. BX3E BAEft P.T.Robinson HEH
5i{8A e 0ANBIE R4k




Pk B A1 0 SRR . &
WA S A A0 ) R s

axd PFE£Z4 P.T.Robinson 7 #4a
AT AR R e

Y%

e 4 kA At

2000



A & &

{FEE AR R G F AR W P A RGN A, SR FiIF ERMFR
WM, ET R TN R G B R B R T
HaRaFEENNO R, AR, ORB. A HASSHREY
PR FeNi. CrC. SiFe. LaAl ¥ 5285, IrM A R0, Sk
AE L . A B A A TER R Wi E R F LU B AR
SAT G SR A A e BT SRR R TR R R
BN A AR BT S BRI R S BV

ARFHTIXRREST . SNAREETHRE
dxE HMEN P.T.Robinson FF# p%
RAPI MER A pies

HiTH. WEEH
BALFA . HEREN

*
ol S R 25
LEMERE AR Y
AL ST RORZER T B
EEF W EAL ST
*

T8T <1092 1,16 B.5 HIJE T HEBT 200 ToF
2000 85 HE ML 200008 5 HE ETE]
Fp ¥ ol - 200
ISBN 7-5028-1734-4/P » 1035
(2232) @{ft: 30.00 1



g

Al

“ARBBRTAREBTWFARTEE"HALNAXL, —F5 R PEE LT
REZBFRELH, F-HotarFXaRXHAFtfFEL4 (NSERO
wBN, AT 1996 FAR LM, ALK 3 F. T 1996 & 1997 FF ¥R E,
AmifEZesH . L EHME . P. T. Robinson # 48, 7 HFst T i, B L4443
(Department of Earth Sciences, University of Hong Kong), Gareth Davies 1§+
(Laboratorium Isotopen-geologisch Onderzoek, Vrije University Amsterdam,
Netherlands) . Hubert Staudigel # & (F)_L). Melanie Griseln #§4 (B L), #
3 Aok Ff £ F

BRBTPHLET NI AT TR QB LTFRPANT FHL5HRAME
T mty, RmtsXBOATAREN, KER., KRF. KA, O&, 7
R FHF, 5Tt ofadact, 7HR, KT, BER. &
#otf 4o P. T. Robinson % A%,

KRB ERUAFPAKRRYAALLELGARTFFATRET AL P
EREAE, BFEERABRTEERTIR G, FFIRBEVFUANB T RS
FHRXHOKOAERARKMAKBDRFRGER, I, TACTFTHREHKF
LEESER, METEANRRMBF KL, 70 FKK ., AT & f 4
KA. AR AL RN FHEBRIRR LS H, ik TERBBRT 54
AR A1979F AR TURERTEEAREFE, AT [ BT o
EREAHGHET 1981 FXAERTH T o RITMANIR Z3RGBR T 4k fosk
B E P HERRNEREL (FH4, G E. 1981), ix— %M, 3| TwusFR
iR Ace. BRI RFE. MBEFELTHSER., CTERELIERET
W EFIREAT R B 6 RF 8, & ¢ IR0 08 305 Bk 4G ik
EA+9ERGEL (Baietal . 1993),

ERREBERBTFHLAL. AROEERPT b 5d, BE5LG4 %
fodP it e E PEIRA AR . 2B 2M 44K P.H. Nixon #4484 £7556) — % &
WlAaeia BERPRM TP, ABLAPARLMELTHEL AN, RAiAD
ORARELTHERETEG (54X EFMAEIR). THFHELARLATE, 4o £ 1
Haggerty Stephen (1996) iA A A @ KRG LR 62 A T H R85, # 4 30 &H
IR X & L&, ATk H . Haggerty Stephen é942 6 A £/ £ 1845, A&
FiBlde. BXRFGFHFTEFTN. ORGP RN E & T Ok, E5aY4E
REABRTHFH. BAXFFHOERG, TERRGHAFO2H. HTZAAR

!



69 | A AR 47 = W 49 A8 8T,
ik K. Chichester .62 &) # %14 J. B. Howthorne £ 2 ¥ A 1991 # 8 A A
FA LAt FHOHE T R, TRIDTFTREL (KAFE
50kg) A AR TRTFHAPAM, AKFNALNEL. XA TEEHATLOEERE
WL P RBTTHALR GAIRIE.
eEREEHFKFEFRAF 0L P.T. Robinson ##8. 4 &KHEL L
BRTGENLAENE, ARATABTRERNAT LR, ATHEKLN
LR KEREMAERNFH LR LR FH A, P. T. Robinson 48 5 F & 1 i 4
FILa XL EHT AR E 49 L1Ze i F £ . 4o John Malpas ¥ . % NSERC & i;
T Pih, AFHTELT, 5BAH., LT FEFHTPEE L TR
RFeFAEHARLSG T, BEMAMART, ZABRIF T A, £P
TRARBT TH AL TARL, HATEEWNT 4@ 5T i ey s
s, B issEEE, Rtdh, HEiLin, ARLERLEZIFH T, &
70~80 #F, XA F T L Rk TR 100~ 670km P Fo it 4% (269 dp 52
RF AR, REX—RMAAL R AAL TR A+ 2> E2HEX,
AREFIFHETRGENEE LT RIEAME H4) L5 1. 1580
At KREFHK . AWEL KM ENABGETRE T THRXEN T HMGIES,
AMEABFFTEARAFRAL A CNB F. 19972073) ¢4 %8y, HM & &4
EAHRALT A AHAFRETF I XALH, AT XK TRSE G, £
1996~~1997 F ¥ kit A2, K ALEERFATFH, 5 wfNTH I
RELAFEAALBR LA T TR N A, At - A d X85
APBAHBIEZAL, hEHRL,

— A
1999 F 12 A



Origin of Podiform Chromitites, Diamonds and Associated
Mineral Assemblage in the Luobusa Ophiolite, Tibet
(Extended Abstract)

Bai Wenji' Zhou Meifu®? P.T. Robinson®
Fang Qingsong' Zhang Zhongming' Yan Bingang'
Hu Xufeng® and Yang Jingsui!

1. Geology of the Luobusa Ophiolite

In Tibet, diamonds in podiform chromitites were reported in two ophiolite belts: the
Bonggong-Nujiang and Yarlungzangbu belts. The Luobusa ophiolite lies in the Yarlungzang-
bu belt which formed during the collision between Eurasia and india around 41 Ma. The ophi-
olite is tectonically bounded by the Triassic flysch on the south and by the molasse deposits
of the Tertiary Luobusa formation and the Gangdese Batholith on the north. The ophiolite is
composed of a mantle sequence, a transition zone and an ophiolitic melange. The boundaries
between the major units generally dip southward . possibly indicating that the section is over-
turned or that each unit is an individual thrust slice. The transition zone is mainly composed
of dunites with abundant wehrlites. Wehrlites. pyroxenites, gabbros, pillow lavas and cherts

in the melange zone are set in a strongly serpentinized, ultramafic matrix.

2. Petrology and Geochemistry

The mantle sequence of the Luobusa ophiolite consists of harzburgites and Di harzbur-
gites with abundant dunites and podiform chromitites. Harzburgites show porphyroclastic
textures, whereas dunites are equigranular. The dunites occur as dykes or lenses in the
harzburgites or as envelopes surrounding chromitite bodies. The chromitites have nodular.,
massive and disseminated textures. Silicate minerals in chromitites are chiefly Ol with minor
Cpx and variable amounts of Opx. The mantle peridotites have experienced three stages of
deformation. High-temperature recrystallization occurred along the porphyroclasts of Ol or
pyroxenes, possibly during the formation of the podifom chromitites. This recrystallization
overprinted the “fertile” mantle microstructure and was, in turn, overprinted by a high-stress
deformation. This second stage of deformation is characterized by intracrystalline extinction

band morphology of Ol and Opx slip system and exsolution along the slip planes. During up-
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lift . these rocks experienced a third. mid-crustal level, dynamic deformation. This stage of
deformation is marked by the development of deformation lamellae along slip planes and mi
ni-kinking of Ol and recrystallization along kinks of Ol This succession is very similar to
what has been described for orogenic garnet peridotites regionally associated with eclogites.

Harzburgites (Mg®'s=89 to 91) are depleted in Ca and Al and are essentially residual
rocks. Chromitites, which formed by crystallization from magmas, have a distinctly differem
chemical trend from the harzburgites, whereas dunites follow the two chemical trends defined
by both the harzburgites and chromitites. The harzburgites have unfractionated PGE pat
terns. but the chromitites and dunites have PGE patterns depleted in Pt and Pd. The chromi-
tites have lower Pd/Ir but higher V., Zn., Cr, and Mn contents than the harzburgites. The
dunites have Pd/Ir ratios intermediate to the harzburgites and chromitites.

Chromites in the harzburgites have large variations in Cr®'s (18 to 66) and low Ti con-
tents (<20, 15 wt % Ti(),) but those in the chromitites are relatively uniform in Cr®’s (74 1o
82) and have high Ti contents (0. 2 wt % TiO, on average). The dunites contain chromites in-
termediate in composition between those of the harzburgites and chromitites. The harzbur
gites have Ol (Fo=90to 92). Opx (En=87 to 92). and Cpx (Mg*'s=414. 5 to 53). Silicates
in the chromitites have the highest Mg contents. In the reaction zone, Cr®'s of chromites, Fo
of Ol En of Opx and Mg®'s of Cpx increase from Di-harzburgite to harzburgite to dunite to
chromitite . suggesting that the parental magmas for the chromitites were not in equilibrium
with the harzburgites. In addition, both Opx and Cpx in the chromitites have much lower Ca
and Al than those in the harzburgites. The low-Ca and low-Al pyroxenes in the chromitites

suggest that they crystallized from a boninitic magma.

3. Mineralogy of Diamonds and Associated Minerals
3-1 Mineral separation procedures

In 1996, we collected a 1500kg sample of chromite from orebody 31 in the Luobusa ophi-
olite as part of a study of diamonds in chromitites. In order eliminate possible sources of con-
tamination the samples were removed directly from orebody. carefully washed. air dried and
then crushed to pass a lem sieve. Mineral separation was carried out at the Zhengzhou Insti-
tute of Multipurpose Utilization of Mineral Resources. China,

The alloy minerals were handpicked from several mineral fractions and were then
mounted in epoxy. machine polished. and analyzed with a SEM 505 scanning electron micro
scope and a DEA 9100 energy dispersive spectrometer at the Beijing General Research Insti
tute of Mining and Metallurgy . Department of Process Mineralogy. The operating conditions
were an acceleration voltage of 15kV, a beam current of about 12nA, and a takeoff angle of
35°. The program SWa100 NOST was used to analyze the spectra. In a few cases. pure ele
ment metals were used as standards to check the resulrs,

3.2 Diamonds
Twenty five grains of diamonds have been recoveried from the chromite samples collect-
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ed from Orebody 31. Unbroken diamond crystals are typically colorless, euhedral octohedral
ranging in size from 0. 2 to 0. Tmm. There are also irregular grains and broken fragments. X-
ray diffraction analyses and Raman spectroscopy have been used to confirm the visual identi-
fication. A few grains contain small inclusions and one grain contains three, relatively large,
silicate inclusions. The inclusions are dark green in color and have Raman spectra similar to
that of serpentine. However, microprobe analyses of the inclusions indicate an anhydrous
composition close to that of clinoenstatite but with somewhat higher SiQ,. The diamonds
comprise a mixed 1aA-1aB population that probably had slightly different thermal histories
in the mantle. Total nitrogen contents range {rom about 20X 10 °to 67010 *and aggrega-
tion states are up to about 80%. These aggregation states are relatively high and are similar
to many diamonds from kimberlites. Temperatures if nitrogen aggregation range from about
1250 C to 1170 C from mantle residence times between 50 to 1000 m. y. , respectively. Based
on the age of the ophiolite,the maximum mantle residence time of these diamonds would have
been about 80 m-vy. .

The evidence presented confirms the presence of UHP minerals in the podiform chromi-
tites of the Luobusa ophiolite, Natural contamination is ruled out because we selected massive
chromitite samples directly from pods and veins well below the original ground surface and
because of the absence of any other diamond-bearing rocks in the region.

3.3 Associated minerals

Besides diamonds, mineral separates from Orebody 31 include native elements (C, Cu,
Fe, Ni, Si, and Cr), carbides (SiC, CrC), alloys (Fe-Si. Fe-Ni, Ag-Au). PGM, sulfides,
sulfates and carbonates.

Unique alloy minerals (UAM) from the pudilorm chromitites in the Luobusa ophiolite,
southern Tibet, China, were studied by electron microprohe. They are Os-Ir-Ru, Pt-Fe, Si-
Fe.lr Ni-Fe,and Fe-Ni-Cr alloys with highly variable compositions,and native Si. The UAM
were recovered from heavy mineral separates of the chromitites. Some are attached with
chromite fragments. Their sizes range from 0. 1 10 0. Smm. The UAM in the Lucbusa chromi-
tites were interpreted as exotic materials from the lower mantle. They were carried up by ris-
ing plumes to shallow depths of the upper mantle.then captured by melis from which the Lu-

obusa chromitites crystallized. and finally incorporated into the chromitites.

4. Petrogenesis and Tectonic Significance

Based on their textural relationships. chemical compositions and mineral assemblage . we
suggest that the diamonds, Os-Ir-Ru. Pt -Fe. Ir-Ni-Fe and Si-Fe alloys and native $i in the
Luobusa chromitites are xenocrysts derived from the deep mantle. We believe that they origi-
nated at or near the mantle transition zone and were then carried to shallower depths by a ris-
ing plume where they were captured by melts from which chromitites crystallized. Due to
their highly refractory character, they remained as solid phases in the melt and were incorpo

rated as inclusions in chromites during chromitite precipitation.
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The common association of PGE alloys and sulphides as composite inclusions in
chromites. can be explained by epitaxical growth of sulphides on PGE alloy crystals during
chromitite erystallization. Because of their similar chemistry and structure.the captured prim
itive deep mantle alloys would tend to attract platinum-group elements in the melts. During
chromitite crystallization, PGE sulphides would crystallize on the PGE alloys.

During emplacement of the ophiolites,some of the alloys were exposed along fractures in
the chromites and were altered to form BM alloys and BM-bearing Os-Ir-Ru alloys by
desulferization of PGE sulphides.

During the early stages of evolution of Earth, PGE alloys and natural elements formed
from mantle magmas at high temperature . high pressure and highly reducing conditions. Most
of them were fractionated into the core because their high density. We argue that some of
these remained in the where they were transported to shallow where they were captured by

boninitic melts and eventually incorporated into the pediform chromitites.
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Fig.2-1 Plots of mantle peridotites in Luobusa on Opx-Cpx-Ol diagram. classification of

ultramafic rocks (After Zhoo Meifu. 1995)
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