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Abstract: China ranks at the top in chromium consumption and stainless steel production, yet due to the limit-
ed domestic reserve and mine production of chromite ore, the current supply of chromium relies on the main im-
ports from South Africa. Meanwhile, Kazakhstan has a leading position in chromite reserves and mining, main-
ly from the Kempirsay chromite resource base. On account of the above, this contribution provides an exhaus-
tive summary of the geological background, ophiolites, metallogenic characteristics, the deposit’s genetic types,
and the development status of the resource base. The Kempirsay chromite resource base is tectonically located in
the Kempirsay massif of southern Urals. Many ophiolites were produced and preserved in the Ural orogenic belt
during the opening and closure of the Ural paleo—ocean in the Cambrian to Triassic and host a series of podi-
form chromite deposits. The Harzburgites and dunites dominate the mantle peridotites, which are outcropped in
a complete ophiolite sequence of the Kempirsay massif. Two kinds of chromitite have been found: the high—Al
type in the Early Devonian (or earlier) MOR setting and the high—Cr type in the Late Devonian Supra—subduc-
tion zone(SSZ). The latter chromitite was formed in the reaction between the melt derived from residual mantle
peridotites metasomatized by subduction fluids with depleted mantle during the intra—ocean subduction process.
The estimated chromite reserve of the Kempirsay resource base is approximately 300 million tons, forming an
annual chromite ore production of 7 million tons. Over half of the 1.69 million tons of ferrochrome production is
exported to China. In summary, the Kempirsay chromite resource base in the Ural of Kazakhstan has favorable
metallogenetic conditions and progressive mining activities. Thus, China should endeavor to strengthen coopera-
tion with Kazakhstan in the potential resource investigation, exploration, mining of chromite resources, and re-
lated industry capacity.
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Fig. 1 Tectonic zones of the Urals and localization of major ophiolite massifs
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Fig. 2 Tectonic models showing the evolutionary history for the Urals in the Paleozoic
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Fig.3 Schematic geologic map and distribution of chromite deposits of the Kempirsay Massif
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Fig. 4 Schematic stratigraphic columnar section of Kempirsay and other typical ophiolites in the world (not at scale)
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FETR A mlda Al R v, Cr 2 MU R, e R AR
A, ALE AN AHZS 0 R, L5 #F A0 1R A (Dick et al.,
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1984) PRI, o % 7R ke ™ VL O v R S 4 M
14, T o 0 TR B R 2 R R ) A AT
BEAE, T TR B L 1 i MRS 7 b & TR 4 NI
VA 5 A5 5 TR A ) R o Mg i 4y, 3 o i o
P TR AT R R R T IR 8 (R T 400 km),
2T g A% 18 0 B A9 IR (Yang et al., 2007; 4748
2745 2008)

BT I R A b RO ) % 2 b A 0 2
FT RS R ER S SR RS R, TR
e it 2 T B R 1 T S, s e b v 0 1R g
ORS00 A L R R, 2R A Y Cr'(Cr'=Cr/(Cr+AD Dl
AT DL 7 b 8 25 A 5 40 0 iR B A JR X (Dick et al.,
1984; Kamenetsky et al., 2001) . H J 5 1 e 19 4
R B W 2R AN (] 28 B Y 5% 2R & A7 : Batamshinsk £ H
H1 Stepninsk ™ FH /1 A = AL IR Cr B 4% 2R 4 A7 (Cr'=
40~60) (Melcher et al., 1997 L K& F# M F B & Cr.
iE AL B R B A0 (Cr'>78), B IN N, B Cr BLAR 4
s A1 R Y R A 6 T ST 4 R A R ) i g
B ohiiy 2 1 (SSZ) /28 i Cr B 58 2™ 1) fe A
4 ¥ R 5% (Dick et al., 1984; Zhou et al., 1996; Furnes et
al., 2014); T &5 Al BUAR AR 0™ = BRI FARRE o0 45
1 A b, — BRSBTS I T G A 1 T S
HWPE 4 (Uysal et al., 2009) . 7 i 243 5541 v g [a] i) Hy
PR 1 4% R 1 4 R AR AR, 3 T HE B A [ A i
PEA b, AT RER B & F T — I M i
(Gonzalez—Jiménez et al., 2011) . T HJF A, W24
B AT R AR T AR R A B R B R A i B R
[F] Fry e 2t T2 BUPR 45 T 19 25 JK 51X (Zhou et al., 1998;
Uysal et al., 2009), 18 7] fE & SSZ DA K oA 38 75 5t T
W R 5 S Y BT B BRI AR 2B Y L) 25 R ( Graham
etal., 1996). Melcher 25 (1997)A Jy 15 Fz FE b b 75 Al
RUBE R H Y T M 13 DL S se - i A, S A e
TS SR “ARIR B RIS A 4 s il Y
2 RO e A R A o B A R TR . T Cr
RV R T T PR IR o IR BE T, S0 i it A 5 5
B b ARGORYS 5 58 AR B N R TR B M AR A b T3 R v
5518 SRS ) R AR I 25 O 1 =)

%A% JC % (PGE: Os, Ir, Ru, Rh, Pt fil Pd) & A
TR R AL R ), P DA RBUR B o R
iR A5 L S AR A A P RT3 A ok
% (F FE A4, 2010; Mondal et al., 2019), & I&RE%
BRA R A TR A b, . PGE FRAE A 1 T B 4%
W ol i B R B k2 v A A (RE R #E45, 2014) ¢

R P B B AN [F] SR 85 k0 B Y PGE i
104x10°~868x10 ", -4 310x107°, Jf H.pg B A FE
i ) PGE A AH L L FS A Wl i e 3. BBk 11
IPGE(Os, Ir, Ru)5 PPGE(Rh, Pt, Pd) 2 [f] E. A 4 5%
()43 184 i, IPGE # L PPGE 8 % & % (Melcher et al.,
1999) . 1fij I " Hb & M M 5 19 PGE & i (23x10 7~
52x10 DAL T4 8k, I H PPGE % IPGE 4 — & &
JE B A . X SRR 5 OB Y g R T T SRS
W HIZE ) (Uysal et al., 2009) . Ik, 76 F 0 H A9 85 8k
W R U T R R B AR % T R BT (PGMD, RLAR
1~20 um, EZ Rk T FHOR AP %R e Ry 4, ol
A3k 2 P (D8R AE R IR, DU — R A
EMPRIE LT TRV . wETT
e RN R NE I P e ol A (Ol NGB A W B
Os—Ir & 4 M Ni—Cu-Ir-Os 1L ¥y ; A0 5K E 2
AERR . BRET ™. Bk & Os—Ir & 4 5 41 A .
QK F T 2B 5 g U s e A kN, LL &
LR I e SoA FR B, 208 B E R S B A
B, PSR S 58—, {H Os—Ir & 4 Fl Ir-Rh i
k%70 W (Melcher et al., 1997) . Distler %:(2003) %]
81 B 38 £ [ B9 PGE ¥E I iR I 100 t, 45 F2 3%
WA R PGE W7 IR . ILA, 15 K B b B v i) %
BR 5 LB ALO, & 5 (/N T 20%) FHE AR 1Y
TiO, & i (/N T 0.3%), BA R T 8 9N T 34 it
AZ B TR AR R RRAE , 3%t 5 SRR g 4577 1 HoAlh
AR R AE A — 20 (Zaccarini et al., 2008) . Z5%k# H
(1) ALO, Fl TiO, 1% & %52 B i o w45 il ml LA
RN 2R B9 TE B 3R 5% (Kamenetsky et al., 2001
Garuti 55 (2012)TA N ¢ FE b I 1) 85 55 T 4% 2R T 1
T whalts 2 IR EE(SSZ), T i 55 R B Ak T i T
H (MOR) L Ve i [l oy ik RS 2 T o A
B AT AR 2F B &, Melcher 45 (1999) 3K 15 (1)
TR BRI P G T MRS . WA S KR A K
EAAFET Y Sm-Nd B 2 AR 3 R 420~400 Ma, H
LA A BRI R A A RORE S R B A
U-Pb 4E % 4 (420£10)Ma. %54 FF fh REE, Sm-Nd [f]
IR RFAE, 15 5 B8 M b PG A6 3RS PE 5 H A A A A B
b K R i B P BT MORB 4353 4iE (Melcher et al.,
1999) . 1M 15 B¢ B 1 e 2R v T WA A3 v ‘B 2R S Bk 1Y)
b % ASCAYE 25 AR 0 DU B 3 AN [), 5 W RO 2 RO 5
# %% LREE, JF H M WA A HA MK ey,(5400 Ma)
B (+0.6~-4.6) FIIE A eyg(t=400 Ma)(10~15)1H, T/~
AT TR 45 N AINA-E R
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(365~380 Ma), Melcher %5 (1999) %] 45 7/~ T 15 Jiz 3¢
Hi BB AR A R R . 420~400 Ma B Z AT, H
T RREAY T, B T H KRV ILE A A MORB
FEAE 09 B 5, O AR IR A /N | ey 0 1R 4 R
365~385 Ma Z i, Bl S H /R VE & AEVE T b, K
BT AR ORF i 2 N b AL, 26 3 AR % 2 R 28 I 1 1)
A wh T RR A WA K 43 TR B L) i AR 5 =5 4 b
e 2 A A2 AR S 7 {6 3% B 1) b AORS o O AR 5D
ORI % I R R BE L R A AR S KA,
[Fi] B5F X425 1Y IPGE 9 AR JC R W 8 R f A h R T
ok MEKIBHRAESFBEEN N izl 5
Bl 7 WERIONS 25D & A O, S5 7 MO 2 v R At
07 WA e 78 S MO A, DA T TR I MO o A1 52, Bl 9
TR B3 2 W A 15 & RE, SRR T R AR S, IR R
TRERHIETR ALY . RAESTGE TR T YL
IKEERR AL AR, IR I8 W 3% AL B R (Arai et all,
1994; Arai, 1997; Melcher et al., 1999; Arai et al., 2015),
B A5 E B 1Y )2, Melcher 5 (199941 38 1) 15 B2 F€ v b
BB I A B T B AR S L8 A 1 (420~400 Ma), 1
K 18 22 () B 5 UL IA R P S R R b DX T L R
JE B EL A MORB FRAE (1) e 4 7 £ 2 il T —
R Pl R, R R At iR e S PR b X 2
A TE N WG R By Be(Belova et al., 2010; Savelieva,
201D, B BE, £ K15 B9 b He e 2 A 09 T2 il i AR AT
T iE— 0 TAE .

4 FFREHEIR

4.1 FRIK

R ATz, (R A B L e
USGS(2022), 42BRIA 4 A& R0 98 i =1t 12012 ¢,
92% L FrgdE . BB s A oF 22 R H
AN ED i 45 /0B 52 (Haldar , 2017; 8 22 4545, 2021)
WE 1% o ST HH (9 5 R i o R 3.66 44 tC S NG A A4
20220, AR TrgdE, JE A A CRk AR 45, 2022)
My B 5w T 3 300 AR IR (0 L Ak D,
FE T HIEIE RE &P LI, 5 13 Shpss
i B VIR OC, I DL SRR B BRI 4l i e

R AR R L b iy BB A T R DD S A& A, 1920
AF, WA ERAE X N HEAT B AR SR T 1937 4F, &3
S — AR R IR, IF T 1938 AR TT A IT 2R 5 1943 4EF 5%
FENGA S0 W) TR 775 1963 4F & I Voskhod 1

K 5 1970~ 1980 4F, Hif 75 Ik 7 DX P I i R ASE 3t J5 4
P, DX AR R B IR e KR S 5 1995 41 A % v 17 3H
£l N &) (TNC Kazchrome JSC) i 57, 3 T th 12 & 15
Hr v¢ B ( Nomckoit, Donskoy) 3l H , H Wi %2 |l & h
TH LS5 A % R IR A 4 A 77 1 2009 48, RS i
HEH Ml Sk #3 11JK 48 A (Mechel) iz 8 (1) 1R 17 50 78 1
I B IE L4557 2013 4F 4+ H AR ) i4E 141 C Yildirim)
3 o WA A IR T B 2 B H OE X HE A B o 3T HH R Ak
T ids. UL, W B AR T I A% R AT
AT, P 5% 5 0T 2 A% Ml 2 W) R A AP A g 4 A 3
AP T R SRR IR S Y B TR . R
H AT, i 5% on 07 50 18 AR 1 Mk AIX S,
ALFE 6 R AU 12 MET L Hoh, SRy AUX B4
AT S H0IR 1 R SRR AR R IR FE L P, P O T
PFIR W s AP R H 5 5 e 1L (R D,
42 FRES5R

M B v T IR A Bk R AR R R E 2 —,
fib EEIF R E AR IR . R EL RS BIE L AR
5 ORBA B A A g T A AR R R R YR A T
P FEGTVRHE D . AR, P B ST T A R R A
AW BT, 2019~2021 45 7= 543508 670 J1 t, 670
Jit, 700 J5 to 2021 4F 7= i 5 A BRE S B2 17%, 11
WFRAECL 800 J7 ), Jy & BREE — K& % w JF R 1H,
ERBREE MG & iR e e R HE AR
(P 5D o Hor s g% o i H A M 4 P 3 8 1  7 e f
H 54 P 5 80%, 2021 4E 7= 23 600 J7 t, H
R, 12N B FF SR A 5 4 A 3 vl LT ] 5 551 o
SO G &) AT IR R, A D R A A
2 M o A A A g R AT Rt SR D KA
BERY B 22—, HE R IR W7 s B A H 2021 455k A
YN 100 77 t.

HAT, 23k 90% DL ERSsE™ F 2 64 Tl
PR 2 R R A B R G 4, H 90% DL Y
B A Tl NN CGIKRH 5, 20160, IR % 5 30
I TF SR ) B8 R A 32 2 H I 5% o 0T 3H 4% ol 2 w)EE T
KRB & T HATIR R, %A v tH SR R Y 3%
BB S A o - B LA ) 4 A P A Y v e
FER BB B A £ 2R B s TR A F, 5
A A HER 25 % B AT (AR 2 1T Tikhvin A& 4T
WA B v BT I AL A BRI SR, 2016~2020 AF B 19 4%

BATERN 150~181 J7 t, 43K 169 J7 t(1d 6);
RO 143~168 J1 t, 4E ¥ 157 J1 t; 2018~2020
AW TR 150 T3t 154 J5 t, 161 J5 to WA B% e
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Tab. 1 Main mines in Kempirsay chromite resource base of Ural, Kazakhstan
R E| il ff /(MO BRI R (MO A /2%Cn0y) PR R/ A (M T &
+ 4R 158.1 202.4 49.9 25
HAF 3.1 4.1 50.4 23
i 47 5 A T 0.6 0.6 51.7 0.6 W % 5 H ARl 2 ]
PR 22 i 5 11 3 0.3
75 R 0.2 412
R IR TR e 19 485 1.05 - B e 4E 1A
Hit 183.8 207.3 6.75
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Fig. 5 Mine production of chromium in major countries in worldwide, 2019~2021

200 — — —
R om R e O
160 163
-1
3043 148
=120 F
S
,E[_
e 80 -
40|
2016 2017 2018 2019 2020

AR
6 MTFEREIEHRIAT 2016~2020 EREEEFESHEREOAERE

Fig. 6 Ferroalloys production, sales, export volumes of Kazchrome, 2016~2020
W3 90% MBS B B i Tl 0, BRI O = E L 5 EATT RS AR, Bk DR R A R R XU,
HA s BRI SE . o, iR LR R 0 IR R SR IR R RE ) . R, IR Xy e B

FUARIE, 29 5 i 50%.  H AT, W B 5a 53550l
VAN SeiiBoR CT e TN e 2 1154 TN @733 Y B
SFTBL AW R R A1 S G RE, DA 2Bk
AWK AR . BEAh, EAF ARG % s R I T
— RN SR, A WO Al BB IR, TR [ B
WMk A5 A, 42 T 7 7 B IR R TT K KT Gy kA6 45
2022) PR, A AR 5 - I 16 v B 4H A B Bk

B T R A 1 DA £ A DA AR, B S
HERR 5 YA AL (k) #EAT B A T % LA K
FEREA TR,

5 458

CID B 7 R B 2 5 b PR A7 e Bty A AR
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AR LA 22—, G5 T R ARt oo AR O L
AL, h—Roo A= L EReY =84k
PLIRPE Rl AL KAk 2 0 2 5 bl N AR 4 B, B F
TR K, FIEEE M =500 . SRR K LA R
A 150 RAMEGA R, e LA TE LA B T
wr—e A, VI ok BB 0 e 240, A4 MOR A
SSZ WRNAHY, J5 35 WRAF A it i H R IR S PR

(D J PR W IR A 80 A 4K IR,
S S R B IR R e . R B b L
SEHENY “Pengrose” MELREZ T, K 40 = B
BB, Ho, BE R T R A (B RO
MOR 355 J5 & & 4 #¢ () PGE & =, JF & B K4
WEITCE W), T BT W e 2ty S R R PR R 3
T, R T AR A R b AR A s AR S I T
s R AE L THad B rp 5 A (S OS2 % A
AN/

(31 e FE4% 08 U5 5 b ) i 31 00 307 7
TR vE B PG R 300, 0 5 s 0 Al 2w R+
T AP 7 8y A4 PR 7 5 b N DA 5 38 L TR, A8 7 4 4k
W3 700 77 t, A A BKER ;AR PR BRG 4 169 TT
SRR R 157 JT 1, 90% FHF 0, v R H R K
HE .

Hift: BLIEFEREmipl T AL, RS
TERNELEEN, TERBATERALAERT
KEWH N, EX—FHARENHE,
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