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Evolution of ore-forming fluids associated with late
Hercynian antimony deposits in Central/Western Spain:
case study of Mari Rosa and El Juncalon
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Abstract: Located in Central-Western Spain, the late Hercynian Mari Rosa and El Juncalén vein-type antimony
deposits are hosted by Late Precambrian metasedimentary rocks and are spatially related to Late Carboniferous/Early
Permian granitoids. At Mari Rosa, the following hydrothermal stages are recognized: 1) arsenopyrite-(pyrite),
2) stibnite-gold and 3) pyrite-(pyrrhotite-galena-sphalerite-chalcopyrite-tetrahedrite-boulangerite-berthierite-stibnite-
ullmannite-cobaltite). Only the second stage is of economic importance, containing massive stibnite. El Juncal6n
is characterized by a simple mineral paragenesis composed of stibnite with very minor pyrite. Gold is associated
with stibnite, which contains up to 30 ppm Au at Mari Rosa and up to 0.4 ppm Au at El Juncal6n.

Fluids associated with ore deposition lie in the H2O-NaCl-CO2-CH4-N2 system, but COz is absent in the El
Juncal6n mineralized rocks. The fluids cooled progressively, from initial circulation temperatures close to 400°C
in the early stages to temperatures of approximately 150°C in the late episodes. The fluid composition evolution
is also characterized by a progressive increase in the overall water content of the fluids and by an increase in the
relative proportions of N2 with respect to CHs and COz in the volatile fraction. At Mari Rosa, massive stibnite
deposition resulted from a boiling process at 300°C and 0.9-1 kbar. Unmixing of the fluid was induced by sudden
pressure drops associated with dilational jogs during low-angle fault movements. Cooling of the fluid is recognized
as the driving mechanism for stibnite deposition at 250°-270°C and 50-300 bars at El Juncalén.

Key-words: Spain, late Hercynian, fluid inclusions, antimony, boiling, PT conditions.

Introduction

Widespread plutonic activity in Central Iberia
during late Hercynian times resulted in a series
of U, P, Li, Sn-W, Sb and Pb-Zn mineralizations
within and around granitic massifs. The Albur-
querque and Entre-os-Rios batholiths in Spain
and Portugal respectively are examples of
granitic occurrences in the Central Iberian Zone
(CIZ) which contain spatially related Sb-(Au)
deposits (Fig. 1) (Portugal et al., 1971; Gumiel
et al., 1976; Gumiel & Arribas, 1987; Couto et
al., 1990). Even though comprehensive geologi-
cal and mineralogical studies were carried out on
the Iberian Sb mineralizations during the late
1970’s and early 1980’s (Gumiel, 1983; Gumiel
& Arribas, 1987), no data regarding the ore fluid

composition or evolution were available until
recently (Ortega et al., 1991 a, b; Ortega, 1993).

Among the Spanish Sb deposits, Mari Rosa
and El Juncalén, which are 200 km apart
(Fig. 1), display similar but also contrasting fea-
tures. These deposits crop out within the cores of
Hercynian anticlines and are spatially related to
late Hercynian granitic intrusions: Mari Rosa is
located 8 km north of the Alburquerque batholith
and El Juncaldn lies above hidden granitic
bodies. Host rocks are metasedimentary rocks of
Late Precambrian age. Major differences between
both deposits are clear in terms of the type of
structures hosting the mineralization: 1) minor
low-angle reverse faults and older subvertical
pinch-and-swell recrystallized metamorphic
structures in Mari Rosa, and 2) strike-slip faults
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Fig. 1. Location map showing the Mari Rosa and El Juncalén antimony deposits within the Central Iberian Zone,
Iberian Hercynian Massif. Only granitic outcrops (1) and major Hercynian folds within the Central Iberian Zone
are shown. W.A.L.Z.: West Asturian-Leonese Zone; G.T.O.M.Z.: Galician Tras Os Montes Zone; C.I.Z.: Central
Iberian Zone; B.C.S.Z.: Badajoz-Cdrdoba Shear Zone; O.M.Z.: Ossa Morena Zone. After Diez Balda et al. (1990).
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in the case of El Juncalén. The degree of com-
plexity of the mineral parageneses is also very
different: while a very simple assemblage char-
acterizes El Juncaldn (stibnite-gold-pyrite), a
complex assemblage is observed at Mari Rosa
(stibnite, gold, multiple sulphides and Pb, Cu, Fe,
Ni and Co sulphosalts). The stibnite ore textures
are also remarkably different, ranging from mas-
sive in Mari Rosa to scattered and discrete at El
Juncal6n. These contrasting features make the
deposits ideal for a comparison in order to obtain
a better understanding of antimony ore-forming
processes in Central Iberia.

General geology

The Mari Rosa and El Juncalén Sb minerali-
zations are hosted by monotonous metasedimen-
tary sequences (metagreywackes, phyllites and
slates) belonging to the so-called Schist Grey-
wacke Complex (Late Precambrian), a synoro-
genic flyschoid unit (Bascones & Martln
Herrero, 1982; Quesada et al., 1987). This unit
underwent deformation during the Cadomian and
Hercynian orogenies, and shows three defor-
mational episodes: F1 (620-550 Ma; Cadomian),
F2 (370-330 Ma; Hercynian) and F3
(Lower/Middle Carboniferous; Hercynian). The
F1 episode has a relic character and can only be
observed at the microscopic scale (S1). The F2
episode led to similar folds with subvertical axial
planes and associated penetrative cleavage (S»).
To the south of the study area, the F2 deforma-
tion gave rise to the Badajoz-Cordoba Shear
Zone, a NW-SE major mylonitic corridor sepa-
rating the Central Iberian and the Ossa Morena
Zones of the Hesperian Massif (Fig. 1). The F3
episode overprinted the F2 structures and gave
rise to a nonpenetrative crenulation cleavage (S3).
The late Hercynian event is characterized by
general extensional regime leading to major in-
trusions of granitoids (Doblas et al., 1994).
Coeval local compressional structures, such as
minor reverse faults hosting antimony minerali-
zation, can be also recognized within the area.
These faults are clearly post-Hercynian as they
cross-cut the previous cleavages. Regional
metamorphism during the Hercynian orogeny
(F2) resulted in greenschist facies assemblages
characterized by chlorite-(biotite)-muscovite-
quartz.

Some 8 km to the south of Mari Rosa, outcrops
of the Alburquerque batholith dominate the re-

gional geological framework. These granitoids
were intruded in late Hercynian times (Permian,
Rb/Sr: 286 + 3.6 Ma, Roberts et al., 1991) and
consist of peraluminous calc-alkaline, S-type
granites with high contents of NaxO, K>O and
P20s (Gallego & Gumiel, 1993). Their emplace-
ment took place under extensional conditions
after the Hercynian folding. The intrusions
generated major metamorphic aureoles consisting
of hornblende and albite-epidote hornfels facies
rocks. No granitoid outcrops are recognized
within the El Juncalén area, but a comprehensive
drilling, geophysical and geochemical survey car-
ried out by the ITGE during the 1980’s has
shown the existence of concealed granitoid
masses. These granitoids can be ascribed to the
same type and age as those of the Alburquerque
Batholith (ITGE, 1993).

Structure and mineralization
Mari Rosa

Given the complex structural and hydrothermal
history of Mari Rosa, the early vein terminology
(Ortega et al., 1991a, b) was revised and replaced
by a new one based on simple geometric relation-
ships. Thus, two types of veins can be defined:
Vp and Vo, i.e. veins respectively parallel and
oblique to the S> cleavage. Vp veins show pinch-
and-swell structures, contain minor mineraliza-
tion and strike N120°-130°/80°SW. These veins
are early metamorphic segregations formed
during F2. The hydrothermal mineral deposition,
however, corresponds to a later event (late
Hercynian) involving reopening, quartz recrystal-
lization and precipitation of a complex mineral
paragenesis. Vo veins are small bodies of mas-
sive stibnite hosted within dilational jogs occur-
ring along low-angle reverse faults striking N-S
to N20°/10°-30°E. They are clearly post-Hercy-
nian as they crosscut the structures developed
during the F2 and F3 compressions. A recent tec-
tonic synthesis of the Central Iberian domain re-
veals the existence of local compressional reg-
imes during the overall extensional collapse of
the Hercynian orogen (Doblas et al., 1994). Thus,
the existence of minor reverse faults may be re-
garded as a local feature rather than as a marker
of the Hercynian compressions. Based on these
criteria, the Vp and Vo hydrothermal vein in-
fillings are considered to be late Hercynian.

The mineralization developed during three hy-
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Fig. 2. Mineral paragenesis, alteration and fluid inclusions in the Mari Rosa deposit.

drothermal stages (Fig. 2): 1) arsenopyrite-
(pyrite)-quartz (Qp), 2) stibnite-gold-quartz
(Q2), and 3) pyrite-(pyrrhotite-galena-sphalerite-
chalcopyrite-tetrahedrite-boulangerite-berthierite-
stibnite-ullmannite-cobaltite)-quartz (Q3). The
stage | mineral assemblage is only observed in
Vp veins. The most noteworthing textural feature
is the second-stage stibnite, which is a massive
ore, with local intergrowths of native gold (up to
30 ppm Au; Ortega, 1993). Quartz displays a
high textural variability in all three hydrothermal
stages. Vp veins contain early stretched
metamorphic quartz (Qm) almost totally recrys-
tallized into hydrothermal quartz (Q-Q3). Qg is
clear and occurs as relic cores surrounded by
coarse-grained quartz (Qz) in Vp veins. Di-
lational phenomena in Vo veins have enabled the
formation of well-developed Q> euhedral quartz
crystals. Q3 is a finely crystalline quartz occur-

ring in both Vp and Vo veins along Q> crystal
boundaries.

Mineral deposition was accompanied by weak
hydrothermal alteration which does not extend
more than a few centimetres beyond the vein
contacts. The main stage of stibnite deposition is
associated with sericitization, which is clearly
marked by a sharp increase in the K2O/Na,O
ratio near the veins. Chlorite and carbonates
formed during the late stage.

El Juncalén

Although three stages of mineral deposition
are recognized at El Juncaldn, the mineralization
here has a rather different structural and hy-
drothermal history than at Mari Rosa. El Jun-
caldn is structurally controlled by a wrench fault,
striking N110°-130°/85°W for over 1 km, which
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Fig. 3. Mineral paragenesis, alteration and fluid inclusion in the El Juncalén deposit. * Type B and E inclusions
result from post-trapping modifications of some type A inclusions during brecciation (see text).

cuts across the Hercynian structures. The miner-
alization is hosted by the fault rock and by hy-
drothermally-altered tectonic breccias running
parallel to the main structure. The fault-hosted

Table I. Summary of microthermometric and Raman data for Mari Rosa quartz veins.

Type 1 Type I1 Type 111 Type IV
Vv/Vt 0.4-0.6 0.15-0.25 >0.9 0.1
Microthermometric data (°C)
Th CH-N, - - -138° to -121°C -
(L, Vor C)
Tm CO, -73.5t0 -61°C - -77.2° to -66°C -
Th CO, -45 10 -19°C (V) - - -
Tm ice - -6° to -2°C - -5.2°to -1.5°C
Tm Cl 9.5° to 14.5°C 5°to 8°C - -
TH 275° to 377°C 190° to 330°C - 160° to 266°C
Salinity - 3t09% * - 25t09%
(% eq NaCl)
Composition of vapour phase (Raman data)
XCO,: 0.61-0.34 | XCO,: 0.41-0.29 | XCO,: 0.21-0.14 | XCO,: n.d.
XCH,: 0.43-0.29 | XCH,: 0.23-0.06 | XCH,: 0.28-0.16 | XCH,: 0.24-0.23
XN,: 0.23-0.10 XN,: 0.60-0.43 XN,: 0.56-0.64 XN,: 0.77-0.76

mineralization occurs as lensoid-shaped bodies of
quartz and stibnite. In contrast to Mari Rosa,
quartz accounts for most of the vein filling, with
only discrete nests of radiating acicular stibnite

* Salinity maximum values, estimated from Tm ice in presence of clathrate. X in molar fractions. n.d.: not detected.
Tm CI: clathrate melting temperaure; Th: homogenization temperature of the non-aqueous fraction; TH: total
homogenization temperature in water-bearing inclusions.
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Table 2. Composition, molar volume and density for type III inclusions, considering 0% and 7% (vol.) H2O content.

L. Ortega, E. Vindel

IF 2MR46 2MR50 2MRI116 2MRI117 MR66  MR70  MRIS84
0% (vol.) H,0

XCO, 0.17 0.14 0.21 0.21 0.21 0.195 0.18
XCH, 0.26 0.28 0.22 0.23 0.18 0.165 0.18
XN, 0.57 0.58 0.57 0.56 0.61 0.64 0.64
Th -1248L -1253L  -1204V  -121.1V  -1284V -1296V -131.1V
Xv 0.83 0.86 0.79 0.79 0.79 0.805 0.82
Vv 70 66 100 100 105 105 120
Xs 0.17 0.14 0.21 0.21 0.21 0.195 0.18
Vs 28.2 28.2 28.2 282 28.2 28.2 282
Vit 62.9 60.7 84.9 84.9 88.9 90.0 103.5
dt 0.44 0.44 0.34 0.34 0.33 0.32 0.28
7% (vol.) H,0

XCO, 0.13 0.11 0.155 0.155 0.15 0.14 0.30
XCH, 0.21 0.225 0.16 0.17 0.13 0.12 0.125
XN, 0.45 0.46 0.425 0.415 0.45 0.46 0.125
XH, 0.21 0.205 0.26 0.26 0.27 0.28 0.45
o

dt 0.48 0.48 0.39 0.39 0.38 0.37 0.33
Vit 535 51.9 67.5 67.5 70.55 69.8 77.85

X for 0% H>O from Raman analysis; Vv values obtained from the TX diagram of the CH4-N2 binary system (van
den Kerkhof, 1988). Calculation procedure from Ramboz et al. (1985). X: molar fractions, v cm3/mol, d: g/cmj.
Xv and Vv: molar fractions and molar volume of the volatile fraction; Xs and Vs: molar fractions and molar
volume of the solid COz; Vt: total molar volume; dt: total density.

crystals. Stibnite in the tectonic breccias occurs
as veinlets cross-cutting both fragments and
matrix. Of the three hydrothermal stages, only
the second resulted in stibnite deposition, the first
one depositing minor pyrite and quartz, while
minor barren quartz was formed in the last stage
(Fig. 3). Gold has not been detected optically in
the studied samples, but chemical analyses of the
ore reveal a mean value of 0.4 ppm (Gumiel &
Arribas, 1987). Quartz occurs as polygonal
aggregates of crystals (stage 2) with relic
brecciated cores (stage 1). Hydrothermal altera-
tion evolved from a strong argillic-sericitic
alteration in the first stage towards milder condi-
tions in the second (minor sericite and chlorite).
No alteration mineral assemblages are recognized
in the third stage. Brecciation between stages |
and 2 created the adequate conditions for major
fluid circulation which ultimately gave rise to

deposition of stibnite during the peak of stage 2.
This brecciation episode can be clearly bracketed
in time since the breccia clasts include highly
altered (argillic-sericitic assenblage: stage 1) rock
fragments.

Fluid inclusions

Fluid-inclusion studies were carried out on
quartz from the Mari Rosa and EI Juncalén min-
eralized veins. Microthermometric analyses were
performed using a Chaixmeca stage (Poty er al.,
1976), calibrated at low temperatures with CO»
fluid inclusions and toluene standards. Volatiles
composition was determined in selected inclu-
sions by Raman microspectrometry on a Jobin-
Yvon U-1000 (BRGM, Orléans) and on Dilor
Microdil-28 (Free University, Amsterdam)
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Table 3. Summary of microthermometric and Raman data for EI Juncal6n.

Type A Type B Type C Type D Type E
Al Al A]

Vv/Vt 0.5-0.8 | 0.3-0.5 0.2-0.3 0.3-0.5 0.1-0.2 < 0.1 >0.9

Microthermometric data (°C)

Tm ice -2.9t0-0.2 241007 25t0-1.3 -2.8t0-0.8 2.1t - -
0.5

TH 300 to 380 285 t0 350 | 345to 385 207 to 295 164 to -
218

Salinity 0.5t0 4.8 1.3t0 4 231042 1.4t0 4.6 0.8t03.5 -

(% NaCl)

Composition of vapour phase (Raman data)

CH, XN,:0.66-0.50 n.d. CH,
XCH,:0.50-0.44

X: molar fractions; n.d.: not detected; Tm: melting temperature; TH: total homogenization temperature.

Raman microprobes. Fluid-inclusion data are
summarized in Tables 1, 2 (Mari Rosa) and 3 (El
Juncaldn).

Mari Rosa
Inclusion types

Four types of fluid inclusions were observed
within the quartz veins. Type I, II and IV corre-
spond to biphase water-bearing inclusions
(Vapour volume/total volume, Vv/Vt = 0.4-0.6,
0.15-0.2 and < 0.1, respectively), while type III
typically appears as monophase vapour inclu-
sions at room temperature. The volatile composi-
tion belongs to the system CO2-CH4-N>, ranging
from COz-rich (type I) to Na-rich (type IV) mix-
tures.

The relative chronology of the inclusions is
well established. Type I occurs as isolated inclu-
sions in clear cores of quartz crystals (Qi). They
are the earliest inclusions in the hydrothermal
history of the deposit, predating the Vo veins for-
mation since they only occur in Vp veins. By
contrast, the remaining types (II, III and IV) are
observed in both Vp and Vo veins.

Type II and III are primary inclusions in Vo
veins which were trapped contemporaneously;
both types II and III are seen to delimit the
growth faces of idiomorphic quartz (Q32), either
sharing the same planar arrays or within sepa-
rated parallel alignements (Fig. 4 a, b). This dis-
tribution indicates the existence of a hetero-

geneous fluid during trapping (Roedder, 1984).
Small grains of stibnite were observed along the
growth faces of idiomorphic quartz, indicating a
close relationship between type II/III inclusions
and the mineralization. Other common occur-
rences correspond to groups of abundant type II
inclusions (with some type III) and planar ar-
rangements of type III inclusions. Occasionally,
water-bearing type Ill-like inclusions (Fig. 4 c)
also appear in the same zones as the other types.
In Vp veins, both type II and type III inclusions
are secondary and occur in clusters or along frac-
tures, postdating the type I inclusions.

Finally, type IV inclusions usually occur as
secondary inclusions in healed fractures in both
Vp and Vo veins, cross-cutting both Q; (Vp
veins) and Q> quartz. They are also scattered in
the late Q3 microcrystalline quartz.

Fluid inclusion data

Type I inclusions are two-phase at room
temperature with a degree of filling (Vv/Vt) of
around 0.4-0.6%. They have Tm CO; between
-73.5 and -61°C which is well below the triple
point of pure CO (-56.6°C), due to the presence
of CHy4 and N». Th! CO; fall within a wide range

" Th: homogenization temperature of the non-aqueous
fraction; TH: total homogenization temperature in
water-bearing inclusions.
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Fig. 4. Mari Rosa: A. Type II and type III inclusions scattered along the same alignement, parallel to a quartz
growth face. B. Type II and type III inclusions occurring within adjacent growth faces in idiomorphic quartz. C.
Water-bearing type Ill-like inclusions which represent the mechanical trapping of both L and V phases resulting
from boiling. El Juncalén: D. Isolated type C inclusions corresponding to the second hydrothermal stage.

between -45 to -19°C (V). The temperature at  clathrate, resulting in a strong enrichment of CHy
which this phase transition takes place is signifi-  and N> in the non-aqueous part of type I inclu-
catively affected by the formation of a COxz-rich  sions, hence yielding values of Th CO» that are
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lower than expected. However, the difficulty of
holding low temperatures for long enough with
our equipment to achieve clathrate equilibration
has also to be taken in account. Ice melting is
difficult to measure accurately because of bubble
size and clathration; observed values range from
-8.4 to -3.8°C. Clathrate melting temperatures
range from 9.5° to 14.5°C. Total homogenization
(TH!) occurs between 275° and 377°C (Fig. 5),
generally into the liquid and sometimes shoeing
critical behaviour.

Calculations of molar volume for intermediate
compositions in the CO2-CH4-N> system are not
possible with the available VX diagrams. How-
ever, in certain cases these values can be esti-
mated from the appropriate binary subsystems by
calculating pseudo-compositions (Ramboz et al.,
1985; Thiéry et al., 1994). For type I inclusions,
severe restrictions to the molar volume calcula-
tion in the CO>-CHy4 system arise from incon-
sistencies between Th CO> and Raman data at
room temperature since compositions do not
intersect (or do so at unrealistic values) with the
homogenization isotherms in the CO2-CHy sys-
tem (van den Kerkhot, 1988; Thiéry et al., 1994).
This behaviour may be due either to: 1) the
clathrate present at Th CO», and/or 2) the ap-
proximation of type I volatile composition to a
binary system (CO>-CHas) is not correct in this
case, given the high molar fractions of the third
volatile component (up to 0.23 N3). Therefore,
the determination of molar volumes from micro-
thermometric data is not possible in these inclu-
sions.

Type II inclusions are, together with type III,
the most abundant in all samples. The former are
biphase at room temperature and have a rela-
tively constant degree of filling (Vv/Vt) between
0.15-0.25% (Fig. 4 a, b). These inclusions show
complex microthermometric behaviour. On cool-
ing, the observed phase transitions involve the
nucleation of ice in the aqueous fraction and the
simultaneous nucleation of a solid phase, inter-
preted as a complex clathrate (Ortega et al.,
1991b), within the non-aqueous part of the inclu-
sion. In spite of the presence of volatiles such as
CO», CHy and N, no further phase transitions
were observed in these inclusions on cooling
down to -170°C. The clathrate became invisible
a few degrees below Tm ice ie. -6° to -2°C.
Following a cyclic multistage cooling model
(Collins, 1979), the final dissociation temperature
for this clathrate is estimated to be within the
range 5°C-8°C. Total homogenization took place

between 190 to 330°C (L) (Fig. 5). However,
decrepitation prior to final homogenization was
also very common in these inclusions, ranging
from 230° to 310°C (Fig. 5). This behaviour, ob-
served in inclusions larger than 15 um, indicates
an internal pressure at decrepitation of 0.9-1 kbar
(Leroy, 1979; Bodnar et al., 1989), which corre-
spond to minimum trapping pressures.

Both the presence of complex clathrates and
the absence of phase transitions at low tempera-
tures prevent any calculation of molar volume for
type II inclusions. Clathrates also affect salinity
estimations, although maximum values of salin-
ity between 3 and 9% eq. NaCl can be obtained
from Tm ice.

Type I inclusions appear to be monophase at
room temperature (Fig. 4 a, b, c¢), although the
existence of small amounts of water (< 10% in
volume) cannot be ruled out. Below -110°C,
N>-CH4 liquid and vapour phases coexist with
solid CO»s. Temperatures of homogenization
range from -138° to -121°C (L, V or near criti-
cal), while solid CO2 sublimates between -77.2°
and -66°C. Partial molar volume calculations can
be made from Th CH4-N> and Raman data
in the system N>-CHs (van den Kerkhof,
1988; Table 2), with the assumption that all CO»
is partitioned into the solid phase at this tempera-
ture. Total molar volume is obtained by applying
a correction which corresponds to molar volume
of solid COz (V = 28.2 cm3.mol-!). Total molar
volumes for selected type III inclusions range
from 60.7 to 62.9 cm3.mol-! for those homogen-
izing into L, and from 84.9 to 103.5 cm3.mol-!
for those homogenizing into V near critical con-
ditions. These values are lower if minor amounts
of water are considered. For example, maximun
values of 70.15 cm3.mol-! can be obtained for
inclusions homogenizing in V with 10% vol
H»O0.

Occasionally, type Ill-like inclusions with an
aqueous liquid phase (< 30% vol) were observed
(Fig. 4 c.). Their microthermometric behaviour at
very low temperatures is similar to that of type
IIT inclusions. Other phase transitions observed in
these inclusions correspond to the melting of a
gas hydrate between 9° and 15°C, with total ho-
mogenization into vapour between 340° and
385°C. This group of inclusions is very rare com-
pared to the typical monophase type III inclu-
sions.

Type IV consists of small (< 10 um) biphase
inclusions, with a degree of filling (Vv/Vt) of up
to 0.1. The non-aqueous part is composed of Na



664 L. Ortega, E. Vindel

EL JUNCALON MARI ROSA

Frequency Frequency
oOonN b O ® O M B O D omvM s 0o ® O 8RO @O
N
~ 1 1 1 1 1 1 1 1 L 1 1 1 1 '} 1 A 1
° N
o
g ” g
< 31 —~
© © - <
4 8 @ T ]
T w 'B O- CD
S8 Qo z
S 8 > g P
o
& + P
g W 2 °
(<]
S
N
o
@ >
w
Frequency Frequency
Frequency on d o ®m OB D@ O
on b o @O RO D 8
1 1 1 1 1 1 1 1
& 1 N
<
S =1 —
o T < by <
o ° o
=4 R (4]
z ] o 3 2
—_ o —
S =
N
O 3 > g =
I © I
8 o
8 1 ® @ S
(]
— — =z
o T i
> < 1]
0 ¢} ©
- - ~
*
Frequency Frequency
o c o oSS 3 a2 ONDd O ®ORBPO RS
N N -] 1 1 1 1 1 1 L 1 n
1 L 1 1 1 Lot o1 D ;_
o
< <
- o hel ;_
g zl S —
H © 40 5
I g1 (o) 3:5 o S
S O o % =
0 ~ &1
= 2 z = <
1 I\ I
N w ° o
S N -
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vein types at Mari Rosa.
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with minor CH4 (Table 1). However, no phase
transitions were observed in this fraction on cool-
ing to -170°C. On warming, ice melting took
place between -5.2° and -1.5°C and there is no
evidence of clathrates. Total homogenization
temperatures are scattered between 160° and
266°C (L), with two peaks in the TH histogram:
a main one corresponding to 190°C and a second-
ary one located at 250°C (Fig. 5).

In these inclusions, the absence of relevant Th
(N2-CH4) prevents the calculation of molar
volumes for their non-aqueous constituents, and
hence, also the bulk molar volumes and composi-
tions. Salinity, estimated from Tm ice in the
absence of clathrate, ranges between 2.5 and 9%
eq. NaCl.

El Juncalén
Inclusion types

Based on optical (number of phases and degree
of filling) and compositional features, five types
of inclusions are recognized?. Most of them are
water-bearing inclusions (types A, B, C and D),
but monophase vapour inclusions (type E) are
also observed. However, the latter may contain
up to 10% vol. H2O without being detected by
optical means. The fluid-inclusion types are
(Table 3):

- Type A: (L+V). Inclusions with very variable
vapour/liquid ratios (Vv/Vt = 0.8-0.2). Three
subgroups are distinguished: A; (0.8-0.5), A>
(0.5-0.3) and A3 (0.3-0.2). CHs4 is the only
volatile component detected by Raman in most
of the inclusions.

- Type B: (S+L+V). Vv/Vt = 0.3-0.5. No
volatiles were detected by Raman. The solid
phase does not disolve on heating, thus suggest-
ing that it is a trapped solid rather than a daughter
mineral. Raman analysis of this phase showed
similar but less intense Raman spectrum as the
host mineral (quartz).

- Type C: (L+V). Vv/Vt = 0.1-0.2. Vapour phase
is composed of N2 (X > 0.5) and CHa.

- Type D: (L+V). Vv/Vt. < 0.1 No Raman data
available.

- Type E: Vv/Vt > 0.9. CHs-bearing inclusions,
with up to 0.1 vol. H20.

% To avoid confusion with the Mari Rosa fluid inclu-
sion types, letters (A to E) are used to denote the El
Juncalén types.

Type A, B and E inclusions occur in the
brecciated cores of polygonal quartz crystals.
These are dark areas characterized by closely-
spaced trails of leaked and open inclusions,
in which regularly shaped inclusions (type A, B
and E) are scattered. The coexisting type A, B
and E inclusions show common features such as
similar composition (H20 + CHy) and microther-
mometric data (salinity and TH), but also some
striking differences, mostly regarding the degree
of filling. These highly variable vapour/liquid ra-
tios can be explained as the result of leakage in
some of the inclusions, with partial or total loss
of water as a consequence of post-trapping brec-
ciation. As stated above, a brittle deformation
took place between stages 1 and 2 along the fault
zones (Fig. 3). Therefore, all these inclusions
belong to the same fluid circulation episode and
correspond to relic inclusions trapped during
stage 1.

Both type C and D occur within the rims of
the polygonal quartz crystals or cross-cutting
the cores. Type C appears as isolated inclusions
(Fig. 4 d), in groups or within arrays. They post-
date types A, B and E and are not affected by the
brecciation episode. Finally, type D inclusions
are secondary and are confined to sealed cracks,
postdating all the other types.

Fluid inclusion data

Type A inclusions are very abundant and
correspond to biphase H2O-NaCl-CHy inclusions.
The Raman signal is rather weak, suggesting a
low fluid density. This is supported by the
absence of phase transitions within the vapour
phase on cooling to -170°C. Tm ice between
-2.9°C and -0.2°C indicates a salinity lower than
5% eq. NaCl. The presence of clathrate can rarely
be recognized above 0°C. TH in these inclusions
ranges between 285° and 390°C, generally into
the liquid, although critical homogenization is
often observed in A; and A inclusions. Higher
TH values are observed with increasing
volumetric ratios (Vv/Vt), with two populations
distinguished in the TH histogram (Fig. 5): a
maximum at 345°C corresponding to type A and
A2z (along with type B, described below; all
together Vv/Vt > 0.3) and another at 320°C rep-
resents type A3 (Vv/Vt < 0.3). As stated pre-
viously, some of these inclusions show evidence
of post-trapping leakage. Only type A3, charac-
terized by lower volumetric ratios and a well-
defined individual TH peak, are considered to
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represent the original fluid circulating when type
A inclusions were trapped.

In these inclusions, the absence of phase tran-
sitions in the vapour phase at low temperatures
indicate a density of CH4 below 0.02 gr.cm-3
(data from Deaton & Frost, 1946; Angus et al.,
1976; in Durisova et al., 1992). Bulk composi-
tion and density were calculated from a selected
Aj inclusion based on the method by Ramboz et
al. (1985) and Ramboz & Charef (1988). The
density for the aqueous phase containing 2.6 wt %
NaCl is 1.01 gr.cm3 at 25°C (Potter & Brown,
1977). Total content of CHy4 in the fluid is up to
0.044 mole fraction, along with 0.006 mole frac-
tion NaCl and 0.95 mole fraction H>O. The bulk
density of the inclusion is 0.812 gr.cm-3. Since
the amount of volatiles can be considered as
negligible, the homogenization pressure can be
obtained from the H>O-NaCl system: PH = 106
bars for TH = 318°C.

Type B shows Tm ice between -2.5 and -1.0°C,
indicating salinities between 2 and 4% eq. NaCl,
while TH are between 345° and 385°C (L or C).
No volatiles were detected in the vapour phase
by Raman analysis. By their characteristics, type
B inclusions are equivalent to type Aj but they
also contain trapped solids phases. For this rea-
son, type B homogenization temperatures are
plotted in the same histogram as type A inclu-
sions (Fig. 5).

Type C (Fig. 4 d) are HoO-NaCl-N>-CHy in-
clusions and their microthermometric behaviour
at low temperature is very similar to that of type
II inclusions at Mari Rosa. On cooling, approxi-
mately when the water freezes in the liquid part,
a round solid phase (probably clathrate) nucleates
within the bubble. No further changes are ob-
served in the volatile fraction as the temperature
is lowered to -170°C, indicating a very low den-
sity. On warming, the clathrate is not observed
above -25°C to -10°C although final melting,
estimated during a cyclic cooling (Collins, 1979),
occurs around +5°C. Tm ice between -2.8°C and
-0.8°C indicates salinities between 1.5 and 5%
eq. NaCl. The influence of clathrate on Tm ice
can be considered as negligible given that bulk
concentration of volatiles (i.e. CH4 and N») is
low (Collins, 1979; Hanor, 1980). Furthermore,
salinities in the range of the other water-bearing
inclusions support this asumption. Total homo-
genization occurs between 200 and 300°C (L)
with a maximum of 250°C (Fig. 5).

Type D are small aqueous inclusions, with
Vv/Vt < 0.1. Raman data of the vapour phase

L. Ortega, E. Vindel

could not be obtained. Tm ice is between -2.1°
and -0.5°C, with salinities ranging from 0.8 to
4% eq. NaCl. TH is between 160° and 225°C into
the liquid (Fig. 5). This type of inclusion is sim-
ilar to the type IV of Mari Rosa.

Finally, type E inclusions are monophase at
room temperature and are composed of CHy,
although they may contain up to 10% vol. H2O.
No phase transitions were observed on cooling to
-170°C. However, the development of a water
rim was observed in one type E inclusion during
a heating cycle, increasing in volume with
temperature. Total homogenization for that inclu-
sion was TH > 400°C into L. This behaviour sug-
gest that type E inclusions could be similar to
type A inclusions, with a Vv/Vt > 90%.

Discussion and conclusions

Mineral deposition and fluid evolution
Mari Rosa

The early stage of mineral deposition is char-
acterized by aqueous-carbonaceous fluids (type I
inclusions) circulating at a minimum temperature
of 300 £ 50°C (Table 4). This hydrothermal stage
is only recorded in Vp veins in which minor ar-
senopyrite and traces of pyrite precipitated along
with quartz (Q1), obliterating most of the older
metamorphic quartz texture.

The second stage is the most noteworthy event,
leading to the deposition of a massive stibnite ore
containing up to 30 ppm Au (Ortega, 1993)
within Vo veins. Evidence of boiling during this
stage is provided by the coexistence of liquid-
rich (type II) and vapour-rich (type III) inclu-
sions. In this process, the more volatile com-
ponents were preferentially partitioned towards
the vapour fraction resulting in a higher concen-
tration of CH4 and Ny in type III V-rich inclu-
sions (Fig. 6). Since homogenization PT values
equal trapping PT if boiling is achieved (Ramboz
et al., 1982), microthermometric data for type II
inclusions indicate that 0.9-1 kbar and 275-300°C
are the most probable PT conditions for this
stage. Besides, isochores calculated? from repre-

* Isochores were calculated using MRK equation of
Holloway, with the FLINCOR computer program
(Brown, 1989).
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position of coexisting fluids has been made from
PTX projection of the two-phase region in the

sentative type III inclusions (with 7% vol. H20O)

300°C,

which are consistent with the values obtained
from type II inclusions. Experimental data for the

H>0-CO2-CHs-N2 system are not available.

indicate pressures of 0.9-0.95 kbar at T

H>0-CH4 (Welch, 1973) and H2O-N> (Japas &

Franck, 1985) binary systems. According to this

estimation, for the given PT conditions, the mole
fraction of volatiles is 0.75-0.8 (V-rich fluid) and

However, an estimation of the theoretical com-
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El Juncalén

Cco,

Mari Rosa

Fig. 6. Composition (molar fraction) and evolution trends for volatiles in the ternary system CO2-CH4-N> for Mari

Rosa and El Juncal6n fluids.

0.05 (L-rich fluid) (Ortega et al., 1991b). These
values are consistent with the bulk composition
of type III (containing H>O < 10 % vol., Table 2)
and type II inclusions, respectively, thus reaf-
firming that they are the end-members of an
immiscibility process. Since barren quartz con-
taining type II and III inclusions is found in Vp
veins, it is assumed that the fluid was already
unmixed when circulating through these veins.
Therefore, mineral deposition must have been
strongly controlled by the mechanical behaviour
of Vo veins, allowing the formation of dilational
jogs during fault movement. This resulted in
fluid influx into the open cavities and subsequent
pressure drops (e.g. Sibson, 1987, 1990) which
triggered fluid unmixing and massive precipita-
tion of stibnite. This process must have been sus-

tained for as long as the cavities remained
opened to the circulation of fluids.

The third hydrothermal stage is characterized
by mainly aqueous fluids (type IV inclusions)
associated to the deposition of a wide variety of
sulphides and sulphosalts of Pb, Cu, Fe, Ni and
Co (Table 4). The upper temperature limit for
this late stage is defined by the previous boiling
episode at 300°C, and was probably no higher
than 270°C (maximum TH; Fig. 5). No major
changes in salinity are recorded from stage 2
(liquid-rich fluid) to stage 3.

The overall fluid evolution in the deposit
shows a decreasing trend in the temperatures of
circulation and a progressive enrichment in the
bulk water content. Besides, volatile composition
shows N> enrichment towards the late stages of
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Fig. 7. Homogenization temperatures (TH) versus salinities in fluid inclusions from El Juncalén.

fluid evolution. The fluid which unmixed and
gave rise to populations II and IIT in Mari Rosa
had a volatile composition located between the
two corresponding domains in the gas triangle
(Fig. 6). Hence, an increase in the relative pro-
portions of N2 occurred during cooling after
population I was trapped. This evolution trend
continued until the third hydrothermal stage.

El Juncalon

Intense argillic-sericitic alteration developed at
El Juncalén during the first hydrothermal stage,
along with the precipitation of minor pyrite (Fig. 3,
Table 4). During this stage, a HoO-NaCl-CHy4
fluid circulated at a minimum temperature of
320°C (TH mode for type A3 inclusions) and a
minimum pressure of 100 bars. The second hy-
drothermal stage postdates a brecciation episode
resulting from strike-slip movement along the
main fault. During this stage, stibnite filled
cracks and cavities within the recrystallized
quartz and cemented the breccia. Fluid inclusions
associated with stibnite deposition (type C) con-
tain a N2-CHy-bearing aqueous fluid (Table 3;
Fig. 6). In contrast to the case at Mari Rosa, no
evidence indicates the existence of boiling during
this stage. Minimum circulation temperatures are
around 250°C (modal TH, Fig. 5). Since this fluid
contained very-low-density gases, their influence
on PT evolution can be considered as negligible.
Therefore, minimum P can be estimated in the

H>0-NaCl system (Brown & Lamb, 1989), yield-
ing values as low as 50 bar. If antimony solubil-
ity data (Spycher & Reed, 1989; Krupp, 1988)
are taken into account, saturation in antimony
seems improbable above 270°C (Munoz et al.,
1992). For a fluid inclusion with 2.7 wt. % NaCl
and TH = 250°C (Fig. 7), the corresponding
isochore* yields a pressure value of 300 bar for
a temperature of 270°C. This constrains the prob-
able PT conditions for stibnite precipitation at El
Juncalén within the range 250-270°C and 50-300
bar. As shown in Fig. 7, the mineralizing fluid at
El Juncal6n underwent simple cooling with no
major changes in salinity (at around 1-5 wt %
NaCl), a trend that is maintained until the end of
the hydrothermal history. According to experi-
mental data (Wood et al., 1987; Krupp, 1988) a
decrease of fluid temperature (e.g. from 350°C to
200°C) would dramatically reduce antimony
solubility by a factor of up to ten, leading to pre-
cipitation of stibnite even from initially under-
saturated solutions. Therefore, simple cooling
seems to be an adequate mechanism for stibnite
precipitation at El Juncalén. Finally, the third hy-
drothermal stage is characterized by mainly
aqueous fluids trapped at minimum temperatures
of 190°C (modal TH) with salinity values within

* Isochore calculated with FLINCOR program (Brown,
1989) in the H,O-NaCl with the equation of Brown &
Lamb (1989).
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the same range as the previous stages. No metal
deposition is associated with this stage.

Mari Rosa and El Juncalén: contrasting cases

Fluids associated with ore deposition in Mari
Rosa and El Juncalén (Table 4) belong to the
H>0-NaCl-CO2-CH4-N> system, with the excep-
tion of CO, which is absent at El Juncalén. They
evolved by progressive cooling from initial circu-
lation temperatures close to 400°C in the early
stages to around 150°C in the late episodes. In
both deposits, the volatile fraction of the fluids
recorded an enrichment in N2 during the hy-
drothermal evolution. Besides, there was an in-
crease in the bulk water content. Salinity stayed
at moderate values (<9 wt. % NaCl) during the
whole process. However, major differences arise
from the contrasting ore depositional mecha-
nisms. At Mari Rosa, massive stibnite deposition
resulted from immiscibility developed at 300°C
and 0.9-1 kbar. Unmixing of the fluid was in-
duced by sudden pressure drops in dilational jogs
during the low-angle faults movements. Simple
cooling of the fluid, with no salinity changes,
was the driving mechanism for stibnite deposi-
tion around 250°-270°C and 50-300 bars at El
Juncalén.

Differences in the temperature of stibnite pre-
cipitation between Mari Rosa and EI Juncalén
can be explained in terms of the mechanism of
precipitation involved in each deposit. Ore solu-
tions are likely to be saturated in antimony only
below 270°C (Munoz et al., 1992). According to
experimental data (Wood et al., 1987; Krupp,
1988) a decrease in the fluid temperature would
dramatically reduce antimony solubility, leading
to precipitation of stibnite. However, phase sep-
aration during boiling at Mari Rosa would have
led to a strong partitioning of antimony towards
the liquid phase (e.g. Spycher & Reed, 1989),
which would have resulted in saturation and sud-
den precipitation of stibnite at 300°C, a tempera-
ture higher than the value predicted from solubil-
ity calculations. The contrasted precipitation
mechanisms also account for most of the textural
features of the deposits, with massive minerali-
zation at Mari Rosa and low stibnite/quartz ratios
at El Juncal6n. Boiling at T < 300°C would result
in the precipitation of similar amounts of quartz
and metals, while simple cooling would induce
deposition of about ten times more silica with the
same amount of metals (Drummond & Ohmoto,
1985).

L. Ortega, E. Vindel

Finally, pressure data for both deposits indicate
that El Juncaldn corresponds to a relatively shal-
low-seated deposit, while Mari Rosa formed at a
deeper level. In this sense, attention should be
paid to the fact that late Hercynian granites do
not crop out in the area of El Juncalén. It should
be noted that this deposit is located within the
boundary between the so-called "Suboutcroping
Granite Zone" and the "Deep Seated Granite
Zone" (ITGE, 1993). Since these concealed
granitoids are equivalent to those of the Albur-
querque Batholith, erosion rates should have
been very different, thus allowing preservation of
a relatively shallow-seated deposit such as El
Juncalén.

Late Hercynian Sb mineralizations in France,
Portugal and Spain: a comparison

By the end of the Hercynian orogeny both the
Hesperian Massif and the French Massif Central
had become overthickened and overheated un-
stable masses which eventually collapsed through
major low-angle extensional detachment systems
in late Hercynian times (Seranne & Malavieille,
1993; Doblas er al., 1994). Extension in the
French Massif Central is directly related to the
formation of Sb veins during West-
phalian/Stephanian times. Low-angle detach-
ments pumped up hydrothermal fluids to near-
surface level (ca. 1000 m) where stibnite
deposition could take place (Munoz et al., 1992).
In contrast to the French Massif Central, the
extensional collapse of the Spanish Hercynian
Massif (Carboniferous/Permian) mainly affected
its central part (Spanish Central System; Doblas
et al., 1994). The western sector (western Spain,
Portugal) does not show clear-cut structural in-
dicators of similar phenomena during the same
time-span. This is to be regarded as a distal tec-
tonic zone which most probably underwent syn-
extensional deep delamination enhancing heat
flow, lower crustal melting and magma genera-
tion (e.g. Inger, 1993; Platt & England, 1994).
Coeval local compressions (e.g. low-angle
reverse faults at Mari Rosa) may have occurred
in response to upper crustal accomodation in the
west in response to the extensional collapse
taking place in the central part of the Hesperian
Massif. Under these conditions, late Hercynian
plutonic activitiy would have resulted in an
elevation of the geothermal gradient which
would have triggered widespread hydrothermal
activity as observed in the western part of the
Iberian Peninsula. These processes gave rise to a
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senopyrite, pyrite and Pb, Zn and Cu sulphides

wide variety of mineral deposits: Sn-W, Sb-Au,
Pb-Zn, among others (Gumiel & Arribas, 1987;

Couto et al., 1990; Ortega, 1993).

and/or sulphosalts (Tables 4 and 5). Gold is as-

sociated either with early arsenopyrite (France,
Portugal) or with stibnite (Spain). Ore-forming
fluids are aqueous-carbonaceous solutions during

The mineralogy of the late Hercynian Sb-Au
deposits of the Iberian Peninsula and France is

the early stages, evolving to mostly aqueous

characterized by stibnite as the main ore mineral,

fluids through the course of hydrothermal activ-

with the almost ubiquitous presence of minor ar-
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ity. However, the presence of N2 and CHy as sig-
nificant components in the fluids of the Spanish
deposits contrasts with the Portuguese and
French examples in which CO; is the main
volatile. Temperatures for fluid circulation are
within the same range in all cases, with stibnite
precipitation between 260° and 300°C. Pressure
conditions vary from | kbar (Mari Rosa, Spain)
to a maximun of few hundred bars (El Juncal6n,
Spain, and the French deposits), thus indicating
different depths for antimony deposition. Finally,
progressive cooling of the fluids resulted in stib-
nite precipitation in most of the deposits, excep-
tat Mari Rosa where fluid immiscibility was the
triggering factor for mineral deposition. As a
whole, post-orogenic antimony metallogeny in
the Iberian Peninsula and France shows a fairly
similar pattern, with some special features at
Mari Rosa. The main differences result from the
local geological setting which developed within
an overall extensional regime during the late
Hercynian times.
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