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Abstract: Ophiolites of varying ages are widespread in China, some of which contain chromite deposites of industrial value.
However, compared with some of the world s large ophiolite chromite deposites (e.g., Kempirsai, Bulquiza, Guleman), the Chinese
chromite deposits are small (e.g., Sartohay, Dongqiao, Luobusa). Recent research recognizes that most ophiolites with significant
chromite reserves are all formed in a surpasubduction zone environment. Melt-rock interaction is a popular interpretation for the
origin of podiform chromite deposits, but the actual mechanism in this model for chromite enrichment remains unclear. It remains
the primary task to understand process or processes of chromium enrichment towards the formation of chromite deposits. Is the
formation of chromium-rich melts necessary? If so, when, where, how, and under what conditions could this take place? These are
additional processes beyond the well-understood aspects of the petrogenesis that need to research towards an effective chromite

mineralization model.
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R B AR N MALE AT IR, Sy )RR (7
TR PERR BTk B i AR ) Flgsa sy (57
Tl skn i i DL SRR R O RRE ) PSS, 2
RUEEERT R (WiBushveld A Stillwater ) FHE AHEIA
N5 KRB ARIR G A G, Rs i s Bk w)
LRI TR 5 AR B R AR IR AR B s R (BRI
) 5 IR A0 FH 2 A SR [R) 285t Je A ) TR G2
SRR A B FREL S S TTTE , I )00 R 5F
HREAE THES A (Trvine, 1977 ) o EISREE
B Tl s a B e A (RIE A SR T )
BAF AT Y AR v o BOR B2 B BIF 5T SR B St
RN S B 2 ™ A R IR E I B ad Rt v 25 5
FEL RO 5 e A s = T, S AR R X
G~ OSSN B0 O MR e, U HE
At S %A (Zhou and Robinson, 1994; Zhou
et al., 1996, 2001a; Uysal et al., 2007; Caran et
al., 2010; Gonzdalez-Jiménez et al., 2011) . ¥—
SO R R R SRR R B L ( Arai
and Yurimoto, 1994; Zhou et al., 1994; Zhou and
Robinson, 1997; Arai, 1997) .

UL BEAE XS B AT U5 . Ural 55 5 ISR BT IR
AIBEE R B EAT & A B = A Y an & Wl . A
AR, RN ISR B A R IRIX (2
/>150 km )  ( Robinson et al., 2004; Yang et al.,
2007, 2009; Yamamoto et al., 2009 ) . iEE % %<
15 26 1 7 SERAK R [ Re-Os R, E MY, LAAT
SNk A O SR AR IS S BT R
WHIEA”  (Shietal., 2007, 2012a, 2012b) .
AR EFEAEN S 5RREI e s gk
RAREE, A B SR S ™ RIS
AR FARRN T A SO B R B R E
L TR R Y SEAR BRI S IR, B
FEATORL I S F I FRATA X SR R ™
AR, ST L R AR R B At

1 DI ERT A AR

L IEAR B BR A 22 AT AE B 5 2 1Y) e R AR AYG
w (P AYS ) B MEE R B e Al s (e
/R ) " (Paktunc, 1990; Roberts and Neary,
1993) o WIRZLLEFIRF I, 2SN
I3 R I A iy R AR TEAE T, 0 A Al o

15 AT BRI ZE A e (AiCs B0 RS
) M (Cassard et al., 1981) .

SISREE BRI ES RN . RA
TR S B R 8 iR ek, Gk, Mk
KA, HIZARERT ML, SSRGS
SERBR A BORFAT Z54 O ] BEE SRR 5 Y
B P R W R YR R L PR IR YR S5
( Robinson et al., 1997) .

L IEAREE BRI A EA R R ) 2
I (ENA, Sabk5) o XS KRR 6 2
LU AR S TE B I dh A LR K R b Bl Al 4k, JF
SR A R AR (Edwards et al., 2000

and therein ) .

2 [ E IR R I e 4
BRX H

r ] e 2 s PR S R 1T 90001, LR
19934F IR Z BS6 %A X (kR EL, 1996)
LR RR SRR A | 7RI . A A g A T
BRI R B (RS, 2007; &L
4, 20115 AL, 2012) o PR R T IORE
PRy D A fE IR i 1L e geos b () o i
e CRTEERe RAEHE, NSRRI, A5
FIeWEE) , RE-FWeA (HIRKIERE, &
AN, PRIGIARE ), BEA -V (PR
RIY) , HEEEAT (P9 Y )  (Zhou and
Bai, 1992; #fiflA5F, 1999) . X44FEE M ALH"
YOS A Tl RV AL s F 4 B S AL s
WOEUHFESL, SRR RIS, PRI, B
R e ( Zhang et al., 2008b; Stampfli and
Borel, 2002; Meltcalfe, 2013 ) .

o E R AR i D AR, AR AR
1E20104F, [ 5 K 1Y S ISR K 2R ™ b 2 A1 95
CHRIIE RN S MTAE A ( EAREE, 2010) .
BRI R A e [ AMERAE AR S — R R 90%
PLE (#2) o GRS BB E SR
BT I XA A A1, BT R AT B S A
Lo A BR A ) K2 AR BS AR AT s, 0ty S 9
E@Kempirsai%HPolar Ural, " ER$2Hr8E Y Vourinos
FKukes—Bulquiza—Shebenik—2&, #rrHeirigi g
Oman, Troodos, Esfandagheh?¥ . 4%, 4ER K G
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(I snL B, MR MER A X ) o
Ophiolite belts of different ages in China: Altai, Tianshan-Daxinganling, Qilian—Qinling, Kunlun, Bangong Lake—Lujiang, Yarlung-Zangho,
Jiangnan(in blue words). Major podiform chromite deposits of China are Sartohay, Solun, Hegenshan, Dadaoerji, Yushigou, Songshugou, Dongqiao,

Luobusha(the area of red filled circles means relative reserves).
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Fig.1  Geological map, illustrating the distribution of ophiolite belts and chromite deposits with significant reserves
in China (After Zhou et al., 1992; Zhang et al., 2008a; Zheng et al., 2013)
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Data sources for import dependence and reserves are from { Chinese almanac of mmmg>> (2002-2012) and from { Records of Chinese
Chromite Deposits ) (Yao Peihui., 1996).
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Fig. 2 The import dependence and reserves of podiform chromite in China

JERBARN 135 24 7 ok A 7y L Mayari—Baracoal
s, R Zambales MR B O ) D MR IR AL A

Thebaghi% ( Stowe, 1994; TLEHET) . SIS LW kA G KEERR L
PR AR ZER (Talkington et al., 1984; Lorand



12 [

Bt o 4R 204 11

and Ceuleneer, 1989; Thalhammer et al., 1990;

Mcelduff and Stumpfl, 1991; Melcher et al., 1997;

Proenza et al., 1999; Al-Boghdady and Economou-
Eliopoulos, 2005; Uysal et al., 2009; Rajabzadeh and
Moosavinasab, 2012 , 2013; Rollinson and Adetunji,

2013) , BARMHGIFAREISRIR BRI FA (Li et
al., 2005; Spandler et al., 2005) , {HILFE K
/RIS ST 14 A0 B2 1A T BE UL B T U B TR R
AR KSR, TRERSZ IR iR A 8 B K A T
o, B GIEREE BRT R RE 1B IE BTN e B
Bln i (FRR B ) X — Rk ik

fLE

R e o A i o .8 X (Dilek and Furnes,
2011) , HEEEAikEs e (PO RRE—4) 5
FHb i st ATy (W0man, Troodos, Shebenik,
Vourinos% ) KA BT AR #p#7 #4535 ( Shafaii
Moghadam and Stern, 2011; Hébert et al., 2012;
Robertson, 2012; Shafaii Moghadam et al., 2013) .
3 2o SR v I A DR H A A e s S
Ul skn R A R T R B (BT, 25
3a—f) , WATEBUX Loy Ls 48 s AT AR
X3 ( Pearce etal., 1984, 2008 ) .
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OIB: ¥F& X, N-MORB: IERAH XA, E-MORB: XS RIGHEH Xl B4 (Boninite), 5 RIANINEE(MAB),
j(ﬁiﬂﬁﬁ(cc)?@@w ADilek and Furnes (2011) ; M4 A0S ILEH %1,
OIB: Ocean island basalts, N-MORB: Normal mid-ocean ridge basalts, E-MORB: Enriched mid-ocean ridge basalts; Field of Boninite, MAB: Mariana arc-basin,
CC: Continental crust are from Dilek and Furnes (2011) ; The code name of ophiolite see in appendix 1.
B3 A i B A Ti- V(a,c,e) FIND/Yb=Th/Yb(b,d O : 5 FYN R ab); JFARRIIS (e.d); HRHR I e.0)
Fig.3 Ti-V and Nb/Yb- Th/Yb discrimination diagrams for representative ophiolite suites: Paleo-Asian ophiolites (a,b);
Paleo-Tethyan ophiolites (c,d); Meso-Tethyan ophiolites (e,f)
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- RS2 T A AR A O o
4 HPRALSAE BOHE S IR A R BREEA) #9 (Fdes I
41 EHMEEEFETENFEST Rollinson, 2007 ) . JX45 0] RE 32 3 b 8041 Ak 516
IR S W MOHO MBI AEE T ROALAEREN B 2 M0 2 BER (Snow and
. AR B RN . HEHOEE  Dick., 19953 Niu, 2004) , AATHRRSVHEHGS (e
AL G A R AN, DU MBS RGO AN ) A KR E
T T RN AR B A0 R S B MeO/SIO LI, BT A4S
B4, b) , TR — B (s o W 2 AR
AT () fEH AR R SR 5 R
WEdamcil I, Tl IS AR 27 A (Had) . HURIE R R
WECE RIS 2 (IR B . AR . P A IPFEL (Niu, 1997, 2004) .
GERITHE, [ONRAETEEI AN, SUSC RITHE 42 MR R T R
B 7 A LR B B2 ) WA L% (REE ) BAMER (FlSacd;
BT P IOME0/SI0, (wi%) WAL, ATAEBAITE 16 FLAT AR R B SRSt M O 9 BE S 7 2 ) o

4.0 T 50
B LKL, 1. 0GPa, F<25
. Uik, 2. 0GPa, F<25
35k PM .5~0.8GPa, F(15 o~ B, 1. 5~0. 8GPa, F(15
. = P, 2. 8~0. 8GPa, F<25 | conxGOD 48 — .-\,oc\&Y —— /P EHE L, 2. 8~0. 8GPa, F<25 | xGOHxGOD
(ENiu et al., 19970 P T (BNiu et al., 1997f£%0)
30 oYZHOYZD \BP xS, % % - oYZHOYZD
BGH°BGD a0 8% BGH>BGD
2.5 OLH eLD OLH eLD
- S 44}
= oDH DD 3 9DH DD
£2.0 2
Z OSH WD Q OSH mSD
2 & 42
Sis OHH BHD OHH BHD
OSsHeSsD OSsHeSsD
1.0 40 |
: YH »YD YH »YD
05 DAD*CRs sk DAD*CRs
0 LBy (b) 36
34 36 38 40 42 44 46 48 50 52 54 34 36 38 40 42 44 46 48 50 52 54
MgO (wt¥) MgO (wt%)
1.4 1.5
X JER AL 1. 0GPa, F<25 . (FEWalter, 199812
‘ Z s 2, 0GPa. F<25 L al '\GOPﬁ?;‘i&(R:O, 932)
1.3k, o %y Bifii i, 2. 5~0. 8GPa, F<25 P x ex
X x X(4Marchesi et al., 2006{#) [xGOHXGOD NLX
"X w x 1.3k o
1.2 ©YZHOYZD x X @" R
. " BeHBGD _ -2 XFAP29
<11 X S 126
sl X x . oLH oD 5 (L XABP
z x x RTRIET 2
S, kL om0 G %GOH405
[ ) osH msp @ xGOD123
o & e O
D0 9 B LS ovhmwp @ 09F %COH200
= 8 =
h x ~ OSsHeSsD 0.8 xcoD127
038 X, X°* ABP ,
or % > /4 PM [oYH svD
1€ i~ 0.7k x
07f o' M o PR COP: %4 (R=0. 898)
(c) (d)
0.6 - L L x L 1 1 0.5 1 o 4 + 8 o 0 o 8 48 s 0 40 43 51
0 0.02 0.04 0.06 0.08 0.10 34 36 38 40 42 44 46 48 50 52 54 56
Al,03/Si0;(wt%) Si0, (wth)

PM: st (RL(HZ N, 1997H0KB ), ABP: ERUSHHE: (Hcat] FINiu, 2004 ) | FAP: SRAGHMET (5] A Parkinson and Pearce, 1998)
KR:JA IS AR5 (BUES DL water, 1998 ) 5 40 2 S %SGR FERI A s RERIGES1)5R EIJagoutz etal. (1979 ) FlHart and Zindler ( 1986 ) ;
FGIRS FoR Al A RS+ MM PSS, D: 2ilch, s A s E), WLHIRE A5 M AR E b
GOP(2:3K), COP(H [l AT R HAAR KR U5 UL I 22 (FE i B AR 2 i BE A W 2k P BR A T AN LAl 1A
YZARHRM R P B A i s B P AV SN A1) s A B g —FRE AL 0K B 100%

Element concentrations are recalculated to 100% on LOI-free basis. PM, Primitive Mantle(See in appendix B of Niu, 1997). Data sources for abyssal
peridotites and supra-subduction peridotites are from Niu (2004) and from Parkinson and Pearce (1998), respectively. KR: Pyrolite with the Same Composition of
PM(See in Table 1 of Water, 1998)The “terrestrial array” is from Jagoutz et al., 1979 and Hart & Zindler, 1986. The legend name is composed by the code name
of ophiolite with lithology(for example: LH means Harzburgites in Luobusha). All data sources see in appendix 2.

FEl4  HrE A R A s I A 4 Mg O—CaO(a), MgO—-Si0,(b), AL04/Si0,~Mg0/Si0), (c), Si0,~Mg0/SiO, (d)f% &

Fig.4 Bulk rock analyses for harzburgites and dunites in major podiform chromite deposits of China in spaces of

Mg0-CaO(a), MgO-Si0,(b), AL04/Si0,~Mg0/SiO5(c), Si0,~Mg0/ SiO,(d)
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Primitive mantle-normalized values are from Sun and McDonough(1989). Fractional melting model from Niu and Hekinian (1997) is shown
for comparison. POH, POD(include CR, MB, MC, Tl); NTH, NTD (include Om, Tr, Ly, An, Es); MTH, MTD(include Pd, Ot, Vr) mean global typical

ophiolites (Harzburgites and Dunites) of different ages. All data sources see in appendix 2 and 3.
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Fig. 5  Primitive mantle-normalized REE patterns for the studied ophiolite peridotites
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BRI A X— U, UULREER) & 4£5F4E 2
TORS 7 T BRI A 25 R, TR R AR 4
RIS s sk (A ) B SHa S —ik
AL (Niu, 2004) . Kelemen (11992,
1993, 19985% ) s & A i AL 2 i R
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HREE IWESFFIE . X —RuigiR 22451 1, LA
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Pk (Niu, 2004 ) o felt OWFFE A8 AR b
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( Deschamps et al., 2010) . BENLREEW) & FERME
P s AR VE R (4 a b g i 5 La/Smi%
KR oA, Kleb) o M FEITaFEMm 4 S
REES A%, B A REHEBR I oA fbad 72 o #0i
WIEXTLREE & 819 5Tk ( Paulick et al., 2006 ) ,
WA RE S R B CelE 5% (UNZE [ Coast
Range WE&k s e S0 AL T RN A 2 Hh [ AR g
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Fig. 6 Whole rock [La/Sm]y vs [Sm/Yb]y (a) and loss-on-ignition (LOIL, %) (b) of the peridotites studied
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Cr'# i (E7h) Son, HM FCH TG E S5 9NHT
Wi 525180 ( Dick and Bullen, 1984; Barnes and
Roeder, 2001 ) . Z5%F 0 SR PRI
AM"-Cr 8 E (ETe-d) , EHEERSRigst
ETUESARA T B R i A M I B LU M 5 2 b A
Ko WAERN MBI Do E 2 b . 4R35 55 1
R A M B R T A AR 2R di A, 3X
LB R 2R il A1 Y 45 dd it R B I X1 T MO
Rinf o[RBT 8 7R AR i A 7E [ AHZE T
RS 4 i 1 [ B A e Bt 25 MO A B 5 8 (e AN
Mg b B4 St A7 f A R DO T A ) o

R A 22 A 1 Cr™ (- S5 O 2 14038 0 sl
FER IR R (Dick and Bullen, 1984; Niu
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Fig.7 Spinel compositions in spaces of (a)Ti0,-Cr”, (b) Mg"-Cr” in ophiolite peridotites studied; (¢, d) Mg"~Cr" in spinels of
the studied ophiolite chromites

and Hekinian, 1997; Hellebrand et al., 2001 ) . /E
H RS T IR B Cr0, 5 ALOSAH R ke
KRFR (Mg BB e fhoa b B 2R A
HAMNFKZ; Ahmed and Arai, 2002; Arai et al.,

20045 ) o KRTESR A T Cr LA EAHAS , i
AR #8430 R B G SRR P ™/
AITLUAESG I, ARER, 853 Al 1o A2 (2R
AR, HERR AR, AR )
FEH . WIERFNCOERAMHERN TR, B
TE IR 2 7 PP ) 5 5 0 o3 i )RR B AAE 1L

A CrdR A1 2 IE R AS Fh ORI, FTLL
B CIRAL) BRI E (fIRCr) BUERAR &A1 205k

VR ARORE 2 114 o R B RE R 3 s ol 7 A 1 0
K (Zhou et al., 1994) " . [Htt, FIAHEAFCH
) R e SR Y B B i B R

4.4 $AMRITEPGESFIE

T RTER B 0 b EE LG R T ALY
BRAETE, WERETH . TR 55 . BF5T s AR
TR ( Naldrett and Duke, 1980) , 2Bk
REBT ISR IR 45 B PGE U ih AR v £k
I3 A - A AR R ) 5 RHE (Page et al.,
1982; Zhou et al., 1998 2 Gonzdlez-Jiménez et al.,
2014a, b3 ) , EATAEZEFE NPPGE (Rh, Pt,
Pd) FIIPGE (Os, Ir, Ru) ZHECRECATE ( Barnes
et al., 1985; Bockrath et al., 2004; Righter et
al., 2004 ) ; WA RERNPCES P45 & UCA
(SREERMTKLAEH, 2013; RELFESE, 2013;
Gonzalez-Jiménez et al., 2014a) .

PGER—ZRMICER, 4l St s
BiXI, (Godel et al., 2010) . SEBRWLEE K B
WY (PGM ) FELIEG SRS IRAFTE R
pnAa R, X SR EUMESY (Finnigan et al.,
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2008 ) FTIESE . PGMANHS ERA™ 1L J A AT
FERR ER A VA AT B = i 45 S B ( Brenker et
al., 2003; Okrugin, 2011) , PGM7ERRERE HHY
S S AR AT RE S B A TR R AL A0 G
4.5 OsEIfrZ=HEM

Re-0s Ay 2 19 70 A AE S AN A rh 2 — MR
WEMN AR SR, B HRTC & R8s B4
BRI LA TR R 19 " 0s/ ™ O AR AL IR /N (4
PR AR 1 0s/ P 0s -2 = 0.12809 +
0.00085; Walker et al., 2002a, 2002b) , Biichl
5 (2004 ) P8I HESE H e akip ok s BB Bk 191
WA TET = 1o WUERIRATIA AT S IR 1 2
HOsFICrIT R A A TR, IR RIS 8 1k
W T e B L SR U T B L A B -2
( Biichl et al., 2004 and therein ) , AR AF{EHISR
BEM IR EUE S0 Bl s (RG24 ET ) J2&
A LI BRI L R I RR LR A (BRI
() RF S 45 i T 2 A I AR b A ER AL R300~500
Leblanc and Ceuleneer, 1991 ) .

FHATE BB HEEM S 25 0s A KA
AT RE A2 B K B2 ( Snow and Reisberg,
1995; Alard et al., 2005) , 28 #UR AL fE
X B R AT Th AR R B AL 1) Os ) 37 2R 4 B £ 52 1)
( Gonzalez-Jiménez et al., 2012a) . HITHIFFE
( Gonzdlez-Jiménez et al., 2012b) E/ROs[EI =4
A B8 R A AR AL W TP 08 Al HAT AN — 1
IR ATTANAG AN TR A 00 3 3] ) 8 R 4 o A%
it Oslrl AR (Al e HARE T8 ) .
Gonzdlez—Jiménez%§ (2012b ) A A Os[E 2 4 LAY
AN — R AE 2 B R TE U 52 B AN ] o3 J 1K
o (A EUARIRE ) S8, IR
IﬁlﬁﬁmiﬁwﬁEMayari-Baracoa E’E?%%%Sagua de
Tanamo’s 1A 2 51— SUM I BEAAR T ASLAR 5
T A
5 WESRA UK BT R R B — L
%

BN BF 58 5 3% Bk 0 &5 o 2 i E
( Ballhaus et al., 1991%¢) , & /7 ( Dick and

Bullen, 1984%) , %% ( Ulmer, 1969% ) ,
KRR (Trvine, 197655 ) ZHEA X, B-AI

I A VAT B T FATT R A B AT B R, LI R
WA A 0 ER BLAE & A2 R B
5.1 KX EIREEHET HEHIER

MatveevFllBallhaus (2002 ) FFHLSE 5 HF 5
B D LR BR A 5% 2R A I 45 il T A T A
MR AT 25 o A ATTHERT AR 2R b A FE A (K)
o B R R A i LA RE . X — W R R
725 B K AR R T i A v T 3 i 1 L A4 A1
. R K AR UL 1 RO S 1 30 23 Ja
filt, JRRIGEUEREA P Cof B RIEE ] T
YRR P REFR RS ZE L B ( Edwards et al., 2000
and therein ) , MICr 20506 b P8 43 i /i
WA A8 . AR IRIR S CRRE ) 2
e s Crfd AT & BRI KR 4 (Edwards,
1995; Ballhaus, 1998 ) . UNSG/KAE & HE A IIT
MAEP RN E TSR AE (Matveev and
Ballhaus, 2002) , AR#AREZ XKLL IR (K )
Xf OB L B A R TR I Tk (B,
2, RMEEE IR S S8R A 2 A REEY
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Zhou%F (2001b ) #&H PSR EH Bl B ml A
RE MR S IR ZE A B8 R B i 72 0 Gonzdlez-
Jimé nez%§ (2014b ) [AIFESRIA T[RRI A I IR
AR B R R A BRI T
U N VA XSt T R R e v
BRI fi AT A LA — R A R A R X —
OCHE R ORI . H AT AR R R IR
F89 A 52 B R E 0 W B8 il . A A
JERI AR E LI AT B0 S
2 58RI il A 1k 2 S A AR R 22 5] (dn
TiO,, Mg") 7 A1 B3 ik [F]— 0 A X3 ] L
F A AN GO S T A ] R . AR
SEPI PR R BA SR H R BB R
52 WERHAERENET

RERRER W) AL B ARAE I 4 5 RS R A )
UL ) FIB™ P N R R AR AE . O 1 ik
W45 I A PEA R Ry o FRATTTE R B i Y
IR (0 W EILREE R ) MEERR AR
BRSO TR REU B2 R ™ (0 4k
SR BOR YR G544 ) ( Lorand and Ceuleneer,
1989) , X AJ BESE Hi MU U 8h )7 A8 By BV T 3 Al
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TRAEARCr & 5 A T 52 m 7
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95 . 22 AR I A I Ak RO A 0 ) UKL 1]
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BAENIAEHEET Y ( Yang et al., 2007; #%4
4%, 2011, 2013 ) , XA REVLEA BLA P i Cr AN
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3) Wpsk BB vh SIS R BT A 4
W RGOR B B AT RN A7, B SRA
FRTR] B RO S R 7 % R AT A AT ] IS A A E g
B RO e L 3 58 B B BB it R (UnoRiE
IR ), BB ITCR Cro AR IR T FilA 7
Xk 28 [ B R B H A B TR T AR BLECIE Y 4k
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WxS FREBREHARSLTRGEREKFESTREEHITZIHEERITR
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La/Sm Sm/Yb LOI

DbHS 0.7357 1.7517 0.5011 0.4381 0.7590 0.7708 0.8077 1.3028 1.3681 1.3707 1.4940 1.5703 1.6316 1.6811 0.455~3.341 0.218~0.637 0.01~12.32
DbD8 0.1611 0.2461 0.0996 0.0669 0.0459 0.0356 0.0332 0.0431 0.0522 0.0607 0.0749 0.0992 0.1088 0.1235 1.990~4.668 0.280~1.623 0~3.17
YbH22 0.1606 0.2576 0.0958 0.0672 0.0485 0.0456 0.0508 0.0625 0.0714 0.0887 0.1100 0.1360 0.1507 0.1747 0.323~5.17 0.098~1.234 0.04~11.13
YbDI18 0.1765 0.4132 0.1095 0.0703 0.0425 0.0289 0.0264 0.0336 0.0308 0.0379 0.0457 0.0693 0.0745 0.0980 1.869~6.463 0.222~1.499 0~7.16
XgH13 0.1001 0.0903 0.0773 0.0617 0.0808 0.0971 0.0914 0.1279 0.1419 0.1630 0.1947 0.2089 0.2507 0.2960 0.215~2.585 0.139~1.036 0.50~7.75
DaH3 0.0983 0.0789 0.0575 0.0415 0.0353 0.0510 0.0395 0.0466 0.0582 0.0713 0.0910 0.0964 0.1197 0.1419 2.070~3.016 0.134~0.854 0~0.38
DaD4 0.1353 0.0938 0.0774 0.0547 0.0358 0.0251 0.0224 0.0243 0.0288 0.0348 0.0426 0.0497 0.0677 0.0855 2.055~4.082 0.100~2.344 0~0.50
ZbH10 0.0760 0.0617 0.0495 0.0390 0.0323 0.0252 0.0275 0.0329 0.0445 0.0601 0.0754 0.0961 0.1211 0.1504 1.414~3.498 0.132~0.591 0~2.91
SgH3 0.2280 0.1728 0.1449 0.1723 0.2477 0.1587 0.2125 0.2160 0.2352 0.2439 0.2500 0.2703 0.3584 0.3604 0.554~1.379 0.457~0.617 0.70~5.40
SaHS5 0.2547 0.1341 0.0845 0.0788 0.0751 0.0595 0.0280 0.0441 0.0610 0.0573 0.1351 0.0771 0.1802 1.508~6.894 0.555~1.110 5.60~9.00
SaD1 0.3639 0.2648 0.1812 0.2733 0.3604 0.5357 0.4362 0.5556 0.6784 0.7317 0.8125 0.8108 0.8925 0.9459 1.010 0.404 6.60
LbHY 0.0580 0.0457 0.0636 0.0615 0.1444 0.2467 0.1935 0.4784 0.2492 0.4085 0.3664 0.3780 0.3574 0.160~2.316 0.136~0.758 1.5~14.39
LbDI1 0.1354 0.0823 0.0652 0.0672 0.0586 0.0417 0.0419 0.0278 0.0326 0.0366 0.0405 0.0832 2316 0.503 12.75
JdH3 0.0825 0.0593 0.0604 0.0593 0.0578 0.0595 0.0598 0.0525 0.0787 0.0874 0.1441 0.1670 0.2095 1.041~1.939 0.136~0.655 13.08~13.45
OIHY 0.0825 0.0215 0.0895 0.0453 0.0558 0.1295 0.0606 0.3323 0.0665 0.2134 0.1471 0.1749 0.2177 0.382~9.436 0.116~0.654 11.06~14.72
0ID1 0.0233 0.0152 0.0181 0.0170 0.0541 0.0179 0.0185 0.0231 0.0244 0.0405 0.0507 0.1757 0.431 1.066 13.18
BnH3 0.0175 0.0107 0.0380 0.0103 0.0158 0.1448 0.0257 0.1327 0.0443 0.1280 0.1306 0.1528 0.1667 2.585 0.076~0.117 13.13~13.6
DzH4 0.0480 0.0154 0.0507 0.0517 0.1098 0.1131 0.1422 0.2569 0.1706 0.2683 0.2703 0.3354 0.2973 0.297~7.109 0.029~0.519 0.10~15.22
RdH6 0.1308 0.0878 0.0504 0.0433 0.0471 0.0585 0.0689 0.0826 0.1004 0.1047 0.0613 0.1444 0.1694 0.1899 0.236~13.440 0.052~0.611 8.17~12.07
RdDI 0.1033 0.0851 0.0319 0.0222 0.0205 0.0179 0.0107 0.0065 0.0080 0.0091 0.0127 0.0216 0.0264 0.0405 5.042 0.777 11.70
ZdH2 0.0466 0.0397 0.0380 0.0480 0.1047 0.1042 0.1443 0.1667 0.2062 0.2409 0.2838 0.3702 0.3716 0.277~5.042 0.282~0.284 1.91~11.70
LHI5 0.0627 0.0487 0.0461 0.0292 0.0333 0.0455 0.0441 0.0703 0.0764 0.0896 0.1098 0.1356 0.1483 0.1682 0.350~1.939 0.125~1.013 0.95~7.02
LD28 0.0293 0.0217 0.0157 0.0119 0.0118 0.0125 0.0136 0.0166 0.0184 0.0229 0.0263 0.0306 0.0364 0.0511 0.431~15.530 0.029~1.110 0.58~16.40
BgH6 0.0308 0.0195 0.0187 0.0095 0.0165 0.0218 0.0364 0.0525 0.0717 0.0854 0.0927 0.1306 0.1237 0.1577 0.776~12.280 0.093~0.247 10.02~12.49
LtH1 0.1310 0.1459 0.1630 0.1802 0.1982 0.3036 0.2164 0.1852 0.2347 0.2683 0.2396 0.2432 0.2434 0.2703 0.661 0.814 10.11
LtD4 0.0990 0.0999 0.0906 0.0820 0.0721 0.0595 0.0793 0.0880 0.0770 0.0808 0.0849 0.0946 0.0989 0.1216 0.862~3.231 0.208~0.879 12.28~12.57
DtH1 0.0408 0.0231 0.0181 0.0162 0.0158 0.0060 0.0067 0.0093 0.0095 0.0061 0.0083 0.0135 0.0203 0.0270 2.585 0.777 9.29
DtD5 0.0408 0.0353 0.0214 0.0135 0.0099 0.0060 0.0074 0.0093 0.0066 0.0085 0.0108 0.0135 0.0254 0.0324 3.016~4.955 0.139~0.864 5.42~12.97
CtH1 0.1426 0.1042 0.0580 0.0384 0.0248 0.0476 0.0218 0.0185 0.0217 0.0183 0.0229 0.0270 0.0345 0.0405 5.758 0.718 1543
CtD6 0.1144 0.0928 0.0516 0.0390 0.0244 0.0179 0.0164 0.0131 0.0105 0.0140 0.0135 0.0243 0.0242 0.0324 3.281~5.464 0.148~5.405 11.27~27.95
XzH9 0.3235 0.2685 0.2053 0.1731 0.1101 0.0708 0.0802 0.0844 0.0588 0.0813 0.0810 0.0931 0.0699 0.1066 1.616~6.463 1.110~4.441 14.48~16.35
DqH3 0.0354 0.0276 0.0242 0.0187 0.0150 0.0238 0.0112 0.0108 0.0100 0.0122 0.0111 0.0153 0.0162 0.0225 1.400~4.093 0.666~1.388 11.56~14.94
DHI6 0.4363 0.1689 0.1689 0.1233 0.0752 0.0461 0.0521 0.0498 0.0392 0.0385 0.0396 0.0633 0.0460 0.0566 2.486~30.590 0.185~5.235 9.57~18.36
DD2 0.0735 0.0344 0.0308 0.0262 0.0124 0.0060 0.0117 0.0093 0.0095 0.0091 0.0094 0.0054 0.0101 0.0135 4.847~7.238 0.793~2.221 12.45~12.53
DdsD3 0.3396 0.2404 0.2041 0.1649 0.1014 0.0306 0.0660 0.0682 0.0597 0.0565 0.0590 0.0748 0.0690 0.0757 2.900~4.847 0.888~1.832

YH4 0.0407 0.0314 0.0216 0.0160 0.0085 0.0071 0.0068 0.0065 0.0094 0.0110 0.0144 0.0240 0.0345 0.0486 4.182~4.928 0.063~0.643 0.07~0.45
YDI 0.0827 0.0673 0.0399 0.0350 0.0162 0.0107 0.0136 0.0083 0.0128 0.0122 0.0152 0.0230 0.0379 0.0554 5.098 0.428 0.16
SsH10 0.1338 0.1043 0.0707 0.0569 0.0318 0.0317 0.0250 0.0204 0.0167 0.0152 0.0169 0.0216 0.0241 0.0338 1.616~5.551 0.444~3.273 0.39~4.53
SsD24 0.1412 0.1223 0.0824 0.0628 0.0435 0.0290 0.0373 0.0350 0.0269 0.0302 0.0281 0.0386 0.0334 0.0434 0.711~4.686 0.222~2.498 0.55~13.38
MyPI 0.3930 0.6197 0.5465 0.2928 0.5952 0.1342 0.7407 0.2439 0.1250 0.1014 0.9459 1342 2887

MyDI1 0.2183 0.5239 0.5465 0.5357 0.1342 0.0678 0.1667 0.0609

SH2 0.0146 0.0113 0.0111 0.0225 0.0595 0.0336 0.0136 0.0208 0.0406 0.1351 0.646 0.555 10.79~15.16
SD3 0.0291 0.0300 0.0362 0.0123 0.0225 0.0595 0.0336 0.0136 0.0278 0.0406 0.1351 1.293 0.555 14.53~20.49
CgD1 0.4964 0.3482 0.4457 0.2858 0.2140 0.2202 0.1711 0.2130 0.1737 0.1707 0.1729 0.1757 0.1684 0.1892 2.320 1.271

HH7 0.1081 0.0885 0.0964 0.0780 0.1089 0.1029 0.1345 0.1786 0.1413 0.1809 0.1872 0.1988 0.1933 0.2143 0.323~4.136 0.093~2.998 12.02~12.98
HD6 0.1235 0.0903 0.1522 0.1349 0.1149 0.1214 0.1049 0.1273 0.0857 0.0988 0.0774 0.1318 0.0984 0.1441 0.738~3.878 0.370~1.271 14.98~15.50
CRsHI1 0.0865 4.5511 0.0778 0.0963 0.1276 0.0939 0.1462 0.1673 0.2017 0.2210 0.2322 0.2241 0.2536 0.283~3.339 0.195~1.521 13.80~17.33
MBD6 0.1101 0.1420 0.1770 0.2014 0.1865 0.1867 0.2065 0.2087 0.2101 0.2137 0.2228 0.2588 0.393~0.864

MBHY 0.0017 0.0030 0.0048 0.0048 0.0049 0.0074 0.0123 0.0197 0.0320 0.0435 0.0686
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu La/Sm Sm/Yb LOI
MCHS8 0.0010 0.0016 0.0054 0.0116 0.0100 0.0131 0.0078 0.0093 0.0146 0.0217 0.0291 0.0421 0.0639
MCD2 0.0014 0.0020 0.0047 0.0033 0.0045 0.0046 0.0047 0.0070 0.0096 0.0142 0.0203 0.0311

TIH3 0.0326 0.0245 0.0194 0.0176 0.0158 0.0134 0.0183 0.0218 0.0276 0.0340 0.0452 0.0554 0.0674 0.0829 0.110~0.316 0.961~4.089 8.98~10.92

OmHI158  0.0062 0.0044 0.0035 0.0037 0.0059 0.0092 0.0111 0.0161 0.0242 0.0336 0.0469 0.0588 0.0777 0.1010  0.042~91.314 0.003~0.774 0.13~11.91
OmD49 0.0068 0.0038 0.0034 0.0034 0.0033 0.0082 0.0053 0.0076 0.0115 0.0169 0.0263 0.0371 0.0519 0.0721 0.421~5.193 0.010~0.240 0~15.46
TrP1 0.0218 0.0225 0.0185 0.0225 0.0387 0.0218 0.0217 0.0313 0.0406 0.969 0.555

LyH56 0.0533 0.0269 0.0176 0.0119 0.0179 0.0195 0.0325 0.0486 0.0532 0.0632 0.0745 0.0911 0.1020 0.1340  0.069~40.347 0.041~0.400 0.45~15.63

LyD5 0.0058 0.0039 0.0039 0.0024 0.0030 0.0012 0.0014 0.0020 0.0047 0.0051 0.0115 0.0144 0.0253 1.293~3.877 0.139 5.17~16.59
AnH34 0.0424 0.0358 0.0163 0.0109 0.0075 0.0085 0.0129 0.0188 0.0239 0.0313 0.0433 0.0601 0.0752 0.1023  1.125~37.162 0.0215~0.4675 0~14.93
AnDI12 0.0234 0.0132 0.0081 0.0066 0.0038 0.0028 0.0033 0.0054 0.0051 0.0076 0.0115 0.0194 0.0268 0.0428 1.594~5.009 0.048~0.214 3.30~11.20

EsHI7 0.2864 0.0423 0.0340 0.0238 0.0432 0.0834 0.1206 0.2090 0.1277 0.1409 0.1505 0.2043 0.1768 0.1932  0.430~91.314 0.057~0.774 1.571~10.86

EsD4 0.2620 0.1746 0.0839 0.0180 0.0229 0.0240 0.0743 0.0446 0.0449

PdH?2 0.0364 0.0282 0.0543 0.0702 0.1464 0.2976 0.1930 0.5556 0.2714 0.3354 0.3333 0.6757 0.3550 0.4054  0.162~1.293 0.370~0.416 5.03~7.04
OtH15 0.0620 0.0405 0.0290 0.0224 0.0170 0.0246 0.0244 0.0384 0.0530 0.0679 0.0890 0.1054 0.1282 0.1568 0.808~5.922 0.041~0.540 0~13.75
o1 0.0233 0.0197 0.0145 0.0118 0.0113 0.0179 0.0151 0.0185 0.0312 0.0366 0.0542 0.0676 0.0832 0.1081 2.068 0.1354 0.89
VeH5 0.0134 0.0109 0.0080 0.0062 0.0054 0.0143 0.0054 0.0116 0.0103 0.0203 0.0233 0.0351 0.0462 0.0649  2.262~2.908 0.098~0.139 0.28~4.30

ThHS 0.0351 0.0341 0.0214 0.0178 0.0104 0.0077 0.0084 0.0120 0.0163 0.0238 0.0342 0.0459 0.0602 0.0824 3.021~3.803 0.165~0.332 5.77~13.32

KeD2 0.0044  0.0046 0.0024 0.0015 0.0181 1.824~5.817 0.063~0.356
PUH2 0.0049 0.0064 0.0048 0.0047 0.0068 0.0079 0.0106 0.0247 0.0384 0.0528 0.0681 0.0811 0.0994 0.1216 0.431~1.293 0.064~0.074 0~2.88
ABP126 0.3206 0.3752 0.2714 0.2483 0.2446 0.2569 0.2720 0.2976 0.3231 0.3366 0.3582 03932 0.4322 0.037~7.878 0.088~1.535
FAH21 0.0046 0.0038 0.0058 0.0038 0.0109 0.0069 0.0058 0.0073 0.0097 0.0149 0.0228 0.0457  0.0666 0.374~1.481 0.131~0.194 8.05~23.75
FADS 0.0055 0.0038 0.0037 0.0029 0.0061 0.0046 0.0028 0.0037 0.0050 0.0072 0.0108 0.0234  0.0389 1.747 0.566 9.60-17.58
ik

1. BRTIEESE[E Coast Rangeltp & AU TAK I WO A (CRsHI1) |, Al 5 RFS g S AR S5 (H-Or RS s D-4lilils ) +REsE (n
DbHSIC AR P b 2 A MR S F AR, e AU S IR 1) o BRI S 80 ( ABP126 ) SRIEFNiu(2004) , SRFTHE & 2
CHIRAT 5 RS A F AH2 LRI AT 4EHCAFADS ) I FParkinson and Pearce(1998), HuAth HAAKHE A IR IR 2.

2. B (LOT) A, LIOAERR . I REEFERIME, La/Sm, Sm/YhEUH I TR IR SCA A ERARYE A HI2(E ( Sun and McDonough, 1989 )
Frufidl . SCHRR HAG N2 B R 25 1 ELR B (1 AR S S B s 75 A T N



