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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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cpx : BEHEEA sopx ¢ SHHA et H—F v N0l WA ;phl : 7081 hjap : 7N A b
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3CGPa AT DEABOEERIT, EA N DUV -—FREREEE (BRENAREPEESZHMMLEHE) 2HEHL A,
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BT YEY Roaaye< > MUY ) ADOWFEIC LS
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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
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WEERTSZEIC&> T, Pticks Fe DN ZMZ /-,
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—EBDEBRE T DOWTIE, EPMA & PIXE Ol D4
B ERWTONET 20N, Y1 YT RRROEH
WD DI L CIER U4 T 2 EERETWENE
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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
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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
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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,
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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
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Apdia-7  1350° C
Apdia2  1400° C
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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
BNATYMIATIYTT A AL ESHIFLHET S
WIE, EBRAERY O A SOMETE - HHEILRODT
ERRARTH D, XMV AZIRTF A ALEEZDIT
Hizo CORELMETE - HLETLROSITISROR
BMTHb.
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JIEST By A S ST OREIRE MMER#AE) LD,
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