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Abstract

Intracontinental orogens remain less understood than accretionary or collisional
orogens that are related to plate margin interactions. The mechanisms of
intracontinental orogeny have long been discussed, since intraplate mountain belts
cannot be ascribed to the plate margin interaction paradigm that assumes that the
interiors of a continent are rigid and hard to deform. It is now well accepted that the
deformation of continental crust can be a far-field consequence of collision, as
exemplified by the Miocene tectonics of Asia, but still controversial.

The Xuefengshan Belt is located in the center of the South China block, in
Hunan Province To the west, the eastern Sichuan fold belt is characterized by
Jura-type anticlines formed during Late Jurassic to Early Cretaceous; to the north, the
foreland fold-thrust belt of the Triassic Qinling-Dabie orogen is represented by folds
and faults of S-SW vergence; to the south, the Nanpanjiang basin is filled with Early
Triassic flysh; to the east, the dominant structures are resulted from the Early
Paleozoic orogen in Jiangxi-Zhejiang-Fujian provinces. The Xuefengshan Belt
provides a well-exposed and unique example of an intracontinental orogen, but its
structural style and evolution are still on debate. Recent studies proposed that this
intracontinental belt was formed by large scale over-thrust in the Late Mesozoic or by

Triassic transpressional tectonics. An Early Mesozoic flat slab subduction to the NW



is also suggested.

Detailed field observations indicate that the Xuefengshan Belt can be divided
into a Western Outer Zone (Wuling Mountain), and an Eastern Zone, separated from
the Western Outer Zone by the Main Xuefengshan Thrust, also corresponding to the
cleavage front. The Western Outer Zone is characterized by km-scale box-fold
structures with layer-slip and collapse folds in the hinges. In the Eastern Zone, NW
verging folds coeval with a pervasive slaty cleavage and a NW-SE trending lineation
are the dominant structure. From west to east, the dip of the cleavage surface exhibits
a fan-like pattern. Basement rocks are sparsely located around some Triassic plutons.

The rocks of the Xuefengshan Belt are generally ductilely deformed but weakly
metamorphosed, however, below these upper crustal level, a high strain decollement
accommodates the difference of deformation between the sedimentary and the
basement rocks. In Chengbu, Fengjia-Shuiche, Weishan and Shuangfeng areas,
intensely deformed rocks like mylonite, granitic gneiss and sheared schist are mainly
outcropped around Triassic plutons, indicating a domed high strain layer during the
emplacement. According to our mesoscopic to microscopic observations and quartz
c-axis measurements, the ductile deformation occurred at low temperature (ca. 300 to
400 °C) coincident with regional greenschist facies syn-tectonic metamorphism.
Monazite chemical dating by Electron microprobe on micaschist of the decollement
layer gives a range from 243 to 226 Ma, constraining the timing of the deformation
and metamorphism.

The bulk architecture of the Xuefengshan Belt results from polyphase
deformation: the first one (D1), characterized by a top-to-the-NW shearing, controls
the bulk architecture of the Xuefengshan, and is responsible for the crustal thickening
of the Lower Unit of the Eastern Zone. The second one (D2) corresponds to the
back-folding and back-thrusting stage with preferential cleavages or foliations that dip
to the NW. The S1 clevages were refolded by F2 fold with relics preserved in some
muddy layers. The last phase (D3) is a NW-SE or W-E shortening event associated
with upright folds with vertical axial plane cleavages. Both D1 and D2 structures were

affected in the D3 event. The high strain zone, corresponding to the ductile



decollement, accommodated at depth the folding and shearing of the Neoproterozoic
to Early Triassic sedimentary series. These three events are interpreted as a continuum
of a single NW-SE compression in the interior of the South China block, and finally
shaped the landscape by the formation of the Xuefengshan Belt.

Two generations of magmatism are recorded in the Xuefengshan Belt. Our
precise SIMS zircon U-Pb dating shows that the Early Paleozoic granites, which were
deformed into orthogneiss, occurred during 440-410 Ma while the undeformed Early
Mesozoic ones were emplaced between 225 Ma and 215 Ma. Together with structural
observations, it is implied that the Xuefengshan Belt is partly involved in the Early
Paleozoic deformation, but affected by the extension-induced magmatism. During
Early Mesozoic, late-orogenic magmatism intruded the folded strata, following the
Triassic contractional deformation. Zircon Lu-Hf isotopic data show that the granites
of both periods are of similar features, with eyg(t) values ranging from -10 to -1, with a
peak at -5, indicative of Paleo- to Middle Proterozoic crustal source. Thus, we can
infer that these granites are both intracontinental late- or post-orogenic products with
addition of depleted mantle source, for example, from the plate boundary suture
zones.

Combined with geochronological data, the Xuefengshan Belt is interpreted as an
Early Mesozoic intracontinental orogen, which possibly originated from the
continental underthrusting or continental subduction to the SE of a piece of the South
China Block in response to northwest directed subduction of the Pacific plate. The
Chenzhou-Linwu fault played a key role in the orogeny as a preexisted weak zone
which was activated by the far-field effect of the subduction, as well exemplified by

the Cenozoic Tianshan and the Indo-Asia collision.

Key Words: the Xuefengshan Belt, South China block, intracontinental, basal
decollement, polyphase deformation, late-orogenic magmatism, thin-skinned tectonics,

far-field effect.
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FIZLSL I, 2008) o EISCIE L7 AL L ) PR 2R = FF X A B R (R R B,
h =S AR A NS TG IR A T sk ZL 0 B AT Iy AU A vk RS A, T P e
X T B =& A A S AT X B R A G 2 (PRI B A X
J 77 )5, 1985; Lepvrier et al., 2004; #4E, 2011).

@EARMEGMNAEL, Li XH et al. (2006) $&H H AT W IR MG —
St LT, TERC TR B fufml Byl e ks (267-262 Ma); IM{EHEE
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Rz FA A KR A BIE RS (254-220 Ma), 30] B85 AT HER R %
R A JE A A% (Wang Q et al., 2005;Li and Li, 2007; Sun et al., in press).
SRR G2 1T 12407 ) 3R ZVAR AR LU, SR A LR AE R )
EATIE FBIE LA NE-SW ] 5 53, R E AR A0 T A p iR R i A% 22 1)
SERVE R T YeE Ve . e Hsii et al. (1988, 1990) kA AR LR )
T AR by B2 (I R, ORI R R LAl T A IR S, HE
LR R 0 TARIE I, BOREES L R HZE 2 RS PR, i IR
it Hefh (Rodgers, 1989; Rowley et al., 1989); fFul3iiLiih[X, Chen (1999) i it
gLy Hh BRI T S A I, iR Ll X R A AR A e AR AR ) T RREE N
SE [a] (35 AR TAE#fJEHEX, Xiao and He (2005) W73 T M1 R4 3 1%
JeJ7m, BPEH SE [ NW Hifk. FHigilHhX, H=8SLZ fiis 2 aimE N T
WA, W =& - Rk DA SIS S EEEe b, MEKE
TREME LRSS CTXA, 2005; BB, 2006, 2007;Chen et al., 2007;
Wang et al., 2007b; Li and Li, 2007; 24745, 2008; B w45, 2010). EICHESS
(1998, 1999) RLFHHATER) TAE, AT 06 i P 3 L el RE 2 2 1
R, R E I TR AR IESER: Yan etal. (2003) MRFFER I,
Fide LR L ORI, TERCT e AR 1T Wang et al. (2005) 18 o 7 55 i
W1 PRI 2 AR ARZE I TR, T LR R AR AR T~ LT O LR A
o SR, T DR AN ORI AR AR, X3l L AR AR AT W 2 A
Bt S g Al 13 ) ok, BHEIER A AE ) 2 418, Yan et al.
(2003) YA AR BRI LA C AR B 28 i P& Ik R rh, AE SR TR R T KRS
Z RS HER AT, Wang et al. (2005, 2007a, 2007¢) i 7EF & LA = I K
L PRI 22 FAEARAE TSN A, HE R R R O 2 M B 99 ORI, It AR A LA AN
B[ SCARR WA I 55 BB WIPE R SRk, b T 3 3RS RN, B T AEN
M FERRIAL R ; 1 Liand Li (2007) 38 b6 45 o AARTE X A AR 22 AT 42
I PR A4, T2 4N TE TS 1300k 5 TR RE A0 UE 485 8 3y RSP IR A A1 o,
AL T-IE 3% Laramide 3 1141 (R FE % (Dickinson and Snyder, 1978), AR TV
A e A S AR AR T 4G T A AT AN ] (10 £ (Engebretson et al., 1985;
Li XH et al., 2006), 1 HARGDVEAN ARG A Ubde A o SCRE, (A ERE, X4



B T S AR DX D T

Fepg R AR CEISCND MIEim A 32t 7Bk R, RITIE P& LK 3h ) R P AE
B 2K P 5% (1) 5%

ET EEKEMTRAS
1. JEEHHE

KALIK,  HH TR o 7 A R DR B3 Lyl Ay 50 2 5K T 9 IR B R, 3K
LA LG A4 )RR (R BT 7R B3t Ly o SN R BTy 320 L Jik . S 9 1 3 S
THELL IR AEAE o X Bt 1y AT I ARAN ], (G5 2 (R 3 7% 1) 5 P ) A P
TR A ARG . KRB AR T ] LA 2 B R )/ 5 3 L R 9%
TN A5 20 AER, Bl S R AR AL 3 B AR KRG A R B S Ab 7, W
ENNATHIARET, 5D BB R0 )2 0G0 o SR (0 i P 3 L £ 458 R L )
I (Pyrenees) 11y AEYNIT Atlas 111, JE3E[Y) Laramide i 11y AT AR (1)
Petermann i 111717 M1 Alice Springs i 1114175545 ( Dickinson and Snyder, 1978; Goleby
et al., 1989; Choukroune, 1992; Teixell, 1998; Allen et al., 1999; Hand and Sandiford,
1999; Sandiford et al., 2001; Teixell et al., 2003; McQuarrie, 2004; English and
Johnston, 2004; Raimondo et al., 20100, FE FIF AEAK L& LAty o AR BT
— JHE 1l g LAl R Bl O LD R LB AX K (Molnar and Tapponnier., 1975;
Tapponnier and Molnar, 1979; Avouc et al., 1993; Davies, et al., 1998, 2001 ), iX i
7 RS B AR IR BGA A 208 BT AR, HUERMT EXIEE, =T KEN
M TR R, R T gL U MR T 2 BRI S WIPE I AR E IR AR G
vl B T B AR A, 6 el P L BT R AR R AR R PR TE ML Y )3
AT UL KRR R T B Gy 3 R R O B et T — TR P, BRI E Rl
A& LRI — AN EE T )

H R TR G, b 60% 4 ek e fg X, 2 oA h B Z
PG LY o ] 2% SRR 2R - R 1Ly« T s iy 5 B b R Ll A
BIREAT TR IIRIE 2 o S A IR 2255 22 2RI 9T, JRIILHE T — KAt ot
IR (Ye et al., 2000a, 2000b; Yin and Harrison, 2000; Chung et al., 2005;
Zheng et al., 2006; Xiao et al., 2008; Lin et al., 2009b; Yin et al., 2010 2545 ), 4R i %}
TR, HaG k2, MiES IR REAR, WG TTEIARX 28, R
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ARG RGN 2 IR ) X R A, Sz 3 )5 T A 2RI 22 (R
T AR R HT TG AR R AR AN B MBI LUK, gl AE AN W 52 A T
Mo AL AR B RIS F B vh AR KB SCas Fy R LS 3, HO R
B = A2 1 ER I 540 (Zhou et al., 2006; Wang et al., 2007b, 2007¢c; Lin et al.,
2008), 1EJEH T Z MG A V2 R B IE KA, e m R i 1E H &
FR0%, AR RS O T i o 35 6 LR A A T A r AR UL,
WE R, HAi J U B . AR BRI, ER S G AL 2
WA R AR R R T AR A A (R A, AR BAT AR o DR e AT et pig v A AR
R RAJ A I A, S5 0 L g Lty (R SSA  S le  — MR B I DI e BRI N EAT
TN AEAREE R BR AL A4 S5 DT T AT, ARG RS B S A A RE A7 A6 I 2 5y
B, (AN 2D 56 4 B R AR BT 55308 LD 0 S W TCVE TR B A2 R PR (R R s 4
JIT CAAS I8 K SRR 27 o) J8 5 A7 T W 1Ly S AR AR a4, H 2o T B
WL VEAN TS, K= L1 I — R il 32 ity LRI 272 383024 05y ) % bk
ATSEHEI ST, IR e 1 ST A B B A 3 27 AR AR A RS, A L oAy i
R LA 2 —

2. PRI E RS2
2.1 W%

AV ST G 32 B [ e e 1 B rp AR AQR 3 s A X — SR B R o 1) JRLEA T
% UL IRIE AT TE, WIS TR S 0 T AN T, S0 M e L 3t DX FR A B )
AR L RE AN, BRI AT AR, IR R r R R K b s Ak .
FAREFELL N =AJ5 1

(1) S0 & iy R LA 22 Rilia 2l 27

FEHAT T b, R0 S50 L X BT VSl PR R BT AN 5%,
o AR LATERS, BEE AN R IE IR ARIE R R, DFiRIE A TR S WK
DURCOR AR, [R]85 i Hh ey B2 50 8 7 TR0 g 2 g 3 2 ) ) g 17 5K 2 e 22
St RS HLE T L Ly S G I X e B R IE AL D B, D SR XX
b DR IEE AL R A T



B T S AR DX D T

(2) T LAy I AEAR 2R

FERIE LA IR AL b, S SR (1 5 AR P9 2 A AT LS 0 T, B
SRR i BEAT B 40 S O — I 7 IR B0 2 S B 1 il AT U-Pb
s MEAT U-Th-Pb W7 PREHE S UL AT WK Ar-Ar SEARSEE S, RS
T Z AR INICR, e WA AL R .

(3) Herg i i AR AR I A

FEXS T L PEA AL I 7 . SEARARIT ARG b, IR KRB 279 5t O
CABEDA DI s, 234 5 vp AR ARSI ) B p AR A R AR TR A S5 MG A 5, AT o
Bt 5 AR IS AR TR K3 ) SR 3 B o

2.2 FiIRIKE

(D) BERMADE: TR TR S PREARDC I T, MO BRAL 2 . MR BT R
HR E N AMIEAS, hEFARIE RETTER AR R A T W AR A
(¥ 1] B AT WS Bh A ANZ X SR IERE 1, < JSMHEURE . “Rth i, AKX
ENURE AW isp LRIV N by 22 O

(2) B AMHUTORIEST: LA 10 20 J7 XS o B O Al ] I 455 10 5 7 DX sk o 9%
Bl R L X R, 6 R ARG . P ME-ERIEBy D)l . gy
LG LR UL RRIE 2 E2E RS KA N TG IAE R A (S L A
RIS 5 AR LI A TR R SR AN B B A I -5 - DI A R S 11
B iR AR

(3) HIEH LA RIS DA SH b B G Bt 1o ANl B P A J R TRk R 45
T R AR, RIS 75 T RO b R DX P A 3 S A 3 B 38 (R0 L 2 BT
PR AN [ KA i S A i AN 82 1T (1Y ) SR 5 1) e SO AR TEAR I TR LT 2 L 38 3%
braks PR IERE SN AL & SO AN SR 53 BT 45 SR 3t 1) 5 J5 5
ARTEHIUC S 58 HEAN RT3 A T 5 R it 2 3 PR A PR 45 TR LS R AR T 4
PRI 53 5 R T L ER VAR EL PR, A TR SCER AN FZ X O A TR R B R0 ) i
HEATARRE WA IR AT RS . SR8 S A N (R LT 2% L S8 B 2R E S, 43 bT
% 22 AP RIS S A RIS SN B e kAR I VR ) K S I S AR,
BB MERE I HE AL A SR BT AMIEE . 24 5 HIT .
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(4) AFAREEWITL: R A TRE A AT R S b, PR IX A A4 3 2 58
[ ) 3 T A A A0 st A T e v R A3 AT, B B A RTAR N AR T AR 4 B B
KRR 5 5 (1) LA-ICPMS 2% SIMS %5 #1 U-Pb €4, MEIFFTIX 2 5 A
TEFIUURRPIIRIN RS S8 . RGERIE AR U FIAL IE 2 TR AH O ) 22 R ) 2209
ARAFILAR I P-T B G IR PEPORE o 6 H AR X HEAT PRS0 R U AT 2% R ) 2 11
ST, [N 4 EAT DX Salob) e AT IR AF 7 X R B o [T B o RIR A AR
PEORE ST S A A A AR AT o I RN (0 R ISR T AR ST, LASRIE I
BE—2E 52 B V)7 ) AR IR (A A A LA B — AR T AR 55 48 ot i FE 2 [)
M fE KR BN RE PR 0 S A BRI AR L I I P R 2R, LA e R oE
(R AT B TC I T BT AT R IR, AT J5 o AT AR TR 1) AR A L3 Jod [
IR NARFIAZ T4 CUnbi A7« BEACH AU AT (RIRIAT 22408 BB
B T A 3 T FIR 38 )5 (AR ANAR IS AR ABR 52 o ARSI FORS R BUE A AR IR 5
KK A U-Pb (TIMS B SIMS)F/8% FL 1 EREHE3ET .

3. TAEEFIWIGE R

3.1 WX TAE&E

P TAENZ o | AT FETEMAN

1 ESES: e 6 H ¥+ M. Faure M
2| ERAMII AT 898 | A Wit WAl Faure M
3 SEN S 25 ¥ S ¥ M. Faure M
4 | FEACRAE 212 | e Wit MAfi. Faure M
5 | AR A 925 | ik v

6 | aAFEHREE 308 | A it

7| R E )R 354 | J¢ ks

8 | il A 10 ik Wit WAl Faure M
9 Zeslrli] 14 ¥ S ¥ AL Faure M
10 | B A BAM R 6 SEE 13 F WM

11 | #5437 SIMS U-Pb 5E€4E | 13 (as it FOOWR
12 | 850 HE [FA7Z05E 13 (s Wit OO
13 | MEAHERRELR | 6 (as v

14 | MUEAHETHRE EH | 6 s WM
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3.2 FEMI R

1.

K T W LA 1L R 2 A AN IE BTG, PRI SRR, A DA L i
MR LT, XA RIS BE AT S U R IX AR AR AN AL, B
BAKRE: KRR ZRKEEPREEE, JEEREEZE S B H .
T o A BLDORUE B AR s T, MR TE Sk A DL B AR TCa
W, WA SREIS A R TR B MR — SRR i, K2 54
R ERG T, LA i B R T 0L i 2 5 AR CE A AR B 22 5+
X153 T 5V 1 22 IR IE AR T « T 1L Ll B AR A I T 3 I IE AR B
Dy W FEATEI, DL EAR R NW WEIUIATE RRHE, 724 T RS AREHR
FEAL . PR R (HED; Dy WA i, LA 348 SE (1Y
VINRRE, FEAAETZE i3 A SEs D #A4 EAZLFEA, 78 R X B
J T ELAL IR AR AR B B

FELAAAE A G5, Bl B R AR, il SIMS #5471 U-Pb &
T, W T AR A IR 53 )& 440-410 Ma Fi1 225-215 Ma. AR
EARAE R A T R AR IE AR T A AR BB AL, T b ARARHE R s R
i s R - R T e, REDIATE

AL LR A (W R AL A VR R AR, BE T T e B S A R A
ZoBE P (0 [F) R 365 28 ST IS T) 48 243 Ma, Sy 240 5 BEF 5 1 i i A8 T A
R AR 226 Ma, 5T AR IR RUBAR AL IR ), Bl ] sl R TE 2 5 5 ke T
HFeksRL, TR T AR

e Ll SR G At FOB L S BT AR R LS, e & R
SVERCRAE S F BRI SR (I P E R P AR BE RN ,  H = S tA d  E
PR N, A IS R AR, AR T NW R IS P HERE AT TR B

T AL .
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il
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W TUTRAA A, KR EHEMRIPU 4 St E Mz f . WHE E
A, BT By, MR MPIEISRAL, MR, AR, RATIEE
#4000 KLU B g, FEKA R s, FuglAE, P s 50
TN DA A K DA S AT Il ARV = AP i X, Mt it 1%
T AT AR R ) e AR T PU AL R I AR A, 34 R AR
i TR (B 2-10, 20 A 0 ABER IR Zeie— 3 ity . PEABIRE T T 84 ef
Wiy LA PU GNP B Gk K< VDT 5 i A Songchay 2850417, 1T R A ARSI
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2. Z Gt
2.1 BoetAQ

Weoa iR, P B RAE S R T AW 2 P& 2 J5 (Charvet et al., 1996;
Li XH et al., 2009a), ZJfj T — R X4k 5t A& 3T (Huang, 1960; Ren,
1991; Huang et al., 19800, FZERIAEm PR TERH Rl rl ik BRI A D (Tt
WSS, 2007; Li ZX et al., 2010; Wan et al., 2010; Li LM et al., 2011), 5524 114 i& 48
B (B RBEE, 1997, 1999; &F R B, 2006; Faure et al., 2009; Charvet et al., 2010)
PARCRYE ] B SRAE T VL0048 H 5 7™ sy, 1984; AR 48 Hu el ™ Jay, 1985; XK
S, 2004; JHFTES, 2007; Li ZX et al., 2010; Yang et al., 2010; Chen et al., 2011;
Xu et al., 2011). 17L& AR RPAT Hsfb [y 2 EnJ 2 K2t BRT DY)
T A, FEAS AT AN 5 AT LA B AN [ M R I A PR s, BRI
TR R R PA AR B AEARE Py 1 s B IEAE o b AR, g ik B
A FRFAE 24 RV R TR ) O 8 5 ARG T IR AR AROR PP A R VAR e e
A5G S) (Charvet et al., 1994; Li XH, 2000; Zhou and Li, 2000; Zhou et al.,
2006; JHTE, 2007).

et A w5 A MBT G d AT R 2 R AR EER T 10 km (PTRES
2, Bt Feai e el A8 ORI E AN I AL e vl th )iz, A AR AR X
Wz FRsAe iR, e B T RRIE R R, AR AR
TR o U U T 32 T DA KT — 9 2 DA K — SR AR R — 1 I AT B 4
MR (TTG) 41, [RIREAE A e A FARHS A A o BFFUR, Isiddy
HHEK T BRS TE T 2.95-2.90 Ga (Qiu et al., 20000, TTG JFis HiEsh F8AE
3.0-2.9 Ga, TEVEA TRk 3.8 Ga 4k B A1 DL B A1 1Y) HE AU R B 7 1
PP IR H e A 28 /D T OR T At OB I, W REAEE R AR v Gl &, 1990,
Gao et al., 1999; Zhang et al., 2006a, 2006b; Gao et al., 2011). At i, H£E
BRI FETE AT T . WSS (1991, 1994) A TG (1) ) HRRETE 1
TFWe>1.8 Ga, T-HUIGEE 0T E ALK e )1 FIENZ X B A EAREA O R, AR
B e s e E A K IE~3.6 Ga. 3.3-3.0 Ga. ~2.5 Ga flI~1.8 Ga, [H]iAf
15>4.0 Ga (1 Z ey, X N4 ) VE R L e s 0 A8 P
SCRE (T RHTUA AR, 1988; SHME(E, 1994; THEEAE, 2006a, 2006b, 2007; Yu et

13
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al., 2008, 2010; Zheng et al., 20100, HILH[ UL, Toit 241 Hibit 2 e i,
BRG] 2 A AT 2R aA R R, FAR AT BE A AUt O A7 A8 T k%, JE4 D)
T2 W e AR o

FoCH AR, &R IETE S SRR 1], 4 IR ORI B AR AR X — I
AR LA PR A —F&4Kk (] 2-2, Charvet et al., 1996; Li ZX et al., 2002, 2007;
Li XH, 1999; Li XH et al., 2009a). VLt ilialy, SOMRILR bR, &4 78k
Py BN AR T e e VT G s VLV RS 2 2 B R L R R iy S p A iR AR I
AR GRIGE, 19450 SR TR TR AR 55, 10X —id& LAl A i 1l sk O F
A2, HIRBOLALI—Z4 26 Wr 20 il DA A 2 o AR AR e G iy (421 4%, 1980,
1984; 7K, 1987, 1988), WiARILAR Z—MN—E B T SH SRS
(s Ay, SFAREE A 1034 & 866 Ma 2 [A] (FR#AIFR 4, 1989; JEHT R
2, 1989; Chen et al.,, 1991; fR&%%, 1992; Z=@k4E%E, 1994; Shu et al., 1996;
Charvet et al., 1996). TM&EA IR SHEAEH T, IR EZEFESA
SRR A BRI 24 AEE 2 E (Li ZX et al., 2002, 2007; Wang XL et al., 2004,
2006, 2007; Greentree, 2006; Li XH et al., 2009a).

105°E 115°E
T

T
> 880 Ma
QOutcrops

125°E
T

North China

>\Shanghai

30N Yangtze Block
T ored®t
D4~ gooo0,

20°N

2-2 Frood AN G &l g 7 e A S (518 Li XH et al., 2009)

MAAE Eed )\ 2 IR, — L2 YO IR S EUE e R G — AR )
W IR A T A 4R (Hsu et al., 1988, 1990) B HLab A4 (25 4k =2 1993,
L 77,2004) . {EFE 5k ik 22 (P ik P Bk G 1X 0 55 (Rogers, 1989; Rowley et

14
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al., 1989; Charvet et al., 1996; Li and McCulloch, 1996). II7E KL E2-EH NPT
AR mPAE e PG, R T IE Ll e U B Ay, (RO A
IS TR AT I a8 o — oM p DA A 5 32 8 11045 S T A RS AR 18111445 ( Grenwvillian
orogen) [F)—i4), W Rodinia KA, XFKPYERIE LA (Li ZX et al., 2002,
2007; Greentree, 2006; Li XH et al., 2009a), i 55— P8 i W 8 B335 73 1 15— B
FrEE3] 0.82 Ga 5 B I (Zhou et al., 2002, 2006; Wang XL et al., 2004, 2006, 2007,
2008). FI 5 KUHEM] 2 A e i i 2, R R s AN
HIE LS Y, SERSLE 820 Ma /247 (Li XH et al., 1999; Zheng et al., 2007);
SR BTk LA AR 950-890 Ma 2 [7] (Li XH et al., 2009a).

e PRI R e et & 2 5, FERE#E Rodinia KRG 24A#, HERIR
By it =2k T R R A g sk s, 830-820 Ma [ K LA gl Ay A2 it iy =
Yy, 111 790-740 Ma 2 [8] ) ) Ay 224 R P B e ‘K1l (Li ZX et al., 1999; Li XH
et al., 2002, 2003; Zheng et al., 2007). Ffif5, HErMREEN T P, Ui T
BRI A—Jess 5245 (Wang and Li, 2003)

2.2 B

R AR, SRR ) T — IR X IRPE IR AL 1 A o B0 564 T 1945
A Hh e R R AN R S RIS R A A VL R B Dk n R R AR Ay . SR AR
(1980) K = FF—uloe—air Rl 70 A LA R TRE A R o AR 4k525% (1993) WA
EEFAAEAE R W B NW IR AR A, 2 5 AR A i R v o,
P HBEORIAE L BB S T 45 R XU IR (1994) YA ARG AR IE IL/E VR T
WM . Rl WL, AR B A A LAl A DR B BE, 1S RS
RN (D) BHR—F I AR RS S sDAR T (O sREIM e K
WiEhs 3 PRA S A e Al 2 1A) B DX I A BEANEE

R AR AR R R S DX el A gk 1 2 LR S T K — s S
M, BT X X IREEOR B T oo AR G, RN Dy 1 s A g AR
ARAL) I S0, DRI Uy A AR Ll I F R — B VR Ak, A S8 AR Ak S
JEH AR, 2EAEAR A B AN ST IR 0 1 E B by AR AR LD S
Yy, 1 HIE LR TG, BIRGAIE LAl OKESE, 1988; Zhao and Cawood,

15
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1999; Wan et al., 2007, 2010; Wang et al., 2007a; Faure et al., 2009; Li ZX et al.,
20100, ERAZRFEARAIHER T, Bl A AU G ST (R ZE B s i A . 87 R
A5 (1997, 1999) A ERFELACZ R AE T H N i) S (i s, JL Ar-Ar 62
420 Ma Fl1390 Ma, Faure et al. (2009) F1 Charvet et al. (2010) 437 7F
YL VG R 2 1 AL H R AR ARt P 3 LU M 460 Ma JT4R, FF4E T 1T 20 My, 440
Ma 2 Jii byt Ll R 5 DR R A A AL RE 22 /E T - Lin et al. (2008) fE =TT K
WIRHAT 7 VRN A3 22 53 T, A R AEARAR T O Lide ) NW 3 EY ),
X5 LiZX etal. (2010) U5 AL 2 2 IRl — 2 Bl AR AR A7
TEAG BIRRPE NW RS NG L E R, IR A 4 iR — 2 Jrad il . g8 Lk
ARSI, R AR AR i P 3 L PR I 2 B R AR TE 460 Ma % 440 Ma [,
PEAR T ORI IV AR TE AN i G2 oA F - (il s BRORL A AR, A A3 B A TR i
FERAL WAL A 32 1 R F 0 « A8 BT s 4513 3] 2 600-700°C FiT 1.0-1.2
GPa (Wang et al., 2007a; Wan et al., 2007, 2010; Faure et al., 2009; Charvet et al.,
2010; Li ZX et al., 20100, Kyu [ s SR AE AR Tl im iFsss, (TG4 i
W7 )R, 1984; AR MR 77 R, 1985; Li XH, 1991, 1994; X745, 2004;
Wang et al., 2007a; Wan et al., 2007; Li ZX et al., 2010; Yang et al., 2010; Chen et al.,
2011; Xu et al,, 2011), X—{EFEENE] Tl 5RELHA Songehay HiX
(Roger et al., 2004).420-390 Ma [i] () Ar-Ar 88 ) 43 1L 5 A g v 204 (&7
KR4, 1997, 1999; Faure et al., 2009).

R ARG W EH G, RN TP E U . - e B T 4
i Ll 5 WS BIRGARID S I8 i) e B . B S AR 48 & S aLiE R A
TR TR KA R, AT I BRIR SRS G i, HER =St (EHRM
#EN7[E, 2007)

2.3 HrpgEAR

Forp =S MITR, RAREREEA S MG R ERIY], JCR DL SR SEE L
A B 2-1)0 g AbAr 5 AR AR T DY 1 L PR IR, AT 4% 11 5 s R N
W b e UL, tedbiedvil, T Z B GRS — R — o i, DA
R ey s e s AR ST T P 42, Oy = 7% 20 i ol o P KBt O b ™40, s
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T2 WRIEAR . (Mattauer et al., 1985; Hacker and Wang, 1995; Faure et al., 1999,
2008; Webb et al., 1999; 7K[EHi%%, 2001; #RMHi%E, 2002; Ratschbacher et al.,
2003; Hacker et al., 2006; Lin et al., 2009a) . [F] I 253 1117447 K1 R S AE T % T 1 i 68
AWy, RIUH R -[) SW B SE [n 1S pp R, R IR 1) 95 P AR AN IR
Xk 22 S, (RAEMACAN T 100 A FL (Liu and Hao, 1989; Faure et al., 1998;
Schimid et al., 1999; Li SZ et al., 2010b). PHILHES, JEl ARG Wi idk T =&
SR — T Bt R i) DY 1| 7 b g 95 7 1 (3, [P AR K = S A RS B
(Harrowfield and Wilson, 2005; Roger et al., 2008, 2010); 17 P52 P4 5 363
ARG — 5 N T — LB AR BB R B8 9 IR ot AR — L AR gl AR T
EISC AR S B AR AR SR, TR T — R AR5 iy (el 3E, 1998; Carter et
al., 2001; Lepvrier et al., 2004, 2008, 2011; Yan et al., 2006; Carter and Clift, 2008;
Roger et al., 2008, 20100, 5 E0 I LA AT M), ARG B Zretiid s 7 H:
I ATEE A NE [l (AREESE, 20110, fE PR, Lin et al. (2008) JEil i
ARG IE BT AP K T A AR B 2k BRI NE [IvESS ), (s —ue
HURAE NE FIFEALF NE-SW aE [ )b g 2R, 6) B A5 BN SO R i) 46 R A ke
()55 s 1 Wang et al. (2007¢) IAA=IFRIII =S4 BTE AP, H 1Y
MR, WG R, 2 R LA B SRR R 1 165 5 s Al A3 A2 R AR Y
AR T EN LR BAh, AERFL X A s TR A AR AR I B DI AR AR AR
i (Xuetal., 2011),

TR IR B S, DFIUR ] R PR AR vl GBI — S - L = St
OV TTUR (Li XH et al., 2006; Li ZX and Li XH, 2007), Fdutde 17 FH b
PR R AR RE A R AR R P 358 NE-SWEE [n] 1) i A 325 L 7 o PR AR S — WV L—VL g — 7,
AR ARG R A L A O T, AEIRAE 254-220 Ma Z 8], 2R W 4B R BR 55 AT fE
AN AES B L2 F, Wang Q et al. (2005) A AXEE =B 4018 K a0 KT
PERR R IAI AR )0 b AT 7 AR T 7 e o e 1 DX SalAe) 1 75 57 2 R B A (Wang et al.,
2005; Sun et al., in press) .

th = Bt A LR D TR B T AR R AR R AR T i R A T R g
INZ T PR T T B G AR A A P et R 1 2, U PR S ATV b 2 2 g PR
S TRl v, NS TN RMZ 2 B X R RIS S B A AR
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b AT W L3 L R I A

W EAE N, (YLPG 4 HTE 77, 1984 T P8 HYG X HUTH 77 5, 1985;
AT 77 )5y, 1988; A HUF 7= )55, 1989; Shu et al., 2009).

2.4 M A

TR 202 AL, He IR B I A DU R TR 0 3, SR NE-SW
] RGBS IEWTVE R, RS @, RIS S AR Y LA R T S A G 2 b 1) T
(Xu et al., 1987; Gilder et al., 1991; Faure et al., 1996; Lin et al., 2000; Zhou and Li,
2000; Li XH et al., 2001; Zhou et al., 2006; Shu et al., 2009). IR 2 5
LA URCE A RR A AR S 25 e KL e 2a G 2 HTe 7= )=, 1988).
TR T 2, BT APV E R, T T KT 148 4 2 LA [+
R K L 3y, AR S0 T 6L 2 1 1 R4 325 (Zhou et al., 2000, 2006

TEX— I, ARG TN PR ZY, AL R I 7 2 4 EW 2
B ENWIZ (Shu et al., 20090, EWTELH Jr T, Zhu etal. (2005) A HLAS) K
L0 AEAT A BT D) AE R S R A AN, R RERE A P AR R 1 PRI A
M KAR—RI RN RAE 120-105 Ma AR A2 T EN BIUIIIE (Wang et al.,
20000, {EAEFIMER S, AATEM GBS, AT, KRR A
TG T T S DI T R AR AR B, A AR AE T RN B G R A8 1T
W77 )55, 1988; Li JW et al., 2001). RS EAM T ARBE N LKE. FLERYS
BHHAR A% A 30 5% T 130-125 Ma (1) NE-SW ] I REAL 3, ISPRANIR] ) A2,
JFiLLAE NE-SW (RS [N AR i A 1R A7, bR o s e — S s & A1 B
B AL, BT NW-SE [ [f)ffi @ f4i& (Lin et al., 2000; Zhu et al., 2010).
REGUTIRIX IR, |2 0 A% 145-105 Ma [0 K L A5 45 518 x5 ((Jahn
et al., 1990; Wang et al., 1990; Lapierre et al., 1997; Zhou and Li, 2000). Zhou et al.
(2000, 2006) 3z H “ISPPERRART b+ X USSR E R SRR IX 28 K 1l —
RN RIVNHIRS) J) % R . T OelRI, AR AEDY N ZE AR, & 4 0 )1 A R
BT T AR B A0 A L St RUTTE R, EIH A R AR R P R AT A A B
% 773% (Yan et al., 2003, 2009; 5 K4%, 2010).
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B T S AR DX D T

F-T FRLUXEHRESS
1. HuF A

T A7 AR R R, 17 NNE-SSW, b 300 A8, VG 100
NH, FEAAMTEWI R A PR B XA . kR s L, 2068
K, AL TR IR EL BTN . 06 L b X R IR e M2 v IR B, 2
W WA B THCEFBCA A, e TEHig L IbX X, %
(AR IR N SN 7/ Sy S RVTIC AL N} VA R 2 i EEVRE A TN S 522 N G
P A T SR, 1988; FEIcREE, 1999). A FIEREZ FoWHGERE, AT 3 T2k
JEREEA YR, B A T (DUER) I13E (LR S R0t =4, 2854
TN O A GHIR A )R, 1988) . BUEAEL T A ZIEAE
FEALHR EANHE S e, {H In] 19 328 9T AR AR T S A eid o 7 HL AR R DKt
Wit REFUHEFACE T2, Horb & 2 M ye vk AR T R BRIEI UK = AT
MR H R HEEM R, FU X ORAT W WU R (& 2-3). (H2& 7R i
X, F€ AR BB 2 OB UAR I A B i g b 22 57 AR ICE RO, T
PN LAYe s B AR A S T (T YR DT R, 19855 W R A ML
77, 1988) . FERAL R LG R, T TR RIAT Rk B4 1 b, XAk
HAEE b, R W)W L X AR X I AL T A AR A BT, T NW A
SE PRI AL iy, A SR T (FeoctEss, 1999; Wang et al., 2010).

SMARBH AR, AT T R E LER, X BT
BRI DX S e, R e 7 e B e e R AR ARE 2 b (R
ERFFER, MFEARBIACPE, AL — R S5y, BINAMBEL N 25 FEAEEG
WA RS AR OC AR, I HARANIE S PRI I B I 2 IR A A 1) 22
Yo Rl AEACRIY, AR TR, YR AR - R A B R B
g RV E IR F W L X UTRR T LA BRI A . Ao s Mg . B
RN T R A RS AR T, RE T SR IR A A A
G¥I R 2 1o 77 )5, 1988; Wang et al., 2005; Shu et al., 2009) .

W = 5 tH 2 Ok S A DU R A T W] AR A, DA UG- T U A e A ol
VR, L ERRA R R A fE L 25t 2 o, NS T2 .
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S AT e L3 L () A3 I AL

Wk 2 4 3 S 0 Bl ARID S A A Sl W R it 2 v, 38 B A e e

EH—‘

N

L S R ) 3 S S v s ARG Y. (T 48 M 5 7= J), 1984 W 44 Ml 7= J&), 1988;
Zhou et al., 2006; Shu et al., 2009; K45 2010).
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13800
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2-3 T S 2 IR (Al mig 2 5 7™ JA), 1988)
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B T S AR DX D T

FEME =B AU I RS T8 TIRIR I, A sl 7=,
W H AR FEARMN &R AR PR 2, X R A IE AR
el T EEAER], RIS T ORI 4R A (RocAEaE, 1999; Yan et al,
2003), ATCAEIX LR et h R B JE 5 2

2. B2

N AL 0] 25 WA 1y A G D8 5 0 DX (R g 3 2 AR 2 AR, R 35 3t LUy T
AN, e B AR W R LA

1) FrocAE%s (1998, 1999) S 27U th M X EAT 7 VR4 st 5 1A%, Ak Hitth
Jrikt i DLRAT 2 1K 20 RIS d 3 DR 2 2 o AT = e L e )1 AR K 4
T 5AMEIESIX (K] 2-4), R rUBAELETE n) 1 EAEE 2N RIS, HoER
FEPIE AN TIN5 R 325 e A S R ) Y A 1T Sk P MRS T B il — 2D HE B iy
(56 20, TRk 2 L ke Al o () B 2 I A A i 7 e Y B A e i T
AP, R —) i B — i — i e 7

a b
F ik
N 1 fm Y v
; /
T — T,-'-""\ Ezz ?_21 KE \-F:ta 3, zf/
ﬁfuk.(‘pﬂ '{-—E — 1*e". © /A NPz
T N
0 30 60 90km

KEHEERRTHE=R.T=85 Pt WHER Po FirER Z B R PailEAf
1A F —HPEA b LW OEAT R b [P R R — U8 R —R (L MR B fE
I ik R R e v T B R AEAE —h i v AP ER S B T R A

Bl 2-4 T B s USRI (51 H RICHE4AE, 1999)

e 1y DU b S PLHERI AN D T2, R KR I i S a1 5
HHEE RO T I, AN AR R R I R o A B T e ) 3 A B AR
Wikit, KT TS LA RIRE Z, BT EWR R IR A ILEE
B HBER A 4, TR B2 B TIRE, KE A, BT
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b AT W L3 L R I A

BME A . 250 L 2 WA I8 B 2 BER AEAE T Y] I HLARITRIEp S, Rk
P LR TR A T e N5, P HEHER S e B AR R A DA S b e i, T
TARRA TR o T VL i P 38 o 2 Tl P B4 B R R Bl B, 2B T B Y
J b R TR] PR DI AR A

2) Yanetal. (2003) [ 55 Hsuetal. (1988, 1990) [fIZ5fLL, b gL
L5 LR e o BRI ok I, 5 M ARIN AR BRI SE R RO M it ik Atk
38 T 455 M S TR BEAT TSP PRIV A, DA A R AL 4 e R R RS A7 A
FIRINA 22 |2 U M 3, e L I A 3 R B A3 o AN b — )1 2R
AT UG PN RIX, LUK REWTRE A S, DL R JE ki, DAY i e o, 7
B A3 X SCLAFE R W A 53 A O Tl RHX FI AR 15 RHX. (K] 2-4) 0 Fi& AR TE
DABRE ) NW IR pp o 3, BSR4 IR SE (a3 b2 . AP IRZR, 370
LAY g ey 32 ) VR 22 L D3 g g 3 o, 28 Bo S48 3 1R (P AR T B4 o v
FEJ I8 T AR R AR 18-21%, A5 MEHEWT T B AL 3 I 4 R MV AE 20% A o 3K —
M RS T Wk Dt (282, 8 T e i I, R AR AR S AR R
1) BY TI AP 45 J5 A R A B PR AL R 4

- Thin-skinned struciure -
Sichuan Chevron anticline | Chevron syncline - _ .
I : — il —————»«——— Thick-skinned struciure ——»
% | it B ticline belt
Foreland Basin Box Syncline be | X anticling e, Xuefengshan
Wulingshan i
Dayin fault | Yuanjiang R Zijiang A. |
H fault Yangtza A Y | :
Uayunau 928 Ngirue faunt _ Enshi fault w_nl |

F¥Z] Banxi Group and meso-Proterozoic  S*—— Main detachment fault =-— Detachment fault

=== Normal fault

K 2-5 I EFE R gEAHFR SN (51 H Yan et al., 2003)

3) HRiPIRR N F 5L, Wang et al. (2005) 54 T W2 Fid S5 4EA 24T
TN N U L S T T R4, BPENSZI, B mA R R E T b &,
(7 I 7 ST il 2 b T — R A - S i 2, SRADUE T T 2 (R R
Rt (& 2-5),

Wang et al. (2005) LA U 11 11 DX Al B 2800 S 11, 308t 240 501K BT AR 42
WA LRI T N-S GE ), MANE AR TE R BRI a1 NW I8y )
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B T R AR I s T St

N, NI B M e AT S TP T VR TE Jr B 5% S T R T e
PP NW RIS i 2 R Ve SE IR [P IbTJ2, W W Jsaly R B AT B o RS
ZRHI) Ar-Ar FACE SR R, FE LG L IFE 217 42195 Ma Z 18], &
SEREIN AR T AT N

NW JxSz TASZ [XSZ OYF SE
i qbang Group) - O

AT
talets

L g
H L s
. g il O, o T3 e e
T X "&"&'ﬁ’f"ﬁ"o’;"o’%‘t‘
5} 3 2

AN NI, i, e i S, 2]
e B
¥ = * 3 M
Yangtze middle-iower crust 2*3*2*!*ﬂ'3'=*=*3*!*$ o s bries o eSS
Sate e A AR RS e, 4}”.’.’.’0’{4‘.‘5‘{ e ”\‘\;. 220- 244 Ma oa o
LR #o*o‘*ﬁ'&"é’& \.4"*"4’-& ¢$*¢"i’¢"o"¢ ! r Mol e L ;
o PR R AR AR T, ‘-‘%‘, '-f.'qi.-'_.:::pﬁt,_
".-.b
"”‘0‘"&55 e (LR
X g e
R Ll
O R ITA
2525

Kl 2-6 Ul sl (51 H Wang et al., 2005)

F=T ERPERMERLER

IR O A A4 LR I, AR 5 ek T R I L AR AR Al 2
(B, 1945; Huang, 1960, 1978), FEA4E (1980 i i B IE B it ) ik
TR SRR U F G AR IR, R ERT A S AN IR AR V- -2
&R RE (19800 NAHEFT A TEFE AN A 2 “RERRZ 2 BIRRRG#
A PR IR A 7 B FIARAAE (1983) M AR 3 AN, K
HORIE MR EAMHT T A AR “ENSZIZE)” H5gm . A AL 80 AEARK 4R,
o ] 157 27 SO0 4 P (R R S A BB T 2 RO TR (K30 ) 2, Ferh BUR
B BRI = ANt

1. {5 AR X

Hsu et al. (1988, 1990) I\, #1Hudfnte & b b AR A i)y g Ao
ik, —#HZ Wi —ANEMTE. £8a, BN RER SE M
IR, WG R TGk m A R N e, BT KA IR IE TR A, B
BRI, (RIS T80 T LA U LAV AR P )3 7 kg AR 1) RIS ) o R4 78 A
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b AT W L3 L R I A

& (B 2-6A). HIX— WA H LB AR S5 R T BRI, K2 Huh i
FARNABCRIEA T e ARSI, 5 E MR A WIEREMICR (Gupta,
1989; Rodgers, 1989; Rowley, 1989). ZJ&, Xiao etal. (2005) 7EH LA E3EtH T
—NBEEIRERI, AR =B AIFRCA 17 HUUN R Z H ER] RE Fe i ek, H
TIRGAN A VER AT 5 AR I, A T 2 By b N R K B A SR,
PEE IR (K] 2-6B) . 4k AN A A Ar =& 2 Bl SR 4
PEAFERE 1.

A Late Permian — Early Triassic
Paleozolc A Yiang Shexion Jiangshan-Shaoxing B
epsea
Yangizoblock | Lower-Yangme block 9°°F, 52
— \ Confinental / Cathaysian block
- -t
| ke A DO
R — - - i,
-
B Middle Triassic — Late Jurassic
RW] Yiyang-Shexian Jiangshan-Shaoxing [SE]
melange zone melange zane
Yangtze block '\ _ Lower-Yangtze block |  Cathaysian block
T —
’7 ~ mu.l WOBOC

Triassic

NW Zhejiang
Pz2-T1

continental siope

South China Archipelago

K] 2-7 Hemti Ry A A2 (A) 51 H Hsuetal., 1988. (B) 5| H Xiao et al., 2005,

2. PIMEE B A

Wang et al. (2007a) Z54 T FUE LA = R L s A2t e, e
L AR BB EE D) T ANl P RS S R, TR S T R LA T
KRB R RG] (B 2-7) fE=BA, HErHREAILH P IR IS RAE . 5
# (250-230 Ma), RIsEFE B LAAATER MG N =, M T =&
(230-200 Ma), WILIGERRITK A T, 16 a =AY IE AR Y., 20
h )i LA X A Ll JE AR e (Wang et al., 2007b)
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S TVl R AR X DX 5

(a) Late Permiar-earliest Triassic

K] 2-8 HEpg AL B A A (5] B Wang et al., 2007¢).

3. AR

A Earliest Permian
ca. 285 Ma

C Mid-Triassic | 1 o

235-230 Ma

S
Youji o / s

foreland bagin

F Mid-Jurassic|
180-155 Ma

k1 B
>
v

f

a7
I}
Fuund:ring" \R'D“-b'uk

Major facies
«— Terrestrial —= «—— Marine —»
B E I e == e e A AT S
Continental Subcontinental Oeeanic  Oceanic Grenite Syemite Majer Convection Dehydration
Conglomerate Sandstone’  Mudstone Ceal-bearing  Cherty Muddy Carbonate  crust ‘mantle mantle  crust
siltstone and shale rocks rocks carhonate lithosphere lithosphere

K 2-9 HEma bR B B AR S (5] H Li ZX and Li XH, 2007).

Li and Li 7F 2007 $&H T — AN PR AR R AR A6 w1ty HB BRI A SR vE 80
(R, o Ath AT T 3o 0 55 DA 2R T vV 381 P i P PR 2B AR AR B A AR AR 2, TA R AL 250-190

25



b AT W L3 L R I A

Ma Z [HIfEAERIR 2 FIE R — AN 580k 1300 2 110 N REER & iy (F
2-8), JIFPEREAE T E R KA K 208 5 985 5)) (Zhou and Li, 2000; Liu et al.,
2003; Zhou et al., 2006; Shu et al., 2009; Yan et al., 2011),

EMF5 NG

U A7 R AR R K A% Lo AT, FA I8 g PR R ER Bl ) 27 (T AL - B
e A A AT D SR GBI R

TEF R 4 I PRI A A B, —E B BAT R E AL, I T
Z U A . Brooti G PSR I — 4 W R R & . BRI T
PR BRI S I R ST AT, (HoR R AR S 1A EE AN WA . MO
T AT IR IR =B i, SRR T B IIUUIR tRRIcRZ g T 2 It iE
A, AR AL A AAUR B AR A4 A AR IR A A
BINFKAR, GG MR T Bl vty AR AR o A A LLaly AR AT Bl Y J 78
PR T T M AR TR ANAR AR 53 R A X IR A S IR o 1 AR
DK (R R s AN At o 5 TR T KT AR R JRE £ o

L AR AR A e R AR A B R, AR SRR e B T e AR . B
A HIREACR W], R 1 B AR I I 2 DLRE AR T 0 2o TR MR sl ) 22 R,
UG 13 Ly A Tl A AR T R OB A

BRI, T AW R 2 o PP AR b A rg Bl P I AR TR 31 T 56
SEVERIE R, (ESR T SE L AR BB, BUAEEAAAEE 4, AR AT FER
a3 2 AT o B AR S50 L3 X DL AR RIARCEREAT T VRN AOAE ST, B B PR
RIFa 3 S g AT B S R B3 el 2 i/ SR ) S B o AEDG AR B e 4 5 4
P2 SRS ORI, a3 AR ROV e, 7 208 I Sk (K B A TAR R R 4b
X7
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O = Tl R AR A E AR TR 0T

F=E EBUEREFPFERMETRI T
T X2 A e AR =B TR s =, 200 7 o AL
ARSI RS, IR =Bt AR T DM AN £ 10T (T8 g 4 o™
77 1988). ARSI, AR R ARAORIY, T g b X A7 AR R AR
—WRIE S, (BRIEIRF AR T A RS . R I, AR A
R Lty AL ZE R Bk, DLBTRA S WL Ll (I AR s e AREIEL T 5
AT (B 3-1), A5 B U ) b AR AR I AT PR AT

%V ﬁg

29

:_/@%%f S i

EIELE— ik W = itk ledite- = f T ERLE ER— it
feaiBl wips L TN TR [ seestevievs I 5o

W 4 fLepr A A Rk e 4R e o
15 B f'FEI'i]?'I' m (rt:jni,ﬂ / et R / EWi / iy

Ve 75/ AR By s,y Dy s, B3 \ L

[l 3-1 it Ly ds b s B Bl BT 8 SR 77 ), 1988) 0 MIXT: Sy il =il 2
BFB: 48455 . PDB: ARG . CLF: MN—ImEKZ. DU: IREH T,
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b AT W L3 L R I A

F—1 BEERME

TS5 U L R AE A e AL AN ST, BT DA S 5 27 SR 5 0 1L 1) 34
WEHIOAF R AR GRIGE, 1945; 4=4k5%, 1993; Fooks s, 1998, 1999; ),
2004 o {HSZ L P AT EY A0 SR B L AR A Ly 7 2 W Lk DX SE R
N

SEEAEIE eI

LR

i -_.j_f__*:' B (P)
g FBLE R (C)
SARET RALHH (D)
\ HEATE (S)
. [:| B2 5T (O)
8 D e ELACRY T

OO (o A 10207

«—> P
>—< i
P X
ARG
5 - Bt A AL
* (RN 2SS

'f."{{o

B 3-2 UG LR K PN AL g 1] o A4 w] LA HE P R4 N-S B NNW-SSE i 4
A INAE R AR E-W AR A b (B Bl A BT ), 1988).

FESFVE R LI, ) AR 2PFT o AX . FE sl M BB L 12 N T Hill )
E-W RE4a5 (1B 3-2)0 X8RP0 28 5 050 DX AR TG Aoty AR A 1y
FXEATIEAT, DA n] DAHEWT & fe pg A D oty A ARG & 1L 174 (Faure et al.,
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B SRR A

2009). Z JE R R AL R E TR S E A I . A e At
TFUR, X — X2 T RE MG AU, H 3R =8, 785 AR I 1
N, ARG Z, ARSI R ARIERE, BT N-S GEm A
A TR F

FEoCkE%E (1996, 1999) FIEEEALE (1998) A4 T 1L F iy A4 Hy I i Ak
1] ) NEE-SWW, 55 B SC RIS J7 10) — 20, JBRG T NW [ #EZE AN SE (4] )l
Faure et al. (2009) WAAHVLVE L AEAIE LA F TR B AR 45tz ) WNW-ESE 77
], X551 R AR e R AR S R I T AR ) TR RS (20090 F1ZE =
BAE (20110 WURACHIT E-W [m) AR 4001 28 4 BN S A, BV S ST 3
NE-SW & R AAE A i AR A IS stzs o 8 I B A0 TARFRATR I, Rk AE
FRAE L N R B-W GE TR, RIS IR AR B A2 2, iy
AU E AN S T e A T, T AR A AT RN SR PR, (A P R DX A
WAE, AL TR AR NW-SE [0 455 s O 5 s At [ iR o Rty
AARIE LAl 1) EUE R e AN EE S, AR T L X BRI TR I 3
G SCHR S B A LS, 250 L Ry X S e 2 2 S T AR B I bR e A K
BAE 15° 22 30°2 0], = ARSI G > o AET IR L ARALHS, AIES i 8
Wik N, HEEAR B D P AT AN RS (YR A T 7 e, 19885 2 = AR,
2011 MeAh, RO AR 2 o TR, R DA R 1 B R X
dok, A A i B B R D WL T ELAE S AR ARBE BRI X, AN
N HL R R WS B MR AT AE, 0 LB ER 5 1B, Rt e] DUHEWT, gL
(R A AR R I RS 55, ORI BT e 308 ORI B AL s 14 0 L AR, AT
Fa L ERE R T R AR T2 b

F2T BELRIMERTX S

TN TEL DR 35 08 1L (R R 2 AR 0 AT I A X R o BRifgh S (1993)
KT Loy h 5 AMEIE TG P BRRATREE M, ATRERE ey, SR AR NI
JRHERG AR, o5 )2 R R VR Al o XN RI9r BV AF Hsu etal. (1990)
PEAR A D AR L PRI AR S S TR e BR Ak T 7t 24l
LN BRI (BRHAEE, 1992). FootEss (1998, 1999) X2 U hifi 79k
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b AT W L3 L R I A

HVE SRR T2 AR, DAk 35 0 v i A FL408 DX b A Tt 328 R AR B K 1) B P 58
IS RE T, E ALV ) R AR AT DR R H s IR g — W PG G L 9O AR
KAy, WIPEAL—E5 2 pd R — R — PR — 4= sIOB Wk iy, AR BRI
VIR, 22— A—B5 R p— AR AL T 0 1L 2 1 2 Gl o A TRy, DA A
HEN SRS FRRRE AT o (R IXAN 73 DX MR AR AR 2 55 0 L 22 JAA) 3 s (IR 2, 6k
FARTE R o A AR A BT VELN X 43 o Yan et al. (2003) & R AR B2 IR
(RIANTF, K 9be PG 5 e L 2 )1 ZR X8R 03 S A5 15 AP A DX L 55 I Ll R Ry
RN R AG I X . KRR 5 R R X I = X PR 4 XA, IR
AT A 4 5 0 L P B e AR AR 3 AR TR R I AEARAR TR X 73 T

TEVESN IR B b 5T % A b, JAT TR T 0 Ly R e A AR LAl 23 A 2 2
P B0 (& 3-1a): PHEBIXFIABIX o PIAMA A B 2 1) L5 U 1) 3300 o iy 2
Ay FBR Bl 3-1a H1 3-1b), [ IR AN W7 34 /2 DX 3 b 1R B BT 2%, 330 MBI
I A R R . W7 DAY, AT BY B A B A AR T D BB Ak
PR TS s MAEWTE AR, RE T KEISEVES A, W R RS
NE-SW iE [l (#5430 b7 2 LA S NW-SE [ A 25 1 A5 R LG

VGBI MR PG AL (KK 2K S X ) SW 7 1) Z2E 45980 R D4 S R0 B N AR 8, A
RIGHEARREYREIX, X5 EICE (1999) [k Ib—25 28 sl W ks A Ar
BB Y o B AL F VGBI 2 rfr, T Ay Jet th L 2y L RS (¥ K R A AR 4
Ao IR = 2L LB o ARV SR RIBGR A A L AR o 3, e —
IR PH 7 b o A e iR 1L LAR , R EE DL (el e B 32, AR YTRR T 1 =
S RRTALMHE

R X E T U L Lk AR AR AR AL G, S Lk AR R R
BEER R 4% R AR IR AR T s, 3 L A8 1 AN AR F de ol i 2
U L R RO X3 T AKX — BRI IRV VTR (T 061D R R 4 — kT
(1) = AR I BRIEASE, 1993; Th3CHESE, 1993; FrItiEss, 1998, 1999) . B iR |
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(RIUAR 5 JE AN A HE 8 1R s G IR BRI A o PR S s AR T ity 2 v,
TG AR 25 R0 5L AR AR X 2 43 ol B 2 A s AT B 2 BRI v RS . T
NW-SE [ZEE 7 1), ARS8 Ebr i e n 7 Lidam NW B D). E0™4)
FEE L, WS 5MARTE (REERD R FZEARTENE], (R0 B
FRECR I XA, A A K BURL SR SRR R W B AR TS R T B IR TE AL
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S AT e L3 L () A3 I AL

el

Kl 4-9 Z= 5K X A Rt (R BT AR U o () 28 SRBUAR I oty v IR S22k (b))
7 53 B IR i 00 T S AR AR W) (A5 B T BT [ AN T B b R DR AR T R
EEGSANE A 7 ek SOOI b PR R AR e 2 AV EE i E A 0A S DA PR vA LA I
NI20°E. (d) A9e PR SRR BT DI 1 AR R A T 4. (o) s AR S MY
REEMEAL, KRR So O S, IELFTIAR. () Froo it A-me FLAShRE th KA TR 480
DIRGIWT, TERCTS RIS, $Ra BRI NW BT DS . (g) Fab A E S i b e 44
B TR ECREAE FHES], J7 10 N110°E. (h) A B e b ol AR AR 7y 52 BB b AR

MR AL, PR RGR G S IS O 4T K2 57
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SEPUEE T Lo AR A IE AR TE S

4-10 FEFK-/RAPHIX B RAIE A o Q) AR i 2 A B SEER™ K & 10 BTV I ) it
(b) SIS S P AT D A A BRI TR BRI E 7, RO R L IS T bt o AR 2 B A o A
AE. (o) AT KBTI o i, $Hm T B NW figsh22 )5 . (d)
AeE P Tl DUR BN A E I, AZTEHLHI LA bulging AR IR A T (e) f15%
HP G (D RATREYI& . (o) Wl AERIERE PR A EIDIME, WS
T BRI NW s sh T e (h) AERE AT I G BN IS o So. I BERE AT
RO, EURAF T LRI NW K o BI DI IE .
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b AT W L3 L R I A

F=T ALHX

DLl P D = U 1L Xt e Y e T AR 5 K 7 2R ARTE B o R, (R AR
ikt 1) 1 e DX SN R AR R P BB (T 4-1 A 4-11a). AT B2 b, EH
A RPHALER T R YINE NW R4 BRI IRV SE (0 5 10 54 ARTE .
Dyl AR BLPY , DA 7 (K NE-SW L[] [ RE 480 £ S A48 1) 410 56 2% B NNE-SSW
o N-S GET . S B et AR AR U AN 25 B Rt e AE BP0 R e
i (B 4-11a)e BT e 308 Loa AR R L MRARHE B85 T8 D T AR 8 B
Hlger R R EE, RIEILARS MR NE, MAETGEM W (& 4-11a). BRitz
b, Dnlea R R GAE) 2 R E T MR A DRI, D 17 36 S fid A A A 1
SN, BAT) T BAE R AR AT 2 A AR T XA T T PR IR S AT

B120007F=-( o

Kl 4-11  (a) Pyl X X paid st s il . (b) fgadil i . B E MG E RN FRor K (i
BUEN N 2BRIESE ) (¢) BREL Sy (d) Sy M. (e) ¥, () #H4kHh.
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SEPUEE T Lo AR A IE AR TE S

B 4-12 Dyl D S oI IR o Cad ARt ia b T KR i RORE AN B DI e i (KB - (b)) o
[ HE B KA SRR AT SR R I Sh A A A (o) ASRAEBDI S TR T o Witdias L
1 NW ETY]. (d) SEAK —atbha.

DN UR A A R A RE A 2, T 2 g 7] 1) 2 BE B2 BER
ATJERORLAL L, il NE (& 4-11a), [A)I NNW-SSE (5 )2 BNy i 4 2
e T UGS 2 P I DI P B — 3, SURRIE A, sk 4k
P I E ) K B = BERA SR AR I R . AR AR, AT v e s o o
FORLAE BY V) A TEAE R BRI R B A BCIRIE G A b, WS WA By UIME
HRPAT Sy HEE ), [RIREREBI D)4 IR, $R7n 7 LR M NW [iZ3)
FI7m (& 4-12a) . BEAE N ARRESR, Ao 8e G R rh IF N A SRR SN
4 AR AR, SRR T DL S BERORLAAS R AR RORL, HFHR R T AR E NW (1
2% (K 4-12b) 0 Ao BE A T n] WLV AR 46y, 4ty 2 R b fift
2, HAT o Wi (E 4-120). WAk, FHEA @R B AT 7 BB A LA
PSR =T AR, 7R T A RS RE ) T R IR S IS
EAER, R RERAE TN LA R R AR 2 e fH, AT ST AP 3

-
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b AT W L3 L R I A

W] L EER ) NW ) Dy 5425 R 17 AR A 3G AL AT L AR R AL
I o BEAN, AEAPR I SPYRIRTY e fn RAFAE TR 7R T il A i Y (& 4-12d).
Hor, W&, BaEBORB AT FIBAT, A N P2, —3N
BOANY B by, JATEEAAT TSR T, HAR AT T, QK
T ELA+R AR R 50— RA T BERRERCR, AT
WEATMEI A b, FAHIAT Y BRIy [ J05E W, L EERAT, RS 1A
R A b AL A I =2

R, Zra P X 128 Bt S AR TE S 5 e i, B b A A AR AR A2
IS T AT 25 e L 3 oy )i 1) NW ) = AR T3 T AEAS X S8 845 1) SE
BTN TR HALAR A R BN R o

EMT WX

XU 1 XAV 25 W L 3t L PR AR, 0 I s PR 36t et R = TR s
W L AR ARCE AT 1 (] 4-130), SRGTH =ANXKIEAL, i AR R AL,
T8RN T AR e SR AR TR R A AR T

WIS PEAH T AMILEE, BIVEAR B IAA A B R A AR I P S, A7 T RS
MR 4. BEFUIX P, A TR Q2 381, B BRIAR A (W T #E 4 NE-SW
Al (B 4-13¢ Fl4-13d). fEE B = AR TT, WSUERI 4R 3-4 km 4,
Bt R Ve A A A G N THME SE MR ER 2 A5 A R i Hh
Wb R UK Aot b 2 LE IR E R 38 BT, AR, fh 25 F T | 1) 2 g
AL UL )T AR AT e TR KB o X SERE A AR PSR 1) NW, {H 1
SR IS, RIS R AR AL R S SR IR I s (1] 4-14a F1
4-14b). XX B Fra asea g oA, AR R, AUEE 1-2 4k
g, i HAR AR S, R B SR AR A A X — X A R AR T
1M 56 A 4R T 2R, AT E B IL 8 T 0N AR I B ek B 55
BAEASTD A T LOWLSR B, R I A 10 A BB s 1 A S ik i (] 4-130). 71
BT, s R e R A E I EAL B LGS (] 4-13d).
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SEPUEE T Lo AR A IE AR TE S

T112°28° (C) N

~ o+ 3

n=43
d N
( ) Sq
n=23
N
&
(e) FEiE
— [] wen B e
,‘": R A
o R By mmmn
== ] mnesnme — wi
= -
_— 5 B
[[TT]) mnee vl i
- W1t P AR LN
n=5(Foe)

on=2(Fpos)

B 4-13  Ca) XM XX IR 5 ] o (b) TG BT o 1 23 SR R P BO8 - O
TR R EERBEE): (o) JEHLSp. (d) Sy () R4 .

BT AU 8 T 9528 IR A A, ABAEE R S A7 A T Bl e A2 o
alt, PRGNS LA S R A BRI AR S o BT = AN X IANR], A X
D, B EAN B AT, BT DR B D . SR IE, BATTIA
DA R DX PR AR T S AN AR e oAb 5 W L 2 B 1) B0, B A s o AR A
LR, etk bt an 2 ER A4 T E A R AR Pk 2
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S AT e L3 L () A3 I AL

—— —— — —

£

|
A
i

£ 1

B 4-14 XX B A5 A I o Ca) BRI o A S T A o B o T A PR R A
MMEL. (b) WSCETREENERE. (o) WA E PE LT W ELE L.
(d) Az e WA T WL So JRELENT, i Sy BB HARAT

FHT NE

g LB g LA R R ARARE T T 2 IEA TS, Hrb B Dy R
NW (MBSO E 38 TE, 2 )52 Do AR PE SE RE ag A i > 1% 5 1)
FEA I L K B 1) Dy EAZARAE (Wang et al., 20050, 15 F¥FTR a6 2 Bi/b 48 it
TERIANE, R B e m A TS A a A AR e, DLARID . Ao
MBB R E, R WS AT A = abh s . XS Fe e B b AR AUE R A
RN ARG AL T DIKPIEARTE, K& T P2, NW-SE Kf{H 2
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S UL R N AR A AR T S

LK E R NW B UIg ], IX )i 1) 5 55 2 TR B AL TR IE AR

NG5 0 LL RIS T 20 4 SR AR Y, A 2 —TRUH T R 4E (oo s,
1999; #4455, 2004; Wang et al., 2005), FE0HBAT T HiE22 0. Ll 3]
MRS, X EEWRIAly 2 BN AR 5 2 0 B R B T BCE B, JF
R MECEI BER S o 3506 1L v 1) i N A iy 32 HH R A L AR A A R, BTk
BT 300 22578 D RO U A b X 7 00 RUBE RN SR ARORUBE E3EAT T R4 )L
I 2E RIS BN 00T . fEaRNAR A, RE T REN IR NW 8T Y)iE,
WETYIN) o BASENK. AR A TR R LA KA BT DI B, 5 e 1)
SE MBYUIRIL LT 50, I AR S IAE SN AR s A2 b A
AR TR SELLRE S0 AT, FRATTIA A i AR 15 (¥ AR T IR BETE 300-400 JE 2 1], A2 TE
WAL 10 ARt

FE R AR IE S, IR s e AR R A g T A AR T
PER, T E 78 IR ELA0 A vy AR A 2 I A AR B IR RS, DRI A =3 22 Tl A
FEAG AL IE I, ARG R IR A RN 55 2 (R RO R 0 B A0 25 0 L 32 1 e T
(I, Hiserh i REAEAE — NS o RE e AAE LIk Al 80 AR th AR
PRI T A2 Kl A P P S I 45 SR (R, 1980), 1 T i A4 A\ 45 45 b
ji 1 1D R AR A A R P 0 L o AR AR G A T AR AR A SRR R Bl T T REE,
2007); Wang et al. (2005) 3 H T 0 1L AR AE— AN PR By, (2% H
BRI, B EL—UROMI R A R TR AR R B IR AR B IR 4 S . FRATISh
5 P DX (R R S BT A, A TR SR AR T A AL e AR B3 67 3 e v AR
RUTRE 2, T S AR Tl i iR WA T — AN it aty, RIS i L =0 i
Ao LB BRI B TR b, T L Ll o T AR A IR IR )2
IXAR AT RER A R AT, JERH T RA R AR IE T (R, 1991;
JU/NREE, 1993, 1994; ZL24IH, 1997)
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b AT W L3 L R I A

FHE FBRUBELTHFRFIR

A I SO 27 WL L3 L TR AT DO 7 08 1L RS [ R i B T EAT T TR A
(W 2 ROBEMIRE 22 M AT, EERE WL 1) = AR TR NW i, A2 aT A
WFIE B i SRR RIRE A, 7R T8 BPAR A oy B eoetess
(1998, 1999) I AIE AR N 2 Ik, B EARTEIIAE St ARAOR ], BV FR 2R
H: Yanetal. (2003) WA A =5 U (L =443 05 ) 0T 2R (AR Ay AHSS 8L, B
HEAREL); Wang et al. (2005) HAs HLBE R 6 4 AU ) Ar-Ar SE AN N 5514
L1 A3 A 4D IR ) £ B — 8 thE 28 BLOR D A3 L 5 0 L Lok 338 A5 V45 AT 1 S
o ARG DIFRICR, WY = AR IE I L AR AT K RIS N AR T I R AR
fRAE A AT 47 SIMS U-Pb AU A7 U-Th-Pb HL P HREF RSl 4F, LA
FREAR TR ) B PR, (RIS 0) () R 3t 1 A s A e A DA, s AL e AR TR I )

£—T L HE
1 #:47 SIMS U-Pb E4F

T U-POAFRE I 52 (A 5 0000 T3 RO 4 R A0 3k th i A o WS A FF
f UL RS 47 AR FE Plésovice (Slama et al., 2008) F1Qinghu (Li XH et al., 2009)
REWSEPR SR IR RE b, ARG ILCAT IR EE — - T o XPRS AT TIB DA SR
SRR DL S IR R G G o b, ARG A A (0 S 4t A o 35 B I R 1
Mo B SR B N A L AT

U. Th. Poiill e 7 i B B2 B 5 5 R B 7T fTCAMECA. IMS-1280
TIRE T ROEAC (SIMS)  ERHT, VEAE4HT 7R L XH et al. (2009b). E5 AR
BE L 45 47 FE B L3 BRI AT 853 52 . U-Th-Pb [l 437 2% U AR A E 5 7 Plésovice
(337Ma, Slama et al., 2008) fZIE3RTS, USRI Fr#E#E 4191500 (81 ppm,
Wiedenbeck et al., 1995) B2 1FE3RTS, DA AN MIBRAERE 5 3R1S AR E R 22 (1SD =
1.5%, Li XH et al., 20100 FlH g0 P 08 R 36 () A5 30 19 BRE i B Rt 22, LUbR
YERE HhQinghu (159.5 Ma, Li XH et al., 2009b) 4F A R &kE W B0 RS s . 3%
PO IR S 2@Poff. A 1@ Ph & AR, e W iEPb I 2k
PR AR R A N R TIPS e, LAILAR H 5% (1 738 Po R {7 3 41 /8 (Stacey and
Kramers, 1975)1E 4 MPbAL AT IE . [R5 LU S AFR IR 2 ¥ M 1o B
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S FELE L AR

4 B PR FHISOPLOT#AF (Ludwig, 2001).

2 P U-Th-Pb H T % 2 4F

M s 47 U-Th-Pbyo 58 F 2T LR JUAMERR: (1) Skl 5 815848 A2 1)
JBUR PR GRS AR G, i v (1 A 5 B n] L2 (Parrish, 1990); (2) fE&
GBI G, WA ERSUN S E R KA (Cocherie et al., 1998; Crowley and
Ghent, 1999; Zhu et al., 1997; Zhu and O'Nions, 1999); (3) &M s A7 LAFR
AR . BT R RE I AR — O 1K, B AR SE) U-Pb [
PEFE AR, AT CABEAT RS I (R SR A 58 4, JRE G T4 BT AE A T ks SR B DL B
PRISEME, R BB S A PR 45 HAPAR 2 2R

0 A R A i, — R A W T kR, R
M E AR by 53— PR EA R A DGHE BT BOE RO B JRAT E A
AP A A BT HEOE T . SERPTHILAR 4 Cameca SX50 Hi
TERED GRE MR 2RI BR ROR%) . ESEI0 2 iy, 38 ok 15 HUR g e A
R SO A, IR A R BEAT REAR AN VRN 0 AT, A IE I AU AT IR
fr g

PEANIG 43 HT IR AR WL Cocherie et al. (1998) F Cocherie et al. (2005b). SZK;FT
A AN FLE A 20 kv, HEIALM 100 nA, [R2h Th A1 U (88— 5T 7500
ppm, 4 TG U 55w R BURLIE 1 e W (K 1R 22, X1 U Th 1 P (FAI T
B (20) ¥J¥5E A 150 ppm (Cocherie and Legendre, 2007). Jtfig A7 Wl 4 iy b v
W YIERA R : Po— 5 850 (PbS), U— il (UO,), Th—Ji%k4r (ThO,),
Fis HOCEM Y—8& BER . (XPO,), P—WAK AT, Si Al Ca—458M8 4.

AR AZ AR A ECE AN LA BX 10 TR ARAS IR A X, T L
AU TR BRI T ARSI 22, AT T DT Jok 3 B0 11 45 o e P P 43 T

(Suzuki and Adachi, 1991; Suzuki et al., 1994; Cocherie et al., 1998; Cocherie and
Albaréde, 2001; Suzuki and Kato, 2008). Cocherie et al. (2005b) iIF 1, HRk LK
1 P UKL R R AL 25 M AN ], 38 I B A @ I B, Tl DRI ZE Y6 7E S
F 10 Ma (26) Z ARG

T i TR B AT (EPMA: Electron Probe MicroAnalyzer) 7521 /1%L
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b AT W L3 L R I A

P23 —A~ Excel AR A0 P )5 RIPT3RAF B U U-Th-Pbyo TR o IX LB 11
i1k ISOPLOT F - #EAT U/Pb-Th/Pb £l 4L B (Ludwig, 2001) . 5z 23k 43 U-Th-Pb
fIAEES . Th-Pb “Eie (5 Th/Pb ARARBIAIAS 11> 1 U-Pb Fk¢ (55 U/Pb ARARHN
AT De AT I 20 25 FRET. BeJi, MSWD [IK/INGEF4RERS (1
MATHE B, BT RAFEERA I MSWD KT 1+2/2/0°°, Hh £ 20
EHAE, AT RO 2 R4 (Wendt and Carl, 1991).

U 13 X R (R I 2 A AN I AR —— Rt A AR A, Hrp e
TAERMIE A BN T R AR A G 2, 1 5 AR AR A WD T 22 J i
2T, W& TR LR,

B AR AR B T B AT AT S U L ) R R AR X, HH R T REE I 3000
AR SIGRES (XF76. XF93. XF99. XF219. XF270. XF274 Fl XF314)
B A HRLRLRE 2 B KA A B REMR A RS A A AR R )l -
P (~25%) RHCA (~35%). BaBE (~10%) FAHE (~30%), [FINE D
EIANA AR E ).

FLrb AR AR B AR T U L AR B R R TR R R i), I T 5000
T B GRS HUTE 77 )5, 1988). 5l ARARTE R A AL, i AL K

(XF17. XF73. XF205. XF208. XF213. XF216 fll XF221) FHEHE LR K
LR FIR S B R 2, RIS S A MNAE A S B AR (K 5-1a
Al 5-10). WHIAEFEENBE AR (~8%). KA (~40%). FIKA (~20%)
FUADE (30%), FINSHEDEMANA (2%) AR (2%). FEILKAL
A/CNK F5 506 801 10 —3E (Wang et al,, 2007b), BI& A4 (XF17. XF216
FIXF221) ) A/CNK $8504E 1.0 2 1.1 Z (8], A 1105 H o BE (XF73,
XF205. XF208 il XF213) [ A/CNK 85T 1.1, KU ie i

Brubz Ak, Bt AR L AR AR K IR AR TR AT AN R IR . R 5
AR, WE s, BT BN T R R RE A, B T
KB KA TG AERXAN 2, fa9esz 2] 1 omFU By U)AE T i 9 2 45 4
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S T L AR 2R

e, BIgEE KA ML, KA IZ PAT TECIRECE ISR G (K
5-1c). AHELTHRA ALK G, R AAIE RS W s D PIPEA g, AT IS
AL A Z AT AT IS, W o3, AR SRR ] 2 A KA B A e ) 2k
ASARE R TP A2 AT S AT s B A B (&1 5-1dD

3 . ’ i 5
k. Hornblende

Pa

Kl 5-1 T e A R . (@) SMINA (hornblende) FLHp ML . (b) & H
= BE (muscovite) R AEMRIERE. (o) Fb AARTE KA Th A 9 (1 Zhas F 45 i FIARHC A
PIHUA AL o (d) AR BV TE I S e X, B A AT AR TR 4R R bs s ——
LY (AP

2 AR

2
TR (138 2R P T ARSI 2R A A, DLt — B
ST TAT 2 B0, 104 T S AR M0 40 (14 52 1 5-20).
T2 25 B Pt PO IR T W5/ RE ST T A 1 M THR R ICE , 4030 0 2
FHITAT (XF365) RIAEAT (XF376), LUMIRT FRIS A TR R, M
T A=A 1 0 B 5 5 0 L L 2 T 0.
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b AT W L3 L R I A

B 52 FUEIARFCA TR, () SWdnfiatia. (b Safraatbisa.

E=T A SIMS U-Pb FRZHER

AT ILAEM LI T 14 MUERME AL AR (Al A4 7 A, Bk
X7 4 HHTHESA SIMS U-Pb IIAEARZEME, TEANIT) GPS A& FUA Mk 5-1
s, JEER 5-3 kR .

R 5-1 UL AT A AT e R R

E=R %S FE = GPS g (Ma)
R

BRI XF17 HRABRHERS  N28°28.624', E112°04.268' 220+2
WRERE () XF73 MAaBHERZ  N25°56.121' E110°38.082' 219+2
il XF213  “aBHeE N26°11.709', E112°16.528' 22442
KA XF216 —KAEH7 N26°57.392', E112°08.094'  225+2
o GRPE)  XF221  fAINA{ERS  N27°35.756', E110°58.355' 21742
7ot XF205 —KAbkA N28°00.255', E112°00.455' 222 +3
Kl XF208 - KAekeA N27°27.802', E112°22.327' 225+2
B A

HBIEIE XF76  —KAEixE N25°20.102', E111°05.427' 428 + 4
FEZR XF93  MINAIER S N26°05.496' E113°58.364' 438 +3
JivEL XF99  —aBHeiE N26°27.393', E113°49.097' 437 + 4
A5 (AR XF219  MANALERSE  N27°27.948', E110°57.279' 411+ 4
H L XF270 SEABRHERA  N26°27.690', E110°30.608' 412+ 4
BIE (FAA)  XF274  BRBHEKSS  N26°10.109', E110°43.674' 424 +3
R XF314 ERBHERA N26°19.743', E110°26.519' 418+3
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S FELE L AR

1R AT b

LN AARTE AR i B T S PR B A K2 HCh AR 2
HIE, RIMEEEA-BAREREE, A KD —MM 50 pm % 250 pm, K5l
M 1:1 B 41 RN  WI B  RK Esr Haly (8] 5-4). 2544
REZHMIR A ThU HAE (0.1 2 1.6 200D, FRWREH AR & a4
EHRB, A AR BEE A BAARARN Th/U Lofl, bk, i
MBI VE WKL 1o LU R R A E R s TR

XF76 K B 1 B X ACER RIS AR KA o W ARE R 1) 16 M A
BEATHA TR, XS AT B AR U &5 (210-564 ppm) Fl Th
B (45-283 ppm), Th/U LUAEAE 0.128 & 0.652 2 JA], K5 SR 832.5
Ma ARG T 0.1. BR T 3 DNkREE A 70745 H 926 Ma. 833 Ma 1 822 Ma,
R 13 A SRR EECHES, St T AMFIHEFR R 428 + 4 Ma (8] 5-5a),
IR T I BN &5 AR

XF93 K B I 44 SUL A A S X R A AR il 16 A st ar i, Ak
R EE AT U S AR 272 2 673 ppm 2 A, Th & =1E 88 £ 235 ppm 2
6], 1 Th/U LLAE S 4E 0.286 F 0.503 Y[l 8], o s A i e i v o
FITAT (RN s A v, RIAERS S 438 £ 3 Ma (] 5-5b), QR T AR e
o WNLE LU HAEABIRS SE AR BEAT T B RORL S A1 TIMS €S, 4 T
426 + 2 Ma 1427 + 2 Ma 8RR, IXEERRMTAI R T4 (FRkAE, 1991,
1994), (HEIRBEE MRt A

FEN XF99 4 - BEE REK B T A8 FIVLE A A A i) 7 v A
X} 13 AN AT JEA U-Pb 2341, U &5 M 122 31 812 ppm, Th & & 1F 49 ] 297 ppm
Z 18], Th/U EEAEAE 0.146 £ 0.907. Py BMNL A8 AE I A2z b, 25t 437 +
4 Ma MJIEFIAERE (B 5-5¢0), AR T A KA TR . X510 A TIMS S5
3 A1 U-Pb 1 & 434 + 1 Ma 7R3 20 HI A —2 (Li XH, 1991),

FESL XF213 REA A DA RS, 14 DM SRR U & EVelBR, M
318 %2 2086 ppm, Th &M 191 & 1271 ppm, Th/U FUAR 20 A 75 6 3% kA7 1k A
XIFZ N, 0.327 % 0.910, FrA WA S0 TiEM&z b, 45 T 411+4 Ma 1)
WA (B 5-5d), BEHH A B A R R 2R 411 Ma A A8 B 45
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S AT e L3 L () A3 I AL

HARNET

7 Oﬂl)ww ' 2] 3]
'J.-.\- _

Rz

4 g I-
) 'r~' & 3 7
12 eW>QV1ﬁ{/

Kl 5-3 WX T RIAE B B AE DI B0 AT e XMT: U ) 32300 ph Ik 2

B XF270 R BT LILEEAR, BT T 14 ANV ST, I8 U &R
A I 7E 480 #1827 ppm 2 [H], Th = 1E 160 % 1223 ppm i [H 2 [A], Th/U bk
{ELAE 0.288 % 0.692. £ U-Pb MK N, Fr i mif Fikfgee B, RO E
HZJE ) U-Pb R B ARA Uy P AR ZREIMA (Kl 5-5¢). 1R K
A EINER TS 412 + 4 Ma (IERAEES, RIATLRA T IR A T
HI R -

FEGL XF274 R BB A1, W BERMCE IR RS, HRIR R
A W rb AR AR A FH = T 28 M ST 77 SR, 1988)« 23 MRS AT mifF U
SEAE 116 4 2453 ppm. Th &4 139 42 951 ppm Z[A], i Th/U HL#E 0.230
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S T L AR AR

2 1.263 200, ¥R hA KR A (ERS AT U-Pb IR A, BT IR R
BisAri gz b, W EATE MR G U-Pb R R — ELORFRE B A RPRES (K
5-50). 23 M rigathh 424 £3 Ma HIIEMIFES, AR TR M 45 5 Ee .

XF314 K H B L LE AR LG I — AR/ R 22 R A XA 2 AR R 34 22 g B
TP BIUIER], A 22 T v ek, UMRAIARTE, TR T oy, 1
FrAR L S A R R B DY A A A R AR B B E I HES . 15 AR RO 4
£ U &K 163-1581 ppm, Th FELE 195-500 ppm, Th/U HL{EAE 0.280-1.322
W2 W B4 U-Pb WEMEZ A, 15 AN FREARS AR i 2 1, 155
418 + 3 Ma [MIEAIAFERS, BB RTEILEES T R I H g i, [ 45 e

XF73@01 XF73@03 XF213@04

- _,,': | ';";
. 11405.9/-5.4/ | 429.5/-49
Kl 5-4 Sl B A AR L e A ARAE B 2 TR B B RO ER . KA U-Pb 4508, /N A
Hf [Flf7 % 1H
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S AT e L3 L () A3 I AL

ZOGP bJ.ZSSU

ZDSPbJ,ZZBU

Bpp 2By

5ppy 2y

018

016 T

[RFE 4

LRLE 4

0.08 T

0.06 T

0.04

XF76
Concordia age
=428 +4 Ma
MSWD = 0.1 (n=23)

0z

0.075 1

0073 1

0071 1

0.069 T

0.067 T

Concordia age
=437 4 Ma
MSWD = 1.8 (n=13)

0070 |

0068

0.066

0.084

oosz

XF270
Concordia age
=412+4 Ma
MSWD = 0.8 (n=15)

. i ; ;

044 0.48 0.48 0.50 0.52 0.54

ZUTPbIIr235U
0072
XF314
‘Weighted mean
| [PbF*U age: 418£3 Ma

0019 MSWD = 0.4 (n=15}
0088t
0.088 T
0064
0.062 ¥ : ' ; ; !

044 046 048 0.50 052 0.54 056

W07py 235

28ppy =8y

2Eﬁpb‘|.238u

ZOEPNZMU

0077
XF93

Concordia age

0.075 + =438+ 3 Ma
MSWD = 0.7 (n=18) 0
0073 T
0071 T
0.069 T
0.067 1
0.085 + t + + +
048 0.50 052 0.54 0.56 0.58 0.60
2D?Pb!235u

oorz + XF219

Concordia age

=411 +4Ma

0.070 T

0.068 T

0.066 T

0.084 T

0.062 T

0.080 T

0.058

044

MSWD = 5.1 (n=14)

048

0.50 0.52 054

ZOFbeZ‘.iSU

0.075

0073 p

0071

0.088

0.087 F

XF274
Concordia age
=424+ 3Ma
MSWD = 2.0 (n=23)

K 5-5 BT SRt AT b B A7 U-Pb AT
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2 Hrp AT A

H T B SRSV Bl R FE Pk, i A 5 0 L X ) B S o B AT T
Rl 67 ZARAREBIST, FH3K45 T 245-235 Ma 1 230-215 Ma AN 305 Sh I BLCE
F%4%  2005; Wang et al., 2007b; Li and Li, 2007; 254545 2008; P& 2%,
20100, X TREFTIX NI ERAE RS, BATRIRFEEIR T 7 MU At
T TAEAAIIINE o 3B AT X — IR FH € 48, TATRIIRE 18 RKiG5)
(RIS a], IStk B s v AR AR s v Sl R AR BB T T Al

L AEARTE R AR T I A R 2B R (BTG (B ], & BB 2 H BT
JBas, PRRARIRECARIR Y 3, 8 A K/ —fN 50 pm %2 300 pm, 5 H 222
e fE 2:1 B 4:1 Z00), DEOTIL 6:10 FEINR I T, 2 BB A7 HLA 175 W R 1y
Mt , HAAE XF213 8 A B 22 REIEEIRIERS, WA E (K
5-4). A RKZHEEA /AT UK Th/U LUK T 0.1, B R AR K i B
BN, AXAE XF213 W02 ARG R B2 I A, FATEUIRK Th/U HUfd,
Y A R B B AT e D T R IR E 45 e (Vavra et al., 1996; Pidgeon,
1992; RICLREE, 2001) 0 FAT MK 7 W M sk 3% 1

XF17 K B TG A R, BEAT T 13 M A AT, S U S i
(KA Ak, 30 Bl A 238 3] 1520 ppm 2 [A], Th & &4 131 % 871 ppm Ju[H 2 7], Th/U
LLAETE 0.277 22 0.710. o ARX ARG E , AEAF 85 A T S AR I A s B
£ U-Pb I RIE T, Frf i Tl gk 2 b, R ATERZ G U-Pb A&
BAIRA UL Pb AL ERBUINAN (B 5-6a). 1R IHEM 2 LIRS
45 H 220 + 2 Ma [FIEFIAERS, A0SR T 16K IR AR o

FEAh XF73 5K B T 08 1L B I BB S AR R M B IR, il 16 MRS A
BEAT 55U U-Pb [FALZR 04T, U S EJEHIAE 162 £ 2486 ppm Z [A], Th &#7E
154 % 1416 ppm Ju[H 2 [7], Th/U HGAEM 0.221 %2 1.575, $878 T a8 By
FRSRRE , A A S AR I A A B B b e 75 U-Pb NI, AT ¥ £
frFiEfk 2 -, RPEA R G U-Pb KR E RS U Pb AL EIER
BN (E 5-6b), JE AR E R X — B R R 7EA KRR
Z EIAA S 4T H 220 + 2 Ma [IEFIAERE, AR T I0RA IRALFR

83



S AT e L3 L () A3 I AL

1 XF17
0037 Concordia U-Pb age
=220+2Ma
MSWD = 0.1 (n=13)

0.038 T
=
o
& oot
r-
o
H]
|

0.034 1

0033 T

0.032 ' + ' + +

021 022 0.23 0.24 025 0.26
207 35,
Pb/™*U
0.038
XF205
Concordia U-Pb age
0037 T =222+3Ma

0,036 T

0,035 T

2epp 23y

0.034 T

0.033 1

MSWD = 2.2 (n=8)

0.27

0.032 + + + +
022 023 0.24 0.25 026 027
HTpp/*y
0.4
XF213 2000
Concordia U-Pb age
=224+2Ma
03t MSWD = 2.3 (n=8) 1600
g .
4 1200
802
o
- 4
800,
01 oM
oo 210
on on 0 o 0|
0.0 + +
0 2 4 6
275235
00375
XF221
Concordia U-Pb age
0.0365 T =217+2Ma
MSWD = 0.1 (n=16) 30
0.0355
2
2
NB 0.0345
gﬁ.
0.0335
00325 1
0.0315 ¢ + b +
0.18 021 023 025 027 028
®pp/*y

0.038

0.037

00337

0.031 + + + +
0.19 021 023 025 027
HTpp*y
0.038
XF208
Concordia U-Pb age
oos7 4 =225+2Ma
o2 oot
2‘\-u_
o
o
8 oot
0.034 T
0.033 + + + b
0.20 0.22 0.24 0.26 028
®pp/**y
XF216
Concordia U-Pb age
0038 =225+ 2Ma
MSWD = 0.7 (n=17)
0.036 |
=
g
r-]
§n.
0.034 |
0.032 . . .
0.21 0.23 0.25 0.27 0.29
“pp*y

K 5-6 WEFEIX L AT B i A7 U-Pb 1A
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XF205 K Al & LR LA LEa 1k, h— B ot KAk s, Wil 14
ANEEAHEAT BRI U-Pb [FIRL 32204, A5 R R A iR R A0 U & s, Tu I
1202 ] 7648 ppm Z[f], Th & HWAHX 45, 75 192 %2 2176 ppm U Z[[], Th/U
FEAE A 0.067 % 0.347. ££ U-Pb iENIEh, P I Rif Tl AIger b, R A
JERLZ G U-Pb K REAARA Uy Pb L EM E RSN (B 5-60), {HZTE
FITAT IR AT 5 AN A U & m T 4000 ppm, 113X 5 AN AL £E A 2K
A2 b, (A BN AR AR o FIFERII S T AR AE SIMS 547 U-Pb
SriThiERE (W LiQL etal., 20100, Pilith, ZiBRIX S AR, Fl R 9 AR A
gyt 222 + 3 Ma PIEFIFER, AR THRKSRAFER (B 5-60). Hf At
SHRIMP £ LA-ICP-MS Jj i 3X — 54K BE4T T U-Pb [FA7 2 M5, {H L 45 5L AN
HAEBKIZE . T2 (2005) 7R AR TR 7 PSR S, DA AR
A 215 Ma #1211 Ma; 1fj Wang et al. (2007) [EAERE T B5/NEEM, J1050 4 243
Ma #1210 Ma. SR IATIE S B ARG H Y SIMS Ky Ll s AR A2 5 O 222
Ma.

XF208 K H IR 4 WL DL il A, g — e i) 2 = B = K e X
o WIFE TR TR (1988) &N LA AR T B AT U-Pb 52 4E, IRk
Bk ARRBATHEEX 14 ANMEA AT S U-Pb [W47 3200 244
N =B b @R BRI ARE A U & 20 F7E 851 2 1603 ppm 2 [7], Th
AR 172 % 817 ppm B2 I8, Th/U ELAE M 0.203 % 0.538. 7£ U-Pb il AIK]
H, BT R T2 b, RPESAIERZ S5 U-Pb R B HARA U, Pb
[l 67 28 1 R BN o B 14 AN S EE T, 25 H 226 + 2 Ma IR FIAFE 1,
R TIER AR AR (& 5-6d).

FESD XF213 K B30 L g 0 7 i AR I Ll g A SX AN RE R P A R
AEE IR ATIJE I, WA IR G AT RS A IR . T HAE ) 17 A
ATEAT S U-Pb R 5007, U S u AR 2K, 75 47 3 3964 ppm 2 [1],
Th & &7E 23 42 373 ppm JEHE 28], Th/U EL{EM 0.009 £ 1.191, #5345 41467
TEFBH, M5 Th/U WA BRI RE AT, WL 454 DI 63K B AR SR ES A
7E U-Pb WM, PIRMES A B A AL K . I XF213@5. XF213@6+
XF213@9 1 XF213@9-1 X PU sifr TRk 2 47, RIS AT 2 Ja 1) U-Pb 44
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b AT W L3 L R I A

FREAA UL Po RIS E R, B 25 TR IR R e m T X — B iR R (K
5-6e). TMAEWMZHIE 220 Ma [WHE, 41 8 N RtEh A Tz b, Ak
dn B AT B /NERS , RIITE R TG RS o IRy T8 IR A 2 B IRl
R H 224 + 4 Ma IEAIERS, AR TR SRR AL TR . LR
B A R AR E 251 £ 1823 Ma 2 1], A SRV DX HH 4k A& IR 44

XF216 K F 1 B 4 BB T LLZR OG0 Ji K, & N A e R E AR . 3T
R 19 AN T 5 S0 U-Pb R 22 TN SOk =& e ikE . 4
R BRI RE AT U S RVEHI4E 280 2] 4484 ppm 2 [8], Th & AE 189 42 4577
ppm 5 HZ 7], Th/U LA 0.386 % 1.021. 7 U-Pb iERIEF, B ) Shr T
WMLy b, RWEATEZ G U-Pb AR B ARG Uy Pb AN ME RSN
Ao B 19 MR A EET, 45 225 2 Ma I RIEERS, AR THERE 1
AR (B 5-60). [FFER, JCH A AT T AEARARIETT, (HR R AL
PR ZE B R, Wang etal. (2007) £33 T 236 Ma [f] U-Pb 748, 1Rk D4
(2007) [#) LA-ICP-MS #5437 U-Pb 4F#%h 203 F1208 Ma, B AWIE K
ZEBE . BT WOGHI A U-Pb (RHERGTERAT SIMS HERG,  [R]IN oh T S5 K 32 211K
THEK: Wang et al. [FERINITTREZ S T U S5m0, BT LA
FEARIIE L T 225 Ma WiZds A Bl A AR IR AL IR AR

XF221 3K H g A B AL 5 82 U R b ) e B B e, Bl ol — U
(R R B KRR S . TR 16 ANMEFAREAT R A U-Pb [FAL R 04 o,
AR A U & EyG e 191 3] 1559 ppm 2 i), Th & &4 87 & 713 ppm 76 H
28], Th/U LA 0.263 %2 0.746. 7F U-Pb IERIEH, 16 A s B0 T B4 Al
gz b, RWEEOTERZIGM) U-Po KRB, BAEZ G ER- . RARME
FH SO T S8 RGP 16 MR S AiidEd, 45H 217 = 2 Ma iR
EWY, ARE TN A RALFER ( 5-6g). 1X5 Wang etal. (2007) (1] 241 Ma
AEBRAKHA, (HE5 Liand Li (2007) MRS, Ui 217 Ma IE£H
(UNEESIELT TN R N

FMOT MEAETRESF

X BLAE N RO 2 (R e A T R e AR, BRI T 4
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ANTEREFER (XF205. XF208. XF326 fll XF366) Fl 2 ARG B A A T

(XF365 Ml XF376) BEATINAE ., X B LSRR B AAE T R otk
RN EZE 50 42 200 pm 2 A (K], {HABA EHATAE 500 pm DL EHECKH M
Jagr CED. VRGN AR Eos W& 2.

Ce-O) WA

Ff i XF365 3K FWOP DL 22 WAL (N26°16.467', E110°24.269), J3—kt
TART A Aotk Babk AEMagleat oA, AT HE LR 3N
Witz bo FEE 2, Sy B A 5 = ZE IR IERAE , FEATRE A0 e TR I 1350
TE R AR FR B A3, 78 T L4 n) NW B 5 W, 516 Dy I IEAE
FI R T B 2 S SO A R EARBL . E XF365 2 b, Al A AR A4 3 22
BT e A R m Rz, K/ 10 22 80 pm ANSE, FiiiE AR,
RS A — s e g st s a8 5-7a) . B S a4 Joki s o
KA, HARB PR PAT T Sy HIEE . IR ATT AT LA A s a3k 2 ft A 41 e
5. Dy RIEVE R T 45 S B A 4o 12 i T i PR IR I e, A3 3R
ATTRT AR S5 26 % d5 R 1A T L ST R R (R RO BEA T 3 4, AIBISRASH ) A% -
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b AT W L3 L R I A

AIGARERS o WL 74 MR TR, JATERAS T AN IR A R
243+ 9 Ma, MSWD 4 1.2, RUWFERE TARBEEZN (B 5-8a). AR ILA#
TR W AR T I I 18]

FEdh XF376 K F VI LU BT (N28°11.317', E111°58.108"), h—He&wy
Afi. Hoath, BatE, AW 28, [RIFER BAL T 3508 i 31 iy 2
o TERE 2, Sy BRI IR L, Ry A AN S BT I HES B,
BYY4R 1 EFER M NW, 4 Dy IRGIEAE R FAMIERAIE. 75 XF376 21, K
O LT MG B R A T R B T R A BRI I 2, R/
20 2 50 pm, INHE AR, RUIHSRALE R WS g st s A (K
5-7b) o B b PO AT RORL IS S K AR, HAE I D a 75 A7 AR B PAT T Sy T
FH L FRATT AT LA IX B8 B AR AE Dy MG AEH T 45 b B it T80
JRC RIS B AR, BRI B U T A R AR R, A I % 13 AR | 28 /M
RO SR A AT ARG T8, ARG T — AN BG5S 226 + 18 Ma,
MSWD 4 0.95, RG-S THREHEZ N (8 5-8b) AR LUK ILAERE Ay
5y A HAR S A TR N o 2B (I AR T I 1]

FEf XF205, KB LEAR, BT mEEERN ThU HEEC &R
Th/Pb-U/Pb #£ & (Cocherie and Albarede, 2001). JBEL 91 A~ R, Fofi 14551
TR B RS SAER (U/Pb 4E#S: 222 + 24/ — 25 Ma A1 Th/Pb 4E#3: 239 + 7
Ma). dfa tHEAF AR R 236 4 Ma (] 5-8¢),

FEf XF326 K B RLREESE, 0T 05 s AR Ll R 1) i) R Az
AR LE 10 MR AR EHET 68 AN ST 2 5, BATRIZFE S AT A
ZH ThU HUEHR XF205 54k, BRI A si7E Th/Pb XJ U/Pb AN
e, AR TRZERORI) BN A SR (U/Ph ARl 219 + 75/ — 87 Ma il
Th/Pb 4Fi#%: 236 + 18/ — 16 Ma). SN, FnJHZ 5 BR (1) 55 N e B0 Hil

(J 5-8d), BTAFRATA v 545 Hi ) 233 + 6 Ma 1] AR JE A7 1 .

BRI XF366 K H 800 LUK BT LI AR BLVG ) 22 80A 1K, 55 XF314 67 B AT
A LRI S B TR BT ORI, U R A, i AR TS, (H
KA ) B PR A28 DL 5R DY 35 35— 19D o Ay 7 P R EHIINA 45 R BoR,
MIXHEER ThU WG T Th/Pb XF U/Pb R, 1 s & i U2
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Suzuki and Adachi [f] Pb-U*$£E (1991). 7F Po-U*EIE T, B 4041 s it B 1)
ML X Y BhiAC mAR s T sl s, FF o b B sk . 112 MK
FZEH 414 £ 18 Ma I4FERSY, fEIRZEVUHEIZ N5 XF314 (1) SIMS #5 41 U-Pb €4

RT3

a XF365 XF376
400 | 400
1]
2= 571
A AR ATA - A T AT
o Ui I I T |
T < i
<o 200-“ | |||| || |
. (" XF365 (Micaschist) ) oo b (" XF376 (Micaschist)
Monazite (18 grains) Monazite (13 grains)
U-Th/Pb age = 243+9 Ma U-Th/Pb age = 226118 Ma
MSWD = 1.2 (n=74) MSWD = 0.95 (n=28)
0 0
C XF205 XF205 (Biotite granite) d
120 Monazite (7 grains) 120
U-Th/Pb age = 23614 Ma
MSWD = 0.78 (n=91)
100 100
e 80 e 80
o o
= =
= oo = 60
40 Regression line 40 |
20 o 20 [ Theoretical isochron
::';;;';::a('ﬂ:;‘::?" at232.8 Ma (dashed
line)
0 L 0
0 10 20 30 40 0 20 40 60
U/Pb U/Pb
€ 200 | XF366 f . [xF208
-l . ] || H | ‘H Hm | ” ” ”h ‘ ‘ l‘ H”
o | 240 ||||||| I|||||| h. || I‘ ! n||| ”||||||||| || ‘
A
© 200 |
o 1600 | =
o 2 e |
1200
120
800
XF 366 (Gneissic granite) 80 | XF208 (Biotite granite)
Monazite (6 grains) Monazite (6 grains)
400 | U-Th/Pb age = 414+18 Ma a0 F U-Th/Pb age = 2304 Ma
MSWD = 1.50 (n=112) MSWD = 0.97 (n=82)
0 * 0
0 10000 20000 30000 40000 50000
u*

5-8 WX ZBHf 4 (a-b) MIRLAAENLERS (-0 AE A AR
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Bt XF208 i3 U-Pb 5E FEAF 21145 R 225 + 2 Ma.o 03 47 HLF- P4
WA, FAVRIH T Th/U Hefid T4, Bk Joig /2 Th/Pb X U/Pb IR ik
A& Po-UH &, #RICIEAS BIMER I AERS, DN U REAE LIBT3 4E#E 230 £4 Ma
SKARK PG AT 426, MSWD 24 0.97, RWIGRIFER BSL{E . [/ 78
WRZEE N 5854 U-Pb 2.

FOT FREENRNG

e 1L X A6 B A B T A AR b ZE AR rp A AR, Bl ARG
Jr BRAE 46 08 O 440-410 Ma, T A AEAR AR 225-215 Ma 2 ] .

WA SCATIAR, R AR AR AR P 25 0 Lot DX A TR B S P 5 s A R
HFedass o B, Bt ARARE LR AR S 0 L DUARHBIX, SR iR IR B T 1
TP AR G (BF R4, 1997, 1999; Lin et al., 2008; Faure et al., 2009;
Charvet et al., 20100, K3 il =202 i/ (Wang et al., 2007a; Wan et al., 2007,
2010; Faure et al., 2009; Li ZX et al., 2010). -l 2= AR i £5 kB b 10 45 SR el 2K
FUASE 0 3 58 AR VR AL B A IR A, (TLPE A BT 7™ R, 1984; ARG M i)™ =),
1985; Li XH, 1991, 1994; Wang et al., 2007a; Wan et al., 2007; 5K5Z 45, 2010; 7K
JEJELE, 2010; Li ZX et al., 2010; Yang et al., 2010; Chen et al., 2011; Xu et al.,
201D AP AR A ARG, S AR IS AR R A A 460-440 Ma 2 Ji],
M 440 Ma JH4R, e AR F 5 RS 1Bt Pt LT B Fe) n J 1 58 (R A 5t 15 25 B
MBI RE 1) 440-400 Ma (6 A 1. A B 28 D15 AL ot AR
ARSI P L AR, S50 L R i Ll S SRR A, Ui B AN R R R R
PRI ZR ARG 1L i Ab TR R M XNy 2 o i LR BN T B s
RIS, TR T A5l WL e R TS IE 2
wk . ASCHEEAT SIMS U-Pb fEie R B IX LS KK L BT 440-410 Ma 2], 55
AR AACE AT T T — IR, AT RE R A AR IR 1R I 1 55

Hg X 27 T R AR AR ZL B G AR, S R 2 HOE LA
L, TERCT A2 i3 L s R Sa -1 BRI AE R 5 (Montel et al., 1992; Harris
and Massey, 1994; Faure et al., 2003; Brown, 2005; Chung et al., 2005) . 1X4E1¢ i &
DATEFEANRIBIX, RBHIXA IR Py T 5. rp AR AR 2L R 52 SV E R, 1 78
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DX B AT A B 2 AT HY R

e L1 s I =B LA A B R EA A, A5k (D DT
AR HZ, LA () WAHEAMTEITE AR (K] 5-1) RN TIX L8
RS HHT TVPER . 20780 (SHRIMP Al LA-ICP-MS) 4EACAMIAR, (HE
FARMMEER A KRS (B 5-9). FEESINIX MK MRS M
243-228 Ma H1 220-206 Ma PTG 3N, 20— WA 90 H T BN SCaE L v
S8 R ST TR AR, DT S KA B K P A R A, S T X IE L S R 18
PSP S 3 L R SRR A E S B0, MBI A IR A ) AR S5 1 5%
AR (CEIEZESE, 2005; Wang et al., 2007a; 2545, 2010). 15— PP
YN TG A 35 5 BE 225-205 Ma 2 (1], 5215 S T e s i b
BN SZARCER ) (ORI T 2445, 2005; R AT, 2006, 2007a, 2007b) . 75 258-243 Ma
A, RERESE T A R E SR, 7E 20 My 25, 3 LSRN Tk
a1 T AR A L G A G ). Li ZX and Li XH (2007) 45 & G ARERL
FEE A, TR JRE B FH T PR~ AR g RS I, i pA) 32 1y A B
[) A i % AT 5 AR 1 [ 1 L A B 2

ARSI A P ERER U-Th-Pb 424713 (M 4E# 5 SIMS 547 U-Pb 4E#8
FHELE, BT XF366 X P A AFE i 5 U-Pb VRN AR08 18 2216 [l 1 JL-F-AH 4
Ab, AR 2 ANFER (XF205 F1 XF208) #4H U-Pb AR EL, A HI B340
SAS R AR R T LA AT A LA, Ty HSERL U-Pb 4R, B541 U-Pb
RGBS EALE 700-900 £, B A U-Th-Pb (1) L E 600-700 £, —
0L N AR B A 2 T a0, AR SO BLEN A TR AR S o AR AR iR
DRATIAN B T, AHSRAG (R AR08 B A 18 22 Y TRl A ] Ak S — 350 . R T85 40 U-Pb
BOAAET R, TEALR A g AR i e b, R SRS il 4 2 oA
TEARE IR T CVE LR, BT LABRATT h 547 U-Pb AF8 A% S BT 1e K o 1R
PEAEIER . WORSCWR T SIMS 45 A U-Pb AR T L IX =S als
FAEBRII AR
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241+3 Ma 21742 Ma 205+3 Ma 21551 Ma 2113 Ma 226+18 Ma 236+4 Ma 22243 Ma
Monzogranite Monzogranite Monzogranite Mus, mylonite Two-mica granite] Micaschi: M. grani Monzogranite
[Wang et al(2007a Li & Li(2007)| [Chen et al(2007a)] \Wang et al (2005 Xu et al(2004) XF376 XF205 XF205
\ T I T 1
2094 Ma { ."“1?/‘ 111 | [ 2105 ™a
Monzogranite - Monzogranite
Chen et al(2007a) 59 ~ 4 [Wang et al(2007a
222¢2 Ma (= 21552 Ma
Granite % o 0 Hornblende granite|
Li et al(2008) o Ding et al(2005)
37751 Ma o p 2112 Ma
Bt, Mylonite o 7 Homblende granite
Wang et al (2005 Ding et al(2005)
21451 Ma [ f - ] [ 243x4Ma
Ser, Mylonite 28 ¥ / i 28'{H Monzogranite
Wang et al (2005 [Wang et al(2007a
2071 Ma d 23646 Ma
Ser, Mylonite &/ || Monzogranite
Wang et al (2005 & 0 Wang et al(2007a
z
204+3 Ma ﬁﬁ) X 25+2 Ma
Monzogranite |~ x Monzogranite
[Chen et al(2007b / 0 f XF208
235+4 Ma B 2 236+4 Ma
Monzonite [ || Biotite granite
Wang et al(2007a S /. N XF208
23346 Ma 7/, h D\ 218+3 Ma
Monzogranite v/ G Monzogranite
XF326 & 0 {f% [Wang et al(2007a
243+9 Ma 208+3 Ma
Micaschist |2/ 4 /f26 Monzogranite
XF365 26 / Chen et al(2007b
i
31853 Ma 9 23616 Ma
Biotite granite T Monzogranite
XF366 110 s JT4 111 [112 13 Wang et al(2007
414+18 Ma 208 £3 Ma 21245 Ma 218+4 Ma 237+£5 Ma 218+£10 Ma 219+3 Ma 203£2 Ma
Biotite granite Granite Biotite granite | [Two-mica granite Monzogranite | |Two-mica granite | [Tourmaline granite| | Monzogranite
XF314 Zhou et al(2007 Phou et al(2007) | Li & Li(2007) ang et al(2007a) [Chen et al(2006)| |Chen et al(2006)| [Chen et al(2007b
Monazite :
i 4 SIMS U-Pb SHRIMP, LA ICP
. 4 PRl e
S pape

Bl 5-9 WFFTX AR K 1 &

i3S SIMS #i47 U-Po VARG A E T, FAT A T 1L o AR A LI Y S
WA A G e 225-215 Ma, UE{ELE 222 Ma (& 5-10), JFHIG 1, A
A NN R B W 36 TG Bl o 456 1L X T 0 L Ll P L
(K=, 1A 2 B BN SR TR 5 3 B0 0SS Bl 5o A e 5 R .

U6 1L (1 v R I R B B A TR AR T 5 At SR 2, DRI 5 0 1
X AR TEARARZIT TR >, AUNAT Wang et al. (2005) FRTHI) 5 4> Ar-Ar 402
s, w1 HASTEAEARAE 217-195 Ma, B WG T LS AR A a8, BRIX
SERE 1) AR SATHEAT A o A 22 0855 (2004 W FELF A JiE 7772 (ESRD
W72 IR A DEK AR R A T 160-130 Ma A1 110-90 Ma (B AN BUAERS, AR %
A TR 25 20 S 6 A2 A o ST 7 S 5 I W R R R R A A
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S FELE L AR

NRTRHETMCE, [FIN AT SRR A 5 52 215 WIR AV E I w0, i LUK 47 n]
RETC SR 1 D e LY JZ (R BPE SN B R IRIESE o 55, W4 555% (2010) XFHR
BRCE PR AT T K-Ar JI4FE, 3RAG T 419-389 Ma [15FES, RIIAERY
AT B2 T X IRIERI R, X5 e e A T AN B S AT B

— [ AW5E n=15
I 1A = 222 Ma 1 — A D=7

Relative probability

/

190 200 210 220 230 240 250 260 270
Age

Bl 5-10 WFFTIXAE B i A IO SEAREE Bl 5 AR SO L

AL A U-Th-Pb AFEAREEHAE T A3 25 06 1L a0 Y5 A P T 4000 T ok
WA LR IR A RO L M R R AR T = BE A BEAT T A R s
U-Th-Pb W4, 3R1H 243-226 Ma [KFERE . S5 G MEAulEds, XLl a4 AT 1
A, KRR [RGB A =4, DRI AT IR A (R AE R A3 T 0 B Aty 1R 3 1)
W EWBAT L Dy LR NW O BSUIASE N, BTLA Dy MR A T

&t

AN, AR R B IRATAED) Ll e R 2R TR A ) XF376 FEM 25 H1 T 226 Ma
AR, X5 A PRIAERS 222 Ma BB . XF376 & W& =Bt
TS WA I B R AR it B A e, P REARR AT R A 5 1) vt AR
TER, TR 2 5 el = T =B Mk A« X BRI E T
TEAR I F A AR AL R B[R] 7 51 G R

BT WL ) A AR TR ), AR AR A A TR, Tt AR CBT 54, 1994;
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FroCAE5E, 1998, 1999) AL A4 (Hsu et al., 1988, 1990; I SCEESE, 1993; [k
HhEE, 1993; Wang et al., 2005), FLAMED L MFF AT ZH (Yan et al., 2003).
2 G R IEAFEAEEE , FAT A T L — 4 L AR AR a1 Lty e B
i, [ g b 7 Rl AR AR TR h A AR R AE R, 3 00) A DX I
e LA R 20 e S S TR 2 bt o
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FARE SEUMXEEHIMFTRL

Lu 5 Hf 4 5 4% (highly refractory) ) H 458 A AR AT E, X—mY
Sm-Nd R E IR KMANE . Bk, HE AR EERIEA B S Nd [ ZH
[l BEAG TR B AR AN i, R R T8 A dat AT P v AR SRR, N A
A1 HE A7 SRR A AT AL M5 (0T J LA S R i 18 A 45 ) 8L A L S 1
DBk, PR AR S B OGBS A A HE [R167 38 3 B T BRI 7T X Lty A AR
AL AR ARAE B EAT IR, AT AR 25 068 1L 110 68 A i S e i £

larad

F—1 KRHE

B HE R 2007 b R B 5T 5 sk BRI E T Neptune 22 038
H JEORE & 25 3 A A TIE A (MC-ICP-MS) A1 193 nm WOGHURE RS Lidt47, 247
IO AR B AR A 44 85 63 pm, OGRS [R12 26s . e i8S A7 1 Brdadt GI-1
FMUD 1ESMx, 28 b B FH OGP 28 10 Hz, BOGR Bk aeR R 100
mJo BRI AT A A S RGN 3 T FE T 2 L W et al. (20060, AR SZEM 52
R, GI-1 F1 MUD [ 52 45 5735l & 0.281999 +6 (20, n=34) F1 0.282503 +7

(20, n=34), 1%fH5 H T HEBIESFAAIELE R ZETEE A —3 (Woodhead and

Hergt, 2005; Morel et al., 2008). AR & Hf [A A7 W5 H A A

eHf(0)=10000[('"°Hf/'""Hf)s/(""°HE/ " Hf)crur o-1]-

eHf(t)=10000 {[('"*Hf/"""Hf)s-'"°Lu/""Hf)sx(e™-1)]/[("°HE/""H) crur o~ Lu/* 7
Hf)crur(e™-1)]-1}.

Tov=1AXIn{ 1+[(7°HE " H)s-(7°HE HA)pm]/[( 7L/ H)s-(7°Lu/ " H)pwm] }

Tom =1/AxIn {1+[(""°Hf/"Hf)s -("°HE " Hf)pa J/[( 7 Lw/ " HE)e- Lo/ H)pu
1+t

(176Lw/" "TH)s FI(THE THs 43 B RE A, W CLw/ T H ) cnur K
0.0332 , ("“Lw/""Hf)cuuro A 0.282772 (Bichert-Toft and Albaréde, 1997);
("Lu/"Hf)pn=0.0384 ,  ("°Hf/'""Hf)pm=0.28325 (Griffin et al, 2000),
("°Lu/"THE)c=0.015, t W2 HE A P45 AR, Lu 32248 A=1.867 x 10° m.y.
(Soderlund et al., 2004).
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FIT KWER

1R AT b

HIRFLIEEC T 6 N HE AACTE KA R (XF76. XF93. XF99. XF219. XF270
N XF274) #HATHE A HE R ZNE, 288 dEA E 57 SIMS #5471 U-Pb
A8 547 U-Pb MR AT IR SR AEES T TR bWl ah HE DA R U4

o VRN LN 3.

8 XF76

XF99

I 1

=30 25 -20 -15 -10 5 0 5 10 15 20

Epsilon Hf

8 XF270

MNumber

| il

-30 -25 -20 -15 -10 -5 o 5 10 15 20
Epsilon Hf

MNumber

Number

MNumber

XF93
=
-30 25 -20 -15 -10 5 1] 10 15 20
Epsilon Hf
XF219
-30 -1;5 -2‘0 -1'5 -I‘O -5 :J 10 1.5 20
Epsilon Hf
XF274
-30 -25 -20 -15 -10 5 0 10 15 20
Epsilon Hf

Kl 6-1 il oty A AR B 2 1) eHECE) AR 70 A1 ]
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SN FE LR el A

0 XF76 10 XF93

MNumber
MNumber

2 | 2 i

0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
iEE (Ma) A (Ma)
8
. XF99 10 XF219
-
7 =
B
[ - -
55 g s
2 £
1 =
Za &
4
3
£ 2
1 1
0 [ :
0 500 1000 1500 2000 2500 3000 3500 4000 0 509 W0 100" 000 2500 006 IS0 4000
Y (Mal ERE (Mma)
14 14
12 12
- -
10 10
= B = B
2 2
E E
=1 =1
-4 z

4 4

2 J] 2 I”
] 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
HE (Ma) 4 (Ma)

B 6-2 UL AT b A A ) Tow® AR AT 1 o

XF76 K E#RIEWS AR, SR8 428 Ma. LT T 17 AR, Hod 16 4
ki oL/ TTHE HAEAE 0.002 BUR, SRWERARZ JE A AR I EUR P A
Hf R BB ARG R BN, enOFER AEY, -89 £-6.1 28] (K
6-1), [IFEHE, BERAFE Ton® AR, M 1807 2 1979 Ma (& 6-2). 7F
XF76 [ Hr s, A7 e 3 AN kR B A o Horb, — A~ 956 Ma I A4 HAT 1IE 1M end(t)
i, 3 Tou® BERAERS ) 1475 Ma, WAl GEAT 5 BLHubE (K o 1 53 4195 ~~800
Ma [F45 47 11 endOfE 5 E-3.0 F1-5.4, BLRAEE 5518 1914 Ma Fl 2050 Ma.
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FENL XFO3 K AR ACAA, fEW N 438 Ma, FRATILIMNT T 22 AN . #F
AR RAT Gk AR AT, AERR IR 438 Ma 24, BT I A Lo/ TTHE HUE A 0.002
LAR, AR UL T B B I 5 A AR R TSR P e HE TR 31 B o end ) BUMH
fE-7.5 52,5 2 () (& 6-1), AR AE-6.0 JoA7, TRLAERY Tom 404 1 [ 7E 1583
£ 1903 Ma Z[f), UE{HAE 1700 Ma (& 6-2).

XF99 K H Tk, BEAAERA 437 Ma. LT T 17 A S0k,
A R O Lw/ T THE BUAEAE 0,002 AR, ZR WA A BUR PR HE R 21
ZH. enfOBMEBN I EL AE-11.0 2.2 Z08), WAHLFE-4.0 247 (K 6-1), [FFE
Hi, B AR Tou® 201 8 R, M 1720 ZE 2118 Ma, WA 7E 1800 Ma ZE 75 (
6-2) . 7F XF76 153 HT i, A7 1 ANk ES AR08 4 939 Ma 1S A B AT IEI end(t)
fH, JL TonE BRIl 2372 Ma, R EAATRER 2 LSS BRMAR 42

XF219 A IS IA R, BAHERA 411 Ma. JE3HT T 18 A0Sk, Hpy
17 ANERLE oL/ THE HGEAE 0.002 BLT o IRREE B ER, end ) BUEAE-7.0 £-2.9
Z I (B 6-1), AEAFRS T 0 A Ju B 1590 21 1846 Ma (18] 6-2).

XF270 M LIS, B4R 412 Ma, ER0F 19 M4 T 19 A4S S0
e BT A0 TLw/ TTHE HAEAE 0.002 LR, °HETHE LA AE 0.282323 &
0.282463 ZIf], FREVEEA B —, IR B R 5 TBOR PR R HE [l 67 2511
R EBBAK. euEBE I ATEHAE-7.8 £-4.1 28] (B 6-1), BT HA fHAE-3.2
F1-2.2. BERAERS Ton© 2M A 7E 1546 %5 1900 Ma 2 [H], W44 1750 Ma (| 6-2).

XF274 s AR, BT RS 424 Ma, JEXF 20 MR HEIT T 20 AN A
AR BT 0 oL/ TTHE BUARAE 0.002 LUR, OHETHS ELE R AE 0.282325 &
0.282522 2 [8] o e ) BUE /3 VO I AE-6.7 22-1.8 Z [0 (& 6-1), B T —AN 557 0.2,
B AR Ton© 20 7E 1531 45 1843 Ma 2 [1], WE{E > 1750 Ma (| 6-2).

2 Hrp AT

XF17 K A BT A, B4 EH 220 Ma, JExF 18 M A HEAT T 18 AN AR .
JIAT s Lw/ T THE LR AE 0,002 LA, 2807 0.001 LU, VCHETHE L AE > G
£ 0.282500 % 0.282583 2 [a), LMEAT KB —, [FINTERZ G T8O PE R
HF [FJ47 25 1) BB WA end ) BUE 2 AVE BIAE-5.0 £-2.1 Z 17 (K 6-3),
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SN FE LR el A

WAL AE-4.5 Aid7 o BATUAERS Tom© HIXHESRS, 78 1386 & 1572 Ma 2 [a], WE{E
1400 Ma (& 6-4),

5
14
XF17 XF73
12 4 -
10
= 3
28 5
“ £
z >
z
& 2
4
1 1 "
2
e 0
L L o B 0" W% W 30 26 20 5 0 & 0 5 o 15 20
Epsilon Hf Epsilon Hf
7 10
" XF205 ° XF208
a -y
5 7
[
54 1 ]
F=] =
E E 5
= =
Z: -4
4
2 3
2
1
1
0 0
3 25 2 5 0 6 ] 5 w 15 30 25 2 5 0 5 [ 5 1 15 2
Epsilon Hf Epsilon Hf
4
10
XF213 XF216
-
3 8
= g
éz E
2 z
4
1
””” ’I |
0 . . - - - 0
3 25 20 5 0 5 0 5 10 15 20 o8 & s M e § oz @
Epsilan Hf Epsilon Hf
10
’ XF221
B s
7
&
2
E 5
=
z
4
3
2 " ]
1
0
30 25 20 -6 -0 5 0 5 0 15 20
Epsilon Hf

Kl 6-3 Tl Fh b ZEARTE KA 1) eHE() IAEAR 70 A P o
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MNumber

Number

MNumber

Mumber

6-4 e 1 L rh AT B R i ) Tow® IOEEIR 733 B

100

18 10
1® XF17 o XF73
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SENE T L X S A e AL

XF73 K B AR MEE, #5219 Ma, Houh 19 MRS AT T
19 A ke Mk YL/ HE HEAE 0.002 BLF, VOHETHE Lt eE
0.282348 & 0.282558 2 I1], JiU 1 i lAl HE Rl 25 ¥ RAUE AR AR . end(t) /A1 T
FI7E-10.4 2-3.1 210 (K 6-3). AR Tou" M A1E 1451 % 1912 Ma 2 [d],
IEAEAE 1600 Ma 247 (B 6-4),

XF205 K HiblIEK, #aER 222 Ma, % 18 M A HHT T 18 A
MR, TOLw/THE WA AE 0.002 LU, VCHETHE HABAR 24—, 1 0.282457
25 0.282556 2.1l endt)5 A0 6 I 7E-6.6 %5-3.1 2] (|8 6-3). HixlAFE# TomS 43
AiAE 1452 %2 1674Ma 2 [8] (& 6-4).

XF208 K R = AR, B A4ER 225 Mao S 17 M7 T 17 4 50
W R R, oL/ THE ELEAE 0.000893 F) 0.002425 2 [, TCHE!THE HAEHLE
0.282461 %2 0.282558 2 [u], KU AP 1) HE [FA 32 B BRI — o endt)70 0
1E-6.3 2-2.6 2] (& 6-3), BIRAEW Tou® S0 7E 1427 2 1662 Ma 2 1], WA
JEH S, #1600 Ma /47 (K 6-4).

XF213 K B LA, B4R 224 Mao £EIXMFEMH, 11 U-Pb 45 R R,
A REMAR ARGy . SRS R BN end) A 7E-10.8 %2-2.2
Z I8, Br T —A U-Pb fF&AE 909 Ma 85 A HA+5.5 I endt)(H, XA AERWILE
900 Ma e 75 i g (P N, X 54 5 XF76 11 956 Ma ¥4 A4 H A [F]
RN . XSRS AT L/ THE EUAEAE 0.002 LUK . AR, =Bl RN I
B oL/ THE LB AT HGEL,  AEE 0.000106 % 0.003325, B Ak FERK,
U THE B AE 0.282176 & 0.282630 2 [Al. eng(t)sr AU H7E-16.4 £-0.7 2
6 (& 6-3). Frf HOREAT HE BERAER Tou® A1 1444 £ 2117 Ma 2 [1], =4
L 1366+ 1692 H1 1846 Ma 4k & E A1 7025 T 2676, 2701 #12991 i) Hf
BEAERS, WY L b X A AA AR T 25 e IR AE I (] 6-4).

XF216 3K H K a8, BATER 223 Mao X 22 MG RET T 22 4S5l
R EoR, SLw/ HF HAEAE 0.000820 £ 0.002640 2 [], CHETTHS HAE L AE
0.282437 % 0.282584 ZIf], LHIESAT 1K) HE [FA7 38 o AHRT S8 —, 5 S0 1
JEH HE I BRIARL o end) A 7E-7.3 £5-2.2 2 1] (] 6-3), BERAERS Ton© 404
E 1395 2 1718 Ma Z[f), WE{HHERH, 7E 1600 Ma £ 1700 Ma 2 [i] (& 6-4).
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XF221 3K A A5 A R ) s PP, B4 4ERS 217 Mao % 20 AN A 1EAT
TR, #A10 Lus HE FA2 28838 —, 7°Lw/"HE 78 0.000581 3 0.001163
Z I, OB, BT I SRR v HE [ 3. O THE WA 4y
AifE 0.282398 42 0.282525 Z[Al. endt)7rAM{E-8.7 22-4.1 . [A] (] 6-3). #izl4F
S Tom® M AETE 1516 42 1801 Ma 2 i), WA AEH 58, 78 1650 Ma /i47 (] 6-4).,

AREAE I (R IR A 2P T, 5 U 1) 3t 1) Ly A AR L e AR AR 5 448
AR e A R3S LS =) (Li XH, 1991, 1994; Zhou and Li, 2000; Zhou et
al., 2006; ] 2Z5 2005; F&FE4EE, 2005; BRI, 2007a, 2007b; Wang et al.,
2007b; K EAE, 20100 AL, LELGE T IR AR AR Ak Sa R AT R
VORI o R 52 2 A 3R T S8V 2R R

B 6-5 Fnf WL, L AEARTE K T e OB AT, A-10 F-1, WEAAE-S
ik, BT XF16@03 S4547 (956 Ma) HAT+5.6 [ end)H. AT HE M () HE 45
AR (Tom®) #ELE 2.4 2 1.5 Ga Z 18], WA AE~1.75 Ga (B 6-5b), X 5Hi
NEPRHAR A AR SZEG A3 (1 Nd R 67 =B R Ay — 20 (Li XH, 1994),
PRAfEIRT, XA n B A R . 45 end R HE BLUAERS, oo RE
L eb e i AR ) e ) 5T RT RE A L AR AR A SRR X

L AR A FE A e O 5 A AR, EBAMTE-10 -1 2
], WEAETE-5 (J& 6-5¢). fHE R AEARAE K2 1) HE SRR HEA A v 2.3
£ 1.4 Ma, IE{i{E~1.55 Ga, L AACE AR RO S Z AR 42 150 Ma( ] 6-5d).
PRI, BRATTIA R B e AR AR A A2 S W v e o AR B ol AU 1 e ) o
RS AR AR X WS AL T, AP S8 Rl R 30 73 LA AT Ry AR AR 20 s Rl 4
Wang et al. (2007a) XJ U (L . rp AR AR B 34T T Nd [FIAZ = 0EI0, 3L ena(t)
Gr1E-11 Z2-6 2 0H), Nd BEAFRAENTE 1.5 Ga b, HRATIN 845 LA,
B o A ARAE B AU D AR R T sl AR S o T L, FERES RS A, 1.8
Ga. 1.6 Ga #1 1.0 2 0.9 Ga MJ4kAES AR — Lo Z 52 Y) FURR A RS
ROV SO AR e it (HASVE RS, 78 XF213 F1 XF76 435l — A HiocitiAR
B BT IE M endtf, 4FEHES 20510 909 Ma M1 956 Ma (1 6-6), FIALEH G
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AR R AE T g 4 b (R VR S 3 5 i X — ISR AR 4R 2 U971 i B
(R AR HembFE B S E I rl 56— 2 IE R (Shu et al., 1994; Charvet et al., 1996; Li
XH, 1999;Li ZX et al., 2002, 2007; Li XH et al., 2009b). {H &iX 46 HAF 1F Y ene(t)

(EL RS A A B AR AR b A
R R A IR TR NN, AR B 7 4 5 6 350 70 s

AR
. EEER
35
30
5 25
L0
=
2 20
15
10
5
0
=30 20
35
c Hr AL
30
25
g 20
E
e
15
10
5 Mm‘
o b 0| A

-30 -25 -20 -15 -10 20

ez, PR AU L
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20 2
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d AL
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o
ST
= 40
=z
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Py .
0 0 .
-30 -15 -5 20 0 500 1000 1500 2000 2500 3000 3500 4000
c
Ep5||on Hf(t) Tom® (Ma)

K 6-5 Tyl Bt AR AR R A A I

) eHE(O LL A Tom® MIZREAEIR A 1 o

Zi LRTE, FEIX P T PIEA AR, 23 g Ll AR AR R A

103



b AT W L3 L R I A

AR LN R], ASTRIA S, vty AR A L A I A 3 A 5 e L 3 X 3 2 F s 2
ATEAAEAL, AR rh A (/R I ORVE T R 5 1 T s Lt X, TR T foki A i
s e 77 AP AR A R BRI HE [FIAL R4 110 H. end O fE B0 A1
L, LRI 2 R IEIX (] 6-6) 0 {HE 55 SR (1) 1 52 il 25 7 K i IR 4k 7K
B AR, XA R R A E AT, BEVE KRR sE 4x,
TR AT DRI AR A2 BRI end)H, RN 2T iR,
P SR S B 5 BRI RPN, 110 P R~900 Ma [ 4k A e S A1 45 th
T IER end R WX 1A A AT B B 7 RN, 3K 28 900 Ma [ 14
o A AR S AR S SRR TR S5 B RIS E R A Ak, R

S IR B o A 3 L b e A O R ) o

EpsilonHf(t)

20 T
10 [
[ - . . BB A
0 P 7 ,’r
: -, X,X o
L # ,JX /1, X
10 T % §
_ £ /r X ,/ N
,/% II;QQ
X 4ﬁK
B ZAW
20 | 2%
_30 i 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1000 2000 3000

ik (Ma)

B 6-6 S5 U 1Ly vty A AR B i A AR B o 1Y) £ € - HEEC) P i o
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SENE T L X S A e AL

£t

F—1 ZHMWETR

FiELELFFPERMEERK

il

F WL LA A7 T R B R A, SR TST A B R IS AR T 1) SRR,
B AR AR ARG L, AR SR DR TR, 20 B o B X2 X
BAIRR 2 o T L 3Rz o IX AR WA I A, B BT 2Rty RIVBS 2
IR LA 5. W)= T SE 2l, Wiz A e A ZUBI D), iash a7 i
] NW. WF5EIX N, Froot et =a& s azZa ) 7 =g $Frt. D,
XA LR NW 3 i MR, X A A T e L X AR AT
KE, NFEPERRIEEREAIEEIR (& 7-1). FEPUERX, R A8, 5 1]
RVRFAE, BT AL EAL R RN R FEL, RS, R IR R SR
TEREABR TS o B 1 DR 23 HLRORE (RRB A A R Ak, L2308 T« AN P A 5 e -
PIVER 2B B AR . MAEARETX, Dy IR R, JeA B4
HAEWITESR. AR T IIRTE NW I FERAE AT TBE N S, Bl 55 2,
5 Sy B B AR BRI b, AT LAMLEE 3] NW-SE SE [n] IH )z i 2 BB D) 56 ™ 4)
RE RIS o 72 XZ 1L, BIPAT S B R S B~ _E, BTUIRR S AT
MRS BT A S5, o BUKAgelk, 52 BHA KBTS PTDIaRA, oA
HAT B NW BIdeshsm. fEEEX ki, REXRaaiasl
T o R aMnA A E .

AR ZR BB X AR R P Xk, A3 2 AR R B0y A = D e
i =F . PR X, MIERESPEZEM, KE TR, BiElt
D, WA TEMIE, (H2 A B S N ARG A A o AR 2 BB AN KRR
FEAAE IR Pl 2 o RN, Je Al B Y =B ACa M e h AT T AR
2 (VI35 h KT JZ AT SR AR AR A, Bidaos 1 89917 [ 45 11 NW.

HILE Dy )2 0040, Dy WG FA A 2 A T AR . B AN W)
Pk SE WIAHAAE B B0 NW i) Sy Sl B5 BL& inde 17 Dy #ig . b X—Iyid
FHEAT Dy IR, DR MDA (AR A T, AT TR 38 A2 S A i AR
AP e T EER R SE e BT UIMER], A2 g pb—Br i —i 1 —2 71X —
LA, RHARRBLE 22T, KH T HTWRE SE MR 4K
PR R 2 R A 3
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SR Tl L AR I A

w3, Ds INEARTE VARG T2, KB T REE L Ss filimm 55 21
FHESL Ly PARE R, X Loy it F R RN R FEARMIX . ARk b 1
I L) Sy B PRI AR A K Sy B B IR LA HE T IX 4, {2, (ERESeffl T,
FATT USR] S, T EAR AR, HENRAEEI R, S, My FAF
EEAR TR, G PR AP e BT, [RIRE Y, X2l b ot 45 T 3 o 2
IXLEUEHE R W] S 1HHAE Ds W4 Fs ikt . [RIRER, So BE B Fs ITSUé& %
BAFAE, WAEIRE LUIL, P R340 MR RITH 8% BEAE TR E ] R lh, JRBR T B
B AP

Wang et al. (2005) A4 50 X _F 354G 1) WNW [R50 phobag 3t 14 B 5 1 2
(1 N-S 8 NE-SW JE 7] [ 7e e T 73 &, 1 HARAT )3 20 1K) 2 217 17 341 R 35 N-S
[ 7KPREA . bR ) SE IR i e & A 0 5 BB HR ) NW M ) e i, 5
Dy [FIATE G, AR ARG IR R o AHJEIE T AT TR, Dy MIMIERTE 3
TEDARANE NW IR e FRE A I R 32, SR BT Imj 24 NW-SE & m), AH S,
U 7KF- (AT ) A 24 BRI 7 7 1) TR BEAE 25 W L L X AN 2 WL o B 0455 (1999)
¥ NW 1] FRIAL 3 UA 4 25 0L L3t Ly PR HE SR A ZE A, (R T YR 7 40 2 i
(WL, SE ] ARG E N a1l 5 ST AL, TR T B BRRIR A S I & . Te
AR =B E G AR T, AR TR AR b B SR I IR B

ZELPTIR, ARIBIXH Si- Sav Si- S5 M Sp-S I LB kit 28 5 e 11131
WA T ZWNIIER Y, I RIXEAR L R B ENBe R R =S )= 2
o Ak b, SRR NG NW-SE IR ISR, & IR AN A I ) 3
LS a7/ R

FIT SHHUETHEMERFZAR

T WX, FL AR AR s - BRI AR R R ) E-W RE A GE R
ZRERALD DA 3 B L A A BRI IX IR H R AT Ll A AR
FE3E AR A LA R s e i % QRE A ERD . fET WL DURIX S, Al
W00 2 Y G IR AR R A T AR AR AT AR A= R, JF HIAT & T (Faure
et al., 2009; Charvet et al., 20100, TXEEAY i AR 5 HA P L e 2 AR A -0 S DT AN
AT Bk, AT, fEfwlng bz, R AERIER S TR E
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b AT W L3 L R I A

(T AH IS BRI AR TAE b AR AR 3 S 22 05, BRI £ w5 L A0 22 T Ml X
WHAH K E (Wang et al., 2007b, 2007¢; Yang et al., 2010; Xu et al., 2011). A[A] 1]
A, T LD IR L AR AR L R I R

MBI TG ARE R = S, 5 N30 L LU b I U R DU T iR R
B2 N, BT AR B G 2 WL A e IR BR T e AR (1 e AR T 1T AR TR
() T LS B S R B ARDOAR. LEVU A 5T ™ sy, 1984; AR LT 7™ =), 1985;
R4 1T R, 19885 WA M 7™ Jal, 1989), (HF =& IMIFs, BAH
e LU PR 2 R A T W R AR AN, DIREARTORR 56 4 A8 DR BEARTORR i 4 g DKt
JUT AR T ki, — AL 24 o W = St 2 Ok DI TR A1) 3 2 R e
JE S AR KRS R 2 S5 A, X A A5 S B0k 1A B T R 1R 2 e L
FIhIwERE Y, e N R i GGRIESE, 20100 AHXTR, o =&tk 2 [f
OBy Aot E YN i & AP UR AP s L

PR (1994) FlFI0E55 (1999) YAk 35w 1L 1) 3= 4 3 BIAE Lo AR AR,
FoH X v R B e AR S, LUAGE R AT B B A
SR BRATR SR IS R SR, AR & L s R =4, Rl AR ACE AR N T M
TG, T BAEARES T F NS, JO i A B BE R A R i — Bk, e
T 20 R B 2 b P TR LT 54— 3, B DA e L 1) = AR T 3 R A L e A
R, MIAZEF AR, Yan et al. (2003, 2009) A k25 U 1 g i Hp A AR i 4175
i, Rk, BT AR S A SR M . X ) AR AR
Betbit o )OO B (L RB A R T e P ZE AR, KRR Ik 2 1 25 B g i
1725 0 L A 5 2 AN, ARG e = Btk O b, X — RS X O
Tt U, AN O B ARTORR, 10 FFAR T L ) (R B b i, $es2 5
U 1L 1 L PR =)

FERWE L RAE 2 T, A4 A, 0 H AR e
WHENT EW BT EIEARE 2 d, 74 T BER IS, A B IE Fr R
A Wk BER A ) 25 B A AR A o W At IR AR T DL BB 4R )
NW 85920 &, PUbE T Dy M9, e AR JRAT7E Wi
PRI T P ASE R 9 AR TR I o~ BE R, 3RA3 T 243 A1 226 Ma Ji5 47 U-Th-Pb
R, R 0 B AR TR IS TR AR 243 Ma %2 226 Ma ZJA], B T Hhs
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SR Tl L AR I A

FEIEIR J AR AT, A Dy R Dy IR TEARAR. BRILZAh, M= H A 30 -
AR KR D) TR TR S, AR AR, Tz A T
HEANFUE LAY o XA A R E S DI AT AR, Ak EFE), Pk
Senf DUE R T 0 1L 3 LA I I ) R BR . A R AR S R, R ER AT
225-215 Ma Z [H) (] 2445, 2005; B B#5E, 2006, 2007a, 2007b; Wang et al., 2007b;
Li and Li, 2007; HIEiE4%, 2007; Li HQ et al., 2008), W57/ ki i FLfE 225
Ma PIBGERE O 1k, BN THIRAS . =S Ma i) Z 24 T 15 SRS,
PR T SRR gs 5 e ptis, S T0VEIR AT Ds #R AR [RI A7 3 AR 2 L B
e, AT 516 R 2 AL 5 AL T A] Bext WA Ds BLALARAAZ T .

Wang et al. (2005) =706 1L ¥ BE b 8 45 R 217-195 Ma 2 ], R Wik
LAy 7R I = B I 2 R DS Bl o IR IR B T = Bt A R AR AL AT
SIS IR ZEAT A 1 T S W SRR T T3 LS IR AR B S A, G PR 1
ERTPR R R AANITL R I, XRIER WG R R AR 5. B,
FATINN 217-195 Ma [ Ar-Ar FFERAREE T 5P A R MR A 2 5 38 Ll g i 74 40
WS, MIEAZ IS DI T A

BT 2 F5 06 i LAy b AR AR ) = IR AR T ] AR A — A KA i 1Y
SN =LA IR, Dy I D, BT YA B K AEAE 243-226 Ma ZH], D; 15
F A& TR 225-215 Ma 28], 516 R, 1 217-195 Ma A& E SRR AL
AEERS

F=T LB LTHREPEREEEN

RN 5 08 1 1L o L 35 ) NW R B DR A4 R A 5T,
AR ARATT R R A A X L5 A ST e 3k (10 b SR s 6 0] B, AT 55 e L (1 S e
A Jay o TGRS N, AR AR e A i, E 7 06 1 ) T2 44 A
i A A AR DX —— B R — b F W L ph e Wit i E TR
FURCYRE i L R 300 oA, 2 5 R T S A (mohE s, 1998, 1999); Yan et al.
(2003 TAA T LRI R (73 500 o Kok, I HIB R T 2 )23 i, 1X
55 Hsuetal. (1988,1990) ML AL, RIAERGHRERZE P (R R . K o Fry 4
B ANE S TR AR B AR A, 5 & DGR A
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b AT W L3 L R I A

PRIHIE IR A o AR SRS b, 22 s A0 R )2 2 b T e e 13 2 B
RAVEHE SIS S50 (Faure et al., 1998). Wang et al. (2005) i H 2514
LT BT A AR B 3 50 R IR B T, B R TGRS D, T 5% Hs U T 2R IR
o MEEFr FEEME DI T =S A KAk, IR R ARG LG R A 1=
P2 J5

LEVEHBIC, DLRRIMIRFR A8 32, Al Ly i s i Rl 45 s L 11 7 X
gl — L 2 R A ZE 2 b, R AR A R I BRIR BRI
PHIR o FEARFBIXPES:, AT 330 Pk 2 LR 50 km SEIFI4%70 X3, 8%
Bz RE TR RE R ARNHZE b, IR B (8 7-2), BITE
P, BEFRME SE, REARTETR R NW; WILEAR M, BEEE R NW, Ak
17 SE. A PR IZ AR SE BT DI TEARRE N S Ab) 3 o S i) e A 32 1L 45
Fe sk R o8 A L 0 69 LUK 5 S AERTSA] ZR S A0 1 347 0] L3 (Godlin et al.,
1999; Willett et al., 1993; Malavieille, 2010).

FEAEM IR W2 DL AR (I 3-1 R 7-2), oty A AR 3t AR Tl 2 U K £ A7
Nk, T =B AR T R AR SR B . S AR AR R I A B AR s T
NGB AR, 2 BRI A v e 2 thE 22 DX AN B M S 5 TRV 7 40 T
(=2 b, ORI R 3 L 5 o A DA ] — B X 2 IR S A A (i
AT Ry, 19855 [T AR HUTU 7R, 1988; TR HA X BT )R,
1985; YLVG48 HUTH 77 )51, 1984; &F K2, 1997, 1999; Wang et al., 2007a; Wan et
al., 2007, 2010; [4F+4E, 2008; Faure et al., 2009; Charvet et al., 2010; Li ZX et al.,
2010; FKFZHMFEE, 2010; 5K3FEFESE, 2010; Yang et al., 2010; Chen et al., 2011; Xu et
al.,, 2011). 7EVEVY, e 444 BF 20 i UTAR 248 1) B-W B NW-SE [F188 494
FTARTE, TERC T i) NE 00450 I5S BLRIR I SW A RRRE A A T 2 o ot AR
(15 SR T A L R A (Y ORR 55 S RN R AR A A1 40 IF, A N AERE P
(RTS8 S22 T 5 B8 ik P s ) B A o [N T3 L R AR B A R A A A
A5t Z0AL T G A DA S B R G A I AR IR R M S B 4R T R R

(Faure et al., 2009) . 1X L85 A2 AR N-S i) [1A4) & 1AM - 1 BT 24 LAV ) 2 TR A
RS9, W AR B E AT S, 0 LS AR R RIS T XA X,
T RIHRR R AR ACE AR AT o e 7 38 IR A AN AR 2R Pl Sy B s W Yk, i
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SR Tl L AR I A

TR P X R A E S, AR —iibe —Ze LA WA AR AT A S
R R A AR PR AL 3 A FH A 25 0 LL M DX A 7 2 B B TR SR Z R A A S BIPE AR T
AR AR GII R 24 3 7 )5, 19880 IRILIRATTIA K, MR- I 2440 ER T
FLep AR AT W L (L I AR, 4B T S g e AR AR CENSZINTD it X
PUAR IS ARAR I BL AR D I IX

WO, e LA AN, (o B 7R S0 L P8 ) 4k 2 Ll AL
1% B LT R RE A W, W R EER AR RE T R AR IS A A R A R
T, RS T3 X IR 545 fE (Beaumont et al., 1994; Escher and
Beaumont, 1997; Mcquarrie, 2004), 7EEHMATZ T, LA ABA LT
BTG MWL LAY, oo iR B =& TR 22 RN A — 4 X
SRV Pl (O JE SR A, AT SRR NW-SE [ (A& 4 Ao 7 0 o AR TR 1 1
YORUE U e s AUk b AR A IR e 17 S S Ay 1) A 0, e oy 5 A L L ) i e
e BT Dy MHE AR GR A AR AL IR, SRR B IR R i i T R 3R
UNAESD M X B 1 S L X (ISR DURE) o £E 8o A b e IR L, 3 A o =5 0
b L ER I BRR BE A1 B2 B E . s AR s MBI R RS T
R, REEH AR T ARSI, N B (AR A, BERE AR
IR, AR T ER S 5 2 A SR ARy o SR, 70y B b AR AR LAl (1 R
HAOARSERAWIE, HG AL RS R TCE SR G A A

WA, T 7e OB R HE BORMEC = . R0 (19910 FARHE DY )1
K A A A SR 114 R B I T P b R TORL A AT A H T S U LR R SRR
HUFBA TR X FERE T NW Ry, H e 50 5 40 S b 5 45
FRSEAY , Ti T AR (2007) I FHA R R BORL JE AR, FEHBRE SO
i, — 4l SE HRIEZE rTREARTE T A7 T ARIBIX 2 BVRTBEE s iy, IFT
J T T L LRI A R T AR S o DRI, FRATTIA Sy 5 0 1Ly = 3 e b R A g e
P ZAE S e AR W AT 2 o S L L b 1 SR AR, i
TS R AR S B I B A At 2 IR R R 3, AN )R R 3 (Yan et
al., 2003) . {2 7EBAT VEA M AR TR DL R, R N R 4 1 w]
BEVEIEANREHERR o DR 5 2 0 TR M BR A B R R 52 25 W L1 (1 S )i
M5 b A (1 1 HERR AT AR &
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S AT W L i L Y R T AL

(8) i | SRR |
L)
v 2] SN - i T 2
L MXT s %33 e " SE
\ —~ | S s S sz | ] - X :
T = nJr - AN 7 = = T o —, N T
a0 R

(b) P AR

Py

R 2

[ ] a®L K i = ettt (R B 4 e dnse- L= it [[]]] #eaa-ma [ ] wodtisk
EE RS TSR B e AR e B - Dy =D,

B 7-2 S UG L3 oy e AR 3 T 1
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SR Tl L AR I A

X T T s [ AR A, X AT PR ] RERORI . R BOA R AR, B
HAFAE— AN BUZ . AEMEIN- I aCBTJZ 1) SE AfFih o AESX AR, 3XAS T2 Bt iy
IEA T 300 km, GEIE TS AR NI e P SR T . B
Ab, KB LL T 5 Dy 1S I R84t 7 2B 0] 2 R e Wi it (1) SE ARk radl vk (B
7-2a)0 G R T ANRGR R S DR I BT (B 7-2b) IX AN A
TEHRBI B 1) SE AR, TERGR AR IXFER—AN JLAT 244% 2255 9] D2 9] In]
BP0 S [ A3 o JCTB 2 AP iR, T3 i L LBl N 3 1
AT L IRAF A 25 DX kvt L 1) 5 B AR R I i ol » 0B 1B it e AR TR i S22 A
AR FE I MR A TR AEAUR B ARG AR R = B TR
JEA A 2 i, MRS A€ 22 1 1 B AR /et AT T i
T LA R W LA AR S A S

FEMT NFELENERRRE PERBEIRL

JEUIR T e A R, HARL ZAE o AR g 1 BN BRI AE I o A2k,
AR ) LR AR, TR T R K R R s AR T TR 2R e — R —
3% 11117 (Hacker and Wang, 1995; Faure et al., 1999; 2008); P4, W& —H &
MIETT IR G A il sk T =& LR IERTE G KiG5) (Wallis et al., 2003;
Harrowfield and Wilson, 2005; Roger et al., 2008, 2010); {EPHRMIEEZ:, — &M=
P ELAEAR 2V L R IR LU o) B T B AR B SRR P (Wang et al., 2000;
Lepvrier et al., 1997, 2004, 2008, 2011; Carter et al., 2001; Carter and Clift, 2008;
Zhang et al., 2011).

FCs | ANHEIGE (1945) SR REZ S, HEM WIS R T
oG JUILAE 80 ARG T2 4, — B ) Rl i B S me il e, B
T H R P ING . SRR, T R AR AR A L A A
S PO e AR R A A O T, SRR I AR E AT AT AL PR
(1991). ZE4kas (1993). BIEME (1994) FIFEICHE (1999) 28 A, /g
RIE RV RS E (1988, 1990), BEAMARIEEL (1993). Th3CEE (1993)
SCHRFIX WL SRR (19800 WA kB e i AR IVA IR AR & o LRkl
PSR UND o W A BTN BS ey e v | N I o SN ST SN 57 o o e o A 5
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R LAl LR, TR P L R S SO AR AR AR T HER . BT S
BT AR IR, Bl A 38 AR O N ez .

TN G 00 5 WA 1L R0 e AR R 1D s DR VA Sk 41 AR R L AR A e
S A L A ) DY (R E AR TR, (B AN 2 T b = SR, g =
S PRI 1L S A AR DL IR, T8 5 )R S AL (R 3 AR T X 43 FF
(Yan et al., 2003, 2009). Wang et al. (2005, 2007b, 2007c) i id ¢S LAl =
R L R 25 FAEAR AR SN g, o AR AR AR R R A A A L AR ORI B S AR B
ANNIPESUATIERTE, AT LOER A ERHRIREE 2N, BT ERSRL R,
e ILE R L RIS, B85 048 ) NW i 24 IR A iy AR 7710
RIARS, BRI I3a0 SE, W LR T XU 1 PRt . (R 48 A 1%
AL 3 B R AR R B, S e 1L Rk LA AR AR, TR T T
A AN . BTEL, B T8 032407 1) (AN IR) LA KR 3 5 i )Y B, X Ll st
HRTCVE A T = W L L (R R 3 P A

AT AR, St T g v AR AR AT R 1) — T PR PR BR AR T 4RI . Li and
Li (2007) $EHh, FEANERIREAT Fp BRI N TR Py Lo 7, Ak Y
171 96 IE 1300 kmeo S B0 2 A1 76 L[] 280k H () e = 355 thE Bl AF Sl A DU R R
I E VTR, SR AL WA R - R AR R AR UK 2R = E
(3 A 2 2 2 IR BT AR RS 2R o AR v I — /N AR (L7 48 U™ 7)), 1984,
P W T 77 SR, 1988) 0 ARAEIX AL, X T AR AR AR v, R84
AT I RCE (R LS4 Y AR ki 2 b R R 35 1) A g Al ke A 8T
oo (B2, AP 1 FF LA I (B A THAEFE S, — SRR A A 7 ) R —
H#~125 Ma 4 JF4f (Engebreston, et al., 1985), {H& HAh A A KA E A o A
RS R S O S HFE T (Li XHetal,, 2006). Btz 4, HERHK
B B =B 4R B AE 235 42 210 Ma, I HL 2040 6587 W ek e e
CT 2455, 2005; Bk V55, 2006, 2007a, 2007b; Wang et al., 2007b; Li and Li, 2007;
Li HQ et al., 2008; %' m%E, 2011). R IX LA PR MIEACEHIE I A S HFE M SE
o) NW 3BTRS AR AR IR s, T AL A3 P B0 o o T R BE R D E AN 4 W 5
HJE =Z 2 W B NW ] R VB I B UE B LA S A e A2, AN D] 4 i v
AEAEE B By R i HAE AR B2 b, AR I — Stz o
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— &M EEAR/ER (Faure and Charvet, 1987; Faure et al., 1988; Li XH et al.,
20060, Kk, 4 [FHE AR AR R R LA RO AR LS K B A3 /R R SRS 4k — A
e A AR S W L3 LA A A R AR AR G 1) ol A AR AR A R T T Ao

VEF L VM I IE S . A FREAREE R 8T, 3B R A AR, S
TR, R R R AR B AR ARG AL (B 7-3). BN TR
HIRAE et ARG 25, HREEDEG A s AR, 12 5 1 R AR S sk 3
W, SRR B OB T RV 2 3 o IX LS R g LA 99 5 1R B X AE AR
TRIPES R e B AR e, AR BRI ST N D ERT R, 17 T 3R E1
S 5 SE [ #EFE MG, TR T b AEARE & 1Ly, R4 AL T IN TA] R 460-440
Ma (|8 7-3a). BARIX LR 03 ) %8 SOa NG R, (AR IR AR S
R TR AR R AR T AN A R R AR VR o 7 440 Ma 2 )5, dd&iliid
PR, NS T 46 52 B D73 M if R, LT M s e i R IE LAl (R 25 3
FERFE I 11 2 DX sl 2 3 W J2 R TR R ORTR B LD S AR A TR N (18] 7-3b). B
AR AR LA I B T S r ARG T G, E T AT A 2R T S B — B
AR PR, e At Bk NI S B 55 A 3 L R A 2 2 T X5
5 1) 446 B N B It )N, A5 3T e W S R DY | 2 S0 2 A B 15 B 5 4
filho FEPRAE LT =t SRR N TP E N, BT K B IS B i % (]
7-3¢). M B, RIS ) T KIESIER LS, BT Tk 1R
HAR BN AR IR vl TERL T — BRI B s s, JEEARL 21X
UL T NW by i, s e iemE (8 7-3d). E=84, %1250 Ma
TG, BRI G N ) AL ik B AR R AR N, — B AT S5 47 A E IR M -1
TV TE S do8 i BT A (R Wi e o = NI Y BRGSO A A e T
b I L (7-3e).

Zr BRI, e R AR A S TR AL AR T A LA A 3 L R s BRI, LBl 0
VT AR S 155 F A T P AR R R, o BN B AR B A ERR T
KIEJLE A B AN P 20000 g A2 T8 (1 ki R AT, AT 3858 T AR R AR Bk
LA BATT T DL IR AL I A 2L
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S AT e L3 L () A3 I AL

(a) 460-440 Ma

(b) 440-410 Ma

(c) 410-265 Ma

(d) 265-250 Ma

() 250-210 Ma e |

—

LR TR
N 2

R ONKXT)

K 7-3 AEpgiR B L AR AR S Rorp A s A AR (a B b &2 Faure et al., 2009;
Charvet et al., 2010),
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CUN

oF
&

FHT MEAELTHET

0T I 4 325 L 1 Bl 0 2 SRR, IAEICATAE ) 2 4, AEPAR IR ph Rz
TR A 38 Ay 5 FH R P R AFE R WL (Dickinson and Snyder, 1978; Avouac et al.,
1993; English and Johnston, 2004 o B4~ )R Ll gl 2 76 81 A A B JRE RN RV K ol ol e
(A by A AR PR 3 i 52 AR Bl 5 ) R kN T TR B, KA TR AR
)30 ph RN T 454638 F4F (Molnar and Tapponnier, 1975; Hendrix et al., 1992;
Avouac et al., 1993).

Liand Li (2007) dabxf # gAML M E AT M e g, T2k
HEAMERS 1300 ko 95 R 48T VA 45 O 0 RSPV EARCR IR AR o, 2R TR SR
Laramide i L1717 (/& % (Dickinson and Snyder, 1978) . 25U LLIA7 T AR I 41 %,
Bt P93 LRGP P 2R AR AR, TSRS K A p AR B S AR )
I B 1717 BOR R xR R g SRR, 3 T A ke pA) 50 P 97 5 DX 3 s R 288 936 i e
P A PR TR RS o XSRS DX A ] e AR - TR, ) T AR R 24
TREE M PEE 4 (Wang et al,, 2003). FF B 2R AC R RIGTRUE A B 36
HA R R Eo, AR S T A TR ECE RS AL T AR, N TE Alice
Spring & L1147 —#F, JERC T UIEIA AR ) ph a7 (Goleby et al., 1989; Hand
and Sandiford, 1999; Sandiford et al., 2001 ). & KF W K [ I ()57 oc i 4
Petermann i L1117 Rt ZE4C ) Alice Springs i L4 #1552 il P4 R 375 1k 110 L A Q 36
Sandford and Hand (1998) #F57{& W], Petermann i% 11147 F1 Alice Springs i 11147
HO AR SR AT IR 551 2 b o 7 Petermann 3 (A& B2 11, 3 11 X 33T
T 15 ARJEMPURY, M5 1T &, Woodroffe Wiz iE 445 ™
AT RT 120 B 5e4ik, JFREs 7RIS A IR 5 f1 . Alice Springs it
A 2L, e I iR T 8 A BT, Z 5 Redbank Wi 2B T
0] S A A e iR o ARG HUBRY) BE BT RL, Redbank Wi V)% T H15¢, # Moho
[HASIKT T 10 A8, fiifda A g 2 T Hise 2 I (Goleby et al., 1989). L
A AR RIFE A A A WSS o ARV G L2 5, & T se e, Bk
TR RS, — RSB R . R RR BRI 23 il B TR 112
HHTFUR, FEHR Tberia Hofd ) BRUNBHEZ T M. 7ERCHARER O3S, 2 T8 i
B R ARG NP L, 7E Iberia MR S ROMRBURZR &2 )5, & fEH—
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HAESE, wEZIEA T A4l (Choukroune, 1992).

DR a0 PR PR o A 3 LL T 55 DA ke pAY 5 P 9 59 7 o R A L 1 e £
P TERPGAG NIRRT, EARR RS T . H iRl 71
e AN N 22 M FUE 2 5 55 H AR HIAE T ) 80 IO AE FH T S AR A A A 5 38 A4 7Y
SR PR PR 1L AT P SR AR SN . DRI, AR R P A R N ) eV SRR
MERAE T BRI g AR IR AR B P 30 F) 3 5 1 A ke 07 B 1 e TS AR AR
N BB B R, SEAE S e R AR AL, AT AT DA B AR il
G B0 HL R M 5 T RO R e LR T

e 1L LA TE AR IX RN TR, A8 R T BRI A AT TR b R A7) B
P, FRATVRT I TGk = W LU P M AR T 5 R A AT HLIR S5 Ak ok, ek miet
AN — I TR A V)5 T2 A Bl SE A T ST 0 4 R o (H B B ST (R AN BT
RN, H R TR bR ) B ORI AN 5, S5 06 1L Ly R R M e 45 4
PSR 7 H R, AT S W 1 s 1 o ) 2 e g A e 1) L ep AR AR B A R 2
ERIHESVER, A REANRNT i A 3 L i R 1 B A
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AR SL I HL A e A P ot P 5 0 L L VR TN SR, ST T L
LA SN B4 o ASSC T ZES) A I ES 23, BT — 80 S AR VRN B R 3t J LA 2
B ERT LAY b, AN R ROBE R 04T, A5 T S0 1 Ly i LA A2 AR
S R LS IR ZRATAR A RN AT HE IR SR IEA, AT S LAty (I A T
EAREERE AL, IR T 35 0 Ll X (10 TG B AT e A . AR SC R SRAS T
ghig:

Lo B AT GE LA A T B AR R =St g2 Bl AR
FEEAE AR P AR AR P AR B RV E Y AN TR HERR L v A DN AR A2 o DL &
Sz ST, ARAE S X B EY , SRBIA Bl AR R I RS
ZJ) B S M X 2 20 4 R 2 2 TR B B ) E- W E ) IR AR T

2. & LAy e LA o 2 AMIE o DL (MXT) B8, B
VEAPEESX, DRI FPIRAE GO RAE, 728 R PRI BELAL, K E T KRR
VB AR AR E s AR ZRERIX, BEHURH SRR, 2 37 W L L i TR A% 0 DX
AR ) AR BT » AL I 2 YR ETHE Ry o AE AR X R HH R T R RS iy AN )
TG AR TAER AR =B 2, XS TR AR A IR 2oy He
T BN RS S R R T .

3. Hig g W) T 2 g Dy o BEde AL b,
ZRE TEAXE, 4R T KRR NW R FRE R o2, S, 5
fiiln) SE, fEESBEM EARH T NW-SE [0 [0 Wi 22, D AR T — W1 ke 1) 48
A —i pp i, DURYE SE MORR AR NW 1B B -2 1E, Dy BB K
(RIRE AN S BERIHYE By Brdcits: Ds WILOKPHE R 32, TERCT HALM F #8494, Ss
BEBURN Ly 2638, #R4000E T Dy A Dy JAMIIGIE .

4. 5 U o DXAE A P T AL A AR A —— Bt AR AR R AR A U
Ao L AEAHT A M BRI A N, AR S AR LD S A R n] R R B T
WL X, AT AE T 440-410 Ma G 58 =S RE R AR AT RHK
B, JFIE R T IR I B T, AERS E AT 225-215 Ma Z [l

5. R ARG R AR AR AT end/HIFE-10 Z-1 2 [0], H B ERE
2.4-1.3 Ga Z[i], FRWIPIIALE RIS B HOUE X 1 e oo b AR K o N 52 i
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6. E T U 1Ly X A5 N L e A AR T A o e R AR IR 2 = 2 K
s DR 16 T 4R ~245 Mas 138 L5 W s 8h i 215 Ma, BRIES
W 1113 11017 (35 BN RD 2 245-215 Ma.

7. NI W 2 A R S B o AR T B S R e S R S . AR
U 113 Lty I EE LA S, A BE T U Ll e A AR de SR DL 2R I L AR AR 1
s, AR, LR RS LR S T R

8. U L Ll A S U (VB I AT R R R AR AR Gl TR AR B
=SR] NW R @ RN = . R AR R I AL, T L AR A M -1
T RIK 2 95 i TS A ISR b, T RROK TR ) ph A A 3
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AR WL L L L AR T AL

fiizk— $54 U-Pb iER

Sample u Th ThIU f206 207pp, 2%pp 207p 235y 206py, 238 t2071206 to t2071235 o t206/238 o
spot (ppm)  (ppm) (%) %) %) (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)
XF17@01 666 442 0.664 0.39 0.05365 1.51 0.24175 2.39 0.0347 1.50 222.5 42.4 219.9 4.7 219.6 3.2
XF17@02 238 131 0.550 0.13 0.05104 251 0.24472 3.21 0.0355 1.72 196.7 61.8 222.3 6.4 224.7 3.8
XF17@03 683 294 0.430 0.03 0.05096 1.48 0.24833 2.15 0.0355 1.53 228.0 345 225.2 4.4 225.0 3.4
XF17@04 495 272 0.549 0.00 0.04990 1.35 0.23499 2.03 0.0342 1.52 190.5 31.2 214.3 3.9 216.5 3.2
XF17@05 265 165 0.624 0.06 0.04967 1.98 0.23242 2.49 0.0339 151 179.5 45.4 212.2 4.8 215.2 3.2
XF17@06 1098 465 0.423 0.00 0.05161 0.92 0.24650 1.77 0.0346 151 268.0 21.1 223.7 3.6 2195 3.3
XF17@07 366 260 0.710 0.18 0.05215 2.70 0.24285 3.30 0.0347 1.50 230.8 66.5 220.7 6.6 219.8 3.2
XF17@08 516 265 0.512 0.03 0.05077 1.55 0.24284 2.16 0.0347 1.50 230.6 35.5 220.7 4.3 219.8 3.3
XF17@09 302 172 0.570 0.00 0.05098 1.74 0.24876 2.30 0.0354 151 239.7 39.6 225.6 4.7 224.2 33
XF17@11 1520 871 0.573 0.15 0.05210 0.78 0.24630 1.77 0.0351 151 2375 21.0 223.6 3.6 222.2 3.3
XF17@12 993 348 0.350 0.14 0.05004 1.19 0.23386 2.01 0.0347 1.50 145.2 31.2 213.4 3.9 219.6 3.2
XF17@13 680 293 0.431 0.05 0.05074 1.27 0.24005 2.01 0.0346 1.50 2116 30.6 2185 4.0 2191 3.2
XF17@14 1233 341 0.277 0.01 0.05076 1.07 0.23881 1.85 0.0341 151 229.9 24.5 217.4 3.6 216.3 3.2
XF73@01 863 449 0.520 0.06 0.05155 1.10 0.24034 1.92 0.0341 1.52 243.8 26.9 218.7 3.8 216.4 3.2
XF73@02 1211 268 0.221 0.09 0.05111 0.89 0.24968 1.79 0.0359 1.50 2155 225 226.3 3.6 227.4 3.4
XF73@03 2200 493 0.224 0.03 0.05067 0.74 0.24355 1.68 0.0350 1.50 2155 175 221.3 33 221.9 33
XF73@04 2486 1416 0.570 0.27 0.05341 0.66 0.24198 1.73 0.0342 1.50 252.7 195 220.0 3.4 217.0 3.2
XF73@05 297 336 1.132 0.71 0.05449 1.89 0.23049 3.60 0.0342 1.51 143.7 74.9 210.6 6.9 216.6 3.2
XF73@06 1298 532 0.410 0.21 0.05261 0.93 0.23321 1.91 0.0332 1.50 237.9 27.0 212.8 3.7 210.6 3.1
XF73@07 1302 415 0.319 0.12 0.05174 0.93 0.24549 1.83 0.0350 1.50 232.9 24.2 222.9 3.7 222.0 3.3
XF73@08 265 316 1.190 0.73 0.05454 2.22 0.23125 4.42 0.0344 1.53 139.0 94.7 211.2 8.5 217.8 3.3
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FEPR—)
Sample U Th ThiU f206 207pp 2Py 207pp, 235y 206pp, 238 2071206 o 2071235 o ta06/238 o
spot (ppm)  (ppm) (%) % % (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)
XF73@09 724 597 0.825 0.18 0.05214 1.24 0.24007 2.11 0.0343 1.50 228.4 34.0 218.5 4.2 217.6 3.2
XF73@10 162 178 1.098 0.89 0.05378 2.60 0.24815 3.47 0.0351 1.57 250.6 69.7 225.1 7.0 222.6 3.4
XF73@11 2064 497 0.241 0.06 0.05013 1.22 0.24678 1.96 0.0360 1.50 179.5 29.2 224.0 4.0 228.2 3.4
XF73@12 167 259 1.553 0.87 0.05335 2.58 0.23755 3.82 0.0349 1.50 168.6 80.0 216.4 7.5 220.8 3.3
XF73@13 719 360 0.501 0.15 0.05127 1.38 0.23545 2.23 0.0341 1.53 198.7 371 214.7 4.3 216.2 3.3
XF73@14 164 154 0.936 0.65 0.05564 3.36 0.23879 5.64 0.0343 1.92 218.3 118.3 217.4 111 217.3 4.1
XF73@15 1452 544 0.375 0.18 0.05164 0.94 0.24301 1.89 0.0351 151 207.1 26.3 220.9 3.8 222.2 3.3
XF73@16 174 274 1.575 0.93 0.05275 2.94 0.23477 3.82 0.0342 1.52 187.0 79.7 214.1 7.4 216.6 3.2
XF213@01 1491 175 0.118 0.44 0.05047 0.68 0.24846 1.65 0.0357 1.50 216.8 15.7 225.3 3.3 226.1 3.3
XF213@02 622 62 0.100 0.02 0.06649 1.07 0.57108 1.86 0.0624 1.52 817.0 22.3 458.7 6.9 390.4 5.8
XF213@03 189 58 0.306 0.04 0.05304 1.90 0.28845 2.50 0.0397 1.60 315.6 43.2 257.3 5.7 251.0 3.9
XF213@04 190 115 0.604 0.19 0.11423 0.43 5.08504 1.60 0.3269 1.50 1845.5 10.0 1833.6 13.7 1823.1 23.9
XF213@05 878 29 0.033 0.04 0.10407 1.64 3.82769 2.59 0.2676 1.99 1692.1 30.1 1598.6 21.0 1528.6 27.2
XF213@06 124 103 0.834 0.02 0.09707 0.65 3.36541 1.64 0.2519 1.50 1565.0 12.2 1496.4 12.9 1448.4 195
XF213@07 284 65 0.230 0.03 0.07298 0.97 1.68660 1.80 0.1681 1.50 1008.0 19.9 1003.5 115 1001.4 13.9
XF213@08 207 23 0.111 0.03 0.06961 0.75 1.41308 2.51 0.1478 2.38 909.2 16.0 894.5 15.0 888.5 19.8
XF213@09 618 173 0.281 0.16 0.08845 0.47 2.03521 1.60 0.1692 1.52 1388.2 9.1 1127.4 11.0 1007.5 14.2
XF213@10 687 150 0.218 0.01 0.05853 0.72 0.66567 1.79 0.0826 1.64 545.8 15.8 518.1 7.3 511.8 8.1
XF213@11 547 373 0.681 0.05 0.05091 1.16 0.24029 1.94 0.0345 1.50 218.3 28.2 218.7 3.8 218.7 3.2
XF213@12 47 56 1.191 1.20 0.05196 4.71 0.24808 4.95 0.0346 1.54 283.6 104.3 225.0 10.0 2194 3.3
XF213@13 977 80 0.082 0.03 0.05085 1.00 0.24459 1.82 0.0350 1.50 223.8 235 222.2 3.6 222.0 3.3
XF213@14 821 211 0.257 0.18 0.05299 1.34 0.25018 2.10 0.0352 151 265.4 33.2 226.7 4.3 223.0 3.3
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(bR —)
Sample U Th ThiU fa06 207p, %P, tc 207pp, 235y *c 206pp, 238 t2071206 to t207/235 to t206/238 to
spot (ppm)  (ppm) (%) (%) (%) (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)

XF213@15 649 45 0.070 0.03 0.05030 1.01 0.23875 1.84 0.0346 1.50 196.1 24.4 217.4 3.6 219.4 3.2
XF213@16 3047 54 0.018 0.04 0.05104 0.45 0.25360 1.57 0.0363 1.50 228.2 11.0 229.5 3.2 229.6 3.4
XF213@17 3964 37 0.009 0.18 0.05204 0.40 0.25627 1.63 0.0367 151 222.9 14.4 231.7 3.4 232.5 3.4

XF216@01 2258 1253 0.555 0.23 0.05153 2.07 0.25402 3.55 0.0358 2.89 264.6 46.7 229.8 7.3 226.4 6.4
XF216@02 898 706 0.786 0.07 0.05068 1.56 0.25801 2.20 0.0369 154 226.5 35.7 233.1 4.6 233.7 3.5
XF216@03 517 301 0.581 0.00 0.05109 1.85 0.25566 241 0.0363 1.55 245.0 42.0 231.2 5.0 229.8 3.5
XF216@04 1615 697 0.432 0.03 0.05045 0.98 0.25004 181 0.0359 152 215.6 225 226.6 3.7 227.7 3.4
XF216@05 924 385 0.417 0.04 0.04969 1.93 0.23980 2.66 0.0350 1.82 180.5 44.5 218.3 5.2 221.8 4.0
XF216@06 682 408 0.598 0.27 0.04992 2.02 0.24359 2.55 0.0354 1.55 1911 46.3 221.4 51 224.2 3.4
XF216@07 582 520 0.894 0.59 0.05087 2.54 0.21617 2.98 0.0308 1.55 234.8 57.6 198.7 54 195.7 3.0
XF216@08 2218 1407 0.634 0.00 0.05001 0.93 0.25072 1.77 0.0364 1.50 195.4 215 227.2 3.6 230.2 3.4
XF216@12 839 567 0.676 0.07 0.05022 1.40 0.25519 2.10 0.0369 1.57 205.3 32.1 230.8 4.3 233.3 3.6
XF216@13 280 189 0.675 0.00 0.04945 2.24 0.24479 2.70 0.0359 1.50 169.4 51.6 222.3 54 227.4 3.4
XF216@16 1690 1299 0.769 0.10 0.05059 1.76 0.24048 231 0.0345 151 222.3 40.1 218.8 4.6 218.5 3.2
XF216@17 661 438 0.662 0.13 0.04918 1.62 0.24937 221 0.0368 151 156.5 37.6 226.1 4.5 232.8 3.4
XF216@18 1314 961 0.732 0.13 0.05167 1.23 0.25117 1.94 0.0353 1.50 270.7 27.9 2275 4.0 223.4 3.3
XF216@19 879 654 0.744 0.00 0.04997 1.30 0.23967 1.99 0.0348 1.50 193.5 30.0 218.2 3.9 220.4 3.3
XF216@20 799 309 0.386 0.43 0.05048 2.08 0.24127 2.58 0.0347 1.52 217.0 47.6 2195 51 219.7 3.3
XF216@21 4484 4577 1.021 0.04 0.05155 1.20 0.25104 1.92 0.0353 1.50 265.6 27.2 227.4 3.9 223.7 3.3
XF216@22 277 166 0.600 1.03 0.05396 4.02 0.25870 4.30 0.0348 1.53 369.4 88.1 233.6 9.0 220.3 3.3

XF221@01 964 254 0.263 0.19 0.05123 1.02 0.23895 1.85 0.0341 151 234.0 24.4 217.6 3.6 216.0 3.2
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By —

(bR —)
Sample U Th ThiU fa06 207p, %P, tc 207pp, 235y *c 206pp, 238 t2071206 to t207/235 to t206/238 to
spot (ppm)  (ppm) (%) (%) (%) (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)

XF221@02 1090 303 0.278 0.14 0.05103 0.98 0.24704 1.83 0.0355 1.50 216.9 23.9 224.2 3.7 224.9 3.3
XF221@03 437 207 0.475 0.04 0.05269 1.30 0.22856 2.47 0.0338 151 148.9 45.3 209.0 4.7 214.4 3.2
XF221@04 515 384 0.746 0.18 0.05048 1.22 0.23679 1.95 0.0341 1.50 211.9 285 215.8 3.8 216.1 3.2
XF221@05 1559 713 0.457 0.16 0.05120 1.05 0.24029 2.01 0.0349 1.50 191.2 30.8 218.7 4.0 221.2 3.3
XF221@06 376 217 0.577 0.01 0.05197 1.60 0.23556 2.49 0.0338 151 221.6 45.2 214.8 4.8 214.2 3.2
XF221@07 1123 504 0.449 0.47 0.05052 0.86 0.24316 1.75 0.0351 1.50 204.4 20.6 221.0 3.5 222.6 3.3
XF221@08 377 152 0.402 0.07 0.05190 1.66 0.23591 2.39 0.0337 1.50 230.9 42.5 215.1 4.6 213.6 3.2
XF221@09 897 411 0.458 2.83 0.05180 0.98 0.23658 1.93 0.0341 1.50 207.8 27.7 215.6 3.8 216.3 3.2
XF221@10 1092 398 0.365 0.06 0.05088 1.41 0.24076 2.09 0.0346 1.50 213.7 33.3 219.0 4.1 219.5 3.2
XF221@11 530 187 0.354 0.52 0.05187 1.19 0.24238 1.99 0.0343 1.50 249.0 29.7 220.4 3.9 217.7 3.2
XF221@12 477 193 0.404 0.08 0.06869 1.09 0.22402 3.90 0.0335 151 125.0 82.6 205.3 7.3 212.3 3.2
XF221@13 700 201 0.287 2.56 0.05087 1.16 0.23652 1.98 0.0342 1.50 204.7 29.6 215.6 3.8 216.6 3.2
XF221@14 191 87 0.454 0.09 0.05089 1.99 0.24029 2.50 0.0342 151 235.8 45.2 218.7 4.9 217.1 3.2
XF221@15 796 328 0.412 0.06 0.05108 1.15 0.24161 1.96 0.0346 1.50 224.2 28.7 219.7 3.9 219.3 3.2
XF221@16 780 254 0.325 0.05 0.07408 2.35 0.24590 4.51 0.0344 151 280.9 94.5 223.2 9.1 217.8 3.2

XF76@01 490 207 0.421 0.04 0.05507 1.06 0.52654 1.87 0.0693 1.55 415.1 23.4 429.5 6.6 432.2 6.5
XF76@02 210 87 0.416 0.16 0.05546 1.85 0.52528 2.39 0.0687 1.50 430.9 40.8 428.7 8.4 428.3 6.2
XF76@03 396 97 0.245 0.00 0.07096 0.82 1.51573 1.71 0.1549 1.50 956.2 16.7 936.8 105 928.5 13.0
XF76@04 287 128 0.445 0.06 0.05589 1.36 0.54911 2.03 0.0713 151 447.8 29.9 444 .4 7.3 443.8 6.5
XF76@05 384 251 0.652 0.07 0.05526 1.38 0.52878 2.09 0.0694 1.56 422.8 30.6 431.0 7.4 432.5 6.5
XF76@06 256 159 0.621 0.09 0.05654 1.49 0.52936 2.16 0.0679 1.57 473.5 32.6 431.4 7.6 423.6 6.4
XF76@07 281 77 0.275 0.00 0.05585 1.35 0.52495 2.02 0.0682 1.50 446.6 29.8 428.5 7.1 425.1 6.2
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FEPR—)
Sample U Th ThiU f206 207pp 2Py 207pp, 235y 206pp, 238 2071206 o 2071235 o ta06/238 o
spot (ppm)  (ppm) (%) % % (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)
XF76@08 520 190 0.365 0.03 0.05571 1.00 0.53629 1.80 0.0698 1.50 441.0 22.0 436.0 6.4 435.0 6.3
XF76@09 333 162 0.485 0.00 0.05474 1.24 0.51230 1.96 0.0679 1.52 401.5 27.6 420.0 6.8 423.4 6.2
XF76@10 538 45 0.083 0.03 0.06652 0.81 1.26427 1.70 0.1379 1.50 822.6 16.8 829.8 9.7 832.5 11.7
XF76@11 515 66 0.128 0.03 0.06588 0.67 1.23547 1.64 0.1360 1.50 802.6 13.9 816.8 9.3 822.1 11.6
XF76@12 477 161 0.338 0.09 0.05416 1.32 0.51562 2.00 0.0690 1.50 377.7 29.5 422.2 6.9 430.4 6.3
XF76@13 436 171 0.392 0.00 0.05521 1.38 0.52085 2.04 0.0684 1.51 420.6 30.4 425.7 7.1 426.7 6.2
XF76@14 564 283 0.501 0.02 0.05572 0.93 0.52919 1.78 0.0689 151 441.3 20.6 431.3 6.3 429.4 6.3
XF76@15 257 79 0.308 0.00 0.05415 1.40 0.50685 2.06 0.0679 1.51 377.2 31.2 416.3 7.1 423.4 6.2
XF76@16 336 126 0.374 0.07 0.05633 1.29 0.53625 1.99 0.0690 151 465.4 28.4 436.0 7.1 430.4 6.3
XF93@01 413 141 0.342 0.03 0.05475 0.97 0.54711 1.78 0.0725 1.50 402.2 21.5 443.1 6.4 451.0 6.5
XF93@02 673 235 0.350 0.02 0.05623 0.83 0.54972 1.71 0.0709 1.50 461.4 18.2 444.8 6.2 441.6 6.4
XF93@03 473 160 0.337 2.66 0.05515 2.49 0.54734 2.93 0.0720 1.54 418.4 54.7 443.3 10.6 448.1 6.7
XF93@04 275 138 0.503 0.05 0.05601 1.10 0.53787 1.86 0.0696 1.50 452.8 24.2 437.0 6.6 434.0 6.3
XF93@05 327 104 0.318 0.08 0.05598 1.03 0.54216 1.82 0.0702 1.50 451.4 22.7 439.8 6.5 437.6 6.4
XF93@06 358 171 0.477 0.01 0.05594 1.38 0.55919 2.04 0.0725 1.50 449.8 30.3 451.0 7.4 451.2 6.5
XF93@07 272 98 0.359 0.06 0.05583 1.31 0.55021 2.00 0.0715 1.50 445.8 28.9 445.1 7.2 445.0 6.5
XF93@08 516 168 0.325 0.05 0.05589 1.01 0.54615 1.81 0.0709 1.50 448.1 22.4 442.5 6.5 441 .4 6.4
XF93@09 378 147 0.388 0.03 0.05529 1.03 0.53315 1.82 0.0699 1.50 423.8 22.8 433.9 6.5 435.8 6.3
XF93@10 279 88 0.314 0.03 0.05690 1.15 0.54287 1.89 0.0692 1.50 487.8 25.1 440.3 6.8 431.3 6.3
XF93@11 381 163 0.429 0.02 0.05583 0.99 0.53741 1.80 0.0698 1.50 445.8 21.8 436.7 6.4 435.0 6.3
XF93@12 444 182 0.409 0.02 0.05498 0.98 0.52370 1.79 0.0691 1.50 411.6 21.7 427.6 6.3 430.6 6.3
XF93@12 444 182 0.409 0.02 0.05498 0.98 0.52370 1.79 0.0691 1.50 411.6 21.7 427.6 6.3 430.6 6.3
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FEPR—)
Sample U Th ThiU f206 207pp 2Py 207pp, 235y 206pp, 238 2071206 o 2071235 o ta06/238 o
spot (ppm)  (ppm) (%) % % (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)
XF93@13 411 142 0.345 0.00 0.05612 1.17 0.53439 1.90 0.0691 1.50 457.1 25.6 434.7 6.7 430.5 6.3
XF93@14 334 141 0.421 0.04 0.05469 1.36 0.52883 2.04 0.0701 1.52 399.5 30.2 431.0 7.2 436.9 6.4
XF93@15 439 184 0.420 0.03 0.05563 1.37 0.52712 2.03 0.0687 1.50 437.4 30.2 429.9 7.1 428.5 6.2
XF93@16 347 99 0.286 0.03 0.05655 1.01 0.54457 1.83 0.0698 1.52 473.9 22.3 441 .4 6.6 435.2 6.4
XF93@17 319 120 0.377 0.02 0.05592 1.06 0.54188 1.84 0.0703 1.50 449.0 234 439.7 6.6 437.9 6.4
XF93@18 452 142 0.313 0.04 0.05637 0.90 0.55279 1.75 0.0711 1.50 466.8 19.8 446.8 6.3 442.9 6.4
XF99@01 524 7 0.146 0.05 0.05540 1.04 0.53106 1.83 0.0695 1.50 428.4 231 432.5 6.5 433.3 6.3
XF99@02 778 164 0.210 0.03 0.05498 1.13 0.53757 1.88 0.0709 151 411.6 25.0 436.8 6.7 441.6 6.4
XF99@03 122 111 0.907 0.07 0.05555 2.58 0.52747 2.98 0.0689 1.50 434.6 56.5 430.1 10.5 429.3 6.2
XF99@05 174 56 0.321 0.00 0.05599 1.67 0.53522 2.24 0.0693 1.50 452.1 36.6 435.3 8.0 432.1 6.3
XF99@06 369 109 0.294 0.02 0.05542 1.50 0.52957 2.13 0.0693 1.50 429.4 33.2 431.5 7.5 431.9 6.3
XF99@07 642 175 0.273 0.00 0.05630 1.61 0.55317 2.20 0.0713 1.50 464.4 35.3 447.1 8.0 443.7 6.5
XF99@08 812 267 0.328 0.02 0.05502 0.84 0.54664 1.72 0.0721 1.50 412.9 18.6 442.8 6.2 448.6 6.5
XF99@09 484 134 0.278 0.04 0.05594 1.25 0.54669 1.95 0.0709 1.50 450.0 27.6 442.8 7.0 441 .4 6.4
XF99@11 234 65 0.279 0.12 0.05398 1.64 0.51688 2.22 0.0694 1.50 370.4 36.4 423.1 7.7 432.8 6.3
XF99@12 148 49 0.328 0.12 0.05590 1.99 0.53937 2.50 0.0700 151 448.5 43.7 438.0 8.9 436.0 6.4
XF99@13 250 171 0.684 0.02 0.07037 0.84 1.52441 1.94 0.1571 1.74 939.0 17.2 940.3 11.9 940.8 15.3
XF99@14 280 130 0.465 0.06 0.05585 1.47 0.55208 2.10 0.0717 151 446.4 32.2 446.4 7.6 446.3 6.5
XF99@15 412 297 0.721 0.16 0.05488 1.27 0.53012 2.02 0.0701 1.57 407.4 28.2 431.9 7.1 436.5 6.6
XF219@01 1232 972 0.789 0.33 0.05754 0.52 0.50729 1.73 0.0669 1.50 411.3 19.2 416.6 5.9 417.6 6.1
XF219@02 318 289 0.910 0.17 0.05598 1.04 0.48974 1.93 0.0650 1.50 399.1 27.1 404.7 6.5 405.7 5.9
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(bR —)
Sample U Th ThiU fa06 207p, %P, tc 207pp, 235y *c 206pp, 238 t2071206 to t207/235 to t206/238 to
spot (ppm)  (ppm) (%) (%) (%) (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)

XF219@03 585 191 0.327 0.12 0.05571 0.78 0.49090 1.74 0.0650 1.50 403.6 19.5 405.5 5.8 405.9 5.9
XF219@04 769 683 0.888 0.35 0.05783 0.67 0.50189 1.77 0.0661 1.50 416.6 20.8 413.0 6.0 412.3 6.0
XF219@05 964 800 0.830 0.52 0.05907 0.60 0.49958 1.80 0.0659 1.50 411.3 22.0 411.4 6.1 411.4 6.0
XF219@07 1252 563 0.449 0.05 0.05512 0.54 0.50439 1.61 0.0669 1.50 400.5 13.0 414.7 55 417.2 6.1
XF219@08 932 661 0.709 0.14 0.05614 0.62 0.50914 1.66 0.0670 1.50 415.7 15.8 417.9 5.7 418.3 6.1
XF219@09 2086 1271 0.609 0.04 0.05478 0.41 0.51589 1.57 0.0687 1.50 389.6 10.0 422.4 54 428.4 6.2
XF219@10 1417 596 0.420 0.05 0.05506 0.71 0.50648 1.67 0.0672 1.50 397.6 16.4 416.1 5.7 419.4 6.1
XF219@11 489 217 0.444 0.73 0.06160 0.88 0.48225 2.09 0.0626 1.53 449.0 314 399.6 6.9 391.1 5.8
XF219@13 1133 549 0.484 0.14 0.05500 0.58 0.49072 1.64 0.0660 1.50 368.4 14.9 405.4 55 411.9 6.0
XF219@14 836 353 0.422 0.16 0.05608 1.28 0.49846 2.03 0.0659 1.50 406.1 30.2 410.7 6.9 4115 6.0
XF219@15 888 299 0.336 0.05 0.05504 0.64 0.49775 1.66 0.0661 151 397.9 15.5 410.2 5.6 412.4 6.0
XF219@16 376 189 0.503 0.06 0.05566 112 0.50120 1.92 0.0658 1.50 421.3 26.6 412.5 6.5 411.0 6.0

XF270@01 1767 875 0.428 0.07 0.05554 0.51 0.51098 1.58 0.0667 1.50 433.9 11.3 419.1 55 416.4 6.1
XF270@02 1240 1032 0.509 0.52 0.05531 0.89 0.48803 1.75 0.0640 1.50 424.6 19.6 403.6 5.8 399.9 5.8
XF270@03 1134 504 0.383 0.89 0.05585 1.20 0.50038 1.92 0.0650 1.50 446.2 26.5 412.0 6.5 405.9 5.9
XF270@04 1827 1223 0.692 0.06 0.05465 0.50 0.51248 1.58 0.0680 1.50 397.7 111 420.1 55 424.2 6.2
XF270@05 1526 786 0.520 0.55 0.05404 0.77 0.50024 1.69 0.0671 1.50 372.9 17.4 411.9 5.7 418.9 6.1
XF270@06 793 329 0.409 0.18 0.05502 0.84 0.50177 1.72 0.0661 1.50 413.2 18.7 412.9 59 412.8 6.0
XF270@08 1293 722 0.484 0.16 0.05543 0.68 0.50875 1.65 0.0666 1.50 429.6 151 417.6 5.7 415.4 6.0
XF270@09 1335 586 0.422 0.04 0.05543 0.66 0.51779 1.64 0.0678 1.50 429.6 14.7 423.7 5.7 422.6 6.1
XF270@10 615 337 0.519 0.09 0.05498 1.25 0.50188 1.95 0.0662 1.50 411.6 27.7 413.0 6.7 413.2 6.0
XF270@11 1744 837 0.288 0.56 0.05446 0.88 0.47882 1.74 0.0638 1.50 390.1 19.7 397.3 5.7 398.5 5.8
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(bR —)
Sample U Th ThiU fa06 207p, %P, tc 207pp, 235y *c 206pp, 238 t2071206 to t207/235 to t206/238 to
spot (ppm)  (ppm) (%) (%) (%) (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)

XF270@13 1220 666 0.388 0.59 0.05470 0.90 0.49462 1.75 0.0656 1.50 399.9 20.1 408.1 5.9 409.5 6.0
XF270@15 802 385 0.486 0.08 0.05461 0.79 0.50522 1.71 0.0671 1.52 396.3 17.5 415.2 5.8 418.6 6.1
XF270@17 480 160 0.358 0.13 0.05388 1.07 0.49430 1.88 0.0665 154 366.1 24.0 407.8 6.3 415.3 6.2
XF270@18 1073 528 0.487 0.12 0.05432 0.86 0.49878 1.73 0.0666 1.50 384.2 19.1 410.9 5.9 415.6 6.0

XF274@02 281 249 0.875 0.05 0.05521 1.27 0.51176 1.98 0.0672 1.52 420.8 28.2 419.6 6.8 419.4 6.2
XF274@04 866 477 0.536 0.03 0.05547 1.01 0.52231 181 0.0683 151 431.2 224 426.7 6.3 425.9 6.2
XF274@05 1181 390 0.315 0.02 0.05541 0.60 0.52399 1.62 0.0686 1.50 428.8 13.3 427.8 5.7 427.6 6.2
XF274@06 1346 315 0.230 0.03 0.05464 0.57 0.52178 1.64 0.0693 154 397.5 12.8 426.3 5.7 431.7 6.4
XF274@07 1570 371 0.252 0.02 0.05478 0.52 0.53056 1.59 0.0702 1.50 403.4 11.7 432.2 5.6 437.6 6.3
XF274@08 560 164 0.322 0.08 0.05433 0.94 0.51716 1.78 0.0690 151 384.9 20.9 423.2 6.2 430.3 6.3
XF274@09 702 293 0.405 0.04 0.05506 1.04 0.51889 1.83 0.0683 1.50 414.7 231 424.4 6.4 426.2 6.2
XF274@10 813 360 0.417 0.05 0.05518 1.08 0.52424 1.85 0.0689 1.50 419.6 23.9 428.0 6.5 429.5 6.2
XF274@11 2453 951 0.380 0.01 0.05519 0.41 0.52662 1.56 0.0692 1.50 420.0 9.2 429.6 55 431.3 6.3
XF274@12 749 224 0.290 0.01 0.05543 0.74 0.52656 1.67 0.0689 1.50 429.7 16.4 429.5 5.9 429.5 6.2
XF274@14 268 223 0.756 0.13 0.05507 1.40 0.50843 2.05 0.0670 1.50 415.2 31.0 417.4 7.1 417.8 6.1
XF274@15 594 253 0.457 0.03 0.05441 1.09 0.49203 1.86 0.0656 1.50 387.9 243 406.3 6.2 409.5 6.0
XF274@16 551 320 0.579 0.02 0.05520 1.03 0.51334 1.83 0.0674 151 420.4 22.9 420.7 6.3 420.7 6.1
XF274@17 135 153 0.972 0.36 0.05620 2.72 0.52622 3.19 0.0679 1.68 460.4 59.1 429.3 11.2 423.5 6.9
XF274@18 300 260 0.663 0.13 0.05719 141 0.54791 2.06 0.0695 1.50 498.7 30.8 443.6 7.4 433.1 6.3
XF274@19 239 148 0.573 0.17 0.05586 1.77 0.53010 2.32 0.0688 1.50 446.7 38.9 431.9 8.2 429.1 6.2
XF274@20 342 418 1.082 0.17 0.05571 1.35 0.52734 2.02 0.0687 151 440.7 29.7 430.0 7.1 428.0 6.3
XF274@21 290 337 1171 0.19 0.05448 1.69 0.51323 2.26 0.0683 1.50 391.0 37.5 420.6 7.8 426.1 6.2
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FEPR—)
Sample U Th ThiU f206 207pp 2Py 207pp, 235y 206pp, 238 2071206 o 2071235 o ta06/238 o
spot (ppm)  (ppm) (%) % % (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)
XF274@22 266 139 0.485 0.19 0.05509 1.69 0.50955 2.27 0.0671 1.52 415.8 37.2 418.1 7.8 418.6 6.1
XF274@23 270 152 0.496 0.17 0.05509 1.56 0.50308 2.17 0.0662 1.50 416.0 34.6 413.8 7.4 4134 6.0
XF274@24 317 230 0.669 0.12 0.05562 1.38 0.51418 2.04 0.0670 1.50 437.2 30.5 421.3 7.1 418.3 6.1
XF274@25 804 350 0.399 0.05 0.05562 0.89 0.52391 1.74 0.0683 1.50 437.2 19.6 427.8 6.1 426.0 6.2
XF274@26 116 144 1.263 0.58 0.05395 3.49 0.49311 3.80 0.0663 1.50 368.8 76.8 407.0 12.8 413.8 6.0
XF314@01 403 337 0.835 0.09 0.05554 1.13 0.51543 1.95 0.0681 1.52 406.4 27.1 422.1 6.8 425.0 6.2
XF314@02 182 195 1.069 0.19 0.05749 1.71 0.51900 2.58 0.0672 1.54 451.8 45.2 424.5 9.0 419.5 6.3
XF314@03 163 215 1.322 0.18 0.05506 1.90 0.48968 2.71 0.0662 1.52 357.6 49.9 404.7 9.1 413.0 6.1
XF314@04 352 335 0.951 0.10 0.05594 1.09 0.50961 1.94 0.0670 1.52 417.3 26.9 418.2 6.7 418.3 6.1
XF314@05 329 310 0.940 0.10 0.05476 1.14 0.49761 1.98 0.0668 1.52 370.7 28.3 410.1 6.7 417.1 6.1
XF314@06 575 374 0.650 0.05 0.05623 1.31 0.51524 2.03 0.0669 1.53 445.9 29.6 422.0 7.1 417.6 6.2
XF314@07 1497 500 0.334 0.03 0.05573 0.85 0.51957 1.74 0.0679 151 431.3 19.2 424.9 6.1 423.7 6.2
XF314@08 429 407 0.949 0.09 0.05533 1.32 0.50332 2.07 0.0668 151 397.7 31.2 413.9 7.0 416.9 6.1
XF314@09 489 316 0.647 0.18 0.05615 0.98 0.50054 1.91 0.0663 1.53 401.2 25.6 412.1 6.5 414.0 6.1
XF314@10 437 320 0.733 0.08 0.05603 1.52 0.51425 2.21 0.0674 151 427.4 35.5 421.3 7.6 420.2 6.2
XF314@11 451 262 0.581 0.10 0.05594 1.35 0.50216 2.11 0.0660 1.55 419.3 31.8 413.2 7.2 412.1 6.2
XF314@12 379 258 0.682 0.12 0.05595 1.06 0.50845 1.93 0.0670 151 412.9 26.4 417.4 6.6 418.2 6.1
XF314@13 491 304 0.619 0.04 0.05618 0.94 0.51119 1.81 0.0664 1.51 446.0 21.7 419.3 6.2 414.4 6.1
XF314@14 495 376 0.760 0.07 0.05577 0.92 0.51061 1.83 0.0671 1.52 420.0 22.4 418.9 6.3 418.7 6.2
XF314@15 1581 442 0.280 0.05 0.05507 0.57 0.51110 1.63 0.0678 151 398.7 13.6 419.2 5.6 422.9 6.2

fo06 (%) is the percentage of common 2%pp in total *°°Pb
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REF  A9e Aoe. opm Y opm T ooy o o web T T e o U0 ueb UPb  TWPb  ThPb  Corr
Ma % ppm % ppm % ppm % ppm % ppm % %

XF365g-4a 302 72 2890 5.19 150 42800 2.00 856 703 21.34 150 207.628 52183 2.57 1343 16072 2.57 414 4.111 21.96 60.887 21.43  0.967
XF365g-4a 262 74 2840 5.28 150 40940 2.00 819 585 25.65 150 207.621 50133 2.60 1304 15487 2.60 403 4.857 26.19 70.013 2573  0.976
XF365g-4a 256 v 2700 5.56 150 38950 2.00 779 544 27.59 150 207.622 47686 2.65 1264 14738 2.65 391 4.966 28.14 71.633 27.66  0.978
XF365g-4a 291 65 2570 5.84 150 49660 2.00 993 752 19.96 150 207.698 57997 2.55 1480 17878 2.55 456 3.420 20.80 66.078 20.06  0.955
XF365g-4a 285 78 3020 4.97 150 37650 2.00 753 602 24.92 150 207.577 47443 2.61 1239 14631 2.61 382 5.018 25.41 62.559 25.00 0.978
XF365g-4a 321 71 3470 4.32 150 42050 2.00 841 764 19.62 150 207.567 53333 2.49 1329 16402 2.49 409 4.539 20.09 55.004 19.72 0.972
XF365g-4b 207 71 3300 4.55 150 40820 2.00 816 475 31.60 150 207.576 51459 2.53 1300 15962 2.53 403 6.952 31.92 85.988 31.66  0.988
XF365g-4b 247 57 3220 4.66 150 56010 2.00 1120 730 20.55 150 207.673 66421 242 1605 20542 242 496 4.411 21.07 76.726 20.65 0971
XF365g-4b 230 43 3750 4.00 150 76890 2.00 1538 911 16.47 150 207.713 89000 2.27 2022 27560 227 626 4.116 16.94 84.401 16.59  0.965
XF365g-4b 198 67 3000 5.00 150 44520 2.00 890 477 31.45 150 207.631 54185 2.54 1374 16819 2.54 426 6.289 31.84 93.329 31.51  0.986
XF365g-4b 253 95 2680 5.60 150 29540 2.00 591 431 34.82 150 207.537 38210 2.82 1076 11812 2.82 333 6.222 35.27 68.576 34.88  0.986
XF365g-4b 283 74 2990 5.02 150 41020 2.00 820 639 23.46 150 207.606 50714 2.58 1307 15642 2.58 403 4.677 23.99 64.161 2355 0974
XF365g-4b 261 55 3140 4.78 150 59020 2.00 1180 804 18.65 150 207.692 69184 241 1666 21374 241 515 3.904 19.25 73.373 18.75  0.963
XF365g-4b 228 43 3820 3.93 150 75730 2.00 1515 893 16.79 150 207.705 88064 2.27 1999 27274 227 619 4.276 17.24 84.765 16.91  0.967
XF365g-4b 287 83 2800 5.36 150 35520 2.00 710 570 26.30 150 207.582 44601 2.68 1197 13752 2.68 369 4.910 26.84 62.287 26.38  0.977
XF365g-4b 259 94 2630 5.70 150 30490 2.00 610 449 33.38 150 207.554 39001 2.81 1095 12051 2.81 338 5.853 33.86 67.852 3344  0.984
XF365g-4b 200 92 2630 5.70 150 30670 2.00 613 348 43.11 150 207.557 39144 2.80 1097 12149 2.80 340 7.558 43.48 88.144 43.16  0.990
XF365g-3a 257 74 2990 5.02 150 40360 2.00 807 572 26.22 150 207.602 50035 2.58 1293 15463 2.58 399 5.227 26.70 70.559 26.30 0.979
XF365g-3a 304 91 2530 5.93 150 32380 2.00 648 551 27.22 150 207.585 40596 2.80 1135 12501 2.80 349 4.591 27.85 58.752 27.29 0974
XF365g-3a 313 84 2660 5.64 150 35990 2.00 720 622 24.10 150 207.602 44633 2.70 1207 13736 2.70 372 4.274 24.75 57.830 2419  0.970
XF365g-3a 318 73 3280 4.57 150 40790 2.00 816 730 20.55 150 207.575 51453 2.53 1303 15828 2.53 401 4.493 21.05 55.877 20.65 0.972
XF365g-3b 206 60 3830 3.92 150 48540 2.00 971 559 26.82 150 207.583 60887 2.39 1454 18887 2.39 451 6.849 27.11 86.798 26.90 0.987
XF365g-3b 228 55 4080 3.68 150 55290 2.00 1106 696 21.55 150 207.604 68464 2.32 1590 21203 2.32 492 5.860 21.86 79.418 21.64  0.982
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XF365g-3b 228 53 2690 5.58 150 61900 2.00 1238 716 20.96 150 207.738 70585 2.44 1722 21861 2.44 533 3.759 21.69 86.499 21.06  0.962
XF365g-3b 301 54 2740 5.47 150 63030 2.00 1261 966 15.53 150 207.737 71926 2.43 1748 22154 2.43 538 2.836 16.46 65.247 1566 0.935
XF365g-3b 249 56 2770 5.42 150 58510 2.00 1170 748 20.06 150 207.719 67468 2.45 1655 20863 2.45 512 3.705 20.78 78.251 20.16  0.961
XF365g-3c 232 69 2910 5.15 150 44030 2.00 881 553 27.13 150 207.636 53429 2.55 1365 16542 2.55 423 5.263 27.61 79.633 2720  0.980
XF365g-3¢c 230 40 2650 5.66 150 87310 2.00 1746 981 15.30 150 207.804 95868 2.33 2231 29687 2.33 691 2.702 16.31 89.034 1543  0.930
XF365g-3¢c 236 45 2580 5.81 150 76140 2.00 1523 890 16.86 150 207.786 84476 2.38 2007 26146 2.38 621 2.900 17.83 85.583 16.98  0.939
XF365g-3c 292 79 2830 5.30 150 38220 2.00 764 618 24.28 150 207.601 47402 2.64 1251 14610 2.64 386 4.580 24.85 61.859 2436 0974
XF365g-3d 277 47 2530 5.93 150 75170 2.00 1503 1029 14.58 150 207.786 83369 2.39 1989 25726 2.39 614 2.459 15.74 73.047 1471 0.918
XF365g-3d 196 54 2270 6.61 150 61150 2.00 1223 596 25.17 150 207.770 68462 2.49 1706 21254 2.49 530 3.810 26.03 102.627 25.25 0.964
XF365g-3d 261 73 3030 4.95 150 40960 2.00 819 590 25.41 150 207.602 50768 2.57 1305 15684 2.57 403 5.133 25.89 69.385 2549 0979
XF365g-2a 253 101 5860 2.56 150 16470 2.00 329 399 37.62 150 206.936 35427 2.30 815 10951 2.30 252 14698 37.71 41.310 37.68  0.996
XF365g-1a 202 92 3230 4.64 150 28490 2.00 570 350 42.90 150 207.457 38899 271 1053 12070 271 327 9.238 43.15 81.479 4295  0.993
XF365g-1a 321 129 3360 4.46 150 17230 2.00 345 402 37.28 150 207.224 28155 2.96 832 8659 2.96 256 8.351 37.55 42.825 37.34  0.991
XF365g-1a 260 132 3240 4.63 150 16710 2.00 334 315 47.61 150 207.228 27197 3.01 820 8403 3.01 253 10.284 47.84 53.040 47.65  0.994
XF365g-1a 220 132 3180 4.72 150 16720 2.00 334 264 56.85 150 207.238 26982 3.03 818 8361 3.03 254 12.053 57.05 63.371 56.89  0.996
XF365g-1a 222 71 4030 3.72 150 38690 2.00 774 511 29.38 150 207.489 51697 2.43 1258 16018 2.43 390 7.894 29.62 75.784 29.45  0.990
XF365g-1b 224 70 6380 2.35 150 31110 2.00 622 513 29.21 150 207.203 51703 2.14 1106 16018 2.14 343 12426 29.31 60.590 29.28  0.994
XF365g-1b 268 86 3920 3.83 150 30040 2.00 601 511 29.37 150 207.401 42735 2.54 1087 13195 2.54 336 7.676 29.62 58.821 29.44  0.989
XF365g-1b 294 93 4930 3.04 150 23380 2.00 468 515 29.14 150 207.188 39377 2.42 954 12135 242 294 9.579 29.30 45.426 29.21  0.992
XF365g-1b 268 92 5060 2.96 150 23070 2.00 461 469 31.96 150 207.170 39456 2.40 947 12184 2.40 292 10.780  32.09 49.148 32.02 0.994
XF365¢-3b 209 87 5170 2.90 150 24720 2.00 494 385 38.99 150 207.194 41390 2.36 978 12837 2.36 303 13.437  39.09 64.249 39.04 0.996
XF365¢-3c 287 129 4140 3.62 150 14340 2.00 287 355 42.29 150 207.037 27767 2.78 773 8562 2.78 238 11.671  42.44 40.427 42.33  0.995
XF365¢c-3c 214 111 4690 3.20 150 16820 2.00 336 304 49.34 150 207.056 31948 2.57 820 9905 2,57 254 15.427  49.44 55.327 49.38  0.997
XF365c-3c 320 117 4060 3.69 150 17800 2.00 356 442 33.93 150 207.150 31000 2.72 844 9535 2.72 259 9.184 34.13 40.264 33.99  0.992
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XF365¢c-3c¢ 302 107 3990 3.76 150 21100 2.00 422 457 32.79 150 207.239 34055 2.67 909 10489 2.67 280 8.723 33.01 46.131 32.86  0.992
XF365¢c-3c¢ 298 103 3950 3.80 150 22480 2.00 450 468 32.07 150 207.272 35301 2.65 936 10876 2.65 289 8.444 32.29 48.055 3213 0.991
XF365¢c-2a 305 73 4500 3.33 150 36650 2.00 733 697 21.51 150 207.424 51264 2.38 1220 15785 2.38 376 6.454 21.77 52.568 21.61 0.984
XF365¢c-2a 178 65 5170 2.90 150 38840 2.00 7 438 34.24 150 207.395 55471 2.27 1259 17244 2.27 391 11.802  34.36 88.663 3430  0.995
XF365¢c-2b 180 89 2720 5.51 150 31590 2.00 632 323 46.45 150 207.556 40341 2.76 1114 12538 2.76 346 8.423 46.77 97.820 46.49  0.992
XF365¢c-2b 210 86 2770 5.42 150 32910 2.00 658 390 38.45 150 207.563 41842 2.73 1142 12976 2.73 354 7.100 38.83 84.356 38.50  0.989
XF365c-2b 207 62 5970 251 150 39430 2.00 789 541 27.74 150 207.340 58677 217 1272 18200 217 395 11.040 27.85 72.914 27.81  0.993
XF365¢c-2b 239 62 5840 2.57 150 40590 2.00 812 633 23.69 150 207.361 59463 2.18 1297 18400 2.18 401 9.225 23.83 64.115 23.78  0.991
XF365¢c-2b 180 82 3350 4.48 150 33120 2.00 662 351 42.77 150 207.500 43898 2.61 1145 13644 2.61 356 9.551 43.00 94.431 42.81  0.993
XF365¢c-2b 318 76 2260 6.64 150 42590 2.00 852 709 21.15 150 207.692 49937 2.68 1339 15361 2.68 412 3.186 22.16 60.043 21.24  0.950
XF365¢c-2¢ 314 81 2450 6.12 150 38200 2.00 764 647 23.17 150 207.643 46162 271 1251 14204 271 385 3.785 23.97 59.012 23.26  0.963
XF365c-2¢ 272 50 3220 4.66 150 66350 2.00 1327 930 16.13 150 207.714 76781 2.36 1813 23702 2.36 560 3.463 16.79 71.352 16.25 0.953
XF365c-2¢ 210 40 3420 4.39 150 84930 2.00 1699 895 16.75 150 207.754 95958 2.27 2182 29759 2.27 677 3.820 17.32 94.860 16.87 0.961
XF365c-2¢ 226 65 2770 5.42 150 47960 2.00 959 573 26.19 150 207.672 56903 2.54 1443 17626 2.54 447 4.836 26.74 83.728 26.26  0.976
XF365d-3a 216 47 2110 7.11 150 73990 2.00 1480 778 19.27 150 207.813 80797 2.43 1964 25045 2.43 609 2711 20.54 95.061 19.38  0.933
XF365d-3b 288 98 2750 5.45 150 28510 2.00 570 481 31.19 150 207.515 37430 2.82 1057 11540 2.82 326 5.718 31.66 59.277 31.25 0.983
XF365d-3b 182 101 2610 5.75 150 26830 2.00 537 286 52.53 150 207.514 35229 2.89 1019 10948 2.89 317 9.140 52.84 93.960 5257  0.993
XF365d-3b 208 7 2570 5.84 150 38760 2.00 775 435 34.47 150 207.635 47046 2.68 1259 14592 2.68 390 5.906 34.96 89.074 3453 0.984
XF365d-3¢c 244 63 2900 5.17 150 49810 2.00 996 643 23.32 150 207.670 59185 2.50 1481 18308 2.50 458 4.509 23.89 77.448 2341 0973
XF365d-3¢c 174 87 2870 5.23 150 31760 2.00 635 316 47.40 150 207.540 40990 2.73 1118 12746 2.73 348 9.069 47.69  100.363 47.44  0.993
XF365d-3¢c 238 105 2450 6.12 150 26320 2.00 526 363 41.34 150 207.528 34237 2.95 1011 10595 2.95 313 6.752 41.79 72.539 41.39  0.988
XF365d-3d 212 65 3020 4.97 150 47040 2.00 941 537 27.94 150 207.644 56780 251 1425 17605 2,51 442 5.625 28.38 87.622 28.01 0.982
XF365d-3d 221 60 2860 5.24 150 52240 2.00 1045 604 24.82 150 207.686 61470 2.49 1529 19048 2.49 474 4.732 25.36 86.427 2490 0.975
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XF376h-2¢c 165 93 2930 5.12 150 28730 2.00 575 280  53.53 150 207.498 38147 2,77 1057 11869 2.77 329 10456  53.78 102,530 53.57  0.995
XF376h-2¢c 206 95 3480 4.31 150 26550 2.00 531 346 43.39 150 207.400 37768 2.69 1015 11716 2.69 315 10.067  43.61 76.803 43.44  0.994
XF376i-1d 240 94 3070 4.89 150 28470 2.00 569 411 36.53 150 207.475 38392 2.75 1054 11879 2.75 326 7.477 36.86 69.342 36.59  0.990
XF376i-2a 310 82 4040 3.71 150 31990 2.00 640 624 24.04 150 207.413 45115 2.50 1127 13886 2.50 347 6.474 24.32 51.261 2412 0.985
XF376i-2b 178 90 3620 4.14 150 28040 2.00 561 314 47.84 150 207.407 39685 2.63 1043 12336 2.63 324 11546  48.02 89.433 47.88  0.995
XF376j-1b 297 103 2830 5.30 150 26420 2.00 528 471 31.85 150 207.477 35605 2.85 1015 10970 2.85 313 6.010 32.29 56.104 31.92 0.984
XF376j-1b 185 91 3260 4.60 150 28730 2.00 575 322 46.54 150 207.458 39223 2.70 1057 12186 2.70 329 10.114  46.76 89.136 46.58  0.994
XF376j-1b 193 92 3420 4.39 150 27910 2.00 558 333 45.03 150 207.428 38924 2.68 1041 12087 2.68 323 10.267  45.24 83.783 45.07  0.994
XF376j-1b 232 101 3220 4.66 150 25170 2.00 503 368 40.80 150 207.409 35570 2.78 988 11013 2.78 306 8.759 41.07 68.465 40.85  0.992
XF376f-1a 185 92 4510 3.33 150 24340 2.00 487 320 46.93 150 207.251 38856 2.50 970 12072 2.50 301 14.109  47.04 76.146 46.97  0.997
XF376f-1a 232 95 4650 3.23 150 23010 2.00 460 393 38.19 150 207.210 38029 2.48 945 11774 2.48 292 11.838  38.32 58.581 38.24  0.995
XF376f-1a 242 97 3680 4.08 150 25230 2.00 505 399 37.61 150 207.355 37124 2.67 989 11486 2.67 306 9.226 37.83 63.252 37.66  0.993
XF376f-1b 242 95 3910 3.84 150 25390 2.00 508 409 36.69 150 207.332 38028 2.61 993 11765 2.61 307 9.563 36.89 62.097 36.74  0.993
XF376f-1b 190 94 4260 3.52 150 24080 2.00 482 319 46.96 150 207.272 37797 2.55 965 11739 2.55 300 13.337  47.09 75.389 47.00  0.996
XF376f-2a 252 85 3420 4.39 150 32110 2.00 642 485 30.93 150 207.480 43173 2.61 1127 13347 2.61 349 7.052 31.24 66.211 30.99 0.988
XF376e-1a 271 124 2470 6.07 150 21170 2.00 423 352 42.56 150 207.445 29171 3.12 909 9005 3.12 281 7.008 42.99 60.066 42.61  0.989
XF376e-1a 233 94 4120 3.64 150 24870 2.00 497 395 37.93 150 207.300 38178 2.57 982 11819 2,57 304 10.417  38.10 62.883 37.98  0.994
XF376e-1b 175 96 3770 3.98 150 24790 2.00 496 286 52.43 150 207.339 36915 2.65 978 11478 2.65 304 13.179  52.59 86.657 5247  0.996
XF376e-1b 160 92 4190 3.58 150 25120 2.00 502 274 54.82 150 207.299 38581 2.55 984 12009 2.55 306 15314 54.94 91.808 54.86  0.997
XF376b-1a 254 171 2440 6.15 150 12980 2.00 260 235 63.74 150 207.243 20873 3.57 745 6452 3.57 230 10.368  64.03 55.153 63.77  0.995
XF376b-1a 193 109 3040 4.93 150 22930 2.00 459 280 53.53 150 207.396 32720 2.88 942 10160 2.88 292 10.849  53.76 81.831 53.57  0.995
XF376b-1a 314 108 3200 4.69 150 23390 2.00 468 473 31.70 150 207.380 33789 2.83 955 10397 2.83 294 6.764 32.05 49.438 3177  0.987
XF376b-1a 309 146 2650 5.66 150 16140 2.00 323 341 43.98 150 207.302 24749 3.27 810 7618 3.27 249 7.770 44.34 47.321 44.02  0.991
XF376b-1a 255 98 2970 5.05 150 27310 2.00 546 420 35.72 150 207.472 36919 2.79 1032 11411 2.79 319 7.073 36.08 65.042 35.78  0.989
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XF376b-1b 252 135 2500 6.00 150 18410 2.00 368 297 50.57 150 207.385 26496 3.22 853 8192 3.22 264 8.429 50.93 62.072 50.61  0.992
XF376b-1b 149 102 2940 5.10 150 25000 2.00 500 228 65.82 150 207.445 34438 2.85 982 10728 2.85 306 12900 66.01 109.695 65.85  0.997
XF376b-1b 223 107 3000 5.00 150 23750 2.00 475 332 45.18 150 207.415 33433 2.87 959 10358 2.87 297 9.036 45.46 71.539 4523  0.993
XF376b-1b 301 105 2970 5.05 150 25280 2.00 506 469 31.99 150 207.441 34923 2.84 993 10756 2.84 306 6.334 32.39 53.916 32.05 0.986
xf205a1-t1 233 36 5840 2.57 150 88930 2.00 1779 1119 1341 150 207.638 107794 2.10 2263 33372 2.10 701 5.219 13.65 79.479 1355 0971
xf205a1-t1 230 35 5520 272 150 92500 2.00 1850 1129 13.28 150 207.664 110326 212 2334 34164 212 723 4.887 13.56 81.901 13.43  0.969
xf205a1-t2 221 32 12990 2.00 260 81050 2.00 1621 1207 1243 150 207.315 122971 2.00 2459 38105 2.00 762 10.763  12.59 67.153 1259 0.975
xf205a1-t2 252 34 9430 2.00 189 84960 2.00 1699 1295  11.59 150 207.464 115463 2.00 2309 35696 2.00 714 7.283 11.76 65.619 11.76 0971
xf205a1-t2 215 37 6390 2.35 150 82230 2.00 1645 984 15.25 150 207.588 102843 2.07 2128 31882 2.07 660 6.496 15.43 83.595 15.38  0.980
xf205a1-t2 223 49 1570 9.55 150 72550 2.00 1451 770 19.48 150 207.850 77617 2.49 1935 24048 2.49 600 2.039 21.70 94.235 1959 0.893
xf205a1-t3 225 40 4160 3.61 150 82380 2.00 1648 960 15.63 150 207.705 95809 2.23 2132 29679 2.23 660 4.335 16.04 85.848 1576  0.967
xf205a1-t3 242 46 1640 9.15 150 77750 2.00 1555 895 16.76 150 207.853 83051 2.46 2040 25695 2.46 631 1.833 19.10 86.885 16.88  0.872
xf205a1-t3 250 44 2040 7.35 150 81020 2.00 1620 977 15.35 150 207.831 87618 2.40 2106 27091 2.40 651 2.088 17.02 82.921 15.48 0.894
xf205a1-t3 231 43 1600 9.38 150 85760 2.00 1715 937 16.02 150 207.867 90927 242 2200 28154 242 681 1.708 18.56 91.572 16.14  0.856
xf205¢1-t1 237 40 3360 4.46 150 86290 2.00 1726 1026  14.63 150 207.760 97146 2.28 2210 30067 2.28 684 3.276 15.29 84.135 1476 0.948
xf205¢1-t1 216 45 2040 7.35 150 78270 2.00 1565 817 18.37 150 207.826 84851 242 2049 26302 242 635 2.498 19.79 95.856 18.48  0.923
xf205¢1-t1 227 57 1490 10.07 150 61310 2.00 1226 668 22.45 150 207.836 66121 2.59 1710 20480 2.59 530 2.230 24.61 91.767 2254  0.909
xf205¢1-t1 265 50 2150 6.98 150 69850 2.00 1397 908 16.52 150 207.801 76811 2.45 1883 23723 2.45 581 2.367 17.93 76.907 16.64 0.914
xf205¢1-t1 205 50 1590 9.43 150 69580 2.00 1392 683 21.95 150 207.844 74705 251 1875 23175 2,51 582 2.326 23.89 101.801 22.04 0.915
xf205¢1-t1 251 60 1970 7.61 150 55990 2.00 1120 697 21.52 150 207.779 62362 2.57 1605 19281 2.57 496 2.826 22.82 80.310 21.61  0.939
xf205¢1-t1 243 45 2580 5.81 150 78080 2.00 1562 938 16.00 150 207.790 86420 2.37 2046 26734 2.37 633 2.752 17.02 83.284 16.12  0.933
xf205¢1-t1 245 41 3480 4.31 150 84360 2.00 1687 1044  14.37 150 207.749 95611 2.27 2172 29574 2.27 672 3.333 15.00 80.801 1451 0.949
xf205¢1-t2 243 44 3010 4.98 150 77770 2.00 1555 949 15.81 150 207.761 87500 2.33 2040 27068 2.33 631 3.172 16.57 81.953 1593 0.946
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xf205¢1-t2 217 44 3530 4.25 150 75230 2.00 1505 835 17.96 150 207.722 86618 2.30 1989 26849 2.30 616 4.226 18.46 90.071 18.07  0.967
xf205¢1-t2 243 47 3390 4.42 150 71240 2.00 1425 889 16.86 150 207.718 82198 2.32 1910 25429 2.32 591 3.811 17.44 80.095 16.98  0.961
xf205¢1-t2 244 41 4080 3.68 150 82160 2.00 1643 1035  14.50 150 207.709 95349 2.23 2128 29496 2.23 658 3.944 14.96 79.418 14.64  0.960
xf205¢1-t3 246 41 4200 3.57 150 80390 2.00 1608 1032  14.54 150 207.697 93970 2.23 2093 29063 2.23 647 4.071 14.97 77.920 14.68 0.962
xf205¢1-t3 226 43 4060 3.69 150 76320 2.00 1526 901 16.65 150 207.693 89428 2.25 2011 27700 2.25 623 4.505 17.05 84.691 16.77  0.969
xf205¢1-t3 230 44 3860 3.89 150 75060 2.00 1501 898 16.71 150 207.701 87526 2.27 1986 27103 2.27 615 4.300 17.16 83.617 16.83  0.967
xf205¢1-t3 246 45 3710 4.04 150 73700 2.00 1474 937 16.00 150 207.706 85695 2.29 1959 26506 2.29 606 3.957 16.50 78.616 16.13  0.962
xf205¢1-t3 263 40 4260 3.52 150 84000 2.00 1680 1147  13.08 150 207.704 97791 221 2166 30207 221 669 3.714 13.54 73.239 13.23  0.955
xf205¢1-t3 245 36 5220 2.87 150 93310 2.00 1866 1205 1245 150 207.680 110187 213 2351 34081 213 727 4.333 12.78 77.462 1261 0.962
xf205¢1-t3 213 43 2570 5.84 150 80070 2.00 1601 838 1791 150 207.795 88359 2.36 2085 27396 2.36 647 3.068 18.83 95.590 18.02  0.945
xf205c1-t4 204 32 6350 2.36 150 100620 2.00 2012 1098 13.66 150 207.649 121087 2.06 2496 37568 2.06 774 5.781 13.86 91.611 13.80 0.975
xf205c1-t4 215 31 7820 2.00 156 102560 2.00 2051 1220 1230 150 207.594 127784 2.00 2556 39615 2.00 792 6.411 12.46 84.087 12.46 0.974
xf205c1-t4 268 41 3410 4.40 150 85480 2.00 1710 1152 13.02 150 207.755 96523 2.27 2195 29805 2.27 678 2.960 13.75 74.212 13.18 0.936
xf205c1-t4 223 40 3520 4.26 150 86170 2.00 1723 967 15.51 150 207.751 97531 2.26 2208 30218 2.26 684 3.639 16.08 89.081 15.64  0.956
xf205c1-t4 205 36 4390 3.42 150 93230 2.00 1865 981 15.29 150 207.721 107381 2.19 2348 33313 219 728 4.474 15.66 95.015 15.42  0.968
xf205c1-t4 224 35 5310 2.82 150 95900 2.00 1918 1126 13.32 150 207.683 113040 213 2402 35020 213 744 4.716 13.62 85.163 13.47  0.967
xf205¢1-t4 242 35 5610 2.67 150 95140 2.00 1903 1221 1228 150 207.666 113273 211 2388 35044 211 739 4.593 12.57 77.888 12.44  0.964
xf205e1-t1 215 35 2490 6.02 150 105470 2.00 2109 1087  13.80 150 207.840 113502 2.28 2593 35186 2.28 804 2.292 15.06 97.067 13.95 0.907
xf205e1-t1 245 40 4760 3.15 150 82780 2.00 1656 1071 14.00 150 207.673 98169 2.18 2141 30365 2.18 662 4.444 14.35 77.286 14.15 0.966
xf205e1-t1 247 32 13940 2.00 279 78700 2.00 1574 1358  11.04 150 207.270 123774 2.00 2475 38280 2.00 766 10.264  11.22 57.949 11.22  0.968
xf205e1-t1 229 35 8320 2.00 166 84320 2.00 1686 1131 13.26 150 207.508 111186 2.00 2224 34433 2.00 689 7.353 13.41 74.523 13.41 0.978
xf205e1-t1 259 45 2680 5.60 150 77440 2.00 1549 996 15.06 150 207.782 86114 2.36 2034 26607 2.36 629 2.690 16.06 77.728 1519 0.929
xf205e1-t1 246 48 1900 7.89 150 74180 2.00 1484 880 17.04 150 207.829 80323 2.45 1969 24843 2.45 609 2.159 18.78 84.272 17.16  0.901
xf205e1-t1 240 49 1960 7.65 150 72560 2.00 1451 846 17.74 150 207.821 78894 2.45 1936 24411 2.45 599 2.318 19.32 85.816 17.85 0.912
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xf205e1-t1 251 47 1930 7.77 150 76730 2.00 1535 927 16.18 150 207.831 82972 2.43 2020 25654 2.43 624 2.082 17.95 82.770 16.30  0.895
xf205e1-t2 238 37 3600 4.17 150 93200 2.00 1864 1111 13.50 150 207.762 104832 2.24 2349 32444 2.24 727 3.241 14.13 83.906 13.65 0.945
xf205e1-t2 195 43 2700 5.56 150 78460 2.00 1569 758 19.80 150 207.783 87157 2.35 2052 27059 2.35 637 3.563 20.56  103.548 19.90 0.958
xf205e1-t2 229 44 2360 6.36 150 80240 2.00 1605 896 16.73 150 207.809 87861 2.38 2089 27209 2.38 647 2.633 17.90 89.513 16.85  0.928
xf205e1-t2 227 29 15870 2.00 317 85980 2.00 1720 1387 10.82 150 207.252 137220 2.00 2744 42500 2.00 850 11.444  11.00 62.003 11.00 0.967
xf205e1-t2 204 39 5390 2.78 150 79010 2.00 1580 877 17.11 150 207.627 96383 2.14 2064 29903 214 640 6.149 17.34 90.133 17.23  0.980
xf205e1-t2 223 42 2840 5.28 150 81780 2.00 1636 903 16.61 150 207.781 90947 2.33 2120 28177 2.33 657 3.145 17.43 90.556 16.73  0.946
xf205e1-t2 218 44 2000 7.50 150 79440 2.00 1589 832 18.02 150 207.831 85893 241 2073 26622 241 642 2.403 19.52 95.433 18.13 0.918
xf205e1-t3 234 34 5210 2.88 150 97400 2.00 1948 1192 1259 150 207.691 114230 213 2433 35361 213 753 4.371 1291 81.721 12.74  0.963
xf205e1-t3 234 33 6160 2.44 150 97940 2.00 1959 1230 1220 150 207.649 117839 2.07 2443 36478 2.07 756 5.009 12.44 79.640 12.36  0.968
xf205e1-t3 231 33 8780 2.00 176 90870 2.00 1817 1224 1225 150 207.515 119225 2.00 2385 36917 2.00 738 7.172 12.41 74.226 1241  0.974
xf205e1-t3 255 36 4690 3.20 150 95000 2.00 1900 1250 12.00 150 207.710 110173 217 2385 34054 217 737 3.753 12.42 76.022 12.17  0.953
xf205e1-t3 221 35 4830 3.11 150 96750 2.00 1935 1105 1357 150 207.708 112337 2.15 2419 34810 2.15 750 4.371 13.93 87.554 13.72  0.964
xf205e1-t3 252 36 4500 3.33 150 95670 2.00 1913 1240 1210 150 207.721 110226 2.18 2399 34076 2.18 742 3.629 12.55 77.163 1226 0.951
xf205e1-t3 225 38 3800 3.95 150 89650 2.00 1793 1021 14.69 150 207.743 101917 2.23 2277 31571 2.23 705 3.721 15.21 87.791 1482  0.957
xf205e1-t3 255 39 3690 4.07 150 87930 2.00 1759 1134 13.23 150 207.745 99868 2.25 2244 30868 2.25 694 3.254 13.84 77.532 13.38  0.945
xf205e1-t3 256 39 4040 3.71 150 88320 2.00 1766 1156  12.98 150 207.727 101392 2.22 2252 31337 2.22 696 3.496 13.50 76.429 13.13  0.950
xf205e1-t3 236 37 4390 3.42 150 91610 2.00 1832 1113 1348 150 207.717 105793 2.19 2317 32745 219 717 3.946 13.91 82.342 13.63  0.959
xf205e1-t3 253 36 4760 3.15 150 93550 2.00 1871 1230 1219 150 207.703 108949 2.16 2356 33678 2.16 728 3.870 12.60 76.054 12.36  0.955
xf205e1-t3 218 38 4300 3.49 150 88670 2.00 1773 994 15.09 150 207.714 102543 2.20 2257 31783 2.20 700 4.327 15.49 89.227 1523  0.966
xf205e1-t3 248 37 4700 3.19 150 91290 2.00 1826 1176  12.75 150 207.700 106488 217 2311 32931 217 715 3.996 13.15 77.610 1291 0.958
xf205e1-t3 205 35 4830 3.11 150 93710 2.00 1874 998 15.03 150 207.701 109279 2.16 2358 33902 2.16 731 4.840 15.35 93.907 1516 0.971
xf205e1-t3 247 35 5360 2.80 150 97300 2.00 1946 1261 11.89 150 207.684 114631 212 2431 35452 212 752 4.250 12.22 77.158 12.06  0.960
xf205g1-t1 233 46 3510 4.27 150 71010 2.00 1420 855 17.55 150 207.710 82348 231 1905 25494 231 590 4.106 18.06 83.073 17.66  0.965
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xf205g1-t1 238 67 2590 5.79 150 47140 2.00 943 587 25.54 150 207.685 55509 2.57 1427 17179 257 442 4.410 26.19 80.260 25.62 0.972
xf205g1-t1 252 49 3140 4.78 150 67700 2.00 1354 875 17.15 150 207.724 77857 2.36 1839 24069 2.36 569 3.590 17.80 77.403 17.27  0.957
xf205g1-t1 240 35 5440 2.76 150 95860 2.00 1917 1213 1237 150 207.676 113441 212 2402 35102 212 743 4.484 12.67 79.021 1253 0.964
xf205g1-t2 264 48 2600 5.77 150 73180 2.00 1464 962 15.60 150 207.777 81598 2.39 1949 25203 2.39 602 2.704 16.63 76.103 1573 0.930
xf205g1-t2 252 52 2780 5.40 150 65020 2.00 1300 831 18.04 150 207.741 74012 241 1786 22881 241 552 3.344 18.83 78.218 18.16  0.952
xf205g1-t3 207 48 7080 212 150 53950 2.00 1079 707 21.22 150 207.400 76775 2.04 1563 23815 2.04 485 10.018  21.33 76.334 21.32  0.991
xf205g1-t3 193 47 5760 2.60 150 59250 2.00 1185 666 22.52 150 207.514 77800 2.14 1668 24158 214 518 8.647 22.67 88.944 22,61 0.989
xf205g1-t3 244 54 3290 4.56 150 59510 2.00 1190 763 19.65 150 207.683 70146 2.39 1675 21698 2.39 518 4311 20.18 77.977 19.76  0.969
xf205g1-t3 262 48 2820 5.32 150 70830 2.00 1417 936 16.03 150 207.756 79959 2.38 1902 24700 2.38 588 3.014 16.89 75.691 16.15 0.942
xf205g1-t3 229 39 3500 4.29 150 89270 2.00 1785 1026  14.63 150 207.759 100572 2.26 2270 31146 2.26 703 3.413 15.24 87.049 1476  0.951
xf205g1-t3 223 38 3980 3.77 150 90200 2.00 1804 1023  14.66 150 207.735 103046 2.22 2288 31926 2.22 709 3.890 15.14 88.163 14.80  0.960
xf205g1-t3 201 35 4600 3.26 150 94940 2.00 1899 980 15.31 150 207.715 109763 217 2382 34063 217 739 4.695 15.65 96.893 15.44  0.970
xf205g2-t1 212 32 6670 2.25 150 100090 2.00 2002 1148  13.07 150 207.634 121601 2.04 2486 37705 2.04 771 5.810 13.26 87.192 13.22  0.974
xf205g2-t1 221 31 7160 2.09 150 103910 2.00 2078 1251 11.99 150 207.624 127017 2.02 2562 39358 2.02 794 5.723 12.17 83.059 12.16 0.972
xf205g2-t1 208 34 4910 3.05 150 97030 2.00 1941 1047 1432 150 207.705 112861 2.15 2424 35004 2.15 752 4.688 14.64 92.636 14.46  0.969
xf205g2-t1 257 42 3020 4.97 150 84570 2.00 1691 1082  13.86 150 207.776 94343 231 2177 29155 231 673 2.790 14.72 78.127 1400 0.932
xf20592-t2 217 29 16610 2.00 332 83360 2.00 1667 1319 11.38 150 207.217 136947 2.00 2739 42449 2.00 849 12,597  11.55 63.218 1155 0.970
xf20592-t2 230 31 15320 2.00 306 78890 2.00 1578 1312 1143 150 207.228 128364 2.00 2567 39749 2.00 795 11.674 11.60 60.113 11.60 0.970
xf20592-t2 224 32 11130 2.00 223 88270 2.00 1765 1237 1212 150 207.415 124197 2.00 2484 38476 2.00 770 8.995 12.29 71.334 1229 0.974
xf20592-t2 244 31 12980 2.00 260 88170 2.00 1763 1412 10.63 150 207.351 130130 2.00 2603 40254 2.00 805 9.195 10.81 62.457 10.81  0.966
xf20592-t3 233 27 22320 2.00 446 80710 2.00 1614 1580 9.49 150 207.060 152805 2.00 3056 47307 2.00 946 14.123 9.70 51.069 9.70 0.957
xf20592-t3 230 31 17640 2.00 353 72600 2.00 1452 1324 11.33 150 207.123 129566 2.00 2591 40121 2.00 802 13.326 1151 54.844 1151  0.970
xf20592-t3 255 30 18600 2.00 372 75710 2.00 1514 1538 9.75 150 207.117 135887 2.00 2718 42001 2.00 840 12.095 9.96 49.232 9.96 0.960
xf20592-t3 221 29 20090 2.00 402 71430 2.00 1429 1340 11.20 150 207.052 136267 2.00 2725 42223 2.00 844 14996  11.37 53.320 11.37  0.969
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xf208c1-t1 247 35 2070 7.25 150 108260 2.00 2165 1266 11.84 150 207.864 114953 231 2650 35551 231 820 1.635 13.89 85.484 12.01 0.841
xf208c1-t1 230 40 1160 12.93 150 93040 2.00 1861 991 15.14 150 207.902 96786 2.42 2345 29972 242 726 1171 19.91 93.912 1527 0.754
xf208c1-t1 254 44 950 15.79 150 86790 2.00 1736 1020 1471 150 207.910 89863 2.47 2221 27776 2.47 687 0.931 21.58 85.085 14.84 0.675
xf208c1-t1 218 47 890 16.85 150 77790 2.00 1556 782 19.17 150 207.908 80661 2.53 2040 25001 2.53 632 1.138 25.53 99.432 19.28  0.747
xf208c1-t1 248 40 1390 10.79 150 93550 2.00 1871 1084  13.83 150 207.888 98045 2.40 2356 30320 2.40 729 1.282 17.54 86.261 13.98 0.780
xf208c1-t1 190 44 1370 10.95 150 80820 2.00 1616 723 20.75 150 207.876 85231 2.46 2099 26470 2.46 652 1.895 2346  111.801 20.85 0.880
xf208c1-t1 241 44 1360 11.03 150 84510 2.00 1690 955 15.70 150 207.881 88906 2.45 2175 27508 2.45 673 1.424 19.19 88.458 1583 0.812
xf208c1-t1 214 44 1210 12.40 150 83760 2.00 1675 835 17.97 150 207.890 87663 2.46 2159 27179 2.46 669 1.450 21.83 100.364 18.08 0.818
xf208c1-t1 259 44 1620 9.26 150 83720 2.00 1674 1029 14.58 150 207.863 88963 2.43 2160 27488 2.43 667 1574 17.27 81.357 1471  0.836
xf208c1-t1 232 34 2730 5.49 150 108120 2.00 2162 1208 1241 150 207.831 116937 2.26 2647 36206 2.26 820 2.259 13.58 89.484 12,57  0.903
xf208c1-t2 259 39 1460 10.27 150 98870 2.00 1977 1195 1255 150 207.888 103595 2.38 2463 32011 2.38 761 1.222 16.22 82.739 1271 0.764
xf208¢1-t2 233 40 1260 11.90 150 94980 2.00 1900 1027  14.60 150 207.897 99050 241 2384 30666 241 738 1.227 18.84 92.458 1474  0.768
xf208¢1-t2 234 39 2090 7.18 150 92580 2.00 1852 1038  14.45 150 207.845 99332 2.35 2336 30749 2.35 723 2.014 16.14 89.214 1459 0.887
xf208c1-t2 235 40 2310 6.49 150 91270 2.00 1825 1035  14.50 150 207.830 98733 2.34 2310 30562 2.34 715 2.233 15.89 88.222 14.64  0.904
xf208¢1-t2 243 52 1100 13.64 150 70610 2.00 1412 803 18.68 150 207.884 74166 2.56 1897 22944 2.56 587 1.370 23.13 87.931 18.79  0.803
xf208c1-t2 243 47 740 20.27 150 79700 2.00 1594 890 16.86 150 207.920 82092 2.53 2079 25396 2.53 643 0.832 26.37 89.590 16.98  0.635
xf208c1-t2 206 43 1480 10.14 150 84610 2.00 1692 819 18.31 150 207.873 89381 2.43 2176 27728 2.43 675 1.807 20.93 103.283 1842  0.870
xf208¢1-t2 199 44 1290 11.63 150 81810 2.00 1636 763 19.65 150 207.883 85966 2.47 2120 26681 2.47 658 1.690 2284 107.195 19.76  0.856
xf208¢1-t2 215 43 1410 10.64 150 85740 2.00 1715 866 17.32 150 207.879 90288 2.44 2199 27989 2.44 682 1.628 20.33 99.011 17.44  0.846
xf208c1-t2 220 33 2340 6.41 150 110730 2.00 2215 1160 12.93 150 207.853 118281 2.28 2699 36654 2.28 836 2.017 14.43 95.453 13.08 0.885
xf208d2-t1 226 37 2450 6.12 150 96540 2.00 1931 1051 14.27 150 207.830 104449 231 2415 32354 231 748 2.331 15.53 91.859 14.41  0.910
xf208d2-t1 213 36 1950 7.69 150 102560 2.00 2051 1035 14.49 150 207.865 108850 2.33 2535 33748 2.33 786 1.884 16.40 99.069 1463 0.875
xf208d2-t1 221 32 3550 4.23 150 113150 2.00 2263 1229 1221 150 207.799 124607 2.20 2747 38610 2.20 851 2.889 12.92 92.080 12.37  0.933
xf208d2-t2 244 36 2640 5.68 150 102540 2.00 2051 1206 12.44 150 207.828 111074 2.28 2536 34360 2.28 784 2.189 13.68 85.032 1260 0.898
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xf208d2-t2 227 38 2450 6.12 150 95620 2.00 1912 1047 14.33 150 207.829 103530 231 2397 32067 231 742 2.341 15.59 91.371 14.47 0911
xf208d2-t2 214 38 2620 5.73 150 92260 2.00 1845 958 15.65 150 207.814 100711 231 2329 31224 231 722 2.734 16.67 96.266 1578 0.932
xf208e3-t1 195 39 1940 7.73 150 90300 2.00 1806 837 17.93 150 207.851 96549 2.37 2289 29976 2.37 711 2.319 19.53 107.932 18.04 0.913
xf208e3-t1 265 53 1500 10.00 150 67100 2.00 1342 851 17.63 150 207.846 71957 2.54 1828 22224 2.54 564 1.763 20.27 78.862 17.74  0.864
xf208e3-t1 250 46 1700 8.82 150 77760 2.00 1555 927 16.18 150 207.849 83258 2.45 2040 25744 2.45 631 1.834 18.43 83.886 16.30 0.871
xf208e3-t1 237 38 1870 8.02 150 97960 2.00 1959 1100 13.64 150 207.864 104002 2.35 2444 32188 2.35 756 1.701 15.83 89.094 13.79  0.853
xf208e3-t2 253 38 1520 9.87 150 100900 2.00 2018 1194 1257 150 207.887 105817 2.37 2503 32711 2.37 774 1.274 15.98 84.539 1273 0.777
xf208e3-t2 227 37 1820 8.24 150 100680 2.00 2014 1076  13.94 150 207.870 106556 2.34 2498 33004 2.34 774 1.691 16.19 93.565 14.08 0.852
xf208e3-t2 195 38 1520 9.87 150 96970 2.00 1939 886 16.93 150 207.884 101866 2.38 2423 31625 2.38 752 1.716 19.60 109.451 17.05 0.858
xf208e3-t2 240 39 1950 7.69 150 94770 2.00 1895 1082  13.86 150 207.856 101072 2.35 2380 31274 2.35 736 1.802 15.85 87.556 1400 0.865
xf208e3-t2 244 39 1860 8.06 150 94060 2.00 1881 1090 13.76 150 207.860 100073 2.36 2366 30956 2.36 732 1.706 15.95 86.295 1391 0.854
xf208e3-t2 249 43 1550 9.68 150 87030 2.00 1741 1024  14.65 150 207.871 92043 242 2226 28461 242 688 1514 17.56 85.024 1479  0.827
xf208e3-t2 255 48 1380 10.87 150 76480 2.00 1530 920 16.30 150 207.870 80945 2.49 2015 25019 2.49 623 1.500 19.59 83.127 16.43  0.826
xf208e3-t2 239 49 1360 11.03 150 73360 2.00 1467 828 18.11 150 207.867 77755 251 1952 24062 251 604 1.642 21.20 88.570 18.22  0.849
xf208e3-t3 205 41 1100 13.64 150 89230 2.00 1785 846 17.73 150 207.903 92776 2.44 2268 28783 2.44 704 1.300 2237 105473 17.84 0.788
xf208e3-t3 238 40 1680 8.93 150 92380 2.00 1848 1039 1444 150 207.869 97809 2.38 2332 30269 2.38 722 1.617 16.98 88.943 1458 0.843
xf208e3-t3 231 44 1730 8.67 150 82260 2.00 1645 903 16.61 150 207.853 87847 242 2130 27201 2.42 659 1916 18.74 91.083 16.73  0.880
xf208e3-t3 250 45 1270 11.81 150 81960 2.00 1639 960 15.62 150 207.884 86067 2.47 2124 26612 2.47 657 1.323 19.58 85.356 1575 0.791
xf208e3-t3 258 50 1450 10.34 150 72130 2.00 1443 885 16.94 150 207.858 76822 251 1928 23739 251 596 1.638 19.85 81.478 17.06  0.848
xf208e3-t3 191 42 1390 10.79 150 84570 2.00 1691 758 19.79 150 207.879 89046 2.44 2174 27653 2.44 675 1.833 2254 111549 19.89 0.873
xf208e3-t4 237 39 1440 10.42 150 95030 2.00 1901 1056  14.21 150 207.886 99683 2.39 2385 30850 2.39 738 1.364 17.62 90.027 1435 0.799
xf208e3-t4 254 39 1480 10.14 150 95730 2.00 1915 1139 1317 150 207.884 100518 2.39 2400 31071 2.39 742 1.300 16.62 84.079 13.33 0.784
xf208e3-t4 202 36 2640 5.68 150 99160 2.00 1983 967 15.52 150 207.824 107668 2.29 2467 33411 2.29 765 2731 16,53 102,581 15.65 0.931
xf208e3-t4 226 37 2240 6.70 150 97330 2.00 1947 1051 14.28 150 207.843 104561 2.32 2431 32389 2.32 753 2132 15.77 92.628 14.41  0.897
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xf208e3-t5 211 43 1110 13.51 150 85370 2.00 1707 838 17.89 150 207.899 88950 2.46 2191 27582 2.46 679 1.324 2242 101.840 18.01 0.793
xf208e3-t5 216 43 1060 14.15 150 86020 2.00 1720 861 17.41 150 207.903 89440 2.46 2204 27724 2.46 683 1.231 22.44 99.859 1753 0.771
xf208e3-t5 240 40 1240 12.10 150 93100 2.00 1862 1037 14.46 150 207.897 97107 242 2347 30049 2.42 726 1.195 18.85 89.755 1460 0.760
xf208f2-t1 242 48 1230 12.20 150 77060 2.00 1541 875 17.13 150 207.882 81036 2.50 2026 25071 2.50 627 1.405 21.03 88.026 17.25  0.809
xf208f2-t1 252 51 1240 12.10 150 71990 2.00 1440 853 17.59 150 207.874 76001 2.53 1925 23496 2.53 595 1.454 21.35 84.404 17.70  0.819
xf208f2-t1 244 40 1240 12.10 150 95520 2.00 1910 1084 13.83 150 207.899 99529 241 2395 30787 241 741 1.144 18.38 88.094 13.98  0.745
xf208f2-t1 220 38 1520 9.87 150 97630 2.00 1953 1005 14.93 150 207.884 102535 2.38 2437 31775 2.38 755 1513 17.90 97.186 15.07 0.827
xf208f2-t2 220 44 1540 9.74 150 82640 2.00 1653 860 17.44 150 207.867 87610 2.44 2137 27149 2.44 662 1.790 19.97 96.069 1755 0.867
xf208f2-t2 233 40 1140 13.16 150 92960 2.00 1859 1005 14.93 150 207.903 96642 2.43 2344 29919 2.43 726 1.135 19.90 92.514 15.06 0.744
xf208f2-t2 222 42 1530 9.80 150 86920 2.00 1738 907 16.53 150 207.873 91858 242 2223 28462 242 689 1.687 19.22 95.814 16.66  0.854
xf208f2-t2 251 51 1230 12.20 150 70920 2.00 1418 840 17.86 150 207.874 74898 2.54 1904 23156 2.54 589 1.464 21.63 84.438 1797 0.821
xf208f2-t2 190 44 1090 13.76 150 82220 2.00 1644 724 20.71 150 207.897 85730 2.48 2127 26626 2.48 661 1.505 2486 113502 20.80 0.829
xf208f2-t2 248 39 1690 8.88 150 94970 2.00 1899 1110 1351 150 207.871 100435 2.37 2384 31059 2.37 737 1.522 16.16 85.526 13.66  0.827
xf208f2-t2 214 40 1350 11.11 150 92810 2.00 1856 928 16.16 150 207.890 97165 241 2340 30123 241 725 1.455 19.61 100.003 16.29 0.818
xf208f2-t3 192 35 960 15.63 150 108820 2.00 2176 956 15.68 150 207.923 111911 2.38 2659 34753 2.38 826 1.004 2214 113769 1581 0.703
xf208f2-t3 219 43 760 19.74 150 87560 2.00 1751 880 17.04 150 207.924 90012 2.48 2235 27895 2.48 693 0.864 26.08 99.495 17.16  0.649
xf208f2-t3 230 42 2200 6.82 150 86120 2.00 1722 956 15.69 150 207.829 93225 2.37 2207 28868 2.37 683 2.301 17.11 90.082 1582 0.910
xf208f2-t3 210 40 1490 10.07 150 92710 2.00 1854 914 16.41 150 207.881 97515 2.40 2338 30240 2.40 725 1.630 19.25 101.404 16.53 0.846
xf208f2-t3 221 40 1450 10.34 150 93450 2.00 1869 966 15.52 150 207.884 98129 2.40 2353 30407 2.40 729 1.500 18.65 96.692 1565 0.825
xf208g1-t1 232 36 3910 3.84 150 95720 2.00 1914 1121 13.38 150 207.751 108349 221 2399 33546 221 743 3.488 13.92 85.398 1353 0.951
xf208g1-t1 239 40 2370 6.33 150 90290 2.00 1806 1043 14.38 150 207.825 97949 2.34 2291 30311 2.34 709 2272 15.71 86.573 1452  0.907
xf208g1-t1 264 42 1240 12.10 150 91640 2.00 1833 1125  13.33 150 207.895 95654 2.42 2318 29546 2.42 716 1.102 18.00 81.453 13.48 0.732
xf208g1-t1 226 35 2350 6.38 150 106720 2.00 2134 1152 13.02 150 207.848 114307 2.29 2619 35406 2.29 811 2.039 14.50 92.601 13.17  0.887
xf208g1-t1 204 35 1790 8.38 150 103760 2.00 2075 996 15.06 150 207.875 109529 2.34 2559 33982 2.34 794 1.797 17.23 104173 1519 0.866
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xf208g1-t1 251 36 1720 8.72 150 105700 2.00 2114 1244  12.06 150 207.880 111263 2.34 2599 34400 2.34 804 1.382 14.88 84.959 1222 0.799
xf208g1-t2 256 44 730 20.55 150 85990 2.00 1720 1008  14.88 150 207.925 88352 2.50 2205 27306 2.50 682 0.724 25.37 85.279 15.01 0581
xf208g1-t2 249 39 3250 4.62 150 90910 2.00 1818 1127 1331 150 207.776 101421 2.27 2303 31361 2.27 712 2.883 14.08 80.649 13.46 0.934
xf208g1-t3 249 41 1830 8.20 150 89000 2.00 1780 1052  14.26 150 207.856 94918 2.39 2265 29352 2.39 700 1.739 16.45 84.599 1440  0.859
xf208g1-t3 232 38 1350 11.11 150 99520 2.00 1990 1076  13.94 150 207.895 103880 2.38 2475 32162 2.38 766 1.254 17.83 92.476 14.08 0.774
xf208f2-t2 264 42 1390 10.79 150 89450 2.00 1789 1108 13.54 150 207.884 93950 242 2275 29018 242 703 1.254 17.31 80.726 13.68 0.774
xf208g1-t2 263 40 1340 11.19 150 94570 2.00 1891 1159 12,95 150 207.892 98908 2.40 2377 30553 2.40 734 1.156 17.11 81.619 13.10 0.748
xf326-altl 203 31 7440 2.02 150 99670 2.00 1993 1115 1345 150 207.601 123648 2.00 2477 38366 2.00 769 6.671 13.60 89.361 13.60 0.978
xf326-altl 203 31 7690 2.00 154 99610 2.00 1992 1126 13.32 150 207.590 124395 2.00 2488 38596 2.00 772 6.830 13.47 88.467 13.47 0.978
xf326-altl 207 29 7060 212 150 112450 2.00 2249 1247  12.03 150 207.650 135211 2.02 2733 41940 2.02 848 5.664 12.22 90.213 1220 0971
xf326-altl 229 30 6890 2.18 150 111730 2.00 2235 1368  10.97 150 207.655 133979 2.03 2719 41490 2.03 842 5.038 11.18 81.704 11.15 0.965
xf326-altl 210 30 6940 2.16 150 108890 2.00 2178 1227 1222 150 207.646 131269 2.03 2661 40709 2.03 825 5.656 12.41 88.745 1239 0.972
xf326-altl 238 31 6220 241 150 107030 2.00 2141 1347 1113 150 207.670 127128 2.07 2625 39343 2.07 812 4.617 11.39 79.440 11.31  0.962
xf326-altl 234 32 6190 242 150 105870 2.00 2117 1310 1145 150 207.669 125865 2.07 2602 38964 2.07 805 4.724 11.70 80.798 11.62 0.964
xf326-altl 243 32 6120 2.45 150 106730 2.00 2135 1371 10.94 150 207.674 126513 2.07 2619 39137 2.07 810 4.463 11.21 77.836 1112 0.960
xf326-altl 234 32 6000 2.50 150 102670 2.00 2053 1271 11.80 150 207.669 122052 2.08 2538 37784 2.08 786 4.720 12.06 80.759 11.97 0.965
xf326-altl 221 35 4810 3.12 150 94870 2.00 1897 1085 13.83 150 207.704 110392 2.16 2381 34208 2.16 738 4.434 14.17 87.452 13.97  0.965
xf326-alt2 238 33 7290 2.06 150 96200 2.00 1924 1268 11.83 150 207.595 119756 2.01 2409 37062 2.01 745 5.748 12.00 75.852 1200 0.971
xf326-alt2 223 32 7540 2.00 151 98560 2.00 1971 1222 1227 150 207.593 122898 2.00 2458 38075 2.00 761 6.168 12.43 80.632 12.43 0.974
xf326-a1t2 201 31 7600 2.00 152 99860 2.00 1997 1114 13.46 150 207.595 124351 2.00 2487 38588 2.00 772 6.819 13.61 89.602 13.61 0.978
xf326-a1t2 223 31 6980 2.15 150 103890 2.00 2078 1256  11.95 150 207.631 126419 2.03 2562 39167 2.03 794 5.559 12.14 82.736 1211 0971
xf326-a1t2 224 30 6570 2.28 150 112500 2.00 2250 1333 11.26 150 207.669 133707 2.04 2734 41423 2.04 847 4.930 11.48 84.414 11.43  0.965
xf326-alt2 237 31 6230 241 150 108010 2.00 2160 1353  11.08 150 207.672 128140 2.06 2645 39659 2.06 819 4.603 11.34 79.811 11.26  0.962
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xf326-alt2 212 31 6330 2.37 150 106700 2.00 2134 1200 1251 150 207.665 127115 2.06 2618 39415 2.06 812 5.277 12.73 88.953 12.66  0.970
xf326-alt2 217 31 5940 2.53 150 106430 2.00 2129 1211 12.39 150 207.681 125593 2.08 2613 38930 2.08 810 4.907 12.65 87.914 1255  0.967
xf326-alt2 219 32 5920 2.53 150 104340 2.00 2087 1201 1249 150 207.677 123441 2.08 2571 38257 2.08 797 4.930 12.74 86.884 1265 0.968
xf326-alt2 195 32 5720 2.62 150 102070 2.00 2041 1045 14.35 150 207.680 120494 2.10 2525 37409 2.10 784 5471 14.58 97.628 14.49 0.974
xf326-alt2 212 33 5670 2.65 150 100390 2.00 2008 1120 13.40 150 207.678 118676 2.10 2492 36798 2.10 773 5.064 13.66 89.657 13.54  0.970
xf326-alt3 237 31 7050 213 150 104420 2.00 2088 1345 11.15 150 207.630 127200 2.02 2573 39367 2.02 796 5.241 11.35 77.620 11.33  0.967
xf326-alt3 236 31 6160 2.44 150 110610 2.00 2212 1373 10.92 150 207.681 130512 2.07 2697 40396 2.07 835 4.486 11.19 80.548 11.10  0.960
xf326-alt3 230 31 5950 2.52 150 109310 2.00 2186 1316  11.40 150 207.687 128525 2.08 2671 39799 2.08 827 4.520 11.67 83.048 1157  0.962
xf326-alt3 234 31 6030 2.49 150 108110 2.00 2162 1327 11.30 150 207.681 127588 2.07 2647 39498 2.07 819 4.544 11.57 81.468 11.48 0.962
xf326-alt3 219 32 5920 2.53 150 104860 2.00 2097 1208 1242 150 207.678 123962 2.08 2581 38418 2.08 800 4.901 12.67 86.817 1258  0.967
xf326-alt3 195 31 6100 2.46 150 103600 2.00 2072 1067  14.06 150 207.668 123247 2.07 2555 38265 2.07 793 5.719 14.28 97.122 1420 0.975
xf326-a3tl 255 45 1250 12.00 150 83160 2.00 1663 992 15.11 150 207.887 87204 2.46 2149 26953 2.46 664 1.260 19.30 83.793 1525 0.776
xf326-b1tl 224 41 3400 4.41 150 82270 2.00 1645 929 16.14 150 207.749 93245 2.28 2130 28888 2.28 660 3.659 16.74 88.543 16.27  0.957
xf326-b1tl 246 40 3320 4.52 150 86580 2.00 1732 1068  14.05 150 207.763 97314 2.28 2217 30098 2.28 686 3.109 14.75 81.072 1419  0.942
xf326-b1tl 239 40 3750 4.00 150 84180 2.00 1684 1026  14.62 150 207.733 96298 2.25 2168 29799 2.25 671 3.654 15.15 82.030 1475  0.956
xf326-b1tl 228 42 6930 2.16 150 67470 2.00 1349 912 16.45 150 207.494 89846 2.04 1834 27826 2.04 568 7.600 16.59 73.993 16.57 0.984
xf326-b1t2 242 37 6140 2.44 150 85000 2.00 1700 1128  13.30 150 207.610 104845 2.08 2185 32438 2.08 676 5.443 13.52 75.352 13.45 0.973
xf326-b1t2 234 34 6260 2.40 150 94490 2.00 1890 1198 12,52 150 207.635 114713 2.07 2374 35510 2.07 735 5.227 12.75 78.891 12.68 0.970
xf326-b1t3 236 33 6530 2.30 150 98810 2.00 1976 1261  11.90 150 207.636 119907 2.05 2461 37113 2.05 762 5.179 12.12 78.369 12.06  0.968
xf326-b2t1 255 38 4360 3.44 150 88500 2.00 1770 1167  12.85 150 207.710 102607 2.20 2255 31713 2.20 697 3.736 13.30 75.826 13.01 0.954
xf326-b2t1 192 40 3220 4.66 150 84130 2.00 1683 808 18.57 150 207.764 94499 2.29 2166 29345 2.29 672 3.985 19.14  104.128 18.67 0.964
xf326-b2t1 201 43 4080 3.68 150 73810 2.00 1476 779 19.24 150 207.684 86958 2.25 1960 26984 2.25 608 5.234 19.59 94.695 1935 0.977
xf326-b2t1 242 45 3110 4.82 150 75260 2.00 1505 918 16.33 150 207.748 85312 2.33 1990 26395 2.33 616 3.387 17.03 81.956 16.46  0.952
xf326-b2t2 269 41 3830 3.92 150 82910 2.00 1658 1145 13.10 150 207.725 95315 2.25 2144 29428 2.25 662 3.346 13.68 72.423 13.25 0.947
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xf326-d1tl 259 59 4850 3.09 150 47470 2.00 949 728 20.61 150 207.495 63166 2.27 1435 19518 2.27 443 6.664 20.84 65.225 20.71  0.984
xf326-d1tl 256 59 5000 3.00 150 47630 2.00 953 728 20.60 150 207.485 63808 2.25 1438 19720 2.25 444 6.867 20.82 65.418 20.70  0.985
xf326-d1t2 277 60 4320 3.47 150 49190 2.00 984 780 19.23 150 207.547 63190 2.33 1470 19499 2.33 454 5.538 19.54 63.056 19.33  0.979
xf326-d1t2 270 61 4680 3.21 150 45810 2.00 916 732 20.49 150 207.495 60968 2.30 1402 18824 2.30 433 6.394 20.74 62.591 20.59  0.983
xf326-d1t2 236 59 6530 2.30 150 41070 2.00 821 651 23.04 150 207.318 62166 2.10 1306 19242 2.10 404 10.031  23.16 63.091 23.13  0.991
xf326-d3t1 219 52 2440 6.15 150 64000 2.00 1280 700 21.44 150 207.764 71873 2.45 1764 22275 2.45 547 3.487 22.30 91.474 2153  0.957
xf326-d3t1 263 45 2060 7.28 150 79740 2.00 1595 1015 14.78 150 207.827 86409 241 2080 26691 241 643 2.029 16.47 78.545 1491 0.889
xf326-eltl 269 41 4970 3.02 150 80400 2.00 1608 1157 1297 150 207.654 96497 217 2094 29794 217 646 4.296 13.31 69.502 13.12  0.963
xf326-eltl 239 36 6780 221 150 87780 2.00 1756 1168 12.84 150 207.589 109690 2.04 2240 33943 2.04 693 5.802 13.03 75.124 1299 0.974
xf326-eltl 197 53 8520 2.00 170 41770 2.00 835 605 24,77 150 207.206 69217 2.00 1384 21486 2.00 430 14.071  24.85 68.986 2485 0.994
xf326-eltl 217 42 4930 3.04 150 74610 2.00 1492 876 17.13 150 207.636 90516 2.18 1976 28055 2.18 613 5.629 17.39 85.182 17.24 0.978
xf326-eltl 228 44 3050 4.92 150 77880 2.00 1558 890 16.85 150 207.759 87728 2.33 2042 27170 2.33 632 3.425 17.55 87.461 16.96  0.953
xf326-eltl 257 40 3890 3.86 150 85100 2.00 1702 1119 1341 150 207.727 97687 2.24 2187 30189 2.24 676 3.478 13.95 76.080 1356 0.951
xf326-e1t2 275 68 7460 2,01 150 29450 2.00 589 655 22.89 150 207.101 53622 2.00 1075 16549 2.00 332 11382  22.97 44.933 2297  0.992
xf326-e1t2 178 46 3380 4.44 150 69260 2.00 1385 635 23.62 150 207.714 80133 2.33 1868 24909 2.33 581 5.322 24.03  109.054 23.70 0.979
xf326-e1t2 206 44 3060 4.90 150 76770 2.00 1535 794 18.89 150 207.756 86634 2.33 2019 26875 2.33 626 3.854 19.52 96.686 19.00 0.963
xf326-e1t2 213 42 3320 4.52 150 79080 2.00 1582 852 17.60 150 207.746 89788 2.30 2065 27838 2.30 640 3.895 18.17 92.778 1771 0.962
xf326-e1t4 182 76 6600 2.27 150 25580 2.00 512 379 39.58 150 207.095 46819 212 994 14549 212 309 17.416  39.65 67.501 39.63  0.997
xf326-e1t4 209 46 2380 6.30 150 75270 2.00 1505 772 19.42 150 207.797 82944 2.40 1989 25724 2.40 617 3.082 20.42 97.461 1953  0.946
xf326-e1t4 244 40 3900 3.85 150 85160 2.00 1703 1064 14.10 150 207.727 97768 2.24 2188 30243 2.24 677 3.666 14.61 80.047 14.24  0.955
xf326-e2t3 190 38 7720 2.00 154 74770 2.00 1495 843 17.79 150 207.493 99627 2.00 1993 30941 2.00 619 9.157 17.90 88.690 1790 0.988
xf326-e3t1 239 40 2120 7.08 150 89730 2.00 1795 1030 14.56 150 207.839 96581 2.36 2279 29886 2.36 705 2.057 16.19 87.083 1469 0.891
xf326-e3t1 252 59 1540 9.74 150 58540 2.00 1171 714 21.00 150 207.825 63521 2.61 1656 19637 2.61 512 2.156 23.15 81.949 21.09 0.903
xf326-e3t1 273 70 2580 5.81 150 45180 2.00 904 651 23.03 150 207.674 53538 2.60 1390 16526 2.60 429 3.961 23.75 69.368 23.12  0.966
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xf326-e3t1 240 71 2490 6.02 150 44310 2.00 886 559 26.85 150 207.679 52357 2.62 1371 16201 2.62 424 4.457 27.51 79.305 26.92 0973
xf326-g1t2 230 38 5250 2.86 150 84540 2.00 1691 1040 1443 150 207.653 101494 2.14 2175 31429 214 674 5.050 1471 81.326 1457 0.972
xf326-g1t3 188 50 4610 3.25 150 59070 2.00 1181 618 24.29 150 207.587 73911 2.25 1664 22959 2.25 517 7.464 24.50 95.642 2437  0.988
xf326-g1t3 261 33 7290 2.06 150 96930 2.00 1939 1400 10.71 150 207.597 120526 2.01 2424 37236 2.01 749 5.206 10.91 69.225 10.90  0.965
XF366-t6 392 36 330 45.45 150 122140 2.00 2443 2162 6.94 150 207.960 123219 2.38 2933 37691 2.38 897 0.153 45.98 56.482 7.22 0.145
XF366-t2 369 58 320 46.88 150 68230 2.00 1365 1145 13.10 150 207.947 69274 2.68 1854 21227 2.68 568 0.280 48.67 59.595 13.25 0.266
XF366-t1 388 66 330 45.45 150 59830 2.00 1197 1058 14.18 150 207.942 60908 2.77 1687 18637 2.77 516 0.312 47.61 56.545 1432 0.295
XF366-t2 407 61 440 34.09 150 65310 2.00 1306 1216  12.34 150 207.935 66750 2.69 1797 20395 2.69 549 0.362 36.25 53.718 1250 0.336
XF366-t2 424 40 760 19.74 150 108890 2.00 2178 2117 7.08 150 207.933 111381 2.40 2669 33986 2.40 815 0.359 20.97 51.429 7.36 0.325
XF366-t2 370 53 550 27.27 150 75510 2.00 1510 1280 11.72 150 207.932 77305 2.59 2000 23686 2.59 613 0.430 29.68 58.982 11.89 0.389
XF366-t2 406 33 1020 14.71 150 135870 2.00 2717 2528 5.93 150 207.930 139208 2.30 3208 42538 2.30 980 0.403 15.86 53.740 6.26 0.355
XF366-t1 418 53 590 25.42 150 76580 2.00 1532 1469 10.21 150 207.929 78513 2.58 2023 23969 2.58 618 0.402 27.40 52.121 10.40  0.366
XF366-t4 441 81 390 38.46 150 47560 2.00 951 965 15.54 150 207.926 48840 2.96 1443 14883 2.96 440 0.404 41.48 49.271 1567 0.372
XF366-t1 406 82 380 39.47 150 46300 2.00 926 865 17.35 150 207.926 47544 2.98 1417 14527 2.98 433 0.439 43.12 53.545 17.46  0.400
XF366-t2 350 61 550 27.27 150 63700 2.00 1274 1026  14.63 150 207.924 65492 2.69 1763 20098 2.69 541 0.536 30.95 62.110 1476  0.468
XF366-t1 404 92 360 41.67 150 41140 2.00 823 766 19.59 150 207.923 42318 3.10 1314 12933 3.10 401 0.470 46.04 53.731 19.69  0.423
XF366-t6 374 55 630 23.81 150 71510 2.00 1430 1233 1217 150 207.923 73567 2.61 1920 22534 2.61 588 0.511 26.74 58.010 12.33  0.449
XF366-t6 448 44 870 17.24 150 98640 2.00 1973 2039 7.36 150 207.922 101497 2.43 2465 30912 2.43 751 0.427 18.75 48.383 7.62 0.379
XF366-t1 353 100 330 45.45 150 36640 2.00 733 595 25.21 150 207.921 37716 3.24 1222 11572 3.24 375 0.555 51.98 61.591 2529  0.484
XF366-t6 387 44 860 17.44 150 94320 2.00 1886 1682 8.92 150 207.921 97130 2.45 2377 29723 2.45 727 0.511 19.59 56.064 9.14 0.444
XF366-t6 433 46 840 17.86 150 92000 2.00 1840 1837 8.17 150 207.920 94755 2.46 2332 28894 2.46 711 0.457 19.64 50.088 8.41 0.404
XF366-t2 393 78 460 32.61 150 48740 2.00 975 884 16.97 150 207.919 50244 2.92 1465 15368 2.92 448 0.520 36.76 55.147 17.09  0.459
XF366-t6 406 48 810 18.52 150 85680 2.00 1714 1604 9.35 150 207.919 88331 2.50 2204 26991 2.50 674 0.505 20.74 53.404 9.56 0.441
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XF366-t6 442 46 870 17.24 150 91390 2.00 1828 1866  8.04 150 207.918 94245 2.46 2320 28718 2.46 707 0.466 19.02 48.983 8.28 0.410
XF366-t6 452 50 800 18.75 150 83200 2.00 1664 1738  8.63 150 207.918 85827 251 2157 26133 251 657 0.460 20.64 47.883 8.86 0.407
XF366-t6 430 50 810 18.52 150 82170 2.00 1643 1636  9.17 150 207.916 84826 2.52 2135 25871 2.52 651 0.495 20.67 50.239 9.39 0.434
XF366-t2 387 78 480 31.25 150 48360 2.00 967 864 17.36 150 207.916 49929 2.92 1457 15279 2.92 446 0.556 35.75 55.984 17.48  0.483
XF366-t1 363 86 430 34.88 150 43050 2.00 861 721 20.81 150 207.916 44453 3.04 1350 13628 3.04 414 0.597 40.62 59.724 20.91 0.510
XF366-t6 453 46 930 16.13 150 91900 2.00 1838 1929 7.78 150 207.914 94955 2.45 2331 28909 2.45 710 0.482 17.91 47.647 8.03 0.421
XF366-t6 393 48 870 17.24 150 85120 2.00 1702 1547 9.70 150 207.914 87964 2.49 2193 26906 2.49 671 0.562 19.78 55.034 9.90 0.480
XF366-t6 414 52 840 17.86 150 77750 2.00 1555 1492 10.05 150 207.911 80501 2.54 2046 24583 2.54 625 0.563 20.49 52.117 10.25 0.481
XF366-t2 398 81 510 29.41 150 46330 2.00 927 856 17.53 150 207.909 47998 2.95 1417 14675 2.95 433 0.596 34.24 54.135 17.64  0.509
XF366-t6 440 64 700 21.43 150 61730 2.00 1235 1264 11.87 150 207.907 64027 2.70 1727 19512 2.70 526 0.554 24.50 48.844 12.04 0.478
XF366-t2 405 50 970 15.46 150 81270 2.00 1625 1533 9.78 150 207.904 84444 251 2116 25804 251 647 0.633 18.30 53.011 9.99 0.524
XF366-t6 447 62 760 19.74 150 63660 2.00 1273 1327 1131 150 207.904 66155 2.67 1766 20150 2.67 538 0.573 22.75 47.982 11.48 0.489
XF366-t1 374 95 480 31.25 150 38850 2.00 77 675 2221 150 207.902 40417 3.13 1267 12381 3.13 388 0.711 38.34 57.519 2230 0.577
XF366-t1 385 91 540 27.78 150 40570 2.00 811 730 20.55 150 207.896 42334 3.07 1302 12956 3.07 398 0.740 34.55 55.575 20.65  0.592
XF366-t2 430 47 1170 12.82 150 86670 2.00 1733 1745 8.59 150 207.895 90506 2.46 2225 27603 2.46 679 0.670 15.43 49.653 8.82 0.542
XF366-t5 392 60 890 16.85 150 64180 2.00 1284 1176 1275 150 207.893 67089 2.64 1774 20522 2.64 543 0.757 21.14 54.568 1291 0.596
XF366-t2 411 45 1300 11.54 150 92270 2.00 1845 1779 8.43 150 207.891 96526 242 2337 29482 2.42 714 0.731 14.29 51.876 8.67 0.574
XF366-t2 467 59 970 15.46 150 68350 2.00 1367 1499  10.01 150 207.891 71540 2.60 1860 21756 2.60 566 0.647 18.42 45.607 10.21  0.533
XF366-t5 358 80 660 22.73 150 46300 2.00 926 776 19.33 150 207.891 48452 2.92 1415 14860 2.92 434 0.851 29.84 59.670 19.43  0.644
XF366-t6 384 60 910 16.48 150 63810 2.00 1276 1146  13.09 150 207.891 66783 2.64 1766 20442 2.64 541 0.794 21.05 55.674 13.24  0.615
XF366-t2 413 46 1260 11.90 150 87900 2.00 1758 1701 8.82 150 207.890 92026 2.44 2249 28105 2.44 687 0.741 14.81 51.665 9.04 0.580
XF366-t6 423 62 910 16.48 150 62400 2.00 1248 1238 1211 150 207.889 65382 2.66 1740 19952 2.66 531 0.735 20.46 50.390 12.28 0.584
XF366-t5 432 53 1120 13.39 150 76290 2.00 1526 1547 9.70 150 207.888 79963 2.52 2018 24385 2.52 615 0.724 16.54 49.324 9.90 0.574
XF366-a2t2 429 83 670 22.39 150 45480 2.00 910 917 16.36 150 207.888 47677 2.94 1401 14542 2.94 427 0.731 27.73 49.616 16.49  0.586
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XF366-t5 418 75 760 19.74 150 50070 2.00 1001 983 15.26 150 207.885 52559 2.84 1493 16046 2.84 456 0.773 24.95 50.929 1539  0.606
XF366-t5 435 94 610 24.59 150 39420 2.00 788 808 18.57 150 207.883 41421 3.09 1280 12628 3.09 390 0.755 30.82 48.815 18.68  0.599
XF366-t5 372 74 790 18.99 150 50460 2.00 1009 882 17.02 150 207.883 53039 2.83 1499 16249 2.83 459 0.896 25.50 57.242 17.13  0.663
XF366-t5 416 76 800 18.75 150 49670 2.00 993 974 15.40 150 207.880 52290 2.84 1485 15965 2.84 453 0.821 24.26 50.984 1553  0.629
XF366-t5 413 85 720 20.83 150 43370 2.00 867 846 17.74 150 207.877 45728 2,97 1359 13965 2.97 415 0.852 27.36 51.293 17.85 0.644
XF366-t5 420 75 830 18.07 150 49880 2.00 998 990 15.16 150 207.877 52599 2.83 1489 16055 2.83 454 0.839 23.59 50.402 1529  0.637
XF366-t5 478 72 900 16.67 150 53660 2.00 1073 1213 12.37 150 207.876 56622 277 1567 17205 2.77 476 0.742 20.75 44.240 1253 0.588
XF366-t5 443 68 970 15.46 150 56950 2.00 1139 1195 1256 150 207.874 60134 271 1631 18321 271 497 0.812 19.92 47.667 1271 0.622
XF366-t5 432 84 770 19.48 150 44100 2.00 882 903 16.61 150 207.872 46625 2.95 1374 14218 2.95 419 0.853 25.60 48.829 16.73  0.644
XF366-t6 428 55 1260 11.90 150 72080 2.00 1442 1461  10.27 150 207.872 76211 2.54 1933 23248 2.54 590 0.863 15.72 49.342 10.46  0.641
XF366-t5 389 73 900 16.67 150 50650 2.00 1013 933 16.07 150 207.871 53592 2.81 1503 16397 2.81 460 0.964 23.16 54.280 16.20 0.689
XF366-t5 459 76 890 16.85 150 49970 2.00 999 1088 13.79 150 207.870 52895 2.82 1492 16097 2.82 454 0.818 21.78 45.948 13.94  0.627
XF366-t5 412 55 1330 11.28 150 70840 2.00 1417 1386  10.82 150 207.865 75195 2.54 1908 22966 2.54 583 0.959 15.63 51.093 11.00 0.681
XF366-a2tl 399 82 840 17.86 150 44580 2.00 892 845 17.75 150 207.864 47328 2.92 1382 14469 2.92 423 0.994 25.18 52.764 17.87 0.701
XF366-a2tl 474 80 890 16.85 150 46990 2.00 940 1061  14.14 150 207.863 49918 2.87 1433 15173 2.87 436 0.839 22.00 44.299 1428 0.636
XF366-t5 392 73 1000 15.00 150 50830 2.00 1017 948 15.82 150 207.860 54099 2.79 1507 16549 2.79 461 1.054 21.80 53.599 1594  0.720
XF366-a2tl 452 79 940 15.96 150 47690 2.00 954 1029  14.58 150 207.859 50777 2.85 1446 15460 2.85 440 0.913 21.61 46.344 1471  0.668
XF366-t5 407 62 1210 12.40 150 61120 2.00 1222 1187 12.64 150 207.859 65080 2.63 1713 19884 2.63 523 1.020 17.70 51.499 12.80 0.705
XF366-t5 442 7 970 15.46 150 48940 2.00 979 1033 1451 150 207.859 52123 2.82 1471 15882 2.82 448 0.939 21.21 47.357 1465 0.678
XF366-t5 425 57 1410 10.64 150 68070 2.00 1361 1384 10.84 150 207.854 72691 2.55 1853 22179 2.55 565 1.019 15.19 49.195 11.02  0.702
XF366-t5 455 84 920 16.30 150 44250 2.00 885 963 15.58 150 207.853 47272 291 1378 14390 291 419 0.955 22.55 45.949 1570  0.685
XF366-t5 430 72 1110 1351 150 52160 2.00 1043 1075  13.95 150 207.851 55799 2.75 1535 17018 2.75 468 1.033 19.42 48.519 1410 o0.711
XF366-a2t2 425 86 910 16.48 150 42460 2.00 849 864 17.36 150 207.850 45442 2.95 1341 13865 2.95 409 1.053 23.94 49.136 17.47  0.720
XF366-t6 393 98 830 18.07 150 36430 2.00 729 688 21.80 150 207.843 39144 3.11 1219 11973 3.11 373 1.206 28.32 52.939 21.89  0.767
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XF366-t6 381 99 820 18.29 150 35820 2.00 716 656 22.88 150 207.842 38498 3.13 1206 11787 3.13 369 1.251 29.30 54.642 2297 0.778
XF366-a2t2 496 93 920 16.30 150 39610 2.00 792 949 15.81 150 207.839 42642 3.02 1287 12939 3.02 390 0.970 22.71 41.745 1593  0.691
XF366-t5 399 75 1150 13.04 150 48540 2.00 971 935 16.04 150 207.838 52302 2.79 1461 15989 2.79 447 1.230 20.68 51.918 16.17  0.770
XF366-t6 388 91 960 15.63 150 39290 2.00 786 736 20.38 150 207.834 42427 3.01 1276 12982 3.01 390 1.304 25.68 53.388 20.48  0.790
XF366-t6 422 104 860 17.44 150 33990 2.00 680 695 21.58 150 207.829 36808 3.18 1171 11233 3.18 357 1.237 27.75 48.904 21.67 0.774
XF366-t4 471 69 1410 10.64 150 54860 2.00 1097 1258 11.93 150 207.826 59498 2.67 1591 18088 2.67 484 1121 15.98 43.622 12.09 0.736
XF366-t3 406 68 1410 10.64 150 54290 2.00 1086 1069  14.03 150 207.825 58904 2.68 1577 17999 2.68 482 1.319 17.61 50.780 14.17  0.789
XF366-t4 486 87 1110 1351 150 42410 2.00 848 1004  14.95 150 207.823 46065 291 1342 13989 291 408 1.106 20.15 42.261 15.08 0.735
XF366-t3 466 71 1380 10.87 150 52570 2.00 1051 1193 1257 150 207.823 57107 2.70 1545 17369 2.70 470 1.157 16.62 44.069 12.73 0.747
XF366-a2t2 431 90 1050 14.29 150 39640 2.00 793 831 18.05 150 207.822 43083 2.98 1285 13139 2.98 392 1.264 23.02 47.710 18.16  0.779
XF366-t3 460 115 820 18.29 150 30720 2.00 614 690 21.75 150 207.821 33415 3.31 1107 10167 3.31 337 1.189 28.42 44551 21.85 0.762
XF366-t4 363 73 1330 11.28 150 49160 2.00 983 868 17.28 150 207.820 53498 2.75 1472 16401 2.75 451 1.532 20.63 56.620 17.39  0.832
XF366-t3 397 88 1110 1351 150 40260 2.00 805 780 19.23 150 207.817 43890 2.95 1296 13420 2.95 396 1.423 23.50 51.614 19.33 0.814
XF366-t4 476 74 1390 10.79 150 50300 2.00 1006 1170 12.82 150 207.816 54874 2.73 1500 16677 2.73 456 1.188 16.76 42.983 1297 0.756
XF366-t4 479 87 1150 13.04 150 41610 2.00 832 975 15.39 150 207.816 45395 2.92 1326 13793 2.92 403 1.180 20.18 42.697 1552 0.757
XF366-t4 430 73 1380 10.87 150 49890 2.00 998 1047 14.33 150 207.816 54415 2.74 1490 16597 2.74 454 1.318 17.98 47.645 14.46  0.789
XF366-t4 416 92 1090 13.76 150 38590 2.00 772 786 19.09 150 207.813 42160 3.00 1263 12872 3.00 386 1.387 23.53 49.107 19.19  0.807
XF366-t4 442 91 1120 13.39 150 39460 2.00 789 854 17.57 150 207.812 43136 2.97 1281 13144 2.97 390 1312 22.09 46.219 17.68  0.790
XF366-t3 332 109 890 16.85 150 31330 2.00 627 507 29.56 150 207.813 34226 3.26 1115 10518 3.26 343 1.754 34.03 61.737 29.63  0.867
XF366-a2t2 427 84 1220 12.30 150 42920 2.00 858 897 16.72 150 207.812 46919 2.88 1350 14313 2.88 412 1.360 20.75 47.830 16.84  0.800
XF366-t4 410 69 1530 9.80 150 52710 2.00 1054 1058 14.17 150 207.809 57719 2.68 1545 17632 2.68 472 1.446 17.23 49.810 1432 0.814
XF366-a2t2 431 88 1190 12.61 150 40520 2.00 810 858 17.48 150 207.807 44422 2.93 1302 13547 2.93 397 1.387 21.55 47.213 1759  0.806
XF366-a2t2 397 92 1140 13.16 150 38140 2.00 763 744 20.17 150 207.804 41868 2.99 1253 12802 2.99 383 1.533 24.08 51.282 20.27  0.833
XF366-t4 399 67 1630 9.20 150 53750 2.00 1075 1054 14.23 150 207.802 59081 2.65 1566 18063 2.65 479 1.547 16.95 51.001 1437 0.832
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XF366-t3 424 86 1260 11.90 150 41270 2.00 825 861 17.42 150 207.801 45399 2.90 1317 13853 2.90 402 1.463 21.10 47.915 1753  0.820
XF366-a2t2 399 91 1180 12.71 150 38640 2.00 773 759 19.77 150 207.801 42500 2.97 1263 12993 2.97 386 1.555 23.50 50.919 19.87  0.837
XF366-t3 369 70 1570 9.55 150 50940 2.00 1019 925 16.21 150 207.800 56064 2.69 1508 17179 2.69 462 1.697 18.82 55.058 16.34  0.855
XF366-a2t2 415 80 1390 10.79 150 44120 2.00 882 905 16.58 150 207.796 48672 2.82 1374 14862 2.82 419 1.537 19.79 48.776 16.70  0.832
XF366-t3 394 87 1260 11.90 150 39990 2.00 800 v 19.30 150 207.796 44110 2.93 1290 13491 2.93 395 1.621 22.67 51.446 19.40  0.847
XF366-t3 472 112 1070 14.02 150 30940 2.00 619 729 20.56 150 207.779 34460 3.23 1112 10476 3.23 338 1.467 24.89 42.416 20.66  0.822
XF366-t3 405 97 1270 11.81 150 35560 2.00 711 719 20.86 150 207.774 39716 3.03 1202 12137 3.03 367 1.766 23.97 49.456 20.96  0.866
XF366-t3 433 103 1300 11.54 150 33160 2.00 663 726 20.67 150 207.756 37423 3.09 1155 11411 3.09 352 1.791 23.67 45.685 20.76  0.869
XF366-t1 438 98 1570 9.55 150 34340 2.00 687 774 19.38 150 207.725 39491 2.99 1179 12037 2.99 359 2.028 21.61 44.363 19.48  0.892
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Sample No. Age (Ma) 7oyb/ 7 HE 20 8w/ HE 2c o1t/ HE 20 &ui(0) glt)  Tom(Ma)  Tow<(Ma)
XF17 01 220 0.027962 0.000212 0.000839 0.000003 0.282505  0.000024 9.5 -4.8 1056 1561
XF17 02 220 0.037808 0.002016 0.001106 0.000060 0.282519  0.000021 -9.0 -4.4 1044 1532
XF17 03 220 0.027119 0.000689 0.000823 0.000021 0.282513  0.000019 9.2 -4.5 1044 1543
XF17 04 220 0.022710 0.000316 0.000685 0.000008 0.282526  0.000020 -8.8 -4.0 1022 1513
XF17 05 220 0.028364 0.000162 0.000820 0.000006 0.282504  0.000021 9.5 -4.8 1057 1563
XF17 06 220 0.029147 0.000949 0.000859 0.000027 0.282509  0.000018 -9.4 -4.7 1051 1552
XF17 07 220 0.028683 0.000208 0.000845 0.000003 0.282500  0.000020 9.7 -5.0 1063 1572
XF17 08 220 0.037887 0.000265 0.001125 0.000008 0.282527  0.000018 -8.7 -4.1 1033 1514
XF17 09 220 0.022979 0.000244 0.000686 0.000007 0.282515  0.000018 9.2 -4.4 1038 1537
XF17 10 220 0.027862 0.000177 0.000856 0.000003 0.282551  0.000019 7.9 -3.2 992 1458
XF17 11 220 0.030732 0.001493 0.000901 0.000042 0.282529  0.000018 -8.7 -4.0 1024 1508
XF17 12 220 0.025457 0.000326 0.000764 0.000008 0.282524  0.000017 -8.8 -4.1 1027 1518
XF17 13 220 0.044609 0.000836 0.001289 0.000024 0.282561  0.000020 75 2.9 989 1440
XF17 14 220 0.036978 0.001113 0.001072 0.000030 0.282536  0.000018 -8.4 -3.7 1019 1494
XF17 17 220 0.029017 0.000701 0.000847 0.000018 0.282583  0.000017 -6.8 2.1 947 1386
XF17 18 220 0.041880 0.001198 0.001184 0.000033 0.282552  0.000018 7.9 -3.2 999 1459
XF17 19 220 0.037927 0.001703 0.001102 0.000047 0.282557  0.000020 7.7 -3.0 990 1447
XF17 20 220 0.028717 0.000276 0.000849 0.000006 0.282531  0.000017 -8.6 -3.9 1020 1503
XF73 01 219 0.035201 0.000390 0.001023 0.000010 0.282444  0.000022  -11.7 -7.0 1147 1699
XF73 02 219 0.051097 0.000971 0.001359 0.000024 0.282438  0.000027  -11.9 7.3 1166 1716
XF73 03 219 0.061500 0.000548 0.001615 0.000011 0.282490  0.000019  -10.0 -5.5 1099 1602
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XF73 04 219 0.083120 0.000320 0.002190 0.000005 0.282480 0.000020 -10.4 -5.9 1131 1630
XF73 05 219 0.052316 0.000853 0.001355 0.000020 0.282485 0.000021 -10.2 -5.6 1099 1611
XF73 06 219 0.043149 0.000545 0.001162 0.000012 0.282448 0.000018 -11.5 -6.9 1145 1692
XF73 07 219 0.039112 0.000185 0.001072 0.000002 0.282451 0.000017 -11.4 -6.8 1138 1684
XF73 08 219 0.040676 0.001472 0.001091 0.000037 0.282390 0.000020 -13.6 -8.9 1225 1820
XF73 09 219 0.034035 0.000721 0.000906 0.000017 0.282375 0.000018 -14.1 9.4 1240 1852
XF73 10 219 0.037735 0.000253 0.001001 0.000006 0.282353 0.000017 -14.9 -10.2 1274 1901
XF73 11 219 0.070951 0.003445 0.001793 0.000072 0.282558 0.000023 -7.6 -3.1 1007 1452
XF73 12 219 0.068879 0.001518 0.001758 0.000042 0.282485  0.000021  -10.2 -5.7 1111 1614
XF73 13 219 0.031314 0.000695 0.000840 0.000015 0.282383 0.000018 -13.8 9.1 1226 1833
XF73 14 219 0.038594 0.000186 0.001018 0.000003 0.282353 0.000019 -14.9 -10.2 1274 1902
XF73 15 219 0.064917 0.000591 0.001690 0.000015 0.282430 0.000019 -12.2 -7.6 1187 1736
XF73 16 219 0.034877 0.000909 0.000907 0.000021 0.282442 0.000019 -11.7 -7.1 1146 1703
XF73 17 219 0.034636 0.000399 0.000906 0.000008 0.282348 0.000016 -15.1 -10.4 1277 1912
XF73 18 219 0.073583 0.000892 0.001938 0.000027 0.282389  0.000015  -13.6 9.1 1254 1830
XF73 19 219 0.060591 0.000119 0.001568 0.000005 0.282469  0.000017  -10.8 -6.2 1128 1648
XF205 01 222 0.059904 0.000762 0.001586 0.000017 0.282530  0.000025 -8.6 -4.0 1041 1511
XF205 02 222 0.060969 0.000693 0.001613 0.000014 0.282457  0.000020  -11.2 -6.6 1146 1674
XF205 03 222 0.045805 0.001676 0.001234 0.000042 0.282541  0.000021 -8.2 -3.6 1016 1483
XF205 04 222 0.078138 0.001215 0.002067 0.000027 0.282494  0.000020 -9.9 -5.3 1107 1596
XF205 05 222 0.051259 0.000827 0.001359 0.000019 0.282530  0.000019 -8.6 -4.0 1035 1509
XF205 06 222 0.071730 0.000700 0.001942 0.000014 0.282459  0.000015  -11.1 -6.6 1154 1673
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XF205 07 222 0.075955 0.002380 0.002011 0.000058 0.282542 0.000018 -8.2 -3.6 1036 1488
XF205 08 222 0.040104 0.000258 0.001084 0.000007 0.282513 0.000018 -9.2 -4.5 1051 1544
XF205 09 222 0.036404 0.000498 0.001021 0.000015 0.282508 0.000017 94 -4.7 1057 1555
XF205 10 222 0.048117 0.000667 0.001302 0.000016 0.282461 0.000017 -11.1 -6.4 1131 1663
XF205 11 222 0.052667 0.001203 0.001506 0.000033 0.282556 0.000016 7.7 -3.1 1002 1452
XF205 12 222 0.024948 0.000234 0.000694 0.000005 0.282469 0.000014 -10.8 -6.0 1102 1639
XF205 13 222 0.044796 0.000324 0.001190 0.000006 0.282534 0.000019 -8.5 -3.8 1025 1498
XF205 14 222 0.058166 0.002602 0.001555 0.000064 0.282529 0.000018 -8.7 -4.0 1042 1513
XF205 15 222 0.050914 0.001409 0.001363 0.000036 0.282494 0.000013 -9.9 -5.2 1086 1589
XF205 16 222 0.047596 0.000126 0.001259 0.000005 0.282532 0.000013 -8.6 -3.9 1029 1504
XF205 17 222 0.050343 0.001149 0.001325 0.000027 0.282466 0.000016 -10.9 -6.2 1125 1652
XF205 18 222 0.091342 0.003140 0.002448 0.000081 0.282489 0.000019 -10.1 -5.6 1126 1611
XF208 01 225 0.040510 0.000087 0.001106 0.000001 0.282508 0.000025 -94 -4.6 1059 1554
XF208 02 225 0.054163 0.000575 0.001445 0.000011 0.282558  0.000026 -7.6 -2.9 998 1445
XF208 03 225 0.055357 0.001207 0.001486 0.000029 0.282461  0.000022  -11.1 -6.3 1137 1662
XF208 04 225 0.033366 0.000038 0.000917 0.000002 0.282528  0.000024 -8.7 -3.9 1026 1507
XF208 05 225 0.045014 0.000471 0.001228 0.000016 0.282512  0.000028 9.3 -4.5 1057 1546
XF208 06 225 0.054491 0.001092 0.001457 0.000026 0.282489  0.000023  -10.1 -5.4 1096 1599
XF208 07 225 0.027250 0.000311 0.000743 0.000008 0.282505  0.000019 9.5 -4.7 1053 1557
XF208 08 225 0.045368 0.000255 0.001252 0.000005 0.282517  0.000020 9.1 -4.3 1051 1535
XF208 09 225 0.043496 0.000396 0.001208 0.000010 0.282491  0.000018  -10.0 -5.2 1086 1593
XF208 10 225 0.032070 0.000627 0.000893 0.000014 0.282549  0.000017 -8.0 -3.1 996 1460
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XF208 11 225 0.050653 0.000770 0.001347 0.000019 0.282527 0.000019 -8.7 -4.0 1039 1513
XF208 12 225 0.051639 0.000266 0.001361 0.000005 0.282515 0.000020 -9.2 -4.4 1056 1540
XF208 13 225 0.040805 0.000879 0.001089 0.000020 0.282504 0.000020 -95 -4.8 1064 1562
XF208 14 225 0.037457 0.000194 0.001011 0.000006 0.282520 0.000018 -9.0 -4.2 1040 1526
XF208 15 225 0.045885 0.000309 0.001263 0.000005 0.282509 0.000020 -94 -4.6 1062 1553
XF208 16 225 0.093841 0.001761 0.002425 0.000041 0.282570  0.000020 7.2 -2.6 1007 1427
XF208 17 225 0.042403 0.000320 0.001139 0.000007 0.282491 0.000016 -10.0 -5.2 1084 1592
XF213 01 224 0.042245 0.001059 0.001149 0.000026 0.282176  0.000028  -21.1 -16.4 1527 2292
XF213 03 257 0.026408 0.000836 0.000784 0.000025 0.282313 0.000019 -16.3 -10.8 1322 1967
XF213 04 1846 0.025845 0.000160 0.000655 0.000005 0.281425 0.000020 -47.7 -7.4 2535 2991
XF213 05 1692 0.042283 0.000482 0.001200 0.000011 0.281615 0.000018 -41.0 -4.7 2309 2701
XF213 07 1008 0.041506 0.001325 0.000970 0.000033 0.282101 0.000017 -23.8 -2.2 1624 2008
XF213 08 909 0.007521 0.000058 0.000236 0.000001 0.282365 0.000022 -14.5 55 1232 1444
XF213 09 1366 0.033931 0.000120 0.000987 0.000003 0.281708  0.000017  -37.7 -8.3 2168 2676
XF213 10 224 0.059296 0.001182 0.001519 0.000030 0.282535  0.000021 -8.5 -3.8 1032 1498
XF213 11 224 0.130216 0.001170 0.003325 0.000034 0.282630  0.000024 -5.1 -0.7 943 1302
XF213 12 224 0.003217 0.000039 0.000073 0.000001 0.282251  0.000018  -185 -13.6 1382 2117
XF213 13 224 0.040222 0.000324 0.001037 0.000009 0.282445  0.000019  -11.6 -6.9 1146 1695
XF213 15 224 0.004622 0.000043 0.000106 0.000001 0.282280  0.000017  -17.5 -12.6 1344 2053
XF213 16 224 0.094061 0.000867 0.002563 0.000027 0.282401  0.000019  -13.2 -8.7 1258 1807
XF213 17 224 0.127325 0.000933 0.003516 0.000024 0.282494  0.000016 -9.9 -5.5 1153 1608

175



L AT WL L L R T A

(B =D
Sample No. Age (Ma) R Y 26 8 u/ T HE 26 o/ 71t 26 €nr(0) Enrlt) Tom(Ma)  Tom®(Ma)
XF216 01 223 0.085280 0.003328 0.002138 0.000083 0.282476 0.000020 -10.5 -6.0 1135 1636
XF216 02 223 0.086322 0.007007 0.002210 0.000176 0.282584 0.000024 -6.7 -2.2 981 1395
XF216 03 223 0.052627 0.000792 0.001413 0.000021 0.282464 0.000020 -11.0 -6.3 1130 1656
XF216 04 223 0.051992 0.000312 0.001383 0.000007 0.282460 0.000020 -11.1 -6.4 1135 1665
XF216 05 223 0.070719 0.005650 0.001881 0.000146 0.282490 0.000021 -10.0 -5.4 1107 1603
XF216 06 223 0.048402 0.003869 0.001301 0.000102 0.282437 0.000022 -11.9 -7.2 1165 1715
XF216 07 223 0.051339 0.001849 0.001376 0.000049 0.282474 0.000018 -10.6 -5.9 1115 1634
XF216 08 223 0.032428 0.000856 0.000874 0.000022 0.282504 0.000016 -95 -4.8 1058 1562
XF216 09 223 0.045320 0.001111 0.001249 0.000028 0.282489 0.000017 -10.1 -5.4 1090 1599
XF216 10 223 0.060531 0.001804 0.001630 0.000044 0.282448 0.000019 -11.5 -6.9 1160 1694
XF216 11 223 0.064109 0.004038 0.001722 0.000103 0.282472  0.000019  -10.7 -6.0 1128 1641
XF216 12 223 0.048869 0.001758 0.001360 0.000047 0.282498 0.000014 -0.8 -5.1 1081 1580
XF216 13 223 0.039437 0.000847 0.001092 0.000022 0.282454 0.000019 -11.3 -6.6 1135 1676
XF216 14 223 0.066444 0.002093 0.001763 0.000054 0.282474 0.000019 -10.6 -6.0 1127 1637
XF216 15 223 0.035248 0.001262 0.000969 0.000034 0.282483  0.000018  -10.3 -5.5 1090 1610
XF216 16 223 0.054059 0.001329 0.001488 0.000034 0.282495  0.000019 -9.9 -5.2 1089 1588
XF216 17 223 0.049692 0.001360 0.001399 0.000035 0.282438  0.000020  -11.9 7.2 1167 1714
XF216 18 223 0.056647 0.000494 0.001579 0.000015 0.282437  0.000022  -11.9 -7.3 1174 1718
XF216 19 223 0.035384 0.001125 0.001022 0.000031 0.282496  0.000021 -9.8 -5.1 1074 1581
XF216 20 223 0.029826 0.000338 0.000820 0.000008 0.282528  0.000018 -8.7 -3.9 1023 1508
XF216 21 223 0.105750 0.004794 0.002640 0.000133 0.282537  0.000024 -8.4 -3.9 1062 1505
XF216 22 223 0.070411 0.001550 0.001941 0.000037 0.282540  0.000027 -8.3 -3.7 1037 1491
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(B =D
Sample No. Age (Ma) R Y 26 8 u/ T HE 26 o/ 71t 26 €nr(0) Enrlt) Tom(Ma)  Tom®(Ma)
XF221 01 217 0.042916 0.000337 0.001163 0.000008 0.282481 0.000021 -10.4 -5.8 1099 1619
XF221 02 217 0.022280 0.000408 0.000611 0.000010 0.282447 0.000020 -11.6 -6.9 1130 1690
XF221 03 217 0.029083 0.000151 0.000814 0.000005 0.282470 0.000020 -10.8 -6.1 1104 1640
XF221 04 217 0.025506 0.000393 0.000710 0.000009 0.282415 0.000019 -12.7 -8.0 1178 1762
XF221 05 217 0.035025 0.000661 0.000945 0.000016 0.282463 0.000020 -11.0 -6.4 1118 1657
XF221 06 217 0.020038 0.000313 0.000548 0.000007 0.282496 0.000021 -90.8 5.1 1060 1580
XF221 07 217 0.028398 0.000178 0.000775 0.000004 0.282448 0.000021 -11.5 -6.9 1134 1689
XF221 08 217 0.031445 0.000290 0.000887 0.000007 0.282398 0.000020 -13.3 -8.7 1207 1801
XF221 09 217 0.026121 0.000140 0.000708 0.000002 0.282487 0.000019 -10.1 -5.5 1077 1601
XF221 10 217 0.038774 0.001149 0.001040 0.000028 0.282460 0.000018 -11.1 -6.5 1125 1665
XF221 11 217 0.022962 0.000392 0.000635 0.000010 0.282473 0.000017 -10.6 -6.0 1095 1632
XF221 12 217 0.025225 0.000289 0.000708 0.000007 0.282458 0.000016 -11.2 -6.5 1118 1666
XF221 13 217 0.025542 0.000487 0.000717 0.000013 0.282457  0.000018  -11.2 -6.5 1119 1669
XF221 14 217 0.022719 0.000967 0.000629 0.000027 0.282525  0.000019 -8.8 -4.1 1022 1516
XF221 15 217 0.034215 0.000198 0.000932 0.000004 0.282497  0.000018 -9.8 -5.2 1070 1581
XF221 16 217 0.038497 0.000050 0.001066 0.000001 0.282480  0.000020  -10.4 -5.8 1097 1620
XF221 17 217 0.020871 0.000213 0.000581 0.000005 0.282480  0.000022  -10.4 -5.7 1084 1616
XF221 18 217 0.030208 0.000205 0.000816 0.000004 0.282461  0.000019  -11.1 -6.4 1117 1660
XF221 19 217 0.032007 0.000334 0.000859 0.000007 0.282498  0.000021 -9.8 -5.1 1066 1578
XF221 20 217 0.037898 0.000383 0.001018 0.000008 0.282517  0.000016 9.1 -4.5 1044 1537
XF76 01 428 0.033163 0.000269 0.000913 0.000005 0.282342  0.000024  -15.3 -6.1 1286 1807
XF76 02 428 0.037185 0.000190 0.001018 0.000003 0.282292  0.000020  -17.0 -7.9 1360 1920

177



L AT WL L L R T A

(B =D
Sample No. Age (Ma) R Y 26 8 u/ T HE 26 o/ 71t 26 €nr(0) Enrlt) Tom(Ma)  Tom®(Ma)
XF76 03 956 0.027173 0.000060 0.000750 0.000000 0.282347 0.000022 -15.1 5.6 1274 1475
XF76 04 428 0.049128 0.000409 0.001342 0.000008 0.282279 0.000019 -17.5 -8.5 1390 1955
XF76 05 428 0.052682 0.000107 0.001411 0.000005 0.282314 0.000025 -16.3 -7.3 1343 1878
XF76 06 428 0.041456 0.000496 0.001115 0.000011 0.282354 0.000021 -14.9 -5.8 1276 1784
XF76 07 428 0.027948 0.000780 0.000748 0.000020 0.282273 0.000018 -17.7 -8.5 1376 1958
XF76 08 428 0.029003 0.000352 0.000808 0.000008 0.282309 0.000017 -16.4 -7.3 1328 1879
XF76 09 428 0.031073 0.000142 0.000838 0.000002 0.282313 0.000018 -16.3 -7.1 1324 1870
XF76 10 823 0.077052 0.000665 0.002070 0.000022 0.282209 0.000016 -20.0 -3.0 1518 1914
XF76 11 803 0.083997 0.001039 0.002259 0.000025 0.282156 0.000017 -21.9 -5.4 1602 2050
XF76 12 428 0.038481 0.001979 0.000987 0.000048 0.282274 0.000019 -17.7 -8.6 1384 1960
XF76 13 428 0.022638 0.000166 0.000621 0.000003 0.282272 0.000016 -17.8 -8.5 1373 1958
XF76 14 428 0.045302 0.000222 0.001184 0.000004 0.282323 0.000017 -15.9 -6.9 1322 1854
XF76 15 428 0.037387 0.000428 0.000999 0.000009 0.282269 0.000019 -17.9 -8.7 1391 1971
XF76 16 428 0.055192 0.000453 0.001454 0.000009 0.282269 0.000017 -17.9 -8.9 1408 1979
XF76 17 428 0.046632 0.000160 0.001250 0.000005 0.282286  0.000018  -17.3 -8.2 1376 1938
XF93 01 438 0.030938 0.000157 0.000861 0.000003 0.282397  0.000022  -13.3 -4.0 1208 1677
XF93 02 438 0.038221 0.000286 0.001059 0.000006 0.282400  0.000020  -13.2 -3.9 1210 1674
XF93 03 438 0.030586 0.000112 0.000838 0.000001 0.282376  0.000020  -14.1 -4.7 1236 1724
XF93 04 438 0.026446 0.000157 0.000720 0.000002 0.282378  0.000018  -14.0 -4.6 1230 1717
XF93 05 438 0.022098 0.000529 0.000611 0.000013 0.282346  0.000018  -15.1 -5.7 1270 1787
XF93 06 438 0.046132 0.000106 0.001247 0.000004 0.282366  0.000018  -14.4 -5.2 1264 1754
XF93 07 438 0.023307 0.000156 0.000633 0.000004 0.282294  0.000018  -17.0 7.5 1343 1903
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(B =D
Sample No. Age (Ma) R Y 26 8 u/ T HE 26 o/ 71t 26 €nr(0) Enrlt) Tom(Ma)  Tom®(Ma)
XF93 08 438 0.051061 0.000310 0.001370 0.000005 0.282346 0.000018 -15.1 -5.9 1296 1800
XF93 09 438 0.036352 0.000146 0.000990 0.000002 0.282425 0.000016 -12.3 -3.0 1172 1617
XF93 10 438 0.039357 0.000181 0.001066 0.000005 0.282365 0.000017 -14.5 5.1 1259 1752
XF93 11 438 0.030334 0.000148 0.000824 0.000002 0.282392 0.000018 -13.5 -4.1 1213 1688
XF93 12 438 0.031981 0.000140 0.000874 0.000002 0.282402 0.000018 -13.2 -3.8 1201 1666
XF93 13 438 0.035996 0.000261 0.000989 0.000005 0.282440 0.000017 -11.8 -2.5 1151 1583
XF93 14 438 0.023551 0.000575 0.000652 0.000013 0.282357 0.000018 -14.7 -5.3 1256 1763
XF93 15 438 0.035464 0.000124 0.000956 0.000002 0.282438 0.000016 -11.9 -2.5 1153 1587
XF93 16 438 0.041438 0.000593 0.001108 0.000017 0.282328 0.000019 -15.8 -6.5 1312 1836
XF93 17 438 0.032324 0.000128 0.000868 0.000004 0.282392 0.000018 -13.5 -4.1 1215 1688
XF93 18 438 0.035475 0.000310 0.000939 0.000007 0.282360 0.000017 -14.6 -5.3 1262 1761
XF93 19 438 0.037677 0.000642 0.001021 0.000018 0.282369 0.000018 -14.3 -5.0 1252 1743
XF93 20 438 0.037734 0.000100 0.001033 0.000005 0.282420 0.000017 -12.5 -3.2 1181 1629
XF93 21 438 0.032359 0.000084 0.000915 0.000001 0.282424 0.000018 -12.4 -3.0 1171 1618
XF93 22 438 0.033565 0.000115 0.000930 0.000002 0.282403  0.000019  -13.1 -3.8 1201 1665
XF99 01 437 0.062673 0.000682 0.001678 0.000015 0.282337  0.000016  -155 -6.3 1320 1827
XF99 02 437 0.058591 0.000664 0.001530 0.000019 0.282339  0.000018  -15.4 -6.2 1312 1820
XF99 03 437 0.078032 0.000936 0.001991 0.000027 0.282456  0.000023  -11.2 2.2 1160 1566
XF99 04 437 0.032604 0.000442 0.000836 0.000010 0.282372  0.000018  -14.2 -4.9 1242 1733
XF99 05 437 0.056210 0.000293 0.001486 0.000007 0.282334  0.000019  -15.6 -6.4 1317 1830
XF99 06 437 0.057674 0.000720 0.001527 0.000017 0.282369  0.000017  -14.3 -5.2 1269 1753
XF99 07 437 0.051089 0.000476 0.001363 0.000010 0.282340  0.000018  -15.3 -6.1 1304 1814
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Sample No. Age (Ma) R Y 26 8 u/ T HE 26 o/ 71t 26 €nr(0) Enrlt) Tom(Ma)  Tom®(Ma)
XF99 08 437 0.047418 0.001811 0.001262 0.000045 0.282275 0.000017 -17.6 -8.4 1392 1958
XF99 09 437 0.044427 0.001099 0.001199 0.000028 0.282322 0.000017 -16.0 -6.7 1324 1852
XF99 11 437 0.044545 0.001401 0.001166 0.000036 0.282307 0.000017 -16.5 -7.3 1344 1884
XF99 12 437 0.040732 0.001524 0.001094 0.000042 0.282358 0.000018 -14.7 -5.4 1270 1769
XF99 13 939 0.014695 0.000367 0.000342 0.000009 0.281946 0.000016 -29.3 -8.8 1809 2372
XF99 14 437 0.052697 0.000617 0.001404 0.000013 0.282371 0.000020 -14.3 5.1 1262 1746
XF99 15 437 0.063033 0.001786 0.001693 0.000043 0.282385 0.000018 -13.8 -4.6 1252 1720
XF99 16 437 0.056484 0.000524 0.001530 0.000015 0.282380 0.000017 -13.9 -4.8 1253 1728
XF99 17 437 0.028200 0.000876 0.000775 0.000021 0.282199 0.000017 -20.3 -11.0 1480 2118
XF99 18 437 0.073541 0.000933 0.001986 0.000025 0.282375 0.000017 -14.1 5.1 1276 1748
XF219 01 411 0.041321 0.000589 0.001145 0.000013 0.282399 0.000027 -13.3 -4.5 1214 1693
XF219 02 411 0.034234 0.001057 0.000924 0.000026 0.282329 0.000023 -15.7 -7.0 1305 1846
XF219 03 411 0.036932 0.000430 0.001080 0.000012 0.282374  0.000020  -14.1 -5.4 1247 1748
XF219 04 411 0.063325 0.000619 0.001766 0.000016 0.282372  0.000024  -14.2 -5.7 1273 1764
XF219 05 411 0.052810 0.000622 0.001509 0.000022 0.282409  0.000022  -12.9 -4.3 1211 1677
XF219 06 411 0.095006 0.000734 0.002435 0.000020 0.282421  0.000022  -12.5 -4.1 1225 1666
XF219 07 411 0.043054 0.000467 0.001206 0.000012 0.282378  0.000016  -14.0 -5.3 1245 1741
XF219 08 411 0.049518 0.000471 0.001387 0.000010 0.282427  0.000019  -12.3 -3.6 1182 1635
XF219 09 411 0.063633 0.000227 0.001781 0.000007 0.282450  0.000022  -11.5 -2.9 1162 1590
XF219 10 411 0.040820 0.000226 0.001152 0.000004 0.282395  0.000017  -13.4 -4.7 1220 1702
XF219 11 411 0.031305 0.000164 0.000902 0.000004 0.282403  0.000017  -13.1 -4.3 1200 1680
XF219 12 411 0.042146 0.000540 0.001202 0.000013 0.282405  0.000022  -13.0 -4.3 1207 1681
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(B =D
Sample No. Age (Ma) R Y 26 8 u/ T HE 26 o/ 71t 26 €nr(0) Enrlt) Tom(Ma)  Tom®(Ma)
XF219 14 411 0.037737 0.000153 0.001090 0.000004 0.282375 0.000013 -14.1 -5.4 1246 1746
XF219 15 411 0.033795 0.001364 0.000971 0.000037 0.282395 0.000017 -13.4 -4.6 1214 1699
XF219 16 411 0.052341 0.000681 0.001494 0.000021 0.282398  0.000023  -13.3 -4.7 1227 1702
XF219 17 411 0.053310 0.001381 0.001512 0.000039 0.282391 0.000020 -13.5 -4.9 1237 1718
XF219 18 411 0.053590 0.001827 0.001477 0.000050 0.282421 0.000023 -12.5 -3.9 1193 1650
XF219 19 411 0.031658 0.000088 0.000903 0.000002 0.282408 0.000017 -12.9 -4.2 1194 1669
XF270 01 412 0.044294 0.002187 0.001169 0.000056 0.282411  0.000018  -12.8 4.1 1198 1666
XF270 02 412 0.042234 0.000443 0.001129 0.000009 0.282306 0.000020 -16.6 -7.8 1344 1900
XF270 03 412 0.036790 0.000840 0.001017 0.000021 0.282374  0.000017  -14.1 -5.4 1245 1746
XF270 04 412 0.049725 0.000652 0.001320 0.000016 0.282438 0.000019 -11.9 -3.2 1164 1608
XF270 05 412 0.037722 0.000796 0.001031 0.000021 0.282391 0.000018 -13.5 -4.8 1221 1708
XF270 06 412 0.026398 0.000797 0.000718 0.000019 0.282356 0.000018 -14.8 -5.9 1260 1781
XF270 07 412 0.032086 0.000453 0.000815 0.000008 0.282386 0.000019 -13.7 -4.9 1221 1716
XF270 08 412 0.041556 0.000324 0.001116 0.000007 0.282363  0.000017  -14.5 -5.8 1263 1772
XF270 09 412 0.033819 0.000093 0.000917 0.000001 0.282372  0.000017  -14.2 -5.4 1244 1749
XF270 10 412 0.030779 0.000072 0.000819 0.000003 0.282323  0.000018  -15.9 71 1309 1857
XF270 11 412 0.050937 0.000730 0.001379 0.000017 0.282379  0.000016  -14.0 -5.3 1250 1741
XF270 12 412 0.039480 0.000732 0.001047 0.000023 0.282370  0.000018  -14.3 -5.5 1251 1756
XF270 13 412 0.039020 0.000904 0.001048 0.000023 0.282426  0.000019  -12.3 -35 1173 1630
XF270 14 412 0.035925 0.000121 0.000960 0.000002 0.282381  0.000018  -13.9 -5.1 1233 1730
XF270 15 412 0.053262 0.000484 0.001367 0.000014 0.282396  0.000020  -13.4 -4.7 1225 1703
XF270 16 412 0.068641 0.000515 0.001801 0.000014 0.282352  0.000018  -14.9 -6.4 1303 1809
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(B =D
Sample No. Age (Ma) R Y 26 8 u/ T HE 26 o/ 71t 26 €nr(0) Enrlt) Tom(Ma)  Tom®(Ma)
XF270 17 412 0.021747 0.000218 0.000602 0.000007 0.282404  0.000017  -13.1 -4.2 1190 1672
XF270 18 412 0.038918 0.000199 0.001003 0.000004 0.282388 0.000020 -13.7 -4.9 1225 1715
XF270 19 412 0.037950 0.000154 0.000958 0.000005 0.282463 0.000019 -11.0 -2.2 1118 1546
XF274 01 424 0.038692 0.001144 0.001054 0.000032 0.282343 0.000019 -15.2 -6.2 1289 1810
XF274 02 424 0.021986 0.000152 0.000593 0.000003 0.282364 0.000021 -14.5 -5.4 1245 1754
XF274 03 424 0.042386 0.001844 0.001254 0.000052 0.282469 0.000017 -10.8 -1.8 1118 1531
XF274 04 424 0.041166 0.000674 0.001073 0.000014 0.282366 0.000018 -14.4 -5.4 1258 1759
XF274 05 424 0.035442 0.000066 0.000941 0.000003 0.282362 0.000018 -14.6 -55 1259 1765
XF274 06 424 0.066411 0.000959 0.001753 0.000028 0.282414 0.000017 -12.7 -3.9 1212 1663
XF274 07 424 0.031318 0.000620 0.000850 0.000015 0.282421 0.000015 -12.5 -3.4 1174 1632
XF274 08 424 0.024335 0.000293 0.000655 0.000009 0.282368 0.000016 -14.4 -5.2 1241 1747
XF274 09 424 0.026226 0.000488 0.000697 0.000011 0.282370 0.000018 -14.3 -5.2 1240 1743
XF274 10 424 0.045042 0.001156 0.001187 0.000032 0.282382  0.000017  -13.9 -4.9 1239 1725
XF274 11 424 0.049589 0.000798 0.001278 0.000017 0.282361  0.000017  -14.6 -5.7 1272 1773
XF274 12 424 0.037093 0.000757 0.000973 0.000017 0.282337  0.000016  -155 -6.4 1295 1822
XF274 13 424 0.062836 0.000450 0.001618 0.000015 0.282376  0.000019  -14.1 -5.2 1262 1746
XF274 14 424 0.021006 0.000224 0.000563 0.000007 0.282371  0.000019  -14.3 -5.1 1234 1738
XF274 15 424 0.028553 0.000134 0.000760 0.000002 0.282522  0.000017 -8.9 0.2 1030 1403
XF274 16 424 0.021447 0.000153 0.000579 0.000003 0.282362  0.000019  -14.6 -5.4 1247 1759
XF274 17 424 0.026039 0.000085 0.000710 0.000004 0.282344  0.000020  -15.2 -6.1 1276 1801
XF274 20 424 0.032990 0.000263 0.000842 0.000005 0.282365  0.000018  -14.5 -5.4 1252 1757
XF274 22 424 0.017645 0.000606 0.000468 0.000016 0.282331  0.000016  -15.7 -6.5 1286 1826
XF274 23 424 0.025012 0.000107 0.000646 0.000001 0.282325  0.000018  -15.9 -6.7 1301 1843
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eHf(0)=10000[(*"°Hf/*""Hf)s/(*"°Hf/*""Hf) cur 0-1]-

eHF(t)=10000{[(*"*Hf/*""Hf)s- (*7°Lu/*"Hf)sx(e™-1)1/1("*HE/ Hf)cwuro- (7°Lu/™ Hf)cuua(e™-1)1-1).

Ton=1/AXIn{L+[(*"°HE/* 7 HE)s-(HE/ HE)oml /17 Lu/" " H)s - (7°Lu/* HE)ou]}

Tom =1//An{L+{(7°HE/ T He)s, (7PHE/T Hf)om /(7 Lu/ ) - (7°Lu/ T H)oml

where, (*"°Lu/""Hf)s and (Y°Hf/*"’Hf)s are the measured values of the samples, (*"°Lu/""’Hf)cuur=0.0332 and (176Lu/177Hf)CHUR,0=0.282772 (Bichert-Toft and Albarede, 1997);
(*"°Lu/""Hf)pm=0.0384 and ("°Hf/*"Hf)pn=0.28325 (Griffin et al., 2000), (*°Lu/""’Hf)c=0.015, t=crystallization age of zircon, 176Lu decay constant A=1.867 x 10 m.y.
(Soderlund et al., 2004).
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Abstract

Intracontinental orogens remain less understood than accretionary or collisional
orogens that are related to plate margin interactions. In the center of the South China
block, the Xuefengshan Belt provides a well-exposed example of such an
intracontinental orogen of Early Mesozoic age. Detailed field tectonic observations
indicate that the Xuefengshan Belt can be divided into a Western Outer Zone
characterized by km-scale box-fold structures, and an Eastern Zone, separated from
the Western Outer Zone by the SE-dipping Main Xuefengshan Thrust. In the Eastern
Zone, NW verging folds coeval with a pervasive slaty cleavage and a NW-SE
trending lineation are the dominant structures. From west to east, the dip of the
cleavage surface exhibits a fan-like pattern. The bulk architecture of the Xuefengshan
Belt results from polyphase deformation: D; is characterized by a top-to-the-NW
ductile shearing; D, corresponds to SE-directed back thrusting and folding; Ds;
consists of upright folds with vertical cleavage and lineation. At depth, a high strain
zone characterized by greenschist facies metamorphic rocks and a top-to-the-NW
ductile shearing corresponds to a ductile decollement layer that accommodated the
deformation of the Neoproterozoic to Early Triassic sedimentary series. Kinematic
compatibility suggests that the synmetamorphic ductile shearing was coeval with the
D; event in the sedimentary cover. The Xuefengshan Belt is interpreted as an Early
Mesozoic intracontinental orogen, which possibly originated from the SE-directed
continental subduction of a piece of the South China block in response to

northwestwards subduction of the Pacific plate.

Key words: Intracontinental orogen, Fold-and-Thrust belt, Xuefengshan Belt, South
China block, Early Mesozoic orogeny
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1. Introduction

The mechanisms of intracontinental orogeny have long been discussed, since
intraplate mountain belts cannot be ascribed to the plate margin interaction paradigm
that assumes that the interiors of a continent are rigid and hard to deform. However, it
is now well accepted that the deformation of continental crust can be a far-field
consequence of collision, as exemplified by the Miocene tectonics of Asia [e.g.
Tapponnier and Molnar, 1979; Avouac et al., 1993]. Compared to collisional or
accretionary orogens, evidence for oceanic subduction, ophiolites, accretionary
complexes, mélange, and arc-related magmatism are lacking. Conversely,
fold-and-thrust belts, large-scale decollement, limited crustal melting, and even high
temperature metamorphism are well developed tectonic elements in intracontinental
orogens. These features are illustrated by the Cenozoic Tianshan Belt in Central Asia
[Tapponnier and Molnar, 1979; Hendrix et al., 1992; Avouac et al., 1993; Allen et al.,
1999], the Cenozoic Pyrenees in Europe [Roure et al., 1989; Choukroune, 1992], the
Late Mesozoic to Cenozoic Laramide orogen in North America [Dickinson and
Snyder, 1978; English and Johnston, 2004], the Paleozoic Alice Springs orogen in
Central Australia [Hand and Sandiford, 1999; Sandiford et al., 2001], and the Early
Paleozoic intracontinental belt of SE China [Faure et al., 2009; Charvet et al., 2010].
At the lithospheric plate scale, far-field consequence of continental collision or a
flat-slab subduction are often the two main driving forces advocated to account for the
origin of intracontinental orogens [Dickinson and Snyder, 1978; Hendrix et al., 1992].

The Xuefengshan Belt is an Early Mesozoic intracontinental orogen in the South
China block (SCB) [e.g. Qiu et al., 1998, 2000; Wang et al., 2005; Figure 1]. Here,
we present new detailed structural data from the Xuefengshan that aim to improve our
understanding of the tectonic evolution of the central part of the SCB, and may

provide general insights into the development of intracontinental belts.

2. Geological outline of the Xuefengshan belt in the South China block
2.1 The South China block

The South China block (SCB) formed in the Early Neoproterozoic (ca 900 Ma)
by collision of the Yangtze block and the Cathaysia block to the northwest and
southeast, respectively [Figure 1; Shu et al., 1994; Charvet et al., 1996; Li, 1999; Li et
al., 2009, and enclosed references]. The Jiangshan-Shaoxing Fault represents the
eastern part of the Neoproterozoic ophiolitic suture between these two blocks (Figure
1). Farther west, and southwest, this suture is hidden below the Paleozoic or Mesozoic
sedimentary rocks. From the Late Neoproterozoic to the end of Early Paleozoic, the
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SCB underwent continuous sedimentation, partly controlled in the Neoproterozoic by
rifting [Wang and Li, 2003] until the Late Ordovician. An Early Paleozoic orogeny
occurred around 450-420 Ma as indicated by a Middle Devonian regional
unconformity and emplacement of post-orogenic plutons at ca. 410 Ma. The Early
Paleozoic orogen of SE China is well developed to the south of the
Jiangshan-Shaoxing Fault [Wang et al., 2007b; Faure et al., 2009; Li et al., 2010;
Charvet et al., 2010]. In the Xuefengshan Belt, this event is weakly developed as
argued below. The main orogenic episode of the SCB took place in the Early
Mesozoic, as demonstrated by a Late Triassic unconformity widespread across the
entire SCB. In terms of time, this Middle Triassic event is referred to as the
“Indosinian Orogeny” [Chen, 1999; Wang et al., 2005, 2007¢; Li and Li, 2007; Lin et
al., 2008; Roger et al., 2008, 2010], but at the scale of the entire SCB, the “Indosinian
Orogeny” cannot be seen as a single chain. The two main Triassic belts are exposed
along the SCB margins. Namely, to the north, the S-Qinling-Dabie Belt is related to
the northward subduction of the SCB below the North China block [Hacker and
Wang, 1995; Faure et al., 1999, 2008]. To the southwest and south, the Jinshajiang
and Song Ma sutures are associated with the collision of the SCB with the Indochina
block [Lepvrier et al., 2004, 2008; Carter et al., 2001; Wallis et al., 2003;
Harrowfield and Wilson, 2005; Carter and Clift, 2008; Roger et al., 2008, 2010].

When dealing with the Triassic tectonics of the SCB, the Xuefengshan Belt in
Hunan Province presents a unique example of intracontinental orogens with folds and
thrusts post-dated by Late Triassic undeformed post-orogenic plutons. However, the
structural style, tectonic evolution, and geodynamic significance of the Xuefengshan
Belt are still debated. The proposed tectonic interpretations are still at variance [Hsu
et al., 1988, 1990; Gupta, 1989; Rodgers, 1989; Rowley, 1989]. For some authors, this
belt was formed by a large-scale, multi-layer over-thrust system developed in the Late
Mesozoic from the Xuefengshan Belt to the northeastern Sichuan Basin (Figure 1)
[Yan et al., 2003]. Another interpretation emphasizes Triassic strike-slip faults leading
to transpressional tectonics [Wang et al., 2005]. More recently, a NW-directed, flat
slab subduction of the Pacific plate producing a propagating retroarc fold-and-thrust
belt accompanied by NW-propagating magmatism during the 250-190 Ma interval has
been suggested [Li and Li, 2007]. Although, as argued below, in section 4, this
interpretation seems the most likely, structural analyses supporting this model are, up
to now, not available.

During the Jurassic and Cretaceous, the tectonic activity in the SCB was
characterized by NE-SW striking normal or strike-slip faults, synkinematic plutons,
and syntectonic terrigeneous sedimentation [Xu et al., 1987; Gilder et al., 1991; Faure
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et al., 1996; Lin et al., 2000; Zhou et al., 2000, 2006; Shu et al., 2009]. In the
Xuefengshan area, strike-slip faults parallel to the belt are rare. These brittle faults

bound intramontane half-graben basins or offset the Triassic plutons.
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Figure 1. Tectonic map of the South China block with the location of the intracontinental
Xuefengshan Belt (Modified after Faure et al., 2009). J-S F: Jiangshan-Shaoxing Fault. 1:
Predicted boundary between the Yangtze Block and the Cathaysia Block.

2.2 Lithostratigraphy of the Xuefengshan Belt

The Xuefengshan Belt, located in the central area of the SCB, is a NNE-SSW
trending range about 100 km wide and more than 300 km long (Figure 1). The
Middle-Late Proterozoic Lengjiaxi group, formed by conglomerates, sandstones,
siltstones, phyllites and slates, represents the oldest strata cropping out in the
Xuefengshan Belt. The Lengjiaxi group is overlain by more than 3 km of turbidites
and volcanic rocks assigned to the Neoproterozoic Banxi group [BGMRHN, 1988].
The Late Neoproterozoic (Sinian) strata include tillite, sandstone, chert and limestone.
Until Early Silurian, and locally Middle Silurian, there is no obvious sedimentation
gap in the stratigraphic sequence. However, the Cambrian and Ordovician lithology
changes this uniform sedimentary pattern in the Xuefengshan Belt, with limestones
and black shales to the north, and sandstones, silts, and slates to the south [BGMRGX,
1985; BGMRHN, 1988]. In the study area, Silurian deposits are turbidites that can be
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interpreted as the molasses derived from erosion of the Early Paleozoic orogen (Qiu et
al., 1998, 2000, Faure et al., 2009).
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Figure 3. (a): Sketch map of the Xuefengshan Belt with tectonic division. (b): Structural map of
the Xuefengshan Belt (Modified after 1:500 000 Geological map of Hunan, BGMRHN, 1988). WZ:
Western Outer Zone. EZ: Eastern Zone. MXT: Main Xuefengshan Thrust. BFB: Back Folding
Boundary. DU: Deep Metamorphic Unit. PDB: Pre-Devonian Boundary. North of this limit,

pre-Devonian deformation is negligible. CLF: Chenzhou-Linwu Fault.

Upper Silurian to lower Devonian deposits are missing in the Xuefengshan area,

and lower Paleozoic rocks are covered directly by Middle Devonian conglomerates.

The late Devonian-Carboniferous-Permian and lower Triassic series consists of

shallow-marine to littoral facies limestones, dolomites, and clastic rocks. All the rocks

mentioned above are strongly deformed and unconformably overlain by Upper

Triassic or Lower Jurassic sandstones and conglomerates that are distributed limitedly

in intramontane basins. This unconformity is interpreted as a response to an Early
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Mesozoic intracontinental orogeny [Chen, 1999; Wang et al., 2005; Li and Li, 2007,
Shu et al., 2009]. From Middle Jurassic to Cretaceous, the sedimentary series consists
of red terrestrial clastic rocks interbedded with volcanic rocks.

The pre-Late Triassic lithological succession contains several pelitic or shaly
layers, some of them with coal measures, which could play a major role in shaping the
tectonics of the Xuefengshan Belt. Due to their low yield stress, these soft layers act
as decollement levels that accommodate the regional shortening. The Sinian pelite and
graphitic layers, and the Cambrian black shales are the main decollement levels, but
Devonian, Carboniferous, and Permian pelitic layers may also represent second order
decollements (Figure 2) [Yan et al., 2003].

Plutonic rocks are widespread in the Xuefengshan Belt (Figure 3). Undeformed
Mesozoic peraluminous granites exposed in the Central and Eastern parts intrude the
already deformed pre-Mesozoic series. These Mesozoic granites were generated
between 245-210 Ma and postdate the Early Mesozoic orogeny [Chen et al., 2006,
2007a, 2007b; Wang et al., 2007a]. Furthermore, as described in section 3.4, Early
Paleozoic plutons underwent a pervasive ductile deformation during the Early

Mesozoic tectonics.

2.3. Pre-Devonian events in the Xuefengshan Belt

Due to the widespread occurrence of a Devonian unconformity, some geologists
interpreted the Xuefengshan Belt as the product of an Early Paleozoic orogeny (e.g.
Qiu et al., 1998, 2000). However, according to our survey, the importance of the
Early Paleozoic orogeny appears to be overestimated. In the southern part of the study
area, Neoproterozoic, Cambrian, and Ordovician pelite-sandstone series are involved
in E-W trending, south-verging folds (Figure 4). These early folds are unconformably
covered by Devonian conglomerate and sandstone, followed by a continuous series of
limestone and subordinate shale and mudstone. The entire sedimentary pile, from
Neoproterozoic to Early Triassic, is deformed by N-S trending folds. This
superimposed folding gives rise to a type 2 fold interference pattern [Ramsay and
Huber, 1987].

In fact, in most parts of the study area, the angle of the Devonian unconformity is
lower than 20°, and even in the northern and northwestern parts of the Xuefengshan
Belt, only a parallel disconformity between Silurian and Devonian rocks is exposed.
The Early Paleozoic folds are open, characterized by kilometer-scale gentle
undulations without any axial planar cleavage. Furthermore, in the entire
Xuefengshan area, when a slaty cleavage is observed in the Neoproterozoic to
Silurian series, this cleavage is also developed in the unconformably overlying
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Devonian rocks. Conversely, syn-schistose folds restricted to pre-Devonian series is
hardly observed but in the southwestern area as described above (Figure 4). The
northern boundary is outlined as the Pre-Devonian Boundary (PDB in Figure 3b).
Additional microtectonic arguments for an Early Mesozoic deformation will be given
in the following section. Therefore, the Early Paleozoic event is poorly developed in
most parts of the Xuefengshan Belt, and thus we shall focus on the structural analysis
of the Early Mesozoic orogeny, which is responsible for the bulk architecture of the
belt.

R pjelese
c ey notaon

Cretaceoﬁs éﬁd : N . — &) <«€—>  Early Mesozoic
D Quaternary Bevanian (0} n C"""b"a“<{23§ >_< fold axes
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Figure 4. Geologic map of the southern part of the Xuefengshan Belt showing relics of
pre-Triassic E-W trending fold axes, developed only in pre-Devonian rocks and refolded by

Triassic N-S trending folds.
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(Modified after 1:500 000 Geological map of Hunan, BGMRHN, 1988). (b): Cross section
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hemisphere projection) of the structural elements, (c): bedding, (d): fold axes.
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3. Structural pattern of the Xuefengshan Belt

The Xuefengshan Belt can be subdivided into two tectonic zones (Figure 3a): the
Western Outer Zone and the Eastern Zone. The Eastern Zone comprises the Xuefeng
Mountain and a lowland area, to the west and to the east, respectively. The Xuefeng
Mountain is an area with higher elevation, where the intensity of the deformation and
metamorphism is the greatest. In the lowland area, Devonian to Early Triassic rocks
are poorly exposed. The Western Outer Zone, exposed in the Wuling Mountain, is
characterized by box-fold structures. The Main Xuefengshan Thrust (MXT, Figure 3)
separates the Western Outer Zone and the Eastern Zone. It also corresponds to the
cleavage front, as S; (described in section 3.2) is absent in the Western Outer Zone
but is widely developed in the Eastern Zone. In this zone, NE-SW trending folds with
an axial planar cleavage, NW or W-directed thrust faults, and E-W to WNW-ESE
trending mineral and stretching lineation are the dominant structures.

Except in a few places around some plutons (e.g. near Chengbu, figure 3), highly
metamorphosed rocks are not exposed in the study area. Another important structural
boundary is the Back-Folding Boundary (BFB, Figure 3b), defined by the appearance
of back-folds and back-thrusts (cf. section 3.3 for detailed descriptions). East of the
BFB, east-verging folds, sometimes with inverted limbs are widespread in the Eastern
Zone. Devonian to Triassic formations occupy a large area in the eastern part of the
Eastern Zone, whereas pre-Devonian rocks are dominant in the west Eastern Zone.
Nevertheless, except along the the decollement layers, there is not sharp discontinuity
within the sedimentary series of the Eastern Zone. One of the main structural features
is the progressive weakening, and even disappearance of the cleavage plane.

The whole belt experienced complex polyphase deformation. On the basis of
cleavage plane geometry, fold-vergence, and overprinting relationship, in the Eastern
Zone, we separate three deformation events. The first one, D, is characterized by a
top to the NW ductile shearing. The second one, D,, corresponds to a back-folding
and back-thrusting stage with SE-verging folds. The last phase, Ds, is represented by
upright folds with vertical axial planar cleavage and vertical stretching lineation. For
each zone, the typical deformation style relevant to the three events is described in

selected areas (Figure 3b).

3.1 The Western Outer Zone

The Western Outer Zone, bounded to the east by the MXT, shows moderate
deformation compared with that observed in the Eastern Zone. This zone has been
investigated in the Wuling Mountain, South of Zhangjiajie (Figures 3, 5a, 5b, 5c and
5d). There, the Neoproterozoic to Silurian series is deformed by NE-SW trending,
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kilometer-sized box-folds. In the core of anticlines and synclines, the bedding is flat
without any macroscopically observable deformation, whereas highly dipping strata
can be observed in the fold limbs (Figures 5b, 6a and 6b). Due to their weak rheology,
the pelitic layers, namely Cambrian black shale, or Sinian pelite and coal measure are
more intensely deformed than the limestone or sandstone beds. Where strata are tilted
to dip angles of 70-90°, along these soft-layers, the deformation is accommodated by
intense meter to centimeter-scale disharmonic folding and layer-parallel slip (Figure
5b). In the Western Outer Zone, the rocks do not record any metamorphism, even in
the core of the anticlines where the deepest Middle-Late Proterozoic sandstone-pelite
series crops out. In summary, the Western Outer Zone represents the structurally
higher part of the Xuefengshan Belt which is deformed under brittle conditions
accommodated by layer-parallel slip, box-folding, and brittle deformation

concentrated in the fold hinges.

Figure 6. Photographs of representative structures observed in the Western Outer Zone and the
Main Xuefengshan Thrust. (a): Gravitational collapse folds in Cambrian shale, south of
Zhangjiajie (N29°00.406°/E110°28.804"). (b): Gravitational collapse structure in Neoproterozoic
shale, northeast of Yuanling (N28°25.873°/E110°29.335”). (c): Shear zone in coal-bearing
Cambrian  black shale with sigmoidal shearing structure, east of Huitong
(N26°56.422°/E109°56.097"). (d): Oriented pebbles in Sinian tillite with a NW-dipping cleavage,
east of Huitong (N26°56.529'/E109°55.672").
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3.2 The Main Xuefengshan Thrust (MXT)

The MXT is a northwest-directed reverse fault that corresponds also to the
appearance of the main slaty cleavage (S; hereafter). This major structure is over 200
km long and extends farther south in the Youjiang Paleozoic-Early Mesozoic Basin
(Figure 1). Locally, this thrust fault is reactivated as a normal fault that controls the
opening of a Cretaceous half-graben. The northern part of the MXT, southwest to the
Jianghan Basin (Figure 3b), has not been directly observed in the field, due to outcrop
conditions, but the sharp change between open folds devoid of axial planar cleavage
to the NW, and well expressed overturned folds and slaty cleavage to the SE, argues
for the existence of such a thrust. To the northeast, it is buried below the
Cretaceous-Cenozoic Jianghan Basin (Figure 3b).

In the southern part of the study area, east of Huitong (Figures 3b and 7a), a ca.
10m thick, moderately east dipping, high strain shear zone is developed in the
Cambrian black shale, slate, and schist, separating weakly metamorphosed Sinian
sandstone and tillite of the Eastern Zone in the hanging wall from undeformed and
unmetamorphosed sub-horizontal Neoproterozoic-Cambrian rocks in the footwall
(Figures 7a, 7b and 7c¢). In the vicinity of the shear zone, rocks are strongly deformed,
whereas 2 km away from the contact, the thrusting-related tectonic fabrics disappear.
Along the thrust plane, NW-SE trending striations, and kinematic indicators such as
sigmoidal shaped lenses developed within Cambrian black shale show a top-to-the-W
displacement (Figure 6c¢).

In the thrust hanging wall, the Sinian sandstone exhibits a high angle
East-dipping or subvertical cleavage. In the footwall, ten-of-meters-wavelength folds,
overturned to the west, are developed, and several meter-scale shear zones with
layer-slip structures are conspicuous. In the Sinian tillite, 10 to 50 cm-sized pebbles
are flattened, forming west-dipping cleavage planes (Figure 6d). This feature is
related to a SE verging fold, analogous to those widely developed to the east
(described in the section 3.3.2). However, this area is the only place where
east-vergent structures have been observed in the Western Outer Zone. Thus, we tend
to interpret it as a local reverse thrust, corresponding to a pop-up generated during D,
rather than a true D, back-thrust.

At the regional scale, the deformation in the entire Proterozoic series that crops
out to the west of the MXT is weak or almost absent. The bedding remains
sub-horizontal over a large distance, and only joints, and kilometer-scale gentle
upright folds represent the macroscopic deformation structures. Conversely, to the
east of the MXT, folds coeval with a pervasive axial planar cleavage deform the
sedimentary rocks (Figure 7b, 7¢c, 7d, 7e and 7f).
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Figure 7. (a): Detailed geologic map of the Main Xuefengshan Thrust or Cleavage Front
(Modified after 1:500 000 Geological map of Hunan, BGMRHN, 1988). (b) and (c): Cross sections
showing the structure of the area close to the MXT. Stereographic plots (Schmidt lower
hemisphere projection) of the structural elements, (d): bedding west of the thrust, (e): bedding (Sy),
S, and S; cleavage, east of the thrust, (f): fold axes.
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3.3 The Eastern Zone

Due to the high elevation and good exposure, the western part of the Eastern
Zone provides important information to explore the geometry and kinematics of this
zone. From west to east, different structural features are recognized. In the west,
top-to-the-NW folding and shearing dominate, whereas in the east the opposite (i.e.
eastward) vergence is predominant. These two contrasted vergences are not
synchronous but successive, as demonstrated below (sections 3.3.1, 3.3.2 and 3.3.3),
the eastward shearing overprints the westward one. These key areas are described as
examples of the representative structure and of the superimposed deformation of the

Eastern Zone. The timing question will be addressed in section 4.

3.3.1 Anhua section

In the northern part of the orogen, Middle to Late Proterozoic sandstone and
argillite with a well-developed slaty cleavage occupy a large domain (Figure 8a and
8b). Northeast of Anhua, the N70-90E striking cleavage is steeply dipping to the SE,
and from N to S, becomes more and more penetrative. S; gradually replaces the
original Sy bedding (Figure 9a), but the dip angle of S; changes slightly from place to
place in different parts of the folds (Figure 8d). Nevertheless, the fold vergence
determined by the S¢/S; relationships, is consistently to the NNW, even if cleavage
refraction due to alternation of pelite and sandstone layers is locally well developed.

North of Anhua (Figure 8a), a several meters thick, highly deformed shear zone
with top-to-the-north thrusting, separates the Neoproterozoic and Paleozoic rocks. In
some places, the Neoproterozoic sandstone overthrusts onto the Devonian limestone.
In the thrust footwall, the limestone is intensely folded and sheared whereas in the
hanging wall, the sandstone is folded with a penetrative, SE-dipping, axial planar
cleavage. Cataclasites are well developed along the fault zone. The foliated
argillaceous matrix includes sigmoidal-shaped sandstone boudins with a
top-to-the-NW sense of shear.

South of Anhua (Figure 8a), the cleavage surface gradually turns to vertical and
then dips to the northwest. In the Sinian to Ordovician series, the verticalization of Sy
is coeval with the development of upright folds associated with an axial planar
cleavage. Farther south, a NW-dipping slaty cleavage associated with SE verging
folds is widely developed. As indicated by ripple marks, load casts and groove casts,
the Sy surface in the southeastern limb of anticlines is overturned in some places.
Furthermore, the pelitic layers of the Silurian turbidite often exhibit a SE-dipping
cleavage that cannot be related to these SE-verging folds (Figures 10a and 10b). We
interpret this feature as a relic of the S, cleavage, coeval with the early NW-verging
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folds, which is later involved in SE-verging folds. Thus, these overprinting

relationships show that the SE-verging folds can be considered as back-folds formed
during a second deformation stage (D;) (Figures 8a, 8¢ and 8f).
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Figure 8. (a): Detailed geologic map of the Eastern Zone near Anhua (Modified after 1:500 000
Geological map of Hunan, BGMRHN, 1988). (b): Cross section showing the structure of the
Anhua section. Stereographic plots (Schmidt lower hemisphere projection) of the structural
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Figure 9. Photographs illustrating the deformation in Anhua and Dongkou sections. (a): SE
dipping cleavage in Neoproterozoic sandstone, south of Anhua (N28°27.182°/E111°01.374). (b):
S, cleavage in Silurian mudstone in a normal limb of a SE-verging fold, south of Anhua
(N28°02.531°/E111°02.792’). (c): S, cleavage in vertical layers of Devonian sandstone involved in
a SE-vergent fold. The same cleavage affects the underlying Silurian strata, south of Anhua
(N28°04.012°/E111°02.332%). (d): NW-directed reverse fault and associated fold in Carboniferous
limestone, south of Anhua (N27°55.886°/E111°18.307"). (e): NW dipping S, cleavage in inverted
Cambrian shale with ripple marks on the top surface (N27°04.762°/E110°31.480°). (f): Upright
fold in Sinian shale with vertical pressure shadows, north of Dongkou
(N27°27.604°/E110°24.581°).

North of Baixi (Figure 8), the Silurian and Devonian bedding dips gently to the
SE, striking N20-50E. SE-verging D, folds, associated with a northwest dipping
cleavage, deform the entire series (Figures 9b and 9c). This structural consistency
shows that the deformation occurred after the Devonian.

From Baixi to the south (Figure 8a), in the Carboniferous and Permian limestone

and mudstone, thrust faults associated with NW-verging folds indicate again a

201



northwestward movement (Figure 9d). In this area, back folding is no longer observed.
Nevertheless, the D, back-folding development is, to some extent, more intense in the

Dongkou area, which will be discussed in the next section.

NW s iy

Intersection
Lineation

Figure 10. Field evidence of superimposed deformation. The S; cleavage is deformed by a
SE-verging F, fold associated with a S; axial planar cleavage, northwest of Xinhua (N26°25.228°/
E110°26.868"). (a): Relict S; cleavage in a mudstone layer. (b): Pervasive NW dipping S,

cleavage.

3.3.2 The Dongkou section

The main structure of this area is represented by large scale overturned bedding
involving Upper Neoproterozoic to Lower Devonian rocks (Figures 11a and 11b).
Northwest of Dongkou, the slightly metamorphosed Cambrian to Silurian black shales
and siltstones are deformed by NE-SW trending, SE-verging folds with axial-planar
cleavage (Figures 9¢ and 11e). These structures are related to the D, back-folding
event. Around Dongkou, the inverted limbs of the D, back-folds are less developed
than to the west. The unconformable Devonian sandstone is generally rotated to
vertical due to D, folding. A pervasive, NW-dipping S, cleavage is developed in the
Devonian and Silurian strata (Figures 11b and 11d). However, evidence for an earlier,
D, event, can be recognized too. The bedding (So) is generally parallel to S; cleavage,

except in some rare hinges of isoclinal folds that are refolded by SE-vergent F; folds.
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East of Dongkou, top-to-the-NW thrusting dominates again with Devonian sandstone
overthrusting onto the Carboniferous to Permian limestone. This structure is
consistent with the one described in the Anhua section. Lastly, in this region,
Cambrian and Ordovician black shales are deformed by up-right folds with vertical

cleavage and vertical lineation. These folds are related to the D3 event (Figure 9f).
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Figure 11. (a): Detailed geologic map of the Eastern Zone near Dongkou showing back-folding
structure (Modified after 1:500 000 Geological map of Hunan, BGMRHN, 1988). (b): Cross
section with F,; folds refolded by F, folds. Sterecographic plots (Schmidt lower hemisphere
projection) of the structural elements, (c): bedding, (d): S, cleavage, (e): F, fold axes.
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3.3.3 The Lianyuan section

To the east of the Anhua section, the Eastern Zone is mostly represented by
Middle Devonian to Early Triassic sedimentary rocks (Figures 3 and 12). Upper
Triassic clastic deposits unconformably overlie the older deformed series. This part of
the Eastern Zone exhibits well-developed folds and thrusts but slaty cleavage is
generally less penetrative than to the west (Figures 12a, 12b and 12e). This feature
might be due to a higher structural level in this area. North of Lengshuijiang, Late
Devonian sandstone overthrusts northwestwards onto Carboniferous limestone that in
turn overthrusts onto Permian formations (Figures 12a and 12b). S; cleavage is well
developed in mudstone layers interbedded by limestone (Figure 13a). In this thrust
system, the coal-bearing argillite and shale layers in the Devonian, Carboniferous and
Permian series acts as subordinate, locally developed decollement levels during the
NW-directed thrusting. In the stronger limestone and sandstone layers, S, is generally
absent. Hence, the deformation was largely accommodated in these soft layers. In the
core of synclines, Early Triassic thin-bedded limestone is strongly folded (Figure 13b).
In addition, SE-verging folds and thrust faults are also observed. For instance,
northeast of Lengshuijiang, SE-vergent back-thrusting and back-folding of the D,
event are well developed with relic of S; cleavage preserved in Carboniferous slaty
layers (Figure 12c). Likewise, in Devonian mudstone interbedded with sandstone, the
S, cleavage is refolded by an F, fold (Figure 13c). Moreover, north of Shaoyang
(Figure 3b), a NW-dipping cleavage, associated with SE-verging folds, is also widely
developed. These structures are interpreted here as the result of the D, back-folding,
as described above in the other areas of the Eastern Zone.

Locally, several meters of inverted limbs can be observed (Figure 13d).
Moreover, at the scale of a single 10-meter-wavelength fold, gravitational sliding
along the anticline limbs is responsible for the development of collapse folds with
contrasting kinematics. West- and east-verging folds formed on both sides of the
anticline (Figure 13e). NE of Hengshan city, drilling reports describe a top-to-the-NW
thrust of Neoproterozoic sandstone and slate onto Devonian limestone [Bai et al.,
2009].

Therefore, to summarize, the bulk geometry of the Eastern Zone is controlled by
top-to-the-NW folding and thrusting (D; event) reworked by SE-verging back folding
and back thrusting (D, event), but except in the westernmost part, both events
developed without metamorphism. Structurally, the eastern part of the Eastern Zone
can be considered as the eastern extension of the fold-and-thrust belt that is developed

in the west Eastern Zone, but the difference lies in the thermobarometric conditions of
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the polyphase deformation, which took place in the west under higher metamorphic
conditions than in the east.

[ ] gLeatf;‘:‘;‘rj: and [ ] remianey [ ] sien@ _.~  Fold axis

"o | Late Triassic and . Beddinglover- Anticline/
Early Jurassic Carboniferous (C) /% trned edding b/:/ Syncline
% Early Triassic(T+) Devonian (D) 30y S cleavage / Thrust fault

(d) x5
«n=32

S1,S28&

fold axes

=n=7 (S1) \"
-n=5 (S2)
+n=14 (F)

/
Si cleavage

Figure 12. (a): Detailed geologic map of the Eastern Zone near Lianyuan (Modified after 1:500
000 Geological map of Hunan, BGMRHN, 1988). (b) and (c): Cross sections of the area.

Stereographic plots (Schmidt lower hemisphere projection) of the structural elements, (d): bedding,
(e): Sy, S; cleavage and fold axes.
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Figure 13. Examples of structures observed in the Eastern Zone. (a): Sy bedding- S; cleavage
relationships in Carboniferous limy-mudstone layers indicating a northwestward F; fold vergence,
east of Anhua (N27°46.268’/E111°31.012"). (b): Strongly folded thin-layer Triassic limestone
(N27°53.639°/E111°37.699°). (c) S; cleavage refolded in a SE-vergent fold in Late Devonian
rocks, indicating that D, and D, both occurred in the Early Mesozoic (N28°09.767°/E112°05.173”).
(d) Gravitational collapse folds in Triassic sandstone interlayered with mudstone, west of
Changning (N26°23.541°/E112°29.062°). (e): Secondary collapse folds developed in both limbs of
an upright fold in Permian sandstone and shale series, east of Changning
(N26°23.434°/E112°29.882°).

3.4 The Deep Metamorphic Unit and the Decollement
Although most of rocks in the areas previously described in the Eastern Zone

show only a low greenschist facies metamorphism coeval with the polyphase
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deformation, metamorphic rocks are exposed in the deepest part of the Xuefengshan
Belt, around some of the Mesozoic granitic plutons (Figures 3b, 14a and 14b).

East of Chengbu (Figure 3), and around Lanrong (Figure 14a), the Proterozoic
rocks underlying the Late Neoproterozoic (Sinian) to Paleozoic series consists of slate,
schistose sandstone, quartzite and garnet-bearing two-mica schist. These rocks show a
pervasive foliation, and a mineral and stretching lineation. In some places, the well
developed foliation, represented by a 1 to 5 mm compositional layering marked by
alternation of quartz (light) and micaceous (dark) ribbons with a marked grain size
reduction, corresponds to a mylonitic fabric (Figure 15a). In these metamorphic rocks,
the sub-horizontal N-S trending foliation contains a WNW-ESE stretching lineation
(Figures 14d and 14e). The top-to-the-NW shearing is documented by asymmetric
pressure shadows surrounding garnet porphyroblasts, sigmoidal quartz clasts and
quartz veins. Isoclinal folds with axes parallel to the lineation formed during the
ductile shearing are also found (Figure 15b, 15c and 15d).

In the mica-schist, host rock of the Early Paleozoic Maoershan pluton, the
mineral lineation is represented by andalusite grains that were formed by the contact
metamorphism related to the granite emplacement, but reoriented during the ductile
shearing (Figure 15¢). The granitic intrusions, particularly the small monzogranitic
Lanrong pluton east of the Maoershan pluton (Figure 14a), are also ductilely
deformed. The granitic rocks are deformed and metamorphosed into orthogneiss, the
foliation of which dips to the west or east in the western and eastern margins of the
Lanrong body, respectively (Figure 15f). The mylonitic foliation formed by the
alternation of quartz-feldspar layers and biotite-rich parts exhibits a stretching
lineation oriented along the NW-SE trend, similar to that observed in the
metamorphic aureole and the country rocks of the pluton. Around the orthogneiss
massif, granitic dykes intruding into the micaschist and quartzite host rocks, are
highly sheared, boudinaged, or folded. These asymmetric lenses show an
unambiguous top-to-the-N'W sense of shear. All the deformation features indicate that
the ductile shearing occurred in a post-solidus stage after granite emplacement.

Upright folds and crenulations rework the synmetamorphic foliation and
lineation. Sometimes a subvertical crenulation cleavage pervasively develops parallel
to the upright fold axial plane (Figure 15¢). The superimposition of the early fabric by
a late one is also indicated by the refolding of isoclinally folded quartz veins in the
micaschist (Figure 16).

In summary, ductile and synmetamorphic fabrics indicate that the deepest
observed part of the Xuefengshan Belt was intensely deformed by a top-to-the-NW
shearing, leading to the formation of mylonites. We interpret this high strain zone as a
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ductile decollement along which the horizontal shortening, accommodated by folding
and thrusting in the upper sedimentary units, is transferred. The decollement was
folded in an antiformal pattern during the D3 event. The tectonic significance of this

decollement will be discussed in the forthcoming sections.
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Andalusite

Figure 15. Deformation features along the decollement. (a): Mylonite showing a well developed
banded foliation with alternations of quartz ribbons (light), and mica (dark), southeast of
Jiangping (N26°25.228°’/E110°26.868°). (b): Sigmoidal quartz veins in the mylonitic
Neoproterozoic quartzite, east of Jiangping (N26°10.109°/E110°43.674”). (c): Isoclinal fold with
fold axes parallel to the shearing direction, northeast of Lanrong (N26°17.885°/E110°26.868"). (d):
Garnet porphyroclast with quartz pressure shadows showing the top-to-the NW sense of shear,
southeast of Lanrong (N26°14.688°/E110°25.811°). (e): Crenulated micaschist foliation with
folded mineral, and stretching lineation marked by reoriented andalusite grains crystallized during
the emplacement of the Paleozoic granite, east of Lanrong (N26°21.002°/E110°26.180%). (f):
Mylonitized Paleozoic granite with foliated porphyritic granite (top) and fine grained biotite
granite (bottom), east of Lanrong (N26°19.743°/E110°26.519’) .
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Figure 16. Field picture and interpretation of D, isoclinal folds reworked by D; NW-SE trending
upright folds and crenulation in biotite-garnet micaschist of the decollement, southeast of Lanrong
(N26°14.743°/E110°25.979’).

4. Polyphase deformation and timing
4.1 Polyphase deformation

As depicted in the previous section from several examples in the Xuefengshan
Belt, the Neoproterozoic to Early Triassic rocks of the SCB experienced several
deformation events. In this section the general features of each event are synthesized.

The D; event corresponds to the top-to-the-NW thrusting and folding developed
in the entire Xuefengshan. Two different structural styles can be attributed to D,
deformation (Figure 17). In the Western Outer Zone, box-fold structures with
localized deformation in the fold hinges are the dominant structural element. Brittle to
brittle-ductile structures such as layer-parallel slip, and disharmonic folding are the
main features that accommodated shortening in the Western Outer Zone. In the
Eastern Zone, the D; deformation is essentially ductile. The dominant S; slaty
cleavage is axial planar to NW-vergent recumbent folds (F;). S; contains a NW-SE
striking mineral and stretching L; lineation. Shear criteria such as asymmetric quartz
or calcite pressure shadows, sigmoidal veins and sheared pebbles in Sinian tillite
consistently indicate a top-to-the-NW sense of shear, coeval with a greenschist facies
metamorphism. Moving eastward, the D; event is also recognized in the eastern, and
geometrically upper part of the Eastern Zone with similar structural features but

without synkinematic metamorphism. The ductile deformation observed at depth in
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the decollement which is developed along a NW-SE striking stretching lineation, and
exhibits with the top-to-the-NW shearing sense. This deformation is also attributed to
the D; event.

Wang et al. [2005] suggested that the top-to-the-WNW thrusting was
accompanied by a significant sinistral N-S to NE-SW trending strike-slip component
with subhorizontal lineation. However, based on our work, the D; deformation is
characterized by NW-directed folds and thrusts only with a NW-SE lineation and top
to the NW shear sense. Microstructural evidence for a strike-slip component, such as
high-angle foliation and subhorizontal stretching lineation, has not been recognized in
our study area.

The D, event is also widespread in the Eastern Zone. Several observations
unambiguously demonstrate that SE verging F, folds associated with a S, cleavage
overprint the D, structures. This event is not as intense as the first one since no
metamorphism and high strain zones are observed. Due to the top-to-the-SE D,
shearing, Sinian to Devonian strata, in the eastern part of the Eastern Zone, are largely
overturned by SE directed folding. These D, structures are also recognized by Wang
et al. [2005], but considered as coeval, not successive, with the NW-directed
deformation. The overprint on D; by D,, as shown above, is not in agreement with
this interpretation.

Lastly, upright Ds; folds with a subvertical S; cleavage and down-dip Lj
stretching lineation are developed in the Eastern Zone. In the field, it is sometimes
difficult to determine if this vertical cleavage represents S; turned to a steeper dip or a
newly formed Ss; cleavage. However, since the surface folded by the tight upright
folds sometimes exhibits a preferred orientation of platy phyllitic minerals developed
during D; metamorphism, the upright folds are attributed here to a D; event. In the
same way, the upright folding of S, cleavage can be observed in a few places, for
instance north of Chengbu.

Superimpositions of S;-S,, S,-Ss, and S;-S; cleavages recognized in several
areas of the Eastern zone argue for a relative timing of the polyphase deformation. As
a whole, the three deformation events correspond to the structural response of a bulk
NW-SE shortening. The D; event characterized by top-to-the-NW asymmetric
structures, and a deep-seated ductile decollement layer with similar kinematics
suggests that the formation of the Xuefengshan Belt is related to northwest directed

crustal scale shearing.
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Figure 17. Summary of the main deformation structures. D;, D, and Dj events recognized in the

Western Outer Zone, the Eastern Zone and the Deep Metamorphic Unit of the Xuefengshan Belt.

4.2 Timing of the Dy, D,, and D3 events

As mentioned in section 2.3, the Early Paleozoic event is restricted to the
southeastern part of the Eastern Zone where the pre-Devonian structures are
represented by south-verging folds (Figure 4). Furthermore, both Early Paleozoic
synmetamorphic deformation and crustal partial melting are absent in the
Xuefengshan. As already demonstrated to the east of the Xuefengshan (e.g. Faure et
al., 2009; Charvet et al., 2010), the Late Silurian-Early Devonian plutons that intrude
the Early Paleozoic folded series are undeformed. Middle Devonian or younger rocks
directly overlie the granitoids. It is hereby concluded that, in the Xuefengshan Belt,
the post-solidus ductile deformation of the granitoids took place after the Early
Paleozoic orogeny. Thus, the Xuefengshan Belt shows hardly any evidence of the
Early Paleozoic orogeny of SE China.

From Neoproterozoic to Early Triassic, the sedimentary rocks involved in the
Xuefengshan Belt were deposited in a shallow sea environment except for during a
short hiatus between Late Silurian and Early Devonian. But Middle Triassic strata are
missing in the Xuefengshan Belt. The subsequent Late Triassic to Early Jurassic

sedimentary series consists of clastic rocks conglomerate, sandstone and mudstone
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derived from the erosion of the Xuefengshan Belt. These Mesozoic deposits are
post-orogenic products accumulated in small intramontane basins. In contrast to the
pre-Middle Triassic strata that are all involved in folding and thrusting, Late
Triassic-Early Jurassic strata show only limited brittle deformation [BGMRHN, 1988;
Shu et al., 2009]. At depth, the ductile deformation related to the decollement
described in section 3.4 involves mylonitized Early Paleozoic granitoids [BGMRHN,
1988; Zhou, 2007], and their Proterozoic country rocks. Thus, the ductile deformation
along the D; decollement belongs to the Early Mesozoic event. Furthermore, the
Triassic aluminous to peraluminous plutons, which intrude already deformed rocks
are found widely distributed across the Xuefengshan Belt (Figure 3b). These
magmatic rocks, devoid of any ductile deformation, are dated between in 225-200 Ma
[Ding et al., 2005; Chen et al., 2006, 2007a, 2007b; Wang et al., 2007a; Li and Li,
2007; Li et al., 2008]. These lines of evidence indicate that the D; and D, events
occurred between 240-220 Ma. The Late Triassic plutons crop out in the core of
upright anticlines ascribed to the D3 event. As observed in many belts, the granitic
plutons are responsible for a regional deformation during their emplacement.
Although radiometric dating of the D3 folding is not available, it appears rather
reasonable to consider that the D; event is coeval with granite emplacement, because
the upright folding was formed due to locally compressional environment.

The three events can also be understood as three increments of the same
deformation continuum. During the Early-Middle Triassic evolution of the
Xuefengshan Belt, the regional NW-SE shortening was firstly accommodated by a
NW-directed flat-lying ductile shearing. As in various orogenic belts for instance in
the Alps, [e.g. Escher and Beaumont, 1997], Himalaya [Godin et al., 1999] or Taiwan
[Malavieille, 2010], a bi-vergent fold system develops in the Xuefengshan Belt. In
agreement with analogue experiments and numerical modeling, [e.g. Willett et al.,
1993; Beaumont et al., 1994; Malavieille, 2010], back-folding will form in the layers
that cannot be underthrusted below a frontal thrust, (i.e. the MXT in the case of the
Xuefengshan Belt). The continuing convergence, responsible for overthickening in
the western Eastern Zone of the Xuefengshan Belt, induces an instability that will be
removed by back-folding and back-thrusting as illustrated in the Alps and Himalaya
[Escher and Beaumont, 1997; Godin et al., 1999]. Experiments also show that a
conjugate deformation with NW- and SE-verging folds, may occur simultaneously. In
the Xuefengshan Belt, the timing of box-folding in the Western Outer Zone is not
well constrained. Thus, the eventuality that box-fold developed during the D, event
cannot be excluded. Lastly, D;upright folding and vertical stretching accommodated
the last stage of continuing shortening.
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5. Discussion
5.1 Bulk architecture of the Xuefengshan Belt

The regional top to the NW ductile shearing with folding and thrusting in the
Xuefengshan Belt has been recognized by other geologists in spite of differences, as
stated in section 2, in the structural style, or the timing of the deformation [Qiu et al.,
1998, 2000; Yan et al., 2003; Wang et al, 2005]. Moreover, the general
interpretations proposed in these models are not in agreement with the structural
features described above. According to our survey, from west to east, we subdivide
the Xuefengshan Belt into several zones, which correspond to different deformation
types (Figures 3 and 17). Yan et al. [2003] considered that the Neoproterozoic rocks
of the Wuling Mountain and Xuefeng Mountain form a klippe overthrust onto the in
situ Paleozoic series. However, our field observations are not consistent with this
interpretation. Indeed, superposition of older rocks above younger ones can be locally
observed. This feature is the consequence of collapse folds formed by gravity sliding
along highly dipping layers [Faure et al., 1998]. Thus evidence for long-distance
thrust is not confirmed by our survey.

In the western part of the Eastern Zone, east of the MXT, cleavage is
widespread in Neoproterozoic and Paleozoic strata, and exhibits a fan-like pattern,
with a dip to the SE associated with NW-verging folds, whereas in the east, the
syn-schistose folds verge to the SE and the cleavage dips NW (Figures 8 and 11).
Top-to-the-SE shearing indicated by folds and thrusts is interpreted as a back-folding
or back-thrusting event. The large-scale inversion is well developed in Upper Sinian
to Devonian sedimentary rocks where a back-folding boundary can be identified
(BFB, Figure 3b). Superimposed folding shows that SE-vergent folding post-dates the
NW-vergent folding.

East of the Chenzhou-Linwu fault (Figure 3), well preserved Early Paleozoic
structures are weakly reworked by the Triassic deformation. The Late Neoproterozoic
to Ordovician, sedimentary series is deformed by E-W to NW-SE trending folds, with
SW-vergence and a NE- dipping slaty cleavage. A ductile decollement that separates
the folded sedimentary series from underlying metamorphic rocks is described in
Jiangxi Province, east of the study area [Faure et al., 2009]. A similar structure is also
inferred east of the Chenzhou-Linwu fault. Thus, this fault represents the eastern limit
of the Early Mesozoic Xuefengshan Belt.

In the outer zones of collision belts (e.g. Alpine Jura or Zagros Fold-and-Thrust
Belt), decollement layers develop in low strength rocks such as evaporites or black
shales to accommodate the bulk regional shortening [e.g. Escher and Beaumont, 1997,
McQuarrie, 2004]. Below the decollement layer, basement rocks lack strong and

214



pervasive deformation. In the Xuefengshan Belt, a major crustal decollement must be
formed at the base of the Proterozoic to Early Triassic sedimentary series in order to
accommodate the NW-SE shortening recorded by the D; event. The Early
Neoproterozoic mudstone and siltstone series corresponds to this decollement layer
(Figure 2). Due to the D3 upright folding, a portion of this high strain discontinuity is
exposed in the Chengbu area in the core of a D3 antiform (Figures 14 and 18), but the
underlying basement is not observed in the Xuefengshan Belt. In the study area,
available crustal scale seismic data that may constrain the deep geometry of the
decollement are rare, and inaccurate [Qin, 1991]. A SE dipping reflector that might
correspond to a decollement is imaged in Central Hunan, below the Eastern Zone.
Thus, we argue that the MXT and other thrusts are rooted in this decollement layer.
We interpret the upper crustal deformation responsible for thrusts, folds, and slaty
cleavage as thin-skin tectonics underlain by a major decollement, rather than a thick
skinned thrusting [ Yan et al., 2003]. However, a thick skin tectonic style involving the
basement of the Eastern Zone cannot be ruled out since seismic data are not available.

A question arises about the eastern extension of the decollement. Two
possibilities can be put forward. The simplest one is to assume a single decollement
layer that deepens eastward up to the Chengzhou -Linwu fault. Such a structure will
develop southeastward for more than 300km that might be considered as unrealistic.
Furthermore, in this case, the origin of the D, back folding in the Eastern Zone can be
the result of SE-directed thrusting through the decollement (Figure 18a). Another
possibility would be to consider that the decollement deepens eastward below the
Eastern Zone (Figure 18b). In this interpretation, the east of the Eastern Zone would
be underlain by a second decollement. Such a geometric pattern may account for the
development of the D, back folding and back-thrusting that would be rooted within
the decollement. Whatever the right interpretation, the intracontinental Xuefengshan
Belt is clearly underlain by a high strain layer that separates the upper crustal rocks
that deformed by thrusting and folding and the middle to lower crustal rocks that are
not exposed. This hidden basement corresponds to a piece of the SCB. In order to
accommodate the shortening experienced by the Late Neoproterozoic (Sinian) to
Early Triassic sedimentary series, the underlying basement must have experienced
intracontinental underthrusting during the Triassic. Since East of the Chenzhou-Linwu
fault the Triassic deformation is weak, and the Early Paleozoic tectonics is the main
feature, this fault that represents the eastern tectonic boundary of the Xuefengshan

Belt can be interpreted as a back-stop.
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Figure 18. Two possible interpretative bulk cross-sections of the Xuefengshan Belt: (a) and (b),
located in Figure 3b. The Triassic decollement, observed in the core of the D; anticlines, separates
the upper crust deformed by NW-directed folding and thrusting, and the middle-lower crust
deepening to the SE. The Xuefengshan Belt is intruded by late Triassic peraluminous granitic
plutons. SE of Shaoyang, the pre-Devonian series are folded by S-verging folds, but these folds
parallel to the line of section are not represented. East of the Chenzhou-Linwu fault, the Triassic
deformation is weak. The main structure developed during the Early Paleozoic orogeny
corresponds to S or SE-verging folds underlain by a decollement (cf. Faure et al., 2009). The
crustal structure of the Xuefengshan Belt can be explained in two cases. For hypothesis (a), one
decollement is depicted rooted in the Chenzhou-Linwu fault. SE of Shaoyang, due to the second
phase of top-to-the SE shearing, the decollement is cut by a D, SE-directed thrust coeval with S,
cleavage. In hypothesis (b), two layers of decollement are inferred. The western one is rooted
below the Eastern Zone, whereas the eastern one deepens eastward, and is rooted in the
Chenzhou-Linwu fault. The D, event, top-to-the-SE, reworks the Neoproterozoic to Early Triassic

sedimentary series, but the D, thrust is rooted in the decollement.

5.2 Tectonic implications for the SCB

During the Early Triassic, the SCB underwent several orogenic events along its
boundaries. To the north, the SCB subducted beneath the North China Craton [Hacker
and Wang, 1995; Faure et al., 1999; 2008]; to the west, the Songpan-Ganzi and
Longmenshan Belts record evidence for Triassic deformation [Wallis et al., 2003;
Harrowfield and Wilson, 2005; Roger et al., 2008, 2010], and to the southwest, the
Yunnan-Guangxi-NE Vietnam Belt separates the SCB from Indochina [Lepvrier et al.,
2008, 2011; Carter et al., 2001; Carter and Clift, 2008]. While the tectonic evolution
models of the SCB must obviously also consider these three orogenic events, an

extensive discussion of the tectonics of the SCB is beyond the scope of this paper.
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The Xuefengshan Belt has been interpreted as the result of the westward progressive
collision of the Yangtze Block with the North China Block during the Late Jurassic to
Cretaceous [Yan et al., 2003], but the Middle Triassic event, which is clearly
postdated by the Late Triassic plutons and the regional Late Triassic unconformity, is
not distinguished from the Cretaceous one. Other authors proposed that this belt is the
western part of an Early Mesozoic oblique convergent zone, with another structural
belt in western Fujian Province as its eastern part, formed due to the relatively weak
mechanical behavior of the SCB that was surrounded by the more rigid North China
and Indochina blocks. The entire SCB was deformed in a diffuse manner with a
bi-vergent structure, that is, top to the NW thrusting in the Xuefengshan Belt and top
to the SE thrusting in western Fujian Province, east of the Chenzhou-Linwu Fault
[Chen, 1999; Wang et al., 2005, 2007c]. However, the top-to-the-SE structures in the
southeastern part of the SCB are assigned to a Late Jurassic event [Chen, 1999], while
the Xuefengshan Belt is formed in Early Mesozoic. Thus, the two parts of the flower
structure across the entire SCB did not form in the same time.

Recently, the South China fold belt was interpreted as a 1300-km wide
intracontinental orogen [Li and Li, 2007]. The temporally and geographically
restricted Late Triassic shallow terrestrial or lacustrine basins represent post-orogenic
deposits, and the Early Triassic marine limestone strata of Hunan and Jiangxi
provinces both indicate similar platform depositional environment [BGMRJX, 1984;
BGMRHN, 1988]. According to this model, folding and thrusting, syn-orogenic
magmatism, and foreland basin deposition migrated toward the SCB continental
interior in response to the flat-slab subduction of the Pacific plate. However, the
timing of the onset of the Pacific plate subduction is still under debate. Some authors
suggest that west-directed subduction did not start until ~125 Ma [Engebretson et al.,
1985], but others argue that subduction already started in the Early Mesozoic, even in
Late Permian [Li et al., 2006]. Moreover, at the scale of the SCB, the radiometric ages
of the Triassic plutons, ranging from 220 Ma to 208 Ma, are randomly distributed
[Ding et al., 2005; Chen et al., 2006, 2007a, 2007b; Wang et al., 2007a; Li and Li,
2007; Li et al., 2008]. These granitic plutons do not show a magmatic trend younging
from SE to NW that might be related to the progressive flat-slab subduction of the
Pacific plate as proposed by Li and Li [2007]. However, Triassic NW-directed
subduction is preferable, as suggested not only by Permian arc magmatism in Hainan
Island to the south, but also by Late Permian to Early-Middle Triassic high pressure
metamorphism in the Japanese islands [Faure and Charvet, 1987; Faure et al., 1988;
Li et al., 2006]. Although still speculative, in the present state of knowledge of the
SCB geology, the far-field effect of the Paleo-Pacific subduction model accounts well
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for the structural features described in this paper, and the overall tectonic evolution of
the Xuefengshan Belt.

5.3 Insights for intracontinental orogenic belts

In the past 20 years, numerous intracontinental orogens have been studied by
multidisciplinary approaches [Hendrix et al., 1992; Avouac et al., 1993; Choukroune,
1992; Hand and Sandiford, 1999; Sandiford et al., 2001; English and Johnston, 2004,
Faure et al., 2009; Charvet et al., 2010 and enclosed references]. In the Alice Springs
and the Pyrenees belts, for example, deep crustal or lithospheric structures are
revealed by seismic profiles. It is noteworthy that most of intracontinental belts are
characterized by thick-skinned tectonics, induced by remarkable crustal displacement
or continental subduction [Goleby et al., 1989; Choukroune, 1992]. However, the
Xuefengshan Belt is a particular chain with a regional high-strain decollement layer
but no exposure of high-grade metamorphic rocks. Thus a thin-skinned tectonic
evolution is preferred here. Among the intracontinental belts worldwide, the Jura belt
is also a well established thin-skinned orogens with a basal decollement represented
by Triassic salt formations. On the contrary, without detailed seismic data, the deep
structure of the Xuefengshan cannot be well constrained. Therefore, a thick-skinned
model cannot be completely ruled out.

As a regional back-stop boundary for the Xuefengshan Belt, the Chenzhou-Linwu
fault played an important role in the Early Mesozoic tectonics. This fault is also
considered to be the potential suture zone between the Yangtze block and the
Cathaysia block during the Neoproterozoic collision [Wang et al., 2007¢].

Furthermore, in intracontinental tectonics, an internal weak zone is the place to
localize the deformation induced by the compressional stress developed in response to
subduction or collision at plate margins, and thereby triggers an intracontinental
deformation. In the Pyrenees orogen, the most intense Cenozoic deformation was
accommodated within the pre-orogenic continental rifts basins opened during the
Cretaceous [Choukroune, 1992]. The Alice Springs orogen is a reactivated Paleozoic
belt superimposed upon the Neoproterozoic-Early Paleozoic Petermann orogen [Hand
and Sandiford, 1999; Sandiford et al., 2001]. The Late Paleozoic Tianshan orogen
was compressed and uplifted again during the Cenozoic, due to the Indo-Asia
collision [Hendrix et al., 1992; Avouac et al., 1993]. Therefore, the weak zone along
which an intracontinental belt will develop is a pre-existing crustal weak zone such as
a rift, or a regional fault zone formed during an older orogeny, along which the

continental crust has been rheologically softened. In our case, we infer that the Early
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Mesozoic Xuefengshan Belt was an intracontinental belt developed as a result of the
reactivation of the Neoproterozoic Chenzhou-Linwu fault.

The geodynamic cause of intracontinental orogens is still a matter of debate.
Far-field effects of either remote flat-slab subduction or continental collision are the
favored interpretations [e.g. Dickinson and Snyder, 1978; Avouac et al., 1993; English
and Johnston, 2004]. Nevertheless, a peripheral compressional stress perpendicular to
the orogenic belt is a prerequisite to the formation of an intracontinental orogen, no

matter this push is originated from subduction, collision, or ocean ridge extension.

6. Conclusion

Our new structural data, combined with previous works, allow us to establish the
following statements.

1. The Xuefengshan Belt can be divided into two tectonic zones. (1) The
Western Outer Zone is characterized by box-fold structures with gravity collapse
folds and layer slip in the fold hinges; (2) The Eastern Zone represents the most
complex domain in which ductile deformation is coeval with weak greenschist facies
metamorphism. NW-directed thrust and folds associated with a pervasive axial planar
slaty cleavage are reworked by two superimposed deformation events. The folded
Neoproterozoic to Early Triassic sedimentary series is never overthrust by old
basement rocks.

2. The bulk architecture of the whole belt results from polyphase deformation.
The D, event, characterized by a top-to-the-NW ductile shearing, is responsible for
the main structure of the Xuefengshan Belt. The D, event, observed in the Eastern
Zone, corresponds to a back-folding and back-thrusting stage with NW-dipping
cleavage. The D, folds superimpose upon the D; ones. D3 is responsible for upright
folds with vertical axial planar cleavage, and vertical stretching lineation. The
deformed rocks belong to the upper continental crust, which is underlain by a ductile
decollement layer that can be observed in a few places due to the D; upright folding.
Since this decollement layer is characterized by a NW-SE striking lineation, and a
synmetamorphic top-to-the-NW ductile shearing that complies well with the
northward vergence of the entire belt, the ductile deformation along the
decollement likely developed during D;. As a whole, the Xuefengshan Belt is the
result of a NW-SE shortening that involved the entire Early Triassic to Late
Neoproterozoic sedimentary upper crust of the SCB. The Proterozoic basement of the
SCB is not involved in the bulk structure of the Xuefengshan Belt.

3. The main deformation of the Xuefengshan Belt began after the Early Triassic
and was completed before the deposition of the Late Triassic continental to lacustrine
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terrigeneous deposits, and also before the emplacement of the Late Triassic
peraluminous granitic plutons. The deformation lasted around 20 Ma, from 240 Ma to
220 Ma.

4. The Xuefengshan Belt formed contemporaneously to the South Qinling-Dabie,
and Longmenshan-Jinshajiang—SW China-NE Vietnam belts that developed along the
northern and southwestern margins of the SCB, respectively. Although the two belts
can be related to interactions between the margins of the SCB and, the North China
Block and Indochina Block respectively, the geodynamic setting of the Xuefengshan
Belt remains speculative. In spite of lack of reliable geophysical data on its deep
crustal structure, the Xuefengshan Belt is interpreted as an Early Mesozoic
intracontinental orogen, in which southeastward underthrusting of the SCB
accommodated the folding and thrusting of the upper crustal sedimentary rocks. This
early Triassic orogen possibly originated as a far-field effect of the northwestward
Pacific subduction below the SCB.
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Abstract: In intracontinental belts, a basal decollement layer often develops to
accommodate the shortening at depth due to folding and thrusting of the sedimentary
cover. In the Early Mesozoic intracontinental Xuefengshan Belt of South China, such
a decollement layer is exposed in the core of anticlines formed by the emplacement of
the late orogenic granitic plutons. The detailed, multi-scale structural analysis of the
basal decollement layer documents the synmetamorphic ductile deformation. In the
basal decollement, the Neoproterozoic pelite and sandstone and the intruding Early
Paleozoic granites are changed into mylonites and orthogneiss, respectively. The
metamorphic foliation contains a NW-SE striking stretching lineation associated with
top-to-the-NW kinematic indicators. These high-strain rocks can be correlated with
the NW-verging folds and thrusts recognized in the Neoproterozoic to Early Triassic
sedimentary cover. Monazite U-Th-Pb chemical dating, and zircon SIMS U-Pb dating
provide age constraints of the ductile shearing between 242 and 226 Ma, and late
orogenic granite emplacement around 235-215 Ma. In agreement with recent
geochronological data, these new results show that the Xuefengshan Belt is an Early
Mesozoic intracontinental orogen, dominated by the NW-directed shearing and
thrusting, and not a Precambrian or Early Paleozoic one. At the scale of the South
China block, to the SE of the Xuefengshan Belt, the Chenzhou-Linwu fault separates
the Early Mesozoic and the Early Paleozoic domains, to the NW and the SE,
respectively. This fault acted as a major boundary in the orogenic evolution of the
intracontinental Xuefengshan Belt. The architecture of this belt was possibly
originated from the continental underthrusting to the SE of the South China block in
response to the northwest directed subduction of the Paleo-Pacific plate.
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1. Introduction

Because of their considerable distance, 1000 km or more, from active plate
boundaries, the intracontinental orogens remain an enigmatic tectonic feature for
geologists. Compared to collisional or accretionary orogens, evidence for oceanic
subduction such as ophiolites, accretionary complex, serpentinite, mélange, and
arc-related magmatism are lacking in intracontinental belts. Examples of
intracontinental belts are provided by the Miocene Tianshan orogen of Central Asia
(e.g. Molnar and Tapponnier, 1975; Tapponnier and Molnar, 1979; Hendrix et al.,
1992; Avouac et al., 1993), the Cenozoic Laramide orogens in Western USA (e.g.
Dickinson and Snyder, 1978; English and Johnston, 2004), the Cenozoic Pyrenees in
Europe (Roure et al., 1989; Choukroune, 1992), the Neoproterozoic Petermann and
Paleozoic Alice Springs orogens in Central Australia (Hand and Sandiford, 1999;
Sandiford et al., 2001; Raimondo et al.,, 2010), and the Early Paleozoic
intracontinental belt of SE China (Faure et al., 2009; Charvet et al., 2010). These
intracontinental orogens are characterized by fold-and-th