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Late Triassic Magmatism in Western Cambodia and Its
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Abstract: Late Triassic magmatism in the Indochina Block is significance for
understanding the tectonic regime and transition following the closure of the Eastern
Paleotethys Ocean. However, previous studies have predominantly focused on western
Yunnan and Thailand-Laos-Vietnam region. The petrogenesis and geodynamic mechanisms
of contemporaneous granitic rocks extending southward into the Cambodia remain poorly
constrained, and their relationship with the giant Eastern Paleotethyan igneous belt has not
been effectively defined. Therefore, this study, through systematic field investigations,
zircon U-Pb geochronology, and whole-rock elemental and isotopic geochemical analyses,
systematically reveals the source characteristics and tectonic affinity of the Kchol granites
in western Cambodia and provides a new evidence for the post-collisional evolution and
extension of the Eastern Paleotethyan tectonic domain. Research suggests that the granitoid
rocks in western Cambodia are primarily composed of biotite monzogranite and
granodiorite, with zircon U-Pb ages of 209-203 Ma, belonging to the late Late Triassic.
The biotite monzogranite samples are high-K calc-alkaline, with SiO, contents of 69.7%—
72.0%, K,O contents of 3.24%—-5.35%, zircon in-situ egydt) values ranging from —2.2 to
+12.7, and eng(t) values of —4.2 to —1.5. In contrast, the granodiorite samples have SiO; of

63.1%—63.5%, and K,O of 2.25%-3.04%, with euyqt) values of +0.4 to +5.4, and eny(t)



value of —2.6. Geochemical characteristics indicate that these Late Triassic granitoids are
medium- to highly-fractionated I-type granites. Their source is characterized by a hybrid
nature, dominated by juvenile mafic lower crust with a subordinate contribution from
metasedimentary rocks. These granites are interpreted as the products of partial melting of
the lower crust, triggered by asthenospheric upwelling in a post-collisional setting
following the closure of the Paleo-Tethys Ocean and the collision between the Sibumasu
and Indochina blocks. Regional geological data and geochronological comparisons reveal a
magmatic sequence in the Eastern Granite Province spanning from ~230 Ma to ~200 Ma.
This indicates that the Kchol granite in western Cambodia may represent an eastward
extension of the Eastern Granite Province within the giant Eastern Paleotethyan igneous
belt. They likely responded to a post-collisional deep geodynamic process in the Eastern
Paleo-Tethys.

Keywords: Western Cambodia; Late Triassic; Post-collisional magmatism; Zircon U-Pb

geochronology; Elemental and isotopic geochemistry
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AR T S M AR AR - B e AR AR ) A AE T AR B LKt R 2R B I R R )
(R 3RV, Y0 R 7 2 A WM R 7R B S0 BT, 1) 2 448 e v ST 3 [ S8 e 2 ¢ ) 7 g
X, HmmpE g ZRE. 25, NSRS EHW Qian et al., 2017, 2025a; Wang et al.,
2016, 2018, 2024; Metcalfe, 2021). FeH AR mg Wb X A7 T RO AR R, ETBRAR R A K -F ¢
WRERAZIC XA, SR & TR T IE R B, TRAF 1 58 B R TP i i AL B A 3
TR E SRS C s, BE & T RRPR Ve R e DRI P, AR g L (V40 5 b B
L5 46 B I R I B S I BOR A BRI, 3R T TR B T IR A AR T I ) S A A A 4R (dn
Metcalfe, 1996, 2006, 2011, 2013, 2021; % k3%, 1998; Yin and Harrison, 2000; Cawood
et al., 2018; Sone and Metcalfe, 2008; Sone et al., 2012; Oliver et al., 2014; Wang et al.,
2016, 2018, 2022; Zhao et al., 2016; Zhang et al., 2019; Yu et al., 2022, 2023; 15455,
2020; ZEERIALE 2023; FIRKILAE, 2025), RN E R BB IX & T — &8R- Rl %
AR Dok Bl R G A, rAER, K2 3000 km MERLKSA T, RS
ST ZR TR AT (R0 e ek DA R i J VAR T 5 B S/ B SE P A i (] 1a; Qian et
al., 2017, 2020, 2021, 2025a; Liu et al., 2020; Yu et al.,2022, 2023; Zhang et al., 2023). H
BRI SN iz EL Y K B v L R AR B a8 R 2= 08 W] DU RIS 2R Ay 75 3
ANARFETER A, HHARMAER S A FE o T 2808 BRERMUKLAKR L KE
BZRB, HEfeE S EEAAMIERE TG, 70 5ok & 1A 22 B Je 7 0 <
By X, 1 PG ERAE e ) 3 i T 2R [ P R A S 4 AR AR (B 1a; 1 Cobbing,
2005; Searle et al., 2012; £3/NE%E, 2021; Qian et al., 2025a). AL, A EENNIZE
TR e e v DB 2 5 T SR v 0, JF AT R s B Sk 28 P A X (41 Nong et
al., 2022; Wang et al., 2024; Qian et al., 2025b).

SR ZEAL T BN SR ER U R %, FLP 52 B ST R A R, AE B S Iz s IR 42 17
TP EEME R, TEROREREGE . W RiE S AR OLEE R NE, %68
ST B RT RE 5 52 fth Hh Bk 6] A 4 =44 O (W0 Booth and Sattayarak, 2011; Fyhn et
al.,2016). WHZETTATA S 410 UL H 88 A Wy A= AR A g = B tH 1 46 B A i, DA
AR TN IR B i 2 BN 22 i BY DR F 9 8 = BEAE G 5 T AL, R Al
] BES 2R AR TR LA - A S A S5 (0 Cheng e al., 2019). {H 21X LB T
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Fig.1 Regional tectonic map of Southeast Asia (a) and geological map of the study area in western Cambodia (b)
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SC&E WL, VA S ATEN SRR R A OG0 Barber et al., 2011; Nong et al.,
2022). FIHIERICGH AR B MR i —38 5y, 322 h T s Al 45 i &
mIZA R, 0K T ENSCREH ) 2 L (Hutchison, 1989). H PG4 H B 5 i R i
A RIS, SRR R AINE . BV RS . RS S KL KO,
4 i(Udchachon et al., 2018). HHT AW NN IZACERARGE Tl R s 23
(e SR 4% 51 (Hara et al., 2020). SR ZEAb 0 55 23 305 X e 3 52 B < 3@ k- 91 56
%j(Siam Reap-Buon Ma Thuot)¥8 45 1520, H i —2-0k 2 4048 K5 fl— & AT
A (UN. ESCAP, 1993). SR ZEH #2282 255 WU 2 im oA ), Wi L= -8 A
B0, RIS NW-SE & 7 (1) 51 i 27 1 28 (6 pH AL S0 A (i 2= sk 28 oy, 2o i L
T, BLABETE R, & X N EERN—KALATEEWRT (K 1b; Morley et al., 2013).
ZWRE R E P T4 Skm TR BUSRBEMCE s R U Kb BRI 1A
WA A, 223 R 24 4 (Lan Sang gneiss complex)(Lacassin ef al., 1997), Osterle
et al. (2019) XTiZFAE b k88 o =y A AR o 5 F R 1 8 AU s A E A i, BR
T TS5 EWR AT E W B VI S AR 4R T 46-37 Ma, FF7E 33-30 Ma 5 1k,

WRFC XA T RO ZE P G B A X, XN EEHE - ER - AR
PIRHZ, HPRZLHZEFEUTE ., BRIUE. 5. BKEMELTUE NE,
AR K S UAERAESE ST L, PAERZENU =&AL B ENE,
Hh =S4 EEEUMIRE . WE . A SECE RN, FEHET IR
HUUR IR X, HPEER I o =B s 1) BSASARD S AR . A RHE
o TR VUL S = R R X, st — BRI, AW b s il s
ZH o 55 VU L0 IRT AL AR SO AR TR IE VA 2 Tl i dek B ] BL 080 BT 2E (0w~ S5 iz 43
Mo H-Wp =St R RD ORI P E KA B £ 2 1, 78 SR 58 32 BRI H P 1
e AR (B = B A B - R AR DL B R B AR IR (IR SUE B Bk 5kl
WJE 5 (4 1b; UN. ESCAP, 1993). U4k, 7 ok 5835 5% - 5T A1 48 4y P I HS 7 A 1 vy
EREHERRANGER, TEN-BERNE . ERINKE MBS BHER S HE,
[ 3 (0 T L 5 B B 73 A B TR K2 12 N U 3 S 43 A1 T B L3 X 48l (Tien,  1991).
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Fig.2 Field photo (a-b) and photomicrographs (c-f) for the granites in western Cambodia
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Fig.3 U-Pb Concordia diagram of zircon from the granite in western Cambodia
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FEERRL A bR LR B (B 52), FTERERIH B EHEER R, FA
HBHER Eu MARE, Bt KAERAFEST (La/Ybn= 3.13~7.65, (Gd/Yb)n=
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BABILEEREFRATTER, THEHEITE (W Nb. Ti 55)NHRHE, HERIH Sr
P R BEAh, AT AR S S 2R A ) A R S E K B A AR L
Fis A B T KL A 30 Sa-b; Wang et al., 2016; Qian et al., 2017, 2020; Nualkhao
et al., 2018; Cheng et al., 2019; Nong et al., 2022).
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for the granite in western Cambodia
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BRAARFES R AR B T -m 0 7 1 R KA SRS Chappell and White,
1992).

3.2 JRIXHHIE K a KAk

WA PR, AR ST A8 B R AR & B 580 0 3 (La/Yb)n= 3.13~7.65), H
Wi LG R RN I E A 510, RN EERKEFRA0E, HNb. Ti S5
SRICEARNS T, SRR ENIE TRE R . —RIE KBS RS, TR ENEE
W40 8 45 2 R AE R IR FE A 43 (U0 W e al., 2017) . 78+ 0 2 e 402G B K
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AR KA ) IR 40 VA BT FE B (U Beard et al., 1993; Clemens, 2003; Miller, 1985;
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2, ATLLBEI T AE 5 A AR X R IE (W et al., 2016; Cao et al., 2018a, 2018b, 2020).
AHIFE AL B AT i B AR 40 M G SR 0 R A B Ak, AR A o8 L
NIEW end)E(-2.2~+12.7) R A KIEX A —, Tow FFH#TE 0.35 Ga~1.38 Ga Z[H],
5 R W =S AL R AL, TR SSHIE T X S A8 K 5 SRR T ol 2 A R S
A JERAR B 5 4120 4HL R VR AV X (Wang et al. 2016, 2018; Qian ef al., 2020). Ak, ¥
i ena(OfE(-4.2~-1.5)5 eud OB IR H I RIS, 12 R AR VG S b BN
FUERRHE, XD HER 7 5 IR G PT e, EAERT & RN ena()ER T RE
HEEEMFASNSS . AR A E RN SRR A ena(OEFIF end BT
ZHTE) G — AT IR ARG R IE ena(O) 5 end OB IEVIFRO)IR S, HIRE™
Y ena BN ep (O R4 BAG B B 2R M W R AR OC 2R, TIHE ena(t)- endt) BT,



BB i B AE S AL R LA b, I N KR R 52 Y6 1 A (B 6¢; 4N Vervoort et al.,
1999), ena(WE N endt)(E 2 [HTE PRI A IS, ELAER 0 X 1 3 A% i IS Eufiohar
R(MME)IAFAE, X 3R B AE B AL A KBNS 47 445 1) B2 I\ (Barbarin,
2005; BREESE, 2016; #BHESE, 2017), 105070 FE & BAGB S 1 end O B HRR 72—
(I Z HE T A B . AT Sr-Nd ALK — o IR S R T R S IR X DUBE R R T
oI R N, I DRSS YIS 1S 5 (W] 6b). X BERFIE L S 22
R AT R X AT T YR8 B AR AE AR, TS T RA0 B 25 PR X388 5 1 R A e
AU A 52 KA VR A VR X 4 (B 6b; Healy et al., 2004; Ma et al., 2014).

DA b, B SRt bR ) 2 DA 5 T R B v b R 1 oy e o AR R s AR
R ZE (W Katz, 1993; Lan et al., 2003; Metcalfe ez al., 2013a), T AHE 5T 2B =8 —KAE
bR Nd ZF BOBER RN 1.10~1.32 Ga, BUXIF oAU R RIS, %
I R4 28 PE AL K A VR X AT RR B T 5 B i b Hef AR 1) 52 T o B4R,
T ERE S A 0.35~1.38 Ga Y HE [ B sUAE6e, t 5 EN SRR 0.65~0.5 Ga, ~0.95
Ga. 1.16~1.08 Ga [FUTAR A1 8 8 A T BAE R IE(E W) & (U0 Usuki et al., 2013; Wang et
al.,2016). L, X LERAE R B A 58 A8 B 5 V5 XA EE Y S X ST AR s X AL
SREME, FRRENAF T X oo A T A A

EE 76 9, BRI HESm 5 Zo/Y WER/RIEMGK R, RUHLEAREHEX M
FRE(UN Altherr and Siebel, 2002; Wang et al., 2021). $4h, AHFFRHITE KA RE S B A
AR AL [¥) Rb/St #1 Rb/Ba LUAE, FIRER IS X (RS — L& 7c). fEK] 8d-e 1, FEM
TR AR DL KB K S SR A B8 X3, 3R WA 0 RG22 i
AR M S5 MUAR TN 6 8 20 e BTG o, TR0 652 v O 8 A R R L 2 (8 14~883 °C) SRR Ul X R
LI e AL . BRI, X G ER AL SRR Y 2R B AT T AL A R R TR A 1
BRI R 5T 5 AR R A VR X
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K a-b #E A 7K IHEE, 2024; P c-f #% Patifio-Douce and Harris(1998); Sylvester(1998); Patifio-Douce(1999), K d 4
Altherr and Siebel (2002); & f 3 Wang et al. (2021), ZEBIE K & & WA 5 16 X 5 5 0 B0 R U5 F B 4

3.2 HRFRITER X

O BIHZE A IR AR S B 3 R AR A AR R e A — St 2 L
=R IR G S AR, JRAE - =S P& (W Metcalfe, 2006, 2011, 2013a, b;
Sone and Metcalfe, 2008; Deng et al., 2018). [A]lsf Wang et al.(2018)il 1T & 4t M 45 455 I
AR AUE I IR FIC S, SR UESE T AR dRFR NI & 15 7] 9~237 Ma,
12 )5 230-200 Ma ARG 5. thah, DA FUEE B T-FiE i 1B AL R A
AR RS A R 45 B I F A8 B P-T BUZE, 38 H i RR R TV AE - = S R A Pl
fifmf, FEME =B (231-214 Ma) CIT 4R 1 Rl (Wang et al., 2018, 2019), TIXFERIEL
i 4 Qian et al.(2016a, 2020, 2021)il i #ff 78 28 [E J 2 B U AL 3 =B 42 5 HAEH
FITIE S .

AW FUAE R ZE VT VU X — B =& B SR T KRAER S AR N K

HEAEG, BRI A e BT CARIE V) SR € VU R R AR S — B 91 209~190 Ma



Z 16, (RIS 2 ) 5 2R o R B Rl i (R TR0 AR — S5, F S SRR 8 T A
i = Bt () 5 S 4 (& 1b; Cheng et al., 2019; Waight et al., 2021; Uchida et al., 2023).
RIS, BT A0 AR B2 0 = St A A OIS T 5 5 AR R SR v A A O,
40 Cheng et al. (2019) AR U 28 P R Hh X (1 K Bl 5 2= BRI A i s i — St 25 1
TR D KA AR, JFR X — I = Bt n T 5 R R T & R AR 5 S5 B S
(UG AR IR 2R o 10 Nong er al. (2022) WA g7 e 11 ok 47 € p 0 M = 8- L0k 2 40 B
AT LA 2R [ B R AL I e = S thE A B S A R, U BT Al 5 i A
Y. 4, Uchida er al. (2023) it SRIHZE VAR T 232~191 Ma 4L
TN IR LAY 1 25 TR T8 SO0 B2 1 VLA 1 5 BN S RGBS P o ERIE, AR TR
IR P ER IR IX — 0 = B A0 1 5 8 T AR T R SR A0 e 5 1 5

R E Y K A R r AL AR, B E PR IS, SRR, Hb
U, RORERY, P = B e v A B i, S i AR R AR AR
ML A A, XEAE A Rt — DRI N PER. i LR AR IBAE K 5 48 (W0 Liew
and McCulloch, 1985; Cobbing et al., 1992; Charusiri et al., 1993; Cobbing, 2011). §ijf AT
TR, AL E B TERCT P =& I 1(238-200 Ma), HA S BUAE K & HiER{L
AL, EE BT AT S KA U 0 M RlY (BN Liew and McCulloch, 1985;
Searle et al., 2012; Oliver et al., 2014; Ng et al., 2015a, 2015b; Wang et al., 2021; Qian et
al., 2025a). i AR HBAL K 248 BIAE B 560 5 W A R - =S I8 K e e = B Al
SRS, EAT R E AR IE BN =2 )2, AU BEZE 315~200
Ma (4 Liew and McCulloch, 1985; Hennig et al., 2009; Searle et al., 2012; Oliver e al.,
2014; Ng et al., 2015a, 2015b; Gardiner et al., 2016b; Wang e al., 2016; Qian et al., 2017b,
2020; Fanka et al., 2018; Liu et al., 2020; Yu et al., 2022; Qian et al., 2025a). L IR 5T
NN, THEED MG — B it - =S 40(256~207 Ma)ft < aRER T RIEIE K A A IR T
[] ) ZE A (Wang et al., 2021). $EAk, FEUTHIFFE X 2 [ AR R 0 S FE Atk R B th 4 i
£ 222~218 Ma AL RS A, FERAAR SRR &5, EA DR 5 B0 S
Hesilffi e 7 B (Sone et al., 2012, Qian et al., 2017),  FU5 X W% ffRE 7 AL B FE 1 b 52 1)
TRy E, FIRAAE RTINS S . OF M TR AR AL X A A i 5
LA 8T s RS I A B AR NS, R Tl 2 A S R iR A 40

L



BRI X, [l B 3 AR T B 52 43 19 2 5 (U0 Wang et al., 2016, 2018c; Qian
et al., 2025a). Ifi A< ST 70 (R it s DX 1 7R Ui AR B AR R R S R B R X
[F]I EAA IER end )/ EFNFE ena(OEIDRULT ZREE K 54 W = Bt R SIS
FIRFIE, IESEEANR T RIS E A B0 (& 6, 7). RIBIEK G LR 2 HAR
L - 7R T S It e H R £ LA S R AE R A 5 T A TR U AR R T 231~216 Ma
(U Barr et al., 2006; Sone and Metcalfe, 2008; Searle et al., 2012; Metcalfe, 2013; Ng et
al., 2015; Qian et al., 2017, 2020), FFE7RH 230 Ma 5 220 Ma #§> 32 Z 1) 5 3005 ol
B, TR 2R VG = & A KA A NESRK T 40 200 Ma MAEREE R IX, AR T %X I
W = 5 TR IR - AR B 28, P JLIRIM e 1 AR o R SR DT 4 )5 o R AL
HI(E 8).
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(R K 7 8 A 5 16 B e A5 51 Qian et al. (2017, 2020); Dew et al. (2018); Nualkhao ez al. (2018);
Wang et al. (2021); Uchida et al. (2022); A7k (2024); HIHZEIGHAE K A FAQAEIE S H Cheng et al. (2019);
Waight ef al. (2021); Uchida et al. (2023)FIATF5T; LT 5)

TRFPR I T = Bt R (~237 Ma) R AR FIRERE G4, e R, PR O R
A, SRR SEKERL, P4 T BKIBIRAK, JERETINER T
TP KRR IR 5 (0 Collins et al., 2020; &3 EUEE, 2025). )5, fE47 230 Ma



AL BT, RS IS RS RRAR A SR A AE R B TR — R = Sttt
BRI K L5 (N Qian ef al., 2016b, 2017; Yu et al., 2023). £ 230 Ma~200 Ma [H], B
VRN 5 PN S YRR 3T, A PR R R . S TN R A A R A S
DR AR R AEBR DT, AT 51 RS H B i, I Fs T ) s P b A S 5
AR B BRI BE R T AN T 5 IR (K TR AR, 2022, 2024; R EB AR, 2025), TR
Gy TR/ & S YRGB SRIE T FHLFE L, BT i 30 vl ek B A BRI 5 RS 1 1
PREEER 0T 45 K (Finger %%, 1997). S FLIX IR E A #HIE 7 200 Ma 7 45 5 7~ fill
BIEMEESRNXRES A2 BKEFUK I EHE (KA, 2025), AR &R
230 Ma~200 Ma HIRESE 5 K LA RBIFE NGV -28 7T 28- AR s L XSy 2 AR An,
FOALEAZIT BA D 38 _b A AR T AR BT 5 20 1L 55 B (Barr et al., 2000, 2006; Srichan et
al., 2009; Wang et al., 2016; Qian et al., 2013, 2016a, 2022).

— MR A AR DA AE P A 2, R AN A B o 5,k
R ERBR U JAE A s R FURA AR AR B 4R 8, U5 KRR i B int el B e %2
W' 3% 4F H (Houseman and Molnar, 1997; Drew et al., 2009; Ducea, 2011, 43 pi2%,
2025). AHFFAL X IR R IIRIE 0 E DL R PR ETE, R REAE R 4
SR FE T B FTIC S B 230 Ma #7482 3 200 Ma S S A0 P 71 W] BE 5 X s _E— &
FRAEI VB 1A A PR DT AR A IR DT T BELA T4 220 Ma FH1EZ) 200
Ma 250, FSEUINE RS A B R A R T U0, fEsbidfEdr, HPEk BimrEoR
P R R R AL T KA T AR E AR, AR T ERE A L IXTE IR X R
TN Rl o LE AT P o R v, TS i A 9 A4 Rl T 7 AR B R B R (A Mahéo e all,
2002), IXECRERRAR BTSSR, TEECHTISE TS, IR SRR -onh
RAFFBD A I IRAE DRI B T — MR G IR X . B, B0 B el i sk A3 s =
FIOXANTR A VR DX A3 I Rl = AR AN (5] B 73 PR AR, SR B8R fE B R & T 1
BERRERN SR, T =SB AL, TR T R 28 70 LR A VR X RRAE 1
o AR A (B 9a-b) .
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Fig. 9 A model illustrating post-collisional magmatic evolution between the Sibumasu and Indochina blocks during the

Late Triassic (a) and Model of Melting from Mixed Sources (b)
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