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ABSTRACT: This paper deals with the clay minerals found in
the granitic rocks distributed in.Hiroshiqa and Shimane
Prefectures_with special reference.‘fo the effects of
hydrothermal activities on the decbmposition process of tHe
granitic rocks. Many clay veinﬁ'and hydrothermal clay
deposits are commonly developed in the granitic rocks and
their mode of occurrences were investigated‘in detail. The
preferred orientations of the clay'veins and miCrocracks
found in the constituent minerals of granitic rocks were
ekamined, " The cénstituent clay minerals and their
mineralogical characteristics of clay veins, clay deposits
and alteration products of‘piagioclase in granitic rocks
were investigated by means of X-ray diffraction; optical
microscope, electron microscope(TEM and SEM), hydrogen
isotope ratio and so on. The major results obtained are as.
follows. | |

1)‘Thé preferred orientations of microcracks within
granitic rocks are'very similar to those of clay veins which
have been formed ﬁnder the regional compression stress
field. |

2) The constituent clay minerals of clay veins, clay
deposits and alteration products from plagioclase and their
mineralogical characteristics are almost identical with each
othér.

| 3) Mineral sequence found in the vertical direction of a

clay vein and altered granitic rocks resemble to éhat

observed in some present geothermal areas.



4) Mineralogical char@cteristics of the clay minerals
indicaté that the clay minerals were formed by hydrothérmal
solution subsequent fo the post gfaﬁitic‘%ctivity. >The
temperature of hydrothermal solutiqn ranges about 50°- 300°
C and'originated from metgoric-Water. Some:clay minerals
seem to be diréctly brecipitated from the hydrothemal
solution.

Based on the results mentioned>above, it is considered
that granitic rocks distributed in the investigated areas
have been strongly fractured and characterized‘by
reﬁarkable alteration to clay minerals at hydrothermal

stage before the wéathering stage.
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I. INTRODUCTION

Studies of decomposed rocks are important to prevent
the disasters such as ﬁhe landslide and the avalanche of
earth and rocks. Therefore, the deoompdsitidn of granitic
rocks has been studied in varibﬁs field such as pedology,
.geoﬁorphology and civil engineering as well as iﬁ the fields
of geological sciences. Nevertheless, the mechanism or
process of the decompositioﬁ of granitic rocks have not been
systematically explained yet.

In the inner zone of southwest Japan, granitic rocks of
Cretaceous to Ppalacogene| age are distributed widely and the
rqcks are characterized, in general, by common development
‘of fractures and extensive alteration. The decompqsitioﬁ
extends usually to the depth of ten to twenty meters and in
some places the depth reaches more than hundred meters.
while conducting the mineralogical study on the alteration
mechanism of plagioélase in the granitic rocks, the author
‘has foﬁnd that clay veins or veinlets are commonly observed
in the rocks (Kitagawa and Kakitani, 1977a). These cléy
’veins seem to have been formed by filling fissures and/or
fractures‘developed in granitic4rock$. Subsequent studies
on.the mode of occurrence, detailed constituent clay
minerals and distribution of these clay minerals have
révealed that clay wveins are_intimafely associated with the
post-magmatic activities, i.e., hydrothermal activities
(Kitagawa and Kakitani, 1977b; 1978a, b, ¢ and 1981). Clay
deposits developed in the granitic rocks have alsé been

proved to be related to the hydrothermal activities



(Kitagawa and Kakitani, 1979b; Ishihara et al. , 1980 and
Kitagawa et al., 1982).

The conétituent minerals of the host granitic rocks
are; more or less; altered to clay m;nerals. It is to be
noted is that some clay minerals of the alteration products
are similar to those oflthe clay veins in the mineralogicél
characteristics sﬁch as mineral species‘aﬁdAtheir
paragenésis (Kitagawa et al., 1984; Kitagawa, 1985).  These
facts described above sﬁggest that the hydrothermal
activities may play an importént role on the decomposition.
In additioﬁ,v preferred orientations of fractures were
fecognizéd at many localities suggesting that the fracture
patterns were fofmed under the fegional stresé field
(Kitagawa and Okuno, 1984).

Based on the mineralogical and geochemical studies of
the clay veins, clay depoéits.and clay minerals altered from
plagioclase and geometrical analysis of the fractures
developed in the granitic rocks of Chugoku district, a
systematic explanation for the effect of the hydrothermal
activity on decomposition process of granitic rocks, will be

described in the present paper.
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II. CLASSIFICATION AND DISTRIBUTION OF CLAY VEINS AND CLAY
' DEPOSITS

Clay veins are observed commonly in the granitic rocks,
especially in the decomposed parts as mentioned below. The
width of veins varies from‘one' millimeter to one meter.
In addition to the clay veins which have been fqrmed filling
fractures by clay minerals, aggregates of clay minerals
replacement origin which are aligned in certain directions
resulting vein-like appearance will bemgiscussed. The mode

of occurrences of clay deposits are similar to that of clay

veins and/or vein-like replacement products.

A. CLASSIFICATION

As will be described later, the vein-like replacement
products were caused by the hydrothermal activities by which
vthe clay veins were formed. Therefore, the wvein-1like
replacement products‘will be included in the cla? veins in
this paper. In the foliowing) these clay veins and Qein—
like replacement preducts will be classified into five types
based mainly on their mode of occurrence such as the
characters of fractures and/or eracks (Fig. 1).

Type 1: Clay veins formed along the interstices of both
sides of a dike roek such as granite porphyry, quartz
porphyry and porphyrite (Plate 1). The scale of the veins
?aries from one centimeter to one meter.

Type 2: Clay veins formed by filling nearly vertical
fissures or cracks (Plate 1).  This type eccurs most

frequently and can be further divided into three types (Types

of,

|



2-A, 2-B and 2-C) on the basis of the character of the
fractures. Type 2-A is formed along faults and corresponds
to the fault clay or gouge with relatively large width than
thoée of the other types. Both types2-B and 2-C are formed
along sheared and/or opéﬁ fractures.

Type 3: Clay veins forméd along vertical or horizontal
joints corresponding to the so-called joint-clay (Miura and
Hata, 1970).

Type 4: Clay veins formed along small fissures of 1mmqto
10mm in width. Network development.of this type 1is
observed in sdme places (Plate 1).

TYpe 5: Aggrégates of clay minerals of replacement
products alignes certain directions (Plate 1). Veins of
this type are formed along many microfractureé extending in
certain directions.

Although the 0910r of these veins Varies complicatedly,
all of the veins weie roughly divided into two colors such
as green and white. Veins of types 1, 2 and 5 belong
mainly to the green type, whereas those of types 3 and 4 to
the white type.. As was repqrted in the previous papér, the
color of the veins reflects their constituent clay mineralsp
i.e., the veins of white type are composed mainly of kaolin
minerals and green type, smectite and mica clay minerals
(Kitagawa et al., 1977b, 1978a).

Suitable outcrops for such. observation and for
Measurement of the orientations(striké and dip) of the veins

can be often found at the construction places of tunnel,



cave of dam-site, housing and so on.

A continuous de&elopment of veins of types1,2 and 5 can
be bursued more than severél kilometers in the Kamo distriét'
between Nishitakaya and Shiraichi as shown in Fig. 2.
Durihg the construction of a dam, aetailed observations of
the develophent of'clay veins, mainly those of typé 2 could
be performed at Nukui, Kake-cho, Hiroshima Prefecture (Fig.
3). Thesg veins can be pursued more than two hundred
meters in the lateral direction and more than hundered
meters in the vertical direction. As is seen in Fig.‘3,
the distribution pattern‘of the veins of type 2 is almost
similar to that of type 4. The only difference between the
two types is the scale. Veins of types 3 and 4 are found
near the ground surface, whereas those of types1, 2 and 5
occur not only near the surface but also under the ground of
more than 100m in depth.

The degfee4of the decomposition were roughly measured
by'the alteration dégree of plagioclase in the granitic
rocks. As seen in Figs. 4, 5 and 6, all types of clay
veins develop cohsiderably at the relatively more

decomposed parts of the respective granitic rocks.

B. MODE OF OCCURRENCE OF CLAY DEPOSITS

A number of hydrothefmal clay deposits are found mainly
in granitic rocks distributed in relatively restricted areas
of Hiroshima and Shimane’Prefectures (Fig. 7). Considering
the main constituenf clay minerals, two kinds of ore

deposits are distingishable in these districts: one is
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Fig. 1. Schematic diagrams of clay veins of five types classified
based on the characteristics of fractures.

Fig. 2. Developments of clay veins of Typesl1l,2,4 and 5 in Kamo
district, Hiroshima Prefecture.
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Pig. 3. Developments of clay wveins at Nukui, Kake=-cho,
Hiroshima Prefecture.
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Fig. 5. Distribution of clay veins (mica clay mineral
and kaolin mineral) in the Kumogi granite mass
in Kanagi district, Shimane Prefecture.
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kaolin mineral and the other is mica clay mineral
(sericite). All of these clay deposits were formed by
hydrothermal conditions (Minato and Takano, 1952 ; Iwao,
1953; Matéuﬁoto, 1965; Minato, 1969; Kitagawa and Kakitani,
1979b; Kitagawa et al.; 1982; Kitagawa and Kameoka, in
press).

Sericite deposit:

There occur sericite deposits which have been worked by
underground mining in the Mitoya and Mizuho districts,
Shimane Prefecture. As shown in Fig. 8, many small
sericite deposits are concentrated in_aﬁjarea of the Mitoya
district (abouf 4 x 8km). These.depésits occur as
lenticular mass of several meters in width and less than
100m in length, and as fissure-filling within the Palaeogene
granitic rocks. These depoéits are arranged along certain
directions which are similar to those of clay ?eins (mainly
typeSZ and 5) developed in the district, as are seen in
Fig. 8.

The deposits in the Mizuho district, on the other hand,
occur as fissure fillings of nearly perpendicular fissures
of about 1 to 2m width (Fig. 9). The orientation of clay
veins developed in this district are almost similar to those
of clay deposits.

There are two halloysite deposits which are sharply
bordered from the host rocks, working by open pit mlnlng in
the Yokota district, Shlmane Prefecture (Yanomaki or Komaki
halloysitebdeposit). The two ore deposits are about 60m x

30m and 100m x 40m lenticular form, respectively. Both

- 16 -



deposits occur as replacement products‘of fractured felcitic
rocks in granitic rocks;  _ The ores congist mainly of
halloysite and kaolinite associated with sericite and
smectite. Many clay wveins (Type 2) of 1-50mm width are
found within the both ore deposits (Plate Z-A).‘ A number
of clay wveins of type§‘2 and 5 occur in the surrounding
granitic rocks of the deposits.

In thdachi district, Hiroshima Prefecture, the
Khodachi kaolin.deposit with lenticular form occurs in
biotite granite. The deposit occurs as replacement
products of_qugfmﬁtiéxﬁqu The ore body is ébout 250m in
length and 100m in width, extending toward‘northeast. The
ore cbnsists mainly of kaolinite and halloysite.

The mode of occurrence of thése clay deposits are
very similar to that of clay veins, e.g., Types 2 and 5

veins. The only difference between them is the scale.

- 17 -
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Fig. 7. Hydrothermal clay deposits in granitic rocks in
Hiroshima and Shimane Prefectures.
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IIT. FRACTURES DEVELOPED IN GRANITIC ROCKS

Common developments of the clay veins'in the granitic
rocké may suggest that these fractures were formed in
relation to the stress fields during the geological age as
well as the cooling proéessrof the gfanitic rocks. In order
to confirm such possibilities} the orientation of the
fractures (strike‘and.dip) found ih the graniﬁic rocks and
in and around the clay deposits were ‘examined. In
addition to these fractures, microcrécks observed in the
constituent minerals of the host granitic rocks under the

microscope will be also examined from the same view points.

A. CLAY VEINS

Orientation of the fréctures (Clay.veins) show in
general certain preferred directions if the area is limited.
Based on the preliminary measurements of the strikes of the
clay veins, the whole district of thergranitic rocks are
divided into 10 districts and the preferred orientations of
‘the fractures of e;Ch district are shown in Fig. 10 and the
results are éummarizéd in Table 1. As is shown in the
figure and the table, each district is characterized by two
6r three preferred orientations ofvthe fractures.

Concerning the significance of these, preferred orientations

will be discussed later.

B. CLAY DEPOSITS
The relation between the distribution pattern of the
clay deposits and preferred direction of the ffactures were

examined concerning several districts. First, clay

- 20 -
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Shimane Pref.

~ Mizuho

Kohdachi Miyoshi

Hiroshima Pref.

Kamm

Higashihiroshima

20

———— km

Fig. 10. Histgram of strike of clay veins distributed
in Hiroshima and Shimare Prefectures.

District Type Strike Dip
Kure-Higashihiroshima 2 NO°-20°E, E-W, N40°-70°E 70°-389¢°
Chno 2 NO°-30°W, N40°-70°E 60°-90°
Hiroshima 2 NO°-10°E, N60°-80°E 60°-90°
Kamo 1,5 N60°-90°W 70°-90°

2 N50°~90°E, N40°-80°w 70°-80°

3, 4 N50°-90°E, N40°-80°W 70°-90°
Kohdachi 5 N20°-60°E 70°-90°
Miyoshi 2, 3, 5 N-S, N20°-30°E, N50°-60°E 70°-90°
Mi zuho 1 N40°-60°W, E-W 60°-90°

2 N40°-70°E, N30°-70°W §0°-90°

5 E-W 60°~90°
Kanagi 2, 4, 5 N0O°-20°E, N50°-80°W 70°-90°
Yokota 2, 5 N30°-60°W, NO°-20°E, N80°-90°E 60°-90°
Mitoya 2, 5 N10°-20°E, N50°-60°W 70°-90°
Table 1. Strike and dip of clay veins in

districts.

the respective

21



deposits found in the Mitoya district develop along the two
distinct directions, i.e., N50° - 60°W and ﬁ10° - 20°E as is
seen in Fig, 8. It should be noted in the figufe that the
two directions coincide well with the dominant directions of
the fractures (clay veihs). In the Iwaya deposit (Mizuho
district), the ;wo preferred directions are also recognized,
i.e., one is N16° - 70° W and the other is N50° - 70°E (Fig.
9). As is seen iﬁ Fig. 11, the two deposits of the
Yanomaki(Komaki) mine located in the Yokota district are
extended in the two directions, N20°E and N30°W. Clay veins
found in both ore deposits and the district are developed;in
three directions, N0°- 20°E, N30° - 60°W and N80° - 90 °E.
Clay veins developed in the district are alsoc aligned on the
three directions (Fig. 12). Kaolin deposit in the Khodachi
district is elongated slightly in the direction of N50°E.
The orientation of the fractures in the ore body is rather
concentrated in }he same direction, Almost all the
fractures descriﬁed above are nearly vertical and the
preferred orientation of the veins is almost similar to

those of'clay deposits in the respective direction.

C. MICROCRACKS

Microscopic-microcracks developed in the constituent
minerals of the host granitic rocks (mainly in quartz) were
measured on the orientated thin sections of parallel and
perpendicular to the ground surface uging an universal stage
attached to the microscope. The microscopic-microcracks

are illustrated'{n:Fig. 13 and some photographs of the

- 22 -~



Deposit 11
Strongly altered rock
Biotite granitic rock

Fig. 11. Yanomaki {(Komaki) halloysite deposits in
Yokota district, Shimane Prefecture.
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A. Clay veins in Yanomaki B. Fracture; pattern in granitic
(Komaki) halloysite rocks in Yokota district
deposit (deposit I)

ﬁ-—:‘v— N ml‘
C. Vertical microcracks D. Lateral microcracks in
in granitic rocks: granitic rocks

Plate 2. Fractures developed in clay deposit and granitic:
rocks. '



cracks are shown in Plates 2-C and D. Since the thin
sections were prepared pafallel and perpendicular to the
ground surface, the orientation of microcracks could be
measured onlyvin the horizOntal aqd vertical plaﬁes. It
has been generally acceptéd that the microcracks developed
on thé vertical plane afe cauéed by'the unloading (Plate 2-
C) (Okamura, 1965; Hashikawa and Miyahara, 1974;'Hashikawa,
1978a, b and 1985). The poles of the orientation of the
microcracks were measured on both planes and the results
were plotted on the equalQarea stereographic nets. | The
measurement was performed on the samples collected from
three districts in Hiroshima Prefecture and results of the
Kyogoyama in the Ohno district are shown in Fig. 14 as a
typical example. As is seen in the figure, two
concentrated directions whose dips are nearly vertical are
recognizable, i.e., NO° - N30°W and N40° - 60°E. The
results of the othgr two districts, one is Nakatsuokagawa in
Ohno district and the‘other.is the western part of
Hiroshima city, two distinct dominant directions have been
confirmed, N40 ° - 80°E in the former and N - S in the latter
(Fig. 15). As was already stated, thése directions are
almost coincide with those of clay veins developed in the

respective district (see, Figs. 14 and 15).

- 27 -
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Fig. 14. sStereo diagram showing the Fig. 15. Stereo diagram showing the

preferred orientation of preferred orientation of
microcracks and clay veins :in microcracks and clay veins in
granitic rocks at Kyogoyama, granitic rocks in Hiroshima
Ohno district, Hiroshima district.
Prefecture.



IV. CONSTITUENT CLAY MINERAL
The constituent cla? minerals of the clay veins, the
alteration products of plagioclase in the' host granitic
rocks and the clay deposits will be described in this
chapter. Detailed procedures of the mineral
identifications were already described in the previous

papers (Kitagawa et al., 1978a, b, ¢, 1979a and 1981)."

A. CLAY VEINS

The clay veins consist mainly of mica clay
mineral(sericite), smectite, interstratified mineral of mica
and sme;tite (mica/smectite), kaolin minerals (kaolinite and
halloysite) associated with small amount of interstratified
mineral of kaolin and smectite (kaolin/smectite) and_
chlorite. Quartz is commonly associated with clay minerals
and calcite and/or zeolite (laumontite, stilbite and
heulandite) are occasionally found in the cléy veins. Most
of the clay veins are composed of more than two.kinds of‘
clay minerals and the main mineral aésemblages are presented
‘in Table 2.

It is to be noted . that the constituent minérals
commonly change from the lower to the upper parts in the
vertical direction of the veins. Typical examples are
shown in Fig. 16. In a vein at Kure City, the constituent
mineral changes gradually from mica clay mineral to
interstratified mineral (mica/smectite) from the lower to
the upper parts of the vein within only 3m. Ih a vein at

Kurahashi-cho {middle in Fig; 16), interstratified mineral:

- 29 -



clay veins.

Main constituent Associated clay mineral
clay mineral
Kaolin mineral
g Kaolin mineral Smectite
£ % |_Smectite
g‘g Smectite Kaclin mineral
e Smectite Mica clay mineral
= e Mica clay mineral
Mica clay mineral Smectite
Raolin mineral Mica clay mineral
§ Smectite Mica/Smectite
3 Smectite. Mica clay mineral, Kaolin mineral
g Mica/Smectite ,
8 Mica/Smectite Mica clay mineral
5 Mica/Smectite Smectite
5 Mica clay mineral Kaolin mineral
8 Mica.clay mineral Smectite, Kaolin mineral
" Smectite Cﬁlorite
8 % Mica clay mineral Chlorite
e Mica/Smectite Kaolin mineral
é § Mica/%@ectite Smectite, Kaoclin mineral
2o Kaclin mineral Smectite, Mica clay mineral
Table 2. Mineralogical assemblages of clay minerals in



(mica/smectite) and smectite from the lower to the upper
parts. In Miraeaka—cho; smectite, interstratified mineral
(kaolin/smectite) end kaolin mineral.from the lower part to
the upper parts. The variation of the main constituent
clay minerals of the veéins in the vertical direction has
been fully confirmedrat the Nukui dam-site, Kake-cho,
Yamagata-gun in Hiroshima Prefecture. As ie obvious in
Fig. 17;>the main constituent miheral of the each vein
changes from ﬁica clay mineral in the relatively lower
altitude to smectite in- the higher altitude passing through
- the interstratified minerals of mica and smectite in the
middle altitude. The constituent clay minerals of the
veins.developed in the Kumogi granite mass, Kanagi district,
Shimane Prefecture vary markedly from mica clay mineral to
kaolinite as is evident in Fig. 18, the former distributes
mainly at the lower level while the latter at the relatively
'higher level.

The regional variation of the constituent minerals was
examined in the Kure-Higashihiroshima district. Mice clay
mineral is observed at the relatively lower level (less than
200m) while kaolin minerals at the higher level in the Kure
district (0-500m in altitude). In the Higashihiroshima
district, on the other hand, smectite is restricted at the
lower level of less than 300m altitude, whereas kaolin
minerals distribute at all the levels.

Based on the facts described above, it may be concluded

“that the main constituent mineral of the veins varies from
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mica clay mineral to interstratified mineralS’of mica and
smectite, smectite and kabliﬁ minerals from the lower tQ the
highér altitudes in the range between 400m'and 800m (Fig.
19). Between the zoneé of smectite and kaolin minerals,
intérstratified mineralé of kéolin and smectité is
observablekin some places. ; Moreover, within éeveral meters
of a vein, change of the clay mineral is recogﬁizable. As
is shown in Fig. 20,‘the constituent clay mineral of the
veins found in the granitic rocks varies ffom place to
place;,i.e” each district has its characteristic
constituent minerals as are summérized in Table 3. This is
mainly bécause of the difference of the level of the
respective outcrops situated

as seen in Fig. 19.

B. CLAY DEPOSITS
I. MITOYA SERICITE DEPOSITS
Concerning the clay minerals of the sericite_(mica clay
mineral) deposits of the district, the author has alreédy
reported in detail, especially on the ores of the Nabefaﬁa
and Igi deposits (Kitagawa et al.; 1982). | That is, the
ores are composed mainly‘of mica clay mineral(sericite) with
a small amount of kaolinite, smectite, chlorite and
interstratified minerals of mica and smectite.
2., IWAYA SERICITE DEPOSiTS
As is seen in Fig. 9, Iwaya deposit is in vein-form and
the ores are consist of moétly mica clay mineral with a

small amount of smectite.
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 Fig. 18. Vertical variation of constituent clay minerals of clay
veins. in the Kumogi granite mass in Kanagi district,
Shimane Prefecture.

District Main constituent clay mineral Altitude (m)
Kure Mica clay mineral, Smectite 0 - 500
Higashihiroshima ~ Kaolin mineral, Sméctite 100-500
Ohno "Kaolin m%neral, Smectite 0 - 600
Hiroshima Smectiﬁe, Mica clay mineral 0 - 400
Kamo Mica clay mineral, Smectite 200-400
Kohdachi Kaolin mineral 150-350
Miyoshi Kaolin mineral, Smectite 200-300
Mizuho Mica clay mineral, Smectite, Kaolin mineral 300-550
Kanagi Mica clay mineral, Kaolin mineral 150-350-.
Yokota Smectite,\Kaolin mineral 400-600
Mitoya Mica clay mineral, Smectite 100-300

Table 3. Main constituent clay minerals in respective districts.
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Fig. 20. Distribution of clay veins and their main constituent

clay mineral in granitic rocks in Hiroshima and
Shimane Prefectures.



3. KOHDACHI KAOLIN DEPOSIT
The ore of the Kohdachi kaolin deposit is composed
mainly of kaolinite and halloysite wiﬁh a small amount of
mica clay minéral. Moreover, the deposit can bé dividéd
clearly into two zones as td the mineral assemblages: one
is kaolinite zone and the'other‘kaolinite—halloysite zone
(Kitagawa and Kakitani, 1979b).
4. YANOMAKI(KOMAKI) HALLOYSITE DEPOSIT
The Yanomaki deposit is composed of two ore bodies with
sharp béundaries to the host granitic rock. The clay
minerals of the ore aré composed bf halloysite, kaolinite
and mica clay mineral associated with a small amount of
smectite. ‘Based on the mineral assemblage, the ore body
can be divided into three zones, i.e., the central
halloysite zone through the halloysite-kaolinite zone and
the marginal zone of kaolinite-mica clay mineral. |
The cohstituént clay minerals of these clay deposits

are summarized in Table 4.

C. CLAY MINERALS DERIVED FROM PLAGIOCLASE

Among the constituent minerals of the host granitic
rocks, plagioclase is easily altered to clay minerals as
well as biotite. In general, the minerél in guestion
alters directly to kaolin minerals (kaolinite and
halloysite) under the weathering conditions (Nagasawa and
RKunieda, 1970;’Kitagawé and Kakitani, 1977a; Nagasawa, 1978;

Tsuzuki, 1985), However, plagioclase in thebgranitic rocks



Clay deposit

Mitoya Iwaya Kohdachi Yanomaki
sericite sericite kaolin ‘halloysite
deposit deposit deposit deposit
Halloysite + + + + o+
Kaolinite + + + + + +
Smectite + + + +
Mica/Smec. +
Mica clay + + + + + + + + +
Chlorite +
+++: abundant, ++: moderate, +: minor

Table 4.

Constituent clay minerals of clay deposits in
granitie rocks in Hiroshima and Shimane Prefectures



of the district of the present study is often altered to
mica clay mineral, smectite and interstratified mineral
together with or without kaolin minerals. ‘Several.typical
exampies will be deséribed below.

Géneral tehdency of the altegatibn of.plagioclase to
clay minerals in the granitic rocks.are shown in Figs. 21/
22 and 23.  As is evident in Fig. 21, in the Kumogi granite
mass, Kanagi district, the northwestern parts whose altitude
is rélatively lower (180-250m), mica clay mineral is
predominant whereas, in the central parts, relatively higher
parts (250-350m), smectite is predominant. In the Yokota
.district; Shiﬁ&ne Prefecture, plagioclése alters to mica
clay mineral, smectite and kaolin minerals (Fig. 22).
Furthermore, as is clear in the figure, kaolin minerals are
found mainly at the higher level, whereas mica clay mineral
and smectite at the lower level. Regional variation of the
alteration of the mineral in Hiroshima and Shimane
Prefectures is repfesented in Fig. 23.

It may be concluded that plagioclase of the host
granitic rocks alters commonly to mica cléy mineral,
sméctite and kaolin minerals. It is to be noted ... that
mica clay mineral prevails at the geographically lower

parts, whereas kaolin minerals at‘the higheY parts.
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@ Mica clay mineral
Smectite

O Kaolin mineral
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Fig. 21. Clay minerals altered from plagioclase in the
Kumogi granite mass in Kanagi district, Shimane
Prefecture.
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Fig. 22. Constituent clay minerals found in plagioclase

.in Yokota district, Shimane Prefecture.
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V. MINERALOGICAL CHARACTERISTICS OF CLAY MINERALS

Concerning the clay minerals collected from various
occurrences, fhe writer and his co—wcrkers have reported
some mineralogical characteristics such as filling
temperature of fluid inclusion in calcite, hydrogen-and
isotopic composition;’microtopographs of'clay mineral
crystals, morphology of halloysite, dehydration temperature
of constituent water and snspention pH (Kitagawa and
Kakitani, 1977a, 1978a, b, c; 1979; 1981; Kitagawa et al.,
1981a, b; 1982; 1983; 1984). In Table 5, the main results
are summarized with fhe difference of the mode of occurrence
of clay minerals. Since these characteristics of the
mineral are related intimately to the formation condirions.

of .the mineral, the results will be described briefly below.

A. FILLING TEMPERATURE OF INCLUSION

As was described in the previous chapter, mica clay
mineral in the sericite deposits of the Mitoya district
coexist intimately with calcite (Piate 3). Fortunately,
flﬁid inclusions are common in the calcite crystals and the
filling temperatures of these inclusions were measured in
order to estimate the temperature of formation of the ore
deposit, i.e., mica clay mineral itself. As is shown in
Fig.24, the filling temperatures of rhe Nabeyama and Igi

deposits are in the range between 220° 270°C (average is

240°C) and 215°- 280°C (average is 241°C), respectively.

B. HYDROGEN AND OXYGEN ISOTOPE
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Clay vein

Table

Constituent DTA Chemical
clay mineral Color Polytype Morophology size dehydration composition . pH
Mica clay green M hexagonal = 0.5- ' single & muscovite- 4-9
mineral pa%ggn M e]g.gggited— double- phengitic :
g' imMd rorac Sum endothermic composition
white . °
ink J.rfggtezlar— peak (500°~
P P 750°C)
Mica/Smec. green e%ggg?ted— 0.5- double- intermediate
ar . .
pale- 5 endothermic of mica and
green par ég Hm peak (500°~ gsmectite
1rreiflar 700°C)
Smectite gzszn p%g Jej: far Q0.5- aéﬂgig_& z;xz:tmoiiiiﬁnlte
P 13569%3%" 2im  (500°-700°c) CONPOS
Kaolinite white hexagonal 0.5~ 500-550°C 4-7
_
1§fg%glar um
: . - o < o _
Halloysite - white ,tg,lgtxx_éar gurn lv[eadel 4-7
Clay‘ deposit
Mica clay green e hexagonal 0.5- single & muscovite- 4-9
mineral pg%ggn M e]g.gggfg%d- 10um  double- ) phengl?l?
. iMd orm endothermic composition
white .
ink 1§£§%1éllar— peak (500~ :
P 750°C)
. ] 0.5- -
Mica/Smec ~green or?’L%id— 5 ggg%ﬁemlc lgteégedé% e
2Um pe smecti
sesctite o Moy, G Eig: memeriiionice
pt pistd (500°-700°¢C) °°TF
Kaolinite white hexago E 0.5~ 500-550°C 6~-7
J.Er%gu ar- L
pia 2Um
r
i i . - . 2- < ° -
Halloysite white t\ftg%ar gm% 500°C S5-6
Alteration Products of plagioclase in granitic rock
Mica clay green 2M heagonal Slgg e & phengitic 4-9
X o - s
mineral pale-~ iM e gggitted- 0.3- gndothgrmic composition
green 1Md Sz T 3um pe -
white 700°¢C)
Mica/Smec. green p%g{:ige 0.5- ggg’g%ﬁémic ermedégge
lfregu ar- lum peaxk smec%c%e
Smectite green p rt f 0.5~ a 1.81%}: montmorillonite
pink igﬁeg}ﬂ ar- 2um 300°C) composition
Kaolinite white bhexagonal 0.2-  500-550°C
1r{e§ ar-
brown pla lum
Halloysite white tubular 0.2- <s0¢°c 6-7
yellow 3um
5. Mineralogical characteristics of clay minerals in

granitic rocks.



Calcite and quartz associated with mica clay
mineral
C:Calcite, Q:Quartz, M:Mica clay mineral

Plate 3. Microphotograph of the thin section.
(Nabeyama deposit in Mitoya district)
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Temperature '

Temperature

Histgram of filling temperature of fluid inclusion in calcite collected

24.

Fig.

from the Nabeyama (2M mica clay mineral) and the Igi (1M mica clay mineral)

deposits, in Mitoya district, Shimane Prefecture.



The isotopic ratios of hydrogen and oXygen in mineral
reflect the environmental édnditions at the formation
(Matsuhisa et alf, 1980). Therefore §D and 460 values of
micé clay mineral, smectite, interstratified mineral_and
kaolin minerals collected from clay veins and deposits were
measured. As is evideﬂt in Table 6, each mineral has its
own characteristic value regardless of théir mode of
occurreﬁce. The results clearly'suggést that all of thé
clay minerals are formed under almost the same environmental

conditions.

C. MICROTOPOGRAPH OF CRYSTAI SURFACE

Growth pattern on crystal surface varies according to
the formation conditions. Using the decoration technique
of electron microscopy (Kitagawa et al., 1983), surface
microtopdgraphs of as-grown surface have been examined on
the clay minerals cgllected from clay veins and deposits as
well as on'the alteration products of plagioclase in the
host granitic rocks. Among these minerals, spirél growth
pattern is observable only on the crystal surfaces of 1M and
2M mica clay minerals and kaolinite (Plates 4, 5 and 6).
On the crystal surfaces of 1Md mica clay mineral and
smectite show no special growth pattern (see Piate 4).

Morphologies of the growth spirals are roughly
classified into a) polygonal and b) circular or malformed
circular. Characteristics ‘of the observed pattern togeéher

with the range of step separations are listed in Table 7.

- 47 -



The mode of occurrence of clay veins
Clay mineral ' ' .
Type 1 Type 2 - Type 4 Type 5 Deposit
|Kaolinite ' -67.5 ~65.8
Smectite -86.4
- -88.1
-89.1
Mica/Smectite =-77.3 -76.2 -75.1
' ‘ -74.0
Mica clay mineral _- -68.1 ’ -67.6
-69.3

Table 6. 6D values (%) of clay minerals.



Paired step
(2M, Kanagi, Type 5 vein)

G

_Polygonal spiral . - _Two—diménsian nucleatio
(1M, Nabeyama deposit) growth (1Md, Miyoshi, Type 2)

Plate 4. sSurface microtopographs of mica clay minerals.
-The scale-line represents lum.



Interlaced polygonal spiral ‘ Interlaced polygonal spiral
(Kanagi, Type 5 vein) - (Nabeyama deposit)

Malformed circular spiral 7 Circular spiral
(Mitoya, Type 2 wvein) - (Iwaya deposit)

-Plate 5. " sSurface micrbtopographs of mica clay minerals
: The scale-line represents lum.
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As is‘shown in the table, circular or malformed circular
patterns are found oﬁ the clay minerals from the Type;2 vein
;whereas polygonal patternsvare oh’those from the Types 1
and 5 veins, kaolin and sericite deposits as weil as those
of altefation products of plagioclése. It is to be noted

that the step separation of the polygonal pattern is two
to ten times wider than that of circular spirals.
Moreover, paired step or interlacing pattern is commonly
~observed on the surface of mica clay mineral, especially on
2M polytype (Platesv4 and 5). Appearance of coalescence
pattern is characteristic in the circular spirals which is
mainly found in the minerals from fissure-filling Veiﬁ (Type -

2)(Plate 7).

D. MORPHOLOGY OF HALLOYSITE

Amdng kaolin minerals, halloysite is characteristic in
its crystal morphology of‘tubular form. Moreover, the
formation of the mineral both under the weathering condition
and by the hydrothermal activity have been well established
by many investigators up to the present (e.g. Parham, 1969;
Nagasawa and Kunieda, 1970; Shimizu, 1972 and 1978; Nagasawa
and Miyazaki, 1975; Keller, 1976a, b, c and 1977 a, b;
Kitagawa and Kakitani, 1977a; Tazaki, 1977 and 1978;
Nagasawa, 1978). Therefore, it is worthwhile to examine
the variation of the tubular form of the mineral between the
two origins, i.e., weathering and hydrothermal; " For the
purpose of fhe comparative étudies, halloyéite of reliably

weathering and hydrothermal origins were colleéted. As for
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Specimen (Clay wvein)

Polygonal Circular Inger%ag%gg Coalescence Spacing of
: ; iFa1
Mica. clay mineral

spiral spiral spi layers (&)

Type 1 *
Takaya(Kamo district) o 200-1000

Type 2
Kumogi-3 }(Kanag dis.) o _ » 100~500
Kumogi-4 [e) o o - 100-500
Mitoys-1 o 50-500
Mitoya-2 o -100-500
‘Mitoya-3 o o 100-500
Mitoya-4 o [o} 50-500
Mitoya-5 o] 50-500 .
Mitoya-6 o] 100-500

Type 5 )

- Kumogi-1 } (Kanagi dis.) Q ‘ o 100-5000
Kumogi-2 [e] [o] 100~-500
Kure . o] 300-1000
Daiwa (Kamo district) Q o 100-500

Specimen (Clay deposit)
Iwvaya sricite dep. o o o - 100~-500
Nabeyama (Mitoya) dep. [o] o 100~-5000
Nabeyama (Mitoya) dep. [s] ] 100-5000
Igi (Mitoya) dep. 0 ] 100-500
Yanomaki (Komaki) dep. o 100-100Q

kg

Specimen (Clay deposit)

Xaolinite
Kohdachi kaolin dep. e} o 100-1000

Table 7. Summary of surface microtopograph of mica clay
mineral -and kaolinite.



the weathering origin, halloysite from typical weathering
residual deposits such as Hongkong kaolin were used in
addition to the specimens obtained from the plagioclase in
the granitic rocks in sediments, halloysite frqm khodachi
(Matsumoto, 1965; Kitagawa and Kakiﬁani, 1979b), KXomaki
(Matsumoto, 1965; Kitagawa énd.Kameoka, in press) and
Shokozan deposits (Rinozaki, 1963; Matéumoto; 1968) were
used as the‘hydrothermal originm.

To describe the‘morphological characteristics, the
length and-Width of halloysite tubes collected from clay
deposits, clay veins and altered products from plagiocl;se
were measﬁréd and the results are shown in Fig 24. As is
evident in the figure, diameters of halloysitevtube of the
hydrothermal origin are concentrated in certain area,
especially in the range of 0.05-0.06 microns, whereas ' those
of weathering origin show none of such concentration. Tube
length, on the other hand, indicates no information
concerning their origin. To confirm the characteristie
distribution of the values of the tube diameter, the
relation between the mean value and the standard deviation
for the diameter of respectiverspecimens are plotted in Figq.
26, ‘ The results shown in Figs. 25 and 26 clearly suggest
that the tube diameters of halloysite of the hydrothermal
origin are restricted within the dotted line shown‘in Fig.
26.

As an application of the established criterion

described above, the mean values and the standard deviations

- 55 -



.:o,ﬂpmnmu,mm butxsyjesm pue
Hmaumsuouﬁmn Aq peutzoz sqny satsiorrey
JO IejswetTp pue yibusT usemieq uorjersd ‘Sz ‘bra

‘uoTleAD]Te butrasyjesm pue TewisyloIpiy
%Q pawxoy 23TsAoTley AvINgny JO IDIDWRTP
I0F UOTQRTASP pIEPUR]S puR anTea uesuw 9y, -9z *DbTg

Byn}  JO Jajawelp Bpising

lajawelp jo uoljelasp  piepuels

wr) 900 00 L

wr?}) GLQ. oLo S0°0 0 0
1 1. A ° .
o] J1sodap @3TSADTTRY eMescloy t L
o © oo o«wﬂo 31sodap .
d% . . ® 3 111Audoaid veznoynoys 'S ‘
o °. e & e 31sodep e3tsfoTrey oy W :
o (o) b ¢0 31s0dep uTTORY TyoEPoY 1) Teway10pAY
- . Y a1sodep utToRy AWOD D :
nm s . [ ] Tewrayloipiy e .
o] [ o % ” » (o] :
o ™ [} *0O e e :
o/ o o® pa X : <
© o . £ o0 utoRy Buosbuoy H i X .
o °° ©* (eseootbeTd patawesn) ToveN:N : o b 00 -
© Ie) Se i _\m w®
OO o ° . . . putisyIeaM O i ﬂv_ xos_ﬁ w
o s o L S ¥ 2
@ HEPY 1L
o 5 : g
o o o a h.. <
o o) . o) e e = W ne o
o © ; ° E
o — s s ramesn -
: 8 (X - o 8 0¥ o o
o 0 m. 0 =8
[e] o . ?
o 00 sl ; HO e,
. [o 2 . _m.__._ufao; . S
o *® o N ° i
° 0o ? o Lorg 8
o 9 o ° -
o e o !
o0
o]
Ie) o}
. (184 .
o © .
o
o]
(o] ' *
3 e .
o
i
wz’) FSED -

()

56



of the diameter of halloysite crystals collected from
palgioclase in the hoét granitic rocks were plotted in Fig.
27. -~ As is clear ih Fig. 27,‘halloysite altered'from
plagioclase éhow no remarkable concentration suggesting that
tﬁe halloysite are formed bofh by weathering_ahd
hydrothermal activity. Fig. 28 shoWs the Same values of
halloysite crystals collected only from the clay veins of
various types developed in the granitic rocks. As is clear
in the figure, the values are markedly concentrated in the
restricted area, suggesting the hydrothermal origin.of the
minerals.

Furthermore, the distribution of‘the tube-width of the
halloysite crystals can be divided intO‘thﬁéftypes-(Types a,
B and C) by more detailed observation as is shown in Figqg.
29, i.e., TypeAA with the smallest values concentrated in
the range of less thaﬁ 0.01 microns, Type B with relatively
wide range of the values and Type C with wide range of the
values but characterlzed by the maximum frequency in the
range less than 0.017 microns. Halloysite crystals of Type
A are ascribed to the hydrothermal origin, Type B to
weathering and Type C to the mixtures of the two origins.
Typical distributions of the tube width and.transmission
electron microphotographs of theﬁﬂﬁeeﬁtypes are shown in
Fig. 29 and in Plates 8 and 9, respectively

| Using‘this mefhod, halloysite crystals obtained from
plagioclase of the hest granitic rocks of the Kanagi
district (Kimogi granite mass) and Mizuho districtsvwere

examined. The results clearly indicated that halloysite
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~ Type B, Kumogi granite mass
(Kanagi district) :
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Type C, Kumogl granite mass Type C, Kamo district
(Kanagi district)

Plate 8. Morphology of tubular halloysite in granitic rocks Eaken!-
under transmission electron microscope (TEM).
The scale-line represents lum.
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under scanning electron microscope (SEM)
The scale-line represents 2um.
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crystals of Type A which is ascribed to the hydrothermal

origin are found in the remarkably decomposed regions, i.e.,
: ' ern, - )

in the middle and northwest’ parts of the Kumogi granite mass

(Fig. 30) and in the middle part of the Mizuho district
(Fig. 31).
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+ ® Type A

o Type B
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Fig. .30. Distribution of three types of halloysite

in the Kumogi granite mass in Kanagi district,
Shimane Prefecture,
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VI. DISCUSSION

The main purpose of this paper is to establish the
significance of the hydrpthermal‘actiﬁities on the
decompositionvof the granitic rocks. In the preceding
chaﬁters, important characteristic‘features observed in the
decomposed granitic rocks have been described partiéularly
on the clay veins and clay deposits developed commonly in
the granitic rocks distributed widely in Hiroshima and
Shimane Prefectures. Based on the results obtained, the
complicated mechahisms-of the decomposition process of the
granitic rocks will be discussedvfrom the two important view
points,'fracturiﬁg system related to the paleo-stress fields

and clay minefalogy in relation to the formation conditions.

A. FORMATION MECHANiSM AND AGE OF FRACTURES

First of all, it_may reasonably be assumed that the
clay veins developed in the granitic rocks represent the
fractures which h;ve been formed after the solidification
stage subsequent to the magmatié activity. Furthermore, a
systematic fracturning pattern within granitic rocks has
been controlled by the stress fields of the respective
district.

The fracture patterns of clay veins developed in the
granitic rocks in Hiroshima and Shimane Prefectures will be
analysed.

As a typical example of the analysis of the stress

field, the Kamo district is chosen. In this district, clay

veins of Types 1, 2, 4 and 5 are commonly developed and the
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results of the orientation (strike and dip) analyses are
shown in Fig. 32 as rose diagrams. As shown in the figure,
the strikes of the veins of'Types 1 and 5 are cenceﬁtrated
in the direction of N60° - 80°, whereas those of Type 2 are
concentrated in two directions, N40° - 70°W and N60° - 80°E.
It is to be noted .. that the direction of the former
exactly correspends to the bisectional direction of the
latter two. Moreever, the Type 2 veins have characteristic
features of the conjugated fractures and accompanying
slickensides occasionally. These facts strongly suggest
that the Type 2 veins are the shear fractures formed under
the regional stress field of the district. Consequently,

veins of Types 1 and 5 are ascribed to the tention

fractures. The greatest principal stress axis inferred
from the analytical data is'N80o - 90°W in the Kamo
district. In such manner, the stress fields of the

respective districts have been analysed (Fig. 10) and the
results obtained are schematically summarized in Fig. 33.
As 1s clear in the figure, at least four greatest principal
stress axes are distinguishable in the district of Hiroshima
end Shimane Prefectures.

Clay veins developed in and around the clay deposits
are also ascribed to the shear and tention fractures, since
their orientations coincide with those of clay veiﬁs in the
respective. granitic rocks.

Preferred orientations of the microcracks developed in

the constituent minerals of the host granitic rocks have
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Fig. 33. Schematic representation of tectonic stress
trajectories together with the geological ages.



been analysed using the same analytical method. For
example, two Qi%qutj preferred directions of the
microcracks were recognized in the Kyogeyama) Ohno district
and Hiroshiﬁa district (see, Figs. 14 and 15). The
greatest principal axis derived frem the two directions is
approximately NE-SW based on the assumption that the
microcracks are the conjugated fractures, "The direction
thus obtained well coincides with that of cley veins,
suggesting that the microcracks and the clay veins have been
formed under the same stress field of the district.
Concerning the formation ages of these fractures, K-Ar
ages of mica clay minerals obtained from clay veins and clay
depesits will be useful. The available data from the
previously published literatures are summarized in Fig. 33.
The data are taken from Ishihara et'al. (1980) and Kitagawa
and Kakitani (1981). Furthermore, the K-Ar ages of the
host granitic roeks are also available. That is, the Saﬁyo
granitic compler;”in Hiroshima Prefecture are dated at 70-
92 Ma (Kawano and Ueda, 1966; Shibata and Ishihara, 1974a
and b).and San'in granitic complex{~ in Shimane Prefecture‘
at 25-63Ma (Kawano and Ueda, -1966; Shibata and Ishihara,
1974; Ishihara, 1974 and 1978).  These data are also
plotted in Fig. 34. As is evident in the figure, the ages
of clay minerals and those of granitic rocks are identical
with each other within the analytical error. The
concordance in the ages indicates that the clay minerals in
the clay veins and clay deposits have been formed by the

post magmatic activities of the host granitic rocks of the
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Fig. 34. K-Ar ages of mica clay mineral and granitic rocks
in Hiroshima and Shimane Prefectures.

Locality Age of granite Age of mica clay mineral giizzzszxggincipal
Kanagi district " 32 - 34 Ma NW - SE

Mizuho district 34 - 40 . E-W

Mitoya district 51 , 50 Ma NW - SE

Yokota district 46 - 62 64 NW - SE
Miyoshi district 72 : ' NE - sW

Kure district 68 NE - SW

Kamo distriet - 70 - 79 . ’ 79, 86 ‘ ESE - WNW

Table 8. Relation between tectonic stress and its ages.



respective districts. In Table 8, the formation ages of
the granitic rocks and clay minerals together with the
greatest prinCipal axis of the respective ages are present.
Thus, it is furthermore reasonably conclﬁded that the
greatest principal stress axis has beenbchanged from ESE-WNW
to NE-SW and finally NW-SE during the geological ages from

Cretaceous to Palaeogene periods.

B. FORMATION CONDITI»OI\.I OF CLAY MINERALS

In this chapter, the physico-chemical condition‘of the
formation stage of clay minerals will be discussed based on
the available data such as temperature estimation derived
from isotopic ratios and filling temperatures, seqﬁence of
mineral assemblages and microtobographs of crystals.

It has been well established that the‘formation
temperature and the origin of the water are Closely related
to the isotope ratios of hydrogen and oxygen of a given
mineral (Scheppard et ai., 1969; 0O'Neal and Taylor( 1969;
Sa&in and Epstein, 1970; Lawrence and Taylor, 1971; O'Neeal
and Kharaka, 1976; Suzuokikand_Epstein, 1976; Lombardi and
Sheppard, 1977).

The isotopic ratios of oxygen and hydrogen of mica clay
minerals in the Kumogi granite mass (Kanagi district) have
been measured to find the precipitation temperature and it
was estimated at 250°C. (Matsuhisa et al. 1980). Although
the isotopic retio obtained by the present author is only

for hydrogen, 6D values (-67.6% - -77.3%) for the mica -

- 71 -



clay minerals collected from the clay veins are very
similar to that (-78%) of Matsuhisa et al.(1980)(see, Fig.
35). Furthermore, the &§ D values (-67.5%) of kaolinite
collécted from the clay veins well coincide with those of
the Khodachi kaolin deposit (-65.8%)(Table 6).  Tn spite of
the differences,inrthe mode of occurrences,<§D values of the
related mineral also coincide with each‘other suggesting the
éame formation condition, i.e., hydrbthermal. If we plot
these values on the fractionation-temperature diagram
proposed by Marumo et alJ1980), the formation temperature
of kaolinite is roughly estimated between 70° and 150°C
(Fig. 36).

The mineral‘sequence of mica clay mineral —_—

interstratification of mica and smectite smectite

kaolin minerals from the lower to upper levels obseved in
the alteration produéts in the hést granitic rocks as well
as in a vein also give us some important information
concerning the for;ation conditions of clay minerals. That
is, almost_the same mineral sequences have been established
in various geothermal areas (Sigvaldasdn, 1962; Sumi, 1966,
1968; Takashima,1972; Hayashi, 1973; Hayashi and Yamasaki,
1975; Kinbara and Ohkubo, 1978). Typical examples of the
mineral sequences found in Satsunan (Kagoshima Pref.) and
Ohnuma (IWate Pref.) geothermal areas are presented in Fig.
37. Mineral sequence of mica c¢clay mineral ——

interstratification smectite

kaolinite is
generally recognized in these areas. This sequence exactly

coincided with those obtained in the present study.
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Fig. .35. A ploted of ¢éD vermus 8O for water and mica clay

mineral from clay vein in the Kumogi granite mass

in Kanagi district, Shimane Prefecture.

The caluculated isotopic composition of the
hydrothermal waters equilibrated with mica clay
mineral {large solid circles) in veins is shown

by small solid circles with parameter of temper-
ature (after Matsuhisa, et al., 1980)).

M.W.L. 1 and 2: Standard for the meteoric water
lines by Craig (1961) and Sakai and Matsubaya (1977).
SMOW: Standard mean ocean water.
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Fig. 36. Temperature dependance of fractionation factors
between kaolinite and water (after Marumo et al.,
1980} and fractionation of kaolinite in clay vein
and clay deposit.



Moreover, the rangevof formation temperature of the
respective minerals can be obtained from Fig., 37.

Cemparative examinations between the two temperatures
lead to the formation temperatures of mica clay mineral: 200°
- 300°C, interstratified mineralstof mica and smectite: 150°
- _2oo°c», smectite: 100° - 200°C and kaolin mineral: 50°- 150°
C, respectively.

iMicrotopegraphs of clay minerals are also usuful for
confirming the formation environment ef the minerals,
Since the development of the deceration technique of
electron microscopy, various kinds of microtopographs of
clay minerals have been observed and characteristie
microtopographs for the different environmental conditions
have been established (Baronnet, 1972; Sunagawa and Koshino,
1975; Sunagawa et al., 1975; Sunagawa,‘1977; Tomura et al.,
1979). | The important results of these researches are
summarized ae follows; 1) Spiral growth indicates that the
crystals are formed in either solution or vapor where
unconstrained growth is possible, 2) Coalescence of crystals
can occur‘predominantly in Violently moving solution than in
static solution,‘3) Step separation versus step high'ratios
of the crystals growth in vapor phase is much larger.than
those formed in hydrothermal solutions.

Common development of circular spirals with relatively
narrower step separation in the clay minerals frem Types 1,
2 and 5 clearly indicates that the minerals have been formed

from hydrothermal solutions and not by solid-state
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crystallization in which growth is constrained (Plates 5, 6
and 7). Coalescence is often encountered in the clay
minerals from Tyne 2 and the fact also»suggésts the growth
from hydrothermal solutions. Polygonal spirals from Type
5, on the other hand, indicéte the‘formation condition of
hydrdthermal metasomatism. Thué, all of the observed
microtopographs are ascribed to the formation condition
related to certain hydrothermal activity.

In spite of the previous.researches on the formation of
clay minerals under the weathering conditioanashiwagi,
1963; Miura, 1966 and 1967; Ohyagi, 1968; fhvagi et al.h
1969; Miyéhara,‘1977; Xhono, 1985); present results strongly
indicate the hydrothermal origin’of the clay minerals.
Only in the case of kaolin minerals, especialiy,for
halloysite, evidence of weathering origin is recognized.
Considering the fact that decomposition of’the granitié
rocks can be répresented by the amounts of clay mineral
formation, it may ;e concluded that the decomposition of the
granitic rocks of the investigated area is mainly thé
resultsvof hydrothermal activities subsequent to the
granitic activity as well as the weathering during the

geological ages.
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VII. CONCLUDING REMARKS
Based on the results obtained in this study, the most

possible decompos1tlon process of the granltlc rocks of the

dlStrlCt w1ll be explalned [

First, nearly vertical fractures and microcracks have
been developed within the granitic rocks»under the regional
paleo-stress field of the respective districts after the
solidification stage of the granité. The clay véins and
clay deposits were formed fllllng the fractures by clay
minerals from hydrothermal solution of meteorlc origin.

| To be noted is that the constituent minerals of the
host granitic rocks and clay deposits formed by
the metasbmatisﬁﬁy ' | _b,,‘ | were formed by the same
activity in more or less extent. The clay mineral species
have been gradually changed according to their geographical
vertical positions. That is, the mineral sequence of mica

interstratified mineral smectite

clay mineral
kaolinvminerals ;rom the depth to the upper levels was
gradually formed during the geological ages.

The horizontal fractures.such as lamination and
sheeting joints have developed near the ground surféce by
unloading. The horizontal microcracks are ascribed to the
same formation meéhanism. The part where the fractures are
densely developed is generally decqmposed remarkably. This
is because the place is favorable for weathering processvin
addition to the hydrothermal activity of relatively earlier

stage.

The fracture system, location of clay deposits and clay
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veins are illustrated schematically in Fig. 38 together with

the degree of the decomposition.
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