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Abstract 

Epithermal deposits of High Sulfidation and Low Sulfidation type are hosted broad range of 
precious metals (dbtelluride or selenides), and are dominantly located in the volcanic-arc setting of the 
Pacific Ocean region. Epithermal style Au-Ag mineralizations are occurred from the dilute, 
meteoric-water enriched, low and typically variable in temperatures hydrothermal fluids (150-300 °C) 
at the shallowest depths under distinctly variable physicochemical conditions. 

Central Kamchatka mining district contains open-space filling epithermal veins of Au-Ag-Te, 
Au-Ag and Au-Au-Base metal mineralization types, occurring within the volcanic calderas of 
coincident age. Au-Ag-Te Aginskoe and Au-Ag Baranevskoe, Zolotoe and Kungurcevskoe deposits 
were chosen as subjects of the PhD research on the reason of currently active mining and exploration 
works at this area. The research is mainly aimed on: (1) estimation the physicochemical conditions of 
mineral deposition; (2) definition of the style of mineralization and (3) construction of the genetic 
models of Au-Ag-Te and Au-Ag mineralizations in the Central Kamchatka mining district. 
Additionally, the factors controlling the chemical composition of the Au-Ag alloy and the relationship 
of volcanism to the ore formation process were discussed. The information provided in this dissertation 
includes absolutely new data obtained from fieldworks, laboratory studies and a compilation of the 
existing Russian literature pertaining to regional fault systems that control metallic mineralization in 
Central Kamchatka. 

The Aginskoe deposit is a only active mine in the Central Kamchatka mining district, producing 
annually approximately 2 t of gold. It is composed of 14 steeply dipping to SE and NW quartz- adularia 
vein groups intruded into a sequence of andesitic basalt volcanic rocks of Middle Miocene. Unexposed 
epithermal veins of 300 m in length contain native gold, gold-silver-tellurides. sulfides and various 
secondary minerals most of which are still not identified. Gold-silver-tellurium-bearing ores have been 
formed from 7.1 to 6.9 Ma based on K/Ar dating of vein adularia obtained from this research. 
Aginskoe veins are confirmed to be formed in six paragenetic stages. Productive Au-Ag-Te 
mineralization is occurred in the stage II in crustiformed banding ores, characterized by presence of 
adularia, calcite and silica gel precursors. Dominated vein minerals are native gold, calaverite, hessite, 
altaite, petzite, chalcopyrite, and sphalerite accompanying with minor electrum, pyrite and galena. 
Special characteristic of the Aginskoe vein system is an intensive ore oxidized completely modifying 
the primary vein mineral assemblages. Exotic secondary minerals with great number of unknown 
phases and native mustard gold are developed in fairly each ore body of the mine. Despite heavy 
oxidation of the ores calaverite and rare petzite are still preserved as primary phases in ores. Au-Ag 
tellurides of stage II were deposited from fluids under the temperatures of 250-260 °C and salinity less 
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(yellow circle)､Au-Cu (red-green circle) and Cu-Ni-Pt (quarter of green, red and blue) deposits.

Fig. 1.2.1. A map of Russia showing a division on administrative subjects (source: Wikipedia).

Fig. 1.3.2.2. Gold production in Far East､Siberia, Ural and other regions of the Russian Federation.

Fig. 1.5.1. The microscope Nikon eclipse E400 POL with Nikon digital camera was used for the
observation of quartz textures､ore and host rocks minerals.

Fig. 1.5.3.Renishaw inVia Raman microscope in the Open Facilities of the Hokkaido University. ¥

Fig.2.1.1. A map of different style of plates､boundaries.

Fig.2.1.1.1.The cartoon illustrating Ringwood,s subduction zone model for a primitive island arc
composed of basalt. A model includes major elements: subducted oceanic crust,release of H->0 from

Fig.2.1.2.1. A satellite image of the North-West area of the Pacific Ocean. The Kuril-Kamchatka

A map is taken from Ponomareva e/αﾉ., 2007.

model is borrowed from Gorbatovaaﾉ., 1997.



Fig.2.1.3.3. View on the Central Kamchatka volcanic belt looking to the North-West. Quartemary

α/.. 2007: EVE - Eastern Volcanic Front､SCKD - volcanics from the south of the Central Kamchatka
Depression Zone and NCKD - from north of the Central Kamchatka depression zone、SR (IAB) -
island-arc type basalts廿om the Sredinny Range, SR (WP) - within-plate type rocks from the
Sredinny Range. Lower diagrams FeO/MgO vs. Si02. b - Churikova e/α/､､2001 and c - Bindeman et

Fig.2.2.2.1. A map showing distribution of copper porphyry､copper of various types and epithermal
gold-silver deposits in the south-west of Pacific region. Modified after USGS report､2005.

map is taken from Shikazano、1986.

Fig.2.2.2.4.Mineral prospects and mining in the Indonesia.

Fig.2.2.2.6. A map of Northland,Coromandel and Taupo volcanic zones hosting m可or gold-silver

andesitic､dacitic and rhyolitic volcanic,hosting metallic mineralization in Central Kamchatka mining

Fig.4.2.1．A geological map of Aginsky volcano with location of Aginskoe and South Aginskoe

Fig.4.3.1. System of mineralized廿actures of the Aginsky batch、Aginskoe deposit.  Based on
crosscutting relationship of fractures they have been subdivided into three groups・The first group is
the shear zones hosting high-grade ore bodies such as Aginskoe､Bluzdayushee､Surprise and Malysh.

Fig.4.3.1.1. General sequence of miner･alization stages distinguished in Aginskoe ore body mainly.

showing time relationship between stagesⅡⅡI and IV.



Fig.4.3.1.3. Ore specimens廿om Bluzdayushee ore body showing sequence of the mineralizatior

rocks. Remnants of adularia crystals are recognizable macroscopically; b)廿agment of quartz hostins

coating brecciated廿agments of sub-stages 1-6 of the stage II; d) specimen from Aginskoe ore bodv

Surprise. Amethyst is filled廿ee spaces in breccias. ■

Fig.4.3.1.5. Ore specimens collected along Surprise ore body. Most of samples are hydrothermal
breccias, hosting Au-Ag-Te mineralization. Specimen in the square is廿om Aginskoe ore body used

a,b) ore samples of the Olimpiskoe apophyse showing preserved廿agments of the stage III with Au-
Ag-Te mineralization in breccias of the stage II; c) hydrothermal breccias廿om Malysh ore body
hosting quartz fragments resemble for a stage II; d) specimen廿om Aginskoe ore body used as

Fig.4.3.1.7. Occurrence of euhedral quartz aggregates廿om Malysh ore body (upper left); Surprise ore

Surpi･ise ore body (lower left) and Aginskoe ore body (lower right).

Fig.4.3.1.8. Ore specimens collected廿om Yasnoe ore body (a)､Valeri ore body (b), Noyabr'skoe ore

Fig.5.1.4. Chondrite normalized incompatible element diagram for Surprise ore body: a) first group of

diagram (b) for Noyabr､skaya ore body.

Fig.5.2.1. Na20+K20 vs. Si20 in host rocks of Aginskoe､Baranevskoe and Zolotoe deposits

of Aginskoe､Baranevskoe and Zolotoe deposits.

Fig.5.2.3. X-ray diffraction patterns of chlorite､chlorite-kaolinite mixed layer, K-feldspar (adularia



Fig.5.2.4．Microphotographs illustrating type of alteration in host rocks of Aginskoe deposit, a､b)

and pyrite (black); b､c) development of chlorite-kaolinite mixed-layer mineral in groundmass.

Fig.5.3.1. Microphotographs of tellurides廿om Aginskoe deposit, a) association of hss, alt and sph in
the sub-stage 9 of the stageⅡ廿om Aginskoe ore body; b) intergrowth of alt, hss and cp in the sub-

the sub-stage 2 of stageⅡ廿om Bluzdayushee ore body; g) decomposed civ in intergrown with alt and
au in the sub-stage 2 of stageⅡ廿om Bluzdayushee ore body: h) primary tellurides civ and ptz are

alt. cp, ptz and au in the sub-stage 2 of stageⅡ廿om Bluzdayushee ore body; j) small patches of ptz is
adjusted to anhedral alt in the sub-stage 9 of the stageⅡ廿om Aginskoe ore body: k) sph, ptz and alt
association in the sub-stage 9 of the stageⅡ廿om Aginskoe ore body; 1) primary tellurides alt and ptz
in intergrown with au in Surprise ore body. Abbreviα"om; alt: altaite. hss: hessite, civ: calaverite､ptz:
petzite, cp: chalcopyrite,sph: sphalerite, py: pyrite. au: gold, etm: electrum.

au in intergrown with hss enclosed in cp廿om sub-stages 1-3 of the stage II un Aginskoe ore body: b)
cp hosting inclusions of alt and hss廿om the sub-stage 9 of the stage II in Aginskoe ore body: c) au in

stages 1-2 of the stage II in Malysh ore body; e) anhedral sph廿om the sub-stage 9 of the stage II in
Aginskoe ore body; f) mutual contact of sph,cp and dissolved (?) in Surprise ore body; g) association
of au, cp, ptz､alt and late sph in sub-stages 1-3 of the stage II in Malysh ore body; h) sph replaces alt

Fig.5.3.3. FeS content in sphalerite廿om Aginskoe and Surprise ore bodies.

listed in Fig. 5.3.1.a)､b) & c) development of secondary minerals on the surface of primary tellurides

Bluzdayushee ore body; f) completely altered tellurides in Aginskoe ore body. Along廿actures gold
has been accumulated; g) altaite intergrown with secondary minerals廿om Bluzdayushee ore body; h)

altered altaite廿om Aginskoe ore body; 1) altered hss with au from Surprise ore body.

Fig.5.4.1.Textures of quartz observed in Aginskoe deposit, a) flamboyant texture of quartz;



quartz. Left photo is taken with open nicols, right-closed nicols: e.f) pseudo-acicular quartz texture.

Left photo is taken with open nicols､right - closed nicols.

Fig.6.1.1.1. Mode of occurrence of primary fluid in inclusions in Aginskaya vein・a) primary two-

body・Specimens on right side of a figure show quartz crystal used for fluid inclusions study.

Fig.6.1.1.2. Mode of occurrence of primary fluid in inclusions in Surprise vein・a) primary two-phase

stage IV廿om Malysh ore body, Aginskoe deposit.

Fig.6.1.2.4. Scattei･ed diagram of salinity vs・homogenization temperatures foi･primary inclusions in

A map is adopted廿om Bigg e/“､2008.

Fig.9.2.1. Isotopic composition of hydrothermal water of Aginskoe epithermal deposit in relationship

Isotopic composition of present meteoric water in South Kamchatka is taken廿om Okrugin and

Shimizu and e/α7.、1998: Ahmad etα/,、1987; White. 1974.

assemblages and FeS content in sphalerite. A black arrow indicates shining汀62 from the sub-stage 1 -

Abbreviα"om; civ: calaverite、Au: gold, hss: hessite、acan: acantite、po: pyrrhotine、py: pyrite, alt:

Fig.9.3.2. Ternary diagrams of Au-Ag-Te system, a) ideal phase relations among Au-Ag tellurides

were precipitated simultaneously with native gold in sub-stages 1.2,3 of the stage II followed by
deposition of Ag-bearing and Au-free tellurides mostly in sub-stage 9 of the stage II・Diagrams are



plotted in wt%. Abbreviα"om: civ: calaverite、knr: krennerite、slv: sylvanite、emp: empressite、stz:
stuzite. hss: hessite､ptz: petzite, etm: electrum.

silver deposits (Bol､shakove/tf/..2010).

Fig. 10.4.1.3. Macrophotographs of gold-silver ores from Zolotoe deposit, a) sulfide-rich ore with

Fig. 10.4.1.4. Marco- and microphotographs of gold-silver ores with typical mode of gold occu汀ences
from Kungurcevskoe deposit, a) breccias廿om Main ore body (left) with occu汀ence of gold (right); b)
quartz-carbonate-clays ores廿om vein 17 (left) and gold occurring in quartz interstices (right); c)

deposit・Chondrite REE compositions from Mcdonough and Sun (1995).

Fig.11.1.3. Scattered diagrams plotted for main commodity in gold-silver ores from Zolotoe deposit.

Fig. 11．1.5. Chondrite normalized incompatible element diagram and rare earth element abundance for

Fig. 11.2.2. XRD spectrum of chlorite (chl)､chlorite-smectite (chl-sm) chlorite-kaolinite (chl-kln).

Fig.l 1.3.1. Microphotographs of ore mineral assemblages occu汀ing in quartz-carbonate-adularia and

intergrown with chalcopyrite (cp), py and ga廿om carbonate-base ores; d) intergrowth between sp and

Fig.l 1.3.2. Impurities of Cd and Fe in sphalerite廿om brecciated quartz-carbonate-adularia-gold-silver



Fig.l 1.3.5. Chemical variation of tetrahedrite-tennantite fahloreけom Baranevskoe deposit as a

metasomatite. Single gold crystals are rare・Clear growth steps are seen on the surface of crystal.

Fig. 11.3.8. Mode of occurrence of sulfide in sulfide-poor ores廿om Zolotoe deposit, a) euhedral pyrite

Fig.l 1.3.9. Impurities of Cd and Fe in sphalerite廿om brecciated quartz-carbonate-adularia-gold-silver

Fig. 11.3.11. Au content in gold廿om Kungurcevskoe deposit.

Fig. 12.1.1.1. Mode of occurrence of primary fluid inclusions in Baranevskoe (a,b)､Zolotoe (c,d) and

gold-silver ores of Baranevskoe deposit; c) vapor priman′fluid inclusion in sulfire-poor ore of

Fig. 12.1.2.1. Homogenization temperatures obtained廿om fluid inclusions for quartz from brecciated
quartz-carbonate-adularia ores (a)、cupriferous ores (b) and quartz廿om  metasomatites (c) of

Fig. 12.1.2.2. Homogenization temperatures obtained廿om fluid
quartz-carbonate-adularia  ores廿om  Zolotoe  deposit  (upper

inclusions for quartz廿om Au-Ag

Fig. 12.1.2.3. Salinity vs・homogenization temperatures: a) Baranaevskoe deposit, b) Zolotoe deposit:

consist of brecciated varieties,stockwork and carbonate-enriched ore types.

Fig. 13.1.2. Paragenetic sequence of vein minerals observed in the cupriferous ores. In le廿column rare
minerals reported by previous reseat℃hers are listed.

Fig.13.1.4. Isotopic composition of hydrothermal water of Baranevskoe・Zolotoe and Kungurcevskoe



Isotopic composition of present meteoric water in South Kamchatka is taken廿om Okrugin and

deposits・Judith deposit in USA, Emperor in Fiji and Broadlands in New Zealand is taken行om
Shimizu and et al.、1998: Ahmad et al.、1987: White. 1974.

deposit. A plot is borrowed廿om Barton. 1964.



Table 5.1.2. Continued: Bluzdayushee ore body (Bl,2,3) and Noyabr'skaya ore bdoy (N 1,2,3).

Table 5.1.4.Continued: Bluzdayushee ore body.

Table 5.1.4.Continued: Surprise ore body.

Table 5.3.1. Representative micro-probe analysis of altaite from Aginskoe. Bluzdayushie､Surprise

Table 5.3.3．Representative micro-probe analysis of calaverite from Bluzdayushee and Malysh ore

Table 5.3.5. Representative micro-probe analysis of sphalerite from Aginskoe, Bluzdayushie. Surprise

Table 5.3.6.Representative micro-probe analysis of native gold from Aginskoe ore body.

Table 5.3.6.Continued: representative micro-probe analysis of native gold from Bluzdayushie ore

Table 5.3.6. Continued: representative micro-probe analysis of native gold廿om Malysh ore body.

Table 6.1.2.1．Fluid inclusions data on vein quartz from Aginskoe ore body.

Table 6.1.2.2. Fluid inclusions data on vein quartz廿om Bluzdayushee ore body.

Table 6.1.2.4. Fluid inclusions data on gold-associated quartz from Malysh ore body.



Table 6.1.2.5. Fluid inclusions data on vein quartz廿om South-Aginskoe deposit.

Table 7.2.1. Tellurite and tellurate ident而ed (after Yakhontova and Zverev､2000).

Table 11.3.1. Representative micro-probe analysis of pyrite廿om gold-silver quartz-carbonate-adularia

Table 11.3.2. Representative micro-probe analysis of sphalerite廿om gold-silver quartz-carbonate-

Table 11.3.3. Representative micro-probe analysis of galena廿om gold-silver quartz-carbonate-

Table 11.3.4. Representative micro-probe analysis of tetrahedi･ite-tennantite series minerals廿om

Table 11.3.6. Representative micro-probe analysis of native gold廿om stockwork of Baranevskoe

Table 11.3.7. Representative micro-probe analysis of native gold廿om carbonate ores of Baranevskoe

Table 11.3.8. Representative micro-probe analysis of sphalerite廿om gold-silver quartz-carbonate-

Table 11.3.9. Representative micro-probe analysis of galena廿om gold-silver quartz-carbonate-

Table 11.3.10.Representative micro-probe analysis of native gold廿om gold-silver quartz-carbonate-

Table 10.3.11. Representative micro-probe analysis of native gold廿om Main ore body of



Table 12.1.2.1．Continue: Fluid inclusions data on quartz druses from Baranevskoe deposit.

Table 12.1.2.2. Fluid inclusions data from Zolotoe deposit.

Table 12.3.1.Stable isotope data on quartz and calcite (%o).
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Ch叩terl・General introduction of the research

1.1.ん〃oduction

Indonesia, Papua New Guinea and etc・and along the margins of continents as Far

He described these deposits as "…metalliferous lodess formed in shallower part of

rocks…" in the Mineral Deposits monograph (Lindgren, 1933). Lindgren provided

deposits are generally formed廿om low and typically variable in temperatures
hydrothermal fluids (150-300 C) at depth within 2 km廿om a present surface.

island arc system・In Kamchatka and Kuril archipelago are all known Russian

stretching廿om north-east to south-west (Fig. 1.1.). In vicinity of volcanoes the hot

Kamchatka volcanic belt (Fig. 1.2.).Two active volcanoes, Ichinsky on the north-
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intrusions are recognized in the District・Recently restarted geological survey and

and Au-Ag  Baranevskoe,  Zolotoe and Kungurcevskoe deposits、is  situated  in

elevation ranging丘om  900 to

に̅声声一可

ｕＬ』v人Luu』し』vLLuしし皿し．」-ｼﾙﾉLし皿しL』皿Fig. 1.2. The schematic map of the Central Kamchatka

quartz- adularia and rare carbonate green, red and blue) deposits・Location of two active
fillingnumerousshearhactures、volcanoeslchinsl9ノonthenorthandKhangaI,ｏｎｔｈｅ

mine・The Aginskoe mine connected to Mil'kovo city by a 1２７ km causeway.



1.2. Locａ伽"ofKtI脚C〃αtka, p/柳ico〃叩/zv and geo/ogicaﾉたattires

Federation (Fig. 1.2.1.). It joins a peninsular part (named as Kamchatka peninsula),
mainland area and Komandor islands with total area of 472,300 km．Kamchatka
peninsula having area of 270,000 k㎡and length of 1,250 km is adjusted to the
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Fig.l.2.1.  A  map  of Russia  showing a  division  on  administrative  subjects  (soui℃e：
Wikipedia).Kamchatka is localized in the easternmost area, highlighted by a yellow coloi．．



ＥｌｅｎａＤ・Andreeva

Central Mountain Range (as it is廿equently called in literature) is running廿om north

consists of more than 200 hot and cold spring spots・Some of them are located within

Climate is distinctly changing廿om the coast to the central area of the peninsula.

seasons・Usually the field geological works targeting on mineral prospecting start in

６



very diversity・Unique wild nature with rarest animals and plants species led to

Human settlements are randomly located in Kamchatka・Biggest cities are

一 ー

1.3. The m加加ｇｈ航oノツα〃prese"か加加"ｇａｃ"v耐邸加Russia

production country after China, Australia, USA and South Africa・On the known



Krasnoyarsk, Irkutsk, Chita､Amur､Khabarovsk, Yakutiya and Magadan (Fig. 1.3.1.).

Russia hosts the third most extensive gold resources (Mining Journal､2010). Until

ﾉ.3./､〃伽oryof〃"加ｇ/"Riｲss/ａ

of the primary gold-bearing quartz veins on slopes of the Ural Mountains・Although,

out廿om the hard rock deposit. Gold-bearing quartz veins were immediately put into

affects on the slow development of the gold mining in Russia・The advance of

producing  country  as  South  Africa,  America,  Australia  and  etc・Meanwhile.
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growth of the mining gold industry in the Russia Empire. Furthermore, m可ority of

and  Eniseisky  Krayzh・Later the  Amur  River placer  gold  deposits  in  Amur

administrative district were also found・Large reserves of gold, easy way of mining.

industry was owned monopoly by the government・When the Soviet Union was

1１



F.lena D・Andreeva

1.3.2.助ﾌe of developed depos姉αndgひ〃〃oduc伽"８

deposits is illustrated in Fig. 1.3.2.1.It is showing a gradually changing in a tendency

to the gold production and annual products are shown in Fig. 1.3.2.2. Most of the

ｔ
250

l曇一

Primarygolddeposits

恥 , 課 寺5０
P随唾埋⑪I。“卿“i鰭

1.3.1.)｡And as it was said the Ural region was the first place, where primary gold-
bearing quartz veins were found and mined in Russia・The exploitation of the

1２



located in the south area (Fig.1.3.1.). This region is famous for the alluvial operation

Far East include deposits with gold resources of about 100 t each・Khabarovsky krai
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1.3.3. Gold res oi"℃esα〃pote""α/ａreas

mined yet in Russia・Almost half of Russian's gold has been produced in Magadan,

gold in two times greater than Siberia・Alluvial gold, being a main metal source for

Shkol'noe, Arilakh, Lunnoe and Julieta Au-Ag deposits・Some companies continues

quartz and gold-sulfide-quartz・Magadan was also first region in Russia, who made a

also consisted of giant deposits with gold reserves over lOOt (for examples: Natalka、

volcanic belts enormous numbers of epithermal deposits are scattered・They are

1４



sub-product・Russian gold deposits are remarkably differing from foreign analogous.

deposits is 4.06 g/t, while worlds' standard is廿om 1.9 to 3 g/t.   Exact number of

1.3.4. Recent叩〃α"veﾉ刀加郎加Kamc加施

Bogdanovich in 1897・It is noteworthy, that first gold discovery was made in th

1１



finally set on the exploitation・The Asacha deposit is owned by the Trevoznoe

O
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OKyuchys

O ，DukatO ，

51(5,664051(5,66
増talkinskoe

趨霊臆
剛椴賂ｅ

ＯKurahakhs

；貢辿OBamskoe
ｏPioｎｅｒ
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Fig．1.3.3.1. A sketch map of Russian Far East t･egion with localities of largest Au deposits. Colored

map was created by author using data from the official site of the Fat･East Department of Raw
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/,ｷ.』〃α〃s卿滅cα"ce of the research

ﾉ.4.1. Res earcルα伽ｓ

ノ.4.2. S靭倣α"ce

obtained from fieldwork、laboratory study and a compilation of existing Russian

Central Kamchatka・The studying area is currently intensively investigated on the

estimating mineral resources､and to find new economic potential epithermal veins.

1７



1.5. Desc'･わ伽"ofreseα７℃ﾙﾉ"e油o伽

ＭＩＣ７℃scope observａがo〃 綴

Hokkaido University (Fig. 1.5.1.). Minerals、 国Ｉ
印画配
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匡重

1８



ヴ

Electron Mｉ〃onrobe A"αんs応

material such as a mineral､metal or glass can be analyzed at a scale of a few microns

individual crystal、for example, which could not be observed by some sort of bulk

were 20 kV acceleration voltage, 20 nA beam current､and probe diameter of 1-2 um.

of geological materials・In this study X-ray fluorescence method was applied for bulk

1９



ElenaD・Andreeva

肋伽ctiveんCOUD/ｅＪＰ/ａｓ加ａAtomic Emission Spectrometnノα"d X巳γａ
①ｒｅＳＣｅ〃ＣｅＳＤｅＣ〃｡Ｏ〃ZＥ

elements in the ore・By the ICP data histograms of distribution elements have been

4 … ９

例"脇加c/"sio〃ｓ〃ａ

The ore minerals such sphalerite、which commonly used for the fluid inclusions
study were not used this time because of very small size of grains､The preparation
was followed by the classic methodology・Firstly, transparent parts of the vein were

using Hitachi polish machine on three diamond disks・When quartz became clear it

2０



Linkam TH-600 heating-cooling stage at the Hokkaido University・The heating rates
for ice melting and homogenization were 0・1 C min"' and 1 C min"', respectively.

ay Powder Diｶｧαc"ｃ

Stable isotopeα"αんsな

hydrothermal fluids and ore mineralization・In this study gangue quartz and calcite

Ｒａ〃α〃spectroscon

2１
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Ch叩ter II. Epithermal mineralization occurring along Pacific

2.1. Active co城"e"〃"'α噌加: o噸加ofmag加加加
α”α"j城"ence to the deposits

tectonic   activities   generally   two   types   of continent   margins   are   coHⅢnonly

continental crust are originated in the zone extending廿om the ocean trench to the

made them recognizable廿om other types of active convergent margins is a chain of

composition are formed・They favors to formation of the metallic mineralization of

2４
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Ant蔀甑進Plate

Fig. 2.1.1. A map of different style of plates' boundaries. A map was taken廿om a web site:
http://www・sweaver.net/techhi2h/projects/Deri0dl  2/Yellowstone/Plate%20Tectonics.html

2.1.1. Ge"〃α〃""o鋤ｊｃ加刀如的e加αgmi沈"7 O７垣加ａted
加油e subduction zone

crust・Magmatic melts migrating from a sinking oceanic plate through the thick

formed廿om mixed magmatic melts. Those arcs, consisting of different composition

2５



volcanic rocks, are named mature arcs. In fact､the mature arcs are more common

on example of primitive arc lavas (Fig. 2.1.1.1.). Basaltic lavas of the pr伽itive

of 100km due to enriched in amphibolites・Mobile fluids are rising up into the

peridotite mantle wedge forcing the melting of sunDunding cold rocks with later
crystallization of Mg-rich  olivines  and  pyroxenes  basalts・Calc-alkaline  rocks
composing the mature arcs are originated through melting of eclogite・Different

Ｉ Serpentinite Basalt, gabbroソノSerpentiniteBasalt,gabbroソノ
bodies greenschists,amphibolite:撫撫i湖magmas■ﾉ』

糊訟｡,認
hib  Eclogite + Hｏ

Fig.2.1.1.1. The cartoon illustrating Ringwood's subduction zone model for a primitive island arc
composed of basalt・A model includes major elements: subducted oceanic crust, release of H^O
廿om amphobolite, formation of tholeiitic magma and a volcanic front. Photo is taken from

2６



2.ノ.2.7ﾙeKi〃"-Kα版c力αtka voleα"ICα此●

Kamchatka peninsula to down north-east of the Hokkaido island、consists of twc

different geological time・However, currently active volcanoes are located in the

the subsequent sections・Herein, only general characteristics of the Kuril-Kamchatkc

Early Pliocene Time・The arc was developed as result of migration of the ancien

volcanoes are located to the west廿om the Kuril archipelago (Martynov et al., 2007
2010;Chudaeve/α/,､2008). The Kuril-Kamchatka island arc was intensively studiec

mainly・An ocean plate dips at angel of 36-40 with rate of 10 cm/year under the

rate of about 8-9 cm/year (Volynec, 1991; Avdeikoaα/., 2007). The Emperoi

potassium content, volcanic rocks are generally subdivided into Low-K､medium-K

２１
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volcanics are also found in the Kuril-Kamchatka island arc・They are sub-divided

2.1.3. Desc叩"ons of the Kα"c〃αr肋〃Jﾉｂ/cα"ic Be/応α"α
／〃e prese"〃ocα"on of the subduction zone

active in present and only廿agments of them are recognized in the north of

volcanic  belt  and  the  Central  Kamchatka Depression  zone、where  magma  is

(Bindeman etα/., 2010). A mechanism explaining formation of Kamchatkan volcanic

２９
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Fig.2.1.3.I. A sketch map showing occurrence of Late Pleistocene volcanoes and their eruption

A map is taken廿om Ponomarevaαα/.. 2007.
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Bindemana砿, 2010). The depth of the seismofocal zone is increased toward the
Central Kamchatka volcanic belt廿om 100-140 km up to 400 km (Fig. 2.1.3.2.).

adjusted to the Southern Kamchatka (Fig. 2.1.3.3.). Intensive igneous activities.

show off moderate伽narolic activity and occasionally occurrence of fresh lava flows.

The Icﾙ加sky voleα"o with high of

５７。

has erupted numerous伽es during望総麗剛､鯛(圏謡I Range here)馴辿

is borrowed廿om Gorbatov el al., 199７.

latest 1,800 years ago (Bindemanaaﾉ., 2010). Eruption products are varying from

3１



The Khansaﾉ幻1ﾉo/cα"０

were occurred during last 30,000 - 40,000 years (Braitseva etα/., 1995). The Central

Volcanoes. The volcanoes of the northern gtDup display strong explosive eruptions

一 ニ ー -・勘鯉
<賞
＝ 畠壷雲霞 錘

､

五

声中

一

● ■ Ｆ● ー
一

Ｐ ～

畷瀕毒

一 畳一 畳

ｐＦｐＦ

蕊爵譲議露
Fig.2.1.3.3. View on the Central Kamchatka volcanic belt looking to the North-West. Quarternary
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Bindemanαα/., 2010). Most significant character of the Kamchatka segment of the

(Volynec, 1991; Pineau etα/., 1999; Avdeiko et al., 2007; Churikova, etａ/.,2010).

composition taken from various literature sources are complicated in Fig. 2.1.3.4.

the subducted plate・This evidence was also confirmed in the Kuril arc segment and
Japanese islands (Churikova etaﾉ.,2010).
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Fig.2.1.3.4.VariousK20（wt%）ｖｓ・ＳｉＯ２（wt%）diagramsshowingdivisionofKamchatkan
volcanic rocks into high-K, medium-K and low-K varieties. Diagrams ar･e borrowed廿ｏｍ：a-

depression zone, SR (IAB) - island-arc type basalts廿om the Sredinny Range, SR (WP) - within-
plate type rocks from the Sredinny Range・Lower diagrams FeO/MgO vs・SiO,.
b - Churikovaaα/､, 2０01 and c - Bindeman et al., 2０１０. Abbreviation is same as in Fig. 2.1.3.4a.
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magma generation in the Kamchatka island arc・According to them the magma

Central Kamchatka volcanic belt. The degree of rock melting is changed廿om high

2.2.ﾘﾉｂ/cα"ic hosted ep"力er碗αﾉ‘ﾉ匂うvs its

subdivide into gold-silver, polymetallic and Cu-Mo and etc・In this chapter the

2.2.1. Classificα"on of印肋eγ〃α〃epos its

1922・He found these deposits in similarity to the hot springs and argued that they

epithermal deposits were done by N. White, D・Cooke, R・Sillitoe, J・Hedenquist, G.
Cobertt and others・Although there are enormous numbers of epithermal deposits

3４



age and hosted by Tertiary volcanic rocks・Older epithermal deposits are supposedly

Rim  Circum:  Japan  (Koryu,  Sado、Hishikari  and  etc.),  Philippines  (Acupan),

in Fig. 2.2.l.l., showing localization of LS, HS and porphyry deposits in the
continental crust and relations to the intrusive body・Although, first classification of

second name of LS  deposits is a sericite-adularia,廿equently appears  in the

geological literature・Although, there are a great variety of LS deposits depending on
ore minerals assemblage, herein, generalization is given・To LS ore system author

typical ore textures of banded,colloform, crustiform and brecciated (Fig. 2.2.1.2.).

part of ore body in metals・In ores廿ee gold is common, sometime associates with
various sulfides and tellurides・Extensive studies of adularia-sericite deposits has
shown that they were deposited廿om low-temperature and low to moderate salinity

3１



c加ulated in upper crust (White, 1974; Matsuhisa etα/., 1９８５ etc.).
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Fig.2.2.1.2. Colloform-banded (a) and brecciated (b) textures of ores廿om the Aginskoe
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distinguished廿om LS deposits by the presence in ores of high sulfidation state

example, alunite (Heald etaﾉ., 1987; White & Hedenquist, 1991; Arribas, 1995 etc.).

are  proofed  to  be  deposited廿om  the  oxidized  fluids  enriched  in  magmatic

2005)．

2.2.2. D応加加加"of Au-Ag ep肋〃腕α/‘/匂うOS姉/〃
Soutﾉ7-〃どsteγ"pα〃of Pacific Fire Rim

highlighted・Herein, author give a distribution map of gold-silver epithermal deposits
in the south-west of Pacific Circum (Fig. 2.2.2.1.) with systematization of gold-silver
mineralization  and  gold-silver mining production  in  some  countries・Detailed

Cooke, N・White, R. Sillitoe, J・Hedenquist and etc.

subduction zones forming primitive and mature island arcs､They exhibit aggressive
volcanic eruptions, provoking by magma uplifting廿om a sinking plate. As results

Japan is located in East Asia. It has produced gold since historical time廿om

３
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Urashima, 1988; Shimizu^/α/., 1998; Shimizu, 2011 and etc.
Philippines archipelago situating to the south-west廿om Japan is a famous area

LS and HS are also know in Philippines・LS deposits are showed distinct differences
けom  other  LS   lodes  occurring  in   south-west  of Pacific   Circum.   They  are

(White etα/., 1995). Most intensive period of gold mining has happened in 1949 -
2009 (Cook etαﾉ.,2011). Despite 73 metallogenic provinces in Philippines, gold has

and breccias (Cooke etα/., 1996).
Indonesian archipelago is located to the east廿om the Philippines and consists

of 13,000 islands, hosting world-class porphyry Cu system and low-su陥dation gold

廿om the copper-porphyry, which located within Irian Jaya, North Sulawesi and

ｌ・13% copper, 1.05 g/t gold and 3､8 g/t silver and 564.72 Mt grading at 0.52%

however, LS gold deposits are predominant・Kelian LS gold deposit is classified as a
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Tolukuma and Kainantu deposits・On the territory of PNG alluvial gold deposits and
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Kawagle､2005.
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ｚｏｎｅｓ：

independent     gold-silver     deposits,

Goldfield (Christieaα/., 2007). The

-sericite-illite LS deposits basically.
Fig.2.2.2.6. A map of Northland､Coromandel
and   Taupo   volcanic   zones   hosting  m可a

geothermal fields・Hot spring spots are basically occurred at the eastern side of the
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ＥｌｅｎａＤ・And｢“vａ

2.2.3. Desc""ons ofep"ﾙermα/‘趣ﾌvs its occ"耐"g加Ｋ上I〃Ｃｈａｒ肋

N'yavlenga, Agatovoe  in Magadan and Maiskoe,  Kupol, Valunistoe、Sovinoe.
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Chapter  III．Geology  and   metal   mineralization   of

3.3.The Central Kamchatka Mining District

3.3.1. Geological background
3､3.2.Tbclonics
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Chapter III.Geology and metal mineralization of

3.1. Regio"αI geo/ogyﾉα〃だαo"jc se"/"邸of the Ce""α/KZI碗c力αr肋
陥/cα"ｉc Belt

volcano). For long time this belt was classified as non active, thus, it also o廿en called

(Ichinsky volcano and Khangar volcano) are still active (Fig. 2.1.3.1.). The Central

characteristics of this belt are given in Chapter II, sub chapter 2､1.3. and also in

papers of following authors: Volynec, 1991; Avdeiko et al., 1991; Ponomareva etα/､．

fault underneath the Central Range・This regional northwest-east fault is named as a

4７



3.2.助ａracteristics o"ﾌ花ＣｉＣ"s碗e〃‘趣，os its c加加加tedw"""抑
Ce"〃αﾉＫａｍｃｈａｒ肋Ｉ'b/cα"/c Belt

types are scattered within the Central Kamchatka volcanic belt・The epithermal Au-
Ag lodes in common and Au-Ag-Ie-(Se) rarely are associated with volcanic calderas

manifestations.   Central   mining  district  consists  of Aginskoe  Au-Ag-7bmine.

3.3. TheCｾ"かαﾉKZJmc加tka Mi"/"gD伽〃ct

4８



3.3.1. Geologicα/ｂａｃｋ97℃""ｑ

as Irakansky. Balkhach、Kreruksky etc., and polygenetic volcanoes as Levinson-

occupy middle part and top of the volcanoes (Fig. 3.3.1.1.).

3.3.2. Tecto"/“

4１



一 ｰ

Ｖ 一 Ｖ

Fig.3.3.1.1. A simplified geological  map, showing localization of volcanoes composed  by basaltic.

district. Shaded lines displace approximate orientation of the Major Kamchatka Blinded fault・controlling
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Among East-Ⅵﾉest direction faults the largest is Zolotoi one. The i加Its describe

occurs in the intersecting of the Major potential伽cture with local regional faults
(Fia. 3.3.1.1.).

3.3.3.Pノセclous metal d写ﾌ“姉

responsible for the formation of goldmneralization and alluvial deposits in the
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Elena D. Andree､'ａ

Chapter IV・Gold-silver-telluride mineralization at the Aginskoe

4.3. Structure of the Aginskoe deposit

4.3.1．Mineralization stages
4､3.2. Age of ore mineralization
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ＥｌｅｎａＤ・Andrccva

Chapter IV・Gold-silver-telluride mineralization

Abdrakhimovskoe ore field・It occurs in a mid-part of the Central Kamchatka mining
district within so-called the Aginsky volcano・Abdrakhimovskoe ore field, including

ｲ./､Exploｒα加刀α耐加vestiga伽〃ﾉz伽oひ

the upstream of the Aga River・Later, samples of vein quartz have been sent to the

Babushkin. Eventually, geologists had got outline of vein: width ranges廿om 0.2 to

5４



Company explored the richest ore body Aginskaya by the open-pit method・In 1994

Resources Inc・and Russia's Kamgeo, Kamgold won the rights to mine Aginskoe

4.2. Geoﾉo〃of the Aginskoe c趣’osii

volcanic rocks belonging to the Alneiskaya Formation・Previously mining geologists

had done some research on the wall rocks petrology of the Aginskoe deposit・He

activity・The first of all, Aginsky volcano was formed as a shield volcano with the

5１



have been developed in a periphery of the caldera・The eastem accessory eruption

period  of the  magmatic   activity・The  intermediated  magmatic  chamber  was

emptions・Places of excentric eruptions are marked by nekks and various subvolcanic

cover the central and the north-eastem flanks of the caldera. The廿agments of

the south-eastem sector of a caldera・The deposits of andesite, biotitic and hornblend
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4.2.1. Mag"α"C I〃応α〃ん"ﾉ応

intrusion and was emplaced during first cycle of the magmatic  activity・The
Aginskaya intmsion is a little eroded・From the surface only a small part of size 4x1

South-Aginskoe gold-silver-telluride deposits and Naichan ore manifestation・The

5８



ＥｌｅｎａＤ・And『“vａ

fractures is the large steep to the southwest and the northwest shears、hosting such
high-grade ore bodies as Aginskoe、Surprise, Bluzdayushee and Malysh. The shears

role  as  a  link  between  main  shear  zones・Linkage  shears  of submeridional
O

ruptures､for instance, Nakhodka vein (Fig. 4.3.1.). Subvertical small-scale ruptures

Aginskoe and Surprise shears、characterized by small-scale in length and lower

having a form of horsetail・Nakhodka and Kulisy Valiry ore bodies with uniform

ｲ.３.ノ．Ｍ/"eraﾉ吃α"o〃stages

only Aginskaya vein exhibits banding ores廿om host rock to center of vein suitable

Aginskaya vein were found in Surprise vein. However･evidences of stages were

the specimens of veins taken from different horizontal levels・The determination of

5９
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stages have recorded brecciation events followed by filling廿ee spaces between
blocks of host rocks､and early stage massive quartz by coarse violet colored quartz
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廿ee tellurides (altaite and hessite) are scattered within the unit of the rhymically-

4.3.1.2a.).The carefijl observation of specimens revealed rough boundary between

6２



迦聖_型fis represented by aggregates of amethyst-like quartz occupying free
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stages: a) rhythmically colloform-banding ore combines Au-Ag-Te, occurring within mill可
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Classification of mineralization stages is shown in Fig、4.3.1.3. It is composed of
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tends   to   show   close   relation   with   brecciation   (Fig.4.3.1.3c.).   Generally

consists  of banding  and  brecciated  ores・Mineralization  stages  recognized  in

apophyse (Fig. 4.3.1.6.). It is needed to note that in Surprise ore body and in Malysh

only single crystals of similar nature with quartz aggregates廿om Surprise and
Malysh ore bodies were found in the hydrothermal breccias (Fig.4.3.1.7.).

6１



ユ ニ

［胃の即面》ぬ

inmymmnmn--

Au-Ag-Te mineralization in breccias of the stage II; c) hydrothermal breccias廿om Malysh ore
body hosting quartz fragments resemble for a stage 11; d) specimen廿om Aginskoe ore body
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Elena D,Andreeva

recognized as廿agments in breccias.
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３.Gold-silver-quartz complex is related to the periodically recurring layers of

parts of ore shoots or fonns individual bodies・It is characterized be the light degree

aggregates intergrown with adularia・The ore mineralization consists of gold, gold

body of the deposit・It corresponds to central parts of ore bodies at the level of 1200

６.Gold-zeolite-quartz-carbonate mineral complex locally distributes within

minor pyrite, chalcopyrite､galena and acanthite. The relationship between the gold-

unclear・Generally, it occurs on the upper part of veins.
７.Quartz-zeolite-calcite post-mineralization mineral complex makes up the

７１
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4.3.2. Age of iﾌrecious"伽e'綴α/加加刀

basically. The result of K/Ar dating is given in Table ４､3.2.1., which have been

and 7.45( 0.30) Ma for South-Aginskoe deposit (Petrenko, 1999) and 6.9(士0.2),

αα1., 2010). Host rocks and nearby emplaced intrusive body revealed ages from 7.６４

0.24) Ma for the subvolcanic andesitic basalt body emplaced in the periphereial part

7２



Elena D・Andreeva

7・100.2 Ma, and adularia occurring in central part of ore shoot has apparent age of
6､93士0.2 Ma (Table. 4.3.2.2.). Thus, Bluzdayushee ore shoot was formed in Late
Miocene in age range of 170､000 years・K-Ar age dating of vein adularia from Valeri

Table 4.3.2.2. K-Ar age of Bluzdayushee orebody

Age was calculated using constants: AK=0.581*10"'year"'､入β=4.962* 10-' Var"'､*K=0.01167(at.%).

7３

Ｎｂ １ Age､Mc

383 7.48士0.3（

385 7.45士0.3（

384 7.64士0.3

956 7.71 0．2<

396 Andesitic-basalt,subvolcanic bodv 7.90士0.24

968 7.40士0.2（

４Ａ ra〔

82.〈 0.975±0.012 1.98±o.o:
２ 0.938±0.007 1.95±o.o: 6.93±0.2
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Mining has started in December, 2006.A total reserve of gold is 39 t and silver is 20

including their secondary products､gold-silver minerals and sulfides. Grades of Au

not exposed at the present surface・This allows a detailed investigation of mineral

夕.ﾉGeoche"加try of oreα〃REE

sphalerite・However, previous investigators have reported various kinds of gold-

In this study Au-Ag-Te and Ag-Te-sulfide mineral assemblages are found・The

7５



pyrite・Ag-Te-su陥de mineralization is occurred in the sub-stage 9 of stage II

ICP method・Table 5.1.2. presents ICP data for host rocks. The ICP analysis had been
done for more than 40 representative ore samples, obtained from Aginskoe ore body、

Fig、5.1.1．In Aginskaya vein gold grades are highly variably showing a positive

grades from highest 1040 ppm to lowest 7.1 ppm・In Surprise vein gold grade is also

body Au grades from 7437 ppm to 3.8 ppm, in Malysh ore body廿om3109．5 to 15.1

ppm. No any positive or negative trends were observed from diagram of Au vs・As
(Fig. 5.1.1.). Also, Au shows a positive correlation with Te and Cu with some

ranging from 367.3 ppm to 7679 ppm in Aginskoe ore body;廿om 55 ppm to 8766.2

ppm in.Bluzdayushee ore body;廿om 9.0 ppm to 20767.2 ppm in Surprise ore body
and廿om 12.9 ppm to 1553．7 ppm in Malysh ore body. Diagram Te vs. Se shows a

ore samples. REE compositions are given in Tables 5.1.3. and 5.1.4. Eu/Eu* were

5.1.2.). Eu/Eu* is varying in narrow range廿om 0.8-1.0 with lowest value of 0.79

7６
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Table 5.1.2 Continued: Bluzdayushee ore body (Bl,2,3) and Noyabr､skaya ore bdoy (N1.2,3).
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is also varying in narrow range廿om 1.0-l.l.
REE patterns for ore samples are shown in Figs. 5.1.3, 5.1.4,5.1.5 and 5.1.6.

depletion in REE (Fig. 5.1.3.). Much of REE in samples廿om Aginskoe and

equal to 1．01 was calculated for only one sample AlO廿om Aginskoe ore body.
Eu/Eu* for samples廿om Bluzdayushee ore body ranges廿om 0.65-1.04 and Ce/Ce*
廿om 0､31-2.87. On basis of REE's pattern ore samples from Surprise ore body were

hosts rocks with enrichment in Ba and depletion in Nb and Ta (Fig. 5.1.4a.). Pattern
of sample S5 exhibits a clear negative Eu anomaly・Negative anomalies of Eu also
could be read廿om other samples, except S9, which is showing slightly positive
anomaly (Fig. 5.1.4.b､). A negative Ce anomaly is recoded in sample SI and S2.
Eu/Eu* is broadly ranging廿om 0 to 1.2 and Ce/Ce* is ranging廿omO.l to 1．０.REE

samples廿om Malysh ore body revealed a negative Ce anomaly (Fig. 5.1.5b.).
Eu/Eu* is varying from 0､6-1.6 and Ce/Ce* from 0.5-1.9. REE patters for samples
from Noyabr'skoe ore body are similar to ore samples廿om Surprise and Malysh ore

of Eu and Ce was not clear廿om the REE patterns (Fig. 5.1.6b.).
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Fig.5.1.1. Scattered diagrams of Au vs. Ag, Te, Cu and As; Pb vs. Zn; Te vs. Se made for
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Fig.5.1.1. Continued. Scattered diagrams of Au vs. Ag, Te, Cu and As; Pb vs. Zn; Te vs・Se made
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Table 5.1.4 Continued: Bluzdayushee ore body.
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5.2.    Altera"o〃ｍｊ"ｅｒａ/ogy● ●

various in thickness廿om 1-10 m. Rare assemblage of kaolinite and alunite, which is

In this study host rocks samples were taken廿om host-rocks and vein contact in

CaO+Na20 vs・K2O is presented in Fig.5.3.2. suggests potassic and propylitic

intensively  silicified・Smectite,  chlorite,  kaolinite,  K-feldspar and  quartz were
diagnosed in clays separated廿om altered host rocks by the X-ray diffraction (Fig.

kaolinite, smectite, sericite and pyrite (Fig. 5.2.4.). Samples taken廿om vein cleavage

9４
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３．３．叱加腕inera/o副ノ●

with tellurides, calaverite in particular (Fig.5.3.19.).

in chalcopyrite・Size of altaite varies from few microns up to 400 um・In Malysh ore

Some altaite contains impurities of silver and selenium・Analyses obtained by EPMA

the Surprise ore body. Se concentration varies from 0．16 to 0.40 wt%. Frequently,
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sub-stage 9 of the stage 11廿om Aginskoe ore body; c) intergrowth of au and alt in the Surprise ore

stage 9 of the stage II廿om Aginskoe ore body; f) early association of cp, hss and au is replaced by

body; j) small patches of ptz is adjusted to anhedral alt in the sub-stage 9 of the stage II廿om

A6breviα"o"s;  alt:  altaite,  hss:   hessite,  civ:  calaverite,  ptz:  petzite,  cp:  chalcopyrite,  sph:
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polish thick sections color of hessite is changed廿om deep blue to light gray and is

essential intergrowth of hessite and petzite  (Fig.  5.3.le.).  According to Afifi
continuous intergrowth of hessite and petzite are formed due to break-down of卜ｌ

◎

individual grains or in contact with native gold (Fig. 5.3.Id.). Initial association of

between hessite and native gold. EPMA data are shown in Table 5,3.2. Generally,

calaverite was observed in polish thick sections廿om Bluzdayushee and Malysh ore
bodies (Fig. 5.3.Ig, h and i.). It occurs as an individual grains up to 100ﾄim, as small

body. Chemical composition of calaverite is given in Table 5.3.3.Calaverite contains
trace amount of Ag 0.59-4.57 wt%.

9９
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qualitative or the micro-probe analysis as well・In the polish sections mineral shows

Malysh ore bodies・It is also very common sulfide mineral in Surprise ore body. In

altaite and rare micron size gold and acanthite (Fig.5.3.2b.). In Surprise ore body.

individual grains (Fig. 5.3.1k & Fig. 5.3.2e.). In Surprise ore body sphalerite is

10〔
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native gold is considered to be deposited directly廿om hydrothermal fluid and also to

Malysh ore bodies (Fig. 5.3.1g,n,i
and    5.3.5e.).    In   Aginskoe    and

crystals of rounded shape廿equently

3.3.5b､). In addition, most of fine-

へ
一
”
皇
-
８
１

望
里
宕
巨
画
之

４ ５ ６ ７ ８

へ
”
皇
勺
Ⅱ
且

磐
里
君
屋
画
之

（一二一二二一”二
一

（””全一ⅥⅡ上

里
皇
君
ロ
③
Ｚ

Fig.5.3.4. CdS in sphalerite廿om Aginskoe
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listed in Fig. 5.3.1. a) & b) individual au crystals hosting inclusions of hss in sub-stages 1-3 of the

g)廿ee au from Surprise ore body; h) etm enclosed in pyrite in Surprise ore body; i) association of
au with secondary minerals in Surprise ore body; j)廿ee au in sub-stage 1-3 of the stage II in

tellurtides in contact with au. Secondary phase are still contain primal･y tellui･ide.
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isolated large-size grains (up to 100-150ﾄAm) and as inclusions in chalcopyr
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Fig.5.3.4. Au content in native gold from Aginskoe deposit.
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Table 5.3.6.  presents the micro probe analysis of native gold.  The chemical

gold ranges廿om 89-92 at%, however, some gold grains are closed to 99 at% Au (Fig,

52at%ofAu・Rare electrum from sulfide rich bans contains 62 at% of Au.

SecondarV（supergene）mmeral5

products of the origin minerals・As it was noted before, supergene minerals are

Aginskoe mine・They usually replace such Au-bearing tellurides as calaverite,

characteristics of these minerals are similar to each other・Microscopally they could

anisotropic effects・In the zone of the oxidation and secondary enrichment those

1０６
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found in Surprise ore body・Colloform-crustiformed banded and moss texture is
recognized in macro-scale in samples廿om Aginskoe, Bluzdayushee and fairly in

interaction and boiling (Dong etαﾉ., 1995).Cockade texture was observed in Surprise

quartz is notably in specimens collected at Aginskaya vein mainly・In thin sections
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Fig.5.4.1. Textures of quartz observed in Aginskoe deposit・a) flamboyant texture of quartz;

texture. In gi℃iiindmass of microcrystalline quartz outlines of needle-shaped adularia crystals are
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Table 5.3.1. Representative micro-probe analysis of altaite from Aginskoe. Bluzdayushie､Surprise and
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Table 5.3.4. Representative micro-probe analysis of petzite from Aginskoe, Bluzdayushie､Surprise and
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Chapter VI・Characteristics of hydrothermal fluids

6.1.1. Nature of fluid inclusions
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Chapter VI･Characteristics of hydrothermal fluid

6./､〃"〃腕c/"sio"』

inclusions containing two or three phases including solid and various gases・Depending

pseudosecondary (Mel'nikov et al, 2008; Roedder，1984). Primary inclusions are

along growth zones of parent mineral､and in central or upper zone of crystals. Primary

ｎｏｗ

1１６



q〃〃"加c/"sio"ｓ6.1.1.ⅣとJ"〃ｅ

About 40 underground samples of quartz廿om different localities of Aginskoe and

samples were taken廿om South-Aginskoe deposit.

pseudo-acicular or saccharoidal in texture suggesting recrystallization廿om primary
silica gel, adularia and calcite (Dongαα/., 1995). Fluid inclusions were observed in
clear euhedral quartz crystals in breccias廿om ore bodies Aginskoe and Surprise,
banded quartz fi℃m Bluzdayushie and Malysh ore bodies, post-ore stage amethyst from

contain two phases at the room temperature・Primary inclusions of negative crystal

of quartz crystal (Fig. 6.1.1.1.).Based on vapor phase, varying from 10 to 90 vol% of
cavity, generally two types of primary inclusions are recognized・Type I - liquid-rich

singly quartz crystals fairly in each ore body (Fig.6.1.1.2.). Daughter minerals and

Primary fluid inclusions in amethysts quartz廿om Malysh ore body are small in size and
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6.1.1.2｡)．

negative crystals with size varying from 2 to 20卜tm randomly occurred in upper and

【

ＦＤ■００Ｆ。Ｂ０Ｑｖ０口口ＢＤＩ０ＢＢＩ

‘睦亜亀
？Ⅷ’. ’ ７

＝ =

声

』 全 蒲
紐

ー

２０uｍ 20uｍ
皇二二』ー 一 二 一 凸 一 一 一 一 一 一 一 一 ＝

一 一 一

Fig.6.1.1.3. Mode of occurrence of primary fluid in inclusions in quartz vein
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6.1.2. Mｾﾉ""ｇα〃加加ogenizα"on temperature

body in Aginskoe deposit are listed in Table 6.1.2.1,6.1.2.2., 6.1.2.3., 6.1.2.4.,6.1.2.5.,
and 6.1.2.6.Table 6.1.2.6 presents the homogenization and melting temperature for the
fluid inclusions in quartz from South-Aginskoe deposit・Histograms of primary and

of the ore stage II and amethysts of the post-ore stage IV are shown in Fig. 6.1.2.1. and
6.1.2.3. Fluid inclusions of both types homogenize in vapor phase・Type I and type II

primary  fluid  inclusions  in  quartz廿om  brecciated  ores  of Aginskoe  ore  body

banded quartz of Bluzdayushee ore body homogenize from 250-280 C (Fig. 6.1.2.1.).

from 200 to 290 C・Primary inclusions of type 1 mainly廿om quartz aggregates of
Malysh ore body homogenize between 240-300 C (Fig. 6.1.2.1.)．Homogenization

the Surprise ore body. The Th values rangeけom 240 to 300 C. The mean of

amethysts quartz from Malysh ore body homogenize廿om 240 to 280 C mainly (Fig.
6.1.2.3.). Temperatures of ice melting range廿om 0 to - 0.8 C in fluid inclusions from

quartz of the Aginskoe deposit・The salinity calculated from melting data varies from
０．4 to 1.4 wt% NaCl for Aginskoe vein, and廿om 0 to 1.6 wt% NaCl eqiv. for Surprise

quartz is -0.7 and salinity 1．2 wt% NaCl equiv.

1２１
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in Fig、6.1.2.4. Melting temperatures of fluid inclusions ranging廿om -0.５ to ０．9 C.
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Table 6.1.2．1 Fluid inclusions data on vein quartz廿om Aginskoe ore body

Table 6.1.2.3 Fluid inclusions data euhedral quartz from Surprise ore body
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124

Ｊ■

1３

1８

25（
26（
262
27s
247
252
252
24（
26（
26（
2６
2６
2６
2６
25（
268
268
264

244
253
25【’
268

246
246

252
252
254
254
254
254
２５０

2６
257

-0.

-0.
-０．
-0.
-0.
-0.
-0.
-0.
-0.
-ａ
-0.1 一

-0.
-0.
-０．１
-0。

-0.4
-0.4
-0.4
-0.4
-0.4

-0.判

-0.4
-0.4
-０．４
-0.4
-0.4
-０．４
-0.4
-０．４
-0.4
-0.4

０.≦
0.号
０．＝

O書く
0昌弓

0舎弓
0.5
0｡?

0.6
0.9
0.1
0.月
0.9
0.1

Ｎｂ

’１’

1２
１３
１‘
1５

1８

Ｂ
Ｂ

Ｂ
Ｂ
Ｂ
Ｂ

■

Iｎｌｎｅｒａ

P'･・

-

Meas・Ｔ

264
260
270
266
266
269
270
2８１
250
２５４
２５４
２５４
257
257

244
244
250

Calib.Ｔ崖

25（
252
259
257
26（
2６

2７１
１９
２３７
237
242
242
24（
24（

２４９
249

-0.6

-0.4
-0.4
-0.4
-0.4

-0.4
-0.4
-0.4
-0.4
-0.4

Calib､Ｔｍ，

-0.
-0.8
-0.8
-０．８
-0.8
-0.8
-0.8
-0.8
-0.8

1.皇；

1.雪

Ｎｐ
eｒａｌ

pi●．

-

250
288

1

30（
244

-0.-
-0.
-0.ｰ
-0.-

-0.6
-0.常
-0.-



- - - ＝ -

125

1４

lラ

2（
2１
2２
ワ宅
一 一

ワ』
一 ＆

2（
ワＦ一 J

ワ（一 二

3（
3１

〆
Ｊ
二

つ．
グ“一

句。

3４
β
凸
』『。

3（
Ｆ
１

『ａ

釧
く

ご
句』

4（
4１
４２
４２
4４
４§
４（
４１
４（
4１
5（
5１
5２
5２
5４
５２
5（
5７

23SJ４

Ｓ

p】

Ｓ（
Ｓ〔
Ｓ〔
Ｓ〔
S〔
Ｓ〔
Ｓ〔
S〔

S〔
S〔

S〔
S〔

20（
29（
29（
Ｋ『。

３０｛

303
305

2６
2６
2６
2６
2６
23イ

249
240
241

29（
205
204
26：
26：
26』
242
24：
251
24：
254
２５（
26（
251
22′

２５２
25：
26〈

２８：
25〈
264

３１
３１

296
29（
2６１
254

281
281

299
299
302
302
29：
296
296
254
254
254
254
254
230
23：
2４
234
24：

282
2０
2０
252
252
258
236

252
239
248
244
259
252
222

247
24̅
259
260
27』

25門
３０２
302
302
302
302
281
288

249

-0.-
-0.-
-0 . -
-0.～
-0.二

-0.二
-0.＝
-0.2

-0. -
-0…
-0～
-0.-
-０．-

-0.～
-0.-

-0.一
-0.-

-0.

-０.二
-0.-
-0.

-0.3
-0～
-0.-,
-0.-

-0.
-0.,,

-0～
-0.6
-0.
-0.､，
-0.
-0.
-0.2
-０．２
-０．２
-0.2
-0.2
-0.2
-0.2
-0.
-0.

-0.（
-0.
-0.
-0.
-0..
-0.

-0.
-0.』
-0.』
-０.４
-0.
-0.
-0.
-0.（
-0.。

-0.、

-0.
-0.

-0.

-0..

-0.

-0.（
-0..

-0.
-0.1
-0.-
-0.
-0.
-０.‘
-０.４
-0.4
-0.：
-0.』
-0.

-0.4
-0.』
-0.』

》■■■戸■

１

0.Ｉ

0皇Ｉ
0量（
0皇｛
0.Ｉ
0.1

0.Ｉ
Ｌ

■

１

■

１

●

１

■

１

■

１

●

１

0..
0..
0..
0.（
0.（
0..
0..
0..

■

１

1.も

０．９
0.1
0.1
0.Ｉ
0.Ｉ
0.Ｉ

0.‘
0.‘



1２６

6（
6：
6２
6：
6４
6４
6（
6月
6（
６９
7（
7：
7２
7：
7４
7４
7（
７

8（

雨

so

307
267

299
2８
303
256
279
254
280
284
259
257
264
285
264
264
273
263
258
259
288

298

3０
2９
274
295
250
272
248
273
276

2５
257
277
257
257
266
246
252
253
280

-0.
-0.

-0.
-0.
-0.
-0.
-0.
-0.

-0.
-0.
-0.
-0.
-0.3
-0.3
-0.2
-0.3

-0.3
-0.3
-0.3

-0.4
-0.4
-0.‘
-0.4
-０．４
-0.4
-0.4

-0.4

-0.4
-0.4
-0.4
-0.4
-0.1
-0.（
-0.：

-0.（

-0.（
-0.（

0.
0.
0．
ｑ
ｑ
0.

0.
0.
0画
0.
ｑ
０
ｑ
Ｌ

1.皇
1.胃

●
１

1.且

1１

1４

1７
1８
1９

2２
2３
2４
2５
2６
2７

Ｍ』
Ｍ』

Ｍ』

Ｍ二
Ｍ二

Ｍ二
Ｍ :
Ｍ員
Ｍ皇
Ｍ皇

Ｍ自
Ｍ且
Ｍ皇
Ｍ三
Ｍ皇
Ｍ且
Ｍ且
Ｍ夏

Quai･tz

Meas.Ti，

25（
277
26（
25（
25（
269

25（
263
25（
24（
２５（
25（

２０
２８２
２８５
259
２５２
２５４
２５２

２５二

259

264

249
268
258
243
243
2６
249
249
25二

249
249

273
276
2５
245
247
245
244
248

2５

256

-0.
-0.

-0.

-0.
-0.
-0.
-0.
､-0.：
-0.
-0.
-0.
-0.2

-0.：
-0..
-0.：
-0..
-0.嵐
-０．．

-0.-
-0.-
-0.-
-0.-
-0.-
-0.-
-0.s
-0.-

-0.§
-0.§
-0.s
-0.s

-0.̅
-0.（
-0.。
-0.
-0.-
-0.
-0.（
-0.（
-0.（
-0.（
-0.箔
-0.（

0.皇
O書き
０．§
0量署
0.皇
0.9
０．自
0.§
0-皇
０.召
0.．う
0.召
0.畠

Ｌ
Ｌ

1.%

Ｌ
Ｌ

ＬＩ



127

2８ 264 256 -0.2 -0.6
2９ ｐ 264 256 -０ -０ ｊ

ａ

可

3（ ｐ 268 260 -０ -０ ‘
ｑ

３１ ｐ 264 256 -０ （
3２ ｐ 264 256 -０ （
【「》

へ
』 ｐ 264 256 -０ -０ （
3４ ｐ 305 -０ -０ （
3s ｐ 277 268 -０ -０ （
3６ ｐ 254 247 -０ -０ （
3７ ｐ 257 -０ （

ｐ 257 -０ -０ ‘

3９ ｐ 284 275 -０ （
4０ ｐ -０ -０ （

ｐ 275 266 -０ -０ ‘

4２ ｐ 27： 265 -０ -０ ●

4２ ｐ 266 258 -０ ．

4４ ｐ 266 258 -０ -０ ‘
ｑ

4s ｐ 264 256 -０ -０ （
4６ ｐ 264 256 -０ -０ ‘

4７ ｐ 264 256 -０ -０ ‘

4８ ｐ 264 256 -０ （
4９ ｐ 264 256 （
5０ ｐ 264 256 -０ -０ （

ｐ 298 288 -０ 』

5２ ｐ 254 247 -０ -０ ｡

5３ ｐ -０ -０ ｄ

5４ ｐ 242 235 -０ 。

雌 、 wt9イ
１ 258 250 -0.2

ｐ 266 258 -０ -（ ､

ｐ 268 -０ -（ 且

ｐ -０ -（ d

ｐ 243 -０ -（ ■

ｐ 250 243 -０ -（ ■

雌 １ 前１

１ 257 -0.1 -0.5 0.9
-（ -（ （
-（ -〔 （

４ 25（ 243 -（ -〔 §
29（ 280 -０ -〔 §
27： 264 -（ 』

可 ２
1８２ -（ .

q
■ ０“

■
ヨ

24’ 240 “

可

．

可

’
４

1９２ -０ .
ｑ
■ ０到

司
ヨ

-（ q
■ ０



6.2. Gas compos i肋"offli噸加c〃sions

6.３. Sｍ〃e isotopes ofquαﾉ吃α〃cαﾉもo"α花

water (O'Neil and Silberman. 1974; White, 1974; Taylor, 1974; Matsuhisa etaﾉ., 1985;

3.3 %o, and post-ore stage IV amethyst is -3.０ %o.Table 6.3.1 shows isotopic values of

calcite from Valeri, Aginskoe and Malysh ore bodies are -0.7,  1.3 and -0.6 %０.
respectively・Calcite 8^C values for same samples are -3.0, -0.9 and 1.1 %o. Isotopic
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composition of H2O was calculated using equations of Clayton etα/. (1972) for quartz

Fluid inclusions water廿om 4 samples of quartz was analyzed on hydrogen-
isotope composition・Ore-stage quartz of Malysh, Surprise and Aginskoe ore bodies

Table 6.3.1 Stable isotope data on quartz and calcite (%o).
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7.2.Te behavior under the oxidation conditions: formation of tellurites
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Emperor, Fiji by Ahmad etα/., 1987 and Pals & Spry, 2003; Kushikino, Japan by

1965, Cooke & McPhail, 2001 and Maglambayan etα/., 2006; Tongyoung, Korea by
Shelton, 1990; St. Barbara and St. Gemitrious, Greece by Voudouris etα/., 2006;
Prasolovskoe and Ozemovskoe, Russia by So etα/.,  1995 and Kovalenker &

New Guinea by Espiaα/., 2007). Although in some ores Te occurs in form of native
tellurium, most廿equent mode of Te occurrence is various Au-Ag-bearing and other

７．／，礎""（"〃behavior伽ﾉﾙｅﾉりﾉ‘加油ｅｒ腕α/so/"伽": Te-beα〃"９
speciesα"‘/胸〃α"叩o〃加rAeﾉuﾉ〃o油e'〃α/so/""on (importance to

gold c趣,osi伽"碗ec加"伽zノ

volcanic-arc setting in the Pacific Rim region・In some cases, concentration of Te in

1３１



system. On physical and chemical properties tellurium distinctly differs廿om sulfur

temperature and may be carried in great distance廿om magmatic source, tellurium is

same, subsequently Se often substitutes S in sulfides・Although, Te is from same

eraﾉ.,1977)．

only at very high Eh conditions, and Te"^"^ under acid conditions (pH < 0).Species

1３２



oxidized fluid､HTe" in the reduced fluid. Native tellurium is stable in hydrothermal

Tも
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silver, native tellurium、electrum, sylvanite, petzite、calaverite, krennerite、hessite.
stuetzite, empressite、muthmannite, y phase of composition of Agi.gTe、a solid

natural assemblages・Phase y and x are existed under high-temperature, and usually
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carriers in the hydrothermal solution・Calaverite and hessiate are most common and
representative Au- and Ag-bearing minerals in the ores of epithermal deposits・Zhang
and Spry (1994) claimed that Au in calaverite is derived廿om HAu(HS)2 and

7.2. Te be加vio'""火'油e oxj血"on condition: fo'"α伽"ofte""r舵ｓ
α〃tellurates〃"庇γ油e supergene co"戒"o"ｓ

consideration of the reports廿om the epithermal deposits of Japan (the Teine mine),

due to intensive leaching of Te廿om gold tellurides・A mustard gold is gold
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down with formation of tellurites and tellurates (Zhao e/α/,2009). Nekrasov (1991),

such as kostovite, krennerite､sylvanite, altaite are altered into supergene minerals in
the weathering zone of some epithermal deposits in Kamchatka・They are mainly
composed of Au, Cu, Fe, Ag, Te, Pb and trace amounts of Sb and Bi・Only some of

7.3. Au-Ag-距印"〃ermα/deposits at Kamcﾙαr肋

the representative Au-Ag-Te lodes in the district・Epithermal ores of the Aginskoe

surface・The oxidized gold-silver tellurides and rare intermetallic compounds are
widely   distributed    in   ores・The   intemetallic   compounds   are   bilibinskite.
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ChemicalヵＪ""血ｊMineral

Cu3[Te04](0印４

』 ‘肋 ”〃 Chemical form"肱

Fê ÷[TeĈ K 2H20
Fe2̂ [Te03]3.2H20
MgO5[MnFe(TeO3)3]・4.5H20

1３６
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ＥｌｃｎａＤ・Andrccva

Kamchatka and affbcts on the deposits

fluctuation of the Earth､s orbital parameters. In Pleistocene main four glacial and

8.ノ. The g/αciα/perio伽加Ｋａ〃c加/"

Exact number of glaciations in Kamchatka is not concluded yet・Data on

(Braitseva etαﾉ., 1968). However, systematic investigation of ice sheet was begun in

volcanic activities in this area (Braitseva etα/､､1968).

Pleistocene is characterized by uplifts of Central Kamchatka, Valaginskogo、South-
Bystrinsko, Kumroch, Tumrock and others mountain ranges・Thus、first stage of

glacial advancing has begun.Therefore most significant glaciation has happened in

138



Late Pleistocene time・There are two stage of ice advancing separating by interglacial

Commonly glacial depositions are washed out and found as isolated廿agments.

500  m・Elevation of the  snowline was depended  on  amount  of atmospheric

precipitation・Earlier ice sheet was largest covering almost all of peninsular part and
mainland (Bigg etα/., 2008; Stauch and Cialtieri, 2008). Reconstruction of ice shield

coastline (Bigg etαﾉ., 2008). Central Kamchatka depression zone and western

8.2. Affects ofg/αcier cover o"油e cer伽"‘ﾉ匂うOSﾉハ

Pleistocene glaciation・It was also covered by the tons of ice during Pleistocene
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Fig.8.1.1．A map showing distribution of ice in Late Pleistocene time. Deep blue color indicates

A map is adopted廿om Biggａａ/., 2008.
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●Chapter IX・Discussions on source and phyj

9､2. Boiling and mixing of hydrothermal fluids
9.3.The physicochemical environment
9.4.Origin of Te-enriched veins
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Ch叩ter IX・Discussion on source and physicochemical environment

constancy or abrupt changes of such basic hydrothermal system parameters as T、

entire・These parameters were calculated廿om mineralogical,  geochemical,  fluid-
inclusions and stable isotopes studies for Aginskoe Au-Ag-Te deposit・Definitions of

9.1. Source of/り′〃other〃α/β"/伽

Epithermal veins of LS and HS type deposits are originated廿om convection

廿om the hydrothermal fluids of average temperature of 250-260 C and salinity around
1 -2 wt% NaCl equiv. (Figs､6.1.1. and 6.1.2.). Salinity is extremely low and consistent

Teine in Japan, Acupan in Phillipines and Emperor in Fiji・Those deposits were formed

1４２



neutral reduced and dilute・Fluid pH has been changed in time廿om slightly alkaline tc

from recystallization of the initial silica gel・Pseudo-acicular texture廿equently observed

9.2. Boｊ""gα”加師"gofﾉwdrother碗α/β"枕

Hydrothermal solution circulated in the shallow depth is su碓血g from high

minerals・The boiling phenomenon is confirmed on many of epithermal deposits.

and 6.1.4.). Fluid inclusions are mostly aqueous with trace amount of CO2・LossofCO2
also supports boiling・Further evidence of hydrothermal boiling is presence of abundant
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acicular adularia､associating with assemblages of native gold-calaverite of sub-stage 1 -
３ of Stage II suggest existing of carbonate・Additionally, precursor of silica gel and

Aginskoe fluids is written from stable isotope data・Isotopic composition of quartz and

meteoric waters well reacted with host rocks in origin (Fig.9.2.1).

+5０
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Fig.9.2.1. Isotopic composition of hydrothermal water of Aginskoe epithet･mal deposit in relationship to
the meteoric water line. Isotopic value of H was measured directly from the fluid inclusions・Value of

Isotopic composition of present meteoric water in South Kamchatka is taken廿om Okrugin and
Zelensl,', １９９7.

Judith deposit in USA, Emperor in Fiji and Broadlands in New Zealand is taken廿om Shimizu and et
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9.3. Thepﾉりﾊsicocﾉlemlcαﾉｅ"v加"腕e"'

た2 were attempted to be estimated based on the remaining primary minerals and the

Omean of fluids temperatures equal to 250 C (Fig. 9.3.1.). The thermodynamic data for
tellurides and Ag sulfides was referred廿om Afifi etα/､(1988a) and Barton & Toulmin

toward to the hessite-acanthite reaction line (Fig. 9.3.1.). Although Surprise vein display
individual specific characteristics, mineral paragenesis also show decreasing of汀62

bearing deposits (Afifi etα/., 1988b), was also confirmed in the Aginskoe mine.

assemblages in the ore (Einaudi et.αﾉ., 2003). Unfortunately, in this study no any
representative sulfide minerals available for the estimation of logた2 value were found.
Sulfur fugacity has been roughly defined廿om the stability diagram of telluride and

sphalerite, logyS2 range廿om approximately -13 in sub-stages 1, 2, 3 to - 10.8 in the

minerals assemblages・Wall-rock alteration zones consist of quartz, chlorite, smecfite.

1４５



that could be read廿om table of the mineralization stages (Fig. 4.3.1.1.). Among nine

they are not associated with Au廿ee tellurides such as altaite and hessite・Common

The temary diagrams shown in fig.9.3.2. display synthetic assemblages of

Aginskoe mine is close to that determined by Cabry (1965), basically ranging廿om 0.3
to 1.3 wt%・Most of Au-bearing tellurides are predominant in Bluzdayushee ore body of

1４６
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sub-stages 7- 9. Equilibria were calculated at 250 C using data listed in Afifiaaﾉ. (1988a, b).

Abbﾉ-eviα"ons; civ: calaverite､Au: gold, hss: hessite, acan: acantite, po: pyrrhotine, py: pyrite, alt: altaite.

9.4. Or卿"ofTe-e""ched ve加ｓ

Ametistovoe and Se mineralization in Ozemovskoe, respectively・However, paucity of

the Central Kamchatka mining district・There is a little geochemical information of
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Elena D. Andree､'ａ

Chapter X・Gold-silver epithermal mineralization at the Balkhach

10.1．Exploration and investigation history
10.2.Geology of the Balkhach volcanic-tectonic structure

10.4.Vein systems of precious metals deposits at the Balkhach ore

10.4.2. Age of ore mineralization

14§



Ch叩terX・Gold-silver epithermal mineralization at the

廿om the Aginskoe Au-Ag-Te deposit. The occurrence of gold mineralization within

deposits・The precious metals deposits are basically of gold-silver type with high
Au/Ag ratio・The deposits are currently being explored with future mining planned in

10.1. Explorα伽"α”加vestiga加刀力加oり

Mineralogy of veins and alteration zones were studied by Okrugin V.M・and

15〔



10.2. Geolo幻ﾉof the Bα/肋αch voleα"/c-tecto"/c s"脚c""ｅ

(Fig. 10.2．1.). The Au mineralization is basically occurred inside volcanic calderas

within volcanoes at the southem fault border (Fig. 10.2.1.). In Late Miocene time

1５１
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and siltstone tu侭．Tuffs are colored in olive-brown colouring due to the regional

range in the central and eastem areas of the Balkhach ore cluster (Fig. 10.2.2.). This

ﾉ0.3. Mag版α"c u"肺α”〃ajor/〃ﾉ応
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に.謡蝋繍H雛淵蝋総ｄ加廠
E．f撫誓制雛蹴繍綴伽""tsky Complex.
同縦噛vn瀧擢篭鮪鰯謎…nd tuffs.
匡．穂f淵§脇瀧脇卿

rMWⅢQuaternary stocks of basalt

〃謡:撫畿縁誓niksky Complex.
Lαに雌o“"e司匙ノヵ〃"C“e・勉肋加"sky Compﾉ'er.

廐溺Second group: stocks of andesite and diorite-porphyry
比ﾉｿy Miocene. Kimitinskyα"叩ﾉ“

|■■First group: diorite and diorite-porphyry

■l■舗嘉籍蝋Imneiskaya Formation.|溌溺placer gold-----quartz veins
-- ore body

geologists (Bol'shakov et al, 2010). It is cut off by external ring faults (Fig.10.2.1.).

〃４陀加systems oかγecious metaん叱加s施加
theBα/肋αch ore c/"ster
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with variable gold grades (Au is up to 459.9 ppm and Ag廿om 0.3 to 160.1 ppm).
distributed within the caldera of the Balkhach volcano・The Balkhach volcanic
caldera is north-east orientated with size of 6 x 2､5 km and relative elevation of 1100

main vein - Rhzavaya, which is surrounded廿om the handing wall by series of

is cut by the left-lateral, strike-slip Amto fault・In place of cross-section of two faults
Stockwork body is mapped (Bol'shakovaaﾉ., 2010).

of veins varying廿om 1 to 20 m with length approximately 60-300 m・Gold grade
varies from 11.5 to 32．9 ppm.

Ｉ0.4.1. Ore occ"〃ence

veins, which differ in textures and principal commodities・In this study representative

1５６
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and Yuznaya vein of Baranevskoe deposit・Based on ore structure and mineral

west side of the deposit (Fig. 10.4.1.1a.). Principal vein minerals in this ore type are

③

vein and Rhzavaya vein・It consists of

rocks     (Fig     10.4.1.1b.)．Sulfide

⑥

⑥

⑥ Fig. 10.4.1.1．Macrophotographs of gold-silver
and cupriferous ores廿om Baranevskoe deposit.
a) a hydrothermal breccia consists of廿agments

廿om Yuznaya vein; d) brecciated cupriferous

15字



with width changing from 0､4 to 1．3 m・Ore is composed of calcite intergrown with
whitish brown and translucent massive, cockade quartz hosting pyrite、chalcopyrite.
sphalerite, marcasite and native gold・Gold and silver grades varies廿om vary trace

vein trending to the north-east and dipping to the north-west・Cupriferous ore is

bomite. Minor and trace minerals are Cd-rich sphalerite・electrum、native bismuth.
molybdenite, enargite and stibnite (Bol'shakov etα/.. 2010).

According to the Table of the mineralization stages, presented in Fig. 10.4.1.2.．

quartz-carbonate-adularia ores have been formed in three large stages・First stage is a

Ｃ Ａ９
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vein minerals・Sulfide such as galena, sphalerite and chalcopyrite were precipitated

prior to telllurides and Ag-bearing minerals・Gold is most abundant metallic mineral

sphalerite and galena mainly・Minor amount of tennantite-tetrahedrite, Ag-bearing
nmerals, altaite, hessite, native Te, arsenopyrite, bornite, cinnabar, molybdenite and

常鈎
Fig. 10.4.1.3. Macrophotographs of gold-silver oi･es from Zolotoe deposit, a) sulfide-rich ore
with pyrite comprising 90 % of total ore; b) sulfide-pooi･01･e consists of fragment of host rocks
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Elena D・Andreeva

Kungurcevskoe deposit are shown in Fig.10.4.1.4.Main ore body is represented by

Main ore body. Samples obtained廿om vein 17 also exhibits breccias in common.

mineralization is dispersed in quartz-clay gangue (Fig.  10.4.1.4b､). Among vein

identified. Samplesけom vein 14 consist of breccias, followed by deposition of clays

ﾉ0.4.1. Age of ore棚"e'α/加加〃

Age dating of host rocks and ore mineralization was borrowed廿om literature

apparent age of 17．6 Ma and 21．3 Ma, respectively.
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Chapter XI・Geochemistry and mineral

11.2.Alteration mineralogy
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Chapter XI･Geochemistry and mineralogy of veins and

Relatively廿esh wall rock samples and characteristic vein specimens were

available廿om Baranevskoe, Zolotoe and Kungurcevskoe deposits.

11.1. Geocﾙe加なtry of加st rocksα〃ores

Ｂａｒα"evskoe

propylitized andesite host rocks・Copper ore type occurs in metasomatite・The last

and trace elements廿om Baranevskoe deposit. Analytical results are listed in Table
11.1.1 and 11.1．２.The REE elements concentration in host rocks and ores are given

Geochemical assay for main metals plotted in Fig. 11.1.1. revealed distinct

but generally increase with increasing of Au concentration (Table 11.1.2). Lack of

and Cu insufficient・In general, cupriferous ores is likely characterized by high Cu
concentrations, which exceed concentration of Au and Ag in 10 times・Te content is
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ZひﾉOtoe deposit

and will not be discussed in this paper・Characteristics of ores are given in Chapter IX.

are listed in Tables 11.1．1., 11.1.2, 11.1.3 and 11.1.4. Graphically data are expressed in
Figs. 11．１．3 and 11.2.1.4．

11.1.3.). Sample Z4 exhibits a small different pattern regarding to higher concentration
of Ba, and Ta・REE patterns of host rocks show a gradual change廿om flat to slightly

(sample Z4). Eu/Eu* for host rocks varies from 0.7-1.1 and Ce/Ce* varies from 0.9 to
1.1．REE concentration in epithermal veins has a wide variation廿om intensively

samples (Fig. 11.2.1.2). Eu/Eu* for veins ranges from 0.9-1.1 and Ce/Ce*廿om 0.3 to
０．５．

1７１
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〃､２．４/だ”加刀加加ｅｒａ/ogy

Barα"evs肋e deposit

propylitized andesite and different types of metasomatites・In the north flank of the

around 1-10 m・Most intensive wall rocks alteration is occurred in the central flank.
Metasomatites are graded from inner of pyrite-hematite-magnetite-sericite(alii血e)-

alteration is covered on the south-western portion of the deposit (Bol'shakov etaﾉ.
2010)．

Negative correlation of K2O vs･CaO+Na20 suggests that host rocks undergo
potassic and propylitic alteration (Fig.5.3.2.). In thin section phenocrysts of plagioclase

mixed layer, adularia and quartz (Fig.11.2.2.）

Fig. 11.2.I. Microphotographs of alteration types in host rocks of Baranevskoe deposit
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Fig.l 1.2.2. XRD spectrum of chlorite (chl)､chlorite-smectite (chl-sm), chlorite-kaolinite (chl-kln).
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Barα"evskoe

petzite and altaite・In carbonate-quartz veins only gold was found. Impregnation of

of gold. Previous investigators reported minor amount of native bismuth, molybdenite、
enargite and stibnite (Bol'shakov etα/, 2010). In total sulfide mineralization comprises

types as isolated grains, in contact with other su陥des and native metals. In the

gold and/or galena (Fig.11.3.1b.). In Stockwork ore body pyrite was frequently

not detected by electron micro probe analysis in pyrite廿om the cupriferous ores.

chalcopyrite of Cu-rich ore hosts inclusions of gold and tetrahedrite (Fig. 11.3.1 i､). Most

chalcopyrite廿om bomite was often observed (Fig. 11.3.1g.).In the cupriferous ore

1７７
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Fig.l 1.3.2. Impurities of Cd and Fe in sphalerite from brecciated quartz-carbonate-adularia-gold-

samples・Usually it was found in intergrown with pyrite and sphalerite in the quartz-

in this study. Representative micro probe analysis of galena is written in Table 11.3.n

tennantite solid solution in the cupriferous ore type (Fig. 11.3.If.). As it mention before、

Tetrahedrite group minerals tend to be strictly occurred in Cu-rich ores・Only
rarely制nore was observed in the quartz-adularia-carbonate breccias occurring in
Central vein. Tetrahedrite groi叩minerals are the solid solution between tetrahedrite and
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11.3.4.  and  graphically expressed  in  Fig  11.3.5．An average  Ag substitution  in

a.p､f). The Fe content in tennantite is generally higher than in tetrahedrite. Ratio of

to the ideal formula, containing approximately 11 a.p.f of Cu, 2 a.p.f. of Zn+Fe, 4 a.p.f
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from 59 to 64 at%. In carbonate ores elongated-shaped gold occ叩ies the interstitial

growing conditions (Fig. 11.3.6.). Au content of native gold is widely ranging from 64

ores is given in Tables 11.3.5. 11.3.6 and 11.3.7ダ
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Zひ/otoe deposit

Pyrite is most abundant sulfide in both sulfide-rich and sulfide-poor ores・In

Sphalerite is also one of most common sulfides in the sulfide-poor ores.Anhedral

and galena・All sphalerite grains observed in this study showed chalcopyrite disease

composition is presented in Table 11.3.9.

not available for gold廿om sulfide-rich ore. A few micro-probe analyses showed Au
content of 59.64 at%. In su陥de-poor ores gold occurs as廿ee grains in quartz-adularia

1８３
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KiI"w"℃evs肋e deposit

pyrite, sphalerite and galena・The principal gold mineral in ores is a silver-rich native
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(Fig. 10.4.1.4 a.).This gold is often seen megascopally. Subhedral gold crystals
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Elena D. Andreev;1

is a single impurity detern血ed in the gold by electron-micro probe analysis・Highest
amount of Ag with 1９ at% were detected in gold from Main ore body. In contrast, golご
occurred in clays of vein 14 contains Ag from 30 to 14 at%・Ag in gold from vein 17 is
usually below 30 at% of Ag・Variations of Ag in gold are shown in Fig. 11.3.11.
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Fig.１1.3.11. Au content in gold from Kungui℃evskoe deposi
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12.1．Fluid inclusions

12.2.Gas composition of fluid inclusion
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Chapter XⅡ､Characteristics of hydrothermal fluids
／２/､Ⅳ"脇加c/"s/o"ｓ

q"7"脇加elusionsﾉ2.1.1．ⅣZJ""ｅ

Barα"evskoe deposit

approximately 10-15 vol% are predominant・Vapor-dominated inclusions are rare,

vapor phase of about 2-30 vol% (Fig. 12.1.1.la.). Vapor-dominated inclusions are
very rare・Single gaseous inclusions were observed in swarm of liquid rich inclusions
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Zひ/otoe deposit

廿om su順de-poor and sulfide-rich ores were not noticed. Quartz of both ore types

Ｋ""gurcevskoe ‘たposit

varies from a few microns up to 20トtm. Vapor-dominated and gaseous inclusions

2０１
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12.1.2. Mｾ"加ｇα耐加mogenizα"o〃だﾉ"peｸ｡α""es

performed on vein quartz. Primary inclusions were preferentially measured・Tables
12.1.2.1, 12．1.2.2 and 12.1．２．3 is summarized data on homogenization temperatures

Barα"evskoe cたposit

temperature of last ice ranges廿om -0.4 to -0．6 C, and subsequently salinity of fluid
inclusions varies廿om 0.7 to 1．1 wt% NaCl equiv. Homogenization temperatures of

temperature ranges broadly廿om -0.4 to -1.0 C. Salinity is varying廿om 1.2 to 1.7

Secondary inclusions of quartz druses homogenize at temperature廿om  150 to

2０３



ＺＯ/otoe deposit

from 160-280 C (Fig. 12.1.2.2.). At level of廿om 80 to 120 m below surface fluid

Temperature of ice melting and salinity varies from -0.6 to -0.9 C and 1.1-1.6 wt%

K""gurcevskoe deposit

temperatures廿om 194 to 251 C, however some individual inclusions homogenize at

under low temperature range from 177 to 232 C・Melting temperatures of primary
and secondary inclusions vary from -0.6 to -1.0 C, and salinity ranges from 1.1-1.7
wt%  NaCl   equiv・Fluid   inclusions  in  quartz  from   vein   17  revealed  lowest
homogenization temperatures varying廿om 161 to 226 C (Fig. 12.1.2.2.). Melting
temperatures range from -0.4 to -0.9 C, and salinity varies from 0.7 to 1．6 wt%

are equal with the primary inclusions・Homogenization and melting temperatures of

to- 1.0 C・Secondary fluid inclusions homogenize under lower temperatures from
160-250 C・Melting temperatures are same as in primary vary from -0．6to-l.Owt%

1.7 wt% NaCl equiv.
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Table 12.1.2.I Fluid inclusions data on gold-silver quartz-carbonate-adularia ores廿oｍ

2０８

州

-

-

1２

1４

1６

2１
ワ
ー

ワ'
一 ■

2‘
ワ‘一 ・

2１
ワ’一

２１
2１
3０

3２
司 司。。

3４
3５
3６
3７
３８
３１
4０

-

４２
4３
4４
4５
4６
4７

４９
5０
5１
5２

Ｂ

Ｂ
Ｂ

Ｂ員

Ｂ､102

Quartj
Quart2

pi･・
pi..

P'･・

28〈

27（
27：
22（
２７（
２７０
292
240
240

265

246
246
247
249
258
269
269
269
297
260

２６２
225
255

266

262
266

23局
23？
259
267
290
255
265
240
２７：
272
275
２７７
２７８
２８０
292

230

276
204
267
26：

262
262
287
234
234
254
257
2７

239
240
242

2６
2６
2６
２８戸
252

254
22〔
246
20（
２５［

254

254

2３
2３
2５
25s
28（
248
257

264
２６４
26（
26（
２６§
２７
282
209

-0.-
-0.-
-0…
-0.-
-0.-

-1.1

-1｡’

-0.3

-0.一

-0.ｰ
-0.-

-0.-,

-0.司

＝

-１．０
-1.0

Calib.Ｔ員：

-0.
-0.

-0.-
-0.-
-0.

！-0.9

-1.‘

-0.‘
-0.
-0.
-0.両
-0.局

-0.'̅，
-0.
-0.
-0.
-0.
-0～
-0.

J■■

ー

ー

■ ■

ー

ｌ■■

ー

-１．０
-1.0

1.,
1.,
Ｌ

Ｌ

1.7
1..

1.‘
1.7

1.：

1.：
（■夕庫一■

１

■

■

【■■■■■１

1.7
（■■■
●

１



2０９

5３
5４
5５

5７
５８
5９
６０
６

２３〔
２３８
２１４
２３５
240
２４６
246
246
250

２３２
232
201
229
234
239
239
239
2鞭

-1.0
-1.s

-１．０鼠

-１．０
-1.0
-１．０

-1.
-1.0
-1.0
-１.（

-1.0

〔■ロ■■■１

1.？
1.7

1.7
〔宮口■■Ｌ
１．７
1.7

6４
6５
6６
６７

６９

７１
7２
7３
勺
Ｊ■

７５
７６
７７
７８
７９
８’
８
8２
８３
８４
8５
8６
8７

169
179

208

22［

28：
282
２８５
30（
261
３６５
267
265

262
26：

１６５

２０２
204
205
２０１
2１
215
21こ
215
222
2７
273
273
276
290

3５１
259
２５７
252
２５４
２５１

-0．３
-0.3
-０．３
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3
-0.3

-０．３
-0.3
-０．３
-0.3
-0.2
-0.3

-0.3
-0.2
-０．３

-０．３

-0.7
-0.7
-0.7
-0.7
-0.
-0.7

-０．７
-０.
-0.7
-0.
-0.
-0.7
-0.7

-0.6
-0.
-0.（
0.6
-0.（
-0.（

（ロー』１
（■■グー■

１

【■毎庫一Ｌ

１．２
【・毎Ｆ一●

１

１．２
1.2

1.2
１．２

１．２
１．１
１．１

ｰ

6２
6３

260
２６

２５２
25（

-1.0 1.7

Ⅳ

1４
1４

202

238
202
202
204

204

Calib.Ｔ:：

232

200
1８６

-0.二
-0.二
-02
-0.2
-0.ユ
-0.二
-0.今
-0.2
-0.二
-０.二
-0.二

-0.二
０ぞ
O達

-0.℃

-0.
-0～
-0.
-0.5
-0.
-0.
-0.6
-0.4
-0.4

1.1

１．且

0.7
0.？



０．７１

210

204 0皇； 0．
l量 0皇；

雌

1２
肥

l§

ワワー 一

2３

2６
2７

3０
３１
3２
へ 句
ココ

3４
3５
3６
3７
3８
3９

4３
4４
4５
4６
4７
4８

■

Ｉｎｌｎｅｌ･ａ

Quai･tz

Quai･tz

P'●．

P'●.

P"..
P'．‘

P'．．

P'．．

P'●．

P'●.

244
237
250
252
252
250
250

252
254
259
267
268

272
290
239
247

2５
252
259
259
260
264
269
2７
292

282
2７

267
272
272
242
256
272
277
278
283

330
２３４
237
236

23′
2３
242
24（
24（
242
242
244
24（
245
2５
2乱
26（
262

28（

24（
244
244
24（
2５
２翫

25（
2６
262
282
302

272
262

264
264
23二

264

261

29（

２３１
23（

-0.-
-0.-
-0.-
-0.-

-0.-
-0.6
-0.哩

-0.6
-0.
-0.6

-0.6
-0.6
-0.6

-0.6
-0.-
-0.6

-0.6

-0。

-0.6
-0.6
-0.6
-0.6

-１．０

-1.し

-1.し

-1.,

-1.し
-1.し

-1.0
-I.し
-0.-,
-0.-

-1.し
-1.0
-1.0

1.7

1.？
［■■■ワ●

１

［■画■■●
１

［■■■■●
１

［■■■ロ●
１

〔■■■■Ｌ

［■■三口Ｌ

〔■■■■●
１

『■■■宮■
■
Ⅱ
■
＆

1.7
〔■■■■■

１

［■■■■Ｌ

［■■■■●
１

〔■■■画Ｌ

0.書
0.雪

〔■■■》●
■
■
■
具

1.？



『

2１１

4９
5０

5３
5４
5５
5６
５７
5８
５９
６０
6１

6３
6４
6５
6６
6７
6８
6９

7３
7４
弓
ノ．

７６
7７
7８
7９

8１

8３
8４
8５
８６
８

９０
9１

3１

)２

)』
)』
9６
9７
9８
9９

■

Ｓｄ．

■Ｓｄ．

■

Ｓｄ．

1９９

210
214

224
225
260
272
290
２９４

206
２３６
236

①Ｃ句
コワー

238
257

266
267
269
279
267
267
27〔
242
25（
２１

1８３
199
199
209

24《
250
２６２
269
272
２７２
287
290
29：
314
1６

１９５
20：
204

201
２１１

25：
２６４
２８（
２８４

20：
23（
23（
２３２
232
250
252
252
252
258
259
261
270
259

262
235
２４：
213
205

164

205

２３（
243
254
261
264
264
278
280
283
303
160

-0.6
-0.6
-0.6
-0.6
-0.6
-0.6
-0,6
-0.6
-0.6
-0.6
-0.6
-０．６
-0.6
-0.6
-0.6
-0.（
-0.（
-0.6
-0.6
-0.（
-0.（
-0.（
-0.（
-0.（
-0.（

ｰ

-1.0

-1.0
-1.0
-1.し

-1.･し

-1.も

-1.0

-1.も

-1°Ｃ

-1.〔

〔■■■■●
１

〔一■■■●
１

【■■■■■
１

〔■■■■Ｌ

1.？
〔■■■■●Ｉ

1.？
1.7

［■■■■●
１

［■■■■Ｌ

１．？
一【■■■■■１

〔■宮口■Ｌ

1.？



Table 12.1.2.2 Fluid inclusions data on quartzけom Zolotoe deposit
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Table 12.1.2.3 Continued: Fluid inclusions data on quartz廿om vein 17 of Kungurcevskoe deposit
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12.2. Gas compos i加刀q〃I"減加c/z卿o〃

CO2 peaks were noticed in some inclusions; however, concentration of COフin

C-H compounds・Some inclusions from Kungurcevskoe deposit show presence of

12.3. Stable伽topes ofq"αγ吃αnd cα》"加刀ａte

oxygen and hydrogen isotopic composition. Table 1２.３.1 shows values of oxygen
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Elena D・Andr“vａ

Zolotoe and Kungurcevskoe deposits are 5.5, -0.1 to -0.2 and 0.4 %o. respectively.
S'^Ohuo values has been calculated using formula of 1,000ノ〃α=3.34 x lO^T*
(Matsuhisa etα/'., 1979) and a mean of homogenization temperature obtained from
the fluid inclusions. 5'ROh20 is calculated to be     for Baranevskoe deposit、for

２１６

minera 6［
Ｑ

Ｖｅｌｌ
5.5 ４

-0. -１２９

Ｑ -0.2 -12.4
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Elena D・Andreeva

Ch叩ter XIII. Discussions on source and physicochemical

which have been erupted numerous times in history (Bignman etαﾉ., 2010). This

13.1. Nα""e and c加γααe畑"csofﾉﾘﾉ〃otheγ〃α/β"枕

Barα"evskoe deposit

mineralization over Cu-rich one (Bol'shakov etα/., 2010).   Cupriferous ores have

2１８



E 霊

瀞
p覇Ｂ４･函，

鯵鶏 蕊一一二一』
卓Ｆ

守
勺置陸】 乱綴喧騒

躍謬畠溌４-』 ← 全 ●

ｍ２Ｌ Ｐ - 田

き 『．

蕊灘蕊
浩笈

灘醗 : 認騒

綴霧
騨織:一馬璽騨…夢一一,f,....:賂...:..,..､,.､べ.…蕊＃ 閉 ， 拓 癖 露

Ｒ茜沌臓如⑬ﾛ咽I§

- ＝ ■ - - -

219

E a r l y 一 一 一 一 一 一 一 傍



Elena D・Andreeva

訓１１１ｍ

ひｉ壷騒乱照誘癖凪認識欝蕊

Fig. 13.1.3. Microphotographs illustrating paragenetic sequence of vein minerals observed in

CO㎡rmed yet. Gold-silver ores and Stockwork ore body host electrum, sphalerite,
hessite, petzite, altaite, galena, pyrite and chalcopyrite.Only gold in minor amount

nature ascended through the large, openhactures of Central vein. The widespread

o

approximately 2wt% NaCl  equiv.,  and relatively  low temperature   1９0-2８0   C.

220



temperature from 230 to 31０  C・In chemical composition gold is identical to that

+5０

Orenuids

Ｉ Ｉ
Ｔhe『malwate『s,actwe
Orenuids
AntamokandAcupanorefIuids,Philippines
A9inskoeorenuids,Kamchatka
SouthKamchaIkanhotsprings

●国×●×
●国×●× ○,SMOW○SＭＯＷ
-躯鯛器鵠8測鵬噺協0ｍ-躯鯛器鵠8測鵬噺協0ｍ

稲meleoricwate
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Fig. 13.1.4.   Isotopic   composition   of   hydrothermal   water   of   Bai･anevskoe,   Zolotoe   and
Kungurcevskoe epithermal deposits in i・elationship to the meteoric water line･Isotopic value of H

Shimizu andαα/., 1９９８; Ahmad e/α/'., 19８7;Ⅵ/hite. 1974.
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Zりﾉotoe deposit

typical for LS epithermal environment・Homogenization temperatures range 160-
280 C with salinity around 1．1-1．6 wt% NaCl equiv・The boiling is not confirmed
based on fluid inclusions studies・Ore is composed of gold, sphalerite, galena,

K""'giｲrcevskoe deposit

salinity・Mainly temperature ranges from  161-251  C with some evidences of
temperature over 300 C. Salinity is consistent ranging from -0．2to-0.8 wt% NaCl

13.2. Thepﾉり人sicochemicα/ｅ"v伽""lent

Barα"evskoe deposit

physicochemical conditions at the site of the deposition (Feiss、1974; Maske &
Skinner,   1971;   Spiridonov   etα/.,   2005).   The   tetrahedrite-tennantite   series,

composition of fluids (Fadda etα/, 2005; Kemkina, 2007; Hernandez & Akasaka,

vein, however､trace amounts of fahlore were also found in samples obtained from
other veins of the deposit・The tetrahedrite-tennantite series is predominant by

２２２



(Table 11.3.4.). Generally, tetrahedrite is characterized by a high Cu content with a
high Zn/Fe ratio・The prevalence of tetrahedrite in the ores suggests oxidized, low-
temperature solution (Spiridonov etα/, 2005). This is also supported by fluid

O

o

rapidly cooling hydrothermal fluid favors deposition of tetrahedrite廿om a low
temperature solution・Tetrahedrite is also an indicator of alkalinity, which coincides

metasomatites of adularia, illite, carbonate, clays and pyrite・This suggest a shifting

2２３
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Fig.13.2.1. Plot of log/Sz vs. temperature showing variation in value of the sulfur fugacity
during formation of the cupi．iferous and the gold-silver ores.
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study. Gold is associated with pyrite in clays of vein 1４・Based on homogenization

of neutral pH with temperature of 220-280 C and sali血y 1.1-1.7 wt% NaCl equiv..
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Ch叩ter XIV・Discussion on genesis of gold mineralization in the

q"ﾌrecious metals棚"ｅｒａ/iza伽"加Ce""α/Ｋα〃c力αrね〃./. Genesis●

The Central Kamchatka mining district、mapped on the southem area of the

underground recourses of gold more than 100 t・The lodes are localized within volcanic
calderas composed of andesite and andesitic basalt predominantly・According to K/Ar

veins change from oldest to youngest廿om the north to the south of the district, for

age of 21.4-17.IMa. Main magmatic activity with emplacement of various intrusive
bodies was continued廿om Oligocene to Pliocene and廿om Pleistocene to Quaternary.

were formed廿om Pleistocene to Quatemary. Metallic mineralization is showing strong

2２８



chalcopyrite) accompanying with gold mineralization・Late Miocene Aginskoe and
South-Aginskoe deposits (7.5.-7.4.-7.1.-6.9 Ma) are characterized by higher formation

Stable isotope data are plotted on Fig. 14.1.1.is showing that isotopic composition

meteoric water in the origin・Besides, shifting of isotopic composition of Aginskoe
water to meteoric water line during evolution of the system is observed・Baranevskoe

+5０ l I
The『maIwaters,ａｃｕｖｅ
Ｏ幅fMds●ロ】《●× OiSMOW
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S"0.%･

Philippines, New Zealand and USA are taken廿om following references: White,  1９74
Ahmadａｎ/.. 1９８７; Shimizuαα/.. 1998.



Ｍ２・Factors co""o/""g chemicα/COﾉ"pos/伽"ofgo脇加ep"〃er腕αノ
‘/匂う'OS its ofCe""α/KZI〃c加r肋

α/., 2002). Chemical composition of gold occurred in epithermal ores is used foi

◎

Kungurcevskoe with formation temperature around 170-250 C・Gold is associated with

1969; Seaward,  1973; Shikazono & Shimizu,  1987). Considering that Te and S上

hydrothermal fluids by many researchers・Nevertheless, both elements would act as a

230



be mistaken・They presumably carry significant amount of gold, however, Te might be

minerals such as polybasite, pearciete at the Rodnikovoe deposit (Takahashi etα/､-
2002). Gold of Rodnikovoe deposit, however､show close chemical composition of gold

２３１



PhD Dissertation: Genesis of､precious metals mineralization in the Central Kamchatka Mining District

Chapter XV・Summary and Conclusion

identified・Gold-silver-telluride-bearing ores have been formed fiｏm 7.1 to 6．9 Ma

characterized by a productive Au-Ag-Te mineralization・Stage III and IV are post-ore
stages recorded brecciation events followed by filling廿ee spaces amethyst quartz.

formed. Au-Ag-bearing tellurides of stage II were deposited廿om fluids of 250-

assemblages・In oxidation zone native mustard gold was released廿om primary Au-
bearing tellurides due to solubility of Te in zone of the oxidation､Boiling phenomena

types of inclusions and quartz texture・Vein were deposited廿om meteoric water-

is filling a range of veins distributed in westem side廿om a main Rhzavaya vein.

physicochemical conditions and hydrothermal source廿om the quartz-carbonate-

rocks suggests deposition of Cu-bearing ores廿om the low-temperature slightly

carbonate-quartz ores were probably precipitated廿om a same fluid source with low-

２３２



Pr叩osal for future studies

secondary minerals in the Aginskoe deposit was speculated、however, to conclude

conducted on vein samples collected mainly廿om outcrops, trenches and few
specimens were obtained廿om drill cores, however, they represents the upper

２３３
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