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Wall-rock Alteration Relating to Tungsten-Tin-Copper Mineralization at the Ohtani

Mine, Japan.
Moon Young Kim
Abstract . Tne ore deposit of the Ohtani mine is one of repesentatives of plutonic
tungsten-tin veins related genetically to acidic magmatism of Late Cretaceous in the Inner
zone of Southwest Japan. Based on macrostructures of vein filling on the order of ore body,
three major mineralization stages, called stage I, stage II, and stage I from earliest to
latest, are distinguished by major tectonic breaks. The alteration zomes are characterized by
specific mineral associations in pseudomorphs after biotite. The alteration zones can be
divided into two parts, i. e. a chlorite zone and a muscovite zone, each repesenting
mineralogical and chemical changes produced by the hydrothermal alteration. The chloritic
alteration took place at the beginning of mineralization, and muscovite alteration in addi-
tions to chloritic alteration took place at stage II and II.
The alteration zones are considered to be formed by either of two alteration mechanism.
1)The zones are formed by reaction of the rock with successive flows of solution of
different composition and different stage.
2)The zones are formed contemporaneously as the solution move outward. Reaction
between the solution and the wall-rock results in a continuous change in solution chemistry.
The migration of the successive replacement of the fresh zone—the chlorite zone—the
muscovite zone may have transgressed slowly veinward, leaving metasomatic borders be-

tween the different zones.
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Fig. 1 The tungsten—molybdenum metallogenic
provinces and the petrographic pro-
vinces in the inner zone of Southwest

Japan.
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Fig. 2 Geological map of the Ohtani mining
area, and geologic section along the
line A-B. 1:Alluvium, 2:Vein, 3:
Anticlinal axis, 4 : Ohtani granitic body,
5: Hornfels, 6: Chert, 7 : Mudstone.
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Fig. 3 Modal quartz, K—{feldsper, and plagioc-
lase of rock from the Ohtani granitic
rock.
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Fig. 4 A. Photomicrograph of thin section of granodiorite wall—rock of the No.8 Vein on
the 126m level. Qz:quartz, Pl:plagioclase, Bi: biotite, Zir: zircon.
B. Photomicrograph of thin section of the chloritized granodiorite. Chlorite o-
ccurs in pseudomorph after biotite, plagioclase is slightly replaced by musco vite.
Wall—rockf of the No.12 vein on the 100m level. Chl: chlorite, Mus : musco-
vite.
C. Photomicrograph of thin setion of the muscoeevitized granodiorite. biotite
and feldspar are completely replaced by muscovite wall—rock of the No.12 Vein
on tie 100m level.

Table 1  .1odal compositions of granodiorite from the Ohtani granitic body.

Sample No. 1 2 3 4 5 6 7
Quartz 30.1 29.7 32.6 3.1 30.8 31.8 32.5
Plagioclase 41.8 41.3 41.4 40.6 41.3 39.4 40.7
Alkali feldsar 13.9 15.1 10.7 12.4 15.2 12.4 9.4
Biotite 11.5 12.6 12.0 10.1 9.4 12.8 12.7
Hornblende 0.3 - - - - - -
Chlorite 0.9 0.6 1.5 1.6 1.5 2.6 1.5
Muscovite 1.4 0.7 1.6 1.1 1.3 0.9 2.9
Accessory minerals* 0.2 0.1 0.2 0.2 0.5 0.2 0.3
Total 100.1 100.1 100.0 100.1 100.0 100.1 100.0

*zircon, apatite, leucoxene, iron mineral
1 ! Kohzaki, 2 ! No. 8 vein of 126m level, 3 : No. 12 vein of 100m level, 4 :No. 3 vein of 150m level,
5 I No. 16 vein of 100m level, 6 : No.1l vein of 126m levél, 7 : No. 8 vein of 126m level.

Table 2 Compositions of feldspars in granodiorite.

PI-1 PI-2 PI-3 Pl-4 K-5 K-6 K-7 K-8 K—9 K—10 K-11 K-12 P-13 Pl-14
Or 0.9 1.1 0.9 0.6 90.1 9.5 895 9.6 92.2 94.7 91.7 92.1 0.8 0.9
Ab 56.2 59.3 60.0 52.9 9.8 9.4 10.4 9.4 7.7 5.3 8.3 7.8 56.8 57.5
An 42.7 39.6 39.1 46.5 0.1 0.1 0.1 - 0.1 - - 0.1 42.4 41.6

Pl plagioclase;K : alkali feldspar
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ineralization STAGE | STAGE 1} STAGE It
Stoge
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cf ° o of o,
. o] |
Pyrite ~ N S
yr: v Y o) - =l -
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N N Ny N -
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Calcite - -
f-'.'.".'i?;:.?:',’-',""'" 322-207%C (Q) ’.‘;’55.'%'.%3’) :??-3:; (‘00;
o o v'onnt 322-263%¢ (@) 6.0-22%(Q) 294-2380C (Sch) 276-190°C(Q)
o '8 (noe) ve :m 7.8-5.1% () 272- 194°CHQ) 7.3-5.8% (Sch) 5.9-26% (Q)
quertz an 44-2.1%(Q) 243-180°C(0) 225-188°C (Q)
scheelite { Sch) 4.1-1.7 %(Q) 37-1.5% (Q)
*) Equivelent wt.% NeCl.
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Fig. 5 seguence of mineralization in.the No.12
I, and MM of mineralization are separat

hpe: hexegone! Pyrrhotite, mpe: monoclinic pyrrhetive.

Vein on the 100m level. Three major stages, I,
ed from one other by major tectonic breaks.
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Fig. 6 Photograph showing the mode of
occurrence of two- different alteration
zones. Muscovite zone develops near
the wall—rock of the stagc Il vein. Loc
:No.03 vein on the 100m level. Sch:
scheelite.

2 40) (Stage IX)

Fig. 7 Undergrund geological map in the
No.11 vein on the 150m level.
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A BsEslol ook ARS 1B T 2mA ZolH, &
Erhx) EEsL A BT ook Fikl A58 HEE
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e ARG R, HikA Sm Rl A A 5HA &
RAC HAs, 23 2w 2 BERE BRI
(Table 3). =eb4] HBRAH] B sm A2 475
) ak o] AL FEAREES] # =t A HEREA o
& Aolrh. o]9} 2 fit W& Hugdl A BERY & I
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tion)ell &3 WENS W & 9% ulF o=

A4 7z et
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Table 3 Modal composition of the fresh and altered rocks in the No. 11 vein on the 150 m level.
G311064 G311063  G311062 G311061 G311060 (311059 G311058A G311058B G —311057
Sample No. (V-20m)  (V=10m) (V—8m) (V~&n) (V-dm) (V=3m) (V—-2m) (V-2m) (V-16m)
Quartz 31.8 28.4 30.8 30.9 31.3 31.4 32.5 36.2 33.2
Plagioclase 39.4 35.3 37.1 31.1 24.2 22.0 24.6 16 .4 4.5
Alkali feldspar 12.4 13.1 10.4 9.6 9.7 8.6 15.2 7.4 10.4
Biotite 12.8 10.6 11.5 8.5 1.4 4.1 3.2 - 0.8
Chlorite 2.6 2.5 0.8 2.4 8.5 6.5 9.5 10.2 9.9
Muscovite 0.9 9.8 9.3 17.2 24.2 27.1 14.0 28.4 30.0
Accessory minerals 0.2* 0.5*% 0.2* 0.3* 0.7** 0.4** 0.9%* 1.3** 1.2%*
100.1 100.0 100.1 100.0 100.0 100.1 93.9 99.9 100.0
Sample No. G311056A  G311056B  G311055 G311054 G311053 (311052 G311051  G311050
(V=1.3m) (V-1.3m) (V- 1m) (V-0.7m) (V-0.5m) (V-0.25m) (V-0.1m) {(V-0.01m)
Quartz 37.7 33.3 36.1 37.3 32.9 30.3 42.4 39.0
Plagioclase 10.2 8.4 13.6 17.6 22.6 11.7 11.0 -
Alkali feldspar 7.6 13.2 8.6 10.9 11.8 11.2 9.0 -
Biotite 0.2 - 0.6 0.4 0.3 0.1 - -
Chlorite 9.5 8.7 9.8 10.1 9.7 7.3 8.2 -
Muscovite 33.3 34.8 29.9 27.7 21.6 37.9 28.4 54.9
Accessory minerals 1.5%* 1.5%* 1.4** 0.9** 1.3%* 1.5%* 0.9** 6.1%**
100.0 99.9 100.0 99.9 100.1 100.0 99.9 100.0

*zircon, apatite, leucoxene, iron mineral.

* kzircon, egidote, leucoxene, opaque mineral.

* % * scheelite,

opaque mineral, calcite,

& BELO| WS

% SEEC EHE S #%E 4 (mineral association)

< Fig 8¢} 2},

Fresh zone

Chiorite

zone

Muscovite zone

Quartz

Plagioclase

K- feldspar
Albite

Biotite
Chiorite

Apatite

Zircon
Leucoxene
Epidote
Muscovite
Calcite
Pyrite
Chalkcopyrite
Arsenopyrite
Sphalerite

Scheetlite

Fig. 8 The mineral association of the fresh and
alteration zones in the No. 8 vein on

the 126m level.
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T olvh BMCRE ARE(39-57.4 wt. %)o| 7+
B, thEol BHRE(6.3—10 wi%)olsl, Hftis 4g
o|eH(Table. 3). VB HEBEA, SRS BEQ
2 Batell A B, BREY MERL oufo &,
HER, HBESA o B#ies afhso] gon,
BERE O EWe Bk ks, gl ERS
S BB, HEA 5 2kED 28 TREe] 9
oh. EEAS [ElREREY ksl E= o} (Fig.
4B) EPMAc 28 #RA 2] (LMK Table 49} 2+
S Hele] MRS Jehdle, BKTBEER
o5 AR SelAl typeolvh. ERF Fet /(Fett+
Mg)fEi= 0.524 ©2 Fe® #i2Holch(Table 5) o] 2
% FeB #RG-S kBl 4 o] vehps poly-type
Ao 4 Z=lvl(Bailey and Brown, 1962).
BERH o] BHWE BERS Bgd o3 nEZ
4 A% Hfol vt MEMEE 49 “greisen”o] 2k
b, el greisend H, 22 & —-E/], BE, BER
fa 5ol 34 AFg-skxlak, KAL) A (A=
o] 22 Sl o9 A1 (228450 ppm), ®E
Eo BRA S #ipol EHsIA Qo ERL B
E8WE 1A E gt

°l, t&
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Table 4 Chemical composition of biotite and chlorite.

308-11 308—-2-2 308- 5

A B A B A B
(botite) (chlorite) (biotite) (chlorite) (biotite) (chlorite)
Sio, 35.86 25.48 33.76 25.48 37.49 27.89
Tio, 0.07 0.23 2.83 0.19 3.92 0.41
AlLO, 20.79 22.14 19.22 22.59 21.06 21.11
FeO 19.97 28.96 21.88 30.21 20.60 26.57
MnO 1.16 0.76 0.70 0.74 0.44 0.71
MgO 10.95 14.70 9.4 13.01 10.12 13.41
Ca0 0.04 0.11 0.02 - 0.01 0.02
Na,0 0.05 - 0.06 - 0.06 -
K0 9.48 0.19 9.31 0.28 1.91 0.32
H,0 1.63 7.24 3.08 7.51 4.38 9.57
Total 100.00 100.00 100.00 100.01 100.01 100.01
Structural formulae

Si 5.584 8,000 5.668 8.000 5.242 8.000 5.673 8.000 5.396 8.000 5.952 8.000
Al 2.416 2.332 2.758 2.327 2.604 2.048
Al 1.399 3.088 0.760 3.602 0.973 3.263
Ti 0.008 0.038 0.330 0.032 0.424 0.066
Fe** 2.600 6.700 5.388 2.841 6.138 5.625 2.480 6.102 4.742
Mn 0.153 0.143 14.044 0.092 0.140 13.796 0.054 0.128 12.556
Mg 2.540 4.873 2.115 4.317 2.171 4.265
Ca 0.007 0.074 0.003 - 0.002 0.005
Na 0.015 1.904 - 0.018 1.905 - 0.017 0.370 -
K 1.882 0.054 1.844 0.080 0.351 0.087
(OH) 1.692 10.744 3.19%0 11.153 4.206 13.625

The chemical formulae of biotite is calculated on the basis of 24 cation valencices, and the formulae of

chlorite is calculated on the basis of 36 cation valencies.
308— 5 : No.12 vein of 100m level. 308-—11,

2 — 2 7 No. 12 vein of 100m level.

Table 5 The value of Fe*/(Fe**+Mg)of chlorite
Sample No. Fe*/(Fe**+Mg)atomic ratios
308—-11 0.525
308-2-2 0.566
305- 5 0.528
308-5-1 0.526
of WEHML T @ES MEMR(28.2509 wt %)k Rtk WSR-S total oxygend] FFHE 202 FHEsH

F¥(39-57.4 wt. %)% M=l glo=(Table 3,
Fig. 4C) 2 9 &aelslin, AMA, KED, ®RA,
EEA, BRHEE 5ol a%se ArH(Fig.8)
HER et X-BHRERSFEREE Table 634
Zow 4.4(A%)lA 2.6(A%)2] WA wlaA Bk
2 dole, 2M, -Poly type> & 4§ zt=lcl, Bailey and
Brown(1962)2 4.4(A°)-2.6(A°) 4] polymorphs
mica®l 7HA HEEQ) #bst dE Ao R A5
=3t EPMAd 93t AERS L2BEK-2 Table 75

Qo {LBRE ch-g3k ek

T(k, Na, Ca)l.18+1.87(Al, Ti, Fe?* Mg)3.14—
4.8(Si, Al)g019.61(0H)4.39 0} BEXE (OH) ¢
SRS o] 2o ETFHolAE BERS BEXYH 1y
¥ RE7 el

{EBER 2| Bt

£1E BEES 5L 126m HiEES 8% 150mit
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Table 6 X—ray power diffraction data of muscovite
2 M,muscovite 1M muscovite 308—M11 308-M13 308-M7 308-M6 308—M1 308-M2 308-4
(Radoslovish, 1960) (Roboslovish, 1960)  (stagell) (stagell) (stagell) (stagell} (stage|]) (stagell )
dA) 1 dd) 1 day I dA) I apy 1 AR 1 A T Wiy 1 dR) 1
10.02 s 10.07 s 10.06 100 10.06 60 10.09 78 10.06 60 10.09 67 10.00 66 10.04 57
4.99 m-s 5.00 ws 5.01 30 5.01 25 5.01 42 5.02 26 5.01 39 5.01 50 5.00 27
4.453 Vs 4.487 w 4.48 11 450 12 449 1 450 2 4.50 2 4.50 3 4.49 ¢
4.342 w-s
4.278 w 4.26 3 4.26 1
4.089 w 4,093 w-m
3.951 ww
3.868 m 3.8% 6 3.89 7 3.9 3.89 1 3.90 2 3.90 1 3.8 2
3.721 m 3.714 7 3.7 1 3.7 2 3.75 1 3.7 3 3.74 3.74 3
3.575 m 3.647 s 3.69 2 3.70 2 3.69 3.70 2 3.7 2 3.70 2 3.68 1
3.480 s(br) 3.482 vvw 3.50 11 3.50 7 3.50 3 3.51 4 3.50 2
3.326 vs 3.337 s 3.33 %4 3.33 59 350 4 3.34 100 3.34 100 3.50 1 3.33 100
3.190 m-—s 3.208 vvs 3.20 12 3.20 10 3.34 100 3.21 «4 3.21 4 3.33 100 3.20 4
3.083 vw 3.21 4 3.08 5 3.21 2
2.9798 -s 2.99 16 2.99 12 2.99 4 3.00 6 299 5
2.9211 w 2.99 3 ) 3.00 3
2.8542 m-s 2.86 11 2.86. 10 2,86 7 2.87 5 2.86 4
2.7818 m 2.80 7 280 8 28 4 28 5 2.80 4 2.87 2 2.79 3
2.6772 w-m 2.80 3 2.79 2
2.5820 m 2.5875 w-m 2.59 10 2.59 12 2,57 4 2.59 2
2.5530 vs 2.5585 vs(br) 2.56 18 2.56 18 2.59 2,57 5 25 2 25 6
2.4540 w 2.57 4 2.57 2
2.4313 w 2.4327 w
2.4075  wvww 3 2.40
2.3887 wvw 2.3918 w 2.38 6 2.38 2.38 1 2.39 1
23720 m 2.39 2
2.3509 w
2.2401  w-m(br) 2.2440 w
2.1982 w-m 2.2096 wvw 221 1 2.2 1 221 1
2.1901 wvww
21752 w
2.1429 w-m 2.15 2.4 5 2.15 1
2.1224 m-s 2.1020 vw 2.13 2.13 8 2.13 1 2.14 1 2.13 2
2.0590 wvw 2.0766 w-—m 2.13 1 2.14 1
1.9944 m(br)  2.0022 w-m(br) 200 42 2.00 30 2.00 50 2.00 49 1.99 42
1.9658 w-m 2.00 62 2.00 66
1.9440 w 1.9454 vw (br)

The experimental conditions are as follows;Ni— filtered Cuka, 30kv,

w : weak, vw . very weak, vvw : just discernible, br : broad,
308—M 1, M13: muscovite with 2M, structures : Loc. No.

8mA

vs [ Very strong, s:strong, m . medium, m—S ! medium to strong, w—m : weak to medium,

8 vein of 150m level.
308—-M 6 : muscovite with the mixture of 2M, and 1M structure, Loc.No. 8 vein of 126m level.
308—M 1 : muscovite with 2M, structure, Loc. No.12 vein of 100m level.

308— 4 : muscovite with 2M, structure, Loc. muscovite zo ne in the No. 8 vein of 150m level.
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Table 7 Chemical composition of muscovite

108-M 2 108-M9 108-M 8 108~ M 13 308-M 6 108—- 8
(stagell) (stagelll) (stage}) (stagell) (stagelll) muscovite zone
Si0, 46.47 44 40 45.82 46.46 47.00 47.13
AlLO, 33.39 34.05 32.73 32.34 33.34 31.29
TiO, 0.32 0.43 0.41 0.57 0.22 0.26
FeO 1.15 1.78 1.36 1.51 1.61 2.07
Mno = - - - - 0.04
MgO 1.76 2.01 2.13 2.01 1.98 3.01
Ca0 0.32 - 0.03 0.01 ~- -
Na,0 0.16 0.20 0.16 0.24 0.03 0.09
K.0 10.29 10.83 10.70 11.44 10.46 10.84
H.0 6.11 6.51 6.66 5.41 5.15 5.27
Total 100.00 100.00 100.00 100.00 100.01 100.00
Structural formulae
Si 6.017 8.000 5.835 8.000 5.989 8.000 6.169 8.000 6.209 8.000 6.257 8.000
Al 1.923 2.165 2.011 1.831 1.791 1.743
Al 3.224 3.108 3.030 3.216 3.402 3.152
Ti 0.031 0.043 0.050 0.057 0.022 0.026
Fe’* 0.126 3.730 0.196 3.701 0.149 3.644 0.171 3.842 0.178 3.992 0.285 1.008
Mn - - - - - 0.005
Mg 0.349 0.354 0.415 0.398 0.299 0.595
Ca 0.045 - 0.004 0.001 - -
Na 0.041 1.803 0.051 1.866 0.020 1.807 0.061 1.824 0.038 1.849 0.023 1.858
K 1.717 1.815 1.783 1.938 1.763 1.835
The chemical formulae of muscovite is calculated on the basis of 24 cation valencies.
igzzxz No. 12 vein of 100m level. 222:1\1\212 No. 8 and 9 vein of 150m level.
308~M6 No. 8 vein of 126m level. 308-8 muscovite zone.

Table 8 Chemical composition of the fresh and altered rocks.

A-1 A-2 A-3 B-1 B-2

Fresh Chloritized Muscovitized Fresh Chloritized

rock rock rock rock rock
Sio, 66.84 67.87 69. 04 68. 52 67.12
AlO, 16.01 14.38 14.67 15.19 15.21
TiO, 0.39 0.32 0.31 0.39 0.42
Fe,0, 1.12 2.38 1.59 1.11 1.74
FeO 2.01 1.45 2.30 2.16 2.31
MnO 0.068 0.065 0.103 0.068 0.087
Mgo 0.89 1.69 1.01 0.97 1.05
Ca0 2.58 0.68 1.57 2.92 1.52
Na,0 4.27 3.87 0.59 4.39 3.75
K0 5.08 4.81 4.93 3.88 4.4
H.0 (+) 0.71 2.57 3.95 0.73 2.72
H,0 (=) 0.14 0.23 0.48 0.11 0.22
Total 100.108 100.255 100.543 100.438 100.577

Localities : A= 1,A- 2, A— 3: No. 8vein on the 126—m level, B~ 1,B- 2 : No. 8 vein on the 150—m level.

#2] &Yl A ERESE (LEBHIS EiEshE .o FEY BEW(A- DA BRAH(A2) 2 A
(Table 8), 1LEBMERRS] (L7l Fig. 99 Bms ek s &2 iwE R S5 glon, H,0"'9) H,0''7}
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Fig. 9 Chemical composition of the wall—rocks
expressed in grams per cubic centi-
meter.

Loc:No.8 Vein on the 150m level.

SRESIAl SISk vk o)W K-S SHLIEAS] B
KERS TERPIRRES =B = M Alolo] @A
el #BA 2 3 AZRE WEY Aos wo.
Fez03, MgO7} sk ks Al,0,, Ca0, K,09 @
Bl HHMSR BMoste Ao2 vol BRES AR
< T Foh BREWA GEgE Aol el 4=
NaO, MgO, Fe;03% ®A 2t H,0, Ca0, FeO, Si0,
o EBIE debAT Yot oA BRI RS
HR3} S0 BEE, BE, HREY LK 9§ 3
oleh. 53, AERMIA Ca0, FeOrt Himstn o]
< KERZ} BBES £RA 7108 Aol =at
7t BEID) B Mol A KERC wWol Eiiy
T A& 2wk KEG 9 Cak BERSA hk
He Ae2sE BREo,

EHY %

LiEs ol BRAH 4 ARIWS AR} BE
fER-E BLRHRS BES MGS ls BESHE

vebA I gleh. & SEBA £ LRER Bt o
3 el HES BEEYS Kol ol Az g
oh. SARS e 4 BENE BEEDH o SR
AH AEBWE ESAC 1 dell BRARS Bt
R 1o SRARSl Al = SRS, 11, Mo iR
SHllel BEESIT vl (LEBERS HPEARKS A2 K
Bald RERAHE FRaffol o- #E fEsa4
BE] EEHKY THT BESIL Ut AERTE §
R ttsled CaO, Si0O, FeO(Fe,0:)7F @l
=, FEAS] SAs BEAT ek olyg FEe
BERH/T #IRS Al Smshs 2ol A ERs S
LfERE whol5q)l #Rolch. SLes] [, Mo &
o Al SAce BRREES SBIA B2 Aol
BRERC R o] R REHS EEEfk) BEs4A
—8 FEE BEAA L —F SEEY TE 7Y B
Bjo) o] Rl x] Aolth. =3 HERWE KERT Lk l#
Bol 28 ah= glv A2 Mol M Fro
Fol A Jebhd Aole, HEFYo) AR HEF
e AERYE 22 polytyped] BB AL o + A
(Table 6).

SBHES ERARCZAE SRS 4£BZ ¥
= SALER 1 o iR B LIFRo2 Yol thfEsted 2 4%
BB [, Dol oo — FHES Fgolod, =
HIEfo) #1789 o2 Az}, o9 7o fI= %
Utah®] Tintic #KILSY SFEM (Lovering, 1949),
Montana®| Butte#kI1® #E%$(Sales and Meyer,
1948)ell = B 4 glv}. fel SKiko BEs A,
Bayt LBREs Y, REARYS MRsts SR
< Hemley(1956), Hemley and Jones(1964), 5ol 9
A wEE g, BRmes FHEEB(K')/(HY)9 &
R#to] wob zrh. BESKYo| A KB ¢lol
A (K*)/(H)* bl kFFel=, o] Fgesot BE
o WOl 7| ol Boll B % thirareh ol 2] 3 KRy
ol HE-L Garrels and Christ(1965), Helgeson et al.
(1969)%5ll o8l =l sict. BER} SRE =
B2 #L3les RES hydrogen metasomatism
(Hemley and Jones, 1964)e)] 73 o] &(H")iEE)o 2
A g3k 2 KHESl BRarsich.

2K(Mg, Fe)3 Al 313010(0H)2+4H+ - Al(Mg,

(RER) (#H)
Fe)s AlSiz010(0H)s+ (Mg, Fe)?*+2K*+3Si0,
(B%)

...................................................................... (1)
3K(Mg, Fe)s, AlSi3010(0OH)+2(0H)*
(BER)
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— KAl;Si3010(0H)2+9(Mg, Fe)?*+6Si0,+12H,0+
(BZER) (A%x)

Lt RERS 84 Ad 53 #okBie] Kol
29| B2 PH/L %3 Emsh ot —#e &%
3 REFRFI A4 BRe &R e Fe'*, Mg
*, K*7h gl Mg, Fer*& ke BHERRe
sl 4A Kol o] Folalel. =3t AEFHA 4
RIS =3 2t

2A1(Mg, Fe)s AlSis0:0(0H)s+5AP +2Si(0OH),+
3K*+2H* (#%ken)
—3KA1;AlSi3010(0H),+10(Fe, Mg)?*+12H,0 (3)
(BER)
3NaAlSiz0s+2H*+K* — KAl5Si3010(0H),+
(ol &) (AER)
GSi02+3Na+ .................................................... (4)
(A%)
3KAISi303+2H" — KAlLSis010(OH),+K*+6Si0,
(¢7he] BA) (BER) (F%E)
BEKEN B89 FE Bl K', Mg?, Fe¥,
2 APtolrl. o|3d BRole FEEEAES EIar &
HBE Y o] 2Bl =l chefsiAl &= gt
ol BER, K-RA, #EG, —F RIER BEBRK
RIEst BEe PH7F SokAl+ AL o] REXAA
gl sle}. &, Hydrogen metasomatism2 2 BB &K
9] PHE ¥oMAlch kil 22 SERES KKl e
iEEhel AR A M2 Fdsle £% ohE BEE
Alololl metasomatic borderE W)\l FHEN(FE)
—~RELHE~AZAHY TR &Bps BEEIA, &
ko= BAZ A= H2dc)

Hiwr

FREE BT oA XBHLS) BRFAEN Y
3 EES ZES T4 KEHL BHER, $TRK,
REERE, [EEBEA o] ¥ =¢l=, EPMA &%
e BOBEA =9 FA BAHERE ABR o8
A nekg-g Fduch =% X B EREEd B
BE N T4 REBHHEFEREH &EF FRds 22
RHE =ik
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