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Early Paleozoic Tectonic Transition and Metallogenic Implications in the Eastern Kunlun Orogenic
Belt, Qinghai: Evidence from Kunlun River Granites
Abstract: [Objective] The East Kunlun Orogenic Belt (EKOB) is a fundamental component of the Tethyan
tectonic domain and preserves crucial records of the orogen’s evolution. Although remarkable progress has
been achieved in tectonic evolution of the EKOB, systematic studies on its western segment remains
insufficient. In particular, no unified consensus has been reached on the closure timing of the Proto-Tethyan
Ocean, shift of tectonic regimes, provenance of crustal material, and associated metallogenic processes.
[Methods] To better constrain the timing of tectonic transition and assess its metallogenic significance for
regional polymetallic mineralization, this study conducts integrated petrological, geochemical and zircon
geochronological analyses on three representative plutons (North Heihai, Jiadong, and Suhaitu) in the
Kunlun River area, with comparisons to coeval granitoids in the eastern EKOB. [Results] Zircon U-Pb
dating yields formation ages of 437.7—428.8 Ma for the monzogranites. Geochemically, these rocks belong
to calc-alkaline series with weak peraluminosity, and exhibit higher A/NK ratios than coeval monzogranites

of the Baitonggou pluton in eastern EKOB. The monzogranites have total REE contents of 212-256 ppm,
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with (La/Yb)x = 8.78-21.05 and LREE/HREE = 8.15-14.13, reflecting LREE enrichment, flat HREE
patterns, and pronounced negative Eu anomalies (0.23—0.73). Primitive mantle-normalized trace element
patterns reveal enrichment in large-ion lithophile elements (Rb, K) and depletion in high field strength
elements (Nb, Ta, Ti, P). [Conclusions]These characteristics indicate that the monzogranites are highly
fractionated I-type granites derived from partial melting of ancient mid—upper crustal basement, and
emplaced during a post-collisional extensional transition following Proto-Tethyan Ocean closure. This
magmatic event records the tectonic switch from compression to extension and provides potential thermal
and material conditions for polymetallic mineralization. The eastern and western EKOB experienced this
tectonic transition nearly synchronously, demonstrating synchronous and unified evolutionary processes of
the Proto-Tethyan Ocean across the whole EKOB.

Keywords: East Kunlun orogenic belt; monzogranite; chronology; geochemistry; Tethyan tectonic

evolution
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Fig. 1 Tectonic subdivisions of the East Kunlun Orogenic Belt and regional geological map of the Kunlun River area

(a) Tectonic subdivisions of the East Kunlun Orogenic Belt (base map modified from Dong et al., 2018); (b) Regional
geological map of the Kunlun River area (base map modified from Wang Bingzhang et al., 2008)
1—Quaternary; 2—Hongshuichuan Formation, Triassic; 3—Nachitai Group, Ordovician; 4—Cambrian metamorphic sandstone;
5-Jinshuikou Group; 6—Wanbaogou Group; 7-Triassic K-feldspar granite; 8—Triassic monzonite granite; 9—Permian
granodiorite; 10—samling site; 11-thrust fault; 12—strike-slip fault; 13—fault of unknown nature; 14—anticline; 15-syncline;
16-attitude of strata
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Fig. 2 Monzogranite outcrop photographs

(a) Photograph of a monzogranite sample from north of Heihai; (b) photograph of a monzogranite sample from Jiadong; (c)
Photograph of a monzogranite sample from Suhaitu
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Fig. 3 Cathodoluminescence images of zircons from the analyzed samples and spot ages (the diameter of all yellow analytical
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Fig. 4 Zircon U-Pb ages of monzogranites from the Kunlun River area
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Fig. 5 TAS diagram and major-element diagrams for monzogranites from the Kunlun River area

(a) TAS diagram (modified from Le Bas et al., 1986); (b) SiO,-K,O diagram; (c) A/CNK-A/NK diagram (modified from
Peccerillo and Taylor, 1976)
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B2 1Y) Bu 71 579

TEJR UG R AR AL R . (B 6) , B IX B AR A A B DU REIE: K FoRfa
J6& (LILEs) Rb. KX E4; Sr. Ba#fiXf 58t %9 c®k (HFSEs) Nb, Ta. Ti. PHIE T
fie FEGIND/ Ta tb H5 4.99~1431 CFHME 9.03) , KT F2{E (17.7~17.5) (Sun and
Mc Donough, 1989) , 7EHi5%{E (8~12) (Rudnick and Gao, 2014) il N . 5 & MiiA SRR E T
AL AL, =B LR B LS AT & A AR R T R AL T BRI Ta SR T L ..



1ooog | a 1000F omz b
H 1 %
A 1 ¥
ook ¥ 1 \“\ 100 s !
- I\ s 1
= 7 WA i ~
= 7 =
2 A i } ] .
= £ \| A [\ = iy
I jop | " 2 o D
= ' | Ve 2 s
#* | g
|
1F 1
'
!
1Y, B Y o1
RbBaTh UNbTa LaCeSr PrZrHf Ti ScNiNd SmEuGdTbDyY HoErTmYbLu i Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
1000¢ . . - Sh1 4 1 e A
! A i EWATE N E, 412 Ma CGHEESF, 2024)
\ [ I 7
100 v \} 100) i
\ I = -
'
|
7 i b

s

i/ J5 4 31

1000

K, BRI, 247 Ma (FEHFISE, 2023)
RN, 242 Ma (FRES, 2023)

0.1

1
RbBaTh UNbTa LaCeSr PrZr Hf Ti ScNiNdSmEuGdTbDy Y HoErTmYbLu Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

a—METEREHETENKNE; b—HELTERREMR AT ENE 2B FEAEKET B Sun
and McDonough, 1989)

Bl 6 B ¢ X & A i £ T & E A

Fig. 6 Trace-element and rare-earth-element diagrams for samples from the Kunlun River area

(a) Primitive mantle-normalized trace element spider diagram; (b) Chondrite-normalized REE distribution pattern

(Normalization values are from Sun and McDonough,1989 )
4 itk

4.1 FAAEBMEE

ECH# X = K KE B A S0, (70.05%~74.16% ) & KO (2.78%~3.62% ) Al
CaO ( 4.52%~6.54% ) , fiX
MgO ( 021%~0.51% ) .+ Na:O ( 0.02%~0.04% ) . TFe:0s ( 1.47%~2.52% ) K&
TiO. (€ 0.16%~0.30% )  P.0s ( 0.05%~0.08% ) . H Tro/MgO fH A 3.42~7.13 ( F 3
5.44) , 10000xGa/Al 1} 2.79~3.62 CF¥J3.07) , BARIH W EHE D AN SR L. Sk
CaO & & 1] g [ WU X & AR FeVE 25 il oy B0CA A FE AR VR S T Bt b 2 s IR NaoO I 525
SRR EA IS, R KO BN A 6 A 25 o B0 X HREAE .

FEILRRFERR, BOWHIX KK AT TS a, FEa sz s i, B
Nb/Ta {8 & FK T JRUGHE, B KEGHb2aHE, HARE ~739Ma ks A, HFEFR RS HIEX DA
- B SE T IRV B RO, O BRI R A .

AR A R A R (7)), FEMVEN TR A R A I X3, 5 F e R st
F—2, BRI FEET Y, SMAEEE A/ICNK (0.96~1.07) ZFidiEX, [FEY 5 Rb
BIEME, BRPZEER NS T IRENE. 2T, RECHMWA SRR A A, RIRFAE
(F RS, 2024), WoRME RS IR LA iGE e R L PR EE R .
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SrEdidfEl, B ARME Bay K St HLR3E Eu 51U R 1S 2 ek

AHIE FORE A2 SR I AR HEAL IR [ BRI KB 7R At xR (Rby KD WIRESE, &%
gt (Nb. Ta. Tiv P) EFTHIRE, ZHEGEFERIN N G RicSRIERA R, s
FFEDCTT RERZ B pP BT BRI oG . M LR EEHE (La/Yb)h=8.78-21.05) . HEMLTH
((Gd/Yb)y=1.59~2.85) , RGBT AR A (REERAED , ARIRX AT ged -k
TR IR

Tao etal. (2026) &t HiBkE) 7)1 5L AT LES 3 R by 5 k4 e P15 b s ) S8 AL I8 R
WEMEKE, REKPWERD R WHHET, SR AREK TiO,. = Nb/Ta HEM Z 5]
Zr-Hf &, JBRTANME, R 7T EKIER, & CaO. fik K0 M K,0/CaO LA EA . MR T
JE R RS ) AR AT B TiO, & i Ik Nb/Ta FLE AN E 4 Ze-HE & i, TR IER&AME, RET
FUKKERL, K CaO. KO & i, @M K.0. CaO HABMIME . BATHIX — K8 & B R IN



fik TiO2. 1 CaO. 1K K20 MK K.0/CaO LUfE, Ff:F HFSE RAVE7H, TR E K KIEZ N
MG IR AR A AR R s 1 3L Nb/Ta HUE N KBGHEFETE R, W 3E—0 3R B 2 1 72 I8
25, 5REBOREFIEMESEREEAREEMEL, FHEZ 20 K0, & K0/CaO /& HFSE #H
X B ESF IR SR A BUAE A RHE, T R AOTE R B R E Cay (KFR, BRI AREEA iR
TUKMMRIERN B A — 0, SXBR =S A mtt, HE TRt &y 5 ks IR
REER, R EAEBE RS T A KA. A RE, BOTHIX KA KA AR
F AL B fE M PR, 17 5 T B IW BT (0T A4 58 S0 [ i Tl 4 feft e 5 P ) o e e o B
03 T SRR P R R R o0 5 i g B A 1 T2 SR e R

Gia I, ROHIX KA MBS T IR S, ARENERERE) T 2 B4 &
oA, BRIV DSRIRY TN . R BRI B IEY) RS RHE,  FERT RS2 B A R A4
TER BIRE I, ARER T 0 ok 28 3 18 1a) f il 48 e Fi ok I 1 ) 3 B e I B ) 28 R TR B . SRAR 0 SR
(1999) {EMFRARILH X BA B TE R AR I “ 10 787 MES S5 AR 7R AR e & . #f
B T ARNBAEETY (WA ATA. EFA) , BB A/CNK (0.96~1.07) 4b
THEER -5 B U P X, AN SR S BRI AR Nb/Ta LUAE (3 9.03, /v THiR(H 8~12
ZID L A EAEEA I (~739Ma) DA EARG AR B A AR, SR A R R S
. TKS BIEYIR S S5 RHEA R .

4.2 WEER

EARATE SRS SR 7 FP R B ) A TR R i I P RRAE s (HIF RSB VRN A BUTE K 5 X3,
% 7 ] B8 R BT A o - G 98 e e R e ) G D AT, i IR L BY 1 S Rl A R B, RAEOE
(2007) F8H, TEid 7T R AL I PR A TR X R RR A 2 TIAE O IRy PR 8E R B2 P2 2R 1
R, AL S B, MmALE G RSN DL A B0 55 1B E . NI UEART
FERIRIE RS, 32— K Pearce 55 (1984) FUMIEIAEEAIAIE (K 8) #4747

TEAC R A MIER A E o (), AR TR R IR R A (syn-COLG) A
TERE (VGA) Z APk I X 3. R BH LT il 5 40 h— i AF OC I AE SR B % DA OC . M2 T,
R B AR B AR AR WA A AR RS B RIS TE TR AE RS (WPG) X3, BoRti—Em A A
TE R A RHE, I8P ATE T R A e 1 5t

1R 1L T SO R, 76 R RE R AP B B, TR RO RN T H A, IX kb e T g A2 Rk
JRT, B TRNRIX ;s AT BEAR UTRVE RIEM, o S BURIX . NHbFe A ATE s e N R A T A
BB R A B, AR “T”, AEAEMMPRRBERNE K. 5% K5 (W
K. Rb. Ba. LREE. PbZ%%) JifAXf 78 HIMEHEAN R FEHEAT 17T 1200 “TR % BOSARER, g
TEMBCEMFEL AR RGN RSB, BRI 3  RIEE,  250 PE  J sk
W SRR 08 Y, BRI N e BT A UG . O 8 CRIESE L RRRLE AL 1)
WE T SRR T BERIE, TERIRT, XK (FACER/KZRIE) 1y kA5
YRR, TERIXRR TR R CENRT BRI, BAIR I EA T A BIEKARRHME (B S EiRTR
WNb. Ga. Zr. Y. REEZ) .
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R PIREE (2022) WK, 4423Ma ), REAHE LA I T I R G A 5 . £ R IsE
(2023) W\ BT IX RIE 50 B AR 5 P RE R AR o S B R IR TK S o A BTl R S
A 2 K b e RIS J AR RS S TR, TG 5 B TR 58 IR N 5 7T BE 2 IS T 7 74
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BAAIE I ARBOAI - ER R ARG SRS, HIPR T RRAL (410 Ma) , HEVEE
FAEARALIS AR AR 1% BT 0 B 1 22 v -1 75 B 11 428~445 Ma) 854, F:Eim ek B T EMIT
M BEE I 2 5T IR A, BRVE e OV R L AR A TS B ST I AR AR, DA BRI SRR R
e g se G, AT R R A

teAh, X EERE BA S SRR IREN [-S AL A (407 Ma)  (XIWEE, 2012) ,
B D RUIR B HIXE S A 2l B a2 W OB SRR B #E5F (2024) X1
TR VAR (417.9 Ma) BIBTFEHIAN, AR B AR BUE M G B T 21\ 8 i Jre
WY Bro FERDE ML (B 297 T, XIS (2013) AR B G B854 N ISR Bk i a8 1 45
FRAE I Y 438 Ma,  HUERALSARFAESR 76 1 T B R 52 B 72 IR AL A2 AR /N, B 2R LB I
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(428 Ma) LR A N 5 M AR UG HAAE IS (427 Ma) , R TTREMER R B VT M E F i
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IR R DR R T AR BT A IR ] . ZEEE (2025) AR RO X SR
SR (440 Ma) FFERHENFIRERERYBL, 7E 425~427 Ma H A28 [ B a) Jim Al J3 e e o B e 4. [
BIESE (2019) P15 R R ORI HILIE R IN KA 8 40 U-Pb 4F#% N 423.844.3 Ma, HIaHHHAAI
B S IR KA RHE, AN X E ARG 5. gR b, R B ARBGHN S Rl
iR B B IR B ) AT T SEHL IR SE7E 424~427 Ma.
4.3.2 KR HEMIEIIRNTR

MR ECHRE, R EOTBHL XA R SO >, SR e ) (R Wk Z gt — AR . BhE
WS (2021) FRAGARIEIERE 5 22 B BRR ZKAL K A R AL AN 422.5 Ma,  ERAL 4R N 70 7
AR, 3G SN SRR B 0T 15 1) S0k A b B i 5 A0 o il 8 96 00 5 AR T BRI AR B AR
(2026) K43 B ] b X 38 VA T i v V8 R N AH B v T A AR R AL B AR 2 i D 423.6
Ma. 427.9 Ma F1413.8 Ma, JNMATRIZRE T ERR T QA& G M RIEER S KA .
FIRAFRRE, RECTEEAEE AN O 2 IR S R S R . A, RECTEE
FRE X K E—B SAE XA, HEA U-Pb F# A 435~442 Ma, B NI T IR e A
A it B SE A A Bl E P20 (Li et al., 2013). [, FR78 5 HL X A6 I i 2 05 SheE i 48 vp
fE 420~450 Ma, REZIX B EARELES K FHNE . FRHFALSGEREN, RECTIBEKRER
THET S kN IE A By, LR ) o] BERS T AR B

AR FERAF R B VEE BT IX ZKAE K AR ANy 428.8~437.7 Ma. Hh BRI 4RFE
S H B R RS e A R SRR, DRI T A D PR AR B 1A B R 5 T A 3 A ] v et e Ay 1
Tl AR BB M AR, S5 CHM R, & EO B R B R 7] R 78 2
423~437Ma 2 [A], A2y 430 Ma 2247 ] BEAR 3 ) 3 e 1) 4% 6 1) = P B o
4.3.3 K. BEMLIIRGRE T ST

ZEA TN FU R AR R SO AT A EE R B O R B ol e 4 ) () 32 AR T 7
424~427Ma, i VG B A FIG SRR N 428~437Ma. W& 7ERTA]_EAFAE 1~13Ma 25, (HEEK
SRR R R (4 420~440Ma) IX— . IXFP 2SR IO T AN AR i BA TN X Sk A N 3
AR Ak R W R ] BEAFAE — 5 BN TR] 22, AT S EUS JRAE AR S (B BB BetE 22 5 . DRLG, PEECATRE
T2 X IR R W R it A P i, A R S EE BLT AR B . X AR B, R RO HLIXAE 420~440
Ma HAIH)) 2 R B fEHEAE o A KA G SR IS — B R AF, 4878 X 3oby 16 21858 il 3¢
JEAA BT e o AR ) 4% 8, UL Fo A el 2 1 St A rh Vo Ly R R e At A RUTE RA h
PR, 3 BAAS R B 3 L PR 3 4 HL AT — 52 B A BL (Wang et al., 2023). TR HE, KR
G R AENRERIES B BERAE, Hh2) 430Ma N B A RIS B, QTR FURF SR IR b
A 2 1) i il 4 e Fee PR 5 e P AN . A QPR A8 B A M DX [RIRE TSR 1 I BB B K s B,
FLTRAD B A AR R T A B H S I R AR AR, RS T RIMIE A KRR RN R R
i L ) 3 4 (L et al., 2013).

TEER N, AR V0BG FE S (] 0] L2 BIAE RS R 722 . FF SRR R N 3 7 B 22 7 1) 5
W), AW LA U1 20 1R 22 20 H+3.4-4.4Ma, P8BS IR S BRI Bl 2008 425~434Ma; 11 AR B 5] AR
W AR ZE R F R G — 45, (HlH HAE£2-5Ma 2 8], 55 RERZEVEE, B ER X a7 E
BKES, LI IRZETRE N EARR .

FJ7iH, ViR RO EET B WA (RIS Gl (B 5L, )RR L 5 [X 55
)3 B EEAR s TR B B8 &, WA W] BEAFRAE — SE i ) o IX AT R A2 R PE B RS I BT AR B
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RECHE IR — AN RGN, D T 2 BRI E b Rl Ak 1
ARG, W REEE RREEENZ&EEN HZ —. REBORBM AR S BHHH
W WREHRGZEEY . BCORET RBECIREHEET, R I P E T - =& i (220~240
Ma) (BREEESE, 20200 , IXEEH"PR T RS EHE e A 3 A4 il DUARE b 45 o 28] S Al e i 1) 4%
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2023) o PHURAED, KT R BRI TR AR B P B X, A3 AR e 0 A (1 d AR T B R
AHE, ATAE VRO VE B Rl 8 I S

FRIER BV AT LAL. R W2 DL i B md 5ol 5 3 ORI - K18 el izt 5¢ X LA
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SRR R A = R RAESE, 2014) , BRZMXARAEE EER-AREEER
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WX AL T R AWy 5 R R Wiy 2 0], 2 AR AR, X5 R BRI, W
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