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Abstract : Hydrothermal alteration of the Quaternary Sunagohara Formation was studied using
bulk XRD techniques, bulk chemical analysis using XRF, NAA and ICP, and thin sections, and SEM
observation. The Sunagohara Formation, which is composed of rhyolite lava domes and tuffaceous
lacustrine sediments, is present at shallow depths in the Okuaizu geothermal system. The maximum
depth of the lake sediments’ base is about 350 m and maximum measured temperature is about
120 °C in the Sunagohara Formation.

Six alteration zones can be recognized based on the distribution of clays and zeolites: the least
altered (LA) zone is characterized by fresh volcanic glass and found at the surface outside the
Nishiyama spa and geothermal area. The smectite-zeolite (SZ) zone is found at the surface around
the Nishiyama spa and shallow depths in the geothermal area. The SZ zone is characterized by
smectite, clinoptilolite and mordenite. The mixed-layered clay mineral (ML) zone underlies the SZ
zone and is also found at the surface of the Nishiyama spa. The ML zone is characterized by illite
-smectite mixed-layered minerals and K-feldspar. The hydrothermal alteration is horizontally
zoned around the center of the geothermal system, with the ML zone in the center, followed outward
by the SZ and LA zones. The illite-chlorite (IC) zone is only found in drill holes of the geothermal
area. The distributions of the SZ, ML and IC zones at depth can be correlated with increasing
temperature. The kaolinite (K) zone is present at the surface around the northwestern end of
Oisawa and several drill holes, and is characterized by abundant kaolinite. The K zone is thought
to have been formed by interactions with near surface CO,-rich acid water. The alunite (A) zone
occurs in a limited surface area near the northwestern end of Sarukurazawa and is characterized
by abundant alunite. The A zone is thought to have been formed by near surface sulfate-rich acid
water.

The weight of the key components per unit volume for each alteration zone compared to the LA
zone shows gains and losses for the following components. Gain of Si0,, CaO and S, and loss of
MnO, MgO for the SZ zone, gain of SiO,, Fe,0;, K,O, S, Au, As, Hg and Sb, and loss of MnO, MgO,
CaO and Na,O for the ML zone, gain of S, As and Sb, and loss of MnO, MgO, Ca0, Na,O and K,
O for the K zone. No significant changes of Al,O; and TiO, is recognized for all alteration zones.
The behavior of these components can be correlated according to the following observation on
minerals in this area: a) addition of hydrothermal quartz and argillization of mafic minerals in the
SZ and ML zones, b) decomposition of plagioclase in the ML zone, ¢) replacement of volcanic glass
to zeolite and K-feldspar in the SZ and ML zones, respectively, d) precipitation of pyrite and arsenic
sulfide in the ML zone, and e) replacement of volcanic glass and plagioclase to kaolinite and alunite
in the K and A zones, respectively.
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Fig. 2 Geologic map of Okuaizu and surrounding area
(compiled from NEDO, 1985; Yamamoto, 1992 and
Mizugaki, 1993). OFZ: Oisawa fracture zone, SFZ: Saru-
kurazawa fracture zone, CFZ: Chinoikezawa fracture zone and LN:
Lake Numazawa. The other abbreviations are shown in Fig. 3.
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Fig. 3 Stratigraphy and lithology of the Okuaizu area (after NEDO, 1985; Suzuki et «/., 1986; Yamamoto, 1992 and
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Fig.4 Topographic map of the Okuaizu area. Dots show the surface distribution of the Sunagohara Formation. PS: Yanaizu
-Nishiyama geothermal power station, AR: Arayu hot spring, NS: Nishiyama spa and KM: Kaminoyu hot spring. This map
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Fig. 5 Geomorphology formed in the Sunagohara Formation. (1) Yunotake Rhyolite dome (Yr) and lake sediment (Lk).
(2) Gently-dipping low-relief plane formed in the lake sediments of the Sunagohara Formation (Sg) and caldera wall
formed by Miocene Myojingatake Andesite (Mj). (3) River Takiya-gawa in the Nishiyama spa. (4) A 30-40 m high steep
slope formed by the River Takiya-gawa near Nagasaka.
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Fig. 7 Typical lithology in the lower member of lake sediments in the Sunagohara Formation. (1) Thinly-alterenated
tuffaceous mudstone and fine tuff, (2) Pumiceous tuff, (3) Sandy tuff including pebbles and (4) Sandy tuff including rhyolite
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Fig. 8 Geologic cross-section of the Okuaizu geothermal area (after Seki and Adachi, 1997). Abbreviations are the same

as in Figs. 2 and 3.
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Table 1 Analytical method.
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Si02 0.010% ||As
Al203 0.010% }lAu
Fe203 0.010% |[Ba
MnO 0.010% ||Co
MgO 0.010% |[ICs
Ca0 XRF 0.010% |(|Cr

Na20 0.010% |jHf NAA
K20 0.010% |Hg
TiO2 0.005% |IRb
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LOI 0.010% ||Sc
S Infrared |0.010% |[Se
Sr

RIBIRA | o PHE HRPR A
0.5 ppm {Ta 0.5 ppm
2ppb  |ITh NAA  |0.2 ppm
50 ppm |IY 2 ppm
Tppm  JiAg 0.5 ppm
1 ppm Bi 5 ppm
5 ppm Cd 0.5 ppm
1 ppm Cu 1 ppm

1 ppm Mo ICP 2 ppm
15 ppm ||Ni 1 ppm
0.1 ppm |Pb 5 ppm
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Fig. 10 1-12 Distribution of major alteration minerals. Original rock type...O : lake sediments and [] : Ryolite dome and
intrusions. Amount of alteration minerals...O, [J : not detected, ®, [®] : small amount, @, & : moderate amount, @, il : large
amount.
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Fig. 10-2 cristobalite.
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Fig. 10-8 mixed-layered illite-smectite.
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Fig. 10-12 alunite.
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Calcite - - -

Dolomite --
Siderite --
Sulfur - - --
Orpiment - -
Pyrite -- —
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54 b-dEE, ML BESEHLIEWHE, IC: 4 714 MR
BE, Ki XV -4 vE, AL BIXAER.

Fig. 11 Mineral assemblages for alteration zones. LA:
least-altered zone, SZ: smectite- zeolite zone, ML: mixed-
layered clay mineral zone, IC: illite-chlorite zone, K:
kaolinite zone, and A: alunite zone.
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Fig. 12 Distribution of alteration zones. : least-altered zone, —— : smectite- zeolite zone, —— : mixed-layered clay

mineral zone, w : kaolinite zone, € : alunite zone) . The other abbreviations are the same as in Fig. 4.
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A3950
Gojoshiki

- well site (closed circle) @ hot spring

and trace
T~ fracture © kaolin mine
topographic contour & sulfer mine

(every 100 m, ASL)
A triangulation point

B3 HHMEN. TF : @ERIFE, KF: LoRIE,
SF : RIIE, OF [ /NEFJIIEMTE. 2 Dol E 2 KL
R,

Fig. 13 Map showing well head locations and traces of
the wells. TF: Takiyagawa fault, KF: Kitanosawa fault,
SF: Sudarezawa fault and OF: Onogawara fault. The other
abbreviations are the same as in Fig. 2.
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F14K-1 BOERSCE. BEEYERHRS (P 8 X 0AA
A Hb), ZeR=aw (E)"8 XU T=a AR, =l
D X 13H 2 mm

Fig. 14-1 Yunotake Rhyolite. Phenocrysts of plagioclase
(P1) and hornblende (Hb) and glassy groundmass. 2 mm
width. Crossed polar (upper) and plane polar (lower).
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Fig. 14-2 Yunotake Rhyolite. Phenocrysts of quartz (Qz)
and biotite (Bt) and glassy groundmass showing perlitic
structure. 2 mm width. Crossed polar (upper) and plane
polar (lower).

Fig. 14 Photomicrographs of altered bedrocks of the Sunagohara Formation.
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Fig. 14-3 Tuffaceous sandstone from smectite-zeolite
zone. Fresh plagioclase and devitrified, zeolitized and
argillized groundmass. 2 mm width. Crossed polar (upper)
and plane polar (lower).
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Fig. 14-4 Tuffaceous sandstone from smectite-zeolite
zone. Fresh perlite fragment and devitrified, zeolitized and
argillized groundmass. 2 mm width. Crossed polar (upper)
and plane polar (lower).
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Fig. 14-5 Tuffaceous sandstone from mixed-layered clay
mineral zone. Relatively fresh plagioclase and devitrified,
argillized and pyritized groundmass. 2 mm width. Crossed
polar (upper) and plane polar (lower).
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Fig. 14-6 Tuffaceous sandstone from mixed-layered clay
mineral zone. Secondary quartz covers primary detrital
quartz grain. 2 mm width. Crossed polar (upper) and plane
polar (lower).
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Fig. 15 Alteration minerals observed in wells whose locations are shown in Fig. 13.
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FI6K RRWLLZEAOBEEER, (1) EEEMNLILEYH
D¥KE (Q+KI{+11/Sm+Py) OENE» 5 EHT % CO,,
H,S 7 A % & il ik (W LR A ) . 2) BE
[EXE LR OEIKEW AT DA A ) F 4 b &b KEaEs
(Q+Kf+Ka+11/Sm+Py) L &%2SOMERILDOEES
% # v > S (Orpiment + Sulfur + Py) (P61 L1ESR GRS
W) . 3) AV 4 MO EEE A (BRI
IR) . WK IS 2 & A, B2 V) — A GEHsrRE kR
W, (4) FE—BETHRARBEETIAX 754 b -BaHED
HIRIEEIK A, Rk <Q+Clp+Md+PD, ¥ > 27 @igs
1 <Q+Md+Sm+PD, K&ESIZ Q+Md+PD 5% 3
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Fig. 16 Typical outcrops of altered bedrocks. (1) Hot
spring discharge with gas bubbles of CO, and H,S from a
fracture in tuff, mixed-layered clay mineral zone, near
Nishiyama spa. (2) Grey (Q+Kf+Ka+Il/Sm+Py) and
orange parts (Orpiment+ Sulfur+Py) in tuffaceous sand-
stone, mixed-layered clay mineral zone, near Nishiyama
spa. (3) Dark grey (Q+Ka+Py) and creamy white parts
(Q+Ka) of argillized rock, kaolinite zone, Oisawa. (4)
Fine tuff of Smectite-zeolite zone with various colours
such as green (Q+Clp+Md—+P1), pink (Q+Md+Sm+ Pl)
and grey (Q+Md-+Pl), Gojoshiki. (5) Grey (Q+Md+Pl+
Sm+Py) and light brown weathered parts (Q-+Md+ Pl1+
Sm+ Py + Jarosite) of fine tuff, smectite-zeolite zone,
northern part of Nishiyama spa.
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(1) Needle-like crystals of mordenite in cavity of tuf-
faceous rock, lower member of lake sediments of the
Sunagohara Formation, Takiyagawa in Nishiyama spa.

E Bt B $#k (20004F #5155 HE8F)

(2)
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(2) Euhedral crystals of K-feldspar and quartz in tuff,
lower member of lake sediments of the Sunagohara For-
mation, Takiyagawa in Nishiyama spa.
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Fig. 17 SEM photographs

of altered bedrocks.
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Fig. 18 Locations of samples for chemical analysis.
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H 2R ALFESVTRER. Alter. miner. | ZE#Y), Prim. miner. . F14E8:Y), member D Yr : BOEFREE, m: BFEBMRETSE, 1: ATHE, HELOKS IS 3 M,
A DET IIEREN, FEFORSEEIIRDOEBY,

Table 2 Results of chemical analysis. Alter. miner.: Alteration minerals, Prim. miner.: Primary minerals, Yr: Yunotake Rhyolite, m: middle member of lake sediments in
the Sunagohara Formation, and 1: lower member. Abbreviations for Formation name, minerals and alteration zones are the same as in Fig. 3, Appendix and Fig. 11,
respectively.

No. 97061028 99102904 99112205 99071308 99112307 99112320 99102903 99071403 99071501 99071507 99071410 99071601 99092806 97082711 99081210 99102802 99102805 99051303 99081003 99081005
Locality Yunotake-W Onog: EY ke-E Kiribusitoge Maki Kubota  Sudarezawa Nishiyama Nishiyama Nishiyama Nishiyama Nishiyama Nishiyama Oishizawa Kaminoyu Powerstatn P.S.-W Oisawa Oisawa Oisawa
Formation Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg Sg
member Yr Yr Yr m 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Rock type Rhy Rhy Rhy tf tfc.ms tfc.mst tfc.slst tf tf tf tf tf tf tfc.slst tfc.sist tf pm.tf tf tf tf
Alter. type LA LA LA LA LA LA LA sz ML ML ML ML ML SZ SZ A SZ K K K
Alter. miner. Sm.Kf QMdSm  QMdSm  QMdSm  QKLSmJs QKLUSPY QMIKLUS QKIKalS, QKLUSPy QKaKilUS, OCMdSm OSmKiPy, AlLSmCr Cr,Sm QKaPy  SuQCrSm, QKaPy
Py Py.Su Gp Ka
Prim. miner. Q.PLHbgl Q,Cr,Pi,Hb,gl QPlLgl Q.PlLgl Q.Pt,gt gl QPlg! QP! QP! QP QP Q Q QPI Q.PI QP QP Q Q Q
%
Si02 76.46 74.23 74.60 72.33 67.30 68.10 68.28 77.63 77.80 72.38 74.94 75.98 64.35 65.13 7533 77.80 72.76 65.75 73.43 75.86
Al203 12.73 13.51 12.42 13.00 13.89 13.24 13.85 12.00 12.40 11.61 13.25 11.88 11.39 13.43 12.68 10.87 10.95 18.42 13.27 14.82
Fe203 1.34 1.22 1.53 1.47 2.74 2.46 2.51 1.54 1.73 1.04 1.91 1.51 6.48 1.85 2.16 1.51 0.88 3.57 1.62 133
MnO 0.10 0.08 0.10 0.12 0.10 0.12 0.08 0.03 0.04 0.02 0.02 0.04 0.02 0.02 0.04 0.02 0.01 0.01 0.02 0.00
MgO 0.14 0.12 0.15 035 1.49 1.41 1.06 0.21 0.32 0.23 0.32 0.28 0.16 0.84 0.52 0.35 0.87 0.14 0.43 0.00
CaO 0.83 1.01 0.82 0.51 0.90 0.93 0.82 0.54 0.25 1.00 0.03 0.04 0.01 2.48 0.89 035 0.41 0.02 0.10 0.03
Na20 4.81 4.58 4.54 2.69 1.88 2.49 1.60 2.55 0.69 2.09 0.34 0.13 0.09 0.94 2.08 0.99 0.60 0.07 0.29 0.05
K20 2.46 1.67 2.64 3.25 2.82 2.90 3.13 225 2.80 2.76 5.15 6.81 4.00 3.60 2.20 1.34 0.17 0.54 0.82 0.02
TiO2 0.10 0.13 0.10 0.14 0.26 0.24 0.26 0.15 0.16 0.16 0.18 0.16 0.12 0.23 0.18 0.17 0.09 0.60 0.23 0.24
P205 0.04 0.04 0.04 0.03 0.06 0.07 0.02 0.03 0.02 0.02 0.05 0.02 0.02 0.08 0.03 0.03 0.01 0.03 0.04 0.07
LOI 0.78 3.54 3.38 592 8.82 8.29 8.02 3.26 3.97 7.39 4.07 3.02 11.89 10.75 434 6.62 13.44 11.04 10.26 731
total 99.79 100.13 100.32 99.81 100.26 100.24 99.63 100.19 100.18 98.70 100.26 99.86 08.52 99.36 100.45 100.05 100.20 100.19 100.51 99.74
S 0.05 0.03 0.02 0.03 0.10 0.10 0.03 0.12 0.83 0.05 0.85 0.68 8.40 0.02 0.72 0.44 0.04 2.51 3.10 1.09
ppm

Ba 530 560 520 640 590 500 480 450 380 510 500 720 4300 790 480 530 140 140 1500 590
Sr 71 83 69 51 74 81 104 70 40 187 13 15 25 552 90 134 57 9 77 155
Rb 63 62 67 77 72 107 81 52 90 154 160 177 94 85 71 78 7 27 29 7
Cs 2 <1 2 3 4 3 3 3 10 198 5 5 5 6 4 20 9 1 7 <1
Y 37 27 38 38 28 29 28 25 28 28 15 13 17 29 20 14 17 14 16 5
Hf 3 3 3 3 4 3 4 3 4 3 3 3 2 5 3 4 3 5 4 4
Th 6 8 6 7 8 7 8 6 7 5 6 6 2 10 6 9 4 8 8 8
Sc 8 7 8 10 13 12 12 8 8 7 8 8 12 7 8 13 5 14 10 12
Au(ppb) 1 1 1 1 1 1 1 1 1 1 1 142 145 1 6 1 1 1 1. 1
Ag <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 1 1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
As 4 2 3 1 10 10 3 36 40 145 157 29 7550 3 24 4 2 180 47 36
Hg <1 <1 <1 <1 <1 <l <1 <l <1 <l <1 <l 23 <1 2 3 <1 <1 <1 <l
Sb 2 0 1 0 1 1 0 2 3 5 23 2 188 0 1 1 0 12 4 8
Se <3 <3 3 <3 3 <3 <3 3 3 <3 <3 3 3 <3 <3 <3 <3 3 3 <3
Bi <5 <5 <5 <5 <5 <5 <5 <5 5 <5 <5 <5 <5 <5 <5 <5 <5 <5 5 8
Cu 5 1 6 4 7 5 6 2 20 2 10 6 20 1 4 1 1 8 6 2
Pb 203 45 19 31 51 45 64 50 21 27 28 21 6 21 34 20 26 73 46 39
Zn 114 78 45 107 171 118 159 20 45 41 103 66 31 56 68 46 20 102 74 6
cd 1 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
Mo 0 0 4 4 4 3 0 5 6 0 0 0 0 0 3 3 0 2 2 4
Ni 4 2 7 1 4 3 2 2 1 1 5 2 1 1 2 1 1 7 2 1
Co 2 0 1 3 4 3 4 3 4 2 15 3 2 5 3 2 0 7 7 4
Cr 450 2 2 2 9 7 7 5 2 2 9 2 12 2 2 2 2 14 2 2
v 3 1 1 5 23 21 22 6 7 8 10 8 8 13 10 9 1 35 12 14
Ta <0.5 <0.5 2 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5
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Fig. 19 Concentration distribution of key components.
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Fig. 20 Means and standard deviations (+/—¢) of key
components for each alteration zone.
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Table 3 Correlation matrix for all samples.

Al203 Fe203 MnO MgO CaO Na20 K20 TiO2 P205 S Ba Rb Sr Y Cs Hf S¢ Au As Hg Sb Cu Pb Zn Mo Ni Co Cr \
Sio2 _0398 -0.671 -0.077 -0.482 -0315 0.222 -0.075 -0.518 -0.245 -0.405 -0.402 0.022 -0.284 -0.077 0.019 -0.231 -0.434 -0.183 -0.437 -0391 -0428 -0.188 0.103 -0380 0337 -0.131 -0.075 0.185 -0.599
Al203 0.181 0014 0.001 -0.054 -0.132 -0.278 0.862 0359 0.015 -0.248 -0.324 -0.015 -0.145 -0.249 0616 0.545 -0.282 -0.214 -0.266 -0.173 0.005 0.265 0404 0.064 0.533 0405 -0.017 0.763
Fe203 -0.105 0.067 -0211 -0321 0.150 0290 -0.070 0.847 0.784 0.050 -0.184 -0.169 -0.198 -0.134 0.538 0.559 0.859 0.846 0.864 0.661 -0.132 0.133 -0.125 0.119 0.092 -0.101 0403
MnO 0381 0.297 0.736 0.200 -0209 0204 -0381 -0.178 0.087 -0.166 0.780 -0.221 -0.240 0.089 -0.195 -0.207 -0.218 -0.244 -0.077 0348 0.639 0.169 0.264 -0.270 0303 -0.061
MgO 0.409 -0.047 0.074 0.175 0310 -0.269 -0.161 0.036 0.19¢ 0.211 -0.121 0.196 0.221 -0.197 -0.179 -0.174 -0.206 -0.106 -0.058 0.576 0.003 -0.046 -0.001 -0.173 0.420
Ca0 0432 0.071 -0.046 0.458 -0441 -0206 0.062 0.816 0565 0.151 0.245 -0.269 -0.335 -0.250 -0.242 -0.295 -0423 0.073 0.162 -0.167 -0.110 -0.243 0.083 -0.042
Na20 -0.044 -0393 0.078 -0.450 -0.253 -0.045 -0.026 0.783 0.026 -0340 -0.270 -0.342 -0.252 -0.247 -0.294 -0319 0462 0223 0.072 0.263 -0461 0.463 -0.407
K20 -0.249 -0.038 0053 0.231 0.880 -0.025 0.179 0.022 -0334 -0.174 0590 0.207 0.182 0.222 0336 -0.170 0.246 -0.258 0.020 0247 -0.011 -0.116
TiO2 0.214 0.0%0 -0.203 -0.210 0.067 -0.275 -0.071 0.732 0.067 -0.190 -0.150 -0.177 -0.120 0.034 0.087 0348 0.045 0418 0384 -0.183 0921
P205 -0.201 -0.111 -0.084 0.535 0.046 -0.237 0366 0.210 -0311 -0.216 -0.229 -0.195 -0256 0.079 0.192 0.123 0.161 0284 0.031 0291
S 0911 -0.048 -0.233 -0.389 -0.108 -0.228 0317 0637 0907 0.892 0919 0.648 -0.195 -0220 -0.178 -0.069 0096 -0.090 0.115
Ba 0.093 -0.068 -0.165 -0.060 -0398 0.181 0.693 0.949 0.941 0.940 0.557 -0.221 -0.194 -0.232 -0.240 -0.066 -0.044 -0.103
Rb -0.012 0.114 0397 -0325 -0.177 0425 0091 0080 0.113 0230 -0224 0.181 -0292 -0.027 0253 -0.075 -0.090
Sr 0.141 0.190 0477 -0.176 -0.229 -0.154 -0.140 -0.177 -0.402 -0.118 -0.160 -0.182 -0.323 -0.055 -0.067 0.025
Y 0.095 -0.163 -0.217 -0310 -0.172 -0.194 -0220 -0.034 0310 0372 0.142 0.162 -0329 0343 -0.256
Cs -0.124 -0.211 -0.077 -0.037 -0.052 -0.042 -0.160 -0.126 -0.193 -0.215 -0.221 -0.132 -0.075 -0.095
Hf 0.390 -0.435 -0.444 -0.440 -0433 -0.160 0.053 0.190 0.155 0.126 0289 -0.137 0.618
.Se 0.005 0.195 0214 0.206 0.215 0.046 0439 0.266 0224 0.178 -0.141 0.782
Au 0.695 0.684 0.685 0.449 -0.252 -0.191 -0.323 -0.180 -0.135 -0.070 -0.113
As 0.990 0.9%4 0.614 -0.217 -0221 -0.230 .0.170 -0.107 -0.039 -0.064
Hg 0.980 0.579 -0.235 -0.239 -0.205 -0.208 -0.147 -0.046 -0.085
sb 0.636 -0.218 -0.213 -0.244 .0.127 -0.013 -0.044 -0.03%
Cu -0.137 0047 0153 0097 0.244 -0.018 0.099
Pb 0412 -0.171 0312 -0037 0.920 0.081
i -0.126  0.387 0.278 0.226 0.523
Mo 0.038 -0.093 -0.230 0.047
Ni 0342 0201 0344
Co 0.113 0387
Cr -0.188
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Table 4 Statistical numbers for each alteration zone. S.D.: standard deviation, the other abbreviations are the same

as in Fig. 11.
Rhyolite LA SZ ML K
Mean S.D. SD/Mean| Mean S.D. SD/Mean|| Mean S.D. SD/Mean{| Mean S$.D. SD/Mean| Mecan S.D. SD/Mean
%
Si02 75.10 1.195 0.016] 69.00 2259 0.033] 7271 5432 0.075| 73.09 5264 0.072] 7168 5277 0.074
Al203 12.89 0562 0.044| 13.50 0444 0.033 1227  1.053 0.086f 12.11 0742 0.061 1550 2642 0.170
Fc203 136 0156 0.115] 230 0563 0245] 161 0547 0340F 253 2230 0.880f 217 1218 0.561
MnO 0.10 0.011 0.117 0.11 0.019 0.179 0.02 0010 0409 0.03 0.010 0.403 0.01 0.008 0.843
MgO 0.14 0.015 0.112 1.08 0520 0482 061 0310 0.508 0.26 0.068 0.259 0.19 0219 1.154
CaO 0.89 0.107 0.121 0.79 0.192 0.243 1.08 0.955 0.834 027 0422 1.585 0.05 0.044 0872
Na20 464 0.146 0.031 2.17 0510 0236 154 0923 0598 067 080 1.242] 014 0133 0974
K20 226 0516 0.229 3.03 0.199 0.066 206 1414 0.688 430 1713 0398 046 0406 0.883
TiO2 0.11 0010 0.091 022 0061 0275) 017 0062 0374} 015 0022 0142] 033 0202 0.606
P205 0.04 0.000 0.000 0.05 0.024 0.529 0.04 0030 079 0.03 0013 0516 0.05 0.021 0446
LOIL 2.57 1549 0.604 776 1272 0.164 795 4933 0621 6.07 3.651 0.602 9.54 1967 0.206
total 100.08 0.267 0.003]| 9999 0319 0.003| 100.05 0465 0.005] 99.50 0.829 0.008f 100.12 0394 0.004
S 0.03 0.015 0458 0.07 0.040 0.622 0.23 0333 1479 2.16 3.502 1.620 223 1033 0463
ppm
Ba 537 2082 0.04 553 7544 0.14 465 26564  0.57| 1282 1691.54 132 743 692.84  0.93
Rb 64 2.65 0.04 84 1561 0.19 54 3397 0.63 135 40.17 0.30 21 1217 0.58
Sr 74 7.57 0.10 78 21.83 0.28 192 240.22 1.25 56 74.01 1.32 80 73.06 0.91
Y 34 6.08 0.18 31 4.86 0.16 23 532 0.23 20 7.26 036 12 5.86 0.50
Cs 1 0.92 0.63 3 0.50 0.15 6 2.65 0.48 45 8578 1.92 3 3.65 1.30
Hf 3 0.00 0.00 4 0.58 0.16 4 1.00 0.29 3 0.71 0.24 4 0.58 0.13
Sc 8 021 003 12 138 012 7 162 023 9 172 020 12 227 019
Au(ppb) 1 000 000 1 000 000 2 260 124 58 7817 135 1 000 000
Ag 2 0.00 0.00 2 0.00 0.00 2 0.00 0.00 2 0.00 0.00 .2 0.00 0.00
As 3 0.86 0.30 6 4.51 0.77 16 1654 1.03 1584 3335.53 2.11 88 80.21 0.92
Hg 0 0.00 0.00 0 0.00 0.00 1 0.80 1.00 5 10.11 2.05 0 0.00 0.00
Sb 1 064 084 1 053 087 1 058 077 44 8076  1.82 8 403 050
Cu 4 2.65 0.66 6 1.29 0.23 2 141 0.71 12 8.17 0.70 5 3.06 0.57
Pb 8 9958 112 48 1370 029 33 1269 039 21 879 043 53 1795 034
Zn 79 3451 0.44 139  31.03 0.22 41 2474 0.60 57 28.60 0.50 61 4937 0.81
Mo 2 208 130 3 170 060 2 223 102 2 25 165 3 115 043
Ni 4 252 058 3129 052 2 058 038 2 173 087 3 321 096
Co 1 081 071 4 058 016 3 18 066 5 554 107 6 173 029
Cr 151 258.65 1.71 6 2.99 0.48 3 1.50 0.55 5 4.77 0.88 6 6.93 1.15
\Y 2 115 069 18 854 048 8 520 0.69 8 110 013 20 1274 063
BEHR FEEE BSEIEIIKELRAL.
Table 5 Alteration indices. Abbreviations are the same as in Fig. 11.

Alteration zone Rhy LA SZ ML K A Whole

Number of samples 3 4 4 5 3 1 20

K20/ Na20 0486 1397 1332 6443 3366 1354 1.532

K20 /(K20+Na20) 0327 0583 0571 0866 0771 0.575] 0.605

K20 / (K20+Na20+Ca0) 0.290 0506 0439 0.822 0711 0.500{ 0.530

K20/ (K20+Na20+CaO+MgQl| 0.285 0429 0389 0.783 0550 0.442| 0.483

Rb/ St 0.861 1.087 0280 2411 0.261 0582 0.797

Log(100/(CaO+MgO+Na20)) 1.247 1394 1490 1.922 2424 1.772| 1.562
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Fig. 21 Surface distribution of major alteration indices.
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FOREL LT, RREEN0% I ALO, 328
Fonsd, TiORAA YV F4 MFTHL2%ERTH, FH
HTO TIO,OEEBRESMOEERF L D b REL61%IC
ET 5L, FERSOFTEANMOMETEE KR
BREWI LR EREZD L, ETCOEEHTIAELA
BLTCELZZ2RVEEZ NS, METHETRE, TiO,
LEU TiECBT % Hf OBRAZEEI0% AT £/hvE
v, ALOsiX, pH 2 U TOMBMET TR nidBEhe 3

(Stoffregen, 1987), % 7= TiO, b WHE OHEEE D&M
TTRHEEAEBBLEVESTHS, INEDESD
BNAREY 7. D EED, HIE L e TOEEF TIRIRE
LWk Ww3EER, FHRELEEZ, TRbbETOE
BEHROEFEEDHEY - (LFEEEPENL T b 2 L EEE
T35,

RDIN—T1E, FEEBHEPLOARAZ T4 b - PaH
PR CESBHLETR CA» WEAAEL Y OERE
EINT 3, T bb T AV~ EEEE (Henley and
Ellis, 1983 ; Hedenquist et al, 1996) Zff-> TfHo®
EEFERRIROTH S, ZOINV—TCET 5 FERS
X Si0, & STHS, 2D H Si0iF, ARXTZF A be@h
B C2%EMT 2 DR LT, & HMBIEEIOF N
ITCIESER LY I B U 2 INERIE25% TH D, W
HoOMKREREZEYL, —F, SEARXZ A4 A
HEHTABCEMT 20 L, BEENLIETH B
TIAVEHEINT %, T 72b bHBIEEI O FLICF» -
THERNEIY 5. FEOERIMETLRD Cs, Au,
As, Hg, Sbx Y@ ohnd, £/, Ba b ZOIETHE
Iy afEmZ2d D, AAZF A b - BAEHLESERL
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# B A

& B B # (20004 Z51% H8S)

BoxR BEEWORMPEYLVRSEER. BSEIBIKEFL,

Table 6 Key component weight per unit volume for each alteration zone. Abbreviations are the same as in Fig. 11.

Alterat'n zonel| LA SZ ML K

n (analysed) 4 4 SZ/LA 5 ML/LA 3 K/ALA
Specificwt. || 1.53 1.77 1.81 1.45

wt% gl wt% g wt% gl wi% gl
Sio2 69.00 1055.7| 72.71 1287.0| 1.22{ 73.09 1322.9 1.25| 71.68 1039.4| 0.98
Al203 13.50 206.5] 12.27 217.1] 1.05) 12.11 219.1 1.06| 1550 224.8| 1.09
Fe203 230 351 1.61 285 081 253 459 1.31] 2.17 315/ 0.90
MnO 0.11 1.6 0.02 04| 026/ 0.03 0.5 0.28; 0.01 0.1 0.09
MgO 1.08 165 0.61 10.8] 0.65| 0.26 4.7 0.29| 0.19 2.8 0.17
Ca0 079 12.1} 1.08 19.1] 1.58] 0.27 4.8 0.40| 0.05 0.7 0.06
Na20 217 33.1] 154 273| 082 067 121 0.37| 0.14 2.0 0.06
K20 3.03 463| 206 364| 079 430 779 1.68] 0.46 6.7 0.14
TiO2 0.22 34| 0.17 3.0 0.87| 0.15 2.8 0.81) 033 48| 1.42
P205 0.05 0.7| 0.04 0.7 0.96| 0.03 0.5 0.68| 0.05 0.7 0.98
LOI 776 1188 7.95 140.7 1.18] 6.07 109.8 0.92| 9.54 1383| 1.16
total 99.99 1529.8/100.05 1770.9| 1.16}{ 99.50 1801.0 1.18/100.12 1451.7| 0.95
S 0.07 1.0 0.23 40| 400 2.16 39.1| 3935 223 324 32.56
ppm  mgll ppm mg/l ppm  mgll ppm mgl

Ba 553 845| 465  823| 0.97| 1282 2320 2.75| 743 1078| 1.28
Rb 84 129 54 95| 0.74 135 244 1.90 21 30| 0.24
Sr 78 119 192 340| 2.87 56 101 0.85 80 116| 0.98
Y 31 47 23 40 0.86 20 37 0.78 12 17| 0.36
Cs 3 5 6 10| 1.96 45 81| 16.23 3 4! 0.82
Hf 4 5 4 6/ 1.16 3 5 1.01 4 6 1.17
Sc 12 18 7 13| 0.70 9 15 0.86 12 17\ 0.96
Au (ppb) 1 1 2 4] 3.04 58 105| 85.59 1 1] 0.95
As 6 9 16 28| 3.17| 1584 2867 318.99 88 127| 14.14
Hg 0 1 1 11 231 5 9! 14.55 0 1| 0.95
Sb 1 1 1 1| 1.42 44 80 85.91 8 12| 12.64
Cu 6 8 2 4 0.42 12 21 2.50 5 8| 0.92
Pb 48 73 33 58/ 0.79 21 37 0.51 53 76| 1.05
Zn 139 212 41 73| 0.34 57 104 0.49 61 88| 041
Mo 3 4 2 4| 0.89 2 3 0.63 3 4  0.89
Ni 3 4 2 3| 0.69 2 4 0.95 3 5/ 1.26
Co 4 5 3 5| 0.94 5 9 1.76 6 9l 1.62
Cr 6 10 3 5/ 0.51 5 10 1.02 6 9| 0.91
v 18 27 8 13| 0.49 8 15 0.55 20 29| 1.09

SBT3 SIO O BV EGEDLEBICITIG L,
MEOBMNAEEY D OBEBEINICREADEFSE R L T
%, HEGROHLNZEP S S OEMEE, T LU CEKEK
DEFHIEDT 65, BEBMTIYFICBIT 5 Ay,
As, Hg, Sb 7 UIEERMERS S LREVKETRED
Fimx, zh o PEEOIE/» SWERETLEAL T
ElHEICID b od N2 L 2RRT 5,

Wiz, PEEEHOARAZ I A b« BOEERE RS
[ERE L LR W BAL AR Y 7 Y OB BT 5,
TRbbB T NVA Y E~HHEEEE OETICHE S TREDZE
BRI ES & LT, EERKS T MnO, MgO, Na,
07, MBRS TR Zn b5, Zhid, Bkt
FERREED A Y BRicIG DO oh s,

ARXT7TA b - PEH CEAFEL ) OEENED
T 50, BABKLTEYE MY 5, Thb b
FNZER O 7 V4 ) WERER ChE, R EROH
UEEE CHMOEE 2RTES & LT, FERST
1X Fe,0s, K0 28, &S TIE Rb, Cu’sdbsb, 20

Fe, 05, K,O OEE)IS, BHEE, » UV RADHEERE WD
gens,

Wz, ARXZ A WERCHRABELY:)OEER
VNS 55, BEBTSYE TS T 288 2R
TS E LT, TEFRS TR CaO 48, MER S T Sr
BhH5, 20 CaO OEENL, BAHEYOEERE LIS
>3,

—%, BEEEHETHLH4Y 74 M (Henley and
Ellis, 1983 ; Hedenquist et. al, 1996) TOESDHA
DEKBBE, FEES T SO, ALO; Fe,0; P05
B4+/—10% TEEREFETHD, TiO, bBLBOERIC L Y
TEEAZLTELE LRV, 2R3 LT MnO, MgO,
Ca0, Na,0, K,O iZ5&ED80-90% Ll Easkb i, Kig
BBELZoTWS, 2O, S 1333 LML Kigk
fHnE - Twa, ERS T, Sr, Cs, Hf, Sc, Au,
Cu, Pb % Ba, Hg %t ¥ DEBBKBETLRO—FBIZIZT
ETHDDIIRL T, BEKETCHETH S As & Sb 710
fZLL FwiEin, £72 Rb, Y, Zn XFEED30% R

— 358 —



BB - EFMBFREBICAShAERE (B)

LTWw3, Zuh)-7h ) LETROKEZREERZ,
BRI A & B EEHL 2 R T Y, ALOS IZBEEI L Tz
ZEemn, 20 pH I3H 2 ITTidisw, iEBEEAKL &
ZEEERTHIEARLRD ShinI s, RER
M k2 pHAFTIBROM T AR X 2BEZEE (Heden-

SiO: 50 +50 %AIan‘sln +50 %lF6203-su +50 %
sz ] sz I sz B

ML ] WL I ML )

K K K f

MnO s %|MgO s w % Ca0 5 W %
sz sz sz 1
T — [T — (VI ——
= = K |

Naa w0 s % K20 50 450 o%| T1O2 s 0 450 %
sz B sz B sz =

(T —— ML ] |m B

K |E SI= K ]
P20s 5 w0 %S w1 x1 xwo  [Spec.Wis w0 %
sz f sz ] sz il

ML = ML 1w ]

« « — x|

(1) FEERKS (major component) : E¥ER X 1 £ X DFAT
B I RE, AR S O HREFIAMOEEEZhEn% TR
T, REDANEER.

BN BPEEHRPERCLLEEHE COMZERSBEE.

quist, 1990) TH- Iz AJREELF >,

6.2 EEOFHBEWME - HE - KEF L OEE

BFEBOIKEHFOYIE, SRS & CMEFHK
EoZd, FREFHLEOERZES L L TERENE
fTLIzEtFEZBE, BITROLI ko nsd, UT
T, BFEBCR SN ZEEFDOSRIESLEMIAD
oS, i (B8 4 ), FCEORE, #iT ORESH (G
2360) So/KE MBS, MAREOFNERLEL,

Ba o sm (BD ¢+ w0 o (ST 1 o |
sz sz sz

ML ] ML ] ML

K K | B K

Au_« v o |AS 1 v jw [Hg 1+ v
sz| [ sz| [ sz| []

w| 1 |w| C—m| 3

K K ] K

Sb_: » w |Cu oo |20 1w e
sz I sz| H sz|

LU I I R 'R =

K ] K K

(2) B4 (minor component) : EE¥ERR X D A H & OFAT
BRHERRE, AR EOHRAEFRAMOEIEE2Zh TR,
ETHEER,

Fig. 22 Gains and losses of key components for each alteration zone compared to the least-altered zone.

BTR KR LW, SYWHEEK, CFERECOE L0,

Table 7 Change of physical properties, mineral and chemical compositions for each alteration zone compared to the Least

-altered zone.

EEHE

AAo 54 MpE® | BEEKIEYE hFVFA NF BIFART
M BRI BERD BEHD
k7l DOBE~E [5(d [ i<(d Hess{e
arkibi#mn (—&8)
A%, hURA A%, hURA BE, hAUFA b |BE, BlEAR
E(|ZRASA F 4540 - AXD Y |HEEkSE GYRMNSA
SMBREL | | BT VBRE 1 MEERENY,
#7FoIVEAa SRS
HIKLWHSR KA R KWHS R, $HRE |KWHS R, $#REG
® FHEA (—8)
# |l Sio2, cao, S Si02, Fe203, K20 | S
Myl Sr, Au, As, Hg S, Ba, Rb, Au, As | As, Sb
{LFERZE Hg, Sb, Cu
Fe203, MnO, MgO | MnO, MgO, CaO MnO, MgO, CaO
|| Na20, K20 Na20, P205 Na20, K20
4| Cu, Zn Zn Rb, Zn
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F23M WTEEBAMBOME, H
THRES A BRRESMH (NEDO
(1985), BE-Z2E (1997), 7KE (1993)
X ViEE)., R W TRES MR
R, F D PSSR (100m ), B
B © ¥k ¥E+200m TEIC BT B R
(20°C#), PS: FEILMEMEFKE
A, AR :RERSE, NS EHILER,
KM : #OEBRR.
Fig. 23 Topography (dotted line),
distribution of underground tem-
peratures at ASL+200 m (broken
line) and locations of hot springs
around the distribution area of the
Sunagohara Formation. PS: Yana-
izu-Nishiyama geothermal power
station, AR: Arayu hot spring, NS:
Nishiyama spa and KM:
Kaminoyu.

DL REETTONEPIIDOWTEERET B,

Mg L EBEESAFLOBFRERZ &, BRIl Z20X
WOER, BEFIH S EMESB LS, 74
VF 4V, HEARERE S V7 OBWEERRSh
T3, FEERFNSAAZIA L - WEHERCREE
ML, 474 b - REGRICHE»Y, ERRELEE
MEARI T A YDA T4 b « ARX7 54 NEEES
MEFETA T4 bk, ZVERDS A FSEERICE
b3 2. ZhsOEEEPERINRFHOM T ORE
g, BRELERICERI R P -2 RS ETR)
BHoTulkeT i, ZRLoBERDOSM HRERS
EFRILI: N—aEE LT EEZONS, Efi, H
BHIBMOHFTRONZAA I 4 + - BBEBOTRE
FE100m iR THY (BB15K), FIOEE @A) IFK
EOFEEMIM AR TH 2 Z &6, BE) & HiE
EpEYV — v EERZ 5 T OO TRIZIEIRAKFEI 0
LTWwaZriZid, LiBoT, HRZBIZESE
RS D43 AR, HEGEE) D FLINE W T THITZ Y
AT I LR IA B BN 2 D1k, BEERESIRELHE
B F—2ROMBERES FNL TR ShDb, #H
FEWIDAE N7 THS S, KRB TIRRE
BNOTEZHWERBEBL T30, BEERTHYE
DOHRSMLBRNNCHRIBELZ> TS, kB, B
EHRCSHT 2 REGBN LG ORBHMTH 2 4
VRARLA T4 N « AXT7 54 VESRBIM» SHEE S
N 5EE13150-200°C (Henley and Ellis, 1983 ; Reyes,
1990) TH 2 DIZH L T, BAEDHIRIZH THI0m 2B
WTH T IE120°0CIEE vy (B823K)., 2o ki

BEEN LY I OEEHBNER I Wik, P2
& HHBREBFOBTEESKICCIET L TERZI L
BPREBLTWS,

—%H, BEMNEZOFERETRTHZER, BHER,
MOWRIZHS TR OHFHTED shlzBiELw» LE»R
DOHRIERIRIZAIE L, 215 0OKREEDEIEPE )
R EDFFHRRIZEST2b D TH B RJEEEE >, BIRILEE
oA s 040 4 VEOHTIC X, BHEMBKE
OB —> e LTHEASATWS, HMEETRADIK
HABBEEDDBIRV 7 7F v —V — U BMUET 5.
F TR B BRI ORI A T 2B AGED
WTE, MWBRKBOEEY -V DUOEDTHLIEERY
7 F == LBEBBE L ORSIRHEYL T 5.
WENOEER bR TOIMMEREINE L, »OSMH
RzhzhlEmeRohs, ZheDl s, A
VA4 MFERZARFORRICE>T, ZhoDHT
WHEET ZHBGREOER LK TL27 77 F v—,
BLUOENWSDT7 T 7T v —% LB LI HIBREDIE
HEESKELHEBEERTh>2EZ 6N,

BEEFHEOERICEES U I MEG RO LE R,
FNODOEYREENOARA T T A b« WHEERT VA
U~ pH, BEBR ISR SHE pH, A4 Y+
A NEREY, HIEATENREBBE KT Tz EEZ
5% (Henley and Ellis, 1983 ; Reyes, 1990). &%
BOSHRER LS LA £ OBFRE R 2
L, 7wk ) E~rhik pH T D BROEB 2 OREE
ftgmEE R, ELRRPMOEOREOBAN
WBoTHIL, IDEBORAXIZZ A b - BEHFIZZEH
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HopmihBhE - R FRB AW IELE (B)

5B S km*ORELEEWILBY 25D, 2D

Lid, MEER, BALRRMEOEAIAvIZ ERL
T & - EBUk 2HE1R L 3 2 Fifkss, MR E »EAM
DEVHRREETR2REL 28 ol ~BEIT5 2 &
WEDVBRENI-EEX DI L THRETE S, —FH, &
AV FA M EEEALRROMBT 7 7 F v — 5 <
HEISNTWE, ZOZLE, Zhs0EEFHOEER
BOWTHTABEELZBE RH-> Tl Z LB RBT 3,
B S, 77 7F v — RSN T ERT 2B
DL 7B A, TR VECTT R ZFDMOEN
DI O & B2 VAKRFFANCIZIE L A EBEET,
777 F v — o TREREMEY LR T2Ez605
»oTh?, REFYHEEH o PRI WLHEOE
HRP pH DWW TH, A4V F A ML COH R I
U7z pH 4 I OBMEHTAKIZ L D, ZHEEAHFEL
H,S # 2 DBt T4E U7 pH 2~ 3 OFEERMAIC XD
B a1 LSBT 3 Z L SAJBECTH % (Hedenquist ef
al., 1996). ZOZ kX, BEDRSEMECR O F SR
FEWC B BB CO,® H,S HFRICE & Z & LT/
LTw3, 1e#2L, EOXIRBHTI I 7F v — DR
EDOBFFIC, BEDOHT ACELREBNEFLI:O»IZD
WTiE, SBESHITT 2NESD S,

BBz, INsOEEHROBREICOVWTEZ 2, #
ROFEHESE (FB12H) »oi%, 44V FA4 MEEH
FAFED, AX754 1« BAHCRA B LR
2B LI CHHLTBY, BEVEORICERLZL:
ZENRBENG, Fh, WHT—5 (B-LE, 1997)
LEDRTRB L, AX7F 4« BREPREAERL
SR EEIC AR T 20w LT, 24 Y
F4 MVEEBREAETOSMERITEIED1/20~1/5018
EThh, HREEBZRBIATHE, IhbDEER
NTBOEDDEIRERNE, 25, AAZFA b -
A L RA BRI, AT T BOKMHE
BB DORE S DT A CRER S W &0 T T, HTHE
RS HH S o DBEREDE WIMERE O LH#FE I

Yr

|
|

TF

Ml

BEhilz, 20T, ANVTIHBOKMIMET U2, &
AV A VRFEHIZARRY, TUWThOETD7 57
F ¥ —'— VNER I BT B HBEGRAE D TR L
CO, & H,S W ANERBHI TAKICIREADL I LILDED
7o REBERMEK L IRBRIR MK I & VR & iz,

LEEOERE, HiHT-5 (B &E, 1997 BX O
AFETHLE PR STHIRO T — 57 DT W,
WFIERE A 5N 5 EEH ORI & o mlE % 24K
R,

7. 8 & ®

BRI - WFEBOLE R, YUTorsh %
Ltovohsd,

1) BDFEBOEEIX, FHHCRDShIEEHEY
ORI ELY, UTO6HzAEINS,

I 558 (LA #... BEXKLUY I A

H:ARXZF 4 bWl (SZ) B...ARXT 4 b, *®
VT A, ST avEEa

I : REEHLIE ML) #.. .2 VEG, 154/
AR A VEEEBRLEY

IV:A454F <R (IC) #... 494 b, BEAE

ViaZdVvr4 s K) ®... 22 VF4 1

VI:BHEARE (A) #.. BEAAE, ZVXINT A b

(2) HBGEBIOHLHIROM T IZA 74 b - BREAH
23, ZOHIRIBE BT IYHDH, ZDORBLOMERIC
ARAT I A VAR, SHRXFNERD FWTHEE
HRBEWYT 5, 44V A VEEBHIZAGER, B
EBEMIEEEA X7 54 VIR REOSRICER > T
AN BT 3,

(3) BEEHLPEMEL U CHAAERYT D DILERS
BOEBEHET 3 L, ZECHEIEHSOHAD X
UTDEBYTHS,

ARA2 4 be¥ha (SZ) # : Si0,, Ca0, S OfFim,
MnO, MgO D&%,

SFZ OFz

#B24N WFEREREBOBEALENE, A, MRRMER. BSRE2, LIKEFEC.

Fig. 24 Generalized cross-section showing underground distribution of alteration zones. Abbreviations are the same as in

Figs. 2 and 11.
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# B A E O A & Q000F HLE E8S)

EBABMNLTEY (ML) # : SiO,, Fe.0s KO, S,
Au, As, Hg, Sb o1, MnO, MgO, CaO, Na,0O @
krE.
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Ca0, Na,0, K,0 O,
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S RBBK TR E R OTRR, KIUA T A
PREFOKFBI 244V F4 M- ABIcBI 2
BRIE A A1,
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L0, BEEIGEECREL BRI e,
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# B R OE At A & (20004 %B51& E89)

fi FEAO X SREHTHE.
Appendix Results of X-ray diffraction of altered rocks. Numbers are relative abundance of each mineral (4 is the most
abundant).

Sample No. | code | Qz| Cr| Pl | Kf| Ct|Md|Sm|Ka|Ha| Al{ Il |Ch|IS|C/S| Ce|D1|Sd|Kt|Rd|Py| Js | Sp|Gp| Su|Hb| Bt | gls Remarks
96050105 | KzZw | 3 3 4
96050106 | KJZW | 3 2112 3 1 3
97061001 [ YYGS| 3 4

97061002 [ YYGS| 3 411

97061006 [MKSW| 4| 2| 4 213
97061007 |MKSW| 3 212 3
97061008 | ARYU| 4 4|2 3
97061009 | ARYU| 3 211 4
97061010 | KUBT| 4 2 213
97061011 |KUBT| 4[24 1 212
97061012 | MTNS

97061013 | MTNS| 4 411 1
97061014 |DKRD| 4 |3 | 4] 1 3 1
97061015 |KUBT|3 [ 1] 2 3
97061016 |NKMR| 4 4 3
97061017 |MKSW| 4 4 4
97061018 |MKSA| 4 2|1 3
97061019 |MKSW| 4| 2| 2 3
97061020 | GJSK | 4 211 3 3

97061021 [ SNYU| 4 311 3

97061022 |KMNY| 4 3

97061024 | CIKZ | 3 2 3 4

97061026 | KBTG| 3 2 3
97061027 | KBTG| 3 212 3
97061028 | KBTG| 3 3 3
97082702 | SDRZ | 4 2 112
97082703 [SDRZ| 4| 113 |3 2 3
97082704 | ONGR| 4 4 2113
97082706 | ONGR| 4 412 112
97082707 | ONGR| 4 412 112
97082708 | ONGR| 4 411 311
Sample No. | code |Qz| Cri Pl | Kf| Ct {Md|Sm|Ka|Ha| Al| Il [Ch|I/S|C/S| Cc|Dl|{Sd| Kt|Rd| Py| Js | Sp|Gp| Su|Hb| Bt| gls Remarks
97082711 |ONGR| 4

97082712 | KWAI| 4 4 4
97082801-1 | SGHR | 3 3

97082801-2 | SGHR | 4 4

97082801-3 | SGHR| 3 3

97082824 | YYGS| 3 2 4
97082825 | YYGS| 3 14
97082826 | YYGS| 3 2 2
97082827 |KSDN| 4| 21| 4 4
97082828 |NSYM| 3 {442

97082830 |NSYM| 4 3 3

97082831 | CINS | 4 3 4

97082832 | NSYM| 4 312 3 3

97082834 |NSYM| 4 213 2 3 1

97082835 |NSYM| 4 4 3

97082836 |NSYM| 4 4 2

97082837 |NSYM| 4 313 1 1

97082901 |KMNY| 4 213

97082902 |KMNY| 4 3 2 3 3

97082903 | SGHR| 4 212 1 3

97082904 | SGHR | 4 212 1

97082905 | SGHR| 3 213 2 4
97082906 | SGHR | 4 412 2 2
98052601 |KMNY| 4 3 2

98052602 [ SKRZ | 4 | 3 2 2

98052603 | SKRZ | 4 3 1

98052604 | SKRZ | 4 3 3 2 3

98052605 | SKRZ | 4 212 2 3

98052606 | SKRZ | 4 312

98052607 | SKRZ | 4 111 2

98052608 | SKRZ | 4 1 3

98052609 | SKRZ | 4 1[1 1 2 1

98052610 | SKRZ | 4 13 3
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Sample No. | code | Qz| Cr| PI | Kf| Ct {Md|Sm| Ka| Ha| Al Chi{US|C/S|Cc|DIl|Sd| Kt|Rd|Py| Js | Sp|Gp| Su{Hb| Bt | gls Remarks
98052611 | SKRZ | 4 3]2 3
98052612 | SKRZ | 3 1

98052613 | SKRZ | 4 3 2

98052614 | SKRZ | 3 1

98052615 | SKRZ | 4 212 2 1

98052701 | OIsW | 4 4

98052702 | OISW | 4 212 2

98052703 | OISW | 4 212 3 1

98052704 | OISW | 4 212

98052705 | OISW | 4 1]1 1

98052706 | OISW | 4 1

98052707 | OIsW | 4 32

98052801 | CIKZ 311
98052802 | CIKZ | 4 412 2

98052803 | CIKZ | 4 212 2

98052804 | CIKZ | 4 312 111

98052805 | CIKZ | 4 411

98052806 | CIKZ |3 | 1 2 2
98052818 | SRKZ | 4 2

98052819 | SRKZ | 4 2

98052823 | SRKZ | 4 3

98052824 | SRKZ | 4 2

98052825 | SRKZ | 4 2

98052826 | SRKZ | 4 2

99071302 | YYGS| 4 [3(3]3 3
99071303 | YYGS| 3 2|2 3
99071304 | YYGS| 3 1]1 2
99071305 |YYGS|3 [1]2(2 2
99071307A | YYGS| 3 311 2
99071308 | YYGS| 3 211 2
99071309 |YNTK| 2 | 4] 4 3
99071410 | YHDB| 4 113 2 2 2

99071412 | NSYM| 4 4 1 2 1

Sample No. | code [ Qz| Cr| PI [ Kf| Ct |{Md|Sm|Ka|Ila| Al Ch|VS|C/S|Cc|Dl|Sd|Kt(Rd|{Py| Js | Sp[Gp| Su|Hb| Bt | gls Remarks
99071413 |NSYM| 4 4 3 3

99071503 |NSYM/| 4 312 1

99071505 | NSYM| 4 3|1 1

99071507 | NSYM| 4 312 2

99071508 | NSYM| 4 4 3 2 2

99071520 | YHDS | 4 4 2 1

99081001 | OISW | 4 4 2 2

99081003 | OISW | 4 | 4 2 2 2

99081004 | OISW | 4 3 2

99081005 | OISW | 4 4 2

99081101 |KMNY| 4 3(3 2

99081107 | CIKZ | 4 312

99081201 | SNYU| 4 4

99081203 | OIZW | 4 312 1 2 2

99081204 |NSYM| 4 4

99081206 | GISK | 4 212 2

99081208 |KMNY| 4 312 1

99092901 |cikz (3| 2(1]2 3
99092902 | CIKZ |3 |2 (2] 2 3
99102801 |KMNY| 4 4 2 1 2

99102802 | YNPS| 4 | 4| 4 4

99102803 |YNPS| 4|42 4

99102804 |YNPS| 4|3 [ 1] 2 1

99102805 |YNPS| 1| 4| 1

99102806 | YNPS | 4 312 2

99102807 | CIKZ | 4 212 2

99102808 | SDRZ | 4 3 2

99102809 | SDRZ | 4 4 1 1

99102810 |KRSW| 3 2

99102811A | KRSW| 4 3 1 3
99102812 | SDRZ | 4 4 1 1
99102813 | SDRZ | 4 4 212
99102814 | SDRZ | 4 4 112
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Sample No.

code

g

Cr

Ct | Md

Sm

Ka

Ha

All 1

Ch

US|C/S| Cc

DI

Kt

Rd

Js

Sp

Gp

Su

Hb

Bt

Remarks
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ONGR

w
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B b= o o
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Alwiwiw|o|w
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HGSG
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HGSG

99102913

HGSG
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HGSG
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HGSG

99112201

YNTK

99112202

YNTK

99112203

YNTK

99112204

YNTK

99112205

YNTK

99112301

MKSW

99112302

MKSW

99112303

MKSW

99112304

MKSW
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MKSW

99112306

MKSW

99112307

MKSW

99112308

MKSW.

99112309

MKSW
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99112314

KBTG
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KBTG
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KBTG
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KBTG
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KBTG
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KBTG
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KBTG
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Sample No. | code Cr| P

87N15T-80

L

Ct|Md|Sm|Ka|Ha| Al{ I |Ch{I/S|C/S| Cc{DI|Sd|Kt|Rd|Py| Js [Sp|Gp| Su|Hb| Bt|gls Remarks

87N15T-120

87N15T-180

IS INYISEINY B
w

87N18t-20

87N18t-40

IS

87N18t-80

87N18t-120

87N18t-160

87N18t-220

WIN (Wi
—
—

87N18t-260

88N19R-20

88N19R-60

[N
-

88N19R-120

-
WIW NN

88N19R-180

SRS P IR S TN
-

88N19R-260

ISEESEISE ] S

88N22T-20

—
»

88N22T-80

w
EN
o

88N22T-140

[SETSEIS RIS PN ISR EN R I SRENY
-

88N22T-220

92N28P-20

92N28P-40

92N28P-80

92N28P-120

[SHISRISRISE ISR SY RN
- [ W [N
—_

o o i = e =
-

92N29R-40

92N29R-100

—
N

92N29R-200

(8]
(58]
—

INFSTISFS PSS IN PN NN PN IS EN TN PN PN EN TS PN PN EN BN P PO RN P TS
—
—_

w
S AR A ES R B B R ]

92N29R-340

FHOENE; 4 158, 38, 208, 1 %E

5 ; Qz - Quartz (F753E), Cr: Cristobalite(Z7 U A bs¥F 4 +), Pl: Plagioclase (§#1Ef), Kf:K-Feldspar (% VEH),

Md : Mordenite (B V7 > #45), Ct: Clinoptilolite(§}7F vV #iF), 1 Mite(4 74 +), Ch: Chlorite(FR4A), Ka:

Kaolinite (#4 VY +4 +), Ha : Halloysite (/& A ¥4 b), Sm : Smectite (A X7 ¥ 4 }), I/S : Illite-Smectite mixed

-layered (4 54 » « A X7 ¥4 NMEGBHY, C/S: Chlorite-Smectite mixed-layered (8 « A A 7 ¥ A MESBH

#1), Hb : Hornblende (FB97A), Cc: Calcite (5#&F), DI: Dolomite (FKA), Sd: Siderite (ZE$$), Gp : Gypsum
(BE), Al: Alunite (BIEAH), Js: Jarosite (BT AH), Py : Pyrite (E#§), Op : Orpiment (&), Su: Sulfur
(Fi&), gls:glass (FFR).
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