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Mineralogy and geochemistry of the
Hishikari epithermal Au-Ag deposit,
' Kyushu, Japan

Kevin Faure* - Yukihiro Matsuhisa* -
Hideya Metsugi** « Chitoshi Mizota*** -
Shu Hayashi'

The Hishikari epithermal gold deposits in southern
Kyushu are characterized by very high gold grades
(Au> Ag) and reserves. Petrogenetic studies (specifi-
cally the gold-bearing stage) have been hampered in
that fluid inclusions are too small for microther-
mometry, that the grain-size of the quartz and adular-
ia is too small for adequate mineral separation and
that concentration of suitable hydrous minerals is too
low for stable isotope analysis. In this study complete
separation of quartz from adularia has been achieved
by chemical dissolution and suitable clay minerals
have been collected.

Gangue minerals in the veins consist mainly of
quartz and adularia, and locally smectite-kaolinite,
calcite and truscottite [(Ca, Mn),Si,0, (OH),]. The
principal ore minerals are pyrite, marcasite, chal-
copyrite, argentite (Ag,S), electrum (Au-Ag alloy)
and naumannite (Ag,Se). In the simplest case, veins
(termed mono-axial or simple vein, Fig. 1) consist of
several paired, symmetrical bands with the oldest pair
on the outside (towards wallrock) and the youngest in
the center. However, most veins are complex (multi-
axial), consisting of several stages of vein formation.
Usually the adularia:quartz ratio decreases from the
outer portions (100-80%) of a simple vein unit
towards the center, which is invariably characterized
by drusy quartz. Columnar adularia (~5 mm thick), if
present, occurs on the outer edges of a mono-axial
vein, with the crystal axes perpendicular to wall~rock
contact. Adularia and quartz which are present in the
middle stages of mono-axial units are very fine
grained (Imm to ~ 200mm), usually with a colloform
appearance in hand-specimen, and exhibit a range of
re-crystallization textures. Quartz invariably con-
tains numerous mineral inclusions, which range from
very small (< 10mm) anhedral to large (~0.5 mm)
prismatic rod-shaped inclusions. The composition of
the mineral inclusions have not yet been determined,
but petrographic evidence indicates that some of the
inclusions may be truscottite. Thermogravimetric
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Fig. 1 Sketch of a mono-axial vein (Keisen 40m Level)
from the Hishikari epithermal Au-Ag deposit.
Vein width 14 cm.

analysis and manometric measurements of the Hishi-
kari quartz-adularia reveal that these minerals con-
tain water, orders of magnitude higher than that
would be expected from crystalline non-hydrous
minerals, indicating that the mineral inclusions are
hydrous minerals and/or the presence of (non fluid-
inclusion) water in quartz (e.g., as in chalcedony).
The clay minerals smectite, kaolinite, and mixtures
thereof, have been identified as: (1) early stage clay -
usually as thin (1-5 mm) layers or disseminated
within outer layers of mono-axial units, and with
textures indicating a primary origin, and (2) late
stage clay - the dominant clay type that cross-cuts
vein layers and is clearly of late (secondary) origin.

Across the veins, the Au-rich portions are usually
within the outer, adularia-pyrite-rich bands of a mono
-axial unit, and along the veins, the concentration of
Au (and Ag) is particularly high at a certain level
within the mine (bonanza zone). The bonanza zone
which has Au and Ag concentrations 10 times greater
than outside the bonanza zone is often, but not always,
associated with the unconformable contact between
the sediments of the Shimanto Supergroup and the
overlying Lower Hishikari Andesites. Whole-rock
chemical analysis of veins and smectite separated
from veins, indicates that Au is associated, but not
exclusively, with argentite, electrum, and portions of
veins which have an adularia:quartz ratio greater then
0.5. In addition, one early stage smectite (<5 mm size
fraction) that has been analyzed, contains 2000 ppm
Au, whereas late stage smectite-kaolinite contains no
Au.

Quartz-feldspar isotope geothermometry and fluid
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inclusion studies reveal that veins in the Honko
Deposit of the Hishikari Gold Mine were formed at
230 to 250°C for the earliest, outer, portions of the
veins, and in the range 200 to 180°C for the drusy
quartz in the central portions. Hydrothermal activity

is still taking place (95 to 60°C), precipitating calcite.

The calculated oxygen isotope composition of water
in equilibrium with the early Au-forming portion of
the veins ranges between -1 to 1%, and -6 to -3%, for
the barren drusy quartz (present day water is about
-7%0) . The heavier oxygen isotopic values of the Au-
forming portion of the veins indicate the possible
involvement of magmatic water in the early stages of
vein formation, but overall, the epithermal system
was dominated by meteoric water.

(*Department of Geochemistry, Geological Survey of
Japan -+ **Metal Mining Agency of Japan - ***
Department of Agriculture, University of Iwate -
"National Institute for Res. and Environ)

Keywords: epithermal, vein, stable isotopes, mineral-
ogy, Hishikari

“Excess boiling” model for variable
salinityof the Hokko low-sulfidation
epithermal Au prospect,
southwestern Hokkaido, Japan

Ann-Marie Scott* - Yasushi Watanabe**

The Hokko prospect is located in the Minami-
kayabe area in the Kameda peninsula, southwestern
Hokkaido, where gold-bearing quartz veins are
exposed at the surface. MMAJ performed drilling (4
MAQOS-1) below the vein with the highest gold grade
at outcrop (16.5 g/t), with the drill hole cross-cutting
several quartz veins below the surface. The altera-
tion mineral assemblage is typical of low-sulfidation
epithermal systems, with the quartz veins associated
with K-feldspar alteration overprinted on Late
Miocene propylitic alteration.

Fluid inclusion studies of the vein quartz reveal
mean homogenization temperatures of approximately
220°C, and the co-existence of low-salinity (<2 wt.%
NaCl equivalent) and moderate salinity (3 to 11 wt.%
NaCl equivalent) fluid inclusions within the same
veins. The results obhtained from the stable isotope
analysis of 6'®0 in the quartz vein material showed a
gradual decrease in ¢'®0 signatures with increasing

depth. The majority of the samples have calculated
fluid source signatures (6'*0Ogs0) between -7.0 and
-9.0.

We propose a boiling mechanism in the epithermal
system to have resulted in the entrapment of fluids
with variable salinities at the same time, and in close
proximity to each other. The largest range in salin-
ities is interpreted to reflect the critical depth for
continuous fluid boiling following fracturing and pres-
sure release. Deposition of ore minerals within the
Hokko vein system also occurred at this time as a
result of boiling and gas loss. As quartz (or a
polymorph) precipitated in the Hokko system, fluid
flow became more restricted, causing a pressure
increase and cessation of boiling. We propose that
the low-salinity inclusions within the Hokko system
represent the composition of the liquid phase of the
fluid, before boiling, and that the moderate-salinity
inclusions are representative of the residual liquid
phase, after extensive non-adiabatic boiling and
vapor loss. Evidence for this process is documented
in active geothermal systems.

(*Mineral Resources Department, **Geological Sur-
vey of Japan)

Keywords: boiling, salinity, epithermal Au, low-sul-
fidation, Hokkaido.

15
n=151
O
2
3 04 Eno
2
&
g O
Z 0 Oog
®
o 5 ]
© | P

150 200 250 300 350
Th(°C)

O Primary fluid inclusions (2 phase)
® Secondary fluid inclusions (2 phase)
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fluid inclusions from Hokko
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Stable Isotope and Fluid Inclusion
study of the Rooiberg Tin Deposits,
South Africa

Kevin Faure* * Reyno Scheepers** -
Abraham Rozendaal**

INTRODUCTION

The Rooiberg Tin Field is located within the
Rooiberg Fragment, a sequence of volcanosedimentar-
y lithotypes (2400-2100 m.y.), which is surrounded by
granitoid intrusives (~2055 m.y.) of the Bushveld
Complex. The importance of tectonic structure has
been emphasized in many studies of the Rooiberg Tin
Field and most would agree that vertical to sub-verti-
cal tectonics was induced by the intrusion of the
Bushveld Complex. The deposits which are centered
on tectonic focal points, are broadly similar and can
be classified as replacement and open-space filling
type. The styles of mineralization, which are diverse
and often interrelated, are: replacement or pocket;
bedding-plane; bedded-lodes; and steep-lodes. Despite
the diverse styles of mineralization the main cassiter-
ite (Sn0O,) mineralization in the Rooiberg Tin Field is
located at approximately the same stratigraphic posi-
tion (“tin zone”) within the Boschoffberg Quartzite
Member. The hydrothermal minerals which are as-
sociated with mineralization in the tin zone (30 to 80
m thick) are cassiterite, tourmaline (schrol), carbon-
ates (calcite, dolomite and siderite), K-feldspar, ser-
icite and copper sulfides, all in the variety of styles of
mineralization. The foot- and hanging-wall of the tin
zone consists typically of grey-green albitised arkoses
and red-pink K-feldspar and plagioclase arkoses,
respectively.

The presence of at least 6 tin fields in the Bushveld
granites and sedimentary-volcanic enclaves logically
points towards a genetic link with the A-type (anor-
ogenic) plutonism of the Bushveld Complex. Although
most researchers have preferred this explanation,
there have always been some discrepancies that leave
some doubt to a typical granite-related model. Some

of the discrepancies are: no feeder-zone to the gran-
ites have been identified; a close association of cas-
siterite with large amounts of carbonate, absence of
any quartz and low Nb content in cassiterite, indicat-
ing low temperatures of formation and; the spatial
relationship between stratigraphically controlled ore
and adjacent, possibly syndepositional, often mineral-
ized, active fractures.

In this study we have determined the stable isotope
ratios (C, H and O) of cassiterite, carbonates and
tourmaline, and fluid inclusion characteristics of cas-
siterite and suitable carbonate minerals, to identify or
at least constrain the possible sources of ore fluids
which mineralized the Rooiberg Tin Field.

RESULTS

The cassiterite contains 4 populations of two phase
L + V fluid inclusions. The first population of inclu-
sions have moderate salinities of 6.9 to 13 (equivalent
% NaCl) and homogenization temperatures between
463 and 590°C (470 to 640°C after pressure correction).
The second population have trapping temperatures of
about 330°C and salinities of 2.4 to 3.1, and the third
and fourth population have trapping temperatures of
180 to 240°C and salinities of 1.7 to 2.5. Calcite in
calcite-sulfide veins had trapping temperatures of 290
to 340°C with salinities of 9.8 e%NaCl, and late-stage
calcite, not associated with cassiterite-sulfide miner-
alization, had trapping temperatures of 125 to 175C.

The 0'*0 values of cassiterite range between -3.2
and 0.3%, (SMOW) . Although oxygen extractions done
by conventional methods yields variable and low
yields (50-80%), the ¢'®0 values were in reasonable
agreement with extractions done by laser ablation
which had vyields of 80-95%. The 60 and ¢D
(SMOW) values of tourmaline range between 2.3 and
4.6%,(n=5) and -48 to -65% (n=3), respectively.
Tourmaline from well mineralized pockets have %0
values between 2.3 and 3.5% and barren, hanging-wall
pockets have heavier values between 3.9 and 4.6. The
carbonate minerals from the mineralized veins have a
very narrow range of ¢'*0 values (6.4 to 9.7, n=24).
Carbonates from replacement style mineralization
tend to have slightly lower 6'*0 values (~1%, 6**0
than those from lode mineralization. In contrast to the
%0 values, the ¢'3C values of the carbonates have a
wide range of values (-5.8 to -2.1%, n=24).

DISCUSSION

Isotope geothermometry, based on cassiterite-tour-
maline fractionation, yield calculated temperatures of
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crystallization that range between 350 and 550°C
(Zheng, 1991; Kotzer et al., 1993). These temperatures
are in reasonable agreement with those determined
from the first population of fluid inclusions in cassiter-
ite. At these temperatures cassiterite is not tempera-
ture dependent and calculated ¢'®0y,o values are in
the order of 3%,. Calculated ¢*®Ouy,o values from tour-
maline, at these temperatures, are between 0 and 1%,
The calculated 6Dys, values at ~ 400°C range
between -20 and -35%,, using the fractionation curve
of Kotzer et al. (1993). The isotopic values calculated
from the cassiterite and tourmaline are slightly lower
than expected for fluids of predominantly primary
magmatic origin (~ +5 to +7%). The isotopic val-
ues of meteoric water in the Proterozoic of these
rocks are not known, but volumetrically the most
important meteoric waters have §'%0 values between
0 and -10%, (Sheppard, 1986), and so magmatic waters
would have been lowered if they mixed with meteoric
water.

The very narrow range of ¢'%0 values of the carbon-
ate minerals is surprising, considering the range of
mineralization styles and distance of localities (up to
30 km). One possible reason for this is that the fluid
was well buffered by host-rock. However, this cannot
be confirmed or negated because the isotopic composi-
tion of the original host rock is not known (several
stages of regional alteration). The other possibility is
that the constant ¢'®0 values are a reflection of
similar fluids and precipitation temperatures.
Although this maybe a little simplistic the occurrence
of all the deposits at the same stratigraphic level
indicates that it may be a reasonable conclusion.
The range of ¢**C values maybe as a result of mixing
with other sources of carbon. However, the only
possible contaminant could be the Transvaal
dolomites (6%*C = ~-1%, and 60 = ~+23%), but
these have never been observed in the Rooiberg Frag-
ment, nor do the §*®0 values of the Rooiberg carbon-
ates suggest any mixing. The most likely explanation
for the range of §'*C values could be as a result of
degassing of the fluids, which would increase ¢2C
values but have little or no effect on 60 values.

Evidence for boiling is evident from fluid inclusion
studies, and phreatic brecciation which is common
throughout the Rooiberg Tin Deposits.

CONCLUSION

Fluid inclusion data and stable isotope geother-
mometry indicate that the Rooiberg Tin Deposits are
not “low temperature”, as was previously thought, but
rather that the ore fluids were of relatively high
temperatures ranging initially, between 350 and 600°C .
Oxygen isotope ratios of early formed minerals
(cassiterite and tourmaline) indicate fluids that are
isotopically slightly lighter than would be expected
from primary magmatic fluids, possibly as a result of
mixing with meteoric fluids or buffering by wall-rock.
Constant 6'%0 values of carbonate minerals are con-
sidered to reflect isothermetric conditions, and the
range of 6C values reflecting extensive degassing
(boiling) which is supported by field evidence. The
similar stratigraphic height of the “tin zone” in the
Rooiberg Tin Field is most probably as a result of
equilibration of fluids at lithostatic pressures, forming
at a regional isobaric and isothermic plane.
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