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Abstract

The chemistry and mode of occurrences of native tellurium in the epithermal gold
ores from Teine, Kobetsuzawa, Mutsu, Kawazu, Suzaki and Iriki in Japan are examined.
Mineral assemblages in contact with native tellurium are: quartz-sylvanite at Teine,
quartz-hessite-sylvanite-tellurantimony at Kobetsuzawa, quartz at Mutsu,
quartz-stutzite-hessite-sylvanite-tetradymite at Kawazu, quartz at Suzaki, and
quartz-goldfieldite at Iriki. The peak patterns of XRD for native tellurium from these
six ores are nearly identical to that of JCPDS 4-554. Their chemical compositions of Te
range from 98.16 to 100.73 wt.%, showing nearly pure tellurium. Other elements
detected are: Se of 0-0.85 and Cu of 0-0.74 at Teine, Sb of 0.45-0.47 and Se of 0.19-0.27
at Kawazu, Se of 0.22-1.11 and Sb of 0-0.49 at Suzaki, and Cu of 0.69-0.98, As of
0.22-0.28 and Bi of 0-0.22 wt.% at Iriki. No other elements are detected in the ores of
Kobetsuzawa and Mutsu. The ranges of associated minor compositions are consistent
with those of the experimental phase. The differences would be related to associate
minerals.

The mineral assemblages in these ores agree well with the previously proposed
experimental phase relations in Au-Ag-Te ternary system for 120-280°C. The Suzaki ore
has high Te-Au assemblage: from calaverite-sylvanite-krennerite via native tellurium to
petzite, with changing mineralization stage, whereas the Kobetsuzawa and the Kawazu
ores have high Te-Ag assemblage of tellurium-hessite, and native
tellurium-stutzite-hessite-sylvanite, respectively. The Teine ore has intermediate
assemblage of native tellurium-sylvanite. The mineral assemblages in Au-Ag-Te system
are related to the hydrothermal environment especially to the pH condition, i.e., Au rich
assemblages under acidic and Ag rich assemblages under intermediate pH conditions,
being supported by alteration mineral species. The other telluriferous epithermal gold
deposits not in association with native tellurium such as Agawa, Date, Takeno, Chugu,

Chitose, Sado and Kushikino are estimated to have been formed under higher pH



condition as adularia and calcite occur in these deposits. The pH-Eh diagram for
aqueous tellurium species and tellurium minerals at 250°C indicates that the region of
native tellurium occurs between those of aqueous telluride and tellurous species at
lower pH, being consistent with their mineral assemblages in ores and alteration
envelopes.
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1. Introduction

Telluriferous minerals found in some epithermal gold deposits of the Japanese
Islands are native tellurium, tellurides and telluriferous sulfosalts in the original ores
and tellurite in the secondary oxide ores. Tellurides are calaverite (AuTes), sylvanite
(AuAgTes), krennerite ((Au,Ag)Te2), petzite (AgsAuTez), hessite (AgeTe), stutzite (AgsTes),
empressite (AgTe), kostovite (CuAuTes), rickardite (CurTes), coloradoite (HgTe),
tellurantimony (SbsTes), altaite (PbTe), frohbergite (FeTe2), tellurobismuthite (BizTes),
kawazulite (BizTe2Se), tetradymite (BizTe2S) and poubaite (PbBizSezTe2). Goldfieldite
(Cu12(Te,Sb,As)4S13) occurs as telluriferous sulfosalts. Shikazono et al. (1990) pointed
out that the Te-type deposits with tellurium minerals are generally poor in sulfides
except for pyrite and marcasite and have low Ag/Au ratio (less than 10), and proposed a
model that Te-type formed in the volcanic rocks at sites closer to the volcanic center
under lower pH conditions.

Among these telluriferous minerals, native tellurium is known to be found in the
following five deposits in Japan: Teine (Watanabe, 1934, 1952; Watanabe, 1935, 1936),
Kobetsuzawa (Nakata et al., 1985, 1989), Mutsu (Kinoshita, 1945; Ishibashi and
Ohmachi, 1949), Kawazu (Watanabe, 1934, 1952), and Suzaki (Watanabe, 1932, 1933,
1952; Endo, 1964; Honma et al., 1979). In addition, we found native tellurium newly in
the gold veins at Iriki. The mode of occurrences and mineral chemistry of native
tellurium from these Japanese telluriferous ores have, however, not well been described
in these studies. In the course of understanding of the tellurium mineralization in the
epithermal gold deposits in the Japanese Islands, chemistry and mode of occurrences of
native tellurium in these ores are examined. Here we describe the analytical results and

discuss the hydrothermal conditions for native tellurium formation.

2. Outline of Geology and Ore Deposits

The epithermal gold deposits with telluriferous minerals are distributed widely in
Cretaceous to the present volcanic terranes in the Japanese Islands (Fig. 1). The
occurrences of native tellurium are limited in the following six deposits: Teine and
Kobetsuzawa in the western Hokkaido, Mutsu in the Shimokita Peninsula of the
northern Honshu, Kawazu and Suzaki in the Izu Peninsula of the central Honshu, and
Iriki in the southern Kyushu. Their mineralizations are considered to have been related
to the activities of the host volcanoes (e.g., Watanabe, 2002). Their ore-geological
features are summarized in Table 1. Their mineral compositions reported in the
previous literatures are tabulated in Table 2.

The Teine deposits are epithermal telluriferous gold-silver-copper bearing quartz



veins. According to Sugimoto (1952), they occur in altered andesite and greenish tuffs of
the Teine Formation in the Zenibako Group of Middle Miocene in age. On the basis of
the distribution of these veins and their mineralogy, the veins are divided into three
groups: Mitsuyama, Koganezawa and Ban'nozawa. In these groups, Mitsuyama veins
are characterized by the occurrences of native tellurium and tellurides in some
restricted bands (Watanabe, 1934, 1952; Watanabe, 1935, 1936; Sugimoto, 1952). The
veins are composed of a series of micro-bands mainly of microcrystalline quartz and
barite, with minor amount of tetrahedrite, energite, luzonite, electrum, native tellurium,
sylvanite, petzite, hessite, rickardite and goldfieldite. The veins in association with
native tellurium are classified into the high sulfidation type (Watanabe, 2002).
Homogenization temperature of fluid inclusions in quartz ranges from 206 to 243°C
(Watanabe, 1979). Silicification, sericitization, kaolinitization and dissemination of
pyrite are extensively found in the host rocks. The K-Ar ages for sericite in veins are in
the range of 4.0 and 5.0 Ma (Sawai and Itaya, 1996; MMAJ, 1996), which are related to
the volcanic activity of the Pliocene Teine volcano of about 4.0 Ma (Watanabe, 2002).

The Kobetsuzawa epithermal telluriferous gold-bearing quartz deposit occurs as
network veinlets in altered andesite and tuffs of middle Miocene to Pliocene in Age. The
veinlets are composed mainly of fine quartz, calcite, sericite and clays with minor
amount of pyrite, sphalerite, chalcopyrite, native tellurium, altaite, hessite,
tellurantimony and frohbergite (Ishibashi, 1956; Nakata et al., 1985, 1989).
Silicification, sericitization, and kaolinitization are found in the host rocks (Osanai et
al., 1956). Watanabe (2002) classified the deposit into the high sulfidation type. The
K-Ar ages for sericite in veinlets are 3.6 Ma (Sawai and Itaya, 1996; MMAJ, 1996),
which are related to the volcanic activity of the Pliocene volcano (Watanabe, 2002).

The Mutsu deposit, which is also called as Kuzusawa deposit occurs as epithermal
telluriferous gold-bearing quartz veins. They are hosted in the greenish tuffs, tuffaceous
sands and shales of the Hinokigawa Formation of Middle Miocene in Age, which are cut
by dykes of rhyolite, two-pyroxene quartz andesite, biotite hornblende dacite. The veins
are composed of microcrystalline quartz, with minor amount of pyrite, chalcopyrite,
sphalerite, galena, tetrahedrite, electrum, native tellurium and tellurobismuthite
(Kinoshita, 1945; Ishibashi and Ohmachi, 1949). Silicification and sericitization are
found in the vicinity of the host rocks. In the vicinity of the deposit, volcanic activity of
the Osore-zan was reported between 0.01-0.1 Ma (Togashi, 1977).

The Kawazu area consists of Subara andesites of Pliocene in Age, which is greenish
to grayish altered andesitic lavas with andesitic pyroclastics and sedimentary rocks

(MMAJ, 1987). The Kawazu epithermal telluriferous gold-silver bearing quartz veins



occur in the Subara andesite. In these veins, the Hinokizawa telluriferous veins are
characterized by milky fine quartz with microbands of aggregates of native tellurium
and tellurobismuthite grains (Watanabe, 1934, 1952; Endo, 1964). Rickardite,
empressite, hessite and pyrite are also found in the Te-bearing microbands (Watanabe,
1952; Takasu, 1965; Shikazono et al., 1990). Homogenization temperature of fluid
inclusions in quartz ranges from 206 to 281 °C (MMAJ, 1987). Silicification,
sericitization, kaolinitization and chloritization are extensive in the host rocks. The
K-Ar ages for sericite in veins are 1.4~1.5+0.3 Ma (MMAJ, 1987).

The Suzaki deposits occur as breccia pipes in altered auriferous silicified stock in
andesitic lavas and pyroclastics of the Yugashima Group of early Oligocene to middle
Miocene in age (MMAJ, 1987). The ore consists mainly of pyrite and marcasite with
minor amounts of chalcopyrite, sphalerite, tetrahedrite, electrum and barite (Watanabe,
1932, 1933, 1952; Endo, 1964). The telluriferous crusts of microcrystalline quartz,
native tellurium, calaverite and sylvanite with 3 cm in thickness occur on pipes and are
covered by sulfides mainly of pyrite and marcasite (Honma et al., 1979). Alunitization
and kaolinitization are extensively found in the host rocks (MMAJ, 1987).

The Iriki epithermal gold-silver bearing quartz veins occur as breccia pipes and are
hosted in the acidic tuffs of Kokubu Group in Pleistocene age (Fujii et al., 1989). The
veins consist mainly of white fine quartz and chalcedonic quartz with pyrite. The
tellurium rich ores cover as ring ore directly on the host rocks and are composed of
tetrahedrite, famatinite, luzonite, chalcopyrite, argentite, galena and sphalerite (Uetani
et al.,, 1966). Native tellurium is newly found in the ore. The host rocks are
hydrothermally altered to kaolinite (Fujii et al., 1989). Watanabe (2005) classified the
deposit into the low sulfidation type. The K-Ar ages for sericite in veins are 0.453=+
0.018 Ma (Matsumoto and Fujii, 1989), which are related with the activities of Imuta
volcano of 0.3-0.4 Ma (Matsumoto and Fujii, 1989).

3. Samples

The samples used in this study are employed from the Sakurai collection, except for
the Kawazu sample (No. MI-01452) which is collected in the University Museum in the
University of Tokyo. They cover all of the known localities for native tellurium in the
Japanese Islands. Their structural, textural and mineralogical features are examined
by a binocular stereoscopic microscope and an ore microscope.

The Teine sample consists of fine and coarse parts (Fig. 2 D). The fine part is
composed of quartz with metallic portions mainly of native tellurium associated with

barite of up to 2 mm in size. The coarse part cuts the fine part and is composed of large



barite laths and coarse tetrahedrite grains. Under the ore microscope, native tellurium
grains of 200-300 pm in diameter are dispersed in quartz in the fine part (Fig. 3 D).
Aggregates of native tellurium crystals include sylvanite. In part, native tellurium is
replaced by goldfieldite.

The Kobetsuzawa sample consists of the white part and the metallic part which cut
the white part as micronetwork veinlets (Fig. 2 ©@). Under the ore microscope, native
tellurium is found in quartz with hessite and corroded pyrite (Fig. 3 @), and also with
sylvanite and tellurantimony in the white part. The metallic part consists mainly of
pyrite and sphalerite.

The sample from Mutsu mine is a vein rock composed mainly of needle quartz with
marcasite, pyrite and arsenopyrite (Fig. 2 ). Under the ore microscope, native
tellurium grains occur in quartz (Fig. 3 ©@).

The Kawazu sample shows banded growth texture of the milky fine quartz part and
the coarser gray quartz part (Fig. 2 @). Native tellurium with metallic luster occurs in
the coarser gray quartz part. Under the ore microscope, aggregates of native tellurium
grains of 1-2 mm are arranged in the growth lines in the coarser gray quartz part (Fig. 3
@). Stutzite, hessite, sylvanite and tetradymite are found in closer association with
native tellurium.

The Suzaki sample was already described briefly by Honma et al. (1979). It is
divided into three parts: microband part, massive aggregate part and drusy quartz part,
in growth order (Fig. 2 ®). The microband part is composed of the tellurides band and
the fine quartz band. The tellurides band consists mainly of calaverite, with sylvanite,
kostovite, poubaite and krennerite. The massive aggregate part is mainly of aggregates
of needle crystals of native tellurium and quartz (Fig. 3 ®). The massive aggregate part
1s cut by microveinlets of petzite. The drusy quartz part consists of quartz and the
larger euhedral marcasite and pyrite crystals.

The sample from Iriki is characterized by growth banding ore vein on the altered
trachytic host rock. The ore vein is divided into three bands: goldfieldite band, fine
tetrahedrite band and coarse famatinite-quartz band (Fig. 2 ©®). The goldfieldite band
covers directly on the host rock. The fine tetrahedrite bands and coarse
famatinite-quartz bands are piled alternately on the goldfieldite band. Under the ore
microscope, the goldfieldite band is composed mainly of goldfieldite and quartz (Fig. 3
®). In the aggregates of goldfieldite, native tellurium is found as grains and inclusions.
The fine tetrahedrite bands are composed mainly of quartz, tetrahedrite and pyrite. The
coarse famatinite-quartz bands consist of quartz, famatinite, pyrite, marcasite,

chalcopyrite, pyrrhotite, argentite and luzonite.



4. Native tellurium

The properties of native tellurium from the above six samples are examined by ore
microscopy, X-ray diffraction (XRD) and electron probe microanalysis (EPMA). The XRD
was carried out with a Rigaku Rint-1200 system for drilled and pulverized powder
specimen for native tellurium aggregates. The peak patterns of XRD for six samples are
almost identical to that of JCPDS 4-554. It has hexagonal system with a rhombohedral
lattice. The EPMA analyses were made for the polished specimen using a JEOL Model
JCXA-733 electron microprobe analyzer of the Ocean Research Institute in the
University of Tokyo under operating conditions of acceleration voltage 25 kV, probe
current of 2.0x10® A, and a beam diameter of smaller than 2 pm. The results of
qualitative analysis of the native tellurium revealed the presence of Te, Cu, As, Sb, Bi
and Se. Standards used are: pure Te metal for Te, synthetic AgsAsSs for As, synthetic
CuioFe1.8Zno.2SbaS13 for Sb, synthetic AgBiS2 for Bi, pure Se metal for Se, natural
chalcopyrite of known composition for Cu and synthetic ZnoeFeosS for S. Data for
quantitative analysis were processed by the ZAF method with the corrections for atomic
number, absorption and fluorescence effects of Sweatman and Long (1969).

The ore microscopic features of native tellurium are almost identical throughout the
examined samples, having the same characteristics as was in Uytenbogaardt and Burke
(1971). It is white in color with very high reflectivity. Bireflectance is distinct with white
to light gray in color, and anisotropy is strong in bluish and brownish gray tints. The
hardness is greater than that of sylvanite. Except for the Iriki sample, native tellurium
occurs as needle-like crystals under a binocular stereoscopic microscope, but as
irregular aggregates under the ore microscope. Contact mineral assemblages described
in the previous section are summarized as follows: native tellurium-quartz at the Mutsu
and the Suzaki, native tellurium-stutzite-hessite-sylvanite-tetradymite-quartz at
Kawazu, native tellurium-hessite-sylvanite-tellurantimony-quartz at the Kobetsuzawa,
native tellurium-sylvanite-quartz at the Teine and native tellurium-goldfieldite at Iriki.

The chemical compositions of native tellurium grains for six samples are tabulated
in Table 3. The composition of Te for 48 analytical points for six localities ranges from
98.16 to 100.73 wt.%. No other elements are detected in the ores of Kobetsuzawa and
Mutsu, showing nearly pure compositions. Native tellurium from the Teine has Se of 0
to 0.85 and Cu of 0 to 0.74 wt.%. Native tellurium from the Kawazu contains Sb of 0.45
to 0.47 and Se of 0.19 to 0.27 wt.%, and that from Suzaki contains Se of 0.22 to 1.11 and
Sb of 0 to 0.49 wt.%. The Iriki native tellurium has Cu of 0.69 to 0.98, As of 0.22 to 0.28,
Bi of 0 to 0.22 wt.% and S under the detection limit, the signal of which may not be



significantly derived from the X-ray fluorescence of the surrounding goldfieldite.

5. Discussion
5-1. Chemical Composition of Native Tellurium

The native tellurium from the Japanese epithermal gold deposits has nearly pure
chemical composition with some trace elements such as Se, Cu, Sb, Bi and As of 0-1.2
wt.%. The compositions are quite similar to those from the other localities in the
previous literatures (Table 4), except for that from the Late Paleozoic Kairagach deposit,
Uzbekistan, which contains the high content of Se up to 10.25 wt.% (Plotinskaya et al.,
2006). This tendency is well explained by the experimental works for phase relations of
alloys, in which the region of solid solution around the Te phase cannot be found in
Au-Te, Ag-Te, As-Te, Bi-Te, Cu-Te, Fe-Te, Pb-Te and Sb-Te systems, whereas Te-Se
system has perfectly continuous region of solid solution between Te and Se having the
same crystal structure (Okamoto, 2000).

Trace element compositions of native tellurium from each locality would be
explained by the associated minerals, except for Sb. In the Suzaki ore containing
selenides such as clausthalite, native tellurium has selenium of 0.22-1.11 wt.%. The
native tellurium aggregates of Iriki and Teine which are associated with goldfieldite
contain constituent elements of goldfieldite, i.e., Cu-As-Bi and Cu-Se, respectively. The
Kawazu native tellurium grains with Se of 0.19-0.27 wt.% are associated with
selenium-bearing hessite. The Kobetsuzawa ore with pyrite and hessite, and the Mutsu
ore with no contact associated sulfide or sulfosalt minerals have native tellurium with
almost pure composition. On the other hand, Sb compositions are not well explained:
native tellurium with Sb under the detection limit from the Kobetsuzawa ore with
tellurantimony, and native tellurium with Sb of 0-0.5 wt.% from the Kawazu and the

Suzaki ores without any antimony-bearing minerals.

5-2. Mineral Assemblages

The contact mineral assemblages for the ores with native tellurium examined in this
study are plotted in the Au-Ag-Te ternary system for 120-280°C with the tie lines by
Afifi et al. (1988) (Fig. 4). The assemblages agree well with the previously proposed
experimental phase relations. The Suzaki ore has high Te-Au assemblages: from
calaverite-sylvanite-krennerite via native tellurium to petzite in order of mineralization
stage, whereas the Kobetsuzawa and the Kawazu ores have high Te-Ag assemblages of
tellurium-hessite-sylvanite, and native tellurium-stutzite-hessite-sylvanite,

respectively. The Teine ore has intermediate assemblage of native tellurium-sylvanite.



Taking the assemblage of alteration minerals into consideration (Table 1), the Suzaki
ore with kaolinite has Au rich assemblages, whereas the ores in association with sericite
such as Kobetsuzawa and Kawazu tend to have Ag rich assemblages. Teine ore with
both sericitization and kaolinitization tends to be intermediate. This relationship
suggests that the mineral assemblages in Au-Ag-Te system would be related to the
hydrothermal environment especially on the pH condition, i.e., Au rich assemblages
under acidic and Ag rich assemblages under intermediate pH conditions. This
relationship would also be supported by the logfo2-pH diagram by Zhang and Spry
(1994), where calaverite occupies lower to intermediate pH region and hessite covers
intermediate to higher pH region. Empressite in the Kawazu sample might be formed
by phase transition during the cooling stage.

The mineral assemblages for other telluriferous epithermal gold deposits not in
association with native tellurium in the Japanese Islands are also shown in the
Au-Ag-Te ternary system of Figure 4 (8-1D). The mineral assemblages for these ores are
plotted in the lower regions with lower tellurium contents in these diagrams. The
Agawa and the Date ores have calaverite-electrum lines, suggesting higher Au and
lower Te-Ag environment. Chemical compositions of electrum from these ores (Soeda,
1978; Shikazono et al., 1990) are concordant with the tie line in the diagram, suggesting
that the Ag/Au ratio of electrum have been controlled by mineral equilibria in Au-Ag-Te
system, although the detailed experimental works with changing temperature are
necessary. The Takeno ores are plotted in the petzite-hessite-electrum region, and the
Chugu ores are on the hessite-electrum line. The chemical compositions of electrum
from Takeno and Chugu ores (Shikazono et al., 1990) are also quite consistent with the
tie line. Considering that these telluriferous gold deposits not in association with native
tellurium such as Agawa, Date, Takeno, Chugu, Chitose, Sado and Kushikino contain
carbonate minerals and adularia (Shikazono et al., 1990), they are estimated to have
been formed under higher pH conditions.

The other minerals in closer association with native tellurium are tellurobismuthite
and tetradymite which are also with hessite and stutzite in the Kawazu ore. The
assemblage of native tellurium-tellurobismuthite-stutzite is stable equilibrium relation
in Ag-Bi-Te ternary system for 137°C of Babanly et al. (2007), although the mutual
phase relationship among hessite, stutzite and vy -phase during cooling has not been
clear in detail. In the Iriki sample, native tellurium occurs in the aggregates of
goldfieldite as dispersed inclusions. This occurrence might be originated from a kind of
exsolution with cooling, however, the detailed mechanism remains unsolved and would

be clarified by further study.



5-3. Hydrothermal Conditions for Native Tellurium Formation

Tellurium is known to have some valences and to change its geochemical behavior
with the difference of redox conditions. On the basis of thermodynamic data from
McPhail (1995) for tellurium species, and from SUPCRT92 (Johnson et al., 1992) and its
update (Shock, 1998) for other species, the pH-Eh diagram for aqueous tellurium
species at 250°C that is estimated typical and general temperature of epithermal gold
deposits with native tellurium in Japan, is shown in Figure 5. The predominant species
are oxoacidic tellurous species under oxidizing condition and telluride species under
reducing condition. It is noted that the tellurium dimer (Tes?) is predominant under
higher pH condition between the regions of telluride and tellurous species at the
conditions of high total tellurium concentrations.

The pH-Eh diagram for aqueous tellurium species and tellurium minerals at 250°C
are shown in Figure 6. The region of native tellurium occurs between those of tellurides
and tellurous species at lower pH, matching approximately with the stability of native
tellurium in the log foz-pH diagrams by Zhang and Spry (1994) and McPhail (1995). It is
emphasized here that the solubility of native tellurium is very low, indicating that
native tellurium deposits from dilute Te solution of over 1.28 ppt at the appropriate
conditions.

In the pH-Eh diagram for aqueous Se, S and Te species at 250°C (Fig. 7), the
selenide species oxidize at higher Eh conditions than sulfide and telluride species,
regardless of pH. On the other hand, the relative oxidation of sulfide and telluride
species depends on pH: sulfides oxidize at higher Eh than tellurides under pH less than
6, and vice versa under pH greater than 6. This suggests that the oxidation states of Te,
Se and S are key factor in understanding of the environment of epithermal gold deposits,
which was already demonstrated by a series of geochemical and mineralogical work for
seleniferous minerals by Shikazono (1978), Shikazono and Takeuchi (1984) and
Shikazono et al. (1990). Combined with the diagram for native tellurium of Figure 6, the
region of native tellurium with the total Te contour less than 1014 mol/l is included in
the aqueous selenides (H2Se, HSe) and also in H3S region, which agrees with the
mineral assemblages basically with sulfides and sulfosalts in these ores.

It is concluded to say that native tellurium mineralization in the epithermal gold
deposits would have been formed under middle Eh and acidic to intermediate pH
conditions. The chemical condition would be estimated to be intermediate between the
high sulfidation (acid-sulfate) type and the low sulfidation (adularia-sericite) type by
Heald et al. (1987) and Hedenquist et al. (1996), as was already estimated by Shikazono



et al. (1990). Mineral assemblages of tellurous minerals in Au-Ag-Te system are
strongly related to their alteration mineral, i.e., high Te-Au assemblages of native
tellurium-calaverite-krennerite-sylvanite are associated with the kaolinite, high Te-Ag
assemblages of native tellurium-sylvanite-hessite-stutzite are with sericite, and low Te
assemblages not with native tellurium but with petzite and/or electrum are associated
with adularia and calcite, suggesting that mineral assemblages of tellurous minerals
are controlled by pH conditions. Thus, the mineral assemblages of tellurous minerals
are useful in understanding the formative environment of epithermal gold deposits in

the volcanic terranes.
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Caption

Fig. 1 Distribution of epithermal gold deposits with telluriferous minerals and locations
of deposits with native tellurium in the Japanese Islands. %: deposit with native
tellurium, @: deposit not with native tellurium but with other telluriferous minerals,
and O: other large epithermal gold deposit. The dashed lines indicate the present
volcanic front.

Fig. 2 Photographs of polished sections under a binocular stereoscopic microscope. (D
Teine, @Kobetsuzawa, @Mutsu, ®Kawazu, ®Suzaki and ®Iriki.

Fig. 3 Photomicrographs for occurrences of native tellurium under a ore microscope



(open nicol). MTeine, @ Kobetsuzawa, @Mutsu, @Kawazu, ®Suzaki and ©®Iriki.
Abbreviations are: Te: native tellurium, Cv: calaverite, Sv: sylvanite, Sz: stutzite, He:
hessite, gf: goldfieldite, py: pyrite and qt: quartz.

Fig. 4 DAu-Ag-Te ternary system for 120-280°C. The phases and tie lines are from Afifi
et al. (1988). Plots of contact mineral assemblages for @Teine, @Kobetsuzawa, @
Mutsu, ® Kawazu, ® Suzaki, (DIriki, ® Date (Shikazono et al., 1990), @ Agawa
(Soeda, 1978), @Takeno (Shikazono et al., 1990) and @Chugu (Shikazono et al., 1990).
Abbreviations are: te: native tellurium, cv: calaverite, kn: krennerite, sv: sylvanite, em:
empressite, sz: stutzite, he: hessite, pz: petzite, au: native gold, ag: native silver, el:
electrum, M identified mineral phase and % composition of electrum.

Fig. 5 The pH-Eh diagram for aqueous tellurium species at 250°C. Dashed lines indicate
the contours of Tes22" with the condition of total Te concentration of 108, 1010 and 1012
(mol/).

Fig. 6 The pH-Eh diagram for aqueous tellurium species and tellurium minerals at
250°C. Hatched areas indicate the fields of native tellurium with the condition of the
condition of total Te concentration of 108, 1010, 1012 and 104 (mol/l). Dashed lines
indicate the contours of Te22" as same as in Figure 5.

Fig. 7 The pH-Eh diagram for aqueous Se and S species at 250°C. The fields for Te
species of 1012 mol/l total Te contents are shown with dashed lines.

Table 1 Summary of ore-geological features of the epithermal gold deposits with native
tellurium.

Table 2 Mineral compositions of the ore deposits with native tellurium reported in the
previous literatures.

Table 3 Chemical compositions of native tellurium by EPMA for six localities.

Table 4 Chemical compositions of native tellurium from other localities.
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Ag/Au Geology Ore Deposits
Deposit (ratio)* Host rocks Alternation minerals Mode of K—-Ar ages Homogeni—
Sericite | Kaolinite | occurrence (Ma) zation (°C)
Teine desit
(Mitsuyama 6 ancesie, O O vein 4.0-5.0 206-243
greenish tuffs
group)
Kobetsuzawa 48.1 andesite, tuffs O network veinlet 3.6
greenish tuffs,
tuffceous
Mutsu 0.1 sand, @) vein
tuffceous
shale,
flj‘.waz.“ 1-5 |andesite, tuffs| O vein 14-15%+03 | 206-281
inokizawa)
Suzaki 0.1 andesrc(?, @) breccia pipe
pyroclastics
Iriki 10—12 acidic tuffs O breccia pipe 0.453+0.018

*Shikazono et al. (1990)

Table 1
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Table 2



Atomic percent

Deposit[Sample Weight percent
Cu As Sb Bi S Se Te Total [ Cu  As Sb Bi S Se Te

T1-1 | 0.12 0.00 0.00 0.00 0.00 0.57 99.29 99.98 1 0.24 0.00 0.00 0.00 0.00 0.92 98.84
T1-2 | 0.16 0.00 0.00 0.00 0.00 0.57 99.24 99.971 0.32 0.00 0.00 0.00 0.00 0.92 98.76
T1-3 | 0.73 0.00 0.00 0.00 0.00 0.58 98.16 99.47| 1.46 0.00 0.00 0.00 0.00 0.93 97.61
T1-4 | 0.74 0.00 0.00 0.00 0.00 0.58 98.32 99.64 | 1.47 0.00 0.00 0.00 0.00 0.93 97.59
T2-1 | 0.03 0.00 0.00 0.00 0.00 0.83 99.98 100.84| 0.06 0.00 0.00 0.00 0.00 1.32 98.62
) T2-2 | 0.00 0.00 0.00 0.00 0.00 0.78 99.19 99.97] 0.00 0.00 0.00 0.00 0.00 1.25 98.75
E T2-3 | 0.01 0.00 0.00 0.00 0.00 0.85 99.39 100.25| 0.02 0.00 0.00 0.00 0.00 1.36 98.62
= T2-4 | 0.00 0.00 0.00 0.00 0.00 0.78 99.34 100.12] 0.00 0.00 0.00 0.00 0.00 1.25 98.75
T2-5 | 0.01 0.00 0.00 0.00 0.00 0.85 99.54 100.40| 0.02 0.00 0.00 0.00 0.00 1.36 98.62
T3-1 | 0.00 0.00 0.00 0.00 0.00 0.00 99.60 99.60 | 0.00 0.00 0.00 0.00 0.00 0.00 100.00
T3-2 | 0.00 0.00 0.00 0.00 0.00 0.00 100.34 100.34| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
T3-3 | 0.00 0.00 0.00 0.00 0.00 0.00 100.60 100.60| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
T3-4 1000 000 0.00 000 0.00 0.00 100.73 100.73| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
g 5 g Ko 1 0.00 0.00 0.00 0.00 0.00 0.00 100.21 100.21| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
Mo 2 §| Ko2 0.00 0.00 0.00 0.00 0.00 0.00 99.88 99.88 | 0.00 0.00 0.00 0.00 0.00 0.00 100.00
M1-1 | 0.00 0.00 0.00 0.00 0.00 0.00 100.70 100.70| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
M1-2 | 0.00 0.00 0.00 0.00 0.00 0.00 100.82 100.82| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
a M1-3 | 0.00 0.00 0.00 0.00 0.00 0.00 100.65 100.65| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
=] M2-1 | 0.00 0.00 0.00 0.00 0.00 0.00 100.40 100.40| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
= M2-2 | 0.00 0.00 0.00 0.00 0.00 0.00 100.64 100.64| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
M2-3 | 0.00 0.00 0.00 0.00 0.00 0.00 99.97 99.97] 0.00 0.00 0.00 0.00 0.00 0.00 100.00
M2-4 1 0.00 0.00 0.00 0.00 0.00 0.00 100.65 100.65| 0.00 0.00 0.00 0.00 0.00 0.00 100.00
K1-1 | 0.00 0.00 0.47 0.00 0.00 0.24 98.43 99.14| 0.00 0.00 0.50 0.00 0.00 0.39 99.11
5 K1-2 | 0.00 0.00 0.45 0.00 0.00 0.27 99.96 100.68| 0.00 0.00 0.47 0.00 0.00 0.43 99.10
3 K1-3 | 0.00 0.00 0.46 0.00 0.00 0.19 99.41 100.06 | 0.00 0.00 0.48 0.00 0.00 0.31 99.21
Q K1-4 | 0.00 0.00 0.47 0.00 0.00 0.24 99.00 99.71] 0.00 0.00 0.49 0.00 0.00 0.39 99.12
K1-5 |1 0.00 0.00 0.46 0.00 0.00 0.19 99.98 100.63| 0.00 0.00 0.48 0.00 0.00 0.30 99.22
S1-1 | 0.00 0.00 0.49 0.00 0.00 0.29 99.49 100.27| 0.00 0.00 0.51 0.00 0.00 0.47 99.02
S1-2 | 0.00 0.00 0.44 0.00 0.00 0.22 98.48 99.14] 0.00 0.00 0.46 0.00 0.00 0.36 99.18
S1-3 | 0.00 0.00 0.49 0.00 0.00 0.34 98.44 99.271 0.00 0.00 0.52 0.00 0.00 0.55 98.93
S1-4 | 0.00 0.00 0.00 0.00 0.00 1.11 98.75 99.86 | 0.00 0.00 0.00 0.00 0.00 1.78 98.22
S1-5 | 0.00 0.00 0.00 0.00 0.00 1.02 98.69 99.71] 0.00 0.00 0.00 0.00 0.00 1.64 98.36
S1-6 | 0.00 0.00 0.00 0.00 0.00 0.93 98.59 99.52 |1 0.00 0.00 0.00 0.00 0.00 1.50 98.50
S1-7 | 0.00 0.00 0.00 0.00 0.00 0.92 99.20 100.12] 0.00 0.00 0.00 0.00 0.00 1.48 98.52
- S1-8 | 0.00 0.00 0.00 0.00 0.00 0.88 99.47 100.35| 0.00 0.00 0.00 0.00 0.00 1.41 98.59
'_::vs] S1-9 | 0.00 0.00 0.00 0.00 0.00 1.07 98.55 99.62 | 0.00 0.00 0.00 0.00 0.00 1.72 98.28
m: S2-1 | 0.00 0.00 0.00 0.00 0.00 0.99 98.42 99.41] 0.00 0.00 0.00 0.00 0.00 1.60 98.40
S2-2 | 0.00 0.00 0.00 0.00 0.00 1.03 99.17 100.20| 0.00 0.00 0.00 0.00 0.00 1.65 98.35
S2-3 | 0.00 0.00 0.00 0.00 0.00 0.90 98.32 99.22 1 0.00 0.00 0.00 0.00 0.00 1.46 98.54
S2-4 | 0.00 0.00 0.00 0.00 0.00 0.91 98.20 99.11] 0.00 0.00 0.00 0.00 0.00 1.48 98.52
S2-5 | 0.00 0.00 0.00 0.00 0.00 0.92 98.49 99.41] 0.00 0.00 0.00 0.00 0.00 1.49 98.51
S2-6 | 0.00 0.00 0.00 0.00 0.00 0.88 99.08 99.96 | 0.00 0.00 0.00 0.00 0.00 1.41 98.59
S2-7 | 0.00 0.00 0.00 0.00 0.00 0.81 98.91 99.721 0.00 0.00 0.00 0.00 0.00 1.31 98.69
S2-8 | 0.00 0.00 0.00 0.00 0.00 0.99 98.89 99.88 1 0.00 0.00 0.00 0.00 0.00 1.59 98.41
S2-9 | 0.00 0.00 0.00 0.00 0.00 0.96 99.06 100.02 | 0.00 0.00 0.00 0.00 0.00 1.54 98.46
- I1-1 0.69 0.27 0.00 0.08 0.00 0.00 98.14 99.18] 1.39 0.46 0.00 0.05 0.00 0.00 98.10
% I11-2 0.98 0.22 0.00 0.22 0.00 0.00 98.55 99.97] 1.95 0.37 0.00 0.13 0.00 0.00 97.55
= 11-3 0.69 0.28 0.00 0.00 0.00 0.00 99.70 100.67| 1.36 0.47 0.00 0.00 0.00 0.00 98.17

Table 3



Locality Au Ag Bi Te Se S Fe Cu Pb Sb Total (wt%) Ref.

Emperor deposit, Fiji 000 000 0.05 9987 000 0.00 9992 1
Gunnison Co., Colorado, USA 9945 040 0.11 9996 2
Kochbulak deposit, Uzbekistan 0.03 009 000 9862 0.15 0.01 0.01 0.07 0.01 0.70 9969 3
Kairagach deposit, Uzbekistan 0.05 90.31 10.25 0.09 0.01 0.01 0.08 0.39 101.19 3
Furtei deposit, Italy 100.00 100.00 4

Ref.: 1) Pals and Spry (2003), 2) Anthony et al. (1990), 3) Plotinskaya et al. (2006), 4)Fadda et al. (2005).

Table 4
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