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Paragenesis of metamorphic minerals in the Shibisan contact
aureole (northern part), Japan*®

Hideo Apacur** « Hiroyuki YAMASHITA*** « Noboru OBA****

Abstract

The Shibisan contact aureole, where the Toé6gd group consisting mainly of
pelitic rock and psammitic rock is thermally metamorphosed by the intrusion
of the Shibisan granodiorite which was emplaced during the Miocene, is zonated
into three zones; i.e. the outer zone, the intermediate zone and the inner zone
respectively according to the paragenesis of the metamorphic minerals in pelitic
hornfelses. The inner zone is characterized by the appearance of garnet, pota-
ssium feldspar and amphibole in addition to sillimanite, cordierite and biotite,.
The paragenetic association of potassium feldspar and cordierite and that of gar-
net rich in almandine-composition and cordierite are discussed. These mineral
assemblages are assigned to the higher part of the hornblende hornfels facies,
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I'igg. 1, Geologic map of northern part of the Shibisan district,

1, Alluvial deposits; 2, River terrace deposits; 3, Upper fan depostis; 4,
Lower fan deposits ; 5, Aira pyroclastic flow deposits (slightly welded or non-
welded part) ; 6, Aira pyroclastic flow deposits (welded part); 7, Tuff brec-
cia; 8, Shibisan granodiorite ; 9, Pyroxene porphyrite (dike); 10, Metadiabase
(dike); 11, 12, 13 and 14, Togd group, 11, Siltstone; 12, Sandstone; 13,
Alternation of sandstone and siltstone (siltstone-dominant alternation); 14,
Alternation of siltstone and sandstone (sandstone-dominant alternation); 15,
Dip and strike; 16, Fault; 17, Estimated fault; 18, Syncline; 19, Anticline.

A, Mt. Shibisan; B, Hirabae; C, Hiraiwa; D, Marutsuka; E, Nakayashiki;
F, Yukawauchi; G, Kurigeno; H, Inuyamadera; I, Matsuyama; J, Sunoura,
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Table 1. Geological succession in northern part of the Shibisan district

Alluvial deposits

Recent
River terrace deposits
Fan deposits

Pleistocene —~ SSUSSSN
Aira pyroclastic low deposits

? Tuff breccia

Miocene Shibisan granodiorite
Pyroxene porphyrite (dike)

Miocene ?

Metadiabase (dike)

Cretaceous ? Siltstone

Sandstone
) Alternation of sandstone and siltstone (Sandstone-
To6gbé group dominant alternation)

Alternation of siltstone and sandstone (Siltstone-domi-

Jurassic ? | nant alternation)
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C 1 Fig. 2. Geological succession of the To6g6 group in
2 northern part of the Shibisan district.
1, Sandstone; 2, Siltstone; 3, Conglomeratic
g
0704 3 sandstone; 4, Tuffaceous sandstone; 5, Car-
1 , bonaceous shale; 6, Alternation of sand-
~Z~7 4 .
_T‘“ stone and shale; 7, Shale patch-bearing sand-
5 stone ; 8, Metadiabase (dike); 9, Pyroxene
== porphyrite (dike). a, Alternation of siltstone
6 and sandstone (Sandstone-dominant alter-
7 nation); b, Alternation of sandstone and
— siltstone (Siltstone-dominant alternation);
b 8 ¢, Sandstone; d, Siltstone,
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SR AR, s HEASEORME RO —BEM L FTThb. ABHTOMBEIIC
X, EMETERE L N~S RMTERERRD b, BEIIBITMBERERL Q5. FIHBH
i3, FBAR (1962a, b) X 0 IIERANE L Sh, ¥ FR~EEROLDELINT VS,
BEAEHE

FEHIRNT, FEEHLE{EASEHTIY, ZTHERS HAHER IOERELTERPIRK
ENB D

1) ZHERE

JEZ5% 1 m OrFfkEEEERE R, FEMEHFO L FPEBTMTEAL TS, ZEH
AR, FWEX L3mm §ioptEARS s HEARS JOEMRBERL Y 85, RIEA
DREFEFREAR TORBERCL Y, EHEOKBHIFKEAT X - TIN5, oS,
AEFICHBEAER L ONESCEEIREZED Bt b,

(2) HEHE

HIBERROWER LR LOWE Y vV VEEE LTI, ThborxE JEHRm oEARE
NERDBN D, HAHEIIKKEEEL, FCRERR LA O, L FREOHEMIIE L
Dis%,

FEMEER LOEEHEOEARINE, A (1962 a) i Xiug, SBILTERPIRRE D
ALEITTH %

(3) ®RELTERPIRE

KEE (1957, 1962) MBEACEE L TWB DT, &2 TIXEKRT 5, K—Ar B X 2E/RH
ORI, SEBLEEPEGEOTEEFL11360~1500-+40054£87 (MILLER et al., 1962,
FEE A, 1966) TH D,

BIKRAERE

HEA TV SFRT S B TBRIC, /BRI BE TR M ASBRH LT\~ B o & OREIR FIREEN 221y
RO~ KL BURE~ ) v 7 RE DB S OT, MBI (SR 1© X -
TREPNB SO LHEIND, HKTTRFTAGHEMRE O H AT LIC KT 52— ) ¥ 220k
CXAUT, BUK AR LB O T 170 m # ToMT, SEEELE (hEi~EHE)
LIRS RS L REEEE T



6 soE B BT OE %k g R

e R KRR Y

I BKFTRHEREYE, 15 60~100 m o CHRIMEHN B B\, FHRbHEEDC X -
TREOLNTN 2. BHEEIXESK 100 m, JRE~FREE, SAHZLEEOL DT, BER
BrvyREHEL, BRREERFEZEL Q5. FEE~SFBEE, whWs “v 7 17 13
(EREEKE) 88 - T, BREFIBDEMEDIC/NIBCHHm LT 5,

R )

ABEEMHRACE, BRI LOFRIEICH - TRET 5 2 Bo Rk HRy 320
BhB. bbb, HRETNARS LOHAT RS 2 4EE 100~150 m o 5
HTEL0, 5 IOBBHIIERE, Bk L OH KA & TER 100 m BT o &5
BT 2 BOBREERYT, FE L IS SRR, SE R AR AR
T3 oo Th A BMERD 3 LA R KRR R 353 - THF 3 0T,  2ICTERPIR
a2 WA HE YVMERBIOHRANY 7 VAOHEMNEEEHR LOCBEM A LTS
Vy 7 ZAbih, HEATRTHS,

P EDizhy, BFNCHAREEREMEEERSMH LT 5,

REIEMERT JLi) L& 2t 0 E

FED 1 NLER, RBLUBMEREBOLRIHEERNL LT, F, TREGEEETE
CEHERE LT, RRLUOIGPHIKO LR, FIC TR0 =2 —R 2|y, 10~70m [E<T, &
BEBIOWRERNVY 7 2 VARIEER LT,

FE—RBHa2—~= (4km)
FAE—E=2—~= (5 km)
FE—F\Eax—~= (2km)
IARG—F\E=~= (1.5 km)
SR—FERLHF =2~ (1.5km)
= —= (1.5 km)

Facies Hornblende-hornfels facies

Zones Inner gone Intermediate zone Outer zone

D (m) 0 20 1300 3000
K-feldspar [IEeROrthoclase iilmemmm 7

Sillimanite RO

Hornblende (ENEEEENNREEN °
Mnanaine (AR

Cordierite lSerlclteu Timite - R s

Biotite Hornblend Chlorite

Quartz

Plagioclase

Muscovite

Graphite

Chlorite , e

Fig. 3. Stability range of minerals in pelitic facies of the Shibisan con-
tact aureole (northern part),
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Fig. 4. Progressive metamorphic zones in the Shibisan contact aureole (nor-
thern part).

1, Outer znoe; 2, Intermediate zone; 3, Inner zone; 4, Shibisan grano-

diorite; A, Mt. Shibisan; B, Hirabae; C, Hiraiwa; D, Marutsuka; E.
Nakayashiki,
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Table 2. Chemical analyses of pelitic hornfelses from the Shibisan
contact aureole (northern part)

1 2 3
Si0, 58.79 62.74 63.28
ALO, 18.79 17.98 17.80
Ti0, 0.74 0.60 0.69
Fe,0, 1.19 0.98 0.22
FeO 4.23 3.95 6.03
MgO 2.42 2.14 2.74
MnO 0.01 0.09 0.22
Ca0 2.10 1.21 0.73
Na,0 3.50 1.90 1.20
K,O 4.50 3.80 4.00
H,0, 2.78 3.20 2.12
H,0_ 0.56 0.56 0.20
P,0; 0.26 0.25 0.05
Total 99. 46 99. 34 99. 32

A 45.8 37.8 34.5

K 15.1 16.8 13.8

F 39.2 45.8 51.5

A=Al,0;+4+Fe,0,—(Na,0-+K;0+4Ca0), K=K,0, F=FeO+MgO-+MnO.

1. Biotite-muscovite-chlorite-quartz-plagioclase hornfels (Spec. No.
43031004), Marutsuka, Izumi City, Kagoshima Prefecture,

2. Cordierite-biotite-muscovite-quartz-graphite-plagioclase hornfels
(Spec. No. 43030904), Marutsuka, Izumi City, Kagoshima Prefec-
ture,

3. Garnet - cordierite - biotite-muscovite- quartz- plagioclase- potash-
feldspar hornfels (Spec. No. 43040401), Hiraiwa, Izumi City, Ka-
goshima Prefecture,

Analyst: H. Adachi,
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K-Feldspar.

1. Biotite-muscovite-chlorite-quartz-
plagioclase hornfels.,

2. Cordierite-biotite-muscovite-quar-
tz-graphite-plagioclase hornfels.

3. Garnet - cordierite-biotite - musco-
vite - quartz - plagioclase - potash -

EERD B, ARNABIIIERER L LTH
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Table 3. Chemical analysis and physical properties of granet from pelitic hornfels
of the shibisan contact aureole (northern part)
Wt. % Atomic ratio (0=12)
Si0, 37.10 Si 2.98
Al,0, 20. 42 Ti 0.01
TiO, 0.06 Al 0.02
Te,0, 4.71 Al 1.92
TFeO 27.29 Tets 0.28
MgO 2.93 Tet2 1.84
MnO 5.63 Mn 0.38
Ca0 1.53 Mg 0.39
Na,0 0.20 Ca 0.13
K,0 — Na 0.03
H,0, — ) :
1,0 0. 40 Unit ce?l eége: a,=11.534+0.003 CA)
Refractive index : n=1.818+0.003 (19°C)
P20 0.07 Specific gravity : Doy, =4.18:-0. 02
Total 100. 36
Mol. %

Alm, 68.0
Spes. 14.1
Pyr. 18.1
And. 4.8

(Almgs, o Spesyy.1 Pyrys; And,g)
Analyst: H. Adachi

V7 v BRI EE L, [LEEATR LOY XBENZ TR - o REBE IOV 7 m ADOGHT
FAERNY, KA 150~250 2y > o OREOMRIEICOWT, 7Y YHTAYFA4F Iy
7oV —F—FACTHRIDEEL, FTTOMNIOFRERARITLRNRD, 7v ) FEEY

SOBRELUAV, BRDEERTT R - CGREM R B LT,

L% Si0, 3 L0V H, O+ @ onTid, B OEBHEIC LY, bSO 2
WL, A A Y REBERE—F v — MEEE (BEEIEA, 1960, KoRIZAs, 1962) 1A - TIT
otce F7 e AR IOCREROMENNTELY TN LTNE I EZRL IOELRICRT, &, Z
NHDOXHRT— s BLIOBITEAHFE I, 4RCHELLTH2,

ko7 v/ LT 2 BEFOMEEENF O Mg, Fe*? kot R (Al Fe’, Ti)
D M sk, FosTER (1960) » Mg '—Fe*>—R* =45 4 ¥ 5 A Fic7 v v bTAUE, 6
6 TR T L5, 2MiDHA A VICELREFDO 7 4+ —V FRICAZ,

BERTEOWRE ALY 7 2 VALK TS5 ) BRLEFAOMEREME, HATIE hE
THEAIZ ) (1954), WHIEAs (1955), iy (1957), k& (1958, 1961), ki (1958, 1962),
KEE (1967) ZoMDO A2 L b FHTRD DR, MEIN TS, T, 2V 710 =T0D
2T e FRNF e NV ADNL—T e RV F YV MTE TR, FYFE et al. (1966) X b, #
FA—EER—EEARLVY 7 2 VAREBARNA—REA VY 7 2 VR & E@ T 1FE
LTWBZERMEZIN T D, KE, RBILEMERFORERILVY 7 = VALK 5EH
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Table 4. Chemical analysis and physical properties of biotite from pelitic hornfels
of the Shibisan contact aureole (northern part)

Wt. % Atomic ratio (0=12)
Si0, 34.82 si 5.34
ALO, 16.92 Al 2.66
10, 3.74 Al 0. 40
Fe,0, 5.30 Ti 0.44
PeO 15.57 Fers 0.62
MgO 8.21 Fer 2.00
MnO 0. 24 Mg 1.88
Ca0 0.23 Mn 0.04
Na,0 1.60 Ca 0.04
K0 8.00 Na 0.48
H,0. 2.60 K 1.56
Hz0- 2.60 Refractive index: g—1.686+0.001 (19°C)
P,0; 0.10
Total 99.98 )

Chemical structural formula (half-cell):

[(Alo.onio.a2Fe+30.31Fe+21.0oMgo.MMno.oz)(Siz.mA]1.33)010(0}1)2] (Ky.7sNag.2;Cag2)
Analyst: H, Adachi

X-ray powder data

hkl d I

001 10.163 100.0
002 5.039 2.7
003 3.351 42.9
113 2.931 2.4
201, 130 2.637 4.6
004, 113 2.515 7.0
201 2.449 3.3

2.181 2.9
005 2.010 5.4
006 1.678 4.5
060 1.544 3.9
007 1. 435 2.2

e » ) BaofEd 254491, TURNER et al. (1960) O IEEARIA KLY 7 = VA
DERIBCHIE T 5 5

BT, RERR L O R A #4987 SRIRAMADAS (1957) [k 2% 7 m 5D Mg—
Mn—Fe*™ Zf5 4 ¥ 7 A LI Lic¥ 7 n B 7 r o bFAUE, B7RCRT X 51,
TRV T 4 VITHWEDTEHS, Fic, & (1953) © Mg—Mn—Fe*? =ZH5 A v 7 A
Fe7zey b FHUE, AREHEOZ 4 —A FIZ7ry bENBE (B8,

HIRSCHBERG et al. (1968) DYFEECOWTOMEBELRIC LiuL, Tr~v5 vy
EHAERLFT 24T 625° C/5,5kb—700°C/6,5kb » 625° C/5, 5 kb—700° C/4. 0kb o %5
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Fig. 6. Location of biotite from the inner Fig. 7. Location of garnet from the in-

zone hornfels of {the Shibisan con- ner zone hornfels of the Shibisan

tact aureole (northern part) on the contact aureole (northern part) on

Mg—Fet2—R+*3 (Al4-Fe*34+Ti) tri- the Mg—Mn—Fe*? triangular dia-

angular diaglam (after Foster, 1960). gram showing the correlation of unit

cell edges and refractive indices
with the chemical composition (after
Sriramadas, 1957).

Mg e
(Py) (A1)

Fig. 8. Location of biotite from the in-
ner zone hornfels of the Shibisan
contact aureole (northern part) on
the Mg—Fe*?—Mn f{riangular dia-
gram for the composition fields in
pyralspite group (after Miyashiro,
1953).

TERETHDZENHLMBCINT WD, 2D LITRER, ARAEHRNLY 7 2 W AFCOWT
EZ2 BN TWAEE « ARG LEBELT, 1) EnEoictEy3 3 (Fyre et al. 1958),
COEBRMRY O FRBIEMERFCHEAT S LIXBY TR, TrIYyT v
AT ELY 7 v A LEFR L AEFET 2 RBILEHERFOSHE, ALSIO; gie L TEHE
ERFEDLN, FEERED bRV, BIOH )V ERRFET L LY LT,
Pin & d, ZOERWICIK T AERERAN, M) EBEROTTHEITLICEEL AT LILTE
Lo TOX5BEE, T, RRILERREKE X ELIMNINTOTEREBEEL, /X,
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