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Abstract

Chemical analyses of丘fty six biotites from granitic rocks of the Southwestern

Outer Zone-type, those of which occur mainly within the Shimanto major be比m the
●

outer zone of Southwest Japan, and X-ray diffraction powder data of twenty three

biotites were examined to investigate the physicochemical natures such as structural

formulas and polymorphs of the biotites. As a result, most of the analyzed biotites

have the number of additional positive charge greater than 0.50 in the unit cell or

O.25 m the half-cell in the octahedral layers, and fall within the bivalent iron-dominant

biotite area of the Foster's triangular diagram Mg, R3+ and Fe2+. Meanwhile, 2M

polymorph was identified, by means of X-ray powder diffraction among polymorphs

expected in the analyzed biotites. Chemical analyses of丘fty six granitic rocks of the

analyzed biotites were also summarized.

Introduction

This study is a part of a series of research, regarding physicochemical nature of
●                                                                                                         l ●

ma丘c minerals of granitic rocks, that which has been carried on since 1963. To under-

stand the physicochemical nature of biotites from granitic rocks of the Southwestern
●

Outer Zone-type (Shibata, 1962), those of which have been reported by the present

authors with respect to their petrochemical features, contamination-effects, geologic
●

environments and emplacement mechanism (Oba, 1962a, c, d, e, 1966, 1967, 1974, 1977,

Oba, and others, 1978), chemical analysis and X-ray powder di触action were made of

the biotites.
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Major attention will be given in this paper to summarize chemical analyses of the
●

biotites from granitic rocks of the Southwestern Outer Zone-type and those of the

granitic rocks of the analyzed biotites, and to review structural formulas and poly-

morphs estimated from X-ray diffraction powder data of the biotites. Most of these

chemical and X-ray data are those which were used for writing tables and figures

presented by the authors at the Annual Meeting of the Geological Society oりapan in

1964, and at the lst, 7th and 9th Meetings of the IGCP Project No. 30, Circum-Pacific
●

Plutonism 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 Southweast Asia held in Bangakok, Thailand, in 1978 (Oba, 1964,

0ba and others, 1977, 1978, 1979). Chemical analyses of granitic rocks of the analyzed

biotites and chemical analysis and X-ray di批action powder datum of one hornblende
●

coexisting with biotite were also given in this paper.
●

Chemical Analyses of Biotites from Granitic Rocks of the

Southwestern Outer Sone-Type

Chemical analysis of ma丘c mineral such as biotite and hornblende from granitic
●

rocks of the Southwestern Outer Zone-type has scarecely been reported till 1963. In

1964, chemical analyses of ma丘c minerals and a relation in chemical composition

between ma丘c minerals and granitic rocks of the Southwestern Outer Zone-type of the

analyzed ma丘c minerals were reported by ()ba (1964) at丘rst at the Annual Meeting of

the Geological Society of Japan. Some of these chemical data were published out in

1966 as a product of a collaborative research (Shibata and others, 1966). However,

the whole of chemical data have not been published out. Since 1977, chemical

analyses of ma丘c minerals from granitic rocks of the outer zone of Southwest Japan

have become to be reported by Oba and other (1977), Yamamoto (1978) and others.

Fifty six chemical analyses of biotites from granitic rocks of the Southwestern

Outer Zone-type are tabulated in talbe 1. Analysis was made by a combined method

of Hstandard" and either of Hion exchange resin and chelate titration (Oki and others,

1962) or atomic absorption. Besides, electron microprobe analyses of eighteen biotites

and seven hornblendes from Omine acid rocks, Kii Peninsula, were reported by

Kawasaki (1980).

Structural Formulas of the Analyzed Biotites

Calculation of Structural Formulas of the Analyzed Biotites

Foster (1960) reported chemical structural formulas calculated on the basis of the

cationic and anionic valence contents of the idealzied unit cell, 44, for 204 trioctahedral

micas, and discussed chemical features, classification and geologic occurrence of triocta-
●

hedral micas.

Following to Foster's calculation system, structural formulas of the analyzed
●
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biotites were calculated to the idealized formula of trioctahedral mica, X2Y6Z802｡ (OH)4

in the unit cell. Data used for writing the structural formulas are shown in table 2.

The structural formulas expressed in a half-cell of the analyzed biotites are given m
●

table 3. As tables 2 and 3 show, the electric charge between the cationic valence

content and the anionic valence content is considerably well balanced, except for some

biotites.

Location of the Analyzed Biotites on the Foster's Triangular Dia皇ram

M畠, R8+ and Fe2+

Plotting the analyzed biotites on the Foster's triangular diagram (fig. 1) showing

the relative quantitative relation between Mg, R3+ (AIVI, Fe3+ and Ti) and Fe2+ (Mn2+)

in octahedral layers, on that which the points representing the so-called biotites fall

between 20-60% for Mg in the occupied octahedral positions and the points representing

Fe2+-dommant biotites occupy the lower half of the biotite area lower than 40% for Mg,

most of the analyzed biotites fall within the bivalent iron-dominant biotite area.

With respect to the number of additional positive octahedral charge in the

octahedral layers of biotite structural formulas, Foster (1960) pointed out that most

biotites having the number of additional positive charge greater than 0.5 in the unit
●

cell or 0.25 m the half-cell belong to the bivalent iron-dominant biotite. As seen from

talbes 2 and 3, thirty four analyzed biotites among丘比y six ones have the number of

additional positive charge greater than 0.50 in the unit cell or 0.25 in the half-cell in the

octahedral layers.

Ⅹ-ray Powder Diぽraction of the Analyzed Biotites

and Estimated Polymorphs

●

X-ray powder diffraction employing CuKα radiation was made of the analyzed

biotites to examine polymorph of the biotites from granitic rocks belonging to the same

●

genetical system, i.e., the Southwestern Outer Zone-type, and to investigate a relation

between chemical composition and polymorph of the biotites, a relation betwen

polymorph of the biotites and chemical composition of its host granitic rocks, and the

reflection of the remarkable contamination by which granitic rocks were affected to

polymorph of the analyzed biotites. However, almost all of these subjects could

not be dissolved on the following reason.
●

Although the standard X-ray powder patterns for various polymorphs of biotite

should be established, they have not yet been settled. Accordingly, it has been

di氏cult to identify individual polymorphs from X-ray powder data only. According to

Smith and Yoder (1958), only common polymorphs such as dioctahedral 1M-3T and 2M

polymorphs can be identi鮎d from powder patterns, but lM polymorph and 3T poly-

morph in phlogopite and other trioctahedral micas can only be distinguished from

each other by using a single crystal method. Regarding synthetic annite, X-ray data
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of lM polymorph and 3T polymorph were reported by Eugster and Wones (1962).
●

Interplanar spacmgs and intensities for the analyzed biotites are tabulated m table

4. These data were compared with previous X-ray diffraction powder data and

unpublished data summarized by M. Ross for mica-polymorphs (table 5). These data

were also compared with the calculated X-ray powder data by Borg and Smith (1969).

As a result, only 2M polymorph was possible to identify among polymorphs expected in

the analyzed biotites by means of X-ray powder diffraction only. Various polymorphs

expected in the biotites will be determined with using both the powder di触action
●

Table 5. X-ray Diffraction Powder Data for Mica Polymorphs

Minerals Phlogopite

References oder et al.
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(continued)

Minerals Mica
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method and the single crystal method in the future.
●

Chemical Analyses and X-ray Powder Diぽraction of Hornblendes

To investigate the element-distribution among coexisting ma丘c minerals of

granitic rocks, separating out of hornblende from coexisting biotite was tried by one of

the authors. However, it was too hard in either methods of magnetic separation or

heavy liquid separation, and only one hornblende from Shibisan granodiorite could

purely be concentrated by 1964, and, since that time, it has been impossible to continue

concentration of hornblende on various reasons.

In this paper, chemical analyses in weight percentage of one hornblende from
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Shibisan granodiorite and four hornblendes from Okueyama granodiorite and their

structural formulas calculated on the basis of 24 (O, OH) to the idealized formula, X2-3

Y5Z8022(OH)2 in the unit cell are tabulated in table 6. X-ray diffraction powder

datum for the hornblende from Shibisan granodiorite is given in table 7. For compans-

on, previous X-ray diffraction powder datum is placed in the same table.

Table 6. Chemical Analyses of Hornblendes from Granitic Rocks of

the Southwestern outer zone-type

Rock OK ll lI II
bodies

Rocks HBGD I lI II Il

Loc o Kusubae Shishigawa Il tI II
types

Nos.　　621226c川　　oks-1　　Oks-2　　Oks-3　　Oks一斗
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Table 7. X-ray Diffraction Powder Data for Chemically

Analyzed Hornblendes
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Ni-filtered CuKα radiation, 30 KV, 15mA. (1) Horn-

blende from Shibisan granodiorite (Kusubae-type), No.

62122604. Analyst: N. Oba. (2) Hornblende from

biotite-gneiss, Jyoganjigawa, Hida. Concentrated by H.

Shibata. Analyst: H. Kodama. Unpublished datum.

Chemical Analyses of Granitic Rocks of the Analyzed Biotites

For the purpose to investigate a relation in chemical composition between biotites

and its host granitic rocks, the granitic rocks of the Southwestern Outer Zone-type of the

analyzed biotites were chemically analyzed. Chemical analyses were determined by a

combination method of Hstandard" and either of Hion exchange resin and chelate titra-

tion' or atomic absorption. Chemical analyses in weight percentage with normative

minerals are tabulated in table 8. The chemical relationship between the analyzed

bitoties and its host granitic rocks will be discussed in another occasion. Besides,

chemical analyses of the granitic rocks without chemical data of analyzed biotites are

also given in table 9.
●
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Summary

Chemical analyses of fifty six biotites from the Southwestern Outer Zone-type

granitic rocks and X-ray diffraction powder data of twenty three biotites were

summarized in this paper, and structural formulas and polymorphs of the analyzed

biotites were examined. As a result, most of the analyzed biotites have the number of

additional positive octahedral charge greater than 0.50 in the unit cell or 0.25 in the

half-ceil in the octahedral layers of the structural formulas, and fall而thin the bivalent

iron-dominant biotite area on the Foster's triangular diagram showing the relative
●

quantitative relation between Mg, R3+ and Fe2+ in octahedral layers. Meanwhile, the

analysis of X-ray diffraction powder data shows that only 2M polymorph is identified
●

among polymorphs expected in the analyzed biotites. Besides, chemical analyses of

丘比y six granitic rocks of the analyzed biotites, those of thirty granitic rocks without

chemical analyses of biotites, and those of ave hornblendes were also summarized m

this paper.
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