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PIERAGEEMER . HURAL AN AR e 8 B U & & DU BRI IE Po A&, AT e 4
YRR M e I ERIF Y4/ (Thomas, 2011) 5 théh, 454 HEO BLE i tHEE
BF FEIR DX M R A ey AL PR (L B 2R R (Kemp et al., 2006) o SR1M, B8 854 = PR PELE
T (D YR TARE, B A AR T 2 R EUTAR BRI Hr, e LA R0 e BRAT a6 TR i
[FIff){5 /8 (Thomas, 2011) ; (2) A FEGRTKIEFUERK, EBEBEHRR—SHITUE K
H ) P AR, X S BB B A U-Pb 4F I8 3 0 fi 7] 90 33& 1Ly o K 3 5 R A
(Moecher and Samson, 2006; Hietpas et al., 2010) ; (3) %547 U-Pb 14 £ ()3} IR FE =
(>900 °C) , FEF WA AR M LA R 6 DLAE K BT 4 (Rubatto er al., 2001) , Xf
T — (R X3 AE A JLF- %A Wi N (Hietpas et al., 2010; O’Sullivan et al., 2016; Chew
etal., 2020) o PA_EPRIZR PR 11 8 B A 78 S sdae L s A i A b B9t — 2B MR . HHEEZTE
B B O PR e MEAR T 8S, ATVE AR TR e [ AR, B R BUEIX (5 R
(Carrapa et al., 2009) . AL, BEKA U-Pb H R B BIKN\(375 °C~550 °C, Cochrane et
al., 2014) , TEARJ5T R A a3 AR 56 1L BB BT Akt il — IR AR o A CangR—Fili
lidd) o BREENRE, BRARAERKTEREMER, WErs. hiks. Biks. h—E%
AR e AR A DA A S, I ANV B 2R A E R e R L B R B 5+
T A G ER R 43 AT e Ak ) 1) FLEUAME i Piccoli and Candela, 2002; O’Sullivan and
Chew, 2020) . [Fitk, #8855 AR IX AL U-Pb & 4F PA K B (15 i 70 3 A 87 [X 4k
it — 5 IR — R A ¥ B 2 T, AR A B D T B o 2 3 L R A AR
b2 0BT B 3238 1L 4 CO2Sullivan et al., 2016) , VLR FFE T AL M H o R 2 it e T
JEE R i 2R A 2 6P A T PR T O — R M A& AL A2 (O’ Sullivan and Chew, 2020) .
HTG T AR A BRAA A 1) AT R R G5 R AE B AL AR () AR ) (Stern, 20055 Brown,
2006) o X—AHH, ZilB WA (Rodinia) MRS SHMIEES THA L FERR
MG A ARRRAMTIBER, BT 7 F 5 Bk (Ashwal et al., 2002; Ge et al.,
2012; Murphy ez al., 2013; Cawood et al., 2016; Konopasek et al., 2018; Zhao et al., 2018).
R RGBT 2 KB BT ARE RRTRME R, A Rodinia 788 0K i 88 48 v A OGB4 1
5y, Hrhdg T RER AL R 0 H A AR AT B 5, R He M T 7
5 Rodinia # K58 R E X (Li et al., 2008; Cawood et al., 2013; Xian et al., 2020).
IR, BT NAREEXS & K s B A DL DB FUE BT, J5ME BL 4 AR X AN R
AL BRI — 8 BT A B DR e B[R] B 2R, A6 4547 1 I R AL 2 oC

AR M VAT R AR AE S+ (Lieral., 1999, 2003, 2008, 2024; Zhouetal., 2002b;
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Wang et al., 2008; Zhao etal., 2011; Dongetal., 2011, 2012; ZE#R*E, 2021; Wuetal.,
2024) o Pk, ASCEFZ X T OB MIGE TR 7S GE ORI AR (&
D, BUENBER AL U-Pb S EMBME TR T, G BRI R ], LR EY)
VRLLRR S T RUTRRIS BR L X X3 3 — 25— R AR M B o 2% 89F 78 AT 9 iR A A R X
VI oTaR, TRANE G . AR BUE FIREB B A C R AL, it — BB R PRI JE 2 oo
A I T A I RE SR R (S AT ) S

s (sRFE)
DXk LER (Fa) Y REME
BOXWER (k@) 7 #hEE
[ |#indfame HAE) 4 ERKE
(o sh|BEEMRE (SHOH) [|hEREHE
[ Jre-nzenng |[em|@esRasRss

K1 (a) #EmXKEdnE; (b)) &Rk RS D X B R B (38 Gao eral., 2020 2350

Fig. 1 (a) Regional geological map of South China; (b) geoldgical sketch map of the Bikou area on the northwestern margin of the

Yangtze Block (modified from Gao et al., 2020)

1 X B MR

e i it R R L T P UG 197 Bt SRR 2R B 8 (0 AR B R R e, 38 VL R LD A
(E 1) o KtR—dotiRERA A TR Tl Bike. 5. i1, BEik. K
FIEAFE RIS X (Zhang et al., 2006, 2020; Guo et al., 2014; Cuietal, 2021; Wang et
al., 2023) , BAIKRZHIGEFAFCHAMEMEENRBERHEAESE S (Dong and
Santosh, 2016; {74, 20205 XA AVEIEIL, 2026) . 2Ol T4 FREiSFEILZ (K-
1b) , JEBRIRIE LN (Zhang et al., 1995) o Xk & i & LA A2 HEE T35 M Hhth
FRAGERRH Rt AR I T A (B 4A%, 1992; 5K5iE%, 2001; 5Kk, 2010; Hui et al.,
2017; Zhouetal., 2018; Zhangetal., 2020) . #iyciifQIEE OBE. BEFHEMI AL T 28 0 Hb
BRi¥ A AT, —F DR BT RO T, 23t BR TR — R T R AR R ) K
PEALM . vk R—Yid R R YU 2 5 R T 38 D AR L vEALAITE R (& 1b).

BOREA-BXL—URFS, FEOEES. @EMAME. TRE. ZRZLE.



Je G MRAUCE A GRFEAESE, 1990; H4 N8, 2004) , JERU X7 800~840 Ma (Bader
etal., 2013) . DEMBNERE (RIEEKE. NKE. EKHNKE. AR ZKEMERKES
) FEMAGLEE OB K AN, W NE—SW & FRIE 2LV, 5 E BN /75
i —8, JEMREAR L K LE S (820~880 Ma, Xiao et al., 2007; M-7%E, 2009; Wang et
al., 2012; HAHTEZE, 2013; “POeil%%, 2014; Huietal, 2021) o XEEEI A A S
BN HBERAL 2R AL, A TR BT A S AE3E S 5t (Wang et al., 2012; Hui et al., 2021),
R KRS (Wang et al., 2008; EAKYTEE, 2008) o dhsbh, B4R H /b= BA K
P HBERA FAFAE BT 0 AR (~689 Ma) VR K (Yaneral, 2004) , W fig 5 [RHH
J V2R B AE P R U4 Ml X 1) e — T 2 5k D R W VR A L — R 3 5 3 R T A T 4 3
KRG IR

REPHRE R — B R IR — VR I AH RHE EE R TR P 1, DO B 55 3 Bl DA TR £ ekt
R B TH0S 1 B AR RO, R0 vl L 22 () o K (Hui et al., 2021) o HF}
TR RS0 A 3R A LR R I (B 2D, T TR (it 1 e A1 i, R 2 1
FARRNEER T . AMHDIRSG ORI E . D R — VR RS LA S BRI A AR
AE, RFKWFEEE SRR BE U LB AR E . WD R — IR AR A LA K & SR
HRBRE AT, RIS BRI SR TR Rk 2 DR e I8 AR 2
R, BEFHRE S A B VS 3 K R I S ORI RARAE, FRAR VT RE Y BT AT 7 B BT
(Druschke et al., 2006; Sunetal., 2009; Gao etal., 2020; Huietal, 2021) . 5Kil7:Hh
A B K i 3 5 1) 2 AR TG, 5 BRI AR ol 5 A 1 A T I 7 R e T AR A AN SE %
SEURLATTARIIR S BEAZ WA (Draut and Clift, 2013) o MLk T, FESFRHBE F 51X
S TSR EMIEETY, EUFRE T RIR IR IEFIVRRAE, At 78 7R L
Gogoo i ARG AR L T EEE O

AR YCRAE L B AE 55 3k 5% PR WA — IR D30T . Feep, AR —RRLBE K 2 b
(19BK36) K H AMALKH, GPS ALFrly 32°54'38.01" N, 105°18'18.69" E, HATHUIRHIE
RS G, B EBEARAEE (25%) « A% Q0%) EEKA (25%) S&%)E
PARCR BB (30%) o 2 8 A 8 URLIE 3 40 e v . BB IR M 28, ROFAEAIE R 2 Hh
(2>, UKL YT L T AH X R A ] R s A S O i B e . KSR DA
(19BK40) K HFHIAICE, GPS A4hrhy 32°58'50.42" N, 105°14'50.22"E, HAHURH
MBS . EEBEE (30%) « A% (25%) LKA (45%) FdBam (K
2) . KZECEBMEEEEAR, HmetAt. &BEh &6 E 2 MUTRE B,
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Fig. 2 Comprehensive stratigraphic column of the Hengdan Group, along with field and petrographic photos

Abbreviations: Pl-Plagioclase, Qtz-Quartz, Lit-Lithic fragment
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Fig. 3 Representative cathodoluminescence (CL) images offselegted detrital apatite grains
Solid white circles indicate the spots analyzed for U-Pb dating; The numbers denote the analysis spot IDs and their corresponding
single-spot 2*’Pb-corrected ages and uncertainty (1s); spots without labelled ages were excluded during subsequent data screening; IM,

LM, and HM in parentheses indicate the apatite trace-element classification results, as discussed in the main text
WEIE KA U-Pb 58 SR AE A AT BHRBORK 22 b [H BB 5e 184 1 5 3 5 8 R s e =
SERG, RO R ik — B A 2 B TS (LA-ICPMS) AT 04T, XA A 193 nm #E 45>
TWOL (Geolas-HD) F|ih &R G+ i A0 TUMAF L1 (LS55 79000 o sedid &, ZAUE
NEA TSN TSR, FEREN ICP S 4 i AT Jeid@ i B L 2 S8R A5 .
WO EBER TR 32 pm e ~RR AT AL & — AN 20 B I SOREE, BSR4 70 s FIEHE R
BERSIA) . BEANFT RO AR O T B S I BRIERBURLR . B TR IBEACH S AR R AT, 3D
S DX Tl AR AT LA 2 SRBE K/ R URL HEAT T K TG 22 b oy AT o 43 Hr 45 SR A3 Tolite K1
(Paton et al., 2011) X HHEHATEL M HAH . I EERKIEULME TR & ERIE.
B A R TG R S AL IERTE R NIST610 J5AE, WAR TG RIER $Ca. X T U-Pb I 4,
8 VizualAgeUcomPb fifF AT AL T, 2461+ FH T lolite H1/¥) VizualAge DRS, RS IERR
FEHARL I BT S &2 (Chew eral., 2014) . FEF5FEN Mad (Thomson ez al., 2012) ,
FaFEN Mud Tank. 7E5256 70 7 it 27 3545 Mud Tank JIACTFEIEER N (456 £ 14) Ma, 7%
ZEVU N SHEFEE B (456 + 18 Ma, Sun etal., 2025) o B R EBEK AT ER K Chew et
al. (2011) J7¥EiEAT 27Pb IZIE, %7755 T Stacey and Kramers (1975) $2H (At (B 0 4
AT AT IE AL IE « AR B IR A B TURL AR RS A ] 207Pb 2 1E 1) 206Pb/238U 4R (R AE X 152 2
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BEATIRE, USRS “HZECEI4Es 1, BT SR A L B 2 EORS AR AR A TR S 5 3
B A D 7 4F 8 BUE HIRE B BE AR, L rh SRR OB A TEUN B B & BB, il A 5
St R LUAB 8= (Chew eral., 20200 , {8 HERAT FRIZRMLAE e B S5 i 2 B K A 1R L 52 4
A AERS, AT MR > A g R e A SO A JE B 213 8, b 175 S5 297Pb
R IE 206Pb/238U 4 AF X R 22 Wl (2 T bn i, e 28 OR B L1 9>82%.

3 4R

BEK A U-Pb 4ERe 0 Hr 45 R ILIE 3 R 4 (I In#cdhs . ScienceDB #i#life: 1R L1545,
2026) . BEFHEFREBERG 2 2 A LA, HEBERERK (B3) , fRRITHEBHERE.
F8 53 TR T B A A UKL B A T G 52 . S — 1A S5 AN — ROGHRFAE , T 5 — S R0 U 2 3
RMX G — IR ICHHE (B 3) o b b, SCRREAE 8 B R T o (0 o8 W KA 1) 3 4 M
NEH, B RRIATBEL T T e WINGE : (BAUSE CL R4 B AS 2 LU I sl BRI 2R R He /T
FEH . B, ASCRAE#KAMETTERAR (SrY EREREE S8 , KAHF RS
(SVMD) SVE N BEPHREWE I8 B #4730 28, T T 60 00 8 B KA AT Re RS SR B (B 5D
07 12 COBAIE 52 R 28 X 2 1 W A A AN TR SRR, T AR08 14 5 28 BB B K s (IMD
RE—hFAAFEMZNE (LMD BAERE (HM) | S BIEKE Km it 1
RAEKE (S) « BEEERUE (UMD AR BIRKEE (ALK)  (O’Sullivan e al., 2020) .
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LM ¢ (14%~20%) A1 HM L (12%~18%) , 1fi S T UM BYH) 5 i 2> (1%~3%, B S5c~f).

1.0
1.0

19BK36
B#4H

19BK40

08
1
08
|

06
06

“'Pp/ "™ Pb
207 Pb/ 206 Pb

04

04

0.2
02

0.0
1
00
1

4 4
/]EUI iJth ZMU’ ZDSPb

B4 BB BRI TW SR R
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Fig. 5 U-Pb age characteristics and provenance discrimination of detrital apatite from the Hengdan Group

Kernel density plots (a, b), proportion of each lithological category (c, d), and support vector machine (SVM) apatite classification
diagrams (e, f) for the Hengdan Group (after O’Sullivan ef al., 2020); Open circles in Fig. e, f indicate that ages were excluded during
subsequent data screening; Abbreviations for groups: ALK. alkali-rich igneous rocks; IM. I-type granitoids and mafic igneous rocks; LM.
low- and medium-grade metamorphic and metasomatic rocks; HM. high-grade metamorphic rocks; S. S-type granitoids and high

aluminium saturation index (ASI) ‘felsic’ I-types; UM. ultramafic rocks
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Fig. 6 Kernel density plots of detrital apatite of three main types (IM, LM, and HM)
In panels b, d, and f, the division of the Neoproterozoic regional tectonic—-magmatic evolution stages on the northwestern margin of the
Yangtze Block is based on previous studies of magmatic, metamorphic, and sedimentary rocks in the study area (Dong et al., 2024; Wu et

al., 2024)
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Fig. 7 Age—geochemical plots for detrital apatite grains classified as igneous (IM)
(a) Sr/Mn versus U-Pb age. The dashed line at Sr:Mn = 1:2 is used as an empirical boundary to estimate the relative contributions of
metaluminous and peraluminous igneous sources through time; (b) Sr/Y versus U-Pb age, showing temporal variation in the relative
mafic versus felsic character of igneous detritus; Both panels include only grains classified as IM, and the curves represent LOESS
smoothing; The shaded band represents a schematic division of the regional tectonic background, primarily used to compare the

relationship between the age—geochemical characteristics of igneous-derived detrital apatite and the regional evolutionary stages

4.1 HEFERTERRGRE
BT ANRIERE P TR S T B R R B B 40 U-Pb B8, B H R KUTIRER R € 84 720
Ma (Druschke et al., 2006; Sun efal., 2009; Gao etal., 2020; Huietal., 2021) . %R1W,

ARSI U-Pb BAELE R PIR I T —24<720 Ma IR ER (n=12) . X TiXEIFEREE
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B A 1) FSEE AR B P R AR R I F R R 3, I AE S B S5 SR A R R
ST RUE ST, DA X BRGNS A T, AR SO T, XA
BE R AL IR ERS (600~700 Ma) E S 1 BPHEFUTRLS (¥ X 808 /A4, Tk
RSP RTOR R EIR, BT

TG, IR B AR A TE R 0 3 ) I Th 2K 2 R o v AR R A (LM-HMD T
IM BUBRIAR > (B 6, d) , FRANZE] T RRERRERRERKER. KR, Brddis
ZPHILLAE 620~720 Ma HIRI 12 K & 2 IO A 5 K53, 4 680 Ma #-KAE 5 Al K
s (CRETTEE, 2006)  635~650 Ma KA HIRRITATRE K 1LA K [F B S 545 (Zhao
and Asimow, 2018; Liuetal, 2022; Zhaoetal., 2022) , LK 620 Ma HEEME—FPEEA
H (FRIESE, 2014) o« T BEAK AT U-Pb 44 & fdss AR LA X LIR (375 °C~550 °C, Cochrane
etal, 2014) , K GTEEHIREME RATE S B — IR bR A s HE,
T LA 55 1 B A A B, A AR i 2 4% AN e LR PR B R TR AR I A R e o 5 R 3
DX 337 G v AR 3 0 i MR A P 5 0 Bl 5 A IR RE TR T A R BER
A1 U-Po AR, I HLIXHEAF5 A8 8 B 20 SURLZE RS FHE 38 1 (R 445 R B ik F L
AR oA LU R BURIE (5.8%F1 6.6%) , RFILH IR EEEMES . BRI NER AT
REAIARRE IS . X ELAE R OB A SRR R AR SR TR 5 B T XA A T A TR R, &
AAEDIRRE 10 2 MR v LA 5 7 AR E R B 45 8 SRy U-Pb SR EE . 1
SR AR (B A E R P B U BT SRR B S N HER, IR B0 e TR AE MY

EEBEA RS, ARG FA S EFEA IR F A m. 25 Bk, &G A%
JB B £ U-Pb F R UEHE LASedS S b IV R o8 Tl 2 A1 47 U 1 S RURE TR &SRR AE, BT TR
RS MATE 700~720 Ma i A5
42 FMTERESHEBBAALBETUREYEEX

RFHERE B A R R O R A A R R, RSB A A BB A 1
IS [B) 3 AR, Ul IR PR AN R DUAR B A7 iR JE B K A AGE SR T 2 M B IER N, 1©
SR T AN SR 9 E BTG o AR RIS B AR DR AE A . b, I AR B B A o ket
R, FREELEHT 700~900 Ma, 5XIH L2 & H K#c RO KGN —8, &KW
IM AR o ik 2 5 B VR T % M I S B 0 . HML BB R A A% A 108 R
FREE 1T 800~900 Ma 4t, 7E 600~700 Ma [X [B] 1A /> & HH I, & B i 0 1) B4 3 0 1 2K
41 U-Pb 1A R BUERIFENE ;. LM BUBEACH ) 2 30 A2 600 Ma 2 1 000 Ma (#4575 A7 RFIE o
MR 5, B MRS A (800~1 000 Ma) A REICT T H7 yo b AR R4k



b 5 SRR E P B BN TERA (600~700 Ma) I BE AT ¢ S s J)-HF
DU ) DX 32 R sl R SO R BT AEAF I I TomR o It B AR S A0 o g 4
Mo P AR AR LB AR A (LM-HMD  [R5E0E Rl BEAAE B sl I . 4k BF, ARSI
JIE B8 2 A F A SRR T AP T SR P B AL B R X A NS B, B I TS AR B K
£ U-Pb 1A R M.

HM BB A 38 5 T B850 e M s 25 P 1 X 332 i R b 5 348 23 WS A 555« 41 i
P Ab S oK G L AT 2 BEIS S X 35110 3% 14 820 Ma (A A AR AR, RifEZER
IR A AL, N SRR RIS i 52 B8 5 | BRI 5 4R 1 3 8847 5K (Berkana et al.,
2022; Heetal, 2023) . Bk, #EFHEF 800~900 Ma [ HM AL 14 J& 8 K A 1R AT R 1E 3% T
X— B S R AR XY R RN . AHEEZ T, LM BB A R N L A KT
800~1 000 Ma ) LM BB A, H AT ABEARER HAd 3t 1 oot AR W Se bl 5t N ik
b R IR DR AR AR R SE R TR, TR DX 8 S A ARG A F 1 BB A e %,
N AEAE— Lol B3 (BB ITT R S Nd-HE0 FAL2) K9 1 7t He v Jb 2%y T o
R 3t 55 I AR AR - 5 DX A 5 J 2 A A R S P 8 S — 3l ) AR A i 3 (W er al., 2024,
2026) , FRHLFEHYEIE )R] (860~870 Ma) L2 —REIAF|Z) 60 km (Wuetal,, 2024) . i
X 600~700 Ma [FIFF B BE AR AT, FRATAIIHS M T 1 FH R UURRUS (K9 X AR 242 o A A
T A PR S T R XN, TR 3 AR ) XML R B R A 1 A 2L S5k LI o BT o5 B 4Bk
BURIL, HS5#HFRPILG—TEIES) 2K E 1 600~700 Ma 4R P4 & S A R TR b m E —
Bo BLIAAR P S S ARERE M FAE T AR AT RS A 3 v B A ol 2K 0 UL 7= AR T AN [ 7
JEE MR 38 I BRSO NG T R AR, P AR o Tl 2 A 288 75 I [ (1 788 4 BE A T R i
RTHANBMERE: —JH, 800~900 Ma [ B AR )4 5 IR th— i 2074 o ik Je R 48 1) I
B A SR AR B s 55— 5T, BRIUTAY 600~700 Ma [X 384 SORHIURR G B s = 26 T
BREMSE. F, HM 85 LM BIZEGER I LI 2R, 87 R ErE 6 g A5 e
154 1 30 S 1o R AR e R AR T TR TR

RE— 35 KRR B B AR AT BT E VR X 5 R AL, #% SVM F5E Sy IM A
(I A A UL AR oK, 28 St/Mn—4FE#S R St Y —Fi R R (B 7D o BRI,
KB AAT ) St/Mn LU AT 7E — @ FR P b IR WOR & A SR AR A A 4 R, b SriMin
= 1:2 AT X 43 AR HEAR B 5 I 45 IR 0 SR I 28 56 43 F s Se/Y AR U FIREL IS J Bl 5 SR AR K
BB R— KPR ME & & SrY AR (O’Sullivan et al., 20200 . FEESEHAIR, XKH5)

FESGEH T KRR B, &K LM B0 HM BURLR A8, 0 R] R R AR Jo 25 445 i BV A
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—FUUEEA 3 Sty Mn. Y R LREE RAM RIER, MITHxd 6 & 5% 05 IR e
S5 REIR, 900~1 000 Ma ) IM BYRE & B K A BEAR R AR B 8 Sr/Y AE, 870 UKL [F]
I BB K St/Mn {8, [ B IL R A B Bk B HL DLV R 5 A 3 1R B AR b 7 0 5 PR RFALE
(Chu et al., 2009) ; 770~840 Ma Bt B¢, IM BUBURLIY) St/Y {HBEAAREAS, Y& 1E StMn = 1:2
Oy FE DL BRI SR L5 3 I, LOESS “Fi il 2k th S RA% St/Mn B iR 2, R
TR AR R AR RIS R TR PR B b R 2H A0 BT 3R (Chu et al., 2009) o 454 X381
820~880 Ma FEME—HPEZ NE . 800~840 Ma 9K Ll 7 PA K [RIAAE 54 B 5 2 6 3l,  BARHT A
SHZHN X K TA A AR A FTRLA IR 78 AR V340 H 0 X IR AL A2 CanEd 6 s
FEMIPEP IR, KEEIRAE) , HEM T RS A L e IAER G ARE T T MR T A9 2
I7] B R B DICA SR AL R, I AE B B B 5 BB BRI AL IR B EA (Wu et al., 2020,
2024; Lietal, 2021, 2024; Dongetal., 2024) . %5 A4 %M LG (E4EE B
) 810 Ma FFEALZ L) 770 Ma, VA i 5 148 I 47 21 03 i DBl 2o o ARBIUE A DGR o B
TR A B, RIS 2 AR DR AR T R R (AR, A
W 2H 55 P A2 00 i Tl A A A U (i 2 TR) P B S 2 S, BB 77 AP TR B4 ) A0 08 1X 2L s
BB . AL I Y 810 Ma, [RIR AR B T A% B8 2 1 iy 6 il AR — ot dy AR AR IR 41
53, ULRIHADIESE o B, BEHESZ T RS IR, IR T — 8 LU IR ol 2 2 R B P A
WHENE: ML, BB E RN 770 Ma, HAERNETE &S, R TR
IR IE A R TTRR I 5, VR DX R RE SENAR T T AT R AU R R X . T, A
20 57 B HUAE R T 8 2 F 4P R IR W B 1 22 5, AR VT A S e 2t 70 SR 2 v VR X 30 b 2 ot
FOBEERS = (RS, T ARAFE A5 P ORI AP E RSB IR B (K 2 5. 5340, 720 Ma fREEME
FPHERI BRI A, A R 1 B AR AR 1 o 25Tt IR 2 19 720 Ma 164 . (A
DB R YT AR 8 108 P o A 2 T SR I8 R R 58 , TS 32 3R R A 18 T 1 . T 225 R 1 2
7 BT S WP K RS T8 P R AL P R A B A, THTAS R X R AL M — 23R, (R4 6 X
A A TARE . TS A0 VR B R R S E ARATT

AN SO P B 1O B 4 A B S R B S T B R AR A 1R 3 2 s % 470 VR AE 48
(Druschke e al., 2006; Sun et al., 2009; Gao et al., 2020; Huieral., 2021) . 52 HitkL,
AR SO BB Tl 2R A 5 SR NP R R AE ORI AR A SR L T (R R 7 2 R BT R
50 i Tl A A AR T P L R AE /2 — 38 ISR T4 780 Ma (&1 8) , RUIREFHREUIAA
Y EAR I R H et ARIUE Sk R SR1TT, B EER A EEEREER. —T
T, BB A R R NY) 720 Ma, [R]85 ) S0 SR s B P B 1O SR OB AR S s 1)



B SR <720 Ma R ER, (A EERLHRA (HM-LM) , Bl fEid g IiBUE
(F172 B B PR SO S o 55— DT, WSS B A AR S B A R T S22 800~1 000 Ma FH
ot E A (1000~1 800 Ma) £EREZH 7y, RIS h—FEME KOs . IR—h RABUE Ko
B PR A5 58 AR s TR SR8 B A v B B S 9~2 500 Ma 451 0 JU) B 4 e S 1 R AR
LRI TR EAERMNE, ZHIEH~2 000 Ma R4S, TLHIRTEEIR X A7 7E
HC T ARE R AL Sy, B R o AR R IR AR K FE AR R FOAR N o 5 TR, BB A
5 0 o5 B A CE R PHAREATE 7 Hh LA T M « R A B T R SRR PR B K A
YOS IR ASKESE , 17 4 S B Wt — P 48R T 9IS SRV N PRI B R R | AR R iR
PRI UL S M RS UR A RO BINSGE . & 454, W A ) R 7B i dh 2%
070 T AR ST e 18 A 3865 3R A 50 P A e TR A T B
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Fig. 8 Comparison of detrital zircon and apatite U-Pb age distributions from the Hengdan Group

Literature data of detritaf ¥irgous aefom Druschke et al., 2006; Sun et al., 2009; Gao et al., 2020; Hui et al., 2021
43 I FRERE LS T R RS TR (L RSN 2 e

TP EERY 8 B A R T B FLR B A AR AE R B, i TR A R A % 1 ARIE IR X 114
JFRINRHE, WIRAE T 7R PE AL S8 oo o AR i — 5 SRR AL I R AE 2 v fy i) 1 3
PP AR ORI S5 FR R J5 (45 W S A2 AR 30T 5 SRR R 12 - 1 LR FE 3L 0 7 )8 Bl 2K
FHELLIM BN, HAER EZEH T 720~900 Ma, 5 BIUTR 255 4001 A 2R 7k R 2 [A]
FAIERHIIE—ICAE KRR HULFER, A4 RIE U ) 3 46 43 7 40 810 Ma Al
770 Ma, HEBARE 7AHXE 2 Kol R—rh ot AR AL, Ak I o o
PREE 53 LB B e, 32 AR BB A ) 2 b V8 X SR AR IE 8 AN, TR 423 T EARDR 3]
BEngErh . dil 2R S R ICE L FALE R R IUE KRR RS R . IM AU
KL StMn—4FE A Sr/Y —4FEi 58 Rt — 25 IR, BB BRI JC RSURRE JoE 470 8 s FL A AR K 4
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=) Sr/Y AE AR B ) StMn M8, Feas HUGA B A AR Bk BRI AR B I
BB BRI AR Sr/Y AN SE s FU R St/Min gy, 18 R S U AR s AL . A
AR — K LT 20 5 B W 1 o . IR AR AR, REPHREA LD SR T 9IS R R (M e st
AR T A JR IR R L BOH A 9IUE SR LR R I SR AL IR 72

RPN T S B — ) K B IR, S AR AT 1 T R A 5 56 e ) 88 (1 AR i
HM BB B BT IM B, (HAERS FZAE T 800~900 Ma, HopAitHxf4Ed, R i%
FATORL N LA B 1 X 3 R L S5 A B TR PEAL SR Gl BRI X 25 820 Ma (1)
F N B AR K R R A H e % (Berkana et al., 2022; Heetal., 2023) , fEnfESTREH
(Y] HM RRS0RLEE AT R S e 1 9Bt V0 2R 3o 2 o 1) b — o 0720 O 6 JE P 4 T 31 8 R G 1) 2 b )
PIREN  Hk, BEPHEECSRM AR BBALf) A KRB A, T — A EI s
SN ORI SR 1A Jo 5 A B i N P B2 A RV AR R o 3K — a1 o A AR e B s
TEH g A b — 1 L R A R R I E 24N 78 (O’ Sullivanep@l,\ 2016; O’Sullivan and Chew,
2020; Zhou et al., 2022) . #Xifi, 600~700 Ma [¥] LM F 4800 [z B 1) 56 1] B A2 P BR DT
R B XA, TR HERERRN . ZER BRI BRI N LM-HM &, H
TE M AL ANRR R IUZE o 1 BB RSB, SRR RN B B0 R0 & AR % . 5 PHE 1A TE
T X —B sk J5 . FHF RS2 600~700Ma SRV RN, TIX IR 16 F R AE 5
EEEAI TR Z, HEPRIFRMERIX MR . &5 T Rdb G — i ILZAE 600~700
Ma | Z KB MR A KIS RNE RIETEE TR (R85, 2006, RK &S, 2012; Zhao
and Asimow, 2018; Liu efgf,;;»2022; Zhao etal., 2022) , XSRS FURL T 1] AE 10 A
FHREUURR R 22 P R e vt PRIE 3 28 o /R AR PR R

LR LRTIR, WP SR BRI TS SR IR AT AR B, H ARSI
RANFF SRR B IR X E AP AR U AR s AL K 72, RIS R B 7L R —m
JR AL TS R DB e R s LSS, DX R 1 s e N o o A R — AR B, X
WA B A BURL™= A T W B BS0E . DRIE, REPHRE P R AT ) 9 A B — I Z0 A S AR, TR —
B RIB DT A H AR AL VTSR0 o7 5 i 3 8 DA K% W B A B I S0 1 B A TR i
Ko SXBOHERE . BREMPIRER ARG &, A SCHE B A SR — P S R T
Bt SRV AL AL BT 7o ARG T T K 0 Bl et 5 0 e 18 A Y8 4, 78 I e vy ARUR AR B (A3 A
#5340 (Zhou et al., 2002a, 2002b, 2006; Dong et al., 2011, 2012, 2017; Zhao et al., 2011;

Lietal., 2018; Wuetal., 2019, 2023; Huietal., 2021) .
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(1) BPHREUTRUE R B BE K A7 U-Pb £l SR RAF e RO E, B4 A0k 30
H EIELERE 73 3] 94 810 Ma A1 770 Ma. T8 BEAKA R ITGER SVM 73R4 R BN, W JE B
IRATEN T BG5S B Bk K lcE N, HUOUMR—Th R R SAE R (LMD Ml 4k
B (HMD , REIBEPHRETORY) EARIE TR oo s AICE RAA R, IR — 2 thilr 2
JRIE SR TN o

(2) BEFHEF HBLE 600~700 Ma SEEREJEBE KA L2 LM Y, HARRS S ] gEiC %
OB A B XA o /A8 A, AR R RE B D N » Z35 00 NBEJE B5 47 U-Pb SR LSRR
WEFTA IM RURE i B A A SRR A AR AE,  BEPTRE B B R UTAR GRS N 43 720 Ma;  H AT
FABE AT B T T ICHT A B ), B AR AE 6 B K Pl 14 2% 1) 5 AR A A AL I T St e i)
T B

(3) AN 20 A% o8 Tl A A ) A6 0 AT DA S IS ORI Se/VIREL - St/Y {EL Bl 45 18 (1 A8 4k
FEFEHL T 957 R v L 20T o b AR — 3 LA R A A R IMALRE AR A 4R 7R 700~900
Ma Y] 1] &5 3 & S F S8 [ G AR, ELAIE DX RE X 23 B8 A0 e 1) S A v TR R 9IUE 9K
BZ M (800~1 000 Ma) )5 (LM-HM ) A& Fr B T IRtV SR 72 o IR 2 v —
TR BRI R BN MEFERD (600~700Ma) LM-HM A 8 550 )i 5% 7 8o iR
W9 DS R S AR T o DRI, BB B A AD s T B IIUA e BLaa T AL,
0 T VIR 1AL J5 2 ek ) 2 DA A 6 0 04 S B i e PR S0
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SCHEASHIE RO R 2 800 O e [ B2 B AL B 41047 (Science Data Bank, ScienceDB) V& AJF K
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Detrital Apatite Records of Neoproterozoic
Subduction—Accretion Evolution Along the Northwestern
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Abstract: [Objective] Forearc basins along active continental margins can effectively preserve important
sedimentary records of the tectonic, magmatic, and metamorphic evolution of adjacent magmatic arcs. The
Hengdan Group exposed in the Bikou area at the northwestern margin of the Yangtze Block, serves as a
well-preserved Neoproterozoic forearc-basin succession. However, its response to arc-related tectono-magmatic

processes in adjacent areas remains poorly constrained. [Methods] In situ U-Pb dating and trace-element analyses

Foundation: National Natural Science Foundation of China, No. 42403010
Corresponding author: WU Peng, E-mail: pengwu@cdut.edu.cn



U R

were conducted on detrital apatite from sedimentary rocks of the lower Baiyang Formation and middle-upper
Yangtianba Formation of the Hengdan Group. These data were combined with genetic-type discrimination of
apatite to reveal changes in provenance composition and their response to the Neoproterozoic
subduction—accretion evolution along the northwestern margin of the Yangtze Block. [Results] Detrital apatite
ages from the Hengdan Group are dominated by Neoproterozoic populations, with major age peaks at
approximately 810 Ma and 770 Ma for the Baiyang and Yangtianba formations, respectively. The Baiyang
Formation contains relatively more Paleoproterozoic to Mesoproterozoic detrital components, indicating a greater
contribution from ancient basement materials during its deposition. Based on apatite trace-element characteristics
and SVM classification results, detrital apatite from the Hengdan Group is dominated by I-type granitoids and
mafic igneous rocks (IM), with ages mainly concentrated between ca. 740 and 860 Ma, corresponding to regional
Neoproterozoic arc magmatism. High-grade metamorphic apatite (HM) shows age peaks concentrated at 800~900
Ma, which may record the exhumation and input of regional high-grade metamorphic basement during
arc—continent convergence. Low- to medium-grade metamorphic and metasomatic apatite (LM) displays two age
groups of 800~1000 Ma and 600~700 Ma. The former may be related to low- to medium-grade metamorphism
under a prolonged early Neoproterozoic subduction setting, whereas the latter may record the influence of late
Neoproterozoic intraplate magmatic thermal events. The age peak of IM-type detrital apatite youngs from ca. 810
Ma in the Baiyang Formation to ca. 770 Ma in the Yangtianba Formation. Tegether with the age-related variations
in St/Mn and Sr/Y ratios, this trend indicates that the provenance, 0fthe basint shifted from relatively diverse
sources to a dominance of young arc-derived magmatic materials during deposition of the Hengdan Group, and
that the magmatic arc itself evolved from a juvenile arc system into a'more mature continental arc system.
[Conclusion] Integrated detrital apatite U-Pb geochronology and trace-element characteristics suggest that the
main deposition of the Hengdan Group most likely occurred during the late stage of active continental-margin
forearc-basin development under a long-lived™\Neopreterozoic subduction—accretionary setting along the
northwestern margin of the Yangtze Block, or during“the’ early stage of transition to post-orogenic extension
environment. The maximum depositional age of the Hengdan Group should be close to 720 Ma, and the succession
was subsequently overprinted by late Neoproterozoic regional thermal events.

Key words: detrital apatite; geochronology; Neoproterozoic; Yangtze Block; subduction-accretion
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