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Abstract

The Shibi-san granodiorite body, Kagoshima Prefecture, is a discordant stock

of the Miocene age, which intruded the Cretaceous sedimentary rocks with anticlinal
folding in the northern belt of the Shimanto Terrane., Bulk chemical analyses and
electron-probe microanalyses of biotites and amphiboles are presented, and a
compositional variation of the body and a formation of the marginal facies of the
body are discussed,

Bulk composition becomes slightly basic and aluminous from the core facies

(the Kusubae-type) to the marginal facies (the Hirabae-type) of the granodiorite
body, Biotites are compositionally Fe*?-biotites throughout the body, and their
Mg, Mg+ Fe*? ratios slightly increase from the core facies to the marginal facies.
Similarly, amphiboles are compositionally ferro-hornblendes in the core facies and
actinolitic hornblende to actinolite in the marginal facies, and their Mg, Mg+ Fe*?
ratios increase from the core facies to the marginal facies,

An essential granitic magma had a chemical composition of the most acidic and

normative corundum-free rock occurring in the southern part of the granodiorite
body, Water-content of the granitic magma increased in the marginal part, and
the compositionally heterogeneous marginal facies were formed by that the sur-
rounding rocks were partially fused into the granitic magma by stoping during the
intrusion or by contamination iz situ. Mg, Mg+Fe*? ratios of biotites and am-
phiboles in the marginal part of the granitic magma increased by a lowering of
solidus temperature or by subsolidus reactions, based on increasing water-content,
As a result, slight differences in grain-size, mineral assemblage and chemical
composition of bulks, biotites and amphiboles were zonally formed in the Shibi-san
granodiorite body.
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Fig. 1. Index and geologic maps of the Shibi-san granodiorite
body, Kagoshima Prefecture.
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FRILTERPE RO ER & EX % Fig. 1R,

FRILTEEPIEERIL, WNAFOHER L FAER L 250 DEM-RBILEEROT CER
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SREH], B & OBEEEIHEN] - HEZBEICE E N5,

FRRBITERN AR, T +RFILHEONE - BS - WEeESAER L E» Lk 5 HERD
HWEAHEER S E 2 TRAMIICE . MEDEBROEMEIIEEM CREINS, EEOFEY
B GRS, BEREETIZT5~80" L k& <, Mz, HERIEITIE3H~400L/hS v, k<L,
EERNOFEARTIIBEHI TSN TE ), BEHEVERAIIL LN/ WEEZ LNLb, i
HOEMDF ISR EZBEL TOMIIcmy2 - THEHMLTB Y, SROBEBIRIEHRKRTHS. &
BRI DBGE AR EHIZ, BRERER2F->TE), vy 72 L2l Tw b,

RRILTERNEENTEFICIZ, LRI E D/ NERY» G/ L T b, R AR~/
THDERIINOCWDER %, F72, WEIREF DERIIN2SWoERZ LD, Z 65 NDENK
DEMMIMT +RED—RBI L EMICIZITER T 2 FHETH 5. EUIRFEH O EIRISTER I
EERDEAIC L » TEMEBIER2FE > TE Y, T2, BRI DLEREES I TERT
BRHENHEERD»ROLNE, ZNLDEROHEFENRIZ, ZNFTICHL2IZIN TG
WS, TERREGERDFEANERI TH- 2 EZ L5,

ERRILITERNGaKRE, @fs L TIERNkE~TtREa>» 5% > Twa s, KE (1957) 2
£-oT, L WAEREEAERLICHT LN TS, MAERSHIZ, T EANA-EE
BitRNks ~BERBERE» b X ->TB Y, akEidicam L, RENTE, SEoP.LE%
L T35, —%, FAEREAIZ, TBEANAGESEEZRILENGE ~BERERNES
oo TEY, BFREHICHHL, MABREAONL—72BHKL T\5, maiofnH
RIZAICERITH 5, BERIETDONIARETIE, T774 FERBEDERIFEFAER SR %
B, 7774 M RREOMRKIIEHRZEBELTRALNS,

FRRILTERPEEERDEANERIZ, BEROK-ArEEic & - T13.6Ma (WE-HEH, 1966)
B L U15.0+04.0Ma (MILLER et al., 1962) DHEHF L ENTEY, FE=RLPEHHTH 3.
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B IV olm-T2F7MA - Par - BIKE - 5 7 28485 - BERESEL e KRR
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BENS ) BEAOERRZIZ, MEMOEARICEINGY, EMCIITEERNEHBRET TRD
ZLBHLND, 72, 7 uhAlR, MEROBAFICITCAESTINSGD, ENICIIHER
DEBI TR Z(ADHLNS,

MERNEATIZIZ, ¥/ VREAF—P)ADEENSE, £/ ) R, EWICRALC, T
T+RENDHEERENR LY 72 VR, BLUOTRERKHEEDEIREIED D DBDH L5,
BIEIMERNERHTE RbNAEmLIH S, A—F ) L, ENCIZHRENSC, Bk
AKBERBENDER &L RRAREWHEBE D > 2 BADEELIED L1 (LA, 1981,
1986), E&RZEL TROHLNE, BRESEITHWEEIFZEL TV 525, FokEES FRIEE
IFEEE Tl e\,

BRRITEENGEERICEPN 2G50 ERIE, FRIKE, 3R T, PROARA-BERTER
R EL %> T\ 5, ERTHWIZ, BRAG -V )VEAE - AX - BER-T7F /Bahr
b d, BIRGHMmE L TiE, Phar - BIKA - F5 ki EHXBH LN S, EYIRFES
nERIE, TERRGEEERDOBAICL > TEMERIER2%R - TB ), AEIREEZEL RV
72 N2l T3, Fikadicid, HBENSENYL /)R A — ) A»gENE. £/
) Z20ziE, EA+REOHEERIFEORILY 72 VAXRBHSNE, F— ) RIIBERAE
iRz L > 72 EaTH B (IUAIZAH, 1981, 1986).

SRILTEEIGEERILIOFENBERERA 2B T 774 VEEADERIZ, BAEM, W
KT, MIKDBERT 754 VETREE» b > TWb, ERSTHWIL, BEE- 2 VEA -
R¥E - BER» L% 5. BIRSEHE L TE, Pvar - BIKA - 55 > 885 - BFEREL e &
DRDOLNDL, BREDICIZ, £/ ) ARA—F ) AT EAERDLNLL W,

FERDILRAERL

KRR ILTEERFEERNIMEN EA DEELFEMEE L U/ L 2B % Table iz 7”7, Table
19, iFfER, BSENE» Sdbicm - THERTH 5,

FERINTEHEPIFEERNSIO ZHEIZ, MAERER T6~68wt. %8B L VU FEANEREAT
64~66wt. % T, bI L ICHANBRERNHIEETH S, F7:, TLEPIRIEER TIZ63wt,
%, T774 FNEEBEBETIZT6Wt, % TH 5. K,0,/Na,Oktiz, B3 nH %<, 5H (1958)
DFEE BANERIC ST EE, KE (1967) DN ERITER ST A B OLEE S % R T,
FOMOBA TlE, FAERRERD, FAERERICHN, total Fe:MgOic EUMEMAH
5. TeEPIRBEE SROLEMRIL, TERMNRERERZ > TB Y, MgOsCaOlzE A,
Si0,, total Fe, Na,OizZ L \»,

P IIVAEE TR, HABRERNIDT/ WV LDINEREN S, FOMOBAERER & FA
ERERTIR /VACHEREI NG, BRICRIMAERER L VEABREENF» SV, T
Thb, FABRERNHH LD aluminousTh 5. 72, LRI EERELUOT 774 +
BitREIcd S VLACHEHEN S,

SRILTEENEERDEA Dtotal FeO*- (Na,0+K,0) -MgO=#[X % Fig. 2127”7,
Fig, 29 mi#riz, 1ENEEERL ST 774 MEILEEERICE 2 EBRELRZ =Y,
ANERERIZ, FAERERLD, b¥hicalkaliic k> 72llc 7wy P 35, Fig, 2iI2BW
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Table 1. Chemical analyses and CIPW norms of rocks of the Shibi-san granodiorite body

No. 1 2 3 4 5 6 7 8 9 10
Sp. No. $0902 S2603 S1602 S1601 S1406 S1403 S2503 S2706 §2702 S2701
810, 62.95 66.64 66.42 67.34 67.58 65.78 66.04 66.46 64.04 75.86
TiO, 0.79 0.67 0.72  0.64 0.81 0.83 0.72 0.71 0.80 0.13
Al,03 15.53 15.28 15.02 15.38 14.60 15.39 15.35 15.54 16.21 13.66
Fe504 - 0.86 0.54 0.46 0.37 0.54 0.46 0.28 0.50 0.29
FeO 4.66%* 3.48 4.09 3.81 4.06 4.49 4.44 4.19 4.59 0.95
MnO 0.10 0.07 0.09 0.08 0.08 0.10 0.09 0.08 0.11 0.04
MgO 2.58 1.28 1.31 1.18 1.26 1.40 1.41 1.31 1.81 0.11
CaO 3.83 3.22 2.71 2.79 2.47 2.53 2.69 2.71 3.01 0.59
Na,0 2.76 3.61 3.43 3.47 3.31 3.26 3.37 3.53 3.43 3.09
K50 3.37 3.30 4.40 4.08 4,17 4.21 3.83 3.70 3.55 4,25
HZO+ n.d. 1.09 1.02 0.85 0.93 1.14 1.27 1.04 1.51 0.81
H,0™ n.d. 0.22 0.16 0.10 0.04 0.06 0.22 0.06 0.12 0.10
P,05 0.16 0.06 0.07 0.07 0.07 0.10 0.06 0.11 0.08 0.03
Total 96.73 99.78 99.98 100.25 99.75 99.83 99.95 99.72 99.76 99.91
Q 19.01 22.23 19.40 21.40 22.68 20.46 21.01 21.38 18.44 39.65
Or 19.92 19.50 26.00 24.11 24.64 24.88 22.63 21.87 20.98 25.12
Ab 23.36 30.55 29.02 29.36 28.01 27.59 28.52 29.87 29.02 26.15
An 17.96 15.58 12.59 13.38 11.80 11.90 12.95 12.73 14.41 2.73
C 0.76 0.06 - 0.35 0.32 1.11 0.91 1.06 1.44 2.98
DiWo - - 0.16 - - - - - - -
DiEn - - 0.06 - - - - - - -
DiFs - - 0.11 - - - - - - -
HyEn 6.43 3.19 3.20 2.94 3.14 3.49 3.51 3.26 4.51 0.27
HyFs 7.44 4.70 5.93 5.71 5.96 6.61 6.75 6.44 6.90 1.36
Mt - 1.27 1.37 1.22 1.54 1.58 1.37 1.35 1.52 0.25
Il 1.50 1.25 0.78 0.67 0.54 0.78 0.67 0.41 0.72 0.42
Ap 0.37 0.14 0.16 0.16 0.16 0.23 0.14 0.25 0.19 0.07
Analyst: M. Yamamoto.

No. 1: Granodiorite porphyry dike.

No. 2-5: Rocks of the Kusubae-type.

No. 6-9: Rocks of the Hirabae-Type.

No. 10: Aplitic granite dike.

* Total Fe as FeO.

T, TeEREEERIIFecEL LY F (Vv AT A VEE) %, 72, TEENEHEEERIZFe
WZZELWhLY F (ANZ-TYAH)EE) #RL, MEHIFrRLA2MEB LY F2L-oTW5ES
b h 5,

KB ILTERRE RN Ea D

mE

=

REHOLPHEM

BNEPMAGHT 21T~ 72, BEBOLFEMHER L EER %

Table 2i27~" Y. #iEIX, FosTER (1960) %#&#FHICL T, HfIkE40=22 atom& L Cit#&

L 7.
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Total FeQ*
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+ Aplitic Granite Dike

Fig. 2. Total FeO* — (Na,O+K,0) —MgO diagram of rocks of the
Shibi-san granodiorite body.

WABEREAFNEERS, tetrahedral site8.00KiHEN L DHH N, Mg Mg+Fet?=
0.35~0.36TH 5. —F, FABREAFNEERIZ, TXTAI"H»EHIN, Mg Mg+
Fet?=0.37~0.42T4 5. TeERFHMESRkFHREERZ, Mg Mg+Fet?=0, 50T, TE/MN
AR TDBERICHN, MgicBD, $72, T7 74 FEEBEEERFDEERIZ, Mg Mg+
Fet?=0.14T, Al"IZEA, siderophyllitic T 5.

RAHT L 2 BBILTER P E R D EH o BER Doctahedral  sitedr HMg-R** (Al" +
Ti) - (Fe*?4+Mn) =X #Fig. 31273, Fig. 32T, WAER L EABRNERFD
BERL, L D IicFe*’-biotitedfEBIC 7 vy F &3N3, MELR 2L E, bTHIZ, AIED
(Fet?+Mn) Bz, #%&H»Mge (A1" +Ti) o BCEm» RSN 5, RIS SR
HFIZBERIIMg : Fet?=1: I miE<ic7ay P &N, /2, 7774 FEEREERF D
EZER}3Fet?-biotite & annite?d I DFEIBIZ 70 v F EN B,

Bath L2 RBIITERNEEHROsa8F D BRERATI-Al" X% Fig. 412”7, Fig, 4% 58
Lol k)i, BERFOTILAIN BN 2R, MABMOEARHORERTIE, AlY
MEL, TIOBWL DA%\, #iz, FABRDERTIE, Al"2E <, T D %<
%, MBI REEIZE > T3,



BRERERILTERNREERDEHEE

41

Table 2. Electron-probe microanalyses and structural formulae (0=22) of biotites from

rocks of the Shibi-san granodirite body

No. 1 2 3 4 5 6 7 8 9 10

Sp. No. S0902 S2603 $1602 S1601 S1406 S1403 $2503 52706 S2702 S2701
5i0, 37.18 34.95 34.92 34.91 35.12 34.78 35.02 35.12 35.25 34.78
TiO, 4.63 4.72 4.94 4.89 4.51 4.42 4.70 3.28 4.53 3.40
Al,04 14.85 13.84 13.55 13.50 15.71 15.85 14.62 15.76 15.35 15.35
FeO* 19.79 25.23 25.38 25.22 24.30 23.48 24.16 23.57 22.41 29.56
MnO 0.34 0.48 0.70 0.38 0.55 0.29 0.33 0.37 0.54 1.05
MgO 11.01 7.90 7.56 7.82 7.56 7.80 7.85 8.21 8.95 2.75
CaO0 0.09 0.05 0.08 0.06 0.02 0.03 0.04 0.05 0.05 0.04
Na,0 0.16 0.18 0.16 0.22 0.21 0.24 0.14 0.18 0.18 0.12
K50 8.88 8.88 8.98 8.80 9.01 8.95 8.91 8.84 8.94 8.78
Total 96.93 96.23 96.27 95.80 96.99 95.84 95.77 95.38 96.20 95.83
Si 5.574 5.467 5.476 5.486 5.409 5.399 5.464 5.473 5.426 5.574
alv 2.426 2.533 2.505 2.500 2.591 2.601 2.536 2.527 2.574 2.426
Z Site 8.000 8.000 7.981 7.986 8.000 8.000 8.000 8.000 8.000 8.000
a1Vl 0.198 0.019 0.000 0.000 0.261 0.299 0.153 0.368 0.211 0.473
Ti 0.522 0.555 0.583 0.578 0.522 0.516 0.551 0.384 0.524 0.410
Fe*2 2.481 3.301 3.329 3.314 3.130 3.048 3.152 3.072 2.885 3.962
Mn 0.043 0.064 0.093 0.051 0.072 0.038 0.044 0.049 0.070 0.143
Mg 2.461 1.842 1.767 1.832 1.736 1.805 1.826 1.907 2.054 0.657
Y Site 5.705 5.781 5.772 5.775 5.721 5.706 5.726 5.780 5.744 5.645
K 1.698 1.772 1.797 1.764 1.771 1.773 1.774 1.758 1.756 1.795
Na 0.047 0.055 0.049 0.067 0.063 0.072 0.042 0.054 0.054 0.037
Ca 0.014 0.008 0.013 0.010 0.003 0.005 0.007 0.008 0.008 0.007
X Site 1.759 1.835 1.859 1.841 1.837 1.850 1.823 1.820 1.818 1.839
Mg/Mg+Fe+2 0.498 0.358 0.347 0.356 0.357 0.372 0.367 0.383 0.416 0.142

Analysts: M. Nedachi and M. Yamamoto.
1: Biotite from the granodiorite porphyry dike.

No.

No. 2-5: Biotites from the rocks of Kusubae-type.
No. 6-9: Biotites from the rocks of Hirabae-type.
No. 10: Biotite from the aplitic granite dike.

* Tota

1 Fe as FeO.
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Mg

Ne-biotite

Fe' *-biotite

#

R*3(A1V'+Ti) Fe* 2+Mn

X Biotites from Granodiorite Porphyry Dike
O Biotites from Kocks of the Kusubae-Type
@ Biotites from Rocks of the Hirabae-Type
+ Biotites from Aplitic Granite Dike

Fig. 3. Relation among Mg, R*?* (AlY'+Ti) and (Fe*? +Mn) in the
octahedral site of biotites from rocks of the Shibi-san
granodiorite body.

ARBOEEMER

SRRILTEENGE RN ER P OHIEDEPMAGH #4175 72, ARADLFEERK & #EER %
Table 3i2/~§. &R X, LEAKE (19783, b) DHZEICHEV, HAKEZ0=23 atom L T
ELZ. L7223 XTHOAKAIC DV Toctahedral  sitedr DAL 2WEH I 1172,

WMABEREARTOAKRAIZ, Si=7.00~7.09, Mg,/ Mg+Fet?=0.41~0.43, Al" =0,
11~0.16, Na+K=0.49~0.51TH» 5, — K4, FABREAFDOARAIL, Si=7.48, Mg, Mg+
Fet?=0.52, Al =0.09, Na+K=0.21T, WAERNLDLIZHAL»ICRL K% RT.
¥ 7, TeENEEEsRkFOARAIX, Si=T7.76, Mg, Mg+Fe*?2=0.62, Al" =0.06, Na+
K=0.12T, TERPFEERTFTOL D EIZHALLICEL 2HKETRT.

BN L 12 R RBILTERPICE RN B A F oA A »Si-Mg, /Mg +Fe*t?X % Fig, 5127”7,
Fig. 5icB W, WAERERA P AP A IZferro-hornblendeNf&igIc, F 72, FAERERF
DA A I2actinolitic  hornblende~actinolitedFiEIC 7o v F b, R 512, LRI
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Q Biotites from Rocks of the Kusubae-Type

@ Biotites from Rocks of the Hirabae-Type

+ Biotites from Aplitic Granite Dike

Fig. 4. Relation between Al''and Ti of biotites from rocks of
the Shibi-san granodiorite body.

s vh oy £ PO 12 3~ Cactinolite 4RI 72 F XD,
B B T 1t

Fig. LR 72 & 512, RBIEENEERKIZ, SHLE FOR2EBRTI2RBAERE 2D
N—T7 kBT 5 FNER L I2HT 55, KEERDRENEHIZHT Htotal Fe,O.* DIAE
SR % Fig, 6ic/~9. Fig, 6128 WT, total Fe,0:*»%4.4~4.6wt.% &5.2~5.4wt. %I
bimodal’: &°— 7 "3 5. Fig. 7ictotal Fe,0;*?chemical map#/R{. BREIRHOA
REF & H\E % Hulsictotal Fe,05*h%4 . 5wt. LU T Ea0sH 1), iz, SERIEERD/IARS T
riZidtotal Fe,0:*455.5wt. B LA ENE A H 5. F 72, BERETHOMEHE NS & DHMERAT
T3, total Fe,O:*IcET. £1K& LT, total Fe,O0;*d5.0wt. BLL T DY D % K/AERY,
72, total Fe,0:*%%, Owt. BLUENLDEFNER L L72s &, ERNEMEEIZIT KT
LEGHH L, ZnLHic, MAERERIIFelcZ L Wwinh%g L, #ic, FAERRERIZFe
WRELINIEL, BERNOP.LED L EEEICHE > TFedsEinL Tw53, T4 bbb, AHK
i3, HOED S BB - T, EaLFEER L, B S Daluminousic % 5 EHZELZE D
2 TWBZ EHbH» 5 (Table 1),

SR b, BERHIEEREEEZBEL CTEIN T2, ARAIL, Fig. TR 2EEE
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Table 3. Electron-probe microanalyses and
structural formulae (0=23) of amphiboles
from rocks of the Shibi-san granodiorite
body

No. 1 2 3 4 5
Sp. No. 50902 S2603 S1602 S1601  S2503
sio, 53.02 46.66 45.08 46.08  49.87
TiO, 0.16 1.01 1.15 1.08 1.01
Al,0,4 1.73 5.99 6.37 5.70 3.46
FeO* 15.80 22.84 23.03 22.31 19.21
MnO 0.98 0.42 0.82 0.51 0.47
MgO 14.70 9.04 8.80 9.28 11.50
cao 10.60 10.54 10.40 10.53 10.93
Na,0 0.29 1.33 1.28 1.24 0.55
K,0 0.21 0.63 0.62 0.62 0.26
Total 97.49  98.46 97.55 97.35 97.26
Si 7.764 7.091 6.958 7.081 7.478
allv 0.236 0.909 1.042 0.919 0.522
Z Site 8.000 8.000 8.000 8.000 8.000
a1Vl 0.063 0.164 0.117 0.113  0.090
Ti 0.018 0.115 0.133 0.125 0.114
Fe*2 1.720  2.673  2.800 2.667 2.225
Mg 3.209  2.048 2.025 2.126 2.570
Y Site 5.010 5.000 5.075 5.031 4.999
Fe+2 0.215 0.230 0.173 0.200 0.184
Mn 0.122 0.054 0.107 0.066 0.060
Ca 1.663 1.716 1.720 1.734 1.756
X Site 2.000 2.000 2.000 2.000 2.000
Na 0.082 0.392 0.383 0.369 0.160
K 0.039 0.122 0.122 0.122  0.050
A Site 0.121  0.514  0.505 0.491 0.210

Mg/Mg+Fe*2 0.624 0.414 0.405 0.426 0.516

Analyst: M. Yamamoto.

No. 1: Amphibole from the granodiorite porphyry
dike.

No. 2-4: Amphiboles from the rocks of Kusubae-type.

No. 5: Amphibole from the rock of Hirabae-type.

* Total Fe as FeO.
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Fig. 5. Relation between Si and Mg/Mg+ Fe*? ratio of amphiboles
from rocks of the Shibi-san granodiorite body .

Mok BELEAPICEBAICE L, dAEicm) e >N TA %L &5 BERIL, X TFe*?-
biotite T# % %, HED LD S B #FAEICH - T, Mg,/ Mg+Fet?lb &< %) (Fig.
3), Al"»stnL, TizsiA L, MREUCTBEEIC % - T (< (Fig. 4). ARAIIR, &N
LAED & BRI D - T, Mg,/ Mg+Fet?lbh &< % 0, ferro-hornblende”* & actinolitic
hornbelnde~actinoliteicZfb L, MBI ABHEIZ % > T (Fig. 5). Mg /Mg+Fe*?tt
H8x b {E\>Fe*2-biotite & ferro-hornblendei2, Fig. 7I2/R L 72 B KB ENBE L EAF DL D
Th 5.

U En ki, Fig. TicR L 2 BREHROR L BEEL / WVACOBEHIN L WHAERD SR
P, REBINTERRGEEEROREN L IEBEE~ 7~ Th ), ZTNrEaHEEzREITZ LICL
STAYEIZ 7200, FABREATHLEEZ NS,
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Fig. 6. Histogram for tatal Fe,0;* contents of rocks of the
Shibi-san granodiorite body.
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Fig. 7. Chemical map showing total Fe,O;* contents of rocks of
the Shibi-san granodiorite body.
Solid circles represent localities of samples analyzed.
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