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Abstract

The result of the analysis of octahedral compositions in biotites from granitic rocks of
the Southwestern Quter Zone-type, Japan, and circum-Pacific and other regions shows that
biotites associated with pyroxene are high in both Mg- and Ti-contents and low in Al"-
content, but, on the contrary, those unaccompanied by other ferromagnesian mineral are low
in both Mg- and Ti-contents and high in Al%-content. Such a fact gives that the relative
proportion of the octahedral compositions such as Ti, A" and Mg or Fe3* in biotite formula
is controlled by the paragenesis of biotite and physicochemical conditions during crystalliza-
tion of biotite in magma : the higher Ti-content of biotite associated with pyroxene reflects
the higher temperature involved in the crystallization of magma ; the higher Al'.content of
biotite unaccompanied by other-ferromagnesian mineral indicates the chemical environment
of the higher Al-activity ; and the higher Fe3"-content of biotite suggests the physical condi-
tion of higher oxygen fugacity during crystallization of magma.

Introduction

To understand the physicochemical conditions during crystallization of biotite in
magma, detailed studies were made of octahedral compositions in biotites of granitic
rocks of the Southwestern Outer Zone-type, Japan, those of which were reported by one
of the present authors with respect to their petrographic provinces and geologic environ-
ments (OBA, 1974, 1977), and of circum-Pacific and other regions. This paper is a sum-
mary of papers presented by the authors at the Annual Meeting of Geological Society of
Japan in 1964, and at the 1st, 7th and 9th Meetings of the IGCP Project No. 30, Circum-
Pacific Plutonism Project, held in California, U.S.A, in 1972, in Japan and Korea in
1977, and in Khabarovsk, U.S.S.R., in 1979, and at the 3rd Regional Conference on
Geology and Mineral Resources of Southeast Asia held in Bangkok, Thailand, in 1978
(OBa, 1964 ; OBaA and others, 1977, 1978, 1979). Major attention will be given in this
paper to the relative proportion of some octahedral compositions in biotite formulas ;
comparisons of octahedral compositions in biotites from different rock bodies ; and the
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relationship between mineral associations and compositional variations of biotites.

Chemical relationships between biotites and host granitic rocks of the Sorthwestern
Outer Zone-type and between biotites and its mineral associations

The definite relation between chemical composition of biotites and that of its host
rocks has not yet well known, except for a few studies. This is originated from such a
reason that there has been no definite work which was throughly investigated, from the
geochemical viewpoint, with respect to both biotites and genetically related rocks of the
biotites.

In 1947, Nockolds pointed out that chemical nature of biotite is predominantly con-
trolled by chemical nature of its host rock. Granitic rocks of the Southwestern Outer
Zone-type (SHIBATA, 1962) can be regarded that they belong to the same genetical sys-
tem, i. e., the Southwestern Outer Zone Petrographic Province (SHIBATA, 1962) on the
basis of the remarkable petrochemical characteristics in common throughout the whole of
them, and that they would have been formed in almost the same physical condition from
geologic and petrologic evidences (OBa, 1977 ; OBa and others, 1978). Thus, it will be
worthful to examine wether chemical nature of biotites might have been controlled by
chemical nature of its host rocks, and, by presence or not of coexisting ferromagnesian
minerals in regard to a series of granitic rocks such as the Southwestern Outer Zone-type
granitic rocks.

1. Chemical relationship between biotites and its host granitic rocks

DMITRIYEV and others (1962) showed that a relation between chemical change of
biotites with chemical change of its host alkalic rocks and the spatial position within a
rock body is sharply expressed by using of the agpaite parameter, i. e., the value of ratio
of Na to (Al-K) in atomic percentage. In the meantime, the variation in chemical com-
position of biotites is expressed well by the value of ratio of alkalies to Mg in biotite
formula against chemical change in the individual granitic rock bodies (OBa, 1964).
Thus, the values of the (Na+K)/Mg ratios in structural formulas of biotites from the
Southwestern Outer Zone-type granitic rocks were taken in ordinate, and the values of
the Na/(Al-K) ratios in the granitic rocks of the analyzed biotites in abscissa (Fig.1).

The plots representing both biotites and its host rocks, as Fig. 1 shows, apparently
fall within a different field following to the individual rock bodies. This fact shows that
biotites from a single rock body have a similar structural formula. Such a fact can also
be seen even within a single rock body, for example, Takakumayama granite composing
of aplogranite called “Sarugajyo-type” and biotite granite called “Shinkoji-type.” Fig. 2
shows the locations of the plots representing both biotites and its host aplogranite and
the plots representing biotites and its host biotite granite on the same diagram. They are
sharply contrasted with each other in their locations. Therefore, it will be said that
chemical nature of biotites is closely related with that of its host rock.
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Fig.1. Relationship between the values of (Na+K)/Mg ratios in biotite formulas and those of Na/(Al-K) ratios
in granitic rocks of the Southwestern Outer Zone-type of analyzed biotites.
analyzed biotites.—a, Okueyama ; b, Osumi ; c, Shibisan ; d, Takakumayama ; e, Yakujima ; f, Obira ; g,
Uwajima ; h, Ashizuri. d, e and f{, rock bodies of analyzed biotites unaccompanied by other ferromagnesian
mineral ; a, b, ¢ and h, rock bodies of analyzed biotites coexisting with amphibole ; g, rock body of analyzed
biotites associated with pyroxene. Rock types.—see Table 1 and Table 2. Analytical data from OBA and

others (1982).
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Fig.2. Compositional variations within a single rock body of Takakumayama granite composed of aplogranite
called “Sarugajyo-type” and biotite granite called “Shinkoji-type” on the (Na+K)/Mg—Na/(Al-K) diagram.
It is noted that the plots representing both biotites and its host aplogranites are sharply contrasted with the
plots representing both biotites and its host biotite granites in their locations. Symbols.—a, biotite granite
(Shinkoji-type) ; b, aplograntite (Sarugajyo-type).



38 Noboru OBa, Masahiko YaMaMoTo and Katsutoshi ToMiTA

2. Relationship between chemical composition of biotites and mineral associations

Plotting of the analyzed biotites on NockoLDS’ (1947) triangular diagram MgO—total
FeO—-AlQ:s for biotites from calc-alkali igneous rocks (Fig. 3), most of the plots repre-
senting biotites associated with almandine from aplogranite (Sarugajyo-type) of Takaku-
mayama rock body fall within the field I ; the plots representing boiotites unaccompanied
by other ferromagnesian mineral from boitite granites of rock bodies of Yakujima, Taka-
kumayama (Shinkoji-type) and Obira fall within the field II ; and the plots representing
boitites associated with amphibole, rarely with pyroxene in addition to amphibole, from
granodiorites and adamellites of other rock bodies belonging to the Southwestern Outer
Zone-type fall within the field I or nearby the boundary between both the fields II and
Il. Thus, it can be said that this fact, as Nockolds mentioned, shows that chemical com-
position of biotites is closely related with the presence or not of coexisting ferromagne-
sian minerals, that is, with mineral associations.

MgO

Total FeO Al03

Fig.3. Plots of biotites from the Southwestern Outer Zone-type granitic rocks on NOCKOLDS’ (1947) triangular
diagram MgO—total FeO—Al20s. I, Field of biotites associated with aluminous minerals ; II , field of
biotites unaccompanied by other ferromagnesian mineral ; I, field of biotites associated with ferromagne-
sian minerals. Symbols are the same as those in Fig. 1.

Physicochemical conditions during crystallization of magmas inferred from
octahedral compositions of analyzed biotites from the Southwestern
Outer Zone-type granitic rocks

Fe?* and Mg in biotite formula are largely temperatiure-dependent, and Fe* and
Fe?* give an indication of the degree of oxidation. Thus, variation of these cations are
important to consider the physical condition during crystallization of biotite in magma.

In Fig. 4, most of the analyzed boitites occupy an area between hematite-magnetite
buffer curve and Ni—NiO buffer curve. If the experimental data by WoNES and EUGSTER
(1965) are applied and Al activity is neglected, it is suggested that composition of most
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Fig.4. Fe®*—Fe?"—Mg diagram for biotites of the Southwestern Outer Zone-type granitic rocks. Dashed lines
represent compositions of “buffered” biotites in the ternary system KFe$™ AlSisOi2(H-1)-KFeZ™
AlSi30,0(0H);—KMg3* AlSis010(OH): estimated by WONES and EUGSTER (1965). Symbols are the same as
those in Fig. 1.

of the analyzed biotites is defined by oxygen fugacities ranging from hematite-magnetite
buffer to Ni—NiO buffer.

The comparison of ratios of X-ray intensities for (001) reflection of biotites from run
products from glasses of some granitic rocks, such as Osumi, Takakumayama and Shimo-
koshikijima, belonging to the Southwestern Outer Zone-type on the hematite-magnetite,
Ni—NiO and fayalite-silica-magnetite buffers at 700°C and 1 kber with those calculated
from the experimental data determined by WoNES and EUGSTER (1965), suggests that the
biotites would have crystallized at oxygen fugacity above the Ni—NiO buffer (YamMAMO-
TO, 1976). All studied biotites coexist with magnetite and potash feldspar in all studied
host granitic rocks. Accordingly, it seems that the oxygen fugacity of granitic magmas
of the studied rocks would have approximately been constant.

Meanwhile, some of biotites from Takakumayama granite fall within a distinctive
area biased to the apex Fe3'. Investigation for compositional variation on a substitu-
tion of Mg for the whole sum of Al", Fe** and octahedral vacancy and hydrothermal ex-
periments with hematite-magnetite buffer at temperature up to 750°C and 1 Kbar for the
same biotites indicated that A1V! is hardly depleted from the biotites, while Fe®* and
octahedral vacancies in the biotites increase (YaMAMOTO, 1978). No depletion of AlV!
and the increase of Fe‘3+ and octahedral vacancies in the biotites will be explained by
the increase of oxygen fugacity of a granitic magma which has a high activity of Al.
Thus, it can be considered that such a substitution among these cations as seen in the
biotites would have taken place in an oxidizing condition during crystallization of the
magma.
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Variations of AlY-content with change of Fe?*-content, Mg-content with change of AL
content and Ti%'-content with change of Al'-content in biotite formulas

1. Variation of Al -content with change of Fe?*-content in biotite formulas

An increase in the ratio of Fe?™ to Mg, i. e., iron coefficient, of polymerized sili-
cates diminishes electronegativity of non-bridging oxygen anions (RAMBERG, 1952). As
a result, the content of four-fold coordinated Al increases to balance the electronega-
tivity.

DMITRIYEV and others (1962) recognized that four-fold coordinated Al increases with
an increase of six-fold coordinated Fe?" on the basis of analytical data of biotites re-
ported by NockoLDS (1947). Plotting of the analyzed biotites from the Southwestern
Outer Zone-type granitic rocks on the Al§" —Fe#™ diagram (Fig. 5), most of them fall
within the distribution-range, representing by two dahsed lines, for Nockolds’ biotite
data.
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Fig.5. Variation of Alff* —content with change of Fe " —content in biotites. Dashed lines represent the dis-
tribution-range for NOCKOLDS’ (1947) biotite data. Dots represent biotites of granitic rocks of circum-
Pacific and other regions. Other aymbols are the same as those in Fig. 1.

2. Variation of Mg-content with change of AlV-content in biotite formulas

Table 1 gives octahedral compositions, arranged in order of decreasing Mg-content,
in the half-cell structural formulas of the analyzed biotites from selected granitic rocks of
Southwestern Outer Zone-type. For comparison, average compositions calculated by
FOSTER (1960) are placed. Table 2 presents the Mg—Al" relation in octahedral layers
of the analyzed biotites, which are arranged in order of decreasing Mg-content. It is
clear that the decrease of the Mg-content is accompanied by the increase of the AlV-
content.

Variations of the Mg-content with change of the AlY-content in biotites from gra-
nitic rocks of the Southwestern Outer Zone-type and of circum-Pacific and other regions
are shown in Fig. 6 and Fig. 7. Fig. 8 compiled from the former two diagrams gives a
relation between the Mg—Al" variation and mineral associations in the biotites. It is
noted that the decreasing of the Mg-content increases the Al"-content, in other words, an
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Table 1. Octahedral compositions (half-cell) of biotites from selected granitic rocks of the Southwestern Outer
Zone-type in order of decreasing Mg-content

Host rocks No. Vg mVio.15 a'0.15
+0.30 +0.30
* 1.25-  MYEo.Tio. sFedt sFeitaules o ALY, T, oFedtaaFedtssMe, . 10
1.00
2.80 2.75
+0.31
Uwajima 3 l1.21 Al\o’:}oaTio-2zFegtozFeftssMExazxthtox
HBGD
2.90
+0.56
Dsumi 50080302  1.02  AlVTeoTio.:sFedtsuFedts Mg .oalnitos
HBGD
2.81
+0.25 +0.25
* vi 34 24 vi s 34 2+
1.00- AlovosTio.1sFegvsoFelTuoMro. 50 Alo.30Tio.20Fe0v1sFelt20Mgo0 85
0.75 /
2.80 2.70
+0.27
Okueyama OKS 3 0.98 AlYro0Tio. 1 eFedtssFedt aMas. saMndto2
HBGD
2.79
+0.22
Shibisan 62122604 0.83 A1Vl eoTio.soFedtesFedty Mo, oalitou
HBGD
2.70
+0.32
Yakujima Y1 0.77 MY, oTh,. soFedtaoFett, Mo . 7 /M3 o
BG
2.68
+0.25 +0.25
* 0.75- Al‘olj:oaTio-zoFegfsoFeffsoM\?o-so Algj-'uoTio- anegfzaFeffuN@o‘so
0.50 N
2.75 2.70
-0.06
vi . 34 24 24
Takakumayama ~ TKO5 0.61 ALYE,1Tio. 11 FedtsFedt, sMgo. 1 Mn3tos
BG
2.58
<0.50
+0.19
vi 3+ 2+ 24
Takakumayama, TKO9 0.34 AlovsoTio.1sFedT2eFeit27Mgo. 3uMN3T 03
AG
2.56

* FOSTER’s (1960) average octahedral compositions of biotites. Abbreviations for rock-types.—AG, aplogranite ;
BG, biotite granite ; HBGD, hornblende-biotite granodiorite. Analytical date from OBA and others (1982).

increase of the iron coefficient increases the Al"-content to balance the electronegativ-
ity. It is also noted that biotites associated with pyroxene are very high in the Mg-
content and very low in the Al"-content, but, on the contrary, most of biotites unaccom-
panied by other ferromagnesian mineral are low to moderate in the Mg-content and very
high to high in the Al"-content. Such a fact shows that the Mg—Al" variation in biotite
is controlled by mineral associations.

3. Variation of Ti“'-content with change of AlV-content in bictite formulas
Variations of Ti"-content with change Al"-content in biotites from granitic rocks of
the Southwestern Outer Zone-type and of circum-Pacific and other regions are shown in
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Table 2. Comparison of Al .content in biotites from the Southwestern Outer Zone-type grantic rocks in order
of decreasing Mg-content in octahedral compositions (half-cell)

Rock Rock No. Mg AY1<0.15  A1V150.15
bodies  types
* 1.25- o o
1.00
U HBGD 1 1.23 0.08
" " 3 1.21 0.05
0K " 1 1.14 0.18
0S " 5d-5 1.1 0.25
T BG TK21 1.09 0.13
0S HBGD 8041106 1.06 0.00
" " 59080403 1.05 0.02
T BG TKO1 1.05 0.19
* 1.00- o o
0.75
0s HBGD 20-17 1.03 0.19
" " 59080302 1.02 0.00
T BG 102 0.99 0.23
0K HBGD 0KS 3 0.98 0.00
" " OKS 4 0.98 0.00
0s " 8042710 0.96 0.00
S " 2102-2 0.96 0.08
" " GD-2 0.96 0.08
0S " 8050245 0.94 0.00
" " 8041704 0.93 0.08
" " 8050503 0.93 0.06
T BG 101 0.91 0.27
0K HBGD 0KS 2 0.91 0.00
0S " 8031329 0.90 0.08
S " GD-1 0.90 0.00
0K " 3 0.89 0.01
S " GD-3 0.88 0.00
0K " 6 0.86 0.02
S " 59102101 0.86 0.01
0K " OKS 1 0.86 0.01
S " 2101 0.83 0.13
" " 62122604 0.83 0.00
T BG 103 0.81 0.00
y " Y2 0.79 0.44
" " Y7 0.79 0.21
" " Y6 0.79 0.23
" " Y5 0.79 0.21
" " Y 4 0.78 0.22
S HBGD 23 0.78 0.22
Y BG Y1 0.77 0.28
* 0.75- o o
0.50
0S HBGD 59082402 0.73 0.33
0K " B-3 0.72 0.09
0B BG 2 0.72 0.09
0K HBGD 0KS 5 0.70 0.16
A " 1 0.62 0.09
T BG TKO5 0.61 0.31
" " TKO4 0.59 0.28
" AG 107 0.52 0.50
" " 105 0.51 0.62
<0.50
" " TKO8 0.41 0.42
" " TKO6 0.39 0.36
" " 106 0.38 0.57
" " TKO7 0.37 0.43
" " TK10 0.35 0.53
" " TKO9 0.34 0.50
" " 59080201 0.32 0.33

* EO§TER’S averages. Abbreviations for rock bodies.—A, Ashizuri ; OB, Obira ; OK, Okueyama ; 0S, Osumi ; S,
Shibisan ; T, Takakumayama ; U, Uwajima ; Y, Yakujima. Other abbreviations are the same as those in Table 1.
Analytical data from OBA and others (1982).

Fig. 9 and Fig. 10. Fig. 11 compiled from the former two variation diagrams presents a
relation between the Ti""—Al" variation and mineral associations in the biotites. It is

clear that there is a trend of the increase of the Ti"-content accompanied by the decrease
of the Al"-content on Fig. 11.
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Fig.7. Variation of Mg-content with change of AlY.content

in biotites of granitic rocks of circum-Pacific and other
regions. Symbols for rock bodies of biotites.—a, Sierra
Nevada batholith, Calif., U.S.A. ; b, Rosses complex,
Ireland ; c, Palmer granite, Australia ; d, Sierra Navada
batholith ; e, Aregos complex, Portugal ; f, Ben Nevis
complex, Scotland ; g, Sierra Navada batholith ; h, Ben
Nevis complex ; i, Hirota and Orikabe messes, Kitakami
mountainlands, Japan. Mineral associations.—a, b and
c, biotites unaccompanied by other ferromagnesian
mineral ; d, e and {, biotites coexisting with amphibole ;
g, h and i, biotites associated with pyroxene. Analytical
data from DODGE and others (1969), HALL (1969),
WHITE (1966), DE ALBUQUERQUE (1973), HASLAM
(1968), KANISAWA (1972) and KATO (1972).
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Compiled from Fig.6 and Fig.7 in regard to

mineral associations. Symboles.—open circles, biotites unaccompanied by other ferromagnesian mineral ;
open triangles, biotites coexisting with amphibole ; solid circles, biotites associated with pyroxene.
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Attention should also be given to the fact that biotites associated with pyroxene are
clearly high in the Ti"-content and low in the Al"-content, but, on the contrary, biotites
coexisting with no other ferromagnesian mineral are apparently high to very high in the

AlV.content and low in the Ti%-content. Higher temperature is favourable for the en-
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trance of Ti into biotite during crystallization of magma. Accordindly, it can said that
some octahedral compositions such as Ti and Al in biotite formulas will be useful indica-
tors to give both temperature of crystallization and the paragenesis of biotite.

Relationship between the relative proportions of octahedrally coordinated Ti, Al and
Fe®*t and mineral assemblages in biotites

According to DE ALBUQUERQUE (1973), who stated that the Ti—Al"—Fe®* diagram
for biotite will reflect various conditions such as temperature, pressure and mineral
assemblage during crystallization of magma, Ti-content of biotite depends on temperature
of crystallization, Fe®*"-content depends on oxygen fugacity of magma and Al"-content
depends on the paragenesis of biotite.

Ti

Fig.12. Ti—-Al"-Fe®" diagram for biotites from the Southwestern Outer Zone-type granitic rocks.
Distribution-areas for rock bodies of analyzed biotites.—A, Takakumayama ; B, Yakujima ; F, Okueyama ; G,
Osumi ; H, Shibisan. Cross and diagonal cross represent pelitic xenolith and basic xenolith of analyzed
biotites, respectively (analytical data from OBA and others, 1982). Other symbols are the same as those in
Fig. 1.
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AlVl

Fig.13. Ti-AI"-Fe3* diagram for biotites from granitic rocks of circum-Pacific and other regions.
Distribution-areas for rock bodies of analyzed biotites.—C, I and L, Sierra Nevada ; D, Rosses ; E, Palmer ;
J, Aregos ; K and M, Ben Nevis ; N, Hirota and Orikabe ; O, Oki. Diagonal cross represents alkaline vol-
canic rocks of analyzed biotites associated with pyroxene, Oki Island, Japan (analytical data from TIBA ,
1972). Other symbols are the same as those in Fig. 7.

Comparisons of distribution-areas for biotites from different batholiths or rock-
bodies on the Ti—Al"—Fe3" diagram were made for inference of physicochemical codi-
tions during crystallization of biotite in magma. On Fig. 12 showing the distribution-
areas for the analyzed biotites from the Southwestern Outer Zone-type granitic rocks, the
distribution-areas A and B for biotites coexisting with no other ferromagnesian mineral
from granitic rocks of Takakumayama and Yakujima occupy wider areas with low Ti and
very high to moderate AIY. but, in contrast, the distribution-area F for biotites coexisting
with amphibole from granitic rocks of Okueyama is limited in a narrow and distinctive
area with relatively high Ti and very low AIY. On Fig. 13 showing the distribution-
areas for biotites from granitic rocks of circum-Pacific and other regions, biotites un-
accompanied by other ferromagnesian mineral from granitic rocks of Sierra Nevada, Pal-
mer and Rosses (C, E and D in Fig. 13) occupy the areas with low Ti and very high to
moderate Al", but, in contrast, biotites associated with pyroxene from granitic rocks of
Hirota and Orikabe (Kitakami mountainlands), Sierra Navada and Ben Nevis (N, L and
M in Fig. 13) occupy the areas with high to very high Ti or just on the Ti—Fe3" join
close to Ti-apex.

Fig. 14 compiled from the former two triangular diagrams Fig. 12 and Fig. 13 gives
a relation between the Ti"'—Al"—Fe®" variation and mineral associations in biotites.
As seen from this, the locations of solid circles representing biotites associated with
pyroxene are sharply contrasted with those of open circles representing biotites coexist-
ing with no other ferromagnesian mineral. That is, the biotites coexisting with no other
ferromagnesian mineral are low in the Ti-content and high to moderate in the Al"-
content, but, on the contrary, those associated with pyroxene are high in the Ti-content
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ALVI Fe3'

Fig. 14. Relationship between mineral associations and the relative proportions in Ti-, A"~ and Fe®"-contents
in octahedral compositions of biotites of granitic rocks. Compiled from Fig. 12 and Fig.13. Symbols are
the same as those in Fig. 8.

and low in the AlV-content. It is clear that there is a close relation between the para-
genesis of biotite and octahedral compositions.

In conclusion, therefore, it will be possible to say that the higher Ti-content in
biotite reflects higher crystallization temperature and mineral assemblage with associa-
tion of pyroxene, while the higher Al"-content in biotite indicates the chemical environ-
ment of the higher Al-activity and the paragenesis with no other ferromagnesian mineral.

Summary

Biotites from a single rock body have a very similar octahedral composition. This
fact means that chemical nature of biotite is characterized by octahedral composition,
which reflects well both mineral association and physicochemical conditions as a con-
sequence of chemical and physical factors at the time when biotite crystallized out in
magma.

As a result of the analysis of octahed~al compositions in biotites from granitic rocks
of the Southwestern Outer Zone-type and of circum-Pacific and other regions, the follow-
ing facts were recognized. The decrease of the Mg-content increases the AlY-content,
and the increase of the Ti-content decreases the Al"-content. Biotites associated with
pyroxene are clearly high in both the Mg- and Ti-contents and very low in the Al"-
content, but, in contrast, biotites coexisting with no other ferromagnesian mineral are
clearly low in both the Mg- and Ti-contents and high to very high in the Al"-content.

These facts give that the relative proportion of the octahedral compositions Ti, Al™
and Mg or Fe®" in biotite formulas is controlled by the paragenesis of bioiite and the
physicochemical conditions during crystallization of biotite in magma. That is, it can be
considered that the higher Ti-content of biotite reflects the higher temperature involved
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in the crystallization of magma ; the higher Al"-content of biotite indicates the chemical
environment of the higher Al-activity ; and the high to moderate Fe3"-content of biotite,
as seen in some granitic rocks of the Southwestern Outer Zone-type, suggests the physic-
al condition high to inoderate in oxygen fugacity during crystallization in magma.
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Appendix
Ashizuri B#2 ; Hirota [AH ; Kitakami Jt_t ; Obira B ; Oki BRIk ; Okuayama KAl ; Orikabe #78¢ ; Osu-
mi KPH ; Sarugajys 5% + 3% ; Shibisan %8Il ; Shimokoshikijima F &8 ; Shinkoji #Yt3F ; Taka-
kumayama SRl ; Uwajima S ; Yakujima BAS



