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DRI E 4 ADOFIKAEL DD &\ 5 BB L REBE2RE Ui, HO% 1 5
W EREAZZS D, 7% - HE 7 - L - Sl » BREZESLETSY, 8
2 SHEmLVEHEKIR B - BRI O OIS T 5o £ LTES 2 ShimiL 2 R8T
THEARL, B 1MHBUORE,—EMYZS R L 0T BE LN
T bo AHORMEED T L IERNC—EL TV 2 EHCET 525, A
L DRMEDBEPICE T EORBEFIEL, BO% 2 SHRL LA S DIREIRF
Sk 0 O—EC, ML LB TIRRVE Lico AT I LR ERT 5
EALLECE & OB ET 5 EKE Lk, HTHEBEAIIEHOREOMEERE A
DEYTEH D, FRHES IOBAMECRET S BRELALKICRT 50T
B Lo Mk 220l - PR - SRS HECIERRDE BRI X >TE
C-BBNEBAOMNERMEDSH L TV 5L EEIL TV %,

T OB (1898) X BRI FHFA S0 L LT ool « BgiTs o FEM7e
BIEEnf e BR Ulco HOBIFETERE ¥ TR OME I B3 » BEaik L 7o
Tioo FEbhic Ziud, FRAIUOFEILESIORROBERKICIEE D, Kcs
NEBRELHERR LD, fii THREESREELEEL, CoRKURELELSE
DL Uco /MR HHI: Bl 2 R, SHRLOFIBRHE 7 &
o BRI - [ S - BEUERRE SR — B b 2 E X

L X SR ORRCEHEAILE W 5 KIUDFEL, oo HNIEHE
DM b 2t b F 2 o BUBKINE TRLL b BEREKE GUEAls LU
FOEHCHFHT ) -FAERUERE FRILS LU ESH) - SRIEE - KRR E
(Z D0 2 HFEEOTHCIEL HFETH) L VERD &V 50 FLFITIHEBHIOZET S
BRRICHIPCEEE U, SAUREEKILORTEC @) BB e oM Tt 5 L
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BP0

191 74R I FAR K AR R 03 e e L7l VA (1917) kR 560,
Fled, HEIEE R T oo PC XU, FERLK USRI LD BRI ICRIAR 7 £ & FER
el L Ceicd o, BEN 1§72 Hilk 0% 2 IER—DNERHOFHO X
WA EO—EHTH D, Ml By BFRRE L Y LCHRAAETSH 2 2
Who

S HICE OBEERHLZEE « /PRREE—EE (1926) (X FHFLK U2 82 LD & 16 7 B0
DRI D RCBTS 20 5 REEZES TV 5,

CNTHERET S Z L, S ETOMSEEEEDS S MNBEIL- B/ Bl R
DFHEDHPOBFICE LAL L L2 2 Thbo b HAFET 2 NVEDOFHEZ A
Buo—#rE2, o ARronSErhRkoro—HeEz, H1AGEH
FIIWEI U d D L E2 oo B BHICE OHBE MRS 50 ¢ Z 0K IOKE
BT 2@ LI 0D ThH D,

IS GEE CIIERE X D ZBTRF B b v 2L OIS S HEE Lo 2D

b YRR TERRZHORTLIEET 20T, OZHMORER >OCERNHE
BE DRI CEROE L oDt odb BHII O R4 Lo TR Lo L,
¥7od B2 (LBFETF1919) (X FIL O B (FHITE) # b B LRIk I th 5
LHUTo % 2 TEREE TR 4 e a7 ot £ OfSRC IR TR
< EEIE (1925) 132 OZHIABEERRIT T X o T L - —TE O FRIRFEIZHE (Kettle
depression) T 5 &\ 5 RB% FF Ui, 14T ¥ - HRE I R OBTE (FFHEr
) OFEEZRAL, R TRRZEHT ORI oA 234 5 BHIESIL
T HEERIEE LIzo T v 3 423585 L 1B AT (1936) 1 MR /e 5 0Nic
by RVBEO BT IEC T, FEREHNIKIEER T ACER LB/ 70T
R LIh DT, IO IR 5 B OB S b BB L T35 &
HER Lo

193042 11 A 26 BiciidbfF Sk X OB RHLE R Y, FHBTEOEEIE O
L GHIZE R U 0T, BHBUL S  OREZE L b I HIERF A O EikL .5
EDT,

HEE A= AL - AL (1930, 1931) OFEEL, FEALEZRCE HHIHEE
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OEENLF L CRET HEBOBFLIEL, MEC X s & HERE L OBRK
2R Ut MRIEROHECEL Tk, HEFE XSO SE=REBKEST
SRUCV B, HBAEROBEL HL T\ bo

HI « FiB O FERERROME O MELHLMC LR TAELERTS
D70

—HEEEZ B - RHTEE (1931, 1932) b BUHIOMERY R, MELHEL
BT, fo v LELED 432508, MRIBRHBRO KILORSECE L TETLV-R
BARIBL TRV,

¥ P MBI R A ERIERT OIEEILE « KRB0 FEE b LT O FEMT
HETAE T b OV SR IR B L, EE D191 ORI Lo
OB B WO EOTRREIN T 5o TOHFTHHE
LY (1937) 12 X BAFE: & O BBk (DETFEEE « R - ELK) DX
B2 KB O BLEEHFIEOREL, T DEEROWE Y B LB b O T
3 %o ERORMTHICII LRIBRCET 28 EREO(LESHTRbCRENEER
ClaBig

FERIEZ B (1934) 13 5L e e Fuc BE L 7o MR 2 BFZE L, T OREFTlT
Fritt e HEE Lo

1. & &

RENICET B KIUEE 2ALA AZRE (RLERS 0P DT Si0=
45.67) X b PIEHEECEC RS O LIRS (Si0:=76.05 It ¥ TE2 T\ 20 €T
OFEERRIEIE L FELEETh Do & OIS #h TIE D 2 RBERE DA
(T VAT A b eam 754 SR - RIS SRR L TEEL, ¥
TIsiRe « AP S VMEAK E LTHET 20 20 XIIEEHRFETH
BABREERSCERT LA VCE L oBERSCE W TARESCEALAR
PR LTV Do Fic HARDMO KBS DEEC HEEL TP L Nag0 icEA K0
EZ U A BT 5 (Tsuya, 1937),
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LI o VR EOSE F Fe IR EIC S L TV B Finh b M T
e b FEPE e MRAE T S R EERE A R L 5 02 B Th B FHIER
ORERPRAIL Ao 1WEGKEL TH BENBS L < I\ o LI T Si0;
022 LICZL Th 2 oMRPRACPERAETH Y, MERE (F=F4v - E
RO R IR Toicve EBEREMAOTE L aV-HHRD KO OZ L\
PR 2D THS 5

F o & O BHBBK LB ARFBMHITT O K ILE L HHET 55 LT ARGEER
AT HAEBY T Z LI bR AR Y+ R ET 5 HE R ENC SR
TR L THS W2 LD 2 0%RF B2 LHVTE %o

LHEROBEAZEEELBEL TR T, B 2BR0KIEES 5\ ik Ein 2 KLk
BT AEAEE L CGEASGMOBER b O HRELETHH L, T2 AEE
AL O h2 LTHERL T Bo Tinb b BTG ORI B—REHE» bEh s b
DTHDT, s —3E LU TRHET 5 2 LIS REEY R L7 Skl
TRMEIREE T, FHVE AT S RENI R U T ERLO AL SR
Fizik® B,

2. & % & B0

BE WHHCETHREAOL, Ang G KER» bR EKEEL Y&
T T2~V 2 v ARELERER KRR T 5o WEEA (¥ =574 Y ELRER
) RABRINTOR COHRAX TR L TOARET 50 FHRARERE LT
ROV EEEYE L TR LA YR TOEAPCET 20 MR, $de
LTHER Y B LR AL THiTh Bo

FiAY ORI RREATEEREL 2L L, RIEOLIIKER X D EARE
ICETEALL, NERUED T VTERRATIETERA TS 200 EHITH %o

FREDERIUAPCIEAC L TEIom U EORERERZET 220355
7% COFEOREAEEIC Ane GRS EA L, »OREREEORED D,

D SEHRPIRAIVTHFESETHEDT. B3 RCIESREORTTIRC bOORME, FEMN

CHEELT= DD TS 5,
2) TR R - GRELUWESOEBICH LT3, 2SHBR
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3% EREMESITER
1 2 | 3 4 | 5 6 7 8 9 10
KR OH O BEEWA | eoavln | % B OE R LL7
Si0; | 43.54 44.24 | 49.86 48.10 | 50.40 50.28 |52.83 53.24 52.07 44.64
Al:O; | 35.66 35.75| 5.48 7.29| 1.99 2.03 2.42 1.38 1.70| 6.34
Fe:0; | 0.58 0.64 | 2.42 2.55| 0.13 2.33|1.53 1.05 nons| 4.02
FeO |none n.d. | 4.23 3.95|21.30 21.70 |18.05 18.70 22.65! 16.26

MgO 0.06 =n.d. |15.02 14.78 | 18.28 14.77 23.05 23.34 21.13i 10.95
Ca0 19.53 18.88 [ 22.34 21.58 | 6.43 8.02|1.45 1.23 1.35 10.33

Na:O 0.26 0.16 | none none| 1.33 n.d. | nd. | b nd. | 4.51
K:0 | tr. 0.04 | none none| 0.02 nd. | nd. S = nd | 0.9
H,O+ | 0.20 nd. | 0.20 0.54| nd. neglig‘ n.d. \ b.10 nd. | 1.13
H.O—| 0.10 n.d. | 0.11 0.20| nd./ Ind. /7 nd | nd
TiOq tr. n.d. 0.41 1.34| 0.55 0.59]0.29 0.23 0.47 0.91
P20s tr. n.d. | none n.d. | nd. none | n.d. tr. n.d. | n.d.
MnO tr. n.d. 0,15 0.12 | n.d. 0.380.36 0.85 0.48 n.d.
F n.d. n.d. nd. n.d. | n.d. nd. | nd. nd. nd. | 0.68
100.67
Total |99.93 99.71 1100.22 100.45 [10C.43 100.10 99.98100.12 100.05‘1120:5)9
¢ ¥ F§ F F|F F oF0v
s« £ | 7 9| 3 @ g F ¥

:

1 ZRAUGERE (TV) A2 hdDALARL -2 54 FiHH HK 3301020Le)h DFF5H77 K
28D, WAIEANEAREEL2.5kmO®d, FHEZEHE= (Tsuboi 1933),

2 FIRKUEBMMEKUBER SR A2 h 37 935 £ ol HK 35032304b) 10 #5123 2 ),
FHRFE 2 BTN e MENER, AVEEN TR TR,

3 1tE—ERATORMEREER), BFLEHHE 1 AL (Kuno and Sawatari 1934),

4 LrRA—EPoORE, SFERETRE,

5 FIRAWEHARIULEE (OS), © o YHERILE(HK 33022001 hDO3E&E105 TRB), FIER
&, iR, SFEREGHE, MFEBRCEOROREMERET 5o 43 X005 O INEUR RIER
B BEEREHERTOFEDT LD LI bDTH S, ABLLHFTCEMET 5,

6 HHRANEMSERILSE (0S:), EHALLHHKS3081909a) DA e, FIREKARIEY 2 km
BT, FHELRER, SRR COF v BB L O YHIEREEHEOESW (Kuno 1940b),

7 FRKUESARILEOS) B E LI EHEK 3409001 1 D3R, FIRE, £55, SHES
RS « BARIER, (AF 1941,

8 WRALIEET (P), BEHA ¥ WHA AR5 H (HK3603210) hoHE, Q22HER), MEENE
A& AR B F(EIEILED T CID, SEEEPE=M, (Kuno 1938 a)o
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9 5rA—HhOEE, MIESEHT  BREW,
10 RERARRZLS (D) PO LREe4 M), B F i BE S o8 LY, MREism
=, (B 1949,
=Pl UTHIRE 7 IREDD ONE L 6L T 525 FOSPFHEILR s RERE
TLOTE M BIH Lig\y» (Wada, 1882),
F B OB P RBA RS L TET A ABAL =~ 75 4 1
*TYRTALPHICD, BEEEEOE LA CECEHHRTSEET B, £0 2
HC oW ToT S nciER B3R 1 B XU 2) TRTAMEAELORS I 43
% 1 OIRFR OIFHREEE 24 4 KT T
FaF FEARERRT ONFHEEEE

Min. Max. Aver.
e=1.575 ? 1.576
B==1.583 1.585 1.584
= 2 1.589 1.588

(=) 2v=76° 80° 78°

Inclined dispersion very weak with p<<u
3 BRI 24 TE0.0005

REPROELORSWEC THARL b KERT F TEAEL TV %,

7 7 =7 7 v ARRIATIELICRIE O BT E O R\ ATk TR
W F 72 R (hPERL TSR Ok s U TET %o £ HIRRAERE
W E LTET 25 s HOLRPHE T, FHToMEEL» b4 gk 7 2
=V U ANEELL TITS B Lo b0 COMNRTITT 7~V 2L 2T
13— RASEAC L Ui ie B AR 3 A AAE T % (ANF, 1940) o

BEEEGNY LIEERCHRE T I L 2N, TR f L AR E
Tho 7 VA FAATNEEE LTERAR L ORILEC, MCnidRlpgc R
Nho SEEENS I UL RIS L ORI TH B o

DABAE DA AKICE Foss Fais DFEGO L Db Foe Fags DGO 4 0
¥ COBGEEER AR T 5L, PABATIL O 2HNIHET Bo

R ZiE s Lo e, e LTBEhE LT, Ml nisehe LTET
Do BERREEN LT LT, B < IMUCAT <3 BT A TV Do 725

D URHBOERIT S~V 2 VvAOET ORI MEZR IO M IR Te 5,
2)  BEIRTE bUNC A& RO RN PN E X L 1=(Kuno, 1933a),



WYY VR E R ORI EHE R TV 5, FBEERCHENS
B EAEE

A b AL HEORIRIE (ESHEIES De ks X UREE Ds) o &iidic
ET 5 (Kuno, 1940 a) o SEEER & WEATHRD & 2038\ ¥ ERERI RO HEY
R CHIESATR T 5 fld S T b 20D BESEEERIL EnsoFss DR
5 8 A S AT FouFag ORDEET 5o

BREE CEEHR ORI EVCEBERD 7 5 FeSiO; Kb vy Ay
HEAICE B M OBRERE LR T 50

TEELCEEEA L LU BRI LTET 525, BoBAEATR—A
EHCrA AR EITRERER L) o SEAKUBIATC SR LTET S
L0 (ZREDHS) B LUOFA—BKEFONADAR =~ 754 Db DD{bEs
PR EE 3R IB IV AR TRT o CNEISHFEEEL PO RS FIECREL
b DEREFL T B LD EMNTE Bo HFEHEEEILE 5 £0M TH %o

BE53% FIHEAREEEELORANFEEE

EIED3 BE3EN4
Min. Max. Aver. Min. Max. Aver.
«=1.680 ? 1.689 =1.685 ? 1.689
B=1.687 1.704 1.696 p=1.691 1.700 1.695
r= ? 1.723 1.715 r= ? 1.719 1.714
(+)2V=56.2° 60.9° 59° (+)2v=57.4° 59.8° 59°
cAZ=40.5° 44.5° 43° cANZ=39° 44° 42°
Pleochroism: Pleochroism:
X =pale green X =pale green
Y =pale greenish brown Y =slightly brownish green
Z =pale brownish green Z=pale green
X>Z>Y X=5Z<Y
Dispersion weak with p>v Dispersion weak with p>v

BESLMEEEE L O f LTRSS HEL R T2, STk 2 o0ERREIE NG, 1D
DB AT, FEOIMRTIT I Licad o TRERIC 2V 2 3 U (FAME 40048
272 ) O BIEI BT 5V b 5 — ORI EERC B SR B b 0T, o
M2 AR PR 3 T 2V 230023 e b (R b Sl 010 1 2E1E) 4T

1) AXHTIR2V>43°O bR EEHE, 2 V= 45°»52 V=300 b0 % ¢ o3 Yy HRHEEHAE,
2V<30°0 b D% ¥ O YELR LTS,
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IR I DBV LD ECZ L b Do MBI LR~ OEILLEHMTE Do B

FEIAL S, SOREEUERCR  UEEREREE O EEC X > THEE» N5
T i b EREREL L PEEAL LTI LR LI UEREIh B2, C0Bs
G 2 A E BT EBER OB AR BT 5o 72 v UTEEA O B M85 0
513 TR FE T DT

YA vIERHEEEATIEY O 4 vERLEREYE L TED TERBTH 325,
Biob TRC BES: & U C ERISILAT R K L AR L %L ) (H. Kuno, 1936
a) b B\ A ERECR BIRNEG Y R LR R eIk ) RIC RIAC BER 1 okl
L LTET S (AH, 1940),

FERURES R e v 4 v R OLESITER S 3R D 510, +OXFHFEIEIIE 6
RICRT o

$6K FERRERRC Y A VR OXPIREIRE

e=p=1.704 r=1.728
(4)2V=10°—17 (in 010)
cANZ=43°

Pleochroism:

X =pale brownish green
Y =pale greenish brown
Z=pale green

EEEMERIA—EETTL 55 ERA—EERNTORSDOEMIE L. —iR
WER L LT A—EERTEIEIAIE O (FHSRH) 3 £ 2V 23k & { (40°
L FTixbb e v vEREEHEEL) -0 LRENEORET 5B e

2V2IKRE Vo EREEOEAR MR TR LIEWETFO L OREBEER DK ST

Fvvo BRMERZIAOREYBRT 5301, @ Y—EI 2V=0° Dr v+ v L TH
LDO0EBTH Do AEFEFHEAO—HlE LT, HEALUEESESZUEFOLOD
SEREE 3K 61T, TOXPFHEEER L 7 RCRTo SHRBL e v+ v IBIH
WA (A) L ey s VR (B) L DREAH TS 5,

BT7HR HERGANERE R RERRHEL O RENREEE
A) @=1.700 p=1.705 r=1.725(?)  (+)2V=36°—-44°

B) @=1.713 p=1.713 7=1.738 (+)2v==0°
Pleochroism: _for A) and B)

~—=Z=pale green (
Y =pale brownish green
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FEACHEE A, B2 EEO RS OFHfIY WonEngFsy 270, EBED
(LB SEM Ui 7 4 A MR RS WonEngFsy &7ch, L3I 3ERCTHL
e RE—FT %,

REEY F VEEROPTHRFEMCHE L b D rEr bh s b o, FERALE
ARZIEDORFCET 5 Onb 5, TOESE WosEngsFse T, MHHFEYF
FvEERAPThRD FeSiO: FICEANS DTH B,

v VB (B 0.1~0 SmmaO k) DR THASARZIE « hAbA
TEEEARIUE - FRERRIUES G b bR L TEBEA & VL AR)
TCETHLDTIL, 2V ik 0°~10° (2 CF o3RI 010 FieTE B EETH
5o —fle L THERAKIIERLUEHO S O Tk WorEnsFsy OBSThH %, ZOE
AT X D RO O SME, RiE L H CaSiOs WEA TV 5,0

AR il EnnFse 725 EnsFsp CES ¥ COBRERELERT 50

MAEEIHSE LTRbOR ARSI E L TET S8BT LT LT,
12T DEEIMICIT S BSDICEA TV B Eohiie Y+ VA O KB IT
HEh 52 L2508 COBARHRY Y + v EENEFICHE L TV 384
&, FRE Y #+ v EERDSERRER & ol - b B2 dog U TR TEEL n T84 L 0
T 5o

WSS SOOI AE 357, 8, 91T, T O E 2% 8 5
AT o

583 FERLKI BRI O REREE
Min. Max. Aver. Min. Max. Aver. Min. Max. Aver.
e=1.691 ? 1.695 @=1.686 ?  1.601 «=1.699 ?  1.702
p=1.698 1.708 1.703 g=1.696 1.706 1.701 £=1.709 1.714 1.712

r= ? 1.713 1.708 ;= 7 1.710 1.705 r= ¢ 1.717 1.715
(—)2V=58° 66° 62° (—)2V=57° 64°  60° (—)2V=57° 62°  50°

Dispersion distinct with p>v
Pleochroism:
X =pale reddish brown
Y =pale greenish yellow or brown
Z=pale buff green
X>Y=7Z

BEE A A v s F A N XD EREEEIEIT B (2 ) ARk L, Bk
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PR LU 7 2D SEAEET Do H I v 7 FA  (EE, 2V IR0k
S DVENC SERERCIE) AU LI RIS =, Zo BHEA AL T 58
(Kuno, 1938b), UEHBRACiti 32k UEERECEERIFEME (F3Ekk
H) R REEN B DR Th 5o ¥EANIALERMNRIE T ERILE S TSR, X
LCET %,

FEAEPIE Bl FEYR 2RI EC B LB 2 2 TE U e 0T, BIRE
B0 h O LEEBE (—HEBEHEY ST b D) DL DEThH Bo = DEYNTEIF
IR R 5 HERUE (Bd) (BHAEETILS) 3 X O0° SRS (Do) Hic
BEfLE LCET 5, A—WERT BEANG &« fkaplinomzsn Abhaz e b
b5, EHERIZIIE T, 77 AEAFEOMS (BHLE) OikeE, BRELE
DERFOBETIBHREBEE L 5,

AL AR EBERIETIEA RS TICET 50 SATEHREfE R LS %
CIEHEREORVCEETCHEL THA Z L b SRERSIHTCH B EC
BEPABAR. BEERL D VEBROSEREMEERY) o OB EEE
TCRRBOTIERSSG, £(31.63805 1.671A7F TE(L LI HERNCIETS %0
BEED A 3 v 7 b F4 b LHEET 5522 ONEE O H (0L 7 AF Tk p>v ab-
out Z, # I v /I A r—KkEOMEITRCIX p<v about Z)Th %o

BRSBTS O HHZ L (Ds) SRR A b AR L AFT B W
ARDSHHEREE 3 EOI0CTT o TONRFHEMEIRDOEY TH % (iR, 1949)
@=1.647, 1y=1.669, (+) 2V:575°, cAZ=24.5°, p>vy Z DL 75 AR
BRTW2L 0L D IBCESTEALT W EDIEETE S (BB, 1949).

SERREER UHS TLEBERIES: L TEEES, b InicERITREE
PR B XN 20LTh Do L Lt # 20 B B—Efx 2T, o2
NEBBCR O THORCEERNET S 2 L3BD LR IhEeERERSE
B LTRSS 5 MREOEGEEERENTL 27 D BT 525, £ O®RIE
[T 5o LIE LIERESEED AEHET 50 TOXEIEMEREIROML T %o
7=1.594, (=) 2V=20°+, p<uv (strong), Pleochroism strong: X=rpale greenish
vellow, Y=reddish brown, Z=yellowish brown, absorption X<Z<Y.

RESiSRE RN X A L TR COEROLECEET %o B L TLZEEH
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i LATT, s - BRERUETCEETH ), FMORIRTESERIC S B
NELN D,

FEUEED RGP, SOGERUERCHE: LTET 5 NGRCRE
ETh Do B L LTHIBEE (—Fle LT RREARBHEoAFEIE (Ds) )
A IR TSI TS 5o AEENE LT ERIER RO LEOFEL
TR ECRE 85T - 7 2 ~ ¥ 7V RS ET 5 AE) PICEECIEEL, AA
F 7 BRI TAEY, BIIBRTh B, XRBEVARCIFMET 2.

BRE 2 LT ERMKILE R GERER) 2 et BEa Rk
W) L LTiiavk DR ET 5o BiiY e TB A LIS LIXEBEa O
R EET 5o = OBREINIEERE D c B FTCESIL, #HEX 0 #RE
DS EMER T ¥ RS B AR RO = & 235 B,

Eak4 b EEUIEBE EE LA STEE) OBRIAERY e UTECH
EALAGTRCEEYE LTET 50 FOEIRL D HEETE REPNEETR X
biEd B LD TH Bo

BELEE Shixs, SoRUEROHER»ALAGTCERS Wk LT
BT 2, LALNBEDO Y 2 24 FOERLEY, HREOELEAEENETRR RO TE
EhA S ARREERICEE NV CKIROBHICET 50 ZOERE, »ALARNK
Eo@icmEE L - Bito/ M SEREL & AL N ER LS L &R TV

20

Sy =, SomEEmc G NERE LTETBDLTH %o
=X Sy BEROBEATE, MIRRCE B WTEEOHEEE 5 T
T LRSI BiERa e LTET 5o

iz REsER e L CHIBT « HIRE - R - B3« L - BE R L ORAR
EYEENTFAET Do BBEDODDOIM AL ATE X UCERELR Y ERL TEBHEL, £2
SRR B TS ¥ F B B TS Do SRPNUEEMELY KoM TH
Bo @=1.51%, 7=1.574, (—) 2V<=0°~30°, Pleochroism: X=pale yellow to

almost colourless, Y:Z =pale green.

D ASHOREFEREC X 3 EECH LTE, RRARSREREEIRERKRZLHA S VS0,



3. HmEAE b ¥

LR FEl U e S B A ENT A 7 B R ARER R A Lo THH B 20 21 B 7o b ic
RO X5 I FEE AR

Fieh B ARG OIHRK LA ZRER T 5 R ESH L ERIRG Y OM A8 & LTE
X5 BFNRTOBEE LD 2B OENML 7t Bo |

75 9 ROEMC I HERIIOME 2 & L TI0HR R L Th 5o VA HEBIXA
ETORMTIE, DALARDLDEE LECEE L Ol B Eo DL 5 ks
IROT-BRI, BROBET X B L, SAEIAE (5 VI-IX &) ClisA b AGE
DTHTHD, ¥ B VETIIREYIOBES 5\ 3Bk CRENTSH D, 25
ABARTIEENABAFREI L 2 RAIT 20BN L A LB USRS Th 5o

RIRDOR LB ARG OM A 5 Bl (a—e) 2512 Lice 7ori L9l # A Fids

HOR  JUEN X OFRH KA R OB+ EERIE S IO M A1 DR

. A
w % e Wames wamn JHED aon
A o |#Omn e \

_ - L —
azm| * bk m
DAGAR | Ia Ib Tc IId Ile
- ﬁﬁ;ﬁi,,_ﬁl_ .5 1 <1

; d Te
PABATE | 11<12i 1Ib . Igirc o1 7151” ” “m
;be,wJE‘r" “IVa Ivb " Ive  1vd IVe
é‘i%‘iﬁ_@;[, o Sl o<1 o<
EHAD AL v Vb ' vd v
BAE L | a c e
AT <t 2 r2 v 4
A A
W E R VIa VIb Vie VId Vie
R AEER <1 <1
R - o o
EAB AR .
;%L j? ?ﬁ E ! VlIa VIIb ViIc viid VIle
A
EMABAL | Via  VIIb  Viiie VIId Viile
W e e <1
SN YW
e ! IXa IXb IXc 1xd IXe
AR
B3 E A 5 Xa Xb Xc Xd Xe
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IUSEREEERIEN Lo FESYREEHE L LT, DADARDHR, B LT,
DABARFREEL L Bl (o y LI A CBREARE b—EEA 5 520 KRR
R EREEH SR T L BB L oo
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HOBRFETHRO S O LHBOBDETHD, FRBREDIDOLF 5 A% &L d
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FUR EEERES RS

4 | B | D E F

I | ,

SiO. 51.10 | 53.4 56.62 50.37 52.2 52.80
AlyO; 18.90 14.4 15.49 19.07 14.7 14.60
Feq03 3.5 | 5.1 4.58 2.25 3.2 4.30
FeO 6.52 ? 8.4 7.09 8.66 11.6 9.64
MzO 5.03 | 5.7 3.00 4.19 4.7 4.16
Ca0 10.80 | 8.9 7.33 11.30 9.4 8.75
NagO 2,14 j 2.4 2.95 1.96 2.2 2.28
K:0 0.32 | 0.4 0.55 0.32 0.4 0.47
H:0+ 0.50 —_ 0.35 0.30 — 0.51
H:0 — 0.28 — 0.72 0.27 o 0.60
TiO, 0.83 1.1 0.96 1.01 1.5 1.40
P:0s 0.13 0.2 0.08 0.08 0.1 0.08
MnO 0.3 - 0.22 0.21 = 0.22
Total | 100.24 | 100.0 99. 94 99.99 | 100.0 99.81
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PETROGRAPHY

Rocks occurring in the area of the present map include
olivine-basalts, olivine-pyroxene-basalts and -andesites, pyroxene-
andesites and -dacites, and pyroxene-hornblende-andesites and
dacites, besides a little quartz-gabbro and quartz-diorite-por-
phyrites. The olivine-pyroxene-basalts and -andesites and pyro-
xene-andesites are the most predominant types, while horn-
blende-bearing rocks are comparatively rare. The most mafic
type has silica percentage of 48.10 while the most salic one 76.05.
These rocks constitute probably the most calcic and siliceous rock
suites of the world.
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GEOLOGY

Older Miocene. The oldest recorded events in the history
of the region date back to older Miocene, when submarine erup-
tions took place over the entire region. The eruption gave rise
to a thick series of lavas and pyroclastics of pyroxene-andesites
and basalts (Yugashima group, Y) which was intruded by small
masses of quartz-diorite-porphyrites (qdp)and quartz-gabbro (ag),
possibly representing the latest phase of this activity. All of these
rocks were affected by hydrothermal or pneumatolytic action which
converted them into dark green rocks, or into propylite where the
action was more advanced. Subsequently, these rocks were highly
disturbed by crustal movements and uplifted to undergo subaerial
weathering and denudation.

Middle Miocene to Pliocene. Upon the erosion surface of
the Yugashima group were accumulated volcanic rocks erupted
from various centres during the period from middle Miocene to
Pliocene. Deposition of sediments took place in a limited time
interval (younger Miocene).

The oldest of these rocks is a series of massive basalt lavas
now exposed immediately south of Atami city (Fudo tunnel
basalt group B,).

After a short period of erosion following the effusion of the
basalts, explosive eruptions from acid magmas took pléce pro-
bably at widely scattered vents. The products of these eruptions
were chiefly pyroxene- or hornblende-dacite pumice and lapilli,
associated with more basic and compact ejecta of accidental
origin ; these pyroclastics, having been deposited in a shallow
sea, covered an extensive area throughout north Izu and Hakone
(Atami tuffs T, and Hayakawa tuff breccias T;). Chiefly on
palaeontological grounds, the age of this volcanism is inferred to be
younger Miocene. In a latest age of this eruptive period, effusions
of glassy pyroxene-andesites occurred at various céntres, some of
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them being located near the present Sukumo-gawa valley in
Hakone. These andesite lavas, together with associatzd tuff
breccias, covered concordantly the acid pyroclastics already men-
tioned (Sukumo-gawa andesite group A,), or were interbedded
‘with the latter (andesite lavas associated with Atami tuffs T)).
Both the acid pyroclastics and the andesite lavas are traversed by
a network of faults, formed during the pre-Pleistocene crustal
movement.

During the Pliocene, repeated eruotions caused by basaltic
and andesitic magmas took place in the central and southern
parts of the region. The alternate layers of lavas and pyroclas-
tics accumulated around many different centres and in several
separate periods. The frequent occurrence of brownish soils re-
sulting from weathering of these Pliocene volcanics, and also the
non-existence of intercalated sediments, strongly indicate the
subaerial conditions prevailed during this period in the southern
part of the region.

The oldest volcanic activity of the Pliocene was rather of an
explosive nature, the products of which (lavas and coarse pyro-
clastics of pyroxene-andesites) are now exposed as tilted strata
along the coastal cliffs north of Atami city (Inamura andesite
group A,).: This activity was succeeded by gentle effusions of
lavas of pyroxene-andesites which are now exposed near the same
city (Ainohara andesite group A;). Quite similar andesites are
also exposed around the village of Usami(Awarada andesite group
A,), which may be of the same general age as Ainohara andesite
group. An acidic andesite occurring in a limited area within
Tanna tunnel (Tanna tunnel andesite A;) is of uncertain age but
possibly older than the basalt complexes to be mentioned below.

Then large-scale eruptions occurred at the centres located near
the present town of Yugawara, which gave rise to a thick ac-
cumulation of lavas and pyroclastics ranging in composition from
olivine-augite-basalt, through intermediate pyroxene-andesite, to
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hornblende-pyroxene-dacite (Tensyo-zan basalt group By, Bea).
Small intrusive masses of hypersthene dacite are also associated
with this series (dd).

At the close of the Pliocene, eruptions were caused chiefly by
fluidal basaltic magmas. Lavas, scorias, and bombs from these
eruptions were piled up around vents located near the present
town of Ajiro (Ajiro basalt group Bi, Bs) and also near the
present site of Tanna basin(Hata basalt group B;) Hatsu-shima
basalt group B, may have been formed also during this period
of activity. ’

It is interesting to note here that these basalt groups (B, and B;)
show a regular succession of lavas from acidic to basic, beginning
with augite-hypersthene-andesites (with or without olivine) and
ending with olivine-augite-basalts or olivine-basaits.

Although some of the post-older Miocene to pre-Pleistocene
volcanic rocks have been altered to dark ’green, compact rocks,
due to hydrothermal or pneurnatolytic action, they are still pre-
served generaily in a fresher condition and in a less disturbed
state than those of the older Miocene complex. Amnother feature
common to all the Tertiary voicanics exposed in the central and
southern parts of the area is the development of ‘‘solfataric
mud ’—a whitish flinty or bluish clayey substance produced when
the rccks were affected by the action of solfataric vapours or of
hot spring solutions.

Pleistocene to Holocene. Since older Pliocene the greater
part of the region has been raised above the sea, so that the
Pleistocene sediments are lacustrine or fluviatile deposits of limited
lateral and vertical extent(Shimotanna shales SS). Still younger
sediments are found in the recent alluvial plains and local basins.

The more notable events of the Pleistocene and Holocene
were the eruptions of the great strato-volcanoes, Usami, Taga,
Yugawara, Hakone, and Fuji, together with a minor basaltic
mass of sukumo-yama and some satellitic effusive bodies of dacites.
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The first four volcanoes were built up in the order just named;
in other words, the center of eruption migrated from south to
north. In contrast to the Tertiary volcanic rocks already men-
tioned, the rocks of these cones are almost free from hydro-
thermal and solfataric alteration except around recent solfataras.

The oldest andesitic ‘volcano, Usami.(UV), the major part of
which lies outside the map, was constructed around a vent pro-
bably situated near ‘the present village of Usami.

The next activity, which gave rise to the Taga volcano, took
place at some vents lying between the present city of Atami and
the town of Ajiro, the main vent having been situated near the
present village of Kami-taga.

The earliest phase of this activity was explosive; first, andesite
tuff breceias (TV,), accompanied by a few lavas of augite-hyper-
sthene- andesite, accumulated around a vent situated near the
prezent site of Uomisaki, and second, a series of agglomerates and
lavas of olivine-pyroxene-basalts and pyrgxene andesites(andesite
agglomerates TV,) were piled up around another vent west of
the main vent.

The succeeding phase consisted of gentle effusions of lavas
chiefly from the main vent. These lavas, which built up the
major part of the volcano, were poured out in a regular sequ-
ence as follows: first, augite-hypersthene-andesite (late andesite
lavas TV,), second, olivine-hypersthene-augite-andesites and ba-
salts (also included in TV,), and third, augite-olivine basalts and
olivine-basalts (basalt lavas TV,). At some earlier stage of this
phase, however, the most acidic Javas of the volcano, olivine-
hypersthene-augite-andesite (early andesite lavas TV,), were ex-
truded from a flank opening northwest of the main vent. It is
worthy of note that this succession of lavas is precisely the same
as those found in the younger Pliocene basalt groups already
mentioned.
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The last phase of the activity was a phreatic explosion by
which the pre-existing rocks around the main vent were blown
off and strewn over the flank of the cone(velcanic breecia TV).
This explosion, coupled with denudation and crustal movement
immediately following, destroyed the eastern half of the volcano
so completely that the basement rocks of the area were exposed
at the earth’s surface.

After this period of destruction, lava domes of pyroxene-
dacites and hornblende-pyroxene-dacite protruded at three separate
points, one near the centre (D,) and the other on the northern
flank of the Taga volcano (D,, D,). There are still two extrusive
masses of pyroxene-dacites, one of which(D,)is possibly of younger
Tertiary age but the other (D;) protruded through the north-
eastern flank of Yugawara volcano to be mentioned below.

A renewal of activity of basic to intermediate magmas then
took place at a vent north of the Taga volcano, near the present
town of Yugawara. Alternate eruptions of lavas and pyroclastics
of augite-hypersthene-andesites (with or without olivine) built up
the Yugawara volcano (andesite lavas YV,).

As in the case of the Taga volcano, a phreatic explosion
occurred at the close of this activity, blowing off the pre-existing
mass around the central vent and scattering the fragments over
the southwestern flank of the cone (volcanic breccia YV,).

Then the centre of the main volcanic activity migrated again
northward, namely to Hakone, where volcanic phenomena in great
variety occurred during thé period from middle to younger Pleisto-
cene. This interesting volcano was built up in three distinct
stages, separated by intervening periods of cauldron subsidence
and denudation.

The first stage began with the formation of a series of agglo-
merates interbedded with lavas, predominantly of basaltic com-
positions (olivine-augite-basalts and olivine-augite-hypersthene-ande-
sites, basalt lavas and agglemerates OS,). This was succeeded
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by alternate pyroclastic eruptions and effusions of a great quantity
of andesitic lavas (chiefly augite-hypersthene-andesites with or
without olivine, andesite lavas OS,). These basaltic and andesitic
lavas, together with pyroclastics associated with the former in
slightly greater amount, made up the major part of the oldest
cone, only the southéastern part of which is included in the map.
They are now best exposed along the precipitous inner wall of
the old somma, where they attain about 700 m in aggregate
thickness. They are referred to here as old somma lavas.

Sometime during this stage, a dislocation occurred along a
line that cut the cone through its centre from NW to SE(¢‘ Kintoki-
san—Maku-yama dislocation line’’). Along the northwestern part
of this line, the northeastern block was elevated relative to the
southwestern block, while along the southeastern part, the former
was depressed relative to the latter ; in other words, there was a
dislocation like that of a hinge fault. This dislocation caused
eruptions of particular interest, from two separate vents that
opened on this line. On the southeastern flank of the corie there
protruded a lava dome, Maku-yama, while on the northwestern
flank there arose a steep cone, Kintoki-san, which lies outside the
map.,

Maku-yama lava dome(OS;)consists of a peculiar rock showing
fine alternating bands of grey pyroxene-andesite and white pyro-
xene-dacite. Generally speaking, these bands or streaks incline
toward the centre of the dome. Near the top of the dome,
however, the rock is a massive andesite carrying irregular-shaped
inclusion of the dacite without flow banding. It is inferred that
a mixing of andesitic and dacitic magmas (or of andesitic magma
and almost solid dacite) occurred just before the extrusion and
that the above-mentioned structure is the result of endogenous
expansion of this mixed magma during the domical protrusion.

At a slightly later period, an oval-shaped caldera measuring
about 11km. by 7km. was formed by stepwise downfaulting of
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the centre of the main strato-volcano. The old somma, which
then made its appearance, was breached on its eastern side during
the succeeding period of denudation.

The activity of the second ‘stage was caused by a more acid

.magma. In this stage a gentlejoutpouring of fluid lavas (first,
augite~hypersthene-dacite, and second, acidic augite-hypersthene-
andesites), accompanied by very little explosive activity, gave rise
to a sort of gentle-sloped shield volcano within the caldera already
formed. These lavas, attaining some 300 m in aggregate thick-
ness. are now exposed along the wall of the young somma and
also along the precipices that border the flat-topped mountains
outside this somma (the remnants of the former shield volcano).
These lavas are referred to here as young somma lavas (YS).

The next event of this stage was an outpouring of a huge
mass of pumice (hypersthene-augite-dacite or andesite) from the
central crater of the shield volcano, which, in the course of des-
cending the flank, overflowed the old somma through its lower
parts, and finally spread over the skirt of the oldest cone where
it formed gentle-sloped fans or terraces of great lateral extension
(pumice flows P). Only a small part of this deposit is included
in the map.

At a slightly later period, the western part of the shield
volcano was down-faulted to form a new caldera, largely overlapp-
ing the old one in areal extent. The young somma, which. then
made its appearance along the eastern margin of the new caldera,
was breached at a few points during the succeeding period of
denudation. The gorges of Haya-kawa and Sukumo-gawa cut
down the shield volcano approximately along its junction with the
wall of the old somma.

Finally, activity of the third stage was caused by an inter-
mediate andesitic magma. It began in a re-opened central vent with
a violent explosive eruption by which pumice of hypersthene-
augite-andesite was thrown out and scattered over an extensive
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area chiefly east but partly southwest and west of the crater ceniral
cone pumice (CC,). Some of the pumice was wafted by wind as
far as the present site of Tokyo city.

Immediately following this, seven central cones rose up within
the caldera through vents aligned in the direction NW-SE, namely,
along the old dislocation line aiready mentioned (ceniral come
lavas). One of these lies outside the map, and four of them(CC,,
CCs, CC;)are comparatively simple lava domes, while one (Kami-
vama CC,) is a steep-sided strato-volcano, and the other(Komaga-
take CC;) a flat-topped dome. The latter two rest on a base
formed by a gentle slope of lava coultées and one of wvolcanic
breccia consisting of angular fragments of highly vesicular andesite
and comminuted fragments of the same material. Probably a
great mass of hot fragmentary material was ejected from the
central vent during or slightly before the formation of the main
body of Kami-yama, rolling down the siope in the form of nuée
ardente (volcanic breccia included in CC,, partly accompanied by
mud flows (volcanic conglomerates CC,). The eastern end of
this nuée ardente, passing throuh the gorge of Haya-kawa,
reached a point between Yumoto and Odawara, about 10km.
distant from the centre.

The lavas of the central cones are quite similar to one another,
but differ distinctly from those of the older cones. They are
olivine-bearing hypersthene-augite-andesite, characterized by a
vesicular glassy grouudmass and abundant phenocrysts of pyro-
xenes, Light grey cognate inclusions are common in these rocks.

The last phase of the activity was a destructive explosion,
by which the northwestern part of Kami-yama was blown off
and carried down as an avalanche toward its northwestern foot
(avalanche débris CC,). The débris dammed up the drainage of
the caldera, resutlng in Lake Ashi(Ashino-ko). This activity re-
minds one of the explosion of Bandai-san in 1888, though it was
slightly less violert.
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Although no historical record of an eruption of this volcano
is available, solfataric activity still persists at several places on
the northern and northeastern flanks of Kami-yama and Komaga-
take.

The next volcanic activity was that of the famous wvolcano
Fuji, the centre of which, however, lies far from the limit of
the map. We are concerned here only with a comparatively
early phase of its eruption by which a great mass of dark
brownish scoriaceous basalt lapilli and ash (HV) was thrown
out from a crater. This material covered an extensive area east
and southeast of Fuji, including the whole of the region now
under consideration. It reached as far as a point east of the
present Tokyo city, supplying an essential part of the so-called
“Kwanto Loam’ which covers the terraces and low hills sur-
rounding the cities of Tokyo and Yokohama. This ash bed is
believed to be uppermost Pleistocene.

Post-Pleistocene erosion formed valleys cutting through the
bed of the lapiili and ash, along which Recent gravel and sand
were laid down.

The underground resources in this region are kaolin deposit
replacing the Awarada Andesite Group at Usami, andesite quarri-
ed chiefly for tomb-stone at several places on the eastern foot of
the Hakone volcano, and hot springs scattered throughout the
region. Most of the hot springs are found within the area
where the Yugasima Group is exposed or lies at a shallow depth,
but a few of them are found on the flank of the central cones
of the Hakone volcano and are obviously related to the youngest
volcanic activity.
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