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Genetical Consideration for Garnets of the Southwestern
Outer Zone-type Granites, South Kyushu, Japan

Jyunko NAKAMURA *, Masahiko Yamamoto™ *, Katsutoshi Tomita™ *
and Noboru Oa™**

Abstract

Mode of occurrence, chemical compositions, compositional variation of zonal structure,
inclusions and paragenetic relations were studied for garnets from Osumi, Takakumayama
and Shibisan rock bodies of the Southwestern Outer Zone-type granites in South Kyushuy,
Japan. Garnets from Osumi and Shibisan granodiorites are quite contrasted in many re-
spects with those from Takakumayama granite. Such a fact indicates difference in their
source and origin.

Garnets of Osumi and Shibisan granodiorites contain sillimanite or biotite and/or both
as inclusions, and are surrounded by reaction rim composing mainly of biotite, plagioclase,
quartz, and, occasionally, sillimanite at the margins. Variation pattern of the reverse zoning
that Mg-content is low at core and high at rim in the analyzed garnets is similar to that in
garnets from metamorphic rocks. The analyzed garnets fall within a field of metamorphi¢
garnets on the Ti0,-CaO diagram (Kano and YasuiMa, 1976), and their locations on both
(Grossularite + Andradite)-Almandine-Pyrope and CaO-MnO-MgO diagrams suggest that
they have a close relation with metamorphic rocks in their source. Thus, the garnets will
possibly be considered to be xenocrysts of the metamorphic origin: it seems that metamor-
phic rocks were subjected to partial melting at depths, and granitic magma was generated
and garnets were crystallized out; later, the granitic magma moved up and invaded into the
comparatively shallow depths, then, as a result, the garnets became unstable and reaction
rim was formed at the margins.

Meanwhile, garnets from Takakumayama granite contain neither sillimanite nor biotite
as inclusions, and have no reaction rim. Mn-content is apparently high in chemical composi-
tion. Variation pattern in composition of zonal structure of the analyzed garnets clearly
shows the compensative behavior with respect to Fe?* -content and Mn-content. The ana-
lyzed garnets fall within a field of magmatic garnets on the TiO,-CaO diagram, and they are
located in a peculiar position on the former two diagrams. Furthermore, garnet-containing
host granite is extremely high in the value of Mn/(Fe2+ + Mg) ratio. This fact shows that
crystallizing out of garnet dominant in the Mn-content was essentially possible in magma

*» BREBAXZIZREELAFEEIEE Department of Ocean Civil Engineering, Faculty of Engineer-
ing, Kagoshima University, Kagoshima, 890 Japan.
*x BIREKFHZMBFEHE Insitute of Earth Sciences, Faculty of Science, Kagoshima University,
Kagoshima, 890 Japan.
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from which the host granite was formed. Thus, the garnets of Takakumayama granite will
possibly be considered to be the magmatic origin.
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Fig. 1. Locations of rock bodies of the Southwestern
Outer Zone-type granites in South Kyushu. 1,
Okueyama; 2, Ichifusayama; 3, Osuzuyama; 4,
Shibisan; 5, Takakumayama; 6, Osumi; 7—9, Sa-
tsuma Peninsula; 10, Yakushima. M. T. L., Median
tectonic line; B. T. L., Butsuzo tectonic line.
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Fig. 2. Generalized geologic map of Osumi granodiorite batholith and its
adjacent areas. 1, Alluvial deposits; 2, pyroclastic flow deposits; 3,
dikes; 4-10, Osumi granodiorite batholith (granodiorites: 4, Kuni-
mi-type; 5, Hoyoshidake-type; 6, Kawaguchi-type; 7, Koyama-type; 8,
Hanaze-type; 9, Oura-type; 10, Hedaokawa-type); 11, sedimentary com-
plex, Nichinan group of Palaeocene to early Miocene. After an original
figure of Yamamoro and others (1983).
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Fig. 3. Distribution of garnets in the northern part of Osumi grano-
diorite batholith. 1—3, Osumi granodiorite batholith (grano-
diorites: 1, Kunimi-type; 2, Kawaguchi-type; 3, Koyama-type); 4,
sedimentary complex.
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Tablel. Modal and chemical analyses of Koyama-type grano-
diorites, Osumi granodiorite batholith

1 2 3 4 5 6

Qz 26.9 28.9 29.6 25.8 25.1

P1 33.7 39.2 36.8 39.6 37.0

K-f 20.1 17.1 17.8 17.7 21.3

Bio 17.3 12.4 13.6 14.6 14,1

Chl 0.7 1.5 1.0 0.7 1.1

Opx P - - - -

Amp - - - - p

Gar 0.2 0.3 p 0.5 p

Ore 0.4 0.3 0.2 0.3 0.6

Zir 0.3 0.2 0. 0.2 0.4

Ap 0.4 p 0.4 0.4 0.3

Sp - - - 0.1 -

Tour - - 0.4 0.1 -

Rut P - - - -

Mus - p p p -

Sil - - - p -

Cal - - P p -

Si0, 66.06 65.62 67.18 66.46 66.14
TiO. 0.42 0.40 0.30 0.24 0.50
Al,0; 15.62 16.19 15.62 16.02 16.07
Fe .03 0.13 0.13 0.04 0.15 0.21
FeO 4.85 4.80 4. 49 5.00 4,76
MnO 0.10 0.10 0.09 0.11 0.10
MgO 1.55 1.31 1.30 1.36 1.55
Ca0 2.73 2.85 2.81 2.78 2.66
Na .0 3.40 3.14 3.03 2.94 3.05
K-.0 4,38 4,05 3.65 3.82 3.92
H.0+ 1.15 0.86 1.01 1.00 0.98
H.0- 0.20 0.08 0.08 0.14 0.08
P.0s 0.09 0.08 0.07 0.09 0.08
Total 100.68 99.61 99.67 100.11 100.10

Analyst. J. Nakamura. Analyzed samples.-1, Sample no. 82040606;
2, sample no. 82032906; 3, sample no. 82033005; 4, sample no.
82043008; 5, sample no. 82033114; 6, sample no. 82040819.
Abbreviations .-Qz, Quartz; Pl, plagioclase; K-f, potash feldspar; Bio,
biotite; Chl, chlorite; Opx, orthopyroxene; Amp, amphibole; Gar, gar-
net; Ore, ore minerals; Zir, zircon; Ap, apatite; Sp, sphene; Tour,
tourmaline; Rut, rutile; Mus, muscovite; Still, sillimanite; Cal, calcite;
p, present; -, not present.
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Table 2. Modes of occurrence, inclusions and reaction rims of garnets from Osumi, Taka-
kumayama and Shibisan rock bodies of the Southwestern Outer Zone-type granites in
South Kyushu

Garnets Modes of occurrence Inclusions Constituent minerals
reaction rims

K-1 Euhedral. Enclosed by P1. n.p. (Ap) n.p.
OK-2  Corroded. Enclosed by P1. Ap Bio+(Chl )+Ap+Zir
OK-3 " Ap+Ore Bio+(Chl)+P1+0re
OK—+4 " Bio+Sil+Ap+Ore Bio+P1+Zir
K-5 Corroded and grain-shaped. Microspherules+Ap Bio+P1+Ap
OK-6 " Bio+(Sil)+Ap+Zir+Ore Bio+P1+Qz+Ap+Zir+Ore
OK-7 " Bio+Ap+(Zir)+Ore Bio+P1+Ap+Ore
OK-8 " Bio+Ap+(Zir )+Ore Bio+P1+0re
OK-9 Grain-shaped. Enclosed by Bio. Sil+Ap+Zir+Ore ~ Bio
0K-10 " Sil+Ap+Zir+Rut+Ore Bio
OK-11 Corroded and grain-shaped. Ap+Zir Duplicated. Inner zone: Bio+(Chl)
+P1+Ap+Zir+Ore; outer zone: Bio.
OK~12  Irregular shaped and isolated. (Bio)+Ap+Ore Bio+P1+Zir+Ore
; 0K-13 " Orientated spherules and Bio+(Chl)+Sil+P1+Qz+Ap
5 ascicular crystals.
© (K-14 Corroded. (Ap)+Ore Bio+P1+0re
'© K-15 Irregular shaped and isolated Sil+Ap n.p.

garnet from clot composing of
Bio, Sp, P1, Gar and Ore.

OK-16  Irregular shaped and isolated Sil n.p.
garnet from clot composing of
Bio, P1, Gar, Zir and Ore.

K-17 - Irregular shaped and isolated. Orientated micrograins Bio+P1+(Qz)+Ap+Zir+Ore
OK-18  Irregular shaped and isolated Undiscriminated micrograins n.p.
garnet from clot composing of
Bio and P1.
ou Corroded and grain-shaped. Bio+Ap+Zir+Rut in core Bio
OH " Undiscriminated micrograin Tripled. Inner zone: Bio+(Chl);
abundant intermediate zone: Bio+Sil+Pl+
Ore; outer zone: Bio.
OKX " Bio+Sil+Zir+Ore Bio+(Chl )+Sil+P1
TS-1 Euhedral to subhedral. Orientated arrangement of un- n.p.
discriminated micrograins
TS-2 Subhedral. Bio+Ap+Zir+Ore n.p.
TS-3 " n.p. n.p.
<
= IS4 " n.p. n.p.
< TS-5 " 73 n.p.
>
« TS-6 " Qz+Ap n.p.
= TS-7 " Qz+Ap n.p.
=] \
 TS-8 " n.p. n.p.
< TS-9 " 473 n.p.
]
< TS-10 " n.p. n.p.
& TS-11 " Ap n.p.
TGR-1 " Ap n.p.
TGR-2 " Ap Bio
SH-1 Corroded and grain-shaped. Si14Qz Bio+(Chl)+Qz+Ore
SH-2 Isolated in part. Bio+Sil+Qz Bio+P1+Qz+Ap+Ore
?, SH-3 Corroded and grain-shaped. Si1+Qz+0re Bio+Pl+Qz
E SH-4 " Bio+Sil+Qz+Ore. Orientated .Duplicated. Inner zone: Bio+Pl;
& arrangement of undiscriminated outer zone: Bio+Qz+Ore.
micrograins.
SH-5 Irregular shaped and isolated. Qz. Undiscriminated micro- Duplicated. Inner zone: Pl;
grains. outer zone: Bio+Ore.

Abbreviations. —OK, OU, OH and OKX, garnets from Koyama-type, Oura-type, Hanaze-type
and biotite schist xenolith of Osumi granodiorite batholith; TS and TGR, garnets from
Sarugajo-type and the gradational zone of Takakumayama granite stock; SH, garnets from
Hirabae-type of Shibisan granodiorite stock. n. p., not present (scarecely or nothing); ( ),
few. Other abbreviations are the same as those in Table 1.
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N Fig.5. Generalized geologic map of Shibisan
granodiorite stock. 1, Alluvial deposits;
2—3, Shibisan granodiorite stock (grano-
diorites: 2, Hirabae-type; 3, Kusubae-type);
4, sedimentary complex, Togo Formation of
Jurassic to Cretaceous (?). After an original
ofeolofofodode figure of Opa (1956).
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Fig.6. Sketches of garnets used for EPMA analysis.
Arrows indicate scanning lines. The scale bars repre-
sent 1 mm. Abbreviations and attached numbers agree
to those in Table 2. Sketched by J. NakAMURA.

PRAZE

HEHI200% v ¥ 2 BFBHIT, DEIC5003I 70 AIHETHEL, h—KUyEEXZITEW,
SR L2 BREHIOWT, AEYRLEICEEL, SHBE LA L) IIHMALRY, B
EARL 2V 21T o720 AV SN RERE B L ORIESRHE % Table 3 IIR"T, Bbh
725 BIOME 2 EMFH L, back ground #1E L, dead time #1EB & UF Bence-Albee #1E %
fizv, SHfEERD7Z,

PIRER

W7 ORDOSHE, BEF24L LCEHELIBERFOLZRA+ Y BBIVEV%TERDL
W7 OR DML pyrope, almandine, spessartite, grossularite 3 X U andradite % Table 4
RS 7 URDORTHEEICBITAMBENDD ) BB T 5 B TER LW 7 0 amk
M2 X % zoning profile % Fig. 7 \Z7R¥

Fig. 7262 &EDZ L2575, KEEERmREkaH=EILEOY 7 0F OK-9 8 X UF0K-10 i3,
pyrope B ICBL, a7 TEL, YV ATHWHERTZ/RT . Pyrope Bi5 & spessartite Bi5 &
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Table 3. Standards and procedures for EPMA

analysis
Elements Channels Crystals Detectors Standards
Si 1 PET Kr exatron Augite
Fe 2 LiF Ar exatron Hematite
Al 3 RAP FPC Corundum
Ca 1 PET Kr exatron Augite
Mn 2 LiF Ar exatron Pyrosmalite
Mg 3 RAP FPC Biotite
Ti 1 PET Kr exatron Biotite
Cr 2 LiF Ar exatron Augite

Accelerating voltage 15 KV

Specimen current 10 mA on biotite standard
Diameter of beam About 1 mp

Counting time 10 sec x 5 times
Evaporated film Carbon, 200 Z

WEEWICHIEZEBI 2 /R T, Grossularite-andradite 512 7 TEV. 72, FEEEROIEHE
Blo4 7 oA OH i%, almandine (7B L, HWEZ/RL, spessartite B & almandine &
FLIIEWICHENTH S,

—7%, BRILEESERZBEOF 2 0/ TS-1 B X UREF BE L HFEER 0B 0BT O
7 0 TGR-2 13, spessartite B4 1CB L THWEL /R4S, F#EBHEOMMATH SRS N
72427 0/ TGR-1 i, almandine IS L THWEEZR T, ERRVWTIDIFEAETD, spes-
sartite &4 & almandine 53 & I3 EWICHITERZEB 2R T,

7, RRILEHEPFEERFEAER OV, 0f SH-1 1, pyrope B 2B L, KB PRk
ERBILMOYF 2 0FR OK-9 BE W OK-10 DHAICEDLDOTIKMAHBRFTEZRL, 2D
pyrope % & spessartite B & IZEWICHIER TH 5,

#7 0OROBENER

KREREFEY 7 0fh L <7 <RFEY s oa Lt oz, {bFEEE, 2AYORE - BE, b
BOEE - Y, LERR, REHEICBTIEL DEGOEH L2 EICOVTEVHTRDOLN,
CNOLDERERATAHAZ LI, 7 0ADREL L HEEERETH ETRELFH) T2 S,

KB L CRRILEARNREEDY 7 oh L BRILEREARDOY 7 oR LIE, EEERIIOV
TEWZELDOTHENTHL, ZOZ Lz, MEDEEFES L PHREDEVEREL TV,

KB L UKRRILTERNBREZEDOY 7 0RDIER KA
KB L OCERILERPIGEROF 7 0B E, 71t AT LREER2EETHLONEL,
7, LELECoOmMEL2AEL, BEERLLORLEEEL, RIEA+EREER (RRA) +Y
JURBIUNER+EBER(RRA)+F 70+ 1y AOFERBBRITED HND,
FrOURDREHEEICBITLaT7 25 A~OHBEEIL %R Mn-Ca-(Mg+Fe? ') B (Fig.
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8) b, KBIEHENFEEASILE,»SRREN-BEFEEY Y A0F 7 aAOMKIE, &Il
RIfERmBI AR DH 7 0 F (Table 4, 0K-9 BL UOK-10) DY 2DMEIEVWI L %KL, &
INRIFEE R EERDY 7 O AP REERERBEDDNDTH LI L ERKE LTS, £/, Table
4 BXUFig 7R T&912, Mg 7213 pyrope IS L, 27 TELS Y ATEHY (VAT
DBRAMBEIZE % EBLA) EVIHIF 7 URIZBITHLERFDO/NY —id, 108 - AB(1976) D
ERARBEYZORO—D2 & XL —FL, T/, 2D X BHEER, ¥ 0/, MivasHiro (1953)
BLOHE (1955) DWW KBHBEERGTEREOLNTHLI LERL TV,

A - AB(1976) 13, ¥Z7 0RAD CaO EFE L TiO, EFE L OHICIEDHBEEEH Y,
< V2 REY 7 OR EEREREY ZORETIE, ZOHBICEVDHLI LEEHL TV,
Ti0,-CaO K (Fig. 9) £, KM B L OREIERNFEEDOY 7 0 HIX, B O »ICRBEREY
s7aaDT7 4=V AT Oy P E3Nb,

¥ 7 u G OLEM & FDOREDERE & OxInER %R SosoLev (1964) @ (Grossuralite
+ Andradite) -Almandine-Pyrope X (Fig. 10) Lk, KB X URRILIERNREEDOY
0% (Table 4, OK-9, OK-10, OU, OH 8L UFSH-1) i, 5= 251 MEDEREEB L U4
DEBEE  ~F<7 A NOF I uRDOEDBL 74—V F(Fig. 10 £, 28XU3) Ic7ay
FER, T, 2 ORDIFERRE ZFDORE & DR %ERT CaO-MnO-MgO X (Fig. 11) E,

ca Mg-Fé

O0K-9
® 0k-10
e

® OH

wTs-1
O TGR-1
@ TGR-2

A SH-1

< Y ™

Ca ' Mg+F&

33

Fig. 8. Compositional variations from core to rim in zonal
structure of the analyzed garnets on the Mn—Ca—(Mg+
Fe?*) diagram. Arrows indicate the compositional variation
from core to rim in the garnets. Symbols of plus and cross
represent garnets of biotite schist xenoliths from
Koyama-type of Osumi granodiorite batholith. Abbrevia-
tions and attached numbers agree to those in Table 4.
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o
1.0 A
TiO,
wt.%
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IS
0.5 <><>
Tio, . o © °
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Fig. 9. Comparison of locations occupied by the plots representing garnets from Osumi,
Takakumayama and shibisan rock bodies ( B ) with those by the plots representing magmatic
garnets and metamorphic garnets (A ) on Kano and Yasamma’s (1976) TiO,—CaO diagram.
Symbols on diagram A.—Open diamonds, magmatic garnets; solid diamonds, metamorphic
garnets. Other symbols are the same as those in Fig. 8.

Gro+And

Fig. 10. Locations of the analyzed garnets on
SoBoLEV's (1964) (grossularite+andradite)—
almandine—pyrope diagram. Fields 1—4 represent
locations occupied by garnets from various kinds of
rock.—1, Field for garnets from eclogites; 2, field for
garnets from metamorphic rocks of granulite facies;
3, field for garnets from many kinds of metamorphic
rock and pegmatites; 4, field for garnets from
skarns. Symbols are the same as those in Fig. 8.
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KRB L ERBILERPGEROY 7 ua iR, ZTANSHEREREOYF /7 uADEDD T 1 —
VEREREREH~TZ/70Y v [/ MIEREROY 70RO EDD 74—V FOMIZTO y b &
Nb, E5IZ, Mivasairo (1953) DREERERZERMICBIT Y 7 v AOMBHEBERY
Spessartite-Almandine-Pyrope ® (Fig. 12) £, KB X UERLUERNEEHEDOY 7 0
i, BEAE—AREHE~AREHEO7 1 -V FIZ7a vy b &N, $FICKBIERENEEEDY S

Ca0

MnO s MgO

Fig. 11. Relationship between garnets and its host rocks on,
the CaO—MnO—MgO diagram. Fields 1—10 represent
locations occupied by garnets from various kinds of rock.—
1, Field for garnets from biotite perlites (KanO and YASHIMA,
1976); 2, field for garnets from hornblende dacites (Kano
and YasHima, 1976); 3, field for garnets from calc-alkali
rocks (GReen and Ringwoob, 1968); 4, field for garnets from
metamorphic rocks of amphibolite—granulite facies (Ono,
1976); 5, field for garnets from metamorphic rocks of green
schist—glaucophane schist facies (Onuki and IsHimOTO,
1980); 6, field for garnets from epidote amphibolite facies
(Morikiyo, 1979); 7, field for garnets from metamorphic
rocks of amphibolite facies (Krerz, 1964); 8, field for
garnets from metamorphic rocks from green schist—eclogite
facies (FRaNCESCHELL and others, 1982); 9, field for garnets
from skarns (MATsuE and Arai, 1982); 10, field for garnets
from metamorphic rocks of amphibolite facies (Apacur and
otheres, 1969). a—f, High pressure experimental data after
GreeN and Rinewoop (1968).—a, 27 Kb, 1340C, 80 min.; b,
18 Kb, 920C, 150 min.; ¢, 18 Kb, 880C, 240 min.; d, 18
Kb, 890C, 180 min; e, 18 Kb, 840C, 240 min,; f, 9 Kb,
820°C, 255 min. Symbols are the same as those in Fig. 8.
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Fig. 12. Locations of the analyzed garnets on MIYASHIRO'S
(1953) Sp—Py—Alm diagram for the composition fields in
pyralspite group. 1, Green schist facies; 2, epidote—
amphibolite and amphibolite facies; 3, granulite and eclogite
facies. Symbols are the same as those in Fig. 8.

ORDY L8H3E, 7952254 b~z xA VD74 -V FEDERIGEVWEIICLT
Oy hENM5B,

KIEB L OERIIEBENGEERDOF 7 ORICRONLULOBEEELS, INHDOHF 7 ORI,
HBMEESMGT, ARSHELVLY I 254 MIHEYERESRBEOE ) 7 )2 eEZLN
%o

37, SNOLDOF I OURPERERBENDDNDTHA LTE, F7uROHBRIIBERMEELR
FTIENS, ¥ ORI, BB TIERICBWT, EREEBEFZ0RE LTTTIIERELT
WhhbntkEZIHLNA,

Thbb, KBBLURRBIUERPREEROYT 2 OROBREIE, 2X¥DLHICEZLND, #
TEIICBWTEREEESHTERMEIT 2\, /BRI N, FOB, EEEREY 7O
AZE/Z7YAPE LT HIZHEL, FRADEHBEEOARTZEORIZE ) Z TN/,
KEIEREPNGEAER (BILE) hizLIFLIZTRD LN clot i3, ZDEEOHITERMNOE) TH5H
EEREN, FEK (BLUE) doE/ ) 2R clot FIZF Y/ ADBED LMW LI, I
B TERCTOY IS YRBREERBETALDTHA), F0%, v 7/<idLHFL, BT X
FriZ#AL, Z0OB, Y7 ofiddefP@EikEe 2y,

Fruha=fER+BEER+AE
DRI THENIBITL, 27 uRAORBICEER L EORICEETE L7,
K2~5wt %eCIREWHEICE T 5 Green (1976) OEETHEMERICI L, 4 Kb Tid
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Fig. 13. Locations of the southwestern Outer Zone-type granites of South Kyushu on the
Mn/(Fe?" +Mg)—SiO, diagram. Symbols.—1—3, Osumi granodiorite batholith (granodiorites: 1,
Koyama-type; 2, Hanaze-type & Oura-type; 3, Hedadokawa-type); 4—5, Takakumayama granite
stock (granites: 4, Sarugajo-type ; 5, Shinkoji-type); 6—7, Shibisan granodiorite stock (grano-

diorites: 6, Hirabae-type; 7, Kusubae-type). Analytical data for 1—5 and 6—7 from Y amamoto and
OBa (1983) and Osa (1962).

TEHERELXETLIRFHIF V1A - A - BEB -y M1 VABLIURIERATHH, 10
Kb ClR¥Z70F - AR -BER - 1L VABIUNEATHLZ L HESNLTWS, 7/,
FKIE, 02200k GEHEIE, EEA— A MF ) 728175 CuarpeLL and Waite (1974) @
S-type DF v kA AEEABEEERBLUOY 7 uAEAEREEERICENENR L (WG L
TWwWhbZ e, HERIBZS CHT25kmEliRD pelite DESHBR, T/, BEFIZBEH HT25kn
F 721X LUED pelite DEHDBRICE BB DEFEZTWA, KIBB L UREILIERNFKEH DY
JURDOEREIIE, ZOBREBICHLTHILDTHA),

SRLUERNREARD T/ ORORRERE

ERILEREARDOF 7 ORI, Y4 AREERLZLEOLENYLERT (—REERLE
BETHL00H5), BERL: EORIEDOTEBIIRAD by, £72, Table 4, Fig. 78XV
Fig. 8 22564H» 5 X 512, ¥7uflZ, LML, B 552 Mn ¥ 7213 spessartite KA ICE
A, BEBEZCIBITAAREIIEIMn & FETORMENEB 2 RT, 2D L) RFEE,
MivasHiro (1953 ) B & OB (1955) 12 X i, 7 oAV HER T &, BEESHT THE
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L2 LxERLTWA,

¥ 72, TiO,-CaO M (Fig. 9) k, BRILEBEERDOHF 2 0B, BHLLICv/<EEY /7 0A
D74=NVEFREIZTay b&h, 7, (Grossuralite+ Andradite) -Almandine-Pyrope &
(Fig. 10), CaO-MnO-MgO X (Fig. 11) $ & U Spessartite-Almandine-Pyrope X (Fig. 12)
E, toEHOYF I oRL IS B IBERMEII SOy P3RS,

Mivasairo (1953) (2 & NS, =7~ DM EhsEL &, —fkIC, BREDICMn 25BETH LD
2% Y, fEoT Mn/(Fe? " +Mg) LOMEIXBEML, & L¥Z uAFRET S LTI, RES
spessartite ICEUCHROY 7 0o AVRET 5, COEKRT, b L7 uflt&TIEEEDT Mn
KEGDODTHALGE, F7URIEITIIIRIETHAMERE2RET S,

Mn/(Fe?" +Mg)-SiO, X (Fig. 13) £, BWRILIEBEHRD, MEDO X VEAZER 2 RTRYS
BANE, FREEOFHAEFEIIGL, T/, KEBLORERILEEPIFEERICE~N, S5 52 Mn
/(Fe?" +Mg) LDEAE L E\Vo THHEER, BEFTO M CEGHF 7 uaORHA, &
RUTBTH o722 L2 WiEH, 2D L, Yamamoro (1976) IZ X AEBREREN S DEDITS
n, I, REBBIUCRRLEREPGEARLBESGREFICY 7 0aOFESRO LNZ VDI
LU, BRIUEEERL B EREF TIIEOFENBDOOLNDL L V) BEPLIEDIITLNS,
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Plate 1. Microphotographs showing the mode of occurrence of garnets from Osumi, Takakumayama and
Shibisan rock bodies of the Southwestern Outer Zone-type granites. Taken under open nicol.
Abbreviations.—Q, Quartz; K-f, potash feldspar; Pl, plagioclase; G, garnet; Bt, biotite; Sil, Sillimanite; Ap,
apatite; Ore, Opaque minerals. _

A. Euhedral garnet enclosed by plagioclase in Kdyama-type of Osumi granodiorite batholith. No reaction rim and

no inclusion except apatite are recognized. Partings are developed. See OK-1 in Table 2.

B. Corroded garnet with the reaction rim, which is composed of biotite and plagioclase and accompanied by quartz,
zircon, apatite and ilmenite, in Koyama-type of Osumi granodiorite batholith. See OK-6 in Table 2.

C. Isolated and irregular shaped-garnet surrounded by the reaction rim composing mainly of biotite, sillimanite,
plagioclase and quartz in Kéyama-type of Osumi granodiorite batholith. Spherical and ascicular micrograins
are recognized as inclusions within the garnet. See OK-13 in Table 2.

D. Corroded garnet with the reaction rim composing of biotite, sillimanite and plagioclase in biotite schist xenolith
from Koyama-type of Osumi granodiorite batholith. Inclusions of biotite, sillimanite, zircon and ore minerals
are recognized in core of the garnet. See OKX in Table 2.

E. Subhedral garnet without the reaction rim in Sarugajo-type of Takakumayama granite stock. See TS-6 in
Table 2.

F. Corroded garnet with the reaction rim composing of biotite, plagioclase, quartz and ore minerals in
Hirabae-type of Shibisan granodiorite stock. Sillimanite and quartz are recognized as inclusions within the
garnet. See SH-1 in Table 2.

The scale bars represent 1 mm. Taken by J. NAKAMURA.



