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Fig. 1. Locality map
Tertiary and Quaternary sedimentary and volcanic rocks.
Granitic rocks.
Ainoshima metamorphic rocks.
Nishisonogi glaucophanitic metamorphic rocks.
1. Yobukonoseto fault.
2. Ainoshima fault.

EERE

OI.1 HoBZEKREHORA

TERERZ IR < OB OB EHILE - IO « MOBIKST L, TTBEREAZ 5 T
5. FLOBEEOHERICHHT 5 HBZR EBbNh 5 HlfE OB A RIC I IZ RS O™ S5 2
WiZEhd, ThHOEBERIL, TOBERXCHOBR LML TS (1, 1961).

ANBE: TOBBIIOR - BREAHL, TOREFPKLES LOCRREEHEORETHS. &
B GE2R) w3, FEH40m, Hiy35m OBMTHS. EFIEERERE « RIEEIR G
<RS- BEEOLET, HBOEMIRELETIEAER L Tv 5. COWBITTIIIO B EHE
ahs.

IOV, EENEIE2x1L.5km OB CHENIHETS. NBHCEBRESTEALR W, e
WA RESS DD, EAIIEE N 20-40°E THERR REHEEATH S, 1O EBIS ks
BHTL»dt e TO3FIZES Sivd. MEMOTHEL £L L TRILEHEOEET « Bk LUk
MRS 5. KEHPOMIRARK 10em DI 2L, MHEE - WKRET 2hd iy (¥
L8, 230). HEEAIC, MO BAROERMICT Sy P LTWAEKEDEE 5. Lz
Ao TZOWRE (Ml &b Zo85) khicHERLAEIOTHSS.

PEEE, RINAEAVWL X DEREO KEESEET, 2IREEBDh3 ORI ESHhT, &
HRD LOWBIROERIZDBDNEINE I THE. £ LTEMCW T Lo T, Mk U
BCRBES & FBE LBRKREESE S 05 (MR 2, F1X).

BT A5 LHEE, o LAMREONETHY (HIE2, £ 2 X)), HEARKENS
<, XOMBES « BEHSTFET 5. BREICIRILEBE - BE - 2vE Y =2— 1} 5 35— a ViRE
T5., WEOHIIFZLAESHEENIETHS. 0B TR VK EORESKENLTED,



WM E L CTREDCHBEOHERPRD LS. BERSCERTZ L.

HOEB: MoBRBRMEOBILSH TS (B3X). ZoBIIAER 3 km 550/0MNET, BONEITIE
BEREEIEEAE VD, HEICEE SHEn EOBESERE L TWA. 1SIF N 20°E O[] &
WHRA~ORBEMEZRL T 5.

B TR L RS - AR CRBITAZENTES. MERBAKCAET 525, HEE
LCREI#EELE L CEOREERE, HEEEEL U TCHEERCRET 5.

TRt KV R EAS AN RE L REAET (B8R IR S, 21, SROBKEEZLETS
K EESBRET 5.

B« ERIAESEE (RIR4, B2 ) ThY, HH—HEDEIHRENS. BILEKESK
<, BoRREIm CET A HMMAV LB TH 5. BEOKREIFRRE» L ZRE b 2 KIEET
BV, ZORT, RTHT LS ERVSEERE CEEORSBTELREE, e xEmo2
W OMERE ETRHEITH S, RFES X OLFRAHE LTINS 2 LRRIREEO D O

."l;" /
o e :
Kuroshima b Enoshima
@ L/ &
s -

—_—

Fig. 2. Geological sketch map of Enoshima and Kuroshima

G. Granitic rocks.
- C. Upper member: Felsic pyroclastic rocks, conglomerate and mudstone.
onr;'(l’::éinOl?l {B. Middle member: Andesitic and felsic pyroclastic rocks.
A. Lower member: Andesitic pyroclastic rocks, lava flow and dyke.
1. Upper limit of the occurrence of * actinolitic” hornblende.

2. Clinopyroxene isograd in calcareous hornfels.

Fig. 3. Geological sketch map of Ainoshima
G. Granite porphyry.

é‘(.)xrnmo:?ilonrila C. Conglomerate, mainly.

{M. Mudstone, mainly.
S. Conglomerate and sandstone, mainly.
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Figs. 4a, b. ACF and AKF diagrams for mudstone-derived

hornfelses from Ainoshima
In calculation calcite, iron oxides, iron sulfides, apatite and sphene

are excluded.
Numbers refer to analyses of Table 1.
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Table 2.

of volcanic rocks in Japan
(after TANEDA, 1962)

Average chemical compositions

16 17 18
Si0; 52.37 57.64 62.15
TiO, 0.97 0.83 0.67
AlO3 17.68 17517 16.24
Fe;03 3.34 Fad2 2.83
FeO 7.15 4.87 3.63
MnO 0.17 0.15 0.13
MgO 4.68 3.58 2.45
CaO 9.58 733 OE2
NazO 2.50 2.93 335
K,O 0.64 121 1.59
P20s 0.16 0.18 0.21
Hy,O* 0.52 0.68 0.73
H,0- 0.34 0.46 0.43
Total 100.09 100. 15 100.13

16. Average of 145 lavas, 50%<Si02<55%.

17. Average of 189 lavas, 55%<Si03<60%.
18. Average of 141 lavas, 60%<Si03<65%.
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HERZETHD (1% no. 1—

6) LIZLAEEERVEOD (no. 7-10) »H 0, AKF R ETHEHHD 74— FiZ 7= » b Ehi,
WIN—TOSREEZREL A5 E EIR), BEREZEILALEELVWH DT, Cal, NagO »*
HERZELLOLDSVEIACSD. F8 Th X UXBARER CEREhOEE L 8RO N &
HELORTLLE, AERRIILAYEELVADTRHAEGZHETHY, FUboTHaE=2H
ERTHS. L no. IIEHEOREL-EMTHS. CREDERBEELS SBEBHOERINT 5
(LB BALER QMRS O E ERWS ATV STV, DEVEERZETLOOLY, )
LR Z S U elBEOB WAL THHEEX L LPTE 5.

Table 3. Average contents of FeO, FeOs, MgO, Ca0, Na;O and KO
of mudstone-derived hornfelses from Ainoshima

FeO

FeO

) L. | L
FeO JFeZOS—S-FeO MEO reo, T¥e0  Mg0 | Ca0 NazO K:0
1-6 | 74 | eu ! 1.82 079 | 394 | 414 | 288 ' 1.99
7-10 | 4.08 713 | 163 0.59 2.55 2.38 ‘ 2.22 2.22
11-13 | 520 | 784 | 229 0.66 2.29 3.05 | 4.95 ‘ 3.76
1 } 3.20 ] 6.38 | 2.2 \ 0.50 144 | 4.06 | 5.63 ] 1.58

Numbers rafer to analyses of Table L
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m 3 o REE

BIENLbNPE LT, BEOREEL, KETHREAE KT SE, Mg, NaO, K:O iCE
ATWHOBMEMTH S, FMIREAOERINELKT 5L, TORWIECTHLHEIETHS. L
- THHEDERS DEL, FEEZOLLREWLLIOTHS.

ZO X5 EMRER DR %2 A CI BRI LT, TREME LTUTOEERE 2 50
5. B1RBHORBREEDOESIVENTH LI L, B2 CHEBOREEDOHPRRATHLIE, B
BB EWDOKBREDEHRCEL DL &, TOM, Thb. BELLIIhLDOEHFDS b, WD
P B IL » THIRE EORSER A UV V. HER ST, —DO&ERI TR ORSE
RHEATELS B RVPLTHS. L LEAGHT X TEREAEZRZG TWHRATIE, Thil ko
MEELTT AL LIXbOTHETHS.

m- 4 #% 4

WEEEE LTHECHES DTH 5P, —BRMEDEGELE, no. 14) REHORKORRELE
gL k5. mEEFEUESh» SIS heMEP LR LRI DELTIWTHA 5. MER
WL TH 5 &, T SiOs, Ca0, Nag0 234 <, AlaQs, KaO B 7s W EARHBIFBND. Thik, B
CRMBROPERREL, <tV v 7 ARSRWRDKKE ST LSRR - 7erbThSE 5.

LaLanis, EEbOMmBIRY T, A-HEHEFRE O BEELBEORSTH-Th, £kE
LT g SRR L T B A « g oflix BARTIEB L (s Bfl, 1971 %
1), FOEFEE, BEOEIHRSER T hRsbInbBdnikv. EWvwi 2 ki, TR L
FMOHN B OPFEDB D70 o T B THSH 5. ThITEEIBCILENEIL/ERYR 5 E D ATV
ST WOHFICI—HT S (X5 L5 s, MOBRESEL S CRAMORESDERIZ, K
P b ETHIRIRE AR D £ 1 78 o To T REMSS3E ). — R ED S0l LIEZHTH 5
2, BHELUTVE L WS HER, $E5LTATCOMATHBLTNEDTHS . RERLIED
HROZREM, SRR L% BER - WEANTG (22 VER) OHIBS L, tOBEILE1E
no. 15047 K& DFL L HBEH—ELTWERLTHS.

No. 1543, ZREWE LTI A=V F 4 v« 7 IV I/AREBECEUORAIOET, WL a
FRAMEREZEATVS. WHMSINTIERSERD HOPRIT X - TEL D DR b MRV, WTih
KL THHBEEETHS.

M. 5 HOKOIRHEE LB ORE S & DI

M. 5. 1 AE#HHFHOHREBRERS L OLLE
FRBEASE S, BE A KILES A Th 2O BOMRER & T 570012, - EEKRES
B, BEBAEE UTERE LREEREOF AR S OSMlE Cd 552 R RABMGILEO

B 2) #ENOMBEREE Y BRDE LR THE L (IsoM et al., 1966).



T BIRE S (KaTapa et al, 1963, 1964)
LHBLTHES (B84 % no. 19).
AREHWF OB AT, HEORW &I,
W L BED BRSO FIE (no. 22)
L, KO B2V H 2 RE, £ARK L
WhMR o T, Led s T, KEORYE
EE OB, HROPEEEE S
FTHCEILbLES.
MHOBEDLDEHELTHS LT bbb
ZLETHBH, KEDHODIX Si0s 5%\ .
ZHIIHBR DI E AL BERTH 57D T
H5. Lo TAREOL O ICk 51
E 810 DEBEL D, WCEXT, HO
Bod o Si0 Ao, BERcE
WSRO THS. T THREELL S
FEEHIE SiO: DFEALIX B ED W TH S 5.
DEWRCAREHE T, v ROREREZIE
LA EEEIRWIIRIEE S OB O 5T E%
H4Eno. 20C0HT5. Zhitno. 19 D
WK @ Si0; 62.7% % 56.24% I | LT,
223 100% 105 X O KHEIHE LA
I T3, T OIREENL, Si0s, ALOs i
B+ 5IRY, no. 19 0FHEL b XD BIE
HEGIPLTL 5. L LEBAbmoRs
CHAL THOBRES L OETIFEALHEE
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Table 4. Chemical compositions of mudstones

from the other districts

19 20 21 22

Si0, 62.7 56.24 59.0 62.25
TiOq 0.7 0.98 0.8 0.75
ALQOs 17.2 19.75 17.6 16.92
Fe 03 2.4 3.21 2.4 1.80
FeO 3z 3.84 4.5 4.09
MnO 0.05 0.01 0.08 0.08
MgO 2.2 2.61 2.9 2.25
CaO 0.7 0.10 1.4 0.69
NazO 2.0 2,55 312, 1.99
K0 4.0 3.96 2.0 3.51
P:0s 0.2 0.16 0.2 0.12
H,O+ 2.9 4.31 4.0 3.57
H20~ 0.6 0.46 0.6 0.80
C 1.2 1.75 0.6 1.10*
COs 0.3

Total 100.0 99.93 99.5 99.92

* Total C (including C as COz2)

i

20.

21.

22.

Average composition of 14 Permian shales (silts-
tones and claystones; excluding cherty ones) and
their metamorphosed derivatives from the Kiso
mountains, Nagano prefecture (KaTADpA et al.,
1963, 1964).

A fine-grained shale (claystone) from the Kiso
mountains (Idem).

Average composition of 9 slates (siltstones and
silty claystones) from the lower part of upper
Permian (the Toyoma facies) in the southern
Kitakami mountains.

Average composition of shales of the world
(IwasaKI et al., 1965).

LRV, Licddo T, KB EMORBOREEDILERS OXR, Bl THESRBROAEOR LIS

ORETIAEVWC ERE X0+ 5.

DEDXdhEERPERLLLT, 0D THOEBEIABORESSLEL TR LS. HOBDR
BECHATRRO LS 21B) OERES 5%, KAEOLOE BT IETHEIELLCREEE V- T

<, ~HRT5LHPTES.

i) £ Si0s BARBDOLDIE VDI, EHOX S CHEEDHBRNRE N2DTHS. Zhitdb
HAB B FRCBIERRE P - ledTh 555, Lhd RRC LR LR g < <

BELGDBE o IlcDTHH 5.

ii) AliOs, CaO, NaO BHOBD IO EV. ChiIMEROMBRAER ISV LItk 5.
iii) TiOs, FeaO3+FeO, MnO (X ¢ Ca0) #HHOBITE DL, HEHo K IIEEIcEETh T
PESREYNE X GRS X 530 TH 5.
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iv) MgO BAEBDH DI S, 43k Mg @ JOEE, »ALAT - A - ARBLSEhTniT
H5HH0, ChbOIMILENELER T ANV hE L, EDDTHMBLLT V. Lidis
T, HOBDOEAL, ThbOUMOSMRERFCHL O Mghkbh TLE D THS5. K
DBED Mgz, BREIIFLEASREAEPCEERTVS. FREOEK T v 201 L b biRuns,
OB Y » TMgBEES R TWAZ LIXEETHS.

v) KeO BABDI DIcH . ChEE i, AEOREEOHKIEICY )V ER » BERRS L, *
NEEEINTETWB L EIRE S, 21T, AEOREECE, ¥WLemichEd 2@ERRS V.
ENHOEMOBRE IR L THYEED K BPEZESN0THS 5. OB T, KO »47 <, NagQ/
K20 Lasfeds & LT RFITAE V.

DEOREDS B il L L EIATEO X 512, HORBREEORBESLBINE < 113, AEORE
EORIEED LB W ENFROFRZ TR L TWE., Lk - T, ZhdOREEDILERSE, T
FHOWE ) & TRAEOER] &5 2R&HECE - TERSR TV S, LrdbHOEL KB OB A,
BHEFPVCTHABEE LT 5 DI bR EORE BEPHIL>OTH S5 .

. 5. 2 dtEltho = SFRERKE L O LB

YT ATHE & 30T, B E O E PO B OB & IR CW A6l & LT, Bt Bl
ORI R THED LB L TA X 5. ZOMBOEEENERRINCHEDFETH S5,
ZOELERTE, 1) TZOREBII A MENS Y. i) FFRKEESHFEOL 02 & T IOLEM
BIEL 57 LT e, i) BREEVI IRV, S OSHHE 7 [HOFH T 4 % no. 21T REvb.
T DSHED Si0s, Fes0;+FeO, Cal, Na0, KoO 1idh & 54 RO SIRE B COE L R Em % -
T, LALESEOREZIMHOBEE LA L <k, izl LT, BRBEgEt
FAEFHREDGHMLTW eI LIRXBHDTHASS.

RIBICHOE « K8+ X « £BEEICET 5 Nag0-KaO [ (5 M) %754, oIS ETD
NTCREE ORI E L <KDL TV 3.

IV. B8 OERHEE

BRTIIAGOEAOHE X S EFSh, & ZBRKAREhORIEME TGRS DN
BIBEAEFOEERIA TS (JK 6 B 1R). LHAUEAERIILT T ZREMT X - Tohk
ShTwa.

TR, BFR-BER =€ V-t 72757 74 VEAANG - RiEG- 228 - AER - 5
VH - BREETH S,

HEE: EREOX 5K, KREDIHBITIEE A EEBRERLMO E ERNTED, HERTIDERH
PETFRRIELTY S, BVARFEEEZ AL, BASHTEABOAESSIPOHEET S L, RFFA Y T

H 3 Av— FBEBLEEEZER, DIV bR EBRED I bOTHELET. EE (1968) oErRErEOME THL (F
H - fFE - X% ERE).
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Fig. 5. Nap0O/Kz0 ratio in sedimentary and volcanic
rocks given in Tables 1, 2 & 4

JVvARWLIDAEREOLOTHS. b 2 b WRAFEBHSBPEL TSRS E, T EhIE, ELT
WhHY —FHA b AV b (EER51.533) X Db Tl EWERERD HarLnEEhg., oW
IMEEE P = P EIEL TS, LIeAio T, ZEHEIC An 15% UTORBAPFLE L AL LT
IWeksrs.

IR —b: B - IRKERBERR TR L CEERTH S, L CEETOBE N ER XY A
T, —HMITERROBI Y S VA4 P EBbREL OB 5.

BRE: ChIHS . TRAES 2ZEHECLDBEH B, B 1, Aol T BB TEOHERZRT
Lo, B2, WZoBEBEOTHAET, AOMEEZRTLIOTHS. KLOENINIE2 OHTH

EEE: MRS T, PREEBLTVS. —RICEETREZHRS, LEXESbDTRETSHS.
B CKAR, RIWNCHET 5.
THFISA MERMA: BT CEERE - BReLy UEG, R LEGEWINE ORISR T,
BRI LTS, S, v=1.668, 2Vx=70°+ Th 5. T OI2Hix Mivasuiro O (1967)
‘o % & Barroisite OfBICEL S (6. COEOAPIAER, BER X NLOEOIH
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Fig. 6. Relation between optical angle (2Vx) and refractive
index (y) of amphiboles

A. Tremolite from limestone-derived hornfelses of Ainoshima.
B. Actinolitic hornblende from Kuroshima and northwestern coast
of Enoshima.
C. Hornblende from Enoshima and Ainoshima.
D. Cummingtonite from Ainoshima.
L, M & N. Fields of actinolite, barroisite and blue green horn-
blende from the Bessi-Ino area (MivasHIRO, 1967).

Wi, OE ) RERECHS IS AT 5. ERCEITROERVRET 75/ 71 PETHHA,
FATCHHPE IR ERLPD T WY, g, Mivasairo (1958), Suipo (1958) 22472 L
7ok 5 R HROEBANT & OMOREIEEEES X 0 Likwy. U UBITESICRAER <, 3%
BTHBEVSHERD, TITET75/ 74 PEARBLREC LT 5.

V. OB DR KA

TORBROEBRERS, FACHMCEY DM - g2 3L ALTET S LR LITETLTY 5.
FFCEV T, EREECHENRALRT, & TBRRSERTRFEEOMMT L (EEhTw5
(BAKE 6, 5% 2 (). ZERREELL, SRS < mERllE . 2oL, BAnoREE, REE, A
IR D &k & Ol X CERROBRETH Y, ThHOBEIFESELFEIRTRENE. Kol
DR OILORE LIRE OARET, BEOEREOERE L ZERKTHS.

Table 5. Variations of chlorite, hornblende and clinopyroxene
in hornfelses of Enoshima

Northwest Southeast

Chlorite Decrease in amount:
Hornblende Increase in amount =P
Low refractive index* High refractive index

Clinopyroxene Absent Present

* Actinolitic hornblende.
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FEEAETRTORFIGEDLN LRI - BRT « FRIEH - $RIEE, BIRSEME LTHBE » 7%
VE-BIRO BRERERZENT B L, DFOX S LBIHESHEDENS.

a. BER-HER

b. BEH (- F—1)

c. BER-ANGE (=¥ F—1)

d. =¥ F—+

e. AR (-=¥ F~F, £hich VER)

f. ARA-BANEE (e V- 1)

8. WA -= Y F—t

LEHAEEDS b, BAIMRLZET{, g OMATIIEMNEERENISFEASh S, BRIEAI,
BERENTEEERS TH L0 Ed, BERENTIRIRS TS, FELRVEELH 5.

TR 200, WEARBOEREOEMK TH 5. BEET, W E/aEe L TR
FidxTH LWL, ZOMBTRKECUTRY, EHOLFEREZECEIHIREY b - 2RES &1
Bbhilow., Lo, TOBOY L THEG -&EHG - TARYF 4 VO TA VI Ty PRBET
WEHDPIE - E D L.

FLREMOEE IR OB ThH 5.

#SRA: FECHFEL CopER &, B LSRR & OEJNEER 2D, T LAER
D An % REMICHSZ EHTERY. L LSEBELAPEDICEWTE, Ved9 1 bEAY
PO BERROEVCHERIIAVWESRTWEY. EEREAMERIETLAVTHS 5.

feh: HERE, BLAEDL 00, EBAOTFHRELAOMELRLTWA. ks, Lo,
B2 5 {ACREHE AR ICEUKERA OB ECAE UL Bbh 518 HA « A - MESHS, »kD
IREFCAFET . Chbidd bbA, TOWLORR» SR LE.
2EE: PHLWHE, LSS0 BET, BRERBICIEDLDTHREDLORD S, HBIE LK
RO 0T, TR r=1.646, 1.647 ThH5 (FEIRX).

BTG ANAE, GIRRO X 5 R ORI & oG THR & ek 2 H T RICT 5.
BOLEHROLOOE T 75/ 74 VEAANBEHRLALOT, $HRZEL, BT THIEEAL
EELVCLERETHS. KVEEREOHRS, 2% BOXERTE, —RICEERT, XhiRAT
HbH. T LTHERFOEZH TRDIOB ZW. 72757 54 VEAKNEA O k¥, r=1.663—1. 670,
2Vx=70—77° (3 (@) TH Y, fbdd DTl 7=1.673—1.684, 2Vx=62—75° (4{#) TH5 (356
X). Efl—oARARSAIC, WIEEER DD O L IR GO FRE 2T 07 is &8T5
LEWHDL (RBOREDOLORT 75/ 54 VEARA L W by Tiiy). WEO SRELTL
e =TTV, ¥y — FTOBER AR RO WIS ERITR TS 5.

ImEENIC, FE»HORME Bbh s ANEORBIFET 25, Thidfkeesr LTnT, A
MARE O LEEZ HDTND T E03% W,

IER—b: HRFOHREIPLALT, YAZYA b ELUZ Y/ VA9 1 Ths, Wil mEodk
Eabhcis, FREREEE DI, BARS0cm OFBARIKLTHS (= 3, 81 ®).
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b,

i) BIEORESHEEO L O—EEREZSELV. VIEREELLOPES.

ili) RFTHEIRM L7cRbE < IR « X CEESHROICEOKIEME BIRE T5b0—Ihb
DOEEOEREFNFNEL - Tw 5D, TREE LTI T 52 L085TE 5. — AR - Hig
BEURFEDORAL YT 2V ATHES.

iv) FIREMAEEE T 53 O—HRAMNIH 20 % Lcic 3 Elov, SRR LEANE-
MR &% G URRRERAETH D

VI. 2 5 AR E S EIRO S

VI 2.1 2R OHEK
WETARESEEO R A VT = A ZDKYENE, AZERZITEAEEERVEOT, TORPKEE
T BEE s TAYT 4 VORI RBERERS LS5 (B8 HR 4, 1M K7, F2K;
MR 8, 1, 2 [k ).
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FREARE 0.1mm BEORKERTHS. —C, BEROFTENPHEETHD, 25O/
PEETHILEPHS (HIRT, B 1R). BEREGPFELCEGE, RESORINGZhERD %
WTHhY, fERETA<YF ¢+ VOEBEICVE, pressure shadow PiFET 5. FHT AT VF 4
ik, FEORERORAOENG S AT, GHEFCHEE L ERANT - E 0 LTWaH0H 5.

MED XS, COERETDS ST ERDOMBETL Twd. L LI EiCh b
555 SmBIOBIREEEILIT L ALFEEL THELT, HARFTWIEEL MR TRY. ot
TRIARTHEALYZ 2 AR LV HRICHE—L TR LT 5.

HBZORAYT = VAR, AE-FREA-BRESOMEET, <Y v 7 AOMOHS X b ko
HEEBLELIZEDLRS (KR8, %2 K). ZOHRAKIE - RN oD ER &
DBy 4+ —7THDH. HIRANEKE SRR TV LDEFRELE LRI LBERE V. L
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S EEIEEE L T8MI D& A T HENS. ThBIIE6ED a—h THRINS. Z Ol
WEREMLTY - LMBICTRTEETRICRD. 2L, AE - METLRRIERS & LTEE» bk
AU, BURZG SR D F £ v §REE « TEBESRIE « WESkIL « HEROL « REM AL ELEELTH 5. KETRL
OPEIMOHEET, EFTIEE6XOFFITHYE TS, Lo Tho LdEHT_EHMIL, vV E
FAEET, WBEESLT 5L, AEBLATE, hOMAEIHEDS< AN L Thb. T/
FOCH - TRIVPEOAERPEC TV HHILREIITH S, OMER §13, oMadics
SRTAUMEEL LY (VIE2 4). ZRECHHET, AERE “BLAE EERVERLVY T «
A, EURRHEENE, §OMATROATERS, BEREREELRVAA YT = L AR BTN S
NoEPETHB.
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DRI LAWOTEINE, BEEC—EHLTW5.
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AE-#ER COWMEMEREMNCALDE, 1) AZRBFEEAEEENVFRA YT = VA TIE—H
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FDFELTWERY. BRAMKRIEEEPOHETH LAV T/ VARV LT VF YV Ths. —Hic,
B EBbh s X CNZEREDHEL L b5,
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Table 6. Mineral assemblages of mudstone-derived hornfelses of Ainoshima

a b G d e f g h a i f
Quartz g ¢ . O o v o O o O O
Plagioclase g @ @ © @ © & © @ Q O
K-feldspar O
Andalusite o O ®)
Cordijerite O O O 3 % or
Almandine C O O @
Biotite O ® o @ Q9 g9 c O o O O
Muscovite I R B @) O

Accessory minerals

Ilmenite, pyrrhotite, magnetite, pyrite, chalcopyrite,
carbonaceous matter, etc.

Original rocks Stratified mudstones

Mudstone
pseudo-breccias

Classification of
mineral assemblages

Muscovite-lacking*

Muscovite-

bearing

i: K-feldspar-bearing

O Main constituents.
X Cordierite and muscovite in a limited part.
Muscovite is lacking except the above-mentioned one associated with cordierite.

*

M
N T Muscovite,
S
K-feldspar
' i

Andalusite

Btotite
(Index)

Cordierite

Almandine

Fig. 7. Diagrams representing mineral assemblages in Table 6
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Er, ETLEWE OBEBIIEINKFELE. ZOR»L WA SRKEVESL, FitodhTT <

V4 v e RIFTHEERIMENERZFTLO N S W2 ETH S (r=1.645—1. 650, 8 {H).
v Sek1 (1957) %> Cuinner (1962) 237 L7cHESSHSN D FHEMN T 2L 0 THS.

Porphyritic

B LS Volume (%) |Maximum mineral size
Cordierite 16-13 3mm in digmeter
A
Andalusite - 1Omm 1 length
B " | Aimandine 03 imm 0 diameter
Cordierite (e} 3mm
C Almandtine 3 1Smm
Andalusite | 7mm
D Almandine & 2.5mm
E Cordierite 30-40 3mm
F Ela e Aimandine (3 2mm
6 . Aimandine 1520 25mm
H 1 Almandine 03 15mm
1 - | (Biotite hornfels)

Fig. 8. Schematic section of an outcrop of hornfelses bearing
cordierite, andalusite and almandine

Porphyritic minerals, and their volume and size are shown. Matrix part consists of
plagioclase, quartz, biotite, ore minerals and carbonaceous matter.
between hornfelses such as A, B, etc. coincide with those of original layers.
originally sandy but the others are muddy. A-I is nearly 50 cm in thickness.

A g 8800

B jele} A.

G- o o o) B.
o O O o

B D.

E o o8 E.

I o T | bk 1 los p o
1640 1645 1650 1655 1660

Index ¥

Fig. 9. Refractive index (7) of biotite
Biotite associated with andalusite and/or cordierite.
Biotite associated with muscovite.

Biotite associated with hornblende.

lusite, cordierite, muscovite or hornblende.

Boundaries

Z DR

Biotite associated with almandine and other minerals.

Biotite in biotite hornfelses lacking in almandine, anda-
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Fig. 10. Relations between refractive index (n) and cell
edge (a) of garnets

® Grossularite in a sandstone-derived hornfels.
O Almandine in mudstone- and sandstone-derived hornfelses.
x Almandine crowded along the both sides of len-
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Fig. 12. Diagram showing chemical compositions of clinopyroxenes
estimated from optical properties
O Clinopyroxene in tuff- and sandstone-derived hornfelses.
x Clinopyroxene in a limestone-derived hornfels.
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Fig. 13. ACF and AKF diagrams for the Ainoshima metamorphic rocks
1-3. ACF diagrams for rocks with excess K20, hornfelses derived from volcanic
rocks and sandstones.
4,5. AKF diagrams for rocks deficient in K20, hornfelses derived from mudstones
and a few sandstones.
1. Low-grade metamorphic rocks (Kuroshima and northwestern coast of Eno-
shima).
Middle-grade rocks (the other area of Enoshima).
High-grade rocks (Ainoshima).
Rocks in the early stage of Ainoshima.
Rocks in the later stage of Ainoshima.
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Fig. 14. AKFM diagram
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Fig. 15. Tentative pressure-temperature con-
dition of metamorphism of the Orijarvi
region and Ainoshima belt

3. Equilibrium curve for reaction, andalusite—
sillimanite.

4. Equilibrium curve for reaction, biotite+
muscovite+ quartz—cordierite+K-feldspar+
H3a0.

5. Equilibrium curve for reaction, chlorite+
muscovite+quartz—cordierite+biotite+ HaO.

A. Possible pressure condition of metamorphism
of the Orijirvi region and probably Aino-

(5) (4) (3) shima belt.
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Metamorphic Rocks of the Ainoshima Belt

in Northwestern Kyushu, Japan

By

Masato KaTapA and Kazunori MATSUI

Abstract

Introduction

The so-called Ainoshima metamorphic rocks crop out in three islets, Ainoshima, Enoshima
and Kuroshima, in the Ainoshima belt which is situated between the Nishisonogi belt of
northwest kyushu and the Goto belt in the western oceanic region (Fig. 1). In the Nishisonogi
belt glaucophanitic metamorphic rocks are characteristic, and between this belt and the
Ainoshima belt an important fault, Yobukonoseto fault, runs with a trend of north to south.
The Goto belt are underlain by Neogene sedimentary and volcanic rocks. Between the Aino-
shima and Goto belt, Ainoshima fault is estimated to run with a trend of southwest to
northeast.

In the Ainoshima belt small outcrops of granitic rocks are found in addition to the meta-
morphic rocks and similar granitic rocks have been collected from several places by drag
along sea floor. The original rocks of the metamorphic ones are probably early Cretaceous
in age. The results of K-Ar dating for a hornfels of Ainoshima and for a granitic rock
indicate 81 m.y. and 88 m.y., respectively.

Original rocks in Enoshima and Kuroshima

Metamorphosed volcanic and sedimentary rocks in Enoshima and Kuroshima are divided
stratigraphically into three members, the lower, middle and upper members (Fig. 2). The
lower member consists of andesite lava flows, dykes and pyroclastic rocks, Volcanic rocks
are more abundant and pyroclastic rocks are more coarse-grained in this member than those
in the other members (Plate 1, Figs. 1 & 2), The middle member consists mainly of andesitic
to felsic pyroclastic rocks (Plate 2, Fig. 1). The upper member is an alternation of felsic
tuffs, conglomerates and subordinate mudstones (Plate 2, Fig. 2). Pebbles of the conglomerates
are mostly felsic rocks. Neither lava flow nor dyke is found.

The rocks of Kuroshima are stratigraphically correlative with the upper member of Eno-
shima and consist of andesite tuff breccias, felsic tuffs, mudstones, and conglomerates.

All of these volcanic and sedimentary rocks were possibly piled up at the bottom of
shallow sea water.

Original rocks in Ainoshima

Original rocks of metamorphic rocks in Ainoshima are sedimentary rocks which are divided
into two rock facies; mudstone facies and conglomerate-sandstone facies. The rock of the
former facies crops out mainly in the eastern half of the islet and that of the latter, in the
western half (Fig. 3). The rock of mudstone facies is composed mainly of well-stratified silty
mudstones with intercalations of a small amount of pyroclastic rocks (Plate 3, Fig. 2). The
rock of the conglomerate-sandstone facies consists of conglomerate and medium-grained
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sandstone. The conglomerate is as a whole ill-sorted and commonly contains pebbles of
various volcanic rocks such as rhyolite, andesite, basalt and a small amount of limestone,
diorite to gabbro and its hypabyssal rock (Plate 4, Fig. 2). Besides, the rock contains
pseudo-breccias of mudstone (Plate 5, Fig. 1).

Chemical compositions of mudstones in Ainoshima

Metamorphosed mudstones in Ainoshima are peculiar in mineral assemblage as pelitic
hornfelses. Most of the rocks are deficient in muscovite and almost all of them are lacking
in potassium feldspar. Their chemical compositions are plotted in a field along the AF side
of AKF triangle diagram (Fig. 4b). This peculiarity is greatly owing to the compositions of
the original mudstones which differ very much from those common in geosynclinal mudstones
(Tables 1 & 4).

The characteristics on the compositions of mudstones in Ainoshima are tabulated as
follows:

1. Poor in SiOs, less than 60%

2. Rich in Fes034FeO, more than 7%

3. Rich in Ca0Q, more than 2%

4. Rich in NasO and poor in K20, Na:0/K:0>1 (Fig. 5)

Such characteristics may reflect the geology in a source area and the maturity of mud-
stones. It is assumed that mostly andesitic volcanic rocks were exclusively dominant in the
source area, while the other rocks, such as granitic and older sedimentary rocks were scarce.

The mudstones resemble andesitic volcanic rocks in chemical compositions (Table 2)
although they are slightly poor in CaO, MgO and NasO being the most mobile components in
weathering. These evidences suggest that the maturity of mudstones is very low.

Distribution of metamorphic rocks

Pre-Tertiary rocks exposed in the Ainoshima belt are thermally metamorphosed to a full
extent but their distribution is not in detail known, since almost all areas of the belt are
occupied by the sea. Their distribution would be, however, considerably wide from the fact
that the gradient of metamorphic grade is not so steep as found in common contact aureoles.

Low-grade metamorphic rocks are found in Kuroshima and on the northwestern coast of
Enoshima, middle-grade ones in the other area of Enoshima, and high-grade ones in Ainoshima.

Metamorphic texture

In Kuroshima and Enoshima metamorphic rocks, especially massive rocks, such as lava
flow- and dyke-derivedfhornfelses are low in the grade of recrystallization (Plate 6, Figs. 1. &
2). Neither mylonitized part, slaty cleavage nor schistosity is found. In Ainoshima the rocks
are perfectly recrystallized and a parallel arrangement of biotite develops in the metamor-
phosed stratified mudstones, Moreover the majority of the metamorphosed stratified mudstones
contains porphyroblastic crystals such as andalusite, cordierite and almandine (Plates 7 & 8).

Metamorphic rocks in Kuroshima and on the northwestern coast of Enoshima

The metamorphic rocks of these areas contain recrystallized quartz, sodic plagioclase,
muscovite, chlorite, biotite, actinolitic hornblende and epidote. Almost all the plagioclase
crystals well preserve their original crystal form and therefore it cannot always be acertained
whether the plagioclase has been recrystallized or not. A few plagioclases, however, show
lower refractive indices than the index (1.533) of the material cementing slide. The refrac-
tive indices indicate that the plagioclases are less than 15% in An component. Amphibole
named actinolitic hornblende is pale in color and of low refractive indices, y=1.663—1.670
which are plotted within the barroisite field of 2V-y diagram (Fig. 6).

Metamorphic rocks in Enoshima excluding its northwestern coast

This area is underlain by middle-grade metamorphic rocks. In the rocks plagioclase is
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not albitic but more calcic one, and actinolitic hornblende is not found but common horn-
blende green or bluish green in color is dominant. Chlorite is not a main constituent, and
clinopyroxene appears in the calcareous part (Fig. 2). The metamorphic grade advances
from northwest toward southeast in this islet (Table 5),

Classification of metamorphic rocks in Ainoshima

The metamorphic rocks in Ainoshima are classified conveniently into the following horn-
felses on the basis of varieties of their original rocks;

1. Hornfelses derived from mudstones (rocks deficient in Ks0).
A. Hornfels derived from stratified mudstone
a. Muscovite-lacking hornfels
b. Muscovite-bearing hornfels
B. Hornfels derived from mudstone pseudo-breccia
2. Hornfelses derived from sandstone, tuff and pebbles of volcanic and pultonic rocks in
conglomerate (rocks with excess KoO mostly).
3. Hornfels derived from pebble of limestone,

Hornfels derived from stratified mudstone

This hornfels is divided into muscovite-lacking and muscovite-bearing hornfelses. Chemi-
cal compositions characteristic of each hornfels are plotted in different fields of AKF diagram,
i. e. the muscovite-lacking one is on the cordierite side of A-biotite tie line and the other,
on the muscovite-side (Fig. 4 b).

The muscovite-lacking rock consists usually of quartz, plagioclase, biotite and ore minerals,
and in many cases marked by porphyroblast of fresh andalusite, cordierite and almandine.
The mineral assemblages are listed as a-h in Table 6 and Fig. 7. Muscovite is not generally
but exceptionally found within or in contact with cordierite (Plate 8, Fig. 1, etc.). The
refractive index 7 of biotite not related to almandine ranges from 1.646 to 1.658, but that of
biotite associated with almandine is lower, 1.645 to 1.650 (Fig. 9). Two chemical compositions
of almandines are given in Table 7, and the relation between refractive index and cell edge
are in Fig. 10. Andalusite is rather idiomorphic megascopically but under the microscope
the outer parts of nearly all crystals are replaced by biotite, plagioclase, cordierite and occa-
sionally muscovite (Plates 9 & 10). Some cordierites show a zonal structure (Plate 11, Fig.
1), and most cordierites seem to have been crystallized in later stage than the appearance of
andalusite and almandine. The crystallization of muscovite associated with cordierite and the
replacement of andalusite as mentioned above also may have occurred in the later stage. A-
biotite tie line disappears in AKF diagram for the rocks representing the later stage of
metamorphism.

The muscovite-bearing hornfels consists usually of quartz, plagioclase, biotite, muscovite
and ore minerals. Muscovite-cordierite association indicating the later stage of metamorphism
is occasionally recognized (Plate 12, Fig. 1). Muscovite is poikiloblastic (Plate 12, Fig. 2),
and andalusite of xenomorphic habit is rarely found. Potassium feldspar is absent in this
hornfels as well as in the muscovite-lacking hornfels.

Hornfels derived from mudstone pseudo-breccia

The chemical compositions of the mudstone pseudo-breccia are plotted on the muscovite
side of A-biotite line or the potassium feldspar side of muscovite-biotite line in AKF diagram.
The hornfels consists mainly of plagioclase, quartz, biotite, ore minerals and occasionally
potassium feldspar (orthoclase), hornblende and cordierite (Plate 13, Fig. 1). Muscovite is absent.

Hornfelses derived from sandstone, tuff and pebbles of volcanic and plutonie rocks in

conglomerate

The rocks mentioned in the title, except hornfelses derived from rhyolite and a few
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sandstones, contain plagioclase, quartz, potassium feldspar (orthoclase), hornblende, clinopyro-
xene, epidote, grossularite, calcite and other accessory constituents, Their assemblages are well
represented in ACF diagram (Fig. 13). The X-ray refraction pattern of orthoclase, and
optical properties of hornblende, and clinopyroxene are shown in Figs. 11, 6 & 12, respecti-
vely. A few sandstones contain biotite, almandine and cummingtonite (Figs. 6 & 10).

Hornfels derived from limestone

Though metamorphic minerals other than calcite are very few, hornfels derived from
limestone is characterized by the noticeable mineral assemblages as given below:

Calcite-tremolite (-quartz)

Calcite-tremolite-Mg chlorite (-quartz)

Calcite-tremolite~-phlogopite

Calcite-tremolite-clinopyroxene

Calcite-clinopyroxene

Optical properties of tremolite and clinopyroxene are given in Figs. 6 and 12, respectively.

Summary

The metamorphism of the Ainoshima belt is clearly a typical example of thermal meta-
morphism under considerably low pressure but its gradient of metamorphic grade is very slow
compared with that of usual contact aureoles. For example the metamorphic grade is
gradually progressed across clinopyroxene isograd on rather regional scale from Kuroshima
toward the eastern coast of Enoshima.

The change in mineral assemblage with advancing metamorphism is shown in Fig. 13.
The rocks of Kuroshima and the northwestern coast of Enoshima may correspond to epidote
amphibolite facies, if the amphibole in the rocks belongs to a common hornblende. The
rocks in the other area of Enoshima, and Ainoshima belong to one of an amphibolite facies
evidently. In AKF diagram for the hornfels derived from the stratified mudstone represent-
ing the early stage of metamorphism in Ainoshima, A-biotite tie line is distinct (Fig. 4b).
The presence of this line is probably due to high FeQ/MgO ratio of host rocks. This fact is
schematically shown in AKFM diagram (Fig. 14). The compositions of hornfelses having
ordinary FeO and MgO contents are plotted on the cordierite side of A-biotite-cordierite
plane. However, in the case that FeOQO/MgQO ratio is high, the composition may be plotted
within a field between A-almandine-biotite plane and A-biotite-cordierite one. This is the
reason why A-biotite line is effective distinctively here. In the AKF diagram for the horn-
fels representing the later stage of metamorphism A-biotite line is obscure, and cordierite
and muscovite are coexistent.

On the contrary, the composition of mudstone pseudo-breccia may be plotted on the M-
apex side of cordierite-biotite-potassium feldspar plane, since A-component is deficient and
FeO/MgO ratio is low in this rock (Fig, 4 & Table 3). Therefore its hornfels contains
potassium feldspar or cordierite but not muscovite.

It should be stressed lastly that muscovite-biotite tie line of AKF diagram is very distinct,
i.e. potassium feldspar is incompatible with andalusite, cordierite and almandine just like in
Orijarvi and its allied metamorphic terranes. The pressure conditions of the metamorphism
of these regions were probably similar to each other., Fig, 15 gives tentatively a relative
pressure-temperature condition of the Orijirvi type metamorphism.
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Rept. Geol. Surv. Japan, No. 246 Plate 1

Figs. 1 & 2. Biotite and hornblende hornfelses derived from tuff-breccia

in the lower member of the Enoshima formation, southeastern coast
of Enoshima,



Rept. Geol. Surv. Japan, No. 246 Plate

Fig. 1. Alternation of biotite hornfels (B), and hornblende and clinopy-
roxene hornfelses (H) derived from tuff in the middle member of
the Enoshima formation, southwestern coast of Enoshima.

Fig. 2. Alternation of hornblende, epidote, chlorite and biotite hornfelses
derived from tuff and mudstone in the upper member of the Enoshima
formation, northwestern coast of Enoshima.



Rept. Geol. Surv. Japan, No. 246 Plate 3

Fig. 1. Concretion (C) of calcite, epidote and others in biotite-muscovite-

chlorite hornfels derived from tuff in the upper member of the Eno-
shima formation, northwestern coast of Enoshima.

Fig. 2. Almandine, andalusite and/or cordierite hornfelses derived from

stratified mudstone of the Ainoshima formation, northern coast of
Ainoshima. The mineral constitution is variable from bed to bed.



Rept. Geol. Surv. Jatan, No. 246 Plate 4

L

Fig. 1. Weathered surface of a hornfels rich in andalusite and cordierite,

northern coast of Ainoshima.

4] - :
Fig. 2. Hornfels derived from conglomerate of the Ainoshima formation,
northern coast of Ainoshima.



Rept. Geol. Surv. Japan, No. 246 Plate 5

Fig. 1. Hornfels derived from mudstone pseudo-breccia in conglomerate

of the Ainoshima formation, northern coast of Ainoshima.



Rept. Geol. Surv. Japan, No. 246 Plate 6

Fig. 1. Andesite bearing recrystallized epidote (E) from Kuroshima,
crossed polars.

Fig. 2. Andesite bearing recrystallized green hornblende (H), biotite (B)
and quartz (Q) in the lower member of the Enoshima formation,
southeastern coast of Enoshima. Hornblende includes usually relic
of original brown one, crossed polars.



Rept. Geol. Surv. Japan, No. 246 Plate 7

Fig. 1. Biotite hornfels rarely containing muscovite, northern coast of
Ainoshima (sample no. 1 in Table 1), Parallel arrangement of biotite
is distinct, crossed polars.

Fig. 2. Andalusite (chiastolite, A)-cordierite (C)-biotite hornfels, south-
eastern coast of Ainoshima, open polars.
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Fig. 1. Andalusite (A)-cordierite (C)-biotite hornfels, northern coast of
Ainoshima (sample no. 6 in Table 1). Muscovite (M) is associated
exclusively with cordierite, crossed polars.

T et e Y

Fig. 2. Almandine (G)-biotite hornfels, southeastern coast of Ainoshima.
Coarse aggregate of plagioclase and biotite (P) is found. Parallel
arrangement of biotite is clear in matrix but not in the plagioclase-
biotite aggregate, crossed polars.
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Fig. 1. Andalusite surrounded by coarse-grained hiotite, plagioclase, cor-
dierite and muscovite which replace the outer part of the andalusite
crystal, northern coast of Ainoshima (sample no. 5 in Table 1),
crossed polars.
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Fig. 2. Pseudomorph of biotite, plagioclase and tourmaline after andalusite
with relics of the andalusite(A), southeastern coast of Ainoshima, open polars.
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Fig. 1. Pseudomorph of biotite and plagioclase after andalusite, northern
coast of Ainoshima (sample no. 5 in Table 1). Outline of the anda-
lusite crystal is well preserved, crossed polars.
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Fig. 2. Andalusite replaced by cordierite and other minerals, south-
eastern coast of Ainoshima. C: cordierite and biotite, P: plagioclase,
cordierite and muscovite and M: muscovite in cordierite, crossed
polars.
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Fig. 1. Zoned cordierite, northern coast of Ainoshima, crossed polars,

Fig. 2. Sericitized cordierite in andalusite-cordierite-biotite hornfels,
northern coast of Ainoshima (sample no. 7 in Table 1), Ci: seri-
citized cordierite, Cs: sericitized cordierite replacing andalusite, M:
muscovite associated with cordierite and P: aggregate of plagioclase,
sericitized cordierite and biotite, crossed pnlavs.
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Fig. 1. Cordierite-muscovite-biotite hornfels, northern coast of Aino-
shima (sample no. 8 in Table 1). Spot-like part is aggregate of
muscovite including chloritized or sericitized cordierite in some
cases. In matrix also a small amount of muscovite is found,
crossed polars.

Fig. 2. Muscovite-biotite hornfels, western coast of Ainoshima (sample
no. 10 in Table 1). Most muscovite is poikiloblastic, but fine-
grained muscovite is also present in matrix, crossed polars.
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Fig. 1. Biotite-potassium feldspar hornfels derived from pseudo-breccia
in conglomerate, southern coast of Ainoshima (sample no. 12 in
Table 1), A mineral showing clouded appearance is potassium
feldspar, open polars.

(Photomicrographs, by Y.MAsAD
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