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Abstract

Dark inclusions occur in the Shibi-san granodiorite body and in the granodiorite por-
phyry dike which has been intruded by the granodiorite. Inclusions in the granodiorite
body can be texturally classified into the following five varieties : (1) meta-sedimentary
rock xenoliths ; (2) porphyritic gabbroic rock inclusions ; (3) granular quartz gabbroic
rock inclusions ; (4) porphyritic quartz dioritic rock inclusions ; and (5) granodiorite por-
phyry =xenoliths. Inclusions in the granodiorite porphyry dike are mainly composed of
quartz diorite porphyritic rocks.

Bulk chemical composition of dark inclusions shows wide variations in both major and
trace elements, and are more basic than that of their host granitic rocks. Composition of
mafic minerals such as clinopyroxene, amphibole and biotite from inclusions are similar to
that from their host granitic rocks, suggesting that dark inclusions have been equilibrated
with their host granitic magmas.

It is petrogenetically considered that the porphyritic gabbroic rock inclusions may be a
“restite” drived from a deeper depth, that the granular quartz gabbroic rock inclusions may
be a “cognate” formed by earlier crystallization of the granitic magma, and that the por-
phyritic quartz dioritic rock inclusions will be an “assimilated rock”recrystallized by diffu-
sion and reaction of more basic inclusions and of pelitic xenoliths in the granitic magma. It
is also considered that the quartz diorite porphyritic rock inclusions in the granodiorite por-
phyry dike will be a “cognate” formed by earlier crystallization of the granitic magma.
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Fig. 1. Index and geologic maps of the Shibi-san granodiorite body, Kagoshima Prefecture
(after YAMAMOTO et al., 1988).
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Fig. 2. Photographs showing modes of occurrence of dark inclusions in the Shibi-san
granodiorite body.
A : Porphyritic gabbroic rock inclusion.
B : Granular quartz gabbroic rock inclusion.
C : Porphyritic quartz dioritic rock inclusion.
D : Quartz diorite porphyritic rock inclusion.
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Table 1. Chemical analyses and CIPW norms of dark inclusions in the Shibi-san granodiorite
body, Kagoshima Prefecture

No 1 2 3 4 5 6 7 8 9 10 11
Sp. No  2556X—2 0903X—2 0903X—1 2554X—2 2566X—4 2553X—2 2559X 2557X  1306X 0801X—1 2553X—3

Rock Gb QGb QGb OQGb QGb QGb QD QD QD QD QD
Si10, 46.98 49.60 50.75 52.61 53.84 54.88 54.93 54.97 55.02 56.37 58.08
Ti0, 1.90 1.74 1.52 1.45 1.39 1.50 1.26 1.64 1.56 1.16 1.09
Al,O; 16.03 17.14 16.93 16.46 16.97 17.71 16.91 16.57 17.56 17.07 15.57
FeO* 11.86 10.29 10.49 8.69 9.31 7.92 8.48 9.48 7.22 7.40 7.62
MnO 0.27 0.16 0.23 0.18 0.22 0.15 0.17 0.17 0.17 0.12 0.18
MgO 5.96 3.32 3.81 3.23 3.37 2.68 3.01 3.13 2.8 2.32 3.13
CaO 7.95 3.36 4.65 4.12 4.80 4.31 3.95 3.08 3.35 1.69 4.69
Na,O 3.13 4.85 4.39 4.50 4.21 4.19 4.29 4.12 4.41 5.53 3.73
K,0 3.08 3.47 2.79 2.55 2.37 3.24 2.70 3.78 3.44 2.89 3.38
P,0; 0.29 0.14 0.15 0.25 0.23 0.25 0.37 0.18 0.23 0.27 0.20
Total 97.45 94.07 95.71 94.04 96.71 96.83 96.07 97.12 95.76 94.82 97.67
Q — — — — — — 1.4 — 0.49 1.40 4.93
Or 18.20 20.51 16.49 15.07 14.01 19.15 15.96 22.34 20.33 17.08 19.98
Ab 12.95 30.61 34.21 38.08 35.63 35.46 36.30 34.86 37.32 46.80 31.56
An 20.59 14.75 18.25 17.18 20.41 19.75 17.18 14.10 15.12 6.62 15.76

C — - — — — 0.07 0.63 0.53 1.04 2.42 —

Ne 7.33 5.65 1.59 — — - — — — — —
DiWo 7.08 0.42 1.60 0.68 0.79 — - - — — 2.59
DiEn 3.09 0.14 0.58 0.25 0.29 -— — — — — 1.01
DiFs 3.98 0.29 1.05 0.44 0.52 -— — — — — 1.62
HyEn — - — 4.55 6.8 6.62 7.50 6.36 6.97 5.78 6.79
HyFs — — — 7.86 12.40 12.24 13.81 12.25 11.00 11.90 10.91

OlFo 8.24 5.69 6.24 2.27 0.8 0.04 — 1.01 - - —

OlFa 11.71 12.38 12.45 4.32 1.77 0.08 — 2.14 — - —
Il 3.61 3.30 2.89 2.75 2.64 2.8 2,39 3.11 2.9 2.20 2.07
Ap 0.67 0.32 0.35 0.58 0.53 0.58 0.8 0.42 0.53 0.63 0.46
Li(ppm) 127 111 106 86 83 96 101 135 93 101 84
Rb(ppm) 166 199 115 122 95 168 224 336 165 227 175
Sr(ppm) 169 139 176 193 217 258 157 128 209 104 188

*Total Fe as FeO.
Abbreviations : Gb = Gabbro ; QGb = Quartz gabbro; QD = Quartz diorite.
No.1: Porphyritic gabbroic rock inclusion in the granodiorite body.

Nos.2—6: Granular quartz gabbroic rock inclusions in the granodiorite body.

Nos.7—11: Porphyritic quartz dioritic rock inclusions in the granodiorite body.
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Table 1. (Continued)

No 12 13 14 15 16 17 18
Sp. No  0802X—1 0802X—6 0802X—2 0802X—5 1307X—2 1307X—1  1308X
Rock QDP QDP QDP QDP GdP GdP Pelite
Si0, 51.11 54. 38 54.76 56. 11 57.25 57.72 54.18
TiO, 1.30 1.26 1.30 1.51 1.25 1.28 0. 84
AL, 16.73 16.85 16. 38 16. 84 16.77 16.79 19.12
FeO* 6.79 7.33 6. 60 6.54 6.38 5. 87 5. 80
MnO 0.18 0.17 0.17 0.13 0.19 0.17 0. 09
MgO 5.79 4.83 4.86 4.19 4.24 3.94 2.84
Ca0 7.23 6.47 6.20 4.43 5.53 5. 46 1.58
Na,0 3.50 2.76 2.72 3.03 2.83 2.94 3.03
K,O 1.87 2.60 2. 69 2.97 2.28 2.11 9.49
P,0s 0.19 0.19 0.20 0.19 0.18 0.16 0.21
Total 94. 69 96. 84 95. 88 95. 94 96. 90 96. 44 97.18
Q - 3.59 5.05 7.47 9.84 11.33 -
Or 11.05 15.37 15. 90 17.55 13.47 12.47 56. 08
Ab 29. 62 23.36 23.02 25. 64 23.95 24.88 10.75
An 24.42 25.91 24. 54 20. 74 26. 26 26. 04 6. 47
C — - ~ 1.04 0.02 0.13 1.49
Ne - - — - - - 8.07
DiWo 4.26 2.07 2.05 - — - —
DiEn 2.36 1.03 1.08 - - - -
DiFs 1.74 1.00 0.91 — - - —
HyEn 6.41 11.00 11.03 10. 44 10.56 9.81 -
HyFs 4.74 10. 70 9.37 9.76 10. 00 8.98 —
OlFo 3.96 - - - — - 4.96
OlFa 3.23 - - - — — 7.28
Il 2.47 2.39 2.47 2.87 2.37 2.43 1.60
Ap 0.44 0.44 0. 46 0.44 0.42 0. 37 0. 49
Li ( ppm) 51 49 47 64 48 48 87
Rb ( ppm) 53 70 83 92 83 76 193
Sr ( ppm) 288 280 268 242 245 255 267

*Total Fe as FeO.

Abbreviations: QDP = Quartz diorite porphyry; GdP = Granodiorite porphyry.
Nos.12-15: Quartz diorite porphyritic rock inclusions in the granodiorite porphyry dike.
Nos.16—17: Granodiorite porphyry xenoliths in the granodiorite body.

No.18: Pelitic rock xenolith in the grandiorite body.
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Fig. 3. Variation diagram of oxides against SiO; for dark inclusions in the Shibi-san
granodiorite body.
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B L&A TRT . MEE DAL — XA T A, IUARIZA (1988) A EmPIERE A L LR
PIRBE S BRSOV Tk ~<72 & 5 12, BBAEWICOVTY, EHPIRERT DD DI Fe ICH
LhLyF (VLATA MER) %, $7:, ERPIREEERFDOODII Fe iZZL WML Y F
(ANV7—=TNA)ER) bbb, MEVELLMBE L Y FERLTWS,
BEAEWOMETELLTL, Rb BLU St EFERHIE L7 (Table 1), MEELE%
Fig. 510" T @FMICRT, BEGEWI Li BLU R FFRICES, SrAFEICZ LY,
DT LR ERFORBETEY TECIHEETH 5,

77 1 v DI FEERE

(1) RER
BRIERRGERDOEELENFNDEERD EPMA ST 217572 BEROLFMEE LHE
#ER % Table 2 1Z/RT, &R I Foster (1960) 2 2EIZLC, HfIfa% 0=22 atom & LT
SE L7, .
BEaEWHOEEROD Si—Mg/ Mg+Fe'? M% Fig. 612777, 1EmPIRERDEEETHEY
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HA%0.34~044T, BEDILBERREFTOREBOLEMBE L —KT 5, RNV LA E-ER
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EEPIRHEEROAXPFHMEEEATDEER L, ferrous biotite & magnesian biotite &
DEEFRMEIZ7T 5 b &R, SifEA541~5578 & 1 Mg/ Mg+Fe™? 1745050~052C, BED
TEmPIRBEE F O BREF R R EROIERNEIE Y /) AFOEREFOILFEMK & 1ZIF—
BT 5,

(2) AlA

ERILERPGEERDOBELEY T OAA D EPMA 53 %217 - 72 ARG OfLZEMAK L 1
7R % Table 313”7, HERIE Leake (1978ab) D HFEIIHE, HAIfg% 0=23 atom & L
TEHE L7,

BEAEWHRDOMHRAD Si—Mg/Mg+Fet? X% Fig. TIO/R T, EEPIKGEDBERN > L
A BEEATDOAHPIAIL, ferro-actinolitic hornblende DFEBIZ 7T v + &N, Si fEA7.38~7.46
BE U Mg/ Mg+Fet? t79040~042TH 5, 7z, WRAENV L4 EEEAPOARAII,
ferro-hornblende & ferro-actinolitic hornblende D FEIRIZ T 722> TF T » b &N, Si fEAY7.18
~74638 X U Mg/ Mg+Fe™? lt29040~043TH b, TN HDANA B EDEBERFET DA
BIR LB L, SifEARRE VA, Mg/ Mg+Fet? liz—H L TWwa, RNV LA BEE
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Table 2. Electron-probe microanalyses and structural formulae (O =22) of biotites from dark
inclusions in the Shibi-san granodiorite body, Kagoshima Prefecture

No 1 2 3 4 5 6
Sp. No 2556X—2  0903X—1  2554X—2 1306X 0802X—2  1307X—1
Rock Gb QGb QGb QD QDP GdP

Si0, 34.74 35.20 35.16 35.31 36.12 36. 01
TiO, 4.69 4.57 5.14 4.41 5. 12 5. 36
Al,0, 14. 90 15.15 14.10 14.98 15. 31 14. 62
~ FeO* 23.92 24.35 25.27 23.19 18.78 19. 54
MnO 0.21 0.23 0.27 0.45 0.37 0.36
MgO 8.20 7.67 7.55 8.95 10.71 10. 52
Ca0 0.11 0.08 0.05 0.06 0.14 0.06
Na,0O 0.19 0.22 0.22 0.17 0.15 0.17
K,0 8.70 8.53 8.84 8.89 8.90 9.02
Total 95. 66 96. 00 96. 60 96. 41 95. 60 95. 66
Si 5.415 5. 461 5. 466 5.442 5. 481 5. 492
Al 2.585 2.539 2.534 2.558 2.519 2.508
Z Site 8. 000 8. 000 8. 000 8. 000 8. 000 8. 000
A" 0.153 0.232 0. 050 0.163 0. 220 0.121
Ti 0.550 0.533 0. 601 0.511 0. 584 0.615
Fe*? 3.118 3.160 3.286 2.989 2.384 2.492
Mn 0.028 0.030 0.036 0. 059 0.048 0. 047
Mg 1.905 1.774 1.750 2.056 2.423 2.392
Y Site 5. 754 5.729 5.722 5.777 5. 658 5. 666
K 1.730 1. 688 1.753 1.748 1.723 1.755
Na 0.057 0. 066 0. 066 0.051 0. 044 0. 050
Ca 0.018 0.013 0. 008 0.010 0.023 0.010
X Site 1.806 1.768 1.828 1.809 1.790 1.815
Mg/Mg+Fet?  0.379 0.360 0,347 0.408 0. 504 0. 490

*Total Fe as FeO.

Abbreviations are the same as those in Table 1.
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AR ERRAENY VA BEEAERTOANRAED Mg,/ Mg+Fe™? iz, BEROBEA LRI,
WABREATDOLDEPTNS,

RN EEROAENEMEE EA T DOAPIA L, magnesio-hornblende & actinolitic
hornblende DHIKIZ F 7225 T Ty b &N, SifHA6.94~7.348 & O Mg/ Mg+Fet? s
060~0.64THh 5, ThoDANEA R BFEDOIERIIFERE F D APIA 1L PIkEE D16 i PIkk
BEY /) AFOANA LS L, SifEITRRENAT, Mg/ Mg+Fe™? Hiz—H L Tw5,
(3) HpER

SRILEEPIEAROBIR NV L BEEE LAY OBEFHER O EPMA S %17 o7, B
SHER DL L g, (MAZFBO= 6 atom) % Table 4 I[Z/RT,

BaaFEYrOBEAELG OMK % Fig. 8I2/RT, HEHE A T augite, ferrosalite B & U fer-
roaugite DFEIBIZ L7255 T 7T v b &N, Mg/ Mg+Fe™? A%131F0.50T, BEDIEEPIGE
F ORI EAHER DL L —3 L T 5,
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Table 3. Electron-probe microanalyses and structural formulae (O =23) of amphiboles from
dark inclusions in the Shibi-san granodiorite body, Kagoshima Prefecture

No 1 2 3 4 5

Sp. No 2556X—2 0903X—1 2554X—2 0802X—2 1307X—1
Rock Gb QGb QGb QDP GdP
Si0, 48. 28 48.23 48.79 49. 02 51. 68
TiO, 0.53 0.77 0. 60 0. 61 0.29
Al,0, 3.31 3.95 3.21 3.87 3.23
FeO* 23.71 22.74 23.13 16. 35 15. 45
MnO 0.92 0.48 0. 80 0.45 0.82
MgO 9.38 8.63 9. 20 14.78 13.98
Ca0 9.98 11.02 10. 65 12. 04 11.12
Na,0 0.97 0. 69 0.75 0.56 0. 40
K,O 0.34 0.50 0.38 0.31 0.18
Total 97.42 97.01 97.51 97. 99 97.15
Si 7.420 7.411 7.467 7.249 7.601
AlY 0.580 0. 589 0.533 0. 675 0. 399
Z Site 8.000 8. 000 8. 000 7.924 8. 000
AV 0.020 0.126 0.047 - 0.161
Ti 0. 061 0. 089 0. 069 0. 068 0. 032
Fe™ 2.811 2.799 2.811 1.986 1.755
Mg 2.149 1.977 2.099 3.258 3.065
Y Site 5. 041 4.911 5.026 5.312 5.013
Fe'? 0.237 0.123 0.015 0.036 0. 145
Mn 0.120 0. 062 0.104 0. 056 0.102
Ca 1.644 1.814 1.747 1.908 1.752
X Site 2.000 2. 000 2. 000 2. 000 2. 000
Na 0. 289 0. 206 0.223 0.161 0.114
K 0.067 0.098 0.074 0. 058 0. 034
A Site 0. 356 0. 304 0.297 0.219 0.148
Mg/Mg+Fe™ 0.414 0.404 0.415 0.617 0. 617

xTotal Fe as FeO.
Abbreviations are the same as those in Table1l.
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Fig. 7. Relation between Si and Mg/Mg+ Fe ™ ? ratio of amphiboles from dark inclusions in the
Shibi-san granodiorite body. The symbols are the same as those in Fig. 3.

ca5° / Salite Ferrosali to Ca5°

/ / Augite Ferroaugi te\\\

V4 AN

Mg Atom % Fe+2

Fig. 8. Composition of clinopyroxenes from dark inclusions in the Shibi-san granodiorite body.
The symbols are the same as those in Fig. 3.
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Table 4. Electron-probe microanalysis and structural formula (O =6) of clinopyroxene from
the dark inclusion in the Shibi-san granodiorite body, Kagoshima Prefecture

No 1 Si 1.966
Sp. No 2556X—2 AlY 0.034
Rock Gb Z Site 2.000
Si0, 50. 73 ALV 0.015
TiO, 0.17 Ti 0. 005
Al,O, 1.09 Fe™ 0.508
FeO' 17.64 Mg 0.479
MnO 0.79 Y Site 1. 007
MgO 9.34 Fe* 0. 064
Ca0 20.16 Mn 0.026
Na,0 0.21 Mg 0. 060
K,0 0. 09 Ca 0.837
Total 100. 22 Na 0.016

K 0.004

X Site W

Mg/Mg+Fe™  (.486

xTotal Fe as FeO.
Abbrevitons are the same as those in table 1.
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EEEEERTORELEYIIHEAEEOE ) )AL FAEICHETERNIDOPEIN
TWh, SNSDBEEAFEYOEEIIOVWTIIINT TICHEA DB|EIZINTVWE, ZDER
bDIZIE, HAABEOEY ) 2IFEL T 5 H D (Reesor, 1958 ; CopsiNG and PITcHEr, 1972 ;
Hynxpmay, 1985) ; iR~ 7~D a7 x4 bEIEL T 5 5D (Diber, 1973) ; fEMEE~ 7/~ HIZ
BEALZEZREE Y/ <vEIFELTH D (Wacer and Barey, 1953 ; EICHELBERGER, 1975) Mk
BOHTEMICLARBEY IOV AY A MEIFE LT 55D (ALBeQuerque, 1971 ; WHhITE and
CHAPPELL, 1977, 1983) 72 &% 5,

SRIEENFEEFTORCILEYORRE ¥ ZET 57280, ACF X & AKF X% Fig. 9& Fig.
10IZR T, BN, EEIEERT OREEEERADILESH 21TV (Table 1) 7T v b
L7ze 72, 7792251 MA~AREHOEMEELEREBEHRTRL, EREE YT YD
EMUER O F R % BB TR L. B, Y7 aaofbEisizdstizh (1986) DOIEmPIkE
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(o

Fig. 9. ACF triangular diagram of dark inclusions in the Shibi-san granodiorite body.

The symbols are the same as those in Fig. 3.

A=Al1;03—K;0—Na,0; C=CaO; F=FeO*+MnO+MgO.
Abbreviations : P1=Plagioclase ; Cpx=Clinopyroxene ; Hor=Amphibole ;
Bio=Biotite ; Gar=Garnet ; P=Peljtic rock inclusion.

A

K Mol.% F

Fig. 10. AKEF triangular diagram of dark inclusions in the Shibi-san granodiorite body.

The symbols are the same as those in Fig. 3.

A=Al1;03—K;0—Na;0; K=K;0; F=FeO™+MnO+MgO.
Abbreviations ; Or=K-feldspar ; Cpx=Clinopyroxene ; Hor=Amphibole ;
Bio=Biotite ; Gar=Garnet; P=Pelitic rock inclusion.
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FHBIL, BEOLDLIZIFT-HBLTEY, EREE~Y ISV L FHERICH 72bDEVZ B,
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N7z “VAF A4 N THAUNRREITRNEEZ bNLb,

SRDOAREHICHY T ARRAEENV L/ SERBIAEWIZ, RESREE ) A0S
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