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Abstract

The Mari Rosa mine lies within a low-grade Precambrian alternating series of black shales and
metagreywackes in the Spanish Hercynian massif. There are two generations of mineralized veins: V2,
gold—(stibnite)-bearing quartz veins, parallel to the main cleavage, and V3, stibnite-bearing quartz
veins which postdate the main deformation event.

Four main types of inclusions have been identified. Type I, II and IV are aqueous—carbonaceous
inclusions, with variable degrees of filling, while type III are non-aqueous and typically single-phase at
room temperature. Except for type I (absent in V3), similar inclusions have been observed in both V2
and V3 veins. Gas compositions are always characterised by CH;-N,—~CO, assemblages, ranging from
CO,-rich mixtures in the earliest inclusions (type I), to Np-rich mixtures in the latest inclusions (type
V).

Gold precipitation in V2 veins can be related to type Iinclusions at 7 > 380 °C (Ty = 300-380°C). A
subsequent drop in X0, and cooling are recorded in type II and III inclusions, interpreted to be the
result of unmixing of a previously homogeneous fluid derived from type I. This boiling would provoke
the precipitation of stibnite at 300 °C and 1 kbar. The type IV inclusions, which are the richest in H,O,
represent a late fluid circulation at lower temperatures (Ty = 190-280 °C).

Keyworbps: fluid inclusions, gold, stibnite, Caceres, Spain.

Introduction

IN the Hercynian sector of the Iberian peninsula
there are several occurrences of Sb—-Au mineral-
ization distributed along a wide zone, defining the
so-called  ‘quartz-gold-antimoniferous  belt’
(Gumiel et al., 1976; Gumiel and Arribas, 1987)
which parallels the NW-SE Hercynian structures
in central-western Spain and Portugal. This paper
presents a fluid-inclusion study of one of these
mineralizations, at the Mari Rosa mine.

Geological setting

The Mari Rosa Sb-Au deposit is located on the
southern border of the Central Iberian Zone,
Iberian Hercynian massif (Fig. 1),and was pre-
viously studied by Gumiel (1983). The host rocks
belong to the ‘Complejo Esquisto Grauvaquico’
(Schist-Greywacke complex), a thick series of
detrital sediments of Upper Precambrian age.
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Within the area, this series is made up of an
alternating sequence of phyllites, greywackes and
black shales, with a chlorite—albite—white-mica
assemblage consistent with lower greenschist
facies metamorphism. The Nisa-Alburquerque
batholith, made up of granites and granodiorites,
outcropping 15 km away from the mine, and
develops a contact metamorphism aureole of
1 km wide (Martin Herrero and Bascones, 1979).
The structure of the area is mainly due to the
Hercynian Orogeny, and involves two phases of
deformation. The first and main phase produced
chevron folds and a vertical NW-SE slaty cleav-
age (S1); the second phase was less intense and
caused local crenulation and kink banding
(Quesada et al., 1987).

Based upon the relationships with the main
Hercynian structures, three generations of veins
have been recognized in the sector of Mari Rosa
mine, as follows:

A. V1 veins: folded pyrite-bearing quartz veinlets
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Fi1G. 1. Locality and geological map of the study area.

that represent veining previous to regional
metamorphism.

B. V2 veins: pyrrhotite-pyrite—stibnite—
arsenopyrite—gold—carbonate-bearing quartz
veins, parallel to the main Hercynian cleavage.
They show pinch and swell structures, up to 10 cm
thick. Native gold occurs, filling cracks as well as
inclusions in quartz and in arsenopyrite (Gumiel,
1983).

C. V3 veins: stibnite-bearing quartz veins cross-
cutting the main Hercynian cleavage and V2 type
veins. They have lensoid morphology with stib-
nite occurring in pods.

Wall rock alteration is generally weak and

restricted to a narrow zone adjacent to the veins. .

Intermediate argillic alteration occurs mainly in
V3 veins and chloritizitation has been observed in
relation to V2 veins. Close to these veins, black

shales are invaded by minor carbonates and
sulphides related to the V2 mineralization.

Sampling and analytical techniques

Although the highest gold grades are reported
from the —9 m level of the mine, the workings are
inaccessible at present due to flooding.
Therefore, quartz samples were collected from
V1, V2 and V3 veins from the main level of the
mine (0 m), where stibnite is the more abundant
ore mineral. Microthermometric analyses were
carried out using a Chaixmeca stage (Poty et al.,
1976). The stage was calibrated at low tempera-
tures with a CO, natural fluid inclusion at the
triple point (—55.6°C) and the melting point of
toluene (—95°C).

Compositions of the non-aqueous part of
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TasLE 1. Explanations of the symbols used in text and

figures.

Cl: clathrate.

d: bulk density of the inclusion (g.cm‘3)

dv: density of the nonaqueous part (g.cm™)

Dfc: degree of filling of the nonaqueous part of the
inclusion.

Ty: total homogenization temperature for H,O-bearing
inclusions; (L): to the liquid.

Ty homogenization temperature of the non-aqueous
part.

Ty CH4—N3:  homogenization temperature of the non-aqueous

part (°C) for Ty, < Ty, COy; it is assumed that all of
the CO; is partitioned in the solid phase at this T},

Ty, CO;: homogenization temperature of the non-aqueous
part {°C) for T}, > T, CO;: (L): to the liquid, (V):
to the vapour, (C): critical.

Ty Cl: melting temperature of clathrate (°C).

Ty ice melting temperature of ice (°C).

v molar volume (cm®.mol™!).

V. molar volume of the nonaqueous part of the fluid

_ (above 73} (em®.mol™).

Ve bulk molar volume (cm®.mol ™).

Vi first generation of quartz veins.

V2. second generation of quartz veins.

V3: third generation of quartz veins.

X: composition (molar fraction).

Xi: molar fraction of a given component (CHy, CO,,
N»).

Yoi: mole % of a given component (CHy, CO,, N»).

individual inclusions were measured using a
MOLE Raman microprobe (Dhamelincourt et
al., 1979; Touray et al., 1985). The Raman
microprobe used was a type U1000 double
monochromator (manufactured by JOBIN-
YVON) with a RCA 31034 potomultiplier
(U.S.A.) as detector. The monochromatic excit-
ing light at 514.5 nm was produced by an ionised
argon laser of INNOVA 90-5 type (COHER-
ENT, U.S.A.).

Fluid inclusion study

Although attempts were made to study fluid
inclusions in quartz from all three veins, those
present in the V1 veins were generally too small,
and most of them exhibited characteristic leakage
and necking-down phenomena. Therefore, ther-
mometric data from V1 samples were
unattainable.

Based on microscopic, microthermometric and
Raman spectroscopic features, four main types
(Fig.2) of fluid inclusions have been dis-
tinguished in the remaining V2 and V3 veins.
Type I are present only in samples from V2 veins,
and type II, HI and IV are found both in V2 and
V3 veins.

Type I inclusions occur systematically in clear
parts of quartz crystals (Fig. 3a) and are not very
abundant. The inclusions are two-phase at room

temperature with a nonaqueous bubble occupy-
ing 40-60% of the volume of the cavity. The size
ranges between 5-20 pm. Melting temperatures
of the CO, range from —73.5 to —61.0 and
T, CO, occurred between —45 to —19°C, both
reflecting strong contamination of CO, by CH,
and/or N, (Swanenberg, 1979; Kreulen and
Schuiling, 1982). This is confirmed by Raman
analysis (Table 2), which reveals that even if CO,
is the main component, important quantities of
CH, and N, are present in the non-aqueous part
of the inclusions. Homogenization of CO, is
always to the vapour phase. However, sublima-
tion from solid to vapour at —66.8 °C has been
observed in one fluid inclusion. Because of the
volume of the bubble and clathration, only two
T,, ice values have been measured at —8.4 and
~3.8°C. Clathrates melt between +9.5 and
+14.5°C. Total homogenization is sometimes
impossible to measure, as decrepitation occurs,
between +230 and +310°C, before homogen-
ization. This is caused by the high internal
pressures developed in inclusions containing CO,
and/or CH,; (Roedder, 1984). Homogenization
measurements are between +275 and +377°C,
into L, rarely C.

Type II inclusions are, together with type 111
inclusions, the most abundant in all samples and
usually have a regular shape. They are biphase
with a rather constant degree of filling by the
vapour phase of around 15-25% . The size ranges
from 10 to 25 wm. Sometimes, trapped solids have
been observed. On cooling, a solid phase appears
in the bubble below —35 °C, simultancously with
the freezing of the aqueous part (Fig. 3C). The
freezing runs were usually carried out, down to
—170°C. However, no further phase transitions
were observed, in spite of Raman analyses of the
vapour phase which indicates mixtures of
CO»~CH,4—N; (poorer in CO; than type I inclu-
sions). The reason for this might be that the
remaining fluid after clathration is not dense
enough to nucleate another L or V phase in the
bubble. Another possibility is that the
heterogenization/homogenization processes are
not optically distinguishable by the small size of
the bubble. On warming, the solid phase nu-
cleated on cooling melts typically a few degrees
below melting of ice, recorded from —6 to —2 °C.
Between +5 and +8°C, a sudden movement of
the bubble in the inclusion is indicative of final
melting of clathrate. If an inclusion is cooled
again before this movement, the bubble appears
distorted and solid black grains nucleate in the
aqueous part during the subsequent warming
which confirm the presence of a gas hydrate. The
precise temperature of dissociation of the clath-
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FiG. 2. Histograms of the microthermometric measurements (°C) on the four types of fluid inclusions.
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TaBLE 2. Microthermometric (T, CO, and T}, CO,) and Raman results for the nonaqueous part of representative

inclusions from Mari Rosa V2 and V3 quartz veins. Raman data are not available for V2 type IV inclusions because

bubbles move during the spectroscopic analysis. T, CO, means T;, CHs—N; in type III. Phase transitions at low
temperatures have not been seen in type Il and IV inclusions. n.d.: not detected.

Type of inclusion Microthermometry Raman spectroscopy

and number of sample Dfc T CO> Tn CO; %CH, %N, %CO,

I ° V2 |2MR-1 0.6 -70.0 -27.6 (V) 34.7 14.0 51.2
2MR-2 0.5 —68.7 —45.2 (V) 33.6 17.5 48.9%

2MR-3 0.6 -73.5 ~44.6 (V) 42.7 229 34.4

2MR-89 0.4 —68.1 =35.6 (V) 29.3 9.6 61.1

n V2 |2MR-45 i 0.25 2.4 4259 337
2MR-% 0.2 17.6 49.8 32.6

@@ V3 |MR-138 0.2 15.6 47.9 36.5
MR-139 0.15 10.6 49.9 39.5

MR-140 0.25 5.7 58.4 35.9

MR-141 0.25 12.1 46.8 41.1

MR-142 0.3 9.3 51.8 38.9

MR-144 0.2 1.3 59.8 28.9

11 V2 |2MR-46 -76.1 —124.8 (L) 26.3 56.8 16.9
2MR-50 -76.2 -125.3 (L) 28.3 57.4 14.3

2MR-116 -71.0 —120.4 (V) 21.7 57.4 20.8

2MR-117 =71.5 —121.1 (V) 23.3 55.8 20.9

V3  |MR-66 —69.6 -128.4 (V) 18.3 60.9 20.8

MR-70 - -129.6 (V) 16.5 64.0 19.5

MR-184 709 —131.1 (V) 17.7 64.0 183

1V V3 |MR-78 0.1 226 7.4 nd,

(4 MR-182 0.05 239 76.1 n.d.

* Some amounts of carbon have been detected in this fluid inclusion.

rate was determined in a number of inclusions
using a cyclic multiepisodic cooling as defined by
Collins (1979).

The solid phase which nucleated at —35°C
within the bubble has been interpretated as a
clathrate. It starts to melt at a given low
temperature and becomes invisible when the
pressure of ice on the bubble decreases close to
ice melting point. However, it remains present in
the inclusion until the recorded temperatures
reach +5 to +8 °C. As an alternative, it has been
also considered that this solid phase could be ice,
nucleated from water vapour dissolved in the
bubble. However, this seems less probable given
the small quantities of water that can be contained
in the carbonic phase (0.1 wt.% H,0 at22.5°Cin
liquid CO,; Stone, 1943, cited in Roedder, 1984).
Nevertheless, a further investigation of this pro-
posal should be made. Total homogenization at
temperatures ranging from +190 to +330°C, are
always in the liquid phase. Decrepitation before
homogenization took place in about 50% of the
samples at temperatures between +230 and
+310°C. The size of the decrepitated inclusions
was always larger than 15 pm.

Type IHI inclusions are very abundant,

especially in certain parts of the quartz samples.
They have either ovoid or irregular shapes, and
are up to 20 pm in size. These fluid inclusions
appear single-phase at room temperature and
correspond to type S2 inclusions of van den
Kerkhof (1988 g, b). At low temperatures (below
—110°C) vapour and liquid coexist with grains of
solid CO,. Temperatures of homogenization
range from —128 to —118 °C in V2 veins (some-
times V, sometimes L) and from —138 to —121 °C
in V3 veins (always in vapour, but near critical).
Phase transtions in this low-temperature region
correspond to compositions in the system
CH,-N,, subsequently confirmed by Raman
spectroscopy (Table 2). Solid CO, sublimes at
temperatures between ~76.2 to —70.3°C in V2
veins and -77.2 to —66°C in V3 veins.
Sublimation is characteristic of low molar
volumes and high contents of N, and/or CH,
(Burrus, 1981). Similar fluid inclusions, even
though from high-grade metamorphic rocks, have
been described by Swanenberg (1980), Kreulen
and Schuiling (1982), and van den Kerkhof
(1988b).

Type IV consist of small (<10 um) biphase
inclusions, with the vapour phase occupying up to



240

L. ORTEGA ET AL.

Fic. 3. Types of fluid inclusions in quartz veins: (a) isolated type I inclusion; (b, c) type Il inclusion; two-phase at
room temperature, a solid nucleated in the bubble below —35°C; (d, e, f) type III inclusion, behaviour at low
temperatures.

10 volume % . They are scarce. N; and minor CHy
have been detected by Raman microprobe in the
nonaqueous part of the inclusions. However,
liquid/vapour transitions have not been observed
at low temperatures, because of the small size of
the vapour bubble and/or the low density of the
fluid. Melting temperatures of ice are scattered
between —5.2 and —1.5 °C and hydrates have not
been observed. On heating, homogenization to
liquid takes place within the range +188 to
+266 °C. Decrepitation before homogenization is
not usual in this type of inclusion.

Mode of occurrence

The relative age of the different generations of
inclusions, as well as their primary or secondary
character, can be deduced from their occurrence
in quartz veins. Criteria for primary/secondary
origin are from Roedder (1976).

The oldest inclusions are type I, which are
present only in V2 veins and, therefore, predate
V3 veins and the main stibnite mineralizing event.
They usually occur isolated in clear parts of quartz
crystals and are early, probably primary
inclusions.
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A quartz crystal showing growth zonation has
been observed in a sample from V3 veins (Fig. 4),
and type II fluid inclusions have been recognized
as prmary inclusions in this sample.
Furthermore, small grains of stibnite appear in
these growth faces, showing a close relationship
between type II inclusions and mineralization. In
V2 samples they ocur in clusters or as pseudo-
secondary inclusions, in fractures visibly termi-
nating within crystal. They are later than type 1.

Type III inclusions occur aligned, as well as in
clusters, within both type of veins. In the V3
zoned quartz sample, they are generally distri-
buted in rough arrangements crossing the growth
faces. However, in the same sample, they also
appear in arrays which are subparallel and
adjacent to primary type II inclusions trails, in
growth directions. This occurrence can be indica-
tive of a heterogenous fluid (Roedder, 1976).
Both types II and III inclusions are widely
distributed in all samples and appear closely
related. They are probably contemporaneous.

Type IV are secondary inclusions. They always
occur in fractures and postdate all other types.

Compositional observations support the above
chronological succession given that a progressive
enrichment in N, in the vapour phase of the
inclusions has been observed from type I to type
IV, following the same succession (Fig. 5).

Discussion

Clathrate hydrates. Hydrates in the system
H,O-CO,~CH4—N, are solid solutions among
CO,, CH, and N, clathrates (Hollister and
Burrus, 1976). Taking CO, hydrate as a refer-
ence, the presence of other components raises the
temperature of dissociation of the clathrate,
typically up to 10°C for pure CO, clathrate
(Collins, 1979). Only N, (Hand et al., 1974) and

NaCl (Chen, 1972; Bozzo et al., 1975) has a
depressing effect. Hence, in mixed clathrates the
presence of some components may be masking
the presence of others, and their composition is
not easy to estimate from microthermometric
measurements alone.

In type I inclusions, clathrate melts within a
narrower range between +10 to +15°C. This
clathrate is interpreted to be a CO,~CH, hydrate,
the two main volatile species present in the
inclusions. Regarding the different partitioning of
these two components between clathrate and
fluid, contradictory data are recorded in the
literature. Some authors (Unruh and Katz, 1949;
Parrish and Prausnitz, 1972; Dubessy et al., 1989)
indicate that in mixtures with other, more volatile
gases, CO, shows a preferential partitioning into
a solid phase, i.e. clathrate. However, the
opposite conclusions have been reached by Seitz
et al. (1987). Tt is an important question to
elucidate since the composition of the remaining
non-aqueous fluid after clathration change from
that recorded by Raman spectroscopy at room
temperature. This is observed in type I inclusions,
where the microthermometric results for 7, CO,
in the presence of clathrate indicate that, at this
point, the non-aqueous fluid is poorer in CO,
than the same fluid after clathrate dissociation.
Therefore, in this case, the clathrate must be a
COs-rich clathrate, which is in agreement with
the first authors cited.

Clathrate in type II inclusions shows melting
temperatures which could correspond to a
CO,-hydrate. However, given the relative pro-
portions of the non-aqueous compounds in these
inclusions, an N,-rich clathrate would be more
probable. In the absence of additional data, an
estimate of the hydrate composition is not
possible.

Salt content of the aqueous part. The presence
of complex hydrates in type I and II inclusions

FiG. 4 (a, b). Growth zoning quartz with primary type II inclusions parallel to growth planes.
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Fi. 5. Composition of the non-aqueous part (% mol) and evolution of fluid inclusions from the mineralized V2 and
V3 quartz veins for the N>-CO,-CHj system.

prevents the derivation of the salinity data from
both 7, ice and T, Cl. Salt content in type IV
ranges between 2.5 to 9% eq NaCl. These data
have been determined from T, ice, because
clathrate formation has not been observed.
Nevertheless, even if CH, hydrates are absent,
the presence of CH, in aqueous inclusions will
cause a depression of the freezing point of water
and, hence, an increase in the apparent salinity
because of the effect of the pressure on the ice—
water equilibria (Hanor, 1980; Roedder, 1985).
Therefore, the data given above can be higher
rather than true values. No reference concerning
the influence of N, on salinity estimates using
microthermometry has been recorded in the
literature.

Composition and molar volume data. Ten
inclusions from V2 and eleven from V3 veins have
been analysed by Raman spectroscopy. The
results are recorded in Table 2. Most of the
inclusions have intermediate compositions in the
CO,—CH,4-N; system. Experimental data on this
ternary system pertaining to microthermometric
analysis are not available. Therefore an approxi-

mation is made from published data on the
CO,-N,, CO,~CH,4 and CH4-N; binary systems
(van den Kerkhof, 1988b).

Type 1 fluid inclusions could be plotted within
the system CO,-CH, taking N, as CH,, i.e.
XeqCH4 = XCH, + XN; (Ramboz et al., 1985).
Such inclusions are characterized by T,,, CO» and
T,, CO, in the presence of a complex clathrate,
preventing a quantitative interpretation of these
measurements and the T,,, Cl in terms of molar
volume (V). Nevertheless, given that homogen-
ization of the CO, phase is into the vapour, and at
very low temperatures, high molar volumes and
low densities can be expected for the non-
aqueous part of type I inclusions.

A point to take into account is the presence of
carbon (less organized than graphite) in at least
one of these inclusions (Table 2), detected by
Raman spectroscopy. When carbon compounds
are present in fluid inclusions, VX properties
obtained from microthermometry and Raman
spectroscopy can be rather different from the
values of these parameters at trapping conditions
(Dubessy, 1984). This is due to chemical re-
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equilibration during cooling. Therefore, the com-
position obtained by spectroscopic analysis can be
slightly different from the composition at the time
of trapping.

Type Il inclusions approximate to compositions
in the CO,~-N, system. They nucleate gas
hydrates on cooling; however, no further hetero-
genization (F — L + V) in the non-aqueous part
of the inclusion has been observed. Therefore, no
molar volume calculations can be done since T;,
data are not available.

Type 1T inclusions can be plotted within the
CH,-N; system taking XN, + XCH, = 1, because
it is assumed that all CO, is partitioned in the
solid phase at 7, CH; + N,. Molar volume
calculations have been made in the VT diagram
for CH&-N; (van den Kerkhof, 1988b), with a
correction for solid CO, (V solid CO, = 28.2
cm’.mol™1). For inclusions with homogenization
into the liquid, the molar volume is about 63
cm®.mol~! and density around 0.44 g.cm™3. With
homogenization into the vapour phase more
abundant, it is not possible to calculate the molar
volume accurately. However, if homogenization
into the vapour phase is near critical, the molar
volume can be approximated as 77 cm>.mol ™! (V
for critical region, with CO, correction, van den
Kerkhof, 1988b) and therefore, the density is
about 0.37 g.cm ™. It can be concluded that type
I fluid is a low-density fluid, with density less
than 0.42 g.cm~3.

Type IV inclusions belong to the N,-CH,
system, but the absence of relevant 7, CH,-N,
data makes it impossible to calculate the molar
volume of their nonaqueous part. Given the
difficulty of such calculations for type I, IT and IV
inclusions, their bulk molar volume and bulk
compositions cannot be obtained.

Fluid evolution and genetic model

The composition of all four fluid inclusion types
are presented on a ternary N,-CH,~CO, (Fig. 5).
Evenif the lack of data on bulk composition poses
a problem, the evolution of the non-aqueous part
of inclusions can be obtained from this diagram.
In the studied quartz samples, gas compositions in
fluid inclusions are always characterized by CH,,
CO; and N, mixtures, from CO,-rich mixtures in
the earliest inclusions (type I) to N,-rich mixtures
in the latest inclusions (type IV). The tempera-
ture of total homogenization decreases in the
same direction. Hence, a progressive cooling of
the fluid is correlated with an N, enrichment of its
non-aqueous part.

The lack of water in the type III fluid could
bring into question whether these inclusions
belong to the same evolution line of 1, IT and IV
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aqueous-rich inclusions. Microscopic textural
observations support the contemporaneity
between type II and IIl inclusions and the
coexistence of these fluids of contrasted physical
features, notably density, suggests an immisci-
bility phenomenon at the time of trapping.

The immiscibility or boiling is described as the
coexistence of two phases of a given composition
in equilibrium along the solvus surface of the
system defined by the previously homogeneous
fluid (Pichavant et al., 1982; Touret, 1987).
Derived from this definition the boiling criteria
(Ramboz et al., 1982; Touret, 1987) are well
delimited, and severely constraint the interpre-
tation of the fluid-inclusion data in terms of
immiscibility.

Since some contemporancous relationships
between type II and type III inclusions may be
observed, these two types of inclusions could
represent liquid-rich and gaseous-rich unmixed
fluids respectively. Both types of fluid inclusion
are well represented in the same samples and they
often appear in the same regions of the sample.
They also sometimes occur in well separated
domains: type II occur in clusters, while type III
occur in trails. These different distributions do
not pose a problem regarding coexistence, since
boiling results in a sudden expansion of part of the
fluid (in this case to the low-density type I fluid)
and intense fracturing of the rock (Touret, 1987).
Hence, the vapour-rich inclusions are distributed
in arrangements reflecting the great expansion of
their molar volume, and the liquid-rich, less
mobile inclusions, remain in groups.

The two types of inclusion resulting from an
unmixing must homogenize in the same tempera-
ture range, one type into the liquid and the other
into the vapour; if one inclusion type decrepitates
before homogenization, the other type must
behave similarly. The type Il inclusions homogen-
ize into liquid between 190 and 330 °C, and show
decrepitation before homogenization between
230 and 310 °C. However, the type III inclusions
are water-free or, at least, the water volume is less
than 10%, the limit of detection by optical
microscopy. Therefore, Ty data are unattainable
from them and it is not possible to verify whether
this immiscibility condition is reached in this case
study.

Regarding the PT trapping conditions, in an
immiscibility phenomena they are fixed and
correspond to PT at homogenization. In the fluid
type II the decrepitation of the inclusions before
homogenization determine a P of about
0.9-1 kbar (Leroy, 979). Although this decrepi-
tation prevents a well defined peak in the Ty
histogram, the trapping temperature can be
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estimated at about 275-300°C. Note that since
decrepitation occur before homogenization is
achieved, the Ty for these inclusions must be
higher than their Tp. Isochores calculated for a
representative type III inclusion assuming 5%
(volume) of water (see appendix) give pressures
of 920 bars for T = 300°C, which is consistent
with the PT conditions obtained from the types I1
inclusions.

Animportant point is to determine whether the
unmixing of a given homogeneous fluid can give
rise 1o 4 type III fluid with less than 10% of water
(in volume) coexisting in equilibrium with the
fluid 11 at the described PTX immiscibility con-
ditions. In other words, type Il and type III
inclusions must fit with the immiscibility surface
of the relevant system.

Experimental data on the solvus surface for the
complex H,O-CO,—CH,—N, system are not avail-
able. However, a brief estimation can be made
with the H,O-CH, (Welch, 1973) and H,O-N,
binary systems (Japas and Franck, 1985) which
are, among the available experimental systems,
the closest to the fluid composition of interest. In
the PX projection of the two-phase region
(Fig. 6a, b) the 1 kbar isobar, crossing the 300 °C
isotherms, give two compositions in each
diagram: 80 mol% and 5 mol% CH, (Fig. 6a) and
N, (Fig. 6b) respectively. The bulk composition
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of the type III inclusions (calculated containing
less than 10% vol of water, see appendix) and
type II respectively are largely consistent with
these values. Therefore, it is possible that type 11
and Il inclusions are the two immiscible parts of a
previously homogeneous fluid.

Conclusion

The immiscibility phenomenon, in this case,
cannot be clearly demonstrated, since several
approximations are needed in the interpretation
of the data. However, it is clear that there is some
good evidence, and the occurrence of immisci-
bility is a plausible hypothesis.

Precipitation of gold and minor sulphides in V2
veins can be related to type I COs,-rich fluid
inclusions at temperatures in the region of 380 °C.
These inclusions and native gold occur only in V2
veins.

A subsequent drop in XCO, and cooling are
recorded in type II and III inclusions, the
unmixed parts of a previously homogeneous fluid
which boiled at 300 °C and 1 kbar due to sudden
drops of P in dilational jogs (V3 veins). In this
unmixing, the more volatile compounds are
partitioned in favour of the vapour phase and,
hence type T inclusions are richer in N, and CHy
than type II, which concentrates mainly H,O,
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Fi6. 6 (4, b). P-T-X diagram for the H,O-CH, (Welch, 1973) and H,O-N, (Japas and Franck, 1985) systems. CC =
critical curve. CP (H,O) == critical point for pure water. A and B: Compositional values given by the 1 kbar isobar
intersecting 300 °C isotherms. These compositions are consistent with type III and type II inclusions respectively.
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higher CO, and probably salts. This boiling
produced the precipitation of the stibnite, which
is the main mineralizing event in the Mari Rosa
deposit.

The type IV inclusions, the richest in H,O,
were probably derived from type II fluid and
represent a late fluid circulation, volumetrically
less important and at lower temperatures (Ty
between +190 to +275°C). This was the final
stage in the evolution of the fluid phase with a
total loss of CO, and maximum enrichment in N,.

In the absence of isotope and organic geochem-
ical data, the origin of the fluid is difficult to
ascertain. However, the observed abundance of
carbonaceous matter in the host rocks, notably in
the black shales, points to a biogenic origin for
nitrogen and carbon. During diagenesis and low-
grade metamorphism of organic-bearing sedi-
ments, nitrogen is stored as NH " in clay minerals
while carbon is retained as amorphous carbon
compounds. This origin has been reported for N,
in a number of metamorphic and geothermal
environments (Honma and Itihara, 1981; Kreulen
and Schuiling, 1982; Duit et al., 1986; Dubessy
and Ramboz, 1986; Darimont et al., 1988;
Bottrell et al.,, 1988; Dubessy et al., 1989).
However, even if the black shales could be the
source of these elements, the chloritic alteration
in the wall-rocks adjacent to the earlier miner-
alized veins (V2) and argillic in the later (V3)
indicate that the fluid was not in equilibrium with
the host rocks. This leads to the conclusion that
the original fluid was not necessarily a metamor-
phic fluid derived from these rocks but an external
fluid introduced into them.

The CO; present in the early fluid could be
either a primary characteristic of the initial
incoming fluid or the result of a fiuid-rock
interaction between host rock and fluid of the
type:

2C + 2H,0 = CO, + CH..

However, the progressive enrichment in N;
recorded in Mari Rosa fluid inclusions suggest
that consumption of CO; by the reaction (postu-
lated by Kreulen and Schuiling, 1982)

3CO, + 8NH; = 3CH, + 4N, + 6H,0

progressed to the point of total loss of CO, by the
fluid during its evolution.
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Appendix

Calculations of the bulk composition, bulk density and
isochores for a type III inclusion, assuming 0% and 5%
(volume) of H,O (method from Ramboz ez al., 1985).

1 - Df)dl

nH,O = S___f)_

18

Df.dv.ZCO,
nCO, =

Df.dv.ZCH,
nCH, =

44 — 16ZCH, — 28N,

Df.dv.ZN,

nNz =

44 — 16ZCH, ~ 28N,

ni
- VleO + nC02 + nCH4 + nny
d = (1 - Df) + Df.dv

Xi

—  Zxi.Mwtl
V="
d

0% H,O (Df = 1)
XCO, = 0.21
XCH,; = 0.18
XN, = 0.61
d=0.37g.cm™3
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V = 78 can®.mol !

5% H,0 (Df = 0.95)

Xl‘[zo = 0.16
XCO, =0.17
XCH, = 0.15
XN, =0.52
d=04gcem™
V = 68 cm®.mol !
Isochore: 275°C 857 bars
300°C 922 bars

The isochore was calculated with the Amsterdam—
Oslo fluid program, based on Holloway program
(Holloway, 1981).

Calculation of the bulk composition for a type II fiuid
inclusion, assuming dv: 0.37 g.cm™>

Since a dv calculation cannot be done in type II
inclusions, the bulk composition is approximated for a
density dv = 0.37 g.cm™ (density considered for type
III inclusion used in the above calculation).

Df = 0.15

2C0O, =04

ZCH, = 0.1 dv = 0.37 g.cm_3
ZN2 = 0.5

XH,O = 0.96

XCO; = 0.016 dv = 0.9 g.cm™
XCH, = 0.004 -

XN, = 0.02 V =20 cm’.mol ™!



