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Tectonic transformation of the Kunlun Paleo—Tethyan orogenic belt and related
mineralization of critical mineral resources of nickel, cobalt, manganese and
lithium
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Abstract: This paper is the result of the mineral exploration engineering.

[Objective|] There are increasing evidences show that the Tethys tectonic domain can be divided into three stages of the Proto—
Tethys, the Paleo— Tethys and the Neo— Tethys, among which the research on the formation and evolution of the Paleo— Tethys
Ocean and related mineralization are relatively weak. [Methods] On the basis of the discovery of the Early Devonian Xiarihamu
super—large nickel—cobalt sulfide deposit in the East Kunlun, the Late Carboniferous Malkansu large volcanic source sedimentary
type manganese—rich deposit in the Pamir and the late Triassic Dahongliutan large pegmatite type lithium—beryllium deposit in the
West Kunlun, this study focuses on the formation environment and tectonic evolution as the main line to find out their connection. It
is proposed that the three large ore deposits represent the products of the tectonic transformation of Paleo— Tethys break, ocean
expansion and ocean closure to continental collision, respectively. [Results] It is believed that after the closure of the Proto—Tethys
ocean and continental collision, which was contemporaneous with the Paleo— Asian ocean at the end of the Silurian, the modified
asthenosphere was partially melted and the northern margin of Gondwana continent breakup due to the mantle plume activity,
forming the Xiarihamu super—large magmatic nickel—cobalt sulfide deposit related to the mantle—derived mafic—ultramafic rocks.
With the further expansion of the Paleo— Tethys Ocean, the mature ocean was formed in the Early Carboniferous. In the Late
Carboniferous, with transformation from rapid expansion to ocean subduction, the Malkansu large rhodochrosite—rich deposit was
formed in the carbonate sedimentary of the ocean floor due to the ore forming material provided by the eruption of the mid—ocean
ridge. After the closure of the Paleo—Tethys Ocean, it entered the collision orogenic stage in the Middle Triassic. In the Late Triassic
post— collisional stage, high temperature hydrothermal fluid of S—type granite formed by the crust remelting, which lead to the
formation of Dahongliutan large pegmatite—type lithium—beryllium deposit. The Early Paleozoic and Late Paleozoic alternation was
the beginning of the Paleo— Tethys Ocean breakup. At this time the Qinling— Qilian— Kunlun Ocean as the representative of the
Proto—Tethys Ocean has closed. Although the Paleo—Asian Ocean as a back—arc basin of the Proto—Tethys has not closed yet, the
Xiarihamu nickel—cobalt deposit is the product of the re—cracking of continental crust after the Proto—Tethys orogeny, and it’ s not
formed in the environment of the Proto — Tethys island arc or post— collision. Manganese is a lithophilic element, which is not
enriched in magmatism. However, it enriched in exogenous deposition, which indicates that the new oceanic crust of the Early
Carboniferous of Paleo—Tethys is rich in manganese, and the leached manganese ions formed sedimentary manganese carbonate in
the alkaline environment of relatively quiet ocean floor in the Late Carboniferous, which represents the transition from a strong
magmatism stage to a relatively quiet sedimentary environment. In the Dahongliutan, the distribution of S—type granitic batholith
and its large—scale pegmatite—type lithium—beryllium ore deposit reflect the geodynamic background of crust remelting caused by
strong collisional orogeny. Therefore, it’ s suggested the formation environment is post—orogeny or post—collision extension of the
Paleo— Tethys. [Conclusions] As far as the existing facts of mineralization concerned, the Kangxiwa— Animaqing Paleo— Tethys
suture zone in East Kunlun is of more geological significance than that of the Xijinwulan—Jinshajajiang in the southern Bayankara

and the Longmuco—Shuanghu Paleo—Tethys suture zone in the Qiangtang.

Key words: tectonic transformation; metallogenesis; critical mineral resources; nickel, cobalt, manganese and lithium ore deposits;

mineral exploration engineering; Paleo—Tethys; the Kunlun orogenic belt
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Highlights: The determination of the tectonic environment represented by the mineralization of special mineral resources of

different time and space in the Paleo—Tethys is of great significance to the remodeling of the tectonic evolution of Paleo— Tethys,

especially for the critical period of tectonic transformation. In turn, it can help understand the regional mineralization regularities

and guide regional prospecting.
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Fig.1 Schematic diagram of structural distribution of Tethtis suture ture
(The suture belt position was modified from Wu et al., 2020)

Proto—Tethys suture zone : D—North Qilian—Kuanping suture zone; @—North Qaidom margin—Shangdan suture zone ; @—Kudi—Central Kunlun
suture zone. Paleo—Tethys suture zone : @—Kangxiwar—Animqing—Mianlue suture zone ; &—Xijinwulan—Jinshajiang—Ganzi—Litang—Ailaoshan
suture zone ; (©—Longmuco—Shuanghu—Changning—Menglian suture zone ; Neo—Tethys suture zone : (7)—Bangong—Nujiang—Tengchong suture
zone ;(@—Yarlung—Tsangpo—Indo—Burma suture zone

http://geochina.cgs.gov.cn FE ML, 2022, 49(5)



55498 2 5

IO RO AR TR I e S SRR B A G BT A S 1389

WA o A A R TR 1 A st . A
e R ACIESE MR 1 435, S T 55 WK B AR 7
IXI G APty iy B PR (H SR A T 45 (2020) WA
F AL IESE YR T X ELA KRG, JEIEHE K29 330 Ma
IRV ELAN KBl 46, T =& A, e —
WU A7 0] R BB 22 A~ pg A B T —da B2 AT,
RN WEa T /AN T 1 Bt e S S S R i 2 S I e =
S 25 [V RE 2 7 3 1 ¥ 1 — AR TR — 55 0 4 57,
DK Hoty R % A B R AR A — XU — &
T AW (K1),

IEIE ML S B VG 42 1 25— VPV ST, )
PSR LA A AHE , T e AR e 35 PN A
LA IR IG M AR 4t b g P B m T B A
Mgk R KRR . AR, HRTZIA
A B SO A AR W R A7 AE e AE R P ]
IR ], SRR rp S . R BRI e e R BB
FRBL—ARE, VB0, hTre s 24—
SV —R IS A W 20 I AF e — A H—2E
BEEE G R L R T AR A SRR A S 4
2V —H B — = A LA A (1),
A H A g A SNE L2 —8 T —K
AL 22 ) SR, i i R e S e —
=St R IE S e s 2 5, P45
2T —H A — R A LA A 2 A e
B PN — H ORI = S0 PR
RPN — H PR 54 s b AR, i Pae
EL B a7 5 X1 B A0 Bt 5 AT AR ALL A AFAIE (Liu et al.,
2019), FIt, ELERME R A B (A & 75 B4
b I A AT AIIHE 5 s B IR, SR —H
FCHBA A A6 B 2T G A f e RV B R, 78
[ e S o e e T S R Ny o = 4
A AR A AR IR, 2 514 S = —4 0T
— H A — R LS A A OO, 2 LAY
E 1 1Ly B 30 A B VY FL— Bl JE B I 4% A Y
Y7 SRR EARET A AL

FREVE FL—FlJe 3 4 50t , 7E TS R G 3R M M
B b AR 5 B (R K 36 ) MR 22 1) JE G B 4%
G, MR G 5 ARGt A 2 (R A4 T 9 R
WA T RO R A 2, R A oy
PR T A 2 AR LA FE I 2 L (1 3
ZEAE,2000) . FEPY ELAE A 10 AR5 R R A RIBT e

I R0 4% 5 R O, o R B O R P LK R Bk
i, B AR A 2 ] ) B p 4 5 AR AR AR
PG KR I AR ER  Jm T IR R B 1 48 &0
T 440 Ma 2245 51 o {5 B R AY BT JE 25 000y R 4 37
TEEEAHY , M ER I — R Aok A e B il AR AR
Ay A AR I, 5 B R AR &% & 1K) 400 ~ 510 Ma
F1210 ~ 240 Ma 4L i & A XTI, I e 40 Al =
B O A s, I S B T SR B T A o
FEIUTIE 04) R EEAE b R G A 1 SR R U
HECHARC,BTIHEC(RIHSHEES(R
) MR 2 (R AR R A A A, m T S G (R
BRI R A A T R BT R AR
e S 1 (FR5ETR 45, 2018) , B T 15458 1A
R 1 R VY B — B0 JE 30 IR R B A Sy LS R AE
JERFPE AR G S At R OIT S PR R A 2
o XA AR PRI AE G AN IR DA IA R 1) 2 i —
B AR TS 5 TR AE FL R I RS R B
BRI R %, Bk ECHIX R s &
R R T A Al SR S S E— il ) HE T A
R A 58 5 G 3R, S e R B A 4 i A oy
R BT 243 55 17 o B AT R e
P 1 P A R oy AR 30 ) T SRR AR T — R 1Y)
A AR PR I I PSR T 7R 2808 AR IR |
PER SR AERAE G RIS , FETT B AR (TG
B O R 4 A A7 e G R i A0 R R 4
Wree i PG, XA VR T RE 2 R AR PR e oIS 2 i
Pk BT BN A MEX S T IR
J5 A PR R TR R R R
FEZE 5k IR R P A B AL

SRV FC— ol JE B3 U 4% 57 1] 2 A o0 5 g 22 18
553 F va Pl 2 (8] 0wk AH 2 (R AR G AR
2020) (B FHZEMCRH T ROM =& R E &
JEARA T BIBFSY . B R PG L —B 2 30 0 4
PEHTAE AT M AR B T A S H PR AE A
FAZ K 8T —A> B PG b 18] 2R R A 5 P FL— Pl e 35
UE—H i — BRI AR T AE A Ik T 208
43 (1) B B P — i —H At Ly, IR &
BREMN =& A3, W T =S
P LR S B A p R EIRR E A 1A
T BICHFSY A E B A —HEsE A R T4
G YDVTEE AT, 5 HE VY FL—PA 2 30 A% Gty

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(5)



1390 i [

b Ji 2022 4

ToH o ML 5 2 MM Al B il 45 A 45 T B
A6 5 B d A X B e (R R 3RS, 2020) , 28
FHOTRE W AR H A— P 4% A1 5 R fL—B fe
FU VRS A5 AR S (LI T A 1 24 5 T 21 3L
IRFIE TAE

ARSI AR PE R 3 1L 1 BRE VS FL—BT e
J Gy R T B B ()T B A bR 1) e A 3 A 4
500 &I A SR B AL IR URVER 0 R AN
b A B R Z (R A 56 & (1 2) , DLk 7R
B MR &L RS T R R A 4
X — R 1 A8, T T B AR A A S O R
JCR AR = FEAALEL , DT ER A B DX I8 s I
T8 TR, I RS e R E AR H 1 VR
Hh p TR S R ) AR T S U EE A
1 Hb T PR BE (1) 2 SR AR AL , 3 1 S W R Ak 2 AR A 1)
I, ) 4B TR SR R T A . )
5o P R R A i S A AR ST R
S 5K A A R R DA T LA A AT
Fili — B AR A . R R T AR A I BER L U
TR RS ST, AR W E R I R A7
250 Ma R 5 5e B T P& (R AR T4, 2020) B RE
PRIV A Y I A A I B A DA,
R T AT e R I TC I R L . A A

IS AR TR AT (B = A28
WE. AN, 25 MARER AT i dL A i —TE
BEAW LG A MR — T R4 S
T 420 ~ 440 Ma AP G ISR E , R
T N 122 SR AR B IV PR i R R 5K L 1Y
gL RS RE 250 ~ 380 Ma i i A= ARl 4t A iy
PO EL—PFTJE I AE 5 VP 4 S 2 — S VT A Al
e AR — XU 8 A1 3 40 i FR AR W v i 4 5t
o, RIS A AR DR B BT R g e 1 A
FE AH AR I PR A AR B ey AR AR R
SEAFAER , K Rt AR AR IR M 5 19 & B, T 5 A
RV T Rl AR & F RT3
S, BB A L ST )V S5 A TR T
FF (Franco,2000) , H 233 Al REHE e 2 ol s 24
TR, =z RS IE R E .

2 H N R AR R G AT & A R R At (411
Ma) & H I A K ALA S B Y IR (1 2)
R T FEAR T LR 24 1 7= 1 (22 30K, 2018) , 42
JEF AR VA ) 35 T 11 45 B, BT A ol R i B0 A e [l
TE R BRI , 2 T A 368 7 480 1) e 2 2 o 41
177 & 0 PG B2 Ly v s P DK R o 5 1 e A i
(302 Ma) B R IR R AT s S84 R (1 2) , W)
RE T R T T AT POEY ks | ot

= N A ]

[+ s e 7 Il e )0 (@ o[ @1 [ @]

K12 BT T B A R AT )™ 5 A1 15
1= PR 2—H AR S 3— il AR s 4—Fn iy B S—Hh gy s 6— i Tl s TR B 8T AR R A 90— KT 10— U AR B
BALPI IR s N —RESURR B A IR 5 12— KB it BT R
Fig.2 Geological distribution map of major nickel, cobalt, manganese and lithium minerals in the Kunlun Orogenic Belt (KOB)
1—Quaternary system; 2—Mesozoic Erathem; 3—Paleozoic Erathem; 4—Neoproterozoic Erathem; 5—Mesoproterozoic Erathem; 6—Paleoproterozoic
Erathem; 7—Archean Erathem; 8—Neoproterozoic granite ; 9—Fault; 10— Super—large magmatic nickel—cobalt sulfide deposit; 11—Large sedimentary

manganese deposit; 12—Super—large pegmatite—type lithium deposit
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Fig.3 Geological map of distribution of magmatic nickel—cobalt sulfide deposits in East Kunlun and South Qilian Orogenic Belts (a)
and the Xiarihamu ore deposit (b)
1— Archaeozoic — Paleozoic metamorphic base; 2— Middle— Neo— Proterozoic deep metamorphic rocks; 3— Neoproterozoic epimetamorphic rock
series ; 4—Early Paleozoic subduction proliferusions; 5—Early Paleozoic sedimentary formation; 6—Late Paleozoic—Mesozoic sedimentary formation;
7—Cenozoic sedimentary rocks; 8—High—pressure / low—temperature metamorphic rocks; 9—Ultra—high—pressure metamorphic rocks; 10— Granite;
11—Nickel—cobalt—copper sulfide deposits; 12—Pyroxenolite/Gabbro age; 13—Palaeoproterozoic rocks in mining area; 14— Granite in mining area;
15—Diorite in mining area; 16—Mantle peridotite in mining area; 17—Eclogite in mining area; 18—Gabbro in mining area; 19—Pyroxenolite in mining
area; 20—Nickel—cobalt—copper sulfide ore bodies in mining area
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11575 R B A i, B e 2 VA A A
WERA AN, ok IV | VS ik 2 il gl
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(modified from Zhang,2016)

http://geochina.cgs.gov.cn H1EHLFT, 2022, 49(5)



55498 2 5

IO RO AR TR I e S SRR B A G BT A S 1395

ARSI AR AT REA M A ol L 7 Mg P Y 5T
BRo RS A L2 AR TN A A A, R
it R e — AN K, A R AL RS S R R I A
AT RESE T REA SRR TR B 25 28 0 P ) M
SER KT T EL, B HB AT KM R”HFH
100 ~ 1000(Song et al., 2016; Liu et al., 2018) , #H
WAL 2 KA I s s s ok iy . AT UL, & il
7 H R AR — R B R T e B B S AR B AN b
LN S S S S e (ERy ey - 3 3 N
R PRI o 25 0 DG A

SH W ARE R A 19 U8 25 22 900 30 R A i —
REC—BR & AR BTN 1EH, KRR &
B H AR PR BT HGy ) AR AR A ik
W AR VA S T IR, W) PO AE PR & 4 S gk
FE A B, TEAS IR A A B T R A Y T i
MR Ak — R B R T 1A ((405+2.8) ) Ma, #H 1K,
2021), RFHRIT R 0 B S (E R o
TSR AE SRR T P 2 1L s A b e Y
g Y5 A I R R B A R AR R T SE R ep o ) 5
M, Zheng et al.(2019) A FE Ny, IR i I sk 1) 1 7
TEAN [F) PO IR P B 7 A AN [R) A VAR AL, I i R 2
IE R JEE S B AR wpy AR VR 5 2 R B PRSI i bk
T AR — M B A0 P A 48 s N7, 5 | A b e AL
PG 5 KA KA A T EE AR AN 2 AR 3
SN, R 8T A A (] BB 2 M e A e
IR AL R ) B, A AT B AR A N Ak
AR A9 ROV B R ST A AR, DT R ROl P 1 5 %
A (OIB) IR X, (KL OIB A T 3 i1 s Bk fb 2%
F#F , LILE . Pb Fl LREE (% & 4 Fl HFSE 19 75 1 . 4>
4 Sr—Nd [Fl v F K85 A HF-0 A7 & & % (Xia,
2014; Dai et al., 2016) , X Fh IR A4, [FIAEAT
VI T ilf 4 3 1L A A i e 1) e S 0 B 2k B
) A R iR

PR I DA i — B R AR A LS R T
FETe (B 2GS ) , TR i R 09 )5 JORR B
PEL Al BT 5, A i — 30 i LA 2 s 48 S v
U L K A RO 2 224 8 308 oy R B B A 3 P sk T
A R S0 (alg st A ml e b R IR B A AR
FARFUER M, T2 i A A R R AL 215 B
BERTUAER, F R, AR AR IR
Hu7E Wy B TR Y , e A RABLAR A 4 1A — hek i

BRANREEE) , LR-TTATE RS BEg—EE
BRAA R A SR AL IR . nl UL 3X A B
BAELTRALI R B R T AR, S R
Wi fig LIRS AT Y, AT LU ASESE Y, T LA
HZAHl, AR EE BB 5 4 i AR
b, B LR BE T RBAE7E 25 5o RIUL, S5ty RE R i 2
A ) KRB AR AL T IR 5 B AN IR
H G AR —A~, W F 48T 10 5 28 o, TR BT Y
H R R (22 3CHA,2022) 6
4 BRI s i e 5 TR

W R H
41 BRXFNVERYT S HFRATFRET K

el =Rk S sk

IR RGN UTR A B Z2 AR 0 R T3 8 3 iR X
i AR SRR IR S AR B TR N B S B B £ 3R Bk
I R, MU R TR Gy S5 A
i B (R 25 A 7 (B 2) 52 TP A AR ) 1 495 1F b i
B A4 3 SR o FRCR BLRFEE N AT A
BRI ARG S A RZ L T RITVER S
B AR o3 A, B & IR R FEVE I AT RIS A
PR BRI R IR+ p BUAR  SE BR FR AR R
(&l 52), KIS W 1 BR 56T 35 A 18 35% LA
b A E R BB BREE TR, BRI & AR R
T 5000 J7 t, BT IE Sk AC t (K E
2018)),

D2 VG 1) B9 2 2 500 8 L 11— o] o ) 44K i 524
B VI N R R X, LA o RO 2 X P R
CHZE X o RV & R0 TR
CHZ X B ARG IRAE BT . EARGES Tk
ARG A ARG ST A G M, B
SRBABEHET ., TARGH—ERLE N
AR KA A G I SRR e =
EH W - KIS AR A A . T A
G BBl 4 Ll R A 3R S S il
L, DIRCIR Z i R AR e T IR K R BT 1Y)
KA R A PR LS T

TG 1 A WA i R BT R 2 (Cok)
e 7 B R 2H [ R it b A AR 4R 3 A M B R
RO YIRS SRR KA B (Cok) RS KA A B
(Cok®) TR FEAL T 1 8 ST IR 2 e Ve J 23 Bt R B

http://geochina.cgs.gov.cn FPEHLT, 2022, 49(5)



1396 i [

2022 4F

73° 30’

74° 25’

399
30

30’

-
] e s [« s Ee B8
B @0 o @ O o
390 15 16 [4-]17 [@ 18 [ |19 =20 [/ 21

16/
73° 30’

(a) fie
74° 25

(&5 P4 BRI ER AT X 5T (a) B JRFEREN AT R Db BT T 1] (b)) (418 i K 655, 2018 182k
=5 FR 2—FE R 3— AR 4—T1E R 5— F 285 60— FARE ; T— PRGN = H B 8— FARSSE o H B 9— B ARG —
HBG 10— N AsEE; —RA R 12— R 13— Inil 5 14— B R BEE 15— RHCIER A 5 16— BT 17— 1R 18— 5l IR (1) 5 19—4%
W 05 20— R A b AR 3k s 21— i
Fig.5 Geological map of the Maerkansu manganese ore area (a) and the Orto Karnnash manganese ore area (b)
(modified from Gao et al., 2018)
1—Quaternary System; 2— Neogene System; 3—Eogene System; 4— Cretaceous system; 5—Lower Permian series; 6— Upper Carboniferous series;
7—The third rock section of Upper Carboniferous series; 8— The second rock section of Upper Carboniferous series; 9—The first rock section of
Upper Carboniferous series; 10— Lower Carboniferous series; 11— Devonian System; 12— Silurian System; 13— Paleozoic Erathem; 14— Granite
porphyry; 15— Plagioclase granite; 16— Fault; 17— Anticline; 18— Manganese deposit; 19— Manganese ore spots; 20— Surface outcrops of the
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RJELEE 0.6 ~ 8.4 m, “F-44 2.1 m, i {37 11.3% ~ 42.5%,
F-3929.1%. P B RTIIBESE (57K £ 55, 2018; 5K H
KA, 2018; BB IS, 2019; 5Ki% B % ,2020) , 1)K
BRIk 33 S R, EE A
KRR, 5 75% ~ 91%, SR T A 5
P o ZEER0 M R A5 A, S TR g e
LS, R 32 e T R R AR TR
BT 5 B A LR ™ S REE R0, Y
TRER B RN 5 A R RE R S
RS TR SR R LI KRR iR
R TR (IR RO 2 Y
W2 R R RCTR ™ M A SR FLR 4
BEA RAEARIR FEEESR AT AT LRIR . RITZIIGE
PR F2 BN DARE BN 2 5 56 — 0 W SR T
AR LG A v 7 R L U

IR KA B A B I B, R AR BN
KOALA B E AR B . S LR ARG E
BTRERIZH (Cok) FIREZ N ARG S BTREAL (Ciw)
R SUEAERY ((345.3£3.7)Ma) Hl A2 R &
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38 BE R TR A AT DERD AR S ((292+3.2)Ma) (1
K FEAE,2018) , TR S 35 R SRR ER AT WL T W A1
ettt s AN, R A HLTT Re—Os [R v R SFAT 4k
AEE (302+9.2)Ma (1R 7K 5, 2018) o itk — LR SE
F IR K5 M XA T T i A et

PG, W PR RET 20 K Mn -3 5 &R
671x10°°, i IR A 245 B4 4 v 3 AL Min
PIE O 1193x10°°, & fRRA 28 £ 5 Mn P37
R Ik 3547107, BB LA 4 B SR IR T R AR
ot ks BB EA P S, BEAN
SRR KW R S5 R 5 fE BRI B Bl . fiE
FT A 2 A K RN IR A 2 R, KOLs v iR
HEAKE TR, AT BB P L S R R )
T I TR K 2 A AR T 43 25 1R SR R AT A ST TR
7K 2, TR BIAEE I KIS SR s (T 6) .

R A1 KA Fe/Mn U B L V/(V+NI) HUIE 5
FUHY Ce 1IE ¥, 20 Mn B 7ER AL IREE R, DL
s A DU B 4R (R ok £55,2018; 5K
WA, 2018; 5K 545 ,2020) . THMUIKA 1) 6°C N
~3.9%0 ~ —1.0 %o , JIEAR K 771 6°C K —3.8 ~ =2.4 %o ,
b R IE B DURR A R £R A I FREAE o ER A 0°C Y
—21.8%0 ~ —12.8 %o , Z2504 1) 5°C 2—19.2%0 ~ — 16.4%
(7K F 55,2018 5K A AR A, 2018) , S AN (Wi
“A” 0°C S —=27.7%0 ~ — 26.8%0 . T BEAR 5°C —28.0%0
~—=26.0%0 ) RREY] . K, NI IRIKIR 2256

(Cu+Ni+Co)x10
0x100

Feo 10 20 30 40 50 60 70 80 90

Co/Zn

W25 T S A s SR A A SR Ak A
AR B AR (E K R 45, 20185 KA AR SR, 2018 ;7K
B 55 ,2020) o (HAAG R RETES B ELAC 5% 1Y) B 14
(pH>8) &M T ,Mn* 1] 5 CO ELHEZ5 A FEIRFIIE T
TETE R .

BIE(1992) K , H1 T4 FIak iy bk fb 24170
AR 2T e M BRAZ NS 3 g d A8 vy, 4k 2 2 3F
A HIAZ , 48 KB 4358 (20 90% ) itE Al . Hiu e jiit
o, b0 b o4 il e A R BT SR I
W2 FE AR BG5S, AR B R ORISR T
Mg B SERERRIRME” (T 2k AT MRl
LR ITE I, R 434 B TR A s R
% B 2 TR B L bR S s . ARk AR
YER BT, £ LR Ta KiE s IEA s
LR, KA FREAR S (AR T RERRER 9
o FEVEK IR 7K =25 KON, K v e o A
KB ST, e T RN S . IR TR
RS, Mn® 1] 5 COY 145 SRR UIE Y N 254
5 S LIRS I 1 ST A i Ak i B Ak it
VE, FEL TS A LT R R IREE 4 A AR AR
e BiaA IR Mn® 1T A HLAD o e AL Bl
1 CO” , Mn™ M COy” FEIRFRUTIE W 3 1 25 5 VT UE
TEBEE A HARAE TR

IR K IR ER AT (0 A N 22 7 T PR 5k K v
BB A 1 52 BT S R 1 1 B BN S A

/\ TR B %8 Roof surrounding rocks
O % %" Manganese ores

(b)/,/"
|~ O JE# Bl & Bottom plate surrounding rocks

2 —
P+
(| ——— H
%g MAWRE
o1 ! ! S
0 500 1000 1500 2000 2500 3000

(Cu+Co+Ni)/10°

&l 6 HLIRFCVE 14 Fe—Mn—(Cu+Co+Ni) Fll (Cu+Co+Ni)—Co/Zn [XIfiF
(K 45,2018 20
Fig.6 Diagram of Fe—Mn—(Cu+Co+Ni) and (Cu+Co+Ni)—Co/Zn of the Orto Karnnash manganese ore deposit
(modified from Gao et al., 2018)
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e K, 70 Gl B A 2 2 A R DTvE s, B
TEB R, AR L ARG T KA A 2200
HO)CE STTEVE RS/ Y/ Eab i E Sy V8IS 7 i
ALY R ALY B S DLTE T A, TS 8T 5
bR PR R AR R O A BILT A b BRER B
PR, IR YRR A 1) I PR 2 SR AL PR B L S i
JE R BRI A6 IE AR DTS . DX |- — %
GirP A 25T A B, B T 522 1 R R R 5
XHICRUER AT T AR A
5 BEelRrRTER G E S A
AT AT
5.1 KLHNMASREET 2 dFHREN¥ A S aiiE
BRI R
DRETMNMEAS it B L B A PR A3 T BT 88 FYA X
R0 P i DX 7 2119 [ T e 000 14 R MM H X PR

R

CIMIMEAE B 5 L5 44 (18] 7a) o HBST 157 T REPY
FU(—Po] JE F 000 ) vy AR5 B2 $r 2 5 e A0 17 T8 B e o
Hu A K b P R LM 1
BB 1) A, AR LR e B BT 4k
LR R, X — M i $8™ % BE (Kesler
et al., 2012;Feng et al., 2019; Gao et al., 2020; Cao et
al., 2021) o H [ M S el 5 ) Y 22 el rhocs | op R
FHETT N R F RIS I B SR S ) AT
Jry BB (04 R AR AT BV A M B A B AR 2 K
FALETT R AT PR A AT AR TR IR
HERGE T 25 mp K, %0 K B 58 R LLH)
PHEAE B 2 e Jo] Bl 1) A3 e ™, DT RR =2 S LA
TS it e B R B IR, SEN T, S 2R
LA, e LA e B AR T SE PRt R R £
H R ZEAIME G b — 10 R, A5 TR ZL MDA b ik
AIAEZR O (181 7b) o Bl SR LLMME b A AR s B4
< 2 G AR 2 e D R AR LA A A 1 T
RETHIMER: b A AV B . T2 78 HH 2000
BEAE AN ZBL T 505,507 (R 145 7

S\
. E. EEEY
Gl Bl (5

SQOISHET 7 perasEh:
:&4 ; ’ 505

7 IRELAIPER: it RV e FH DXl 57 (a) S = ZE 2R KT (b)
1— I 2— 8 BB LIRTE  3— = B R BRI T s 4— Ly A SRR DY TURE s S— 28 mRALAE R s 6— = B2l — RAB R s T— BRIl e ik
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Fig.7 The regional geological map (a) and remote sensing images (b) of the Dahongliutan pegmatite Lithium ore district
1—Fault;2—The Permian Huangyangling Group; 3—The Triassic Bayankalashan Group;4—The Early Paleozoic Conxiwa Group ; 5—Cambrian

granite ; 6—Triassic monzogranite; 7—Granite pegmatite vein group ; 8—Pegmatite—type lithium deposits ; 9—Saline lakes
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A 15 S09EBEPY | R Ll R BT s 3
G2 AN IR (B 7o) , R (VA ) B U
2250 J3 t, 35 500 J7 t LA b SRR A 1.5%, £
AR PR AR A 48 (Gao et al., 2020; Wang et
al., 2020;Cao et al., 2021),

KLMFE AR S A A 3 A,
RENB B KRS S Ao a) =K
A, VAR R A s ek 7 R s B AL il
RN A . Btk K AbK S e A R
RUP)A IS A, BT Y 4E 1 2 212 ~ 214 Ma(Yan
et al,, 2018; T Hi14E, 2020) , JE & T g = Bttt |, eud?)
H=9.6~0.02, eu(t) H—0.9 ~ 4.3, Tons H 974 ~ 1307
Ma, 5 S B AL i< 5 R AE , oy 2 Bili 5 4 ot 065 1
B BBl Rty Je ol FRE VY B B Y A TN e AR AR BT
AR =S A TR LB R AR B R A e b e ik
12 £k 7 (Feng et al., 2019; Wang et al., 2020; Cao et
al., 2021) . KLLMD BT A 2240V —/
IR AR B LK 2 B oK SE LR R E AR
K, oA T AR 5 5 AL T ool AU P LA
Fi N < N L€ AT S N LI R o g
AT 5 Dk P S 41 U—Pb 2 4F 209 ~ 207 Ma( Yan
etal., 2018; T HI4E, 2020; FrHAI% 55, 2020) , e 1L
BB AT A Dk T S A1 U-Pb 2 4 206 ~ 212 Ma
(Wang et al, 2020) , F A fF S AP H =
“Ar/PAr AE B R 197 ~ 185 Ma(Gao et al., 2020) ,
ATRBARER T A i PR B A AR, B b A
T R LM A AL B B A

WISl BT, R 78 B R LI E— AR
BOm PR RERR T8 AN A Frae e Al
G E RS A RS R AR A . AT C 2 1HE
b, KPR SR R I A Sl 2 ], S — A H PR AR
JRA , FEAEART 0] 75 B 5 [l WO 1) B8 2 — A
— H Ao AR A PR Y L B R M AR 5 X FLAA
KBl EA AR RFAE , T AR 58 B i —H SO AR T
S5 s, CEE i E A At &
B AL R ETE T RELHIME: A BB g IR,
AR AT —H e AR T AL R AT B T R
(it L5 207 NN R b iex DA Ml w2 A K ]|
WA dt o RV B R A %) B VY FL—PeT J& F3 00ty
FREERITAE T T 00, T PP R A i e AR
AR U] B 558 3 e P 0 ) P 4 S 22— VT —H 3

WA . XA RIS A i B IR
KR ESE , ] FEXT LA A SR A e T
B PRI B R T S = A5
5.2 Bp =Bt H SR TAIE S LRSS
HET R 1EHR
KLTHIMEAS 5 7 DAL 1 7 35 318 5 46 B 2
B W B AT (B 8) , AL b A R N E A
HbJZE KRB R H A Sl T OV A S Al
GO A (EN R W AR b oy | S/ U = SR I JNE
A EA T, B A RE T, ek (k)
DA A S B AT A e T AR S A e ok —
BB A B () 1 ~ 4 km {5 I N 7= H (Wang et al.,
2020; Gao et al., 2020) , ZLFH: AL ILE A F . fifha
H ) H AT UL 254G LS Y 50 43 A0 BRI, X R4
WIS R 230 S A A S A AT VS Be
SRR LS A R A FVE Li S B A A
H 2R R ) (UK SRR A B4
KB R R VAT T XF HeA T, e AR A b i et
BoEs S m-mRREEN MM AT T

@ SHSAHSEK
SEBESREK

AER-EFHH

SEEAHEE

Pl 8 LA B A7 it e ok 2 A 1 T () 1P 1T ] ()

(45 Gao et al., 2020 1554)
Fig.8 Cross—section (a) and plan (b) of the pegmatite zonation in
the Dahongliutan area
(modified from Gao et al., 2020)
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a. fEEA (REAH) Continental rift stage (Early Devonian)
SRR B A I SN -CoR AT TR

" TRE RS I
— =/
L p= P
AEF L < S, TR ey
— e
9

b. K¥EEY 5K (BEHKEH) Ocean expansion stage (Early Carboniferous)
FAEFFRRME T KBS BHETE N

|
| B

c. MHrh R (BEA &) Subduction stage (Late Carboniferous)
RS VU R

d. MM E (K=& Collision extension (Late Triassic)
wHE-Reagyr RS

]
s [7 ]

B9 Bl R i i Al 5 i 2 fE s R
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Fig.9 Schematic diagram of tectonic evolution and important mineralization of the Kunlun Paleo—Tethys
1—-Oceans;2—Continental crust;3—Oceanic crust;4—Lithosphere mantle ; 5—Asthenosphere ; 6—Magma; 7—Intermediate—acid intrusive rock; 8—

Mafic—ultramafic intrusive rock ; 9—Basic rock vein; 10—Molasse
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Be FILi W E 46, S5 4@ i % U1 AH ¢ (Cao et
al., 2021),

KET MRS Li 3 504 5.04x10°° ~ 181.1x
107,37 42.7x10°°, S Li {HAZ LT 0.76%0 ~ 8.48%o,
34 3.36% , 5 V- K fili b H5E 1Y 6'Li B (—2%0 ~
2% ) LA K2 S TRUAE i 5 3L 0T 6L {EL(— 2.5%0 ~ 2.7%0)
AL (37 #6 A% 25, 2009) , 15 78 5 35 IR X DL 52 6N
Fo MHETFEINH IR R BAERA (Li & &R
192x10°°~470x 107, -1 304x10°°, §'Li {5 254k T
—1.56%0 ~ 0.90%o , *F-34] —0.24%0 (17 Ha A%, 2009) ,
KL Li & s AHHIC (B oL s . = F
161 75 F PNl BRI A BT e OTLATELA 1.97%0 ~
4.94%0 , V-1 3.41%0 , 5 RLHIREA L (1) 1Y o'Li i
P, s R R SR 2t o (L B8 o 3
) 9 5 BT A, O'Li (8 A8 b Y0 K, h
—1.89%0 ~ 11.67%o , -1 4.13%0 , T GE 5 M 1 44 —
TR AR B v Li B E A G, RZMnn
AR A AR A B AR B O+ A
CO+ A CO, MM BAR, B — IR E R Z AT
290 ~ 340°C , AT AR AN TR I 4 5 X 5 KL W
WS [R) o BE ok A rp L 06 B TR 26 3R B0 4 — T
ANEHEFNEE—80 (Cao et al., 2021) . AR L,
TR b AL FE & Li S5 R B 4R S — ik
IR HZE VA,

KL A BV IR, B AT TR LT 1
= & 5 Alf 15 SRl 13 FS Y 1 R B B (Feng et al.,
2019; Gao et al., 2020; Cao et al., 2021) , &4t 8T
M TE AL EE A B ) AR T ik — IR E B A i
R A T S (Kesler et al., 2012) . R #1587
A3V BT LT MIME S TRUAE B 2, 615 2 3 s i
TR 35 A, TR A A K INROE B s SR T &R, I
T R LT A0 M e R A 2 BB IR . 8 A2 )5 1
1 3 PR RE e R e 0 B A IR A RS
%o SHERERE EEARKALIME,

6 1 it

ARSAIE AR PH BB 38 Ll rh B R A R v
FL—P] JE B Ry R i a A ML 5V 4 5 22—
S VDTT T RE R B 4 AT 22 ) A O B0 o AR 22
A I vty A AR — b = et AR B T YA A e v A P R
1, % L b G BER 1 4 B BOR B DR i B 64 7

T ISR VR F BT o H O TE R R A LR
FL (29411 Ma) 246 2 HA SR B AL 0w IR 11
B VEH (18] 9a) A et B K ik (1 9b) [l
A7 %t (249 302 Ma) JfF e 315 Uk K 1 25 4 7 78 T L
DURBRIZE A0 R 0 ™ VR T (&1 9¢) Al = S 1 (24
209 Ma) P & fil 15 A Ji S FLAS s B AR e ™ PR ™
YEF (E19d) o DAy e iy s i T — 24t =
Tt 52 G AN [v] B PR ) B VR FHER 2R T Aok, H IR R
b T T S M R s R DG T VR F
X o7 5 Z [ st 3 PR 285 M S e s 1 5 g 5 1
(0 AR TR 1 A T R TE B AR A 2 i, 4n SR
Ul M5 D7 5 R i R BT 8 B A A i R
TR A 4 1R 1 2 A W LT B PR B 4 e A A
ZRTE 0K T H R IR AR, A
EMA N, HEFZ0 IRTEE AL - A7 ™
KRB o PR, R AT R I Bl B A FH T
TR 1 BB A G T, S T DX A s 75 5, BE
ZEHFHZABHRE RIS AR, 17 B 38 T e X
BT S AR RARA . WA A
PR 3 P85 B T AR 2 Ry o A R A s 2 11
T B AT 2 A R R AR i 2o Al DX I 2 )
W & A N

Hiu g D7 R b Bt A AR —rh =& i, B RCR
i g 30 B 28 A7 AE A A W CBR A T 08 oy 4R 0T
P 10) b TR J 7 b R 9 U Al o ) 2% B B 11
SR A M TR . HLAAE RIS b, IE RN
EAE R HER DT S L — A B PR A A B T
A B EEAR . AR V15 B e MR I ks ) BT
HNRUE R Lo W e B S S AR R e v —
W — WA e = R GEREST s X R i fh i AR bR
PO Y 3 SRt 2 5l oh , = R A 2R, 3
SREEB R A E ERER, IFATEEE A
RO 1B FUR S AT A S, B R g
PRITE IR 5 PRSP R i D R s — o 8 41 FH
TG 1 — 25 2K 0% B RN T SR I = 28 550 i B A 1) A
W B2, 5 iy R TR v K R BB A WIS
$ro ARSCGRKEGEE A RS 1A T = A B R
PR SCIT IR, B R b s e T Ao R ) G
SRR B, AT R 1 R — S A — e B R
FOISIE , LR SRR I RS AR B, S 4
R AR 22K, MR TR S H 2
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Fig.10 Palaeogeographical distribution of Carboniferous of Paleo—Tethys Ocean
(modified from Li, 2018)
1—-Orogen;2—Ancient landmass area; 3—Deep oceanic area;4—Shallow oceanic area; 5—Large igneous provinces ; 6—Subduction zone;

7—Midoceanic ridge
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