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Abstract: Podiform chromite is a very important strategic resource, and scholars have not an unified understanding
of its origin. Previous studies mainly constrained the genesis of chromitite from petrology, geochemistry and geo-
chronology. It is still deficient in systematic summary and research about the inclusion types and their implications

on geological processes. According to the detailed study of different chromitite bodies, the mineral inclusions can be
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divided into five catagories: (D Anhydrous silicate mineral inclusions, including olivine, orthopyroxene, clinopy-
roxene, etc.; (2 Hydrous minerals, including hornblende, chlorite, serpentine, and apatite; (3 Platinum group
minerals (PGM) and sulfides, including Os-Ir alloy, Pt-Fe alloy, natural Os and natural Ir, as well as pyrite,
chalcopyrite, pyrrhotite, etc.; @) Crust source minerals, including zircon, rutile, quartz, calcium chromium gar-
net, etc.; (3 Exotic minerals, including ultra-high pressure minerals such as diamond, moissanite, coesite, and
natural nickel, natural chromium, natural iron and natural titanium, etc. Through comparative studies, it is deter-
mined that they were formed in different stages, and it is preliminarily proposed that there are four stages of the for-
mation of podiform chromitite, which are the mantle plume/mantle convection in the deep mantle, partial melting/
magma crystallization differentiation of the mantle peridotite in the oceanic lithosphere, melt-rock reaction in the su-
per subduction zone, and hydrothermal alteration/fluid modification in the later stage. It is believed that the miner-
al inclusions in chromitite have recorded the environmental conditions of various periods of chromite formation, and
can reveal the formation process of chromitite more accurately.
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Fig. 1 Photographs of outcrops of various ore types in stratiform and podiform chromitites
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Fig. 2 Various types of silicate inclusions in podiform chromitites
Cprﬁfil»iﬁE; Oprfﬁﬁ%E; Chr— 848k 0"; Ol—Hif7 ; Pl—K A ; Bk TET Zhou et al. (2014) FlI Xiong et al. (2015a,
2020b, 2021b)
Cpx—clinopyroxene ; Opx—orthopyroxene; Chr—chromite; Ol—olivine; Pl—plagioclase; data from Zhou et al. (2014) and Xiong et al.
(2015a, 2020b, 2021b)
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Fig. 3 Needle-shaped exsolution lamellae in podiform chromitites
Cpx—PRHE A ; Chr—48 4k ; BRI IAT Yamamoto et al. (2009) Fl Xiong er al. (2020b, 2021b)
Cpx—clinopyroxene ; Chr—chromite; data from Yamamoto et al. (2009) and Xiong et al. (2020b, 2021b)
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TOATE, K 4 pmXx3 pm~60 pmXx55 wm, fHK
Al3A 800 wm, fAINABR 2 ARSI, 28 587
A RS RS R A B KAt s

POHAZE (B 4) o B8ERA b By A N O Y A
HPIRZS EZ 0 e, —FBORLACR, ABRIEE
2, AR RBL R, @ R EM RS HE
WAt A 5y —FOBURL/N, BB R A X B4
(K 4),
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St b, BRI RN, 1 um
X3 um~10 umx5 pm( &l 4) , HCIMEE S H ik A7
el A e s, Z 5Mlia WaSse
P, A BT S E B E AR I
(Melcher et al. , 1997 ; Johan et al. , 2017) . Hri& H
Z2JE L | FE T % 0T A0 ] 22 s g v 1 % 2R A it
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K4 ISR TS K Y A
Fig. 4 Hydrous mineral inclusions in podiform chromitites
Amp—Ff N7 Phl—4& 2t ; Na-Phl—fi4 =tk Fluid— @B Cox—aEAT; Sul—Bifbd; Chr—886";
BAEAVRT Melcher et al. (1997), Johan et al. (2017) and Xiong et al. (2018)
Amp—amphibole; Phl—phlogopite; Na-Phl—Na-phlogopite; Fluid—fluid inclusions; Cpx—clinopyroxene; Sul—sulfide; Chr—chromite;
data from Melcher et al. (1997), Johan et al. (2017) and Xiong et al. (2018)
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et al. , 1997 ; Huang et al. , 2014) , Miura %5 (2012)
PR 2 U R A rh i AR R R B TS KT A
ZK, w4 Si0, H,0 Fl Na S AAHZAITT R (Arai,
1997; Tamura et al. , 2014) , X AEH5fiE B0 ) 1 2%

PR SR (AEINAT ) VB Na B8 (B A A E N
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AL .I-'-"‘
e

K5 s iy a2k
Fig. 5 PGMs inclusions in podiform chromitites
Lot— B T8k s Amp— N A 5 Sit—RERRELH 9 5 Exl—HskA; Is—BRAHAEKT 5 Spi—iifidls™; Cir—Biek#w ; Cpx—ARbEAT
MIr—4&HE88™; Chr—85 2k ; BESKIET Guo et al. (2016) F1 Xiong et al. (2018, 2021b)
Lrt—Tlaurite; Amp—amphibole; Sit—silicate; Erl—erlichmanite; Irs—irarsite; Spi—spionkopite; Cir—cuproiridsite; Cpx—clinopyroxene;
Mlr—millerite; Chr—chromite; data from Guo et al. (2016) and Xiong et al. (2018, 2021b)
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FAIEMMEIE MK, LIGRBRERGH N+, X
S T AR AL R T Y PGMs 153 2 T 847 4
71, DT E SR T RS 5 2 A0 SO TR R
A PGMs HIE fbD, TEE K 5 A A0 Rl
P 25 O R PGMs & 7T A A LB
( Gonzalez-Jiménez et al. , 2013, 2014; Xiong et al. ,
2021b) .,

UG P AR L 5, T A R
B, 1R E Os-Ir-Ru 9, 1128% Pt-Pd-Rh

T, —MokEiE & IPCE, Hh &L &
Ru ¥ (& 5) . SRS W EEA G4 My
WAIE, BAMEA A, [RE AT DL 4w
Akl . Bk — M BN, AR T pm B
JU pm, HAPRAEOR E R D E EAR S5 RE SR Ar
INBURLAATGT YRGS IR SR 2%, HIRE &
YIELEARA . Os-Ir-Ru-Ni-Fe 54 \Ni-Fe-As 5 Ru-Pt
44 Ru-Os-Ir-Fe-Ni & 4 . Ir-Fe-Ni & 4 fll Ir-Os &
4o HGERALY T YA . Ru-Os-Ir-S \Ru-Ir-S |
Ru-Ni-S RuS, ., WAMAA G 456 oW A4 i 4
R ) BE K . Ru-Os-Pt-Pd-Ir-Rh-S (& & 5 #i 1k
Y1) (K5, B 6) ( Gonzilez-Jiménez et al. , 2013,
2014)

Kl 6 ek R Yk
Fig. 6 Sulfide inclusions in podiform chromitites
MIir—H50"; GAf—FERVERT; Ni— HARER ; Pn—ER B8R0, Awr—ERERD™; Ha—Hidio; Cv—iEMn; De—WMEHIE™ ; Chr—884k0";
B A U5 T 5 FE AR SE (2016) FT Xiong e al. (2018, 2021b)
Mlr—millerite ; Gdf—gersdorffite; Ni—nickel; Pn—pentlandite; Awr—awaruite; Hzl—heazlewoodite; Cv—covellite; Dg—digenite;
Chr—chromite ; data from Guo Guolin et al. (2016), Xiong et al. (2018, 2021b)



422 F=

i v W

2
¥R &

41 3

A AR AR EE R Fe Ni Cu
PLED R Co P As IRALYI DL R 4 o RABURE
SRTYHEERNESMT YHLEE SR (K 6),
Ho i W P AR, R AR MULRCK B 8CE
Ko WA, A AR BRI BRGT Y, S
Fe-Ni a3t ) i /N(E 6) .

FEXTER R 1 A ES MR AT, P LR K 240
JEAT WA B AT BORAEAE 3% e Ok =z v, 34y
AL F R BRAE R ER FE T T 7B k™ Uk T 23 A3 1Y
F X i £ #5 ( Gonzdlez-Jiménez et al. , 2013,
2014) ; @ AKMARH |, PCMs T EIRAFE TR0 X
B, @ 1 i R 2 FUIRSE Fa B Bk A 2 R 1) ik A A
H1, PGMs £ H1 40 A 75 PN 3 IX ok a2 i A8 7 30 2% 5
@ KBV SEFTYE A | AR 5 AR 0 I
WP AR ARPEER RS TP G ) AR 2
RO RIS R RS, WIA5 AR Y B R Y
JULF B A ( Gonzalez-Jiménez et al., 2013, 2014;
Xiong et al. , 2018, 2021b) . O A [FI# AR A 1 Y
S SR PR R v (1 ) BRART AR VE FHAR B8 R K B9 40
G5 Q) S T A B LR ETG A AT TR R AR A R

IV S /R AL LR R L R AR R R /R E U

W BRRIE AT AL i 72 v ML O 5 b i R
BRGAE TR, O HATEH YT RE 28 A A #k
W SSARTR A/ s A P T H Ok
2.4 HACORERETY

R B2 e 5 A A 1) SRR B e SO
J7 RO h R R s A7 (PR 1M B2 45, 20165 Rob-
inson et al. , 2015; Yamamoto et al. , 2013; Lian et
al. , 2020; Xiong et al. , 2021b) . HEH H B A1
PITCE o 3, i IAE 6 B 6, Z2E80E 5%
BOMEAT , BARLZLE 100 pm A7, A EBNEK
FEMRCEIR S S A1, WA OB A B 5 A ok (R
M4, 2016; Xiong et al. , 2021b) , X AR N
PRI SE BN B A1 I S BB T 8, Horb i
ARSI, — AN/ T R A
TRIGAERY (<130 ~ 120 Ma), — 41k 70145 £ 4F 1%
(3 354~164 Ma) ( Yamamoto et al. , 2013; Robinson
et al., 2015; Lian et al., 2020; Xiong et al.,
2021b) o I ADRLARES A1 2 BRCIRFNBRLIR 5 245
A3 DAL 00 T84 N (181 7) (Zhou
et al. , 2014; Robinson et al. , 2015)

Fig. 7 Zircon and rutile inclusions in podiform chromitites
Opx—RI I HEA ; Bdy—RMEA ; Cox—HAHER ; Re—& 406 ; Tin—AA ; Im—EKEkE™; Chl—Z4RR A ; Chr—iK40;
BB VT Zhou et al. (2014), Robinson et al. (2015) IS4 (2021)
Opx—orthopyroxene ; Bdy—baddeleyite; Cpx—clinopyroxene; Rt—rutile; Ttn—titanite; Ilm—ilmenite; Chl—chlorite; Chr—chromite;
data from Zhou et al. (2014), Robinson et al. (2015) and Qiu Tian et al. (2021)
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FIAKT F5 1 Ly e R sl S 25 3 ks
AN A DXBRGEAT T8 A 2 (P9 5B 45 14 1 AR R TE
&) \U-Pb B4 S on R M HE-0 R Rk FT 48 H
SHT (ARG, 2017) , S H MO AR A 0B A
ok H HAE AR SSARAE R, At SR B AR ot ] 9 52
AR PRS2 250, ety S A AR A Y
e AR LT R Z B B A B IR g, R
HFE IR YLt FEAE TR & S B0 E B 5 3% i 1] i 56 S
DAL, BT RAAT DU R G ISR BT S A0
BRI R HNBE R, A, &4 6 D EKRRE
KoM TR N, & S Bk N A gk
P B AR, RN 10~300 wm Z[A], 52 H
- IERDIR (18 7; BRYRAE, 2021)

2.5 &NA BEASERETY

WHRU W IR A RS WS, P
w, HETRIME WL 40 0, Kb AR TR A4
NI BSA Fe Ta Ti % ; &) G ALPA BN Fe-Ni-Cr-
C Mn-Ni  FeSi  FeSi, . P-Si-Ti  Ti-Si . TiB, . TiP , Co-Mn-
Ni WC %5 (Fang et al., 2013; Yang et al., 2014,
2015; Zhang et al. , 2016; Xiong et al. , 2020a, 2021a)

BRERAT TP B 4 WA RN S s ) e R A
TEDTH R, 8EINEREI w et i o 3%
R B A Pk 2 K4 NI (Dresser, 1913)
J5 RAE VG R A v ATVAR T 9 b B k™ v PR e R 4
NI (H Bl R R 2% B b 5 A 55 T 4 W A 4,
1981) , XF B Ay Bkm™ N T B AP AR i B R i 9%
AR BN A, BTEENIA R EBLT 855K
SE TR S F A (13 4§, 20005 Yang et al.
2021), - HAEHE W ¥ Oslr B & A7 4 NIl 5 £,
SR (Yang et al. , 2007)

B rp Bk ) & WA A B SE AR, kR
5], 24 200~500 pm Z[A], BifaREZEE @, D
O R4 AT RE B A WAL YA AN TR N I
T, SANERVFZE SN ANIA (Xu et al.
2009; Xiong et al. , 2018) . A EEME LN G4
Tk EH ARSI AN, BA7 IR
(P ETEARAE , TR 20 40k 4 KA A7 %04
HAET 1332.6 em ™' (VL H, WA, EZ GV
PLREEAT T KB T 6 BLIR A7 A9 4 KA Fi S
WAk A (I 8; Yang et al., 2014, 2015; Zhang et
al. , 2016; B2, 2020) , HAJEA 4 KIARAE N
300~500 pm, PR R, RO AR A
AL (M2, 2020) , s S OG mf L/

PRSSE A HERAA . o414 BT I 7R A b B e 5 HOT
R, ARG UKL th Z2 40 FT WL ( Yang et al.
2014, 2015) , ABERH AT AR kA7 S 05 6, R R
AR, FARTE 10~200 pm Z (8], 1E R MM £t 22
VRBCTERGORS 7 T B HE B, U 2 i e (1 Oy 7R 788
em™ 1969 ¢cm™' ( Zhang et al. , 2016) , LA, TE4%
R DR W E AL ZEAR (Xiong et al. , 2020a) , LA
L™ i) A M Ao o v 4 I 46 Wi A CHL,
2 K ( Simakov et al., 2015; Das et al., 2017;
Farré-de-Pablo et al. , 2018)

3 i

3.1 BT hTYERANEEETEREEHE
g -—L=2nd
ST R A T W b i —Fh ST R
HERR I E e S 45 4, Akl =t AB,O,, Horh A
o7 (DU AL ) BB BB F (Fe Mg %) (5
P, T B A (NIRRT EER M EE T (G

AL Fe ) i, B IOLE T (Mg
Fe’)[Cr)', ALy, Fel'],0,, 8RO BAARF (M
PH S H b 5 PO R A A, T = A0 BH S o5 4 N mn A
7)) BJIEDR S A 254 ( Osborne et al. |, 1981) , 2R
RN B R BE R HT 2 « FeyO,(ZR A1) +6 - FeSiO,
CRITHELT) = 6 + Fe,Si0, (BUHS£7) +0, [ -7 it
#7115 (Ballhaus et al. , 1991), 5 &1EAARIE,
SEUIR S AT L ok S A A RIS 47 R DT R A L
I A WY LT EAT AR, JF DUREXT T BRI 41 -1
AT — A B (FMQ) B9 IE X Z IR ( Bryndzia and
Wood, 1990) . H&ERH" Hh 40 B2 T+ 3B W] 5 1 32
FORTRBRE h Fe™ 5 1 A9 MERR 7E ( Ballhaus
et al. , 1991; Parkinson and Arculus, 1999) , RIS
i A fF A E TR DU PR RO T Fe™
i AE L 4RI B 15 W 55 oK (Ballhaus et al.
1991) , (HEREHFTERIIT A Fe™ &5 595
PR Fe™ fr Al 25 58 ( Lenaz et al. , 2011; Roll-
inson et al. , 2012; Adetunji et al. , 2013) , Hit, #E
B I o B R T kB 1 A S R O A T =X XA E
BRI U Y SR B AT R S

SRR T R TR L P v B Y A A i
AR — ARV 2 B R b A A A
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Fig. 8 Diamond and moissanite inclusions in podiform chromitites
Dia—4: W1 ; Moi—BkEEA ; Chr—452RH"; O1—MIE G ; B RIET Yang er al. (2015, 2016) , Robinson et al. (2015) Fl Zhang et al. (2016)
Dia—diamond ; Moi—moissanite; Chr—chromite; Ol—divine; data from Yang et al. (2015, 2016), Robinson et al. (2015) and Zhang et al. (2016)

AR BE AN AN BE 5 W A K Cr JT R Y W A R
(Murck and Campbell, 1986; Roeder and Reynolds,
1991) , ik B8 5% Wi & 9K 19 245 &b 43 57 0% (Hill and
Roeder, 1974; Feig et al. , 2010) , Fif AMFFT 2 Hb
A O RIS 5 I T o A O, (R
HE PR (MOR ) HRIE RIS A R IR 4R
MRPE T B IR e Ak T e SR BE 3R (SSZ) (
9a) (Ballhaus, 1993; Parkinson and Arculus, 1999) ,
It HL 2R A B e 9 S B ST T — R A A i
REE 5 f#% ( Dare et al. , 2009) . HAh, KA
W RIS HE MO S AR FRRE, Horp B K
A A LA AL (Ballhaus, 1993 Evans
et al. , 2012; Kelley and Cottrell, 2012; Gaillard et

al. , 2015) o FETEBRE M H B2 BT
PIHEZ oA IR 7 % aUCA A R R XA R
logf,, (FMQ) {H4r 3 A ~1~2.0~3.0~1.6 Fl-1~1
(1 9) (Ballhaus, 1993; Dare et al. , 2009) , i@ EH
Fl i 2 B VRIS A7 BRE o o e 0 B A 1Y
Fe¥/SFe {H, VA Xals A ol 2 aoh 2Z 1) 19 4
1% 2= 5 15 B — 25 8 IA ( Bézos and Humler,
2005; Kelley and Cottrell, 2012) ,

TS0 RS Ay o 5 AR e B LB R A 2 dil) v A [
T3 I BRE SR SO I, e s 2 A A R R TR
Pl S IAEE R (SSZ M3 T 5t ) T8 B 32 T
B, ME R BBk SR IR TV g PR R (MOR
H3E 5 ) BIBLHE L BB EE S (Zhou et al. | 1996,
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B9 BT FHHE & 1Y logf, (FMQ) 5 G #)

log f;,

EFHAEMEE (a, $5 Ballhaus, 1993: Dare et al. , 2009;

He et al. , 2021) FIEEBA T RR R P TR 23 e R AL B M 5 AGR R BB (b, 36 Papike et al. , 2012 f820)
Fig. 9 logfoz( FMQ) vs. Cr diagram in Luobusa chromitites and peridotites (a, after Ballhaus, 1993; Dare et al. , 2009;

He et al. , 2021) and schematic diagram of selected element valence and oxygen fugacity of unusual minerals in podiform

chromitites (b, modified after Papike et al. , 2012)

2005 ) ;U A WA 2 8% B A% R A KR T S A
i BT KR AY, I e 45 R R R I B AR A
ARNE A5 A CEL AT, 2009) 5 BN A AR L A%
BRI T LR A A RS SRR, DA iy # i
o N A A/ A SN B B LB R AT (Roll-
inson, 2005, 2008) , BIRA2AH HEH S IR
T G A v O Bl IR R AR T I A SR AT
7R T ARG BE AR AN = AR I U 42 i P R (He et
al., 2021) (1 9a) . (HAALIE JFURZS ] BE 245 Hi 4l
BUATE U B2 K R, JF H B BT8R 58 2 B iy
FTEIREL , B AN R S RS R A A Bk I A0t i 2
AR A

WIS A R, BRI (logfs, ) MR B
X PGM (45 i TvE A AR W B RIPE ], B T2 A
RN B IR R AS W7 s 417 K o E AR B AR T R
(Os Ir Ru) FERE A H IR BI00 FLIR S IT-45 f R a8 ok
2% PGM ( Badanina et al. , 2013) . HRE(H F1 Os-Ir-Ru
B e TE il AR AT R B R 45 8, TSR e 1 2k
(Zaccarini et al. , 2018) , M3 2% v ELHE45 & BB
oy, i — By, b2 0mere, %
BHIERAAE 1 275°C, Bk fE logf, H-2 B, BREMERR
SEAFAE , B R BE A BRI B T, Os FE LT 6

TRV R RE RGN, Ru 5 i B A LS e IR Emt it 52
AR A T 7 98 2 ( Grieco et al., 2020) ., FE 1 200 ~
1300°C, logfy fE-2 % 1.2 Z [, BLEM0AEHE 5
Os-Ir 54347 ( Andrews and Brenan, 2002 ; Bockrath
et al. , 2004) . BEEBURIZ TS, Pr-Fe 54 TT IR
Fri, IEEELE 1 .050~1 300°C, U%ETE FMQ 22
KZ [+2.1 £+4.9 B, Pt-Fe & &4F R FEMEK
FEAETRERD . M Rh 1 Pd SBEE & S I
ARG B 25, T P25 FRBOMERS 1 Tr ETTT
VE ( Garuti and Zaccarini, 1997; Zaccarini et al. ,
2018) . ZEIEFEIRIT, AR Z H U B I
FATG W25 S DTTE , TR A R IR 2 T BUH R )
/2 SN TTE ( Zaccarini et al. , 2018) , 1F i B Bl 4%
B H E R A5 Pr-Fe 44l Os-Ts A 43677
MRS, U W% BR 78 45 IR B2 TR B 00 LAtk
(Xiong et al. , 2018) , HJF/EH TGS P KL
JGHE R IZAE 1000 ~ 1 300°C 2247, 53 AM e 11 A
A B 1y ok B b & POM A B K 7 A
( Gonzdalez-Jiménez et al., 2014; Grieco et al.
2020) o HCJFURR O (A S A Bk I it e R IR R A
SRR A MUE SRR POM T RERE A Ry 43
CRYEAEE, NHSBRA 45 K vh 7325 oK ( Zaccarini
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et al. , 2018) , X2 PGM AR T AR A= A B
N PN R SR N

SR TG G &R, i srh 1k
MY Gt B BEAR A A R . A R AR e sea ki
TR, HA IR B BEARLEE 2928 400~ 500°C
It HAE I 80A A6 1 B8 v 2 7 AR K i AR
i, AT AR AR v R OA B PR B (R EG Y 4, 2013,
2015), X5 LR E SR BEATEE A, Fe,
Mg.Ca FI Si 7EdgaCA it B 2 TG s iy, e A~
AR Fe WFETAR  ME S0 K EBEA FIRERRD s
£, i Ca FEEEAETR T, WAL 532 pH
(B2 H AR, Tt AR i ik 2 B v T b R
PR T R S i, KRR Fe™ 5l Fe™ ZE MM
AR LA, T AE I B8 S B AR S K
ff RGOSR, TTRAR Y pH 5 AT G
(I IT 5, 2015) , #0728 RoK A2 55 3R WA 7E b 4
AR, R R, FREE Y pH {EAH XTI,
FAmMERYE R A IR BRI, PRBE R Y pH {EAH
S, A RBR R ERES (Seyfried et al. , 2007) .

FERRER T R R G & SR LA 1
%, Hp sy h e ny &m0l OB s
LRI, SR JEPETLR T Fe 18 B, BEE
TR R FRAE, pH 728 K, Fe 23 A 43 25 1 ok
ARG, T BB A A s A B A A T
LR (FIME, 2021) , SCH R RN 5 7E
IRE 1 300°C A% A 200°C B, Holg 80 b ik By pH
{ELH 4.4 280 5.95 BF, JfkT Fe (8 208 TR,
T MERINE 5 AE 300°C i, s kiR pH (HH
11.46, WA REFPELARE Fe, MK SN 0.51%
107°~1.99x10° MPa, 7&K 302 ~377°C i, fEk
TS 5 IRE R IEAMAH XK R (Moody, 1976),
R 400 ~600°C B, A #EEA 1774 ( Bernard and
Evans, 2010) , BERRW (LR IA Z B 80 LR
WItG R Si0, 16 BERYSE I (B0 05 55, 2013) , IE
U B A R LR B v, JF LR
R v e BTG HOBR A ek R 3 IR S 13X — A (9
16, 2021) , TERESCAHTAR TR Ca 202 i LRl
WA AR BT P A SEER R ITE 400°C (50 MPa I,
A RV T LG (RO R A R AR
LSRR 76% 17% Fl 7% ) {38 B 77 A B
Ry Ca WY& AEH &, JF B & T8 4 Fn gl
J7 MEAT AR BT = A2 1) Ca( BEER 55, 2013) . IXE S
4340 S P AR A AR 4 T A 4 il L ke A I e 7 hy

B S e R, BT R SR,
BRI IE B Mn | Co As 57 42 Ji T % Al PGM
TCER, SAIE S S A4 1 4 Jm B AL P R R R )
R, WA AU R BB AR U = A
SERRIRER K ESERRE A1 S A A S50 o

WeAh, TESR B T A B4 WA BB AT (SiC) |
RALY) AR BRBUER RSBk A I LT ) R
HAC T IR AR M0 AT 2R BE PRI, JR 0 W 46 7 4R
WBEE-12( B 9b) o ARTIT, HEEROTIY Fe™ /3Fe 1F
0.39~0.45 Z[i] ( Ruskov et al. , 2010) , #5878 T —4
R BERES . TR T, WO
FRRME B TP Fe' S EIERIE T Fe® BT
KA SO TR, TR G AR AT D B A Sy i etk
W5 9% 2 oA IR RO B 25 AL ( Dobrzhinetskaya et
al. , 2009; Ruskov et al. , 2010) , ¢ Fhlss 1k 2 I A2
HREFEC T M ITR W R R A TFiE— 21
WESE, B TR AR R R v At B2 ) 2 1 4
A JEAL R 3 AN

L EPNR, BT R [R 28 80 W 4 B AATE L
I 4t B ELA I Y 2 S o BRI S ] A PR 2R 3 Ak
SRR P 1 22 SR A TRt — 2P RO BF ST RIS B 4%
BRAP 2 A5 R R T AN [) 0% B2 R i Y Bl R B 2 A
[F) ¥ 3 T 5 Pl B85 04 22 Lo [ A 3 Ak
3.2 HBRHGHT PAEXEETYERERREREREX

KT R th A RIS ABG W E EAR  A il
N$EH ZRAF WA, X TR ik 2 e
TR RICR Y R0 D7 W6 A7 | BRI A1 AR A1, BT
oy 15 B A BN A b R 28 BB W) A AR B I 22 )
(Zhou et al. , 2014 ; Zaccarini et al. , 2005; Xiong et
al. , 2015a) , EFSEALT 5 HEROE A 0 ) 45 19 AL
FEURIE B R 47 AR 1 L5 K W) (Zhou et al.
2014; Xiong et al. , 2015a) , W A] GEJE 558k 0" [7) 1)
Shdh, TR AT 5880 A4 TR Y B E i
(Arai, 2013) ; WA NN BT R A A B A Y
KA/ AR T A B 45 SR (Arai, 1997; Schiano et
al. , 1997; Spandler et al. , 2007; Rollinson, 2008;
Borisova et al. , 2012; Rollinson and Adetunji, 2013;
Tamura et al. , 2014 ; Unimo et al. , 2015; Kapsiotis et
al. , 2019; Wojtulek et al. , 2019) ; 55 " 2E5¢IH0 )
@F NSRS I I A I i NP I R
A BERA-APLA A ZREEE, EATRZ 2 AN
AR, FIAF E W) ik OC 3R SR (Robinson et al.
2004 ; Uysal et al. , 2009; Zhou et al. , 2014 ; Griffin



552 1

RRRAAE . IR Th AR R AL W A B R R A8 7R T X 427

et al., 2016) . X7V P BE AK B W3 i 1) WL
SN B GRAT TE Iad A5 0F ety Fr) U i 90 e A
% (Khedr and Arai, 2016; Zaeimnia et al. , 2017;
Xiong et al. , 2018) , WHEIA A ZHER 45 5 [F) 3 44
AR 10 45 B (Lorand and Ceuleneer, 1989;
Melcher et al. , 1997; Huang et al. , 2014; Su et al. ,
2019, 2021) , X FE&ERA™ & 8k 0 Y0 8 i B 0 4%
PR A 5 S OV R e TR BRI RS, AR R
WP L AR AT & 20 TR I TR 2k e A 5
Ji P ETHE (Carlos, 2021) , 5 2 AN [A] A4 W8 A5 )42
TEF iy FOPREE T, 9ICAT 2 B AR ks 1 s 0 Y
BRERET, IS LA BRI A S TR
YRR (BRASSE, 2021) 5 55 =280 W 2R B G0 4)
(PGM) FBRALY) , (045 Os-Ir 7545 \Pt-Fe &4 A%
Os AR Ir, LR BOBRE  WEHA AT 55 (55
MAE, 2016; KK, 2017; Uysal et al., 2009;
Gonzalez-Jiménez et al. , 2012, 2013; Zhu et al.
2016; Xiong et al. , 2020b, 2021b) , —&22FH NN
AT R TER R Th 2 LU AR A IR b 45
fn, HSZ0 45 AL SZFF Os Ir, Ru #E A SR 4 A%
(Righter and Downs, 2001) ., ItAMT % 242 H Hr ek
A E AR PGE AR TR IE B th e 2 vh IR AN iR
VA BT FE T (Su er al. , 2021) , RT3 0 A 50K
fifRE Os-Lr £ 4T R VLAY 5 W A1 5588 2 e 4 ( Yang
et al. , 2007) , VIR PR Y Re-Os 747
FAR AR IR 10 5 1Y L 40 o A B 8 R TS A 20 o
(630~234 Ma) (Shi et al. , 2007, 2012; McGowan et
al. , 2015; Griffin et al. , 2016) ., 80 4K ICR
W HEAY A, BERALY AN [F AR O FH
TR7NFHIICER Al REAEAE 2 1k (BB R 4555, 2013a)
TEARDAZ R T BB UKL K Y PGMs H, 2y
92% 5 Os-Ir-Ru B9, 1 BUBEERAE™ Hh ) S AT ) A
XFF Rh Pt A1 Pd, St7s IS £ Os Ir Al Ru(HP
IPGE) , 1fi Os.Ir Al Ru JGE EEMAAE M=
H, WERETHT (RuS,) BT (0sS,) &, XEEmL
WEART AT TH B MR 24 b, A 4R
PRSI , S5 E RIS RAE I R RIS, WAk
Ja, S AL G Tl BBk
JUEARYE SR T LT f# PGM B ARy 254 Fi 4k
SEREE, AREST TREAIG PR R L S R Ak
WURLZ (8] I 38— H LR AR 22 F D HE Y H AL, 20
22 80 AFAURM, FZHIIE NG PGMs it B N 1E
P B R I 2 SR, SR AR S T A 0 A

I B W ( StockmanandHlava and Hlava, 1984;
Augé, 1987) . AR, 1EAEARGEIRRIE R T L4
e NATIN T A B (BB R 45 SF, 2013a;
Gonzilez-Jiménez et al. , 2014) . #A 21 42 )5, b6
HHORM KRR, WL HOLKIBE 1ICP-MS 734 Os
[FIRL R Ak, ATLASE IR A T sk e S i
JEAT W) ORL Z TR ) 56 2, i 3k 1ICP-MS 434 AT LA F
FEERA ORI 50 004548, e ks T b i S B T )
KLY IS Os [A] 7 28 4 A8, 5 T 24 SR L) Joi ok 5
ghifhE e R, W IRTTE RS PGMs ZJA] 1 il A
BRR AL T8 A9 M £ (Shi et al., 2007, 2012;
Gonzdlez-Jiménez et al. , 2014)

WA Mg ik S5 R o o R
WYL EE AR AR T IT B AR (B 8) (e
TR g M 5 F 5% BT G WA 4, 19815 Bai et al.
1993; Yang et al., 2007, 2014, 2015; Dobrzhin-
etskaya et al. , 2009 ; Trumbull et al. , 2009 ; Zhang et
al. , 2016; Xiong et al. , 2016, 2017b; Lian et al. ,
2017) . 21 4y, FEkpska B4 RIA b R IR 55
TRUAR ALO; MR W) 2R A, 5 3 A s AR R B A
A, NIAE R & B 1 S5 R AR ) ( Bai et
al. , 1993; H X # %, 2001; Yang et al., 2007,
2015; Dobrzinetskaya et al. , 2009; Trumbull et aol. ,
2009 ; Xiong et al. , 2020a) , LA &A™ HHER AT
AR RN A K ( Yamamoto et al. , 2009) ,
T 2 H 5 B A 118 TR S o vy s R 728 110 o P % i A
A 2 ( Yang et al. , 2007, 2014; Xiong et al. ,
2015; Das et al. , 2017) . Tl fey it g 15 S 36 TE B %
WATLIERE T 14 GPa 251 N A2 (Wu e
al. , 2016; Zhang et al. , 2017) , {/IE T 4860 T HE>
T HERHNG , RAE HET 5 JEUAL 4 WA 2R g
A1 B A A S SRR S I o, Ao AR
Hi g g 7Y 4 WA ] BETE B TR HE 454 ( Simakov et
al. , 2015; Farré-de-Pablo et al. , 2018; Pujol-Sola et
al. , 2020) , VIR0 2 10y i 3R I8 L 7 o5 P A ( Ball-
haus et al. , 2017) , {HIXEE0 5 FF AN BE ELA% M Bl 2%
LG AT 18 J8G PR LA R S R e P ) A A 8 R B A
YRR ( Griffin et al. , 2018; Yang et al. , 2019)

siiulseu Y N L UES R /0% 3 N EATINYE 3y
BT e ™45 f s ) BRAL 27 S5 R R IR AR AR, SR TR
()2 A s B2 FIE 25 9 B ) f, 22 A 1) il A A
SR, QR ER AT A RERRER AT 1) A5 22 R 1 ) B
IIFFE BB 1 7s L ISR B Bl JR A AR E (Roll-
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inson, 2008 ; Khedr and Arai, 2016; Wojtulek et al. ,
2019) , {H i F Fl 5 340 J5E 46 S 6 0 ) F B AR A 5
PRV AT IO . AR, BT Y B A B
AL T A A i TR AR e, WrT BEfE i T Is
BRI ETE A 45 A B, ISR 25 Fh e 4
LR BARRE A 27 T [R) J 45 i 7 ) O WL s A
A R 2 R AT

FIFRSR R Th R T R W) R AL i B ) 41
& AT LA TA) 2l S0 T i 8 MR BE itk 2 R s g
SFSAF(Akmaz et al. , 2014) , B AKSEIE AL FE 1A
) — AL S84 55 7R E (Schiano et al. , 1997; Borisova
et al., 2012) , BEE LT KR E 4 Si0, H,0,
Na Ti Fl Ca S5 AMHATCR W 2K & B, Bl
AR D & /K AT E B R 45 R SR AR i vh
DA, FEW SIS RARNRR, 5,
BE A K S KE (Arai, 1997; Tamura et al. ,
2014; X%, 2018; Xiong et al. , 2018, & [H%E,
2020; DFAAE, 2021) , SEERA A1 RUAE SRR e IR

Y,
%
).

JE 1 250+100°C MM 5% BE 1) 26 1F T 4% KA Al LA
“EF AR R 45 (Trvine, 1977; Murck and
Campbell, 1986; Roeder and Reynolds, 1991) , TiifE
F 41 1.5 GPa R 1 000~ 1 400°C H5A1F T, Fk
ML (~0. 7% ~10% ) 15 77 BRI 5 1) S 1ot
BETE L% 8k ( Zhao et al. , 2020) , MLAh, A I
ARV E TR AT e R B R B 45, IR AR AP
W P2 AK (K 4) (Lorand and Ceuleneer, 1989;
Melcher et al. , 1997; Johan et al. , 2017) , /KR
A PR ) A 5 T, PRI, R 3 K i A Y
R, A EN TR BRIz i B B 1 5T iR 2
ARG DI FZAES

LE TR, SRS & 1 2 WPk
SR ISR TRV IB L L E o & N R i N G =
TEWFSE T AR ZEHY AN [) 7 75 5t 0 S8R 2k
LAl b, R TSRS AT R ) T 2 AR Y
BrEc, B A RR ISR (8 10, K1), Bk
T O PRI AL B B . R AR I
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Fig. 10 Formation sequence of mineral inclusions in podiform chromitites
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