FaE H3w A OA U W ¥ R E Vol. 41, No. 3: 569~591
2022 4F 5 H ACTA PETROLOGICA ET MINERALOGICA May, 2022

FEEMETHR=Z8ZESZNARBEATLE
REHEEX

RMIAED q) Yk RO AR
(1. PEHFEA (IR HERRBE S8R, Jbat  100083; 2. #HifE K2 L TR, F% T 810016)

 OE. RSB T A G i S R AR R 2 ), SRV VG ) RAT MR AR B E A KR )
0 T I TE I v R A — P AR A ] B LA R0 PR 5 i AR, TP BUA SRR S B L SRR R D 6 T H AR PUBE S
ELA AH [ 0 R 5 YA i ANV BT o S A 3 BT R 165 P B =8 R R ST A R S5 1 bRk 25 AR BT 5 40 U-Pb 4R %
Ko Hf R ZR 2 B, DA AT 55 VT 2 () T D RR A )0 DX oty RV B S B, S LS DTRR PR 3 B RRALE ) i e R K
FA A, B AR HTIG H ARTE i< B R ARy A AR Bt SR AR (o 25 Ay 4 55 VT 2L I8 25 1) R s 7R Jid 25 T RE AR
TR =F R A 85 U-Pb 4508 3BT W1 % 55 AR 381 R 70 B i i AL B SR I 7 RO B A
PR, T PG B R H B, ity v RE A T2EAK B X R B2 1]

KBRS REMEAY ; BES AL B Hf RN E

B4 ES: P578.94"1; P597; P595 ERFRIRES . A XERS: 1000-6524(2022)03-0569-23

Detrital zircon characteristics of the Triassic Longwuhe Formation in the western
segment of the Zongwulong tectonic belt and its tectonic significance
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Abstract: The Zongwulong tectonic belt is located between the northern Qaidam tectonic belt and the South Qilian
tectonic belt, which is generally distributed in a NWW direction. The voluminous magmatic activity in the eastern
part of the tectonic belt records the process of breakup and closure of the tectonic belt during the late Paleozoic
Mesozoic, while the magmatic activity in the western part is relatively rare, so it is unclear whether the eastern and
western parts of the belt have the same tectonic evolution. Based on the analysis of geochemical characteristics,
detrital zircon U-Pb ages and Hf isotopic compositions of the clastic rocks of the Triassic Longwuhe Formation in the
western part of the tectonic belt, it is considered that the provenance of the detrital sediments in the Longwuhe For-
mation was slightly weathered without sedimentary recycling characteristics, and their original rocks are mainly fel-
sic rocks. The main provenance of clastic rocks in the Longwuhe Formation is the southern Qilian Neoproterozoic gra-
nitic gneiss and early Paleozoic continental arc granite rocks, and the clastic rocks may have been deposited in Early-

Middle Triassic flexural basins. Zircon U-Pb age analysis shows that the tectonic evolution of the eastern and western
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segments of Zongwulong tectonic belt has different processes. Limited ocean basins developed in the eastern seg-
ment but not in the western segment, the transition zone may be located between Shengge and Luogenguole area.
Key words: Zongwulong tectonic belt; Longwuhe Formation; detrital zircon; Hf isotope
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Fig. 1 Geological schematic map of the research area(a modified from Yang Jingsui et al. , 2010)
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Fig. 2 Regional stratigraphic columnar correlation map of Longwuhe Formation
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) b — LR 5 2 B TR B 1 (LA-ICPMS) 52 B
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WOGHIMIERE R G0, Tl S155 RUXUARFIRE fhith, S
TR Agilent 7900 1 LI & 45 B T M BUEAL
FLRMEA )75 W, Lin % (2010) , HE [A47 200406
FH 193 nm ArF (Eﬁ%{)%(ﬁ'ﬁ%ﬂ’fﬂ%?ﬁ, A Australian
Scientific Instruments il , %5 5 RESOlution LR,
Z s B v R B A B T AR T ) (MC-ICP-
MS) 1 % [E Nu Instruments 2% &) il i&, %54 Nu
Plasma 11, #5306 K A4 A BIREIN G 4
SIMOCEE R TR A R, BB N 3.5 )en?,
RBEEARHN 50 pm, $A 8 Hz, Rl 40 5, ik
SR EA % A MC-ICP-MS 58 it 0 3 st
PR AREIN 5 BURE A, RN 1 RS 4 (L
$5 GJ-1.91500 . Plegovice . Mud Tank , Penglai) , VLA
gk HE [0 R H R e

3 AR

3.1 EEMBKLFNRER
311 FEEIuRFHE

FER EROCR MR R (R 1) BoR, HEfd
Si0, W& mR e, A FEEN, S 69.69% ~
74.46% , EXN 73.11%, W& T UCC (KRB -y
70) M PAAS (LR 04 ) . ALO, B R 7E 10. 52%
~12.83%, F¥h 11.13%, fiiT UCC K PAAS; &
A4 K,0+Na,0 K 4. 60% ~ 5. 28%, ¥ K
4.82%, 5 PAAS #if, 8T UCC, B/RAl 7w
fi%; MnO MgO . P,O0 1 CaO & A,
3.1.2 fEICE 5 LR FHE

B G R S AARIES 4 1) &40t uce
AL, T2 ( Se V., Cr.Cu.Co Ni) &R
AFEREEE R 8 (8] 4a) o i EEITTR AT -0
I B PR A AR TR B s BR AL A RRAE | TR 1T 56 27

X1 HBEHNEETE(w,/ %) MHEITE (w,/10™°)
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Table 1 Analysis results of major (w,/ %) and trace
(wy/10™°) elements

FESL4RS  HO03-1 HO003-2 HO003-3 HO003-4 PAAS  UCC
Sio, 73.90  74.46 69.69 74.37 62.80  66.60
Al, 04 10.60 10.52 12.83 10.57 18.90  15.40
TiO, 0.48 0.48 0.60  0.49 1.00  0.64
Fe,0," 436 4.05  4.60  4.41 6.50  5.04
Ca0 1.15 1.43 1.93 1.37 1.30  3.59
MgO 2.06 .82 2.15 1.83  2.20 2.48
K,0 2.82  2.79 235 2.87 3.70 2.80
Na,0 1.85 1.95 2.93 1.73 1.20  3.27
MnO 0.065 0.064 0.069 0.070 0.10 0.10
P,05 0.117 0.108 0.160 0.123 0.16  0.15
Icv 1.56 1.55 1.53 1.53  0.88 1.70
CIA 57.21 55.08 54.98  56.45 70 48
PIA 59.42  56.31 55.22 58.30 82 57
Y 20.19 21.84 23.39 23.29 27.00 21.00
La 27.97 34.88 48.72 33.45 38.20 31.00
Ce 48.97 61.47 85.07 61.8 79.60  63.00
Pr 6.46  7.60 10.35 7.53  8.83  7.10
Nd 23.37  26.73 36.36 26.10 33.90 27.00
Sm 4.26  4.69 6.12 513 555 4.70
Eu 2.00 1.83  2.09 0.61 1.08 1.00
Gd 3.82  4.37  5.53 508 4.66  4.00
Tb 0.63 0.67 0.79 0.70 0.77  0.70
Dy 3.84  4.01 4.52 419  4.68  3.90
Ho 0.76 0.78 0.85 0.87  0.99  0.83
Er 2,17  2.26 2.46 2.60 2.85  2.30
Tm 0.36  0.37 0.39 0.39 0.41 0.30
Yb 2,28 2,32 2,47 253 2.8  2.00
Lu 0.36  0.36 0.39 0.38 0.44 0.3l
Se 9.45 10.19 12.19 9.0l 16.00 14.00
v 62.36  68.12 65.54 59.53 150.00 97.00
Cr 40.29 44.20 46.46  93.90 110.00 92.00
Co 1000 9.72  10.66 8.30 23.00 17.30
Ni 21.37  20.50 19.47 19.47 55.00 47.00
Cu 7.43  9.21 8.34  4.97 50.00 28.00
Zn 50.07 45.42 46.64 51.28 85.00 67.00
Rb 91.34 97.84 70.46 81.40 160.00 82.00
Sr 270.44 300.93 349.23 329.20 200.00 320.00
Zr 138.06 159.24 197.41 190.80 210.00 193.00
Ba 3380.13 2819.69 2878.45 5033.00 650.00 628.00
Hf 4.04 4.26 5.48  5.21 5.00  5.30
Pb 18.83  23.63 19.89 22.41 20.00 17.00
Th 11.87 13.42  14.09 12.90 14.60 10.50
U 1.65 1.74 1.84 2.15 3.10 2.70
YREE 127.25 152.34 206.11 151.42 184.78 148.14
LREE  113.04 137.2 188.71 134.69 167.16 133.8
HREE 14.20 15.13 17. 41 16.74 17.62 14. 34
LREE/HREE 7.96  9.07 10.84 8.05 9.49  9.33
Lay/Yby 8.82 10.79 14.15 9.47 9.72 11.12
8Eu 1.52 1.24 1.10 0.37 0.65 0.71
3Ce 0.89 0.93 0.93 0.9 1.06 1.04

CIA=[ AL O,/ (AL O3 +Ca0 * +Na,0+K,0) ]x100( JE /K H) ( Nes-
bitt and Young, 1982), CaO " LB REMR LT W P Y CaO, R H
MecLennan( 1993) Y 35118 (CaO * * = Ca0-10/3xP,05, Hrhln
B Ca0 ™ " <Na, 0,0 Ca0™ = CaO ™ ", FM| CaO ™ = Na,O(Fedo et
al. }1995)) ; ICV= ( Fe,04+K,0+Na,0+Ca0+MgO+MnO+Ti0, )/
Al O5(BE/RH) (Cox et al. ,1995) ; PIA=[ ( Al,05- K,0)/(Al,0,4
+Ca0+Na,0-K,0) Ix100( FE/REL) (Fedo et al. ,1995) ; PAAS ¥
Taylor and Mclennan( 1985) ; UCC #i& Rudnick and Gao(2003) ,
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Fig. 5 CL images and age distribution histogram of representative detrital zircons from the Longwuhe Formation
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Table 3 Hf isotopic compositions of zircons from the Longwuhe Formation clastic rocks

WSS AF/ Ma 76 yh/ 1 HE 76 Lu/ T HE 76 1/ 17 HE eHf(1) tpy/Ma typy/Ma Srome
10 797 0.014 419 0. 000 622 343 0.281 671 0 -21.71 2193 3034 -0.98
21 794 0.018 989 0.000 795 944 0.281 798 2 -17.35 2 029 2765 -0.98
29 250 0.001 244 0. 000 045 999 0.282 146 6 -16.65 1519 2 315 -1.00
39 539 0.023 138 0. 000 898 543 0.282 167 3 -9.84 1524 2110 -0.97
48 434 0.041 135 0. 001 539 360 0.282 284 4 -8.14 1385 1 924 -0.95
64 432 0.039 089 0.001 484 619 0.282 268 3 -8.75 1 406 1 960 -0.96
69 2 509 0.014 770 0. 000 635 457 0.281 2756 2.32 2 730 2 865 -0.98
79 413 0. 028 691 0.001 076 103 0.282 3295 -6. 86 1 305 1 829 -0.97
93 436 0.024 432 0. 000 922 709 0.282 367 5 -4.99 1247 1729 -0.97
101 805 0.038 780 0.001 444 381 0.281 945 1 -12.26 1 859 2 460 -0.96
104 438 0.016 660 0. 000 629 327 0.282 339 0 -5.85 1277 1785 -0.98
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(0.000 045 999~0. 001 539 360) FiI"HL/ " Hf(0. 281 275 6~
0.282 367 5){E, "°Lu/""Hf Y/NTF 0.002, KHHEEA

B BA T eHE(0) (=21, 71~-4.99) , F£HX
SERR o i 1 E ORI T e W I AR IR, BB

S M R P O A RAR A BT e T
-1.00~-0.95 Z [, FH{EHK-0.97, IR THEERE
HIFEHY £, 00 =0.34) FEERR BT 7Y £, =0. 72)
(Amelin et al. , 1999) , K — i B =04 S BE RE

WEAE I 3 A 7E 3 034~1 729 Ma ZJ8]; {UA — L
S T IE eHf (o) {H, XA By BEA 2CAE i 0
2865 Ma( & 6), BMWE LM MFE—EREN T
A TR, SR X e A K — R B
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Fig. 6 Plots of ¢Hf(¢) —U-Pb age (a) and two-stage Hf model age—U-Pb age (b) for detrital zircons in clastic rocks
from Longwuhe Formation
T R MR A S T AL I Blichert-Toft et al. , 1997; Griffin, 2000
depleted mantle, chondrite and average crustal evolution lines from Blichert-Toft et al. , 1997 and Griffin, 2000



580 w AU W ¥ R K 9541 4%
Bt AT PTA $850K 50 (Fedo et al. , 1995), B
4 Vg S5 TR SRR S PIA B 55.22~59. 42, Al 1
WS AETE (57 ; Rudnick and Gao, 2003) 43T, it
4.1 ESTREXXLRTRARBREFMER KT PAAS $51fE{H (82; McLennan, 1993) , [Al#E3

TRIX AL B 508 TR 3 B 2 O T A PR 3%
L) 4% i & 0 8 VTR A AL 2F 5y 5 0 ) A Ak
(Bauluz et al. , 2000) , W8 A M FEAHEITRYA
BLRE % 0 4 M W U5 ORN A i IA bR R IR SR B
(McLennan, 1993; Zimmerman and Bahlburg, 2003)
T2 A TG B0 5 F R R R 5 2 1 KA FE B, CIA
febr 2t ) Z 4§ PR Z — (Rieu et al. , 2007;
B4, 20135 AL B4, 2016) , CIA F845 (4 R4
TIRERS S b it 25 U5 5 Ak 24 WAL RR B (e B, 26+
Y Al TR W E EERMS ALO, S &AM, [
AR R R 25 W vh i 4 IR L e+ 4 JE T R 1 KUk 4
i F3 K,0 Fl Na,O W& EFEMK. CIA=50~65 #
FERBMIAL, CIA =65~80 fAF P24k, CIA
=85 M8 /R 58 ZU XL (Fedo et al. |, 1995) , [ 55l
HEESHY CIA {H43 7T 54.98~57.21 ZIf], Wi T
K2 WAL | HbFE B CIA bR #E(E (48; Rudnick and
Gao, 2003), {&TF PAAS (70) Fl 57 73 v 4 (77,
Condie, 1993) [ CIA Frififd, FRAARESIAFE A
LI TR, 5 CIA FEEARRL, BHC A h AR
R PIA 35 B HUE S Al R R A 1 KB AR

A
i a FiE o S < L )
T L3 20 Nl
A 1z h
60 F
mak O
= FHA e WA
O LR
40 +
20 F
O B
0
CN

B T RE S 2 D AR E T - 0 e o, AR o - A
JREE Y Ae s A A ORI A R S B A
FIRREfE 22 XA #a e A—CN=K &g ] DL A TR
B9 XA FIER AZ AR JE ( Nesbitt and Young, 1984) o #f
M BCETE KA - R A A AR (K Ta) , R
HOR & Dyom ZURAL, FE 5 4505 OB R 2 26 i 29
A-CN FHE XA AL, RUIFEMETT T — & 1y 8
SAVER], BRR I R 2252 1 2 ol — i S 2 B 1
EAE . 1CV 1378 S48 BUR VAN ) o A
B H I (Cox et al. , 1995; Potter et al. , 2005) ,
ik 1OV (EAERE B UIRE R A T8 &8 10 i
DORIRIX, HRCA B E, TEE S B sh i EE T IR
AYFFIEER, 11 TGV AH = B B LRSI 7R T TR
YIAERY 1 BE45 05 BR 2% 8 F 89 90 A #F (Kamp and
Leake, 1985), BESSTAIZHFEN ) ICV {H R 1.53~1. 56,
T PAAS (0. 88; Taylor and McLennan, 1985), Tl
CIA F8EURT PAAS, RWIFEM 0B, kA
TR S T R IR X (& 7b) .
4.2 WRFRIERER
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Fig. 7 A-CN-K (a, Fedo et al. , 1995) and ICV-CIA (b, Nesbitt and Young, 1984; Cox et al. , 1995) diagrams for the

Longwuhe Formation clastic rocks
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T A R KRRk, S EUR 20 AR
ANEAFAE, WRIB A S AR 2 ST i 4l b 45 DT AR
VE R R b e T 1) I R A R A, RB IS0 S
AL R R B AR D SOF RS LR 5 A5 B
(BBHBFRE, 2012) , UUBUAH 1R E 85 G2l
FROERRIT Y, SRR, BARME P EE
JIRBCTHE, HOA 3R B A AR R M2 B L DL S A
AR AAE I TR E S, B R e ) 4 A S Hem
A2 T AR TS 25 0T LA W i DXy AR T 22
D3 A8 125 — FA =R 4 3% 31 JJ5 72 ( Dickinson and Gehrels,
2009) , iz FHEJE 5 A0 0 R S % A 4T % 3 B8 3 mT
DI b J2 T RS AR 5 47 45 R 249 3R ( Valladares et
al. , 2004) , 383K E B A U-Ph AR a5 )5
Pl H B8 A I A T O, AT AT Ml U X 1Y) 22 R
FAS [R5 JoT ) A8 A AR IE AT i 0 (1 U] R 350
A LU 5 B — IR 3 — B S R AR Y L, [ A
JE N EE DX I -8 T Y T R (B R Y A
2006) ,

TERE ST AE S, s dk BT 10 sk 40 4F i
JEFH T R Z AT, 1A AR e AR AR,
A7 BN, AR BHE BT AR R R A A A
FERAFW X [A]

4.2.1 Hooh IRFRE L

FE G 1 TR TS 45 A AR oA TR T TR A 37
W, HCh 33.3%, RGBT A ARSI A
B A E IS, R T 885~605 Ma Z[H],
WEfEAFEIE A 798. 5 Ma, A iE—24) 4 885~836 Ma
F1814~605 Ma Widll, HrowdifUaEKIES 2 kE
TEARE RS M X, KB 434 2 W1 (1 000 ~850
Ma F1 800~730 Ma) (Lu, 2001; Lu et al. , 2008; Li
et al. , 2010; Song et al. , 2010; Tung et al. , 2012,
2013; Yuet al. , 2013; Fu et al. 2019) , 435X W T
Rodinia K fifi 110 2R R4 M = 14 MEESS (2018)
OIMT T (A WA T A7 IS AR M X 52 55 WA Y A4 DY 1 A6 B4
N, WO HEA B INE0E sh KRk 218 X A 1
JE M, SR AT RE AT AR DI (870. 0£4. 5 Ma) fiE:
FR ML SE S E ) A R PR, AR L X ) AF
FEHTIC A KB IR AgIC 5%, 40 Li 45 (2020) il A
FEHPARE R R P =8 R A S R, A
HFELERIIRTE IR PR T 51 (249 1 317 ~967 Ma) Fli%E
L TEST - KRBT h 781 (29 967 ~896 Ma) , Wu 45
(2016) FIF5E TR EHL X 1 005 ~910 Ma IR KL AL i
AT, Tung 25 (2012, 2013 ) 38 32 % #R 1% b X T iy

RAEF A (SHRIMP U-Pb 4F#4°4 919+10 Ma #1905+
6 Ma) IFSTIN R, EATATREIE T B A EE , 41034
HL X IBAEAE 917 Ma 1 940~ 930 Ma F4 A flf 8 4E i
(B HE 5 %5, 1999; Wan et al., 2000), Yan 55
(2015) XHERERE P IE G 85 A M BF R RIAE R T A
% 940~ 780 Ma B A K IG B, Sedbgfa-R -1
1o s =i g R AR T )2 R B R oG A K
RO, v M BE b AR A R R B A U-Ph
AEWE R 917421 Ma, LRFIL—HF LRI IN K A8 A U-
Pb 4%k 803+7 Ma( FE#AESE, 2002), iR 1k
B BRIl 855+37 Ma il 844+15 Ma, 84k 1L
MR AL X B RRA B A U-Ph 4Rl 855+37
Ma ( BEFMESE ) 2006) 55, BEAISA 4% Tl 2
(1) B A 25 T TR T8 oo b AR (i
AESE 20025 FREIASSE, 2004, EZEE% 2011) , #F
it 11 885 ~836 Ma HYAFIS IR I 4 /& X — B X Rodi-
nia A ML, e S AR 1 AW L B
(EfE—EH i R W R e st a4l &, H Rb-Sr [A]
(0 REACHTERAR IR 768 +39 Ma, Sm-Nd [F]fi %
PR AR N 780 +22 Ma, 4> BEAT S g4 IS &K 7
H BT SIS 2 (738228 Ma) HARFR T [RImHAL
2L FH (2R B4 2003) , T 4B 4 1Y B Rk /R
WERK A TP E) 738+11 Ma FUAEIA (55, 2018), #
B2 R S8 25 i DX %) 3 oo oy A - oty AR AR T
RESETE Rodinia KR % 4= 241#% (800 ~ 680 Ma ) fif 3
it I B (484, 2003; Yang et al. , 2006,
Wu et al. , 2016) , F£& 1 814 ~605 Ma Y 4F i 54
e SR T IX—Br Bt Rodinia #8 Kl O 2R 514
4.2.2 REARFRE R

B A AR AR IS A R S B ok, 3t
A 63 Tk A1 W M AGTE 540 ~400 Ma 2 J8], WE{H4E
44 435.5 Ma, 420 56. 8%, FMFR RS
ARSI R A i LIRS . 29 H 800 Ma
DI, B Rodinia #8 KR FRFEE 240, WILAZAA ]
AR, WSt gad i il A KRBT
PP PREE T B R K LS, BEATEEIE T 535~
460 Ma( H1{=4T%, 2003; Shi et al. , 2006; FH4],
2006; EHElEESE 20105 Fu et al. , 2019, 2021 ; K&
WA, 2021), AR, SEdbZka thay ]G s A i
7o FE 7S 5 AR (458 ~ 420 Ma) (Song et al. , 2004,
2006; Chen et al. , 2009; Zhang et al. , 2009; Li et
al. , 2019) K [F]6lf 15 18 1<) 5 1) BC# B AR (450 ~ 420
Ma) ( R—AH5E 2004, 2008; Fu et al. , 2021) H:[F]
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FW, SedbZVERTHELE 460 ~ 450 Ma 5L C &K 6
P, Ik AR - R AR Y B d o B AR v Ly, 7E
AR, L Az R ZU R T Rk, U
ol LR A L A R A T 9 B (/MRS 2015,
Z95, 2018) , A 1S 1L Sy — A0 BLAR 0 E i
T, A T4k A BT 36 b 2 8], — A R AR
T FE T T R IR o o 26 445 s — i il 4 2 e T
IS o R A G i 3 1L (ARSI AR, 19985 Song et
al., 2013) , mAABI%EHLIX [ VY 0] AR BT 22 % B A7 58
=P 1 Rty AR g e a (M A8, 1978,
B R BEAE ) 1998) , JE AR h 530 ~ 480 Ma( Fu et
al. , 2018; KiRIEEE, 2019) ; VB SSZ AlkpLkmIE
J T 539~522 Ma( Yan et al. , 2019) 1441 Ma( i
PREE, 2016) , FR BESLE - 3L MEA IR A2 07 F 450 ~
441 Ma(SRIEAESE . 2015) , IF & & SR 407 K
L1 (Song et al. , 2017) , FPHRGARE AR A) L 1]
PR AT e LR T b BB TR 9T, b BB R - LR R
HAH A (462 ~430 Ma) B T R AR &R A
AT 1 LS I s A v ) 4 3 — 25 A Bl (K B A
452015, BHARESE | 20165 Wu et al. , 2016, 2021,
ZE9,2018) o 29 430~402 Ma bl Ho T B
HFEAA R, AR M X R M TS B R, KA R
SEHRUT(XIFE1E, 2019) , SR R 1R b DX i
AT RERE f5 (19 {1 B B (430~ 375 Ma) (Wu et al.
2016, 2021) , ERWFFE R, Sedbgiid AR AL
FE WA T B AE R T 475 ~ 460 Ma Fil 450 ~ 440
Ma, 73 %R T PESe IR i (2 SRET SRl 2x BR 5 ) il
fiki — i il 28 o BB ( TR R IR 5% ) (R/NHESE, 2015)
1T e A0 322 b DX 2 K TG B ) 2 2R B T 462 ~ 430
Ma, 0 e 85 A AR S il i — 200y 539 ~ 490
Ma(2 ) 462~432 Ma(54 i) 429 ~408 Ma(7 i)
X3 MR IR, AT SedbZ, 8D T 475 ~ 463
Ma (AR EHE , 15 e AR 3 1 5 20 sk o A AL
3 AN X RN A0 ER T R A% M X AE ol A )
WIHrny 4 i | v BB HH R — 5L 3k B A R Rl £
iz ryd s P RVER

ZE LTI, BT AL R A AR A T
A F 2 LM e AR R PR AL, T s2 IH 55 (2018 ) i@ i
X BEE 5% 55 ERE (R 2 AT, TN ARAR % 55 BERE (C-P,)
PIRIX & e db 2, nTREM I B0, Rl AR AR
J&, AEXTTERAC S, REARIE IR RE T, 11T R N A S

JUGAE S 55 B B TT I 7 I 2 UL AR 1Y 32 20k
IR, B R FERA MG, R =8, 1B
o5 eIl C 2R, UM RE B2 1Y L e 57 18 2K 41
BEZ R XN FZE R IRIX

4.3 MRMKEEERE

PR ki A A1 v R AT SR ) 5 A AT IR 22 TR
Ly 2 0 i R TTARIAR (TTAUT BR) (Fedo et al.
1996; Dickinson and Gehrels, 2009; Tucker et al. ,
2013) . FEAh PR YRR S S5 A AR IE Tl 249. 6 Ma,
THIZAEE BRI — A, BRI Z SN 1 4 i
LKA 429~408 Ma(7 ) , RUIFE ST
e Zm, T8 125 J7 0y DIl ol A TR,
AR DX S5 A A v ke B EE 24 A4 Chlamys sp. |
vUa T E AR AL Calamospora impeaa Playtora |
Micrh-ystridum Setasessitante Jansonius . Punetatisporites
sp. . Reticulati-sporites  pudens Balme . Veryhachium
trispinosum 25 (FH1EA M THA BT, 2006)®, ) H
M =B R UL 1, £ FE A BT BER S A AT
WO AT, A S TR AR Sy B =S i —rh =
=i

NI R 3 PR T IR I 4 8 o, R Ak 2%
I3 BT, AT 0 A B S e B4 R 2 i o 2 B
R i B B9 A A0 Bt Z — ( Bhatia, 1983 ; Taylor
and McLennan, 1985; Bhatia and Crook, 1986;
McLennan, 1993) . #£5h S5 ARIME T 5 FEE A
AIHBERAL ZAFAE (3R 4) Bos, FF 5 A H BRI 27 46 bR
BEA KT B R 143 2~ Il B SP3BT

1£ TiO,- ( Fe,0," +MgO) 1 K,0/Na,0-Si0, ¥
Sl g b (18] 8a ,8b) , AE A BEAETE SRRt 2 -k
Fiti 59K IX 38K, 7€ Sc—La—Th [l o RE i 76 A KB 5
oI 5 Bl Rl 140 % 45 9 3 Bl i 2% 1 DX (18] 8e)
7E Th=Sc =Zr/10 P figt AR il 3 9 12 R Bl 8 90 I
I (151 8d) .

AT b BR AL A 48 B AEAE BA 2 f# 7 ( Bhatia
and Crook, 1986; Rudnick and Gao, 2003), ¥k
PRI AT REACER T W IR IX A AL 3 R 358, TR T
UGB TE BLA F 3 PR 00 5 45 5 DX Il Jo 7
AT AT o BT ST S S B AR 366 L 3y i
AW 446.3+3.9 Ma F1420~410 Ma P4~ EZF{FB
PR T SR AR e 55 40 1% b Bl e 1) s AR R O e
PRI (RASESE, 2007) , 256555 55 MR Ty

T M A BE. 2006, T I A A T 0% 45 B LU X SR 105 07 X
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Table 4 Comparison of the geochemical characteristics of the Longwuhe Formation clastic rocks and clastic rocks
from various tectonic settings
pNEITN PNGITSEN GESIPNBIE- L EI PN R it B =TI N
w(Fe,0, +Mg0) /% 11.73 6.79 4.63 2.89 5.87~6.76 8.59
w(TiO,) /% 1.06 0. 64 0.46 0.49 0.48~0.60 0.52
w(K,0)/ w(Na,0) 0.39 0.61 0.99 1.6 0.80~1.66 1.35
w( Al 05)/w(Si0,) 0.29 0.2 0.18 0.1 0.14~0.18 0.15
w(la)/107° 8 27 37 39 27.97~48.72 36.26
w(Ce)/107° 19 59 78 85 48.97~85.07 64.34
w( LREE)/107° 58 146 186 210 127.23~206. 12 159. 28
w( LREE) /w( HREE) 3.8 7.7 9.1 8.5 7.96~10. 84 8.98
SEu 1.04 0.79 0.6 0.56 0.37~1.52 1.06
w(La)/w(Y) 0.48 1.02 1.33 1.31 1.39~2.09 1.63
w(Rb) /w(Sr) 0.05 0.65 0.89 1.19 0.20~0.34 0.28
w(Th)/w(Sc) 0.15 0.85 2.59 3.06 1.16~1.43 1.29
w(Zr)/w(Th) 48 21.5 9.5 19.1 11.63~14.79 13.07

F RPN KR B9 35 21 K R 2% M98 KR 2% U Bhatia (1983) | Bhatia Fil Crook (1986)
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Crook, 1986) and Th—Sc—Zr/10 (d, Bhatia and Crook, 1986) tectonic setting discrimination diagrams for the Longwuhe

Formation clastic rocks
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JAGNRRE R T (RS54, 2010) FI5R 55 B AR
A T I — AT T Pl T Ve 2 20 W S A B R 1 s B
(393.5+3.0 Ma, Ar/Ar 4% ) (FME 5255, 2004 ) LA
KB N 5 41625 Ma (5200, 2015) &
B, R XU AT T B AR 5 1E s 4 R
S AR FEAEFHR Bt . % 55 AR B P REFE LTS 50 T
KA T Prok 2484, FS T A st (318 Ma, Rb/Sr
AR ) PSR 55 B PR 40 ( B3R 45, 2001) , TS W)
A PR PG Bl & A T e — B i —rp = et 3R] IR
B 22U AR DA R R 1 oK 1L R AR 1Y 5 DI AR (28
LMAE, 2009; F7HAE, 2016; M, 2016; Wu
et al. , 2019), 55 BEE ST b R A RFEL T 40
Ma, 7EHE =S AAMG (ER RS, 2016), -
IFFY B PR SR 55 PR T AR B S 22— R
WA XS, AER RS I PE B, T K 2245 (2020) 7E KK
o A v R P b 2k % B0 AR R A K (B
U-Pb 448 3574 Ma) , A RRA it gedb g4 ab F
Je 2 LR 5 A4 AL 3 T A B, ARG TG T AR
SRS 5 (U-Ph 4R %, 289+1 Ma) RILH K
B A 2 A B RRE (BRESE, 2020) , X R ITTE
SRS BRI AR B R IR M LA PRV AL R B, PH B
HXAT AR P EREE, R 2 T RO RE B A A A AR A TR
408 ~249 Ma Z [H] 574 %5 11, ULHE /R P B R 55T 4l
AR T R BB 2 5% 55 B Ry 3 ol AR vl AT -5 Rl 4
FIAHa % PR S IR AR X, /R AR
IREH YR TS 55 A A8 W 404 ~ 206 Ma 11 58 %
0 (BSOS, 2020) , X5 5% 55 B AR 15 7 7R B g
AR A AR Z Y R B A BE A AR g X
N, MWUTRRHIE R, A4 1 1 7Y B 1 Bt 55 i) 2 2 21
WS RLA R BRRAE AR B LA R B R
i, WA TARBMEATEN 2SS, B, 25
Rty 119 7 Bt LA 0 o il 2 P A B 435, T P BB ] g
KRB BN, W Z 8] 1545 i o] BEAE
ARG BN DR Z 8], 7E 2R B AR il 8 4 FH 4 2
B, PO B b DX U] R 300 Ay 400 1) S84 235 Ml A 5% T e T
W a N R R, DTk = AH N 1 A S S, AT
AE B AR B8 A5 P T 51 T M7 X il
AN, TS5 BRI DU T B 55 WAL BT 7

(1) 5555 BRI 20 M S0 80 b IX 3 55 T 2L 1
A AT A M ER A R IE 2R A, AR X KA

PERERRARL, AN H A DU PR AL, A B 2ON K
PEFUE AT o PR T AR b TR IR A AR
AR 4K 5 5 0] RE by I 55 10 4 1R )8 o ) 32 2
i

(2) 5355 WA 5 VY B Ay e 55 9] 2L e )18 o mT g
R vp = TR S BT 5 DR A B it BY 2 v

(3) %55 BER I AR VY BEA AL & L HA AN )
DR, RECLFARIER, MABOFRINH, ¥
He sty il REAE ARG B DR SR EN Z 1],

Bt AMBEAFOFH IR TREROE
FEL, BMEF IR EHE & iR E
Bed B A AR EE B SR H 9, fH—F
ikt
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