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High-pressure and high-temperature experiments of Group II kimberlite at 7GPa :

Compositions of volatile-rich melts in the upper mantle

Hiroyuki YAMASHITAY & Eiji OHTANI?
1) Kanagawa Prefectural Museum, Naka-ku, Yokohama, Kanagawa 231, Japan

2) Tohoku University, Aoba-ku, Sendai, Miyagi 980, Japan

Abstract. The compositions of melts formed by partial melting of Group II aphanitic kimberlite from The

Makganyene mine, South Africa were determined by electron probe micro analyzer (EPMA) and particle induced

X-ray emisson (PIXE) . The experiments were carried out at 7GPa and 900-1450°C by multianvil apparatus.

Partial melts were accumulated in the space of diamond powder. The partial melts were characterized by high

concentration of H20, COz2 and relatively low SiO2 and MgO contents and high TiO2 and LIL elements content

compared to the starting material. Highly incompatible elements such as K and Rb tend to concentrate i partial

melt. Although Ba has as the same 1onic radius as K and Rb, it shows compatible element character. The partial

melt compositions are broadly similar to the composition of the fluid inclusion in diamond. The present experiments

suggest that the melts characterized by high H20, CO2 , K20, TiO2 and LIL content exist in asenosphere and they

have close relation to the diamond genesis and the mantle metasomatism.

Key words : kimberlite, mantle fluid, diamond, partial melt, diamond inclusion
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AEDEEEREBOMSRT, <> MV OEENES
HEEEOE - BEREOHBETRICLEZ. KT, MY
ZEICHRTSHEZEZ SN TVWSEHBIEIMITDOWTIE,
FE R - B - MEERE N EFEMARFR RS TN
5, Y2 MVRIBITS, HO P CO27n & DEFREKMT
DN, MgO-Si02-H20 &% MgO-Si02-CO2 R/2 E, 2~
AR TEHEEBRNZINTBY, SKEMD B 0NITR
R E LT BB~ > MV ETFE~ > MVERMEOE
NETRETHBZENDN>TWS (i 21T Katsura &
Ito, 1990 ; Liu, 1986,1987 ; Kanzaki, 1991 ; Arima &
Presnall, 199572 &), @~ > MV EERKRT S, KA
HYR) RYA Ml DN THBEEERNSH I NT
WA, TNSRBDAGITEREMERS ZMA T Wet 74k

ETOBMEERIIVEV. FNE, HFEHEE L CHiFEM
RO DIEMETR D > b O — )L EBRAE R T OFFE MR O
SHTIR EDBBERIA TNWAEDTH D, > MV KLU
MNCBIAFHET, YV YOBRRICKEREES RIFT
E, TRBICHREIAEEELIFET, Tatsumi et al.
(1986) 13, AT THEMRCHEREOMETTE (BT LILT
#) ZMMA, 1~4 GPaDEN T THER L ZIRERANOMHE
TLHROBEMN S, EHIlAKKEEEDOBERIIOWTHLE T
%, F7z, Ryabchikov & Boettcher (1980) &7 o I/%1 k
+ (W5 >A) HRZEHEYEITHANWT, £/ 1~3GPa,
TREE 1050~1100C DT, 7O I/ hDARIZE -
THUBHE (H20) AND KO DIEMBEIT DN TH LT
2.
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1. Group Il EMEF>NZA bDOP-TK.

cpx : BEHEEA sopx ¢ SHHA et H—F v N0l WA ;phl : 7081 hjap : 7N A b

L: ¥, RERIHEE.

3CGPa AT DEABOEERIT, EA N DUV -—FREREEE (BRENAREPEESZHMMLEHE) 2HEHL A,

FORINTHBET, ZOENFTOREDIFEIZDNT
BT YEY Roaaye< > MUY ) ADOWFEIC LS
HDNLN, F1YEY ROOEMFOFKIZDONTH,
Navon et al. (1988) (4o T, KO, CO2T3EEITE H,
SiO2 MgO W Z L WHRIEIZOWTHEL TWD, i, <
CRIVAZIRT 4 AN DOWTE, IORMLE/J D AD
BEAERIEIC LD BRENSE DT 5N TR, Menzies et
al. (1987) 1%, Ti & Fel&ET Fe - Ti rich type &,
K.Rb.LREE IZE# K rich type E WA EINTWSE, 0T
HNDEATDAZTI) T 4 ZALH T RHBWEAI B
NEBICEELTCWS, ZOLDI, Y2 MURMICER
A BORENFET 5 LS TH 5.

—, XY BMIVEROKILAETHDF /N1 MY,
H20, CO27x & DEFRIERK P, KeO,LILLREE #£ &I
O, WTF MS) 1, Group Il EHEBLUB&EF NS
1 hEHBEYBEICANT 8CPa X TOEEERZET - 72,
8GPaTId, MELRF>/NT A1 N Tl coxtet+L DELMIH A
AbhbE¥ETEIN, BEF >N A TR
oltcpxtopx+et+L DI AGTHOR TEINZ. F/z,
Ringwood et al. (1992) 13 Group I /N5 1 hZ2HFEY
HITHAWT16GPaE TOBMERREZIT > TEY, R

ol+Cl (clinoenstatite) +gt+pv+ (cpx) + (Carbonatephase)
+tLOoEMAAEDETERINE, Edgar &
Charbonneau, 1993 THEREF NS 1 MEHEWEIC
MWT10GPa ETOEEERZIT>THBD, 10GPa T
OHgtHL ENDHREBF TS, WTFNOHEDLEETT
i, H20, COz KoO RWEZERIEMIFERT, FONS
A RO MR ING OTLENIEFICEBET S Z ENT
BMENDD, AN EBHDZ0VIE T ROMERRIZEHE S M
720 TWIRVY, ABF5E TIE Group 1T EHERF NS 1 %
HAEME AW TEIRSERERETY, Y1 VEY R
EEROWTEHAMMMBICE > THECZ A MEERL, MR
WETAHZEEHNET B,

HREME

WEMEEE Y 70N - 7 H o VlicERT 2,
Group Il JEBERF NS NEMP L7z, ERICHEE L~
FIUNTA PO FERREE LICRT, FUNSA s
RIHEERFBE LT, Si0cZ U<, MO, K20, H:0,
CO2, LILJG# - LREEXED I ENHITFArN 53, &z
Rb,K.Ba 72 & @ LIL jt#1d, primitive mantle & fb# LT
200~500 53 BWE L TCWE, SRERIOERIT, METED
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Sample No. 173/24/K19/57

Major element (wt%)
SiO2 40.90
TiO2 1.00
Al203 5.28
FeO 8.43
MnO 0.24
MgO 18.44
CaO 9.37
Na20 1.22
K20 5.92
P20s 1.09
CO2 6.70
H20 1.94
Total 100.48
XCO2 0.59

Trace element (ppm)
Nb 99
Zi 288
Y 35
Sr 1302
Rb 256
Th 25
Pb 39
Ga 11
Zn 94
Cu 38
Ni 638
Cr 1438
v 185
Ba 3763

AN NEANDEFHER S ZENELLIHNTH SN, LIL
TEENBETEFONTA RORA)) MIZNSE DTHRIE
BITDIENTHEIN, HEPEELTRETHD ERD
N3, FEEOFONSA MY ITE, HEHOBIZHAEL
TR D D H0, CO2MRITHTWA EEZ ENTNS,
Linl, SRIOEBRTIIINS D H20, COUTDNWTIEH
BLTWwWa, K1ZLFEN (1994 ks, HEME
DODP—THTH5, Group Il EHFEF>NTA1 M, 1300
CCBWTEHND EFIZHE W phl+L = cpx+tphl+L —
cpxtol+phl+L — cpx+opx+phl+L — cpxt+opxtgt+L —
cpxtet+L EZ{ L, 8GPall LTI 0P v hDIY
HAADLEEEHICHELET 5, 6~7GPaffii T
phl+cpx=gt+L ORJETT7 O IT/SA NISRLHT—Fy b
Y i A

ZORBE, IEEITEIERFEEN®E <, TOIZ & Sudo &
Tatsumi (1990) DFEREHIFF—KL TW5E, Fiz, TD
ESVE, Mckenzie (1989) [ZLB VYR Tz T7—&7 1t/
AT T7—DERODEHE—EKTSZ, LT, ZhihE
JFEE{ Tl 1300°C L TK20, HoO 28 82 E RS M137E
FLZW, 7233, Sudo & Tatsumi (1990) Tl 7 O /51
hEHBEADORINTLY, 9.3GPall EOEHATHK AN
T D 2 ENREINTWEY, 4EO 8GPa £ THHE
BRTANGRERI NN .

REBAE

FEIT, HILRFHERMA-S S EFRAEFBEMEH L
7. SEIOEBRENL TGPa/mD T, —ilMN2.6cm D¥y >
TAF =1 DT > EIVE M, TEL (Truncation
Edge Length) = 2mm Z{H L7/, Bi I —1I (25GPa) 3
XUBi Il — V (7.75GPa) ZRWiZEHRAZETIE, *h
Z41130ton & 590ton THEB MR SN/ Z &G, 4ED
EEE S D TGPald 515ton IHETHHDE L THEKZE
ok, BRIER LIV ONERZRK 21CRT. EH
EARIT 0N 1I8mm D/SAT O T 4 54 h2ERALE. F0O
NRNZ, B & LT Zi02 DA — T 2wz, b—%—
KE7o5774 hERW, FRBIHEZDITS &I
Eo T, REARZ10C/mn B E 2/, #ET Pt
Pt13Rh, BRI TaZEH L. H T EIITIE P,
Pt+graphite, Au® 3FEEAWE, Pt 7L TIE, X
WRHDFeZ#Ho>TLEDID, BEDERNS P T2
NORENZT 57 74 TV ERWE, FTNT
WEERTSZEIC&> T, Pticks Fe DN ZMZ /-,
Au 1 T IV TIE Fe ORIIZIEE A ERD SN2 T,
AV b DEFEEERRITIE, Hirose & Kushiro (1993) &%
FAYEY RREREANWTIT . 1 VPE> RBRI,
K3IIzOooboEERLE, W T7TRIVADY L VEY
RMKRORIT, AV NOHMKICHEEESL5 X252 &0,
Hirose & Kushiro (1993) O#i#& o R THREII N TWS A,
SRIDERTIIN TV 3~ 5HIFES 1Y EY B
KREHALUKL, FT1TVES RBRORITEZEHDEND
KIET A NOHEEANDEEIIONWTIE, S8BEH LY
NS RVWEETDH 5.

SHAE

EEARM O, BUREN KR FHE M=
@D EPMA (JEOL-JSM5300), BXL ULk 70 kO
OS5 IFTAY h—=Tt > —DPIXE (Particle Induced
X-ray Emission) Z{ff L/z, EBRABRDIL, H 72V TE
FtfE (Technovit4004) TE®HRD w2 %70/, R
oD, KEMFRITLZEANINERLTLED DT,
Iy ) —)VEMEE L.

EPMA Tld, X)L h&EFEGFET LY (HEaEG, S50
A, 0=%v b)) BERX b DWTLEMIETTS 72, HI
LM, IEEIE 16kV - BEFER 1.564 X 100 TH 2.,
ANV NE, FTYE RBEROKIBICHELEL, FOmET
BIZODEEBINIWED AN NDOBAMIETD Z
BARARETH S, T0D, FIVYEYRBRIEAIN
ZOHTL, BIT100% ICHEE L2, RbSHIZDWTIIER
B ICMERD, EPMA TIZBRENARAIGEROT
PIXEWC X202 AL, PIXEW, ¥ 70kO>hnE
BN DBTZ2Y > TINCE T, FETHEMEXBARY
MleEBRET2ENnNS350THS., Ay hELTIH,
ppm A —% T Mg DT REZEAEMTTHT EN
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2. MABEIBERAERBICLDERTHA L 2V OMEKN.

THETH B, PIXE Tld, EPMA THIEARARE/ R X)L~
DIEHFITDNT, HTEIVALD A NEEE LSV
EYRBREZBROBE, Y1 VE RBRKRIEDHTEITS
2o WIENOBWBICEEMTHY 1T VPES RBRERITE X
rDTEIT O TVWEDT, MEBIZERSTELEERS
WINTZ Y,

KRERIBER

REE, FES TGPa, 1 900~1450C DI T 9 fifTo
Je. EBEREE2ITRT,
TRTDEMET T H20, COz KO Z2EOLEREYITA
Shlhoik, £/, 1100CUETIREFEAEN
cpxtopxtet+L OEMHAGTOLETH o7z, 1100C DEE
1, 2702 & 1440 2D 2 [RIZ{TV, HEREFROEWIZIS
AV s DIBREEF Nz, #ERIE, MROETR s T,
20 P CTHRBIZEL TNnHDBDEEX NS,
—EBDEBRE T DOWTIE, EPMA & PIXE Ol D4
B ERWTONET 20N, Y1 YT RRROEH
WD DI L CIER U4 T 2 EERETWENE
NOEBTHITEITD 2,

EPMA T K B{LZE TR R 6 N, Y1V EVR
W RICERB I N A D BSI (Back Scatterd Image
Photograph) ZZHFENZE3, 35 4R, K31

FAYEY FMREF NS A MU T ZOBEREANET
Hb, FTYEYRHBROKEICAL AL BAZ DDA R
WVETHD. FUNTA MY UY AR DR KERFERT
A, A<HLI VN RERIIT %y hTHB. K
413K 3 DA VEY RMRODBAZIKR L= DTH S,
BOWEANTAIVYES RIMEKRT, FOBRRBICA<HS N A
IVEPNEBINTWIDONRREL NG, WTith 1400C D
KRN T, MAORMMENKEWZD AL SBEMLDD
PEHTH S, EPMAICKBLELHTTIE, ¥4 VPER
MEREANRZED—FDOTY Y (120 1 m X 90 £ m) %
A LB ERDZ (£3)., ZOHETIE, sl
HBoNWweD, COz H0, CEBRWEZTET 100% I
BAELTWDS, AR, Si02 MgOIzZ L <, KO, TiO:
WCIEWITED Z &I L=, EPMAIC X 558 T3, Sr-
RbBREDTRERRANTZZ LB TERN S, F=, Pth
T2V & Pttgraphite D7) I OEBETIE, Fed
EEEICKERENR SNz,

RKFODH0, CO2F, EBICHIET 5 Z ETRARETH
%, FTT, 1100~1400C DHIFE TIL P20s TR T A )
NMZDELE5H D E LT melt fraction : FzExRe, #
EZ{To 7z,

L/S=1/ (F+D*F - D)
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High-pressure and High-temperature experiments of kimberlite

Run No. Press (GPa) Temp (¢ C) Time (min) Mineral Assembly Capsule
Apdia-6 7.0 1450 35 cpxtopx+gt+L Pt

Apdia-2 7.0 1400 30 cpxtopx+gt+L Pt

Apdia-4 7.0 1400 20 cpxtopx+gt+L Pt

Apdia-7 7.0 1350 60 cpx+opx? +gt+L Pt+graphite
Apdia-1 7.0 1300 60 cpxtopx+gt+L Pt

Apdia-8 7.0 1100 270 cpxtopx+gt+L Pt+graphite
Apdia-9 7.0 1100 1440 cpxtopx+gt+L Pt +graphite
Apdia-13 7.0 900 200 ol+gt+ap+pv+L Au

cpx = HAHA, opx = fHMEA, gt=H—%v bk, ol=H I A, ap=TFNF¥A N, pv=ROTZAHhA k L=%

£3. FATVEYRERICEDERINE A b ok (100% IKisk)

Run No. Apdia-13* Apdia-9* Apdia-1 Apdia-7* Apdia-2
Temp (°C) 900 1100 1300 1350 1400
SiO2 3.34 9.08 28.79 36.17 28.88
TiO2 0.17 2.24 221 1.22 1.96
Al203 1.05 0.89 2.74 4.88 2.85
Cr203 0.00 0.00 0.00 0.00 011
FeO 4.57 4.44 2.39 6.72 2.03
MnO 0.17 0.00 0.00 0.00 0.00
MgO 7.77 10.93 14.69 1331 13.34
CaO 0.88 7.05 8.70 6.89 8.74
Na20 3.16 1.94 0.71 1.26 0.98
K20 28.09 29.16 11.15 9.34 10.17
P20s 0.40 3.79 311 2.26 3.35
BaO 0.40 0.40 0.82 e 1.03
H20 9.21 6.75 5.54 4.03 5.97
CO2 31.79 23.33 19.14 13.92 20.60
Total 100.00 100.00 100.00 100.00 100.00

CO2 and H20 calculated by K20 or P20s

* Pt and Graphite double capsule

. diamond powder e

Y
o
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3. ERAERYDOBSIER (21F).

E3FNSA bV DT R BURTAYES RR. &
1YEY RIRPOE D WO E o afRIc L > ThED

e A ke

B4. ERERHODBSIFE HEK).
B30T YES RMKROBAEIRLIZ DD,
BHWEBADI A b, BOWHANLS A VED R,
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B5. a: A Mo SiO2 TiO2, MgO D EIRE & DBLE.
b : AV FH®D K20, P20s, BaO D¥EE LIREEE ORMG.
SHIE EPMA T o 2, 1 VED RMRT EOHETS
TWBHDT, HABEIRNSRND CaT—EM#KLL
ThbEREtEZETo 2,

L: AV hFOLHESAR S: HEWETOLREER
F : melt fraction D : B2 fREL

F72, 900 CORBITE L TIIT7 /851 "L ETH 5=
DIT P20s TIRFETERVWDT, KO TRALTEHER
To7s

K5—a, 5—blt, BECHTEZILHED AN MHIAD
SEEEHRLESOTHE., &L DLHEIL, BESEN
BRODRNCa T—ERKELTBD, Xl TRrINTH
5. SIRIRELLDICTARIMBEZITND D, 1ZIFH
DEREELFAL TNE EEDbNDS, MO b=k i
fEMNR 5Nz, TiO2 & P20s 128 LTI 900°C D E Bk % fx
WTEIRD S DIFE AL MTBEET B EANE 5 172,900
CIREALTRROTZANA MRNRHTE0ICELLSH
BEMNED Lzb0 EEbis, K0 H TiO2 & R HER ) Hl
REN/NS NHDIFE A MZBEET S EHTNR SN,
UinU, KERIZEA T 2 ¥RERD Bald, EBOBIREENA
ENEFEE)V MIBETBEASR SNz, Baldv > ML
AFYIRTAALED Feo70dN1 MBS ENS

100 1 1 LB ‘
®
10
(o]
g g
1 A )
A A
0.1 a A A
A
0 01 1 1 1 1
71000 1200 1400

Temperature (° C)

B6. AJhHDTi, K, Sr, Rb D¥EELEE L OBIE.
SHIIPIXETITo /2. F1 VRS RRERTEMHTZITS T
WBDT, HEEIID NS RN CaT—ERMBELL T
WSt ETo 72,

ZENREINTHBD (Arima, 1988), Ba D A )L hAD P
£, 701 FORMEPKRESEEL TWBHEEZS
ns,

PIXEIC K2R —FE Ca THEILL TG, HE
EDOMBEZMF Lz (K6). PIXEICKS0Hd, 1V
EZRPREET AN FOATETT D TS D THFHE
B EHET BB, TiO2, K20 IZDWTIEE BITEA R
ER/NESWEEX) MTBET BEPMA TS B 5 /M)
MWHRON, PIXEWICKXA A THEETXREEIRb ESITH
B8, EHITEABMBEINS NHDIFE A Mg
LEMENR S Nz,

=8
1. FA4VEYRICBE I NI FEEDLEE
Navonetal. (1988) 1341 V&> RIc@FIN5, H0,
CO2, K2OWWEHASIO2ZZ L WFIRIZ D WTHE ETTH T
Wa, ¥1YEY RBERCEEREDRZDOT, I
FTYHBRE—ERDAATLERAE, 2omEEIEbho
MEERINT BT ERL, TOBEECHEETS, K713
FAYEY REAYOTE EERIERD A M &, Al&H
EYEATHRBLELEDDTH S, SEOERERD A~
1%, Navonetal. (1988) DHDEFFEITEI BTN,
2, 1300CDA) MIEBHETBD, MO & P20s 2 <
DITED, MEOHEKMHEDOHIZA>TWVS, 7GPa,
1300°C 1 Kaapvaal craton D#iiE (Boyd & Gurney, 1986) &
EIE-HLTBD, v i H20, CO2, KO WCE
A SINEET BREMITE L. 2, ORI 1Y
T ROREBEBICH5. 51 VEY RAFYOFED,
FAVEY REFBETHEEL, DDOYVIYEY RIZREL
ZDTHEMNE, FREY 1 VYED RORKK &35
BB DAEEMENDH B, Arimaetal. (1992) 1, UF4 2
BTOFINTA MRV EINEDF AL VYEY RO &
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Diamond inclusion fluid (Navon et al. 1988)
Average composition of diamond inclusion fluid (Navon et al. 1988)

Apdia-13  900° C
Apdia-9  1100° C
Apdia-1  1300° C
Apdia-7  1350° C
Apdia2  1400° C
100 T T I I I I I I 3
- g (o] —
(o} ®
10 E O =
” 8 "} ]
N o i
[ ] -
B A A
S
LE X o g A X 3
- 3
C ® 3
- l l | 1 l L
' Si02 TiO2 FeO MgO CaO NaO K:O  P:Os

7. AN MEFAYES REFYOFEOREME.

AV hEFAVEY RAEYOFAEZE, Al&HFEMED Group 1T MERF > NS+ M THBLL 7.

AV MIEPMA KK 24 E 2/ Lz,

BEZEHRELTWS, ST, —HOERTH ) oh
KR2003702FEDYAYEY FEAN, SEM TEME
BRET> N (LIER shAanhorz,

723, Scherauder & Navon (1994) I, ¥ 1Y E> R
BEINDA)N NEEBHNICOHL CO2ITED AL M
CaO, FeO, MgO, P205ITEH#, H2OWZEL AV M Si0y,
AlOs3, K2OWWEDEMmZRWE LR, SEOERIZED
AR LA MIEE S oA RS 20,

2. 7/ R7x7—12HI1FB K0 E H20(TDIVT

T2 MV, BT AT 27 —ICBWT HO D%
BIOWTITIEFZROBERRNZINTED, BT
MgO-SiO2-H20 DEER T, ¥ MVHICHEET % nlhek
DHZDNDONDEREMPERLINTBD, BELRD
HHNRIIENGRT 5N TWnS, KO WEET B84,
BAHEOBRER T K0 & HoO W, ARESEREPICE
FEWHFET S, UV AT 27—, §72b b 6GPafEE T
K20 EH01E 7 0 I/ MRREEREFET 5. WFEh
(1994) TV, ZDEHNEBZ S & phltcepx=gt+L DKIET

K20 & H2O R ERILEMIIEEL RV, F/2, Sudo &
Tatsumi (1990) TiX, ZDEHAMS 11~12GPa lTNFT
phl+cpx=amp (K-amp) +gt+fo+Fluid O KGN 5 &
EEHRFLTVS, ZOBEDluid i3 K20+H0 TH D,
WTNOERERD K20 & H20 28 DHRENEL B, —
7, Boettcher (1980) 1Z, 3GPa - 1100CIZ BT 5 70 I/%
A b EEEITHEET 2RESDRED, 25wi% b D K20 %
BIRT 5 EEEBRMITRLUE.
SEIOERBRTIRIRZEN S, 6GPall LO®EmETICBITS
K20 @, H2O ZEOWMAENDRMEERD BT LT TER
Mo 7oy, BMEGIERICEWI ENTFEINS, £, K
ERTeA F R EFD ROPMD LILTREICELTY, 4
BIDEEMN S A ) NRITHEET S ZERNbho =,
CO2IZBL T, U1 b (MgCO3) &L TCEH~
RIVETEY Y MVOBERMBEE TCRECHEETH I &
INEBRMICRINTWS (Katsura & Ito, 1990), F /N5
A NP OREIESIC D WTIE, 6GPafhEE TOENET
WBRECHEET 2D, ThLU EOEANTTOERITRI N
T, LML, wESESHOEET 7O/ b el
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CIREREESE LS, EALD BIEE - ORRPEEITR
5, Thbt, VIUFAEHEZDE CO2iF A FHITIER
ED RN H B (Eeeler, 1989), 6GPaLl FDEST, 7
O35 FWNRERZEROBEE, REDHDVIZAI NI,
H:O XD HCOUTBEREEZBND, 7O/ MINRE
R TO AL b OMERE, LILTROAEIZDWTIE
HERFPTH S,

BEBRETIE, KROTY MIAYY T4 ALEZTTE
Y)Y 2AEDhBRIIREETH B, 7272 L, Menzies et al.
(1987) [Tk B~ > MIVRRIEADHETIE, Fe, TIKE
Fe - Tirich type £V ®, K, Rb, LREEIZE ¢ K- rich type
BTWws, Ll, EBORRCEHTLHE ) AR
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Review : Meteorites for the Earth's Raw Material

Y oshiyuki KOIDE

Kanagawa Prefectural Museum, Naka-ku, Yokohama, Kanagawa 231, Japan

Abstract. Discoveries of the isotopic anomaly, extinct radionuclides and presolar grains in meteorites lead

to reveal the previous and early history of the Solar system. The meteorites play an important role in interpretation

of not only the solar nebula origin, but also the planet origin. Especially, the chemical, physical and mineralogical

informations of the meteorites constraint the origin of the Earth. This paper reviews the basic data and theory on

the meteorites, and shows the reasons why the meteorites are the raw materiel of the Earth.

Key Words : Meteorite, the Earth's Raw Material, the Earth's Evolution

I [FC&IC

SBEICAS T, MBS ORECER, KBRE
EHLHANDEZDI, NEOLEEDWA LHEERNS
¥ITE Bifoniz. BEEOHZHDIE, ATEE, k&2
WHEREL T, BEHEOHKS, EMOFEEFANDL L
NTELLDChoTE, ZOEDIENFETELST, KB
RICET B IERMBERENITH A TE ., BRLDHERNET
ARBRDBEHMNEZ CERITEMND ST, THIERITED
LTTERN 0D, &5 H2IEBITHRMREEMNITIE
FEEZITH TV,

NEZ, #HECTTWAIRBEZEHRICEREL, HTTE
5, ¥, LTS B, HERESOREE S AFAET
b5, MEOEAMNS, MERPHORTEZLDDIFEL .
HERSEA DT 2 A 51T, HERH OB EZAFTHE
LW, BE, BHOAANE39.6{EER, REoIIarid
RBEEFTOHDT, FTRIDEHFVHEEIIGE LN TWARN,
45 SEERTOMERGREAERFORENL, AFTERV, LML,
MENRT—F0 5, HIROMPEHREE TS ZEFAET
HB (N, 1992), BACEERICERINZEA, BD
HEREAD & OE, SHEERICL S I2b—a 2,
MEFBEIC L BMOKNEDHERE DL LERE), &
EEERBRTOERRENSHENICERONTWDS, D
5%, BAE, EROINTELIHIRAMEEL L TEET

b5,

BaVE, hEMETE CFHEMCHD, HERCES T
ElbDTHB, DFD, KUYOMEROMEMEATIASH D
A7z, UL, HMIEROMEIMEE L COEERZHD T
W5, RN TIE, Baio IR EE 2 2 DICEE
TROMMEHSMNIL, BERNRBAD L Ta—2B IS,
AL, MRS IEE TRRNICBEEL, SROR
MBLETBTERDT, TOLEIBRIEIEETHD &
25,

IR, CERERILETI e — i C B SFROTST GRAEERR
506804030), HRHZEHRITIAREBIRL, BRURIIIE
DOREEE MHhEREW | OEZEWEEWe, Fz, #H
WEN KRERERARHEET R EFIBBBRICE, X
BRNEE - TS BETH R WEZ W,

I HEROHEME S LTORA

BAlL, HERZE-SEZHDERSEDHDT, HEROME
ME ORI RMM VDD LR TWSE, ZTTH,
RERANHEROMEME L TEEROMNEMEHT 5,

1 Zlp—=gr—
B3 <nr L —y—0b5, BRAOKREREET, T
NRTOMIRMBEBICHE< DI L —F —NH DT ENHS



10 Y. KOIDE

M1 ZlL—%—0nfK.

F—%13, Grahametal. (1985) k3. B (@) &, ¥ELIL—F—TaNL (O) BHEEETNTVHEH0.

MMTTEo T&ER, 71— —1BERT TR, #HE, &
BCHREINE, 1707 —F—EREh33I70
A== DB L —F —FETHRINTNDS,

27— =13, BEDBRWPHIRICHHER I TS,
=77, WERE, K&ERDB, Hnwr Lb—F—dEL
TAREBEICZD, RRTHEEL TV, £k, JL—FF
7o ACKBEIERS OO LDy L—F—iF, &
HICHB L T, AIHECLIBRETH LRI L —
Y—MMERINTHWS, 7L —4%—IF, K1DED
2, REOEMTRERAINTNHS,

7L —&—ORETELT, KU#HEBAOERAN
Holz, 7L—F—LERZHOO—FHITIE, HENITK
LEETHBZ EEZXNDZHONH 5. LML, AEDH
B 71— —0%<13, BADEREETHZ LN
Mo TER, Z7L—5—NBRADHEFCLEZBDEEND
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TERY, HETRAELRZELLTVOIE, #MEkoBA L
IBPE<EBro%k ironmeteorite TH 2., BT, #HE
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(Fall) T3, stony meteorite 2894% Z 5% 5%, FD S5
achondrite 7Y 8% 58, 87% 4 chondrite TH 5., F/z, ®
MR E TIE, 99% %% stony meteorite TH 5. T DN
achondrite 133% 55 S JEEIT A2 <, stony meteorite I 96%
LIEBIEL< o T3,

WIHIZLTH, iron meteorite 13, BIRBATHS., =
L, HERSLDOBA O AR HIZIE, iron meteorite 23FEH 1T
DIRNVMETHDZEZERLTNS,

HMEEAD, FHRENSSVOERS TS B3DNEE
IR 5N TWRW, LhL, ZOLSRBEOET
HE, D5WTBEEOMEBCHEIWEEZRD ST &
ISAETH D, COHEIEETH S, BKEOHZ—F
DOWEMEZ, MEMRICHRAEL T, BEZ2EEThELN,
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CHRANTHDE, HIZZTITEOBAENER I N, Fi5T
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(ESIRBHIBFSEFN, 1987). ZOHIL, BRAKKIZE ST
KOKHITTE T B BERT DIEN, BRI TZKEKEDHER
BRORS &, HREENRED S N TEIE, BT
HFE - BAZRER CORRA OF % FHEENRD 5 2 &3]
BThb.

WIRITHE S T< 2EA DK stony meteorite TdH 5
WS Z &, BEOGHITIE, iron meteorite % stony-
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R1BABIEOETHE.

Type Total % Fall % Find % Antarctica %
Stony 1813 69.44 853 94.25 960 56.27 8010 99.20
Chondrite 1681 64.38 784 86.63 897 52.58 7783 96.38
C 67 2.57 35 3.87 32 188 134 1.66
LL 96 3.68 66 7.29 30 176
L 669 25.62 319 35.25 350 20.52
H 681 26.08 276 30.50 405 23.74
E 24 0.92 13 144 11  0.64
others 7 0.27 3 033 4 023
Achondrite 132 5.06 69 7.62 63 3.69 227 2.81
Aubrite 11 0.42 9 0.99 2 012
Diogenite 15 0.57 9 0.99 6 035
Eucrite 55 2.11 25 276 30 1.76
Howardite 24 0.92 18 1.99 6 035
Ureilite 17 0.65 4 0.44 13  0.76
others 10 0.38 4 044 6 035
others 137 5.25 72 7.96 65 3.81
Stony-iron 73 2.8 10 1.10 63 3.69 16 0.20
Mesosiderite 32 1.23 6 0.66 26 1.52
Pallasite 39 1.49 3 033 36 211
Lodranite 2 0.08 1 0.11 1 0.06
Iron 725 27.77 42 4.64 683 40.04 49 0.61
IAB 107 4.1 6 0.66 101 592
IC 11 0.42 0 0.00 11 0.64
IIAB 68 2.6 5 0.55 63 3.69
IIC 7 0.27 0 0.00 7 041
11D 15 0.57 3 033 12 0.70
IIE 14 0.54 1 0.11 13 0.76
IIF 5 0.19 1 0.11 4 023
IIIAB 197 7.55 8 0.88 189 11.08
IIICD 21 0.8 2 022 19 1.11
IIE 13 0.5 0 0.00 13 0.76
IIIF 6 0.23 0 0.00 6 035
IVA 56 2.14 3 033 5 311
IVB 12 0.46 0 0.00 12 0.70
others 193 7.39 13 144 180 10.55
Sum 2611 905 1706 8075
Unclassified 770
Doubtful 173 54 21
Grand Total 2784 959 1727 i 8845

Total & Fall, Find ®F—# 13 Grahametal. (1985) 12k 5. EEMIRAIEAE 14,000 D5 > T
W3, ZIZTIE, SHENHEMTEINTINDS 19124EM 5 1986 FED T — 4% % ffi o 7 (National Institute
of Polar Research, 1987) . &b (%) 13, SHEOBAOEEKE Sum OFERTE oD TH 5.
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stony meteorite D1 CH, achondrite & D chondrite 732\
ENS D, BAORKHORESE 22 ETHIERICE
ERFEEHRIC S, BROL DI, BAREASLEK,
AR RENS, HEBEOBEAITHIROERERYE
TharLEZLND, HDHWI, BaIHERIIFRICL DR
TOBATHEEINZEEISNTNS, BALD, HWIRO
MEIMBEOEZEBETHD ETDHE, HIROMEMEL, —8
M (RAE=&% W51 A—JLFIEERY, AN
WEREESTZEND ZERR DS,

BREOBAOBREZRAND Z LT, BHERRORRZEH
NBHLEERKTS. JOFETHAR, Bald KED
{bAa) LWz,

4 BBREDABE L

Bald, EAkbisk, MERCEBTELLEDORESDE
FEHEMIBH-o b TIER, HEHITETHD/INK
ENEROHL B DO THS. ZOLdRTOERAE, &
FHICHUARRETH S,

FHICIIFHRENEDE TS, FHRIL, DWEZEET
ZDIEBESIERITEN OV, BRENS KREOBEY 1T XD
WHNROH Lz E &, BEOENER, IO TFHBRD
WBFEZTH L5, BANRERENSROHL, F
HRIZI 53N, #HIKICHS 2o N2 EToOHMZ, ME
FEREMER,

FHBROBNEZZIT 2 ERTFICHRRENBE S, ik
RIGZ &2 T2 RFEFEFRNERI N, NDOWHRIEZESI
XTI, FHRE O THERINIBHEZET, HHY
DENWH DI, BEHHERRED A R E & BRI
#ETH, IOLIBEREE, $O—D, BMHKIETTES
REBREN RN EWEAEEEO L ERA WS Z &
Lo T, FHBIISINEZERDDNS,

F DR, KERSD stony meteorite |E, 3500 FELLT D
BWERT, ERNREEAMMMERT. boEbENHOD
TH, 9000 TERETH S (Nagao et al., 1983), stony
meteorite |4, HIERICE RT3 & X, ZHEMNITOTHFWES
N, RQLEDEBOEDICHIFILZEZEZ 50 TVS
(Chapman, 1981) .

—74, iron meteorite |%, HFFEROBEIINSDHD
E—oRAasNs, E—213, 1BEULTOHD, 284, 4
B, 6f8F, IEFEHTHS. HNHDOTIE, 4EFEOD
DETH 5. ironmeteorite D DLSRE—T1E, BAEZ
i U7/ NRIRIC KRB IR E 223 B T o R 2R L Tn
5EEZ 505 (Chapman, 1981),

FBAE D% THEBN S, BADHEZERDD ZENTES,
JRERRIITVE 2 I A L O Hh 51 T R O BB NS 5 g,
BaOHENFHETES, SETEROBADE FIEE
INTWBA, BAOHENRDSNTWEDE, FEFIC
Dix<, BITEETTSE LM, LostCity (HS), Pribram
(H5), Innisfree (LL5), Dhajala (H3-4), Peekskill
(ordinary chondrite, H6) T®» %,

1992 12 US.A. D New York IZ% F U7z Peekskill 14, D
WSRO 5NZHDTHS (Brown etal, 1994), %< D
HEEDHIZIE, ETATESZRANDRESED 144D
W, ZOXRIRBEIRT —F 05 Peekskill DHIE TR
5z,

SODBADOHEZR THD L, URD Z &M 5 HERE
Y] DHEZFFD. DE DT H RIEHERE D Al (< 1AU)
WHd, EBHAR, NMKREOE) MARE)) M ZH#Y)
2HDTH5. BHEMBINTVWIEAOHHLNS, 0T
NHPEEFICHKTZ2HDEEZEZTELY (Chapman,
1981),

INEREORBWMEL, KFEAHXDART MVhsHETE
5., INKREOERBWEL, BEOEMTEADRFFARY
RMVENREOSDZELEBETEZ EICLo THEINTY
% (Wetherill & Chapman, 1988).

R2UT, NEEDRPARY MNTLBRNZERLZ. T
DEDW U THESNNKREET, NNKEFITHEIIHH
THDTRL, cass HIZEDOEEITE> TWD (K 3).

NEENL, ERBAEXTES (£ 2). carbonaceous
chondrite 1%, Class C, T, K D/NEE TEN)L DA (2.5
~35AU) [T #id 5, achondrite IZ, Class A, Q,R, V., E
TEN) MTERS, 22— 8/NKET, NV NZH 5,
UL, BEDKEHS%EHDS ordinary chondrite |E, FEN
VTR, #EREHY > DI DWED T 5HE 25
D7RO - T E—IIVEO/NKETH S, stony-iron meteorite
*° iron meteorite [J, Class M, S D/NKETRIED EA)L b
ZHh s,

ER)FDONKENT, 1FEAE (70 %) 13 carbonaceous
chondrite U OEMZFF> TWb., T I O/NRET, kit
M REYME S DEKBETERINEZCINS C20
carbonaceous chondrite TT&ETW57Y, C2 carbonaceous
chondrite DR E % H D/NKE I hDOAMFEL L 7
BIHMD S D, ordinary chondrite 7 1 7 D/NEREIT, /NEX
EROEN) MTFFEAER SN, BT D <,
BEZEREDEDIZ, BADE FTHEEOKREBAZEDD ENS
ZEFHALPTV, 7RO - TEIB/NREL, EF
MTHD, EThEH, 7RO - TENBEEAD/NKED
PR ETH S, EN) QS OMIANERNZ DG
BETHH0028MNHB, WIIUuILTh, BEEIL, BA
DEENMT ER/NEREDEENMMIIRES BB ZETH
B

Il BBADSHME

ANEIBAIITEZ, RBEFCANE. AEID, koy—
Ty hELT, KEOHBZAFELLISELTWS, L
Lads, HERAOHEEZBRMIZT > TAFT 20T, =
RBBEREAMELBEEL, BREMES, BAEIZ, AEN
FRHRLZEDIRNMIRAYE TH 5. HETHEOEE
Hid, Iz E@3dnEs ednn,. 22T, BED
HEAR Y, 78, BB LR EE D 3,
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& 2. NKED S,

Low-Albedo (< 8.1) Classes

Class C

Class D

Class P

Class T

Class K

common in the outer part of the main belt, classified into B, F, G
CI, CM chondrites

rare in the main belt,

and dominant beyond the 2:1 resonance with Jupiter at 3.24 AU
surface of kerogen-like materials

no meteoritic analogues

common near the outer edge of the main belt

surface of probably C-rich material

no meteoritic analogues

rare and of unknown composition

altered carbonaceous chondrites

CV and CO chondrites

Moderate-Albedo classes

Class A

Class M

Class Q

Class R

Class S

Class V

rare type
surface of olivine and weak pyroxene feature

brachinites

common in the main belt

surface of Fe-Ni metal

iron meteorites

unique to 1862 Apollo and possibly two other Earth-approaching asteroids
ordinary (H, L, and LL) chondrites
unique to 349 Dembowska

surface of olivine, pyroxene, and some metal
olivine-rich achondrite

very common in the inner parts of the main belt,
and among Earth-approaching asteroids

surface of metal, olivine, and pyroxene
pallasites and some iron meteorites
unique to 4 Vesta and Amor type 3551 1983 RD
surface of pyroxene feature

basaltic achondrites

High-Albedo (> 8.3) Class

SMRIL, Albedo EEHDKE X< k)
TBIIEHNVS. K Class D/INREET L
DOLUMER Uiz, EERYE EZ0kE
HURABRLEZ. F— 13 Wetherill &
Chapman (1988) & Taylor (1992) i2d:%.

Class E uncommon type
enstatite chondrites
1.0
U E Meteoriteic Analogy
| H 1N Achondrite
[ K == s mm  Pjlissite, Iron

0.8 | s T B v it
- " | —_ Un‘known
g i =% A

P

-cé, 0.6 £ l! .
3 ~
a - o
-
(<)) .4 -
- 0.4
-
2 -
[¢F]
= 02} ;

0.0 1 1

1.5 2 2.5 3 3.5 4 4.5 S

B 3. /NERE DML EBIE R

5.5 Taylor (1992) itk 5.



16 Y.KOIDE

BaE, TORECHEEAEDYE, bk, Mz
EOENIZED, WSDIONDY A TITEXLIND, —FKx
HOXME, WREYBICLLENETH S,

A D& AIEME, olivine (1205 2 A), pyroxene (B
7). plagioclase (FER) NS HHEBEIME, Ni-Fet
ENETETVS, EBEGMESBORLNS, HEERE
iM% X & 5 D stony meteorite (RERA), EREIEHLY
& @M 571 5 stony-iron meteorite (A EKEA) BLUE
J@/ 5725 iron meteorite (LR 3 2 WILEER) ITKRHIS
na.

1 Stony Meteorite

Stony meteorite 1Z, chondrule (2> RV =2—)b, kD)
%4t chondrite &, & £/ achondrite D K& < 2T H
nhas,

chondrite 13, {EFHMPKBRLUTKEELL TR H DR
Ho7=0, chondrule 23%% > TV b LT, MEER - {L2¥EH)
MEEZTTNRWEDIIERME BREHEDWND) LI
\$N 5. —F, achondrite 13, KRG EIZRRD, B
HERY - (2R 08t - oMb UTe b Bl 2R T & 5, 7
(LA EWS, F/z, stony-iron meteorite 334 N iron
meteorite HMEL7ZHD LB,

i Chondrite

chondrite 1E, BBADHF TIEH - EHZLREENEZHDT
5. chondrite DFERLIE, —#ITIX chondrule & fragment
(chondrule DfgH, HEREFZEY), mclusion N 572D, %
D Z matrix BNFREL TS,

chondrite 13, (LM EHMFEDEWITLD, BLFDX

SREDDT)N—TIXKAIND (F 3). carbonaceous
chondrite (REBIAZRSA1 K, CEHBIND),
amphotelite (¥ > 74571 b, LLEBEI$5), olivine-
hypersthene chondrite (1> >H -)NA/)8—> > - a2 R
4N, LEBEEIND), olivine-bronzite chondrite (725
E-7a ¥4k - IV RIM b, HEBEHS) BX
WNenstatite chondrite (LAY ¥k - A2 KI14 b, E
EEINd) ThHb.

—HBEBANL VDX EYT T T, DWTH, L, LL, C
EixB, &BMMNZE chondrite 13, EEEHESM T D Fe &
HERNVELS B> TW5, HIT, BENDBRVWHDI, B
MBS T O FeFARODRIZo TS (K1), 417
DEWIZS T ERMEFARICORBREN TN S,

chondrite DERILEMIZ, olivine % Ca-poor pyroxene
(orthopyroxene, enstatite), Ca-rich pyroxene (augite,
pigeonite), plagioclase %3 & L, spinel, silica 7% & D EEEAHT
¥ &, Ni-Fe #i4) (kamacite *° taenite /2 &) & troilite
(FeS) 7R EDIEHERBIN NS 725

chondrite M 5 % carbonaceous chondrite {&, /& Fe #1%
EAERTET, FeldBRHMICE EN 5. BEESEM I,
FETserpentine TH 5., Fe D—EflE, Fe** 721 magnetite
L CTWb, Z4UE, carbonaceous chondrite 13, FEH
KL REE TSN ED D THE ZLERLTNS,
carbonaceous chondrite [Z13, & 512, H:O @ b/K#E, H
Bmbd %< EFATWD, carbonaceous chondrite &
hypersthene chondrite D H 72 HEE D H D % amphotelite
EIER,

carbonaceous chondrite & enstatite chondrite 13, FE%# 1T
i TdhH 50Xt L, amphotelite & olivine-hypersthene

< 3. chondrite D&,

Type matrix olivine pyroxene Mg/si ca/si Fe/Si Fe ratio mineralss

a1 > 95 serp 1.05 0.064 086 0 mt, dl, pyrr, sulf

CcM 85~55 serp 1.05 0.068 0.80 0 toch, calc, arag, mt, eps, pent, pyrr
co 40~30  Fa60-30 1.05 0.067 0.77 0-0.2 phyllosilicate

cv 50~35 Fa6040 Ca-rich (Fs 50-10, Wo 5045)  1.07 0.084 0.76 0-03 ne, sdpent, tr, mt

ca-5 80~50  Fad40-30 Ca-richand Ca-poor pl (An 90-20), mt, pent, pyrr

H3,L3,LL3 5~15 Fa30-20 Ca-poor (Fs 20-1)

0.77-096  0.0035-0.0050 0.52-0.81 0.11-0.83

glass, tr, Fe, Ni, mt

olivine Ca-poor pyroxene Ca-rich pyroxene plagioclase troilite kamacite taenite

mode Fa mode En:Fs:Wo mode En:Fs:Wo mode Or:An:Ab mode mode Co mode
E - = 5060 984:03:13 - - 510 4.0:150:81.0 510 1525 - 0
H 3337 1620 23-27 81.6:16.8:1.6 45 488:6.0:452 9-10 58:123:819 56 15-17 52 23
L. 4549 2326 21-25 77.3:209:18 45 47776447 9-10 5.6:10.2:842 56 68 106 23
LL 5660 2732 14-18  72.6:25.2:22 45 46.59.6:43.9 9-10 3.6:10.5:859 56 12 329 24

FD LI, carbonaceous chondrite DA A FLH LALFHR ORFMZER L. T —F 1k Scottetal. (1988) & Sears & Dodd (1988),

/NB (1987) 12k . Feratiold, metal 10 Fe 224K D Fe TH|- =6 M. WS, serp: serpentine; mt: magnetite; di: dolomite ;

2

purr : pyrrhotite ; sulf: sulfates ; toch: tochilinite ; calc: calcite ; arag: aragonite ; eps: epsomite ; pent : pentlandite ; tr: troilite ; ne:
nepheline ; sd: sodalite ; pl: plagioclase. RD F¥413, chondrite DAALHL & (LA ZR L. Mode l3wt% TR L. Co®
BFE T me/e TRUK. T—4#13 Van Schmus (1969) & Sears & Dodd  (1988), /INB (1987) k5.
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A: UC Diagram

Fe + Fe in FeS (wt%)

Al/Si (r182)

C: Ca-Al Diagram

3 5 7 9
Ca/si (x182)

4. chondrite DX 7K.

% B: Prior Diagram

L

P o€

}

30

A
PR Ap—
y

weight of metal phase

10

Ni content of metz:il phase

1

100
%o

80

o
T aijesse

Olivine:

60

Xene,

0 0.1 0.2 0.3 0.4
Fe0/(Fe0+Mg0) in silicates (wt%)

A: UCH, Urey & Craig (1953) Z%Z; B: Prior |, /NB (1987) ZWZE;

C: Ca-Al &, Wasson (1985) %i&% .

chondrite, olivine-bronzite chondrite M 3 DI, T H DS
N7~ chondrite 72D T, ¥ & T ordinary chondrite (Fif 3
RS, OF14F) EIREENS.

Van Schmus and Wood (1967) 1d, chondrite D&E2EH)
B % Uiz, A1 7O chondrite Th, A&AFRIRAM
EANEEICZ L LT W< . Van Schmus and Wood I, %
DEFFHEMICERLT, 1056 IXKS L (R,
chondrule 2372 < TR CTHIKL D matrix D572 B LA T 1,
chondrule DREFD BB Y 17 2 & 3, EIARHBIIZ
BB THA T4, 5, 6ETDEDIRA Lz BEFE
B4 1 7 DEWE, chondrite R Z T LB DEE
DEVWEELTVBEZZSNTND, ¥ TIN5 6ITR
ZITLE > T, BEKROEEITRES,

TOBEAERHY A TN, B O RS
HERINEREH DD TH S, §XTD chondrite [ZTH
FARRERRNERDT, CEE, H, L, LLEMAEDIN
<HmBINS (B 5. ¥171&21, carbonaceous
chondrite DA A SN, FNUSNDE, H, L, LLIZ# 1
FAns e NWHEIND, TOXDBRAEAENY A THT

%, C, E, H, L, LLIZFCEZ, chondrite Z#fl70 L T
W5,

LlEoSgEIcmA TS D& DRI EN RSN
TW5, flZE, HEREBRERAOEBEICEI > TalbfXT
AL, LScDEDITEETOABERATDOUMAS L
WHHONH D (Dodd & Jarosewich, 1979) . & 5 W IF
OEEZBI IRy LI ARAET 5 LW EEBRRGE
mEBHD (Searsetal, 1982a), T D XD RA/EITNHT L
HERLTWRRN,

chondrite 1%, chondrule &S CdH 5. chondruleld, &
FIERYBLELELLETERINLDOTH DD,
chondrite PN CIZ—##1Z chondrule R 13 F#BALRITEL T
Wik, HiZ, HAYT TOREVDDIE, ZRREMADE
BEHITE L TWS, ordinary chondrite % enstatite
chondrite &, TWMNEFEENTRATHIENH B,
carbonaceous chondritel3H G Y 1 T 1~4E/NENEDHIZ
JEFEH TH S, carbonaceous chondrite *° ordinary chondrite
L enstatite chondrite DIEFET 2 H DVE, RFRETOLENLZE
HEVZTT, LDOWORBKEROB®RERREL TY



2= 4. chondrite D& A48,

Y. KOIDE

Petrographic Types 1 2 3 4 5 6
Homogeneity of olivine >5% >5% <5% Uniform Uniform
and pyroxene compositions
Development of Predominantly Predominantly Monoclinic Monoclinic Orthorhombic
Low-Ca pyroxene monoclinic monoclinic >20% <20%
Secondary feldspar Absent Absent <2um <50um >50um
Igneous glass Clear, isotropic, Clear, isotropic, Turbid if present Absent Absent
primary, primary,
variable abundance variable abundance
Ni content in metals <20% >20% >20% >20% >20%
Taenite absent or very minor preseat present present present
Kamacite - present present present present
Ni content in sulfide >0.5% <0.5% <0.5% <0.5% <0.5%
Chondrules None Very sharp Very sharp Well-defined Readily delineated Poorly defined
Matrix All fine-grained, Much opaque opaque Transparent Recrystallized Recrystallized
opaque microcrystalline
Bulk C Content ~3.5% 1.5-2.8% 0.1-1.1% <0.2% <0.2% <0.2%
Bulk Hz20 Content ~6% 3-11% 2% <% 2% 2%
F— &3 Taylor (1992) O3 )NA)VEMEH L.
Petrographic Type
1 2 3 4 5 6
E A E3 E4 ES E6 Reduced

.

3 H H3 H4 H5 H6

[©]

s L L3 L4 L5 L6

Su 113 L4 LLS LL6

O uit

c cl1 o) foc) C4 Oxidized

Increasing metemorphic grade

5. chondrite DX4} & Fe DZHL.

A BAYA T EENT I —TicLBXS, B EHAENY A TICLD
chondrite DFAHICBIVF S Fe DR ELE(L (K, 1992).

%, —JF, F#il3 chondrite 13, BFRETOLEERSPED
BEZREFEL TWS,

MR E S, Aay0 7 T7 (LL7: Y-74160, H7: Y-
75008) ®, EEX HOH MM HD (ALH-77081, ALH-
78230, Y-74063) iz Ea=— U REBAVRREINTHS (E
SBHIUBFZERT, 1987). #41 T6 LB E, 1T 713,
pyroxene & plagioclase 2VHLKLIZ/R > TW 5,
carbonaceous chondrite

carbonaceous chondrite 13, £EME/NENE < FE
BWYATTH5. 51 TOREN AR ER
S5WIRLEZ. ¥4 TEICERRS® H0 P CIREDEFRRK
4y, Fe® Ni, FeS2 ED&BCH{EMREDETHERLEN
Hohsd, Wiik (1956) &, ThEThhEhok
carbonaceous chondrite D/ HTHEZ I L, TOMHEZHREN
7=. Wiik 13, carbonaceous chondrite 1, HFED DEIC
EoT3ID2DTN—T T, BREESOZVIEIZ, ¥
471, I, I ERATES Uz, #0711 H0 28 10~
20wt%, CA3~4wt%, % -1 7 113 HO 23 2~10wt%, CHY

0.5~2wt%, % 711 HO 4 <2wt%, C2A30.5wt% LAF
L7123, carbonaceous chondrite DEF K% DE < & Fe
L FeO DEHRBRDAFHIL, 25~26wi% TH )V — TR
W, #1471, IO, 11, 1, 2, 3ICEENT 5.

carbonaceous chondrite |3, REHREG4ICL > T
(Il Ivunalt&®), CM (M3 Mighei), CV (VX
Vigarano) = L T CO (O lZ Omans) IZMlHEn3 (Van
Schmus & Hayes, 1974 ; Wasson, 1974), #4177 &L T
CR (R1Z Renazzo) &3,

2ODNFEBETHHAL WL . BALOBE L AR
BRI A TRTEHmEITELS, 1T 1NB4ETH S,
ClIE Wik DAL 251711, CM & CRIZY 1 71
W2, CVEXNCORY A TUHIWC,CVIRY A TII &I IT
TNThHIET 5,

ZOEDIMLZEHRDENDIFNT, HERIEHOEND
BOOEND., —FDEWNIT, matrix & chondrule D& D
T®H 5, ClTldchondrule id72< , CM, CO, CV DJET
chondrule &N Z, HIZ matrix DEINE S (F 3).
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Z% 5.Carbonaceous Chondrite @ B4 7K.
Type Cl Cl Cl CM2 CM2 CM2 CM2 CM2 Cc2 co3 Cco3 Cv3 Ccv3 C3 Cc4
Name Orgueil Tonk Ivuna Murray Marchison Y82042 Y74662 B7904 average Lance ALH77003 Allende ALH77307 average Y693
SiO2 22.56 2242 2271 28.69 29.07 2552 19.18 3149 28.14 3323 34.09 3423 2983 3197 3371
TiO2 0.07 0.09 0.07 0.09 0.13 0.15 0.22 0.16 0.18 0.13 0.13 0.15 007 0.16 0.25
Al2O3 1.65 1.92 1.62 2.19 2.15 1.58 238 330 2.76 293 2.81 3.27 206 299 3.12
Fe203 - - - - - 15.14 - 0 8.61 - - - 1794 3.03 9.60
FeO 1139 9.40 945 21.08 2239 6.69 2253 2191 1384 248 2042 27.16 938 2406 1836
MnO 0.19 0.15 0.23 0.21 0.20 0.26 0.22 0.25 0.25 0.20 0.21 0.18 020 023 0.19
MgO 15.81 13.71 16.1 19.77 19.94 1879 1929 2371 1945 2354 23.99 24.63 2132 23,55 2526
Ca0 122 134 1.89 1.92 1.89 1.69 1.70 222 1.82 264 223 261 189 206 242
NaO 0.74 324 0.75 0.22 0.24 048 0.28 0.66 024 0.58 0.58 045 0.17 045 045
K20 0.07 036 0.07 0.04 0.04 0.03 0.04 0.04 0.04 0.14 0.06 0.03 002 005 0.04
P20s 0.28 0.11 041 032 0.23 0.25 0.23 037 0.29 032 0.26 0.23 030 026 0.28
Cn03 036 0.12 033 0.44 0.48 043 0.52 0.50 047 049 0.50 0.52 047 051 0.52
NiO 1.23 0.86 134 1.5 1.75 - 0.85 - - - 0 - - - -
CoO 0.06 - 0.06 0.08 - - - - - - 0 -
Fe 0 033 0 0 0.03 - - - - 2.19 6.60 0.17 - - -
Ni 0 0.07 0 0 - 0.53 - 1.21 0.85 15 123 036 1.11 0.85 1.18
Co 0 - 0 0 - 0.03 0.059 0.028 0.049 0.07 0.057 0.01 0.043 0.049 0.045
FeS 15.07 16.11 1838 7.67 724 6.90 738 1145 7.68 6.49 479 4.03 542 - 423
NiS - - - - - - - - - - - 1.60 - - -
CoS - - - - - - - - - 0.08 - -
C 3.1 27 483 2.78 1.85 0.068 1514 - - 046 0.29 0.061
S - - - - 049 - 3490 - - - - - - - 1.604
H20 19.89 21.66 18.68 1442 10.09 6.77 13.26 2.1 15.02 1.4 1.6 <0.1 6.1 334 0.1
Volatile 6.96 - - 0.62 - - - - - - - - - - -
Ref. 1 2 2 1 3 4 4 4 4 1 4 3 4 4 4

FIA. 1:/M8 (1978) ; 2: Witk (1956) ; 3: BMIEHM (1991) ; 4: ENLAMAFZERR (1987) .

chondrule Y DB H T TE /= fragment (FF) b
chondrule DI 2L ZE TS (McSween, 1979 ;
Tkeda, 1982) .

amphotelite (LL)

amphotelite DEEEH M olivine (Fo 68~73 mol%) &
hypersthene, Ni& Co lICELBEMHZER TWt% LA F 24>,
ordinary chondrite D727 T3 olivine 2N —F %y, #1Z, Ca-

# 6. Amphoterites (LL) D FE(L2240 5k,

Type LL3 LL3 LL3 LL4 LL4 LL4 LL6 LL6 LL6 LL LL
Name Chainpur ~ Ngawi Semarkana Dalgety Arkanas Hamlet Soka-Bamja  Y-75258 Y-74646 Nas average average
SiO2 40.63 40.36 40.16 38.60 41.05 41.43 38.74 40.26 40.96 39.58 40.20
TiO2 0.09 0.10 0.10 0.11 0.14 0.1 0.18 0.15 0.18 0.14 0.14
Al2O3 2.63 2.57 2.23 2.80 2.64 2.3 2.03 3.37 2.23 2.52 2.59
FeO 16.29 18.14 17.57 12.10 17.43 17.52 25.38 19.02 18.9 19.86 19.42
MnO 0.32 0.36 0.35 0.28 0.28 0.33 0.36 0.37 0.35 0.34 0.30
MgO 25.14 25.60 24.86 24.00 25.25 26.5 25.05 25.11 25.7 25.70 25.32
Ca0O 1.55 1.83 2.04 2.10 2.12 1.80 1.79 1.72 1.62 1.78 1.77
Na20 0.75 0.99 0.96 0.90 1.02 1.20 0.93 0.97 0.84 0.87 0.89
K20 0.12 0.09 0.10 0.10 0.07 0.07 0.08 0.13 0.12 0.11 0.16
P20s 0.36 0.18 0.24 0.19 0.28 0.14 0.34 0.25 0.2 0.25 0.26
Cr203 0.70 0.62 0.49 0.48 0.56 0.54 0.57 0.78 0.59 0.58 0.44
Fe 3.02 0.60 2.05 9.20 2.86 3.07 - 1.96 1.46 1.33 1.65
Ni 0.96 1.06 1.16 1.40 0.90 0.91 - 1.01 0.99 0.95 0.96
Co 0.04 0.05 0.05 0.05 0.06 0.04 0.024 0.031 0.06 0.025 0.06
FeS 6.44 6.08 532 6.30 5.81 5.00 3.75 4.59 6.36 5.27 6.04
H20 1.1 1.78 1.62 1.00 0.04 <0.01 0.20 0.64 0.13 0.49 -
Ref. 1 1 1 2 1 2 3 4 5 4 1
Fl/A. 1:Doddetal. (1967); 2:Easton & Elliott (1977) ; 3 : National Institute of Polar Research (1979) ; 4 : B YZ & HIAF 7SR

(1987); 5:/NB (1978) .
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# 7.1 Chondrites ® FEE(LE5H AR,

Type L3 L3 L3 L4 L4 L4 LS LS L6 L6 L6 L L

Name Y-74191 Carmraweena Bishunpur Rupota Bjurbole Bamratta Imm Ruaba Ohuma Leedey  Y-74362 Modoc average average
SiO2 40.09 40.39 40.54 39.53 42.00 40.61 39.63 3843 4032 38.63 39.29 39.32 39.88
TiO2 0.24 0.10 0.15 0.12 0.09 0.12 0.08 0.11 0.12 0.14 0.12 0.10 0.15
Al203 2.89 1.59 2.23 2.14 2.48 2.63 2.46 2.73 2.19 2.38 2.49 2.39 231
FeO 14.68 14.32 11.89 14.17 1530 15.63 12.68 13.09 12.43 15.62 14.96 15.13 13.12
MnO 0.35 0.35 0.32 0.32 0.34 0.33 0.36 0.26 0.34 0.32 0.33 0.33 0.27
MgO 24.89 26.15 2506 2443 2660 2532 25.15 2336 2494 2538 27.78 25.52 24.98
CaO 1.79 3.15 1.83 1.88 2.13 1.56 1.67 1.81 1.82 1.73 1.62 1.85 1.90
Na20 0.97 0.67 0.95 0.94 1.12 0.95 0.59 1.07 1.00 0.88 0.93 0.90 0.88
K20 0.13 0.09 0.10 0.08 0.12 0.11 0.14 0.10 0.11 0.20 0.1 0.09 0.14
P20s 0.20 0.22 0.30 0.28 0.06 0.26 0.27 0.07 0.18 0.25 0.3 0.24 0.26

Cr203 0.75 0.35 0.51 0.51 0.54 046 0.32 0.61 0.52 0.43 0.55 0.52 0.44
4.55 6.62 6.71 3.07 4.89 9.28 845 837 6.65 6.68 6.10 7.70

Fe -

Ni 0.85 1.10 1.05 1.24 0.91 1.20 1.59 1.24  1.21 1.08 1.3 1.10 1.12
Co 0.032 0.06 0.06 0.05 0.04 0.08 0.06 0.10 0.06 0.04 0.08 0.036 0.06
FeS 5.01 6.52 6.47 6.56 5.00 6.25 5.35 777 642 6.03 6.46 6.04 6.17
C - - - 0.13 - - - - 0.08 - 0.18 - =
H20 1.18 1.15 1.37 0.69 <0.01 0.30 0.03 <0.10 0.05 0.10 - 0.27 0.34
Ref. 1 2 2 3 4 2 4 4 5 6 7 6 2

A[F. 1:National Institute of Polar Research (1979); 2:Dodd et al. (1967) ; 3:Jarosewich & Mason (1969); 4:Easton &
Elliott (1977); 5: ¥EMEEM (1991) ; 6 : EITEMBIFERT (1987); 7: /NB (1978) .

poor pyroxene 372\, kamacite 13 72<, Co DESHE 74~79 mol%) & hypersthene T, 7~12wt% D& @ HH 1k
MNEZ (3.29wt%) . 2% 6 1TfAFKAI7L amphotelite DAL F9 5. {LFEHED L TIE, amphotelite & olivine-bronzite

HkERUZ, chondrite DH RS DTH 5. & 7I2{EML olivine-
olivine-hypersthene chondrite (L) hypersthene chondrite 2L ER L7z,

olivine-hypersthene chondrite D EEEEH 9113 olivine (Fo

% 8. H Chondrites ® EEAZH 5.

Type H3 H3 H3 H4 H4 H4 HS HS5 HS H5 H6 H H
Name Bremervorde Clovis(No3) Tieschitz Ochansk Weston ~ Gamett Forest City Geidam Richardson Y-74647  Guarena average average

SiO2 37.64 3540 3684 3745 3659 3781 37.07 36.62 39.00 36.62 3674 3564 36.52

Tioz 010 010 008 008 013 010 015 013 010 017 012 010 013
Al203 223 206 240 228 223 220 209 262 240 219 204 200 243
FeO 1286 1770 17.54 934 11.14 1376 989 11.04 946 11.13 1024 1171 8.87
MnO 031 031 034 030 032 030 028 032 031 033 032 028 025
MgO 23.80 2228 2379 24.18 2284 2437 23.62 2404 2500 2438 2344 2373 23.58
Ca0 1.42 164 161 179 178 164 175 175 184 166 160 176 1.82
Naz20 197 064 095 09 095 105 099 091 110 08 09 073 085
K20 009 007 004 008 014 008 007 007 013 009 009 008 014
P205 027 033 021 013 032 0.4 034 031 020 026 027 023 023
Cr203 050 046 073 055 052 076 054 051 041 055 055 046 036
Fe 1265 509 810 1670 1487 11.59 1621 1568 1619 1545 1630 1580 17.23
Ni 1.52 156 171 149 154 118 165 169 138 175 174 170 1.58
Co 010 008 010 007 011 006 010 013 006 004 009 0058 0.09
FeS 595 636 534 482 531 333 0521 463 287 487 548 545 535
C - - - - - - - : . - 0.02 - -

H20 033 350 095 <001 108 158 039 057 - - 015 029 033
Ref. 1 1 1 2 1 2 3 1 2 4 5 4 1

5. 1:Doddetal. (1967); 2:Easton & Elliott (1977) ; 3:/NB (1978) ; 4: EMBTFSEAR (1987); 5: #EHIEA (1991) .
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% 9. E Chondrites O FEALFEHEL.

Type EH3  EH4 EH4  EL6 EL6 E
Name Y-691 Indurch KotaKota  Pallister Daniel's Kuil average
SiO2 3798 35.26 38.70 39.83 32.80 3523
TiO2 0.08 0.06 0.05 - 0.14 0.10
Al20s 1.56 1.45 1.24 2.17 1.54 2.72
Fe203 0.48 - - . - -
FeO - - 1.33 = 0.14 2.43
MnO 0.25 0.25 0.39 0.02 0.14 0.24
MgO 19.28 17.48 21.10 20.94 20.90 18.90
CaO 0.45 0.95 1.01 0.62 1.50 1.20
Na20 0.86 1.01 0.90 0.80 0.44 0.79
K20 0.08 0.11 0.03 0.09 0.06 0.08
P20s 0.46 0.52 0.24 - 0.10 0.46
Cr203 0.42 0.47 0.35 0.21 0.29 0.44
Fe 22.18 24.13 22.60 22.05 33.09 17.20
Ni 1.86 1.83 1.54 1.68 2.90 1.61
Co 0.09 0.08 0.08 0.08 0.13 0.064
FeS 11.91 14.20 9.46 9.02 6.28 14.54
C - 0.43 - 0.18 = -
H20 - 1.17 - 0.12 0.08 3.96
Ref. 1 2 3 4 3 1

B, 1: ETHEMBIZERT (1987); 2: /N8 (1978); 3: Easton & Elliott (1977);

4: BEHEEM (1991) .

olivine-bronzite chondrite (H)

olivine-bronzite chondrite /4, olivine (Fo 80~85 mol%)
& bronzite ZE A, NIigHET~1Iwi% DE&EHE 16~
21wt% %5 . ordinary chondrite D72/ Tl olivine I3 —F A
72V, 31T, Ca-poor pyroxene 232 VY, kamacite 132 <, Co
DEFRDBDIZV (0.52wt%) . & 8 ITREKH R olivine-
bronzite chondrite D 2F (LMK Z/ R L. enstatite
chondrite (E)

enstatite chondrite IZ, clinoenstatite (FeO ZiF&EAES
Fian) PEERHEEIMN T, NigFRODRWEEM
% 13~25wt% £S5 (F 9), olivine % Ca-rich pyroxene % |F
EhEEERN, £z, BBREIMT D Felddiz<, Felt
SR PICEEND, O, RBEHIEYOZL
WD ¥ enstatite chondrite DAETH 35, 5 DI,
enstatite chondrite)3# L <BITHRFHTER I NI &
ZRLTVS, ZOXIRBREE, MIRSA TRRNHD
T, COBAOEBOGEHNEZEFERIh TS (RH,
1982), enstatite chondrite DN 2 DEL &, Fe OF
HENZW 35w%) J—TEHIN—TIEndDE
2D HND, HIWIEFEHELHRICELoTH, 220
IN—TRENPTES, PGB TRELE<FUEHY 1T L,
BHTEODRNVWELY A TITX D TES (Sears et al.,
1982b). EH % 1 FI3ZEMEIEL (EH3~5), EL&¥ A7
BERENE VY (EH5~6).

i Achondrite
Achondrite 13, stony meteorite @ 9 5 chondrite D XK DT

B2 =72 (chondrule 2373 \Y) 72912, MiER
FoAAEXFILIZL VY, achondrite V4, Zhki A G ENR
535, achondrite 1, —#IZ1d chondrite & VD MK 7x A
A TH B, achondrite DABEHILMIL, troilite = chromite
(70,885 ,ilmenite (F& 8385 T, Fe-Ni&&EdS
EQAJRN

achondrite |3 CaO O HFRICE T WVWT, Ca-poor
(<3wt%) & Ca-rich (>5wt%) &1 T KB NB, Ca®
SERIIITHESEDOENELTHRD NS, CaDEF R
NZ WA, plagioclase *° clinopyroxene W% < 725, —7,
Ca NP7z WAL, orthopyroxene *° olivine 78 < 725,

Ca-rich 1 73, #EREOZRBITHU TN S =8,
basaltic achondrite £FEIX 5, howardite, eucrite, nakhlite,
angrite, shergottite BX N RIFE DR A (anorthositic
regolith breccia) 73 %, Ca-poor ¥ -1 713, aubrite, ureilite,
diogenite, chassignite 23 % 5,

CaDEEBIZEITVWEZRME, HTLd, RRBEGRES
BLEDBOTIEARW, T0kD, RENBEREEELZY
—TI2E LD BHF TS, howardite, eucrite, ureilite 13,
3EOENFEE- T HED &IN5, F7z, shergottite
& nakhlite, chassignite HEHRBEGRND B EH 2 531, SNC
EFEOTIEIEINS, FE 1017, achondrite DA 728540
EbFHERER LTz,
enstatite achondrite (aubrite)

Ca-poor achondrite D 5 6, ¥ HHIHL enstatite (T3
MR D D%, enstatite achondrite (aubrite & HIFITIS)
EWD, aubriteld, €EHZE<EFRV, aubrite 13, FE



22

Y. KOIDE

2 10. Achondrites D RF.

Type Mineral Assemblages Fe# AI203 Ca0
in ol & px (wtz) (wt%)

Aubrite Mg-rich en <0.1 0.2~2 0.6~2
Diogenite Fe-rich hy >0.3 1-3 1~3

HED  Howardite opx, pl >0.3 4~12 4~10
Eucrite pg. pl >0.3 11~13 10
Ureilite ol, Ca-poor cpx, Fe-Ni, C  >0.3 0~1 0.1~2

SNC  Shergottite  cpx, pl, (ol) >0.3 2~6 2~11
Nakhlite ol, Ca-rich cpx >0.3 1~2 15
Chassignite ol >0.3 0.4 2

#: olivine & pyroxene @ Fe?*/ (Fe?*+Mg?*) Lk, B&%. en: enstatite; hy:

hypersthene ; ol : olivine ; pl: plagioclase ; pg: pigeonite ; cpx: clinopyroxene ;

opx : orthopyroxene.

BWIETHIREETER SN, E chondrite EHTW5,
aubrite 13, E chondrite &FHRBEFEAH D ESNTRS. E
chondrite DVERHARE L CTEEL, SEBSEE>ESFTER
WHFKR-EEEBZBNRTVS (RH, 1982). £111KX
R Z/ 72 aubrite DEE(LERRER Uz,
olivine-pigeonite achondrite (ureilite)

ureilite 13, olivine & pigeonite TR DT 54, /hED
Fe-Ni&&%2aD, EMBCEENIRHFT, BB
graphite (75774 b, G8) TH5%, —#diamond (¥
A¥YEYR) ELTHEET S, olivine X pyroxene O Fe %
BILINTLEFZ2EU2EbHS. RI11IT, RENW
72 ureilite D EHFHEZER LTz,

eucrite

eucrite I3, plagioclase (Ansoor) & pyroxene % FEE7RHkA
W AEDHE ET 5, pyroxeneld, FE & LT pigeonite /) 5
725, eucrite |, KEEAWMEEZRFS, lava? 5 cumulate
FCRE A IREMERT ., %< Deucriteld, monomictbreccia
Lo T3S, & 12ITRFEH L eucrite DEA(LEM L 7R
Li7es
hypersthene achondrite (diogenite)

hypersthene achondrite (diogenite) 13, orthopyroxene %
EEREMEAEDE EL, DED chromite, troilite Z &
¥, plagioclase I3 EHbH TAR W, diogenite D
orthopyroxene &, IR E D pyroxene O 7 FEHIE T,

3% 11. Achondrites® £ /L H AR,

Type  Aubrite Aubrite Ureilite Ureilite Ureilite Ureilite Ureilite Ureilite Shergottite Shergottite Nakhlite Chassignite Angrite Moon
Name Bishopville ALH78113 Havero Y74659 Y74123 Y790981 Y74130 ALH77257 ALH-77005  Zagami Nakhla  Chassigny Angrados Reis  Y-791197
SiO2 57.03 5716 4025 4291 3321 3660 4212 41.12 43.02 50.90 48.27 37.00 43.94 43.14
TiOz 0.02 0.067 0.14 0.08 0.11 0.12 0.04 036 0.73 029 0.07 239 035
Al2O3 1.71 0.18 0.26 1.07 0.90 0.52 083 <0.1 2.54 570 1.45 036 8.73 26.01
Fe203 - 0 - 1.47 333 3.12 5.09 - 038 - - - - 0.04
FeO 1.27 0.97 14.18 883 1734 1513 1252 13.57 1897 1730 20.64 2745 8.56 7.02
MnO 0.19 0.17 037 0.42 037 035 035 038 045 0.50 0.54 0.53 0.08 0.08
MgO 33.51 3925 3896 3878 3729 3447 3234 39.66 29.69 11.40 12.47 3283 10.05 6.22
CaO 1.50 0.62 0.10 1.71 0.55 0.99 1.98 1.07 2.84 10.50 15.08 1.99 24.51 1533
NaO 1.03 0.15 0.039  0.07 0.03 0.07 0.20 0.03 037 1.20 0.42 0.15 0.04 033
K20 0.09 0.02 0.012 <0.02 <002 <002 <0.02 <0.01 0.03 0.10 0.10 0.13 0.01 0.02
P20s - 0 - 0.14 0.61 0.09 0.08 0.06 039 048 0.12 0.04 0.13 031
Cr203 - 0.06 0.077 0.64 0.73 0.59 0.75 0.07 1.00 038 0.42 083 0.29 0.13
NiO - - - 0.18 - - - - - - - - -
Fe-Ni 022 - 373 - - - - - -

Fe - 0 - - 021 - - - 0.29 - - .

Ni - 0.055 - 0.14 021 0.12 0.08 0.024 0.014 - 0.018
Co - 0.003 - 0.003 - - - - <0.001 - - - 0.003
FeS - 0.77 0.52 0.49 0.82 195 041 <0.01 0.25 <0.1 - - 126 -

C - - - 3.022 - - - 334 - - - = <

S - 0518 - - - - - - 041
H20 0.69 382 4.11 571 344 0.18 0.28 0.20 0.58
Ref. 1 2 1 2 2 2 2 2 2 3 1 4 1 2

BIFH. 1:

JNB (1978) ; 2 BAHIEA (1991) , 3: Easton & Elliott (1977) ; 4: EIM KA (1990) .
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# 12. HED O FZE4{r2A A%

Type Howardite Howardite Eucrite Eucrite Diogenite DiogeniteA DiogeniteB DiogeniteB DiogeniteB DiogeniteB DiogeniteB
Name Bununu Y7308 Juvinas Y75011 Johnstown  Y74013 Y75032 Y791000 Y791199 Y791200 Y791422
SiO2 48.67 51.07 49.02 48.25 49.83 51.35 51.92 51.50 51.41 5130 51.62
TiO2 0.11 0.22 0.58 1.03 - 0.13 0.40 0.30 0.18 0.30 0.26
Al203 8.87 431 13.39 10.87 2.33 0.89 2.28 1.59 1.45 2.84 2.99
Fe203 - 0.32 - 1.18 » - - 1.50 16.5 0 0.26
FeO 16.04 16.33 17.56 17.77 13.64 16.35 18.35 18.32 18.05 18.48 1831
MnO 0.53 0.49 0.21 0.54 0.40 0.48 0.55 0.64 0.64 0.58 0.56
MgO 14.20 21.75 6.80 7.55 26.62 26.04 20.99 21.40 21.93 21.81 21.05
Ca0 6.77 3.65 10.72 10.21 2.61 1.10 3.31 3.26 2.97 3.25 3.51
Na20 0.34 0.12 0.40 0.55 0.33 0.04 0.12 - 0.07 0.10 0.13 0.21
K20 0.04 0.02 0.17 0.05 0.10 0.02 0.04 0.03 0.04 0.04 0.03
P20s - 0.03 0.17 0.15 0.03 0.09 0.03 0.08 0.08 0.15 0.03
Cr203 0.56 0.89 031 0.40 1.00 2.49 0.72 0.70 0.80 0.65 0.63
NiO - - = = - 0.0064 0.003 - - - -
Fe-Ni 1.07 - = - 0.87 - - - - - -

Ni - 0.022 - 0.0038 - - - 0.0028 0.0052 0.0072 0.021
Co - 0.003 - 0.003 - 0.003 0.003 - - - -
FeS 0.96 0.59 0.27 1.06 1.55 0.82 0.30 - 0.67 0.52 0.56
H20 - 0.39 - 0.18 - 0.40 0.32 1.23 0.66 0.41 0.33
Ref. 1 2 1 2 1 2 2 2 2 2 2

BIA. 1:/NB (1978); 2: ENTHHIBFSFCET (1987) .

hypersthene Tl372 < bronzite EIEIEZN B MR TH 5 T &
5, hypersthene achondrite &5 &FR L@ T3 <, —
Bz 13 diogenite &IEIXI S, mono-micte breccia (£ ./ 2
7 NAEEE) THDBA, granular *° granoblastic #EEE B D
HbObHD. £ 12 ITREM L diogenite DAL ERLR 2
KUK, BB THREINZ diogenite IZIIFRZDDINE
W, 17 ALIREINZbOE, EERAOACRERIN
=R T, orthopyroxene I3 ICHMERL THD, 2~
S5mm DO KD chromite ZEFL T ENHD. ¥1 7B,
diogenite DHFTH, D FelCTEVLHDTH 5.
howardite

howardite 13, plagioclase (Ansos7) & pyroxene % EE/R
S ad b &35, pyroxene I, pigeonite & bronzite
TH 5. howardite |E, diogenite & eucrite DIREY T,
polymict breccia (R I 7 NAEESR) TH3. TOLDR
J X2 MROBH D% howardite EIER (EH, 1982). # 12
IR M7 howardite DRA{LEMBLER LTz,
shergottite

shergottite 13, pyroxene & plagioclase (Anso) BILUVNE
DI AN, pyroxene I, pigeonite & augite T
%5, plagioclase 1Z, EEDZOIZIEET, glass WS 11,
maskelynite {; L TV 5, shergottite |, IRIEE T, 4{E L7
BRINTWVWS, EEEAD2ENERINDET, 24
(Shergotty, Zagami) U N7eh o7z, 2% 11T shergottite D
AR ER LU,
nakhlite

nakhlite 13, R EINTWA IV, clinopyroxene
EXEGM ET 5. FE 111 nakhlite DEAFHRER L

7z, HER®D ultramafic * & mafic rock [T/ {kEZEFFD. B
5, BEATOD LRI NHEBERD.
chassignite

chassignite |3, Fe iIZE T olivine # X BHFMEL, LPED
orthopyroxene & chromite Z &8, KA REBEZRES,
#WERD dunite IKEUL ZHBREBOAEATH S, K 11K
chassignite D &AL ZER LTz,
angrite
1ELUMNRBRINTWARW, angrite |3,
plagioclase & clinopyroxene & EE§:# & L, DED olivine
& spinel N 6725, HMBOKKERMHBMERD, £ 111
angrite D2ALFERRER Uz,
anorthositic regolith breccia

anorthitic regolith breccia I3, EREA THIH TRRE I
oo SFET, SERGSHNTWS, 19914, FEELSANS
DT, ABRAVNTKREINZ (Hiletal, 1991). anorthositic
regolith breccia {1, anorthositic clast 225 < &7, fusion
crust Y, HOENEH/KET, —ROBALITE> TS
(E 7R A 9E AT, 1987). FeO/MnO kY, basaltic
achondrite TIX30RE TH 5 DIZ, EMIEA D anorthositic
regolith breccia |3, A O®EMDAEA ERU 80 RBETH 5,
ZOM, #ECREE, AR, BRERME, FAAEFELR
EDTF—4 M5, BOEMOBEAICER TS, UEokD
722 &M B, anorthositic regolith breccia |3, HARCIEDRA
EEZBLRNTWS, F 11 (T anorthositic regolith breccia
(Moon & %30) O2ALEMKERLUZ,

angrite |3,
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2% 13. Stony-iron meteorites O E AL FHAR.

Type Pallasite Mesosiderite Mesosiderite Lodranite Lodranite
Name Marjalahti Carb Orchard Patwar Y-74357 Y-791493
Part silicate silicate whole whole whole
SiO2 40.24 49.59 25.76 37.66 34.90
TiO2 0.00 0.52 0.16 0.09 0.05
Al2O3 0.01 9.81 5.86 0.20 0.90
Fe203 0.68 0 - 7.55 6.02
FeO 10.92 1535 6.86 4.00 6.12
MnO 0.28 0.57 0.31 0.37 0.42
MgO 48.08 13.84 6.88 26.98 29.53
CaO 0.00 6.61 3.63 3.65 1.54
Na20 - - 0.19 0.10 0.21
K20 - - <0.01 0.02 0.02
P20s 0.00 0.97 0.14 0.26 0.49
Cr203 0.47 - 0.26 0.96 0.81
Fe = - 33.70 15.15 14.28
Ni = - 4.20 0.98 1.13
Co - - 0.13 0.083 0.067
FeS - - 11.89 1.85 2.10
C - - 0.10 - -
H20 - - - 0.66 1.14
Ref. 1 1 2 3 3

Part 1M EI T, silicate [ EEREHISEM D T, whole B A2AF
DHFRE. BIA. 1:/MB (1978) ; 2 :Jarosewich & Mason (1969) ;
3: E ST AHEZERT (1987) .

2 Stony-iron Meteorite

Stony-iron meteorite 13, HEANIIZEE (Fe-Nig®) D
EESNCERESESOR) I MANEATH L,
Stony-iron meteorite 1%, HEEIEHY OHAELEITI 0T
Koadhsd, #ECHEY AT DORAT, Catalogue of
Meteorites TiZ, 73 {8 LI TR (Graham et

al, 1985). FBEA TR 7EERITWD, 131, R
£ M#71 Stony-iron Meteorite D& A {LEHKkE R Uz,
mesosiderite

mesosiderite 13, EEESHESEM Y orthopyroxene & pigeonite,
plagioclase 20 572 5, BEEEHL41d howardite DH D &
L TPHRY, ironmeteorite & howardite DI T 5

= 14. Iron & Stony-iron Meteorites D 724H.

Type Frequency Kamacite Band Ni Ga Ge Ir
(%) (mm) (wt%) (ppm) (ppm) (ppm)
IA (Octahedrite) 17.1 1.0-3.1 6.4-8.7 55-100 190-520 0.6-5.5
IB (Ataxite, Octahedrite) 1.7 0.01-1.0 8.7-25 11-55 25-190 0.3-2.0
IIA (Hexahedrite) 8.3 >50 5.3-5.7 57-62 170-185 2-60
IIB (Octahedrite) 2.6 5-15 5.7-6.4 46-59 107-183  0.01-0.5
IIC (Octahedrite) 1.5 0.06-0.07 93-11.5 37-39 88-114 4-11
IID (Octahedrite) 2.6 0.4-0.9 9.8-11.3 70-83 82-98 3.5-18
IIE (Octahedrite) 23 0.1-2 7.5-9.7 21-28 60-75 1-8
Mesosiderite - ~1 6.1-10.1 8.9-16 37-56 2.2-6.2
Parasite - ~0.9 7.9-12.9 14-27 29-71 0.01-2
IIIA (Octahedrite) 24.9 0.9-1.3 7.1-93 17-23 32-47 0.17-19
IIIB (Octahedrite) 7.0 0.6-1.3 8.4-10.5 16-21 2746  0.01-0.17
IIIC (Octahedrite) 1.5 0.2-0.4 10-13 11-27 8-70 0.07-0.55
IIID (Ataxite, Octahedrite) 1.1 0.01-0.05 16-23 1.5-5.2 1.4-4.0 0.02-0.07
[IE (Octahedrite) 1.7 1.3-1.6 8.2-9.0 17-19 34-37 0.05-6
IIIF (Octahedrite) 1.1 0.5-1.5 6.8-7.8 6.3-7.2 0.7-1.1 1.3-7.9
IVA (Octahedrite) 83 0.25-0.45 7.4-9.4 1.6-2.4  0.09-0.14 0.4-4
[VB (Ataxite) 2.3 0.006-0.03 16-26 0.17-0.27 0.03-0.07 13-38

F— &3 Wasson (1974) itk 5.
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EEZLNTVWDS, 2{KMIZIE, polymict breccia DEFH %
Y,
pallasite

pallasite |3, K& (EfElem Z I Z5) D olivine DEEIR
MM AR T, olivineld, HETH oL DMETH oD, &
FIRRTH o VA BEEZRTN, TOMBN—ETH
5. TOXSAAITHERSA TR S RN,
lodranite

lodranite |3, olivine & orthopyroxene, Ni-Fe &% &0,
lodranite IZ, olivine, orthopyroxene, Fe-Ni&&4%1:1:1 D
ETEENTNWS, i, HMITHEED KA GRHREZ
RIRRRDDOTHS (ESLHMBFFERT, 1987). lodranite
13 IEW T FE 7L stony meteorite T, X TSELNE DM
TWRWY, lodranite |3, FIMRRA D 4ENRERLINLET,
1% (Lodran) UL2VBNho®DTH S,
siderophyre )

siderophyre 13, pyroxene & silica (SiO2), Ni-F &5
72%. pyroxene |, protopyroxene, orthopyroxene T, silica
X, tridymite TdH 5. siderophyreld, FEEICFZEA T,
WEFETIE (Steinbach) ULARDN o THIRWN,

3 lIron Meteorite

Iron meteorite {Z, Fe-NiG® TTETRBD, 2ED
troilite (FeS) Zf£9. iron meteorite |d, FIERELIEY T
B 5 Fe-Ni f DILEHRIC L DR LM E D 2 DDHHE
HERH 5,

Fe-NifH DL > T, LLFD3DITMinIN 3, MR
KBXDIE, [EANHEAEREEZ FFD kamacite (<81 b,
Fe-Ni DR D afH) M 5725 hexahedrite (NFHANRZ
4 k) &, atd®kamacite & teanite (F—7F 1 ~, Fe-Ni
DERD v ) DR U o 7= octahedrite (A7 INKS A
), MR afl &y HHOEEED plessite (7 Ly HA K)
2, @fH®D martensite (¥)LF YA K) NS85 ataxite
(7HFTA ) D3IDICRERHIND,

octahedrite &, kamacite lamellae DIRICE > T 5126
DI I NS, lamellae DIEDY, 3.3mm PL % coarsest
octahedrite, 1.3~3.3mm % coarse octahedrite, 0.5~1.3mm
% medium octahedrite, 0.2~0.5mm % fine octahedrite,
0.2mm A F % finest octahedrite, 0.2mm LA F T spindle 48 (%5
SEFERITF) DB D% plessitic octahedrite & VY9, octahedrite
D Fe-Ni/g&ld, Wo < DHH 5 E Ni DR kamacite %
HURIZ 28 L, Widmanstatten fLi & 1340 2 B0 7o
FRINTE D, ataxite \3RF B 7R HEE 2 BF 727000,

ZOXRS AT E DT A EENIZTARICERMEEAN
& % . hexahedrite D NiE A &L 4~6wt%, octahedrite |36
~13wt%, ataxite!d 13~20wt% LA ETH B (4~6wt% D Ni-
poor ataxite EIFIZNZbDHH D) . Ni DEH REH 20wi%
ZZ D Z ETDTIEN,

LRI LB EME, Ni, Ga, Ge BEUIr DFHE
KEoTBORETIN—TTRHEINS (IAB, IC, IIAB,
IIC, IID, IIE, IIF, ITIAB, IIICD, IIIE, IIIF, IVA, IVB), #
14 1T &K Iron Meteorite DREH &, 6 1213 Iron

10 10
1AB Ir (ppm)
1IIAB
HA
10'}f
10
10°}
107 |
100 _WA 10.1 L —
IVA
OlVB 2
: 10
102 | 1IAB INMAB HCD
O
10" L7 - DTOR A N N B B 1 I R B N
0 10 20 30 40 S0 10 20 30 40 50 5 10 15 20 25
Ni (wt%) Ni (wt%) Ni (wt%)
B4 6. iron meteorite D{LEERIAF.

A:Ni-GaX. Nildwt%, Galdppm TRUMZ; B:Ni-Ge ®. Nildwt%, Geldppm TRUL7%Z ; C: Ni-Ir 1.
NilZwt%, Iridppm TirU7/z. Wasson (1985) ZHZE Lz,
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meteorite D RERER Uz, {LEHEKICEL 2 28EE, B
WCEBHET—H L Twiz, MmoEYN, HETHHAS
NnTWna,

A=+
1 BBAREORERSE

R OERICDWTIE, /B (1987) Z28FITL T,

chondrite {213, chondrule ¥» 5 Z &G, KBREE
MEEENTH UEMENEE DO EEZ LN TVS,
L7295 T, chondrite |12, KEBRFDEHREH > TND
EVWSEENS, BADHFTIE, chondrite Z#EHT L
ey, LAF T, chondrite DI LI EE T B AT 1 %
FLICEED S,

Cchondrite 05, LL, L, H, E®DJEIZ, FeO DRAWE
D, WiZFeDSHEMNEZ TW<, FeSD&I, Echondrite
MEZNETT, 10D chondrite B TIERD L LIz, FBA
TId, FeO IZBEREHM E LT, Feld@BHE L THAT
BILEERBKRLTWS, LA T, chondrite D Fe*® FeO
ORI, BRI ESBHOBRERMLTVWS., —7,
FeSlZ troilite |3, chondrite T3, E3EHIICH 1, Echondrite
72 L, MO chondrite &K D 2SRRI troilite N W EFE X 5
Nns.

B R84 D Ni-Fe §147° troilite DFFFENY, chondrite 233
BICBITHRRETERINTEZEEZRLTNWS, #iT
BILEGCBNIND CHBELD bREH OIS E LT
BELLT<RS, o TETEMET L, @B&TML
SBOBENEZ, BEREIEY O Fe-Mg BISEIIZHOZL 1Y
DRRD, Zwr)V3ghkE gz L, Bomiciks e
SBHO-Y FIVEERIZEMT S, DFED, Cchondrite
25, LL, L, H, EQJEIC, BTMRRETERINTI
EERLTVWS, BEBTOBELBAOREEZD<>T
HAROYE 2o 2,

BEDY A T EHORDOBRAUEITCERAICKINEDI,
Prior (1916) Tho7k. Fe DENDRBDIIDONT, £
JEFEDNiFe (LANEM U, & E EERH O FeO/(FeO+MgO) bt
HIMNT 5, FeO/(FeO+MgO) A 0~0.1 & enstatite
chondrite (#2iZ E chondrite), 0.1~0.2 % bronzite chondrite
(%1 H chondrite), 0.2~0.35 % hypersthene chondrite (%
{T Lchondrite) &IX4r LU 7=, Priorld, Z D45 7/iRAIMIT,
chondrite MEAD Y /<N SRS N, FIHOMEDERT
JREEDKFIZIE, enstatite chondrite N T&E, MET 3120t
TEALIREICZE L L TW&E H ) 5 hypersthene chondrite
THRS NIz EE Rz, Prior DEZDRMELT, TRCT
@ chondrite 13 enstatite chondrite B DB ICIREE DR IEME
N5, BRITOREDEICK > TEHED chondrite AVEEE
MIZIR I Nz E WD ARHIF 55, Priorld, chondrite
IR —DEEYEN S TEREEZ LD, FeBBEDHY
A TECENIRWEE 2, Tk, BESEIIHENS
BIRANEBLL TN T EERIRE LTINS,

—7, Urey & Craig (1953) 1%, & & FeSH ® Fe & FeO

AN S, FeDEHFENSWY A T EDisnwy AT D25
BhRHBZEEHONI L, FeDEFRENSZ VWY 1T
(28wt%) % High Iron Group ({2 ® H chondrite), 47z
547 (22wt%) % Low Iron Group ({8® L chondrite) &
A TR U7z, Urey & Craigld, Prior 35 7= 571 Fe
DEERPN—EOREVETE, ZoLd5k200517
DEADEFRERNHETERNWIEZRLE. HELD 2
N—T7DEEE, Pia< LB 20RENVENLETH ST
LERERT S, b, A—DOEEMNENS TERET DL,

—ELE I TSEHEERELEMAHEDO MU Z 5720 h
F7 5720, Urey & Craigld, HZ)V—7& L 27)b—713
Blx DBREEZERE L, LY —TWEEN T, BBEO
BRI TH =T ERINIZEE X,

Wiik (1956) &, carbonaceous chondrite H& % T
chondrite DEJEZE 2 7=, Wik!d, carbonaceous chondrite
DIL, HERSND EBZNIALT T (CloZ L) 2
BRI D DT, HERIPBMOBRMI NS EITES T,
ZATI(C), ¥4 71 (C3) BRI N D EEZ, X
5B ITTEMIZEL o T E chondrite N TEZ &EE X /-,

Prior O @REEFICN LU, Urey & Craig % Wik Ol
EIREFEH TH 2, 2O X S REEHNE NHIRIMRIENL,
ZTOYURORERERICETARITERKML TS,

Ringwood (1959, 1960) 13, KR DILHHN 5B E DR
RZim U, CI% A 7 @ chondrite (/- IE M B )V EERE L
THRIEWRRENRIIHERINZE R, 0B, 8F
MOBFETRERO LX)V F—EEE & U TRREITAT,
MLWKILTEEBZB L, TOEXIIROE > ZBEN
chondrule Z2JERL L7z & X e, BREDOKEIIELRE DL
PHNO ABEOREEIN B ELTVS, okt
IFXFMHNB T 57, Echondrite DA DM
KBH D EFERINZNEDONH S Z & (Anders, 1964),
HEEMEMNE T RBECIREZELARNI E (Muller,
1964) R EMBT B0z, DED, chondrite ITLEE LT
BliT5 ZEBiahio/z L, carbonaceous chondrite & DF <
E MBI EWERETERINZZ ENHS AT,
Ringwood DE T IVIIBEI NN, TORREENSEZ
HiL, BOETFIVICTHMRI N,

Mason (1962) 1&, CIZ&bBREM 2D EL, ME, B
REJOIEHICBT 5FRER T Io=ELE. L
L, carbonaceous chondrite A4t @ chondrite D& @& E
DO OERIEY & IIEFEICDH D 2 &, CUOMEY I
BRABSERECHAICERS N ERENSHES
Nk,

Fishetal. (1960) 1%, /NRE 1ETT RTOBRE 2R
TRETNEREBELE, TOBEE L T2ALE O
DEVWHHNUBETH 2. SEOBGE, HA LS
T EN/IZE U, chondruleld, XILFEEAR - D, R
B BENLTERLEEZE, ZTOEFITYH,
Ringwood & [/ UHEEM D IEFZHIENHATER WY, Fi,
E chondrite B4E5 Z S TE AW,
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Urey (1964) OETIVTIE, KIBT, FEFBEYE EH
EARREMENCAERED WS DNDHAERMENTE S, &
SAZXDOWHET, MERMENMEI N, SBOILEMITE
MENENTES, €ZICHORENEZRL, FAERRE
MEEINLT/NI M TE, chondrule &72%, FEEITHEM
HETIVCTH BH, carbonaceous chondrite I i
chondrite & 5 F < #HBHTE R,

Wood (1963) ODEFIVTIE, BAKRSNAERLME
chondruleld, RIAKRBREZDH TT TR I N0z
EEZ. ZOETIVTIE, FBEARBREZR, Bk
FREZEN S REKEEZENEBLLL TN, 2Z0D
BHBEENFETNUE, chondrite IZ B 51 5 & O IEFHIR
SNFHATE S, WoodDETIVTIRE Lz, RIAKEGRE
Z @D 2000K, 1000atm & WS FEERERFEED S, KX

FHTIEIBARLSLS, FIREREFEZHLWEINE, £
D7z, FMETTIERS, RFRRKEDNRICE 2 EIRZ

T TBITRRTEENDIETICELLTNL,

ZZE TR AR, BHEDBEAKRKEGRORFIE &2
LRROEDTHB, BHETIE, RIXEPFHERES
BOMEEVNEAN S KGR OEEEZFHEAL> TV5,
UM L, ZO Wood DWFFEAFH GRS B W,
BEETI

FEMBASNTORWNEA LN, BRADRIFEOZNE
HARETINELTE, BToLS122.

MENE, —DORTORBGOBH ZBERTIELALENTES,
UL, —&, BIOENSEREAHDNWETENEG EN
TWERREEN B 5. HEHEERED SRBKEREZEDR
DOEMBICEFBENLIS, LML, Z0BREZL<b
Mo TR, ZOXDIBRHANS TEXLRIBAGREE
13, BENTR>TRL, ZOK, o< DBXBBED
EOGHBRIIEHEHRTTINT, BVITANREBT 53
THEHETINDO2DO0H5, ZOEELENELWMIE
FEWREDF TR,

FRIERBGREAH A TR, TROREICL > THRINS
Z %, refractory (GH¥EFEME) 3%, lithophile (HA) T,
siderophile (B1#) £, volatile (JEFEM) THRITXHE
N5, EXRFIOEICEIDEIETEMRET S, 0Lk
TR S F I EREEITH IR @thmé

FIARKEEREEN A 5 5l LB EMEIL, &ﬁ
ML CALIZ72 D, EEEERLE chondrule o)ﬁugmﬁ
D, BiIN#ES N chondrule &725. M7 DR THEME bf\_
DlE matrix I35, TOXIBRMBENEE ST, SFEA
DRRE LR TINL,

—IROEHEET)IZH BN, BT LULBMELEZD DT
B, TOBRDREILHEHINSFBEEND L.

2 chondrite #4710 25

chondrite /&, chondrule &, fragment, matrix, inclusion 7
5725, EHEMI, FAFCTEEbOTERL, LT
NEFOREZF>TWS, UK, BOBOEFLR

T,
fragment

fragment {3, BH ETMF D 2ERH 5,

AR, ERENEHBERD, Fi, HBEEEH T
724), chondrule & thRT, plagioclase & diopside 5k A3
720y, olivine & pyroxene D#LELIIEE T, pyroxene ld, Mg
[T E T orthoenstatite TdH 5, Fe/Mg & Al/ (Al+Na+K) @
. spinel DK, chondrule ® IP % 1 FIZBTNS ([H
MABHBFFERR, 1987).

S id, KT chondrule D/ TH S (Kimura,
1983) . SRMHE>Z D D &I chondrule D B DI T 5,
S H DY 1 L1 chondrule % @ L D 4T, chondrule
DIRRFITHRIE L 72 & 2 5T W5 (BN AT ZEAT,
1987).

AR DOEREIX, 1P 44 7 chondrite fiEEHE 2% 1200~
1500CIT N E N, plagioclase & diopside D R 38T,
o< DIWRATTEREZEZLNS (Kimura, 1984), D
[, olivine & pyroxene DI E{LI NS, 1000CE T
FWo<D@mA, ThhsRHBIN5,
matrix

matrix 13, u VA1 XOEREIY ERNEHIY, ERE
WEDEE 5 I RBH matrix &7 DARBEH matrix HVEHE
U7z FfEf matrix 8% % (Huss et al., 1981) . Ri%EH matrix
X, FelZEL olivine & Na lZE TP plagioclase fi2 D & 725
(Ikeda et al., 1981), ordinary chondrite & carbonaceous
mmmmTu FLRRANE S . matrix W2V, IR CHEM L 72
Fe & Na lCTE UKD 72Tl <, Bl THERE L /= pyroxene
HED, 3'5 WAZIEEH /b D TH S (Nagahara, 1984) ,

carbonaceous chondrite @ matrix /338 @ phyllosilicate %
8. TDL D7 phyllosilicate 4, olivine *° pyroxene D78
HER TR S N7z d D TH % (Tomeoka & Buseck, 1982) .

matrix |3, SR TEMLEZD DL, KB TOHANED
BEREY), L TR ETARRIELTTEZH DN
BUo2ZbDTHS, ZOLDBREAMIL, chondrule D&
ShERiIcIsans Z&idhnho k. KEE@%‘E%&%‘ 5,
matrix /3 chondrule ZHL D fi A TWA 729D, FERKITHER
§ BERIIZ, chondrule DA D A5 Lt@i@"(‘b‘é B
inclusion

carbonaceous chondrite Z#& DT 5 HD & LT, Ca®

WEDHATAREED inclusion (E3F ) < amoeboide
olivine inclusion (AOI &lE9) WNEENS. FiFIL, CAI
(Ca-Al inclusion, CAI &B§9) &IEEN 5. CALI,
perovskite, melilite, spinel *° hibonite 78 K & 725, flkiMn
FKL (5~10cm) 72, EMRIEY O EICE o> TS S h
5 .inclusion |, ordinary chondrite {Z% & 5§15 %,
carbonaceous chondrite D DI TN 5,

CALVIHLEL E MBI D HICK 3 I35 (Grossman, 1975; ith
M, 1983). HLKID inclusion [F, fassite DEICL ST, A&
BD2DRHA THFEIN5, ¥4 7AW, E&L Tmelilite
NG TR D ADED pyroxene ZE 1, 41 7 Bld, pyroxene /%
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2%y (MacPherson et al., 1988).

MBI CALIE, —RITiE, FIAKBEREZNT AN S O
kY EE 2 5N D0, CAIH OISR
DR 5N, EMAERERED SIXNWAR R TEL,
F/= CALFITIE, FHEMMEND XD, BRBEEEEZ
EHBRENHDBH D, WTHUTLTY, CAITERKIC
1, MROERY TH S,

KBID CAIVE, fassite & spinel DEHREEMESH NS TET
Wb, BIEB CTHBOAAERIGELT, Fe®T b
) EBEFVEOT/2S (Ikeda, 1982). AOIH CAI &
REEGEEDON, RRDARXERIELTNHS,

R ER R HE T 2 MIREEY D RERGREZITA
D, HAEDRIETEEDOMIL CAINTE, FHEICL> T
T &7 fassite *® olivine 7% & DEEFEM WA A E KIS LT,
BIDOCAIRAOIZ R LIc EEZ 5N TWW5 (M, 1983).
chondrule

chondrule 1, EEH mmEEOKIKOYE T, HEEHN
M 5725, chondruleld, HIRODEAIIZR SRR, B
ARE OB TH S, chondrule |3, glass (groundmass &
U CHETE) &, olivine, pyroxene Dl AHEN 5722,

chondruleld, SiO:DEFRIC L » TIRIFHMNTEIN
%, SiO2 M2\ chondrule 1, glass D DT, pyroxene
24 dendritic 72 H @, olivine A & 7% 5 porphyritic 72 D

EBT B, HrOHHDBWM U zoning Z7-T . BAED
FEARIC K
IR AT (BH, 1982). EaR O HK
DiEWE, chondrule 23, Fe-Ni& /& troilite & EDRED
EBRTRU>TwaiTLoTW5,

chondrule /3414 SR E ., (WFEHRICK o THEES
NTW3, M Lo Tporphyritic (BEIR) & non-
porphyritic (GEBRIR) W KBl D, MHEIL, HERIEMIC
4 o T porphyritic 14 & 5 IZ porphyritic olivine, porphyritic
pyroxene, porphyritic olivine-pyroxene, barred olivine {Z,
non-porphyritic | radial pyroxene, granular olivine-pyroxene,
cryptocrystalline IZHl2 15 (Gooding & Keil, 1981) . ¥
7z, chondrule Z1E > = RiERME DL EMRD & DT 25
HEABH B, ZHIL, chondrule 2AEDILHERLICKS HDT
H% (Ikeda, 1983). CP ¥ 713, Al/ (Al+Na+K) DOFEF
AS0.95 A b, K/ (K+Na) OFRFHA0S5LAF, IPY AT
120.65~0.95, 0.5LLF, SP¥ -1 7130.4~0.65, 0.5LLF, KF
51 71304~0.65, 05EAEEVWS LERD, CPy1 TId
carbonaceous chondrite D AIZEEN, KF¥ 1 7IZLL
chondrite DA EEN, IPESPHAL TIETRTO
chondrite IZ& ¥4 5,

chondrule @ plagioclase fRAMI—ETH D DH L,
pyroxene & olivine DA EAVKE S ZBLT 5, 2D T &1,
AR E T pyroxene & olivine DX LD REENH - 7= T
EERLTWS, IPESPHA TRENS L, IPDEI Mg
ICE T olivine bFEE L, Call&EI plagioclase &5 %,

pyroxene & spinel | ALICEE. —F, SPH A1 7, FelZ

2T (H, L, LL), chondrule DK DHHEED &\ -

B olivine & Na I[ZE TP plagioclase & &, Z DX D7k

FHKDZEL, IPESPY 1 T ORIERMBE AR > TWEH
mHERLTWnS,

chondrule i, ZDEECHBARFRETHSDIT, KK
B L TEL DiFEmNRINTNS, —BRHICIE, REK
T THRIBRBGREEN M S BEH E I 5 E
U, TOBRBRASDDIERTMEYAR L, chondrule 72>
TEBEZL5NTWS, ZOMHLE, chondrule FITREITFRD
HERPRRINZZ & TH 5 (Nagahara, 1981 ; Rambaldi et
al., 1983).

CO—RETIVCIE, KEL2DDTOEREHES T
EWZinB, (1) : BHAKBREZN A0 5D chondrule DRf
BRYE O FEREEFE, (2) : chondrule D RIERYIE DNZk « KA
DBETH 5.

() OWHBRR, FHEEMET )L (Larimer & Anders,
1967) &EMEEN, HEE NI THIBKEBREZE N AN
SEANESRTEICEE LZEEILNTNS, Z0kS
BEMEENBACREREZER LIZEZEZ SN TNS,
ZOETIIVIZEDNT, IEIFREHOEHEEINGE
IR TW3 (Lord, 1965 ; Larimer, 1967 ; Grossman, 1972),
ZOEDREHEEET VL, BANDS M0
FHATEDYD, Z<OMEFICEHEALTWSN, Lil,
FKRIIZ L < oo TV, (2) DINRERIL, ERMIC
PFEINTWD, MAOESIZEREL, NaOZEREBEEDN
5, 10005 1500CTH 5 EBZ 50 TWS (Tsuchiyama
etal,1981), ZOMBADERIL, FREE % FH O dust D
KB, BEEOEZRE, B0 A%ECEL5# (Cameron,
1966 ; Wood, 1984 72.&), RRME ETOERIT XS IN#
(Kurat, 1967 i&2), /NAER L O mE 2RI & 2 sk
(Kieffer, 1975 ; #H, 19791F2), KBREZ~NDEMED
ERIT LD ME (Wood, 1983) ENEZ SN TWS, L
N, ENNERMIFEINTORN, ZOROEBHELE
13, chondrule D& £ ERMMEMEZ DI, 10°~1
Chr EWS5HEHEEOSETB bz dns
(Tsuchiyama et al., 1980 ; Tsuchivama and Nagahara, 1981 ;
Lofgren & Russell, 1986),

chondrule* 5, KGR DYIHDBENTEH & 5N TS
», EERE ETSBORREIHFIN G,
presolar grain

presolar grain &13, BHFEBBOTESKR TIERL, 7
DEMNSRo TELRFTH S, presolar grain IE, $ ppm
BEEORLMNEENTWARNA, carbonaceous chondrite @
MR TR TTE L matrix 0 5 DM %, HTE, diamond,
SiC & graphite D 3PN R DN > T3, FALELDRE )
5, INSORTFHRBOENS K ENbN5, FfE
R¥EZ, CSLN, HAARETRD NS,

diamond &, 10 AREOIEBIT/NI WY1 XD, &I
400~1800ppmBETEL\, Xe P NeDFFH A TRENR D
Mo TW5 (Anders & Zinner, 1993), Z D K>S RE#1T,
BHERRTTERLDDOTHBEEZILNTVS,
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SiCl3, 7ppm DET, 0.03~10 u mEEORKEITH 5.
FHICI5X 260 umDREEVNDHDHEDON S TS (Viraget
al,, 1992). SiC D 30% I, A ADFRAAERENR DN
7z. "Ne DEF RN 5, KBLAFIOFHIRZE 1.3~20 4 H
BNz EEZ5NTNS (Lewiset al., 1994), PC/BC TH,
HER (89) IDBEWEZDHDHDPL, KWEZEDDDR
ERFERBBTREDNoTNSE, ZOLIBKFDSB,
UN/SN MWD O (MiERIZ 272) 2 grain X, HWRHDZE
granY EMEA TS (Anders & Zinner, 1993), grain Y 13
SiFfETHREERT. ZOLIREBE, W<DIho
BN o TELRFNELEL TVARIEEENDH S, %<
@ SiC |3 asymptotic giant branch star (WHZE 270 E
AGB 2 LlET) THRERS Nz, 2C/PCHYRW SIClE, hot
bottom burning & VS BFEN J-type KEEN S KB D E
ZA6NTHED, grain XIIBHBEFEOAIREMEZRL TY
% (HFI, 1993). grain Y DRFEIIFTDETARATH 2.,

graphite |3, 0.8~7 u mEEDKEI T, 2ppm A FO=R
UINEERW, 2C/RCIIHERDME K DI1E 2 MNTAWEFH O
i (3~7000) ZFFD, “N/SN % 60/80 THJA WHIFHDE
ERED, XUBARO Mg 2 S D, ZOLDREME
DR, graphite 78, AGB 2% Wolf-Rayet star, novae
(&) ORFEOR T THDZLEERL TS (Amarietal,
1993),

3 BEOER

BaEOEREZZDHE, WESHIERERICERK
THONEEBTHINEND S, ERRER, HEERA
HEERWTBIRbNS, 20OLE, E0LS5KREAD, &£
DEHZE, EOXD RBEERAEZE B W THIE Lizh
W&o T, MET—5OMRVER- TS B, BE¥R5,
FREICIE, HERODARRAEEITE-> T, SETERFHEOR
WINTDOEFHRESINTVENETH S,

FOHEMHEE, TO : KEBERIRD DR, T1: BEERD
b, T2 BiEEEMEEE (CAD) DR, T3 : chondrule
DR, T4 : matrix DK, TS : FREDEE, T6: X
ROKBEAER, ERIEABLMEERN S EE, T7 : BRER
T e, T8 : RERMEN 5 OB, T9 : HERANDE TNE
AbNb, TOXIRBHEERNTDZEDITE, EOBA
DEDMHENEELTRET DD, FhEDXDREME
ERIET S E2RR L AadEzsizn., 2L T, BMET
5T ORECRASHERFNESRZE, 0k
BRBHENARZITLSBIITTHS.

FBE DR Ak HA R

TIMS T2 DEDED, THRAKRNSBADEEETD
RN, 1-Xe DFMETHETE S,

TN B AREE L C PXe WS N D, £ OHEHIT 1570
FETH D, IINOT VTHRT, XeldFAATHS. 11
BEAEMEICHDAENPTVWLRTHD., —FH, BHARK
JEHCZ UL, KMEDEEEFETHEDBEAIKITADIZLS
WIEETH D, THEEROMN S RVREFETHE, B

ADOHFITHIEDAENS Z &<, BHERD PXe 134
WIETThD. BN, RHODPXeNBANEFERIN
oo TOTENSTLRERARN S BEEREOERE THEEITE D
RIS NZZ LIRS, BAMEETIEED A —
Y—Th5,

THRERETINOEED L WIIEDRIES DICL > TE
BRERIT, AT nRRNsEBBT 5, TOXEERDET
WOBFERR LS TDIZ, &5 BE DR EENEC
AN Lo TEDORENHE S . AMEOBEAGEL T,
Bjurbole (L4) 2MEbib. ZDEADEREARD 1000 7
EERAN 5 2000 FEB DK 3000 FEMICEERELLE
ENbhs, ZNIBRADY A TEEDT, COBEAD T
DFFARNITIZNV S (Swindle & Podosek, 1988).

S5, FEHHOEWHEKETH 2 YAINFER I Nz
(Gray & Compston, 1974) ., ZAllE B AREE L T*Me 272 5.
ORI, 72 HFETH S, Allende [RAH D CALIZH
BEREDXAI NS TEL Mg N ERINE. TOFHER
£oT, RGNS BERORERE T, $ 100 FERE &
WO IEBITEWERR & o,

ZDED7R, LRGN S BEEOERE TOIFITEN
WIENE, KEBEREBRETINVCRERIEEEEZEZ 5,
A% aw

A DOERERIE, MESERAAE, 3 & L TRb-Sr, Sm-
Nd, U-Th-Pb, Ar-Ar, K-ArBREDRVFIHINTNWS, £
5 CBREDOHEREROUET —F 2 F D, BRI T,
SO Bk > T, TR ENDRMAERNERE S N,
FREIN2DOH 5.

B2, BRLESOWDNRIND LD 22D, &
BTHD, RITRLESZSDERT—FIE, HARETERLE
RERDEHDTH D, TOFEMHEL, TI~T6 £TERL,
ZDEDBREHEPHEOREMELUANTE Z > Thid
RBAadeninnoT, BREREZXTHERN., KROS5
NEEMRT, E—RAUELT, KBROBEDZIAZRL
TWaEWZ 5,

chondrite DFEFERIT, T—F 3 45BERIZ AITEHT
B, s oEIREN, TOERIZ, AEEE, Hsn
IR ADERERITEEDENDH S, bEHEERENRE
WO 1DDHDNED SRR, R E B
LichhENEZ NS,

Rb-Sr& & U-Th-Pb R, MER ETOERDPEEICLS
ZALEZITR T, Rb-SrRIFES DENKEL, U-Th-Pb
RTHE, EPOFERJEEHRTESL BB EAND D, F
72 K-Ar® Ar-AriEld, BOEEZZITCT<, BRERE
LD O BRERBEUBOEHEZER L THWSAREND 5,

U-Th-Pb R Tl3, 2F%HD U-Pb &, Th-Pb, Pb-Pb D&
BTABOERNRDZ ZENTES, ZOLDRERN
TRT=HLEHOR—BUEREIFEN S, Angrados Reis
D—BAEARN 5, 455 £ 03 BERTEVIERNE SN
(Tatsumoto et al., 1973) . £/, FIURAD Sm-NdRTH,
455 + 0.4 (Lugmair & Marti, 1977), 45.6 = 0.3 {B4ER(
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# 15. Meteorites DR

type Name Rb-Sr Sm-Nd *'Pb/*®Pb *°Pb/**U *’Pb/**U Ar-Ar  References
K-Ar

Chondrite

c2 Murray 4.511 1

C3 Allende 4.496 1

c3 Allende CAI 4.559 2

E4 Indurch 4.56 3

E5 St. Sauveur 4.46 4
Tieschitz 4.53 5

HS Beardsley 4.574 1

HS Plainview 4.529 1

HS Richardson 4.558 1,6

HS Pultusk 4.657 6

H6 Guarena 4.56 7

LS average 4.552 8

L6 Peace River 4.56 9

L6 Modoc 4.530 1

L6 Bruderheim 4.634 4.542 4,581 6

LLS Krahenberg 4.700 10

LLS Olivenza 4.63 11

LL6 St. Severin 4.530 8, 12

Angrite
Angra dos Reis 4.557 4.552 4.58 4.65 1, 2, 13, 14, 15, 16

SNC
Shergottite 0.165 21
Nakhla 1.27 1.27 1.3 1.3 17, 18, 21
Chassignite 1.4 21

Aubrites
Norton Country 4.59 19, 20

Eucrites
Nuevo Larcdo 4.529 4.63 4.65 3.2 1,21
Sioux County 4.19 4.526 4.54 4.29 1,5
Passamonte 4.56 4.573 4.87 4.68 22,23
Ibitira 4.54 4.46 4.556 4.624 4.684 2,5, 8,12, 24, 25
Bereba 4.13 4.415 4.08 3.93 5,12, 26
Stannern 3.7 4.48 4.329 4.4 4.2 3.7 12, 27
Juvinas 4.55 4.46 4.541 4.65 4.14 3.9 12, 21, 28, 29, 30, 38
Moana 4.58 31
Petersburg 4.4 32
Morristown 4.47 25
Acapulco 4.60 25
ALH-765 4.52 3.50 33, 34
Y-75011 4.55 35

Howardites
Kapoeta 3.75 4.524 4.77 4.35 4.32 12, 21, 36

Diogenites
Jonstown 4.396 38
Tatahouie 4.395 38

Mesasidelite
Esthervill 4.542 4.533 4.555 4.560 39

Iron

IIE Colomera 4.61 37

BTy -0 B EAE, EHETRLZ. 3IA. 1: Tatsumotoetal. (1973); 2: Tilton (1988); 3: Gopalan & Wetherill (1971);
4 Minsteretal. (1979); 5: Minsteretal. (1976) ; 6: Tilton (1973); 7: Wasserburgetal. (1969) ; &: Taylor (1992) ; 9: Grayetal.
(1973) ; 10: Kemp & Muller (1969) ; 11 : Sanz & Wasserburg (1969) ; 12: Manhesetal. (1975) ; 13: Chen & Wasserburg (1981) ;
14 : Wasserburgetal. (1977) ; 15: Lugmair & Martin (1977) ; 16: Jacobsen & Wasserburg (1984) ; 17 : Papanastassiouetal. (1974) ;
18 Galeetal. (1975); 19: Bogardetal. (1967); 20: Minster & Allegre (1976) ; 21 : Basaltic Volcanism Study Project (1981) ; 22:
Unruhetal. (1977); 23: Nakamuraetal. (1976) ; 24: Chen & Wasserburg (1985) ; 25: Prinzhoferetal. (1992); 26: Birck & Allegre
(1978) ; 27 : Lugmair & Scheinin (1975) ; 28: Manhesetal. (1984) ; 29: Allegreetal. (1975); 30: Lugmair (1974) ; 31: Torigoye
(1983) ; 32: Podosek & Huneke (1973) ; 33: Kaneoka (1981) ; 34 : Nakamuraetal. (1983); 35: Nyquistetal. (1986) ; 36 : Papanastassiou
etal. (1974); 37: Sanzetal. (1970); 38: Fif& (1994); 39: Brouxel & Tatsumoto (1991) .
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(Jacobsen & Wasserburg, 1984) O—# L =ERE2EZ, &
BOHEPEMOMAETH LN R LUZERIE, BA
DIERERERLTVWD EBEZEND,

KELNWT—&TE X5 L, chondrite T3 45.55 (E4ERT
(Taylor, 1992), achondrite b 45~44 (84Er1 (BT MHATEE
Fr, 1987) OEREZRT., EOBRAD, R OERERIT
455+ 0.1 84 (Unruh, 1982) Z7R7. Zhid, EOBRA
DTI~T6 DEHL, BHMICERINZI LEEKT S,

T2 iZH 7= % CAI DAERIT, 4559 + 0.05{54 (Chen &
Wasserburg, 1981) 2G5 1TV 5, CAI H D perovskite K
T DHEMRLL, Allende Tl 45.65 + 0.34 {84ER], Marchison
T1E45.69 + 026 fB4ERT (Ireland et al., 1990) %739, CAI
ERBDHRERDEVIIBREZOHHANTH S0, =ET
FEfEd 2 CAI OERDTPRRNTTREHEN B 2.

K-Ar & Ar-AriE T, 455EEL DB NERNZ < DR
aTHEINTVS, 2T, TROEEERBRL TS,
S[UEOBEZ SORMAERIE, B2OBEZTTERLEL
<, B - KBRIERCBRER LT OEZR, DEbDFEHF
TeN 5 TTICX->TEBIIU Y hahad, #iZ, Tok
INIZUR D FALEERN 5, RERETO T6 & T7H 5
HEBTEINARETH B,

K-Ar & Ar-AriEQERBEDOT— 1T, EDEAEY A
TIDNWTH, 45~43{84F & 0E4FRI, 0EFEICE—
NEBNS, iz, BABECEADEROE—7E2HD,
L chondrite |3 7~8fEERIICE— 27 %2 %5, LL chondrite |3
BEFINCE—7 29D (B MUAFRRT, 1987). 2£EL
EEROE—JIRBROLEOESZE, BABEBOFEN
E—7 3 0BAROBRELTOREFZREL T
TTH5,

45~ fEERMOERDE— 21T, BRENTETT<N
BOBHN Do EERLTWS, TOMBIT LS T,
BREZEZBADHEAY T TIN3INE6NE, HDWIIHE
SEHN S FEANEEDBENRE o EHEZ NS F,
KRERBRETIE, KEERAZBZ UAKRERBESMEN
BV, achondrite BRI Nz, DFED, T6OBEHTH
Zis

T7 OB RER T OEZEDOFEHIL, HROKITTEZ melt
DERJETRD S ZENTE S, Rb-St DERHEE T,
LL chondrite @ 11.97 + 0.54 84 Rl (Nakamura & Okano,
1985) %Y, L achondrite T4.61 + 0.11 {84EHj (Nakamuraet
al., 1990) NESNTVW3S,

TS DRFRMEN 5 DEERIE, T7TORKRERLOHEEIZL>
TRZE., TORD TIORBN TS DEH LD, FHTS
3, AR oFEHRBEEMNS RO SENTNVS, iron
meteorite 70 5 R.5 &, 14E4EERT, MR, 6BFRI, 442
R, 2MEERT, 1EEMLRNOE -8B D, KEERE
ENIDIARI>TEBEZONS,

TOD V% F LA DEE & FHRBH OB IE UIERELT
RKOBZENTES, FEHEMIH - 2 ERHITRANTERE
DR EFRENFEHEIEL TWE0R, HIRTETFTSE

FHBROBFNEED, FENHRN, BEREOANED,
ETEROWEICIL, “C, ¥Cl, “Ke L <fEbNB2, #
IZ% “Be, #Al, “*Mn 6 b#EETE S, TO XD RFRNE
ZRALUTETERERDD ZENTE S,

EVERER

BUTO, DEDRRENTOAKBERTO—BREDH
DI, HERICHR 515, HIERDSNTOEENDL, iDL —
Y —EENOCHEETES., LML, BANS BIEEICE
WERNFER IN TS,

achondrite @ SNCIZ, —EHDRKNBERNH B EEZ 51
TW3, Z0O—FDOREMIZL, shergottite (Nyquist et al.,
1979), nakhla (Papanastassiou & Wasserburg, 1974 ; Gale
etal., 1975), chassignite (Lancet & Lancet, 1971) & HIZ,
EMNEHE N ETH D, shergottite 1E, 615 5000 77~1 1%
6500 T FERIDEMRZERT A, nakhla ¥ chassignite b 13 fB4E
AT DERERZERT, SNCOZ DX D BEHEWERIE, 18
FRISHLWVWET, TOBXETKBIEARSH > T %R
LTWs, MEED/NSBRETHE, BOGIERSRFEE
ERT D&, A5SEBEFMLSRABIERZHET 2 Z 13K A8
TH5, SNCEIESERE, HEBEREVNDDTHS.
NEEH TIRFOLDI b DI, AT, $30E4EH]
WiEBhZEIE L TnWa 7%, SNC OEREE IR S0,
7 L= —ERZCINE, KB, BEEEMH<OLVET
HEEBLTWEEEZ 5D (Basaltic Volcanism Study
Project, 1981), EAD LEHZED 513, SNCITAKEDER
EEZDD—FEFENZN,

FHWEREZET T, SNCAHKEMNS EBHE LT,
LTFoboRNBTFehns, IU/INEEHDHE (KEW
KK) TEERI N KRANRHEMERED Z &, Ca-rich
pyroxene ¥ olivine 7R EDEHET (KEWKMEK) TOYI Y
EkERBT DMK E DD E, BRIEEOEWIY &
SKEMEDHD I L, chondrite I3 A 5 N WEEITTHRM
REFDZ ERENDD (RHE, 1991). Fiz, mMEHREH
Viking 1, 2*%° phobos 2, Mars 57 & DK EDEE D{L2FEM
BRI S, SNCLIJEMRERHL TS, Z0LSRT
En5, SNCHEHEBHE, KEEFREEZSNTNS,

SNCOE#RN S, KEOBEZH#EIN TS (Jagoutz,
1991), Zo#EEIcE T, BEEFITKBIERICE S TH
Bliz. TDOEETTER reservoir 5, 1305 0.16 (B4E
ATICIEEN U7z SNC IR & #1172, asthenospheric mantle |3
{£U/Pb, Rb/Sr, @\ Sm/Nd b, @iy Fe, EREROSS
FRZEZ#EDS, lithosphere |3V U/Pb, SmNd, FFE D RbSr
LZEFS, crustlid@ W Rb/Sr, {KV) Sm/Nd, FFREED U/Pb
tERFD.

COEIRKERE, EERFAESINTWERVD, SNCO
KERFED 5B ZRARILE b o 7o KB DREIR & L% #EE
TELLSICho T,

4 {LFENH
RALEMRIE, FRERETDET TR, BEORH
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EETOICHEBERIFERICKR . Sr/Sr DR LM,
0.69876~0.69995 D LMK WABEZHD (& 16).
WING/ N 135 E 72 0.512638 &V D HEE2HD, TOED
724&13 chondritic uniform reservoir (CHUR) &IEEH, [R
FoRMEHEEEINTWS, BAZ, SrEAERKIT, NdF
REBRIC R TREETH D ENR D, UL, BEXRE
TOELOBEERLTVWEON, FREKBROTEHS
ERLTVWANIRHTHS. Lol, WRIERSERE
LS AEEMT, Rb-Sr DA, Sm-NdDFHEIDEEL
BETVWEREH S, ZOLIRBEROD StHEEDLEE)
EARKENDTHBEEZEND.

16101t BOREREIN TS HIR Os DR EEZRL
7S, RO DD WIREEN DB ONREFARATH 5.,
—7J, Pb DEMEITE <5 E 4, primordial lead &
L T iron meteorite * troilite N HRD 5N TV D,

T DL S BEADORMEREN S, FHRRBRERETA
OEHMRERESND., COERNSE, EFEHA0H
BHNHEND D ZENTES, T—FTIIHEREEZRTD
D&, FEEZRTHODWEND 5.

R ARSI RRI N0, BEORMETDH
%, HWERSH TTRIE N ABRFME LIRS MTES T

F—& CAID S HERINTLUR, SFEOILRTRMAFRT
NREREINE, FEREONFRINELE, Me, Si, Ca,
Ti, Cr, BalETH 5., TOLIREEDEL T CAIOLK
SREREEYNS THo . FAMEREORRIT, MK
BEERKBRANS DEANEZSNSD.

WHAEREE, 100~ 10%EFRE O I O B WG R D
T ETH, BEOKBRMNESEEECR Ao TV L E
TR TH S, A1 Mg (3 : 1.07 X 10%1), **Mn—
S3Cr (CEJRER ;5.3 X 10%r), Pd — YAg (CEIHA : 9.47 X
10%1), 0 —12Xe (CER : 231 X 10%1), *Pu—Xe (H
PR : 1.18 X 10%1), MSm — “Sm (IR : 1.49 X 10%1),
1S — 12Nd (R 1,03 X 10%r) NRAEINTNWS, T
XS nMEEEN S, BHERRB TERINDITHROMK
FEMNNERDZENTES, Tz, ARO LD ITHBEL
NS, EHERRE, SEROBEMEE TOMMERE I N
TW5, ¥/2, KBROEFELROTH 2 *A1R, BERK
RAEFADEBAEROBR ER o/ EBEZENLTHETHD
5,

—7%, BRRAMET, BEIE HSNCHERETEZS
NAMEESTZHDT, O CREBRUSIDS) &
@ mixing 2% Z 2T HUTHATERY (B 7). ZOXD7R

7 16. Meteorites D #) 4 FINLA L.

Precise initial *'Sr/*Sr ratios Ref.
Allende CAI 0.69881+0.00002 1

H6 (mineral isochron) 0.69995+0.00015 2

H (whole rock isochron) 0.69876+0.00040 3

L4 (Chondrule isochron) 0.69959+0.00024 4

LL (whole rock isochron) 0.69882+0.00008 4

E (whole rock isochron) 0.69880+0.00037 5
Angrite (Angra dos Reis) 0.69897+0.000015 6
Primordial isotopic ratios Ref.
Chondritic Reservoir TSHE/MHE  0.28286 g
Primordial Os ''0s/'*0s  0.807+0.006 8
Basaltic Achondrite Best Initial (BABI) ¥Sr/*Sr 0.69899+0.00004 9
Chondritic Uniform Reservoir (CHUR) '"Nd/'"“Nd  0.512638 10
Mean Solar System Initial ¥Sr/*Sr 0.69897+0.000015 6

Primordial Lead
average Canyon Diable & Henbuy
average Canyon Diablo troilite

average Canyon Diablo, Burgavli & Arros troilite

average primordial lead
average primordial lead
Canyon Diable troilite
Canyon Diablo troilite

*Pb/™Pb  *"Pb/Pb **Pb/’*Pb Ref.

9.50 10.36 29.49 11
9.61 10.39 29.87 12
9.74 10.70 30.28 13
9.56 10.42 29.71 14
9.346 10.218 28.96 15
9.307 10.294 29476 16

9.3066 10.293 29475 17

BlA (Ref). 1: Podoseketal. (1991); 2: Wasserburgetal. (1969); 3: Minster & Allegre
(1979) ; 4: Minster & Allegre (1981) ; 5: Minsteretal. (1979); 6: Taylor (1992);

7: Patchettetal. (1981); 8: Luck & Allegre (1983) ; 9 : Papanastassiou & Wasserburg
(1969) ;10 : Wasserburgetal. (1981); 11: Patterson (1955) ; 12: Chow & Patterson (1961) ;
13: Stariketal. (1961); 14: Murthy & Patterson (1962) ; 15: Oversby (1970) ; 16 : Tatsumoto
etal. (1973); 17 : Chen & Wasserburg (1983).
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B7.  EERFEMAELEOR.
Wasson (1985) Z#ZLJ=.

FALARE L DEBEVL, presolar grain iCRD 5N B H D &L
HELUTBD, 120 EBFELS OHIOITTHRE R &R E
LZadHnidi s i,

Balcld, RBRKBREZOERZT TR, ZTOHE
272 b D —DRIONANAREDERDEENTND,

5 BX&

[RADIEEEZEZ S L%, BR{E (parentbody) &5
EXAHNEIND., BRELIZEAND EhoLRE, #HH
FOSETEARX MBAOEEHM 0 &ThHB. iz,
R, KBRS Nz &S NAHHERRRA
BE (NH, 1994) ERFEOEBRDVBHIKIN TS, ]
AORREEAD Z &, KEBEROIHITHR S ik
EPFIBMEOEREZND ZEXDRNS. BAZ, Tk
PR, HIERICHE B CEREEDREIDEFEFHERIT
Ho bl TR, HIRTE THD/NKRED &R
LEHDTHD,

BRE=/NEE (NRE) EldnnEnizn, s,
NERERBIET 2REEN, BREZEGIRTRRENR
HOBKECHBEREEZRBHEINAEDOTHS. BX
EOBERMED D WITKERIER, ERIEAZ, 4584w
EIZTTIETLTWS, 55EBFERINSIRFEE T, /INK
ERTOEEMNUL <BTY, BREDTHOMBE LK
BEE ST L Tw5, BEO/NKRITZORNORT
EWZ 5B,

BREE, BAOEERETHNEIVDEDR, SEE

RERBEGRAD 2D, MERAWBTELD Ry 1 T3,
Bx DREREZEEZ BT, 1 DORKENS —HE
DEAMRIZEZEZDZEINTED, 5N, Wid

KRREOHZEHELT Z &<, WS DNDRERET,
TRTOBADRENHPTELND LARYL, ZDED
BREZLT, BRELVSHONMEEINTNS,
carbonaceous chondrite £ X &

FR)V b D/NEEDZ < [dcarbonaceous chondrite3FH{E D
REZFF > TS, CORAMMNEZ D D/NEEIZNV FO
HNEELLRLEMBH L. METELNKENZS S
$ 57z, carbonaceous chondrite fE & /NEXE DRTLEMN 5, -
BARICRREOHENETH S, BE, HROHBRERC
AT DOMNEEE, ER450km THB., LA L
carbonaceous chondrite [T |IREREZVT b DD 5 T &
N5, o ERKEMR Ceres ¥ Pallas D X 5 7RE £ 1000km 1F
EQNEENBRBETH D, £, TOLDR/NRE T

HCRAZANEZD, KCE2EBEBRI-ZEEISN
5,
ordinary chondrite X {&

ordinary chondrite DR &IZ1E, Anderson DET)LINSH
5, ZOETIVE, BEREZTEIAT 6NHLICHD,
BHREDERNY A T3NRECHZENIHDTHD, L
chondrite DSEFE AN S HEE L2 (BIE LN 5, BRREDE
BENRD 5N TS, BROBE, WM 08
HmRE (BAlRE) DORBIZLEBDEEINTVS,
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ﬂﬁ!ﬂ!
ENESR TRER
T1~T2: EEKM
I-Xo—><1{ 4 M
Al-Mg— < ¥ 10077 M
T1: ? \
30007 £
RECAl chondrule K& ~1700C Presolar Grain
RN 0.5~20°C/hr SiC, Diamond,
TO~T2: I Graphite
1.3~2084%N HREDRB ’

T6 : 45~3SHW4E M

=1 )

T6: 13~144%

_‘ [ T6 : 45~43 MW

miw
BX&DSMB
[omne Jb=— o ()

anorthosit Ic
regnlllh breula

T7: ?
T8~T9 : 94K,

“, ZI‘F—li b T6 : 4SHEN
iren meteerite BRE&
achendrite BEKD M O L&M

LES
Tl 2

K8 REOEE.

howardite B X{&

HED achondrite DRRETH S, HED I, itk dH£<,
BREOET IS SARBINTNS. ZORXED
Bi#EE L TnW5S, SBICHRNTSBENH5, BRED
AL, EEMNS, EFE eucrite, %3 eucrite, cumulative
eucrite, diogenite, ¥iF diogenite DI H A TR I T
WirEEBZohTWws (KHE, 1982). KEBOAAE,
polymict breccia {2725 TW5, Z DD 7L polymict breccia
N howardite T 5. eucrite [ D WL, RO DD
WEFEMENS, BROBEDOEVNIL> T D7D
primary magma 28 C&, fEMMEICE > THERDERE®
KKATE, Thdeucrite TRDBEVNIEZINH D
(Stolper, 1977) ., HED &2 < @ stony-iron meteorite [ pk[K
BRND 5 & X 53T 5, mesosiderite H D EEEHIL4)
i3, HED O D EIEEIHEBIT 5.
ureilite B X{&

ureilite 12, RKFEDIETE, BMRORMMAE, SEMEN 5,
carbonaceous chondrite D RN RNH 5 LI TnD, F
7z, ureilite [ZHERDBH IR ITRBT 2720, HEROT
YAV ORFEZEEZ S ETHOEETH S, HEELY ORE
DERBZENEDD ENSHBZR DN S, chondrite &
D, Fe, Ca, AlZ RN TV EWS T O 2 &% 2 aidhid
570, 1200C éiié%i’ﬂ’a‘:ﬁ‘%ﬁﬁ“% KR & B
B OFe S EE ZHFE DL SRBRELE RS RiThi
Eokn, Zok> U%ﬁ‘%’:(ﬁﬁﬁ"@ﬁ#% WCHEHLWDHD

T2:45.6 W

M 1200150000 MM : 1200-1500°C

I #M : 1000-1200C
&/ : <1000C

Py
4
M :10 ~1Chr
T3:2 T4:?
< | %
b 4 |

T2~TS : 45584 N

C chondrite@ X &
Howardite @ X ¢k
EucriteB X {4

UreiliteB X &

e

Thd, ZOLDRBEBITHED T T DIERMEAER T
IR TER, WSDNDETIVEHINTNWBE, i
IBREES RS TS T, EEHENRETINVIEITE
Ty (ESFHATFZEET, 1987).
aubrite B Xk

FR¥i 2 76 X 7= achondrite 13, E chondrite O B[R B 4%
MNHBMEUIEEATH D, DED aubriteld, E chondrite
MBS NIZEEZEND., ZORKEDHLERIT]
Fe-NIiDBZERDEIN TS, METLENS, FOLEOD
iron meteorite \X IAB ThH 5 &I TWB, aubrite DEEHE
EACAIL, HIER - A OMEFRITED, HED &idES &£ 2
5NTVWD, ZOXIBEREE, /N%E NysalZEET 3
EENTND, FOIZIdHerthad K5 /& BHBNH 2 &
INTW3,
iron meteorite M &KX

iron meteorite 1&, & 14 DL 31T, 15D ) —TF1Fn<
DOMITEEDLETWS, IAXIB IABEBINS), 1IA &
IIB (IIAB £ 15), 1A &IIIB (IIIAB LI 5),
IIIC & IIID (IIICDB Mg I N5) 1ZREBEHGRNH 2 L3 h
5, WEFRIZLTH, iron meteorite 138 < D 5 ) — 717
AENB LT, FORENEHTH S I EERT, iron
meteorite |, BEHICHXKEDOELI T EEZZ 5N TWiE
A, EERITIE, MEEN SFARRENEEETSEEDX
ETERBEEERLTWS, IVBIL, 1270K OFHEEE
BRDH AN GG, ERL, 2ROBRMEER 2233
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BolkbDThHb, IABITEDHINCIATIAD I IREBZ R
Ul E@fta iz, BREANT, SNREL TRRISE
BB OBEBEO D THS., VAL, BFRENOE
BESOMMARMO I EIEREREREL TS, ZhiE
BATOHRB TR, SRS TBRENRE
U E T TERNWREZRL TWS, HEIND
BHEENSESETHBEND, BRENODIEIE
BESCTEEERBHEO SN ERTWE EZEZ 515,
IABD—ER, IIAB,IIC, IID, IIIABIZ FiR D3 X T Di#fE %
BROEKRINZHDT, SEONKEOEKEEL TV
EEZE5ND, TDLDT iron meteorite DRI, £FES
D AN EFE LTI stony meteorite EF D E NI
BEREBOET N THERBETER N, HEERLEEBEY
BN, &ESEHBEEMEONNRE I oSN
s

V E&®

WEETRRTEEZENS, BAEKOHSTLEE
ABERDEDITRD (K8),

BRAEORFEERoEIFEALEDILFEIT, BHERREK
Lo TfEs Nz, RIARBREZICIE, AGBECLHED D
W OB HT RBFETR & THE S Nk presolar gramZF AT
Wiz, HEHTERIEDN S BEEORRE T, 1EFE~EK 10077
FEREOHMTBIS. 405 456 EFERIEIC CAIRED
EIRMENEHET 5 (Chen & Wasserburg, 1981), F D%
1000 7T4EFEEEC, FBE ORIBMEN T N TEM USRI
Fns, DFD, BAZEAL, £EONKEDEDEX
KERRT 5. 45~44BE S, REVWKETA,
achondrite @ & 9 7B A BT B KEEMD, DMIWKR
ETIIAEHERNR D, TORB, HRTIDERSE
MESZ, BRBEOERTHRENSHMBL T, THEMZ
IELV, LA THERICETT 2.

ZDES7, BAOHEBRRNEZ NS, REETOM
EHERDTHSL E, BAOHEOEMDOL<IE, KER
DY OBRETH S, HIROMEME & U TAE DT T
HHEND T EMNFEAERN, S5, HERFIHNDOBRLA
FHEDIZONTRADEEHIZETETESRETHA D,
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Radiocarbon Age of the Molluscan Shells from the Holocene Marine Deposits

in the Nemuro Peninsula, Eastern Hokkaido
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Abstract. A radiocarbon dating was made for the molluscan shells (Ruditapes philippinarum (Adams et

Reeve)) collected from the upper part of the Holocene marine deposits of the Hattari River, Nemuro Peninsula,

Eastern Hokkaido. The molluscan shells were contained in a sandy silt bed, at few meters below the surface

altitude -2~-3 above. The age obtained (5470 + 110 y. B. P.) is consistent with the former estimation that the

marine bed in the Hattari River alluvial plain was accumulated during the culmination stage of the Jomon

Transgression.
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FLMEHNY Y V)IEHE ) v A<y TOWREIENSEHLZRELE) AL .

%A GASTROPODA

N3 I ) yhiy7°

¥I¥Y Littorina brevicula (Philippi) r r
IV yIXP Littorina squalida (Broderip et Sowerby) va -
raxyexy Neritrema sitkana (Philippi) - r
AW ra) Assiminea lutea japonica v.Martens r =
ADTFIR? ? Fluviocingula nipponica Kuroda et Habe r —
RV IZ Batillaria cumingii (Crosse) va r
IVYIHA Tectonatica janthostomoides Kuroda et Habe r =
TFFIIRT Nucella freycineti alabaster Pilsbry 12
av ¥ h<Vy Ay HNitrella tenuis (Gaskoin) - r
TSAvakiA Hinia festiva (Powys) c -
VO AT L% A Reticunassa fratercula (Dunker) = F
CIVT VAV L Indomitrella martensi (Lischke) r -
L¥HA Mitrella bisincta (Gould) r -

“_¥E¥ PELECYPODA
AN M THRHA  Arca boucardi Jousseaume r r
A bhMFR Musculus senhousia (Benson) r -
KYTHA Patinopecten yessoensis (Joy) r -
FIRH T Anomia chinensis Philippi r =
<HF Crassostrea gigas (Thunberg) va a
e b P] Corbicula japonica Prime r c
3+ XY H A Trapezium [iratun(Reeve) va -
INA T HhHTHA Clinocardium californiensie (Deshayes) r —
IR ) AHA Callithaca (Protocallithaca) adamsi (Reeve) — r
7H) Ruditapes philippinarum (Adans et Reeve) cx a
Y AT MN)HA Macoma incongrua (v.Martens) o c
HYTI MY Macoma contabulata (Deshayes) B =
x4 Mya arenaria oonogai Makiyama ¥ C XX

EEHSEE  va (FEFICH, a: B, c i EE or oAy

“CHEMR * 5470+ 110y. B. P. (Gak-16994) *x 5190 =+ 200y.B.P. (JGS142)

TN & VNIHED NBETIRTHFHEZR AL Tz &H
HIND, ZOAFHITERABREEEZEL, 23y~
FE, TVIIFE, ARV TIIHA, FIHTTD
(Anomuia chinensis)72 & DFEH A Uiz, — 7, iWE DWIRE
BICERT AR THARI A AT A, AOkEDR
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Mo, HEOREETIIAEBR L TWRWEBEDO N H I N1
RHELTWS (BT KB, 1956), Z O BIRIIHECRIHICHE
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,1992), GIEsEE (LK, 1987; 1990; #a B+ LR, 1992)/% 2
27 VB (RA B, 1982b), 7R — Y ZHRRETIE Y w F v il (K
EEM, 1972; AR, 1982a; BIAIEA, 1994), # = (M, 1983;
HIEEM, 1994), #E (FAE:, 1984; RIEIED, 1994) 72 &, 1HH
WERNSF R VI HRFEOLRWEHETE SN TN,
B2, BARBAAE TIEY 2T MV A1 271004/
WCHE URSS00FRTE TER L TWEZ ENHL NI
TWD RS, 1992). I EE TN\ v & U JIME# TrEH L
JRIRBER LN, N ) (Meretrix lusoria), 7 7 %
(Mactra veneriformis), 7 71 77 (Scapharca broughtoni), 7
F I Y F(Saxidomus purpuratus), 7 A~ =3 F(Chlamys
farreri nipponensis)74 £ & 512 % < DIREFEAKI69004E /i
2 5RIS00FRNTER U T (AR - 11K, 1992). 2 LT, 8l



42 Y. MATSUSHIMA and J. KAWAKAMI

BRILFER D BT D < S AVSHESCR D &m0 BIEE T
MEB NI, FTF, AHIAAREOREN LU
THD, TIN5 DHBEITURFOMIADORE ER> TW,
IS 27 )V T 58004E RN JE B & /= 71 S HEDYEH & M i
B, FZIRRYRFT Y RV HINEHER L T, —
H. ARV IBRETIRY v Fy AL OERNE <,

3a. Ny & UK ORE SR
(F#h 5 EREHD) .

B3b. Ny & U JIHEHI D FAE L HFERE
N ZUNER).

Bl3c. TAKELHFTHED HENZRICE
EhTWws<HFET YA

T D LTI R SO00FE R 5 FIS0004E /T & TR IERED A
SERLTWEZ. ZZTHhMXEMoEEMN S > 7%, 7
A=, UxFT MY HARHELELTWS (FAE, 1982a).
W B IS O B WD S REN TN, IR SR
WAE L D IRBEEOEHIRE TN TV D (KIS, 1968; FRiA
,1969; EigE - 142, 1972 72 &) . Balf B 5 Mo T EER T
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4. Nw& UK OWRIFREEN SEHL 2 RMEEA 1 (TXTX 0.80)
1 : iK% 55 Patinopecten yessoensis (Joy) ; 2 : A~N)V N 73441 Arca boucardi Jousseaume ; 3 : X ¥ h<¥
H A Trapezium liratum (Reeve) ; 4 : < /i3 Crassostreagigas (Thunberg) ; 5 : T.\/ 1 > 14’ i1 Clinocardium californiensie
(Deshayes) ; 6 : 7Y Ruditapes philippinarum (Adams et Reeve) ; 7 : 44/ }i1{ Mya arenaria oonogai Makiyama.
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5. Nw &) )IHEHOMERIIRERE» SEH U BT L (TRTETX)
1 : V¥ <FE Littorina squalida (Brodirep et Sowerby) ; 2 : ¥ Y% Y Littorina brevicula (Philippi) ; 3 : T/ ¥ <H
A Tectonatica janthostomoides Kuroda et Habe ; 4 : #xY/) - ;R R =7 Batillaria cumingii (Crosse) ; 5 : 7 I A0+
Hinia festiva (Powys) ; 6 : AFH A Mitrella bisincta (Gould) ; 7 : )T > AW A3 Indomitrella martensi (Lischke) :
8 : 73> Anomia chinensis Philippi ; 9 : ¥~ K3 Corbicula japonica Prime ; 10 : E X5 N /A Macoma
incongrua (v.Martens) ; 11 : Y ¥ MY A Macoma contabulata (Deshayes) .
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On the Genus Chlorogomphus (Anisoptera : Chlorogomphidae) of Indochina

with Descriptions of Six New Species and Little Known Species
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Ch. albomarginatus sp. nov. (X b7 A), Ch. nakamurai

Ch. takakuwar

sp.nov. (RhF L) O6HBMZLML, SHWTHELEWIURSOERD DRLRETHY, MO TFANHMSN D Ch.

auratus Martin (X N A) ZEERLUZ. £,
H5.

Ch. nasutus Needham /%, X M AEAN SO CEHRHESNAIHDT

Abstract. Six new species of the genus Chlorogomphus are described : Ch. yokoii sp. nov. from N.

Thailand, allied to Ch. arooni, Ch. albomarginatus sp. nov. and Ch. nakamurai sp. nov. from N. Vietnum, all of

which are similar to each other at first sight but consist an mdependent species group respectively ; Ch. sachivoae

sp. nov. from N. Vietnum, belonging to the same group of Ch. kitawakii from S. China, and Ch. miyashitai sp.

nov. from NE Laos ; Ch. takakuwaisp. nov. from N. Vietnum, allied to Ch. selysi from India. In addition, Ch.

auratus is redescribed after interval of about eighty years since the original description, and the male is first

recorded.

Key Words : Chlorogomphus, Indochina, new species
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Key to the male of Indochina species of the genus
Chlorogomphus

1. Triangles of hind wing rectangular

—. Triangles of hindwing oblong

2. Frons strongly protruded anteriad

2
5
3
—. Frons almost flat or slightly protruded anteriad 4

3. Superior appendage flat and slender, shaped as pincers.

Inferior appendage shallowly excavated

sachiyoae sp. nov.

—. Superior appendage robust with distinct lateral spines.
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Inferior appendage deeply and triangularly excavated

nasutus

4. Superior appendage longer than the inferior, which is

shallowly excavated takakuwari sp. nov.
—. Superior appendage shorter than the inferior, which is

miyashitai sp. nov.

deeply excavated
5. Abdominal segments 4-10th without any markings. Superior

appendage short and robust. Inferior appendage short, with

many spimes at apex
nakamurai sp. nov.

—. Abdominal segments 4-7th with yellow markings

6. 10th abdominal segment triangularly protruded

apicad 7
—. 10th abdominal segment moderate. Superior

appendage shorter than inferior, with lateral spines.

albomarginatus sp. nov.

7. Superior appendage very short. Inferior appendage stick-

shaped, with many spines
yokoii sp. nov.

—. Superior appendage longer than inferior appendage, which
is expanded at middle and provided with two big spines at apex

auratus

Key to the female of Indochina species of the genus

Chlorogomphus
1. Triangles of hind wing rectangular or equilateral ———2
—. Triangles of hindwing oblong 5

2. Eyes widely separated. Abdominal 7th segment without any

marking 3
—. Eves moderately separated. Abdominal 7th segment with

yellow marking 4
3. Body size middle. Wings slender. Tenth ventral lobe not

exceeding paraproct sachiyoae sp. nov.
—. Body size large. Wings broad. Tenth ventral lobe clearly

nasutus

exceeding paraproct

4. Body size middle. Labrum with yellow markings. Seventh

yellow marking spread along lateral side
takakuwai sp. nov.

—. Body size large. Labrum without yellow markings. Seventh

yellow marking like as ring

miyashitai sp. nov.

5. Wings very broad, covered with black markings at about basal
half 6

auratus

—. Wings broad, tinged with golden yellow
6. Eyes very widely separated. Vertex with a pair of

protuberance nakamurai sp. nov.

—. Eyes widely separated. Vertex without protuberances

albomarginatus sp. nov.

Chlorogomphus auratus Martin, 1910
(Figs. 1-11)

Chlorogomphus auratus Martin, 1910, Bull. Soc. ent. Fr.,
66 ; Fraser, 1929, Mem. Indian Mus. 9 (3) : 147-148.

Male. Abdomen (incl. appendage)  54.9-58.1mm in length.
Hindwing 47.9-53.5mm in length, with maximum width 16.3-
17.8mm.

Head largely black ; labium whitish yellow ; labrum black ;
anteclypeus black, with upper and lower edges brownish ;
postclypeus yellow except for black lower edge ; ridge of
antefrons broadly yellow ; eyes almost adjacent, the distance
0.5mm ; vertex eaves-shaped ; occiput black, subconical.

Prothorax black, with anterior margin yellow. Pterothorax
black with yellow markings ; antehumeral stripe narrow, gently
and gradually broadened dorsad ; humeral stripe as wide as
dorsal apex of the former ; anterior 3/4 of metepisternum
yellow ; lower edge of metepimeron and metapoststernum
yellow.

Wings nearly hyaline, with brownish marks at each apex ;
median space with 2 cross veins ; triangles 3 :3/3 :3,4 :4/4 : 4,
4:3/3:3,4:4/4 : 4 that of fore : basal : costal : distal=1:1.3 :
1.3, that of hind : basal : costal : distal=1:0.8: 1.2 ; anal loop
18-21-celled ; nodal index : 15-28 : 29-16/18-23 : 23-18, 16-25 :
26-17/20-23 : 23-21, 17-28 : 29-17/20-21 : 23-22, 19-29 : 31-20/
22-24:25-23 ; pterostigma black, 4mm in length and covered
4-celles in the fore, 4.2mm in length 3.5-cells in the hind.

Abdomen black, symmetrically with yellow markings as
follows : spot at ventral half of 1st, broad, slightly oblique band
running from antero-ventral part to middle part of posterior
margin, which 1s connected with the former spot at anterior
margin, stripe along ventral edge of 3rd, each antero-dorsal
spot of 3rd to 7th, which is a little separated from one of the
opposite site, the 3rd one being the largest and prolonged near
ventral edge along anterior margin and 7th one being somewhat
larger than the preceding 3 ; 8-10th entirely black ; 10thbroadly
triangularly lobed at apex, the lobe being shallowly concave at
median part and roundedly inclined downwards in apical part.

Caudal appendage black. Superior appendage widely and
deeply furcate, the furcation becoming thinner from base to
basal 1/3 and a little curved ventrad ; lateral projection situated
near apex. Inferior appendage robust, bilobed, rapidly
thickened towards the middle in lateral view, the lobes strongly
prolonged inwards and each with two spines at inner part of
apex.

Accessory genitalia with anterior lamina rapidly becoming
thinner towards apex ; hamulus posterioris thick, with apex a
little pointed anteriad.

Penis with vesicle shallowly, widely, longitudinally grooved
at middle ; 2nd strongly curved ventrad, with spine which is

about 1/2 length of 3rd ; 4th triangular, with a pair of
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Figs. 1-11. Chlorogomphus auratus Martin.
2,4,6-10: male; 1,3,5,11: female; 1:

view ; 7: samein lateralview ; 8 : accessory genitalia in lateral view ; 9:

10

head in frontal view, 2, 3: thorax; 4,5: abdomen ; 6:

ventral view ; 11: apical segments of abdomen in ventral view.

projections which are about 1/3 length of 4th, with each apex
of ventral plate robust which is strongly reflexed upwards, and
with dorsal part apparently exceeding the apex of ventral plate,
longitudinally grooved in anterior half, with a pair of distinct
raisings along the groove, and somewhat obliquely truncate
with slight excavity at apex in lateral view.

Female. Abdomen (incl. appendage) 59.5-65.2mm in
length. Hindwing 54.7-60.3mm in length, with maximum width
19.7-22.5mm.

caudal appendage in dorsal

last segment of penis in lateral view ; 10: same in

Maculate pattern similar to that of male, though more
developed.

Head broader than in male ; eyes more widely separated ;
vertex projected as eaves-shape, flat in dorsal part.

Wings golden yellow, often with brownish markings ; each
apex of wings with semicircular spot which almost covers distal
area from pterostigma (some specimens without this marking
or with broad transverse bands near node) ; median space with
2 cross veins ; triangles 4:3/6:5,4:4/5:5,6:5/6:6,4 :4/4 :
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Figs. 12-19. Chlorogomphus yokoii sp. nov.

12: head; 13: thorax; 14: abdomen; 15: caudal appendage in dorsal view ; 16 : same in lateral view ;

17 : accessory genitalia in lateral view ; 18 : last segment of penis in lateral view ; 19 : same in ventral view.

5.6 :6/6 : 6, that of fore : basal : costal : distal=1 :1.3 : 1.4, that
ofhind : basal : costal : distal=1:0.7 : 1.1 ; analloop20-27 cells
(38 celles in one specimen) ; nodal index : 19-33 :34-21/22-27 :
28-22,18-31:31-17/19-24 : 25-19, 19-27 : 28-18/19-24 : 25-23,
18-30:29-19/21-23 : 23-22, 16-27 :28-17/19-22 : 22-20 ;
pterostigma black, 4.4mm in length and covering 4.5-cells in
the fore, 4.6mm in length,and 4.5 cells in the hind.

Abdomen with marking pattern same in male ; 2nd with
broader oblique band and with a longitudmal median spot at
apical 1/3 of dorsum ; 3rd to 7th each with larger triangular
spot at base and with stripe along ventral edge.

Cerci a little shorter than 10th. Valvula valvae broadly

trapezoidal, with apex slightly emarginate at middle. Ventral
lobe of 10th faintly exceeding paraproct.

Distribution. N. Vietnum.

Materials examined. Mt. Tamdao, near Hanoi, N. Vietnum :
2532 % 9%,10. VII- VIII. 1990, Sinji Nagaileg; 1 ¢ , 30.
V. 1993, H. Karubeleg: 1 "1 %, 31. V. 1993, H. Karube
leg; 10"1 $,19.V-2. V1. 1993, nativeleg : 3 &2 £ %, 3.
V. 1994, H. Karube and S. Nirasawa leg.

Notes. Fraser, 1929 regarded this species as a member of
group of magnificus, but Asahina, 1981 treated as a species
allied to arooni. Itbecame clear that this species surely belongs

to the group of arooni by the present study including male
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specimens, the characters of which are first described m this paper.

Chlorogomphus yokoii sp. nov.
(Figs. 12-19)

Male. Abdomen (incl. appendage) 55.8mm in length.
Hindwing 47.1mm, with maximum width 15.5mm.

Head black with yellow markings ; labium brownish yellow ;
labrum black with yellow V-shaped mark at the middle ;
anteclypeus black ; postclypeus yellow, with lower edge black ;
antefrons black, with yellow band at upper edge ; eyes almost
meeting, the distance 0.8mm ; vertex swollen as eaves-shape,
with dorsal part almost flat ; occiput black and pyramidal.

Prothorax black, with margins yellow. Pterothorax black
with yellow marks ; antehumeral stripe gradually becoming
broader towards upper apex ; humeral stripe thin, about half
narrower than the upper apex of the former ;
mesinfraepisternum black ; metepisternum largely yellow,
anterior part of metinfraepisternum yellow, which 1s connected
with the former; lower edge of metepimeron and
metapoststernum yellow.

Wings hyaline, with brownish marks at each apex ; median
space with two cross veins ; triangles 3 : 3/3 : 3, that of the fore :
basal : costal : distal=1 : 1.1 : 1.1, thatof the hind : basal : costal :
distal=1:0.8 : 1.1 ; anal loop 13/13-celled ; nodal mdex : 13 :
24-21:12/15:17-16 : 17 ; pterostigma of fore wings 3.8mm in
length and covering 3.5 cells in the fore, 4.lmm in length and
3.5 cells in the hind.

Abdomen black with yellow markings ; 1st segment with
ventral 1/3 yellow ; 2nd with broad oblique band running from
antero-ventral area to postero-dorsal area and connected with
the former yellow mark ; 3rd to 7th each with a pair of yellow
spots at antero-dorsal border, of which the 3rd ones are
triangularly expanded and almost cover basal 1/3, and of which
the 7th ones slightly larger than the preceding 2 ; 8-10th entirely
black ; 10th rounded at sides, broadly triangularly projected
posteriad, the projection dully pointed at the tip in dorsal view
and with a longitudinal cicatrix at apical 3/4.

Caudal appendage black. Superior appendage very short,
triangularly protruded laterad, with two vague projections at
apex. Inferior appendage slender, very faintly curved mmwards
1n dorsal view, spindle-shaped in lateral view, slightly curled
mwards, gradually curved upwards and thinned i apical half ;
surface densely granulate in more than apical half, the granules
rather subconical.

Accessory genitalia with anterior lamina robust but rapidly
tapered near apex ; hamulus posterioris straight and thick,
thinned in apical half, with a little pointed anteriad at apex.

Penis with vesicle solid, shallowly, widely, longitudinally
grooved at middle ; 2nd strongly curved ventrad, with spine

which is about 1/3 times as long as 3rd ; 4th triangular, with a

pair of projections which are about 1/2 length of 4th, with
ventral plate deeply bilobed, each the lobe being somewhat
robust and nearly vertically reflexed near apex, with dorsal part
slightly exceeding the apex of ventral plate, longitudinally
grooved 1n anterior 1/4, with a pair of distinct raisings along
the groove, and vertically truncate and acutely angulately
projected downwards at apex in lateral view.

Female. Unknown.

Distribution. N. Thailand.

Type materials. Holotype, o, Nan, N. Thailand, 24. IV.
1992, native leg.

Notes. This new species very closely related to

Chlorogomphus arooni from Peninsula Thailand, but easily

distinguished from that by the male anal appendage.

Chlorogomphus albomarginatus sp. nov.
(Figs. 20-30)

Male. Abdomen (incl. appendage) 66.3-69.7mm in length.
Hindwing 48.6-48.9mm in length. maximum width of hind 14.2-
14.8mm.

Head black with yellow markings ; labium brownish white,
with border brownish ; labrum black ; anteclypeus black ;
postclypeus yellow, with a pair of black spots at lateral 1/3, and
with longitudinal black stripe which is broken at the middle ;
antefrons black, with a yellow band at upper and lateral edges ;
the distance between eyes 0.6mm ; vertex swollen, eaves-
shaped ; occiput subconical at upper margin.

Prothorax black, with anterior and lower edges yellow.
Pterothorax black, symmetrically with yellow marks as follows :
antehumeral stripe which is slightly spread at the dorsal end,
humeral stripe which is a little broader than the widest part of
the former, fascia consist of postero-ventral edge of
mesepimeron, anterior area of metinfraepisternum and
anterior 2/3 of metepisternum, and fascia consist of lower edge
of metepimeron and all part of metapoststernum.

Wings hyaline, apex decorated with semicircular brownish
marks from R1 over IR3 ; each median space with 2 :2/2 : 2,
3:3/3:3; triangles 4 :4/4 : 4, 4 :5/5 : 5, that of fore : basal :
costal : distal=1 :1.46 : 1.53, thatofhind : basal : costal : distal=
1:0.9:1.1. Analloop 20/20, 25/24 ; nodal index : 18-29 :29-
17/21-20 : 23-20.19-30 : 27-18/26-24 : 24-24 ; pterostigma black,
4.5mm in length, covering 4 cells 1n the fore, 5.2mm in length
and 4.5 cells in the hind.

Abdomen robust, black with yellow markings ; 1st segment
with small ventral spot and postero-ventral, elongate elliptical
spot, these two being barely connected with each other at
ventral corner ; 2nd segment decorated with 4 maculations :
spot on and over auricle, somewhat oblique, short band at
medio-dorsal part, dorso-apical elliptical spot and long mark

along ventral edge, the 2nd being clearly separated from the
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Figs. 20-30. Chlorogomphus albomarginatus sp. nov.

21, 23, 25-29 : male; 20, 22, 24, 30: female; 20: head in dorsal view; 21, 22: thorax, 23, 24: abdomen; 25:
caudal appendage in dorsal view ; 26: same in lateral view; 27: accessory genitalia in lateral view; 28: last

segment of penis in lateral view ; 29: same in ventral view ; 30: apical segments of abdomen in ventral view.

mark of opposite site, and the 3rd being barely so ; 3rd with 3
maculations, of which the median stripe is extremely thinly
connected with the opposite, with apical spot and long mark
along ventral edge ; 4th to 6th each with apical small spot ; 7 to
10th black.

Caudal appendage black. Superior appendage robust,
shorter than the inferior, pincers-shaped with stout lateral spine
at about basal half ; apex bent outside in dorsal view. Inferior

appendage slightly broadened towards behind middle in lateral

view, parallel-sided, bilobed with inner margins rounded ; each
apex with two spines on dorsal part, the apical one of which is
rather larger than the anterior.

Accessory genitalia with anterior lamina rapidly thinner
towards apex, which is thin and strongly hooked dorsad ;
hamulus posterioris slender, with apex a little pointed anteriad.

Penis with vesicle squarely, moderately grooved medially,
and squarely projected ventrad ; 2nd curved ventrad, with spine
about half shorter than the 3rd ; 4th bell-shaped, with a pair



Chlorogomphus of Indochina 53

of long straight projections about half shorter than 4th, with
apices of ventral plate shaped as pincers and reflexed upwards ;
dorsal part slightly longer than ventral plate, nearly truncate
at apex and protruded as bill ventrad in lateral view, and
longitudinally grooved medially in anterior half, with a pair of
raisings along the groove not so developed.

Female. Abdomen (incl. appendage) 58.6mm in length.
Hindwing 55.1mm in length with maximum width 23.4mm.

Maculations of head and thorax similar to male, but wings
and abdomen very different.

Head coloration as in male ; vertex gently protruded, with
a pair of callosities on the raising ; occiput flat ; eyes more widely
separated (1.1lmm) .

Pterothorax with color pattern as in male ; antehumeral
stripe almost disappeared ; humeral stripe slightly slenderer
than in male.

Wings short and broad. Fore wing decorated with blackish
marking in basal about 2/3, the apical margin being oblique,
exceeding 1/3 of the distance between pterostigma and node
and reaching pterostigma through costal space, with vague
milky white mark at middle along apical margin of the former
blackish marking. Hind wing with blackish marking in basal
about 1/2, the apical margin oblique and hardly reaching
pterostigma through costal space, with basal hyaline mark as a
comma-shaped bead, and with a vague milky white band along
apical margin of the former blackish marking ; triangles 5 : 7/
5 :4,thatoffore : basal : costal : distal=1:1.2 : 1.1, thatofhind :
basal : costal : distal=1:0.7 : 1.1 ; analloop 31/34-celled. Nodal
mdex : lost-30 : 30-17/20-22 : 22-20 ; pterostigma black, 5.1mm
mn length, and covering 4.5 cells in the fore, 5.6mm in length,
and 6 cells in the hind.

Abdomen robust, especially in basal 3 segments, without
markings excepting yellow sternite.

Cerci minute, about 2/3 times as long as 10th segment.
Valvula valvae trapezoidal. Tenth ventral lobe slightly
exceeding paraproct.

Distribution. N.Vietnum.

Type series. Holotype, o , Mt. Tamdao, near Hanoi, N.
Vietnum, 31. V. 1993, H. Karube leg. Allotype, 1 ¢ , same
locality as the holotype, 19. V- 2. VI. 1991, Native leg.
Paratype : 1 ", same locality as the holotype, 3. V. 1994, H.
Karube leg.

Notes. Female of this new species strangely resembles to
Ch. nakamurari at first sight, but is obviously distinguished from
that by the characters of head, appendage, etc.

Chlorogomphus nakamurai sp. nov.
(Figs. 31-41)
Male. Abdomen (incl. appendage) 56.5-58.8mm in length.
Hindwmg 50.3-51.4mm in length, with maximmum width 17.3-

17.9mm.

Head black ; labium brownish white with margin brown ;
labrum black ; anteclypeusblack ; postclypeus black, with a pair
of yellow Y-shaped spots on the middle ; antefrons black, with
broad yellow band at anterior 1/3 of dorsal part, which is not
reachinglateral edge ; the distancebetween eyes 0.9mm ; vertex
swollen, with U-shape notch at dorsal part ; occiput black, with
apical ridge swollen.

Prothorax black with anterior margin narrowly yellow.
Pterothorax black with vellow marks : antehumeral stripe thin,
slightly broadened towards lower apex ; humeral stripe thin,
rather broader than the former, not reaching
mesinfraepisternum ; anterior 3/4 of metepisternum and
anterior border of metinfraepisternum yellow, the marking
being tapered ventrad ; ventral margin of metepimeron and
metapoststernum yellow.

Wings hyaline, with apex blackish marks ; median space with
3 or 2 cross veins of the fore and 2 cross veins of the hind ;
triangles 4 :4/3:4,3:2/4:4,3:3:/3:43:3/2:3,3:3:/3:3,
that of the fore : basal : costal : distal= 1 : 1 : 3.1, that of the
hind : basal : costal : distal=1:0.8 : 1.2 ; anal loop 16~19-
celled ; nodal index : 18-30 :27-18/23 : 22 :24 :23,17-27 : 25 :
16/19-21 : 22-20, 20-30 : 29-19/25-23 : 21 : 22, 18-32 : 34-19/21-
23 :26-21, 19-29 :29-17/22-22 : 23-22 ; pterostigma black,
4.7mm in length, and covering 3.5 cells in the fore, 50.5mm in
length and 4.5-cells in the hind.

Abdomen slightly thickened at apical 3 segments, black with
yellow markings : 1st segment with large ventral spot ; 2nd
segment largely yellow, with black dorsal spot ; 3rd yellow at
basal 1/2, with ventral margin yellow (these three yellow
maculations forming very broad yellow band) 4th to 10th
entirely black.

Caudal appendage black. Superior appendage robust and
short, faintly curved inwards, with obliquely truncated at apex,
with ventral spine near apex. Inferior appendage very short
and robust, with a pair of acute projections on the middle,
broadly truncate as dull V-shape at apex in dorsal view ; apical
1/2 rapidly thickened and reflexed upwards, with many minute
conical granules on surface.

Accessory genitalia with anterior lamina rapidly thinner
towards apex, deeply depressed except arounding, with apex
not so pointed ; hamulus posterioris slender and rather straight,
with apex hardly pointed.

Penis with vesicle deeply, narrowly, longitudinally and
roundedly grooved at the middle, triangularly protruded
ventrad in lateral view ; 2nd curved ventrad, with spine about
1/3 length of 3rd ; 4th longitudinally pentagonal, with a pair of
long, twisted projections which are about 2/3 length of 4th,
with ventral plate pincer-shaped, somewhat abruptly reflexed

upwards at each apex, with dorsal part very faintly exceeding
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Figs. 31-41. Chlorogomphus nakamurai sp. nov.
32, 34, 36-40: male; 31, 33, 35, 41: female; 31:
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head in frontal view; 32, 33: thorax; 34,35: abdomen; 36:

caudal appendage in dorsal view ; 37: same in lateral view; 38: accessory genitalia in lateral view; 39 : last

segment of penis in lateral view; 40: same in ventral view ; 41:

apex of ventral plate, longitudinally grooved medially in

anterior 1/4, and roundedly truncate at apex in lateral view.
Female. Abdomen (incl. appendage) 61.9mm in length.

Hindwing 59.9mm in length, with maximum width 24.4mm.
Head broad, largely black ; labium brownish white ; labrum

black ; anteclypeus black ; postclypeus very broad, entirely

apical segments of abdomen in ventral view.

black ; ridge of antefrons a little light- coloured ; vertex with a
pair of interesting protuberances posteriad, which is very big
and long and reaches border of occiput ; occiput connected
with vertex, wide and narrow ; eyes very widely separated,
distance between eyes 2.6mm, the most nearest point situated

at border of occiput.
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Prothorax black, yellow at posterior and lateral edges.
Pterothorax robust, black with yellow marks : antehumeral
stripe very narrow, absent on upper and lower part, humeral
stripe narrow, disappeared on ventral part, anterior half of
metepisternum yellow, and post-ventral edge of metepimeron
and metapoststernum yellow.

Wings broad ; each basal half covered with blackish mark
except basal corner, this mark being marginate by milky white
band, and extending alittle over node ; apex with small blackish
spot ; median space : 3:2/2:3,2:2/3:2; triangles5:5/5:5,
6:6/5:6,5:6/5:5, that of fore : basal : costal : distal=1:1.3 :
1.4, that of hind : basal : costal : distal=1:0.7 : 1.1 ; anal loop
32/31-celled, 37/39, 35/31 ; nodal index : 20-29 :31-18 : /23-22 :
22-22,20-29 :32-20/21-24 : 23-22, 20-31 : 32-20/22-25 : 24-23 ;
pterostigma black, 5.4mm in length, and covering 5 cells in the
fore, 5.6mm in length and 6 cells in the hind.

Abdomen robust, nearly blackish ; each ventral edge of 1st
to 7th segments, yellow line, which is gradually becoming
thinner towards apex.

Cerci minute, about 1/2 shorter than 10th segment. Valvula
valvae trapezoidal. Tenth with ventral lobe, slightly exceeding
paraproct at apex.

Distribution. N. Vietnum.

Type series. Holotype, o, Cuc Phoung, near Hanoi, N.
Vietnum, 29. V. 1993, H. Karube leg. Allotype, ¢ , same
locality as the holotype, 28. V. 1991, S. Nakamura leg.
Paratypes: 6 &'d", same data as holotype ; 5 I'd"2 & 9 ,same
locality as the holotype, 30. IV. 1994, H. Karube leg; 1 o,
same locality as the holotype, 1. V. 1994, H. Karube leg.

Notes. This species was found only along a fine stream in
lime stone tablelands, which flows the distance of about 100m
through the forest and then is inhaled below a chiff. Male has
a habit of patroling on the upper stream in dark forest, and

female lays eggs into small muddy pools near the source stream.

Chlorogomphus sachiyoae sp. nov.
(Figs. 42-52)

Male. Abdomen (incl. appendage) 67.6mm in length.
Hindwing 45.1mm in length, with maximum width 14.8mm.

Head black with yellow markings, with frons triangularly
protruded ; labrum whitish yellow ; labrum black ; anteclypeus
black, with lower edge yellow ; postclypeus yellow ; ridge of
antefrons with triangular yellow band ; eyes almost meeting,
the distance 0.5mm ; vertex eaves-shaped ; occiput small,
subconical.

Prothorax black, with anterior margin yellow. Pterothorax
black, with yellow marks as follows : antehumeral stripe
expanded at the dorsal apex ; humeral stripe about 2.5 times
as wide as the former ; mesinfraepisternum with yellow mark

which covers posterior half and 1s connected with humeral

stripe ; outer sides of fore and mid coxae yellow ;
metepisternum yellow, except for blackish posterior margin ;
metinfraepisternum with large spot at posterior half, which is
connected with the former band ; metapoststernum and lower
edges of metepimeron yellow.

Wings hyaline ; each median space with two cross veins ;
triangles 2 : 4/3 : 2, that of fore : basal : costal : distal=1:1.4:
1.2, that of hind : basal : costal : distal=1 : 1.3 : 1.4. Anal loop
11/12 ; nodal index : 12-21 : 25-12/13-19 : 20-15 ; pterostigma
black, 3.7mm in length and covering 3.5-cells in the fore, 4.1mm
in length and 3-cells in the hind.

Abdomen slender and long, black with yellow markings as
follows : large spot at ventral half of 1st segment, two bands in
2nd, one is oblique, runs from antero-ventral margin to medio-
dorsal area, 1s connected with the former spot at anterior
margin, rapidly becomes thinner at the upper part and does
not reach the dorsal top, another band just before 3rd is about
1/6 width of 2nd and rectangularly prolongs behind 1st along
ventral edge, very thin ring at middle of 3rd, each dorso-apical
spot of 3rd to 6th, of which 5th one almost disappears and 6th
one is the largest.

Caudal appendage black, rather slender. Superior
appendage curved inwards, with stout oblique ventral spine at
basal 3/5 ; apex asymmetrically bilobed in dorsal view, with
outer process triangularly protruded ventrad. Inferior
appendage slightly longer than the superior, thickened before
apex 1n lateral view, and somewhat curved upwards at apex,
with 2 minute spines on dorso apical area ; apex obliquely
truncate with emarginate middle part in dorsal view.

Accessory genitalia with anterior lamina tapered towards
apex, which is curved posteriad ; hamulus posterioris long,
waved and thick, with apex a little pointed anteriorly.

Penis delicate ; vesicle very shallowly excavated medially ;
2nd strongly curved ventrad, with spine which is about 1/2 times
as long as 3rd ; 4th triangular, with a pair of projections which
are about 1/3 length of 4th, with each lobe of ventral plate
straight and slender, weakly reflexed upwards at apex, with
dorsal part a little longer than ventral plate, nearly truncate at
apex, with median groove running in anterior 1/3.

Female. Abdomen (incl. appendage) 61.7mm in length.
Hindwing 48.3mm in length, with maximum width 15.8mm.

Maculations almost similar to those of male.

Head with coloration as in male ; frons gently protruded
forwards ; occiputflat ; eyes more widely separated (1.1mm) .

Pterothorax with color pattern as in male.

‘Wings hyaline ; triangles 3 : 4/3 : 3, thatof fore : basal : costal :
distal=1:1.7:1.6, that of hind : basal : costal : distal=1:1.2 :
1.3 ; analloop 16/17-celled, nodal index : 13-23 :23-14/18-18 :
17-16 ; pterostigma black, 4.1mm in length and covering 3.5

cells m the fore, 4.5mm m length and 3.5 cells in the hind.
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Figs. 42-52. Chlorogomphus sachiyoae sp. nov.
42,43, 45, 47-51 : male ; 44, 46, 52 female; 42:

head in dorsal view ; 43, 44: thorax; 45, 46: abdomen; 47:

caudal appendage in dorsal view, 48. same in lateral view ; 49: accessory genitalia in lateral view; 50: last

segment of penis in lateral view; 51: same in ventral view ; 52: apical segments of abdomen in ventral view.

Abdominal markings similar to those of male ; yellowish
maculations of 2nd more developed, of which the oblique band
is connected with apical ring ; 5th apical spot distinct.

Cerci minute, about 2/3 times as long as 10th segment.
Valvula valvae widely trapezoidal. Tenth ventral lobe not
exceeding paraproct.

Distribution. N. Vietnum.

Type material. Holotype, o , Mt. Tamdao, near Hanoi, N.
Vietnum, 2. V. 1994, H. Karube leg. Allotype, ¢ , same locality
as the holotype, 8. V. 1994, native leg.

Notes. This new species closely resembles to Ch. sp. from
S. China (will be described by Karube) . These two belong to

same group.

Chlorogomphus nasutus Needham, 1930
(Figs. 53-62)

Chlorogomphus nasutus Needham, 1930, Zool. sinica, (A)
11 (1) :97 ; Fraser, 1933, Mem. Indian Mus., 9 : 205-260 ;
Klots, 1947, Amer. Mus. Novit., 1341 : 3-4 ; Chen, 1950,
Q. JI. Taiwan Mus., 3 : 142 ; Asahina, 1961, Tombo, 4 : 3-
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5: Asahina, 1966, Ent. Medd., 27 : 225 ; Asahina, 1978,

Kontyu, 46 : 15 ; Asahina, 1978, Tombo, 21 : 7-9.

Male. Abdomen (incl. appendage) 63.5-67.2mm inlength ;
hindwing 48.1-52.2mm in length, with maximum width 14.6-
15.8mm.

Head with antefrons distinctly triangularly protruded
anteriad and black with yellow marks ; labium brownish yellow ;
labrum black ; anteclypeus black with upper part yellow ;
postclypeus yellow, black at lower edge, faintly with small black
spot at about 1/3 from each side ; antefrons black, with apical
1/4 broadly yellow ; eyes almost meeting, the distance 0.5mm ;
vertex roundly swollen, with median notch at dorsal part ;
occiput black, subconical.

Prothorax black with anterior margin yellow. Pterothorax
black with yellow marks as follows : antehumeral stripe tapered
ventrad ; humeral stripe about twice as wide as the former, and
a little curved inwards ; posterior half of mesinfraepisternum
with yvellow patch ; coxae entirely yellow ; anterior 2/3 of
metepisternum obliquely with yellow band ; lower edge and
dorsal small spot of metepimeron yellow ; metapoststernum
entirely yellow.

Wings nearly hyaline ; median space with 2 cross veins ;
triangles 3 :4/3 :3,2:3/3:3,4:4/3:3,3:4/3:3,4 :4/3 :3, that
of fore : basal : costal : distal=1:1.3 : 1.4, that of hind : basal :
costal : distal=1:1.2:1.5 ; anal loop 9-13-celled, sometimes
16-celled ; nodal mdex : 17-25 :26-17/22-19 : 21-18, 18-28 : 26-
16/18-21 :22-17, 18-25 : 26-17/21-23 : 23-19, 15-24 : 23-15/19-
23 :21-20,14-25 : 24-13/16-20 : 19-18 ; pterostigma black, 4mm
in length, and covering 4 cells in the fore, 4.2mm in length and
4 cells in the hind.

Abdomen slender and long, black with yellow markings ;
1st segment with ventral patch ; 2nd segment with large spot at
antero-ventral part and with apical ring, the former with two
stripes, one is prolonged anteriad along ventral adge, another
is rectangularly so ventrad ; 3rd with very narrow mdistinct ring
at medio-dorsal part ; 3rd to 6th each with yellow line at sternite,
decorated with a pair of spots at dorso-apical area though very
small or sometimes disappearing in Sth, of which a pair of 6th
are the largest and are spread at posterior 1/6 ; 7th-10th black.

Caudal appendage black. Superior appendage slightly
shorter than the inferior, rapidly becoming thinner towards
apex ; lateral spine stout and robust, situated at basal 1/3.
Inferior appendage slender, almost parallel-sided, clearly
bilobed, deeply and widely emarginated as V-shape at apex,
each lobe with two spines at dorsal apex and narrowly rounded
at apex in dorsal view.

Accessory genitalia moderate ; anterior lamina gradually
becoming thinner towards apex, deeply depressed except for
margins ; hamulus posterioris robust, with apex sharply pointed,

and curved anteriad at apex.

Penis moderate in shape ; vesicle hemispherical in ventral
apex, the projection being very shallowly and longitudinally
scooped on ventral surface ; 2nd strongly curved ventrad, with
spine about 1/2 length of 3rd ; 4th bell-shaped, with a pair of
long projections which are about 0.75 times as long as 4th, with
a pair of lobes of ventral plate robust and straight, with apex
slightly reflexed upwards ; apex of dorsal part of 4th slightly
swollen anteriorly, exceeding ventral plate ; median notch of
4th running in anterior 1/2, with a pair of risings along the notch.

Female. Abdomen (incl. appendage) 69.5-76.7mm in
length ; hindwing 54.3-57.5mm in length, with maximum width
18.4-18.8mm.

Maculations similar to those of male, though more spread.

Head broader than in male ; frons faintly protruded ; eyes
widely separated (about 1.1mm) ; vertex more expanded, with
three small projections on dorsum ; occiput subconical.

Yellow markings of pterothorax larger than in male ;
antehumeral stripe narrow, disappeared atlower part ; humeral
stripe 3 times as wide as the former.

Wings hyaline ; median space with 2 cross veins ; triangles
4:3/4:4,3:3/4:4,4:4/5:5,thatoffore : basal : costal : distal=
1:1.3:1.3,thatofhind : basal : costal : distal=1:1.1:1.2 ; anal
loop 14-20-celled ; nodal index : 16-26 :27-17/17-22 : 22-20, 17-
25 :24-18/21-21 : 19-20,14-27 : 28-15/18-22 : 23-20 ; pterostigma
black, 4.6mm in length and covering 4 cells in the fore, 4.8mm
n length and 4 cells in the hind.

Abdomen expanded in basal three and 7th to 9th segments,
cylindrical i 4th to 6th, black with yellow markings as follows :
1st with large spot at ventral part, 2nd with evidently large mark
at ventral more than half and a thin stripe at dorsal half as in
fig. ; a pair of yellow spots of 3rd to 6th sometimes disappeared
in 3rd and 4th, 6th of which are enlarged 1n apical 1/4.

Cerci about half shorter than 10th segment ; valvula valvae
broadly trapezoidal, with middle part of apex sharply pointed.
Tenth ventral lobe parabolically protruded at apex, clearly
exceeding paraproct at apex.

Distributions. S. Chima, N. Vietnum.

Materials examined. Mt. Tamdao, near Hanoi, N.Vietnum :
151 %,20.V.1991, M. Takakuwaleg ; 2 &"d", 30. V. 1993,
H. Karube leg. 29 "2 & £, 19. V.-2. V1. 1993, Native leg.

Notes. This 1s the first record from Vietnum. Vietnumese
specimens somewhat differ from those of CS.China in the

structure of caudal appendage.

Chlorogomphus miyashitai sp. nov.
(Figs. 63-73)
Male. Abdomen (incl. appendage) 58.1mm in length.
Hindwing 42.7mm in length, with maximum width 12.1mm.
Head slightly, triangularly projected anteriorly, black with

vellowish markings ; labium pale yellow ; labrum black ;
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Figs. 53-62. Chlorogomphus nasutus Needham.
53, 55, 57-61: male; 54, 56, 62: female; 53,54:
view; 58: same in lateral view; 59: accessory genitalia in lateral view ; 60: last segment of penis in lateral
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thorax; 55,56: abdomen; 57: caudal appendage in dorsal

view ; 61: same in ventral view ; 62: apical segments of abdomen in ventral view.

anteclypeus yellow ; postclypeus yellow, with a pair of white
markings at about 1/3 from each side ; antefrons black, with
yellow band at upper edge ; distance between eyes 0.5mm ;
vertex swollen, eaves-shaped, with dorsal part almost flat ;
occiput subconical, yellow with black border.

Prothorax black, with anterior and lateral edges yellow.
Pterothorax black with yellow marks as follows : antehumeral
stripe expanded at upper end ; humeral stripe about 2.5 times

as wide as median part of the former, and faintly broadened

and curved inwards under the middle ; mesinfraepisternum
yellow ; mesepimeron with narrow stripe at anterior part, which
1s broadened ventrad and broken at middle and upper part ;
metepisternum with broad band at posterior 3/4;
metmfraepisternum with spot at anterior half ; metepimeron
with two narrow stripes, one is situated at anterior 1/3 and
somewhat broadened towards dorsal apex, and another is so
at lower edge ; metapoststernum largely yellow.

Wings hyaline ; each median space with 2 cross veins ;
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triangles 2 : 2/2 : 2, that of the fore : basal : costal : distal=1:
1.4 :1.4, thatofthe hind : basal : costal : distal=1:1.3:1.5; anal
loop 9-celled ; nodal index: 13-24:23-13/16-18 :21-17 ;
pterostigma black, 2.9mm in length and covering 3 cells in the
fore, 2.9mm in length and 2.5 cells in the hind.

Abdomen slender, black, symmetrically with yellow markings
as follows : large spot at ventral half of 1st, antero-ventral large
marking and annulate fascia just before apical margin of 2nd
(two border at lower part) , the former being prolonged dorsad
and connected with the maculation of opposite side, antero-
ventral spot of 3rd, each apical spot of 3rd to 7th, of which the
7th one is the largest and about 1/6 width of 7th segment, and
each ventral patch of 6th to 9th, of which the 6th and 9th ones
are very small ; 8th to 10th black.

Caudal appendage black. Superior appendage slightly longer
than the inferior, slender parallel-sided but slightly curved
inwards at inner margin, thinned at about apical half ; ventral
spine short and robust, situated at basal 1/2 ; each apex fantly
emarginate in dorsal view. Inferior appendage parallel-sided,
belobed, swollen ventrally behind the middle, with two spines
at dorso-apical area in lateral view, semicircularly excavated
apically on dorsum : apex somewhat bilobed with sinuate
middle, with each lobe triangularly pointed at the tip.

Accessory genitalia with anterior lamina rapidly thinned
towards apex and acutely reflexed upwards ; hamulus
posterioris slender, waved, with apex pointed anteriad.

Penis with vesicle notched ventrally at median part, squarely
projected ventrad in lateral view ; 2nd curved ventrad, with spine
which is about 2/3 length of 3rd segment; 4th slenderly
triangular, with a pair of long projections which are about 2/3
of 4th, with ventral plate very deeply divaricate at apical half,
with rather deeply reflexed upwards, with dorsal part longer
than ventral plate, grooved medially in anterior 2/3 and
somewhat obliquely truncate and broadly protruded ventrad
at apex in lateral view.

Female. Abdomen (incl. appendage) 62.5mm in length ;
hindwing 47.8mm in length, with maximum width 15.6mm.

Maculations similar to those of male.

Head black with yellow markings ; labium whitish yellow ;
labrum black, with a pair of yellow markings at middle ;
anteclypeus black, with yellow patch at the medio-dorsal part ;
postclypeus yellow on all over ; lateral and dorsal ridges of
antefrons yellow ; vertex eaves-shaped with median notch ;
occiput piramidal and yellowish ; distance between eyes 0.8 mm.

Prothorax black, posterior and lateral edges marginated with
yellow. Pterothorax black with yellow ; antehumeral stripe
narrow and disappeared at lower part ; humeral stripe waved
near the middle.

Wings hyaline, tinged with brown ; median space with cross
vems : 2 :2/3 :2 ; triangles 3 : 3/4 : 4, that of fore : basal : costal :

distal=1 :1.8 : 1.6, that of hind : basal : costal : distal=1:1.2:
1.4 ; analloop 15/16, nodal index : 12-23 :23-12/13-18 : 19: 14 ;
pterostigma black, 3.3 mm in length and covering 3.5 cells in
the fore, 3.8mm in length and 3 cells in the hind.

Abdominal maculations somewhat different from those of
male : 2nd with broad oblique yellow band from antero-ventral
margin just before postero-dorsal margin, with ventral edge
black ; 3rd without ventral patch ; 7th maculation prolonged
anteriad along lateral margin.

Cerci about 1/2 shorter than 10th segment. Valvula valvae
trapezoidal. Tenth ventral lobe exceeding paraproct at apex.

Distribution. NE Laos.

Type series. Holotype, o, Xien Kwang, NE. Laos, 4. IV.
1993, T. Miyashita leg. Allotype, ¢ , same locality as the
holotype, 22. VI. 1993, T. Miyashita leg.

Notes. This new species closely relates to Ch. selyst, but

easily distinguished by the short superior appendage.

Chlorogomphus takakuwai sp. nov.
(Figs.74-84)

Male. Abdomen (incl. appendage) 66.3-69.7mm in length.
Hindwing 48.6-48.9mm in length, with maximum width 14.2-
14.8mm.

Head triangularly prolonged anteriorly, black with yellow
markings ; labium pale yellow, with anterior border brownish ;
labrum black ; anteclypeus yellow, with each side black ;
postclypeus yellow, with ventral border black ; antefrons black,
with upper edge yellow ; distance between eyes 0.4mm ; vertex
swollen, eaves-shaped ; occiput subconical.

Prothorax black, with anterior and lower edges yellow.
Pterothorax black with yellow marks ; antehumeral stripe rather
broad, expanded at upper apex ; humeral stripe about as wide
as upper part of the former, and famntly broadened and curved
outwards under the middle ; mesinfraepisternum with short
fascia at upper part ; metepisternum yellow except for black
fascia along posterior margin, the yellow band being about 4
times as wide as the marginal black one and truncately broken
below metastigma ; metinfraepisternum with large spot at
middle ; metepimeron with short fascia at upper part ; ventral
edge of metepimeron and ventral half of poststernum black.

Wings hyaline with brownish apices ; each median space
with 2 cross veins ; triangles 3 :2/3:3,2:3/2:2,2:3/2:2,2:
2/2 : 2, that of the fore : basal : costal : distal=1:1.5:1.5 ; that
of the hind : basal : costal : distal=1:1.3 : 1.5 ; anal loop 8-11-
celled ; nodal index : 15-25 :24-15/18-20 : 19-19, 14-25 : 25-14/
18-20 : 20-18, 15-25 : 24-17/18-19 : 20-20, 16-23 : 24-13/19-22 :
19-18 ; pterostigma black, 3.8mm in length and covering 3.5-
cells in the fore, 4.1mm in length and 4.5-cells in the hind.

Abdomen slender, black, symmetrically with yellow

markings as follows : spot at ventral half of 1st, antero-ventral
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Figs. 63-73. Chlorogomphus miyashitai sp. nov.

64, 66, 68-72: male ; 63, 65, 67, 73: female; 63: head in frontal view; 64, 65: thorax; 66,67: abdomen; 68:
caudal appendage in dorsal view; 69: same in lateral view; 70: accessory genitalia in lateral view; 71: last

segment of penis in lateral view ; 72: same in ventral view; 73: apical segments of abdomen in ventral view.

and apico-dorsal markings in 2nd, which are connected with
each other at middle area, the former being connected with
spot of 1st at anterior margin, each ventral fascia of 3rd and
4th, each apical ring of 3rd to 7th, the 7th one of which is the
largest ; 8th to 10th black.

Caudal appendage black. Superior appendage longer than
the inferior, slender and parallel-sided, but slightly curved

inwards at inner margin, with stout ventral spine at basal about
2/5, thinned from there to apex ; apex a little emarginate in
dorsal view. Inferior appendage thickened below towards the
middle in lateral view, bilobed in apical half ; apex trapezoidally
truncate, slightly protruded at middle ; each lobe triangular,
with two spines at dorso-apical area.

Accessory genitalia with anterior lamina rapidly tapered
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Figs. 74-84. Chlorogomphus takakuwai sp. nov.

75, 77, 79-83 : male ; 74, 76, 78, 84 : female ; 74: head in frontal view; 75,76 : thorax; 77,78 : abdomen; 79:
caudal appendage in dorsal view ; 80: same in lateral view ; 81: accessory genitalia in lateral view ; 82: last

segment of penis in lateral view ; 83: same in ventral view ; 84: apical segments of abdomen in ventral view.

towards apex, which is suddenly reflexed ; hamulus posterioris
rather robust, with apex a little pointed anteriad.

Penis with vesicle squarely projected ventrad and grooved
as a stratovolcano in vertical section ; 2nd curved ventrad, with
spine which is about 1/2 length of 3rd segment ; 4th slenderly
triangular, with a pair of long straight projections which are

about 1/2 times as long as 4th, with ventral plate very deeply

divaricate 1 apical about 1/3 and weakly reflexed upward, with
dorsal part clearly longer than ventral plate, grooved medially
1 anterior 2/3 and very faintly obliquely truncate and rather
broadly protruded ventrad at apex in lateral view.

Female. Abdomen (incl. appendage) 68.9-69.7mm m
length. Hmdwing 52.4-55.9mm 1n length, maximum width 16.7-
18.8mm.
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Maculations almost as in male.

Head color as in male ; vertex protruded with two swellings ;
occiput narrow ; eyes more widely separated (1.2mm) .

Pterothoracic color pattern as in male, but fascia of
metinfraepisternum broader.

Wings hyaline, sometimes decorated with reddish brown
marking at each base ; each median space with 2 cross veins ;
triangles 4 : 4/4 : 4,4 : 5/5 : 4, that of fore : basal : costal : distal=
1:1.5:1.4, thatofhind : basal : costal : distal=1:1.1:1.3 ; anal
loop 15-18-celled ; nodal index : 15-26 : 26-17/20-21 : 23-20, 17-
28 :30-15/20-23 :22-21. Pterostigma black, 3.8mm in length
and covering 3 cells in the fore, 4.1mm in length and 3.5 cells
in the hind.

Abdomen long, with basal 2 and last 3 segments thickened ;
coloration as in male, but yellow mark of 7th developed as a
ring just before apex.

Cercilong, aslong as 10th segment. Valvula valvae shallowly
bilobed. Tenth ventral lobe not exceeding paraproct.

Distribution. N. Vietnum.

Type series. Holotype, o, Mt. Tamdao, near Hanoi, N.
Vietnum, 19. V-2. VI . 1993, native leg. Allotype, 1 $ , same
locality as the holotype, 31. V. 1991, H. Karube leg. Paratypes :
same locality as the holotype : 1 & ,16.V.1992. M. Takakuwa
leg; 15 ,2.V1.1993, S. Nakamuraleg; 1 &1 £, 19.V-
2.V1.1993, native leg.

Notes. this new species resembles Ch. miyashital, but is
easily distinguished from the latter by the large-sized body and

structure of caudal appendage.
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Amnouncement: As of Jan. 1, 1995, Natural History Department
of Kanagawa Prefectural Museum moved to 499 Iryuda, Odawara,
Kanagawa and its new official name is Kanagawa Prefectural
Museum of Natural History.
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