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[Objective] The formation of chromite is generally related to basic—ultrabasic rocks. However, the genetic mechanism of chromite
deposit remains controversial. Deciphering the genesis of chromite deposit is of great significance for ore exploration. [Methods]
This review work summarizes the ore types, metallogenic age, ore body characteristics and genetic mechanisms of chromite based
on previous research results. New perspectives are also provided. [Results] The chromite resources and production are highly
concentrated at South Africa, Kazakhstan, Finland and India, accounting for more than 95% of the global chromite reserves. The
global chromite supply market is dominated by South Africa, Kazakhstan and Turkey. There are two major chromite types, namely
primary and secondary chromite. Primary chromite is mainly stratiform and podiform, while secondary chromite is mainly seashore
placer chromite (or marine placer chromite). The stratiform chromite deposit is commonly huge in scale and formed associated with
the basic—ultrabasic intrusions within stable cratons. The podiform chromite deposit is widely distributed and closely symbiotic with
ophiolite, but the scale of this deposit is generally small. There are obvious differences in the occurrence, fabric, structure and
paragenetic association of the two different chromite types. The podiform chromite is mainly formed in the Phanerozoic, with a
small amount formed in the Meso—Neoproterozoic. The stratiform chromite is mainly formed in the Proterozoic and concentrated in
the Paleoproterozoic. [Conclusions] The genetic model of the stratiform chromite deposit is less controversial, mainly focusing on
the contamination mechanism of salic roof rocks and the magma mixture. In contrast, little consensus has been reached on the
genetic models of podiform chromite. The enrichment mechanism of chromium is a key issue for more scientific constraints in the

future.

Key words: chromite; genetic type; metallogenic age; genetic model; research progress; mineral exploration engineering
Highlights: This paper reviews the research progress of metallogenic types, metallogenic ages, ore body characteristics and genesis
of podded chromite and stratified chromite comprehensively. The enrichment mechanism of chromium in podded chromite remains
to be further studied.
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IR R, 1987; MFERE, 1989), HISIRES BRI
T A 2 A 2 F A4l
WA A RO A o % BRI A AE B
FHAEZ T DY KB A5 (] Sa,
b; Lago et al., 1982) , i T il Xt im /E I, 04 324
WA T =R A N Mg IR L A B O (B
FITELR) X 5582k 1200~1300 °CHITE RS —
B,k B RS BT R AR RS
1989) . HIOREE RS 5 alifes S 3k Al
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PR A% T R A WTTE R A B AR TR b A
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E 2 Halif A A % (Arai and Yurimoto, 1994; Zhou

et al., 1994; Zhou and Robinson, 1997) ., Ie&k A mIiE
WA AR T G IR R I iR
BARA U B2 E IR, e Rl T80 8
BB A i FR 5E 2 I o 5B (Supra— Subduction
Zone, SSZ, W &5 UG 7 ) (X445, 2021) . R
P AR RN B AN R R LA Cr LA
15y ALY 23 SRR T 1 i = AR o315 FlE B 1
JEIR . NGRS S 3% s G — 4 W
B Cr &Y MU 348 T 20 LR s e — 4
Sz W IE 5 = Al (Zhou and Robinson, 1994) . 1E i,
Y RAENLE, T A S A B, A s
A 55 HGH 3 ) BB o B 2 ) 4 T PR
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i CrNElE B ALBS B, B AE T im0 B 75 e
i (Zhou et al., 1994) o ITAFA A S50 7 Rt e
S, A Cra8 8k, 7EAI Cr 5 ALSS 0™ 19IE it
e ¥ & KW & HE T #H ZAE A (Zhao et al.,
2020) . TEEINIEE T, 17 b iz B 00 B Bl o I /s
PR F b A o SO A5 A s i T R s AL
TEJ5 B R IR G VE FH R 308 & A1 8 (Uysal et
al., 2015; X134 ,2021) .
5.1.4 3124

o 3T e BRI e PR A WA S AT o, I 7R ]
AETE BT KT 150 km # M2 %35 (Yamamoto et
al., 2009; Yang et al., 2015; Xiong et al., 2015) ., 7EHE
LB N IS S 2 R B — R AR
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A19E Ca—SiFHER" FFANE" LA R AR 5¢ 1o 1
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B, RF b R B AT LA G b e ek 36 A L A A0 A A
(Howell et al., 2015; Yang et al., 2015, 2021; Das et
al., 2017) . R HIE T LA S5 34> 2B
B (0) 6 el FEAE IA A4 BE Bs AR S b 5
(2) & WA T 29~150 km R Hul (660 km LA _|)
() B AR, L g g v %) 4 WA O] T O e
TR A LR , RS TR R R 8L (3) &

& NI A 8 R B L T R g Ay 28 9 P A v A
(TR O R S AN = 81 Y L X Sk W N W ES
Yang et al., 2021) . B2 HERKOGIE 40 Hr s & B, etk
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RYURBER II1E 0.22) , TEAS T SR,
Fe’ T REFCUE AAAE T iy AR Bk vh B i T 51 B iR
Jir (A TR LS, BRPR A% ad tb  RAE B I A
ZY IR T O QRER) 78 S KIGIRAAAE 551
T 5 HAE MO R A SO, A BUSROIR IR ek %
#: (Ruskov et al., 2010) , Satsukawa et al. (2015)
IR AE SR P & I Mg 1L 7 (MTZ, 410~660
k) (57 SR AR S SRR SEPEARIE | [RS8 2k R
M B AAREREA B — H 5 ) SR A2 B L HR ]
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5. 1547 A =
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i B COF o) JF 47 W6 28 7 A4 1Y (Arai, 2013;
McGowan et al., 2015; Griffin et al., 2016) , #RJ5# i
LT MBS 3 (Arai, 2013) S5 R R A [RHRUEL
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Fig.6 Relationship between the formation of podiform chromitites and tectonic setting (modified from Zhou and Robinson, 1997)
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Fig.11 Fluid immiscibility model for the formation of podiform chromitites (modified from Su Benxun et al., 2021)

SAFBN AN o SRR B AT HbER )
FAEOR . D3RR T E ML Y
o AR 7 1 119 S i DX s B L, 1989) ., BRI, 1T LA
FIFHREBTT-PERE 7 (%) MR B I 47 AR (5K AN EE,
2021; BEAEAE, 2021) , Qi m] 5 R M e A R AR AR
SR & RGRER R, AR ] IZEPE AW —AT
BRI RVE BB LEE B , AT A 1 88 PRAHT
KB RN FE ARG  lad SE R R e A
KMBER YR AT 75

T 2 X A A RN s e 2 1 TR LA R
BRAT 5 1) 1 25 Rl R s R B s A3 A AR Y 43

B, G55 E T WG AL AR M ER Y BT 1 PRI AN
AP ESI /N NS

74 i

(D) A B ™ B 2 AR BRI LR %
BRI AR B R T RO A BRI T ()
WO o JRAIREE R 8 B BT A€ i
WP I — AR AR . ELISIRER R
S 7] PR SO W INNEAL Y VAR VAP R B S R 7/ e
SRR S

(2) A A% Bk FE oo A s —Ho it U

http:/geochina.cgs.gov.cn H1[E BT, 2023, 50(2)



438 i 5]

b, Jit 2023 4F

BB IR AE S RS PR A IR G TR A 2 b, TR s

BT A BT R TR R A R R I

&z“%ﬁ}%Ha?f%k%ﬁ%ﬁﬁ%ﬂ%ﬁfsﬁ%ﬁ?iﬂ

Bl 12 R T iz & (4 Naldrett et al., 2012 & 80)
a, b—5 AR s c— A
Fig.12 Formation of stratiform chromitites (modified from Naldrett et al., 2012)
a, b—Offstage models; c—Onstage models

A A AT, RS T B T RTER
a, UHGR T A, SRR EE R T T
BAEH I

(3) BEERA™ 1Y LA i B LB 22, X T4 Bk
(14 T SE ML 3 2 R = — > A T A R BB AR
ARARAEIA AT TRER b s S ) 4
AR LR L AR ) ROV 5 45 D5 T LA+
SR

B ¥R XA ERERE T R AR
MR B R AL, £ LE B

References

Arai S. 2013. Conversion of low— pressure chromitites to ultrahigh—
pressure chromitites by deep recycling: A good inference[J]. Earth
and Planetary Science Letters, 379: 81—87.

Arai S, Yurimoto H, 1994. Podiform chromitites of the Tari— Misaka

ultramafic complex, southwestern Japan, as mantle— melt

http://geochina.cgs.gov.cn FE ML, 2023, 50(2)



H504 24

JEIARE RS B BT B A S WSk e 439

interaction products[J]. Economic Geology, 89(6): 1279—1288.

Bao Peisheng. 2019. Proterozoic ophiolite and chromite[J]. Acta
Petrologica Sinia, 35(10): 2971— 2988 (in Chinese with English
abstract).

Bao Peisheng, Wang Xibin. 1999. Chinese Chromite[M]. Beijing:
Science Press (in Chinese).

Bao Peisheng, Wang Xibin, Hao Zhiguo, Peng Genyong, Zhang
Rangmin, Chen Qingzhi, Yang Tinghui. 1990. A new idea about the

genesis of the aluminum—rich podiform chromite deposit with
the Sartuohai chromite deposit of Xinjiang as an example[J].
Mineral Deposits, 9(2): 97—111 (in Chinese with English abstract).

Chen Yanhong, Yang Jingsui. 2017. Formation of podiform chromitite
deposits: Review and prospects[J]. Earth Science, 43(4): 991-1010
(in Chinese with English abstract).

Das S, Basu A R, Mukherjee B K, 2017. In situ peridotitic diamond in
Indus ophiolite sourced from hydrocarbon fluids in the mantle
transition zone[J]. Geology, 45: 755—758.

Eales H V, 2000. Implications of the chromium budget of the Western
Limb of the Bushveld Complex[J]. South African Journal of
Geology, 103(2): 141-150.

Fisher. 1929. Origin of chromite deposits[J]. Economic Geology, 24:
691-721.

Gong Xuejing, Zhang Tengjiao, Xiao Rongge. 2013. Research status
and progress on the genesis of podiform chromite deposits in
China[J]. Geological Journal of China Universities, 19(S): 275—
276 (in Chinese with English abstract).

Griffin W L, Afonso J C, Belousova E A, Gain S E, Gong X H,
Gonzalez— Jiménez J M, Howell D, Huang J X, McGowan N,
Pearson N J, Satsukawa T, Shi R, Williams P, Xiong Q, Yang J S,
Zhang M, O Reilly S Y. 2016. Mantle recycling: Transition zone
metamorphism of Tibetan ophiolitic peridotites and its tectonic
implications[J]. Journal of Petrology, 57(4): 655—684.

Gujar A R, Ambre N V, Iyer S D, Mislankar P G, Loveson V J. 2010a.
Placer chromite along south Maharashtra, central west coast of
India[J]. Current Science (Bangalore), 99(4): 492—499.

Gujar A R, Ambre N V, Mislankar P G, Iyer S D. 2010b. Ilmenite,
magnetite and chromite beach placers from South Maharashtra,
central west coast of India[J]. Resource Geology, 60(1): 71—86.

Guo Jia, Yi Jining, Wang Hui. 2018. Comparative study on evaluation
factors of global major strategic mineral lists[J]. Modern Mining,
596(12): 1-5 (in Chinese).

Hamdy M M, Lebda E M. 2011. Al- compositional variation in
ophiolitic chromitites from the south Eastern Desert of Egypt:
Petrogenetic implications[J]. Journal of Geology and Mining
Research, 3(9): 232-250.

Hao Zhiguo. 1989. Review of the podiform chromitite deposits[J].
Geology and Geochemistry, (3):15—20 (in Chinese).

Howell D, Griffin W L, Yang J, Gain S, Stern R A, Huang J X, Jacob
D E, Xu X, Stokes A J, O'Reilly S'Y, Pearson N J. 2015. Diamonds

in ophiolites: Contamination or a new diamond growth
environment?[J]. Earth and Planetary Science Letters, 430: 284—
295.

Hu Zhenxing, Niu Yaoling, Liu Yi, Zhang Guorui, Sun Wenli, Ma
Yuxin. 2014. Petrogenesis of ophiolite— type chromite deposits in
China and some new perspectives[J]. Geological Journal of China
Universities, 20(1): 9-27 (in Chinese with English abstract).

Huang Yang, Deng Hao. 2020. FIB—TEM study of mineral inclusions
in chromite[J]. Earth Science, 45(12): 4604—4616 (in Chinese with
English abstract).

Irvine T N. 1975. Crystallization sequences in the Muskox intrusion

and other layered intrusions 1I. Origin of chromitite layers and
similar deposits of other magmatic ores[J]. Geochimica et
Cosmochimica Acta, 39: 991-1020.

Irvine T N, 1977. Origin of chromitite layers in the Muskox intrusion
and other stratiform intrusions: A new interpretation[J]. Geology, 5:
273-277.

Johnson P R, Andresen A, Collins A S, Fowler A R, Fritz H, Ghebreab
W, Kusky T, Stern R J. 2011. Late Cryogenian— Ediacaran history
of the Arabian—Nubian Shield: A review of depositional, plutonic,
structural, and tectonic events in the closing stages of the northern
East African Orogen[J]. Journal of African Earth Sciences, 61(3):
167-232.

Koleli N, Demir A. 2016. Chromite (Chapter 11) [M]. Resource
Recovery and Pollution Prevention: 245—263.

Kontinen A. 1987. An early Proterozoic ophiolite: The Jormua mafic—
ultramafic complex, Northeastern Finland[J]. Precambrian Research,
35:313-341.

Lago B L, Michel R, Adolphe N. 1982. Podiform chromite ore bodies:
A genetic model[J]. Journal of Petrology, 23: 103—125.

Liu Ting, Zheng Youye, Wu Jun. 2021. Genesis of Fuchuan chromitites
at South Anhui, implications from the parental melts[J]. Earth
Science, 46(5): 1613—1629 (in Chinese with English abstract).

MacLeod C J, Lissenberg C J, Bibby L E. 2013. "Moist MORB" axial
magmatism in the Oman ophiolite: The evidence against a mid—
ocean ridge origin[J]. Geology, 41(4): 459—462.

Matveev S, Ballhaus C. 2002. Role of water in the origin of podiform
chromitite deposits[J]. Earth and Planetary Science Letters, 203(1):
235-243.

McGowan N M, Griffin W L, Gonzalez—Jiménez J M, Belousova E,
Afonso J C, Shi R D, McCammon C A, Pearson N J, O’ Reilly S Y.
2015. Tibetan chromitites: Excavating the slab graveyard [J].
Geology, 43(2): 179—182.

Mondal S K, Mathez E A. 2007. Origin of the UG2 chromitite layer,
Bushveld Complex[J]. Journal of Petrology, 48(3): 495-510.

Mukasa S B, Wilson A H, Carlson R W. 1998. A multielement
geochronologic study of the Great Dyke, Zimbabwe: Significance
of the robust and reset ages[J]. Earth and Planetary Science Letters,
164(1/2): 353-369.

http://geochina.cgs.gov.cn FE LT, 2023, 50(2)



440 ol e

b, J 2023 4F

Naldrett A J, Wilson A, Kinnaird J, Yudovskaya M, Chunnett G. 2012.
The origin of chromitites and related PGE mineralization in the
Bushveld Complex:
constraints[J]. Mineralium Deposita, 47(3): 209—232.

New mineralogical and petrological

Paktunc A D. 1990. Origin of podiform chromite deposits by
multistage melting, melt segregation and magma mixing in the
upper mantle[J]. Ore Geology Reviews, 5: 211-222.

Parrish R R. 1989. U—Pb geochronology of the Cape Smith Belt and
Sugluk block, northern Quebec[J]. Geoscience Canda, 16(3): 126—
130.

Patchett J P, Kouvo O, Hedge C E, Tatsumoto M. 1981. Evolution of
continental crust and mantle heterogeneity: Evidence from Hf
isotopes[J]. Contributions to Mineralogy and Petrology, 78: 279—
297.

Ruskov T, Spirov I, Georgieva M, Yamamoto S, Green H W,
McCammon C A, Dobrzhinetskaya L F. 2010. Mdossbauer
spectroscopy studies of the valence state of iron in chromite from
the Luobusa massif of Tibet: Implications for a highly reduced
deep mantle[J]. Journal of Metamorphic Geology, 28(5): 551-560.

Satsukawa T, Griffin W L, Piazolo S, O Reilly S Y. 2015. Messengers
from the deep: Fossil wadsleyite— chromite microstructures from
the mantle transition zone[J]. Scientific Reports, 5(1): 16484.

Schoenberg R, Kruger F J, Nagler, T F, Meisel T, Kramers J D. 1999.
PGE enrichment in chromitite layers and the Merensky Reef of the
western Bushveld Complex: A Re—Os and Rb—Sr isotope study[J].
Earth and Planetary Science Letters, 172(1): 49—64.

Schulz K J, Deyoung J H, Seal R R, Bradley D C. 2017. Critical
mineral resources of the United States: Economic and
environmental geology and prospects for future supply[J]. U.S.
Geological Survey Professional Paper, 1802: 1-797.

Spandler C, Mavrogenes J, Arculus R. 2005. Origin of chromitites in
layered intrusions: Evidence from chromite—hosted melt inclusions
from the Stillwater Complex[J]. Geology, 33(11): 893—896.

Stern R J, Johnson P R, Kroner A, Yibas B. 2004. Neoproterozoic
ophiolites of the Arabian— Nubian Shield[J]. Developments in
Precambrian Geology, 13: 95—128.

Stowe C W. 1994. Compositions and tectonic settings of chromite
deposits through time[J]. Economic Geology, 89: 528—546.

Su B X, Robinson P T, Chen C, Xiao Y, Melcher F, Bai Y, Gu X Y,
Uysal I, Lenaz D. 2020. The occurrence, origin, and fate of water
in chromitites in ophiolites[J]. American Mineralogist, 105(6):
894-903.

Su B, Liu X, Chen C, Robinson P T, Xiao Y, Zhou M, Bai Y, Uysal I,
Zhang P. 2021. A new model for chromitite formation in ophiolites:
Fluid immiscibility[J]. Science China (Earth Sciences), 64(2): 220—
230.

Teng Fei, Meng Qinglong, Xing Yi. 2021. Study on the distribution
laws of the iron deposits and the features of gravity—magnetic field

in the southern margin of the North China Craton[J]. Geological

Survey and Research, 44(3): 71— 76 (in Chinese with English
abstract).

Thayer T P. 1960. Some critical differences between alpine—type and
stratiform peridotite— gabbro complexes[J]. 21st International
Geological Congress Copenhagen, 13: 247-259.

Uysal I, Akmaz R M, Kapsiotis A, Demir Y, Saka S, Aver E, Miiller D.
2015. Genesis and geodynamic significance of chromitites from the
Orhaneli and Harmancik ophiolites (Bursa, NW Turkey) as
evidenced by mineralogical and compositional data[J]. Ore
Geology Reviews, 65: 26—41.

Vuollo J, Liipo J, Nykanen V, Piirainen T, Pekkarinen L, Tuokko I,
Ekdahl E. 1995. An early Proterozoic podiform chromitite in the
Outokumpu ophiolite complex, Finland[J]. Economic Geology, 90
(2): 445-452.

Wang Christina Yan, Zhong Hong, Cao Yonghua, Wei Bo, Chen Chen.
2020. Genetic classification, distribution and ore genesis of major
PGE, Co and Cr deposits in China: A critical review[J]. Chinese
Science Bulletin, 65: 3825— 3838 (in Chinese with English
abstract).

Wang Xibin, Bao Peisheng. 1987. The genesis of podiform chromite
deposits: A case study of the Luobosa chromite deposit, Tibet[J].
Acta Geologica Sinica, (2): 166— 181 (in Chinese with English
abstract).

Whattam S A, Stern R J. 2011. The 'subduction initiation rule: A key
for linking ophiolites, intra— oceanic forearcs, and subduction
initiation[J]. Contributions to Mineralogy and Petrology, 162(5):
1031-1045.

Xiong F H, Yang J S, Robinson P T, Xu X Z, Liu Z, Li Y, Li J Y, Chen
S'Y. 2015. Origin of podiform chromitite: A new model based on
the Luobusa ophiolite, Tibet[J]. Gondwana Research, 27(2): 525—
542.

Yamamoto S, Komiya T, Hirose K, Maruyama S. 2009. Coesite and
clinopyroxene exsolution lamellae in chromites: In—situ ultrahigh—
pressure evidence from podiform chromitites in the Luobusa
ophiolite, southern Tibet[J]. Lithos, 109(3/4): 314—322.

Yang J S, Meng F C, Xu X Z, Robinson P T, Dilek Y, Makeyev A B,
Wirth R, Wiedenbeck M, CIiff J. 2015. Diamonds, native elements
and metal alloys from chromitites of the Ray— Iz ophiolite of the
Polar Urals[J]. Gondwana Research, 27(2): 459—485.

Yang J S, Wu W W, Lian D Y, Rui H C. 2021. Peridotites, chromitites
and diamonds in ophiolites[J]. Nature Reviews Earth and
Environment, 2(3): 198-212.

Yang Yiheng, Zeng Le, Deng Fan, Hu Jianzhong. 2018. Geological
characteristics and mineralization potential of chromite resources
in China[J]. Earth Science Frontiers, 138— 147 (in Chinese with
English abstract).

Zhang Baosong, Di Bingye, Huang Ning, Zhu Hongbing, Chen Jiwei,
Zhang Jun. 2021 Characteristics of geophysical field and

delineation of volcanic structures in Lishui volcanic basin area[J].

http://geochina.cgs.gov.cn H1EHLFT, 2023, 50(2)



5550 % 4524

JEIARE RS B BT B A S WSk e 441

Geological Survey and Research, 44(1): 39— 44 (in Chinese with
English abstract).

Zhang Weibo, Liu Yifei, Wang Fengxiang, Chen Xiufa, He Xuezhou,
Yu Rui. 2020. New progress of the research on the Kemi chromitite
deposit in Finland[J]. Geological Bulletin of China, 39(5): 746—
754 (in Chinese with English abstract).

Zhao Yage, Zhang Yanfei, Wang Chao, Jin Zhenmin, Xu Qijin. 2020.
Experimental constraints on formation of low— Cr’ chromitite:
effect of variable H,O and Cr,O; on boninitic— magma and
harzburgite reactions[J]. Journal of Earth Science, 31: 709—722.

Zhou Erbin. 2011. Present situation and advances in the study of
podiform chromite deposits[J]. Acta Petrologica et Mineralogica, 30
(3): 530—542 (in Chinese with English abstract).

Zhou M F, Robinson P T. 1994. High— Cr and high— Al podiform
chromitites, western China: Relationship to partial melting and
melt/rock reaction in the upper mantle[J]. International Geology
Review, 36(7): 678—686.

Zhou M F, Robinson P T. 1997. Origin and tectonic environment of
podiform chromite deposits[J]. Economic Geology, 92: 259—-262.
Zhou M F, Robinson P T, Bail W J. 1994. Formation of podiform
chromitites by melt/rock interaction[J]. Mineral Deposita, 29: 98—

101.

Zhou M F, Robinson P T, Su B X, Gao J F, Li J W, Yang J S, Malpas J.
2014. Compositions of chromite, associated minerals, and parental
magmas of podiform chromite deposits: The role of slab
contamination of asthenospheric melts in suprasubduction zone
environments[J]. Gondwana Research, 26(1): 262—283.

Bt F 32 225 3Lk

AR . 2019, TTil RIBLR A BRI [J]. 25 4244k, 35(10): 2971—
2988.

RS, EAR. 1999, HEEK P IM]. Jba: B H ok

SRS, T AR, AR, 2R, SRk R, BRUGAE, MIERE. 1990. Xf

B AR SRR R R BT AR —— LB S 5 R FEE
B RG] 57 R, 9(2): 97-111.

WRHAIT, #2027 . 2018, 5 IR IRBFIE 0l i 5 J 2R ], Hb R}
2. 43(4): 991-1010.

R, SRS, 1 SRR 2013, H [ SO T A R A ATF S R
BRI RET). A HBT2E 4], 19(S): 275-276.

FAE, BT, T 2018, 2Bk R B SRESTED 7= 44 ST N R X E
TFFE[I]. BT, 34(12): 1-5.

FBAEE . 1989. & IERK LT IR A FT BUIR [7]. b BBk k24, (3):
15-20.

AR, AR, XI25, oK FEE, PN SCHL, SR 2. 2014, E psks Al
BRI IO BIF T 0 1 K S8 5 [0, A M B 244, 20(1): 9-27.

B, RS . 2020, 5 2R H A AL FE AR ) S A S TR — 0B S L R AT
TR, HiBREL, 45(12): 4604—4616.

Xz, FRA, BCH . 2021, fie b PR BT RIS - 4541
FHAEPET]. HiERFRLE, 46(5): 1613-1629.

JA, XIEE, BJ=, Robinson P T, 1 7, J&135 K, 91, Uysal 1, k8

K. 2021, MELR AR I R TR A AN TR AR [0, R

2 ERENE, 51(2): 250-260.

[ AR, W e, A . 2021, M EE RESRRAE 3 A ki e g 25 00
AR, Sedb T, 44(3): 70-76.

FAK, BT . 1987, T ILIREEERD PR BN —LLPY R F IR X2 A
TR R MAII[I]. ML), (2): 166—181.

FIa, bhz, BT, B, HUR . 2020, R EGBITE A T
IRISHI S A RRAE K BILI (], Bl2&im iz, 65(33): 3825-3838.

KBt B4 AR, L, S . 2018, Hr AR B IR TR 1 0B IR
J5al[J]. HiATTZR, 25(3): 138147,

SRS, IPIRI, BT, RLLIE, BRIEMS, 5118 . 2021, HK KIS 25
Bk PG RAE K JCHLF B RE [T]. AEAb ST, 44(1): 39—44.
AR, XUEL K, FAH, BRI, 2=, T8 . 2020. 28 R85

W IRBFFEHE R [T]. M T, 39(5): 746—-754.
JH . 2011, G ISRARRH IR AT BUIR SR [7). #0022
&, 30(3): 530—542.

http://geochina.cgs.gov.cn FE LT, 2023, 50(2)



