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Abstract : This paper has described the alteration minerals in host rock and microfractures of
granitic rocks, and the formation process of them. Samples were taken from the drill core,
maximum depth 2002 m, in the granodiorite, Asio area, central Japan. The host granodiorite has
many microfractures with width of less than 2 mm. The main alteration minerals in the host rock
are illite, chlorite, calcite and fluorite. Plagioclase is altered to illite and biotite to chlorite. The
microfractures are filled with quartz, illite, chlorite, laumontite or calcite. There are rare
correlations between the alteration degree and the depth. The alteration degree increases toward
the microfracture, so the hydrothermal solution along the fractures altered the nearby host rock.
Although the measured present temperature of 2000 m deep ground water is 91°C, the alteration
minerals formed at less than 100°C are not observed. Therefore the alteration minerals have not
been formed by the present deep ground water.

As the alteration proceeds, illite and chlorite are accompanied with much calcite. Based on
the occurrence of calcite and chemical composition of primary rock-forming minerals, the
alteration of An-component plagioclase and precipitation of calcite have occured intimately. It is
considered that the pH and Ca?" concentration of the hydrothermal solution caused the
acceleration of both reactions. The plagioclase-water interaction and precipitation of calcite are

very important in the alteration process of the granitic rock.
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Fig. 2 Present temperature of the drillhole. (Omura et al., 1994)
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EIXM R—Y)> 7 aT7NEHE. a) Ashio-4 (851 m), b) Ashio-7 (1440 m). KENIHrINEINLH 27-¢.
Fig.3 Photograph of the drill core. a) Ashio-4 (851 m), b) Ashio-7 (1440 m). Arrows show the microfractures.
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F1ER OB BRE - EE S/ TEEY - THEB L UBEIREN—S (Hamasaki ef al, 199512 &) .
Table 1 List of samples, depth, rock-forming/alteration minerals, degree of the alteration and present tempera-
ture (Corrected in Hamasaki et al., 1995).

Sample  Depth(m) Qtz K-f Pl Bio Cal Fl Lau Chl Il Alteration Present
temp.(C)
Host rock
Ashio 1 23 (++) (++) (++) (+) - - fresh 12.7
Ashio 2 243 (++) (++) (++) (+) - - -- week 21.3
Ashio 3 850 (++) -) -) ) - - + ++ v.strong 43.4
Ashio 4 851 (++) (++) (++) +) -- - -- -- week 435
Ashio 5 1143 (++) (++) (--) (-) + - + ++ strong 53.3
Ashio 6 1115 (++) (++) +) (+) - - + + moderate 53.4
Ashio 7 1440 (++) (++) (++) +) - - - fresh 674
Ashio 8 1621 (++) (++) (++) +) - - - -- fresh 74.8
Ashio 9 1806 (++) (++) +) (--) - - - + moderate 83 *
Ashio 10 1916 (++) (++) (++) (+) -- - - week 88 *
Ashio 11 2001 (++) (++) (++) (=) - - - + moderate 91 *
Fracture
Ashio 3-a 850 + - + + 434
Ashio 5-a 1113 + - -- - 53.3
Ashio 6-a 1115 + + ++ + + 53.4
Ashio 9-a 1806 + - + + + 83 *

Qtz: quartz, K-f: K-feldspar, Pl:plagioclase, Bio: biotite, Cal: calcite, Fl: fluorite, Lau: laumontite, Chl: chlorite, Ill: illite
++: very much, +: much, --:alittle, -:little, No symbol: zero, ( ): primary mineral, *: estimated temperature
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Fig. 4 Photomicrograph showing plagioclase replaced by illite in the host rocks. Crossed polars. Width is 3
mm. 1) Fresh plagioclase with zonal structure. 2) Plagioclase begins to be replaced by illite along the
zonal structure. 3) The core of plagioclase begins to be replaced by illite. Biotite is not altered yet. 4)
All plagioclase is replaced by illite.
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Photomicrograph showing biotite replaced by chlorite in the host rocks. Crossed polars. Width is 3
mm. 1) Fresh biotite with conspicuous cleavages. 2) Biotite begins to be replaced by chlorite along the
cleavages. 3) Most biotite replaced by chlorite. 4) All biotite replaced by chlorite, and calcite precipi-
tates along the cleavages. Calcite can be observed also on the extension of chlorite cleavages. Many
pinholes which are filled with fluorite can be observed in quartz.
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Calcite
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Fig. 6 Scanning electron micrograph of alteration minerals filling microfracures.
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Photomicrograph showing calcite formation in the host rocks. Crossed polars. No. 1 to 3 are 3 mm
and No. 4 isl.5 mm wide. 1) Paragenesis of illite and calcite in the strongly altered plagioclase. 2)
Calcite veinlets. 3) Calcite in grain boundary of other minerals. Pinholes in quartz are filled with fluo-
rite. 4) Calcite in matrix of sheared minerals. Pinholes in quartz are filled with fluorite.
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Chemical transition as an alteration degree of biotite. R shows the moles of Si+Al+Mg+Fe. A)
Potasium to R mole ratio as an alteration degree. B) Fe or Mg to R mole ratio as an alteration
degree. Numbers of 0, 1, 2 show the degree of the alteration : fresh, weak, moderate, respectively.
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Fig. 9 Chemical transition as an alteration degree of plagioclase. A) Calcium to alkali elements mole ratio
as an alteration degree. B) Silica to aluminum mole ratio as an alteration degree.
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< Replacement of anorthite by illite >

2.3 CaAI2Si208 + 2.4 SiO2 + 0.8 H20 + 2.4 Ht
+12 K+ +0.5 Mg2+
— 2.0 K0.6Mg0.25A12.3813.5010(0H)2 + 2.3 Ca%* (1)

< Precipitation of calcite >

HCO3 " +Ca2* — H* + CaCO3 )

BIOR T/ —%A4 b b4 T4 PAOBEN), BIUOFBEAOERERDLZFE. (Hamasaki et al, 1995).
Fig. 10 Chemical reactions of alteration for anorthite to illite (1) and formation of calcite (2) (Hamasaki ef al.,

1995).
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Appendix table 1 Chemical analysis of biotites based on 11 oxygens. Numbers of 0 to 3 show the degree of
alteration : fresh, weak, moderate, strong, respectively.

Sample  Alt. Depth  Si Al K Na Ca Mg Ti Mn Fe cr O
Biotite

Ashiol-1 0 23 277 137 092 005 000 123 017 003 133 000 11
Ashiol-2 0 23 275 135 092 011 000 117 020 005 135 0.00 11
Ashio 2 1 23 273 143 097 006 000 115 0.17 003 136 000 11
Ashio 4-1 1 23 272 151 097 000 000 109 0.18 005 133 0.00 11
Ashio 4-2 1 23 266 149 070 007 008 116 0.19 004 138 0.01 11
Ashio 7 0 1440 276 140 091 003 001 114 0.16 004 141 0.00 11
Ashio 8-1 0 1621 278 134 093 005 000 122 017 004 136 0.00 11
Ashio82 0 1621 276 140 095 009 000 120 0.17 005 130 0.00 11
Ashiol0-1 1 1916 278 128 093 002 000 129 019 005 133 0.00 11
Ashiol0-2 1. 1916 2.8 125 095 006 000 123 017 003 135 0.00 11
Ashiol0-3 1 1916 281 135 087 002 000 127 018 0.04 125 0.00 11
Ashioll-1 2 2001 270 17t 086 002 000 082 015 005 143 001 11
Ashioll-2 2 2001 261 175 081 0.08 000 093 011 0.07 151 0.00 11
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Appendix table 2 Chemical analysis of plagioclases based on 8 oxygens. Alteration numbers show the same
degree as appendix table 1.

Sample Alt. Depth Si Al K Na Ca Mg Ti Mn Cr Fe O
Plagioclase

Ashiol-1 0 23 273 126 001 074 027 000 000 000 0.00 000 8
Ashiol-2 0 23 274 124 002 076 026 001 000 000 000 000 8
Ashiol-3 0 23 276 121 001 084 021 001 000 000 000 000 8
Ashiol-4 0 23 278 121 001 082 022 000 000 0.00 000 000 8
Ashiol-5 0 23 272 128 001 075 029 000 000 000 0.00 000 8
Ashiol-6 0 23 274 124 001 079 025 000 000 0.01 000 000 8
Ashiol-7 0 23 288 108 005 09 008 001 001 000 001 000 8
Ashio 2-1 1 243 270 129 003 067 033 000 000 000 000 000 8
Ashio 2-2 1 243 271 127 000 076 027 000 001 000 0.00 001 8
Ashio 4-1 1 851 270 129 001 071 031 000 000 000 000 000 8
Ashio 4-2 1 851 272 127 001 075 029 000 000 000 000 000 8
Ashio 5-1 3 1113 299 098 000 105 002 0.00 000 000 001 000 38
Ashio 52 3 1113 297 103 003 102 000 000 0.00 000 000 000 8
Ashio6-1 2 1115 297 101 000 105 003 000 000 0.00 001 000 8
Ashio6-2 2 1115 288 113 005 089 007 0.01 000 000 000 000 8
Ashio 7 0 1440 276 123 001 078 026 000 000 0.00 000 000 8
Ashio 8 0 1621 268 130 000 070 032 000 000 001 000 000 8
Ashio9-1 2 1806 293 106 003 097 005 000 000 0.00 000 001 8
Ashio9-2 2 1806 299 100 001 097 002 000 000 000 000 001 8
Ashiol0-1 1 1916 299 099 001 101 001 000 000 001 001 000 8
Ashiol0-2 1 1916 275 123 001 078 026 000 000 000 000 000 8
Ashiol0-3 1 1916 290 107 000 092 014 000 0.00 0.00 000 000 8
Ashiol0-4 1 1916 273 124 001 077 026 0.01 001 001 0.00 000 8
Ashioll-1 2 2001 274 123 001 081 025 000 000 001 001 000 8
Ashioll-2 2 2001 282 120 0.00 078 022 0.00 0.00 000 0.00 000 8
Ashioll-3 2 2001 293 1.06 000 097 008 000 000 0.00 000 001 8
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