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Correlation of detrital zircon ages among the Nanpanjiang basin, the Babu—Cao Bang tectonic belt,

and the Northern Vietnam terrane: Tectonic implications

Abstract: [Objective] During the opening and closing of the Paleo-Tethys ocean, multiple continental blocks rifted from
the northern margin of Gondwana, drifted northward, and eventually merged with the southern boundary of the Asian
continent, forming multiple serpentinite belts. As part of the Paleo-Tethys orogenic belt, the Indosinian orogenic belt
records the evolution history of the Paleo-Tethys ocean; however, key scientific issues, such as the location of the ocean
basin and the subduction polarity, remain controversial. The keys to addressing these questions lie in defining the structural
characteristics of the Babu—Cao Bang tectonic belt along the Sino-Vietnamese border and clarifying the tectonic affinity of
the North Vietnam terrane. Specifically, it has to be determined, whether the Babu—Cao Bang tectonic belt represents a
suture zone of a wide ocean basin, and whether the North Vietnam terrane is a component of the South China block or an

HEWB: HHEAMKRFFESHH (92355302) ; ™ [ # 594 & )7 #5798 & 5 H (DD20160201-07) 5 =5 F9 44 £E Al BF 5% 1 %l 5 H
(202401CF070004 ) ; 2= 54 M J5 A R 5 45 6 F 9 6 4 & 39005 H - ( 202301BA070001-007 )

This work is financially supported by the National Natural Science Foundation of China (Grant No. 92355302), the Geological Survey Project of the China
Geological Survey (Grant No. DD20160201-07), the Yunnan Fundamental Research Project (Grant No. 202401CF070004), and the Special Basic Cooperative
Research Program of the Yunnan Provincial Undergraduate Universities' Association (Grant No. 202301BA070001-007).

B—1EE: HH (1989—) , B, BHUIR A, FEMNFEVR KM EAUF5 . Email: xialei@kmu.edu.cn

BEMEE: T8 (1983—) , 5, BIFFRA, FENFWEM 5. Email: weiweigco@mail.iggeas.ac.cn

Wk HEA: 2025-06-13; fEEIEHA: 2025-07-14; RABHP: 2025-07-15; MWLM AR 2025-07-21; F[EHKBE: L _F


https://doi.org/10.12090/j.issn.1006-6616.2025068
https://doi.org/10.12090/j.issn.1006-6616.2025068
https://doi.org/10.12090/j.issn.1006-6616.2025068
https://doi.org/10.12090/j.issn.1006-6616.2025068
https://doi.org/10.12090/j.issn.1006-6616.2025068
https://doi.org/10.12090/j.issn.1006-6616.2025068
mailto:xialei@kmu.edu.cn
mailto:weiweigeo@mail.iggcas.ac.cn

% 4 HOF. % WRTIAN A A R MY 65 1A I 4 H RO 3 R X 577

independent micro-continental block. [Methods] In order to clarify these two questions, detrital zircon age data were
collected from 31 sedimentary rocks in three tectonic units including the Nanpanjiang basin along the southwestern margin
of the South China block, the Babu—Cao Bang tectonic belt, and the North Vietnam terrane. Furthermore, age data of
inherited igneous zircon from the Song Chay massif in the North Vietnam terrane were obtained. The zircon age
distribution histograms and probability curve peaks were compared within these three tectonic units. [Results] It was
found that the age spectra of these samples mostly have peaks at 270-250 Ma, 460—420 Ma, and 1000900 Ma. In addition,
the age data are relatively concentrated around 1800 Ma and 2500 Ma, which reflects good consistency in the provenance
of the three tectonic units. [Conclusion] Based on the stratigraphic correlation between the Nanpanjiang basin and the
North Vietnam terrane from the late Paleozoic to the early Mesozoic and the faunal similarities during the same period, this
study speculates that an extensional event led to the development of rifts, deep-water sediments, and even oceanic crust in
the Babu—Cao Bang tectonic belt during the Permian. However, due to its limited extensional magnitude, this rift failed to
evolve into a mature oceanic basin, preserving the tectonic connection between the North Vietnam terrane and the
Nanpanjiang basin. The North Vietnam terrane is an important component of the South China block, and the open basin of
the Paleo-Tethys ocean should have been located to the south of the North Vietnam terrane. [Significance] This study
provides evidence for the division of tectonic units in the Indosinian orogenic belt, and guides our understanding of
Indosinian orogenic processes in the Sino-Vietnamese border area.

Keywords: Nanpanjiang basin; Babu—Cao Bang tectonic belt; North Vietnam terrane; detrital zircon age; Indosinian
orogenic belt; Paleo-Tethys ocean

o E: FRRTENAPREBEMIRTNERAAGLELEANAGRNREELI S . mEH &L H W2
TMAMHEN, ZERNAEGBRT Z 4G5, IXELFHEINTREHFELFN-—BL, BF
THERTENENTE, EEFEMNE . WARMEXERFEARFEALES N, BHEA LR F A X H
ETEZPE-HE (F#) R XN\ G- FHEFamEErmltainmtaE, IAF-F
FHEFEERERAEFENEST, DRBA MR Z LT IO AR BLrEE NI AER, B
B, BRIV LT AT A, PR X\ A T A AR Ak B 3 A i B T
MBAANEEEE T FRBEARL R FT I RN R ER-BAREETNFREE, #OTHEEFRLH
B EfME L EESL, HARERLIA, XEH &L EH 270~250 Ma, 460~420 Ma. 1000~900
Ma #y 4 % 3% 1 %%@@ﬁ%ﬁmwMMHHUUmmmtﬁﬁﬁﬁ%¢ HKARIT 3 AL T IR
FERFHN -, FAEAT AR L ARG EAER—FFIERBESUER, URABHIHKX
AWANKE, AREMNERELUXRNGREARRT N \AA-GINEFE_SLHATRE. BAR
B, EZHEAMEWHERL; KTETHY KEBEAR, RAFR HAOAE, bRTARMEHTHEYT
A AT AR, R R IV EEART 2, THBOTEFEZ LT MM
FEMEE, AERENALE LT P A EE TP RETIEFEBIE, FEEPRAT X G X
wWER R RE - ERENERME.

EHIA: HHIAK;, \F-ZTHEY; MY BmESEER; ARE LY, FRESE

FE S ES: P54; P597 XHEkFRIRIE: A NEHS: 1006-6616(2025)04—-0576—13

DOI: 10.12090/j.issn.1006-6616.2025068

WR Ay, B T P E A4 A8 R (Metcalfe,

0 5= 2021) . FEUMLEEFE I 0 B S BOR BB
1 M L BR PO S HE R B R, O f B i

B S Lty 7 T B VY R b SISO B2 e R 2 ) b T 2 7 b X 5 10 BRI S % 0
IR], o2 o 05 BRI P AR PG 1 oty e R T Ll (9 — 30T sk, 515 T R 20 A0 3R 08 (O T4, 2023) . fE
(A8 TC5, 2020) . 76 BB HTPE P A b AR P, 11 Sy S U T 2 4 Bk A M S M 42 A B 35 3 Ak A
B8 B b 26 0 ) 2 A B e (A HE R M e . B 25 o R B A RO R X B, L R B | R B 0
Sl e LA 2R T M e ) BT AE W KB AR TS LA B K VAR o R M B AR A L o R


https://doi.org/10.12090/j.issn.1006-6616.2025068
https://doi.org/10.12090/j.issn.1006-6616.2025068
https://doi.org/10.12090/j.issn.1006-6616.2025068

578 ¥R 55 54 https://journal.geomech.ac.cn 2025

WA R — N Z RS, UK E 2 RS NIFIE
(XA KRG 55, 1993) o ARy, BRSas thafy oiy
— B g 4 5, W7 71 (Song Chay) #1155 7T. (Song Ma)
B AT 1R 3 SRR — B0, T RE 2 H BT AR AR 2T I
& W 12 ) T AR 9 R] — 4%ty e 4 3 4% 52 (Faure et
al., 2016a) o I3 A % 1 B 2, A6 Bk i 58 X Ay O\
M- FHER N ZEBHKIUR S —5
oA, HEMT R T - A, IR IR R T
P2 87 FF W 7 4% (Cai and Zhang, 2009) . K EEN Ak
P A D 2 AR AR A 2R R B kB A 1 S, WA
TER 24, M 4 % (2009) A, VTR N
T B T O N T AR Y L, TR A 1) AR e
e B GBI R b A SR, I AE v B R R —
ROV NS R A, — 2 BN Ry, T -3 7T
B Ayt I A 2 10 7t AR i ST Y A 1) e AR o, E R R v
FBIE K 1 5 2% 9K (Wang et al., 2021; Li et al., 2021;
Lin et al., 2024; £ 45, 2024) ., Halpin et al.(2016) 1A
Sk, R BT R 1) g O ok B R, R AR RO
MGG T 2445 4, RS2 i i R R ok il 8 5 B0
A1 VB 41 304k 5 78 B4\ A — 8 VR 1R R B TR
TERR BRI VR A )5 JE AL T Song Hien Mg 4t %A . B4
2425 X )\ A —Song Hien W 453 2 10 b i 2 SCAH A ] 1)
fif B, Cai and Zhang(2009) TA Ay H /i 11 55 1% 68 JE Pk —
FEMEE L UK TR A7 78 by 5 B2 0 v 7 1 G S E
P, 2 P A 1 R e, 7R B R G Y B b R A
I8, Xia et al.(2021, 2022) M| TA Sy Hf R i 458 /\ A — 1
S 1 HE R S A ORI R — A K
F, b M B S — A Sz B R B, LR G 4y 52
AL I AR e, A T IR R R T
SR, T R B AY YT — 75 VT4 3 4 W 6] g A ol
R I L T R LA S

Zi LTIk, H A B 32 1 A R 1 A R R
P07 DA A 2o R 1) S A 4 IUHE P B\ A - o
4 3 7 ) R M, DL RGRR b b R ) 4 1 UE R . A
R 24 35 NG R 3 B ) R R S A AT A b
BRAG 2R TR, K 3ok S S Pk — Aok A 4R
(E-MORB) 1§, 5 #it i (N-MORB) ¥ 1 # Z i 45 IR X,
JE0 F A Bl i 4% 4 (Halpin et al, 2016), {H B b Hb
B R 25 VL 25 b 32 3 Ak U ) AR T G0 LA R TS 4R
] b 7R J7 [ 9 25 T R A AR - S 7R B b B B A A
B2 — KB (Lepvrier et al., 2011) . 2 T 55 5¢ 35 My JiE
B TR 85 N AT — i O R T R R M, DL
J st B i 9, 75 2N T 22 0 3 i A A ok o X —

)R o A JFS ik A T LA Ml B ke Y 0F 5 A 3 BT
HL A AR, ) ) R 2 R AR o B S HE
O Y Bl e, o HE IR LA 22 Sk o BRI AR SR AN A
B B TC A A — i PR S A LA B L
Pe e A7 1 6 0O 088 85 A0 BE ST, 5 i kb X i 3 4>
H4) T B TT AR G A0 R I B A AR R RO L. DR, B
T 1 5 4 A T AR R v B 35T\ A — e P R B
P00 P Y A B e B A T S 8 A R R
Y, JT TR 8 B A1 4F W 1% D XS L3 A, O — 2D 4R
b FP B 85\ A — e A S Y A R 3 i A DL B
M e Ay 3 U

1 HBEEE

1.1 HHRTFESI XS LS RIS

7 7 5 ) EL 4N K it A0 AL 7 97 WK B DF S B 4
KB IR TE K A% O A A TE — A W AR TE H Y
RVE, BPARR 4R v o A B 307V 00 B A g s AT D
45 R AR WA i B DA IX)EC 49 K i A6 2% 240 43 2, 1 b
BB I e A DRS AE 55 WK Bl i R 2k 2 1, IR it
T oP TR DR B AT L ot AR S v A R I R R 4
e AR B, LA R 3k 6 T AR B 0 B ke AR e A
1 7 52 (Metcalfe, 2021) o 7 4R W, 7y 45 £ 5 39 1)
b5 B B AR AN 32 (PR ) oF B DR A R — A
Kt (& 1a; Metcalfe, 2021) , 1% 32 #2 4% FR 4 B 32 32 3
(Faure et al., 2014) .

BRI M E A e W, A R b B R B S M
Henl 58 7 U6 7 40 B N XD BL 40 K Bl b 2k 24 o S
I I 4R 1 db ZE F£ (Sone and Metcalfe, 2008; Metcalfe,
2021) , 42 M B VY R S RN B RS L DX T IZ A3 A Y L
SEGS P =& R E R AN A
Pefih . wp =S L e AR E S R =S
TR A8 AR, ARG i B e T B S Ll 4 & 2R A
25 o8 fY I [A] ( Faure et al., 2014) o

B 32 a 1ol AR e 2 1 (B ) L BT 7
VL NA A5 22 2% R B PR 2l LN O vl i 2 e &
A (3K it 45, 1988; Zhong et al., 1999; 5K il #% 45 ,
2013; Linetal., 2024) ., Z&IEGHEZEGNERT 25
FE S 7 HOE HOBIE 5T R R 2559 [ 1Y DG . Faure
et al.(2014, 2016a) TA > 75 YT RN 55 YT 41 X 4 ¥4 1 5 1E
AL, 78 P 528 A AR 3 2 1L — 213 7 284 5 1 32 Bl BT
LIRS IG , X 2 AR SR A N IR B T — Ak s A
M, s GW 5 R E ks a W — 'R T i



554 B, % MRV N R VA 3RBTGO L R A i R 579
Hol°E 102°E 103°E 104°E 105°E 106°E|107°E
24°N 24°N
%
el %@
L &
23N J 3N
— il g %
ﬂ]:‘lﬁ% — N /@
+ %/%Z’é%
N 2
En bR v
22N N '%%é 22°N
Jg5 80°E T90°EN100°E '110°F = 120°E i
\ " AR o SN
2 SR TR S
3 otk S % N
c IS % 7
0N, == s & % o
- SOy j@“ 2I°N
‘ o > el
%ﬁ fERIHLI 3 it
\X £L7] i 4 b g
200N [ 1b + ;%,
{ ?:f 20°N +
[Ntz § . . 20°N|
=]t \ g 5
iz ESIIEN N 0  50km
\\ \00\4 ° N
500 km e O
90°E [ 100°E ﬁer st [a] [104°E [105°E 106°E__ 107°E,

[ ] semme - =ams—nwmums []#mbsh=agonmy [ |emmdoh =858
[ feratithte it [ S HbHNam CoMTeie i S8 i
Bl ook i [0 aombeb =asanis [ s a s woo

B ik feaedzinzes BRIz A
F S iviAe) L A Rl 0
] it dAterd W = A R £

K 1S 3

[~k mmia

| RS

B —a A=At R
R 48— 1R KL AR
e

a7 M 06 R i P T b VT L /A 4 5 T Xl R P L etal, 2021 20
Bl @R R AN EL T PRI KR EE

Fig. 1

Tectonic units of the South China block and adjacent regions, and simplified geological map of the Sino-Vietnamese border arca

(a) Tectonic units of Southeast Asia; (b) Simplified geological map of the Nanpanjiang basin, Babu—Cao Bang tectonic belt, and North Vietnam

terrane (modified from Li et al., 2021)
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Fig.2 Map showing the origins of detrital zircon samples from the Nanpanjiang basin, the Babu—Cao Bang tectonic belt, and the North

Vietnam terrane

(a) Locations of detrital zircon samples in the Ziyun, Tian’e, and Tianlin areas of the Nanpanjiang basin, the Babu—Cao Bang tectonic belt, and

the Song Chay mélange; (b) Locations of detrital zircon samples in the Napo area of the Nanpanjiang basin
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Fig. 6 Simplified tectonic framework of the Nanpanjiang basin, the Babu—Caobang tectonic belt, and the North Vietnam terrane from the

middle Permian to the middle Triassic
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