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WRCEFEOHPIRK Sy (B, 1979) IZHEAIE, HEAREHO b DB T 5.

AEEHEITOUVNT, FhEE - PR (1911) 2320 5400 1 VB (AR ) TZOMMi %R & & bICEME
WaIT o7, ZFDH%, 1950 FEMRICEBRFEZ PO E LT, FERTSRICR 0 RS EOMAEHZEN
T,

FORFEO—2>L LT, KB (1953) 1%, FICHIRFMSIE D OEFM 2 B < P EMT O A
LGOI AT D IR BTG RS (X)) &7 cafi T2 LR RE (X)) LickpiLiz. 2
DWFFEE, FOBOAIRFE=IT K DRI & JURKIZEAT D E~ L RR L Tho 7o (BIZIE, Isnr-
HARA, 19775 AJE, 1982). FAUTK LT, Kojiwa (1953) 1%, HuAfEE EoOBLEA D HEHT %400 H g
SERACE R IUBESR, PO IEA AR, SARASHCR LB SR, TRRFEA RS, SEFEAREICT, &
D LT, Kojiva (1954) (ZRBACRSEEHSPHIFELEEFITOML TV D & L.

R ESTEREHO B ORI OWT, EIT/NEIED (1959), JEF (1960), #HH (1961), /NG (1964)
VIS LT, IS LD &, IRBERAEIE, 100 RAGH) 5 I8 S B 2 TR LRI AN TR T
FNCHINR < AT 5 & & bIS, KBTS BRI THAM L TWE. HEIE, - MR RERIER
BEFERELT, LREULEARGEZEAL WD, F2, ZoANRAEAMICHEY, A%MREHnL
WENRFMNCRD bND. EDIED, NV—TX Y NaAikO L CITRAEATE L TN D, 2
NEORED 1 2L LT, JRBRHER CIASEREEDOEMIMO—HMBH LS (LR
1964). =512, JAE - Al (1966) (T & 2 FALAEEROPENS, AEHOB AR HHEALEY CHh
52 Ebhrmote.

1970 ERLAEDHITED 5 B, ARREHIRO IKBALREHEZ /R E LT0D 0L LT, K-Ar R (8-
M- A, 1974), b ORA, 1982), Sk (CzaMaNsKE et al., 1981) OHFERSH T Hivd.



2720, ZHRDOEITWT G IR 22 #50H 2 B0 - 72 0F9E T, £ O—ERICARXIE ik o 1 o
BEENTNDITTE 20,

V. 2 X4 A%

AREMEHITZIZ BV T, REAERAEITIEERRICDE > THMmMLTNA. T7hbh, XigHikyEiHo
PEABRT B OK BT 3 & [X B TS AN T Gl LT L, R sy L3 o0 88 U SR oy Ak 4 B A CIRINE itk
B - P ARG LT D B RIS 5043 % & P BECIE R B O AL oo BEAL PRSI & 554
LTW5.

AHBEE, KL, OFRS, WERE Y D R D0 RERHERYS, P MR EERIE R, IR ER
EREIC R TE 5.

HORL A DT BRERHE RS & - MR R RE AL, B8 200-500 mAREOWIRARZ &> THEL TV 5.
HXK BT, W PRI A BEREREICEO Th . ARIEHMIKCIX, SIS EEEm AL
DENDRBIR AP 23T\ A3, T8 B o H: I RIE s ¢ ok PO RERTE R R OB a5 O
GBI OREE ORI X 5 IS A WAL RE ORFICRZT 52 enh, TRANABRERED
T A — LR R RE A X 0 b R BN L &I L (BB, 1989). AKIEHUR T, o
5 MR B2, 5 k mICFED B D R PI A BERAE s h ORERMEIEDS, £ 0RO FE R OBER
IZHEZZ L TR Y, HH Mg R b B A RERHE S O 5 03 P ARLRERHE S L 0 b B < BB
L7z L HWTC & 5. R RERTE RS, FRO 2 SOEREICEIRCY— b & LTHRICEAT 53
B EHEREITNIZE A EKEICERD5E L0 H 5. KIEH R ARAETE 250 m O R THIFZ R @IS
AT D AR E RRAE RS TS P - MR E R R O A IV IAE TN D, 2L 2 HAIKL
BERIEMAIL, o 2 o0ERE LV RICEARBLEZLO L HETE 5.

V. 3 AfElaHOLHE

ARG DA TERIHC ST, 504, FEIR, PIIRRORHE, BITICH0 BB ETERT 5. —05 b
ST ICBU B R AT OE LA 2 FIC, T MR A 0 BIC R LTz,
PHAPEREBIEME (Hh) Ais, ACUEHUSRITE0O 0T 5 L0 L 17 FIRT R O
i B> SO ABEIRTIC 231 72 I MBI o > T4 LTV T, BRI 5 O 52T 5,
05, BUEHRETE OIS B, B FRING, 0 5 TR A BT 5 (3
L0 ) 2, HCEHO K BT 0K Tl RAEAHE ATV B

LT CHRLIRD b OB ARl 575, — BURLBERHERE & OB R CHBERALIE 25
2L ISBN, RHE S b TR R C AR S ORI 2 — B m 725, ALK
Y5 VK B0 50 S0 5 1L R A< 72 0 78 5 i BRI B = & 4 5.

AL, AR 5-20em BE DN AN E ST T L b B, HAAAAWTE - L CRRTX 51E
ERITT o TEFI L TN\, OIS IRE LB SR 272 LT D 00, &y (Ldb#K 1-2



2k LBEMESSOERSEENE LY

] E S AR E AR R R T Ak R BRTEME
- FERY (%) (n=16) (n=10) (n=5)
I 33.2 (23.2-40.1) 35.8 (25.9-51.3) 38.3 (36.1-41.3)
#REA 34.1 (23.3-44.3) 30.5 (18.6-46.6) 23.9 (14.5-29.6)
2 IRE 25.5 (16.0-32.8) 30.5 (13.1-45.3) 36.4 (29.9-43.0)
REE-+RREE 6.1 ( 4.2-10.2) 2.7 (1.2- 5.3) 1.3 (1.1-1.6)
ARE 0.9 (0.0-2.2) — —_—
NE (ICHENY) 40-53 (n=2) 18-38 (n=3) 68-88 (n=2)
HEEY #  An25-An55 #  An20-An25 # An20
# Anl5-An25 #& Anl5-An20 #& Anl2-Anl5
2 VRE sS—=¥4 b 8= A b sS—=¥4 b
nEE X =RARE-HEE X =HRRE-%8e X =58t
7 =HREC-ABE Z=RRAE Z =RE-REE
X =%8E
AMNE Y=#Huae — —_
Z=RE(FICERAE)

nRWEBEM, 1) t— FEARRVYMEHREE. 2) W L2 SoMOMREYORAROY, LEYIRL. £RO 2K LOTY

ATHE, 3) HRGOMERIIAPZCRD L (EicaMCEELRMS 251 5 MR/ ERA)

R %
o MNEBEHIHE
Bl
A P-MHUNBEGERE
e Bl F9iE
o tHANERTRITHE
GREZET]
7 1
/
/ A
// . gﬁ e
N a o
s Filge e
Ay AO
TElE C\re#rags \ \
/ [ \ NN
Hh)ER MER

HIH LEBIEMEEDE— FER
BEAISTRECKEISEN (1973) DA & 5

km OIER, FEfaiTl, AR TBRETE S GE11IX).
T, BRA, pURA, BERN, ARA»LRY, AR5 - 71

ETH5.
TS D VEAOLONRE. 1 CPICL DS E E PMAIZ L B8O 24T~ =78 (EIBRMEA

E— KT



FI0R PNARGRRITEME (EHRTHRE)
MM U RES, EROLETH20m, MESREER I ROFR s ST eET
BB EHLLTHREhTER

W7o 5 25EJFE, GSJ R45674/87121402) DT OME %L FICik+ 5.

12, RHET(39%), A VER (26%), 7% (26%), BERE (7.4%), AKA (0.9%) B2,
RIEE & LClinAa, Yvay, BIKa, REREEME, ke LThiea, skitifa, A
ERA G, AEAIE, BRR0.5-3m TCHAK - BREZ 2T 5. BHEMESE LV DO L IRNFH b D
ERdD. BEHEEOZ LW H DI, BEBAY A nbs, %3 An20, RAHHEDII S OIS An2s,
AN AN0BETHD. ZNUHOREADT ) EA LT DA, TOBERIICT A A RV T
ELDENTND. DEER, MNRAERSEREIICELTWD. A Y EAIZESR0. 5-4mm THIE
“PABERT D, S—T A MEESFEET D, ARIIRK2 m THEEZEL, BHOERSLEETS.
RERIER -1 5mmBREOHONRZ . FAFT, X=ikh, Z=EutoLatti Ry, KK
fi, Ynvay, BhAAaEESALTWA. Z05h, Ynar B iaOBEIIESatk s a —3%
ELTWD., i XIEHmBN et L WD 0RH 5. AAIEERO0. 2-0. bmm F2EE, - FHP
Tho. HIIX =G0, Y=RE0, Z=mEOTHH0, MO ZMasEtrET560055.

- ARRERERE Ho) AT, RIBHUSALTEES & REE R OBIETLE2 B M M THAi L
T3, LEEO O, BB » B)ED & HFRBEEO R OESRITIRE 2> HIEGRBOR O IR
BRI BRI E S — MM 5. Ao AIELO b O, PR E IR o> FLEICH - Sk
BERRE L L7z b OORGILRIITHY T 223, ARRIFHE IR BERLRE R DM Lgno
T, - HRRERAAREICE D, Z01E)y, IETRERH IS0 2 SR B 72 5 /N2
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FUNR PHANGEARZLEREPONEME (HBHHAR)

N—=T R SO - HRRERE R TH . RIERO b Ok, FEiEmo-t A |
RO ENAHE & EAMRS (B 12[K) 2R CHIEOTME, S5, SITHRICAT THmRL TV,
FIPEEROD b OILAPTE R (RIS, 1986) OURRBILRE, MO b O AREEE GTiE
7y, 1985) DEIEREICENENHFE L TS, Z0IED, DI NEFIC S, SR BERAE R ok
FAPIT RERAERE B HENTHOM L TN D, IS, - MR R R A IR DA 6 S
2T 72 BRI D — 3 & LR MR B PR O —HHZAE LTV B, F D45 & HIE & DOBMEH S,
- LKL R R R T kA PO BERE RS O B h 5 Ll cE 5.

AL, R R HE D CREEA e (LA TER L ML L7 R L LCHET 5 2 %0y, Jt
PO 4 BNE OJEFHOILSE, BEPEE O H A T & KEFIT O8I0 O 1LSEC I 2k 72 i 4 R
LCHEHELTVS.
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F2E ANRRBIERE MUES)
RILL e RRER L BE» 5% 5

ABE DRI, R THIRDDERLRT, 5 P EFRAHE CIXRIES 5. FicmdE, B
B, #EG, BEMNLARL. AL, 2 - 5SRETH S, JLTREOT » IO TR ERR%
FEGTe. AL PRIANARERLRE L OB COBINL, ALFEE TIXEBECAN A O R L
DOIRINAE S Tl 5. R CIEELEA CHESFEIA O XBINNEE L 725 0T, KIEOE & HIR
12 & BBl E b L ICHAE RS 2B L7z,

I S PIZ& D57 & EPMA (Z & DHOA T 24T > 723k (FILLTEPE 4. 2km DWEEEIRY, GS ]
R 45675/87121101) O T TOMEZLLTICFRT 5.

FiCH U EA 45%), A (31%), REA 20%), BER G%) o7y, BISEmE LTH
R4, Ynay, REREWEES. ki e L TRIEA E AEREZET. ) RAIE, Z0%LN
P& 4-5mm FLHE T T 10mm LA EICET 2008 5. S—V A MEEEZET D, AEIMET
1-dmm, fi#ET—L (KAL) ELTE8mm T 5. WEIE IRV H - THHW. A
IPEEECTER 1-dmm, Z< VRSN H 55, MRELIEIER< Anls-25 LAY T7 LA AD
FRSHEIHIC IS S £ 5. B Y BA LHEMT 58 OMGEILT VA MERTH . N e A ER:
et BEMIEAR-BECTER1-3m, X= (B]) #B6, Z=fetaoLtthzrd. HKAa,
UarEaaT N, ZeaEan = 3ET TV RN, —ERREAICEE LTV

MUREFEME Hf) MRRERLRE (QRRONSRT 774 FbEDD) 1T, Bad~7k:
L OICENRRL Y — M & LT ERD 2 204 AICE AT 256 & MERIEFTICK 0 LT RO 2
DOOREICERDIGEENDD.

EIROFEZ2 B DL LT, BSRITHER I LHTITH 1. 5km OfJRiEf Kk 200 m TRALEMO & 0, BikRT & L5



HOBIROFEILOR KT 2 km (2 Y Ikl 100 m TILALTE - FRERTTMO & O, ) hiFEfHe) & Ao
HUH 1. 5km 123 Y [ 100 mCALALH - FEREPEEMO & 0,  [XIEHIS RIS B R ONRIE 150 m ¢tk
W-MHEEFAOLORDITONE. TDIEH, MEAEIRPEEL TN 5.

T hELTHET Db OISO T, &y IUEERETEK 1. 5k <08 & T =T CisEcx
2.

MRS A3 DB & UC, RILAE, FEa L0 & 8% & 0 & CHEBLIINC 2 2 —#F, BRI
HEHITFHZENTED.

AT O o =R AEREIA LV b UL ORE R —ARITHI . HEM&EET T, LT LIk A feiiis
e LCETS (H13R).

A, WIRMIZIZFER T ORIPEE 1- 2mm FREE THRLRD Z L 3% 03, AHEAPE3-bnm &
o THRERETHZE L HD. EiTaE, WIEA, A, BENLRY, AEKL2-3 T
L. BaFWEE ER. ICPIZ L DT & EPMA IZ X B8 D430 24T o 730E (RS L P 3
2km, GSJ R45678/88022102) I TFTKRDLEY .

FITATE (39%), BVEA (B0%), RHEA B0%), BRER (1.6%) »bieh, KA, Vray,
THBYE Z RIS & LTaHTe. S E LTRIEE, AEREET. A3IIMF TR 0.2-1. 0
mm CHEENEIEIT AW dH > TH TV, B Y BAIEMIE TEO0. 5-2. 0mm, /S—H A MEx 27 2.
FEATEET - B TR0, 5-1. 0mn TH 5. OB An20 §iii% TH U 4 & OFMENZ T LA
MEDFEEL TS, BN 2 AERZ ST, BERNIMIE - LB TR0, 2-1. 0mm, X =48
th, 72 =ROOSOMETT. BNMBERACU N a s BElATHN, St e —335E L TOR.

B3N ANRRSITHE GRELKIXEERLLE
AEIZUEL EMBRF CRLE RN ERE LTET 2



—HERRAIL L TV D, REHIMILZ OFRAIHED 2 NS0T, ZREWE L2 B0
FNALIR V.

V. 4 fbFfERE K—A r 48

Rl AXEHIROLEIEEEICBE L TRA (1982) °CZMANSKE et al. (1981) 12XV E
BAMEEME SR SN TWS, TR L 2 LA E & BITEEHREE 3 RITRT. Thick b &,
S 1Oz HiE, P - HRCRERERE (7owt%) ARiabiaRERTERE (72-73wt%) KV $%<, —
¥, FeeOst FeO, MgO, CaOi b —HhEERHERE L 0 bihapIn BB SO 1%
V. VAEDD. T OreFEED) 1F, T - HIRLRERHERES T 90-91, ki A BERHERE T 80-86 T
HD. ZOLICEFIMEFHED B AT WA RS OFERNL, - BRI R ERE RS S ok PO B

BIX EMEMEWMOLHER (£E01)

No. 1 2 3 4 5 6 7 8 9
H-77) (TT14) (TT15) (TTi6) (TT17) (TT18) (TT20) (H-98) (TT13)
M A KECHMEE A ) AYIYA B R [} OIHER B B OIFRE BrILN

SiO, 73.06 73.24 73.18 72.26 73.00 71.21 72.31 75.09 75.72
TiO, 0.24 0.20 0.22 0.22 0.18 0.25 0.24 0.12 0.11
AlO, 13.95 13.94 13.92 14.24 14.06 15.57 14.58 13.09 13.23
Fe.0, 0.71 0.45 0.45 0.37 0.55 0.46 0.65 0.48 0.47
FeO 1.37 1.47 1.54 1.74 1.20 1.75 1.66 0.86 0.85
MnO 0.06 0.03 0.06 0.06 0.05 0.07 0.07 0.06 0.02
MgO 0.46 0.43 0.41 0.44 0.47 0.59 0.55 0.37 0.19
Ca0 1.68 1.63 1.60 1.85 1.56 2.17 1.65 1.07 0.63
Na,0 3.70 3.21 3.47 3.67 3.55 3.35 3.22 3.40 3.29
K.0 3.94 4.51 4.14 4.59 4.59 3.52 3.80 4.53 4.20
P.Os 0.10 0.07 0.07 0.05 0.04 0.02 0.02 0.08 0.01
H.0+ 0.39 0.69 0.79 0.66 0.54 0.70 0.53 0.39 0.75
H,0- 0.20 0.12 0.13 0.09 0.08 0.17 0.13 0.12 0.25
Total 99.86 100.00 99.98 100.24 99.87 99.83 99.41 99.66 99.72
CIPW norm
Q 31.711 32.44 32.31 27.67 30.15 31.62 33.72 34.86 38.44
[} 0.78 0.98 0.99 - 0.51 2.3 2.22 0.84 2.15
or 23.28 26.65 24.47 27.12 27.12 20.80 22.46 26.77 24.82
ab 31.31 27.16 29.36 31.05 30.04 28.35 27.25 28.77 27.84
an 7.68 7.63 7.48 8.82 7.48 10.63 8.05 4.79 3.06
wo-di - - - 0.01 - - - - -
en-di - - - 0.00 - - - - -
fs-di - - - 0.01 - - - - -
en-hy 1.15 1.07 1.02 1.09 1.17 1.47 1.37 0.92 0.47
fs-hy 1.64 2.04 2.20 2.63 1.54 2.55 2.24 1.10 1.03
mt 1.03 0.67 0.65 0.54 0.80 0.67 0.94 0.70 0.68
il 0.43 0.38 0.42 0.42 0.34 0.47 0.46 0.23 0.21
ap 0.23 0.16 0.16 0.12 0.09 0.05 0.05 0.19 0.02
Others 0.59 0.81 0.92 0.75 0.62 0.87 0.66 0.51 1.00
Total 99.86 100.00 99.98 100.24 99.87 99.83 99.41 99.66 99.72
D.IL 86.30 86.26 86.13 85.85 87.31 80.77 83.42 90.40 91.10

1-7 : ENMITEMRBIEH, §8-9:h-HMNMMGIEME, 1, 8i2CzAMANSKE ef ol. (1981), M) BRKE (1982) i
k3. No.OFD () RiRNFORBES (KO (1982) TixEB N, BT 27D TTEMIITHE). /L oMEH

# - £ME (1983) K& DEHN



LA LD BEBEATND Z EEZRBLTND.

B2 SN Z TA R OFRE THEIZREHZ OV T T CPIT L W Tksy (K. OIFFRFIREE) &
By (Ba, Sr, V) ZOWTUHEFOMTEITo/-. ZORMREFARITR L. MER D5 5, Al
CESTELWERHDLDIEST VT, & bICHhAMIRRERERE, bR RERERE, AR
ERFEREDIRIC D72 725, St & B a ORREEHIROBRACKITHIRO T — 2 A THD L GF
141%), #APRAEEROARNRS DO PR A BRERIERS 2T TE LRV ICR 50, ANAEE
F RO AR ERIE A D DR RERE RIS TIETNY L%, EENY O iR
FD, TRV OmEIEH Y EADFHNAE D A O Z D J71m & —Br9 % (TINDLE and PEARCE,
1981 ; SWEETMAN, 1987). J7¢bh, JKEAEREED 55, ARAEEHTIILE LN DLEDOEAIFER
RAOSHIERIEND, ARG ZEERWIERE TIHETA Y OROETEE D Y RGO HIRESSTER
DERETND LMNTE 5.

SEMDILRAR  EEROLFEHREH 5 I, APIADILFMEE 6 RIORT. RERHIPRIA
PO RERARE, |- HRLRERRE, MRRERLRS & BEADIEIC ng @ Mg/ (Mgt F e+ Mn))
PNEL o T (BI5 ). AEBOBRERNT, MFEE22 & L7zl &Si(d6.57-5.75, mgfElT
0. 29-0. 06 DFPHC, BRI 7 (LIRS A R 3 HEAHEPHICIN E % (TAKAHASHL, 1987 D Fig. 17). APIAIL
LEAKE (1978) OZFEICHEZ1E ferro—hornblende &72%. fAPIA OMAELDH & 1L OFPINTH 5

B

]

(TAKAHASHI, 1987 ® Fig. 13).

R SO EM g O /(Mg O + F e O) THilltd % (F16[X). EEMOMgO/(MgO +
F e O)VEIEEADEN LRI LADT N NEW. APTAEEADOMgO/MgO+F e OJEIXITHFELV. =
D L, AMIEHIROIERERO BRI BT % LWkt HNIT<AET, EREEFOF e EMg
NREFLANAFOZNIC LS TREIND I L THHTE 5.

B4R LBEMEROLEER (202)

1 2 3 4 5 6
(wt%)
Si0, 72.60 72.01 70.81 74.13 74.88 75.01
TiO, 0.20 0.21 0.27 0.07 0.12 0.03
AlLO, 14.22 14.52 14.76 13.70 13.41 13.16
Fe,0;' 2.05 2.15 2.61 1.27 1.36 0.98
MnO 0.059 0.063 0.070 0.045 0.046 0.037
MgO 0.38 0.41 0.58 0.10 0.21 0.04
Ca0 1.61 1.62 2.12 0.79 1.19 0.52
Na,0 3.63 3.67 3.66 3.63 3.49 3.89
K.O 4.25 4.35 4.12 5.27 4.29 5.33
(ppm)
Ba 388 411 443 176 343 32
Sr 91 98 121 41 66 14
v 13 14 19 3 7 <1

1-3 PR ARNERRDEME, 4  ENKRBRENE 5 PNARSIEME, 6  ANRBHIEHME 1. GS)
R45672/87121301 : $E{plT & H BT OMAPALMEILEL . 2km, 2. GS] R45673/88022703 © MtTs A FERHIFL . Skm, 3 .
GSJ R45674/87121402 1 O 5 #*MERHNKT 11m, 4. GS] R45675/87121101 : ¥B3RAT & [L M DM A MEILEL Ok,
5. GSJ R45677/87121501 : @ 5 3 WIMTGILTERY 1k, 6 . GS] R45678/88022102 : MEBUREML . Skm, 713K, O
FHRKE, B (SI0 <) 7T X2RAIHMA (ICP) Bz & 3, 28 %Fe,0sk L1, SiODOMMIZ, K2 ¥
1wt LTOM%r SMEI N ERAOBWMBEZE L TBLNAL LD



1000
ppm
500+ a 133
s 3 9 o N RRETLH L
o
a A P KRBT L
a4
o PHANGRRBILHE
Ba 1001 o EENKRE
.
6
°
1 1 i ]
10 50 100 500 1000
ppm
HUE LBTEMESEOST-Bad Bk
ERREIED 120, ATRUCREARERED 77— b, #5384 ROBS T
BSK LBILMEETORRBOMLEMR
BE N ARG ERGEME ANRRRITME PR RB RS HNRRETRE
No. 1 2 3 4 5 6 7 8 9
Si0, 35.8 35.8 35.3 35.3 35.7 34.9 35.7 35.2 34.4
TiO, 3.83 3.50 3.04 1.92 2.02 2.82 1.87 1.40 1.16
Al,0, 13.9 14.0 13.8 13.5 13.4 13.8 14.0 14.5 15.3
FeO* 28.5 27.6 27.4 31.2 31.3 28.9 28.5 33.5 34.4
MnO 0.70 0.69 0.78 1.37 1.46 0.98 1.00 1.57 1.44
MgO 6.20 6.42 6.05 3.20 3.24 5.37 5.91 1.37 1.27
CaO 0.01 0.01 0.00 0.11 0.01 0.03 0.04 0.05 0.04
Na,0 0.08 0.09 0.08 0.07 0.08 0.12 0.08 0.04 0.05
K0 8.85 9.03 9.41 8.62 8.97 9.23 9.20 8.81 8.50
Total 97.87 97.14 95.86 95.29 96.18 96.15 96.30 96.44 96.56
Si 5.573 5.598 5.619 5.751 5.768 5.586 5.674 5.727 5.607
Ti 0.448 0.411 0.364 0.235 0.245 0.339 0.223 0.171 0.142
AlIV) 2.427 2.402 2.381 2.249 2.232 2.414 2.326 2.273 2.393
AKVD 0.123 0.178 0.207 0.342 0.320 0.188 0.296 0.507 0.546
Fe?* 3.709 3.608 3.646 4.249 4.228 3.867 3.787 4.557 4.688
Mn 0.092 0.091 0.105 0.189 0.200 0.133 0.135 0.216 0.199
Mg 1.438 1.495 1.434 0.777 0.780 1.280 1.399 0.332 0.308
Ca 0.002 0.002 0.000 0.019 0.002 0.005 0.007 0.009 0.007
Na 0.024 0.027 0.025 0.022 0.025 0.037 0.025 0.013 0.016
K 1.757 1.801 1.910 1.791 1.848 1.884 1.865 1.828 1.767

2% %FeOt L7, EPMAC & 357, BTHLIZBMRE22: LTHH, REEXOLBY,

1-2 (B4 BOI LA, 3 W3

BOLERIL, 4-5 WIXO4ERFL, 6-7 WIRDBLFAL, 8-9 :H4R®D6LEL, 3, 6, 7i2CZAMANSKE ¢l al.

(1981) K&3HDT,

6 & 7 RF—RET6 K,

TIREN B DM EX->TV3,

Dy, CLLFbERS N, EicFeO

BBRAMICE > TRD SR ED L TR0 MHE T B, ThoRRDE D% 35, 3:Cl0.12, F0.90, Fe,053.24, FeO
24.46, 6 :C10.21, F 0.98, Fe,O, 4.23, FeO 25.04, 7 :C10.19, F 1.09, Fe,O; 4.17, FeO 24.69. 28, BRAHIL 5

FeOiRZO)D b D & LT, SMOBR(TIZE L FIUFeO L Fe,O,nHTHHL THS



Box LBEMESSTOANGDOLEER

No. 1 2 3
SiO, 45.0 43.7 43.1
TiO, 1.23 1.32 1.28
AlLO, 7.70 8.41 8.63
FeO* 25.6 24.9 24.7
MnO 1.44 1.86 1.22
MgO 6.36 5.45 5.92
Ca0 9.66 9.65 10.3
Na.O 1.62 1.70 1.85
K.0 0.67 0.83 1.05
Total 99.28 97.82 98.05
Si 6.905 6.825 6.727
Ti 0.142 0.155 0.150
AlIV) 1.095 1.175 1.273
AlV]) 0.297 0.373 0.314
Fe?* 3.284 3.251 3.223
Mn 0.187 0.246 0.161
Mg 1.454 1.268 1.376
Ca 1.587 1.614 1.722
Na 0.482 0.514 0.559
K’ 0.131 0.165 0.209
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BIR LBHPLEET2o50REE (B, 1982)

Pillucina pisidium (DUuNKER)
Borniopsis? sp.

Anodontia stearnsiana OyAma
Macoma tokyoensis Maxiyama
Alventus oftanus (Yokoyama)
Veremolpa micra (PiLsBrY)
Microcirce dilecta (Gouip)
Dosinella penicillata (Reeve)
Paphia (Neotapes) undulata (Born)
Meretrix lusoria (RopiNG)

Dentalium octangulatum Donovan

?Paludinella stricta (GouLp)
Eufenella pupoides (A. Apams)
Crathrofenella reticulata (A. Apams)

C. cf. yamakawai (Yokovama)
C? sp.

Neverita (Glossaulax) reiniana (DUNKER)
N. (G.) hosoyai Kira

Indomitrella lischket (SmiTH)

Reticunassa festiva (Powy)

R? sp.

Niotha livescens (PuiLippr)

Ophiodermella?  sp.

“Mangelia” sp.

Odostomia? sp.

Syrnola subcinctella Nomura

S. Sp.

Tiberia sp.

Ringicula (Ringiculella) doliaris Gourp
Coleophysis (Sulcoretusa) minima (Yoxovama)
Rhizorus cylindrellus (A. Apams)

Acteocina (Truncacteocina) oyamai Kuropa et Hase

A. (Tornatina) cf. goldnis (Yoxovama)
Decorifer matusimana (Nomura)
D. cf. matusimana (Nomura)
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DEBEN TS, Foll T, 1 CAERER L OFH LWERZ M THFENH L 5T s  (HEIE
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F8RIIRT. Aok, HUEWIEIY (C-D) 21 2L E T HOEORBLUE, ERAEFHE DI (1964)
LRERIED (1956) OENWPEICIHESEHE L bOT, WEKZFofE L TEIHERY (D)
LAY

LUTFICHERIEA (1985) (ZHESE KB OH FHE O 2k~ 2 (522 K).

BAiLiEmE HNHERLOEBEREERELIZ DT, FUROKEL RS> TND.

AEDEE L UEAICIEINAE 30 LLECHEHEIL40-50, 100 iz 52 bdH5. Z0oh, ThET
D EOHEEDNE U HAVNE VRS T8 2 ke, BHRIX30em ICEET D2 EMH D, FAEIFH RO HR T
D OBJE THERIT 3-5em AAFIBTH L. 10 mATEDOES TIUEH TIIRIT L E83H Y, IMEMEET T
L 7D, ARBIZET 21 CHMED 5> B, 1FF 21, 000 a2~ kLIKERH Y, HERAKILKATO
ATREMED B D .

TEHHE TR ZERE L, ZAINFEER TV NE, IR TIIERE T Y 72 5. BT
I24-8mThs. NHITEHE10-15Th 5.

LEBRE IR ADI L R K@ SRR 0IRa (T ARYKILKE) CE AT, SRkEiE
UROERCHika Gie. BRIEDCHE T 10 mPURICH Y, EZ20 mazliz 52 0855, AHEE~M
Mo TEi e, LR THKT L. WRMAE TN 0-4 T)IO_EREIZmA AV (LBGABLIL), R
Uh ey, Nfib5 101275, Ao CHERE LT5220+9%y. B. P. M3 T\5 (HEFIZA,
1980).
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(ABSTRACT)

The Hiroshima District is situated in the southwestern part of Hiroshima Prefec-
ture, occuping an area between 132°15' and 132°30'E and between 34°20'N and 34°30'
N. Geologically, the district belongs to the Inner Zone of Southwest Japan.

Most ridges of the district run in a NE-SW direction. The low relief surface
ranging in altitude from 500 to 700m is recognized in the southwestern part of the
district. All rivers of the district flow into Hiroshima Bay, along which deltaic
coastal plain is seen.

This district is underlain by the Permian Yoshiwa Group, the Jurassic Yuki
Formation, and the Cretaceous Hiroshima Granites with minor amounts of dikes and

Quaternary sediments. The geology of this district is summarized in Table 1.

YOSHIWA GROUP

The Yoshiwa Group is exposed in the northwestern corner of the district, and is
divided into two members. The lower member, over 1,700m thick, is composed of
mafic volcanic rocks and gabbro, while the upper member, more than 1,000m thick,
is made up of mudstone and sandstone with small amounts of mafic volcanic rocks.
Middle to Late Permian radiolarians are obtained from mudstone and siliceous shale

of the upper member in the westerly adjoining Tsuta District. The group as well as



Table 1 Summary of the geology in the Hiroshima district.

Age Geological system and remarks
oy Holocene Alluvium
o
E Talus and colluvial deposits
bt
Q ] .
3 2, Terrace deposits
g @ | Pleistocene
g Gokurakuji Gravel
©
(Kibi Plateau surface)
Tertiary
Weathering
Upheaval
0
g .
3 Late Dikes Contact metamorphism. )
§ Hiroshima Granites \Intrusion of granitic rocks.
13
208 Early
g &}
§ Yuki Formation Sedimentation of mudstone and
= Jurassic sandstone, and mixing of chert
and mafic volcanic rocks
Triassic
Late Yoshiwa Group Sedimentation of mudstone and
< .
S| & sandstone, and mafic volcanism.
N - .
g E Middle Emplacement of gabbro and
=L ltramafic rock
o ultrama rocks
A Early

the Yuki Formation has been extensively subjected to thermal metamorphism by

granitic intrusions in Cretaceous time.
YUKI FORMATION

The Yuki Formation occurs in the northwestern and northeastern corners of the
district, being in fault contact with the Yoshiwa Group. It consists mainly of
mudstone, pebbly mudstone and fine-grained sandstone with blocks of chert and
mafic volcanic rocks. The thickness is more than 650m. The formation yields

Jurassic radiolarians from mudstone in the Kake District on the north of this district.
HIROSHIMA GRANITES

The Hiroshima Granites are Late Cretaceous large batholithic intrusive rocks, and
are widely distributed in this district.

Based upon their petrographic features such as grain size, constituent minerals
and color index, the Hiroshima Granites are divided into medium-grained hornblende
biotite granite, medium- to coarse-grained biotite granite and fine-grained biotite
granite in order of intrusion.

The medium-grained hornblende biotite granite is massive and equigranular to
porphyritic and has rarely schlieren structure. It often has dark inclusions and its

color index is higher than other granites. The main constituents are quartz, plagio-



clase, K-feldspar, biotite and hornblende. The medium to coarse-grained biotite
granite is homogeneous and massive, consisting essentially of quartz, plagioclase,
K-feldspar and biotite. The fine-grained biotite granite occurs as dikes, sheets or
marginal facies just under roof of pre-Cretaceous strata. It is fine-grained and
equigranular, rarely porphyritic. The main constituents are quartz, plagioclase,
K-feldspar and biotite. The Hiroshima Granites are mostly sensu stricto granite in
modal composition. SiO, ranges from 71.21% to 75.72% and there is a systematic
decrease in FeO+Fe;0;, MgO and CaO with SiO; content. Sr and Ba decrease in the

order of intrusion for three rock types.
DIKES

There occur various dikes intruding into pre-Cretaceous strata and the Hiroshima
Granites. They are classified into quartz diorite porphyry and felsic rocks. The felsic dike
rocks are granite porphyry, quartz porphyry and felsite. The quartz diorite
porphyry dikes trend E-W in the southeastern part of the district. The felsic dikes
strike NNW-SSE to NNE-SSW in the eastern part and NW-SE in the northwestern
part of the district.

QUATERNARY

The Quaternary comprises the Pleistocene Gokurakuji Gravel, terrace deposits,
talus deposits, colluvial deposits and alluvium. The last consist of gravel, sand, silt
and clay. The rest are composed of gravel, sand and silt.

The Gokurakuji Gravel is found near Gokuraku Ji and has a thickness of about
10m. The terrace deposits are seen in restricted areas along rivers in the western
part of the district. The talus and colluvial deposits occur sporadically at the foot of
mountains.

The alluvium includes natural levee, channel, flood plain, delta and beach deposits, and
is distributed along rivers and in coastal plain. The thickness of the alluvium is around

30m at the center of Hiroshima City.

ACTIVE FAULT AND EARTHQUAKE

In this district are found, NNE-SSW to NE-SW trending faults which are clearly
traceable from the topography. Among them, the Itsukaichi and Hiroshima-Seien
Faults are regarded as active faults. The Koi Fault also is considered an active fault.

Any notable earthquakes being centered in the district have not been recorded.
However, some earthquakes (M=>7) of which epicenters were to the south of the

district caused widespread minor damage in and around Hiroshima City.
ECONOMIC GEOLOGY

Small ore deposits of cupriferous iron sulfide in Yuki Formation were once
excavated. Clay deposits exist in Hiroshima Granites. Hornfels of mudstone of Yuki
Formation is quarried in this district. Hiroshima Granites are quarried in the

western part of the district. There are hot springs along fissure in the granitic rocks.
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