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ABSTRACT

The Point Rousse listvenites of the Baie Verte ophiolite belt, northern Newfoundland, are potential sites of gold mineral-
ization. They are interpreted to have been formed during obduction-related deformation and the accompanying hydrothermal
alteration of ultramafic rocks. These unusual rocks have much in common with those from other altered serpentinite-associ-
ated gold deposits. Mineralized listvenites display widely varying morphologies and metallic mineral assemblages, but all
examples are intimately related to fault zones that bound slices and blocks of carbonatized ophiolite.

Several stages of hydrothermal alteration have been recognized in the Point Rousse listvenites. The hydrothermal miner-
al assemblages are controlled largely by temperature, XCO2, and oxygen and sulphur fugacity. The transformation of the rocks
to talc–carbonate schists (listvenites) by Ca-CO2-S and As-rich solutions liberated large quantities of silica that were subse-
quently mobilized and re-deposited to form silicified rocks and quartz-vein networks.

High-magnesian chlorites found in the listvenites have estimated formation temperatures of circa 200°C, which are con-
sistent with the presence of pyrite and millerite in listvenites and birbirites (silicified ultramafic rocks). Gold that is present
in trace amounts in some of the sulphides in the ultramafic–mafic rocks, appears to have been mobilized and deposited dur-
ing hydrothermal alteration, during several deformational stages. The Point Rousse listvenites and their associated Au min-
eralization are a subject of interest for future research, and also for mineral exploration in the area.

INTRODUCTION

One of the most important aspects of mineral explo-
ration is the recognition of distinct rock types that form
markers for economically significant minerals. Amongst
these, rocks recording hydrothermal alteration and metaso-
matism are perhaps the most valuable. Hydrothermal and
metasomatic alteration products are a function both of the
mineralogy of the original rocks and subsequent fluid-rock
interactions. The influence of hydrothermal fluids in ter-
ranes composed of ultramafic rocks results in a wide spec-
trum of metasomatic rocks, including the distinctive associ-
ation termed ‘listvenite’. Listvenite, sensu stricto, consists
mostly of quartz, carbonate and chromium-rich mica that
formed in response to the carbonatization of ultramafic
and/or ophiolitic rocks. They are commonly associated with
other metasomatic rocks, including quartz–carbonate rocks,
talc–silica–carbonate-rich rocks and serpentine–talc–chlo-
rite–carbonate rocks.

The term listvenite was first introduced by Rose (1837,
1842) to describe the silica–carbonate metasomatic rocks
that host gold-bearing quartz lodes from the Listvenaya
Gora in the Ural goldfields (sequence is described in Halls
et al., 1991). Transliteration from the original Russian has
resulted in a number of different spellings for listvenite over
the years, including 'listwanite' and 'listwaenite'. This matter
was addressed by Halls and Zhao (1995), where they sug-
gested that 'listvenite' should be used because it is the best
translation from the Russian of the geographic feature the
rocks were named after. Furthermore, as their description
was about likely correlative rocks from Ireland, it seems
appropriate to follow their nomenclature. Listvenites that
are spatially associated with low-temperature Au, Hg, As,
Co, and Ni mineralization are the most economically impor-
tant set of metasomatic rocks derived from ultramafic pre-
cursors. The replacement of serpentine and forsterite by sta-
ble Mg-carbonate minerals is also of environmental interest
because such reactions have the ability to fix anthropogenic

1



CURRENT RESEARCH, REPORT 09-1

carbon dioxide (Seifritz, 1990). Globally, carbon sequestra-
tion through the process of carbonatization offers virtually
unlimited capacity and the promise of safe, permanent stor-
age of CO2 with little risk of accidental release (Guhthrie et
al., 2001; Hansen et al., 2005).

Other mineralized listvenite outcrops occur in the
Québec Appalachians known as the Eastern Metals deposit
and host Ni–Cu–Zn deposit (Auclair et al., 1993). These
occurrences consists of two mineralized areas, a northern
Ni–Zn zone and a southern Cu–Ni–Zn–Co–Au–Pt zone. The
disseminated and massive sulphides are hosted by intensely
carbonatized and silicified rocks at the sheared contacts
between serpentinite and graphitic slate.

This study deals with the metasomatic rocks found in
the Point Rousse ophiolite, Baie Verte, Newfoundland (Fig-
ure 1). This report emphasizes the petrography and mineral
geochemistry of the Point Rousse listvenites and their pos-
sible mechanism of generation. Future work will be focused
on lithogeochemistry and stable isotopes compositions.

GEOLOGY AND FIELD RELATIONS

The Point Rousse complex is part of the Baie Verte
ophiolite belt and belongs to the Notre Dame Subzone of the
Dunnage Zone of the Newfoundland Appalachians (Figure
1). It consists of variably altered and deformed remnants of
an ophiolite suite that are exposed along the Baie
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Figure 1. Location of the Point Rousse complex, Baie Verte Peninsula.
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Verte–Brompton Line. The Point Rousse complex includes
serpentinite, ultramafic cumulates, gabbro, and sheeted dia-
base dykes, and a supracrustal section of mafic volcanic,
volcaniclastic and sedimentary rocks. Listvenites are
exposed adjacent to a shear zone related to the Baie
Verte–Brompton Line. The shear zone likely formed a path-
way for the hydrothermal fluids needed for formation of
listvenites. There is still some uncertainty regarding the
listvenites in the study area (Plate 1) and their association
with dunites or harzburgite cumulates.

Listvenites that occur in the Point Rousse complex are
mostly composed of quartz carbonate (ankerite, magnesite
and dolomite) and talc, chlorite and/or fuchsite, and are
accompanied by disseminated pyrite and other accessory
minerals such as chalcopyrite and magnetite. Chromite,
which is the most refractory primary mineral in ultramafic
rocks, is preserved within the listvenite mineral assemblages
(Plate 2).

PETROGRAPHY

Samples were collected from several sites from the
Point Rousse. Most of the listvenites are fine- to medium-
grained rocks in which no traces of the original mineral
assemblage remain. Hand specimens of the sampled rocks
have a granular white-flecked appearance due to the mixture
of white minerals. Brown-weathered surfaces are caused by
the weathering of ankerite/magnesite to limonite (Plate 3).

The listvenites are classified into two broad categories,
which are termed ‘silica-poor’ and ‘silica-rich’. The silica-
poor listvenites exhibit two mineralogical associations: i)
rocks dominated by magnesite–ankerite and chlorite (sam-
ples SNB 07 – E01-A02, SNB 07 – E01-B03, SNB 07 –
E01-B01, SNB 07 – E01-A02-1, Plate 4); and ii) rocks dom-
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Plate 1. Point Rousse listvenites outcrops, Baie Verte ophi-
olite belt, Newfoundland.

Plate 2. An outcrop showing characteristics of listvenite
breccias.

Plate 3. Listvenite appearance caused by the weathering of
ankerite to limonite.

Plate 4. Ankerite and chlorite.
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inated by dolomite, talc, and fuchsite, also containing relict
chromite, magnetite and ± pyrite and chalcopyrite (SNB 07
– E01-13, SNB 07 – E01-C01, SNB 07 – E02-A04, SNB 07
– E02-A03, SNB 07 – E 02-A01, SNB 07 – E01-E01, SNB
07 – E01-D01, SNB 07 – E01A-03; Plate 5).

The silica-rich listvenite is composed of dolomite, talc
and quartz. This rock type is locally intruded by secondary
quartz veins that are rich in pyrite and chalcopyrite (SNB 07
– E13, SNB 07 – E02A02, SNB 07 – E01A02-2; Plates 6
and 7).

MINERAL GEOCHEMISTRY

METHODS

Mineral compositions were obtained from thin sections
by electron microprobe using a WDS-CAMECA SX 50
instrument at the Serveis Cientificotècnics of the Universi-
tat de Barcelona (Spain). Excitation voltage was 20 kV and
beam current 15 nA, except for analyses of Cr-rich spinel for
which a current of 20 nA was preferred. Most elements were
measured with a counting time of 10 s, except for Ni, V and
Zn (30 s).

CHLORITE

The chlorite is penninite (Mg-rich chlorite; Table 1),
which is close to the Mg-rich composition of the listvenite's
protolith, as shown in Figure 2. The high Mg content of the
chlorites is more typical of chlorites that are associated with
ore-bearing rocks. However, their Si content is relatively
low and falls within the field for hydrothermally altered
rocks. This could be due to the precipitation of pyrite and
magnetite that consume the FeO present in the system and
force chlorites to more Mg-rich compositions.

CHLORITE THERMOMETRY

It is generally accepted that the composition of chlorite
is related to the physicochemical conditions of formation. In
the range 50 to 400°C, both the structure and the chemistry
of the chlorite group changes from swelling varieties of tri-
octahedral character (smectite to mixed layers types) at
lower grades to true chlorites (sensu stricto) at higher
grades. Cathilenau (1988) demonstrated that the [IV]Al con-
tent of chlorites in hydrothermally altered andesite increas-
es with the temperature and can be used as a geothermome-
ter. This change is accompanied by an increase in [VI]Fe and
a decrease in the octahedral vacancy. In addition to the
Al–Si substitution, Fe–Mg substitution in chlorites reflects
changes in temperature (Kranidiotis and McLean, 1987) and
the oxygen and/or sulphur fugacity of the contemporaneous
fluids.

4

Plate 5. Dolomite and talc associations.

Plate 6. Birbirite composed of dolomite and talc with
quartz.

Plate 7. Quartz in birbirites.
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The results from the application of various geother-
mometers to the chlorites analyzed are summarized in Table
2. It can be seen that the temperatures calculated using dif-
ferent calibrations differs by ~80°C in some samples. The
Kranidiotis and MacLean (1987) geothermometer is better
calibrated for highly magnesian chlorites such as those in
this study (Table 2, column 4). Hence, the estimated tem-
perature based on this thermometer is about 200°C. A criti-
cal assessment of the validity of the calculated temperatures
may be achieved with the help of other independent meth-
ods, such as fluid-inclusion thermometry.

TALC

Talc is variably enriched in FeO (FeO>7.5 wt%). These
compositions compare well with those of typical hydrother-
mal talc, which is often distinctly more iron rich than meta-
morphic talc and frequently shows distinct populations in a

single site with either moderately or highly ferroan compo-
sitions (e.g., Evans and Guggenheim, 1988; Shau and Pea-
cor, 1992).

CARBONATES

The carbonate minerals are dolomite, ankerite and mag-
nesite (Table 3). Dolomite is generally associated with talc
minerals and magnesite is associated with ankerite.

SULPHIDES

The major sulphide phase present in the studied sam-
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Table 1: Chlorite compositions of the samples collected in this study

Sum
Sample SiO2 TiO2 Al2O3 Cr2O3 FeO MnO MgO CaO Na2O K2O ZnO NiO H2O(c) Ox%

A02-1-2 33.36 0 14.54 0.72 7.84 0 30.42 0 0.03 0 0.08 0.3 12.47 99.77
A02-1-3 33.14 0.03 14.06 0.53 9.12 0 30.22 0 0 0 0.07 0.22 12.4 99.78
A02-1-4 33.74 0 14.39 0.44 4.63 0.04 33.14 0 0 0 0 0.21 12.59 99.18
A02-1-5 32.63 0.01 14.79 0.37 7.17 0.02 31.35 0.01 0.02 0 0.05 0.28 12.41 99.12
A02-1-6 32.56 0.03 14.18 0.4 9.1 0 29.57 0 0.02 0 0.01 0.27 12.22 98.37
A02-1-7 38.46 0.02 12.63 0.26 6.94 0.03 31.3 0 0 0 0 0.21 13.04 102.91
A02-1-10 32.82 0.02 14.38 0.45 6.42 0 32.23 0 0.02 0 0.03 0.25 12.45 99.06
A02-1-11 32.93 0 14.33 0.52 6.53 0 31.93 0.01 0 0.01 0.01 0.31 12.43 99.02
A02-1-12 32.97 0.01 14.37 0.49 5.64 0.04 32.86 0.02 0 0.02 0.01 0.25 12.5 99.18
A02-1-13 32.96 0 14.81 0.51 5.7 0.02 32.35 0.01 0 0.01 0.04 0.26 12.51 99.19
A02-1-15 32.99 0.02 15.06 0.12 4.65 0.05 33.15 0.03 0 0.01 0 0.31 12.54 98.95
A01-1-21 30.79 0 15.81 1.41 7.69 0.01 29.19 0.04 0 0 0 0.67 12.14 97.77
A01-1-22 32.23 0.01 14.26 1.36 7.45 0.06 29.73 0.06 0 0.01 0.01 0.59 12.2 97.97

Figure 2. Chlorite classification.

Table 2. Chlorite thermometry: 1) Cathelineau and Nieva
(1985); 2) Cathelineau (1988); 3) Hiller and Velde (1991);
4) Kranidiotis and MacLean (1987); 5) Zang and Fyfe
(1995)

Sample 1 1 2 3 4 5

A02-1-2 187 246 196 74 197 207
A02-1-3 188 263 196 74 198 206
A02-1-4 186 260 193 70 191 211
A02-1-5 199 271 214 102 208 221
A02-1-6 190 260 200 81 201 208
A02-1-7 118 170 90 126 139
A02-1-8 156 232 148 165 176
A02-1-9 212 288 233 132 217 238
A02-1-10 197 277 210 97 205 219
A02-1-11 195 271 207 91 203 217
A02-1-12 197 278 210 97 204 221
A02-1-13 197 268 211 98 204 221
A02-1-14 220 313 244 150 224 245
A02-1-15 199 271 214 102 205 224
A01-1-21 226 261 254 165 236 246
A01-1-22 199 247 213 101 208 219
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ples is pyrite (Plates 8 and 9) with inclusions of chalcopyrite
and a third mineral rich in Au and Hg (Table 4) that is
presently unidentified (Plate 10). The presence of a Hg–Au
phase in pyrite suggests that epithermal mercury-precious-
metal deposits may form an analogue for metasomatism and
mineralization in the Point Rousse listvenites. Thompson
and Thompson (1996) defined the silica–carbonate alter-
ation, which is common in mercury and precious-metal
deposits of epithermal type, as a low-temperature event
formed by CO2-rich springs in a wide stability field ranging
between 17 and 200°C. Craig (1973) proposed temperatures
below 200°C for the presence of pyrite and millerite in
listvenites and related rocks (Auclair et al., 1993). These
data are consistent with the preliminary inferences from
chlorite geothermometry.

SPINEL

Spinel is the only magmatic phase that is preserved in
listvenites and has  been shown to be a sensitive petrogenet-
ic indicator in ultramafic rocks. Despite the generally high

degree of alteration, spinel has retained relict cores. Relict
cores show an intermediate composition with Cr# 0.60
(Plates 11 and 12). The borders are altered to ferrichromite
and are enriched in Zn, in the samples where chromite is in
contact with carbonate minerals such as magnesite and
ankerite. In one sample (E01-P3-14; Table 5), the spinel has
a magnetite composition (Plate 13). The Mg# is variable
between 37 and 75 and plot within the array of depleted
Izu–Bonin–Marians (IBM) SSZ peridotites. The incompati-
ble oxide TiO2 is low, less than 0.05%. The SSZ peridotites
are characterized by spinels that have much higher Cr# than
abyssal peridotites, which indicates significantly higher
degrees of partial melting in the SSZ peridotites compared
to abyssal peridotites. Models of partial melting at anhy-
drous conditions of 'fertile MORB mantle' (FMM) have
shown that spinels with Cr# 0.60 are the response to ~30%
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Table 3. Carbonate compositions of the samples collected for this study

Carbonate
Stonia- Rhodo- Magne-

Label FeCO3 MnCO3 MgCO3 CaCO3 SrCO3 nite chrosite site Siderite Calcite

E01-P3-15 14.68 0.18 82.41 0.22 0.02 0.011 0.143 88.211 11.432 0.196 MAGNESITE
E01-P3-16 10.12 0.08 90.05 0.08 0 0.002 0.059 92.318 7.55 0.072 MAGNESITE
E01-P3-19 1.95 1.47 41.81 51.51 0.25 0.165 1.228 47.594 1.612 49.4 DOLOMITE
E01-P3-20 18.26 0.12 87.74 0.17 0.01 0.006 0.089 86.645 13.119 0.14 MAGNESITE
E01-P3-21 2.66 0.06 42.95 51.82 0.17 0.111 0.05 48.411 2.181 49.211 DOLOMITE
E01-P3-22 14.36 0.46 81.26 1.06 0.01 0.007 0.36 87.428 11.244 0.962 MAGNESITE
B01-26 9.11 0.07 90.5 0.31 0.02 0.012 0.056 92.852 6.804 0.27 MAGNESITE
E13-28 31.93 0.59 67.6 0.25 0.04 0.024 0.473 73.872 25.39 0.235 MAGNESITE
E13-29 10.96 0.27 83.05 0.27 0.01 0.007 0.218 90.791 8.718 0.248 MAGNESITE

Plate 9. Pyrite crystals in the listvenite.

Plate 8. Pyrite crystals.
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Plate 10. Pyrite crystal with chalcopyrite and arsenopyrite
inclusions.

Table 4. Sulphide compositions. Samples with totals below 61% are arsenopyrite with Au mineralization; studies are ongo-
ing

Label S W% Fe W% Cu W% Ag W% Sn W% Au W% Hg W% Pb W% Sum W%

A02-1-p1 53.24 46.39 0 0.04 0.05 0 0 0.21 99.93
A02-1-pS1 52.92 46.45 0 0.03 0.01 0.01 0.17 0.12 99.71
A02-1-pS2 52.46 45.9 0 0.03 0.03 0 0 0.19 98.61
A02-1-pS3 53.3 46.87 0.12 0.01 0.06 0.05 0.04 0.15 100.6
A02-1-pS4 25.94 13.02 61.12 0.12 0.03 0.05 0 0.06 100.34
A02-1-pS5 34.72 30.59 34.29 0.06 0.02 0.06 0 0.12 99.87
A02-1-pS6 53.15 45.81 0 0.05 0.1 0.08 0 0.12 99.31
A02-1-pS7 31.61 29.13 0 0.06 0.04 0.22 0.08 0.04 61.17
A02-2-pS8 53.38 46.61 0 0.02 0.06 0 0 0.14 100.21
A02-2-pS9 53.6 46.22 0.02 0.03 0.05 0 0 0.15 100.08
A02-2-pS10 53.53 46.58 0.03 0.02 0.03 0.04 0 0.22 100.45
A02-2-pS11 17.09 3.71 0.01 0 0.01 0 0 0.03 20.85
A02-2-pS12 31.49 28.96 0 0.03 0.02 0.15 0 0.14 60.78
A02-2-pS13 34.79 30.99 34.28 0 0.02 0 0 0 100.09
A02-2-pS14 34.66 30.47 34.06 0.01 0.05 0.02 0 0.07 99.35
A02-2-pS15 53.53 46.43 0 0.03 0.05 0.01 0 0.12 100.18
A02-2-pS16 31.35 25.09 0.03 0.03 0.05 0.17 0 0.05 56.78
A02-2-pS17 31.6 25.09 0.05 0 0.07 0.28 0 0.14 57.23
A02-2-pS18 32.82 21.67 0.06 0.03 0.05 0 0 0.12 54.75
A02-2-pS19 53.69 46.66 0.02 0.04 0.04 0 0 0.18 100.63
A02-2-pS20 0.2 53.33 0.08 0 0.05 0 0.03 0.02 53.71
A02-2-pS21 34.82 30.96 34.22 0.02 0.04 0 0.04 0 100.09
A02-2-pS22 34.73 30.56 34.49 0.01 0.02 0 0 0.08 99.89
A02-2-pS23 53.14 45.45 0 0.03 0.04 0.02 0 0.21 98.9
A03-2-pS23 53.55 46.38 0 0.04 0.05 0.01 0.02 0.16 100.21
A03-2-pS24 0 34.79 0.04 0.06 0.06 0 0 0.03 34.99
A03-2-pS25 53.67 46.25 0 0.04 0.06 0 0 0.07 100.08
A03-2-pS26 33.57 28.75 33.31 0.05 0.03 0.14 0.02 0.13 96

Plate 11. Chromite with primary cores and ferrichromite
rims.
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of batch melting. Thus, the chemical compositions of spinels
in the Point Rousse listvenites are consistent with the for-
mation of their ultramafic precursors in a SSZ forearc set-
ting (Figures 3 to 6).

GENESIS OF ALTERATION

Several genetic models have been proposed to explain
the formation of silica–carbonate alteration assemblages.
These models require the presence of structural features
such as thrusts, faults or a micro-fractured and porous host-
rock, to provide conduits for the hydrothermal fluid input.
These models also require specific physicochemical charac-
teristics for the fluids. For example, the Eastern Metals
Ni–Cu–Zn deposit in the Québec Appalachians required
introduction of Ca, CO2, S and As-rich solutions with low
fO2 and fS2 and high temperatures (>350°C) to account for

carbonatization, and high fO2 and fS2, combined with mod-
erate to low temperatures to account for silicification
(Auclair et al., 1993).

The oxygen and sulphur fugacity (fO2 and fS2) are con-
sidered to be critical factors in the formation of sulphide
phases during serpentinization following metasomatism.
Frost (1985) proposed that CO2-rich fluid infiltration into a
primary peridotite at temperatures below 400°C can produce
a significant amount of carbonate with a narrow margin of
quartz and magnesite at the rims of the peridotite. He also
noted that the oxygen fugacity will show a sharp rise in the
carbonatized zone according to the extremely low-fO2 con-
ditions present at the serpentinization front. For a constant
sulphur value in the rock, the fugacity of sulphur would vary
sympathetically with that of oxygen. These arguments indi-
cate that precipitation of sulphide species during the alter-
ation requires high fO2 as well as fS2.

8

Plate 13. Magnetite crystals.

Table 5. Spinel compositions of the samples collected for this study

Label MgO Al2O3 SiO2 TiO2 VO2 Cr2O3 MnO FeO(t) NiO ZnO Sum O

E-01-p2-1 5.55 21.47 0.08 0.04 0.24 45.04 0.15 27.46 0.1 0.58 100.72
E-01-p2-2 2.93 21.2 0.04 0.05 0.23 44.15 0.14 30.19 0.17 1.4 100.5
EP1-P2-3 2.26 20.93 0.04 0.02 0.16 43.57 0.12 29.39 0.08 3.26 99.83
4 1.13 16.62 0.06 0.03 0.17 42.49 0.15 34.11 0.07 3.32 98.15
E01-P2-5 2.04 19.46 0.06 0.01 0.24 45.11 0.14 29.21 0.06 3.36 99.69
E01-P2-6 0.57 11.05 0.05 0.02 0.23 43.26 0.22 39.64 0.13 2.08 97.25
E01-P3-11 2.6 19.81 0.06 0.02 0.24 44.53 0.11 31.37 0.13 1.64 100.5
E01-P3-12 1.0 16.52 0.09 0.0 0.26 43.45 0.14 34.52 0.08 3.29 99.34
E01-P3-14 0.0 0.0 0.04 0.37 0.13 0.54 30.52 66.51 0.06 0.05 98.22

Plate 12. Chromite with primary cores and ferrichromite
rims.
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The pH and temperature of the fluid are also important
factors that control the nature and crystallization of the alter-
ation assemblages. Changes in these conditions create tem-
poral and/or spatial phase differentiation. Silicon solubility
increases in high-pH and high-temperature environments, so
the silicification is achieved by a fluid with a lower pH and
temperature during interaction with the wall rock. In con-
trast, the absence of silica indicates a higher pH and moder-
ate to high-temperature fluid, which holds the silica in solu-
tion and facilitates carbonate precipitation.

9

Figure 4. Field for eastern Cuba peridotites (hazburgite
and dunite) is from Proenza et al. (1999a, b) and Marchesi
et al. (2006).

Figure 6. Al2O3 values <20 wt% imply high degrees of man-
tle melting and are typical of spinels from SSZ mantle peri-
dotites and island arc (Kamenetsky et al., 2001).

Figure 3. Fields of different peridotite types are from com-
pilation of Dupis et al. (2005). The arrow represents the per-
centage of melting of the host peridotite (Hirose and
Kawamoto, 1995).

Figure 5. Modified from Pearce et al. (2000). FMM – fertile
MORB mantle; SS – South Sandwich; IBM – Izu–Bonin–
Mariana; BON – Boninites; IAT – Island-arc tholeiites; SS
TFI – South Sandwich Trench Fracture Zone intersection.
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There are various studies on the formation and temper-
ature of the silica–carbonate assemblages. A maximum tem-
perature range between 350 and 400°C is suggested for a
stable quartz–dolomite assemblage at XCO2 varying between
0.1 and 0.5 at 1 kBar. Spiridonov (1991) determined a for-
mation temperature ranging between 280 and 340°C in CO2-
rich fluid inclusions in larger quartz grains of listvenite-like
metasomatic rocks associated with gold deposits of Arme-
nia. Hansen et al. (2004) suggested that some listvenites can
form directly from unserpentinized ultramafic rocks. In this
model, assemblages of uncarbonatized antigorite + relict
olivine, brucite and orthopyroxene are transformed to
assemblages containing antigorite + magnesite + talc +
quartz. However, the reaction sequence described in most
studies of listvenites starts with serpentinization reactions
that consume olivine + orthopyroxene to form serpentine +
magnetite.

In the Point Rousse ophiolite, evidence for these reac-
tions has not been observed in the studied samples. This
could be explained by a major carbonatization front formed
by a fluid with high temperature and pH that produces the
complete destruction of antigorite and reacts to formation of
a dolomite + talc + chlorite assemblage, or the carbonatiza-
tion of an unserpentinized protolith in the manner suggested
by Hansen et al. (2004). At lower temperatures, increase of
fO2 and fS2, and lower pH, leads to a new assemblage of
quartz + magnesite + ankerite that overgrows the original
alteration assemblage, whereas a further decrease in temper-
ature leads to the precipitation of pyrite and other sulphides
at about 200°C, as suggested by chlorite thermometry data.

MODEL OF OCCURRENCE

Deformation associated with obduction creates frac-
tures that become pathways for externally derived
hydrothermal fluids. High-temperature (>350 to 400°C),
high-pH fluids rich in SiO2, Ca and CO2 flush through the
faults and are forced upward through the fractures. Such
process is typical of active hydrothermal fields in near-rift,
off-axis settings and sediment-covered spreading centres.

Carbonatization of the rock takes place due to water-
rock interaction, where Ca and CO2-rich fluid reacts with
Mg-rich host rocks. These reactions result in the formation
of widespread dolomite. Frost (1985) indicates that high fO2

conditions in a H2S-rich fluid should decrease the solubility
of sulphides and result in the precipitation of these phases.
As sulphide-bearing assemblages are present in the carbon-
ate-rich rocks in the study area, a fluid characterized by high
fO2 and H2S-rich fluid at every stage of alteration is
required, especially in the final silica-rich, low-temperature
stages. The high fO2 and fS2 at decreasing temperatures
(–250°C) promotes precipitation of magnetite and pyrite.

The silica and pyrite–magnetite-rich metasomatic rocks are
observed together in the field where they are associated with
structures such as breccias and mylonites (Plate 14). Hence,
we infer that deformation must be an important factor in
focusing fluid flow during the last stage of alteration.

CONCLUSIONS

Listvenites and related metasomatic rocks are the prod-
ucts of a hydrothermal system reacting with ultramafic
rocks. They are important first-order exploration guides.
Late-stage geological structures that could facilitate the
remobilization of metals within the listvenites are important
secondary controls. The metal content of the deposits in
listvenites is dictated not only by the initial composition of
the ultramafic rocks, but also by the surrounding rock units.
Precipitation of the observed metallic mineral assemblages
is mainly controlled by oxygen and sulphur fugacity varia-
tions under moderate to low temperatures. Gold present in
trace amounts in ultramafic–mafic rocks is mobilized and
deposited during hydrothermal alteration in sulphides and
arsenides, and then re-precipitated in late-stage structures.

The Point Rousse listvenites were formed by the
hydrothermal alteration and tectonic deformation of obduct-
ed ultramafic rocks and have much in common with listven-
ites described elsewhere. They should thus be considered a
potential target for Cu–Au mineralization, and perhaps also
for Zn and Ni, based on analogues in Québec. Despite wide-
ly varying morphologies, host rocks, and metallic mineral
assemblages in this deposit class, all examples are intimate-
ly related to fault zones that bound slices and blocks of car-
bonatized ophiolitic ultramafic rocks.

The hydrothermal mineral assemblages in the Point
Rousse listvenites are controlled largely by temperature,
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Plate 14. Different stages of fluid intrusion. Note change of
foliation and pyrite mineralization.
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XCO2, and oxygen and sulphur fugacities. The transformation
of the rocks to talc–carbonate schist (listvenite) by Ca-CO2-
S and As-rich solutions liberated important quantities of sil-
ica that were subsequently mobilized and re-deposited to
form quartz-rich rocks and quartz vein networks. Similar sil-
ica–carbonate alteration in epithermal mercury and pre-
cious-metal deposits originates as a low-temperature event
formed by CO2-rich springs in a wide stability field ranging
between 17 and 200°C. These data are consistent with the
presented mineral associations and chlorite geothermometry
and suggest that more studies must be developed in aim to
discover Au mineralization associated to the Point Rousse
listvenites origin.
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