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Abstract

Chemical analyses of fifty six biotites from granitic rocks of the Southwestern
Outer Zone-type, those of which occur mainly within the Shimanto major belt in 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
0.25 in 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 Fe?t. Meanwhile, 2M
polymorph was identified by means of X-ray powder diffraction among polymorphs
expected in the analyzed biotites. Chemical analyses of fifty 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
mafic 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 diffraction 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 of Japan in
1964, and at the 1st, 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,
OBaA and others, 1977, 1978, 1979). Chemical analyses of granitic rocks of the analyzed
biotites and chemical analysis and X-ray diffraction 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 mafic 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 mafic minerals and a relation in chemical composition
between mafic minerals and granitic rocks of the Southwestern Outer Zone-type of the
analyzed mafic minerals were reported by OBa (1964) at first 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 mafic 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 “standard” and either of “ion exchange resin and chelate titration (Ox1 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
Kawasaxkr (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, X,Y¢Zs04 (OH),
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 in
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 Diagram
Mg, R3+ and Fe?t+

Plotting the analyzed biotites on the FosTER’s triangular diagram (fig. 1) showing
the relative quantitative relation between Mg, R3+ (AlV1, Fe3+ and Ti) and Fe?** (Mn?t)
in octahedral layers, on that which the points representing the so-called biotites fall
between 20-609, for Mg in the occupied octahedral positions and the points representing
Fe?*-dominant biotites occupy the lower half of the biotite area lower than 409, 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 in the half-cell belong to the bivalent iron-dominant biotite. As seen from
talbes 2 and 3, thirty four analyzed biotites among fifty 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 Diffraction of the Analyzed Biotites
and Estimated Polymorphs

X-ray powder diffraction employing CuKwo 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
difficult to identify individual polymorphs from X-ray powder data only. According to
Smite and YoDER (1958), only common polymorphs such as dioctahedral 1M-3T and 2M
polymorphs can be identified from powder patterns, but 1M 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



Structural Formulas and Polymorphs of Biotites

28 " 1+

b8 T~

GL e~
16° 0+
GL°T
281
9T 0
L0°0
66° g
80°0
6L°T
whe
2go
1670
GT°0

00°8

GlL-e

62§

(oT)
62ETEO08

11}

96° T+
18" 1-

GG eg-

wl° 0+
98°1
0L°T
90°0
0T"0
G6°G
G0°0
89°¢
06°2
09°0
¢t o0
00°8
"0
GG*e
10°6G
()

2IwTEO0g

i

98 T+
(0] it

99°¢-

92" o+
LL°T
09°T
80°0
60°0
hh" G
L{OY
16°T
6G°¢
ch’o
gh" o
00°8
Loo
99°¢
leg
(€)

0Tl2ho8

[}

18° T+
€02~

€L e~
0L° 0+
08°T
LG°1
9T° 0
L0°0
16°6
IT°0
98°T
9g€° ¢
2G'0
0670
9T" 0

00°8

€l°e
le°g
(o1)
70LTHO8

i

‘1 91qe3 ur 9soy} o3 puodselrod soousIeyeI pue sojdwes JO I2qWINU PUB SUOLLIALIG]Y

2L T+
Wl 1=

26 2-
8T " T+
€9°1
€E°T
12°0
60°0
G99
00
9N T
£g°¢
890
Le2-o
L9°0
00°8
26 ¢
80°6
i
20128064

66T+
Wl T~

2l z-
86" 0+
09°'T
L2°1
8T°0
ST 0
19° G
0T"0
G6°T
62°2
0L°0
€0
LT°0

00°8

00" 2+

00°2-

T9°e-
1970+
68" T
h°T
62°0
GT*0
€9°9
20’0
gete
8T ¢
9670
wT 0
05°0

00°8

LG T+
LG 1=

9 e~
68° 0+
AT
1¢°T
I1°0
€ET°0
86°G
60°0
60°¢
go0°¢
16°0
5°0
€0°0
00°8
9t°¢
66" G
1
€£0708065

i

98 "1+
98 1~

Gl e-
680+
0L°T
HE'T
T2°0
GT 0
€L°g
£€0°0
90°¢
4 B4
790
12°0
LETO
00°8
Gl e
AR
i
LT-az

GG 1+
96" 1~

19°2-
G0 T+
LE°T
HO' T
GT'0
8T 0
09°6
G0 0
f0°2
6T
l2°1
0£°0
00°8
0T'0
19°2
62°G

‘0°N

20£080665

SO

a38aeyo aafeTasjurl

83aryo

JafeT jusasyul

93aByO TeAPSYBIIDL

93aByo TBAPaYUBLOQ

Te30L
b

eN

®)

TR30]
URN
3N
+2°d
+¢94d

L
ALY

T®30L
+¢°d
TL
ATV
I8

suoTaTsod
JofeTasqur

suotatsod
1eJapayeio0

suotgtrsod

TeIPOURILST

*0TBO JO *Joy
*sON
seTpoq ooy

00'¥7=TIeD HUN)
PozZI[esp] 9Y3 JO JUSIUOD 90US[EA oY} JO SISeq oYU} UO S9310Ig PozA[euy JO Se[NULIO] [eInjonryg Sunlip I0o4 pes() B¥ed ' 4L




N. OBa, K. Tomita, M. Yamamoro, H. Yamasurta, J. OGURA

10

68° T+
Ll 1=

cL T+

el 1~

96° T+
GE 2~

wo* e+

wo"e-

€Ge-
0G0+
76" 1
86T
9¢°0
0T 0
€9°6
€0°0
L9°1
Lg-e
€970
LT 0
92°0
00°8

€62
Lyt g
u

T0TC

"

68" T+
88 1~

GG'e-
L9° 0+
gLt
ThH'T
€T°0
8T°0
eh G
90°0
2L T
og ¢
20°1
H°0
T0°0

00°8

GG e
St s

TOT2CO0T6S

96° T+
96° T-

6E°2-
o+
QLT
LE'T
LT°0
12°0
6%°G
€0°0
96T
092
TL°0
HT1°0
G0
00°8
6€°¢
19°¢G
i

€e

3

66° T+
66°1-

gE e-
9€ " 0+
08°1T
64T
¢t°o
6T°0
LE"SG
Lo°o
99°1
Tc ¢
72" T
6T°0
00°8
GE°0
Ge'e
62°6

“0°'N

#709¢2Tec9 90TTHO8

S

€8° T+
Gq°e-

€G e~
80° 0+
69°1
06°T
G0°0
#1°0
8h "G
G0°0
¢l ¢
29°¢
92°0
€n°o
00°8
#0°0
€6°¢
1%

i

11}

9" T+
6G°e-

LL e~
8T " 0+
LS T
ht
S0°0
L0°0
G
G0°0
681
G9°e
gc o
Lt°o
¢r’o
00°8

LL-e
£€2°q

i

€060608 - S720508

i

0T 2+

th'e-

69°2-
G2° 0+
10°2
4
06°0
60°0
61" G
7#0°0
88°T
LL 2
€€°0
Li°0
“ag
00°8
69°¢
1€°6
(9)

SO

o8aryo asferasyur

238aeyo
J9KeT juadJdayul

23a'yd TBJIPIYBIISL
93Jar'yo TRJIPaYRIO0

Te30y
3 suotatsod
eN JokeTa9qul
®)

T®30L
un
N
+29d suotatsod
yedd TeJapaye31o0
TL

H>H<

TejoL
+e°d
TL suotatsod
v Teapayeald
I8

AT

*0TBO J0 g9y
*SON

SoTpPoq o0y

(panuTquod)




11

Structural Formulas and Polymorphs of Biotites

89° 1+
991~

96 ¢-
26° 0+
09°'T
8E"T
w10
80°0
0L°6
20°0
86°T
9’ ¢
06°0
820
9’0
00°8
gG° e
2h G

20T VIVL

"

99° 2+
99°¢~

G 2-
80" 0-
86" ¢
R 2
9€°0
80°0
hE* g
700
28" T
262
R1°0
82" 0
760
00°8
86" 2
2h' s

"K°H

T0T VIVL

i

€6 T+

T6° 1~

w6 2=
€T+
' T
€21

210

60°0
96" 6
0T"0
29°T
09°T
91°¢
80°0
00°8
6T°0
h6' e
L8 H
i
€0T
L

8L T+
86° 1~

€€ e-
GE o+
€L T
ST
e’ o
90°0
16" G
0T 0
o' T
2o°¢
¢h’0
ge'o
A0

00°8

gee
L9° ¢

G-s310

u

Wl T+

171"

LE"2-
0G° 0+
99°1
16°1
90°0
60°0
LG° ¢
#0°0
96°T
96°¢
99°0
GE'O

00°8

g0’ 0

Le-e
GSg g

¢t e+

81" ¢~

€q'e-
Ge' o+
G6° T
291
g1 o
8T°0
s
70" 0
181
6G°2
65°0
2h° 0

00°8

0’0o

En°e
66" G

86" T+

10° ¢~

62 ¢
ge "o+
LLT
N1
0T 0
T2°0
hh* S
G0°'0
TL°1
L2
AV
LLAY
T0°0

00°8

6c° ¢

1L°6
i

T-5%0

"

69" 1+
L9 T~

2g -
QT " T+
£€9°1
a1
9T 0
20’0
6G6°6G
#0°0
€n'T
16°¢
90°'T
gE 0
LT°0

00°8

2g ¢
81" G
‘O'N
€-d

u

Go"c+

Go'e~

L6" T+
961~

ge e-
2" o+
8L T
on'1
61°0
6T°0
s g
Go°0
gL 1
98¢
e’ 0
6%°0
20°0

00°8

ge e
29°§
u

€

glLoe+
wl° 2=

e~
A
gg-e
6T ¢
te'o
GT°0
HE" S
€00
L2z
6€°¢
a3
GE'O
0€°0

008

¢h'¢e
85" ¢
(9)
T
a0

23aryo Jsferas3ul

a3aeyd
J9feT juaJsayul

93Ja'yUd TRBJIPOURILI],

23Ja'yYd TBJIPAUBIOQ

Tel0L
b

eN

®D

T®30%
uy
3N
+z°4
+e°d

L
Aty

Te30],
+e°d
L
>HH<
TS

suotgTsod

asKeTasqul

suotaTsod

TeIPaYR1O0

suoTgtsod

TeJdpayedlal

*0TRO JO " Joy
* SON
S9TPOq NOOH

(panNUT3UOD)




N. OBa, K. ToMrta, M. Yamamoro, H. Yamasuita, J. OGURA

12

099° T+ 099 T+ 0L T+ 86° T+ 86 T+ 18 T+ 286G T+ LEL T+ GIQ 1+ 068°T+ 83aeyo J9keTJ9quUl

GEG"2- 968 ¢ 89° 1~ 96° 1~ A 08°¢- 9,62~ TE6°2- 8L9°T1- 988°T- 23aeyo
J9LeT jusaayul
26L'e- 9TI8°2- 29 e~ 89°¢- 90° 2~ 69°2- no06°c~ 616°2— 989'2— G2G'e- 293JBYd TBJAPAYUBIISL
LGe2 0+ 080°0- 76" 0+ 2L o+ 7G 0+ TT 0~ 2L0°0- 2T10°0- 800°T+ 6£9°0+ 93aBYyo TBAPaYR1O0
641G°T 896°T 29°T 89°1 8" T 9.°1 60G6°T 8T9°1T €TL°T 889 T T®30L
79E° T 7ge -1 T 92°'T we T 66 1 €9€° T €GE°T 006°T H6E"T it suotjtsod
7,0°0 260°0 0T"0 A ] w1'0 9T°0 €lL0°0 9tT" 0 ITT'0 260°0 BN Jakeraajul
ITT°O0 260°0 80°0 0€°0 0T"0 G0°0 €L0°0 6TT 0 201’0 2020 ®D
60T°S T.0°6G G s on°g 2§ €9°x 2LT S €€e-g LEL"G 8€9°G T®30[
ITT°0 G90°0 0T 0 80°0 0T 0 2z o T160°0 0TT"0 960°0 L€0°0 up
Lyl°0 GLL°O H0' T 9.°0 20"t G9°0 922°T 6LT°T 2602 €812 3N
90f "¢ ©189°¢ 9L°2 98¢ e e 1€°T g64°¢ cg9-¢ gg€-¢ €on-e 4224 suotgtsod
€6L°0 06S°0 ¢h'o #€°0 8T 0 66°T 605°0 8HG" 0 8170 7ot o +e°d Teapaye3o0
761" 0 T€2°0 ge'o ge'o 2’0 6T°0 Lze o 0T2"0 €E€E 0 gHE" O TL
8G8°0 92L°0 00°T RT°T et L9°0 129°0 716G 0 L8€"0 €920 ATV
000°8 000°8 00°8 00°8 00°8 00°8 000°8 000°8 000°8 000°8 T1®30L
- - - - - - - - - -  pedd
- - - - - - - - - - L suoTaTsod
g6lL'e 918°¢ 29'¢ 89°¢ 90°¢ 69°2 71062 6162 989°¢ Ges'e Az LY Teapayedais]
802" S HeT™ S g€" g ce g 96°§ 1€°6 960° G 180°6G HIE"G Sl G T8
(6) ‘KW u " ‘X'H ‘0°N u u u (6) *oTBO J0 g8y
L0YL 903L LO0T VIVL 90T VIVL GOT VIVL T0208065 GOML 0L TOYL T2HL *SON
u “ “ M u u u m u L S8TpPOq YooYy

(panutquoo)




13

Structural Formulas and Polymorphs of Biotites

2L T+

89° 1~

wg 1~
91° 0+
4R
¢e'T
0T 0
02°0
2s° ¢
200
9n'¢
9%°¢
®0°0
en’o
91°0

00°8

hg" T
919
"K'H

T ®Butlempn

n

G9° 1+
GE"T-

€g ¢c-
gt 1+
€9°T
SH°T
9T° 0
0’0
LG
LT°0
T
16°¢
L0°T
8€°0
LT°0
00°8
£€g°¢
L1°6G
(9)

4
g0

€L T+

0L°T-

il T+
6L 1-

19 1+

19" T~

ge‘c-
t9° 0+
€G°T
9¢€° T
60°0
80°0
9€° ¢
t0° 0
76T
Ge'e
8G°0
6E°0
96°0
00°8

ge e
el g
()
T X

lLeo’ e+
6691~

969 2~
L66° 0+
Lhg 1
HEG'T
€ET'O0
08T°0
80€°¢
#TIT" 0
169°0
LgE°e
96L°0
G92°0
GG0°'T
000°8

969°¢
ROE" S
‘o°r
0TIL

9LL T+
9lE2-

26l e-
9.E° 0+

h99°T
14 B
€L0°0
TIT°0

221" S
190°0
989°0
€€G°2
64570
€620
L66°0

000°8

el e
gne:s
(6)
603L

L99° T+
£€g e~

0lge-
LEO 0+
€09°T
g T
260°0
t90°0
180°6¢
0TIT 0
G180
woh'e
8L9°0
€8T°0
1€8°0

000°8

0l8°¢
0ET"&
‘o°r
80XL

23aryo aslkerasjurl

83aeyo
Ja9KkeT juaaayul

23aryd TeJIPSURBJILD]
23aByYd TBJIPAIYEBIOQ

1R300
b suotgTsod
eN JakeTasjur
L=H)

Te30%

up

3N
4294 suotjTsod
+edd 1Bapaye31°0

At

Te304L
+e2d
5 suotatsod
TV Tedpayeala,

‘01RO J0 °*Joy
*soN

SaTPOq o0y

(penuTjuod)




N. OBa, K. Tomita, M. YamamoTo, H. YAMASHITA, J. Ocura

14

76" T+
88 'T-

0§ e~
29° 0+
7't
28" o
2eo
of°0
9" G
700
e’ T
98°¢
9L°0
gE"0
8T 0
00°8
06°¢2
06°¢

T TanzTysy
v

8L T+
il T~

9€ e~
29° 0+
9L°T
09°1
HT°0
20" 0"
086
20°0
Zh'e
gl'¢c
70°0
th o
0T°0

00°8

9€"¢
h9°G
‘k°H
¢ eutlemp
n

93aeyo asfheTasjurl

a3aryo
JoLeT juadgayur

93JBYUD TRBJIPOUBIID],
93aBy> TeJIPaYUR31o0Q

T®30L
b suoT3tsod
eN JakeTasqul
®D

Te30L
up
3N

yzod suotaTsod

yeod TBJIPOYRB3O0
I

H>H<

Te305L

L suoTaTsod

v TeIpayRIIaL

07RO JO °J8Yy
* SON

S9TPOq ooy

(penuTauod )

‘anziysy ‘q ewrlem)
‘8 ‘enqO ‘J ‘ewlnyex ‘o ‘ewelewnyeyel ‘p
‘uesi[qIUYS ‘O ‘twnsQ ‘q fewedonyQ @ :S93130Iq
pozAJeue jo serpoq woou J0 mﬁona.&wu ‘s10A®] TRID
-9URI00 UL (45UIN) +50d PU® (IL PUB 190 ‘1AIV)
+ed ‘SN weomioq uorerer eanrpeirpuenb sanersr
oy} Surmoys weiderp renSuensy (096]) S,TTISOL
uo odA3-9u07 I0IN(Q UISYSOMUINOS 9Y3 JO SHOOI
OT)IUeIs WIOIJ $93130Iq PozATeue JO Suoryeoo| ‘| ‘Sig

C + +
(W), 24 (1L+,@41V), M
suejawopida)

B Sydospig!
600 ©
a1n0g o0 o
\o s |
v
wa e °
s .
V.
&

<

a1no1q b
ye
6<¢
jo
EX )
po
ovw
qv
bW v eo




15

Structural Formulas and Polymorphs of Biotites

‘1 o9[qe3 ur 9soyj} 03 puodsairod seousIsyel pue sejdures Jo I9qUINU PUEB SUOIFRIALIqQY

86 2

A

mMm oAmo oMOmo.oman.onom olh AmovoaOANN.oﬁBmN H<Hm.mHWVAmo.oCE=m awEmN

g .n|.

Iog0€i201°°°°TL) ]
8 €04

€lL°C

mWAmo.omO:0.0MZOw onmﬂ.a|ﬁ AmOVOAOAiouoﬁamm H

€EE I™

H<:G-NHWVANO ogzwm.OWZém HQmHNWMQ&&N.OWWMH

ST*0+

9Le2

mwmmﬂﬁzo.odOmo odth.onnm. IhNAmOvoAOALm H<:m.NHwVAwo oﬂzmm.o wﬂ.awmmN @th.oHBao oﬂ<vu

Nm -

96 0+

gg-+c

A

mmmm%Amo.omoﬂH.OQZBW.OMVBQ.DIﬁNAmOvoHOAw:.AH<:m NHWVANO oczmh.owsz

She 11—

@h:m Om:ﬂ oHEmm.oH<vu

650+

I8+2

A

hmmeAho.o@Omo.odZ:w.oMVBG olﬁ AmOvoHOAwm H<:0.NHWVAm0.0GZBm.OWS=H

wm.ﬁ|

@ﬁmm @@NN.OHB@O quu

611+ 04

I8°2

A

WAmo.omD:a.odZos onNo.alﬁNAmOvoaoAﬂm aH@mw.NHwVAao.oﬁzaa.ﬂwzmo%

ﬂm.ﬂl

M@hON @@ho OHBMN H<vu

6204

og -2

A

hMmm%Awo.o@Omo.o@Zom.onmb.olﬁNAmOvodOAMN>WH<hh.Nﬂmvﬂ:o.oﬂgmo-ﬂWZMo%

€21~

Mwmw: QQON OHBNO H@vu

8t 0+

lZ8+*2

W2%09(%0" ogpTTe omzhw.oxvum.olﬁmamovoﬂoﬁmm H<Nw.NAWVANo ouyE° HwZHN

mm-nl

@@Nm>0®m0A.oHEmA.OH<Vu

Theo+

T8 °*2

mmmmﬂﬁmo.OQOmo.ONZNm.Oxv:h Olﬁ AmOvOﬁOAnO-OﬂEOm H<nm.NHWVAm0 OCSNO ﬂwzhm

Om-ﬂl

SBTNLIOT TBINJONIAS

odA]-ou0z I9JN() UISISIMUINOS Y} JO SYOOI O[IUBIDH WOI $IIOIF JO (I[°D JeH)

®h:m%m®mnﬂ.oﬂavu

9g 04

0

i

1}

1}

1

ZIHTEOg

01,2108

70LTHO8

20128065

8x—€

6-pg

£€0t08065

L1-ae

*0°N  20£08065

i) g=0)

JO *Joy

*SON

Se[NULIO] [eIN}ONNS ¢ d[qe],

‘9JON

saTPOq
ooy




N. OBa, K. Tomita, M. YamamoTro, H. YamasHITA, J. OGURA

16

2gec

H<N5.NHWVAN0.0:Ewm.ow2mm

:m i S

mmmmMAhO-OMOmo OMZWh-OMVﬁA.ﬂ'ﬁ AEOVOHOAzm

mmmm OmGOcOHBno Oﬂ<vu

L1004

egge2

N%Mmﬂmno.oﬁOm~.o®th.oxvoo.alﬁNAZOvoaOANN.aH<mh.NHWVAﬂo.oCEmm omz:a

hN.ﬂI

mmNm whmo.oHEMA OH@vu

L2204+

clez2

:Mmmﬂmmo.omowo O“ZOF-OMme-O|ﬁ AvaOﬂOANN ﬂ<mh.NﬁWVAMO-OCEWw.OwEOﬂ

hN.ﬂl

OhﬂﬂﬂO@&AN.OHBAO.OHQVg

8SE* 04

cLe2

A

mmmmﬂﬂca O@Omo Odme Oxvmm Olﬁ AmOvOﬂOAON

ON.ﬁI

H<om.meVAmo.oCSmh.owiomhw

O@wm w&ho.oﬁﬁmw.oﬂ<vu

2z 0+

oL-2

A

QM@WMAMO.omouo.omzmh.oxvum.o-mwﬁmovoﬂoAmd.oﬁem~»WH<no.Nﬂmvm,o.ocsmm.owsﬂﬁhw

8T I—

4% ;%94° 101, ]
2z -0+

sle*2

WABO omOmo OﬁZnh.OMVON ﬂlﬁNAEOvOAOANO.OHBBN

hN.ﬂl

H<Nn.mﬂwVAmo.oCZwo.amEHm%

mmmma%mmmNN.oﬁﬁvu

200+

€L°2

ow ﬂA:O.OdOmO-DQZMB-OMVmN.ﬁlﬁNAmOVOAOAmm

mm.ﬂl

H<Nm.Nﬁmvmmo.oczmm.owimm%m

®m:a Om:N.oHBwo OH<vu

nTe04

9L°2

memﬁAno.OmOnN.OMZWB.OMVQA.ﬂlﬁNAmOVOHOAmm%mH<WW-NHWVANO-OEE:m-OWme

SE* 1T

Omhﬁ Qm:N.OHBvu
LTe04

6L°2

A

A:0.0MONO OﬁZ@h.OMvwm.olﬁ AmOvoﬂOAwm

mm kS

SETNWIOJ TBJINIONIAS

H<mw.NHme:o.oCEom.owSmN%m

94°2 ;22452 .oﬁcowmgz

os -0+

i

11

i

i

i

‘O°N

*oTeO
J0 *Jod

¢—c0Te

T0Te

TOT20TES

€

£09¢e1e9

90TT#08

€050508

Gt20508

62€TE08

* SoN

i

i

SO

S9TPOq
AS0H




17

Structural Formulas and Polymorphs of Biotites

gL2

A

m MAmo.owOmo.ONZﬂm.OMvuo H|ﬁ AEOvodOAH0.0HBNN H<mb NHWVANO-OCEAQ.OwEmN

NN-AI

@@Om%mmmﬂN-O%ng

910+

tlZ-2

A

%Aﬂd O@OﬂO.O@ZMN.ﬂMVwm.OIﬁ AmOvOHOAmﬂ H<wm.NHWVAmo.OCSOO-Omem

na.ﬂl

O@WN @&NN.OHBﬂO H<vu

6T°*0+

I8°2

mmmmﬂﬁao o,mOmo.o.mZmn onmh olﬁ AmOvo.nOA.ﬂ: Qmm.NHWVANo OC.ENN. owzwm

ﬂ: i

@,m”mm wmmﬂ.oH_H_mo.o.ngu

2904

sLe2

e

mm %ABO.OMOmﬂ.OQme.OMvhm-olﬁ AmOvoﬁOANN H<mn.NHWVAﬂo oczwo OWZH:

NN RSl

@hNN mmmN.oHBNO OH<vu

sz+ot+

8L -2

A

ow NAOH.O‘GOOA.OMZO& ovvam olﬁ AmOvoﬁOAm.n H<um.NHWVAmo.o§mm.o§m:

ma.al

Mmmhﬂ Q&mN.OHBdo H<vu

nz o4

6L¢eC

A

mmmMANO.OwO:ﬂ-O@Z#h-OMvmo Hlﬁ AmOVOﬁOAON H<Om NHmvmmO ngiﬂoﬂwEﬂN

ON.ﬂl

@hmo OQDH.OHBDH.OH<Vu

LT*0+4

98°*¢c

A

mMmWWAwd.O@Omo.OmZHh.OMvwm.O|ﬁNAmOvoﬂoAbO.OHEwﬁ.ﬁH<®h.NHWVAm0.OCEmm.O&Emw

9T 1™

@@NA wmmﬁuoﬁevu

oz 0o+

962

WMAQ0.0MOmO o@th.onwm olﬁ AEOvoHOAﬁm H<OB.NHWVAMO 0Q2wm omzmw%

ﬂm.ﬂl

M@hmo+m®mma.oﬁ8mo H<vu

Sheot

062

hwmm%AmO.OQOmo.o@Z:w.OMVWW.OlﬁNAmOvOaOA:A.oﬂBwﬂ.AH<mm.NHWVAm0.OCZOm.szww

mﬁ.._nl

SBTNULIOJ TBIMAONIIS

wmoﬂwmmmﬂu.oﬁMUu

zZe 0+

)

(9)

()

*oTBO
Jo *Jsy

At((0)

TS0

€-d

€-ad

¢—ao

=

*SON

A0

saTpogd
s1ooy




N. OBa, K. Tomita, M. YaMamoTo, H. YAMASHITA, J. OGcura

18

€92

WWAWO-O.NO\.OoO,mme.OMvm:.ﬂ‘h AmOVOHOAW: H<:m N.ﬂmvmwo Oémmocmsmm @—mhmoowmAH-OHrﬁ_mNcogvu

w:-.nl

€0° 0+

82

HMWWWAHO.O.@OWO O.Nth oxvmm.ol_” AmOvOAOA:m QWW.NHWVAM0.0CHSmO-HWZQA

:m..ﬁl

mp_..._n:N m_m”n.n oH.H_m.n H<VH_

1s -0+

I8°2

e

mm.o AOH-O.mOmO.O.mZOB-Ovahm.Ol.h AmOVO.nOAwN H<:h NHWVAN0.0émOoﬂwZON

WN i

@how @..-Mh.nooH_H_mﬂ Qv”_

620+

cg+*2

A

:mmwﬂmao.omOuo.omme.onmm o—L2 AmOvoHOAmN ﬁ<ﬂu.NHmVAHo.oCme.omZmN

mN..n|

@@MN.“.MQ.M: T OH_H_mN . ogvu

9fre 0+

L9+2

mmm.-nj_ﬂuﬁzo.o.mow.noo.NZho HMvmm-ﬂl_” AEOVOAOAGN H<ﬂh NHWVANO Oéﬂm.omu\@WN

MN-.n|

@ﬁHho @.m:H.OH_H.hN.Ogvu

#0o°*0=

8L*2

Nh-OA:o.o.mOwo.o.QZNw .oxvnhnol_ﬂNAmOvo AOAO.H OH,H_\.: |_”<.m: .NHmvmmo.oéam.owzom

9L -0+
Lhet—

@hmo%w@.&:o.oﬁfﬁl.v.u_

2L+0+

Lle2

hm-.WAm0.0.NO.nA.O.NZML onmm OI—H AmOvoﬂoA\..n H«Q:m NHWVAno.OC_ZON. owzﬁm

06°0
h.n-.nl

@@AN @@:ﬂ.OHBWH H<VH_

6T 0+

L8°*2

A

\.\.-OA:O-O.NOMO O.NZGW OMvmw-OlﬁNAmOvOaOAaO.OHBmA H<dm-N.ﬁWVANO Oémmooszm

18°0+
611~

w—ms mnm'mm_muN . o..mf_th,v”_

os -0+

6L¢°2

:m.OAnO.O.NOmo.OﬁZWh-OMvaoO|_HNAmOvOﬂOA:O.OHBmﬂ oHHQ‘wh-NﬁWVANO.OH\iwm -OwEmN

6804
611~

SBTNULIOJ TRINIONIAS

@hm m%mwmmﬂ .O.MH_Jvu
L2 +0+

u f10ML
u TOML
(6) TL

u 20T WIVL

‘K°H TOT WIVL

u €0t
m G-S10
m =20

‘O°'N €-s30

*oTeO
Jo °Joy * SON

0

saTpoq
}00y




19

Structural Formulas and Polymorphs of Biotites

0§252(°°70E0O" OB ) . ([* (HD)°TO(°F

memWAmouoﬁOno.oﬁZNh OMVO:.ﬂlﬁ AmOvOAOAzi

9s-°2

H<Nw.NHwVAmo oCE:m.owzsm

mm-Hl

®@bN+ wﬁmﬂ OHEOn-OH<vu

6 T+0+

csge2

H<nm.NHwVAmo oupth e omeN

::.#l

w_m”.:m tho OH—H_N:.OQVH_

7o 04

9ge2

M MWAWO-OM030oOﬂZWW OMva- |ﬁ AmOVOaOAO: H<OW-NHWVAWO OCth O&SON @ho: OmOﬂ OHBM# H<vu

O:.ﬂl

ST*0+

G2

W mﬂﬁmooomomo-OMZQW on:o dlﬁNAmOvOHOAN= H<mn.NHWVAm0.0CEmm.OWE:m @@om mmmd.oﬂamm ﬁ<vu

M WWA:0.0MOm0.0@ZNh OMV#O Olﬁ Am0vOAOAAm

Wﬁmﬁ.o®OmO.ONme.onmm.olﬁ AmOvoaoﬁsm

m WAmO‘O“ONO.oﬁZNw.OMvwh.0|ﬁNAmOv0AoAmo

N: L

8€ 0+

liL-2

H<mw.NHWVAnO OCZNm.OwEQM

HM.A'

wmaN O&AH.OHBOh ﬁ<vu

Lt s 04

0Le2

A

H<ww.mﬁme=o.oESmm.owEmz

:m.ﬂl

Q@hu wmﬂﬂ OHan HQVQ

9g-04

99 2

A

»Wﬁ<mm.NHWVAM0.0CZHm.OwZBN%

€0 ¢ T~

Tod60; 292 .oﬂamuwwgz

Lz 04

TE-2

NmmmMAmo ogpso-ogysLroy) . [Z AmOVoHOAmm H<ww NdwvAHa oCSNm.owaw 988499001 oHBmm.oH<vu

WLWMA:O o@O:o.ONZmW OMvmm ﬂlh AmOvOﬂOAm:

mmcﬂl

90 0~

8c2

rS

H<nn NHQVAmo.oCSHu.owEnN

m: d

SETNULIOJ TRJINIONIIS

@@mN.O@ha«.OHBAm H<vu

90°0—

(6)

(6)

(6)

0]
JO " Joy

603L

80ML

LOML,

903ML

LOT WIvL

90T W3VL

G0T WVL

T0208065

GOML

*SON

11}

saTpoq
#o0y



N. OBa, K. TomiTa, M. YamamoTro, H. YamasHITA, J. OGURA

20

8L¢°2
A

memﬂAoH.omOmo oﬁzﬂw on:m olﬁ AIOvoaOANm H@mo mHWVAHO.OCEmN.ﬁwsz

Nm o—

@&No @@AN.OHBmO.OH<Vu

80° 0+

68°2

mmWAﬂo.ONUmo.OMZMN.OMvmw olﬁ AmOVOﬂOAN: ﬂ<mm NHWVAmo.DQENN OWZWN @h:m.o@&mﬁ OH mo.oﬁ<vu

N:.al

6.0+

639 2

A

mmmmWANO.OGOWO.OQZmB.Oxv:m.olﬁNAmOvoﬂoAOm.HH<ON NHWVANO.OCEmh owzmm

o€ T~

Omm: wmmﬂ OHEAN H<vu

9t 04

692

A

mmmmWAmc Oﬁomo OMZNB O&me Olﬁ AmOVOaOAHm H<mm NHWVAMO OCSmh szhm

ﬂmuﬂl

@&hihmwhom.oﬂBmmwwﬁ<vu
€t e 04

2Lc2

A

Mm MA:O omOmo o@Zmn oxvmm olﬁ AQOvoAOAnm ﬂdmw Nﬁmvao ogzmh.owzﬂﬂ

Hm-ﬂ|

0 T2
Tage€;2ad°% O Ty, H>ﬁ<vu
9t e 04

TL2

mm%A:o.oNOmo.odZNm OMV:m olﬁ AﬂOvoaoANm H<mw.NHWVANO oczmh owzmﬂ

NM-HI

wm:m QWON OHBNN H<vu
g€ * 0+

og*e

A

mﬂAM0.0QON0.0NZmW.OMv:hoolﬁ AﬁOvOaOAmN ﬂ<mh NHWVAJO OCSMB szmﬁ

nN.Hl

®@MN @h:a.oHB:: H<vu

1504

89 2

ﬁmm MA:O-OmOm0.0Mme OMvNQ.O‘ﬁ AEOVOﬁOA:H H<ww.NHWVANO.OGZBh O&SNA

:ﬁ-H|

@hmm @@ON OHEQN 0H<vu

ze-0+

992

P

NMMM%AmO.OMONO.O@ZN&.O&v:w o'ﬁ AﬁOvOdOAmm qum.NﬁwVAWO.OQSmm.OwEmH

mm.dl

SBTNULIO] TBINGONIAS

@ho: @@mA.OHBmm H<vu

Ts 0+

‘X'H Burt Cemn

‘O°N 14
n L X
n 9 Xk
i G X
u [P
u AN
(2) TX
o°r OTIL
*oTeo
J0 *JoY * SON

g0

saTpoq
3100y




21

Structural Formulas and Polymorphs of Biotites

hmmm.ﬂnom .O@OW&.O.@ZA:.Oxv:m-OlﬁNAE.OVOAOAhNN.VWH{hL.NHWVANO.O§Nw -szm:‘m-

RN Sl

mmmm.ﬂm.ﬂo.o.@Ouo.o.NZom.ovahm .olﬁNAmOVOnOAmﬂMr.WH<Nm.NHWVA."O. oC.ZAN .a&me%

8T 1—

SBTNUILIOJ TBINJONIZS

€L2
R 189d% T O TLeC 1 2TY) ] i
Tec0+
o062
M@@NO%M@&HNN.OH—H.mO.W\OrHﬁ.VH_ ‘A°H
TEc04
*oTed
JO *J8Y

T
TMZTUSY

BUIT (BM))

* SON

v

n

saTpoq
3100y



N. OBa, K. Tomita, M. Yamamoro, H. YamasuiTa, J. OGURA

22

‘G 9[q®} UI 9SO} SEB OWeS 9IB SOIJISUOIUI IO SUOIIBIAdIqQY

‘T 319e3

ur 950y} 03 puodsoliod sjs[eue JO oWIBU PUB SIIPOQ YOOI IOJ suorjerasiqqe pue soidures Jo rosquinN ‘NG Pue 1g-INI Jo odA3 arnixty

:xTw 'seyrjorq ur pourejuod Ayunduwir se 9jrIoyo sjussorder )  ‘eep [EOIWSYD ON x

XTu

M g9E°T
Mo ThE'T
LG T

189°T
2aLT

EBB

670°¢C
98T ¢
gz e
ah'e
ese

REEEF

g

g9°¢

g

€6°2

g

9T°¢
s oggg

M 70°S

SA 9T°0T
I (e
‘N'L 3 "X°H

TOT VIVLL

u

4

9 89T
h gen'T
€ THS'T
9 L19°T
0T €T10°¢
2T gIs°¢e
€9 1&E°E
Ge  ens°e
6T  TEL'w
92 450°G
of  GLo"L
00T €£90°0T
I {e
o°r
TeHL

u

8

9
G

LT
at

0T
Tc
0T
6

ST
€
6¢

G
€
€
f

00T

O\O MO

b~

00T
I

sojnjorg pozAreuy Aedruwaq) I0J Bie( IOpMoqg

NS
L9E"T

9%En"T
egn°tT

eng T
L19°T

000°¢
£10°¢
6LT"e
g89c ¢
Lawe
€1G6°e
Ge9 e

HoL'2
gc6°2
950 €
ELTE
ghe"€
665°€
069°¢
619" fr
G6€0°G
02ET" L
91" 0T
() p

€0t

&

q
LT

fic

€9

00

00
LT

S
LE

T

00
I

e
69€°T

%EN"T
NG T
L19°T
6002
T’

Luwe
T €19°¢

8g6°¢

T T9€°€
TeG €

9TL'
L00°G

26L0° L

T 9r'0t
() o
11}
T0T20T6S

11}

XTI

i Ens"T
S 6L9°T

0T £€10°¢e

€2 €15°¢
q c¢ho"¢e

€ 166°¢

f T6T°€ -
(t) 882'€
00T T9E°E
(€) 0064°€
€ 64G°¢€
f7 QoL €

8 6€0°G

f 2ET L

00T 9T* 01
I () e
t092cTc9
S

e
G9E°T

%h'T
oLh'T

™He't
Ll9°T

O b~ N\\Oo mn

N~

600°2
t hgT e
G Ly'e

it €16°e
€ Ge9re

L TGt €
00T T9E°€

€ TEGE

g €90°6
€ 06L0°L

00T
u

2028065

i

uworporIgIq Ael-X ‘§ 9[qel

91°0T
I (¥) o

0T
0T

00T
I

e

6EN"T

™e't
L19°T

€10°¢
#8T ¢

Lawe
€16°2
129z

gt6°e

OHT°€
622 €
ToE"€

Gl9°€
619°h
GE0°G

91" 0T
¥ v

)

£0108064

nne~-

(1)
00T

1T

00T
I

e

69€°1
9Th°T
8EN T

ShG'T
Ll9°T

Lto"e
gsnee
0cs e
049°¢
862
e €
€LEE
GhS €

€90°4

9T"0T
() p
"0°N

20£08064

SO

VW G ‘AM0E ‘UOHBIPRI D3N] PIIOHY-IN

sydaowATod

sqsArTeuy
*SON

SSTPOq Ho0yd




23

Structural Formulas and Polymorphs of Biotites

XTut

99¢° T

g E E § = E E == E = =

g

SA

SA

6E"T
Tl T

c
8

na'tT
L9°1

2GL°T
0T6°T

w10°¢e
8T°¢C

i

gz e
Gh'e
152

99°¢
88°¢
9T'¢
9e°€

09"
10" G

91" 0T
(y) ©

LOT VIVL

i

XTut

M

M
MA

E 2=

E FEEEFE

g

SA

I

G9E°T

6EN"T
n'T

cha't

6l9'T
24l

0To¢
T6T°C
ge'e
h'e
T6°¢

99°¢

e6'¢
9T°¢
9€° ¢

09" f
10"G

91" 0T
(y) P

1

90T VMVLL

i

XTu

MoogoE"T

mo6ERTT
3>HN:.H

ZhS'T
8L9°T
calL T

E 2=

H10'2C
98T"2
an'e
15°¢

g E § =

g

99°¢

g

e6e

g

qr ¢
SA 9¢°¢

MA-09'H

M 10§

sA 91701
I o
‘N'L 3 CK'H
SOT VSIVL

"

[saXerNaV]

Shr

at

00T

I

XTut 6

€9¢°T fr T9€°T
gen'T it nen' T
6EG°T 4 9€6°1
Gl9'T 9 clo't

c¢to’e TIT 900°¢
08T"¢
chtie

TS ¢ €T gos'e
629°¢

gee € 95  £9€°¢
LoL°€

0T0°S
fr 6€0°G

266°6 00T 8#0°0T

Mo I (PP

f 79€° T Lid G9E T
o wER'T
99 8EG'T
8 THG T
18 Gl9°T 8 T.9°T
#T  900°2
L wlte
LT 8062 IT  906°2
2t legte
gL  gQEc°¢g 00T @ghE'E
T 6£0°6
00T 8#0°0T
00T 9T'0T
I (¥) » I () »
0P 0N
QOML T0208065

113

[

i

E ==

E BEEEF

g

SA

SA

I

XTWw

89¢€°1
Thh'T
ens 1

T89°T
ATAN

670°2
18T ¢
gere
ah°e
eae

99°¢
c6°e
9T°¢
ge€

a9t
70°G

91" 0T
(Y e

‘N'L 3 "A°H

¢0T WVV.L

&L

sydaowATod

sashATeuy
*SON
S9TPOQq YooY

(pPanuUTauUo)




N. OBa, K. TomrTa, M. YAMAMOTO, H. YAMASHITA, J. Ocura

24

= E g3 ==
—~ o))
- —
o oV

=

€6°¢
M GT'E
sA ¢E°€

mo 09
Mo 170G

sA 9T°0T
I (PP

gEURLBIBINY

XTW

=E

g E E =

g

SA

SA

I

SI
LUAN®

10°¢
6T°¢

Gr°e
T6°C

9 e
€6°e
ar'e
9e°€

20°§

91" 0T
() »

xuezoduTy]

E = E g = 2 E

=

=

SA

SA

XTW

1

LE°T
T

60§

91" 0T
(g) P

gEURANZNG

w T0°¢
M 612

M Sn'e
w 62

n t9 e
M £6°¢
M 9T°¢
SA 9¢°¢

MA-09°%
M L0°G

sA  9T°0T
I () o
‘I'M 3 'K'H

gBuRAoEy )

E FEEEE® gg*® g= =

g

SA

XTW
89¢€°T

66" T
TLh'T
hs”
8L9'T
6L T
0T6°T
610°2
6T C
gz e
on'e
262

99°¢

w6°e
9T°¢
9e°€

09°H
L0°§

91°0T
) ©

u

T TmzTusy

A

=

= E = E § = & E § ==

SA

SA

I

€

We
2L T
' T
615" T
89T
a5l T
0T6°T
€20°e
98T"e

622
9
€se
99°¢
082

8T ¢
ge"¢€

09°f
(]

91" 0T
(§) p

1}
eurt femn

11}

XTW

M

E =

=g z= g

g

g

SA

SA

I

0LE°T

Thh'T
69° T

ena T

189°T
66L°T

Teoe
98T"¢

on'e
es'e

99°¢
€6°c
ST€
9e-€

09°%
70" G

9T°0T
(P o

‘N'L % "K°H
T eur e

n

sydaowATod

gqsATeuy
*SON
S9TPOQq HO0H

(pPeNUT3UOD)




Structural Formulas and Polymorphs of Biotites 25

of 1M polymorph and 3T polymorph were reported by EUGSTER and WONEs (1962).
Interplanar spacings and intensities for the analyzed biotites are tabulated in 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 BorGg 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 diffraction

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

Minerals Phlogopite " Biotite Mica
References Yoder et al. Smith et al. Brown (1961) M. Ross¥
(1954) (1956)
a (%) I a4 (}) T4 (%) I 4 (calc) Fo¥¥% Fo¥#
10.13 100 10.1 Vs
10.05 vs 10.0000 70 46
5.056 18
5.02 \ 5.0000 32 35
4,612 19 4,6000 36 48
4,59 vw 4,58 w
4 55 vw 4,5469 27 31
4,515 7
4,079 5
3.93 VVW 3.9212 26 30
3.814 18
3.66 vw 3.6506 56 73
3.540 33
3.39 3.3853 68 76
3.362 100 3.35 vs 3.36 vs 3.3333 126 118
3.283 38
3.156 9 3.14 W 3.15 W 3.1357 60 93
3.040 4o
2.926 8 2.92 \ 2.91 vw 2.9066 83 71
2.818 22 ‘
2.71 vw
2.651 22 2.64 vw 2.65 s 2.6455 8 69
2.624 100 2.62 m 2.6151 126 110
2.522 28 2.51 m 2.51 W 2.5128 30 32
2.439 4o 2.45 s 2.4285 110 93
2.361 16
2.304 9 2.3000 24 35
2.270 9 2.28 VW 2.2734 27 31
2.180 45
2.039 21
2.017 66 2.0266 17 19
2.000 20 2.002 s 2.0000 51 103
1.914 5 1.911 VW
1.751 3 1.752 VW
1.737 5
1.677 47 1.672 s
1.551 s
1.538 50
1.521 10 1.527
Polymorphs 2M, 1M & 3T 1M 1M Mica

Note. * Unpublished data: calculated X-ray diffraction powder data for differentiating the
1M, 2M,, 2M,, and 3T polymorphs of mica. ** Calculated structure factors. Abbreviations.
-vs: very strong; s: strong; ms: medium strong; m: medium; wm: weak medium; w: weak; vw:
very weak; vvw: very very weak.
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(continued)

Minerals Mica

References M. Ross¥

d (calec) Fo##
10.0000 58

5.0000 69
4.6000 36
4,5865 69
4,5469 106
4,4830 42
4. 0532 31
3.9212 89
3.7862 92
3.6506 20
3.5165 120
3.3855 116
3.3333 172
3.2581 129
3.1357 39
3.0184 148
2.9066 s
2.8002 116
2.6992 (12)
2.6455 121
2.6151 s
2.5128 50
2.4285 103
2.3878 17
2.3000 25
2.2734 (6)
2.1742 51
2.0326 (2)
2.0266 30
2.0000 s

Polymorphs 2M; Mica

Fo##

d (calc) I
10.0000 m
5.0000 s
4,5865 ms
4,5469 ms
4.,0532 m
3.9212 ms
3.6506 Vs
3.5164 vs
3.3333 Vs
3.2581 vs
3.1357 m
2.9066 Vs
2.8002 s
2.5128 w,ms

L2734 wm, s

L0266 m
.0000 Vs

2M2 Mica

method and the single crystal method in the future.

d (cale) I
10.0000 ms
5.0000 m
4,6000 ms
4.5469 Vs
3.9212 s
3.6506 s
3.3853 s
3.3333 vs
3.1357 s
2.9066 s
2.6992 wm
2.6455 wm, s
2.6151  vs,w
2.5128 w
2.4285 VS, W
2.3000 s
2.2734 wm
2.0266 w
2.0000 Vs
3T Mica

Chemical Analyses and X-ray Powder Diffraction of Hornblendes

To investigate the element-distribution among coexisting mafic 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, X,4
Y3Z40,(0OH), 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 comparis-
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 S OK " " W
bodies

ROCKS HBGD 1" 1" " "
Loc or Kusubae Shishigawa " " "
types

Nos. 62122604 Oks-1 Oks -2 Oks-3 Oks-4
Anal. N.O. T.O. " " "
Methods a " " " "
Ref. ¥ (7) 4 " 1"
S?Oz by, 72 4y, 97 45.98 45, 84 h1.97
TiO0, 1.40 2.31 1.67 2.02 0.94
Al,03 5.67 6.40 6.65 5.86 4,85
Fe 03 6.18 4,20 3.64 2.85 3.21
FeO 16.62 19.58 18.05 19.22 18.53
MnO 0.75 0.71 0.59 0.74 0.77
MgO 8.04 9.14 9.81 9.15 10.13
Ca0 10.79 9.30 9.32 11.37 10.85
Na,0 1.50 1.28 1.40 1.02 0.91
K20 0.80 0.57 0.95 0.47 0.33
H. O+ 2.16 1.96 1.76 1.94 1.88
H20- 0.67 0.12 0.32 0.06 0.16
P20s 0.23 0.02 0.03 0.02 -
Total 99.53 100.56 100.17 100.56 100.53
Si. 6.87 .830 6.977 6.942 7.214
AllV 1.03 1.149 1.023 1.046 0.786
Ti 0.10 - - - -
Fe®* - 0.021 - 0.012 -
7 8.00 8.000 8.000 8.000 8.000
A;Vi - - 0.161 - 0.072
Tl3 0.06 0.264 1.191 0.227 0.108
Fezi 0.72 0.462 0.419 0.316 0.361
Fe 2.14 2.489 2.286 2.438 2.330
Mn 0.10 0.091 0.073 0.091 0.099
Mg 1.85 2.070 2.213 2.065 2.266
Y 4,87 5.376 5.343 5.137 5.236
Ca 1.78 1.512 1.505 1.820 1.716
Na 0.4y 0.374 0.410 0.291 0.262
K 0.14 0.109 0.182 0.091 0.063
X 2.36 1.995 2.097 2.202 2.041
OH 2.20 1.988 1.785 1.965 1.887
P 0.03 + + + +

Number of samples and references and abbreviations correspond to
those in table 1. t No description in the original paper.
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Table 7. X-ray Diffraction Powder Data for Chemically
Analyzed Hornblendes

(1) (2)

a (&) T a () I
8.42 100 8.50 68
4,79 2
4,55 5 4,57 6
4. 23 4 4,23 4
4,04 4
3.93 3
3.40 8 3.41 16
3.30 15 3.30 20
3.14 72 3.15 60
2.96 8 2.95 12
2.82 11 2.82 12
2.76 14
2.72 16 2.72 26
2.61 10 2.60 14
2.55 T 2.56 14
2.39 i 2.39 6
2.35 9 2.35 16
2.29 I 2.29 10
2.23 4
2.17 6 2.17 14
2.15 6
2.06 5 2.05 8
2.03 7 2.03 10
1.989 6
1.875 4 1.909 8
1.698 3
1.660 6 1.661 10
1.627 4 1.626 6
1.591 3 1.592 10
1.562 L
1.523 6
1.509 6
1.446 4 1.448 16

Ni-filtered CuKe 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. Kopama. 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 “‘standard” and either of “ion 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-cell in the octahedral layers of the structural formulas, and fall within the bivalent
iron-dominant biotite area on the FOSTER’s triangular diagram showing the relative
quantitative relation between Mg, R3+ and Fe?* 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
fifty six granitic rocks of the analyzed biotites, those of thirty granitic rocks without
chemical analyses of biotites, and those of five hornblendes were also summarized in
this paper.
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