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Approach to the Planetary Evolution
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Core differentiation: 4.45 Ga
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Magmatism
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Supernova

Condensation
Inclusion : 30 Ma ( 129Xe)
Matrix : 30 Ma ( 26Mg)

Presolar Grains
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Planetesimals
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Magmatism : 4.558 Ga
Thermal process : ~ 4.366 Ga

Melting : 4.5578 Ga
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Magmatism
4.0 ~ 0.2Ga
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2ROV TIFFICRBRAICEMUL TS (U - U,
1996b )

K R&EE, DT X9 2RI t=TEE * 1
2 (K4),

CBOWIERNE, BRI LR
- Li, Be. BIIEF 1247\,
CBFESVHRBOTRENE . TEROTLENI D,
«Fe DT DILENS Vo Fe & ) BWILEDTRIEE L

By
T O-AB0, 82, 126IZHFAEDOY — 7 23% 5,

§5H%
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7= 1. HFEO

Z a m abd pr z a m abd pr Z a m abd pr 7 a m abd pr
1 H 1 99.985 30 Zn &4 48.6 E 49 In 113 4.3 p.s 66 Dy 156 0.06 p
2 0.015 u,? 66 219 E 115 95.7 ST 158 0.1 p
2 He 3 0.000138 U,? 67 4.1 E's 50 Sn 112 0.97 ol 160 2.34 s
4 999999 UH 68 18.8 E, s 114 0.65 p 161 18.9 L ¢
3 L 6 7.5 X 70 0.6 E s 115 0.36 p.s. I 162 255 s, 1
7 92.5 X, H,U 31 Ga 69 60.1 E s 116 14.53 s 163 49 §i1
4 Be 9 100 X 71 399 E:§ 117 7.68 s, r 164 282 5.f
5 B 10 19.9 X 32 Ge 70 20.5 ES 118 24.22 s, 1 67 Ho 165 100 Sif
11 80.1 X 72 274 E.s 119 8.58 S, T 68 LEr 162 0.14 p
6 {6 12 98.9 He 73 7.8 E.s 120 32.59 St 164 1.61 pP.s
13 1.1 H 74 36.5 E.s 122 4.63 r 166 33.6 s r
7 N 14 99.634 H 76 7.8 E.s 124 5.79 r 167 2295 SiF
15 0.366 H 33 As 75 100 s, T 51 Sb 121 57.3 s, T 168 26.8 s, T
8 (0] 16 99.762 He 34 Se 74 0.9 p 123 427 S 170 14.9 r
17 0.038 H 76 9 ts 52 Te 120 0.096 p 69 Tm 169 100 SiE
18 0.2 He, N 1 7.6 s, r 122 2.6 s 70 Yb 168 0.13 p
9 F 19 100 N 78 236 g 123 0.908 s 170 3.05 S
10 Ne 20 90.51 c 80 49.7 s r 124 4.816 s 171 14.3 s, r
21 0.27 He, N 82 9:2 r 125 7.14 s r 172 219 s, 1
22 9.22 He, N 35 Br 79 50.69  s.r 126 1895 s« 173 16.12  s,r
Na 23 100 c 81 49.31 s, 1 128 31.69 r 174 31.8 s, f
12 Mg 24 78.99 (& 36 Kr 78 0.35 p 130 33.8 r 176 127 r
25 10 C 80 2:25 s, p 5 1 127 100 8.7 M Eu 175 97.41 s, r
26 11.01 C 82 11.6 s 54 Xe 124 0.1 P 176 2.59 s
13 Al 27 100 € 83 11.5 il 126 0.09 P 72 Hf 174 0162 p
14 Si 28 92.23 O, Si 84 57 8 & 128 1.91 s 176 5.206 s
29 4.67 ] 86 173 r 129 264 8 177 18906 s.r
30 3.1 o 37 Rb 85 72.165 s.r 130 4.1 s 178 27.297  s.r
B P 31 100 (6] 87 27835 r 131 212 gt 179 136629 s;t1
16 S 32 95.02 O, Si 87 132 269 S 180 35:1 3%
33 0.75 0, Si 38 Sr 84 0.56 p 134 10.4 r 73 fa 180 0.0123 p
34 4.21 0, Si 86 9.86 s 136 8.9 r 181 99.988  s.r
36 0.02 NSi 87 i s 55 Cs 133 100 St 74 W 180 0.13 p
17 C 35 7577 0, Si 88 82.58 s, r 56  Ba 130 0.106 p 182 26.3 s f
37 24.23 0, Si Y 89 100 T 132 0.101 p 183 14.3 S, 1
18 Ar 36 0.337 0, Si 40 Zr 90 5145 ST 134 2417 s 184 30.67 s, r
38 0063 O,Si 91 1122 szt 135 6.592  s,r 186 28.6
40 99.6 s 92 17.15 Y ¢ 136 7.854 s 75 Re 185 374 S T
19 K 39 932581 O,Si 94 17.38 8if 137 11.23 s, T 187 62.6 L ¢
40 00117 O,Si 96 28 r 138 T s, f 76  Os 184 0.02 p
41 67302 O, Si 4 Nb 93 100 % ¢ 57 La 138 0.09 p 186 1.58 H
20 Ca 41 96941 O,Si 42 Mo 92 14.84 P 139 99.91 s, f 187 1.6 s
42 0.647 Si, s 94 9125 P 58 Ce 136 0.19 p 188 133 S, [
43 0.135 Si, s 95 15.92 S, 1 138 0.25 P 189 16.1 s, 1
44 2.086 NSi 96 16.68 140 88.48 s, T 190 264 S, 1
46 0.004 NSi 97 9.55 s.r 142 11.08 r 182 41 r
48 0.187 NSi 98 4.3 8L 59 Pr 141 100 8. f 77 Ir 191 373 S 1
21 Sc 45 100 Si,E 100 9.63 T 60 Nd 142 27.13 s 193 62.7 St
22 Ti 46 8 E 44 Ru 96 5.52 P 143 12.18 s, 78 Pt 190 0.01 p
47 7:3 E 98 1.88 p 144 238 sir 192 0.79 s
48 73.8 E 99 127 8¢ 145 8.3 S, 1 194 32.9 sl
49 55 E 100 126 s 146 17.19 s, 1 195 338 §F
50 5.4 E, NSi 101 17 L 148 5.76 £ 196 253 LN 4
23 v 50 0.25 E 102 316 & 150 5.64 r 198 T2 r
51 975 E 104 18.7 r 62 Sm 144 3.1 p 79 Au 197 100 s, f
24 Cr 50 4.345 E 45 Rh 103 100 L ¢ 147 15 SiF 80 Hg 196 0.14 P
52 8378 E 46 Pd 102 1.02 p 148 11.3 s 198 1002 s
53 9.501 E 104 11.14 s 149 13.8 s, T 199 1684  s,r
54 2365 E 105 2233 &t 150 7.4 s 200 2313 st
25 Mn 55 100 E 106 27.33 8t 152 26.7 i 201 1322 s, T
26 Fe 54 5.8 E 108 2646 s,1 154 22.7 r 202 29.3 S, 1
56 91.72 E 110 11.72 r 63  Eu 151 47.8 s, f 204 6.85 r
57 22 E 47 Ag 107 51.839  s,r 153 52.2 s, 1 81 T1 203 29524 s,
58 0.28 E 109 48.161 5,1 64 Gd 152 0.2 P 205 70476 s, 1
21 Co 59 100 E 48 Cd 106 1.25 p 154 2.18 s 82 Pb 204 14 s
28 Ni 58 68.27 E 108 0.89 p 155 14.8 St 206 24.1 s r
60 26.1 E 110 12.49 s 156 2047 s, f 207 221 s, 1
61 1.13 E 111 12.8 s, 1 157 15.65 s, r 208 524 s, 1
62 3.59 E 113 4.13 S, f 158 24.84 8,1 83 Bi 209 100 s, I
64 0.91 E 113 1222 &1 160 21.86 r 90 Th 232 100 r
29 Cu 63 69.17 E 114 28.73 Sf 65 Tb 100 100 s, 1 92 U 234 0.0055 r
65 30.83 E 116 7.49 r 235 0.72 T
238 99.2745 r

RTHS (2) . TERE (@) . FRE (m) . FEE (abd, %) . B (pr) 2R, 7—ZizCowely (1995) LWBIHLL. Bl
BoRE, U FHESRAR, H RERH. N SIEBRRORATMRE. He: ~) 2 v a8 C MRIGEMUOBIE, Si: MBI ERAMQT,
NSi: i FIcE CEFRBT, B BF0TEEar. s Ak, g, pp@fzry.
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F 2. KERKDL MK

Atom Abundance

Atom Abundance

1 H 2.79-10% 531 0.90
2 He 2.7-10% 54 Xe 4.7
3 Li 57.1 55 Cs 0.372
4 Be 0.73 56 Ba 4.49
5B 21.2 57 La 0.446
6 C 1.01-10" 58 Ce 1.136
7 N 3.1-10° 59 Pr 0.1669
8 O 2.38-10 60 Nd  0.8279
9 F 843 61 Pm -
10 Ne 3.4:10° 62 Sm  0.2582
11 Na 5.74-10¢ 63 Eu 0.0973
12 Mg 1.1-10¢ 64 Gd  0.3300
13 Al 8.49.10* 65 Tb 0.0603
14 Si 1.0-10% 66 Dy  0.3942
5P 1.04-10* 67 Ho 0.0889
16 S 5.15:1¢¢ 68 Er 0.2508
17 C1 5240 69 Tm  0.0378
18 Ar 1.01-10° 70 Yb  0.2479
19 K 3770 71 Lu 0.0367
20 Ca 6.11+10 72 Hf 0.154
21 Sc 342 73 Ta 0.0207
22 Ti 2400 74 W 0.133
BV 293 75 Re 0.0517
24 Cr 1.35-10" 76 Os 0.675
25 Mn 9550 77 I 0.661
26 Fe 9.00-10° 78 Pt 1.34
% Co 2250 79 Au 0.187
28 Ni 4.93-10 80 Hg 0.34
29 Cu 522 81 Tl 0.184
30 Zn 1260 82 Pb 3.15
31 Ga 37.8 83 Bi 0.144
32 Ge 119 84 Po -
33 As 6.56 85 At

34 Se 62.1 86 Rn

35 Br 11.8 87 Fr

36 Kr 45 88 Ra

37 Rb 7.09 89 Ac -
38 Sr 2.5 90 Th 0.0335
39°Y 4.64 91 Pa -
40 Zr 11.4 92 U 0.0090
41 Nb 0.698 93 Np .
42 Mo 2.55 94 Pu

43 Te - 95 Am

44 Ru 1.86 96 Cm

45 Rh 0.344 97 Bk

46 Pd 1.39 98 Cf

47 Ag 0.486 99 Es

48 Cd 1.61 100 Fm

49 In 0.184 101 Md

50 Sn 3.82 102 No

51 Sb 0.309 103 Lr

52 Te 4.81

T (Atom: JETFHF L ITUEICT) OIFEE

(Abundance) (&, Si % 10077{# & Loz b & O
fliz /L7, ¥— #iZAnders & Grevesse (1989)
EWEAELE.

CRFEENOLL ISR B TTHRIIRETRL LD
IO &) I, KEBERRZTORHTIEZ S
RO TH S UM - IITF, 1995),

LETLFEOHTHD LD LEEDE AL X, He i Y,
ZOMODENWTEHRIZZTERDENL, FHEMBKT
LEMLWED Y IE, —HRTO.IBEDEZ D, f
2 DEMOER T A DY 1Z0.29, K& 1£0.20T
b, MREMETFOKRE (K70 If>2) O

£

Y 30.38T® %, LoL, KBRELTIE, Y DfEIZ,

FHO—MRMREIS XS — P LIz EZ SN,
KB RDLEMNEWTEIIBHTERETEREIN.
bOxFEETEEZEZONSL, TVLVY—=F T VLA UT
ﬁb%ﬂé&(ggﬁ%)<%wiﬁi\ﬁﬁéf
BTRBEENLD DT R, THYDOWEIRAL
TelEZOND, UL, KGREZMEET 5ITTHRD,
EREOHFTOILEAGRSLBIERE TR I N ET
L, HEBIINTNTOED LV, THOKER
EEEOIEITTHE, &L IAVERIZIEEREDLEFE

MBI E e EEZFEFD, 72, YOME DL FHOFHW
TR > TW5, RAEIEID R, YOEICE{LE
B2BB3ETE LD o728k B,
KgRelEolzoFEIEF, P L bBWITEICH
LTI, SHMMEIC HaEhi] Zeiihbd, FDOA
V— Nid, BHEREE»S ., ATS, 0005 FRE Y
BEHOEML) OB THL, TNFEEEED Y 2
2b—2ared—HTLHMTH S,
KeprOETLEZE (Z2) &, FHEBRTLIWED
FTIE, B EWIIRETIR AW, K E 2l
0.02) 2FpoTWwb, KEGEROMEIEA R LD —
FIXETESROBREZR/-ZLEZRLTWVSE, 2D
BEREDMTE C S VOB SINT-ONEIAHTH 5,

3 HHEOBEY

MEHIRTOBHERET—EL S éﬂto EIRTTT

DFFAIRF LNV ETHRSIL, HHTTEOS
WHEZ B o HEEZS (refractony)}bwr\\ 1A (lithophile)
JC . B8k (siderophile) JC 3%, HESEME (volatile) TG
$®%T L) ERTEMT 5. LEROFEHIZE ST

Gl BESL (M5),

Fa KPR R ED O GG L - EAEYE X, &R
WA CAL 72 D@ AEY (inclusion) 27 0, EEFRIE AL
/\iﬁﬂ v R 2= )VEIERYE (chondrule precursor)

W20, Bhngistha y B 2 — )b (chondrule) & 7
o MR DEEBTEHEMBLALDDITT NI v 7 A
(matrix) (275, 2O L) WEMNEST > T, £H
FBAPHMEE L o T,

REOMEOAKIZ, BATHHRIFEN I FI4
FbLEAEND, FOMDHILLIZIERIZ, BEL
TR E R TIARE CTORLDIFRERF L T &
E2bhb,

CayPF74 Mlid, CaR ALLELHETARAER
@’ﬂiﬁfw@ CAI % amoeboide olivine inclusion (AOI &
B9) AEEIND. CALITHAL LMD D DIZK 5 &
% (Grossman, 1975 ; ith H, 1983)oﬁ_5€ﬁ5515‘"
HR Y 2 St DR KR REEICAY, AL
DG TEHERDOME CAIHTE, dﬁblof F &
727 7 v A b (fassite) R4~ T 4 (olivine) 7
EDBMEW A A L RIS LT, MK CAI R AOI %
%&Lft%i%hfw % (Ikeda, 1982 ; {8, 1983),

a2y N oa— )i FH mm 2 D KR O W) B
T, EERIES 5 Ccéo Dy RYa—Vid, TR
(glass; groundmass & L CHFfE) &, BT A, 1
A (pyroxene) DM AEEDL 45, MERKTICHHE-T
BIaKb R R ED S BEAESEEFIICEER LI B

2= VATSRME A T&E 5, T F) 2 — VEERYE I3
ZFORBEALDOERATMEAGBHL, 2> F)2—
2% o7 2 51T 4 (Nagahara, 1981 ; Rambaldi
etal.,1983)

< M)y 7 A, um A XOEFRIRHLY & A% B
. EREVWEOET > AREWR< M) v 7 A EH
FEEm~ MYy 7 AHH A (Huss et al.,1981), < F )
v 7 AE, BRTEELZDDE, KETOTAHS
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Abundance (relative to Si = 106)

Th

*u
[ ]
10'3 IIIIllllLlllllIlIIIIIIIIlIIIIIlIllIlllIIllllIIllIlIlLJJLlJllllllllllIIIIIIlllllllllIlIIII
0 10 20 30 40 50 60 70 80 90 100

Atomic Number

M 4. A5 & LR EDOMR.

F1OF =y EHWI, ERPUNTWAIORBEEEIELE LG WIEEDEZATH S,

DEHEY ., £ L TEOEHEY & A ADPIE L TTE 7
LOMRL->72bDTH A (Nagahara, 1984),Z D k&
I RIBEWIL, BIRIZESEND T Eid oz,

4 HMHROAEH - MEEE

MEOERICBIT 2 REZEE, —fRZIRERTT
7l BRRENTIE R WS, HHERIRE 2L ER
B 5FmAM SN T 5,

T, BEROBHEAGREEVNREKTT 45, 20
BEi2a > ) 2 — VETSE B OBERED B Z 5o HEMES
FElL, PgEtEt T )V (Larimer & Anders, 1967) &
M, REET IS TEIAREREED S EED
EHETPEICRE L Z2 0N TwA (K6).Wood
& Hashimoto (1993) (&, JFEIGKFGREEN A DR
. A (Gas, Si=10%H 1ZxF L TH:2.79X10"),
Ik (Iee, H:2.79%10%, 0 :1.89X107, C:4.11X10°,
% — )b (Tar, H:4.53X10% O :1.23X10",C:6.01
X10°) # LT A+ (Dust, O:3.69X10°, Mg: 1.
07X10°% Si:1.00X10°% Fe:9.02X10° S:5.17X
10°, Al 8.49X10', Ca:6.12X10% Na:5.70%x10")
EMBL LB ERE L. ZD4DDFESH, Sz &
o> TELL GG T AP ERIL L GE R EDET
WVETE % L7zs 6 121ERDLT, HEJIA100Pa L
1Pa DB EDEMIIEHEEZR LT, 2O L) 2T
HEHE T L, BBANO S F S R TE
bz, L OWFREIHRBL TS, LiL, &
BB OFEEIT L Chho Ty,

D%, TR 2= VAR E I B s b,
ZLTHRENERICR > T, gk - HHLERR I,
ERRINIHIZE SN TV 5, MEADREEHEIRZIL, Na
DEFRENSH, 1,0000051,500CTH L EEZ LN
Twb (Tsuchiyama et al.,1981)c Z DOMMELDE A L,
FRIEE~E F AR ONI#EL (Cameron, 1966 ; Wood, 1984) .,
BFRAR L ToMmzensh (Kurat, 1967), /NEELO
B zemzh (Kieffer, 1975) . £ RIEE & O 2% (Wood,
1983) B ENWEZOLNTWA L L, ENDVERD L
FESN TRV, ZOHDOGHBRRIE, 3> F) 2—
VOSFE ST RMBEMES DI, 104~ 1T hr
EWIHIBHNREREDL ETBIhbhitENs
(Tsuchiyama et al . , 1980 ; Tsuchiyama & Nagahara, 1981;
Lofgren & Russell, 1983),

V BREDOHK

HEOBHS L, FIEKEREENTSH 55, (E
Lo TZEDOYESLMEIELRZ, £, ENBE LT,
KBIZEWE ZAE, KEEOEI» WM 25, 72,
K TEBED G E UL, KBIEwiZe, gt
VE—IE L b, F/2, B, KpEEHOHL
ETHE, KigrH.l & 95 3 RITRZEROEKED
EEOIFEIZHFILTRELC RS, 2O L) LAY
IO END, REEORKE AT, #hicy
DENZEEBERITThE, MEOREHE., KBEOR)
B, EBRHBOBLATILD S,
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Atomic Fraction of Cationic Elements

CaCO3  Fe203 Clay Minerals MgSO4 S Fe304 Fe203 Organic
Compound
[/([r) r'{}m}\IJEI 1 1TI _,‘ H A D L
Morgan & Anders (1980) £ Y5l L 7.

MHROEELE
TR RIRPIE DR % X

1

B L Tu % (/N 1995b;

ANHE I F, 1995d REDE & L B KTEOWE
EEERBEZEIZLE ST, ;Lrw\ru REWE % HES
BHIEMNT Zg (P47 ) KPR H %, HhER# =%

BEEGE, KEMEREEERKH & H.0 ke Eik
FELTWAI LD b5,

/f\umJ km@fll bARE & T EIZERH O LR
<, RERLBERIIH0 DRDILEN ST &
s, E7o RRELRUL BARDETET
WABD, BEICIETERN %‘) V\Jf’?lﬁﬁ‘%fiﬁa)ggwﬁ;‘%%
l&’i’?}\ﬂk[/ Twa, EFEIZ. MOXEL 38T
H-O DKz F & L. E,E'?fz" KPS TETWVSA
EREE OmEIZUT

ﬂﬁ”%mmiﬁtga
BY, KBIIERZTTR
ﬁ§%h>:t7)\ y‘l‘ﬁé&jlé )
(NS VS, BB I HERR SR IIHTWE, oF
DKBB MEOBPL BT DETHE L VLD,

i MEL S NERRERE S LT
 BEHERT B Fe 4
Eld, BELEENED

REifE e

7R BSHREL T e

B6. A LF
PN

i L7

& EITEEHET B B DAL & g & IR
WD WTORLz, BIEABRREE T ADES
Z100Pa & 1Pa® 4 T L 720 Wood &

Hashimoto (1993) X Y BIH L 7-.
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(O Planet & Sun
8 O Satellites of Earth & Mars 7]
A Jupiter's Satellites
WV Saturn's Satellites
YV Uranus's Satellites
A\ Neptune's Satellites
6 Earth ]
[ Mercury O Venus
=
~
-
;‘? 4+ Mars Q) .
2 /_AD M HGotd
g Rock vioon
A /
Phobos H20 Ice
D |- o Neptune _
O % O Jupiter H Gas
Deimos VV A Uranusi=) O qO
Sun
Saturn O
0 | e e $ $ t t ! 1 ] ] | | | |
1015 1020 '1025 103(1 1035
Mass (g)
7. REOE®E L ®EOMRI.
)\I% x q% LTHHEDEMICOI > TWAEE 7Oy L7z, HH. H20 DK, [HEH, SMEHOEEOH
B2

Iz % L% 7R 9,

BRIE, 3207 V—TIIaToNhb, KEDER
D7 + KA (Phobos) & 7714 E A (Deimos) D 1
XAV S VR, WEKOH EKRKED A F (o) £V
/% (Buropa) O 4 A0Sk E K HED3 g /it &
DERE.FNLUNOY A AWK ELBEN 1 ~2 g/ci
HMEOHETH S,

74 RA (27X21X1%m) &7 4 EA (7.5X6.0X
5.5km) (FVWUOLREELTWVE, REDANRT kL
TR EENS, ERPCILFIA FOKEFTTT
ETWhALEINTWS (Pollack et al.,1978)  AD T
V=TI EEPLTE TS, BENF1~2 g/aid
WEIZ H.0 DK t’l‘mﬁaﬁf)‘b CEChy

W L BRI, AR DH S (R8)k
B &R - #hIKI, —EOWE RO, #EK - KE

\

CRA - izkfbﬁﬁfiﬁ‘ &ﬂé'_/)ﬂ CTEEINS R
bo 36, TE - K CETE  ETERE EEhEY
BWKEL LB t”ﬁﬁ“ﬁi 2w,

o

HMEIZ, ENEVEHLD, FEALTRTOTE
7%r_[ /\.z l/\zu) %@m?@i(}ﬁ i L— /4 7 ° }(:/ (bl"
bang) T S N/-b D, EENMTEE SNz D,

HEH TS (super nova) TIZ SNz DIZHITH
Nbd, ¥v o - NyTREEENSTHEIL, HE He &Y
I AETLL Be, BALEMD, HENT THEM
ANHEZ D, He b Fe TTOILENTX b, BHE

BRI T, Fe & U BEWILEVPEHR I NG, KEDOMH
BCTh HILFITIE, HENEOICHE G & B 235
MJ&%”% Lfmzv LOWH BN Lty

RECEICFERROREL;E D (FK3) KM
UKFI‘«:\ iiliL v 7 - NYDORIZER SN H L

*ERMEELTVwE, REE, BTELETR

I, HEANTFTEME SN0 C % c‘:f)‘j_f/ﬁ“
t b, MEKBREIIBHEBRECTCEFe LV E
WIEEDLEATWDS,

DEY ETF\{M)/L %%BZ (= $?;E?®%@i’ﬂﬁﬁﬁ"lm’c

Ll
Iz Cu?ao NI Wl‘ . JETZEi ?ﬁ”‘lébc*fwl
VW, Fe LNEVWBHIEBRETTELDDONLTET
Who —J, KD LEWE - AR, BREEOR
WORCHREDEENDOE#MATTETEN»LT
XTwn5h,

BlZ, DFEOPTEREIN D H5FET, 500/t
BEOH.BETH A, FOMIZ, He X CO & & &
DFME, BIUERKTHENrET T UPPEGEN
Lo TV, ZOfELD, EET1 ~2%EESZIN
LEWESNS, DTEOEREIZ, NE%bDTKIEG
% §®1001%\ K&do ilOTJ\LOOOT%%éO

TTEDHEEDOKNE w%ﬁﬁi‘li SFEIT LI,
NECEDIGESREZ D  EPTERSINL.0FETT
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6
Mercury O o O Earth O Planets

S5 Venus o Satellites =
ey Mars
: af :
o
=)
— Moon
2 ar j
2 Neptune
S 2fF é(g .

O é
1+ Jupiter Uranus TMUto
Saturn
() L 1 1 1 L1 11 l 1 1 1 AL L} [ 1 1 1 1 11 11
(0] 1 10 100

Orbital Radius (AU)

(8. ZXEOHLE L HEOMRX.
LB ERITR L

TRL7, =V RKLERRERTES (

(1995)

DA X1E.1,0005 AU IRE 10K H 2 @ % £ 1018 /cnd
KGEEOHETH L, WIEOKGRIE, 7 TEa7T
wﬁ%ﬁwmg#ﬂméﬂt_ﬁ%ﬁwo%<®%%
*:7@%Wuk%%ﬂVWL¢%ﬂt:tu~
BAEDKBILE D 72O\ LB H/NROY B #13
%@Kﬁifﬁménfw6i<fﬁﬁswowm
Thb, L#L\zméi FEERIZDH o 2B E O
EEBDEIADO—IZT ELVWEEZONSL, bHD
Lﬁ%%*%Tw&Lf RINEEREGREZEET IV
5 (Hayashl, 1981) o ZDETFTINVIL, BHEDOKE

ROBEKRYEDEEE F D0 % b LT HLDTH
Bo BERWEIZF LT, KEGERDTLEFEEEIZAD D
SEETHETLLIOTHL, COEFMIZLA L,

RERNAOEEIRGEEEDL.3% (2.59%10°kg)
Eb, HEE (BUEEHL)OEESM) 12, K
%#%%ﬂéﬁofdé< ), MERTADE S 13

Wz 5,

ARERKEDEE IR
5o RKEFEKBEIZEENKZVOIC
EENUIZEBOE WV (UM - Lul 1996 a ) o K £
BE &, MERBIZRE & 2 b b HREPH 1 Xps,
ﬁ&iifmﬁéofwému\kéﬂﬁimwbh
EHERAIRE IIBEIIEDED LRV, KBS D
HHECHEOBERCE I LEVW DY H -2 LT, KE
ZEADITHEDLNI-ERR Fe DR IHEVDOEIL
Mol bl b,

BIE, EREOUBIIKERBEN—D LIk,
HLHECEEN —DOTELLETHE, ZOEKEIE
B2 N5DICFHIN-ZE KK, KEL2S DR
BED 3, b LEEAFHE L GEBT A E 25FICH
Bl§ 5, PTERTFEATORBREREEZL &,
MEEIZD L EHEREEZOND, HAlLIZERE

TWHPREL > TW
. PO RE S

h’-/-T-

- (AU : 1.5X10%m) VCTLKO MEEIKEL

N

AL (O RIS BB (o)

DM EP BI04 LEERRICT X THB S 1
ToedBE HLYEICBITAMEBORITKE,LSD
D 3EH L NIT2FICHHBILTEL L A iff%
B L#L %W@ﬂmwmau%@iv HoTw
T\, KB @LJF‘:‘TFEEJ“U‘T*%% @LF]\”)?JW) h
%%0)%’150/\7/ﬂ€f)’ = o o el e . S
%\@&@®XﬁwXAth\k%ﬂ&%uk%
ICELAALZ, T VHOKBIZRERIES N,
KEEBFEEORLRLIWRIC L o TEEF XL 5 HT
ST, BEREREICII L ERIT SN, R ENER
bbb, LML, EORRIZEEDDLDOPEIARET
5

2 KBO#ME

K BEEOTES B L IZTEEOHTRADY
RiZ, TANVF-DORHETH 5,

KEDBERVIBIZA ST, TALVF—0OFE
HHa e E 5o 72721, k%lxw# TEII—EE
%ﬁﬁidft(b\t Tz, B Ll iLy
BELTEEEZLNTVS, KBOKRE
’C“C %tﬁb‘ﬂjf IHLISTEA . ZRA I & &)
IRV R % b BAEDKRGIIE L ) $10% 568
LTV &%i bhb, ii”% ’%‘i% &L FIEE
FEporzZ LT 20M84ERIZIX, HIRETmTIZO
CUTIC A LETEENS (Sagan & Mullen, 1972),
Lﬁ\L 381’h¢ﬁ‘ﬁuﬁ‘ﬁ . TTITRIIEE L, Digie
WHEEELZ. T, BOKED/ST Ky 2
A (famt young sun paradox) EMEENLHDTH A,
ZDNT Ky 7 A, CODBEMEDEICL T
RS ILE ) ThH D (Tajika & Matsui, 1990),

'UL

KT ANF—1d, KE»oEN 2| ’ﬁéof‘iﬁli&‘L
T, AECHHPETE, KBEZALF—12koT



Approach to the Planetary Evolution 13

3. BEOME LS

Planets Density Orbital Radius  Radius  Main Constituents  Origin of Constituents

(kg/m?®) (10%km) (10km)
Sun 1,410 - 696,000 H: gas Big Bang
Mercury 5,440 0.579 2,439 Fe & rock Interior & Super Nova
Uenus 5413 1.082 5,988 rock & Fe Interior & Super Nova
Earth 5514 1.496 6,371 rock & Fe Interior & Super Nova
Mars 3,936 2.279 3,388 rock & Fe Interior & Super Nova
Jupiter 1,326 7.783 69,953 H: solid Big Bang
Saturn 691 14.270 58,130 H: solid Big Bang
Uranus 1,303 28.710 25,200 H: solid & H:0 Big Bang & Interior
Neptune 1,710 44.971 24,623 H: solid & H=0 Big Bang & Interior
Pluto 1,840 59.135 1,180 H:0 & rock Interior
Comets - H:0 Interior & Super Nova

& (density) & #uE¥{F (orbital radius)

WEOTENEAT Ho WHIT !
b 7 SN L 4 S Sl | A R

JEIEKBEGRBREN A DRI % |

Rt b, ZWIEIC
10"fE) K\ T He(2.72><10")\0
X107), Ne (3.44%10°), N
7% (Anders & Grevesse,

(3.13X%10°%
1989) o

EREEE (radius) BEIVRXE (1995) KO 5IHL %,

mESMET A

KEARTEFERE L
H (Si=10° & L 7z & ¥2.79X
(2.38x107).C(1.01

EWwIEIC

bbH—EL LD HNIE, HE Held, $HD
DEEFANLRYAL I LN WETH S, H & He

FERDAL S 2k o TERE
Ebo TDLXH)REEN,
K o#En s & HaO I3k & 7%

KERETLETH 5,

FEFTETREICEET

) EKE DOMEHIF

HaEhb, HH5VIEKDPEELEKEOMEERD ) b,
KERATKIFETHDIE, KE LV KE2SBEN
EZATHA, KFERTE LTTELRERIRLESR
ClER, FLTARELELEDHETH 5,
H.O Ptk & LCHERET S OId, ik & KEfFE

Thhb, kD HzOfi\ ?im&%i@ﬂ:c:i%&&
LD, KOFEFEID

5z, BEOEIIKRI L EEE

3 KTERE

WAEDEIZ, 1bFHI
REDY A THdH-oT, EHEFFIZ
TN & BT HHE

. KEEH

5% % VE 5 B A
”%#ﬂ&éhé#b‘@%J@ﬁﬂfdﬁﬁfﬁéo
T/, EFHWGH0OFFEE, RERELR
5L, EmrdEl) b, EmD
RARTHD, KBILANF—DHEG, RE 0>1I]IL*

?ikﬁﬂ’

RIZLTWA,

%

TLLTb% MR I

VAN | /N SR AN
RWICET o EEZDLIED

TE2, 2OL) hEBBBREIAYEER LTINS,
—7 . MROBEE M bT 1k
SRS IR, BERER L OH %

A¥— Ko, £ER-LOEAEIX
HLRTV, 20X TR EERET IV EE LN,

By MVORBEEERAE

TERLT N %i/)h)r
ddh 5 RE S 7oz
HARTIZEARTHE

SAIEAICIES Z L 5T

Xh, TORYEEREIZIE, Fe 2L TETWVS
?%ﬁ%i?%Eﬁ’%ffﬁ’(‘%Tb\é fzjz'ate}: Ak Lz
BEREDSTETHRITE RS v, RYEERETIE
e @ﬁﬁ% “ﬂtt@%mfwmiﬁﬁﬁzot
Nl e

[’”E > w TALSFERLBL & FF O D 6 T S L7
@M%f%%wigtﬂx (/N 1994 5 1995 ) of#
KEITEZEEm, EE108~10" g FE DO KRMAEK T, KB
RAMHICIZI0OMEIZ S H o - & &N B (IR, 1978).
KEVRGRE (HE. W&)’&Ef%@t@
FA—HEOWMERRIT—DDIRIGEK u&t@&%ﬂé
NTVBEITTH5B, 4 TLLtVEfﬁ)fF}B‘Zﬁﬁé
MLTHLIENL (I, 1995a ), J5IRE E’g“(@ﬂi
RIS R RO Z D | JML L7:BEA S HlD
EEOMBWEIIIMZ 5N &% b,
BMEEDS—RIEET LV EFVERFRE
(orderly growth) &9, FRFEMRETIX, EiaKAER
1084E 1T ETHIERC VD RE ST TICh B, NEE
FEETIE, BB —2ODOFERENHET 5121
BEA~REEIE»2 S (BE, 199%). RTEED
ERTIE, T4 A7 ORSRPEELREVTZOMED
%<, BECREIHETE S, RERKEITIRG2S
HEN D ICHE > TIEBEE R 22005 (ET VML -
TIXSEELL L) &) B B MENR I N T 5
(FR - w1, 1984)

0L BMEERRETAIETVE LTEERE
(runaway growth) 7% %, MERENEE /)’Cﬁﬁﬁ‘j‘
Bl BEREICL o THED L 0 EIRAYIC
&% iétwq%fwfééo
FERRIED L) EGETRIAZDTH A )
H22T MR E ORI R E AR M E TR E A EER
5NA (FIER, 1996) o AT L AN S 2 e 2 o i
RERELOREL, KEGMEREORLSEE LS5
FELRV, INELRERBEDOTIRE A EEZ HD
. AN D B ETE, NS RBERE DR



14 Y. KOIDE, H. YAMASHITA and T. SATO

#F4 BWEOIILX -

Energy Accretion  Gravitational Radioactive  Contration Chemical
differentiation decay

Total (J) 2.5¢10% 2.5¢10" ~1+10% - 1+10% - 1+10%

Effective (J) 10~2.5¢10% all all all

Elevation Temp.(K) 42,000 4,200 —1,700 - 1,700 - 1,700

4.5 Ga (J/y) all 7.19+107 all all

Present (J/y) no 9.5+10% no no

RENTRATZEEZSNDIBORRA (Energy) & F0O&E (Total) EEEMIEBLEZIILY—F
(Effective) . ERIT I A X —ICXk 2 KEDEE EH (Elevation Temp.) . 45EFEHOZ I ALX—8 (4.5
Ga) CHEOED T I LX —8 (Present) 2R U7, BAEET G E~vAF R (1) TrLAE,

B O EESE LN L, —HRAIZIE, BEIEKR
REENTERERETASFHIIRALEZ NS,
FEREZRE L Th, M T LT R
), REERHTE TIOME, BT 2 TIEI04E &
W) W AW EE L B b, BERETH M 2D
DT XL, QIOADZALOBAZEZ BT ELES
T\
MEREORIITIIE KFIRRER L OEZ2EHE
Bo DX RERIE, VX AT b A7 b
(giant impact) Fi& I, HORFELZHHTE L L
ENTWB, V¥ AT v b A 87 FFISNRIEKRDS,
HWERIZRDO2D, ZOL IR 2l PEE -
THIZ o728 § 53 Td b oNewsom & Taylor (1989)
DETIVCIE, KE L DR R I LFEREREDREGH
HerdobX)lEmEe L, MAEROEBSEHRL, <
YMVERROH L, PP TEEF->THEES LW
HILDTH5bD,

Z

VI BERED{bEHIME

TRIEIEE O L 9 A FOMBREOEFRKIZ L -
T, BIERENRET 5, HIBREOY A Xk oT
(b, BRERETERICZD, WEITSEL T,
B OLFR AL &, BRI R S AL 0 R
BRIALZIETHE, HLOFER., BRSNS,
HEDOKEREAROY A 72 R TH, Hfbick 2B
Hld, EEELOWMBIBRBIEZ 572 & ERL T
o ZIZTIE, LEMSETEELEZONS, BUE,
MELEFRE 2 L TREA - i ORI oW T L b,

1 B

LML T DL A TR, BEATIEE 55, —H
CEREOMEFL LT,

- R O B

BRI A —

FEZOND (F4)Z0MIZS, KBH 5O
AVE = WP ANE -, WM L 5 RE S,
MR X B FEEIIM G EOT RS B
L L, BESOmEREO T 2L ¥ — DAHIBIED
—#Ic R B LEVAS, BREREOSMLERS T

FEDIANVF—gd v, F/2, TAVF—2fFH
TAHRLDR I B, REDOYUH L AL LIE, WE &
LIFITICT O AN F =%,

ERH OB WERGMERTE (K, U, Th, Rb 7% &) 1,
FWEFEAEE L 2FORE L L TEETH L, Fm
OB X > TSN T AV F—1Z
ASEEBOFESE LTI TH D, MFHHEEEDE
VL, OBRAERE I RIS S LB DI
L. WETHERIIEN ICb s THIEE R B2
ETH B, BEDRFVEEIE DB E129.5X 107y
72, ASMEAERTIXT. 19X 1070y & 2 B (Y, 1996) .
FRHOEWEEIL, REVPOREL LTEETDH
bo HEHBIEE LT OMGFEZEIER ST
LIS, FDH) BT EDN D > TEREDOEE OB
E Y D HEAEIIPAL TH A 9o HSTEREOEE &
LCOEIL, THEARD» SEHERE T TOMRIIK
13 50 “Al DRBHEPBEAPLFERLENL Z L0 b,
LI EERIGEZ o722 L IZHS 2 TH L, LA L,
BED L ZAHBAI>" Mg &\ ) B EDTRIKD BB &
o7z EIDPIEAHETDH b,

BREBWMOLANF =L, BAGBRFEEEZ NS,
VRIS AN 2V A0F 3 -viiE S A o i
FEREL, EEMICOMET 2056 Th b, FIBRER
MOLANF—1F, ERL AT~ MR F—
XA TE 5,

EREIANF—LZ, MERENFEFT > T—2ODFA
MBI GBEEIBRENLMNBIANLE—TH 5,
AL ANV F— LT, FIRRESEYE LY E,» BN
WL b eI LTRETBET A & SISl SN
IANF—Thb,

ERIANF -2 FELRBRLTLEZVAEES
NTwbd, OB, HEESINMELTHTREZ VD2
LTHAH (10%) HAENDEEDEE L X2 HWT,
EMITANF =PI RTURE FRICfibhz 35 &
H1X3,000K, KE136,000K. KEI1X12,000K, &2
1345,000K , HiERKI348,000KIZET 2 & EZ2 5N 5
(Hanks & Anderson, 1969),7-72L. ZiUt FERDIE
BT, ERIZ, FHEBNOBHIRKENITTH L,
FEREMB R S 72 R LV F— 1310~ H10% T2 E
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(10%)) &FEZbN b, BRI ANF—IMEEOH
ENWREOEM TR 5720, BREADKMTIET S,

T AN F—DFEARFERETRR T TH 5.
[j\ﬂflZ‘\)biﬁuli\r/ﬁgﬂ"éﬁl?\}le\:—@loo/,_IJA i (10%)
Elb, 72720, LIS EAE THET S, FElih
TN 4 ff BHERETLEXITREOL ANV F—H5E
T, BEOBIERIIERAREZT CIOEE S, K2

EREZOSLL AL X — DS FITELENEHIZLES
ko TANF—O5AERRIIREERESZTH S,

YT E R OB Z 3R L £ 2 5 L BiRIXL
LT B BIOFIATR RIS 0 L Tw7zd ;ta“‘

Thb, MICEL - 7WE VJTIMJM WHE O 7 18
ANF=DPEZLENTWL T el b, EoT, (Hmk
B2 T BB Og A, RES 7rT IERE N T
Ha G ATWZEEEHR O, HMIEHELRB LW
DRSNS,

t@ﬂﬁ%mwh T b DG R 58 A BT

DD B, BRERERIZERT AN F— #& %
R CIET b ﬂ/ﬁkmi GALT AN F— PR
TH ISR O BREE T A )L F — (X JH IR D i L Twh
ECATHEET L, ERERESZ2 L FHADORE N
BN L DR ENTWA E A THRET 5,

DL EDeEED S hﬁm%mt%@MWiUF@i
T B, ﬁéﬁﬁlz\ﬂ/% BERERmIIY s~ - F—
DX VERRT A, BWEIE Y A= v by
NEOM BB OEE L A L F—CTH S LK T 5,
L - BME T A L &2, bt F
—WRKEIZEET L, ZORKIT, MERNEICEZ 51
TRAERI AN F — | HIREEOEAZ AL F— 51
TR F = D43 LI O R WG R O g

INF =T, BIEEFTOMEREIEIN, TLTH
ROWHERENEEN T LT TH b,
2 hnEvuErE

5 AOBFET, FEEREEIERICGE 272 ERZLDL
ehs 7272 Loa DM\%TJJ‘ HEMIZR > Tk L
oh, BT OICHS S NTLE . Z Ok, FGK
BICKREADPHFEL. KAOHITHRI Mz x%f@“é&

EATVILUE, KENIZAPSERESINLE, 20X
HAVER # BE R (greenhouse  effect) & % W IZRIE
#hH (blanketing  effect) & FFIEIL 5, nm',m% X H:0

RCO G ED2NENTIHRILCBIL ). 27T
FATFIIRER D & LTI % <T{*I:L7i&%‘i%
By

RIEDBENIEL Y KE BB ERGATE, BED
AW ER L, HEKOEE TIZEIH10Pa, FHED
10%kg/md . 1RFEA, 000K 1272 5 (FTEE, 1996) i J
DREFED Y iéi?i/\ l 500~4, 700K D &5 H{ 12 7
HEEND, WU i‘@i‘dﬁ Iz z ) A
ORI S, I’ﬁrﬁ\,'rlU\J: b, ZDLIHkEm
bt EMTIXEAERL, ¥/~ - —Tx
> (magma ocean) AYZHL S5,

R A=y YPERICERE LI E ) PIEEE
BEnTwiv, MHHOREZREL TV EELDL

NHATIE, WOPDIIRMP ST~ - =2 v
ﬁffttt%i%ﬂ(w% I9. mibrEsah

H,:Eﬁw) CEXTWVWAEIETH D, FIEFIZLESS
J\e <. SR KL M LEH o E 2
ﬁ)llldlélwlj‘—za)ﬂ?'l’f{X:[ (plagioclase) 7*H TETWwh,
oD O LR ASKE L, KB ERSEZ -
T EERIRLT WD, 7o, BRI X, [EHAER
MO A4E N /NE Lo TWE T tﬁtrécf%ﬂéo B
REE0. 4L DS VE V) ZLIFFLEICEVD O
PILATWSZEZRLTEY, KIKIZWEIIZRFRB
ALEN R DR B Lz EZ LN L, LESLIC
Fo T, HEWREZIZIE, BREZAVF -
dh o722 & DYHE J*h%o

Do Z &b RIKIITEEAIMEA S v, KB
RUERIAEZ B L) BEBIC R T2 EZ LN,

3 ARDORK
KEADEREDL (I RE 2 H2, REMKEOK
%lx. Hz & He %Lb}c ET 5, REMEREORERIZ
b READD BH, BIGKEGREET ZHBTIE 2RV,
N2 ERSETAHLD (¥ 4% >~ Titan, b1 k>
Triton) RSO T e T5650D (A4 1o) & &
b, iLIT’?L}}?‘ . RIEKGREET ZAOKRR®
Fobold v, &R L KEITCOZF L LN ZfE
Yo MERIINZ £ L TO220%EE &, K
FDRAKL i/ﬁaa KA T FFD,
ABHEERAR (—XXK)
IR S IEN 9 4 AORMEIE, D) ITkRE
BIFTHZENTED, b L, FIREREEH YRR
AR REEN AL L Cuiud, KEE, Bk
BREEN AL B D, BIKRFORGHEITABERRD
MW EMUETHAL, TDLHIFRAIE [—RAER
Wi TRPEHBUR IR R R
(solar type proto-atmosphere) |72 & & I XL 5,
REFZE ORZRD D\ AT T TR S KRR 258
WL7BTH KR TH S, T, KREREREDE
WA KR BOT AZED LI ENTELZEEZRL
Twa, #Nd, REMZKEIZREIZFI SO 5720
DEENH o712 L BRI FEIEREREE
AN Z—?ELK EMBERTHLEEZ NS, KE

(primordial atmosphere) |& 5

BB ORGULFIE R RREET A 2 4 b L Tw
s

— 5, HWERIEE (X, COz. N2y 0% &% F W4
ELTWwWA D, FEKEG 2 ;';7’77\ LiFEEST

Bl KR TH b, 2O L) B REMKIT, HEF
uﬁmﬁi}% IhHolzDTII %L, BERBRRICEZ o0&
ILTHh 5,

@ﬁ'ﬁ']ﬂ;;f? EHFAE, b &b EHERRIERE DK
b ol 5 ETFT IV (Safronov, 1969) k.

77 A ci EZIITYH o T ERAIERE AR D A AT
o OB OKIGETIRE RIS NZE W) ET N

(Hayashi et al ., 1985) %% %
blL, KEDPEKENT VAT ANH 72T 5
ELH X He b A Fe ERRICKEILH D,
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F 5.

SRR AL

Planetary Atmosphere

Volcanic Gas

Components Uenus Earth Mars Components  Kilauea Theoretical
Water (m) >9 ~3,000 30 H:0 (%) 67.52 94.6
CO2 (%) 96.5 98 98 CO2 (%) 16.96 2.6
N: (%) 34 19 1.7 Nz (%) 335 0.17
Ar (ppm) 40 190 850 CO (%) 0.58 0.013
O exist  exist  exist H: (%) 0.96 1.9
Pressure (atm) 88+t3 —70 2 SO (%) 7.95 0.025

BB K& (Planetary Atmosphere) 38 &. A@iEH. AKERA L WIEEDO KKK (Morrison &

Owen, 1988) .

il 2 (Volcanic Gas) i3 Hawaii, Filauea D E#D 7 A A (KR, 1979) &

el ® (Theoretical) Lk o TR SNAERREV /v HTFT2MUA 2DE KR, 1979) %1

R

2, ED L L DS WD D IR E R
BTED, EOLEELIIRERF(INT, S LW
BRE I T & ) o KEROBERIC b2 s
511CH 5,

5D DR L AN E VI Ho O DFETE THER
T& 5, BERBICEARD H.O X KEICHILL, KE
DY EIFEEICEML ) 2, RERESHIZ, MEte L
TKEDH 0BT THD, KED H.0 DFF
FELERBICL > TEREOEENEZ ), 2L THY
IZH: R He N KEIZHIEDIT N TARERKE ST
BENTzEEZ LN S, Hy0 DEKRIC R B AL DS,
REMKE L HIKBRBEOFERTH %,

AT

ARERMZEORRIL, HETL BERDOAR YR
FLTWD, LaL, MERESREIFEERGREES
ALIFEL B/ DB L TWD, HIBREIRE
FIGKGREZEN A 2P o T LTH ., AT
SMOIERTED A AR %0 BIOKRSHL % 7
S bEZLENT WS, HEDOHIERDOKRADH T AD
HFHEER, BHBRKBREZETZADOLDEHL 2 IES
T, &FL {f&\v (Brown, 1952),

ROKEIL, ZRKREFEN L, KRR, K
MREE AR, EERICER SN2 EZLNT
Wb, FORED T EEZIEW L ODDOFDDH B,
WL A, AT T 4w TR A, T
WHE T A, EERT A ENDH B, TFNDOE
FMIZLTH, BHEERED 5 WEREOHEOMEKE
WKEEFNTWHERRS WA AL T, KRE ko7
LEZONDL, FORPTADOELSNERHOREDL Y
DENIE STV DLDEFLABEINT VS,

BT A A S, RS R R SRR 12
MEEN/ET25DTHS (Rubey, 1951). % 72,
WiE A 7 A id, HEROHEREW X 0 . Brseig |2 A
AP 07T HLDTHSL, TNHEDHIE, HiER
DRZATHRHETL72DICEZHENHDTH L, 7
DIz, FEXKEORZOBFIZEE SN TRy,

HEANTT Ay 7 OIS ARG, MU R REH
(Fanale, 1971) ®HERDO KK F O 7V T > O [EAK

e b -, BAEOHEARE IO WENE A A
L7zt 345bDTHSL (Hamano & Ozawa, 1978),F
7o WLEN AT A ST IR R o X D) ek R e
BrOBERIZE » T, MEREIZE TN TV ERR LS
MEEN/ET55DTHA (Abe & Matsui, 1985),
CDL)BRETNVIE, MEBIEREO KA TR CISHEA
MEETH b, METIVIE, L EZAHITE) IMUH X
S572bDEEZENL, T HERT 2L BERED
BRI R ZRKDLDIIHR L, A A T T 19 24
WA A AL, BENBLLOME V)BTRS,
TRRAUE, ERE R FIREE D o TV
FWHIZL o THRENTZDDTH DL, TOHI T,
CO:2. N2y HoOZ £ & LIBRLIIT ATH o712 & F
ZoNb, KIWATADOESICIETLLDTH L (F
5)e 2D &) RREMEIZIERE L KEDKEEILES
B, REDBESPELPUTHE I e bTEHEINS,
Fo, BERMEEOCI Y KT 4 ME, MEKEDAE X
RO THLEREOMEMETH S, ZOCIVFIA
MZIE, CO R H 0D 72K SAEENTEY,
A AL > THRESND T A1E, &2 KEIZHED.
T 5

DEDZ &Ly, EMREORIRRIL, BRE
ORI A AP 572 E 2 5 L HhEWIEIZIE
CO:z. Noy HROZERGETHRKAzHE-Tw/ 2
EIZh D (FRE)FOBRMERATIL. BMEOHEE L
72729, COd %< 2D, . O:xH.0 T 5 KRR
ZALL72EEZ D D, COREYWD CaCOs & L TH
5E LRG0 ST CEARBER IS Z S iz, —77,
EYONRERIZE > TO2 0 HM S, REITHE =
Nize TDEH) REYOMEIZ L > THERRR AL
LTwiEdEZ LN TWA,

4 BEORK
TRARFIWE, RO ER G E L TE TN T W,
EImD G T, H20 3KELAD 2 WIZHEE LT
KENFET A0, KIRTRIEGEOKE LTHEAET S,
EOIRIRTIEEERDIK E 7% 2, WD ARSI 4
ERR RO E TIX100C~ 0 COHF T L 2754
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H20

Liquid (Water)

Solid supercritical ﬂuidL
(ice)
3742 K

21.8 MPa

triple point
(invariant point)

Vapour

Pressure

Temperuture

(9.

L%z, 720 £BZELTRIIDE DI
TS HIE - ENGEEEESNLT W5,

H:0 DRMEAICH LTEREZ DL, KFEOZ AL
F—THHKEITEVE H 0 IFRMEKIT, B & ER
2% Bs KT, AD H0 FEAE L ) 5 DI HLER
EREBHEMMIZTTH D, MERIZ, WEL L TR
OKRDPBEDHFEL T b, KEIFTREIZAITERD S
NTHRWVA, POTEEEDH > 1P RR SN T
WA NS S KEICIEKREDKDITFTE L /2B A
HEENTWD, KEDWETIX, EMI5E LT
HLIEHENL TV D,

KETIX, MEDT A XHW/NELEEPNE VT
KREzEHICHIZVREFT LS &#fé&#oto%
D7=DBAETIEIBAED H20 I3FFE L TWZz v, H20
A EICERE LTHFETADATH L, — 71, #H
HTIX. K&EEEHICho TREFTLIEEDNH - 72
fz, WA ER KA H0 P EF T & 2 RENH
MEINTETWD, ZOREIFEDHEREIN TV L,

WEOEE 7ot 23, RERXRHOREEKTTH S,
REDMIZ L > TH0 3FEBARRDOF TR L. W
Lo TH-TL b LT, BIAKRADERSTTH
B H:0 B KREICEMT S I L& o THEIERRIIHE
NEAY . KA MRICEET 5, Fo 7R
2 E DML D, B o tHELROZOIZH P S
N5, MOBo 28, RICY T~ - =2 v U fF
FELEDEIPRIAHTH L, LI LIZEST
%hUﬁﬁL:ﬁELf\nfﬁ% thwxvﬁ“v 7
X VDOFRMEH B IIKERTAEL L T e b,

a»%mo%@t%%l%hO(D9hL#L\
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Approach to the Planetary Evolution

. Factors and an Outline
Yoshiyuki KOIDE, Hiroyuki YAMASHITA
and Takehiro SATO

Abstract. Many viewpoints and problems on the
formation of planets are pointed out. We compile the
various viewpoints and problems. They can be
summarized as following the seven factors ; time, raw
material, formation, chemical separation, layer evolution,
organism effects, death of planet. These factors work
the restricted material and duration except the factor of
"time". The factor "time" was related to every event, "
raw material" to the events of origin, constituents,

cooling and heating process, "chemical separation” to

the events of heat source, heating process, atmosphere
formation, ocean formation, crust formation and core
formation, "layer evolution” to the events of cooling
process, magmatism and tectonics, "organism effects"”
to the events of new material circulation and human
effect, and "death of planet" to the events of end of
heat source and end of the Sun. In this paper, we
describe the details of each factor. The description
leads to the outline of the formation of planets, and

approaches to the planetary evolution.

(5FF 2 19964E11 A30H, 3 : 19964E12H27H)
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Museum of Natural History in the Age of Multimedia

Museums of Natural History

Abstract

country mainly because of poor

museum display exciting and

Natural History are introduced.

Multimedia in Japan
Takashi HAMADA

Some new trends in the museums of natural history
in Japan in the age of multimedia are shortly
reviewed.There is a sort of retardation in application

of multimedia to the most of the museums in our

However,computer network of information becomes
rather popular in the museums owing to the
development of personal computers at homes and in

offices. Higher technique of visualzation makes

explain the exhibited materials. Actual processes of
information systems to the Izu Oshima Museum of

Volcano and the Kanagawa Prefectural Museum of

in the Age of

financial basement.

greatly helps to
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A New Necydaline Longicorn Beetle from Northern Thailand

Masatoshi TAKAKUWA

Abstract. A new species of the longicorn genus Necydalis is described from North Thailand under the name

of N. (N.)kumei. It has a close relation to N. (N.)esakii Miwa et Mitono and N. (N.)marginipennis Gressitt

especially in having the evident slender abdomen.

Key words : Necydalis, Cerambycidae, new species, N. Thailand

In 1982, one of the famous collectors of longicorn
beetles in Japan, Mr. M. Ito attained his one goal, that is,
discovering unknown Necydalis in Continental Asia. He
was able to catch a strange specimen of Necydalis
belonging to the subgenus Necydalis at Meo Village near
Chiang Mai, northern Thailand. It was most probably first
material of the genus from Indochina. However, the
description of that species has not hitherto been done,
because of the obscurity of relationship with other
Necydalis.

Recently, I had an opportunity to examine the Thailand's
specimen in question. After a careful examination, I have
concluded that it is doubtlessly new to science though
having a certain relation to two known species, N. (N.)
esakii Miwa et Mitono from Taiwan and N. (N.)
marginipennis Gressitt from W. China and N. Vietnam.
Therefore, I am going to describe it here.

Before going further, I wish to express my sincere
gratitude to Messrs. Kunio Kume and Masao Ito of Tokyo
who gave me a chance to examine the remarkable
Necydalis, and to Mr. Haruki Karube of the Kanagawa
Prefectural Museum of Natural History for his kindness

supplying with rare materials photographed in the present

paper.

Necydalis (Necydalis) kumei sp. nov.
(Figs.1,4)

Female. Body black in head and thoraces, yellowish to
brownish in appendages and abdomen, more or less shiny,
sparsely clothed with yellow to pale yellow erect hairs on
head, thoraces and legs, and also densely with golden
yellow recumbent pubescence on head, thoraces and apices
of hind tibiae ; head rather strongly shiny, provided with
dense golden yellow recumbent pubescence on frons except
for laterals, vertex and tempora; mouth parts except for
mandibles brownish, with mandible reddish brown though
apex and external margin blackish ; antennae brown to
yellowish brown, becoming lighter towards the apices,
strongly shiny in basal two and moderately so in the

following two segments; pronotum clothed with dense

pubescence as in head, except for discal callosities and
discal basal margin which are hairless and remarkably
shiny ; scutellum clothed with dense pubescence as in
head ; elytra mostly brown at disc, blackish at apices, sides
and sutural areas, dark reddish brown on humeral parts of
sides, strongly shiny, decorated with dense pubescence as
in head on both sides of scutellum and inner sides of sutural
apical 1/2 ; underside of thoraces with dense pubescence as
in head on mesosternal epimera, portions connected with
the former in metasternum, apices of metepisterna and
metepimera and anterior parts of hind coxae; abdomen
brown, shiny, very sparsely clothed with semirecumbent
minute hairs ; legs brownish except for yellowish hind tarsi,
more or less blackish in fore and mid tarsi, both of dorsal
aspects of mid tibiae and apical 1/4—1/2 of hind tibiae,
haired on almost all parts, provided with very dense
semirecumbent pubescence on apical more than half of
hind tibiae, the pubescence being golden yellow though
brown to black on blackish grounds.

Head just as wide as pronotal apex, narrower than the
widest point of pronotum, coarsely and shallowly punctate ;
clypeus bent behind the middle, the upper lobe being flat,
hemicircular, sparsely punctate ; frons quadrate, wider than
long, very faintly broadened upwardly, with a deep median
groove running from deep frontclypeal suture to occiput ;
eye large, rather weakly prominent, with lower lobe
subcircular ; gena relatively short, about 2/3 of the length
of lower lobe, 1.6 times as long as the width of tempora
which is well projected laterad. Antennae long and slender,
slightly flattened, a little exceeding apex of abdominal
3 rd segment ; relative lengths of segments of the holotype
as follows:4 1115, 3:3. 7:6. 7.6, 7.7.5. &b, bid. 9:
4.7. Pronotum nearly parallel-sided, about as long as the
widest point across lateral swellings which are situated
at basal 3/5, faintly longer than basal or apical width
(13:12), distinctly constricted near apical 1/3 and before
base, deeply and very minutely punctate, and also with
large and coarse punctures on sides; a pair of discal
callosities inflated, impunctate, the median longitudinal

grooved concavity apparently recognized. Scutellum almost
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Figs. 1 —3. Necydalis (Necydalis) spp., $—1.N. (N.) kumei sp. nov., holotype, 2.N.(N.) marginipennis Gressitt, 3.N. (N.) esakii

Miwa et Mitono.

Figs. 4 —6. Head, pronotum and elytra of Necydalis (Necydalis) spp., ¥——4 .N.(N.) kumei sp. nov., holotype, 5.N.(N.) marginipennis
Gressitt, 6.N. (N.) esakii Miwa et Mitono.
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right-triangular, finely punctate. Elytra longer than wide

(27:23), distinctly depressed at inner sides, raised at apices,

sparsely clothed with rather small punctures on disc, with
minute dense ones on apices, and with coarse and dense
ones on sides except for basal portions; sutures gently
dehiscent behind scutellum, distinctly and nearly straightly
so before middle to each apex which is narrowly rounded
and provided with projecting inner angle. Hind wings
transparently light testaceous, not reaching apex of 6 th
abdominal tergite. Abdomen evidently long and slender ;
sternites 3 and 4 parallel-sided, 5 sinuately broadened
posteriad, 6 widest, with slightly arcuate sides, about 1.8
times as long as base, 7 about 2.2 times as long as base,
convergent apicad, gently rounded at apex; tergite 7
evidently slender, 4.1 times as long as apical width, with
rounded apex. Legs long and slender ; hind femora clavate
in apical less than 1/4 ; hind tibiae curved downwards ;
hind tarsi fully inflated, with segment 1 about 2. 2 times as
long as the following two combined.

Length : 26.4mm, width : 3. 3mm.

Holotype : ¥, Meo Village, near Chiang Mai, N.
Thailand, 26. IV. 1982, M. Ito leg., deposited in the
collection of the Kanagawa Prefectural Museum of Natural
History, Odawara.

Distribution. N. Thailand.

Notes. This new species is surely related to N. (N.) esakii
Miwa et Mitono from Taiwan and N.(N.)marginipennis

Gressitt from W. China and N. Vietnam in having the next

characters of female : abdomen evidently long and slender,

7th tergite more than 4 times as long as the apical width ;

antennae and legs also long and slender ; pronotum clothed

with dense minute punctuares except for discal rising, and
also with large and coarse ones on lateral sides. However,
it apparently differs from them in the following points :
tempora fully projected laterad ; genae below eyes shorter ;
pronotum parallel -sided, discal rising distinct, shaped as bi
-callosities, impunctate and hairless ; elytra dehiscent from
apex of scutellum, narrowly rounded at each apex, and so
on. The present new species is also allied to N. (N.)
mizunumai Kusama from Taiwan in general appearance,
but quite different from that especially in the status of
pubescence and punctures of body surface, elytra not
reaching apices of metepisterna and antennal 3rd segment

being distinctly longer than 4th.
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Social interaction in male hamadryas baboons (Papio hamadryas)
with special reference to social structure

Hiroko KUDO-HIROTANI

Abstract. Male-male interaction of hamadryas baboons (Papio hamadryas) was observed in the colony of

Hirakawa Zoo, Kagoshima. The group is consisted of four harems and three free-lance males. Males generally

have various types of social interaction. Greeting behavior was focused, because of its variety and frequency.

The prime harem leader (PL) and the new harem leader (NL) were the most active males in male-male

greeting situations that were studied. The direction of greetings and the role of distribution of male status class,

have been analyzed. In comparison with other Papio species, the function of greetings and the characteristics of

male-male interactions are discussed in the context of their unique social structure.

Keywords :

society

Introduction

An ecologically based study of the complex variability in
the social structure of the genus Papio was discussed by
Dunbar (1992).

showed variation in diet, group size, social structure and

The ecological traits within a species

mating system between populations of the same species
(Dunbar, 1992 ; Barton, et al.,1996).

important that these factors of variation are tested in

However, it is

relation to the pattern of social interaction itself. Namely,
which characteristics of social interaction contribute to the
difference of social structure?

Among the genus Papio, the hamadryas baboon has been
observed to display unique characteristics such as a multi-
leveled society and a patrilineal social unit. This has been
the primary focus point of research related to Papio
hamadryas. Many researchers have discussed social
structure. Kummer (1968) clarified the multi-leveled
society of hamadryas baboons, as a band that is consisted
from several clans, in which a clan is consisted of several
harems. His discussion focused on the way in which
complex interaction between males contributed to the
preservation of the social structures. For example, there are
intimate relationships between harem leaders, and male-
female pair bond is respected by other males and males'
sexual behavior is inhibited (Kummer, et al.,1974) .
Abbeglen (1986) studied on the socialization of harem
males and suggested that males within a band have kin-
relations. The possibility of kin-related male bond was
discussed by Sigg et al. (1982). In other cases, interaction
between harem leaders, in relation to the direction of daily
march, is discussed (Sigg & Stolba, 1981),and the

siginificance of inter-male greetings are discussed (Pelaez,

hamadryas baboon, male-male interaction, greeting behavior, patrilineal society, multi-leveled

1982).

interaction in a large colony of hamadryas, and yellow

In reference to, Colmenares' studies of male-male

baboons and their hybrids, concluded that male-male
interaction, especially greetings display the dialectical
relationships between male-male interaction and the
dynamics of the over all social structure (Colmenares,

1990 ; 1991 ; 1992) . The author also observed male-male
interaction, especially greetings at a small colony of
hamadryas baboons. This study deals with the relationship
between the pattern of male-male interaction and the social
structure. This paper will clarify the characteristics of male-
male social interaction and discuss a genealogy of male-

male relationshipins in baboon species.

Colony of baboons and method

Social behavior among males was observed in a colony
of Papio hamadryas, Hirakawa zoo, Kagoshima city. This
colony keeps 29 baboons and 14 mountain sheep (Fig. 1
&Table 1).

N

Fig. 1

A group of Papio hamadryas in Hirakawa zoo.
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Table 1 Members of Hirakawa group

name

ALF
BET
PEA
RPN
TRM
WAK
KAT
CHO
SOL
BOU
oJi
TBR
YNG

krm
chm
dkk
bt1
bt2
bt3
fik
pef

J1
J2

sex status class
male PL

male PL

male NL

male NL

male FW

male FW

male FW

male FW

male FW

male OL/OF

male OL/OF

male OL/OF

male SA

female mother of J1
female mother of J2
female

female

female

female

female

female

black infant

2-3yrs old

PL:Prime leader, NL: New leader, FW: Follower,
OL/0OW: Old leader or follower, SA: Subadult

The study period is from the 25th to the 30th of January,
1993. Total observation time is 2, 800 mins. Initially all
baboons were identified, then social interactions were
observed and recorded. Scanning data from grooming

interaction, and proximity was also collected.

Result
(1) Grouping

In Hirakawa zoo, baboons sometimes gather and contact
each other to keep warm. Groupings of the colony were
clarified according to the baboons' social behavior in
relation to interactive roles and proximity (Fig. 2 ). This
group is consisted from4 harems and three free-lance
males.

Five types of male status classes were determined based
on the criteria of Colmenares(1990). Prime male(PL),a
leader of harem with plural females ; new leader(NL), a
harem leader who has single female, he will magnify his
harem in future; follower(FW), a male that belongs a
harem, but does not participate in reproduction ; old leader/
follower (OL/OF), an old male who was considered to
belong to harem as a leader or a follower ; subadult (SA),

a young male who is not fully matured.

(2) Patterns of male-male interaction

Amongmales, various types of interactions were
observed in addition to grooming and aggression. Social
interaction such as presenting/mounting, coordination of
grunting, approach and retreat, etc., were defined as
greetings here.

Greeting behaviors are listed in Table 2. Greeting
behaviors are as follows; penile showing, a male stands
upright and presents a penile area in front of the recipient
animal, sometimes horizontally rocking ; carrying an infant,

a male is cuddling an infant or a juvenile and approaches to

harem1

harem2

N

leader follower

ALF WAK

TRM

KAT
BOU

female
krm )1
chm J2

dkk

BET CHO
bt1
bt2
bt3

leader  follower

/

harem3 harem4

leader  female

pef

leader follower

RPN SOL
fik

TBR  OJI  YNG

free-lance male

Fig. 2 A schema of the social structure of Hirakawa group. Each animal is shown as an abbreviation letter of its name.

The group is consisted from 4 harems and 3 free-lance males.
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Table 2 Compared list of greeting behaviors

P. hamadryas

P.anubis (Rowell, 1966)

P.cynocephalus
(Hausfater & Tackas, 1987)

grunt grunt
grimace grimace

lip smacking lip smacking
present present

penile showing —
carrying an infant s

notifying ----

penile inspection nose genitals
penile pulling handle genitals
embrace embrace
grasp, touch touch

mount mount

grunt

grimace

lip smacking
present

carrying an infant
perineal inspection
genital manipulation
embrace

grasp

mount

a recipient ; notifying, a male approaches to a recipient very
closely and then turns back and retreats ; penile inspection
and pulling, responding to an approach, a male sniffs and
inspects a penis of the initiator, and sometimes pulls it ;
embrace, responding to an approach and present, a male
embraces and hugs from the back of the initiator ; grasp/
touch, a male touched and grasps the waste of the initiator ;
mount, responding to an initiator, a male mount on the
initiator.

Total number of greetings that were observed is higher
than that of aggression(33 and 26, Fig. 3).
penile showing/pulling interaction occurred frequently in

Especially
this colony.

(3) Male-male relationships based on the greeting
Networks of greeting behavior and aggression were
analyzed in relation to male status classes(Fig. 4 ). The

result was as follows ; PL frequently receives greetings and

M Greeting
Aggression

Carry J
Notify
P-pull

Mount
Present
Grimace

Grnt/Smc
Coalition

Agg

T
5 10 15 20
Number of interactions

Fig. 3 Number of various behaviors observed in male-male
interactions. 7 types of greeting behaviors are compared with
coalition and dyadic aggression. Abbreviation of behaviors are as
follows. Carry J : carrying an infant, P-pull : penile showing and
penile pulling, Grnt/Smc : Grunt and lip smacking.

acts aggression to other males. NL frequently receives and
initiates greetings, and also receives aggression frequently.
FW initiates greetings frequently but rarely receives, on the

other hand, FW rarely joins aggressive interactions. OL/

Greeting

B Initiated
¥ Recieved

Frequency/animal

PL NL FW OL/OF SA

Male status class

Aggression

~

Bl Initiated
¥ Recieved

(o]

w A~ O

Frequency/animal

N

il

o

OL/OF SA

Male status class

PL NL FwW

Fig. 4 Direction of greeting behavior within each status class.
Direction of (a) greeting and (b) aggression are counted for each
status class. PL : Prime leader, NL : New leader, FW : Follower,
OL/OF: Old male regarded as a former leader and/or a former
follower, SA : Subadult male.
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N R-role
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0.4
0.2
0
PL NL FW OL/OF SA
Male status class
b Asymmetrical
6
o N S-role
54 \x M D-role
"
E ]
s 3—:\
e ]
]
04
PL NL FW OL/OF SA
Male status class
c Unreciprocated
4
3.5 R-role
3 I-role
£ 25
s 2
215

PL NL FW OL/OF SA

Male status class

Fig. 5 Distribution of each role type between status classes.

How often each type of role was fulfilled by the various status class of

males is shown. (a) symmetrical greeting, (b) asymmetrical
greeting, (c) unreciprocated greeting. Abbreviation of role types are
as follows. R-role : Recipient, I-role : Initiator, S-role : Submissive

role, D—role : Dominant role. Male status classes are same as Fig. 4.

OF initiates greetings but never received. SA received both
greetings and aggression frequently.

These results are summarized as follows ; both NL and
PL interact very actively. Especially PL who frequently
receives greetings from various males. PL monopolizes
several females, and as the result social interests of other

individuals seem to be focused to PL.

(4) Patterns of greetings and male-male interaction

Based on Colmenares' criteria(1990), greetings are
classified to 3 types, symmetrical, asymmetrical and
unreciprocated greetings. The role of males in each type of
greeting are analyzed in relation to their status class
(Fig. 5a,b,andc).

New leader (NL) and subadult (SA) have symmetrical
greetings frequently. They fulfill recipient roles (R-role) to
the greeting initiators. They play dominant roles (D-role)
in asymmetrical greetings.

Prime leader (PL), however, fulfills both dominant and
subordinate roles in asymmetrical greetings. PL also
received unreciprocated greetings, namely, PL ignored
greetings frequently. Observations would strongly suggest

that PL always has leadership in greetings.

(5) Comparison with other baboon species
Relative frequency of aggression, grooming and greeting

are compared (Fig. 6 ) between hamadryas baboons and P.

a P. hamadryas  Hirakawa zoo
AGG

-

N FF
GREET Y

GROOM \\
MMM
T T ]
0 1 2 3 4 5 6
#interaction/1 dyad
b P. anubis (Appended from Rowell,1966)

AGG

GREET
MF
=Y
GROOM FF
MM
7
0 1 2 3 4 5

Observed/Expected distribution by interaction class

Fig. 6 Inter-specific comparison of relative frequency in social
interaction. Relative frequencies of social interaction are shown for
(a) Papio hamadryas in Hirakawa and (b) captive P. anubis group.
In hamadryas group, only grooming is shown for all combinations.
For anubis group, relative distribution rate (observed rate/expected
rate) are recalculated from(Rowell, 1966). MF: from male to
female (for hamadryas, between males and females), FF: from
females to females, MM : from males to males, FM : from females to
males, AGG : aggression, Greet : greeting, Groom : grooming.
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anubis (Rowell, 1966) . In hamadryas baboons, aggression
was not frequent, but grooming was frequently observed,
and greeting was only about. In anubis baboon, aggression
occured very frequently compared with expected frequency
for number of animals.

Each greeting behavior was compared to each other,
between hamadryas and other baboons (Table 2 ; Rowell,
1966 ; Hausfater & Takacs, 1987).

corresponded each other except notifying and penile

Almost all behaviors

showing. Especially, notifying is unique behavior and
frequently occurred. In other Papio baboons (namely
savanna baboons), symmetrical greetings are very rare
(Smuts, 1986 reported one case as an exception). In
contrast, hamadryas baboons have symmetrical greetings
frequently.

For the direction of greetings, presenting is done from
subordinate animal to dominant animal and from the
immigrant to the resident in savanna baboons. In
hamadryas baboons, the direction is not biased by
dominance and acquaintanceship.

In sum, male social interaction of hamadryas baboons is
more peaceful and more equal than other Papio species,
and these characteristics seems to be brought by frequent

greetings with various directions and nuances.

Discussion
(1) Functions of greetings

In savanna baboons, greeting behavior has been
considered to have following functions. 1 ) Alternatives to
aggressions (Hausfater and Takacs, 1987), greetings make
defuse aggressiveness ; 2) Assessment strategy, males
confronting over females can assess the ability each other
and can avoid serious attack (Ransom, 1981; Strum, 1982;
Bercovitch, 1985 ; Smuts, 1985). Actually, it is observed
that female possessor frequently do greeting to other
males ; 3) Regulation of social relationships, greeting
certifies and strengthen a social bond. A newcomer
frequently does greetings to residents (Strum, 1982), for
example, resident males who do coalition to the newcomer
interact by greeting frequently (Smuts, 1985), and

unrelated males who keep long-term affiliative relationship

Table 3 Types of social structure in baboon species

interact by greetings (Hausfater & Takacs, 1987).

For the hamadryas baboon, another function of greeting,
the negotiation of social roles (Colmenares, 1990), can
be considered. Greetings are used to negotiate the various
social roles, for example, in the process of deciding the
direction of daily nomadism(Kummer, 1968 ; Sigg &
Stolba, 1982), in the context of a female possessor
checking towards follower and other harem leaders
(Kummer, ibid. ; Abbeglen, 1986; Colmenares, 1991), and
in various context of aggression such as reconciliation,
consolution, and aid seeking. Female possessors check
rivals by greeting through other means than aggressive
elimination, this fact is reflected in the characteristics of

male-male relationships in hamadryas baboons.

(2) Uniqueness in social structure and male-male
interaction of hamadryas baboons

Table 3 shows types of baboon society containing
hamadryas baboons. "Patrilineal" and "multileveled" are
key concepts in hamadryas society. Which of the above
social systems is the major determinate of male-male
interaction ? Male-male interactions were studied in gelada
baboons co-existing under a multileveled-matrilineal
society and in chimpanzee and Atelins which have
patrilineal-single leveled society.

In gelada baboons, intra-harem context, a pattern of male
-male interaction is similar to hamadryas. However, inter-
harem male-male interaction is very rare, and there is not a
clear dominance relationships (Mori, 1979). These results
suggest that a basic social unit of gelada baboons is a harem
neither a herd nor a band (higher leveled social unit).

Characteristics of male-male relationships of patrilineal
society is coded by strict bonding within society and strong
Affiliative

interaction between males is exclusively frequent in Atelins

aggressiveness towards outside of society.

(Strier, 1994). In chimpanzee groups male-male
interaction called "politics" determines the male bonding
(de Waal, 1987).

For this study, intra-band and inter-harem, intra-harem
interaction was analyzed. Male-male interactions do not

change according to the social unit (harem, clan, and band),

single-leveled

multi-leveled

Papio anubis, P. papio,

Theropithecs gelada

ili P. cynocephalus, P.ursinus, ) )
mretriines) d . # i social unit: harem
social unit: troop
- Papio hamadryas
pesrilines) social unit: band
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so the basic social unit of hamadryas baboons is a band not
a harem. Within these society, patrilineal restrictions of
male-male relationships seem to become strong. To fully
determine if male-male aggression frequent in Atelins and
chimpanzee is similar or not, further study on inter-band

interaction is necessary.
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A New Species of the Genus Oligoaeschna (Odonata, Aeshnidae)from Sumatra

Haruki KARUBE

Abstract. A new aeshnid dragonfly from Pini Island, off west coast of Sumatra is described under the name

of Oligoaeschna pseudosumatrana sp. nov. This species is closely resembled to Oligoaeschna sumatrana

Lieftinck from western Sumatra, but distinguished from that by the structure of caudal appendage.

In autumn of 1990, Mr. Arbaimun of N. Sumatra visited
some small islands located off west coast of Sumatra. Then,
he caught many kinds of insect and kindly sent me some
materials of Odonata. which included some species of the
genus Oligoaeschna. Of these one specimen from Pini
Island especially draw my attention.

Leiftinck (1968) revised this genus, and recorded 4
species from Sumatra. Arbaimun's specimen closely allied
to Oligoaeschna sumatrana, but it is difficult to decide that
that is one variation of O. sumatrana or independent
species by judging from the original description.

In 1996, I had have a chance of investigational trip to
some European museum, and was able to examine
Lieftinck's type specimens deposit in Notional Museum of
Natural History, Leiden. After careful study, it is clear that
the species is doubtlessly new to science.

Before going further, I wish to express my hearty thanks
to Dr. J. van Tol of Notional Museum of Natural History,
Leiden for his very kind help in studying materials, to Mr.
Masatoshi Takakuwa of the Kanagawa Prefectural Museum
of Natural History, Odawara for his critical reading of the

original manuscript, and to Mr. Itsuro Kawashima,

Yokosuka for his splendid illustrations of thorax and

abdomen inserted in this paper.
Oligoaeschna pseudosumatrana sp. nov.

The type specimen is not good condition, because of
dieing before making specimen. It is considered that some
maculations of head and thorax had been discolored.

Male. Abdomen (incl. appendage) 50. 1 mm in length.
Hindwing 40.85 mm in length, with maximum width
12.79 mm.

Brownish species, and belonging to Lieftinck's “section
poeciloptera’ .

Head brown with black markings ; labium, labrum,
anteclypeu, postclypeus brown ; antefrons rather protruded
anteriad, black except for margins, with vertical surface
coarsely wrinkled ; frons brown, with anterior border black,
with a pair of lateral spots behind anterior black maculation
(almost discolored), with fairly longitudinal median
groove on dorsal surface ; eyes meeting about 1.6mm ;
vertex strongly globularly protruded anteriad above median
ocellus ; occiput black, very small, wedge-shaped.

L 2

Figs. 1 — 2 Oligoaeschna pseudosumatrana sp. nov.

thorax in dorsal view ; 2.

abdomen in lateral view.



48 Haruki KARUBE

Figs. 3,5 Oligoaeschna sumatrana Lieftinck (Holotype)
3 . caudal appendage in lateral view.

5. caudal appendage in dorsal view.

Prothorax yellowish with brownish posterior part.
Pterothorax brown, symmetrically with green marks (some
of these assumed description, because of discolored)as
follows : antehumeral stripe cigar - shaped, not reaching
antealar ridge ; a pair of elongated small patches present
along antealar ridge ; mesepimeron largely green

(discolored) ; maculation on metepisternum uncertain ;

metepimeron also largely green (discolored). Legs brown.

Wings light golden yellow ; median space free; each
triangle with two cross veins ; anal loop 3 - celled ; nodal
index : 9-17 : 18-8/10-13 : 12-10 ; pterostigma brown,
2.6 mm in length in the fore, 2.4 mm in length in the hind.

Abdomen slightly expanded at the middle, brown with
green markings; 1 st segment with a spot at medio -
posterior area, 2 nd segment with triangular spot at dorso -
anterior border, with two pairs of spots, one is about 1 / 3
times as wide as the maximum width of 2 nd, and the other
is sited at dorso - posterior border, and also with
maculation on auricle ; 3rd to 9th each with a pair of
rectangular spots at posterior border which are gradually
becoming smaller poteriad, and also with a pair of
triangular spots at middle of 3rd to6th ; 10 th brown,

covered with small spines on dorsal surface.

Figs. 4,6 Oligoaeschna pseudosumatrana sp. nov.
4 . caudal appendage in lateral view.

6. caudal appendage in dorsal view.

Caudal appendage brown . Superior appendage flat, slightly
curved upwards, truncated at apex, obliquely bent downwards
at apical 2/3 of inner sides, ventral spine at basal 1/5, and
with three small spines at basal 1/3 of inside edge. Inferior
appendage slender, in lateral view, expanded at basal 1/3,
tapered to apex which is shaped as small hook, in dorsal
view, thinner apicad, triangularly excavated at apex, the
lobes being slightly externally projected which is bilobed.

Penis almost lost when making specimen.

Female. Unknown.

Type. Holotype, &', Pini Island, off west coast of
Sumatra, IX. 1990, leg. Native.

Distribution. Pini Island, off west coast of Sumatra,
Indonesia.

Type depository. The holotype is deposited in the
Kanagawa Prefectural Museum of Natural History,
Odawara.

Note. This new species closely resembles to
Oligoaeschna sumatrana Lieftinck from montane range of
west Sumatra, but easily distinguished from that by the
following points : inferior appendage slender, about 4/5
length of superior (2/3 in sumatrana) ; apex of ‘superior
appendage truncated (rounded in sumatrana ).
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Redescription of a mullet, Chelon melinopterus (Perciformes : Mugilidae)

Hiroshi SENOU

Abstract. Chelon melinopterus is redescribed. Synonymy and illustration are also provided for the species.

Ellochelon luciae Penrith et Penrith, 1967 is a junior synonym. Range is the tropical Indo-Pacific except the

continental coast from the Red Sea through the Arabian Sea to the Gulf of Thailand. Occurrence in Japanese

waters is the northrnmost record of this species. It inhabits estuaries of river with mangrove swamp.

Key Words : Redescription ; Mugilidae ; Chelon melinopterus ; Synonymy

Mugil melinopterus was described based on one
specimen obtained from Vanikolo, the Solomon Islands by
Valenciennes in Cuvier and Valenciennes(1836). Early
major ichthyologists such as Weber and de Beaufort (1922)
and Roxas (1934)used Mugil as the genus for the species.
Smith (1948) revised the genera of the African Mugilidae.
He allocated this species to Liza, but misidentified it as L.
oligolepis (Bleeker, 1858-1859) (=M . parmatus Cantor,
1849;the generic name is provisional). Some authors after
Smith followed him (see below synonymy). Thomson (1964)
listed all nominal species of the family, and gave his status
for each name. In his list, M. melinopterus and M.
oligolepis were regarded as valid name, identified as L.
melinoptera, L. oligolepis, respectively. Recent authors
usually followed his status (see below synonymy).

On the other hand, Penrith and Penrith (1967) described
Ellochelon luciae as a new species on the basis of seven
specimens from St. Lucia estuary, Zululand. Some authors
(see below synonymy), however, used Liza as the generic
name of this fish without any discussion.

In this paper, I redescribe M . melinopterus. And, as the
result of examination of type materials of M. melinopterus
and E . luciae, 1 clarify that the former is a senior synonym
of the latter, Chelon should be used as the generic name for
this species.

Specimens examined are deposited in Bernice P. Bishop
Museum, Honolulu (BPBM) ; Museum National d'Histoire
Naturelle, Paris (MNHN) ; Museum of the Tokyo Univer-
sity of Fisheries (MTUF) ; National Science Museum,
Tokyo (NSMT) : South African Museum, Cape Town
(SAM) ; Department of Marine Sciences, University of the
Ryukyus, Okinawa (URM-P).

Methods of counting and measuring follow Senou et al.

(1987) . The terminology of the jaw teeth follows Ebeling
(1957) . Vertebrae and associated bones were examined
with soft X-ray negatives. Lengths for specimens are given
as standard length  (SL).

Chelon melinopterus
(Valenciennes in Cuvier & Valenciennes, 1836)
(New Japanese name : Hirugi-menada)
(Fig. 1 ; Tables1 & 2)

Mugil melinopterus Valenciennes in Cuvier and Valen-
ciennes, 1836 : 146, pl. 313 (type locality : Vanikolo) ;
Weber and de Beaufort, 1922 :246 (Sinabang Bay) ;
Roxas, 1934 :413, pl. 1, fig. 7 (Manila; Luzon and
Mindanao) .

: Smith, 1935: 635,
fig. 17, pls. 21-B and 22-C, D (Isipingo Lagoon).

Liza oligolepis (not of Bleeker) : Smith, 1948:840, fig. 10;
Smith, 1950 : 321, fig. 885 (Isipingo and Delagoa Bay) ;
Munro, 1955 : 94, pl. 16, fig. 261 (Ceylon); Munro, 1967:
167, pl. 18, fig. 277 (New Guinea) ; Senou and Suzuki,
1980 : 59, pl. 4, fig. D (YaeyamaIs.); Suzuki et al., 1982 : 19
(listed from Yaeyama Is.) .

Mugil oligolepis (not of Bleeker)

Liza melinoptera : Thomson, 1964 : 22 (listed) ; Thomson,
1984 : no pagination, fig. (western Indian Ocean) ;
Smith and Smith, 1986 : 717, fig. 222.6 (Natal ; Indo-
West Pacific) .

Ellochelon luciae Penrith et Penrith, 1967 : 69 : fig. 1 (type
locality : St. Lucia estuary).

Smith, 1975 : 64 (listed) ; Thomson, 1984 :
no pagination, fig. (St. Lucia estuary) ; Smith and
Smith, 1986 :716, fig. 224.4 (northern Transkei to
southern Mozambique) .

Valamugil parmatus (not of Cantor) : Smith, 1975 : 64 (listed) .

Liza melinopterus : Wu, 1984 : 494, fig. 340 (Xiamen) ;
Tzeng, 1986:110, fig. (Taiwan) ; Liang, 1991 : 353,
fig. 213 (Guangdong).

Liza luciae :

Materials examined.

BPBM 10597, 1 specimen, 224.0mm, Palau Is.,1964 ;
BPBM 33467,2specimens, 50. 0& 126. Omm, Marquesas Is.,
in freshwater, Summer, 1986, coll. by G. Marquet ; BPBM
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Fig. 1. Chelon melinopterus, URM-P 15832, 145.2 mm SL, from Iriomote Island. Drawn by H. Senou.

35439, 1 specimen, 72.0mm, Marquesas Is., in lower part
of stream, coll. by J. E. Randall. MNHN A. 3669, holotype
of M. melinopterus, 149.7mm, Vanikolo, coll. by Quoy
and Gaimard. NSMT-P 2998, 1 specimen, 131. 9mm, Lake
Yamor, New Guinea, Apr. 28, 1943 ; NSMT-P 28186, 1
specimen, 150. 8mm, Miyara Riv., Ishigaki L., Sept. 1,1974;
NSMT-P 50599-50604, 6 specimens, 98.5-158. Omm,
Tongatapu I, Jun. 23-Jul. 20, 1986, coll. by Y. Matsunaga.
MTUF uncat. , 2 specimens, 85. 2-85. 8mm, Marohogo Riv.,
Majunga, Madagascar, Sept. 27, 1973. SAM 24307, 3
paratypes of E. luciae, 132. 1-148. Omm, St. Lucia estuary,
Zululand, January, 1965;SAM 24697, holotype of E.
luciae, 136. 6mm, St. Lucia estuary, Zululand, January, 1965.
URM-P 15828-15830, 3 specimens, 104.6-127.8mm,
Udara Riv., Iriomote ., in estuary, May 9, 1981, coll. by H.
Senou; URM-P 15831-15836, 6 specimens, 117.8-159.0
mm, Arabara Riv., Iriomote 1., in estuary, Sept. 15, 1982,
coll. by H. Senou.

Description. Counts and proportional measurements are
shown in Tables 1 and 2 .

Table 1 . Counts of Chelon melinopterus

Body moderately elongate, becoming strongly
compressed toward tail. Back without a keel on midline.

Head small, triangular in front view. Interorbital space
nearly flat. Adipose eyelid rudimentary, existing as very
thin membrane along posterior rim of eye. Maxilla hooked
downward at corner of mouth, its posterior tip reaching
beyond corner of mouth and remaining exposed when
mouth closed. Connecting tissue between end of maxilla and
corner of mouth not or scarcely visible when mouth closed.

Lachrymal serrate on lower and posterior edges, the
serration of lower edge starting from anterior edge of the
corner of mouth. Lower edge of lachrymal emarginate at
corner of mouth ; posterior edge of lachrymal round, the
upper end reaching anterior edge of eye.

Mouth terminal, with a prominent symphyseal knob at
tip of lower jaw. Upper lip not thickened, bearing a row of
primary teeth on lower edge. Primary teeth minute, ciliform,
and monocuspid, invisible to the naked eye. Each tooth
supported by well developed, bifurcate fibrous strands.

Lower lip without teeth forming thin edge, directed

Holotype of

9 specimens from

Holotype of

3 paratypes of

Mgl melinopterus Iriomote L. Fllochelon luciae £ lucriae
MNHN A. 3669 URM-P 15828-15836 SAM 24697 SAM 24307

Dorsal rays IvV-9 V-9 V-9 Iv-9
Pectoral rays 15(1L)/15(R) 15-16 (mostly 16) 14(L) /14R) 14-15
Pelvic rays I, 5 I & I, B I, 5
Anal rays III, 9 111, 8-10 (mostly 9) III, 9 111, 9
Branched caudal rays 6+6=12 6+6=12 6+6=12 6+6=12
Lateral scale series ca. 28(L)/27T(R) 27-29 (rarely 29) 27 26-ca. 28
Transverse scale rows 9 9-11 (rarely 11) 9-10
Cheek scale rows 4 3-4 (mostly 4) 4
Number of pyloric caeca - 5 (6 specimens) - 5 (1 specimen)
Vertebral counts 12+12=24 12-13+11-12=24 12+12=24 12+12=24

Number of gill rakers -

36-40+45-59=81-99
(6 specimens)

36+53=89 (1 specimen)
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Table 2 . Proportional measurements of Chelon melinopterus expressed as percentages of the standard length

Holotype of 9 specimens from Holotype of 3 paratypes of

Hugil melinopterus Iriomote I. Fllochelon lucise £ Jucize

MNHN A. 3669 URM-P 15828-15836 SAM 24697 SAM 24307

149. 7 mm SL 104. 6-159. 0 mm SL 136.6 mm SL 132.1-148. 0 mm SL
Total length 124.2 125.1-127.5 - 126.4 (1 specimen)
Fork length 117.0 115, 7-118. 3 = 118.4 (1 specimen)
Prefirst dorsal fin length 55.3 54. T-517. 2 55. 6 53. 4-55. 8
Presecond dorsal fin length 79.5 8. 2-81. 5 80.5 78.2-80.5
Prepelvic fin length 40.9 40. 6-43. 2 40. 8 41.3-42. 2
Preanal fin length 4.7 74.9-79.3 72.0 73. 7-T5. 4
Caudal peduncle length 18.9 17.1-20.0 19.7 18.5-19.6
Head length 27.0 24.5-27.2 26. 6 26.2-217.6
Snout length 7.5 7.1-7.9 1.4 7.4-8.1
Postorbital length 13.2 12.0-18.5 13.6 18.5-13. 7
Eye diameter 1.4 6.7-7.6 7.1 7.0-7.7
Postadipose eyelid length - 2.5-4.0 - 3.6-4.7 (2 specimens)
Adipose eyelid gap - 5.4-6.7 - 5.2-6.1
Interorbital width 10. 2 10.2-11. 5 10. 8 11. 0-12.0
Thickness at pectoral fins 17.0 17.8-20.1 19.3 19.1-20.6
Thickness at first dorsal fin — 14.4-17.9 17.6 17.4-19. 3
Thickness at second dorsal fin = 8.6-10.5 9.4 9.5-11.2
Distance between anterior and 1.4 1.8-1.5 1.5 1.1-1.4

posterior nostrils

Fidth of mouth 10.0 9.2-10.4 9.4 9.3-10.1
Thickness of upper lip 1.5 1.5-2.0 15 1.5-1.6
Lower jaw length 6.0 5.4-6.2 5.9 5.7-6.1
Depth at mouth corner 7.3 6.4-7.9 7.6 6.4-6.7
Depth at eye 14.1 14. 8-16. 4 14.3 14.3-14.7
Depth at pectoral fin 19.3 22.8-26.0 24.3 22.2-24.1
Depth at first dorsal fin 26. 8 29.6-33.9 33.4 29.1-33.2
Depth at anal fin 24. 4 23.2-21.8 29.2 27.2-29. 1
Caudal peduncle depth 13.5 12.0-13.6 19,2 -
Pectoral fin length 19.17 18.4-20.4 21.12 20.9-22. 3
Axillary scale length 4.7 4.8-5.9 5.3 5.2-7.4
First dorsal spine length 15.4 16.2-17.17 15.2 16. 4-16. 8
Second dorsal spine length 14.1 13.8-16.1 14.3 16.1-16.5
Third dorsal spine length 11.4 12.1-13.8 13.5 14.1-14. 7
Fourth dorsal spine length 7.3 5.2-8.1 7.8 7.2-8.0
Dorsal obbasal scale length 9.5 9.5-12.8 10.9 10. 7-11. 6
Second dorsal fin hight 15.0 15.2-17.7 = 18.1-18. 8 (2 specimens)
Second dorsal fin base length 8.6 7.8-8.8 9.6 9.4-10.1
Pelvic fin length 16. 6 15.6-17.17 19.5 18.7-19. 4
Pelvic obbasal scale length = 6.5-7.9 1.4 7.1-8.0
Interpelvic flange length 8. 7-11.1 12.2 11.5-11. 9
Anal fin height 15.2-18.6 19.0 18.2-19.5
Anal fin base length 9.7-11.8 11.3 11.4-12.8

horizontally forward. Corner of mouth on a vertical through
anterior nostril.

Tongue with a longitudinal keel on the midline, the
anterior edge of tongue forming an obtuse or right angle in
front view. Tip of tongue free from mouth floor.

Ventral inner edges of right and left dentaries connected
to each other by a short midlongitudinal joint at symphysis.
Free space formed by edges of both dentaries relatively
wide just behind of symphysis, and width gradually
narrowing toward posterior part of mandible. Angle of
lower jaw 107.5 to 123. 6 degrees.

Gill opening extending to below between center of pupil
and posterior margin of eye. Each gill raker with pointed tip,

bearing two rows of minute cirri along edge. Longest raker

at corner of gill arch, its length about 2.0-2.5 in longest
gill filament on lower arm.

Scales on body and lateral and ventral sides of head
weakly ctenoid. Interorbital space and back of snout
covered with cycloid scales. Interorbital scales large
anteriorly, reaching to or beyond anterior nostrils.
Lachrymal with small scales. Lateral surface of basal half
of second and third dorsal spines with a row of minute
scales. Outer surface of pectoral, inner surface of pelvic, Znd
dorsal, anal and caudal fins covered with minute scales.
Most of scales on body with a single elongate groove.

Stomach gizzard-like and biconical, bearing five
unbranched pyloric caeca.

Three supraneural bones set between 2nd and 3rd, 4th
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and 5th, 6th and 7th vertebrae, respectively. First
pterygiophore of spinous dorsal fin set between 7th and 8th
vertebrae. A pair of very long, antenna-like neural
postzygapophyse on second vertebra, which curved
downward near dull posterior tip ; its tip reaching beyond
posterior edge of third neural spine.

Color when fresh : body dark on back, silvery on side
and ventrally. Upper portion of iris orange. Spines of first
dorsal fin darkish; fin membranes pale gray. Second
dorsal and anal fins darkish with pale outer part. Pectoral
fin somewhat darkish with a silvery half-moon mark on
basal part. Caudal fin darkish with a blackish posterior
margin and pale submarginal area. Pelvic fin whitish.

Color in alcohol or formalin : several faint dark stripes
sometimes present on lateral side of body after silvery color
disappeared. Basal part of pectoral fin without melanistic

pigmentation.

Distribution.

The tropical Indo-Pacific except the continental coast
from the Red Sea through the Arabian Sea to the Gulf of
Thailand. Occurrence in Japanese waters is the northrnmost

record of this species.

Habitat.
In the Yaeyama Islands, this species is commonly found

in estuaries of river with mangrove swamp.

Remarks.

The diagnostic characters of the holotype of M.
melinopterus agree well with the specimens from Iriomote
Island except some proportional measurements such as total
length, preanal fin length, thickness at pectoral fins, etc.
(Tables 1 and 2 ). I believe that these little differences are
individual variation within a species. In comparison with
the Iriomote's specimens, the type series of E. luciae have
longer fork length, longer pectoral fin, higher second dorsal
fin, longer second dorsal fin base, and longer pelvic fin
(Tables 1 and 2 ). I think that these differences are
geographical variation, because all diagnostic characters
except these points coincide well with the Iriomote' ones.
Therefore, M. melinopterus and E. luciae are regarded as
same species, the former is a senior synonym of the latter.

The proper generic name for this species is Chelon (=
a senior synonym of Liza ; see Senou, unpubl. and Senou
et al ., 1996) by the following reasons : mouth terminal ;
mandible without a pair of lobes on ventral surface ; no
opercular spine ; upper lip without plate-like horny teeth,
bearing a row of primary teeth on its inferior edge;
pectoral fin without free rays ; lower lip forming thin edge,
directed horizontally forward ; maxilla hooked downward
at corner of mouth, its posterior tip reaching beyond corner
of mouth and remaining exposed when mouth closed ;

caudal fin forked ; scales on body weakly ctenoid.

C. melinopterus is distinguished from other congeners
by the combination of the following characters : a pair of
very long, antenna-like neural postzygapophyse on second
vertebra, which curved downward near dull posterior tip ;
its tip reaching beyond posterior edge of third neural spine ;
third supraneural bone and first pterygiophore of spinous
dorsal fin set between sixth and seventh, seventh and eighth
vertebrae, respectively ; predorsal scales bearing a single
elongate groove; stomach gizzard-like and biconical,
bearing five unbranched pyloric caeca; upper lip without
horny ridge and projection ; primary teeth monocuspid ;
adipose eyelid little developed, present as thin
membraneous tissue in posterior region of eye ; no keel on
back ; lateral scale series 26-29 (mostly27-28) ; gill rakers
36-40+45-59=81-99 ; pectoral-fin base silvery when
fresh ; no distinct dark marking or melanistic pigmentation
on pectoral-fin base after preservation.

Some species having lower lateral scale counts, exposed
end of maxilla and/or undeveloped adipose eyelid were
often confused with C. melinopterus. For example, L.
melinoptera reported by Jordan and Seale(1906)from
Samoa is Ellochelon vaigiensis (Quoy et Gaimard, 1825) ,
judging from their description i.e. yellow caudal and black
pectoral fins. According to Senou (unpubl.), E. vaigiensis is
only species of the genus, closely related to” Mugil” parmatus.

Thomson (1984) considered that M. ceramensis Bleeker,
1852, M. oligolepis of Day (1876) and M. anpinensis
Oshima, 1922 are synonyms of L. melinopterus (=C.
melinopterus) . Regarding M. ceramensis, it is probably a
junior synonym of Chelon macrolepis (Smith, 1849),
judging from the number of lateral scale series (30 or 31)
shown by his drawing for the species (Bleeker, 1983 : pl.
460, fig. 5a, b) and the result of reexamination of
Bleeker's material by Weber and de Beaufort (1922).M.
oligolepis of Day (1876) is clearly "Mugil” parmatus,
judging from his description (end of maxilla just visible)
and figure (pl. 76, fig. 2 ). According to Senou (1993), M.
anpinensis is a junior synonym of Chelon subviridis
(Valenciennes, 1836) .

Concerning L. oligolepis of Matsubara (1955), his
description is inadequate to identify the species. In Japan, C.
melinopterus was first reported by Senou and Suzuki (1980)
under the name of L. melinoptera.

Acknowledgments

I thank Dr. M. L. Bauchot (MNHN) and Mr. S. X.
Kannemeyer (SAM) , for the loan of the type materials, Dr.
K. Matsuura (NSMT), Dr. K. Fujita (MTUF) and Mr.
T. Yoshino (URM), for the loan of specimens, and Dr. J.
E. Randall and Mr. A. Y. Suzumoto (BPBM), for
assistance during the author's visit to that institution. This
study was supported in part by a Grant-in-Aid for
Encouragement of Young Scientists from the Ministry of
Education, Science and Culture, Japan (No. 63790255).



Redescription of Chelon melinopterus 55

Literature Cited
Blecker, P., 1983. Atlas ichthyologique des Indes Orientales

Néeérlandaises. 186 pp. Smithson. Inst. Press, Washington, D. C.

Cuvier, G. & A. Valenciennes, 1836. Histoire naturelle des poissons.

Vol. 11. i-xx+/(ii)+1-506pp., 307-343 pls. Paris.

Day, F., 1876. The fishes of India, being a natural history of fishes
known to inhabit the seas and freshwaters of India, Burma, and
Ceylon. Part II. 169-368 pp.41-78 pls. William Dawson & Sons,
London.

Ebeling, A. W.,1957. The dentition of eastern Pacific mullets, with
special reference to adaptation and taxonomy. Copeia, 1957
(3):173-185.

Jordan, D. S. & A. Seale, 1906. The fishes of Samoa. Bull. Bur. Fish.,
25 : 173-455+i-xxx, pls. 33-53.

Liang, S., 1991. Mugiliformes. In Pan, J.-H. (ed.), The freshwater
fishes of Guangdong Province, pp. 344-357. Guangdong Sci.
Tech. Press, Guangdong. (In Chinese)

Matsubara, K., 1955. Fish morphology and hierarchy. Part I. i-xi+1-
789 pp. Ishizaki-shoten, Tokyo. (In Japanese)

Munro, I. S. R., 1955. The marine and fresh water fishes of Ceylon. i-
xvi+1-351 pp., 1-56 pls. Dept. of External Affairs, Canberra.

Munro, I. S. R., 1967. The fishes of New Guinea. i-xxxvii+1-651pp.,
1-6 col. pls., 1-78 pls. Dept. of Agr.. Stock and Fish., Port
Moresby, New Guinea.

Penrith, M. -L. & M. J. Penrith, 1967. A new species of mullet of the

genus Ellochelon  (Pisces : Mugilidae) from St. Lucia estuary,

Zululand. Durban Mus. Novit., 8( 8 ) : 69-75.

Roxas, H. A., 1934. A review of Philippine Mugilidae. Philip. J. Sci.,
54(3) :393-431, pls. 1-2.

Senou, H.,1993. Mugilidae. In Nakabo, T. (ed.), Fishes of Japan with
pictorial keys to the species, pp. 843-846, 1334-1338. Tokai
Univ. Press, Tokyo.

Senou, H., unpubl. Phylogenetic interrelationships of the mullets
(Pisces : Mugilidae). 1-172 pp., 1-10 pls. Doctoral thesis,
University of Tokyo. (In Japanese)

Senou, H., J. E. Randall & M. Okiyama, 1996. Chelon persicus, a new
species of mullet (Perciformes : Mugilidac) from the Persian
Gulf. Bull. Kanagawa prefect. Mus. (Nat. Sci.),(25) : 71-76.

Senou, H. & T. Suzuki, 1980. The inland water fishes of the Yaeyama
Islands, Okinawa Prefecture, Japan, I. The Freshwater Fishes, 6
(2):54-65, pls. 1-8. (In Japanese)

Senou, H., T. Yoshino & M. Okiyama, 1987. A review of the mullets
with a keel on the back, Liza carinata complex (Pisces :
Mugilidae). Publ. Seto Mar. Biol. Lab., 32(4/6) : 303-321.

Smith, J. L. B., 1935. The fishes of the family Mugilidae in South
Africa. Ann. South African Mus., 30(5) : 587-644, pls. 15-22.

Smith, J. L. B., 1948. A generic revision of the mugilid fishes of South
Africa. Ann. Mag. Nat. Hist., Ser. 11, 14 : 833-843.

Smith, J. L. B., 1950. The sea fishes of southern Africa. i-xv+1-550pp.

Central News Agency, South Africa.

Smith, M. M., 1975. Common and scientific names of the fishes of

southern Africa. Part I. Marine fishes. J. L. B. Smith Inst.
Ichthyol., Spec. Publ., (14) : 1-178.
Smith, M. M. & J. L. B. Smith, 1986. Family No. 222 : Mugilidae. In

Smith, M. M. and P. C. Heemstra (eds.), Smith' sea fishes, pp.
714-720, pl. 112. Macmillan South Africa, Johannesburg.

Suzuki, T., Y. Dotsu & H. Senou, 1982. Inland water fish fauna of the
Yaeyama Group, the Ryukyu Islands. Biol. Mag. Okinawa, (20) :
17-23. (In Japanese)

Thomson, J. M., 1964. A bibliography of systematic references to the
gray mullets (Mugilidae). Division of Fish. Oceanogr. Techn.
Pap., (16) : 1-127.

Thomson, J. M., 1984. Mugilidae. In Fischer, W. and G. Bianchi
(eds.), FAO species identification sheets for fishery purposes,
western Indian Ocean (fishing area51), vol. 3, no pagination.
FAO, Rome.

Tzeng, C. S., 1986.The freshwater fishes of Taiwan. (i-xii)+1-194 pp.
Ministry of Education, Taiwan. (In Chinese)

Weber, M. & L. F. de Beaufort,1922. The fishes of the Indo-
Australian Archipelago. Vol.4. i-xiii+1-410 pp. E. J. Brill,
Leiden.

Wu, H., 1984. Mugiloidei. In Chu, Y. (ed.), The fishes of Fujian
Province (Part 1), pp. 486-496. Fujian Sci. Tech. Press, Fujian,
China. (In Chinese)

Hiroshi SENOU:Kanagawa Prefectural Museum of Natural
History, 499, Iryuda, Odawara, Kanagawa 250, Japan

RIFAF TRV F XA F 5 FHFR) OFRLHE
Hee
2 B

Chelon melinopterus (Valenciennes, 1836) &
FFRLHS oo AMIZLDTORRIZL D 2T 58
D5 X EN Db, T J;"“E’E'f/xﬁ“‘ﬁﬁ FIk
IR L, RimEPORICER Y 5. 2 B
T ORI E 2SR ILIEE ISR <, Bmo
PLFRITRR T ANEBIL, Gmidsmd, 5
3 TI|]“HZ@{{<M\€’ EB0IHEZ 5. 53 EIHEE

tﬂ\lj\ FHEDEE 1 HEEF X6 -7, B7-8
%ﬂ‘ttﬁ IZENEIFA SN B, HITFH I
Jﬂ‘dﬂl HHERT TR OEIATITH L, B
DU OMmAIE & CFEE L, WPIEIEA DL
T, FOHII5TH 5, L’l—\liHE 5, AE

DZERRERII R C, B FARIZHRED 1 Rk

iz %o Nl irﬁﬂmf%% i BT R
iz K <o MERERNZ26~29 (&R D27~
28) M HF 1236 ~40+45~59=81~99, MkED
SCEB I — BRI S TR 2R e R E R
DEE DT\, Ellochelon luciae Penrith et Penrith,
1967 AEDHZAMBELTH b AT ¥
N — KR T B0, fLiENLT I YT
?-ﬁf ﬁ’j“/ v LEIZE S KBEIGED, S DOFLEIE

B, ORGGAOIRE LD, E4k

,U'%U]ﬁ XSO —=TOET LI |I{17J(ﬂi
HhHILIZbhA, FHGLVF XTS5 e
T5h,

(Received : Dec. 8 , 1996 ; Accepted : Dec.27, 1996)



Bull. Kanagawa prefect. Mus. (Nat. Sci.), No. 26, pp.57—88, Mar. 1997

Evolution of a volcanic edifice in the Izu-Ogasawara (Bonin) arc :
Lithological characteristics of a 1500 meter core sample in Hachijojima

Daiji HIRATA, Hiroyuki YAMASHITA, Hidetsugu TANIGUCHI,
Tadashi NISHIKAWA, Kan AOIKE, Masakazu SUZUI,
Noriko SAITO, Kayoko SUGA and Makoto ARIMA

Abstract. Lithological characteristics are described for a 1500 meter drilled core sample recovered by
NEDO (New Energy and Industrial Technology Development Organization, Japan) at the Site N2-HJ-4 in the
central crater of the Higashiyama Volcano, Hachijojima, Izu-Ogasawara (Bonin) arc. The core sample is divided
into three main units (Unit I, IT and III) based on lithological characteristics. Unit 1(32-690 meter in drilling
depth) is mainly composed of basaltic lavas and pyroclastic materials which are interpreted to represent rocks
of volcanic edifices of the Higashiyama Volcano. Unit 11(690-1,062 meter in drilling depth) consists of
basaltic and doleritic rocks and hyaloclastite. This unit has lithological nature transitional from Unit III to Unit I,
and probably represents rocks of a submarine volcanic edifice. Unit II1(1, 062-1, 485 meter in drilling depth)
consists dominantly of volcaniclastic sedimentary rocks, including turbidity or rhythmically deposited
lithofacies. This unit was probably formed on a submarine flank of a volcanic edifice of unknown age. Parts of
Unit ITI accompany with highly oxidized basaltic lapillis.

Key Words : Higashiyama Volcano, Hachijojima, Izu-Ogasawara arc, drilled core sample, volcanic edifice.
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Introduction

The Izu-Ogasawara arc has been formed at the eastern
margin of the Philippine Sea Plate as the result of
subduction of the Pacific Plate. The arc consists of an
active volcanic chain and backarc rift basin system
superimposed on Tertiary volcanic chains and other old
crustal structures. Deep Sea Drilling Project (DSDP),
Program (ODP) and other
geological surveys advanced our understanding of this arc
system (cf. Taylor and Natland, 1995) .

Hachijojima is located on the volcanic front of Izu-

Ocean Drilling marine

Ogasawara arc, and is mainly composed of two
stratovolcanoes, the Nishiyama and Higashiyama Volcano
(Fig. 1). General geology of Hachijojima was descried by
Isshiki(1959). As shown in Fig.1, the Higashiyama
Volcano comprises several volcanic edifices including the
main stratovolcano, central pyroclastic cones and other

old edifices (Isshiki, 1959 ; Tsukui et al., 1991 ; 1993 ;

Suga, 1991 ;1993 ; 1994 ; 1996). Tsukui et al. (1991)

clarified eruptive history of the main stratovolcano during
last 22, 000 years, and Tsukui et al. (1993) discussed the
evolution of magma plumbing system of this volcano over
the last 30,000 years. Volcanic activity of the main
stratovolcano probably started about thirty thousands years
ago on the old edifices (Suga, 1994 ; 1996). K-Ar age of
<0.14Ma was obtained from one of the old edifices

(Kaneoka et al., 1970). The Nishiyama Volcano, another
stratovolcano in Hachijojima, has been active since 10, 000
B.P. (Tsukui et al., 1991).

Notsu et al.(1983) and Onuma et al. (1983) discussed
geochemical characteristics of volcanic rocks from
Hachijojima and other volcanic islands of the Izu volcanic
chain. Rocks of the Higashiyama Volcano range widely
from basaltic to dacitic composition, while the Nishiyama
Volcano is composed dominantly of basaltic lavas and
pyroclastic materials of the low-potassium tholeiitic
basaltic composition (Isshiki, 1959 ; Tsukui et al. 1993) .

NEDO drilled at eight sites in Hachijojima for
geothermal development promotion survey in 1989-1991.
Contents of this drilling survey were minutely reported by
NEDO (1993) . Chemical compositions of selected rock
samples recovered at the all drilling sites were reported by
Nakano et al. (1993).

This note describes lithological characteristics of one of
the NEDO core samples; a 1,500 meter drilled core
sample recovered at the Site N2 -HJ-4 (altitude 567
meter) in the central crater of the Higashiyama Volcano
(Fig. 1).This 1,500 meter core sample with remarkable
recovering rate will provide essential data set for better
understanding of the evolution of a volcanic edifice located
on the volcanic front of [zu-Ogasawara arc.

The core sample studied in this note is a registered rock
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Fig. 1. Geological outline of Hachijojima. (modified after Suga et al, in preparation)

specimen (Registered Number : KPM-NO0000001) of the
Kanagawa Prefectural Museum of Natural History
(KPMNH) and the sample information is available from
the KPMNH upon request.

Lithological description of the core sample
On the basis of the lithological characteristics, the core

sample N2-HJ -4 is divided into three main units (Unit I, II

and ITT) , and further subdivided into 19 sub-units (Fig. 2 ).

Detailed litholofacies variation and petrographic features of

the core sample are given in Appendix 1 and 2 respectively.

Unit I : Volcanic edifice of Higashiyama Volcano
UnitI (32-690 meter : hereinafter meter drilling depth) is
mainly composed of basaltic lavas and pyroclastic materials
which are interpreted to represent rocks of volcanic edifices
of the Higashiyama.
Unit I-a (32-115 meter) consists of basaltic andesitic lava
(Fig.3-1) which is characterized by megacrysts of
plagioclase (as much as 1 centimeter in diameter) and
glomeroporphyritic clots of coarse grained plagioclase and
olivine. They are probably xenocrystic origin (cf. Arakawa
& Kimata, 1992). Unit-b (115-176 meter) is weakly
welded coarse grained ash including lapilli. Unit I-¢ (176-

367 meter) is composed of welded spatter and scoria with
lava (Fig.3-2). Strongly welded spatter of Unit I-d (367-
435 meter) shows remarkable eutaxitic texture (Fig.3-3).
Unit I-e (435-470 meter) consists of volcaniclastic material
and lava blocks. Rocks of unit I-b, I-¢, I-d and I-e were
badly altered and brecciated and became sandy appearance.
Unit I-f (470-605 meter) comprises variably altered
basaltic subaerial lavas. Each lava is 2 to 10 meter thick in
this unit (Fig.3-4). Clinkers in this unit were extensively
altered and brecciated. Unit I-g (605-690 meter) comprises
weakly altered andesitic or basaltic subaerial lavas. Each

lava unit is 10 to 30 meter in thickness.

Unit II : Transitional zone

Unit 1T (690-1062 meter) consists of basaltic and
doleritic rocks, and hyaloclastite. This unit has lithological
characteristics transitional from Unit III to Unit L.

Unit II-a (690-710 meter)is an accumulation of partly
brecciated, cracky and glassy basaltic rocks of 2 to 3 meter
in thickness. Basaltic intrusive rock of Unit II-b(710-780
meter) contains variable lithofacies including doleritic rock
fragments, clots of plagioclase, and andesitic to dacitic
xenoliths (Figs. 3-5, 3-6). Unit Il-c (780-935 meter)
consists dominantly of doleritic intrusive rocks (Fig.3-7).
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Fig. 2. Summary of lithological variation of the Site N 2 -HI- 4 core sample
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Fig. 3. Photographs of the core sample. Drilling depth is given in parenthese.

I

75-77.5 meter) . brecciated and altered basaltic

meter)

1 ¥ i L : H

¥

R

3-3. altered spatter  (box no. 158, 422. 5 - 425 meter) 3-4. altered basaltic or andesitic lava (box no. 218, 572. 5 - 575 meter)

3-5. altered basaltic intrusive rock (box no. 300, 777. 5 - 780 meter) 3-6. basaltic rock including clot of plagioclase (box no. 280, 727.5 -

730 meter)
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3-7. doleritic intrusive rock (box no. 349, 900 - 902. 5 meter)

3-9. tuff breccia including black volcanic block  (box no.447, 1,173
-1, 176 meter)

1

3-11. submarine autoclastic lava (box no.476, 1.260 - 1,263 meter)

3-8. glassy tuff (hyaloclastite) (box no. 404, 1,044 - 1,047 meter)

3-10. rhythmically deposited lapilli tuff (turbidite) including black
volcanic lapilli (box no.496, 1,320 - 1,323 meter)

3-12. rhythmically deposited lapilli tuff (turbidite) ~ (box no. 509,
1.359 - 1.362 meter)
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3-13. close up of rhythmically deposited lapilli tuff (turbidite) (box
no. 509, 1,359. 3 meter)

3-15. tuff and lapilli tuff (turbidite) (box no. 542, 1,458 - 1,461 meter)

An upper part of this unit is composed of rocks of glassy
appearance, showing water chilled structure. This glassy
basaltic rock is interpreted as a cooling facies of the
doleritic intrusive rock. Unit II-d (935-1,062 meter)
consists of hydrothermally altered glassy tuff and lapilli
tuff (Fig.3-8)intercalated with thin basaltic intrusive rocks

and/or lava blocks.

Unit III : Volcaniclastic sedimentary rocks.

Unit 11T (1,062-1,485 meter) dominantly consists of
volcaniclastic sedimentary rocks. Rocks of this unit are
turbidly  or  rhythmically  deposited lithofacies .
Volcaniclastic rocks in Unit III have been hydrothermally
altered. They are greenish or bleached rocks owing to the
degree and nature of hydrothermal alteration processes.

Unit III-a (1,062-1, 147 meter) consists of rhythmically
deposited and graded bedded lapilli tuff partly including
black lapillis. Each graded bed is usually 1 to 5 meter
(often maximum 12 meter) in thickness. Tuff breccia of
Unit III-b (1, 147-1, 185 meter) includes black volcanic
blocks, some of which were oxidized and rounded in shape

(Fig. 3-9). Lapilli tuff beds of Unit Ill-c and Unit Ill-e

3-14. uff breccia (debrite) (box no. 528, 1,416 - 1,417 meter)

(1,185-1,212 and 1, 275-1, 323 meter)exhibit the graded

bedding structure as well as the rhythmic deposition

structure. This unit includes black lapillis (Fig.3-10).
Each graded bed is 2 to 5 meter thick. Unit III-c and Unit
III-e are interbedded with subaqueous autoclastic lava of
Unit II-d  (1,212-1,275 meter) (Fig. 3-11). Unit II-f
(1,323-1,400 meter) consists of rhythmically deposited
lapilli tuff and tuff layers (Figs.3-12,3-13). Each
depositional cycle is defined by alternation of lapilli tuff
and tuff layers, and one depositional cycle is 2 to 10, or
locally several tens of centimeter in thickness. Between
depositional cycles, various textures indicative of frequent
erosional events are noted. Unit ITI-g (1,400-1,419 meter)
is a massive tuff breccia (Fig.3-14) including red-colored
oxidized lapillis. Unit III-h (1,419-1,485 meter) comprises
tuff, lapilli tuff, tuff breccia (Fig.3-15) and basaltic and
andesitic intrusive rocks (Fig.3-16).

Discussion
The nature and variation of the lithofacies of Unit I-a to
Unit I-g are well comparable to the volcanic edifice of the

main stratovolcano (Suga, in preparation). The basaltic
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andesitic lava of Unit I-a is interpreted to represent a thick
lava flow and/or lava lake. The pyroclastic materials of
Unit [-b are probably pyroclastic flow deposits. The welded
spatter and scoria of Unit I-c and I-d are lithologically
equivalent to the central pyroclastic cones of the main
stratovolcano (Suga, 1996) . Welded spatter and scoria in
the Unit I-c probably erupted at the latest stage of
development of the central pyroclastic cones.
Volcaniclastic materials in the Unit I-e represent caldera
deposits. Relatively thin basaltic lavas in the Unit I-f
correspond to the rocks of the main stratovolcano.
Relatively thick andesitic lavas in the Unit I-g represent
materials of an old edifice of the Higashiyama Volcano.
The pyroclastic materials and highly vesiculated basaltic
lavas in the Units I-b, I-c, I-d, I-e, and I-f were highly
altered while relatively lower degree of alteration is noted
in the massive lava rocks in the Units I-a and I-g. These
features suggest that degree of alteration was strongly
related to porosity of rocks. Parts of the Unit I with loose
sandy appearance seem to represent highly porous loose
pyroclastic and/or volcaniclastic materials.
The transitional zone  (Unit II)  comprises an
accumulation of cracky and glassy basaltic rocks  (Unit II-
a), glassy basaltic intrusive rocks with doleritic rock
fragments (Unit II-b), doleritic intrusive rock and its
cooling facies with water chilled structure (Unit II-c), and
glassy tuffs (Unit II-d). These lithofacies are interpreted as

subaqueous lava lobe, upper part of feeder dike or other

intrusive rock, feeder dike which intruded into hyaloclastite,

and hyaloclastite respectively. The transitional zone seems
to represent a submarine volcanic edifice, but it is not clear
whether the submarine edifice was formed under submarine
eruption stage of the Higashiyama Volcano or unknown
earlier volcano.

Textural features of the volcaniclastic sedimentary rocks
in the Units IIl-a, II-c, I1l-e, III-f and III-h suggest that
they are turbidite. They consist of rhythmically deposited or
graded bedded lapilli tuff, tuff, and tuff breccia. The tuff
breccia of Unit I1I-b and I1I-g seems to be debrite (debris
flow deposit). The turbidite and debrite in Unit III were
probably deposited on submarine flank of volcanic edifice
and formed submarine fan. Black volcanic blocks and
lapillis in the Units [I-a, II-b, III-c and IlI-e and lava in
the Unit III-d are interpreted to be products of episodic
submarine volcanism. Subaerial eruption is suggested for
some rocks in the Unit III in which oxidized red-colored
and rounded lapillis and blocks occur.

In spite of extensive search under microscope, no micro
fossil was recovered from the sedimentary rocks studied.
The volcaniclastic sedimentary rocks in Unit IIT as a whole
are greenish or whitish in color owing to the degree of
hydrothermal alteration. The lithological features of the
volcaniclastic sedimentary rocks of Unit III suggest that

they were products of volcanoes which was active prior to

the formation of the main stratovolcano of Higashiyama.
As age data is not available, it is not-clear whether this
earlier volcanic activity was related to that of the old
edifices of the Higashiyama Volcano or much older
volcano of unknown age. It may be pertinent to mention
here that similar lithological features to Unit III have been
reported from Tertiary volcaniclastic sedimentary rocks
occurring elsewhere in the Izu-Ogasawara arc. The Unit II1
rocks are lithologically comparable to rocks of Tertiary
Yugashima Group or Shirahama Group (Sawamura et al.,
1970) in the Izu Peninsula, a northern part of the Izu-

nglsuwara arc.
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Appendix 1. Lithological variation of the Site N2-HJ-4 core sample

Legend

Graphic symboles for lithologies

spatter

aglutinate

lava

tuff breccia / coarse volcaniclastic conglomerate
(cobble to boulder size)

lapilli tuff / fine volcaniclastic conglomerate
(granule to pebble size)

alternation of coarse tuff and lapilli tuff

coarse tuff / volcaniclastic sandstone

alternation of fine tuff and coarse tuff

fine tuff / volcaniclastic mudstone

volcanic rock (lava / intrusive)

volcanic breccia to tuff breccia (hyaloclastite / autobrecciated lava)

lapilli tuff (hyaloclastite / autobrecciated lava)

doleritic rock

sandy disturbance

fractured

altered

Colors

Igt = light; drk = dark; dp = deep;

wht = white / whitish; gry = grey / greyish;

blk = black / blackish; blu = blue / bluish;

grn = green / greenish; ylw = yellow / yellowish;
brn = brown / brownish
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Drilling depth 100-200 m
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description
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Drilling depth 400-500 m
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Drilling depth 500-600 m
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530 Basaltic lava 580
201 PI. 0.5 to 2mm. 15%
2
202
S A 534.9m
ik
g ] Whitish altered lava
’ > :
204 B
540 S E( 590
205 t
206HEEEE %
< i
(]
i
550 L 600

y graphic

214

219

220

226

227

228

deformation
alteration

color

71

description

Black lava

Pl. 0.2 to 7mm. 30 to 40%
551.9m

Black massive lava

PI. 0.1 to 0.7mm. 20 to 30%

[:a }‘:] B e

562.5m

Basaltic lava

sulphurized

572.0m
Basaltic lava

e

573.4m Pl.(anorthite) 1cm

Whitish altered lava

sulphurized

sulphurized

Black glassy lava

593.5m
Pl. 0.1 to 0.3mm. 15%

596.1m

Pl. 0.5 to 3mm. 25%

599.3m
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Drilling depth 600-700 m

600

610

620

630

640

650

D.HIRATA, H.YAMASHITA, H.TANIGUCHI, T. NISHIKAWA, K.AOIKE, M.SUZUI, N.SAITO, K.SUGA and M.ARIMA

box no.

deformation
alteration

graphic
color

230

description

Altered lava

231

232

233

234

605.0m

brecciated lava

238

239

240

241

242

243

244

610.5m

Andesitic lava

Pl. 0.2 to 2mm. 25 to 30%

Black lava

PIl. 0.5 to Tmm. 20 to 25%

Glassy black lava

Pl. 0.5 to 2mm. 25%

635.7m
brecciated lava

245

246

639.9m

Glassy black lava

PI. 0.3 to 5mm. 10%

650

660

670

680

690

700

alteration
color

| deformation

description

Black basaltic lava

Pl. 0.2 to 0.5mm. 10%

683.0m

Dark gray lava
PI. 0.2 to Tmm. 30 to 40%

689.3m
Pl. 0.5 to 2mm.

691.9m

glassy

695.3m

including glassy tuff
Pl. 0.5 to 3mm. 30%

699.0m
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Drilling depth 700-800 m
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Se E 2. :
o = i <t O =
2 =] - 2 =
g = g S = g = E S %
X & S83 2 x & S88 3
2 B ©=3 S 2 & 838 S
700 750
701.7m 2
290
291
Water chilled structure
(intrusive rock) 292 Glassy black rock
710 760
ik dm PI. 0.5 to 2mm. 30%
293k including clots of anorthite
Anclot 5mmto 1cm
294
$7
Glassy black rock 095
PI. 0.5 to 3mm. 30 to 40%
including clots of anorthite 296 A
720 and xenolith of anorthite 770 7
297
208 ¢
s
099
——-727.5m s 777.4m
& Sulphide alteration
300 a0 strongly altered zone
730 780 SESEAES 779.6m
301
HHae
o
302 [ @ Sulphide alteration
bkt .
ottt Doleritic rock
ot
IS
30
e
including batch of glassy Iﬂﬁﬂﬁ
matrix rock 304
740 790 H—fes]
eacant
uspisd g
E AR g .
——I{:ﬁ}j Sulphide alteration
o4, 44
This rock shows zonal
structure, which depend on
the content of PI.
750 800 X0 Sulphide alteration
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Lithological characteristics of a 1500 meter core sample in Hachijojima 75

Drilling depth 900-1000 m

= o
o = o =
2z £ T 2
s & g5 2 s 2 g8 2
= = oS 5 s = S E g=
e % 8 o2 a B3 % 8 0.2 %
(=} i 0= 0 [} =} = D= O O
S e TV IO o S o WSO !
900 R R > 950 g 2
Ty S| Doleritic rock. ki o ;
349R Y ~ 369E Tuff breccia.
. : : g Includes sub-anglar clasts of basalt
2 Lava similar to that of below c| orandesite whose sizes range
= 913.6m o from several to more than 10 cm.
350, = 3708 ,
El o
Sl .
I
b
bt Il N e Argillised and sulfurized.
352 Doleritic. rock.
HoF - ; ; i
910 "':-"'I*’i*’i“ o Nlearily phanerocwstglhne. Grgln 960 Lapilli tuff.
I+1+:+++j % size is 1-2 mm. anSIsts of olivin, Clast sizes are 3-10 mm, max 5
353 +i+:+:+$ plagioclase and clinopyroxene. cm. Lapilli-size clasts make up 50-
et 80%.
Fk
bty 913.6m )
354 EF ——964.0 m: Lava block. Annealing
T at the top and chilled margin at
s the base.
355 st . Pac
§ Lava - like rock. o
;., Cut plane is dark bluish grey. Core Rex
356k 3 surface is browinsh green. g 970.0-971.0 m: Fractured and
$ Phenocryst is dominated by " argillised.
920 >| plagioclase, whose size is 1-5 mm 970
357 g’ and whose content is <10%. Rich in sub-rounded clasts whose
P a| Likely autobrecciated. sizes are about 5 cm.
B
S ©
/. 378 Vitric tuff to lapilli tuff. Clasts are 5-

10 cmin size and make up 10-
15% of rock. Similar to the
lithology of below 1034 m.

975.0 m: Includes an andesite
clast whose size is 20 cm.

930 SL5s 980

L— 983.9 m: Hydrothermal alteration.

bik [orn gV
(U}
o0
[S)

—— 933.5-934.6 m: Dyke dipping 70°.
988.2-989.5 m: Fractured. Each
clast is indefinite in shape and

graded into dark green matrix.

363 Lapilli tuff. 383
y Matrix is glassy. Clast sizes are 7-

- E; 10 mm, max 50 mm. - grn Igt gry |
940 [ 5 990 | T et stredris.
365 \ : . 385 |_~gm lgt gry
Lapilli tuff. 993.1'—994.0 m: Fractured. Each
'\\ g 943.4-943.6 m: Dike complex g 996.0 m: Includes a clast whose
3 c with sharp boundary and 5 size is 10 cm.
361 i & i chilled margin. i g /—997.5 m: Hydrothermal alteration.
368 388 3| Lava
950 1000
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Drilling depth 1000-1100 m

description

Black and greenish grey volcanic
rock (intrusive).

imoz.o m: Zeolite?

1002.3-1002.5 m: Fractured.

Vitric lapilli tuff to tuff similar to
those of below 1034.0 m.
Hyaloclastite ?

Each clast has ambiguous outline
grading into matrix.

alteration

deformation
color

drk gry - gry - grn gry

description

Lapilli tuff to tuff.

Probably hyaloclastite.

Colors variate from dark grey
through grey to greenish grey
owing probably to alteration.
Clast sizes are about 1 cm, max
10 cm. Each clast has ambiguous
outline grading into matrix. Clast
shapes are sub-rounded. Pyrite
clots occur in the central part of
white clasts. No black volcanic
clasts are included.

1059.1-1059.5 m: Lava ?

411

[Tgt grn gry

Igt blu gry]

Lapilli tuff.
Clast sizes are 3-20 mm. Rich in
black volcanic clasts (basalt?).

Lapilli tuff.
Clast sizes are 5-10 mm, max 20
mm.

Black volcanic rock (intrusive ?)
Phenocryst is dominated by
plagioclase, whose size is 3 mm
and whose content is 20%. Fresh
and no amygdules.

415k

=
o
2E
o k>
g 2 ER.
x 5 883
g & 838
1000 =
i o |
389 B
o
E
-
390K o
391
1010 H*?
393
: 2
394 st
5}
IS
395
1020
39
[ [397}s
398
1030 H [
030 T390 ;
; X
g D
40087
3 =
3 o
=
S}
401 B
o
=
2 ze]
2
1040 H*%
e é
403
S Py
X (o)
=
i o)
404 3 Fasy
q | |
3 P
3 O
N
405 ©
1050 i

\—1034.0 m: Annealing at the
contact.

1038.5-1039.0 m, 1040.0-1041.0
m: Lava (?) including amygdules
whose diameters are 5-10 mm.

Lapilli tuff to tuff. Probably
hyaloclastite.

Colors variate from dark grey
through grey to greenish grey
owing probably to alteration.
Clast sizes are about 1 cm, max
10 cm. Each clast has ambiguous
outline grading into matrix. Clast
shapes are sub-rounded. Pyrite
clots occur in the central part of
white clasts. No black volcanic
clasts are included.

| o

420

Igt blu gry

421

1070.0-1099.3 m: Coarse tuff to
lapilli tuff.

1078.8 m: Fractured and
_/—sulfurized part whose thickness is
5cm.
1079.1-1079.4 m: Fractured and
sulfurized.

1081.0-1083.5 m: Lapilli tuff to tuff
breccia. Clast sizes are 6-10 mm,
max 10 cm.

1083.5-1090.0 m: Horizontally
bedded coarse tuff and lapilli tuff.

——1087.2 m: Fractured.

1088.3-1090.5 m: Lapilli tuff.
Clast sizes are 1-30 mm.

Massive coarse tuff.

/_/-10943 m: Muddy layer which is
2 cm in thickness.

Lapilli tuff. Laminated coarse tuff
to lapilli tuff at the upper part.

1099.3 m: Boundary part of which
the width is 20 cm is sulfurized.

! Aphyric glassy intrusive rock.




Lithological characteristics of a 1500 meter core sample in Hachijojima

Drilling depth 1100-1200 m

1100

1110

1120

1130

1140

1150

deformation
alteration

graphic
color

drk gry

description

Aphyric glassy intrusive rock.
Amygdules (zeolite?), which are
1-7 mm in diameter, show
aligment at a dip of 60°. White
filmy mineral also displays some
foriation at dips of 40-70°.

Lapilli tuff.
Clast sizes are 5-10 mm, max >30

mm. Clast rims are altered.

Alteration mineral(?) occurs in the
center of each clast.

Igt blu gry

420

Igt blu gry

i

430)

431

ylw grn gry]

[~~1109.6 m: Altered zone. 5 cmin
width.

1113 m: Finer layer including
j several clasts whose sizes are
1 mm.

1115.6 m: fractured
1107.0-1147 m: Coarse tuff to

lapilli tuff. Similar to those of
1363.0-1400.0 m.

1118.5 m: Fractured and
sulfurized. 10 cm in width.
1119.2 m: Sulfurized. 10 cmin
width.

j—1121.o-1 122.0 m: Fractured.

Consists of 10-20 cm thick units
which show normal grading. The
upper part of each unit has
laminated silty layer.

1129.2 m, 1129.5 m: Rounded
gravels of grey basalt (or andesite?),
whose sizes are 1-3 cm, are
included at the base of each bed.

Igt blu gry

438

gtgmgry [ gmgry |

439

/ Lapilli tuff to coarse tuff with

normal grading. The basal clasts
are 5-7 mm in size. The upper part
has lamination.

| / Alternation of massive and finer

lapilli tuff. Clast sizes are 5-10 mm,
max >50 mm. Includes black clasts.

/ Lapilli tuff. Clast sizes are 5-50 cm.
Includes black and yellowish white
(sulfurized) clasts.

[™\—1138.2 m: Includes a rubble cut
by fault. The diameter is >10 cm.

Lapilli tuff. Clast sizes are several
to 10 mm, max 15 mm. Rich in
rounded, yellowish white clasts.
Rounded aphyric volcanic rock
gravels, whose sizes are >13 cm,
are included at the base.

|
Coarse tuff. Shows partly white

M\ alteration.

1146.2-1146.4 m: Sand size.

Lapilli tuff. Clasts are 5-10 mm in
size and sub-rounded in shape.

1150

1160

1170

1180

1190

1200

deformation
alteration

color

blu gry

441

hd4f

445

gry -grn gry

446

447

448f;

449

450

grn gry

\

-

77

description

Tuff breccia.
Similar to that of below 1158.0 m.

Reddish brown clasts are
included.

1158.0-1182.6 m: Tuff breccia.
Clast sizes are 5-30 mm for finer
part and several cm for coarser
part. Rich in black volcanic rock
clasts. Poor in finer matrix.

White interstitial mineral (calcite?)
occurs.

1161.3 m: Sulfurized zone

1170.0 m: A blackish grey
volcanic rock clast whose size is
12 em.

1170.5-1180.0 m: Fractured,
altered.

Rich in sub-anglar clasts whose
sizes are 10-20 mm.

- Rich in sub-rounded to rounded
clasts whose sizes are <10 cm.

1175.0 m: A rounded grey
andesitic boulder whose sizes
are <30 cm. Phenocryst is

451

[Tgt grn gry

grn gry

dominated by plagioclase, whose
size is 3-5 mm and whose
content is 30%.

1177.0-1178.0 m: Includes two
aphyric glassy volcanic rock
clasts whose sizes are 5 cm and
10 cm.

Includes light reddish brown
rounded lapilli whose sizes
are10 mm. They are aggrigated
ash (accretionary lapilli?).

Lapilli tuff.

Matrix is consists of coarse tuff.
Clasts are dominated by black
volcanic rock whose size is 5-10
mm.
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Drilling depth 1200-1300 m

description

N Greenish grey lapilli tuff.

Intrusive rock.
Dipping is 45°. Chilled margin,

whose thickness is 2 cm, is
formed at the boundaries.
Phenocryst is dominated by
plagioclase, whose size is 1-2 mm
and whose content is 15-20 %.

Lapilli tuff.

Composed of two lithologic parts,
one includes pumice and another
is rich in blackish lapilli. The
boundaries of those are indefinite.
White mineral (calcite?) fills the

\ pores.

1211.4-1212.0 m: Alterated zone.
Crumbled. Sulfides occur.

Altered lava. Similar to that of
1218.0-1230.0 m.
1212.0-1213.5 m: White alteration.

Altered lava.

Phenocryst is dominated by
plagioclase, whose size is about
1 mm, max 7-10 mm.

—

White alteration .

/i -
/ Porphyritic lava.

Phenocrysts are plagioclase
whose size is T mm or 0.7-10 mm
and pyroxene (altered) whose size
is 3-7 mm.

Core breaks into blocks which are
5-10 cm in length. Some parts are
strongly fractured and sulfurized.

N—————— Flow unit boundary ?

Homogeneous lapilli and tuff.

Autobrecciated lava?

White mineral (calcite?) fills the
pores between lapilli. Fresh part is
bluish grey.

_/- 1242.0-1242.5 m: Altered.

-/- 1244.3-1245.0 m: Altered.
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1242.5-1250 m: Glossy dark grey
aphyric lava.

Network veins occur. White
mineral occurs in a crack which
dips at 45°.
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g =
= )
a O b=
5 -2 g= =]
= 2 BB, 5
& & %23 Z
S & ©vwseO o
1250 =
)
21 Brecciated igneous rock
&|  (hyaloclastic lava?).
5 Each clast is separated by white
é interstitial mineral (calcite?). Rock-
o| crystal, pyrite and green acicular
g mineral occurs in cavities. Rims of
' each clast are altered.
£
(o))
1260 E
1477
478
o Aphyric andesite ?
S| Horizontal cracks are dominated.
1270 H <|  Some cracks are filled with white
479 o° .
vein.
Core color is changed to light
480 greenish grey by decolorization.
o Also brecciated.
481
11482
1280 H
2| Lapilli tuff.
c Clasts sizes are 1-3 mm, max 5-10
12| mm. Clasts are subanglar to sub-
rounded in shape. Black lapilli
L o (basalt?) are dominance.
484| observed
yet
5
485 -
o
1290 Lapilli tuff to tuff breccia.
Includes black volcanic clasts
486} whose diameters are 3 40 mm.
487
| ~| Siltyfine tuff and coarse tuff. They
o| are repeated alternately at several
488 g) mm to cm thickness.
|| ™\- 1298.5 m: Silty layer.
48¢
1300 L8



Lithological characteristics of a 1500 meter core sample in Hachijojima

Drilling depth 1300-1400 m

=
o =
28 £
5 .8 g5 =
w S 888 2
S & ©B=3 5
1300 5 -
M\ Lapilli tuff.
489
| o Stratified coarse tuff lacking in
o| lapilli-sized grains.
—
490, S
Fine tuff
491
492
1310 H
Silty coarse tuff to lapilli tuff.
493 Single unit which demanstrates
normal grading is about 1 m thick.
Lapilli tuff includes black volcanic
| > rock clasts (basalt to basaltic
& andesite) whose diameters are 3-
494 =
5 30 mm, max >50 cm. Matrix is
composed of medium to coarse
tuff. The upper part of single unit
495 displays weak stratification. Lapilli
p
tuff is rich in matrix.
1320
496,
> Laminated part.
[ |49 2| Lapilli tuff. Clast sizes are 3-5 mm,
o] &| max 10 mm.
g
A8 / Coarse tuff to lapilli tuff. Similar to
those of 1363.0-1400.0 m. Single
unit which demanstrates normal
1330 499 grading is 50-70 cm in thick.
s
o
] = - =
het Coarse tuff to lapilli tuff. Similar to
500! [ ©|  those of 1363.0-1400.0 m.
501 Basalt (7). Somwhat compact.
Phenocryst is dominated by -
— plagioclase, whose size is 0.5-2
mm and whose content is 20-25 %.
1340 502 Vesicules are 1 mm in diameter.
il Several cracks are formed at dips
& —T~ of 30-45° Filmy minerals occur in
ST 5| the cracks.
503 E : " .
§ 5| | 1344.8 m: Chilled margin at a dip
x| [ of 45°.
©
= Massive lapilli tuff. Similar to that of
o 1353.0-1357.3 m.
=
o 1349.3 m: Erosion (?) at a dip of
—1 30°.
5| | 1349.3-1350.0 m: Greyish white
1350 71 & alteration.
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description

1353.8 m: Silicified.

Massive lapilli tuff. Poor in matrix.
Clast sizes are several to 20 mm.
Clast content is 80-90 %. Includes
reddish volcanic clasts.

Tuff to lapilli tuff. Matrix is fine.
Lamimation is visible.

|_~1360.0-1360.5 m: Silicified.

1362.00-1362.25 m: Silisified and
fractured.

—grn gry

Tuff to lapilli tuff.

Matrix consists of coarse tuff.
Clasts are several to 20 mm in
diameter. Includes small amount
of reddish brown volcanic clasts.
Coarse tuff and lapilli tuff are
repeated alternately at 2-10 cm
thickness.

I~ 1368-1382 m: Pyrite clots occur.

1383.0-1384.5 m: Foriated

} structure. Many pyrite clots.

N
—— 1385.45 m: Erosion surface.

— 1385.4-13901.5 m: Pyrite clots
occur in smectized parts.

¥

1392.8 m: Erosion surface.
1393.1 m: Erosion surface.

1393.2 m: Vesiculated lapilli
with halo.
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Drilling depth 1400-1500 m
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description

g g g
28 £ 23
;.8 3 = T £
g = é S o = CC.‘> = é S =
& £83% 2 % £ Sg2
=) = 0= O [} o = =)
S o TIO o 1450 S & "vWeOo
1400 522 Rich in matrix. Rarely includes FEERIEE =
\ lapilli. =
523 1400.0-1419.0 m: Shows
overall normal grading. 540
524 >| Massive lapili tuff. Clast sizes
o| are 2-10 mm, max 20 mm. 541
| E| Matrix consists of coarse tuff.
3 =| Includes reddish brown clasts. 2
525 I~ 5
F o
1410 > 14601
£
526 2
£
atalaral Massive tuff breccia. Clast
507 :::::::: o sizes are several to 20 mm,
i PON o max 70 mm. Clast content is
Ll Al A Z| 70-80 %. Matrix comsists of
R coarse tuff. Includes reddish
52 B alal brown clasts.
PPN, 1419.0 m: A white vein at a dip of 545
60° occurs along the boundary.
1420 H g 1470
529 b e
kel 4 5 <
1419.0-1431.5 m: Andesite? White 3
amygdules of which the diameters :
are 0.3-5 mm are arranged at dips ry
530 of 70-80°. Deep green amygdules A7 E
(possibly chlorite) are included like _5
patch work. 1-10 mm thick, white to
531 yellowish green veins occur. ,-; 2
548 |z
.| 3
532 = i
1430 H 5y [ Lapilli tuff showing normal grading. 1480 '549
&1 [ Clast sizes are <10 mm. AN
533 :‘:; -/ Coarse tuff showing normal :
: grading. Clast sizes are <10 mm. 550054
= \\ F &
| \o| \ Lapilli tuff lacking in fine matrix. PR, =
534 Clast size is max 50 mm. E
\
Fine tuff with lamination.
Smectized.
1440 £ 1490
536} o
=
=
Coarse tuff. =
L537 £
s |
=
= / Lapilli tuff to tuff breccia. Clast
2T sizes are severalto 10 mm,
max 70 mm.
1450 1500

1459.6-1459.9 m: Argillizated.

White tuff variating in grain size.
Coarser (sand size) and finer (mud
size) layers alternate every 10-50
cm. Includes lapilli-size white
grains (smectite) which are
flatened in shape. Boundaries of
each grain are indefinite due to
probably alteration.

— 1472.7 m: Lapilli tuff is intercalated.

1476.0-1479.0 m: Coarse to
fine tuff. The same lithology
as the above tuff.

t

1481.5-1484.5 m: basalt dyke
(sampled by NEDO).

1482.0-1484.5 m: Andesite (sill?).

Amygdules are 3-10 mm in
diameter and are filled with zeolite
and quartz. Chilled part at the
bottom of 2-3 cm.

Altered tuff breccia.

\
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Appendix 2 . Petrographic description of volcanic rocks.

Thin section no. : HJ4-01048 (Fig.4-1).

Drilling depth : 104. & meter.

Rock name : basaltic andesite.

Phenocryst : plagioclase, orthopyroxene and Fe-Ti oxide.

Plagioclase : euhedral to anhedral grain (0.2-4mm in
diameter) occurring as glomeroporphyritic or discrete
single grain. Three types of inner texture are noted in
plagioclase phenocrysts ; (typé 1) crystal covered by
honeycomb texture (Fig.4-1), (type 2 ) crystal with dusty
zone parallel to the crystal plane, and (type 3 ) clear crystal.
Types 1 and 2 are dominant. Most of inclusions in
plagioclase phenocryst are Fe-Ti oxide and orthopyroxene.
Melt inclusions are locally replaced by Fe-Ti oxide and
orthopyroxene.

Orthopyroxene : subhedral or glomeroporphyritic grain
(0.5-1.5 mm in length) with clinopyroxene reaction rim.
Tt shows close spatial association with Fe-Ti oxide.

Fe-Ti oxide : euhedral grain (0. 07-0. 2 mm in diameter)
showing close spatial association with plagioclase and
orthopyroxene.

Groundmass : intergranular texture, consisting of clinopyroxene
(0.02-0. 05 mm), plagioclase (0.05-0. 15 mm), and Fe-Ti
oxide (0.02-0.08 mm). High abundance of Fe-Ti oxide

(Fig. 4-1) and subhedral to anhedral plagioclase are noted.
Fe-Ti oxide shows rare abundance in areas around
phenocryst. Patch of clinopyroxene is present (0.05 - 0.15

mm in diameter) .

Thin section no. : HJ4-01075 (Fig.4-2).

Drilling depth : 107. 5 meter.

Rock name : basaltic andesite.

Phenocryst : plagioclase, orthopyroxene, and Fe-Ti oxide.

Plagioclase : euhedral to anhedral grain (0. 3-3.5 mm in
diameter). Discrete plagioclase phenocrysts show higher
abundance than glomeroporphyritic plagioclase grains.
Addition to the three plagioclase types noted in the thin
section no. HJ4-01048, another type of plagioclase with
distinct inner textural (type4) is noted in this section. Type
4 plagioclase is characterized by a presence of core part
covered by numerous small inclusions, surrounded by a
inclusion rich zone paralleled to crystal plane. Most of
plagioclase grains are smaller than 0. 7 mm in diameter. Fe-
Ti oxide and orthopyroxene are dominant inclusion. Melt
inclusions are locally replaced by Fe-Ti oxide and
orthopyroxene. Outer zone of some large plagioclase grains
exhibits remarkable chemical zonal texture.

Orthopyroxene : subhedral grain (0. 5-2. 0 mm in length)
with clinopyroxene reaction rim, showing close spatial
association with Fe-Ti oxide.

Fe-Ti oxide : euhedral grain (0. 1-0.5 mm in diameter).
consisting  of

Groundmass :  intergranular  texture,

clinopyroxene (0.02-0.07 mm), plagioclase (0.05-0.15

mm), and Fe-Ti oxide (0.02-0.07 mm). High abundance of
subhedral plagioclase (0.1-0.2 mm) is note. Clinopyroxene
(0.07-0. 15 mm) and Fe-Ti oxide (0.02-0.15 mm) are rare

in areas surrounding phenocryst grains.

Thin section no. : HJ4-01493.
Drilling depth : 149. 3 meter.
Rock name : basaltic andesite.

This rock consists of rock fragments and phenocrysts
(0.2-4 mm in diameter) set in a glassy matrix. Dark-
brownish fragments show a wide range of vesiculation
texture and contain plagioclase unclusions (>0.7 mm).
Light-brownish fragments contain trachytic plagioclase
(>0.15 mm) and Fe-Ti oxide grains (>0.15 mm).
Phenocrysts are  plagioclase, orthopyroxene and
clinopyroxene. Plagioclase is 0.5-1. 5 mm in length. Some
plagioclase grains exhibit type 1 honeycomb texture.
Pyroxenes are 0.05-0.2 mm in diameter, and occur as

glomeroporphyritic or single discrete grains.

Thin section no. : HJ4-02929 (Fig.4-3).

Drilling depth . 292. 9 meter.

Rock name : basalt.

Phenocryst : plagioclase and chloritized pyroxene.
Plagioclase : euhedral to subhedral grain (0.2-2 mm in

diameter) occurring as glomeroporphyritic or single

discrete grains. Addition to type 3 plagioclase, this rock

contains other type plagioclase with distinct inner texture

(type 5 ) characterized by a presence of inclusion rich zone

parallel to crystal plane (Fig.4-3).An outer most zone of

type 5 plagioclase shows extensive chemical zoned texture.
Chlorite : alteration product after pyroxene, occurring as

subhedral grain (0.2-0.3 mm in diameter) showing

reaction rim of Fe-Ti oxide.

Groundmass :  intergranular texture, consisting of

plagioclase (0.05-0.3 mm), clinopyroxene (0 .02-0.05

mm) , and Fe-Ti oxide (0.02-0.07 mm).

Thin section no. : HJ4-03867 (Fig.4-4).
Drilling depth © 386. 7 meter.
Rock name : basaltic andesite.
Phenocryst : plagioclase and chloritized pyroxene.
Plagioclase : euhedral to subhedral grain (0.2-2.5 mm
in diameter) occurring as glomeroporphyritic and single
discrete grains. Types 1, 3 and 4 (Fig.4-4) plagioclases
are present.
Chlorite : alteration product after pyroxene, occurring as
subhedral grain (1-2 mm in diameter) .
Groundmass: hyalopilitic and glassy. plagioclase (0. 02-0. 2
mm) , consisting of Fe-Ti oxide (<0.1mm), chlorite (<

0.02 mm) and brown glass.
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Thin section no. : HJ4-05508 (Fig.4-5).
Drilling depth : 550. 8 meter.
Rock name : basalt.
Phenocryst : plagioclase and chloritized pyroxene
Plagioclase : euhedral to subhedral grain (0.3-3.7 mm
in diameter) occurring as glomeroporphyritic and/or
discrete grains. Types 3 (Fig.4-5), 4 and 5 plagioclases are
present. Type 4 is dominant.
Chlorite : subhedral grain (1-2 mm in diameter).
Groundmass : pilotaxitic consisting of plagioclase (0. 05-
0.2 mm), Fe-Ti oxide(0.02-0.05 mm), chlorite brown

glass.

Thin section no. : HJ 4 -06225 (Fig.4-6).
Drilling depth © 622. 5 meter.
Rock name : basalt.

Phenocryst : plagioclase, orthopyroxene and clinopyroxene.

Plagioclase : euhedral grain (0.2-3 mm in diameter).
Types 2, 3 and 4 are present. Some type 4 grains have core
with small inclusions surrounded by a inclusion rich dusty
zone. Most of the inclusions are Fe-Ti oxide or
clinopyroxene. Melt inclusions are replaced by the above
minerals. Most of the plagioclase phenocrysts smaller than
0.7 mm in diameter are clear crystal.

Orthopyroxene :  subhedral grain (0.5-1.5 mm in
diameter) occurring as glomeroporphyritic or single
discrete grains with reaction rim of clinopyroxene and Fe-
Ti oxide.

Clinopyroxene : rare abundance, subhedral grain. Some
of phenocrysts include plagioclase (Fig.4-6).

Groundmass :  intergranular texture consisting of
plagioclase (0.05-0.15 mm), clinopyroxene (0.02-0.07
mm) and Fe-Ti oxide (0.02-0. 05 mm).

Thin section no. : HJ4-6258 (Fig.4-7).
Drilling depth : 625. 8 meter.

Rock name : basalt.

Phenocryst : plagioclase, orthopyroxene and clinopyroxene.

This rock is characterized by high abundances of
phenocryst phases including plagioclase, orthopyroxene
and clinopyroxene..

Plagioclase : euhedral grain (0.2-3 mm in diameter)
occurring as clots. Types 1 (Fig.4-7), 2, 3 and 4
plagioclases are present. Type 3 crystal is rare. Most of
inclusions are Fe-Ti oxide and clinopyroxene. Melt
inclusions are replaced by above minerals. Most of the
phenocrysts smaller than 0.7 mm in diameter are clear
crystal.

Orthopyroxene :  subhedral grain (0.5-1.7 mm in
diameter). Most of orthopyroxenes were replaced by
chlorite.

Clinopyroxene : green colored, subhedral to subrounded
crystal (0.5-4.0 mm in diameter) . Low abundance.

Groundmass :  Intergranular texture, consisting of

plagioclase (0. 05-0. 2 mm) , chlorite (0.02-0.07 mm) and
Fe-Ti oxide (0.05-0.1 mm).

Groundmass shows extensive chloritization.

Thin section no. : HJ4-06532 (Fig.4-8).
Drilling depth : 653. 2 meter.

Rock name : basalt.

Phenocryst : plagioclase and clinopyroxene.

Plagioclase : euhedral grain (0.3-2.5 mm in diameter)
occurring as both glomeroporphyritic (Fig.4-8) or discrete
grains. Types 3, 4 and 5 plagioclases are present. Most of
them are type 3 .

Chlorite : alteration product after pyroxene, occurring as
subhedral or anhedral grain (0.5-2.5 mm in diameter).
Some of them are surrounded by reaction rim.
Groundmass : intersertal texture with high abundance of
glass. It consists of plagioclase (0.05-0.2 mm), Fe-Ti
oxide (0.02-0.07 mm), chlorite and altered glass.

Thin section no. : HJ4-06887 (Fig.4-9).
Drilling depth : 688. 7 meter.

Rock name : basalt.

Phenocryst :  plagioclase and clinopyroxene. High
abundance of phenocrysts (30 to 35 volume %) is noted.

Plagioclase : euhedral grain (0.2-3.0 mm in diameter) .
Most of plagioclases occur as glomeroporphyritic grains
(Fig.4-9) . Types 3, 4 and 5 plagioclase are present. Type
3 is rare.

Clinopyroxene : euhedral grain (3.0 mm in diameter).
This phase is weakly altered by chloritization.

Chlorite : alteration product after pyroxene. subhedral to
anhedral grain (0.5-1.2 mm in diameter) .

Groundmass :  intersertal texture, showing high
abundance of glass (partly altered) together with
plagioclase (0. 05-0. 2 mm) , Fe-Ti oxide (0. 02-0. 07 mm)
and chlorite (0.05-0. 15 mm).

Thin section. : HJ4-07349 (Fig.4-10,-11).
Drilling depth : 734. 9 meter.

Rock name : basalt.

Phenocryst : plagioclase ,  olivine ,  clinopyroxene ,
orthopyroxene and Fe-Ti oxide.

Plagioclase: euhedral, subhedral or unhedral crystal (0. 2
-4.5 mm in diameter). Glomeroporphyritic crystals are
abundant with subordinate amounts of discrete phenocryst.
Types 1, 2 and 3 plagioclases are present. Most of plagioclase
are type 1 or type 2 (Fig.4-10) . Type 3 crystals and olivine
occur as glomeroporphyritic grain. Most of types 1 and 2
crystals are 0. 2-2. 0 mm in diameter while those of type 3
are relatively large crystals (1.5-4.5 mm in diameter).
Some of Type 3 crystals have reaction rim consisting of
clinopyroxene and Fe-Ti oxide.

Olivine : subhedral to unhedral grain (1.5-4 mm in

diameter). Most of olivine grains are extensively altered
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and replaced by iddingsite (Fig.4-11).

Clinopyroxene : euhedral grain (0.5-1 mm in diameter)
occurring as discrete phenocryst.

Orthopyroxene : euhedral to subhedral grains (0. 3-1 mm
in diameter), occurring as glomeroporphyritic grain and/or
clots. Glomeroporphyritic grains have reaction rim of
clinopyroxene and Fe-Ti oxide. Some of them show close
spatial association with Fe-Ti oxide and/or plagioclase.

Fe-Ti oxide : cuhedral grain (0.5-2 mm in diameter).
Groundmass : intergranular  texture  consisting  of
plagioclase (0.05-0.15 mm), clinopyroxene (0.02-0.05
mm) and Fe-Ti oxide (0.02-0.05 mm).

Thin section no. : HJ4-07964 (Fig. 4-12).
Drilling depth : 796. 4 meter.
Rock name : basalt.
This sample is heterogeneous rock consisting of mafic and
felsic parts (Fig.4-12).
1 ). Mafic part
Phenocryst :  plagioclase, olivine, clinopyroxene,
orthopyroxene, chloritized pyroxene and Fe-Ti oxide.
Plagioclase : euhedral to subhedral crystal (0. 2- 2 mm in
diameter). Glomeroporphyritic plagioclases are abundant
with  subordinate amounts of discrete plagioclase
phenocryst. Types 1, 2, and 3 plagioclases are present.
Most of plagioclase are type 1 or type 2. Type 3 crystals
and olivine occur as glomeroporphyritic grain. Type 3 are
relatively large crystals (5-7 mm in diameter).
Olivine : subhedral or unhedral grain (1.2-2.1 mm in
diameter). All of olivine crystals are closely spatially
associated with type 3 plagioclase. Most of olivines are

extensively altered and replaced by iddingsite.

Clinopyroxene : euhedral grain (2-2.5 mm in diameter).

Orthopyroxene . subhedral grains (0.5-1 mm in diameter)
with reaction rim.

Chlorite . subhedral to unhedral grain (0.2-1 mm in
diameter)

This phase is alteration product after pyroxene.

Fe-Ti oxide : euhedral grain (0.2-0.5 mm in diameter).

Groundmass :  intergranular  texture consisting  of
plagioclase (0. 15-0.3mm), Fe-Ti oxide (0. 02-0. 05 mm),
and brown glass.

2 ). Felsic part

Phenocryst : plagioclase and Fe-Ti oxide.

Plagioclase : euhedral to subhedral crystal (0.3-3 mm in
diameter). Glomeroporphyritic crystals are abundant with
subordinate amounts of discrete phenocryst. Types 3 and
5 plagioclases are present.

Fe-Ti oxide: euhedral grain with 0.1-0.3 mm in
diameter.

Groundmass : intersertal texture consisting of plagioclase

(0.05-0.2 mm), Fe-Tioxide (0.1 mm) and brown glass.

Thin section no. : HJ4-08015(Fig.4-13).
Drilling depth : 801. 5 meter

Rock name : basalt.

Phenocryst : plagioclase and clinopyroxene.

Types2, 3 and 5 plagioclases are present. Most of
plagioclases are type 5 (Fig.4-13). Some of the crystals
(0.3-0.5 mm in diameter) occur as clots with
clinopyroxene (0. 1-0.3 mm in diameter)

Clinopyroxene : subhedral to unhedral grain(0.3-1.5
mm in diameter) . Some crystals have a reaction rim.

Groundmass : hyalopillitic ~ texture  consisting  of
plagioclase (0.05-0.2 mm), Fe-Ti oxide (0.1 mm) and

brown glass.

Thin section no. HJ4-08906 (Fig.4-14).
Drilling depth : 890. 6 meter.
Rock name : dolerite.
Phenocryst :  plagioclase, clinopyroxene, orthopyroxene
and Fe-Ti oxide.
Plagioclase : subhedral to unhedral crystal (0.2-2.2 mm
in diameter) . Most of the plagioclases are clear crystals.
Clinopyroxene : euhedral or subhedral grain(0.8-1.5
mm in diameter) .
Orthopyroxene : euhedral, subhedral, or unhedral grain
(2-3.7 mm in diameter).
Fe-Ti oxide : euhedral or subhedral grain (0.4-0.6 mm

in diameter) .

Thin section no. : HJ4-09351 (Fig.4-15).
Drilling depth : 935. 1 meter.

Rock name : basalt.

Phenocryst : plagioclase and orthopyroxene.

Plagioclase : euhedral to subhedral crystal (0. 2-2 mm in
diameter). Glomeroporphyritic crystals are abundant with
subordinate amounts of discrete phenocryst. Most of the
crystals are less than 1 mm in diameter. Types 3,4 and 5
(Fig.4-15) plagioclases are present. Most of plagioclase
are type 4 or type 5.

Orthopyroxene : subhedral grain ( 2 mm in diameter)
locally including plagioclase.

Groundmass : intersertal texture consisting of plagioclase
(0.05-0.1 mm), Fe-Ti oxide (0. 02-0.07 mm)and brown

glass.

Thin section no. : HJ4-10315 (Fig.4-16).
Drilling depth : 1031. 5 meter.

Rock name : basalt.

Phenocryst : plagioclase and Fe-Ti oxide.

Plagioclase : euhedral to subhedral crystal (0.5-2 mm in
diameter). Glomeroporphyritic crystals are abundant with
subordinate amounts of discrete phenocryst. Types 3, 4 and
5(Fig. 4-16) plagioclases are present. Most of the crystals
are type 4 or type 5.

Fe-Ti oxide : euhedral grain (0.3-0.5 mm in diameter).
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Groundmass :  intersertal texture consisting of
plagioclase (0.05-0. 1 mm), Fe-Ti oxide (0. 02-0. 07 mm)

and brown glass.

Thin section no. : HJ4-11004 (Fig.4-17).

Drilling depth : 1100. 4 meter.

Rock name : basalt.

Phenocryst : plagioclase and chloritized pyroxene.
Plagioclase : euhedral to subhedral crystal (0.2-3 mm in

diameter). Most of the crystals are less than 1 mm in

diameter. Glomeroporphyritic crystals are abundant with

subordinate amounts of discrete phenocryst. Types 3, 4 and

5 plagioclases are present. Most of the crystals are type 4 .

Type 3 crystals occur as relatively large grains (> 2 mm in
diameter) (Fig. 4-17).
Chlorite : alteration product after pyroxenes, occurring
as subhedral or unhedral grain (1-2 mm in diameter).
Groundmass : hyalopillitic ~ texture  consisting of
plagioclase (0.05-0.1 mm), Fe-Ti oxide(0.3-0.5 mm)

and brown glass.

Thin section no. : HJ4-12290 (Fig.4-18).

Drilling depth . 1229. 0 meter.

Rock name : basaltic andesite.

Phenocryst : plagioclase, chloritized pyroxene, and Fe-Ti
oxide.

Plagioclase : euhedral to subhedral crystal (0.5-1.3 mm
in diameter). Glomeroporphyritic crystals are abundant
with subordinate amounts of discrete phenocryst. Type 3
and 4 plagioclases are present. Most of the crystals are type
3 (Fig.4-18).

Clinopyroxene : subhedral to unhedral grain (0.2-0.5
mm in diameter) partly chloritized. Most of the crystals are
closely spatially associated with plagioclase.

Fe-Ti oxide : euhedral to subhedral grain (0. 1-0. 25 mm
in diameter) .

Groundmass :  hyalopillitic  texture consisting of
plagioclase (0. 02-0. 1 mm), Fe-Ti oxide (0.02-0.05 mm)

and brown glass.

Thin section no. : HJ4-12733 (Fig. 4 -19).

Drilling depth : 1273. 3 meter.

Rock name : aphyric andesite.

Phenocryst : poor.

Groundmass : pilotaxitic texture consisting of plagioclase
(0.05-0.2 mm) (Fig.4-19), Fe-Ti oxide (0. 02-0. 05 mm)

and brown glass.

Thin section no. : HJ4-13426 (Fig. 4-20).
Drilling depth : 1342. 6 meter.
Rock name : basalt.
Phenocryst : plagioclase and chloritized pyroxene.
Plagioclase : euhedral to subhedral grain (0.2-2.5 mm
in diameter) occurring as glomeroporphyritic and/or
discrete grains. Types 3 (Fig.4-20), 4 and 5 plagioclases
are present. Most of the crystals are type 4 and type 5 .
Chlorite : alteration product after pyroxenes, occurring
as subhedral to unhedral grain (0.3-1.2 mm in diameter).
Most of chlorite grains (after pyroxenes) are closely
spatially associated with plagioclase.
Groundmass : hyalopillitic ~ texture  consisting  of
plagioclase (0.05-0.2 mm), Fe-Ti oxide (0. 02-0. 05 mm)
and brown glass.

Thin section no. : HJ4-14215 (Fig.4-21).

Drilling depth : 1421.5 meter.

Rock name : basalt

Phenocryst : plagioclase, chloritized pyroxene and Fe-Ti
oxide.

Plagioclase : euhedral, to subhedral crystal (0. 3-3 mm in
diameter). Types 2, 3, 4 and 5 plagioclases are present.
Most of grains are type 3 (Fig.4-21) ortype 4 .

Chlorite : alteration products after pyroxenes. It occurs
as subhedral or unhedral grain (0.2-1.5 mm in diameter)
and totally replaced pyroxene grains. Most of chlorite
grains are closely associated with plagioclase.

Groundmass : hyalopillitic texture consisting of plagioclase
(0.05-0.2 mm), Fe-Ti oxide (0.02-0.1 mm) and brown

glass.
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Fig. 4. Microphotographs of volcanic rock of the core sample. Width of field of view is 3. 5 mm. See Appendix 2 for detailed description.

4-1. Thin section no. : HJ4-01048, opened nicols. 4-2. Thin section no. : HJ4-01075, opened nicols.

4-4. Thin section no. : HJ4-03867, crossed nicols.

VK by dale O/
4-6. Thin section no. : HJ4-06225, crossed nicols.
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4-7. Thin section no. : HJ4-06258, crossed nicols. 4-8. Thin section no. : HJ4-06532, crossed nicols.

PR

4-9. Thin section no. : HJ4-06887, crossed nicols.

i R SR e,

4-11. Thin section no. : HJ4-07349, crossed nicols. 4-12. Thin section no. : HJ4-07964, crossed nicols.

i
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4-13. Thin section no. : HJ4-08015, crossed nicols. 4-14. Thin section no. : HJ4-08906, crossed nicols.

s W

4-15. Thin section no. : HJ4-09351, crossed nicols.

i (1Ll i S 1 ¥
4-17. Thin section no. : HJ4-11004, crossed nicols. 4-18. Thin section no. : HJ4-12290, opened nicols.
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et S il ;
4-19. Thin section no. : HJ4-12733, opened nicols. eck

4-21. Thin section no. : HI 4 -14215, crossed nicols.
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