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Alteration of the Sawara Granite around the gold prospects
in the Gokayama area, upper reach of the Naka River

Masaki Yunara® and Shinobu Yuroxu**

(Received November 30, 2004)

Abstract

There are two remains of gold prospects in the Gokayama area, upper reach of the
Naka River. Two adits were identified at the Ono gold prospects in the Ono area,
Nakagawa Town, Fukuoka Prefecture, and one adit at the Ogawachi gold prospects in the
Ogawachi area, Higashisefuri Village, Saga Prefecture. The fine-grained facies of the
Sawara Granite, which is fine to medium-grained biotite granodiorite to granite, is ex-
posed around the gold prospects. The alteration of granodiorite around these prospects is
characterized by appearance of chlorite, illite and pyrite. These minerals are formed in two
stages of geological events. Chlorite is formed in the first stage related to activity of the
NW-SE fault. The most of illite, and pyrite are formed in next stage, which was
hydrothermal process related formation of ore deposite. It is estimated that temperature
condition of hydrothermal water was 230 - 28000 by homogenization temperature of fluid
inclusions in quartz. The change of chemical composition during hydrothermal process is
characterized by decrease of Fe,O;*, MgO, CaO and Sr, and by increase of S. These changes
are due to illitic alteration of chlorite and plagioclase, and appearance of pyrite.
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Fig.1 Geological map of the around area of Nakagawa Town, and location of the Gokayama

area and the gold prospects.

The map is modified from 1,200,000 geological map “Fukuoka” (Kubo et al., 1993).

1: Quaternary system, 2: Saga Granite, 3: Sawara Granite, 4: Fukae Granite,

5: [toshima Granodiorite, 6: fault, 7: gold prospects.
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Fig.2 Photographs of the Ono gold prospects.
a: whole view of adit (A) of Ono gold prospects, b: magnification of adit (A),
c: inside of adit (A), d: stone wall.
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Fig.3 Photographs of the Ono gold prospects.
a: whole view of adit (B), b: inside of adit (B), ¢, d: stone wall near the adit (B).
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Fig.4 Geological map of the around the adit (A) of the Ono gold prospects.
1: talus deposit, 2: white-altered granodiorite, 3: altered granodiorite.
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Fig.5 Photographs of the Sawara Granite from the Ono gold prospects.
a, b: rocks in the white-altered zone (GDS10and11), c: slabs of GDS10,
d: slabs of GDS21.

N

Fig.6 Attitudes of fractures.
Equal area and lower hemisphere
projection.




Fig.7 Photographs of the Ogawachi gold prospects.
a: whole view of gold prospects, b: magnification of adit, c: waste,
d: inside of adit, e: stone wall.
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Fig.8 Photographs of the Sawara Granite around the Ogawachi gold prospects.
a: cataclasite around the adit, b: rock in the white-altered zone (GDS26),
c: slabs of GDS26, d: slabs of GDS28.
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Fig.9 Photograph of quartz.
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Fig.10 Photomicrographs of the Sawara Granite from the Gokayama area.
a: fresh granodiorite, b: recrystallization quartz, c: illite vein in plagioclase.
Bt: biotite, Pl: plagioclase, Kfs: K-feldspar, Qtz: quartz, Chl: chlorite, I11: illite,
Py: pyrite.
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Fig.11 Photomicrographs of the Sawara Granite from the Ono gold prospects.
a: altered granodiorite, b: white-altered granodiorite.
Bt: biotite, Pl: plagioclase, Kfs: K-feldspar, Qtz: quartz, I1l: illite, Py: pyrite.
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Table 1 Quartz index of minerals in the
Sawara Granite from the Goka-

yama area.

Sample No. Quartz  Illite  Chlorite Pyrite  Biotite Feldspar
GDS01 27.0 1.0 0.6 20.0
GDS02 39.0 1.9 1.0 39.0
GDS03 24.6 0.6 1.0 33.8
GDS04 333 05 24.0
GDS05 24.7 04 30.0
GDS06 314 1.7 17.3
GDS07 21.6 44 0.5 44.6
GDS08 275 39 14.2
GDS09 26.7 4.1 26.9
GDS10 320 0.5 17.2
GDS11 29.6 0.5 155
GDS12 26.8 0.7 04 243
GDS13 336 26.0
GDS14 25.4 17 17.7
GDS15 30.0 0.5 0.6 34.7
GDS16 275 0.5 4.5 1.0 284
GDS17 30.0 05 12 24.1
GDS18 34.0 1.2 18.7
GDS19 26.4 04 44 21.3
GDS20 215 0.5 32 34.0
GDS21 16.7 1.6 0.5 202
GDS22 26.3 12 04 28.7
GDS23 245 14.3
GDS24 27.5 0.6 17.7
GDS25 28.0 5.0 213
GDS26 17.8 0.5 11.0
GDS27 31.0 18.0
GDS28 10.0 0.5 23.0
GDS29 232 02 17.5
GDS30 311 1.0 18.2
GDS33 283 4.4 23.3
GDS34 29.3 09 19.0
GDS35 29.5 1.0 03 16.1
GDS36 294 0.5 26.1
GDS37 254 12.5
GDS38 274 02 03 0.3 24.5
GDS40 26.0 04 25 122
GDS60 324 0.8 1.9 26.2
GDSé61a 26.6 1.6 13 18.2

u u
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Table 2

Whole-rock chemical compositions of fresh to altered granodiorite of the
Sawara Granite from the Gokayama area.

Sample No. GDS21 GDS09 GDS17 GDS20 GDS25**  GDS40 GDS16 GDS19 GDS08
SiO.(wi%) 66.29 67.64 67.67 68.11 69.27 69.47 69.52 69.63 69.90
TiO, 057 0.55 0.69 0.56 0.32 0.39 0.47 0.47 0.41
AlLO, 16.28 16.64 16.35 15.93 15.60 15.03 15.42 15.61 15.68
Fe.,0,* 3.69 3.13 3.21 273 2.40 3.04 2.07 2.49 2.98
MnO 0.08 0.06 0.08 0.06 0.04 0.06 0.06 0.06 0.06
MgO 1.11 0.95 0.95 0.81 0.56 0.95 0.61 0.74 1.01
CaO 2.74 2.33 233 258 2.55 0.95 1.92 2.14 0.93
Na,O 4.44 4.30 4.25 4.30 3.99 3.56 3.65 3.92 3.97
K.0 223 245 2.46 2.38 3.70 4.36 4.07 3.15 2.98
P.O, 0.16 0.16 0.18 0.16 0.09 0.11 0.12 0.14 0.10
LO.L 2.01 1.49 2.12 1.81 0.73 1.71 1.93 2.28 1.93

Total 99.60 99.70 100.29 99.43 99.25 99.63 99.84 100.63 99.95
Ba(ppm) 508 503 291 543 1064 818 563 573 507
Co 36 39 46 43 56 39 37 36 40
Cr 6 6 6 7 5 9 3 6 11
Cu 34 5 7 38 13 <4 17 28 13
Ga 21 21 23 21 19 18 20 20 20
Nb 16 13 23 17 10 10 13 9 5
Ni 5 6 6 4 6 3 6 6 7
Pb 16 16 16 18 18 18 20 15 13
Rb 67 69 81 66 98 140 113 93 100
S 36 4 251 132 63 n.d. 573 172 n.d.
Sr 436 412 339 385 396 364 343 366 361
Th 7 9 11 8 9 7 10 8 10
v 41 41 41 37 23 47 35 38 40
Y 15 10 20 21 11 8 17 10 8
Zn 90 92 89 78 63 55 51 63 84
Zr 227 193 212 212 164 144 165 173 121

Sample No. GDS07 GDS06 GDS61a  GDS33** GDS35  GDS60**  GDS34
SiOy(wt%) 70.10 70.18 70.96 71.58 71.87 72.00 74.25
TiO. 0.48 0.43 0.28 0.33 0.26 0.26 0.08
ALO, 15.27 15.45 15.13 15.01 14.45 14.39 13.87
Fe,0* 2.50 2.21 1.77 1.98 1.81 1.91 0.72
MnO 0.05 0.04 0.03 0.04 0.03 0.04 0.01
MgO 0.83 0.68 0.31 0.48 0.46 0.45 0.26
Ca0 0.48 0.84 212 2.32 0.91 1.97 1.38
Na.O 4.42 4.03 3.67 3.93 3.82 3.65 2.77
K.0 3.87 423 4.10 2.86 4.29 3.86 5.59
P.O, 0.12 0.13 0.08 0.09 0.07 0.07 0.00
L.O.J. 1.60 1.50 1.16 0.72 1.29 0.93 0.50
Total 99.72 99.72 99.61 99.34 99.26 99.53 99.43
Ba(ppm) 940 664 1179 601 804 838 1640
Co 46 37 54 68 38 54 51
Cr 6 7 4 6 7 6 <4
Cu <4 6 20 14 4 <4 <4
Ga 17 18 18 19 17 17 12
Nb 12 12 9 10 7 11 <5
Ni 6 6 4 4 8 <4 7
Pb 15 16 18 15 17 17 22
Rb 113 121 89 87 119 93 83
S <3 76 35 12 3 18
Sr 333 355 374 338 337 336 283
Th 6 9 9 7 5 6 5
v 32 30 19 21 29 17 9
Y 12 15 9 9 16 9 <6
Zn 70 62 52 57 44 54 16
Zr 178 158 152 184 117 135 11

*: total iron as Fe.O,, L.O.L: loss on ignition, n.d.: not detected, **: fresh sample.
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Table 3 Whole-rock chemical compositions of white-altered granodiorite of the
Sawara Granite from the Gokayama area.

Sample No. _GDS28 _ GDS22 _ GDS14__ GDS26 _ GDS13 __ GDS03 _ GDS18 _ GDS23___ GDSI1 ___GDS30 __ GDSI15
SiOw%)  65.45 69.76 70.76 70.92 71.33 71.44 71.46 71.64 71.80 72.07 72.14
TiO. 0.26 052 055 0.37 0.35 0.56 0.28 0.34 0.38 0.28 0.35
ALO, 19.46 16.78 16.45 14.72 14.79 15.67 14.71 14.79 15.31 14.00 14.65
Fe.0,* 1.68 0.96 0.99 245 2,01 0.85 1.73 1.46 0.85 1.99 1.36
MnO 0.01 0.01 0.01 0.02 0.09 0.00 0.04 0.05 0.05 0.04 0.04
MgO 0.34 0.25 0.24 052 0.25 0.16 0.48 0.17 0.15 0.58 0.20
Ca0 0.60 227 0.42 0.42 053 0.24 1.56 1.21 1.58 1.24 1.09
Na.0 7.98 425 3.93 3.20 3.68 5.10 3.59 371 327 4.14 3.33
K.0 1.62 291 3.98 5.01 4.49 3.43 438 438 4.69 3.41 4.83
P.O, 0.02 0.14 0.14 0.07 0.09 0.03 0.07 0.09 0.10 0.08 0.09
LOL 1.80 1.59 1.96 1.96 228 1.75 1.19 1.79 1.34 1.28 1.77
Total 99.22 99.44 99.43 99.66 99.89 99.23 99.49 99.63 99.52 99.11 99.85
Ba(ppm) 417 691 547 876 590 532 702 969 856 701 838
Co 14 46 35 22 35 60 42 35 41 40 43
Cr 6 6 6 5 8 7 4 6 6 5 4
Cu 4 12 79 11 <4 13 4 6 4 i5 4
Ga 24 22 22 19 18 19 17 18 19 16 18
Nb 7 13 13 11 10 14 9 10 12 8 12
Ni 10 7 3 6 5 6 5 7 6 5 4
Pb 7 16 22 14 18 13 21 18 21 15 23
Rb 58 92 134 177 137 126 117 117 123 110 128
S <3 2837 5273 <3 1470 4756 397 1036 1744 5 1249
Sr 255 398 267 226 295 249 324 310 293 316 303
Th 5 6 8 9 5 10 6 6 8 6 6
v 23 39 40 24 28 31 19 25 28 25 26
Y 6 11 9 14 13 11 12 13 11 8 13
Zn 53 38 41 87 37 26 45 48 36 62 40
Zr 131 184 213 212 147 239 118 151 158 138 133

Sample No.  GDSO5 __ GDSI0 __ GDS38 __ GDS29 ___GDS37 ___GDS24___GDSIZ___GDSO1 ___ GDS02___ GDS04
SiOw%)  72.27 7236 72.87 7291 73.08 73.60 73.85 73.86 74.46 7527
TiO, 0.34 0.29 0.38 0.33 0.28 027 0.29 0.40 0.27 0.33
ALO, 14.62 14.76 15.05 14.38 15.04 14.61 14.10 14.10 13.40 13.98
Fe.O* 115 1.02 0.92 2.15 0.62 0.46 0.65 1.21 137 0.44
MnO 0.03 0.06 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.00
MgO 0.15 0.16 0.17 0.48 0.16 0.09 0.12 0.15 0.14 0.11
Ca0 1.33 0.99 0.47 0.59 0.39 1.00 0.28 0.13 0.08 0.11
Na,0 359 3.28 378 4.94 3.05 3.80 4.02 421 3.65 5.03
K.0 4.13 5.08 4.42 2.16 5.45 4.42 4.61 3.89 4.89 3.14
P.O, 0.09 0.07 0.04 0.07 0.06 0.06 0.05 0.07 0.01 0.04
LOL 1.41 1.4 1.46 1.69 1.33 117 1.28 1.72 1.30 117
Total 99.11 99.51 99.57 99.72 99.47 99.49 99.26 99.75 99.58 99.62
Ba(ppm) 692 778 509 510 1079 782 682 598 749 398
Co 44 42 48 25 33 41 45 31 42 82
Cr <4 6 9 6 4 5 <4 7 5 4
Cu <4 <4 10 5 <4 <4 6 13 4 10
Ga 18 18 19 19 17 17 15 15 12 15
Nb 10 9 9 10 7 8 9 11 9 9
Ni 6 5 7 9 5 6 9 7 7 6
Pb 19 18 17 10 34 19 17 1 19 13
Rb 106 132 145 83 147 116 133 119 126 92
S 495 3826 5395 nd. 143 1251 3913 8170 9505 46
Sr 308 292 287 201 269 326 248 92 169 122
Th 6 6 7 7 4 5 7 6 6 5
v 26 25 29 23 24 19 19 28 16 17
v 12 11 8 11 6 10 9 12 11 13
Zn 42 27 21 79 8 29 19 25 7 12
7r 150 114 111 178 135 109 146 187 138 135

*: total iron as Fe.O,, L.O.1.: loss on ignition, n.d.: not detected.
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Fig.12 SiO,-oxides diagrams of the Sawara Granite around gold prospects.

Fe,Os* 1s total iron as Fe,Os.
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Fig.13 SiO,-trace element diagrams of the Sawara Granite around gold prospects.
Symbols are the same as those in Figure 12.
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Fig.14 Occurrence of fluid inclusions in quartz.
a, b: fluid inclusions in quartz B, ¢, d: fluid inclusions in quartz C,
e, f: fluid inclusions in quartz D.
Qtz: quartz, L: liquid, V: vapor.
Scale bars indicate 0.1mm.
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Fig.16 Distribution of chlorite in the Sawara Granite around the adit
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Fig.17 Distribution of illite in the Sawara Granite around the adit (A)
of the Ono gold prospects.
Symbols are the same as those in Figure 16.
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Fig.18 Distribution of pyrite in the Sawara Granite around the adit (A)
of the Ono gold prospects.

Symbols are the same as those in Figure 16.

Feas# iwitn)
§ =15
01X
® 1518
- el s e ek
o agldb L

.'r---— kS

AR I
E e

:I--i -I--i--l--i--'--i--'-i--'-

e e
e A -l--l-ll--l--i--ll-ll—-l--i--ﬁl--i-
T e I R e e e = E R

[ e r T T T T = ""‘"r-|"

1++++++4++41+1111111111+} L]
B
L O e e I“
F.8 F 4 & i I : R
+++ -
- -
o
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adit (A) of the Ono gold prospects.
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Appendix 1. Sample localities of the Sawara Granite.

Appendix 2. Sample points of the Sawara Granite around the adit (A)
of the Ono gold prospects.
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Appendix 3. Sample points of the Sawara Granite around the Ogawachi
gold prospects.



