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ABSTRACT

Boron is commonly associated with gold mineralization, as suggested by the widespread occurrence of tourmaline in gold-
bearing quartz veins. Axinite, a calc-silicate ofboron, is rarer than tourmaline and generally is not observed in association with
auriferous zones. This paper documents occurences of ferro-axinite associated with gold--copper-rich quartz veins at the
Cooke mine, near Chibougamau, in Ore Abitibi greenstone b€lt. At the Cooke mine, pinkish violet ferro-axinite commonly
occurs in auriferous quartz veins, in baren calcite-quartz extension-related veins, in hydrothermal breccias, and within or near
late brittle faults. Cross-cutting relationships and strain compatibility indicate that the late brittle faults and the gold-hosting
structures were formed in a relatively short period of time. The FeO content of the axinite is high (87o), whereas MgO is low
(270). Composition variations are limited and do not seem to conelale with distinct environments of formation, despite the dif-
ferent modes of occurrence. The formation of ferro-axinite is considered to occur where carbonatization is limited so that the
available Ca combines with B, Fe, and Si from the hydrothermal fluid to form ferro-axinite rather than tourmaline. This reac-
tion occurred early, as the ferro-axinite is commonly attached to the walls of the veins, whereas the sulfides surround and part-
ly replace the ferro-axinite. The similarity in composition of the feno-axinite associated with mineralized veins and with late
brittle faults suggests that bottr structures were infiltrated by the boron-rich fluid. The formation of feno-axinite rather than
tourmaline is also strongly promoted by a Ca- and Lon-rich environment. The study illustrates the strong influence of the com-
position of the host rock and of the hydrothermal fluid on the formation of feno-axinite.
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Quebec.

Sotwtarns

Le bore est communement associ6 aux mindralisations aurifdres, comme le suggdre la pr6sence fr6quente de tourrnaline
dans les veines de quartz awifdre. L'axinite, un calco-silicate de bore, est plus rare que la tourmaline et n'est g6n6ralement pas
associ6e aux zones aurifbres. Nous documentons la pr6sence de la ferro-axinite associ& b des veines de quartz riches en or et
en cuivre i la mine Cooke, prbs de Chibougamau, dans la ceinture de roches vertes de fAbitibi. A la mine Cooke, l'axinite
1gse violac6 est repandue dans les veines de quartz aurif€re, dans des veines d'extension st6riles compos6es de calcite-quartz,
dans des brbches hydrothermales, et dans des failles cassantes tardives, ou d proximit6 de ces demibres. Les relations de
recoupement et de compatibilit6 de la d6formation indiquent que les fatlles tardives cassantes et les structures h6tes de la
min6ralisation aurifbre se sont form6es durant une p6riode relativement courte. I.e contenu en FeO de I'axinite est 6lev6 (envi-
ron 8Vo), alors que celui en MgO est fuble (4Vo). ks variations en composition de la ferro-axinite sont limit6es et ne sem-
blent pas pouvoir €tre associ6es d des milieux de formation sp6cifiques malgr6 les diff6rents types de mise en place. La forma-
tion de la ferro-axinite serait 1i6e i un milieu oi la carbonatisation est faible; ainsi, 1e Ca disponible se combine avec le B, Fe,
et Si provenant du fluide pour former la ferro-axinite plut6t que la tourmaline. Cette rdaction se produit pr6cocement, 6tant
donn6 que la ferro-axinite est gdndralement afrach& aux murs des veines, alors que les sulfures entourent et remplacent par-
tiellement la ferro-axinite. La prdsence de ferro-axinite de composition similaire associ6e aux veines min6ralis6es et aux failles
cassantes tardives indique que les deux structures ont 616 infiltr6es par le fluide riche en bore. La formation de ferro-axinite
plutdt que de tourmaling ss1 (gals6ea1 fortement influenc6e par I'abondance de Ca et de fer disponibles dans le miliel de for-
mation. Cefie 6tude illusre I'influence de la composition de la roche-h6te et du fluide hydrothermal sur la formation de la
ferro-axinite.

Mots-cl6s: ferro-axinite, or, cuiwe, bore, feldspath potassique, sill de Bourbeau, mine de Cooke, Chibougamau, ceinture de
roches vertes de I'Abitibi, Qu6bec.

* Contribution num6ro 92-513G-19 du Ministbre de I'Energie et des Ressources du Qu6bec.
** Present address: Commission gdologique du Canada, Centre gdoscientifique de Qu6bec, 2700, rue Einstein, C.P. 7500'
Sainte-Foy, Qu6bec GlV 4C7.
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INTRoDUSIIoN

The association of boron with gold mineralization
is relatively common, as suggested by the occurrence
of tourmaline in gold-bearing quartz veins (Boyle
1979, Roberts 1987). Axinite, a boron-bearing calc-
silicate, is rarer than tourmaline, and its occurrence in
association with auriferous mineralization is much less
common. On the other hand, axinite is relatively
common in manganese and femrginous ore deposits,
contact metamorphic and metasomatic ore deposits,
granitic pegmatites and associated high-temperature
environments, regionally metamorphosed rocks, and
veins in igneous and sedimentary rocks (Simonen &
Wiik 1952, Deer et al. 1,962,Mozgova 1964, Carstens
1965, Serdyuchenko & Makarov 197I, Ozaki 1970,
1972, Lumpkin & Ribbe 1979, Pringle & Kawachi
1980, Sonnet & Verkaeren 1989). Its association with
fracture fillings along or near fault zones has been
documented by Hietanen & Erd (1978). Its relation-
ship with gold mineralization has been reported by
Boyle (1979) and, in the Timmins area, where axinite
and clinozoisite occur chiefly in veins located on the
fringe of quartz-ankerite gold-bearing veins, by Hurst
(1935). Suzuki & Fujiwara (1971) have reported on
gold mineralization in axiniteluartz veins emplaced

within bodies of diabase. They contended that the
gold-bearing axinite-quartz veins are produced by a
hydrothermal solution related with an orogenic move-
ment and not with a skam or igneous activity. J6brak
et al. (1991) reported the presence of Mg-rich axinite
as a metamorphic phase in early carbonatized
andesites in the McWat0ers gold mine on the Cadillac
break, in Abitibi, Quebec. They noted the early
replacement of axinite by tourmaline and suggested
that boron was first incorporated in axinite and only
later precipitated to form gold-associated tourmaline.

Axinite is a common mineral in Archean rocks of
the Chibougamau - Chapais mining district, where it
is reported from both mineralized and barren areas
(Buchan 1964, L976, Dub6 & Guha 1989, Dub6 1990).
In this study, we document the occurrence of ferro-
axinite associated with gold-copper-rich veins and
determine why axinite is found at Chibougamau rather
than the more common tourmaline associated with the
majority of Archean mesothermal gold deposits.

RsctoNAr Ssrrn{c

The Chibougamau - Chapais mining district is
located about 600 km north of Montreal, at the eastem
end of the Chibougamau-Matagami Greenstone Belt
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Ftc. 1. Regional geological map of the Chibougamau area (modified from cr'tha et aI. 1.990a).
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of the Superior Province, where the Abitibi Sub-
province is truncated by the Grenville Front (Fig. 1).
The Chibougamau - Chapais area consists of a
sequence of volcanic (Roy Group) and volcano-
sedimentary rocks (Opemisca Group) of Archean age.
Detailed descriptions are given by Allatd et al. (1985).

The Bourbeau sill, which hosts the gold mineraliza-
tion at the Cooke mine, is at the top of the mafic-
ultramafic Cummings Complex of three sills emplaced
in lavas and felsic volcanogenic sediments of the
Blondeau Formation. Regionally, the Bourbeau sill
is a layered iron-rich gabbro of tholeiitic affinity
@uquette l976,Dub€ & Guha 1989). The sill differ-
entiated into units that comprise, upward from the
base, peridotite-pyroxenite, leucogabbro, quattz
ferrogabbro, quartz ferrodiorite, and local upper ferro-
gabbro (Dub6 & Guha 1989).

Dimroth et al. (1986) and Daigneault et al. (1990)
summarized the four successive regional structural
events of importance: (1) synvolcanic structures,
(2) large east-west regional folds and reverse ductile
faults formed during the Kenoran orogeny, (3) north-
east-trending sinistral faults of probable Late Archean
age, reactivated during the Early Proterozoic, and
(4) NNE-trending Grenvillian faults (Fig. 1).

GEor-ocv or rr:s CooKE MnrE

The Cooke mine is a Au{u-Ag deposit hosted in
Archean rocks of the Superior Province. The mine
produced more than 2 million tonnes of ore at a grade
of 5.04 glt Au,0.66Vo Cu and l0 g/t Ag. The mine is
located 5 km northeast of tle two major Opemisca
copper-gold deposits (Springer and Perry mines:
Fig.2), which have had a combined production of
more than 24 million tonnes of ore grading of 2.40Vo
Cu and less than I g/t Au.

Stratigraphic and structural relations of the study
area are based on the work ofLavoie (L972), on maps
of the underground workings, and on recent detailed
mapping by Dub6 & Guha (1989) ard Dub6 (1990).
The local stratigraphic section comprises volcani-
clastic felsic rocks of the Blondeau Formation intruded
by the Bourbeau sill (Fig. 2)."1\e Bourbeau sill, which
hosts the gold-copper mineralization, is, at the Cooke
mine, a 40O-m-thick layered mafic intrusion contain-
ing at least tlree different units: 1) a basal pyroxenite,
2) a leucogabbro, and 3) an upper quartz ferrogabbro.

In the Cooke mine area. the main faults are the
Gwillim Lake Fault (Dimroth et al. 1984, Dub6 &
Guha 1992), which is a regional NE-SW brittle-
ductile oblique fault more than 100 km long with an
obtque sinistral displacement of several km, the NNE
Chibougamau - Copper Fault, characterized by a
sinistral oblique-reverse movement (Dub6 & Guha
1992), and the E-W Kapunapotagen Fault. The
Gwillim Lake fault cuts the latter ones. The Cooke
mine is located between the Gwillim Lake Fault and

the Chibougamau{opper Fault (Fie. 2).
The gold-copper mineralization is found in sulfide-

rich quartz, calcite, ferro-axinite or K-feldspar veins
from a few cm to few m wide. These veins are located
within two main brittle to brittle-ductile shear zones
or fractures oriented NW-SE to E-W and known as
the no. 7 and 9 veins. Overall, these structures are sub-
parallel to stratigraphic contacts and are interpreted
to be syntectonic (Dub6 & Guha 1992). At depth
(> 400 m), however, the structures are discordant. The
auriferous structures have lateral and vertical exten-
sions of more than 500 m. The gold- copper veins are
confined to the Bourbeau sill and are generally sub-
parallel to the shear zones. The mineralized shear
zones were produced by a subhorizontal, north-south-
directed shortening compatible with the Kenoran
orogeny (Dubd & Guha 1992). The shears are offset
by oblique northeast-trending sinistral and local
north-south dextral brittle faults. These faults, as well
as the regional Gwillim Lake and Chibougamau -

Copper faults, are products ofthe same subhorizontal,
nortl-south-directed shortening and regional strain-
regime. However, cross-cutting relationships and
strain compatibility indicate that the Gwillim Lake
fault formed slightly later than the gold-hosting shear
zones in an event of progressive deformation (Dub6 &
Gnltria1992).

The sulfide content of the mineralized veins varies
from traces to 90 vol. Vo. 'ftte sulfides are mainly chal-
copyrite, with a lesser proportion of pyrhotite,
arsenopyrite and pyrite. Most gains of gold are pre-
sent as inclusions or as fracture fillings within the
sulfides. Thin veinlets of orange to red K-feldspar
containing fine hematite dusting are commonly
observed at the vein - wallrock contact, in the miner-
alized or barren deformed zones, and less commonly
in veinlets that cut weakly deformed gabbro.
ooHematization" of K-feldspar is a common process
(Rosenqvist 1951, Boone 1969), and its relationship
with gold mineralization has been discussed by vari-
ous investigators (Boyle 7979, Cameron & Hattori
198?.

The hydrothermal alteration of wallrocks is rela-
tively weak, and characterized by chloritization ofthe
pyroxene, amphibole and plagioclase adjacent to the
veins and sericitization ofthe plagioclase farther away
(Dub6 1990). These hydrothermal minerals replace the
regional metamorphic assemblages, indicating that
mineralization postdates the peak of the greenschist-
facies regional metamorphism.

OccunnsNcEs or FsRRo-AxINnE
AT TTIE COOKE MINE

Pinkish violet axinite was first reported in the
mineralized samples of tle Cooke mine by Buchan
(1976). In fact, axinite is observed in different envi-
ronments. It is present in sulfide-rich auriferous quartz
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Ftc. 2. Geological setting of the Cooke mine, modified from I-avoie (1,972) andBllmger et al. (1,984).

veins (Fig. 3A), and in calcite-quartz extension veins
away from the mineralized shear-zones (Fig. 3B), in
hydrothermal breccia developed in unstrained or
weakly deformed gabbroic rocts (Fig. 3C), and inside
fault gouge or veinlets located near the faults. These
veinlets are either oriented subparallel or oblique to
the faults (Frg. 3D).Ferro-axinite identification is con-
firmed by powder X-ray diffractomefy.

The mineralized zones

Quartz and calcite, commonly with ferro-axinite
and K-feldspar, are the chief gangue minerals in the
auriferous veins (Figs. 3A-B). Typically, the veins are
zoned, with the outer parts composed of quartz and
ferro-axinite and K-feldspar; the cenfral parts are com-
posed of quartz, calcite and sulfides, commonly with
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Frc. 3. A. Ferro-axinite-rich mineralized vein (scale bar equals 16 cm). B. Extensional ferro-axinite veins (scale bar equals
25 cm), C. Example of hydrothermal ferro-axinite-rich breccia. D. Ferro-arinite veinlets spatially associated with a late
brittle fault (scale bar equals 6 cm).
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K-feldspar and ferro-axinite (Figs. 4A-B). In general,
these minerals are deformed. Quartz is polygonized
(Fig. 4C); the pyrite and arsenopyrite have been sub-
mitted to cataclastic deformation. whereas the
chalcopyrite and pyrrhotite were affected by ductile
deformation, recrystallized and were probably remobi-
lized in openings and fractures in the other brittle
sulfides.

Femo-axinite forms crystals 0.5 mm to I cm
attached to the walls of the veins. It is one of the frst
hydrothermal minerals to have precipitated. Ferro-
axinite commonly forms euhedral crystals oriented
subperpendicular to the walls, suggesting that it crys-
tallized as open-space fillings in the absence of any
stress @ig. 4A). Ferro-axinite constitutes up to 307o of
some veins. Chalcopydte is common as inclusions or
is enclosed in ferro-axinite as fracture fillings. In
places, the ferro-axinite is totally surrounded by chal-
copyrite. Elsewhere, it is partly replaced by chalco-
plrite and pyrrhotite (Frg. 4D). As with the other vein
minerals, the ferro-axitrite has been deformed
(Frg. 5A). It shows undulatory extinction and locally

contains fractures fil1ed by calcite, or it is surrounded
by recrystallized quartz. Locally, ferro-axinite occurs
as subrounded fragments in a matrix of chalcopyrite or
pynhotite and is replaced by secondary amphibole,
calcite or quartz. Locally, K-feldspar attached to the
vein walls is surrounded by ferro-axinite or is partly
replaced by ferro-axinite (Figs. 4A-B), thereby
suggesting that at least some of the ferro-axinite
precipitated later than the K-feldpar during the same
mineralizing event.

Hy drothermal bre ccia and
barren extension-related veins

In hydrothermal breccia and barren extension-
related veins, ferro-axinite is observed as 2 mm to
1 cm crystals associated with quartz, calcite and fraces
of tourmaline and amphibole. In general, ferro-axinite,
quartz and feldspar are attached to the walls of the
veins, whereas calcite is in the interior. In the brecci4
the ferro-axinite is observed as fracture fillings and as
replacements of the gabbroic host-rocks. Preserved
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FIc. 4. Photomicrographs showing A. typical assemblage at the vein - wallrock (W) contact composed of feldspar (K), ferro-
axinite (A), chalcopyrite (Cp) and calcite (C); B. euheclral crystals of ferro-axinite (A) subperpendicular to the walls of a
chalcopyrite-rich (Cp) vein and suggesting open-space fiIling; C. polygonized quartz; D. ferro-axiniie (A) partly replaced
by chalcopyrite (Cp). Scale bar equals 0.35 cm except in C, where it is 1 cm.

grains of primary titaniferous magnetite replaced by
leucoxene and totally surrounded by feno-axinite sug-
gest that the ferro-axinite was formed by replacement
of feldspar, pyroxene and am.phibole of the gabbroic
host-rocks (Fig. 5C). The ferro-axinite is usually
slightly deformed and cut by calcite veinlets. Locally,
it is partly replaced by calcite, cb'lorite and epidote.
Tourmaline grains are locally observed and are partly
replaced by ferro-axinite.

Thefault zones

Ferro-axinite is present as a strongly deformed
mineral in the gouge of late brittle faults (Figs. 3D,
5D). It is present within polyminerallic porphyroclasts
(0.05-0.2 mm) of feldspar, hornblende, quartz and
tourmaline, or as small fragments in a matrix of
euhedral tourmaline and actinolite. The ferro-axinite
shows undulose extinction and polygonization, and
has fractures commonly filled by calcite. One ferro-

axinite phenoclast was observed to contain traces of
chalcopyrite, suggesting that ferro-axinite and chal-
copyrite are contemporaneous and that both minslalg
were strongly deformed by late faulting. Thus it is
assumed that the ferro-axinite and chalcopyrite are
early relative to late faulting, although repeated
movements along the fault also may be responsible for
deformation of minerals contemporaneous with the
fault.

Textural relationships show that ihe feno-axinite is
related to the same hydrothermal event leading to the
precipitation of the sulfides and the gold mineraliza-
tion. Ferro-axinite does not present textural evidence
that suggests a late filling or replacement in the miner-
alized zones following their re-opening associated
with late movement along faults. The occurrence of
ferro-axinite in veinlets subparallel or discordant to
the brittle faults is puzzling. Was this fault-related
ferro-axinite produced by remobilization from previ-
ous gold-related ferro-axinite?
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Ftc. 5. Photomicrographs showing A. deformed ferro-axinite (A) and associated chalcopyrite (Cp); B. K-feldspar (K) partly
replaced by ferro-axinite (A); C.'titaniferous magnetite replaced by leucoxene (I-e) and totally surrounded by feno-axinite
(A), and D. fefro-axinite (A) phenoclast within cataclasite. Scale bar equals 0.35 cm.
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Cnurarcar CoN{posmoN oF FERRo-AXrNIE

Forty-six spot analyses were carried out on seven
representative samples from three differents occur-
rences, namely, extension-related barren veins, miner-
alized veins and the late brittle faults (Table 1).
Analyses were obtained using a Material Analysis
Company electron microprobe equipped with a Kevex
7000 energy-dispersion spectrometer standardized
against natural and synthetic minerals. Analytical con-
ditions (accelerating voltage 20 kV, beam current 10
nA) and data reduction were controlled and processed
through a Digital PDPl103-L computer using the
Geological Survey of Canada software EDDI. The rel-
ative accuracy of the analyses varies from l-2Vo of the
amount present for major elemento to l07o for trace
elements. Results \ilere conected for background,
overlap and matrix effects (ZAF) (Love & Scott 1981,
Myklebust et al.1979).

As done by Pringle & Kawachi (1980), cationic

proportions were calculated on an anhydrous and
boron-free basis (Table 1). Concentrations of water
and B2O3 have not been deterrnined, and are allocated
in stoichiometric proportions: OH = 2.0 and B = 2.0.
Total iron is expressed as Fe2*; the amount of Fe3+ in
the formula has been calculated on the basis of (ryAl +
Ti + Fe3+) = 4.000. As suggested by Pringle &
Kawachi (1980), the tendency for the analytical total
to approach l00Vo Qahle 1) supports the accuracy of
this modified calculation.

Results of the microprobe analyses closely
approach both the general formula for the axinite
group, A3Al2BSiaOl5, where A = Ca, Fe2+, Mg, Mn2*
(Fleischer & Mandarino 1991), as well as the ideal
formula of axinite proposed by Lumpkin &
Ribbe ( 1 97 9) : (Mn,Fe2+, M g,Zn, Al.) (Car-,Mn,)
.(Rlz_f"r*)r(oH2_,o,) rvlB2sis_d{lzlo3e, where w
4l, x 41, y << l, e << 1. The high FeO content, with
Fe greater than Mn, and the cationic proportion of Ca
greater than 1.5, show that the mineral is ferro-axinite
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TABIJ T. AVERAGE COMPOSMON' OF FERRGAXINNBATINB C@re MINE
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(Sanero & Gottardi 1968). The chemical compositions
of the ferro-axinite from the three distinct settings
within the deposit show little variation on the classifi-
cation diagam proposed by Ozaki (1972) (Fig. 6). All
compositions are located in an area overlapping the
fields that characterize axinite from veins enclosed in
igneous and sedimentary rocks, from regional meta-
morphic rocks, and from contact metamorphic and
metasomatic ore deposits.

Fl-uro-Ixcr-usroN DATA

A reconnaissance studv of fluid inclusions was

principally undertaken to examine the CO2 and H2O
content of the fluid associated with the formation of
the feno-axinite. Most of the inclusions are primary in
nature, distributed mainly as single isolated inclusions
within grains of feno-axinite. The very small dimen-
sion of the inclusions (< 10 p,m) ma.kes a detailed
study impossible. However, the few inclusions (11)
that could be studied indicate that they are essentially
aqueous, with no visible CO2. Homogenization tem-
perafures range between 180 and 280'C. Only two
melting temperatures of ice could be determined
(-27.5"C and -51'C), indicating the presence of diva-
lent cations such as Ca and Mg (Crawford 1981).
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Ca

913

I Axlnite from mineralized zones
(15 analyses)
Axinlte trom fault zones
( t o analyses)
Axinite from extenslon baren
veins (ro analyses)

FeMn 50

v--v
rffit
|....!'..Ag

F'.9ffi Axinite from manganesE and ferruglnous manganese ore deposits

ffi Axinite trom pegmatites

lfrEl] Axiniie trom contact metamorphic and metasomatlc ore deposlts

Axinite from regional metamorphic rocks

Axlnlte from velns In lgneous and sedimentary rocks

Frc. 6. Triangutar diagram showing axinite compositions according to Ozaki (1972), and the distribution of the ferro-axinite
compositions according to their distinct settings at the Cooke mine.

Since clathrates could not be observed owing to the
small dimension of the inclusions, a more sophisticat-
ed technique, solid probe mass spectometry (SPMS)
had to be used to ascertain the level of CO2 in ttre
inclusions. The SPMS technique, which has been
described in detail in Guha et al. (L990b, 1991),
allows us to identiff with a greater degree of accuracy
the minor components of the fluid. Table 2 shows that
fluid inclusions related to the formation of the ferro-
axinite associated with the mineralization are essen-
tially free of CO2. Although only a small number of
inclusions has been sfidied. the microthermometric
results and SPMS investigations emphasize that a

HrO-rich fluid is associated with the formation of
ferro-axinite.

TABI;82. COMPO$IION OFTRAPPED FLUID RELATED TO TEE
FORMATION OF FENRO.A)UNITE

SaEpls Bubs . CEI E2O @2

PB-119-868 mlE t 9.0 S2.A 0.2
PE-041-858 6.2 84.8 1.0
PB-842-85 9.3 81.8 1.0
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DtscussroN aro CoNcrusroNs

Ferro-axinite at the Cooke mine formed from
hydrothermal fluids circulating in the shear zones.
Most likely, boron was derived from a hydrothermal
fluid circulating tlrough shear zones and fractures,
and leaching volcanic and sedimentary rocks. The
mass-balance lithogeochemical study of the altered
wallrock indicates that Ca was leached, whereas Fe
was added @ub6 1990). The Ca liberated would nor-
mally combine with CO, present in the hydrothermal
fluid to form carbonates so typical of Archean
mesothermal gold deposits (Roberts 1987). The fluid-
inclusion data indicate the paucity of CO2 during the
formation of the ferro-axinite. The extent of carbonati-
zation is relatively limited in the Cooke mine, indicat-
ing that all the liberated Ca has not been fixed by the
COr. Thus, a significant amount of Ca was available
to combine with the B present in the hydrothermal
fluid to form axinite. As previously mentioned,
gangue tourmaline is usually observed in gold-bearing
veins or wallrock; tourmaline, however, does not con-
tain significant Ca (<2-3Vo CaO), whereas Ca is one
of the principal constituents of axinite (up to 207o
CaO). The B, Fe and Si present in the fluid phase have
combined with Ca, allowing the formation of ferro-
axinite. This reaction seems to be one ofthe first ones
to occur. That ferro-axinite is paragenetically younger
than the sulfides and gold is evident from its occur-
rence along the wall of the veins and its partial
replacement by the surrounding sulfides. Similar tex-
tural relationships have been reported by Mozgova
(1964) and Serdyuchenko & Matiarov (1971). The tex-
tural relationships suggest that the ferro-axinite is in
essence contemporaneous with gold mineralization.

Structural interpretation of the mineralized veins
and the late brittle faults suggests that the two struc-
tures were formed in a relatively short period of time
(Dub6 & Gnha 1992). As the briule faults are larer
than the auriferous mineralization" the ferro-axinite in
the fault zones may fs rnainly related to deformation
of the previously deposited ferro-arinite contempora-
neous to the event of gold mineralization. It cannot be
precluded, however, that the fault-related feno-axinite
is partly related to a second generation of formation.
The presence of ferro-axinite of similar composition
associated both with tfie mineralized veins and the late
fault-zone may indicate that both structures were infil-
trated by the boron-rich fluid; as the structures are
interpreted to have formed in a relatively short period
of time, the same conditions controlling the formation
of ferro-axinite may have prevailed.

At the Sigma mine, Val d'Or, Quebec, Al and Ca,
initially present in the wallrock, were mobilized under
the influence of the hydrothermal fluid (Robert &
Brorrn 1986). These elements were incomorated into
the fluid and were precipitated as tourmaline and car-
bonate minerals in the veins. At the Cooke mine. a

mass-balance lithogeochemical study demonstrates
that Al was relatively immobile in comparison to tle
other major elements, and Ca was leached and incor-
porated into the hydrothermal fluid to form ferro-
axinite @ub6 1990). These resulrs are compatible with
data published by Hurst (1935), Vallance (1966), and
Mansergh & Watters (1969), who suggested that the
formation of ferro-axinite rather than tourmaline
results from a Ca-rich environment. Hietanen & Erd
(1978) suggested that the high iron content of ferro-
axinite is a reflection of a high iron content of the host
rock in which the axinite-bearing veins occur (up to
10.307o FeO and 3.62Vo FqO3 at the Cooke mine). In
a general perspective, this study illustrates the strong
influence of the composition of the host rock and of
the hydrothermal fluid, and their resultant interaction,
on the formation of ferro-axinite in Archean sold
deposits.
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