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WWHERIC X 248K, S bIiEREDOEAC L 2BVERIEMRE < DA YR
WCEDPNDT-OIL, TOMBERGEIIEMEL to TN D,

—M&DEMIE N10-2°E T, NW JF i 70° 2L 2R 5 5 A 2
ZRLTWS. LL, LIS Y —L~—7 2T LT, Ehicidifis
L ZAhbdoT, MALHAMEZ T THI L LEDRT, 2 DF
OIS, KENFAETILOLHESRS. LS s THOMED
IR T L0 AR S S, SETT/MEMR RO DA, Zan
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no.

WAERTRETIZIEZ  OFIBECBERNARKEL TS (EVIKR). ZihbOHiBITEEs L OwET
WCRLSHEET LN, ROTHLRAFOLONEN. INLOWE - BaFICALNDEHIEIZKIKROS
G, AERICE s THREND Z ENRZ V. ZOHBEOEMBEIX NSOE Db DONRELL, Z 06T
70°GHAIE CTH 5.

AR LSBT N30° E Db DHR %<, ZOFANE 50° fits CHIBEOBAHILE T 5. JRiE
130-2cm THi<, 5em ML EIZE bdTENTH 5.

V. BABIERMA

BABERSTEEOITTSAEICR LTV D20, 22 TOERIAATHLR, 1 FEBRAR
OHFLEE LS, DTl -FE G OO A KT, EMERFETSLELN TS, JLiE-F
WM ORERIL 25 kmPL |, AbH-FE P ORI 20km TH 5. BIHERIE390km2 L EE 720,
100km? LA E &V 9 B B RLAVTIEM & FFA T X,

B RAE RS O RIRMA T, BFEEORVWERAEMREZED L ThHD. TOR S TR/ 1Tem H
LRRAm TTHONTVAN —HICIT4-6ecmBETH S, EEABEMRBIC OV TITHIETERS
5.

BABILRE DILFRR & 2 v DHWIMRR 5 2 R . BARBIERSE OFEMITeA (1937),
WA (1941) 2 EDTHER - KIE (1967) ICEEDHHNATNS.

BARERAL, BAROMERESE O LT K0 - FeO 23HE <, Nay0 -+ CaO 2MEW &9 4b

ab

or

H22 BABIEREED ) v Q-or-ab-an 4 H{E~DBEE
X (ZQoor 50 abso ano DAL T, HOEN4r1E Q-or-ab-an 4 ifk?D Q-an-X Willi Tdh 5. IR
(% SteEwarT (1957), TurTLE and BoweN (1958), Yobrr (1967), Yober et al. (1957) 732 &
ICE 5. MR OT — 2 ZEMRCHATR TS S.
1: BABGRAFEM 2 FEMOTE 3 BABEREEBE 4 AHOTY 5. 7774 K
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F2k BABEREHEHOAHIR S /L LI

1 2 3 4 5 6 7 8 A B
SiO, 70.00 70.40 71.80 7115 77.00 72.80 71.60 75.80 70.84 73.80
TiO, 0.60 0.52 0.54 0.55 0.21 0. 49 0. 40 0.07 | 0.55 0.37
ALO, 14.80 14.77 14.04 14.23 13.30 15.12 15.63 14.88 | 14.46 14.68
Fe,04 0.48 0. 43 0.47 0. 48 0.19 0. 42 0. 39 0.11 0. 47 0.33
FeO 3.18 2.85 3.06 3.13 1.26 2.76 2.54 0.70 3.06 2.19
MnO 0. 08 0.07 0.09 0.08 0.07 0.08 0.08 0.07 0.08 0.08
MgO 1. 45 1.14 0.90 0.85 0.30 0.70 0.70 0.13 1.09 0.57
Ca0 2.54 2.48 2.15 2.20 1.02 1.61 2.58 0. 56 2.34 1.74
Na,0 3.25 3.50 2.88 3.10 2.45 2.57 2.80 3.12 3.18 2.61
K0 3.29 3.75 3.87 3.60 4.60 4.22 3.02 4.72 3.63 3.95
P,0, 0.15 0.14 0.13 0.13 0.10 0.12 0.12 0.09] 0.14 0.11
Total 99.82 100.05 99.93 99.50 100.50 100.89 99.86 100.25 | 99.84 100.43
Q 29.23 27.18 32.60 31.63 41.91 35.70 35.78 37.90 | 30.17 37.74
C 1.63 0.78 1.52 1.54 2.68 3.68 3.35 3.84 1.38 3.21
or 19.44 22,16 22.87 21.27 27.18 24.94 17.85 27.89  21.45 23.34
ab 27.50 29.62 24.37 26.23 20.73 21.75 23.69 26.40 | 26.91 22.09
an 11.62  11.39 9.82  10.06 4.41 7.20  12.02 2.19 | 10.69 7.91
hy {en 3.61 2.84 2.24 2.12 0.75 1.74 1.74 0.32 2.71 1.42
fs 4,60 4.15 4.51 1.59 1.94 4.06 3.83 1.21 4.47 3.29
mt 0.70 0.62 0.68 0.70 0.28 0.61 0.57 0.16 0.68 0.48
il 1.14 0.99 1.03 1.04 0. 40 0.93 0.76 0.13 1. 04 0.70
ap 0.35 0.32 0.30 0.30 0.23 0.28 0.28 0.21 0.32 0.25
Sal, tot, 89.43 91.13 91,17 90.75 96.91 93.27 92.68 98.22 , 90.60  94.29
Fem.tot.  10.40 8.92 8.76 8.75 3.59 7.62  7.18 2.03 9.24 6.14
DI 76.17  78.96 79.84 79.14 89.83 82.38 77.32 92,19 | 78.53 83.16
7 - ARE BEEK

BAXBREC L 2HHC, HIZhE e S BRAT OV % AT FeO/ £ Fe as Fe0s =0.791 (B })
L UT FerOs 2 FeO K5 L. Afedhic» TRERGERLL D OFWTRBLFR L.

Eﬂﬁﬂﬁﬁ*ﬂﬁﬁﬁ #intkEgE  420m (7530110)
R £ RokFGHEE  440m (7530415)
&l L LEHHER 1170m (7403101)
] L HBokkHE®  860m (7502201)

iﬁhéi’iu,ﬁﬁﬁ7774 FVRIEEE BT HREERE 210m (7602209
Eﬁhmﬁg!h HEUSARRAIEME KJIHEESHE 170m (7602205)
+ B A SRR REGEEE 690m (7502306)
é<< 55%%‘52&%&377?4 bJINRGRETVW)ERR 140m(7421703)
cEEHE Q-4 oFY
: gl -1 0¥y
BB AIIRECRT LA, SREXBRER, 7L 0 8XEABTILSRELE, SHRELADTRTL TRV,

w»m\!mwnwk\’»—

HALRAS O —RIFERE HOIENIT, ALO; R, /v ha T o Z ARFEMTEY 1.4%, JEiE
TEE 2% bH5. LLEENLEEWE, TAITHEOLORHD LIZWA%EL TR, Bk
DNDLPLEEEFENNKE S ThHD. NERILWIIHREILE F 2 L 8ILThH 5.

J v Q-or-ab—an 4 HROERKRE S AT AABET S (E22K) &, EEMIESkb UL, A
BARITKI 2kb, 77T A MIK 1kb OEH O SND. RRERROFMHIIRLLZDOT, £0
FFEELWMEE LTIOEFEZITEHILITTERNWELTY, DR EHREEPDEESE W DB
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MEHA LS.

LG O & 1.700 m B E CTRZI0cmBBEOEFE AR LY 7 2 VADOHEAERAOND. Zh
D (THEFRZE AT DR L IZER U T, EREREA O LS & T 5 & L0 ZEREORW L 013 %
WZ L, fHEORERICHABOMEE RN RN EREND, MEEICHRT b0 LIEIEZ bR
V. BABEREE O —T7 X 20 MIBUEE > TORWD, TALOKIIAL—T XU Fr bbbl
LENTEHDOT, BUEOHENLZNIZEEL RV — T XU X MR O THEEL TV LB X

LND.

BABTERSE O FEMITHELO ERATERBERIME CH D, ERABEMRUSN DAL D O

F3X BWECHELLERAEMOE—F

W oE B8 LT (cm?) EERAREHD HE (%) 10, 000cm?23 7= h O

B (cm?) _ ERAE&DER
A B %HaE 5,000 465.6 9.3 172
B X Il #k i 780m 10,000 755. 5 7.6 203
C ” ” 5,000 362.6 7.3 202
D ” 560m 10, 000 768. 8 7.7 174
E /METHGE 340m 5,000 364.9 7.3 164
F X )Il #k 3E 200m 2,500 227.6 9.1 344
G Bk H 3 320m 10, 000 660. 7 6.6 148
H p 510m 5,000 362.5 7.3 150
I ” 640m 5,000 394.4 7.9 228
J ” 870m 5,000 468.9 9.4 246
K ” 940m 10, 000 1253.7 12.5 212
L o [ #k 3E 550m 10, 000 533.0 5.3 106
M ” 250m 2,500 169. 4 6.8 136
N & /8 4 1E 500m 10, 000 632.5 6.3 136
R d b ] 7.9

A—N B9l v w T

AR BRABERS A O

mE TGRS s
A * 34.0 3L3
# kR A 35.3 32.5
Tt & A 18.8 7.9 25.2
nER 113 10.4
Z o fi* 0.6 0.6

5 & 100. O** 100.0

Y BRE-745A L e Onay  RRE - F 5 VI - RS - HRE -

BEOH LUARE

OB IW, AERAK 18,234
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L Ay
A 90 35 10 P
W23 B RS 3 A O RALAK
Q: A% P:RRA A:TAAVEA Gr:fEMHE Gd: ERNHEE 1: 8T

TWE L7z THEL) 5y 2 TR o 3 WETHE L2 ERAES (7.9%)
Nz f= At OGN, AERE BRSO X1E TUGS (1973) 12k 2

Bix TUGS (1973) OG¥EIC L 2ERPIRE L e OBRFHRICRE S D, ZhicEE THIE S
72 79% OERAEM (B3 R) 2Nz 25 LEaOEKICEE SND (B4R, F2BK). RXiFH:
WCITEERDIZEAERESHTLO LN TN S,

BF T, FROEDIIREA - A% - ERABIOCRERTHY, RlIERSHWE L TRIEA - TR
fTREA B - VNar WA - T X B - HERREREE - A - BRAB L OAERE ST,

BERIE, T30 MR, BiEEbh, LEC0WHUD LY YA MeaZiF s, BE
HEBAAELTNDLIENHD. EEALETOIREADOEGIITIZINATA FRHLND.

[N O0OROEFE Y TRIEL LT4-6mm BEDOAT S —NLE DL o TA. RMICITE
B ETL2H08HY, —RICHEHEMNCRE LIz Ebd bt vy, fRTIHEFEROAZE
BARBHLTHNDZERnHD.

FAREDERAIT NV M aEEZ b, —RICKHAFTBIERTHY, RAxVU T v 7 RIS, K
ERLDTIIANNAN Y FREEEZ LTS ENRHD.

BEMIREEIREAOZAEEZTRL, —RICERI 6mm T, REA - ARBIOERAICE
AEINTWDHZLbdHDN, &L LTREA - ATk L TRMFTIRICESIL TS 2 bd 5.
CHIF A B R THANARE RS T, BRESRKATEV. REACKRBAICAEL VWD Z LD
L. XTI NRURELZR.

FRIEAIE, WAL L BICREROLEIME LTHDHA, &I EROIY ORI E IR L T
FPRICEE LTS, FRANREZ S 052 bd D (F24N). FLAERIISMETH IR,
RERICHELTRET 22, EFRIFHMEZIODILIICHELTWDLZLNRHD. T/3F A MIHLKH
£, BRAFTMEERCECERAZEENZATVWDLIICRZD.

FRICHEFFIC IS BEOMBHIBRE I NI ERHDH. ZNEEINEEA - ARNPLRDN,
EEITRRBABEEND.
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F24 BRI S T ORIER - SR« HREA 7R & ORER
FRAIEFEE LTRESOBEESY TH LA, — M TIHERICHEIHRICEE L T\,
TIfREAIEZER A 5 TS,
Ap: 7% A4+ B:HBEM Cc: fifn Ch:#iEfr E: A
O: &Y P ARA Q: A% ERHEHSUEMARIERLE 440m (7530415)

v. 2 J8 #% #

JERFFE OSSR E V. AL AR O ERGEMRBRERER A TH L OITH LT, Jhic
HERZELZETRBENDN, TOMIZKDO LD RFEENRH L. 1) ALV ZVEAETHD.
2) EFfxEt. 3) AYHTILKAREELIENHH. 4) 7774 NEIZRDESBHSL. 5) &
T THRIAE o —E R B D VR 2 R T 72 ETH 5.

JEGAE VX RE 1 D /G 7)1 T HED> & KN FHUC 20T CTOTE R REREICH = L, WA @R
Bl 5. BT TR TIEEIRR O3 % LT 5. ZIEEUEHITEENE TS < RFTRIC HIBL
THZERDHD.

AT IR T OB TIXABMHR A MICEAL TV D O0RBETE DL (BB 28, £< 0
BHEMBMRIIAH TH 5. IO RINME R IEAHE TRtk IIBlg cxd, 22T
RONDEEAAZREAMEREERERET, MO T T Rbb MEOEREZRT L0 G
Lz,

BT TIE, FROEEM ORI ITZENTT LS, &R O L S ICR 2D, AR ORHR
A A% ERATHEHAKREZRLOS.

BREAOED YA MuZEEMIZHE L CThevn., AR AERIc 22 Z RS2 B [k T —1
ERRLCNDZ EFEEREELRY, LIELIEERAIE, 05 mmEBEO/NKOEEY THY, @
FLY b S HITRHFFIRICR D, v MafEZ bO. IAADA MIDR.

RERHIREERER, —BRICITHATRR 4mm ICET 5. ERALETIHATY Y T L X
A MR RO D. FREA - A SOLE L HEMIC S T2, RIRICEGE T 5 B iRikde
FIEFET .
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7734t T E G- THBMAEA LTS
7774 Kk IMETNROE & 1 F i
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=3 B & 8
L T s
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FERHNIRM A 5 ORERCEL THIAT L2 LRZVR L ZITHMTRA XU 7y 7 ITEE L TH
5ZEbHD. LIFLIERMRE—EAOZENERT. BHAIIMT CRBICHFET 2 (GE26K). A
ERIIESTND Z LML,

RIS & LCT A2 A b, WfEn, Yvay, 85 TffazaEt.

TTTA NEFERAE O TIERRA - AT - ERAN L VRLRICRY, AIRITZEEEES VB LS
L< 725, BERIRFEE—RECOZEAMEZRL, fiEakidwn.

V. 3 EEAER

BABERE DR B RERFBIERAEREZZD I THD. ZNHLOERAERIEIUXLIRXER
HERERERZ S D,

BABERE PO ERERAEHORIICONT, KT - A (1939) & AT %, —fEHEsE
ROy DBE LRV Y —HEOBREL D TS b0 LIRRTWD. A INES (1962) 1A
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I mm »"':.‘.}}Ta’;:.‘-‘-‘ '

F2614 R B A JE AR T OB E A ORER
HAOERMEAT = VI L, AERRECE L TWD Z &%
B: 2ER Cd:EH6 M:AER O: F&WEH Or: FEA P:&EA
Q : AYE. EREHSTUME THE 210m WB5 & A b (7602209)

27 A FICEH LTV A - BRERAE M
¥ ¥ v 7 OERITA Sem

BRI BT~ B A MEREEO b DN E LTS, Loy UIERE - PN (1973) 8 XU KawacHr and
Saro (1978) [ZEERSS BaO & & LENHIRME~ 7~ O RN LREPEZBO TV EBZE X 50N ER
ThHY, EBEAFHICLAMETHD L 2R L.

ERAERIEHRE R IR O® 5 RIKE TR TIXAfR L R DR, XV~ 4 A MiALRD
FBEBRRLAGON VEGLIIRRS. ZALIEIALAR Y FREE LEEBORKEHTHY, A
By J 0 b AR TR R TIERIHT 5 (B27M). £/, JUKFIC K o TRV S
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]
HEO ©79 5|2,5
oes 3 JO394a

2o FEHCHE LIc ERAEADEELL (%)
HIRBM, ANIZH3IRPOfEERDT
DRRBER/NRUCE A DL, FIUCITERRTEE LIEAEZRETE 2. BETERITRSFTED
Wi & R CURBIAEE L DN S5V TR A LTl 0 (528X, WiE i L3 BE R R <, &
UL ODBHT/NESREDONERERLDETESTHLND.
AR HOE CRIE U7 B g O E R 2 B2 R, ZHIREE 3 RIS & 9 I B O HE A IEEREA T
= kA
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HIE = ) — LT RIERGEMOR LT

IR DN THROA, BEOMEETE-6 %EIERTT 2910”25, Ll 2O TIE#
T2 LS ICERAEMBELNZL, ZOZLEFBEICAND LEHTEMBD RN E TN,
BEL BERAKRER U TOMEBEEICRE REITRVWTHS . i &b, TEREOE(LE DR
TERIC L 2 ERAEMOEREZ B Z 256 I SLD, SAOREEMEEA RN
ERAERITZBERORELZY 2 ) — L P TINITFATICRSIL TN D (BB30X). F7-hEs &
OB T H A I ITITEATICES LTV D, ERAEMIIEES DRV 7 2 VAHPILITE 212 < TF
TE L2\, IR RS & 5 WITHER RO IEE HIC b £ o 72 < BV, Bk O o E
FOHCRADBRBOEFEMET DR H L. ZOBLEIHAAEMORRNEBZZL20L>OH LD D
TIERWEA S D

ERABESOWE CITRERS EOUHBED PR O EATICERSIL, 1-3BREO—FEOR
WG Z LTV, 2085 et b s @R o R RER Tl s s <, w7 ~hTh
WL CWRERTHLZ L2 RTHMETHS D
ERAEMIERETTIET 774 MIRTIZIEA NS, ST 774 MRIEUVIXZUITERAGEMS %
1%, L LAEREDD RN 7 = VAT A L TV DA IR TIIRD 5 0T SEATICRLS L 7- IER
FEMPFEL TN D.
HETCTIFERAERIT-VV MaEERL, EMmE LV E<HEMLET 2HS TIE, ERADH R
MR Z RS, —HTIEESOIMNBI AT RN A RKIOF %/ LT, AHEOLR X Tz kil 7
HRERAICERT 5. AFHEME, BENEREANEETHLR, ARLELND. ARITRLRO
ZELBAENEREIDLEELTOELOREN. BER - FEAIIAB TAEOLDII b5 L
IR/ E W,

EEAERBIIE T CRFROMBEGIER ROV ZT TR, XMBARKE TS 130 & 130K
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Fe—2 053 I A o,

ERAE A

FEEABEMITIUX VITRETZFHK L TW5 (531, 32K). ZabididE, X 1.5 miE 30 cm 1%
EDLYRRTHDENRESOEITRE V. FEA LI LTROUAYOMESEZET. ZbHD
BEVDREFICEHEETNTODEZELHY, TOLIREA, GENITEMOFEIT —EL T2
AN

ERA B AR I R R AR 370 0 B AR - O P 2 0.

FEAEBOBEORENHEV @ RV E ZATIIEAHOTEMITERMAN > D TVDHR, @Bk
TRELTVWDOITERI &4 MICKRE L Bbh 26K - EBRARERST I 74 bR HTH
5. FNCERAEMERL LT, ZOSMICEAREEEERVAAROERANRKEL TN L
Nbsb., ZORABRT~vH A4 MUCHKRE L eHfEsnD. ZO5E, BESMIDERA O
IT—EHLTW5.

T2 ) BAEERE Kerrick (1969), WiLsHIRE (1969) 72 EIZ K-> THHES LTV D.

V. 4 O fH ®

BABEREIZEHEOUAYEZEL I L, UAVEZELAAYNRD D Z & TRAERIERA LW R
. AAYITAIRMICHERD - s - Wby AREEaAEMB L OERAEaEmIC YT ENS. &
IO EAFYOEERNERNICE L, ZOoMITd v, 2D OBFE YOS IE K IAREZ S 800 m £
EDOWENERALI T & I WEDRH D 03— IiTD 70,

BEER

KINGERF T O FZAE 2> S AR O EEM A RS R AMRE SNz, BE 1om IF 3 mm FREE O AR T,
AR - AER - BER: - SHEACRANLRDGHE S > TD. BFIRTIHIT LA ERHREA LR
NG 152 2 ZETG OBEARS FAEF IS b R I A 5 5 03 2SI EERA & 2 WAL A ORI T
b5,

BES

WAL, Wy HEREROR LY 7 2 VA, WA EBDRARIRT ¥ — b, AKEE, IHIC
TOFEMENOHR LI & BN 2ERA RS, A —ERAR RS, J7~v2 A4 b, Ak Va—
NI ERDD.

M5 ERERIR O T ERICR LIc K& T un vy 7 202 L, HLRE & W7+ @RE OB
MIFIZBWTH EhdThRn. Fio, EREICE2BMEEL LRV, T2b5 Eh ) OBz s
NEZEOFEMEEINTEY, IDICHBOEFIERIII T TR EBEbhns.

AR EELOR AR T ¥y — MIE1-2em OF v — ME & HOIREEO BJE S HAE ) S 7o 7
BRI 20 ZLEOMBETHD. EAKEMESIANTHSEERL, BAEA®IIoo2EA T
THENTHEA - AR ENDTRD.



30

3B RS
a: FEMF TORMA S, FIREERAD, SEEAE R « 2T U F AL TOAE, ZhidbsZ b B
P SN TS THS D . BREHEAR)IHE 840 m (7501123). b : JEREAHF O R BRAHE - LA &
EEMA Odigh & E g L 0 EEEA - BER. SREHAUME THGE 210m (7602204) . (Sato, 1977)
AHIAES B:BRER C:aFvXs Cd:EHA F:eBREHRA M: BER P:&AES S HREERA
Sp @ kA BRI

FRRA TS 1T —ITIE R 10em UL FORAFEOFEZ LTV, SiEAIE oo RER TS L8 L
TW5., FEMEPORBREREASOWRIEYITTELE LCERA - BER - DYV EL - ARRENDR
v, FENCY 7 e EEl. ERAER T RICEIREA XLV TR Z2BE#B2 O, a7 A
DHLEICR HND (538K a). BIOMATIIHRERAIEZR, a7 025 - fFEaA TR - $HIR
A - BERBOMAEZ L0055, WTRBIHSG - EHEAIZR > T,

NGNS 4 AT ORI 51X, Rf% 25em ICE#ET 5 K& A B/ RES L. 20
JRRETRESAE IIEE T Tk, BRE 3om IZET H0HA - B O, EF A - AZERICE VT E
NTVa. SHROERELRHN S (E3B8X b). Saro (1977) 1E b O FREHES OG-
REDLBABEREDBH B EZHEE L TV 5.

T HA MM L i Lz SR L TR Y, ERAORBEBEbh RO A Y RV E H D
BERIIHA M THD.

Y ) P a—VFTF L A EARINDNERY L EITHRERETRT. RESIF2-10emBETHS.

HEeaEY

INBIEROMEE b, RIS B D VIR A Z R ) ) R E LI TV D
LOTHDH. ZORFIZONWTILE K ba bV R KA & 5 W ITHE 72 & O Ria o6 RS
b, BRI~ 7~ P RINSERH L= O ER, fERE DL~ 7~ ORI EDORRIRNE 2 b
TW5%.

AR E IR OB A A A W13 E & U ORISR GV A 9 & BERLRIRE G e G L IS KB S sy, 2
DIEMNHRIERDR 2 R T b 0, JEARARE bob o s, RE - AF - ik EOBRRE V.

HORIBLR R A BAWIE, BT TREE L TRER - Al - BENMLARVANAZELLOIIERT
b5, FOHEGBIRITAEVITEMICA VAT EZRLTNS.
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H3AK PG E R oM E Y
B: BER P:ARA Q: A% BEHUSSIAIE (7531008)

REAITHEHEIRR TEABEZR LT AL R L &L bICRBFBELAOND. REEREEE
THHERDH D, BV A MERII V. AR AR CEBEENb UL LS, X ThiikE
AT BIEAE, BEAEHLIWVIEESTLFELRY. BERTIHELHLWIETRA T I RT
7T, REE—REGE DS OMIIR A MERAEFOZ N EIEEALRILTHS. WL D0 ORI ERIR
WZRBATEY, HDWVITHEMTEREZ RS ZBH 5. Feh - A ~OEEIT v, KHICHERE
L2k OFRIEA 1ZZ . TRZ A MIFHRTE DO TR DV TWDEHDRH Y, EHEU .

BERARIFE & QEWY T LA MEMS OMRITH IR QS LD HOPHALTH 2 1E3NMTITEA L
5720

PR Z 2T Hmast R A - A0k - BERTHY, BRI Imm P L EiClam B LR MEAT
DRLTREMEEZ LT AL PRBLFEL TS, ZOU EORROBALEbOLH D, 23K
DZENPNHAEBOCREFZAE LTI HOLHDH. ARIE, BERIRICHAD S TRIOES
T, BERBZAALTWDZEBHDI1ED, NENICAZRSHRET S E0nb5. WEIEERWH LS
L BERE, F 7280 RIXL 72200, WEEETWS U5 LB RiEE & 5.

BTG 2 b ORFAa A (H34K) T, EICAEAOERFICE > THIHRMEER S bh, &
ERLZOFMH- T D, FEAE, MECOVREELLTEY, LELEZ 7y Z7Iick-THIDL
NTWD. AL, BEREEOTLESMNTREEL TV DR, BIHRHMEADOHZIDTNDIHDL
H5B.
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Abstract

Outline

The mapped area lies in the southwestern part of the Yakushima Island, abuut
65 km south of kyushu. Geologically it is situated in the Outer Zone of Southwest
Japan.

In this area the Paleogene part of the Shimanto Group, the Miocene Yakushima

Granite and the Quaternary deposits are exposed (Table 1).

Shimanto Group

The Shimanto Group in this area belongs to the Paleogene part of the Shimanto
Geosynclinal Pile. It is mainly composed of very fine-grained sandstone and mudstone.
This group is divided into four formations; A, B, C and D formations.

The A formation is made mainly of thick sandstone and thin alternation of
sandstone and mudstone with a tuff bed. Some trace fossils are known. The thickness
of the formation is more than 600 m.

The B formation consists of thin alternation of sandstone and mudstone. The
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Table 1, Summary of geology in the Yakushima-seinambu district

|
Age [ Stratigraphy Main rock facies Remarks
- . . Volcanic ash, pumice T
.. | Holo- Pyroclastic flow deposit and lithic fragment
1]
b Cene | Alluvium Sand, gravel and mud Calcareous algae
I
Q .
§ Pleisto.| L2lus deposit Block and sand
54 Cen€ | Terrace deposit Gravel, sand and mud
Orthoclase-porphyritic Aplite, pegmatite and
° . 1 Cordierite-muscovite- granite dikes
a . Marginal facies bearing biotite granite
8 Yakushima and aplitic granite 13-14 m
.29 Granite g -y
. . Orthoclase-porphyritic Contact metamorphism
Main facies biotite granite
- ! R _
o | Thick sandstone with |
o D formation mudstone clasts and i
- mudstone
- ~ &
o — - I
&~ ~ [ . Fine alternation of Boudinage structure
4 (2 C formation mudstone and sandstone | Pillow lava
(5] -
0 =i . .
o b . Fine alternation of
% E B formation sandstone and mudstone Slump structure
Ay =] . o
7 Thick sandstone and thin
. alternation of sandstone .
A formation and mudstone with a Sole marking
tuff bed, ~

sandstone is rather predominant over the mudstone. No fossil is known in the
formation. The formation is intensely sheared and partly crumpled. Therefore, the
thickness of the formation is difficult to estimate.

The C formation is made of very thin alternation of mudstone and sandstone.
Basaltic pillow lava is found only as float which might be derived from this formation.
The mudstone is rather predominant over the sandstone. Some trace fossils are known.
The thickness of the formation is difficult to estimate, because it is intensely sheared
and partly crumpled as well as the B formation.

The D formation is made of thick sandstone including mudstone clasts, and
interbedded mudstone. No fossil is known in the formation. The formation attains
to about 1,100 m in thickness.

In the sandstone beds of the A and B formations, are found various sedimentary
structures such as sole marking, graded bedding, ripple cross lamination and convolute
lamination. The sole marking of the A formation indicates one definite current

direction from southwest to northeast.

Geologic structure
General structural trend of the Shimanto Group in the area is rather simple and

runs in N 10°E-N 25°E direction. The formations dip westwards at an angle of about
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70°and are cut by many faults in four directions ; NE-SW, NNE-SSW, NW-SE
and E-W.

Yakushima Granite

The Yakushima Granite is well known with orthoclase megacrysts. The granite
is divided into two facies. One is the main facies of coarse-grained orthoclase-porphy-
ritic biotite granite, and the other is the marginal facies of coarse-grained orthoclase-
porphyritic cordierite-muscovite-bearing biotite granite associated with aplitic granite.
An about 4m thick aplitic dike dipping toward the granite mass cuts the Shimanto
Group close to their contact.

The granite is dated as 13-14 million years by the K-Ar method on biotite
(SHIBATA and Nozawa, 1968).

Chemically, the Yakushima Granite is characterized by high K;0/NayO ratio (1.14-
1.51) and high FeO/CaO ratio (1.26-1.31) compared with those average ratios of
the Japanese granitic rocks and high content of normative corundum, on an average
of 1.4% in the main facies and 3.2% in the marginal facies. These features are
common to the most of the granites in the Outer Zone of Southwest Japan.

In the normative Q-or-ab-an system, the chemical compositions of the main facies
granite are plotted within the plagioclase primary volume at which the pressure is
higher than 5 kb. The average composition of the marginal facies and that of the
aplitic dike are plotted on the boundary surfaces between feldspar and quartz volumes
at about 2 kb and about 1 kb, respectively (Fig.22. in text).

Although no actual roof is found in the granite there are many small blocks of
hornfels even at high level of the mountain, so the existense of roof until recent
days is inferred.

The main facies granite consists of orthoclase megacrysts, plagioclase, quartz,
orthoclase and biotite. Accessary minerals are apatite, zircon, pyrrhotite, ilmenite,
allanite, tourmaline, muscovite, chlorite, epidote and calcite. Biotite is subhedral with
maximum diameter 6 mm, sometimes included in plagioclase, quartz and orthoclase.
Chlorite and epidote are found usually as alteration products of biotite. Chlorite and
calcite also occur intersticially among other minerals.

The marginal facies granite is more leucocratic than the main facies, and rarely
contains garnet. The grain size is finer than the main facies. Muscovite is sub hedral,
sometimes poikilitic and shows pale green to colorless pleochroism at the contact

with cordierite. Cordierite is anhedral and is sometimes altered to muscovite.

Orthoclase megacrysts
Orthoclase megacrysts in the main and marginal facies granites are semi-trans-
parent, pale gray in color, commonly 3 to 8 cm in length and rarely up to 14 cm. They

are euhedral, twinned after the Carlsbad Law and in some cases are continuous with
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anhedral orthocalse in the groundmass. The most megacrysts show zoned structure
which is indicated by the zone of small inclusions of biotite and plagioclase aligned
parallel to crystal faces of the host megacrysts.

Distribution of the megacrysts is homogeneous in the mapped area as a whole
except for megacryst clusters. Faint parallel alignment of tabular megacrysts is
ubiquitous and becomes more pronounced toward wall-rock contacts. The megacrysts
are also parallel-oriented in some of schlierens as well as in the aplitic dikes intrud-
ing the country rocks.

Clusters of the orthoclase megacrysts are often found in the southern part of the
granite, usually associated with mafic inclusions and gneissic xenoliths. The size of
the megacrysts cluster is various, commonly about 1.5 m long and 0.3 m wide. The
megacrysts occur rarely in coarse-grained mafic inclusions and are never found in

gneissic xenoliths, hornfels xenoliths, and country rocks (KawacHi and Saro, 1978).

Mafic inclusions and xenoliths

The Yakushima Granite contains mafic inclusions and xenoliths. The mafic inclu-
sions are fine-to coarse-grained tonalitic rocks which are dark-colored, ovoid shaped
and usually 10 to 30 cm in diameter. They are divided into two groups, fine-grained
massive ones and porphyritic ones. They consist mainly of plagioclase, quartz, biotite
and accessory apatite and chlorite.

Xenoliths are mostly hornfels derived from the Shimanto Group Sedimemts,
Paleozoic sediments and sillimanite gneiss. In the main facies granite, the minerals of
the gneissic xenoliths are biotite, potassium feldspar, sillimanite, green spinel, corundum,
muscovite and garnet. There are no andalusite and cordierite. In the marginal facies
granite, they are biotite, sillimanite, andalusite, cordierite, muscovite and green spinel.

The porphyritic mafic inclusions occasionally include the fine-grained mafic inclu-

sions, gneissic xenoliths and/or orthoclase megacrysts.

Contact metamorphism

Contact aureole in the Shimanto Group thermally affected by the Yakushima
Granite is divided into two zones, cordierite zone and biotite zone. The cordierite
isograd is drawn about 1.5 km away from the granite contact. The biotite isograd
might be drawn about 3 km away from the granite contact which is estimated in the
northern part of the island. Taking the steepness of the contact plane into account,
the contact aureole is relatively wide.

The mineral paragenesis of the biotite zone is

chlorite-muscovite-biotite

associated with plagioclase, quartz, opaque minerals and tourmaline, and those of the
cordierite zone are

chlorite-cordierite-muscovite-biotite
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cordierite-muscovite-biotite
garnet-cordierite-muscovite-biotite
chlorite-andalusite-cordierite-muscovite-biotite
andalusite-cordierite-muscovite-biotite
associated with plagioclase, quartz, opaque minerals and tourmaline. Potassium felds-
par-cordierite paragenesis is not found in this area.
Basaltic pillow lava in the Shimanto Group was metamorphosed into diopside-

biotite-hornblende-plagiocalse hornfels.

Quaternary formations

The Quaternary formations are terrace deposit, talus deposit, alluvium and pyro-
clastic flow deposit in an ascending order, all of which are unconformable to each
other.

The terrace deposit consists mainly of gravel, sand, and mud. The talus deposit
is composed of angular blocks of mudstone, sandstone of the Shimanto Group and
the Yakushima Granite. The alluvium consists of sand, gravel and mud accompanied
with calcareous algae. The pyroclastic flow deposit, which consists of volcanic ash,
pumice and dacitic lithic fragments, is about 40 cm thick on the flat plane in the
mountainous area. It is considered derived from the Kikai Caldera about 50 km

north from Yakushima Island before about 6,000 years.

Economic Geology

Two hot springs issue from fissures in the Shimanto Group. The temperature of
them ranges form 37° to 47°C. In the granite, there are weak mineralization of
impregnative pyrite and of brecciated veinlets filled by pyrite, chalcopyrite and

galena.
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