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Abstract The Abulangdang ultramafic intrusion lies in the west margin of the Yangtze Block, the middle of Kang-Dian axis of earth
and the west side of the An-Ning River deep fault. The zoned-like rocks of Abulangdang are, from the core to the outside, composed of
plagioclase-bearing peridotite, pyroxene peridotite, plagioclase pyroxene peridotite, and plagioclase olivine pyroxenite. The significant
Cu-Ni-PGE mineralization occurs along the marginal facies. Recently, as the increasing strength of geological survey of the nation and
the increasing prices of metal, especially the noble metals, the Abulangdang intrusion attracted attention once again. However, it is
still poor on the aspect of geochemistry though abundant data of geological survey for the intrusion has been accumulated. This paper
provided a basic study on major elements, trace elements and platinum-group elements for the Abulangdang ultramafic rocks as well as
the compositions of the rock-forming minerals. We discussed the primary magma of the intrusion, the degree of partial melting of the
mantle, and the process of rock-forming. The results show that Abulangdang ultramafic rocks are products of tectonic-magmatic activity
in the Emeishan Large Igneous Province ( ELIP) and belong to tholeiitic evolution trend. The Abulangdang ultramafic rocks were
formed from picritic-like magmas generated by relatively high degrees (18% ) of partial melting of an OIB-type mantle source. During
ascent of the magma, the mafic minerals which crystallized in the early stage concentrated in the middle of the magma conduit and
formed the zoned-like pattern of the rocks. The accumulation of mafic minerals which represented as olivine occurred after the magma
intruded Abulangdang magma chamber. At the same time, the crystallization differentiation of magma would continue in the magma
chamber and assimilation between magma and country rocks probably caused the liquation of sulfide which occurred near the marginal
facies of the intrusion. In the course of late crustal movement, the Abulangdang magma chamber showed up in the earth’s surface and
thus the Abulangdang ultramafic rocks which we see at present.
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Fig.1 Regional geological map showing the distributions of the Emeishan Large Igneous and associated mafic-uliramafic intrusions

in SW China ( modified from Wang et al. ,2005)

1- Precambrian Basement; 2- Ailaoshan ductilely deformed rock;3-Sinian and Palaeozoic rocks;4- Permian Emeishan flood basalts; S5-Granite;
6- Mafic-ultramafic intrusion; 7- Emeishan basalt found in drill holes; 8-Overthrust fault;9-Fault;10-Abulangdang intrusion
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Fig.2 The geological map of the Abulangdang ultramafic
intrusion ( modified from Yao,1986)

1- Plagioclase-bearing peridotite; 2- ( Plagioclase-bearing) Pyroxene
peridotite;; 3- Plagioclase pyroxene peridotite; 4- Plagioclase olivine
pyroxenite; 5-Sandstone ,shale .dolomite and limestone in Guanyinya
dstone , shale , dol

limestone in Guanyinya Group strata (lower part) ;7-Sinian dacite

Group strata (upper part) ; 6- Sinian ite and

porphyry and rhyolite; 8-Gneissoid granites and quartz-diorite; 9-
Fault;10- Unconformable strata boundary limit;11- Section line and
its number
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Fig. 3

ultramafic rocks

BSE images of some samples in Abulangdang

(A)- Olivine (Ol) enclosed within clinopyroxene ( Cpx) and formed
the typical embedded structure in the plagioclase- bearing
peridotites; ( B)- The chromite ( Chr) commonly occurs as
inclusions in olivine and clinopyroxene, or at grain boundaries
between the cumulus phases; ( C)- A few sulfides, mainly
pentlandite (Pn) , pyrthotite (Po) and chalcopyrite ( Cpy), occur
as disseminated minerals in the cumulus phases; (D)- The
plagioclase ( P1) porphyries and the altered olivine ( Ol) in
Plagioclase olivine pyroxenite. Magnetite (Mt) occurs as micro-scale

veinlets along the crack of olivine
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Fig. 4
ultramafic rocks of the Abulangdang intrusion
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Plot of Fo versus Ni contents for olivine in the
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%1 FHABLUBSKBRETEBET YRS BTFREMFRBEER (W% ; Ni: x107°)

Table 1 Representative analyses of rock-forming minerals in the ultramafic rocks from the Abulangdang intrusion ( oxides: wt% and
Ni; x10°%)
HES AT NayO Mg0  ALO; S0, K0 CaO  TiO, Cr,03 FeO N0 Total Ni Fo

A54 3 — 45.51 0.03 40.11 0.01 0.04 0.01 0.03 13.51 0.42 99.61 3317 85.8
A54 2 — 45.52 0.00 39.53 0.00 0.03 0.02 002 1402 0.45 99.52 3544 854
A54 4 — 45.10 0.03 39.24 0.00 0.02 0.02 0.00 13.80 0.37 98.58 2903 85.5
AS4 6 — 44.91 0.00 39.72 0.00 005 0.02 0.01 1421 0.40 99.33 3161 850
Al-1 1 — 45.43 0.03 39.73 0.00 0.04 0.04 0.05 13.52 0.47 99.17 3646 85.8
Al-l 3 — 45.50 0.00 40.52 0.01 0.04 0.01 0.08 1311 0.42 99.72 3286 86.2
Al-1 7 — 45.82 0.00 39.83 0.01 0.03 0.04 001 13.23 0.50 99.34 3927 86.2
B#a A2 1 - 46.61 0.01 40.24 0.00 0.04 0.01 0.02 12.60 0.45 99.95 3528 86.9
A2-1 6 — 46.64 0.02 40.82 0.00 0.05 0.02 0.03 13.01 0.46 100.95 3583 86.6
A2-1 8 — 45.42 0.23 39.32 000 006 0.04 019 1272 0.42 98.34 3317 86.5
A2-1 11 — 46.25 0.01 40.13 0.00 0.04 0.04 002 12.81 0.50 99.72 3873 86.7
A6-2 5 — 43,63 0.00 40.34 0.02 004 0.01 003 1552 0.48 99.93 3755 83.5
A6-2 9 — 42.41 0.03 39.001 0.0l 0.48 0.04 0.09 16.54 0.40 98.96 3161 82.2
A6-2 10 — 43.90 0.01 38.72 0.00 004 0.00 003 1502 0.50 9818 3888  84.1
AS5-2 5 — 44,22 0.03 3893 0.00 005 002 007 1434 0.49 98.02 3826 84.8
AS54 5 0.34 16.91 3.00 52.8 0.00 20.41 1.25 039 4.8 0.08 100.04 — —
A54 6 0.31 16.23 3.24 52.21 0.00 19.72 1.22 0.60 459 0.08 98.17 — —
B A54 9 0.24 17.20 3.52 53.81 0.00 19.91 0.8 0.53 4.81 0.07 100.95 — —
BE Al-1 8 0.27 19.31 1.87 53.62 0.01 1830 0.47 0.61 477 0.09 99.32 — —
A2-1 10 0.23 17.51 3.25 52.01 0.00 20.01 091 0.62 470 0.08 99.25 — —
A6-2 1 0.30 17.62 2.20 54.40 0.00 18.92 0.63 0.60 448 0.05 99.22 — -
A6-2 15 0.29 16.50 3.14 5221 0.00 19.81 1.12 0.51 5.23 0.08 98.88 — —
#H A2-2 4 0.01 3.7 0.99 559 000 200 030 024 7.63 0.17 99.16

23] A22 8 0.01 31.3 1.8 554 000 154 045 032 818 0.13 99.32

A54 1 322 0.04 31.1 50.4 0.07 133 0.09 0.11 0.34 0.00 9855 - -
AS54 5 334 0.02 31.3 50.9 0.05 13.0 0.13 003 0.28 0.03 98.96 - -
A54 11 3.80  0.05 30.7 507 0.10 12.4  0.10 0.05 031 0.00 98.34 - -
#EAH Al 15 3.60 0.04 31.2 50.4 0.09 131 0.11 0.04 0.38 0.05 99.07 - —
A2-1 2 406 003 30.4 519 0.05 11.8 0.10 0.03 0.29 0.00 98.70 — —
A6-2 12 336 0.07 31.0 50.7 0.18 13.0 0.06 0.01 0.40 0.00 98.77 — —
A5-2 7 4.32 008 303 52.7 0.2 1.8 0.12 0.01 0.39 0.03 99.91 — —

3.2 BREHFAR

BB FFH B VE B B sty BRALE BT BT PR 3
BUAFEFERLRZTMR, RAH PW4400 &) X 36
Eo. SERABAEFENN. £RHYFITER2 P, M0
ERESE SRR 30.33% ~36.76% ;Si0, FEMB B E
AR 38.21% ~42.55% , Mg 58,0 0. 822 ~ 0. 867,
RBCER KR ST RS G AR RIER, AFM BfE
BABBRNSRBEABESERRAB IR EEALBEE
AMHE(ES), KBS AR ZHLB TRREZRA R / \
B, MgO/FeO HAEAF 2.57 ~3.61 ZJd], B PR Y Na:04K:0 ugo
Ho B Pearce TUXE W{H (Mg + Fe)/Si-Si/Ti B##, W LUE
AR R R IF b AR G R (E 6) , X E R H
RRRT A B M ARk B E A L R MM AR, X 5ET W
BT YHE—B

T MgO X =B &Y EM L (E7) 1,50, BFE Mg0
EEMMTRE/N;TiO, . ALO,, CaO Sk I BFHi#H M0 &8

Bs5 FAAERSHEEGE AFM BfE
KEHAYX AR ERN L RE R B (3 Kuno,1968)
Fig.5 AFM diagram for the ultramafic rocks of the
Abulangdang intrusion (after Kuno, 1968)

The gray shadow areas are the evolution trends of Hawaii

tholeiitic basalts
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%2 FHBLEEKETHFEMS AR (wi% ) RUMETR( x107°) SHER

Table 2 Major oxide and sulfur contents (wt% ) and trace element concentrations( x 10 ~®) of the Abulangdang ultramaifc rocks

- m e #He
HAEHR FEBME FERUE EERERE BER R
HRAS A2l A22 A3-5 Ad-1 Ad46 AS4 Al3 A3-1 Al-1 AS-2 A62 A6-3
Si0, 41.12  41.85  40.36  41.58  38.21 41.52  41.16 41.92  42.55 41.49 41.65 4l.14
AL O, 3,74 3.28 3.76 4.18 3.12 2.58 3.44 4.61 3.95 3.57 5.41 5.44
Fe, 0, 12.98 12,13  13.61  13.14  11.32  13.88  13.10  13.53  13.28  13.37 13.13  12.86
MgO 36.21  35.08  35.8  33.32 3676  36.57 36.66  32.02 34.40 34.64  30.33  31.57
Ca0 2.48 3.34 1.92 2.61 2.07 2.35 1.76 4.18 3.33 2.38 3.31 3.42
Na, O 0.78 0.84 0.78 0.99 0.46 0.72 1.03 0.76 0.76 0.74 0.90 0.90
K,0 0.25 0. 14 0.21 0.36 0.15 0.10 0.24 0.21 0.24 0.23 0.36 0.24
MnO 0.11 0.11 0.11 0.10 0.09 0.11 0.11 0.13 0.11 0.12 0.12 0.11
P,0s 0.05 0.05 0.05 0.08 0.06 0.04 0.08 0.07 0.06 0.06 0.07 0.05
Ti0, 0.50 0.43 0.42 0.72 0.32 0.24 0.50 0.58 0.55 0.38 0.68 0.52
Lol 0.62 1.73 2.02 2.13 5.99 0.95 0.57 0.97 0.00 1.89 2.68 2.49
Total 98.85  99.01 99,12  99.23  98.55  99.05  98.65  98.97  99.23  98.86  98.65  98.73
Mg* 0.848  0.850 0.841  0.835 0.867 0.841  0.848  0.826 0.838  0.838  0.822  0.831
S 0.38 0.22 0.27 0.34 0.25 0.67 0.26 0.27 0.25 0.25 0.22 0.24
Cr 9567 5603 5427 4603 5483 172 7435 2743 5051 1978 2927 2102
Rb 12.7 10. 1 11.3 14.3 9.5 7.6 1.7 10.7 1.6 12.1 14.4 9.9
Ba 68.1 4.2 50.4 108.2  35.7 29.2 79.1 51.3 65.2 57.9 105.7 58.4
Th 0.66 0.35 0.48 0.94 0.53 0.27 0.68 0.69 0.64 0.56 1.23 0.48
U 0.14 0.13 0.10 0.23 0.11 0.07 0.14 0.17 0.11 0.13 0.47 0.13
Nb 2.03 2.05 1.95 4.35 3.34 1.08 3.57 3.50 2.95 2.62 4.12 2.52
Ta 0.13 0.15 0.11 0.31 0.21 0.08 0.28 0.26 0.23 0.16 0.29 0.17
La 3.94 3.11 3.15 6.40 3.89 2.18 4.97 5.46 4.62 4.45 8.03 4.23
Ce 8.60 7.12 6.85 14.5 7.77 4.65 10.7 11.4 10.3 8.68 17.2 8.61
Pr 0.95 0.90 0.80 , 1.85 0.94 0.49 1.30 1.32 1.20 1.01 1.85 0.99
Sr 85. 1 85.3 75.7 103.0  44.3 41.5 78.4 113.1 88.7 80.7 130.2  133.3
Nd 4.48 3.94 3. 60 8.06 3.98 2.53 5.70 6.02 5.51 4.29 8.09 4.30
I 27.5 30.7 28.1 75.0 23.2 17.0 49.9 36.6 38.9 31.5 69.7 37.6
Hf 0. 66 0.57 0.63 1.50 0.43 0. 40 0.90 0.62 0.75 0.62 1.59 0.80
Sm 0.87 1.04 0.62 1.74 0.83 0.47 1.21 1.25 1.25 0.87 1.69 0.90
T 2985 2602 2523 4292 1918 1406 3001 3484 3289 2276 4073 3085
Dy 0.83 0.83 0.72 1.38 0.77 0.53 0.99 1.12 1.18 0.68 1.68 0.85
Y 4.57 4.65 3.90 7.12 4.04 3.18 4.96 6.01 5.22 4.64 8.27 4.87
Ho 0.18 0.17 0.13 0.26 0.13 0.11 0.18 0.22 0.20 0.15 0.29 0.18
Yb 0.43 0.39 0.32 0.56 0.34 0.30 0.46 0.45 0.46 0.40 0.66 0.38
Lu 0.05 0. 04 0.05 0.08 0.04 0.04 0.07 0.09 0.07 0.05 0.11 0.07
300 KR B RS Fe, 0, (B4 S BEA L AHE Mg0 &
AR
250 | BT AE{k
g 200 3.3 EAWIMMETEEAR
~:~' 150 | METRR & PR B BRI 2B 5 B0 Kb BRL
3 EREALRERR, R ICP-MS 447, S H iR R X
100 ¢ BR(Qi and Graorre,2000) , IRFFXTIRAERE S GBPG-1 H43H4E
so | BOATRE/NT 5% , HERFITR2 F.
0:1 pHcEBE 3.3.1 #iak
° 0 s 100 150 280 250 300 PIE S SR g LREE 5B 91, (La/Sm) % 1.93
Si/Ti ~3. 29, BER T TESREVE, (La/Yb)yH 5.29 ~8.70,

B 6 Pearce Jt ¥ LL{H Si/Ti-(Mg + Fe)/Ti (#% Wang
et al. , 2006)

Fig. 6 Pearce element ratios diagram for Si/Ti-(Mg + Fe)/
Ti (after Wang et al. , 2006)

(Ce/Yb) 4N 4.36 ~7.21,(Gd/Lu) 3 1. 54 ~2. 86, BRI
Atr¥E{L REE it S k% B i LREE 4357 & , HREE
MY FRAIFFIE . REE 4046 588 1 K A BUEE F 3B
EHA(RER%,206) RESLXRSE (Sun and
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Fig. 7 Diagram of MgO versus major oxides

McDonough,1989) 43 Fi 2l (1 8) , A LREE BHEMSE
{E {8 REE & B HBETEH ; AR TH DR A A2
#) LREE SHMIFE. A, 12 S $E 10 NERIK Eu
ERE BHFEI—BRKAERN;Ce HAHBRY .
3.3.2 #¥ELE

o] 5 BB 4 70 8 Bk 1 IR 5T 3K 4R AR 9 R W A v A
REUARUTFHESZRE(E), B Nb.Ta H TS, HhLR

HMAESHEZRAER -3 Nb.Ta THREAMGHUBEZR
AR RRE, BUA R TTRE R KBS A BB RERNEG R
(Amdt and Christensen, 1992) ; P BR 4 & 25 R RTE
SRR EATT, R R TR —BE,

3.4 . EHTE (PCE) ER
BT AT M T S e LS AV v B
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%3 FHBLUBRKEAR( x107°) FAKTR( x107°) AR
Table 3 Ni, Cu ( x107°) and PGE ( x 10 ~°) concentrations for the Abulangdang uliramafic rocks
#He F
R BRBE rEE BREHE
BOEE  EEE
EHE A2-1 A2-2 A3-5 A4-1 Ad-6 AS54 Al-3 A3-1 Al-1 AS-2 A6-2 A6-3
Ni 2449.4  2325.5 2274.8 2023.3  2381.1 3711.3 2533.6 1698. 1 1944.0  2279.8  2119.4 2174.8
Os 312 25.3 47.3 32.2 24.3 32.7 25.6 2.13 13.9 92.4 4.2 14.7
Ir 79.8 6.48 6.35 8.02 9.27 9.50 522 0.67 3.70 13.3 6.82 2.36
Ru 106 21.3 17.9 17.9 19.5 21.1 13.7 3.25 11.6 37.0 27.0 7.93
Rh 9.77 0.44 0.72 0.96 2.70 o 2.81 0.98 0.06 0.38 0.34 0.62 0.25
Pt 39.2 16.6 5.41 9.11 23.5 26.6 3.50 0. 46 3.59 0.49 4.18 1.13
Pd 12.8 13.8 4.95 6.91 36.1 47.8 2.44 1.76 1.57 0.87 1.48 0.79
Cu 46.5 42. 4 39.7 52.5 33.4 278.9 52.1 72.0 42.7 47.9 36.6 25.5
Ni/Cu 52.7 54.9 57.3 38.5 71.3 13.3 48.6 23.6 45.5 47.6 57.9 85.5
Pd/Ir 0.16 2.13 0.78 0. 86 3.89 5.03 0. 47 2.63 0.42 0.07 0.22 0.33
Pv/Pd 3.06 1.20 1.09 1.32 0. 65 0.56 1.43 0.26 2.29 0.56 2.82 1.43
Cw/Pd 3629 3070 8027 7602 925 5834 21360 40886 27218 55095 24720 32218

La Ce Pr

Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

E 8 AR RR MBS W L TR S EE
ﬁﬁﬁ@ﬁﬁ?ﬁﬂ:ﬁﬁ*ﬂ OIB ¥#55| B Sun and MacDonough(1989) ; .
EREBIET| B KR4 (2006)

Fig. 8 Chondrite-normalized REE pattern of ultramafic rocks

from Abulangdang intrusion
CI and OIB values after Sun and MacDonough ( 1989 ) ; picrites data
from Zhang et al. (2006)

BRI (2005) , FHH HBR: 0s 25 0.007 x 107 Ir 3
0.013x10°° .Ru 37 0.02 x 10™° \Rh 3 0.001 x 10~° . Pt 3
0.026 x 10™° . Pd & 0.06 x 107°, S 1% Fr 9 58 B9 B K AR BE
GBWO07290 (#5485 A ) .GBWO07291 (A B & ) 1 E Frir ke
WGB-1(¥EK %) .WPR-1 (SIS ) AT 4 R EHRHE
VAR ; SHKTTREEER Ca Ni K47 7EH B Br b 3R iL
B9 T2 A ICP-MS 4T, M 46 R 15 T3 3,
AR S G AR NI BT 0.17% ~0.25% 2
B, &MBME( <0.1%) ,Ni/Cu KT 20, k¥4 Pt.Pd
SR/ANF10x107°, DR A Pr.Pd S 87 10 x 107° L)
k. PGE BEEEIAMMA, 7 8.33 x10™° ~559.57 x10~°
ZIE, PR 117.29 x 107° (£ 3) . BT BE Y BB B AR

HE/HnN

Kb Bu Th U Nb T Lo Ce Pr Sr Nd Ze HE Se Ti Dy Y Ho Yb Lu

B9 P BR X B K A T B U R IR 4R o bR R o AL
M

ROMEVEHREKE, ROHELN OB(HHXRE) , 0B RFH
384 Sun and McDonough (1989)

Fig.9 Primitive mantle normalized trace element pattern for
the Abulangdang ultramafic rocks
OIB and primitive mantle values after Sun and McDonough(1989)

PGE FiGshtdin LM R Bk L XA M RS R X (B
10) , A Ru B Rh 3 BER A #H3, T Ir 5 Ru Z[8], Pt 5 Pd
Z BRI, BRI IPGE(Os Ir Ru) A% R 44 Hubg
HEEE RhHBSH,PLPd NTHIBERNRE. &
B34 BB, IPGE 2548 76 MEMS AH (IR A L B 89 AR
S50 L OBLE Os-Ir A&V IR T HbB 3B /- R TE R A9
FHEERP EERERIRABPETRERENELY
IR TIFEZ 4 5 (Keays,1995) , Ir.Ru AT BE LA KB R FF
AT HMF F (Barnes et al. ,1985) ,Ru R G A ML+
AR, AR RECH 20 ~ 4000, Pd HIAHE (DR
% 0.02 ~0.7) ( Capobianco et al. ,1994) ; i PPGE(Pt,Pd) £
IR ALY FITE Rtk A B 48 ( Naldrett ez al. ,1979 ;Crocket,
1979) . 45k 25 I A BR 2 AR SR 4R B S P Pt > Pd,Pr/Pd
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Os 1r Ru Rh Pt Pd

B0 P ER MM B E Ni\Cu, PCE 4 AL MR 1k 08
FRAEALRESY ik

JEif 198 Ni . Cu 1 PGE & & 4% Bames and Maier (1999)

Fig. 10 Mantle-normalized patterns of Ni-Cu-PGE for the
ultramafic rocks of Abulangdang intrusion

Contents of Ni, Cu and PGE of primitive mantle are from Barnes and
Maier, 1999

MgO/Fe0*=1116

Lo

20 30 40 50
MgC(%)

B RFARRSES kAR ERRS (FIHTFE) X

HH R S RARIE B LR

SRAIERENY, O-HERS: O MMARRRS;W-EE

THRLD: A-BRBERS

Fig. 11 Composition of Abulangdang intrusive magma( whole

rock average) and its component parts; Olivines as well as

remaining melt

All oxides are in weight p t < -Comp

®-the rep ive compositions of
of the

of the samples;

olivines; W-Average

compositions of rocks; A-the compositi ining melt

BN 1.09 ~3.06, P30 1.83, i R H 08 th(E
(1.76) ; ¥k 5 Pt <Pd, P/Pd {3 0.26 ~0.65, Pd/Ir
HAH0.07 ~2.63, K BHEH N T 1, BEBEF R KK
LR (Pd/Ir HfH 10 ~ 100) , 3MEHY Pd/Ir ILERHR
WE ¥ R T 88 A 08 3 4 5 B BE (Barnes and
Lightfood ,2005 ; B3k 25 ,2007) ,

Acta Petrologica Sinica # &%k 2009, 25(5)

4 ik
4.1 RBEENER

W -GBS A R R A R R ARG TTLL Fe,
Mg RO S FEARPRARX RN ERM, REWMHKA
BB AR TSR, U SR EERNHRE
Bk L ET WO A B A R AR K i 4 AR ( Chai
and Naldrett,1992) . {EFBRAANBE(REER) EBR
HEE SRABEFNESER, ERALIBIHRE 58
SBERRALAEREAEAR EWMEER, URENIRK
BEIERMEHRSRREE L RS, RIERS FHR
W, BB R RN TFRMA S ERBAWERR L,

BB EMERE (2003) iHH SHME FEREE
ot MgO/FeO* 18, 15 Hi B A BB X4 5 1k 4 B, MgO/Fe0® =
L 116, #—H B B Ra MO FeO* (RRBH)ERT L
SBAHIN MgO =15.24% ; FeO* =13.66% (& 11), {H5
XHHATBERERN&G:. O BNEOEG LR
#1;@ AR PHE MR AL 8 KB X771 (Naldrett,
2004) . FUAGERMHES PRAE BRBIE( <1%) (R 2) ;814
ok E MM AR AFLERE S 8%, BMERREK
Epled e T e g =S gk R AL Nl
B R, U, FENHBEEREELRTFN. BU
MgO WE S B 5 &M BV AT L RE, T
PRHBBREFTECLINERT AR, 4R
FH, AR S SRR R AR MO W& R 15.24%, Si0,
2 42.77% , Na, O %4 2.08% , K, 0 £ 0.59% , #% Le Bas
(2000) BERARESEK BEMEER. BEEAHE
FoRE MO SRAMEXLE M AXMERERK Mg0 T8I
EHHERTUBRFREEMBETRN SR, AE L RS
(2002) , £ 12 AT LB E La/Sm,Gd/Yb, TVY HAER
EE L, AR MBS SIRE LK ABRAEE NS AR
AH 2 BAFH R B T AR B M A R IR B A ERURA R
IR

4.2 BHBUER

BT Pd 5 Ir.Ni 5 Cu RS E LR F AN SR
B/, H U AE Pd/Ir Ni/Cu SBERIF O R B IR 56 34 SR M I (6%
TS ,2001) , Pd/Ir B4 N/ Cu B2 8 B0 Lo (X 17 T b DB 4R
BRERI A RER, 7 Bames and Lightfood (2005)Pd/
Ir-Ni/Cu B (B 13) PR SRS BN TH B
Wk, Pd/Ir R T—BMREILZERE, B5RE LXK
KREEE O EREKL, N/Cu LLERE, REEE TR A
BRMBER P ERASHRAMET MR ERTHASREN
R, FHAHFAR Y S ERRAERRE E Rk SERE
Y, BEE LKA EREDFRR SR REER
SMERRIE R
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Fig. 12  Plots of trace elements on La-Sm, Gd-Yb and
Ti0,-Y ( Pictites after Zhang et al. , 2006)

LR A HATCR A AR R (LR, R AR B R R 5
BREERRXERAHEATLRSRSAXTELRTEN
HAE, M AHFRHE A A A =, 7T LAETE BT
7 BB 245 AR B SR, el RO A R RT3 A, 7E R
ERARPMNE SHERR LAERE AR LR
B, BARLRRESHRES EE2PTHHHRRE—
P 5184 B0 R BRI AR IR 2 T A (P4, 2002) . HR4E
RV, AE G RO L TR A B R A R
B LICRA R, BERZ HE 2 YR LT R R E O

107 :
107 10" 10

13 P75 AR M 84 Ni/ Cu-Pd/Ir FEIfE
43X 4% Barnes and Lightfood (2005) ;88 1L X A R E#E 25
% Zhong and Zhu (2006 ) H17K ¥ 5% (2006 ) . +-F i BR 24 41 8¢
A A-RB K RE ; @- BB s
Fig. 13 Ni/Cu against Pd/Ir ratios diagram for the ultramafic
rocks of the Abulangdang intrusion
Fields from Bames and Lightfoot (2005) . Emeishan basalts and
picrites are from Zhong and Zhu, (2006) and Zhang et al. (2006)
—--Abulangdang A-Emeishan  basalts;
@-Emeishan picrites
F, AR - B AR R A AR B (FEBE%,1986) O
REE™ = REE[™/(1 -f+k™/f)
A REEM —F kPR L TR i AR
REE™ ——&AHFH TR i AR
K —W TR | A SRR A RRE,
¥ 45| B Bedard(1999) ;
f—HREERSERRTHERT T
S HIERE (2002) X R AR B KB A L R4 FIEH K
Fk, BHRGEEYM A SRS ROBE 4% ER. B
FBAEL(1986) itH IR IR AR LT R 4R REAL B R .
O =GR (1 -y +K™ % f,)
X" —RRAER PR LT W R
Cr'— kPR L TR AR
fi— RHER PN AER SR
BT — TR e AR R AR RSB
15| 8 Bedard(1999)
B PR SRR AR PR LTRSS’ REE RS
TEaH,
R4 TE X P A BB 24 25 R SR A o O A TR X AR IE 2
B, G5 8 IR A RIRE LK K AR A R R XA K B
BE3E (40 Xu et al. , 2001, 2004; Zhang et al. ,2005; Zhou
et al. ,2006;Xu et al. ,2007) , 7T LATA Sy B 5 BF 24 55 3R PR IX 2

ultramafic  rocks;

O ZFH4#.19%. WBITREHELAFFHRA RIUDREK
AR (R 1 -133



1156

%4 FRAERBTARHERER( x107°)

Table 4 REE compositions of primary magma calculated by inversion of olivine differentiation from melt ( x 10°°)

Acta Petrologica Sinica 3% %%k 2009, 25(5)

BaFE La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu
1 17.60 39.07 4.57 21.00 4.74 1.85 4.44 0.88 4.47 0.77 2.40 0.31 1.71 0.24
2 31.54 68.14 822 36.16 7.71 2.17 6.95 1.38 6.27 1.14 3.35 0.40 2.80 0.42
3 22,11 48.29 535 2518 4.91 1.88 5.20 1.08 4.62 0.98 2.58 0.38 2.32  0.26
4 13.55  30.99 3.92 17.16  4.54 1.44 4.04 0.83 3.62 0.74 2.06 0.24 1.66 0.17
5 18.72  39.00 4.52 20.63 4.27 1.49 4.44 0.90 3.83 0.73 1.93 0.26 1.52  0.28
6 18.63 40.50 4.73 21.30  3.67 1.91 4.38 0.93 4.22 0.78 2. 60 0.29 1.81 0.30
7 25.40 57.49 7.36 32.01 6.90 2.01 6.75 1.26 5.45 1.04 3.18 0.38 2.18  0.30
8 30.88 6l1.61 7.43 31.57 6.58 2.34 6. 64 1.16 6.09 1.05 3.59 0.41 2.54  0.31
9 18.56 36.21 4.23 17.91 3.64 1.34 3.86 0.80 2.83 0.64 1.83 0.25 1.62 0.20
10 11.38  24.22 2.53 13.20  2.46 1.17 2.88 0.72 2.75 0.58 1. 65 0.19 .50 0.19
11 24.35  52.11 5.61 24.55 5.13 1.76 5.25 0.99 5.09 0.88 2.96 0.33 1.96 0.31
12 15.32  31.20 3.59 15. 61 3.27 1.41 3.16 0.54 3.06 0.63 1.82 0.29 1.33  0.24
iy 20.67 44.07 5.17 23.02 4.82 1.73 4.83 0.96 4.36 0.83 2.50 0.31 1.91 0.27

%5 HEBHBEUEEEH(FLITE: x107°)

Table 5 Estimating the degree of partial melting for the primary magma of the Abulangdang uliramafic intrusion{ REE; x 10 )

La Ce Pr Nd Sm Eu

Gd Tb Dy Ho Er Tm Yb Lu

Iy =4 20.67 44.07 517 23.02 4.82 1.73
TR X 08 370 800 0.97 3.8 1.00 0.30
BRMEF(%) 17.9 18.2 18.8 167 20.8 17.3

4.8 0.9 436 0.83 2.50 0.31 1.91 0.27
0.76 0.11 0.56 0.11 0.26 004 0.22 0.03
15.8 11.0 12.8 10.5 11.3 11.3 11.1 14.7

TR T RAEERIRX , R HIE X b8 4H R A5 L ou
4B (Amdt and Christensen, 1992) , i T B %5 BF 24 &£ 5 89
LREE SME#I & , T HREE SME855 , §CR A T LREE B4
SR , LRl B R B kI R AR H R R Oy
IARRETE 18% LA (RS) .

4.3 BATE

P4 BR MBS R RA RN RIS, R
HFHET ARG PR A AR AU, HIE A K
HIRR P A& (P F AR, 1986) o (B4 BA HH
I A AR SRR U R TR &L , B v 8 A BE3RA0R
SRR E AL L3 4, 0 B R B AL\ X AR A KRR
RABTE UG ZBIRM Mg 81" BB AE 46 GRER S,
1990) o 55, SR BTHr i in 2L -4 0 55 R R L 57
IARE RO EEE AT THREREREH P (P E
PheEBest R EBTSTRT, 1981) , T 7EFT 4 BF 2438 B L BB F
WRERBONE T REREW . REBISOT EBEAT Y.
SEFBTR MBTRURAKETR K, 4 Murray
(1972) X BRAPRBEEBR A IR AR B8, A2 SR A BT A BB
LHBERRAENRESBN T ARG TRESAREERK
TR RS H o8 2 1 B R FR BE (241 18% ) BRI B, TE R
THERBER, TEAR BT BB R, B 545 5T AR i B 4k

TYRTERMRSTEF TEREENPRAE, TRE
BEFERWIH A ME KRBT 5K UG
BTHEE R ERERAENEL, RET UMK A ARE
BB TN YRR, 5 I R A T E K B N R GE HEAT
EHERDR A EREANERFRETRSEERET
TRY, R T AR B 4 B, TS 0 S AL 4 4 A B B
ABEAKEEERA Ni 5 & (Li and Naldrett, 1999) , X

R T A B 4 3 AR A MO 5 R B T 1

BWa(Fo) EREARMRR, HNAFHRH N & (H
4) X GEAB AL T A A 30 2R R A X R B (R
¥,1986) . fESEHAITEESN T, P A B 2a K B8 LA B
e, B4 KBy MBI B PTARB S BB gk Ma 1A T 45 B
BEEFGTAREN AR TR R, BT Kl
WEE . BERFTA B BB RRARILT RN XK
HIRTTRER PR B 25 3 B P oy R HH MR SR T
) BEA R — P W TR RIE,

5 i

BT A B R R TR A R ALHE 2 A R 51, RIRJE IR K
BAEWE-ERIEHY, BE R AR I EMTER, B
RUTH B L RA AR IEX RSS2 18% 724 KF S
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BRER . EER EFRRS, BSs B RN ERYT Yl
FTREORHDMEF TEREEO SR, FTRERENEE
WIS, BRBAFIRRRYER B LG, RAE T LI
BARBROERET PR, SR, AREEK BN
ST REERSRIFEEN RS EERETRR, R8s
PAGARMIE LB T WAL . R ESEES T, W
7 B 245 R p 5% tH 2%, B4R L3 £ PR S B 254 B K
wiko

B EFRHEIZRIRPOEENBA S EEERR
TR LT T 3R, PR B IR BT 5T BT D R
PRR BERBMEL ARERPIRR SR X8R TR
#4517 X B4 ICP-MS Wi B T4 E 44
FTHE . KRSFHENARE TREENBUER,
W—FH R B
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