic composition of these waters,
BARNES et al. (1973) argue that metamorphic
CO, was added to the local meteoric water.

Some speculations of the temperatures of
precipitation of magnesite and dolomite in the
area of Red Mountain and North Evia

If the MgCO,-H,O isotopic relations were
known, the temperatures at which magnesite was
deposited at North Evia and the equilibrium
B‘SOHZO‘-compositions could be estimated. Un-
fortunately experimental data are lacking; how-
ever, the "O-fractionation between hydromag-
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nesite and water at 0 °C and 25 °C, determined
by O'Neil and Barnes (1971), can serve as a
crude guide for the magnesite-water system.
d'*O-values for water (Fig. 3) in equilibrium with
the North Evia magnesites at various tempera-
tures have been estimated using the relationship:

107 1 { 1000+ 8M
1000 + 8W

> = 273 (10° T2) + 0.44

where 8M is the &-value of hydromagnesite
and 8W is the &-value of water (O'NEIL and
BARNES, 1971).

Local meteoric water from North Evia has a
3"0-composition of approximately -8%o (PA-
PASTAMATAKI and Leonis, 1982). The tempera-
ture of isotopic equilibrium between such water
and magnesite would be lower than 15°C (Fig.
3). Waters issuing from hot springs occurring
nearby have chemical composition close to that
of sea water and 8'*O-values from approximately
2.0 to 0.0%o0 (GARTZOS, 1986; PAPASTAMATAKI
and Leonis, 1982). These latter waters give mag-
nesite formation temperatures from 25 to 60°C.
Higher temperatures can only be inferred if a hy-
pothectical metamorphic water of 8'* O 0 = 7%
is considered (Fig. 3). Thus, assuming that the
above approximation is correct and depending

N.Evia
90 hot spring
80 4 water

v

60 4 N.Evia
local meteoric
water

Temp °C

hypothetic
metamorphic
water

8% 0y, 0 (smow)

Fig. 3 Equilibrium T vs. 870 for carbonates from
North Evia.

Curves (1) and (2): Water in equilibrium with magne-
site having the highest (= 30.10) and the lowest (= 25.4)
30 value respectively. Curve (3): Water in equilibri-
um with dolomite (8" = dolomite = 26%0). Water com-
positions were estimated by extending the Dolomite-
Water fractionation curve to lower lemperature
(Friepmax and O'NEIL, 1977) and by using the equa-
tion of O'NEeiL and Barx~gs (1971).

on the fluid (meteoric water vs. altered marine
water), the isotopic data indicate that North Evia
magnesite deposits were formed at temperature
between 5 to 120 °C. Probably lower than 60 °C.
Similar precipitation temperatures (lower than
100 °C) were inferred by O'NEIL and BARNES
(1971) for the formation of the Red Mountain
magnesite deposits.

The oxygen isotope composition of water in
equilibrium with dolomite at various tempera-
tures can be estimated by using the compiled
1000 In « vs. T curves for the fractionation of *O
between alkaline earth carbonates and water
(FriepDMAN and O'NEIL, 1977) and by extending
the dolomite-water curve to lower temperatures.
This is justified by the fact that oxygen isotope
fractionation in other carbonate-water systems
(BaCO,-, SrCO,-, and CaCO,-H,0) has been
experimentally determined down to low temper-
atures, and all show parallel trends. Thus, by ap-
plying this relationship, the equilibrium tempera-
tures for the precipitation of dolomite in North
Evia have been determined for various water
compositions (Fig. 3). For local meteoric water
with 3%0 = —8%o0, the equilibrium temperature is
approximately 12 °C; whereas for hot spring wa-
ter with 8'*O = 0%o, the temperature is about
33°C (Fig. 3).

A temperature of approximately 50°C is in
agrecment with the fact that dolomite is com-
monly associated with quartz at the North Evia
area. All magnesite veins which show replace-
ment of magnesite by dolomite are always asso-
ciated with vugs lined by quartz. In contrast, at
lower temperatures (during weathering}, opal re-
places magnesite clasts in the overlying Neogene
conglomerates. This is analogeous to quartz de-
position in active hydrothermal fields and in hy-
drothermal energy exploitation plants, where
quartz precipitates at temperatures higher than
at least 50°C and opal at lower temperatures
{(v.s. HEnLEY et al, 1984; Ertis and MAHON,
1977).

Summary and conclusions

Small isotopic variations in the North Evia car-
bonates occur over small distances and can be
correlated with different generations of deposi-
tion. Multiple generations of magnesite forma-
tion is also substantiated by structural evidence
in the field. Larger isotopic variations occur on a
regional scale and can be correlated with the
three types of magnesite deposits occurring at
various depths. Isotopic fractionation increases
from c-type to a-type deposit which is the most
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enriched in '*O whereas their depth of occur-
rence in the mines increases from a-type to c-
type. There is a partial overlap between a-type
and b-type in both 3'®O values and depth of oc-
currence. The above relationship is interpreted
to reflect increasing temperatures of precipita-
tion with increasing depth of deposition. Conse-
quently, all three types of magnesite deposits
have a common origin. The variations in isotopic
compositions can be related to different genera-
tions of magnesite and differences in tempera-
ture (depth) of precipitation.

One sample of redeposited nodular magnesite
occurring in the Neogene conglomerates which
shows a depletion in ®Q, but not in Carbon, is
interpreted as a result of oxygen re-equilibration
during weathering.

The type of magnesite occurrence, geotecton-
ic environment, and isotopic composition of car-
bonates and meteoric water, as well as the water
chemistries in North Evia are identical to those
of the Red Mountain magnesite district of the
Western USA. Thus, in analogy, a similar pro-
cess is proposed for the North Evia deposits, in
which the formation of magnesite results from
mixing of ascending CO,-rich fluids with de-
scending meteoric water.

Precipitation temperatures depend on the iso-
topic composition of the fluid. Temperatures in-
ferred for precipitation from fluids with isotopic
compositions similar to local meteoric water are
lower than those inferred for fluids enriched in
1%0. However, in any case they are lower than
120 °C, probably lower than 60 °C.
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