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Late Mesozoic extensional tectonics in South China

Abstract

Late Mesozoic extensional tectonics is widespread in the eastern FEurasia, as
manifested by extensional domes (metamorphic core complexes (MCC), syn-tectonic
plutons and related ductile normal faults or detachments) and rift basins. This thesis
selected Late Mesozoic extensional structures developed in three different tectonic
locations of the South China block: (1) the Tongbai-Dabie HP/UHP orogenic belt along
the northern edge of the South China block; (2) the Dayunshan-Mufushan batholith in
the middle segment of the Jiangnan orogen; (3) the Huangling anticline within the
Yangtze craton. Detailed studies by structural geology, anisotropy of magnetic
susceptibility (AMS) and geochronology (zircon and titanite U-Pb dating, monazite
U-Th-Pb dating, amphibole. mica and K-feldspar *’Ar/*’Ar dating) were conducted.

The expression of these extensional structures is not same. The Tongbaishan
complex and the Central Dabieshan complexes constitute two extensional structures
superimposed on the Triassic Tongbai-Dabie orogen. They behaved respectively as a
huge A-type extensional antiform and an orogen-scale metamorphic core complex.
Detachment faults developed at periphery of these two complexes. The deformation is
characterized by a NW-SE trending mineral and stretching lineation and top-to-the-NW
kinematics. Coeval with migmatization and syn-tectonic magmatism, the extensional
regime started at ca. 145 Ma, and approached its climax at ca. 130 Ma that was signaled
by removal of the pre-eixsting orogen root. Additionally, the Tongbaishan and
Dabieshan, together with the Shuangfengjian and Daleishan in the Hong’an area also
recorded a late (110-90 Ma) extensional event. The Dayunshan-Mufushan batholith is
composed of two phases of granitic intrusions with Late Jurassic (ca. 150) and Early
Cretaceous (ca. 132 Ma) ages, respectively. The late pluton emplaced under a NW-SE
extensional setting corresponding to the Early Cretaceous crustal thinning process, with
a single detachment fault developed along its western margin; while the early pluton
recorded a NE-SW stress, which might represent a crustal thickening process by Late
Jurassic compression. The Huangling anticline is a nearly N-S striking asymmetric

dome, with a steep western flank and a gentle eastern flank. The sedimentary cover on



the two flanks was involved in a series of oppositely directed gravitational décollement
and layer-parallel slipping that accommodated to its uplifting. According to the
structural superposition relationships, the Huangling anticline formed between the Late
Jurassic and Early Cretaceous, which is consistent with the obvious cooling process
revealed by thermochronology. Above series of Cretaceous extensional structures in
different tectonic levels (exhumation of middle-lower crust by strong stretching,
syn-tectonic emplacement of granitic pluton with limited stretching amount,
deformation of sedimentary cover under a weak extension) indicates that the South
China was involved in the regional extensional regime responsible for the destruction of

the North China craton.

Late Mesozoic extensional tectonics in eastern Eurasia (from the Transbaikalia
region in Russia to inland of the South China) constitutes the largest crustal extensional
province in the world. A general Cretaceous NW-SE stretching has been documented,
which seems to become weak toward the South China inland. Deep crustal rocks were
exhumed from different levels by detachment faults in these extensional structures that
induced intensive reworking of the middle-lower crustal structure. Studies on the
extensional domes and related detachment faults reveal that peak of exhumation
occurred at 130-126 Ma. Most the extensional domes developed in the lithospheric
weak zones (or overprinted on pre-existing orogens), delamination of thickened
lithospheric keel in different sizes could be considered as the leading mechanism of the
extensional province. This work provides fist-hand structural evidence for further
discussing the temporal-spatial framework and geodynamic setting of the Cretaceous

extensional tectonic in the eastern Furasia.

Key word: South China block, Late Mesozoic extensional tectonics, Metamorphic core

complex, Syn-tectonic pluton, Destruction of the North China craton
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Figure 1-1 Tectonic map of Late Mesozoic extensional tectonics in the eastern margin of Eurasin

(modified after Lin et al., 2013a)

F b, FERRE KR ARG R B H — R b AR R s i & S 1% (Lin
and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a; AFEZE, 2013a)H1 K7 b 75
(Ren et al., 2002; Meng et al., 2003; S.Z. Li et al., 2012a), LAK 52 MIEEHEH B 5%
1% E(Wu et al., 2005; Yang et al., 2008). iF — 43k, KEMHF . hER{L A A TR
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YRR R IR 7o A AL AR R R, 2RISR SRR T AR E
YR 5E R 3 - - DURRAE T SR8 A P - S Pl 45 ) B e WA LA FH 45 5 S )
FOARZR . AR RON (A 32 1 5 27 A DAy R R o 308 B A ) U R I 1] R 2 8] 5 BB ik
7 E TR SR, 2013a ) 225 30R). M AR R B R RCE K B T
VB A e by 3k () SR SR IR )2 20 Al T A Ak so bl S SR IX, Myl 1 AR K
b 5 Ae 2 DX (I 1-1), 5 a8 22 1732 DLIn 7 A 52k [ A6 35 1B [X [ Buteel-Burgutoy
AR A% A4 7 (Mazukabzov et al., 2006; Donskaya et al., 2008). ZaganFJiit% 4% A
(Sklyarov et al., 1994; Donskaya et al., 2008). Ereendavaa”¥ Jii 1% 2% % (Daoudene et al.,
2009, 2011)%%; b 7E HF AR FHh X 130 F (B AR A1 5K 7, 1993; Webb et al.,
1999a). FEAIVEREAS JFi#% 4% = (Darby et al., 2001; Davis et al., 2002; Davis, and Darby,
2010; Guo et al., 2012). BEIIIL A 7 S (ARG %45, 2001; Han et al., 2001; F#itAl
V2R, 2005) B2 AATA] LU AR A% A% 5 (1) B AR 55, 1999; Darby et al., 2004; Zhang et al.,
2012; Lin et al., 2013a, 2013b). PH1lIZA K SFECRIEIK, 1996; He et al., 2009; Yan et
al., 2006, 2010; Y. Wang et al., 2011). =52 L1138 Jfi#% 44 45 (Davis et al., 1996, 2001).
AR B R X B G I F AR AR A E I — L [ M I A6 X 5 A1 4R B T2 (Liu et al,
2005; Lin et al., 2007a, 2008a, 2011; AH:5%, 2011a; XK HKEE, 2011; Charles et al.,
2012; Liu et al., 2013) AR - By { & [X R0 FE R I- FR K IR 4 75 4 (Charles et al., 2011)
B e 3 B 7 2 (Hacker et al., 2009); bR 1)/ NRIG AR % 42 % (Zhang and
Zheng, 1999).

IR PRI B =2 0 PEG LKk, L FIVE WO K R (1 — 35 43 5 N
R G AR R . Wb AR AR R AR R (R R B R IR 25 S 2 LA R A %
f 1 S - 55 = et - b B R M, X — bR TS R B R 2504 4 (Glider et all.,
1996; Li, 2000; £F R4, 2004; &7 R WF1 T 483, 2006; Shu et al., 2009). F4b, 4
T P O | 22 A P S R A B IX B A7 AE 3 W S 1K) 2R 7t 22 5 (Zhang et
al., 2011). X LLF% B 46 B B BRAE M b AR AR T BB ) T 28 BL T b se b s il R
[ A P el v Bk e A S AR 5 AR b SO RDE AR LU T, A R I P AR A
SV A PRV 50 0] 5 S DR R A (R 5 R e G, R T KRR A % HhER L
FREARE AR, JF BRI Tl KPR iR 5 A JE B 2 [ AT R 3l )
BRR, W RIEENRIAZ TG 3K SR SRR S O b a2
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%%(Zhou and Li, 2000; Zhou et al., 2006; Li and Li, 2007; Ling et al., 2009; Jiang et al.,
2009, 2011; Wu et al., 2012; X.H. Li et al., 2013). {HZIXELHf 58 354 T2 R K e
A AR 5 A 1) 58 BE ) ) 2R, 70 L DR Bl T R R AL I 5 1 2 TR (T R
WANEHTES, 2002; VEBERAE, 2008; KEMFSE, 2012). tb4bh, FaAbEE Bk e AFE
o [ Ko 58 MU BB 5L FE AR AL I 2R TG SRR, B AR AR T e i ARG o A P el v
R P SR FE AR ANARTT. DRI, F Je T 40 (14 440 3 b 5 2% AR X T 7 A6 R AR R
W AR AR A K e B 4 L HESI /R H.

IR AL I 1R AR RIL % 5 R B VR e A G (R A A - )3 1y, 38 ik
P BB X K 2o 1 - B L L s BN B i R, R AR E T R R .
ORI (AR AR 5 45 AR 7 MR L A0 RO AT 2 25 P R e — N B 1 SRR AR I 2 5 4,
i AE AT FE R R AR (R 2, 2011). WD 70 B R 1L BAT S A AR A% 2
e, 2 S L0 3 - T R B A B S KRB 5 TR B, 38 1L
SRR A A A VR T e S R 20k 8 B B 1 3 B 067 2 (B2 SOR A%, 2011). A7 LM
&L B K = 1L -FE B LA S PR = L X R 5 5 B 2 AR B R Rk
BIUIAE, BN AR R (R P, 1998). BFAME Y BoRTE B R
BT JZ DA TS 10 BRUZ M R AR, AR BN A RS T BN
322 E(EZFSE, 2010; Ji et al., 2014).

AN S VAR R A A G A A R A e I Rt X AR - KA L
Kz - B L RS A T R 9 E R HE DX, KRk 5 ) REST A2 T M g SR R (X e o 2R
AR AL E B A B AR R Eo 4R AL TE hL B R R I 25 B WA 2, e B XA R A,
200 PR A i X G e 2 A R A i A AR B R 22 [ Jé AV, I 5 R et —
A0 LEIR T FL AL, Dl 2 s i o A A A B it 16 K ) L2 (A P JEL i

2 5T N 2 A1 75 #:Scope and methods

A S PLHE g BB i vh AR A R AG 3 BT A R, e O A - K ) L A
EIRER K-8 oK, 3 K A 77 B RE A E fdir « REZH A
(AMS), %A FHEAU-PoEE . MUE A B IR g EMA P ArE 4.
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2.1 W5 N % Research scope

(DRRAA- K03 Ly 1 220 e Ay 3 1) L i

8 LA T PR e FR T TR A R3] L e B PR 5 L 20 22 M A D8 i S ) UL SR A K
1L X2 SR H S 20 AL I A B A P . X e fre by 3 EAT PR A A i
FAAT, ) T LA A R B SRR, U I8 2 AT O A ArR T AR AR R T,
ST AP PR A 3 5 A KUK BA IR PR RT3 — 3 L i e fre 5 g e e 0 e L 2 34 o L/ s
3@ Ll iSOG 1 ) K LBl 1122 5.

QYK 2 h1-F B L 5 B i AL I AR AL R 7T

MAE B 5 AT o S Fee ity R i T LT 2 RIS 3 s AT, W5 e AR A A 2
IR IE AT HEAT 70 brs D9 T il K T A e A ) A B S R AL, AR IR F 00 e Ak ik
1T 7 RGHA R & 7 3 ME(AMS) B AT, BASRAS A A R A 4543 U-Pb &
MR A TR E S E R A RAL I AR R A R AR BRI AL SR8 A
DL AP EVANR YIS N A IS

(3) T 2 1 ALY e A AT 2 FL R A ) SR A 7

TR R IOAL I TLAAT 2 TR, A% AR o R R RN A B URR 36 2 K B TR ARRAIE ;i
W RUZ A R BEAE A (R A . FRCE FR A A ) R I KA T 2 Y i
(MDD AN 5T, 454 O A U-Pb, °Ar/*’Ar, Rb-StHIFT 5 (U-Th)/He % & S 4FAR
R R BT R R G AR LR A Ak 7 S5 4 X ) i A g b X
IR JE S, PRI 3 5 T AR AR B T I 5 A FE R I L

(4) T H Hh A AR A 3 OB R A

LR OB, b iR A A A G 1 S s R, R S AR TR A
SRHIE FEARS B, DA B r 2 e 25 A A PR R e ) s i S O 3R 3
2l 3 =LA i) R Ak 2.

2.2 W5t J7 1% Research methods

(DBRHART: 2 BCERAPPAG S SORORIH T . BRI BRI TR
FE RS T AN SR AT AT ) [ Y A S sl ZS AN T T Tt R R B, T )
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AT I TR AIAEAE [, Oy Jim 52 1) B P AT == N F FE S B4 S AR s

(2)BF A1t o ] AR 3 5 =2 7T DA 12 20 5 IX st o SR S Al [R] I 45 &
JEERHIX 105 73 XSkt o BORE, DA ) T D 2 45 5 T KOOI R, T RGN
RIS ST 2, PR T X REAT s A A BT R oy, R GUR SRS e A i
WEFERT A dh. R Sh iR Sk -TFAR Ay AR RS 3G A T R A HLI 4 5 AE —
2, AE N Z AN [ ARG BT 1 U SR AE Bl IR R AN RIR AR I & R 4
(1] FE AT Y Bl b FE AL S e AN B I ok 2, BE M0 HEAT AT IR B4l 75 SR AN R 1K
PG HAF R AR XSG T 55, &5 CAT ARG 2 R BR A BORL A4 36 AR
BEAT 2 ALE.

QA Z A A PE(AMS) I FT: XKz -3 5l s 5 R \LE B R RS
PRBEAT T HEALAIWE T, 1 St wf U IX A 1 DR b Sk HEAT AT, W AMS R
FE AR, SR 8 P Al LAE B Ah AR SR AR € [ RE . JE I W 240 1R B kA
A ARG B ARG LR B, 3T 25 5 AL 3G MR b b b AR RO A 3 ) LT 2 R A2
B X I ST 7 AL

(A FEARFEHE T R A8 A RS A U-Pbg 4 DL S A HE TR SRR A
JRCE IR B A AR, 5 2R DR AL AR, TE R G AT AN 738 T AR AE W 42 119
Sl b, R FUIX N RO IE B U sl N A A A e (1 R A TR (A T A
Aot Bafh, KOS B Ay ArER T, R R AR

3 WX LAEE. FEEWF R AT £ Workload, main results and

innovative points
3.1 3 LAE & Workload
AW SCATE R i) TAEE A N R s

1.1 WX IfEE

Frs | TAENE HeE | AL
1 5 71 b Jo 3 5 s 1] 6 H
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2 S AU A 963 | A
3 B A >1000 | 5K
4 SN 20 %
5 FE il K AR 275 | Bt
6 2| B A 60 I3
7 FWabl JRPUIE 350 | A
8 AMS KA £ 128 | 4
9 AMS FE it il ik 901 | A
10 | BAls s 18 F
11 | BAFA U-Pb €4 | 9 it
12| ME A BT IRE e A 3 (s
13 | AP Ar A0 12 F

3.2 FEWFF R Main results

1) 2 FO0T 708 D AR L A% 358 B ARUATT 2% o A2 AR 38 9 1 I 2 A 9 e 25 R 00 1) 5 L
11 TR, AR SCIIWE T 4E RIFA SCRFX — AR, MIE AR AT R WA 28 o AR
ESRAENW-SENL /KT e F R T R BT AT AR SR A (10 141 15 7 BUAR o %
A BRI 2% m AL PR T AN R A e, HL SRS A B D) T BRI RLBE,
B DD R L B RS E FENW-SE A, 1835 —EUR o ERSAINWRI BT Y)AR .t
A, Waa WRRRIIL A B U, L2 Aash 22 BAT Wil — B Al X
R WM 2 5 AL O AN MR A T BT DA, AR i U 2 i A T I
B b I I B A 2 S il X R B

DRI L rR R R A R B B A D — AN KU (R R F i AR NATY iz 3852, 2R
W T R 2 5a S HA0 T B )y s SR R 3 AT A S 1T L ] 47 A A
BRI 4. 45 N AR R BA TR Mg i b, A9 Ko 5 BT ik
T NW-SE i {H & A il 1) FLad Ly R A AR iz A . B4 Kl i J LT 25
JUP5e gl ip KA E B izl shoR A E GRS LA SR (A7 R Hs AR Jit
EORER T AR A I N . LB F R K- TR W AR 1 A3 5 7 R 2R
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BT B REVEACE M — G — B IR R B W= 0 R I T K ML T B R K
SIY RIS R, A4 53 19 X SF-N AT 3 ) X SE-S 1 4% 847) 47 I #4g B 1
FEAMBENZEREWRAE. BRAIE STRE TR K E —BNW-SEI]
W AR AP 2GR _E R AR AINWIZE Bl .

— MBAA A JEREF AR LR R S 1Ly 2 T 1 20 2 b A 52 1 S 20 R - P R DN,
AU FUAE L1 22 AR T T 350 PR XU SR AN R L X Rl T 1 2 A2 P e A .
XU () JUART T2 S A 2% 5 SR AR I N AU R 1S T8, R L (RO 1 25 )
RIRAEIIR R IE . XU IR 3 TV (1AL T R AN W-SE [ 1™ # i A 2 3
A_EFBFR AINWIB B 22 9 Re i KA 1L 5 B AL R AE K 0 R SPGB A
A F % 1) e 1 (AMS) B 7t R A 26 B LAINW-SE ] o £ 5. EMIGEZ X |,
XA J A A I S A T A A o A RO s 2 B, AR T SRR B IR AR
.

FE R I AT A LAl b, AR AR B SO A MR LR Rl ol Ao R 4 FH T 46 Bk 1) W)
fE145 Ma, J£#E130 MaZe A5k 3] U, DL s f 50 i) RS S B el i
PR, BbAh, MR KOl XA AN K b 3 A e TR e — KB A
110-90 Maffff i id. XN R A Ll 32 B2 0 7 b e S 10 J8 (110 57, WA o e
& FEAR A 1L 58 4 DA A B4R B 7 R N At 8 Rk A AE RN AL A T
oy RAIR B, JEARAESR B W R RIE R U2 AE 5 2 1 IL R K &
K&, HEWIAR -0 1L Ll ook B I LR B S AE R R 46 R B RS
AT A T A KSR B T, AT REXT LT RN M AR SR R S R A
s il T 8 A Bl (4 T TR 5 b 7 v e/ e R R B I AR AR T
(145-130 Ma) A 2640 TR AR v 3, AR TIFRX K EMRTE. 25
B T4 IR I AR R AR, SRR TR R AR T TR, SR AT RETE AR TR I
HRAE T B (110-90 Ma) (1) — k7 &

LRI, INMRAR 2% A AR R 2% A O T b ) 371 B R A R A T
Hh T b e R e s/ v IR AR U AE B S R AR RIS E . AR A R A
I ) B R U S AR AT -G L R ARG RS B AT S s B
e TR T R ARy, TR L R AR = B D AL B (LA e
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AT TE AR IR R B A A 3% 25 Wi 2= SRR (K A i o . AR - DK )
3 1 R A TR AR L T A BB AN A2 R I RE R 28 5 3, B AR R I
NRZER A A R BB s B R B AR £ 00, b R 5 ) BEAF £E 17 SE Rl TE it
3 1 MR AR 0 B R BR UTUE L. Ok BT B ZRER T R A B H R AL R I,
WAH ST RRE BOIR B MR 2 /1221 5, R R AR G A A0 A
PR AR L, A AN T e A e T e R A L 2

I

2)eF A A R AR AR AL R A 2K, EC TR A RIRERT A+ 0#g8. K
ol -REE L AUE R R R R N RV R 3 L BUBCR R TR AR R e 2 2 —
RSN IR IE . B & ) AR A 45 B B R s R R I AR AL
AARBEAT 7R RIWTTT, JEE T 5L P (R A 3 AR N A K A S ) R AT A
AT, D) FE IR (R o B KA A B =B N KA R a4
1 JBRARAE 1l o B F TR o e AR o oy i R IO B 8, W L NE-SW [ P i it
PN LR SW BBV AR . D, S LA IR AR (=8 —RAE K ) vE
WILG K = LR E I E B R B B, 5 NI AS R 48 B e S Bl
fil 7% I3 5 K 6 NW-SE 1] I I h i 4 22 A B3 ) NW B )48 . AMS 4553
57 L1 P SR NAR ) ) ER AL 8 USSR B A0 N 2, [RIRE o R T AL 4k
5B ANULE R )P IR E W B BORME A 43 1t 3 L A
A2 R AR B B8 E O 43 S 25 A IR AL 38 A o B i A5 7 2, 3 A T EPIE 7 44
A AMS IR T4 R,

SIMS #i47 U-Pb & SE A & A7 FL 7 IR 58 SF 45 BRI B WU NAR AR AL SR 3 2
150 Ma /i fi, thB[ Dy SFAFRAELEBOR D, MBI AR IR A SR J AR 5
WA AR T ARAE 132 Ma 7, WD Dy AR AR R H M. Z75 704, il
TN Dy FAATREAEE T I N-S (1] (R H5E 55 K 05 72, 170 Dy FA S - K
G 1L TR E R 2R LA A A S A mT DO B, AREIL T e [ R AR 2 X
I8 NW-SE [a] i) i F o e

3)i7 ¥ bl B sRBE RE O e G A 1 A B O, (S ]
Al EE TR Y. RIS AT R, BT RHN LSRRIy — A R
BEARFZ AR S IRT RAIE. N T SEEEN, mEERMRI 5EZ
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FHET (T8 JO AT 2 A8 T S . B TR B T T R S s ) 17 3 A 19 ) ot -
Ho BRI R . T ARG Bk B A AR B 2 B R R A
GG, Wk B R T R 1R 2 R AE Mok 2 - S (R]. A RHZ A
[ 70 5 0 rh A3 G U K A 3R 4T MDD BT 7T, FR4E & O BRGE RS,
A LAZA H— 25 ORG24, B AL D7 SE R R o B R R Bl ok T
R H T e bl b gk 2R rEd R, 6 R By AR AR R o AR AR IR ) 3 A )
SIS, H RN OR S - 22 (160 Ma-110 Ma)#AR1Z 75 1 B BAR SEBR -
ENR(2-3 °C/Ma) A HIFETHE AR, WM TR WA E R E,
WA B8 T R BT IE S A S A R R AR I T rp L 2R S e A AR B D E AR
S e A R

AHZEE VB i Iyl LA X R A R A A A e R, e R R AR A
e FREAR) 3t KB AR R A b 5 1 i L/ e 325 L A0 o 8 VI R A Lty 7 A g 3
J7 ) JEA . ARZR 0 /8 v o L AR T B R B R R -A AU R TR B
JFA% 2% R i, TR S 3T P i X )R A 3 22 R BN o IR 5 B B[R R A 7
HNJRERERSRERE e, Sl KTl R g . sesh, AN
Vet R (377 e i) R 2 BB B R DGR BN 2218 1 v H0 4R T 25 T
R C, BAHMERI T s a2m. SRbmtt, e b AR
IR I BT AN — P, (BRI AR S ) 5 ek — 2
e o 2R A AL 3 R Bz DU R M X R R AR 0k E, Hidsk
TR L NW-SE [ (i e VR T, I HAS )3 DA fre 25 I AR S B i I 2
AT R B PTIR W AR [ S HHAE 130-126 Ma 2 [0]. BB R [H T3 B P 3R 1 204
R SIJ (e JE 47 5B, IRCSIE A Bl 2% 45 F) e o A 3 RS DRI LA AR KR P = 32 R 7
A RIRIUE ISR B 1R e KR e A R o R & R AR AR AL i i
FER, A H TS R 4 A 52 25 2R S0, A A T 0N AR A T AT i
3 1 5 R

3.3 flJ#T Kilnnovative points
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1)K A - R 3 L ety o 28 0 A 2 20 e ey e DS S8 e s/ e T 3 1L R
RO B R, FEREX 3G 5 (IS IRt AR 5 r [ 2R BT ) A A Rl AR S IR

2)MTTIREE RIS« A R A ) A (AMS)) AR A AT 2 S X E R o 1Y
WG R AL AR HEAT 2 AR A, R Rz (- B L B U AR P i s 1) 7 9144
A, X0 T it i A AR A AT S R L

3) e T Rl AR ORI R B R T R BRI LA, DA SRR T R AT REAER 1
IR 4 P8 i 2 A A Rl it 14 G S

HNAEFE LA H AL SO ROE IR, R R — R A T AR AR R R B
R IR T8 L B AR I AN I 1, FL AR T BRI KBl 2R 2% B K A 3t 5
[X.
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Chapter 2 Principal features of the Mesozic tectonic
envolution in South China
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Figure 2-1 Sketch tectonic map of South China
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FH(Guo et al., 1989; Charvet et al., 1996, 2013; & EF1%L57[F, 2007; Faure et al.,
2008; Lin et al., 2008b; X.H. Li et al., 2009a; Z.X. Li et al., 2010). fE&F £ AL
T IRFHR TR T 3 [ VR P PE R TE B 4e, Rrh ARAR 2 e aek L P A rp AR AR
Fa) 3 - 2 A 0 B AR K B T A B R 3 T8

1 Frp L )i L 4E A Early Mesozoic multi-directional orogeny

B A AR AR R AR SR AL T T 22 ¢ 22 M, e AR R S PP L s BE AR 35 R A
XA TG L. R X 2R o R R e R AR T MG, AR AR 2 B A BB B
(¥ 2 B Had LI PEH. AR AL 10 2208 - R - 75 B a1y DA B KRR = 2 4 i [
/76 e TR AR T T 1 44, AR T A AR R I A R A KRBt R AR i (¥ 72 #) (Hacker et all.,
2004; Faure et al., 2008; A7k K, 2008). 7£ZU&- K Hlid L7 1 B Ze i i T2 % 17—
Gi—IATRE B A R, BRSNS R A SRR, Bha A, 1Y
N G BN 1% - H AU H(S.F. Liu et al., 2005; Fif /R AMELILH, 2007). HEFEHK
PRPEACG R LS g WA 1 S T I P RA - H SOt R AE I = Bt [ Y )1 2
R Ve, A ERA G- H SO A R & T K& I IR 45 98 4 (Burchfiel et al,
1995; Chen and Wilson, 1996; Roger et al., 2008, 2010; Yan et al., 2011). £ R
[RIPE P 2%, AFAE— 2 M\ 2 Tl — T 20 0 BR T 158 PAY £ ol £ 0T BT 28 J e g 2 v A AR 5%
B (EIE LTS5 4. Song Ma 484 2%-Song Chay 484 2k), 18R T EISIHRERS
HEREMRER I T, X35 4 I ED 3 IZ Bl (Carter et al., 2001; Lepvrier et al., 2008,
2011; Carter and Clift, 2008). I BB 7% B 32 B SO B ISAE L, |0 B =T
Hb A R RS ZR AL 1) Song Chay HiufA 35 1c 55 1 B S LUy i ek L [X._E36 1) NE (13
PMRHEZE VEF(Lin et al., 2008b; AR4%, 2011b; FRIFABZE, 2013; Faure et al., 2014).
SRIM, Y.J. Wang et al. (2007) M A=K IN =S LR UER AT, REFETR
52 B EISCRIAEAL AR B A B R I = A RE T LR, AR, Xu et al. Q011X T
U3 [X 22 26 900 BT U031 A 7026 B LAE 239-230 Ma R4 7 1 A4 BeE v B VIE A,
WA B ) AL AT ED 3 5 46 5 (Al Ok,

NIRRT T %640 1300 km 1) NE-NNE [ #8408E 1L, X —F A i
MRS T IRZ 2B WIE. N T BT E R iE A, Hsi et al. (1988,
1990) % 42 1477 5 4 = A8 b A A R AR Rl i 1L AR TR . (BB A HE g AN A AE T ARAR
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Tl Ly, T ARG N AT N £ DA BN IR, e iis . A MY £ 77 Tk
5, Li and Li (2007) $&H 1 KPP RF BB AR 88— B £/ 250-190 Ma
S 1) (il P 32 1L B R AR AR A TR A R, DO R AR R AR R T [ 4R
MERTRE A M Stk & TF G, ANFT Wang et al. (2005a) J&T-4E5G A
U ATE BT 217-195 Ma A TA] RSB0 E T I JZ 42 ) (K8 AR IR A43E (190K, Chu et
al. (2012a, 2012b)IA T 0 1152 LUK & B 25 VR i s A 22 S A0 T2 (0 5 S 300 B
5] NW [ 28w 55570, w8 B3 0] SE 19 S R G 0 7K1 (R R 5% 1) s e iy
TR Pyt LA, FLE R TIFE 245-225 Ma AR, 3h 772 HLHT AT RS o AT EEAf
AR AT 6. SRTT, AT T o AP A R e i B TR A AN [RIAR, AN/ A
FEH W NIX — A 46 T4k 2 40(Zhou and Li, 2000; Zhou et al., 2006; K-,
2009). B4, FKEHEE(2009) 18 14 38 2 A B I0RE Ao A, I R SR AR
FE AT ACRE 45 RIS 2, L 30030 2R 7 [ R A 0 = & 20 AR R R g b il it
L F R FE RS2, TR NE-NNE  [a) 85 45 U R R T o ok 2 oy AP g 4 R K
i 22 T FRIER A B2 AR eV .

2 WA AR A -5 S Late Mesozoic tectonic-magamatic events

FLGR B % A B R 1 - TR B AR R P, AR L AR AR LR R
W AR I OCH, ORISR IR T A SRR B AR, R
P AR PR ) 32 S A DA 8 A ok N -0 R 3 1 K B ONRF AU(Glider et al., 1996; Li,
2000; & RARFIE 48R, 2006). fg) AVE H G SR A 2 -8 LT R 228 R
REE I, AHAT K 2 5 R R B A8 o 2 T 225 LUIE T 2 1 6 &
R ATE—. XL 2 i NE-SW & [ R E W2 prdsstil, /D 20mT R Rk g 1 (87
K4, 2004; Shu et al., 2009).

A B AR AR A B A 7E A mT B B R4 N AN B B, A (180-150 Ma)
FRIAE 2 2 S 00 A 72 e U 3 X R P i, TG (140-85 Ma) (A6 I 4 T 2273 AT AE 7R
FIVREHLIX, KVLH R X A A, (R ) R . R AP
i ) YR T AR 32 () #4 %4 (Zhou and Li, 2000; Zhou et al., 2006). 7T 8] 150-140
Ma 4R A RGN I — AR, IR o RAE I A R X

KB (X.H. Lietal., 2010, 2013; Wu et al., 2012). #4h, fEH I 120-110 Ma,
14



Chapter 2 Principal features of the Mesozic tectonic envolution in South China

IR AWK IR BE . H AT, K2 H 3 1 DAy R I A AR R 1 o
BN I PER R T B AR DG, RN Tl RSP O Pacific ARRER
T30 Tzanagi ARCER) IR v AT AE s (8] R 7 2 B L e 52 i) A i KB A7 AR 30K
[¥J4+1&(Zhou and Li, 2000; Zhou et al., 2006; Li and Li, 2007; Ling et al., 2009; X.H.
Lietal., 2010, 2013; Wu et al., 2012).

HARAUMLE, M AR AR AR A R AR B AR, D EULA
YL R 3 Ly A A e 5 R, b (RO EE, 2007; Zhu et al., 2010), 511
(Lin et al., 2000). K= (AT EFEZE, 1998). Il (Faure et al., 1996) 145 111(J.H. Li
et al, 2013a)5%. EAVERMZ, 60TV ZHALS IR AR S ) 2R - 56 7
R TEME (R % 28 R (3 St R] 2 A2 5 T 10) SW R NW (i nh 7 e /R, i 5B
A AR P R TE I o A ARATIAFAE 25 55 B 13 (Yan et al., 2003, 2009; Hu et al.,
2012; Shi et al., 2012; S.Z. Li et al., 2012b; J.H. Li et al., 2013b).

3 1EF I A A IEEAL AN RN Diverse models of the Late

Mesozoic tectonic evolution in South China

K Hem i b ARG A K FE B AR SOA T IR K B et
Rt dE: AT B R A AR BE SR i AR ol RDTE s R 5t ¥
R R b A 5

W B HMFEK Strike-sliping or rifting

Xu et al. (1987) 1 4 H b [ A B p 2R ARG T 5 AL T DAAK P B O ARER 1)
FEAT BT AR R AR 2N, D 2 2 R KPR 1R R R K R
RAZ(E 2-2). LSBT R - DU L X A NNE [ WAk 575 1E 2 58 R 1Y
P SE B0 (B 2-2; Li et al., 2001). BEAN, 2R B 14 AR - R IR 28 3 H AN 2
AP EEARCER R 1 o LR 1Y) i 2 2 47 E W BY 147 (Tong and Tobisch, 1996; Wang
and Lu, 1997). A1, DUHKEEIXEEE 1 W2 1035 Sh AR XE & 4R KRR e b A2 4K E
< R, DL H KRB E b A BE A AR TR 5 W K.

Gilder et al. (1996) ] 581 5 AP EERR B BT 51 2 i) 28 38 0 2 [5] i) 1) 2 A A
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FH ot S R R o 2R AR S A 1 S (1) 2-2). 3X — AT DURBEAE TS NE [ & A
(T 25 e i 2 b DL R SR R KT A, AR SRR 25 TG B i S iE R AR, Li
(2000)45 H HEFg H 22405 a1 58 B2 GBEIL 1000 km)aze K — et At o/ I E
JRIR) 2 27 DR B (300-400 km), FFA A T 404 21 55 TG B0 5 5 0 Pl T e Je A
AR, M5 R B I R F AT RETE K.

Early Cretaceous

F2-2 HEAREIR D a- A B W R R (51 B Xu et al,, 1987); & Wi A R E(H 5]
HLietal, 2001); & MM 5] HGilder et al., 1996)

Figure 2-3 Strike-slip fault system of eastern China in Jurssic-Early Cretaceous (left, modified after
Xu et al., 1987); Southward extension of the Tan-Lu fault in South China (middle, modified after Li
et al., 2001); strike-slip plus rifting model (right, modified after Gilder et al., 1996)

i A FE 2R AL 2 JE #A%E 20 Change of subduction angle and slab roll-back

Zhou and Li (2000)7F 7 246 5 e o AR AR 9% 25 I A B T VR Vi 7 1) A7 76 2 35 1
VAR, A SR RWTR R, oA AP IS /B it £, 42 il RSFEER
BRI v 7 FE PR B 40 25 (1 T2 20 (180-80 Ma)iZ i AR BE IS, I FH A Pl ek Al
U R AR S G I ROR AR b 2R AU A TR 2 B IRIE R DL B K
YT R AR R AR 1 SR R (B 2-3). X —H AR B T VR 2 R SR AU ) SRRl
#E(Zhou et al., 2006; Jang et al., 2009, 2011).
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Hunan | Jiangxi | Fujian | Strait | Taiwan
<« BROAD MAGMATIC
' YOLCANIC, i} 2
0 km = ARc ™
. v 1 ! ;
1000km /100 500 400 200
100 | SE-CHINA CONTINENT PALEO-PACIFIC
” PLATE
200
MAGMATIC
le ARC ) I3

0 km
100 l
200
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100 {
200

P 2-3 1 RSP AR v £ B AR ik % s BB (51 H Zhou and Li, 2000)
Figure 2-3 Change of subduction angle of the paleo-Pacific plate from flat to steep, and slab

MAGMATIC K
— ARC — 1

roll-back of the paleo-Pacific plate (modified after Zhou and Li, 2000)

KT, Sun et al. (2007) S50 78 B KPR K T 75 1 78 i AR AR AR
ZIREAE, FEA R B . AR AP PERRIE 125 Ma ZHTA] g NI SW
ik, HAEFS 180-125 Ma HAIA] 1) 4 3% 5 R AR 1 [ NE J7 M 532 4K, F.Y. Wang et al.
(011 H T ACFPERR B[] SW AR M 41 S 7] NE J #U s 2X,

AR HE R Slab subduction

£ Li and Li (2007)32 tH =P A O b A 20, Ay A A B vy v R B

R PR bR 4G T S R, 3T 4R RS 250-190 Ma #1[8]2) 1300 km %

WAGE LA e, RS TR ARSI A BEAL. T 5 1E 190-150 Ma (A, i

MR KA TR, TR, SR KB R IIRR A A S, 150 Ma BUE, AR
12 2

W K AETERL, SR AER RS R, &l X.H. Li et al. (2013)#F—B5¢E T
XA, A AT DL TR VT TR e X SR IA T A T R (B 2-4).
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B) 170-140 Ma

Both mineralized Dabieshan
and barren

Metasoma { al
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v

A) 200 Ma: near the end of flat-slab subduction

C) 140110 Ma LYRE
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intrusions

» o~ A Yy
o~ South China ~~
Foldbelt

Sichuan

Oceanic plateau Stow dewatering Already dehydrated

Oceanic lithaspheric mantle gormal crust

Kl2-4 P05 HX.H. Li et al., 2013)
Figure 2-4 Slab subduction model (modified after X.H. Li et al., 2013)

PRI R R 5 15 Delamination or plateau collapse

K B TR B R Ll 5 St A RS BT 2 9, FLHA(143-130 Ma)ft
A 2 RBIE T RA A, 878 70 HhFe i3/ 1 ik, e H(130-120 Ma)f)
T4 5 AN LR TR T SR MR AERGAE, 9 IE 5 B 52 ke k. R, Rl
WAERE130 MaZe 7 &AL T 3580, VIR T HUSEHRITUNEF 2(Q. Wang et al., 2007a;
Xu et al., 2007, 2012; He et al., 2011, 2013; Z=REHSE, 2013). KILH FU#HLIX &R
] B LR -, A SR I AR T 150-120 MaZ [A]. 5 Cu-Aufili™ #H 9%
(5 9% 55 2 B R IK 5 A I BR A 22 S8 1%, — Lot 50 2 A 9KV o Uit X vy
RERIREZ Pt B RS 97 UT(Xu et al., 2002; Wang et al., 2004, 2006, 2007b).
5K LS (200 1) % rv 2R 30 AR AR R 308 5 B4 AT T RGTR 4G, HEINE DX R B 2 /D
RT50 km, $H P E ARG BRI AR LKL R R i X)) 3 4
P REAETE — AT 5 I B e S S L 5. X — v S5O ORI A 1) 3 ZE ) S E
ook B - L S A L (170-130 Ma), 2125 Maki A R R AE T BB K IES,
2008).
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HHE s Rige subduction

FIE AL 140-125 Ma Z[0), KRR SW AR, i B 2 i A e JU 7]
NNW i, P53 2 18] 6 AT g IE KT A R X (Sun et al., 2007). BT H4
WE A [P B3 4y &, Ll DU S0 (Ling et al., 2009; $hEAREE,
2010). AP RT DRI MU R KT R b X RIA T s . B s . &R
BVEA S ARAERE DLSAR ST PRIV 25 23 7 (] 2-5).

A Late Jurassic (152Ma)

Eurasian D Granitoids/A-type granites

“.  Adakite/NEB
continent -

— AN

Pacific Plate

"4

Early Cretaceous (140Ma)

El2-5 AP a(5] H Ling et al., 2009)
Figure 2-5 Rige subduction model (modified after Ling et al., 2009)

AR R, KA T A W e n 3 BT KR Z, I Hom A ke
EGE, B A X R4 KR 2T 1200 km. 53550 45 1 IX R B508 5e A T AT
25-90 km [MIREE, FFEAMEAEENT SCIFIRIR, X 155 0 LT Xk L sE 3l
(X.H. Li et al., 2010). 7345k, FEMT—RS SECE AR R N AR, 1
AL T A0 o HUAH SRR L. [RIREER AT LUE bl &, Wu et al. (2012)IA L
BT R AR I e R REE A L

Hu @A, Mantle plume

B TR MR- IR 3 L )32 Y e PR B P 2 A SR R L L AR A R A i
ESERIF A, AR RIR L BAT U IR R ., YR DR AR J5E ) S e kB
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%% A FEl(Zhao et al., 2004; BX-FARFIA K K, 2009). SEBr b, [FREARE K EET
IR 2R S50 O By P R M X )2 A, RV RSP R AR e b ke 7 e L AR R B 1
FENHER B 70 5, HIX L A IR = T AR FE ST DTHR 12 5% . Zhao et al. (2004)
VLA R THI AR A S 3 20 ] R S Wt 7 G i O SF3 1  76 20% 3i <A 1 se FE
K K (2008)3E— A48 H o ] 2R 3 I P 0 1 S B A 1L 1 4 1 T L )
WRCLE 4 AME it it Bk 3h 720 2 (B 2-6): (a) PR AP EEB 8 F iR K
H 5 IR AR R 78 e i o ) AR AR L, () B A Bl 2 F AT AR BRART v 7 17
ARk, (o) rh B AR RS T 0 o A ) R AR O, () LU AR A B 2 B Bl
AR R ) 2 3 s .

[ PCi): 2355
(135-125 Ma)

-

y FIRA T ‘
BRHE A b

BI2-6 2R B 5 1 2 A2 G s A ARG S s LR (22 51 A KSR TR, 2008); H AR AR S BT K
KECE A A B A 5] H R EFIZR K 7R, 2012)

Figure 2-6 Tectonic initiation of Early Cretaceous magmatism in eastern China (left, modified after
F#B7K K, 2008); Distribution of felsic large igneous province in eastern China (right, modified after
TR R, 2012)

Foo b, — AR R g i P A M A Sk AR v ] 7R A AR O
TSI R0 B B FH (B SE 50 2%, 1996; HEETE 4%, 2001). (A H1F— M Z U HER I
AR AR JEAE 5 o RSP ATE  5%, IX — W AN N R 2 M e 2.
BT, TREANZR K ZR (2012) 52 Y o B AR o AR AR & B T REAR 24 T LA A
[ B IR B A ST K KA A, 5 R PR R ) 6 O o TG O, 17 45 b 0 A )
A FK(El 2-6).
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= PRI S T/ e e L i 1 i A e
¥ B R —— DU AH - K13 Lt Dy )
Chapter 3 Extensional collapse of the HP/UHP orogenic

belt in northern margin of the South China block: The case
of the Tongbai-Dabie orogen

Most researchers believe that the Tongbaishan complex in the core of the Tongbai
orogen was exhumed by lateral extrusion under strike-slip faulting. However, this study
does not support such a model. Structural analysis shows that the Tongbaishan complex
with characteristics of large A-type fold was formed by a NW-SE subhorizontal
stretching. Although the foliation at north and south limbs of the Tongbaishan complex
dips oppositely, sometime becomes steep near the boundary shear zone, but the mineral
stretching lineation keeps NW-SE direction and the kinematics consistently shows a
top-to-the-NW sense of shear. That is to say, from inside to boundary faults, the
geometry and kinematics of the Tongbaishan complex are harmonious. This indicates
that the north and south boundaries of the complex are not typical strike-slip shear
zones. Actually, the apparent phenomenon strike-slip observed presently is a result of

progressive bending of the early detachment surface.

The central Dabieshan dome has been widely accepted as a large-scale extensional
structure. However, structural analysis of the central Dabieshan complex and its
boundary shear zones or faults, and the formation mechanism of this domal structure are
still controversial. Combined previous work with our detailed structural analysis, we
defined the central Dabieshan dome as an orogen-scale metamorphic core complex
(MCC) formed under NW-SE extensional regime. Nowadays, the geometry of the
whole Dabieshan was almost controlled by the central Dabieshan dome. The central
Dabieshan complex (migmatite-gneiss and remnants of UHP metamorphic rocks)
represents the footwall of the MCC. The northern boundary Xiaotian-Mozitan fault and
the western boundary Shang-Ma fault constitute an integrated and arched detachment
fault in the northwest dome margin. Besides, the Shuihou-Wuhe fault and the Xishui

shear zone (as a horsetail shear zone, including early XSF-N and late XSF-S) along the
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southeastern dome margin constitute a multi-level detachment system. The central
Dabieshan complex and the detachment faults recorded a consistent NW-SE trending

mineral stretching lineation and top-to-the-NW kinematics.

The Hong’an massif located between the Tongbaishan and Dabieshan was
previously considered to be less affected by the Cretaceous tectono-thermal event. This
study identified Cretaceous extensional structures in southwest part of the Hong’an
massif, named the Shufengjian dome and Daleishan dome (or Dawu dome). The
geometry of the Shufengjian dome as an A-type extensional antiform is similar to the
Tongbaishan complex, while the Daleishan dome displays as a curved monocline. The
deformation of the Shufengjian dome is characterized by NW-SE trending mineral
stretching lineation and top-to-the-N'W kinematics. In the granitic gneiss from the core
of Daleishan dome, no obvious linear structure developed. The AMS (anisotropy of
magnetic susceptibility) study revealed that the magnetic lineation is dominated by NW-
SE trending. These two extensional structures relatively overlaying the Tongbaishan
complex and central Dabieshan complex represent crustal detachment in a shallow

tectonic level.

Geochronology studies show that the Tongbai-Dabie orogen started extensional
regime at ca. 145 Ma, and approached its climax at ca. 130 Ma that was signaled by
removal of the pre-eixsting orogen root. Additionally, the Tongbaishan and Dabieshan,
together with the Shuangfengjian and Daleishan in the Hong’an massif also recorded a
late (110-90 Ma) extensional event. The Shuangfengjian and Daleishan were mainly
controlled by the late extension. In the Tongbaishan, the late extension completely
reused the early detachment faults, while in the Dabieshan it formed secondary
detachment fault, except for partly share of the early detachment fault. Considering the
compatibility between geometry and kinematics, it is inferred that the Cretaceous
detachment faults in the Tongbai-Dabie orogen initiated as a coherent, flat-lying
detachment surface at the middle crustal level, possibly corresponding to the decoupled
surface between the partial melted crust and already exhumed HP-UHP slab. The early
(145-130 Ma) deformation is characterized by subhorizontal detachment under
high-temperature condition, representing the main tectonic event in the Tongbai-Dabie
orogen. Subsequently, the detachment surface was folded during the doming, and

secondary detachment might occur due to late (110-90 Ma) adjustment.
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It is proposed that the Tongbaishan complex and the central Dabieshan complex
are product of Early Cretaceous anatexis that expended the Yangtze basement gneiss
and HP/UHP metamorphic rocks in middle-lower crust. The Cretaceous extensional
tectonics intensively reworked the Early Mesozoic tectonic framework of the Tongbai-
Dabie orogen. The HP unit originally overlying the Tongbaishan complex was divided
into the two slices, while the Triassic metamorphic sequence (including the HP/UHP
units, Susong and Zhangbaling groups) in the southern Dabieshan is dismembered into
tectonic slices as the hanging wall of the detachment fault. The extensional collapse of
the Tongbai-Dabie orogen is manifested by a combined effect of geological process in
different lithospheric level: detachment and unroofing of the core complex, possibly
SE-directed channel flow of the middle-lower crust, and removal or delamination of the
orogen root. Compared with the Cretaceous extensional structures widely developed
eastern China, we suggest that extensional tectonics developed in the Tongbai-Dabie
orogen shares the same geodynamic setting as the destruction of the North China craton,
and is also response of the Late Mesozoic lithospheric thinning, but just overprinted on

the HP/UHP orogenic belt.

1 5] & Intruduction

T ] R 58 AR AT - 1) - 3 v s/ v T 1Ly AR SR T A LRI A B KR B 2
I IPEA T, DA thE S o5 K1 v /788 s 1 738 S5 e 17 1 44 (Hacker et al., 1995;
Wang et al., 2008; Liou et al., 2009). 1% L7 H P [\ 4R 20 N T FEZ R EA, B4R
ML, grgetfh s Kl BEZR-5K )& M AR 75 & ik (B 3-1). B 70 3R B ARAG -
K- T3 LA & — S BRI S A0 LAty FOTR BRI AGZE ) T M 7 A2 AR 1
AR 24 K4 1 3 F2E (Ratschbacher et al., 2003, 2006; Liu et al., 2013; Wu and Zheng,
2013).

W TR W MR ZR - B B A L, sy s/ v T AR 7ty o 8 R B i o A AR e
JERIIE(E 3-1): BALHIF - BRI AL % o oa I RIREAE K ALl R R 7 P
o IRFBIE AR RS CIOEIR R IR, KA LarRE s g, LR 2
S R, Al L AZ AR R TGS, TR o TR B 1 s PR e by 3 A8 ) 3 L 93 9
AR 22 JE AT S B AE R LSS e TR AR S TR AR R, R A oK)
TR KA A FPIRAE AR S FIRRRL SR AR (R IR S, 2005, X1 Al A 2= H

23



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

J6, 2008; Lin et al., 2007b), KIS 5

IS B B FE YR T Hh MR R B EK -

R G GRS TR AR 7K K, 2009)38 48 7 KB ER A b 1L 5 n & 1 5 A B AE B 22
GRA T EERA AR EE. DL R I 53 B3R E 2R R/ e R L LR
— MR E R IIE L 55 I R (R A, 2013D).
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Figure 3-1 Tectonic map of the HP/UHP orogenic belt in eastern China

FEVRSCRIT ST A], G HONI A Ly op s s 20 22 Ak ot g AN R Ll rh 8 B B 1 2
LA R R IE AT 1 VR AL G ) LR 272 | 3832 AEEACSARIE 7T, R KR R A o PO Al A
I 1L (R R AR A A PR AR 4G 1, IR AR I L i R i I/ e IR L
7 S SR A A% R (R s A Y b e mT BE R 2 1 2 BL .
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2 X5 BE T Overview of the regional geology

A - R 3 Lty GRS LR R ) Ly B FG T S 21 22 b A £ X s 2 I NW-SE &
[, 1) 6 R PH A 5 AR 2 0 B AR ARG L AR B, AR o R AR R (1
3-2). 5 =S LA AR DG R BT = AR - R L 0 B AR S, BRIl
RIRELFE W P 45 -2 S A SR e (B -5k DR B G - A D A SR (AL %2 -1 1
HE) e - e R AR SR G AR A P R 325 1) A% I (5 PR AR - I 11
S BT, 8 A A B AR A AR T O AR N, B A e PR AL &
AR5 G AR BRI ) Ab T A S, R =S R R B AT R A
M (Okay, 1993; Carswell et al., 1997; Eide and Liou, 2000; X.C. Liu et al., 2004; J.B.
Liu et al., 2006; A/KZLEE, 2013). TR T TAER AR ZL 22 AR S0 350 i e s 1k
AR ORI T B PR ER A A R R A R R, R A RE T
KRR IR A (R IR, 2009; Sun et al., 2002; Cheng et al., 2009, 2010, 2013; Wu
et al., 2009; Liu et al., 2011a). J34b, ARG L& R 7T LLFEATAD L b S p0E R
B, AACFFGIETEER . CARPERE A RIS, 1X e 0 R B P S R R L X
FRALLI) 75 A5 2H A AH % . (Ratschbacher et al., 2006; Liu et al., 2011b, 2013). 7EMJiE 7
B b, A AR R A A A DR L R (P G AR 2 AR R R R A £
T R R AR AR R, AR T AR T R BRI N R A AL B
B HA A E A AR (AN IE R RRE R G5, TEMIERE S BRI N Y
B S E G (A 3-2).

H AT, 01 2 3000 50380 K AR AT 2 (130 S W 245 1B R B E M BT V07, AT
WAAPARUAET L T2 (7 16 50 1) 20 2 M i R R L L 7 2B AR ) (32 2 0 (S iy R AR i vl
AR a5 H I FE(Webb et al., 1999b, 2001; Wang et al., 2003; 2% % 2009;
FATE A, 2009; xFESE, 2010; X. Liu et al., 2011; Cheng et al., 2012; Cui et al.,
2012). fH 0] T Ml A1 2 5 (0 B A B T i R B A TE B A AR, Bl e e+ =
£(2009) I\ A A 5 T AR ZR 06 1) R HRSEA R, (B R R M ) S A (102-85
Ma)#i NZRI& [ R 55 R BLA AL E; Cui et al. (2012) WA AR A F A2 — A
FLE 2 (141-139 Ma) AL XK AA A, HoEME B U1 =2 TR HATE 135-120 Ma.
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Figure 3-2 Tectonic map of the Tongbai-Dabie orogen

FKF KB A TR AR M AP E =B R A BRI . BHRT S
JE /8 R AR i A IR 3 A2, Faure et al. (1999, 2003) I H4%5(2003) S 410 N ok
PR T 5 e G AR U FTR A G F AR, fEME ERR T =8
AR A B TR BRI R AT SR, LA Th RS B L a1 2 2 AR A
i A (E E A 3858, 1996, 1998; Hacker et al., 1998, 2000; Wang et al., 1998;
Ratschbacher et al., 2000; PFH#E5E, 2001; BIRMSE, 2007; Y.S. Wang et al., 2011).
SR, 5 B R 2% I He 120 5 B )2ty B DR 2 1 ) s A AT R 25 B 1 T J AT L 75 47
BRI 4. 40, £ ER 8581996, 1998)4 Hh ok il 2 [ i T2 B A 17] R 52
7E 150-96 Ma Z [, Ay H RN TIHE S B A B ke i, R 5nE s A
PRUTEI R A AR FH AR 5%, Wang et al. (1998)35 I v K Bl 24 5 5t F 78 f) v s /b e
25 R 7E 5 L (R I B2 R b 04R 7] SEE M A BE IV IE 72 R 24 T 7K L
- LR BT ) g ) ), I 1) B X — S AT L A R AR AL
Ratschbacher et al. (2000)3Z#F o K% 8 — AN B S A BIR U (Hacker
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et al., 1998), 5 NAX 4L jie#%-14#7 2] 5 (rolling hinge-isostatic rebound )% 2R fiF R
KA AE 140-120 Ma 315 H AL H4 SR 1R Wr R I A X FRAZ 475 Y.S. Wang et
al. (201 1)\ b K 5 25 e 2 7 L R b 300 5 W 2R (D 7K - o Vo] W 28 R 8 - B 7V
) S [E 4 N TR, 1 A T A E S Ry Ak T ot 5 K S 1 6] — ) 1 B D)
PIMEASTE K AL ] TR 143-132 Ma.

SEBR b, A HSEQ2000, 2001)FH B G ERTE2001) 5 -4 H LA Ha A0 - K0 ik
Ly A AR R A R R AL T AR A% A, B A A A o A b R A o T L B
A R AU S E R, R E Z RIS I, NS (200-170 Ma, 7] RELE
4225 130 Ma)fi AR T I7=90(Suo et al., 2005). {HIX— A IFEA A RO
RGBS I = B L AR R L Ay B k. BT L, KR A 2 A
H R A S (R R NI 5 TG S A2 A AT e A - DR ) v M/ v o 1L o 1L /5 95 B i
[RIOCHE, (B9 48 M2, AAn-KiE LA LA b R BE 208 35 km, A LLIAR.
H =& a eI Rl DR, BLEE S 40 AR R K 1 R LB L s
WA, B R B BRI 5 A SR SRR TR N A 1L B . )
Rz — (B 3-2). RS IR A 5T R B AR AL K A Ly SR AL AR
(<5 R0 L4y AP 2R (Zhao et al., 2004, 2007, 2011; Q. Wang et al., 2007b; Xu et al.,
2007, 2012; Huang et a., 2008; He et al., 2011, 2013; Zhang et al., 2013): FHHIE %
KRR 143-130 Ma, Wils5Z 3 T ARTL MW (K 8 k), RE3E
V0T HORE AL TR TOINEE T OSSR A R M AE R SRR AL AR R R T AE
130-117 Ma, FEAREAGALTY, FIEHE5TE R4, T BT+ i EImiE )
BRI A A AR AL AR (130-123 Ma) W 5 B 7% 6 5 25— # (Jahn et al., 1999;
Zhao et al., 2005; Huang et al., 2007; Dai et al., 2011). i, AaAA- K A& 1L A7 1R 7]
RETE 130 Ma 2247 RAE T IR ISR (ZEE 4, 2013).

3 MaAE L B S B RIS Cretaceous extensional structures in

the Tongbaishan

3.1 MAEAE L 32 S A il B e A HVRRAE Main litho-tectonic uints
and their characteristics
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I N SX A XA 3 B e R o A AN D AR, B in A IE 7 T Webb et al.
(1999b, 2001)~ Z T3 HEF(2001)FI 3 /D e 46(2006) FEMIMIHLIX R 7 145 T4 A -1 ik
FATT, B T SRR R MG R, B 555 (1999). 2 HEE(2001) FIXIHE
5 (2005a) (ERRAR M X R L 1 22 AR A, W SL 1 M A LR B PR 2% i T AR S
REAI 2 X BEFRIREESE, 2011; X.C. Liu et al., 2008, 2010, 2011b, 2013)iT JLEH
TAE A A FIAEAR 2 5 T AR KRR FE M B 1 AR A 1L R R B R B e (1 1 45
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Figure 3-3 Geological and structural map of the Tongbaishan

P 3-4 Ak R S

Figure 3-4 Schematic cross-section of the Tongbaishan
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AR HT N BRI 72 45 R DA R FRATT ) S B A 2, AT L ) 3 B 40 )3 R G DA
MZE %, FACRUONAEER SRS = IS BT Eim Ay sl s .
ZRUSHE . REPEREAISE R, R ROV R B SRS s By LR (IUE S
TE AR RE RS BLET ) AN BE B (B 3-3). XA i B oo /ET T BB AL NW-SE
[ AR A, ERIE B2 — R PGS BB 3-4). IS5 FHRITZH
% LB )y b 287 AH 70 1.

TEPERE . CRRPFRERI IR AR T R A RIE R &R, ARG IE LI R
W, SRR EER SRS AUE . KBS A AR, AN — B R
KPR, TR T HooE R SRy — B R AR AR T K -G, b
R AR AR AL B BT IR O\, ZRURTE R IE /B R RBLE FIRRRLE 2R, AHOG
5 A 5 AN AR ST 7 3 B AR AT L 3 X B P AN — BR PR 22 73 1 A TN 5 A
AR AR, TR EE U2 R B R AR AR S L, AR RV R R AR AR E
440-400 Ma /8] (Kroner et al., 1993; Ratschbacher et al., 2006; X.C. Liu et al., 2011b,
2013; H. Wang et al., 2011; Xiang et al., 2012). J&F = K% J& M w47 8, @
W TSP REARR AL b e m G B B AR, — REPRRE A B 9B S ke
P, ZRU I Ay At e 2 KT .

FAVEH R BN —EB R H NS R R H A, AR R AU R A 5 T
B, — BN AT BLS R b DX 3 - 04 0 R 2 0l DX k1)U 6 B
T XR B (2013) 4008 T M S AT A A =B AP Ar FE# N 261 Ma, X
55 2R 5 LA U B i S 1 B AR T I ARAH — B(Faure et al., 2003; #4555, 2005).
LR 5 32 B A A AR AR A N R 5 f = B s i A . e h 3R
BHIAINA AP Ar FERETE 401 Ma F1316-304 Ma, Hz B A Ar #4268 Ma,
RKPHATREZ ) T 2 IR AR TEAE (- E 515%, 1994; Zhai et al., 1995; #{/bok
&, 2006). X.C. Liu et al. (2011b, 2013)I\ N7 2 0] GEAAFR 1 465 Pl R AE I 1y A=A
A o A0 g o AR e TR R AR, T L 4 e D) R U B R R U AL 1 S A R A T
.

fitn s LB IR R LR G A HR, JFA D ERIE BRG « RHSS IN GA
RBA . REERHE 2 N B IR 78 2 e i 26 RS ik ik A iy iR B R, 2
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B2 AR E R BREL. 5 T18 5 5 A 1 B A o 4 AX(776-746 Ma)
A 21 (141-139 Ma)Z +(Kroner et al., 1993; XIBEEFSE, 2011). DRI
FERNFBAIR LR AR BERIANA AP Ar R F 7 A 7E 135-119 Ma F
100-90 Ma PN IXTH], ME7RHAE FE LRI ReLe ) 1 W A A1 FE(Webb et al., 1999b,
2001; ¥FERIE —-, 2009; Cui et al., 2012).

AL FAH T 8 R e e B T B HOIR A T AR A E PO, A A AN
AR RE . B AR AVEE RS, JoA RS SR REA (1
PElE AR, BOEA B A U-Pb R ACA A -5 Lu-Hf S50 2R S Th 7E 255
Ma 7iAa, BB g A A A AR B/ FH I AR(X.C. Liu et al., 2008; Cheng et al.,
2011). FIE HBRE A B YA Ar SR AT 238-217 Ma 2 18], ATRERE T 5
TRART P Bt e A =8 20 ATk AH S I AR TR S v H1 B TH] (X.C. Liu et al., 2008).

ST B T IR TF SRR — 4y, EEBEHA BRI KLAE RS
O FITE XA LK, XIIRFREFQOI DR 2 N IETR A A . TR ik dl
AR TFI R 1% B G PR I B AT U-P SRR A P TE R G AR, BRI — O
iz AR A R et LR IR PRI AE B BOREAR B 4T IR A (I AL SR, 2013). 58 4%
HERA ) T SEENIIE AT, Y & B A . 35D 545 (2006) TEH) MBS 1)
IR T 256 Ma [0 A =8 CAr/ Ar 268, ATREIREE T HIE AR f R 1.

JE AT 2 FEALFE T 41 22 Ak i 350 AN R o - 1 2 A B SR 7T - TR A P 1 v
ARV AR TR AN ) 2 A A3 B G, ARSI BT 58 (R 20 e B A rh 4 713 - 1 TR A
FATT, X RLTOR L Hb DX E FA B A A2 BT A (BRI S, 2002; Xu et al., 2012).
Bt ELRE R BN — B AR U R K L s VR RIS, G011 W R - A A AR
AR, HAP AR KA A A 741-763 Ma, A4 T FdRALZ0H o b A2
ARV RS, 2011). BE S HFI0) V5 55 20 22 AR R R =2 Ll b X 1 85 -4
Fr g AHIE.

3.2 M2 5 P& AT Structural analysis of the Tongbaishan

complex
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M L AZ B RO 2 5 22 NWW-SEE [7], ik 120 km BAE, F9IE%E 10-20
km (B 3-4). MPERAHAES TRAZMZ T, MZREM W0 KB N. fds
FAR AR R IR 3 K AN RV RE R BEAR S LR, 6 5 v L 00 ) Ao o
TUI LAR B PE BT U0 AH 4y B, S0 M B U1 v - B - O G — 2R A . b
G B U VU BOR B S - R, 1A ARG A L AR TR, W AT
(RIS PR 8 A 9 Ay 3 B e IR NBIZE . BTN 2 D R i 5 1
FA AL S5 MR B AT A AEAT T B D), ARAAD A 25 18] SE U /m 5% i 45 SR
(Webb et al., 1999b, 2001; Wang et al., 2003; VFFIE =4, 2009; x1FEZE, 2010; X.
Liuetal., 2011; Cheng et al., 2012; Cui et al., 2012)

(AR E AL IRIR & TP R RIRARE A (o) MR A T AR R 2R B R (ofiAr s a R BRI L

BRI (AR A A B ST 10 T BT V)5 2L 2 AR A PR B 1) NW-SE [T /K- 25 21
Figure 3-5 Structural characteristics of the Tongbaishan complex

(a) isoclinal fold in migmatite from the Tongbaishan complex; (b) large lineation in the Tongbaishan

complex; (c) L-type tectonite of the Tongbaishan complex; (d) NW-SE trending subhorizontal

lineation developed in the metamorphic rocks of the Hong’an Group near the southern boundary

shear zone
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il 2% 5 (R B AR T LT TR 38 BB — DK I A I, RS IR S A b
] NE 5, #9860 SW (&l 3-1). SEEIb i A NE BEW, (5] % 5 1% 5 s 48 22,
P AN IEGFAE B, THIEE ] SWBEML, [A) 2% 5 AR i AR 22, T o) ROBE IR ARl 4k
I ZRE, PR R (B 3-5a). Sehr b, MRAZ4E B 50 UL A e —
ANER A BIRRAL. MRS L BT NS BRI e v i+ a3 Kk
B, HFEIBEBNVERE, REVEIAE TR Sk B ROUAFRAR, TEPEIE T n] LA D8R
W ZU R A T B AR SR 22838 (B 3-5b). /N ZRIE Z 0T B R B B K
A\ AR 2 R T PR AR 262, R0 AT AR DA A A T, A2 Al T FLAE
HARRE, R AR B8, THPRAE 2 58 g R MR E BUR, AT T i
M L ARG, RHAERATHIX L BRI 120 WL 3-5¢). 1X e Mt it
HAE [F) 1 S5 M Aa A o A AT o) P AT, 2R A R Gt J7 L SR R AE 130°8k 3100,
AR A — /T 200 (B 3-1).

FEHT A1 8 Sk AN RO, W23 77 1) W] ARG 2% R A R (R I AT T M
(K] 3-6a), {Eix 5T BERK 75 HH K B 1 S-C ZH A FIHK A e e i D 5 BT DDA 76 (181 3-6¢ Al ¢,
d), T8 T — U0 B3 NW RBTY) AT, MR 2% A 10 S B ) i AR R RE R
ma ) 7 HE AL A R BT, TR KX, SRR Y)Y AR B A s K
7 IRRE T AR BT 0552 3] i 1 2 BESRZE 1) 44 BRI 7K P 26 B (K] 3-5d), 86 T
S-C HMFI = BE GG [RIFEFE 7 1 S5 AL A% A 5] (K328 50 27 (18] 3-6e).

BRAh, A 2 e R 5B D)1 i B 52 BB I 1R AL TR (1 BN o, AR TR
7 A AT AL B o BE R S PR RS R X B, R R, IR B AL
L ] P A 73
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Kl 3-6 Hikazes I SB35 4
(MR ARG R T kAR B VIR AT T R 3 (b) AT A% 25 46 B0 R T R B 1
KA TRIE; ()M ()AL T BT VI 18 5 o BEAR S Th R B 1 S-C AR MK AT BB TR B (d) P 55
DIty A6 54 0 BE b P ¥ S-C 2K (e)FEIT p SR BT D)ty LA AR T T R B 19 S-C M Al 2 B 1
Wit VL EBIYIAR SRR T L NW i85 %

Figure 3-6 kinematics of theTongbaishan complex and its bondury faults

(a) boudins of sheared light-colored veins in the migmatite of the Tongbaishan cpmplex; (b) o-type
feldspar porpyroclasts in the granitc gneiss of the Tongbaishan complex; (c) and (c") S-C fibric and
o-type feldspar porpyroclasts in the granitc mylonite from the northern bondury shear zone; (d) S-C
fabric in the granitc mylonite from the southern boundary shear zone; (e¢) S-C fabric and mica fish in
the metamorphic rocks of the Hong’an Group near the southern boundary shear zone. All above

indicators indicate a top-to-the-NW sense of shear
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— RN A 2% AR AR VAR R R 2 T R AR FR M [ 5 L O R D, AR T R
AR f BT FEASSCHFIX — AR, BRI A 2% S e L 0 1 T B AT e A e, HLSE T
LGB O 1 HE HRE, (BRI A ER AL EAE NW-SE [, 183 2R
EERFRIANW BB DAY, X RUIMAE AR RIS YY), H L fiash A
A O — SRS L DRI, SR AT S A 132 5 B D) AR R D Ak R 5E K
TR 11 T I o =7 R R ey s A SE VA e 11 T o 0 i Ry (AP =R )
R L, WA E 2 AE NW-SE SEACT R AE N AR A A RURE SR s A 5%
A L, AR s B AL AR AR IR E T B DA, A3 B B E
TR S P b IR 0 T e 2R 25 o R B

3.3 MataZ A FI AR 5T Geochronological studies

3.3.1 HI ABIFEAR S T AE Previous geochronological data

HH A 2% BT = 2R R R AN SRR I A% e BB o A Rk i oy 22 5
JE B PG e 4 X3 R &, 1989; JH1IE4A X &, 1990). Kréner et al. (1993)
B LS BARURL A A7 Pb-Pb 78 R0 A 2% 45 1E iR 3R T 746-776 Ma 1135
TG ARAERE, WK T A PR AL AR, R IR 4 25— B A A2 — T
FER AR, 2001; Y¥6ME L, 2009; %552, 2010). 15, X.C.
Liu et al. (2010)XJ fi 425 A R RS A 34T 7 SIMS B U-Pb & 4F: HH Rk
Ji R R SRR Y 141-139 Ma, FE5 870 780-750 Ma Y4k KB A k%, 1 A
A R TRHE IR 95 2 IS0 R AR A7 TN 5 ISk T 232-220 Ma (A8 AR
H, JRAFRETE 933 Ma Fl 863-742 Ma. M ARATTIA A 4 25 SEBR b2 — N5 H
T A AR, R e RN = SR AARIBRERSE, 2011). #
SCEE(2013) IR LA-ICP-MS #:i A U-Pb & 4E 3RAGHA 42 75 o S AR FE IR B A%
TR IR RTINS AR N 137-138 Ma, F9ATEAE X & IR AL AR 134 Ma . X 2k
AR R IR A AR AL KT A A AR 2 — 000 2 e 5 3 AR B s
S SR BT VI AR TR M B, 1 e AR B R I AO HT E AR, RTRe X R
T4 7RIt 2 5 Bt JE T (Rodinia) kil 58 G- 2Rt FEAR G (1 4 4
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Figure 3-7 Cretaceous tectono-magmatic geochronology of the Tongbaishan

R A IR S A O I R W, FRR S R ARG E R, XI/NBAE(2011)
SRR A 2 T TR A A AT T LA-ICP-MS 545 U-Pb /2 4E, H RN R 18
1354 Mafl131 3 Ma, —DHEARE) EAZ RUFERR L4 828 Ma. T AR X 78X
A AR OARR) SIMS 84 U-Pb EF3K1F T 132.8 £ 0.9 Ma A1 134.1 = 1.0 Ma
ANER— BRI e — > E2E sUAERE 757 Ma (JLR30). Bk, HAnde s iR e
I A AR A AR TS — SO T AR, TR & A e R AE IS T 4E 135-131
Ma. FHUERT I, FRR A o 32 SR i L iy R AZ B i e L B R AR RS VR A i 7
Y, FersmZUAR T AR < B [FIAL) S PR IR o B AR B o (R AL, T % 02 55 DU T e
AR T B0 K R [X 2 A 1) ke B A o L R A A 4

3.3.2 B AIHE A U-Pb € 4E Zircon and titanite U-Pb dating

BFAN LR IR AR 2% 5 B R & 2 5 B AR SR R BT BRIRAE K
WA PER R, I 7ICFE AR, R AAR 2% 5 TR A a AR R 2R i 18]
B 7 HA & LT 35T BRI I AR D 1 e MR AT 2% 5 5 T A 3 1 R R A,
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AP TR RS R AT R & A 31T T SIMS #iA U-Pb jE4E. PR
HO37 Al HO41 S8R & BHE Ak, 73 ) A 2% V0 8 A K 3 T DX o
RIS IX (B 3-7). ORI FZET MHBCAK A RHKCA . AR B,
A B N A LA R ).

I ORI VR 2 B, SRS AR E BT R T LRSS ik HOR B A
RIS RFE—ERE IS CE R AW IR S8 L IEs. ARG X B A AT 35 RO AR % 6 1
B, RA A RN T . 854 U-Pb MAEFE T R B 5t
SRV T B AR SRR M A Cameca IMS-1280 IR B 1 Ui A AT,
FEAREI A3 M 75 iR FE L L et al. (2009b). [ Z A6 K Isoplot 27 #EAT 1T
(Ludwig, 2003). BN M Bs S REE RS TS IR LR 3-1, RZEIN o, FEMAIE
FIAERE AN B R A8 AR R ZE N 26.

(b) HO41 1360 £ 2.0
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Figure 3-8 Typical CL images of zircon from migmatite of the Tongbaishan complex
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Figure 3-9 Concordia diagrams of U-Pb dating for zircon and titanite from migmatite in the

Tongbaishan complex

B HO37 s A 2 GFEW NN B IE- B RAFAIRAHAIR. Al A
(17 CIL % ' 56 P58 R A FRD THT DR 23 S R AIE, 32 BH L Sy SR R A e IR (9 5 1 (1] 3-8a). 23
ANEEATURLIN 23 A0TSR Th/U L ARG EIZE 0.08-0.16, **°Pb/»*U R IHI4E#S
YU TE 129-136 Ma (£ 3-1). A 7ot s 360 T — B 4 b, RIS RIS 132.8
+0.9 Ma (MSWD = 0.04), %W NACE 1R G A Eu R 1) 46 d it 18] (B 3-9a).

Feih HO41 H 8 A 2R EFEMHMAR, K2 EEHEMIZ- L4 3-8b).
A S IR BOC /1, A B RE IS, LA SR, A
TR A I FE AR AR 7 45 T R AR 0L WHZRE B 17 S A AT T 28 AN T A
(1 U-Pb WM, Horb 124N UL T 85 A ISR B AZ R, 16 4> ;AL T8 A 1B AR 1.
BEAZIT) Th/U B2 KT 0.1, 2°°Pb/2 U RIHAERE 32 B0 HUTE 160-672 Ma X [H];
JAER ThU HUAEEEHTE 0.03-0.07, 2°°Pb/” U FHE M 131 Ma £ 138 Ma (% 3-1).
B2 2 ANBIEAR S — BRI b A, BT s R AR — Bk R A SRR

WIPN 757 £ 52 Ma £ 133.4 + 3.6 Ma (MSWD = 1.3) (K] 3-9c). N2 &SI 16 ™M
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FIHT T HAS BB FER N 134.1 £ 1.0 Ma (MSWD = 0.55), 5 FAC SERTE
RZEVO N — B (B 3-9¢"). R, 757 Ma T REARER T ZRE i JRUA 5 A AR AL RS,
T H R A2 TR I A F RIS R 29 7E 134 Ma.

HEAh, AU FTIE RS HO37 #E4T T TIMS HEA U-Pb &4, Ff i )7kl
M AE T B b Bk BT ) 6 3 AR AR 2 SR 00 S S8 B, TR A IR 4 B O VR AR R A
Schirer and Labrousse (2003). Ftit 8 i BEah3k15 1 8 HAHE(ER 3-2), Hh 24704
MRS — B, AR 6 ANETE Lk L(E 3-9b). 1 4 MBCHEF T SR AT
2 () 29Pb/P8U INBCE AR 9 120 £ 1.1 Ma (20). X —4ERE B 2 /N T84 U-Pb 4F
W, FTRERR TIREG AW EH Z A U-Pb I FIRE(650-700 °C) 1 [H].

3.4 M4 s W FEF LR Uplift process of the Tongbaishan

complex

WHT TR, MAAA R T AR TEAE 5 AR A IARZIE 137-141 Ma (Liu et al,,
2010; #5355, 2013), RAFAEH R AERIB [AIZ)7E 131-135 Ma (XII/MthEE, 2011;
RIHEF). FA6, — A FEIRER A KNS5 AR 9 131 £ 1 Ma (Cui et al., 2012),
AR NI % 5 2 0 11 Jm 350 580 T B A PR A A LU AR TR AR VS FEIAE. 123139 M (5
&, 2013; Zhang et al., 2013). X SSRGS HAR A A LU % 25 PR AR TR R AR R B 1) K
R ELE 141-130 Ma Z[8]. AT, MARIAE PAE S AR S B A= B A
PAr-PAr EFENFRE T 135-119 Ma F1100-90 Ma i 2L (Webb et al., 1999b, 2001;
VPR T =, 2009; Cui et al., 2012), K MIRI 22 ERIFAEMHIE 2 5 T 85 IR
BIHER. S2br b, IOVNREG EEROAT RSN A U-Pb FRIIENT HEA
U-Pb 58, R BIARAL A% 5 78 A 147 1R 1 12 P 23 2 A IR R AT IR 2 7 e 6.
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Figure 3-10 Cooling history of the Tongbaishan complex
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W AR RAT I 3-10 FPA IR AL R, WAl C thn] BeiE L i )
AN A A AR R I oK AR XA, T 100-90 Ma 1) 2 BESFE I L AR FE TR
BER. WER 2SS IURZE I, B2 B N AN C R Z R AR Toielnf,
MR A 10k T BT 134-120 Ma Z [A]FRCERIE A Al e, AR T Hd v L
Pri (Al
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4 AT IE R HE LM EMIE Cretaceous extension

recorded in the Hong’an massif

AT BN AL 2 R 52 1 S LA VR AR I s ), AR T e e/
v i L7 = B 2 AL A% SR (CE E A #5198 1998; Webb et al., 1999b, 2001; S.Z.
Li et al., 2010, 2011). GBI FELH ARG 70 A SRR AR, IRATAELL 22 A4 7 e 357
RIS AN R L X AR T SR 22 i it

4.1 XEIAH EMIE Shuangfengjian dome

TE L 22 WA 78 B G IR XU SR M X R T — AN/ B (R K B R, BB 55
B BREMAKHE NW-SE R ZEHZ) 25 km, %ELI0N 7 km (K 3-2 fTE 3-11). ZF%
YA 2 B DR AR T A B AR P 4, e A A AR IR EROIRAE B R L K
T BEAE S AR S A B R BR A I . UG R AR R AE B R R BUIRGS M, 2
PEAR . 0 B 5 (1 3-12a). XIBEFREE(2005b) % 1Z 48 i 1L 5 & HI85 47 U-Pb 2 F3R15
THICH AR 813 + 6 Ma, BARERJE ALK A IR LIRS, XRS5 B (1 4M A
AR KA . AP KARREM AT A SRR, 55 %%
S A AR B U AR R A, BTN S T4 e AR AR U, X UG 4 b X
T T3 N T 55(Webb et al., 1999b, 2001; S.Z. Li et al., 2010, 2011).
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Figure 3-11 Geological and structural map of the Shuangfengjuian and Daleishan area

FATTHIEF S WS R 7n XSG S 5 B X VU B AL 2, A A B SW R ER AT
it AL A B NE BEMT, E R BB 3-11). ZFERIRE ) LTS R A
ERET AR EA NE PR EAE (A 3-11). bk, ST,
XSRS FEA G [FIAF AT ARE 12— KRR A ZUARESY. SRR A0 H 8k 1 1E K it
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HATERB R T BN A, BHEAE T KE (B 3-12b). LI ER S S
B KA~ 47 9 NW-SE 18], B f#E, — BT 300, SEiTid S8y ) [ SeE S 1
SR YL R PLE RIS N T BERE A Ak, AT LT B b ) B 2 BEAS) RS BT FY
NW-SE [A Wi P63 3-12¢). ATICZR BTy ), BF 40 a] WLARERCRAE B 1 fR A
K ATRBEAE R EE ) NW BTV T, KOk s K F 1 S-C Ak
KA P E 7~ 1 AHRI I 3 24 (B 3-12d). XU 5 7 R & 1) NW-SE [[128 3
A_EFR I NW iz 85 5 HANBI L 2 h i Frid sk 1) =B 40 NE-SW [ 4 7L 12
18377 ) w] AR ZS 5y AR X 23 TF R (B 3-13).

3-12 XUERE BRI G AT ARFE
(a)SUEZRAZ AL B 1A (b) KR IEBER 5 & H 1) NW-SE [AF YR 2R B (o) iR A A K EE
AP A ZEEE R T NW-SE FG M2 B () KIEBBER & S-C AU e e ik
TR T LERIA NW R8I I3

Figure 3-12 Structural characteristics of the Shuangfengjian dome

(a) metamorphosed granite in the core of the Shuangfengjian dome; (b) NW-SE trending mineral
stretching lineation developed in the felsic mylonite; (c) muscovite in the mylonitic marble formed a
NW-SE trending mineral stretching lineation; (d) felsic mylonite with S-C fabric and o-type feldspar
porpyroclasts, indicating a top-to-the-NW shearing
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Figure 3-13 Structural elements and kinematics map of the Suangfengjian and Daleishan domes
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HT T UG S 3 X 1) AR RIS, o TR A 38 (R T) s ARk Z 0 5. i3k
AT SR A% 1) BE 1 5 A it QD88 JEAT T A/ P Ar s 4F, RAEALE UL 3-11. £
HHER S BEZGH T 96.7 £ 0.7 Ma FIFEFES AT 96.5 £ 2.1 Ma SR & A0, METE
WL N BB 3-14). BIERR T X A AR KM 2 NS E M, SRS b
FEREZ) 97 Ma ML BY VI (AR R 18], GX AN 6 S RIARAR L1 28 A e i i
PRI 8] AR — 2

140 0.004

| QD88 Eft | QD88 FE it} FLEI A0
96.5+2.1 Ma
120+ 0.003+ MSWD = 1.06
T 7 I 967 £07 Ma E “OAr/*®Ar = 320.9 + 150.5
=100 = ‘ { £ 0.002
i — — ' -
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Figure 3-14 Ar-Ar age of tectonite from the Shuangfengjian dome

BB PR UG B ot e AL 3R 1 T BR AT A S, (B 0 (R PR AG E /£ NW-SE [,
Hizzh 2 Bor o — S L NW BT DI, ) AN E [ A R 230 8 U al, 3
JUT 2 B Bl 2 B B — B o BRI, BT X0 2 5 1 3 A BT Uiy
FER NG AL iRt 7K R R — IR . iR I TR) |, 32 A IE L AT 24 A1
BB AR LR, XGRS T[RRI L1 A2 B A% 2% B A ARG AR L. &5 45 X6 A A -
KA Lty DXk B PR, FRATTA XIS 55 2 AE 11 2 40 NW-SE 7K fé
MM A B S TR AIE.

4.2 KE:LH )it Daleishan dome

FELL AR KT U AR, KM Bl i P A K i DXOR B — M E I R ks SR,
M H AT K SR EE K& LS BRIV EISE, 1996, EEAIFIZE9R, 1998;
Webb et al., 1999b, 2001). K1l = FEE A E]_ERA ALK Z AR, 0 2R
ALEEK IR, AL 300 km® (B 3-11). SISO KGR LIE EER RN =KL
TR R, R T AR BRI, B s AR AR T (R oo AR AR (R 4%,
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2005b). M GE EMAZH FENA KRS . oBEASE A RELE AR
JRBEECA S KL E S L2 B DA b A B2 (R B B - 0 1 B s AR B . T
NKT K& SRR A EARIRVGR, B, skl 5E(1996) 1 oK &1L & 1%
N—HGE RIS BT, T EMAE SR (1998) N KE L s B A
AR AR BB S RHE, 20T R AL N-S [ IcAE B ) 1 5 T
Webb et al. (1999b, 2001)IA N K7 L S FEILFE T 29 195-198 Ma /24 NE-SW [[]iE 7K
S RAEF, AR TR AL 22 DX i 1 AR O R Je 2 e 1 6 3 A o

Rk I AE T R SAR LA ESE SN X, 7EJLFFI RS & 5 L0 22 i ety
BHif, By BRI R AR TP AT S RIS BT SR R AL T A i 4 )T
T RRZAM E 2 AR, AR ERAT A BT AMR ML R B LR A3, [R5 A BT id sk
BIYAR AR B Z W R IE 3 AR (B 3-13). MR, TENSBEAME IO 2B A —
BEAH R E T ORI BTUIARTE, NE-SW Al FIH 4 A 48 3 6] i N R -+ v &
(Webb et al., 1999b, 2001). F5L b, K& th 2% & H B G — 2 5 g (K]
3-11). £ NW-SE sl b, R B4R JURTT 28— A 15 B 1) SR R ) I,
T A 2 56 BE I 5 B AL, ST S s Y 5 TP A A 1L 28 o A R 1) ) LA 2
BRFR(E 3-11A). LU RS AE AT B 8% K L S B R e, HEDI R
L FRURL RIS PR & TR L AR AL A% o T 2R A A i A 3 52 T PR S 23

HY 75 B AME LR B 28 A i, DR b R ATV I8 I A A G2 (AMIS) %o THT EE Ak
(R A BEAT T o0 HT, S5 RUESE T IRATRIHERT. MAMFEILL 22 BE B IBAL B bR, 7
AKRHE A TIEE R RN R: Sk Bidk T NW-SE [ F1 NE-SW [ # #1214
i, FELARTE A, B TPHIRES 4R (A 3-13). A2 EMER
YL NE-SW [, {H @& AR Hr B2 B0 1 ASREE S 7 AN AR 4 AN FFE
Z5H T NW-SE A REZ . A% FBAE K BT R K 5 ANSKAE R, BRI — L6l A1
3k T NE-SW [ HIREBE, (B2 Sk EHTE EL NW-SE M2 & 33 (& 3-13).
R W AR iE NW-SE [ (¥ 2 iy it B S5 AT L A8 S A 5 R 1) ) L] 27 g B
IR FR AT FRATVG 7 T4 FL A RE Dy 1 T 0 T e A 3 T AN 2 L AR AR i v AR
P73 5 (Wi 4 B4 2 #4138 . Ratschbacher et al. (2000)453E [ K7 1L 24 7+ 84.1 + 0.8
Ma )Rz BEERS (] 3-11), AT EPIE T 30106 T Kl SR A T F 2 401

M. SR1M, Webb et al. (1999b, 200 1) K7 1L 422 3R A =8 CAr-P Ar F#12
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EEHHAE 198-195 Ma, SEFx L [R)HA R AR08 78 X0 WL R R V2 A7 7E (Hacker et al.,
2000). FATHENF: HOX — I G 00 )5 K T Re 2 BT R Z 1L 2 A TE SR AL T IR I
BN, HARTY EERAEEAGIR M BI-Ia 1 264, BT DABUE 40 5 248 o o A 3 ik A
KIJAREER IR AR M FHT 2 EE, X 5K L SEEMEE X LA
TR LA A% A 2 R DG R A — B

5 Kulil B EL M ERIE Cretaceous extensional structures in

the Dabieshan

5.1 KA 32 B A il oo A HURFME Main litho-tectonic uints

and their characteristics

A 5] 25 385 5 R L 2 A ) 3 B T IR R 23 A7 AE — % (13 B (Okay et al., 1993;
Cong, 1996; Hacker et al., 2000; 25 %, 2001; W45, 2002; Faure et al., 2003;
Zheng et al., 2005). £54 CA 0T 70 25 5 R i SO A sz AR, FRATTH 0
43 A=A G B ALHE R Iy, s O 5 B (fE Ge_EAR AR )
IR B A T A A I o B A R (B 3-15 A 3-16). K5l B 3 IR RRAE 2 — 2 4%
A KRG R 5 5 L /b B B - B M A O - R %), LR AR AR
HR7E B A itk (Jahn et al., 1999; Zhao et al., 2004, 2005, 2007, 2011; Huang et al.,
2007, 2008; Q. Wang et al., 2007b; Xu et al., 2007, 2012; Dai et al., 2011; He et al.,
2011, 2013). JbAh, WEALHERA R IE ik & & A 1R ) K i (B 3-15).

ALV B A Iy B B U BT T OGS AR, R R R RS A, R
IR BN N, BT N— BRI B A RS . AN
BEAE ), VURRMACAT AL, & 8B ARSI K EE SR 9T B I
JE VTR (Okay et al., 1993; FiFRFMMIMK, 1998; 1RFHASE, 2002). FHCIA F
LA TR JRE R 58 A, LR R 7 i AX(780-750 Ma) AR A Tk
LLI’4(Chen et al., 2003; XIS, 2013). &I 2001) K ALAEH M E R N7 T
ety FRE 1 o 3o 2 v g 5800 1 SR AL S AR S b, SRR TR B R O R I A R A
FEUTRRE R Y 8 T A BH A3 7 () Hh B (R I X)), £k & - B S L iR
HAEEE B T AR R T AR R 2 L
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Figure 3-15 Geoloical and structural map of the Dabieshan
XMF: Hek-E -1 Wi$d Xiaotian-Mozitan fault; SMF: 75 #pkKiZ¢Shang-Ma fault; SWF: 7KH-F.
] B 47) 75 Shuihou-Wuhe shear zone; XSF-N and XSF-S: Jbi 7K BT Y] A1 i 7K BT 4] 75 North

Xishui shear zone and South Xishui shear zone; XGF: #4%-/ 5% %4 Xiangfan-Guangji fault

R SR SCE £, B RRIacs, EERIER A Gem N KT A,
A B I R A ARTE KA U i) M A TR D B K s BRRL
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7 R 55 10048 0 A5 R AT T2 8 45 VR 46 P RS . AT I8 v R 31 % 25 A0 o g P PR DA R
UL 4z, FEEALLT UMM A () BFsRAs, YT =S o Bt
WL %5 (IR SR, 2002); (2) 7 AR S Y B 9% 5 (Zhai et al., 1994, 1995);
G) =B iR S AE, J& T BRI — &8 /3 (Zhang et al., 1996); (4)
H 22 28 KRR AL A J A2 5 AR, #E K “northern orthogneiss unit(NOU)”(Hacker
et al., 1995, 1998; Ratschbacher et al. 2000); (5)75 % /1 5 J5 /8 o JE AR 5 i M 3 R0
R N Kl R AR 1 (0] £ DR R R BRR o PR 3 2 2 VR & 6 A VR R R R 1T Fi(Fawre et al.,
1999, 2003; #RAHEE, 2003); (6)4#7 1 b P () e, oK 52 28 & A8 BT AR 82 i
(Bryant et al., 2004); (7)= & £ 1 =i -HE o B AR AR, 8 T3 1 52 i —
AT (RS, 1999, 2003; X AIZE, 2000, 2001, 2005; Tsai and Liou, 2000; Xiao
et al., 2001; Y.C. Liu et al., 2005, 2007a, 2007b, 2011a, 2011b; Zheng et al., 2005;
Malaspina et al., 2006; XI|I&HIFIZ=EE S, 2005, 2008; %67k K, 2008). EHE HHI, %
TR IR S AR i v R A AR TSR € B (R.Y. Zhang et al., 2009;
Tong et al., 2011).

R R IEHE SR R B — B SW-SE FUREAMRE 2B M, BTk
TR AR R BRSBTS R R = R ST SRR 1 R LT
TEARBEAI TR )\ TE (] 3-16). AFXS I 0 10 B R 500 £ 2 AR TR R B = (f
IR)RH Fr IRk A B AR A I AL, B e R & D KGR A E L, BA A IA
HHARREE N T, AT AT RAE T8 TR IR, SRS 1w S8
EE G EEMIE, @A RAE DB BB A . KA R A JCA AR, I
TS JOR RS IR BOE Bk, BARZT PRI, HXT &5/
i 2 IR g5 R R o3 A7 35 AN [F) 19 7 L(Okay, 1993; Carswell et al., 1997; Li et al.,
2004; Shi and Wang, 2006; Lin et al., 2009; 417K£L%5, 2013; Shi et al., 2014). fEta R
N—BETHARTIRS, AHAEAZRKARE . AoadRa. Ads, KE
A A MR UBEHCA &, AR TR SR - AN A, ok \IRHE 20y — B
JR AR K L g, PTG, AR PR R N - A A,
KT R ARSI 7L R B T e/ s s i, KERFREIEL et al,
1993, 2000; Ames et al., 1993, 1996, Chavagnac and Jahn, 1996; Rowley et al., 1997;
Hacker et al., 1998; Chavagnac et al., 2001; Ayers et al., 2002; Wan et al., 2005; Liu et

al., 2006; Wawrzenitz et al., 2006; #B7K &, 2008 A F 52 SCilik) 3R BH = /HE = T A2
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JRAE R R A RIBTARTE 240-225 Ma 1], HEE FE NS TSI G S5 HooE R
(820-740 Ma)Z BTG BRI E =W, BR— M AR BERI 7K )\ B (1 S5 25 T
R AR T AR, FEE DT T =2 L RAR R, (0 H AT B R AR AR LR
(FEPHIZE, 2002; Xu et al., 2012).
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Figure 3-16 Schematic cross sections of the Dabieshan (locations see Figure 3-15)

5.2 Kol 1 2 4048 J A% 2% 45 T B € Recognition of the Cretaceous
Dabieshan MCC

R B A g — AN KRS (A R i 12 g AT iz 52 (E R LRI 848,
1996, 1998; Hacker et al., 1998; X.D. Wang et al., 1998; Ratschbacher et al., 2000; ¥
KIFEE, 2001; RS, 2007; Y.S. Wang et al., 2011). SR1MT#5 M BIVELH (K43 L
] 2%, 38 B2 AT S FL TR e /8 v H 3% T 2% 5 8] 1 D% AR S5 4 1 M AR 0k = 1
T8, T2 T AT e /7 v 325 1L iy R T 0 S A IR BAR. 456l A T
1R BCFRATTRE T R A i B a0 S B )y B 28 VE A IR A T, R RS
W T T NW-SE [a] 4 e A ] T 10 FL o LU iy AR PR 28 A% % 2 (I 3-16 AT 3-17).
LA R L TR 25 LT 56 4 vl v ) 55 R sl o ) 5 e rg A s e
R~ BB T 5 P 1 e RR DK 2R o, 1 v K31 5 R P A 3 ) — AN G — I IO
B2, AL PR R I R 2L e i A J e 1 ) 1 S5 = A e R AR R T X —
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PREWTR I AL TR (R M DR IR AR 5 e R R T SR S
JE N ENAZ IR A 10 R S R A T S S K M- i B DA L R G (7K 3t
X) KB 1 AR BT U (R AR K BY DI, 45 XSF-N Al XSF-S 1 2% B U7 ) Ml
T HRR SRR Z B EWEA S, B =B LA SR/
T A AR AN SR\ R T X — I BT J= 4 5 B 1) _E Mg s
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Figure 3-17 Structural elements and kinematics map of the Dabieshan MCC
XMF: k-1 W% Xiaotian-Mozitan fault; SMF: 7 #kKiZ¢Shang-Ma fault; SWF: 7KH-F.
] BT 47) 75 Shuihou-Wuhe shear zone; XSF-N and XSF-S: Jbi 7K BT Y] # F1EG i 7K BT 4] 75 North
Xishui shear zone and South Xishui shear zone; XGF: 4%/ 5 Bi5¢ Xiangfan-Guangji fault; UHP:
i 5 R ¥ JCUHP unit; HP: /5 k¥ JCHP unit; SS: 1i5 £ # Susong  Group; ZBL: 5k J\ & B

Zhangbaling Group

WF B v R 2% 5 S HLAR B T 2 BT 48— (19 NW-SE [e) i W) h A 2 BRI 35
TR NW iz s, 2SI ) AR 2R . 5 S R 0 & 0 49 7 10 e A A I
B sm RABL, FRATHEI R 1L A2 A% 2% O I B T IR AE 5 A R W L R R E
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TN AP O s e 18 i o {11 it ) G ) R = 9 VAR RN S 8 11 T S o
FEM IR R A o o Ry BB A A AN ) T 5 e e/ e e P 2 TR AR T B S AE
A% T S AT, SRB A AR 1 A8 it I 4k vt th R o B4 WL 2
IRV b

5.2.1 ':F' j(%'] V'%? ]% El/‘] *@ Jﬁf%“?ﬁ Structural features of the central Dabieshan dome

HA s DR 5 I 1) v DR A o AR O R 4 I 1 A IRV RE BE VR S A AR I
BREGRE RS, A8 RIS, RHKANS . RS MRS . MRS A
AN IRAL 2B AR W] ORI A S T TR R T R s A A, R g
A (CELFE RN A S LT 2 VR B R ) I 8 3 e 8 sy A8 ot B P Ol il 6 2= 8 s
2008 N 22 SCHR). IR EEFR AR (1038 e AR 5 R TR b S VR R B IS [ AR X
T 75 W8 A AR 5 S PT RES040 B N T BRORL A AR AR S, 2217 T G108 Ve H0 B R AN [F] T
ik BB T R AR T 2 R A E R R, bk ) e R A AL R SRR R A, M
P NS R R I A R, I R K BRI AL A B 4 (diatexite) I 32 5
A (metatexite) 543 X (Faure et al., 1999, 2003; J.H. Wang et al., 2002; S.J. Wang
et al,, 2013). EEZHEA B M ESEE, HWRIBHIERS. Mk, 5AHE
TEREFE N B 5 AL AR M A 20k 3, %R AL T B TR RS, T 1 G0 43 W R AR B
R A S BERE . IR ERIR A P RS TR 2 WA G R AR BN 5 — 1, T 8 e
TROR 25 BRE A, I G i 2% B0 B A4 5T B AR M B (1] 3-18a, b).

ARH T BE I 2 (18 R 3, R T R R o AN IR R S R I PG
BRI D TS A 2R B AR BN (O 08 5 e (B 3-17). B SRR LTS B
ANNAKIFREI DLFEAR, SRER ORI AR, SR AL RPRA, i B 3 B
NW, Wiiffiise. 5 EERMBBONIERE, 1B A7 A te: JEF6iE NE,
e e B 4, R AR ARIZ WLy SE AT SW, WA Hh A A BE A UG E R U
PAEB AT S, BRI A RS ENR A, gt e R B ONRS
FrE TR E B YA RN YR PR T A2 NW-SE [A1(1 3-17). fE SR
LHRHNR S A T, W2 AR R AR Sk FARASAIE Ay v ] WA R Y 1iE 3
SRR, WHSE T KAR AN ARRE S eI IS L RHS A DA AT T Rig s BY D)2
5 S-C HM. KAKEHR. mtbf. K cns C MAmss, ¥—8ik

51



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

7~ T BB NW BT H) 48 FE (& 3-18c; Faure et al., 1999, 2003; Hacker et al., 1995,
2000; Ratschbacher et al., 2000; #RMF2E, 2003, 2005; x4, 2011; Y.S. Wang et
al, 2011). EFEZEE TRE SRR S, REAXEIIFEIH AL —E, E
TR T A AR I IR S T BB I AR AR

B3-18 A K % ORI A AR
@FIRIRE A FOMW N, — IR AR UP AT PAT R EIKCIR, orther 53—
OB C TR AR, IS E AU 2 26 IR BUE BOIR; (D) BRI & AR AR AR SE, I ik
PABT B AR (0 SRAFAE R BRI B ()T & AR TP IR BRI A 4R 7R 7 BN W BT D) 38
()[R IEAE B A P R R TR F s 1 R AR INWI BT 1A T
Figure 3-18 Structral features of the central Dabieshan complex

(a) stromatic migmatite: there are two categories of leucosome veins, one is light gray color and
fine-grain, another is light pink color and coarse-grain, and the melanosome occurs as straps or lens;
(b) schlieric migmatite: the leucosome was strongly folded and the melanosome usually occurs as
wispy layers of schlieren; (c) megacryst of augen K-feldspar in the migmatite gneiss indicates a
top-to-the-N'W sense of shear; (d) syn-tectonic granite with o-type feldspar porpyroclasts, indicating

a top-to-the-NW sense of shear

FE AR S BE NS, o0 A RIEARAITE R G 2R, BORIE R KRB 8. A 5R,
LR RAE (K 3-15). Hp R EHEE A A RN R A AR LA 2
WAE, ElEAH ARG, JFEA KERE A RCE SR s R R, s iR
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VATUAE B4 5 IR SU(Q. Wang et al., 2007b; Xu et al., 2007, 2012). S2fx b, Hhrok i 24
AR ON R A N E AR A RRA (Xue et al., 1997; Hacker et al., 1998;
Bryant et al., 2004; Xie et al, 2006)#% 1 1] e & iR ZASTE (1) 7 B e 7. (Bl T
EAS BlE A RE BT A AR P02 RO B R — B AR TERRAE, A5 I 78 B AR A
P F A B k. FRATETAMA A I R, 72D AL T B AR o R R 5 3
T B NW BB 3-18d). FHULRT I, H K5 55 R Y SR A B 55 AR T 1)
FEE IR T AR BURZ A T8 A G I [R] 463 B0 B A 1 N A4

522 HFREWKER L2284 Geometry and kinematics of the

detachment faults

I ERR, R s AT R BAT IR A A, S R L R AR
TR, LS E 0 WA & BER a . RN SR e R - B TR 2 | 7 R I
2. KM~ o] BY ) AN K B DDA R s 1 R LA A 2% o i3 BT

R A R MG AL B0 R ——B R - TR W R (XMF)

156 K- B IR T 2L 3 B 1 Kl Ly R S R PR TR A P R S R e O A 3 o F v AR
JFUAE . AERRAN L — 5% B AL S, LA I e S A R o AR — B DK
HATEGUL. A5 HEE(2000) A Y158 K - B8 1 W 242 gl s 2L BS0E 7 i AL e v
=B RS A7, 7E Faure et al. (1999, 2003)FIARFHZE(2003) 42 Hi - [Fl Hr
IR S R AU, R I TR - B VR I SRR T AR DT A Dy 5 v e/ R TR T A R AT
BRI G — M SR B W2, TS AR B R AR R AE R N XX IRE AL
Ratschbacher et al. (2000)tHHEMHe K- B W 2L BA 2 WE3h 1 58 =S4 n]
R -5 2L 2z AL PR YF S BT U0 e A%, L TRR BT e e/ e A I TR (1 T
PRESWT B SO IE- AT W BT R, ST A R S B LT, 100-90
Ma WU ZE 30 548 ) W 24 3L B0 () A5 AT B T T2, Y.S. Wang et al. (201 1)iA K- JE
VL W 2R TR - 7K L BT R B S BT R Dy A T b 5 K 1 R — B DT
P T T RO<AR R BIFRES 7. AT 10 Bk YR R e R - B 1T W 4 5 AR )
FNEAH AT, TR AT b B S A AR AR I, SRR R U7 S T A
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AR A4S T (Yuan et al., 2003). iX—H1 53K B e R -5 T W 2L 13091 D 52 2
ST RER, A R BRI F K S FE Y SR SR B 2.

Fan e e -

5
30cm | (e) A s

KI3-19 IR K- T W 2R A M AR T e

()M () BEA AL 10 2% R TR T KA R L TR A A T A B a7 1 BB N WK B 4]
AT (b)FE R i BE R o P AT B BB AR /R 1 LA INW BT VI ST (o) s ZUAS T ) IR BRR
e A R B HIS-CHM R AT e AR PE 4R 7R 1 LB IRINW R BT V1A T, (d)WkinT B A€ B4 o
JR P R A C R AR 5 R E 175 (o) WhIRT BT AL AE i o ot R = BHER S R I IN W-SE [1)
4

Figure 3-19 Deformation characteristics of the Xiaotian-Mozitan fault

(a) and (a') mylonitic banded gneiss with o-type feldspar porpyroclasts and amphibole fish,
indicating a top-to-the-NW sense of shear; (b) o-type feldspar porpyroclasts in the granitic mylonite
indicate a top-to-the-NW sense of shear; (c) augen granite with S-C fibric and o-type feldspar
porpyroclasts, indicating a top-to-the-NW sense of shear; (d) in the Yaohe granite, mafic enclaves
are loclly concentrated and strongly elongated; (e) biotite aggregate in foliated granite near Yaohe

constitutes a NW-SE trending lineation
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I8 K- B R I SR A ) NWW-SEE, B2 IS TR . TR SR BN )
PEBGU) AT, 00 AN PR T 5 A G BH R 3 AR T R 1 B A B
FRliEHefim, 52 NAE T EMBIMEAR T 2 b WK Kl - B b R S 784 F B
B2 TRR-BE TR WSS, WITEET D) i vE Bl T 5 A A A R R
NI e, FRMABRAE L. BFE. BREFEOESHEE, Wl
HERME T ZREEESE. AT EH NE, FIH N, BiH— e
20-45° (K 3-17). fEHE KB B L, KR, B A& A NA kst
AR B T T T NW-SE [ PIhi R B (B 3-17). FEBTVIAT AN R0, BEAR
I G AR TR R R /R BT ) e 42 0 T WA DN 28 A B4 25 A AN TR ) B fr) 3
W R, BF AN T T BER A R B BT UIAR &, WK e A B BRI 2B A A
FAR T I P fafais, 248 T A NW BT D) A (1 3-19a Al a, b).

TR WL 23 A R0 2 A SR A R R AE T IR AR T, SR B Y) A
Hh B AR P 1 B A B 2 R R T T R BR BRI BE R, UK E 1 S-C MK
AR R RIFR R T 5HE RS — 80 Bt NW 2358 3-19d); F 3
VA A T T B T R B R BRI IS (PR AR &R, 2005), BT A1 8 Sk AT g Ak o R
AR R AR SR PR 8 1), HAHN TS ) TAT T A AR A PR S RS
AR B NW-SE [H] 28 B (] 3-19e).

HR R A6k FR M 36 T 503 57— TR AR T2 (SMIF)

TR BRI 24 E [AINEE,  [A) I K - 5 VR W7 24— 1 B A 2 AR TR 4F £ (Faure et al.,
1999, 2003; A%, 2003). BRKIZ AR PRI SRR, 2 o oK A A 1 P s ia
G BRI, T AR ZE K ) B T R R T AR A P B e AT T 28 (XD,
Wang et al., 1998; Ratschbacher et al. 2000; Y.S. Wang et al., 2011). £ X K%£(2000)
VAN JRR W7 28 AR YR T = Bl e L AN R Rl — S G 1L E 1 A 1
SRR, FANE(2008) X T R WAL BEAT T RO TEAH IR MR, %0 3 A R
VEWT R MGG S, MBI 5 A KA B INWW T )i B IR BT U0
A FEE G -0 i O B U2 L VPR v P I 1 A BT
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BI3-20 7 PR BT 228 K0 3 AR T ARFALE
(a)F (@) BER A AL IR B P JRR P i ik R 52 219 ZU BT DI A T 1 ok, B AN R ] Ik
AR T B FINWEITIAZIE; (b)F(b) 14 b Ji BEAR P AR AR i B e SR B4R
AT EEENWRBIYIAT, (M) AMSILATER A FIPE AR BN T BER AL, BT KA B
BERIE RN 2 KW Wi SR R T R B RINW R BT E) A2 7%

Figure 3-20 Deformation characteristics of the Shang-Ma fault

(a) and (') leucosome within the mylonitic migmatite gneiss was stronly sheared into sigmoid shape,
and o-type feldspar porpyroclasts in hand specimen and thin section also indicate a top-to-the-NW
sense of shear; (b) and (b') granitic mylonite with o-type feldspar porpyroclasts, indicating a
top-to-the-N'W sense of shear; (c) and (c') the western margin of the Baiyashan granite was invloved
in mylonitization, and the fragmented feldspar porphyroclasts indicate a top-to-the-NW sense of

shear

T AR EBfr 28 T PR 3 e B 2R B0 H BE AR e R R e RSN, R I NI 2
etk iR st AR T I AR, 1A H T B SUME 12k B 2 R 1 R MR B D), (s BAT
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TE BT 1 U 5 I 4 B[R] S5 45 18 1 J2 M 11 7 RR T 2R R D R - B - TR AR 40 . 7
PR T 2L P G AR T LUK T e A B TR AE T J2 e i, X — TE WA 4%l 17 I 2 v ]
-5 = 20 R S T TR . T RR T 2R3 1 B )y v JBE A e 1 T R A ) NOW
1 f 2 4E 20°-40°, B PPRiAiZ 2 ) NW BIAR (B 3-17). #FbEERTT In), BEMGE LR
& R A T Z B YR TR o SRR EUBKAARILE 5 BE b 25 Hh AR BROIR K e ik
REFER T L NW R BT AR (& 3-20a AT a', b A1 D).

(EATRE 95 H A, KSR PR T 2R ) 1 2 20 G LA ) o A 1 P 5 Sl Wy
R R AT BEREEAL(B 3-200). 1A AR FR R AT IR N B C 2 BER A AL
REa2H. BB T AL BER A KA AT DB PR RN S R oy =, ]
HTEHE RPN Z Kk E g fan 7 5 S —EiE sl (B 3-20¢). ERIX— -k
AN AR A W] R AN [R] T o v 3 7 A A TR R AR R I iR AL T
HE e I, MR AT R A2 7 1 R E JE O TR B 1 W I B U0 3.

H R e R ) 3 R A3 SR —— K M- L3R BY D07 (SWF) A i 7K BY V17 (XSF)

HR R 5 o 1) R S AR A 2 R AT LU RT3 NW 28 7K LR Ve B, 22 7
b L X &2 [a) SW, JE& WKL SR NW GE T, 1h T 7 JBR W7 228 (1040 il <5,
2002). FiI AT H K A w0 ST 2 SR AR R By (TR -5 P LX), H
T K ML T — 2t R AU, NATTE S350 LRy 7K ML - o im] B 2R B B )y
TR~ TR B ) v R A o R R ) s s e A s B B SRR, (AN 2 o
JHBERAR R A TR R4 7 (Wang et al., 1995). @i #i& /> #, Wang et al. (1998)iA
N 7K ML - L] B A B S 0 IRV AL (BT B4 15 SE (38 324 90 1 B L) 4,
{HX—IANR I 15 2 2 Ja it T IR SE(BESOREE, 20115 Y.S Wang et al., 2011). it
bb, A DB T G K M- TR AR T b - R =B 4 4% 5 4k (Zhang
et al., 1996; Wang et al., 2005b). H1 K51 & [ R 2 7 0 V8 B (I K Hb X)) — B /D 3
20 (1 R 1 0T 2 5, 3 B AT AR A — 2R R B IR A AT A T B U (R - i
KB B HTR- 2 ), DA E e P 2 T DUAE A A A AT L X (X D. Wang
et al., 1998; E. Wang et al., 2003; Cheng et al., 2012). F AT/ EF &1 25 22 B 37 7K 3t [X
KE—%BAZ EFREWZRE S 0SRRE DN, T XA W, A0/ HF K
WK, LB L, e B AP s BI VI (XSF-S M XSF-N)H AR, P4ty
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LG TR R T2, AR Y AR BT VDA IR B0 B, XSF-N 5 KM - TR 85 P) i 5 F,
XSF-S W #8y 15 Fe 48- 15 Wi B4R SE )l O i Km0 1 5 LRl e 1) 38 S R LA
SRR KA L AR T 405 4 L R REVE 5K \ DA A B S A (1] 3-15).

3-21 7K M- i) BY D) A i AL T AL
()FE 1 T BERE v R 5 BEEE B A BUINW-SE [T WL A 2 B (b) A0 () IR BRCIRAE 14 Jo e b
TR IS-CLM KA IR IR PEA = B My iE faoR 1 BB INWRIBIYIAR T () 7 kg i) Y
DI2k i MoK (1 R IEAE b i Bk da s 1 _E AR IRINW ) BY D) A2 77
Figure 3-21 Deformation characteristics of the Shuihou-Wuhe shear zone

(a) biotite aggregate in granitic mylonite constitutes a NW-SE trending mineral stretching lineation;
(b) and (b') augen granitic mylonite with S-C fabric, o-type feldspar porpyroclasts and mica fish,
indicating a top-to-the-NW sense of shear; (c) shear bands and syn-tectonic granitic dike with

asymmetric structure in the gneiss indicate a top-to-the-NW sense of shear

KWL~ FLIR] BY P55 R B AMRRAE 32 BRI B — RV 5 0 FUE ) B AP AT (158
T BE b 2 ity T FOAH A) (R 55978 T30 B, B o 46 T BRAE /K ML X DAL I] SE A, il
Fa— M 30°-60°; FiHLIX I S B SW, WA RS, JEIliHh X S LI SE
NE, WA ZTE40°-70° (K3-17). BIRBIVIHIE FR A T &%, (B ) hih 2 2
PAIAl SE (130°-160°) Witk A E (B 3-17). Rl e fE/K MU, 165 5B b A T3 b
KRB H R BEIR AR G A T A8 U P i e B 20T T (B 3-21a). FRATTNS K
WAL PR 1 B 5 HEAT T VRS B SR, B Ah L € IalbR A R B I S-C 4
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My, KA e R AN = B0 R i S BT U bR B 8 — Bt dE 7R 7 EEB R NW BT H)AR
FE(E 3-21b A1 bY). ZE 1 PG AL EETa S B Vs i ke v R B B U125 A o R
[R) ¥ S Bk R REFE - T MR i 8 24 (B 3-21¢).

13-22 WK B )75 1 18 A8 TR R AIE
()44 B B BE R 5 P K DL s K 2 T A BRI W-SE T 0 hr i 28 3 (b) B = RHK BUBE IS
T H PR BRI 7 0 M B INW-SE T IR A R B ()R ()48 B o BE e o rh K A e e TR Bt A
AT EIENWHIBI YT ()BEME IR 2R RS ok KA R 9848 R T B
NWIIBT YA TE; (e)fe i< i BEME & P IR BCIRE KA B R 4R /R T E3B INW I BY D) AR T

Figure 3-22 Deformation characteristics of the Xishui shear zone

(a) quartz and feldspar in granitic mylonite was stretched to form a NW-SE trending lineation; (b)
biotite and epidote in biotite-plagioclase mylonite constitute a NW-SE trending lineation; (c) and (c")
o-type feldspar porpyroclast in granitic mylonite indicate a top-to-the-NW sense of shear; (e) o-type
feldspar and quartz grains in mylonitic biotite-plagioclase gneiss indicate a top-to-the-NW sense of

shear
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FE R LB 25 53 A A — B AH R H 1) v R 57T, Faure et al. (1999, 2003)F14k
552003 )4 FLRINE A R 28 6 v A8 R Y ARG R 3R 4, S bes g B2 T
RAR AR 45 (2002) 37 8 S« R, K5 ARITR A 28 A A P TR I HLIZ T 2K
B AE T S B PR BTG T KR A A SR A I — s, X R o K AR
T BERE AL, WK BT I (0 R G S R 3 S i 7E AR R M (4 R BT
TE i 7K LA TE i DX BE RS 5 T BB /i) SW, /DBt NE, i —Her22 2
5, JREREBE(E 3-17). TER/KLAZRHLIX BT BT P03 193 X, JBEAR 5 THI B = R AH
KAET R R, KR RS B BE SRR DUR D B TN A )
IR ) hi A 2 BT [ A3 € £ NW-SE 1], JF 2 SE ZZfilfk(&l 3-17, 3-22a. b). ¥
HNET TLRE A ~FAT T 2637 1) 1 R AR A2 R E, M DX 3 b B g 2 T AT 1)
(5 55 AT %, BT R BEM S LAAE B SR R = R R 3, BRERCIR KA 11
JietE e DR EHB R AL 1 DA K o RIS BT Mk B F8 7R 1 B3R Nw BT P AR T
(Bl 3-22¢ # ¢'s d+ e). BRI KBIY)AT )P 53 3 XSF-N A XSF-S 18 J L] 2= iz
Bl FARMEEEFANX 0 TPk, {HEAR b XSE-N s itk XSF-S BRI R B 2K
PRI, AT HE DX 795 2% B9 V) s 7E 38 B B 18] b W] BEAEAE A 6 J5 KT, X — i 45 3]
TR TSR LE S0

5.3 FAREME 5T Geochronological studies

53.1 HRAAE RS AR ARG & A RTI A Protolith ages

and timing of metamorphism and migmatization for the central Dabieshan

complex

OB A RE A EREZR, FEAIERRETIRG S, HEALbEN
Fo 7 TR A A RRORL S AR 5 55 I A R K 22 B IE v R HEAT T ORI
A U-Pb AR I, S5 R 245 B o i 10(740-820 Ma). =& 40(245-205 Ma) B
FLE A (145-120 Ma) 4R S H 20 A (Xue et al., 1997; Hacker et al., 1998; X4l
&, 2000; SR, 2001, 2004; YLRAEE, 2002; FEPREREE, 2003; & THESE, 2003;
Bryant et al., 2004; Zheng et al., 2004; Liu et al., 2007b; Zhao et al., 2008; Xie et al.,
2006, 2010). 44K &> EFINAFCHAERNRE T A s R A, =8 44F
WRERFREE LT T 5 WS RER A A S AR E A, B AR A
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WA 32 BIR A A AU I BCE RIS, 290K, d T o R A o 5 BT 70 4 it
CARARTE, Bl LIk RASBEHRERFR 730 7 bR (10 S e 9 S T AR i 2 (1 Al fE.

B DB T TR A A A E R A IR T TR B 7. HoP Wang
et al. (2002)3R1FVRA A X vk TIMS 8541 U-Pb £3589 131.7 £ 1.1 Ma; Wu et al.
(2007)2H LA-ICP-MS F1 SHRIMP £ A Al H X (TR A 45 3547 T #54 U-Pb & 4F,
WHRKES R G B R E R AOE e H R 768-867 Ma, REGA HLAE R K A I [A]
£ 145-120 Ma J1E], FfH P %0800 e mt, W A7 0y 139 + 1 Ma Al 123 +2
Ma; fif Wang et al. (2013)%HE & 4147 7 SIMS %5/ U-Pb €4, 3K1F 135 Ma.
130-132 Ma A1 128 Ma =50, 70 PR HAERNIR G A AR E R i 0], g
SR H 8 ot A

HORAFFERRL S O M N AT, ABFEARSA 0 5T LE B0 55 (Zhang et al., 1996;
Zheng et al., 2001). #7002 (K& 3 LI MR A, TARE T R BIL S et &
a0, HECER LN 2.7 Ga, BRECE AR BN AZI 2.0 Ga (Wu et al., 2008; Sun
et al., 2008; Jian et al., 2012). #iT, S.J. Wang et al. (2012)%} 3k F H K5 & B —A4
BRRLE BEAT T PEANES A U-Pb AT, 3R T Z IR BUFR 70708 224 + 2
Ma, 213 £2 Ma #1200 = 3 Ma, Y\ yF70 00 N AR #E S AR 1A 5T . JRRRL S IR AR
JRAN F A AR IR AR AR OO B B R CHRGE R S TR, RERE R
ISR PR g EREN . FSUA . A B R AR = R
SR, IERIATRLENIA 9 7 45 0 S5 O = RS TR P e 4
(BF =, 1997; 1HERHIEE, 1999, 2003; XIIEAIZE, 2001, 2005; Y.C. Liu et al., 2007a,
2011a, 2011b). 734k, 725 B LM ETE RS PR IA = RS 3 S R (Lin et
al., 2007). FHRHE A U-Pb AR 703K DI LU R S 1 5 s NN 780-800 Ma,
g HA AR J53 IfARAE 226 Ma 247 (Y.C. Liu et al., 2007a, 2011b).

61



Chapter 3 Cretaceous extensional structures in the Tongbai-Dabie orogen

32"\72 ~ |115°00' 2{\‘115”30' . 16°00" M16°30°
e ) T A LR R R
age s Shag, ' (o ] fimeaiime
Bt AR TR AL AU
N ey

()
YA T FL T (PSR B T B
AT AFIRNE
CEILAeA MR AR

~ + —
T v B1225:06 D\ +
31°30' B120.7:07 \\< 7125435 31°30
12 o v 230, el
+ + + oy LT
+ + - BASER N e ©
i B107.7:0.7 N HIZT 008 = ’/x\ gt
A H141.941.2 T i ]
21\2&3‘? - T :;7?:/,_/ qu/_
/ 4 + + = 51220306, - S
+ Y o201 ¥ Ry 7N

- : S fJ4
41314172 H128.8212 o e e - )
B125+1 L AN B H132 00,8 =LY, A
7135113 +§21291f/|1%ﬁ (1028130 7+1.0 Vk\,,@» Ik ]l

- ~ ;\’ + +)(
. ! Pt \Kk H133 1209 24 L
+ /> - ’ﬂf@%:% ps il oG H120 7512 P16 AT 1 NQER H134 1200 L6120 8200 +
B124.225016 Z142:3%7  tah o T wz124510 BI20 55 240 b "h51292i"0>)§
2 ﬁr—/gzwzgﬂﬁ a7 + H133.0+ =

0.8 B1365:13
r +5 R 714313 130 1 1 +
B118.0:05 A= e 2130109 I,ﬁ}’,i'”i“ B130.77:0.1% oy
Z130-132°~,, B121 5223 * i 4 W W B127.2:0.7 [ Al
+ + UB1212:04 (A7 71313214 \ B125.6+0.3 e
/ A g % 212823 317
9:0.3 71328+43 | 71326%15 P &
9+14 $B122.0:04 ) — + Z1312+1a - L
* — N ' Hi2eg:03 B LR
B124 7+0.2 7127.9:08+
A+ (713379234 £ 21323:10
; a4 Z1340:28F Byigp.s
51183200 Z134+3 gl i N TB124:2
H126.7412 -
O i E L P
713543, 13724 9%@ 5124'5;%3 . )
713124 - Lﬁ) #1256 =+
NG \\Jﬂ O+ L, H1201505 ‘ %6130 7:05" | Vi e,
\{\Jg Iy B124.6:0.3 b= 3] LA/ =
R | e ! S
+ \ A =HE-TER
— D N\+ SI% G =
\ - AR EZEESS
30°30]

+ +R I &
)+
Q¢ u/
VU,
* ¥r Z128.6+0 \

3
\ HY
139.0+1 04+ )V\L
13202 | +
= | (J .\

VAN

-
fa g N
T +
QL_Z% \
+Y}B’I24 8+03 -
~ AN 4 t

> +

A e e A T Y
- WA AR E PR E)
BIARRIGIE SRR
[ ] Akt G A R BT (5 TR

S S
e [ R RE RIR AR 9
- (I EE )
. [ ] A 20 B2 (B A B )
20 B 0y

) AR B (b

1 y N - .
ELRAINE) WERETEIUR ) - i (e IS B
116°) 116°30) 17°

Kl 3-23 )il F R A i AR
Figure 3-23 Cretaceous tectono-magmatic geochronology of the Dabieshan
PR EE R references: PRIERSE,1991; FRILIESE, 1995, 5 Bi4E, 2003; fIRAMAE, 2007
B 4%, 2012; Mattauer et al., 1991; Eide et al., 1994; Hacker and Wang, 1995; Xue et al., 1997;
Hacker et al., 1998, 2000; Ratschbacher et al., 2000; J.H. Wang et al., 2002; Zhao et al., 2004, 2005,
2007, 2011; Wu et al., 2007; Chen et al., 2009; He et al., 2011; Y.S. Wang et al., 2011; S.J. Wang et

al., 2013; AT EEAE ) this study (grey box)

EAFRE 48 H B2, ZEAKSLAF(2013) Bl oxd Y #a T AL % AN 2 B i SC . R
A BRI S, LS 0 A BB R A AT T 404 U-Pb
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AREHI FERIER 73 FF i (W B A 8 SE L. 70 RIS RN S Th 404 U-Pb Rl N R:
WAL H LT-3 4 129.6 + 2.8 Ma, LT-4 5 129.4 + 3.3 Ma, FLE BZY-1 5 128.1 +
1.8 Ma, W& MYL-1 4 127.2+3.2Ma, F'EH SGZ-1 4 127.8+2.6 Ma, HH A
WA A& AT N 126.9 £ 1.1 Ma., IXUEERIEIRZTEN—E, FHR 128
+ 1 Ma. ANFEFE G20 A B0RR N —, 225 I8 IR RO LK 3 JEK
90), SRR /NBURLIIE R T — SRR, YIRS A & T 1 PR (v #1172,
IS4 2040 U-Pb 7R R RIS P 01X — g BRI 7Gx Sy T o H 52 (10 R
e BT 5L AR B R A R AR 46 TH = R 1.

5.3.2 & AR 22 AT Timing of the extensional tectonics

A MR 2EHIZ) Previous geochronological data

R AR A T IRRE AN = BRI A  Ar SRR LT 4
TR AR (B 3-23), R R a AT Jeve BT AU AR R H 2 (R
BEE, 1991; FRYLIESE, 1995; Mattauer et al., 1991; Eide et al., 1994; Hacker and Wang,
1995; Ratschbacher et al., 2000).

TN DT R 3 L 738 oA 5 3% 25 W7 J2 AR T A AR 2 A 5 R AR v A L il 7t
56 R -5 TR TR (B 3-23). i, RIRAREF(2007) 4 28 B35 LR TR I 2 1 BT 1)
i TP RS 124,17 + 0.25 Ma AT 126.91 + 0.30 Ma {1 B 7= BF “Ar/ P Ar ££5%; Y.S.
Wang et al. (201 1) ZEHYBY V)47 (K1 BERG & P 3RAG T KB INA R B = B A  Ar 4F
W, FFRRMEA T 142-121 Mal—/METEVEHIN. 7346, B IR 5528 T A
IR A 2B 2 B A Ar AR 4351124 120.7 + 1.2 Ma #1 120.5 + 1.2 Ma (Ratschbacher
et al., 2000).

KT W R RIEE =S4 A RaZ F. TSR (2000) 0145 7 KT 24 P
R AHE T B A 1 S 5B AP Ar SRR N 226.5 + 0.6 Ma, YONFARTR T R RRIT
ZE BT R]. FAME(2008)8 ] LA-ICP-MS #5417 U-Pb & £ 3K 15 15 R 7 24 b [ ¥4
MG AE B 5 i BRI A48 B RN R IR IR 2330 125.9 + 4.2 Ma 1 118.8 + 4.1
Ma, ATV A 7 JBR W7 2847 7 11 S 20 MH) 1 B 1) 1 M 1 DT 22 2 36 (10 B TRDPE. 126119
Ma (8], SRTHWiad Bk, ARG A8 KA M PE L& &N T8 Y, AR
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LA-ICP-MS 4547 U-Pb 4E#4 4 120.4 + 1.8 Ma (Chen et al., 2009). X 2% BF 7 Jbk b 24 4E
120 Ma BLJ5 74775 901 BT D15 3.

X 7K L= TR B ) A 7K B D)y 10 BE R A H AL R R S R e AR AR R
SRR (2007) 108 T B LK ML A SR s BE AP Ar A 190.59 £ 0.42 Ma,
WAHAARR T 58 AR A TR A S A EIR], (R 45 BRI R FE A
B AR > Hr8E. 10 Ratschbacher et al. (2000)#E T S5 7K Ml.- 1oy BT 7] 45 ) 4]
W GHARTE E IN K I A N A A Ar 456 A 126.7 £ 1.2 Ma, FRRBI DI 7E R A
S AFAE PTG S

RIRFFFEH) “Ar/PAr F£48% Ar-Ar dating in this study

N TR L PR 1 S 20 R R T TR BN (], TE VARG I AR BT (R BR A L, AR B
e 0 e R S G 1L PR B A AT T O A Ar SRR S T CREEA B
] 3-23). “Ar Ar MR LE A R B 5 BRI ST AT AL Ar AEAR I
ZE 1 MM-5400 IS 58, SR A HUBE B B s, B b 1 T A SRR T 240 11 43
W7V PR L E AR2(2005). K H ArArCALC ¥4 (Koppers, 2002)i SHLEE4F 3 Al
IR B AR NS AR A 0e . BRI 8E WAk 3-5, ARt A s S ik 2 WL ¥
3-24, FRVIRZEIN 20.

FEfh 1S109 AIE K- BE - TE N 24 Fh B AL I B BE AR o, BT A0 ] LKA e ik Bt
Feon EEBIA NW BT DI, iR KA R TH R VG FEAE 127.6-96.5 Ma, 4
VAR A 123.9 £ 0.7 Ma.

Ff- it DS49 9T IR W7 2L R BUBE M S A VR v BRSE, BF AT By v 4 m] R b
5] NW B BT UIRR (& 3-20a F '), 24 il b A A A AR 8 35 52 30A T BRI IR,
For IR A B BT 4R 68 70 70 131.4+1.3 Ma. FEdh QD124 T BRI
AL B A K o BE b 1, BFA T A A e ik B AR s AR A NW BT DA . %A
H BB A BERAS T RUF RS, FEAERS 107.7 + 0.7 Ma 5 REERTZRFH 107.5 £ 1.0
Ma 7E iR 270 B ) — 80 TR CAr 2 Ar WIUE LB 321.0, B8 & TR br it
1.
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130.9£ 1.4 Ma
130 S o W | 140 0.003
o
110 g_’

MSWD = 1.55
40Ar/36Ar = 290.4 + 6.5

5 g
= i ¥ 0.002
= il P E=0E S 3
£ w 1314 %13 Ma 8
0 AFYIX ] 96.5-127.6 Ma oo 0.001
L fEHN: 123.9 £ 0.7 Ma
=0 10 20 30 40 50 60 80 80 90 100 BGU 10 20 30 40 50 60 70 80 90 100 0.01 002 003 004 005 006 0.07 0.08
BT SSACREIL (%) it S9ATRENLIE (%) 39AT/40Ar
— 160 — 160 -
QD124 Bt} JS100 ) JS349 A
o " o IR
1251+ 0.7 Ma

3 = z
= =
S ool T 1077207 Ma ) 2 s
= ~ 120 } o % 120
& | §_= HPAERY 130.7 £ 0.5 Ma ¥

&

100 100 100
o 10 20 30 40 50 60 70 80 80 100 600 10 20 30 40 50 60 70 8 9 100 o 10 20 30 40 50 60 70 & 90 100
il S9ATRILI (%) 23} SOAPFERIE (%) it SOARCR (%)
0.004 - 0. — - - 0.004 . N
QD124 B} FOEGRTERER JS100 Bty SRR JS349 AN RERLER
107.5+£1.0 Ma 130.2+1.2Ma o 1248+ 1.0 Ma
0.003 MSWD = 0.78 0.005 MSWD =7.65 0.003 MSWD = 0.78
% OAr/Ar=321.0£800 % 40Ar/30Ar = 303.3 £ 1.1 = 40Ar/36Ar = 307.0 £ 25.7
€ o002 T 0002 £ 0002
<
3 g g
0.001 0001 0.001
001 002 008 004 005 006 007 001 002 003 004 005 006 007 008 001 002 003 004 005 006 007 008
39Ar/40Ar 39Ar/40Ar 3YAr/40Ar
1 160 —
JS349 BB DS45 Etf DS39 Bt}
140 110 140
) O
’En? [Pt 2 = I EZEET
= & % = ol LT 444 112.0 £ 0.9 Ma
g " FLAEf: 125.8 0.9 Ma & INECFE #
" 101.7£2.8 Ma
100 70 100
80

10 20 30 40 50 60 70 80 90 100 o 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100
T 39ATFEILIL (%) il SSATFERCIT (%) i1 S9ATFRILIL (%)
0.004 0.004 0.004
5349 Bof} I A DS45 Btf e N s DS39 Bty TR
125.7 + 1.1 Ma 1029+ 9.6 Ma 112.8+26Ma
0.003 MSWD = 7.89 0068 MSWD = 25.00 sy MSWD = 1.46

40Ar/*Ar = 288.8 + 53.0 “OAr/SAr=292.3+9.8

-4 PAr/PAr=297.9+82| T 2
S
< 0002 énonz Egum
E 3 3
8
0.001 0.001 0001
0 ° = g 0
0.01 002 003 0.04 0.05 0.06 007 008 001 002 003 004 005 006 007 008 009 0.01 0.02 003 0.04 0.05 0.08 0.07 o0.08
39Ar/40Ar 39Ar/40Ar 39Ar/40Ar

] 3-24 RO WL AR S IR o 1 *OAT? Ar AR AT S SR IR £

Figure 3-24 Ar-Ar age spectra and inverse sochron plots of tectonites from the detachment faults

BEA IS100° 7Kk - LI B9 )3 0 45 B 7K L BRI (1 RRBROAR — KA 1 5 B b
FAT B NW REED( 3-21b F1 b). ZRER, h 38 S RERAS T BT I e T,
FPAERY A 130.7 £ 0.5 Ma 5 RS LR 4R 130.2 £ 1.2 Ma 7R E AN 5L &%
E£R R AT AT HIHA L 303.3, 15K AR W (R AE 152 1 B 1 — B

Ffdh 1S349 Jyi/KBYD)H XSE-N MM AL AN R R A, Bl T
MINARR = BE AN SRR B InBCT 85608 125.1 + 0.7 Ma, XFRZH
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JEE I 2R AR R A 124.8+1.0 Ma, CAr/PCAr HTHE ELAE 307.0, W& & T RS FRE(E.
ZRER1E T B AR (AR RS B, HIPAERS 9 125.8 + 0.9 Ma, FH N [R) I S50 4R 4205 Ky
125.7 + 1.1 Ma. REE 2610 “Ar CAr MIEE AR N 297.9, 5 RS PR —5KL.

£ b DS45 FI DS39 i /K BI V)4 XSF-S (I 5 R BERS &, W HA = BRIAE IS
W2 R, Bon T RS R AR, Horh DS4S (RN AR Y B3R AR R
PP FEE 9 101.7 £ 2.8 Ma, 1M1 SCEFIFELFERE 102.9 + 9.6 Ma BABCRHIIR %, H
OAr OAr MG LLE S 288.8, 5 RAGbRHEE BT, EEL DS39 HREIAEE AR 5
AR HAARINBCE IR N 112.0 £ 0.9 Ma, 5 RZEREZEER 112.8 £2.6 Ma 7F
TRV — B R LR A CAr WIRR LS N 292.3, 5K ERRHE K.

R E W EFITE SIS 8] Ages of the detachment faults

iSRS e R - BE R 24 AP Ar SR AT 142-120 Ma, LM INA K
R Z KT 130 Ma, 1118 = BERAE RS T 2E7E 130-120 Ma (8] 3-23). H & F|ER-FE
TR W LI BEAR S R A R A A A BT R, U TR AT ) 6 B 420 B V1) 1 AR T
AL BRI, BRI N AR 142 Ma AT RRARER T AR TE T R IR, 145
FRAFH IS109 KA CAr/ P Ar (R T AR RS HEICE 128-97 Ma I8, #8571 7 B 0)54
H AR A B IR E 350-150°C HAMRIAI[A]. #51 Cik 2, rBRMTEnT gege i 1 M
PINEALTE, FEdh DS49 J8 = BEFE RSB AR 1 A SRR 131 Ma FIAE S QD124 KB =
BEAEIS 108 Ma AR IR T FHARIMGE AR LA T (74 20 AR e A TS L8 5
AR TR ORI IAR T B I BR B S 20 S & B AE 120 Ma Z AT J5, X584
LS A IE.

T LB 3T (9 BE R 5 A i JS100 1 JB 2= BERFEAE % 130.7 Ma R 1 7K HL- 3]
BIYIH PR AT v JAERE. K B K BT Y)Y XSF-N HIREdh JS349 )£ R A Fl R
R TR —EUNAER 126-125 Ma, RUIEAEME 27 7 PUR 4 H .
¥ 7K AAR AR N B Vs IR AR TEAL B 8 5 A IR 418 128.6 + 0.8 Ma (&) 3-23),
T FRATTHREN A /K BY )5 XSF-N IR0 AR T s 18] 845 7K M- Foim BT 90785 — 8, kR
7E 130 Ma PARY. /KBTI XSF-S PIANFE DS45 1 DS39 HAARRES: HI BRI
PRAERE, (ARTIFREIE/NT 120 Ma, Ja 3B v 5045 2 0 IG5 42 68 43 514 102
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Ma F1 112 Ma. Z5FATRIMIE AT, WKBTYIH XSF-S 75/ Bt 18] b 37 i T
XSF-N, A AUIX PN AR R AR RS v RBARER T /KBTI XSF-S AR T[R4 4
i [A].

5.4 KIS 1A J& T Nature of the central Dabieshan complex

AT HR R Al A2 (A3 S PR IR — BLAFFE 4+ i(Tong et al., 2011 X HZH L
HR). A4 S5(2002) 32 ZEAHE ORI A B A KR B BR-E BR R DA A LR IR ARHALE,
W KR R R e iR A . Shr b, RIS s A R & e
e m B ELRIREERG R, MiFdE=aL®lt 5SEEmENER. CAr
AR AR B 2 B R R N 4K 22 B B R 5 Dy L S A (142 AR (Jahn et al.,
1999; Zhao et al., 2005; Dai et al., 2011). H R IE G A2 — A b AR 5
SR, 3 BUEE 2 HOE R Bk A AR B AT B 9IS 1% (Zhai et al., 1994,
1995), {H 5 K 19 10) @ETE T~ H Ak Z AT A AR AR S B 103 FF. Sewl e T AT
TE AR KB J 2 v R R IR, 3893 1 R B A7 U-PAE I A1 LT AT O Ar/” ArfE
W S5 L B, DT A B T AR T R S AR O SRR AL I S
HK(Xue et al., 1997; Hacker et al., 1998; Ratschbacher et al., 2000).

SR, JEAESRAE T K B B R I T RS BRI A A A 0, A DR IN A 5 A
AR FEAE X A A v BE A T T = & 20 (1 i TR AR A F (B 56 %%, 1997
TRPHRAE, 1999, 2003; Tsai and Liou, 2000; XIJJ 4%, 2001; Xiao et al., 2001; Xie et
al., 2004; Y.C. Liu et al., 2005, 2007a, 2011a, 2011b; Malaspina et al., 2006). ¥} —J7 i,
bt O 2 A AR ER R T I AR R, 0 RS d sk T =2 4 WA U
FUEAIZE, 2000; #IE4E, 2001, 2004; TTRFIZE, 2002; BFIFIGEE, 2003; & T3
2% 2003; Xie et al., 2010; Zheng et al., 2004; Liu et al., 2007b; Zhao et al., 2008). iX 4%
BFF 0328 R ASE NATTAN A AS B30 6 A0 R 2 2 R s S . | T v R B A 1 R
R SRR o AR T 5 K 22 3 I T IRRRE 5 A AR AR 5 A FH T AS [ T e K e v
5, PAH ERFEEOR K AR B0 SRR Al e il A2 s, 2008; Rk K,
2008) K FEA K G A 5 Kl VA A e S P D v i B v R AR TR A& AR, Bryant et al.
(2004)7E = 2 R it e AR TUA A IR B R IF 2 S A B G, K
(R R IR A LSk =B A AR AR S, DRI HEIN A R 2 EARARE R BN =
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S O IR BRI ph 47 1 BB, R 1 5% T K 2 o 48 el e v A2 T A
W& i ) e S (U ok S WA BLE, BP0 TE S5 M 56 ) B2 2 1 i 5E(R.Y. Zhang
et al., 2009).

RS AT IR BRI T, FRATIN b Ko 6 AN R 20 1) B S 40 5 R O 5 B
=S A B A, FIELSE A R A N K B IR I K41 R, AN AR T
SRR H B BN, A2 F A R 47 R R A RR S AL T R SR R
R AR iUA AR H 2 KA RIEAE F B (B SOREE, 2011). =24, 77 F
P db T A du ke B R AR KBRS i Ve, 72 R 47 7 Rl seE AN [FVR L K
ARBIHRIRATIR, B T BB TR ERHiEHE S {4 R (Faure et al., 1999,
2003; FRARSE, 2003). SR, &7k i AL i A2 TR B BOTF AR B IA 58T,
MEAL T T HL e K. B2 R S, X S8y B 7 i 50 OR300 8 e 72 Joi 5 A
KRG =& LM I8 7RIS A BN T HRISER, FNEm T AEL iy
AT, IR T H KR A . 0k A2 DK 3 A o v B A7 1 R v A i o 6 0
227 T BRRE A AR AR 5 T AN [7) 1 T K i) v 1 AR o A A T 2 R AR A o 1) DR A
Rt R U, H ORI T AR I e R R i 2 R AE S 20 UL e B 3 A R
BHRT), X5 =SS MNE2 A U-Pb & H531H A R HER 55 R &

(ZRKOLEE, 2013).

5.5 Rl A2 itz o A BB Be iR 1L F2 Two-phase exhumation
of the Dabieshan MCC

FRAT IR T A T 2 B IS R0 L R B AR T AT T S R I — AN BB (1 S5 B A,
I BA BRI AR A 5 RRE . b R R - VR T 2R 5 e R T A e T B R T L
BG— IR W E, K ML- T BT 5 K BT U048 1 T 2R v 3 AR 4% g W 2 4
& BTFEACEH AR, 5K -1 W7 207K M- T3] BT U037 i B BT DS 3 32
BURKAAE 130 Ma R, 1107 BRBT LN AT e 2 B 1 PSP A2 (130 Ma Z 1 AT 107
Ma 7c A7), W/KBIY)H XSF-N BIWI MG S (B FE 130 Ma Z R, XSF-S A REE 4]
112-102 Mafifa]. R 4a 5 HIFE W ZBEA — 8 LR Nwizs)y, B
FRATTHEDN R L A8 BURZ 2% B4R B 7 J2 (LA R R - TR T 2R TR RR OB 2. 7K .-
FLIAT YY) AR 7K B P XSF-N)FE- [ T HH FL 5 00 R & RS AL T b % (1
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EACPIIRE . 25 BT SRR R SER, FREmRE T IUss, It
RerE I HE AR T R R AR T RN, IR T RR TR I B A M AR TR A K
BIYJH XSF-S IR B AR, ¥ 20 5 AR 70 BOR AR A% 24 (1 PR J 14T IR
RAEAE 130-120 Ma H[A], 7E2 105 Ma 7] BEIEA77E MG B 19 /Nl B2 B T F2 (1] 3-25).

Ko Ll 3 2 LAR U A A HITE G fE B KB 5 5 5)). Wang et al. (2007)
X R FE X B A 00 S R U THUE R EAT 18541 SHRIMP E4E, 73 AI3R7 T
142-143 Ma HJ4ERE, AR T K IR A 530, /5 134-125 Ma & KA
HRGEBHI R, AR S AR, XA IS KB 130 Ma Dy AT LA
43 NP I(Zhao et al., 2004, 2007, 2011; Q. Wang et al., 2007b; Xu et al., 2007, 2012;
He et al, 2011, 2012; Z=RE%E, 2013): FHIKTE K 75 2 B IE W 0 i A RFIE,
HATEARFRIFRFERI AR T, Bl AR g I & 1 5% 100350 2 s il T 66 390 49 R A T (1 B
WAL I A/ B ) FE Ak - BE VR AR N AR, AR AR5 8 5 Bt el L vm i 2. 15
2, Rl R & A AR AL S R 139 Ma #1123 Ma %8 2130 73 J il
A, Sl BT B IR PR 2K TS B (Wu et al., 2007).

800 |U/Pb 511 ] "'1 Y
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[ |
700 s
X ! |
%) U/Pb &40 % ™
o 600|uPb Hi 4 v
it Ar/Ar Fi TN yoYvYTRMMIwmN OV v
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400 |ATAT 1 rora Y
a0 AAL) T T nwnldmw A
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2001 vV Lef VoYY W ArAr KR
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Figure 3-25 Cooling history of the Dabieshan MCC
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£i BRTIR, 130 Ma FIRER K ALE L5 R S BRI 4T mt, TERIGE T AE
AR B3 HAT W A L. 4 LA TR R L AR S5 A% 2% BT RS T A R
FMANET B (& 3-26): ()R & a A EH A N IR EF B (145-130 Ma): £ 145 Ma ]
RE A R 1Ly X R 3 A i i 4 g i R AR FH IR IR 46, B S 7E X 4 NW-SE [l e e 4
N L IR K A R AR T R KRR, JFIERCT 143-130 Ma HIRIE TUiUE A .
[F Bof 1t 570 P 55 40 S B80T 52 AR SR T R A, FE HR SR T B T I K TR 4 2 T,
PUR B il 2 R I BIPES T Re £, X — 4R B T AT RS LT o R b S 4 o 7E
S R A S s A T S PR IR BN R TV T 55 78 v e/ v T AR T 2 2 ) P AR T
QPRI S FEIEH (130-100 Ma): 7 130 Ma 724318 AR A 2A R, Jm0 L
MR T R 25 SR i, S BC R R B3, [R5 i o i R A, 9F
TR T REARRIE SO UE . ORI E R IR N R A TR E R e [ A
H, 207 7 PRl R4k, X B0 B T A T T BRI S,
T AR 5188 U A PR T80T 112-102 Ma BRI 20 3% B T2 1) — WG 8l S ik
PR BT Z T A

A.145-130 Ma: i 4 4 L flze A 4 B E
S RS LITES

B. 130-100 Ma: ##ii R A
etk T . R

47 0 o
/k 7
=
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Figure 3-26 Two-phase exhumation of the Dabieshan MCC
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6 A& 1L o i Je b5 bt B e /R e IR R o
Reworking of the pre-existing HP/UHP oroginc belt by

extensional collapse

AR LA R0 1L 52 1 B 0 AL - P TR s SR 2, DLOK B (125 SR A T A5 2
FIVE B A R DR . A 2 2 R o DK 1) 2 o B Ry B S e VRO A FH =42,
Fe T 3 L A R R A A A TE AR 2 R R T T B B,
FE T A B NAE = B v R e R A 1y 2 ) S A A R A i VAN R i
TR IR 2 A A — DN ER A R4S, 110 A ) B )L SR AR R A o 1
RE R TE R I S 20 R A 3 A = 8 2 e T v R L 2 B T AN
FERE B SGE. MR s B 0 e s o 0 1 R AR 43, AR L B A AT
e B E A I BT R AR TR T SR A A I RRAE. T R S 1L ) R/ v R AR
JFUE BLA W F EE LG A e RAAEE SN AR R, A RAMREIER LS
F T3 L R 1 g s/ R A T A R4 BRI A A VR A, AT B AT
SR A 24k 5 R DK 2 25 A3 e ME ) & RN [RGIR. AHEEZ T, BT K I R AT
T BRI L R BT, 20 22 M A 2 1 R ARG - R U, FEARIRE T =2 AW
P& B2 (Webb et al., 1999b, 2001; S.Z. Li et al., 2010, 2011). 58 &I XHNFE T4
22 1 DX AT AL TR A S A R 2% S VR 5 B BT L R, AR PH R AR I
R s L RS X LUK 3t B AT 30 R R B A A

DLk, BRATHENIAE A S22 1, MR s o s TR R . £
L XA AE AT, AAR -0 s (b T hre s R TR A E T R =
JRITIR B AR, I AR A % a AR R s X R S A ARIE M N4 Al
J ARG B K 2 (TS IR IR LI 18 km [RI45124HY) £ (Ratschbacher
et al., 2000). 4R ERR A ELAMH MG, BATERKIAMAR-F5E Ly — A 1A
NW BURE) BT R, e e/ e s A A IE G BT TR 7n 37 TRl BRAE = & 221
TR L B [ P9 IZ AR e s . E— B R b, BRI A R 0 1 S 20
JEAL G 1) LT 2 TR S MU B REREE 2 T IREAE . EAE R, £ L LA
PR3 b A 3 i AR g A ] ) sy T/ e TR 78 A AR AT 5K I R 2 e B A — 4
NW-SE [a] {8 PR 23 )z B NW BIBIY)A e, HRRER 2SS T =5
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20 [4EH% (Faure et al., 1999, 2003; Hacker et al., 1995, 2000; #&{FH4%, 2003, 2005). &
W, KA =SLMMERTE S ARL BT TE NIRRT R, R T &k EE
i i B I AR AR, BRI sl i — B

7 & W e RS BRI BN 1 E S APLHIPR DT Geodynamic and

setting and mechanism of the post-orogenic extension

ST MR- 3 Ly 1 B L0 A R 2 B 1) T Be AL R Bl 0 2 s n] LA 45 K
)i Ly Alf 8 5 5 A P AR R 1 25 R R DU (R B DR SE, 2001, 2013; Q. Wang et al.,
2007b; Xu et al., 2007, 2012; He et al., 2011, 2013; X857k K, 2008; &4 -FHE ALK K,
2009); 2)HAb I F AR P b AR ARRF I SR AE A 3 B0 M A BF (XD, Wang et al.,
1998; E. Wang et al., 2003); 3)#& 11112 3) 7R W 22 [A) Y1 R 455 e A ki P 3 11 140 i 2% (R
ICEE, 2005, 2007, 2008); 4) v KPR A BT K Bt 22 R o B 5 E IS F gk
(Wu et al., 2005; Ren et al.,2002); 5) P840 3F. 5 -5 o QR i A0 R % 5 98 R i
AT 8 110 328 52 200 o 51 7 11 v ) R 0 e v 2R R R W, o oy RSP A
J& $i7 5K 1254 1F F (Ratschbacher et al., 2000); 6)7t 5 A PR S A EimoliE
RSP RR AR el 77 ) 38 2R (1 508, 3 T e v [ERT 2E E  h  Sk A  F
3li(Zhao et al., 2004; FE7K K, 2008; BA-THE ALK K, 2009); 7)EA v [E 2 X 385
F15F 75 5 E 5 4 PR (Lin and Wang, 2006; Lin et al., 2013a; #5425, 2013b).

M P 25 A2 B A 2R It DX 3 A 3 B A 1) S B e 4 S S0, e SR M (R 3 S
S T 2R AT A Rl R B R R IE R (R AR T A, 2008). X AR
| 2 30 o A Pl st e e S i NN 1 22 R MBI AR A% 2 [RIAIEAE b e+ IR
FIEE IR E, VLSRR BRI S JE Bl AR % ko D e ¥y 1 i 7
A —, WA T Rede s hil A L A &, Kok a rivEmz L5 BfH
NW-SE [ [ ¥ h R 2R i 4a 10 NW 8L SE HiE3h%, BRI R A 755
A, $R5 1 B AR AR A 22 X8 NW-SE [ )4 £ 4 F (Lin and Wang, 2006;
Lin et al., 2013a). ZREHIAH- KL TR & 005 H R IR AL, AXER BRI
5 DX EARARI R G 30, AT Bt 18] th B A e 10— Sebk. BRI AT 1A D9 A
A LR TS A R0 L A2 oA 2 o IO TR 75 4R AL e hn B R BAT A RN 30 7 247
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S, 5 =B KB e 8 B LS R B BRI 5% AR BT AR 2 o [ 2R R
e r AR AR A R M R, AN B A v s - 1 IR AR T 2 L

8 /N Summary

52 O L AR L AT 2 2 R 7 7 VR T 02 R 2R F 0 B
T BT 1, 2 SC OB 905 S A SRR — AR, R AT 2 D AR 2 2
N W-SEA KT I T0 180 AT AR R 5 i TR 75 T A8 R
SRR 2 P R O T BT o S, L4 100 550 U4 B 6 B B, (L
L i 2 B R 5 TENW-SE I, 32302 — 8RR N E I FINWIRI BT 0 AT, H1at 2%,
W2 RS TN, BT 2 AE B2 EAT Y — SRS . X 2 il
it A FR IR SR B Y SV, A S T L LS 0 0 R S A
L) BT 5 25 0 .

R e B8 o R B B A D — AN R A R A i e NATT) 2 4%, R
TP S KA S B o3 5 B 7)o 5 W 2R 1 g 366 A T 5 I 1) T B L AT A7 A
BRI G 456 0N TAE R FRATVR A R g AT, I o KA SR TE ST
NW-SE i AR N 1) H i Ly AU AR B A s . IS Rl i J LT T3S L
SeA T O B B . ORI QR G R IR DA TR AR IR o TR A8 i ) AR
T AR AL, ACER A e R - 1IR30 5 R R I R A B T S R
PEAL R 1) — AR — IR R B W 2. 107 83 A K M- Ty B 1A 7K BT D) (R
NI JRR, ELAE R XSF-N FHHE B XSF-S W45 BY U1 ) WA Rl 1 55 e 7R 3R 1)
ZHEFEWZEAS. PRAAE SRERELE 20 NW-SE [543
LEBIR ) NW 12 3)2%.

SERF TR L AR L 22 T (R 21 2 AR 52 1 R LR - RS AT R, AR
TP FUAE 21 22 AR P T 0 A X0 R A0 K 2 L 3 DXAR Ol 1 7 1 SR 20 A Jre g, UEe
R UAE S SRS G FAAR Iy A R T, K L (8O S ) N Bom
IR ARIIE. IR R TR AR TEAFAE LA NW-SE [A1 8 ) S f 2 BEAN_E A 4
[ NW 12852 0K . K& LS B EE b B s 2 i iE R & A B AR
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ZH R EAMS)HE R R L FE L. NW-SE [ 8 TS5, EWEZER L, XA
oy B AL TR AR 2 5 AR K 2 a8 2 b, AR T Hu STk JZ IR 5.

FERL G MR AT (R Lt b, AR AR TR 7= MRUAET L R0 R ) L Ly Aok 8 4 F T 465 i) ]
RETE145 Ma, JFTE130 Mal Arik 3 T WEHA, DI LAy K R KRB S B R I
bR, AN, A A5 L DL R 2T 22 i X P LA A N K 1L S et T A R
—HAIRENZ1110-90 Malf) A AL . WA I AN R & 1L 3 2 7 e e ek Je 1) 3¢,
X S i 2 AE A A L 5 4 DA 15 B I 2 N SRRt R 2R R S AR R L 3R
T FIATR R W, AR AR WR T . AN LA 5 AEE ) 1 DL RC O &
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Chapter 4 Emplacement process of the Late Mesozic

Dayunshan-Mufushan batholith in middle segment of the
Jiangnan orogen

Late Mesozoic granitoids are widespread in South China, but structural study of
these plutons is very rare. The Dayunshan-Mufushan composite plutons in the middle
segment of the Jiangnan orogen one of the larger Late Mesozoic granitic batholiths in
South China inland. This study applied multidisciplinary methods by structural analysis,
AMS (anisotropy of magnetic susceptibility) and geochronology in order to reveal the
emplacement process the Dayunshan-Mufushan batholith. Two-phase tectonic events
respectively related to the early and late plutons of the batholith were distinguished. The
D; event in early pluton (biotite monzogranite and biotite granodiorite) is obvious in the
gneissic granite and contact metamorphic rock on the southern edge of the performance
is more in zone, visible NE-SW trending mineral stretching lineation and top-to-the-SW
sense of shear. The D, event is characterized by to development of the Dayunshan
detachment fault along the western tongue-shaped margin of the late pluton (two-mica
monzogranite). NW-SE trending mineral stretching lineation and top-to-the-NW

shearing can be observed in the deformed granite and contact metamorphic rock.

AMS study reveals that the magnetic fabrics in internal parts of the early and late
plutons were dominated by magmatic flow, and two groups of AMS lineations are
distinguished. The preferred orientation of AMS lineation in the early pluton is nearly
N-S trending (maximum at 190°), while the preferred orientation of AMS lineation in
the late pluton is NW-SE trending (maximum at 117°). This result is quite coincident to
our field observation. A preliminary analysis of gravity data also shows that the roots of
the early and late plutons respectively located in the northern and central-eastern part of
the batholith, which is in agreement with the structural and AMS data. SIMS zircon
U-Pb and EPMA monazite U-Th-Pb dating results show that the early pluton emplaced
at ca. 150 Ma, while emplacement age and related metamorphism of the late pluton

were dated at ca. 132 Ma. Namely, the D; and D, event occurred in the Late Jurassic
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and Early Cretaceous, respectively.

In conclusion, we suggest that the D; event might represent crustal thickening by
nearly N-S compression during the Late Jurassic, while the D, event could be
comparable to the Cretaceous extension recorded in the Tongbai-Dabie orogen, and

indubitably manifested the Early Cretaceous regional NW-SE extension in east China.
1 5|5 Intruduction

T AR LG A AR (G L S0 B DT T 35 DA R AR 2 A B B 2 R
[P 2 R, MR T FITIE TR R 04 44 (Gilder et al., 1991, 1996; Li, 2000;
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A, RALT-R B E R ER T AERE N T g — Mt R, AFEE, EE
ABBR K HH )02 K B R R AR AL A, TR R H AT B L
AN S RS, AV R X S T (Zha et al., 2010), WVLRIIE L
AT ) L S FE(Lin et al., 2000)~ 2111 S FE(Faure et al., 1996; Wang et al., 2001)
AT L0 S FELH. Li et al., 2013a). 18K IR AL R 5 5 6 FE 436 A X A i A7
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AT AE 1165 (1 R TP 7 il A i 20 o e o A AR e YA 18— A B B SR .
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&, WS T — KA TR (L, 2000; Zhou and Li, 2000; Zhou et al., 2006; Li and
Li, 2007; X.H. Li et al., 2010, 2013; Wu et al., 2012). ESR L EHF 704 N NERG I+
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MRS AT AEAE AN [F AR, 60 A BT AR AR RR, B Bk Ak 22 S 40K
PTG RS B BN — € IS %A, BER ST IR E (RAE T4,
2007). X JCHERATN AL (x5 ARG I A T 0 L, (EAE AR G T IX 5 T IR T8
BONBRZ (Feng et al., 2012; Wei et al., 2014a). 74 P9 BEVT A3 (L7 AR BERE iR A=A
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Figure 4-1 Tectonic sketch map of South China
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Figure 4-2 Geological and structural map of the Dayunshan-Mufushan area
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Figure 4-3 Cross-sections of the Dayunshan-Mufushan area
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Figure 4-4 Microphotographs of the Dayunshan-Mufushan batholith and contact metamorphic rocks

(a) Gneissic biotite monzongranite with moderate solid-state fabric (myrmekites, slightly
recrystallized quartz grains); (b) Gneissic biotite granodiorite with strong solid-state fabric
(recrystallized quartz grains, orientated biotite and minor amphibole) in the Banjiang area; (c)
two-mica monzogranite with weak solid-state fabric (quartz grains with undulose extinction, mica
and feldspar without obvious orientation) in the middle part of the Dayunshan; (d) restite
(sillimanite-bearing mica schist) within the Dayunshan two-mica monzogranite; (e) andalusite slate
at the eastern side of the biotite granodiorite; (f) staurolite-bearing mica schist at the northern side of

the Dayunshan two-mica monzogranite
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Figure 4-5 stereographic projection of structural elements from the Dayunshan-Mufushan area
(A) Late Jurassic pluton (biotite monzogranite, granodiorite) and its contact metamorphic belt

(mainly the southern part of the batholith); (A) Early Cretaceous pluton (two-mica monzogranite)

and its contact metamorphic belt (mainly the weatern part of the batholith)
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Figure 4-6 Linear structures related to emplacement of the early pluton

(a) enclaves occasionally in the biotite monzogranite was stretched parallel to the preferred
orientation of feldspar phenocrysts (b) NE-SW trending lineation in the gneissic biotite granodiorite
on the southern margin of the pluton; (c) NE-SW trending lineation in the garnet-mica schist from
the contact metamorphic aureole at southeast side of the pluton; (d) NE-SW trending lineation

formed by andalusite in slate from the contact metamorphic aureole at northeast side of the pluton
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Figure 4-7 Geometry of the Dayunshan detachment fault

(a) outcrop of the detachment fault, with thick breccia layer; (b) biotite-rich layer locally in the
two-mica monzogranite, with semi-penetrative striations parallel to the lineation formed by felsic
minerals; (c) two-mica monzogranite was suffered albitization, and oriented mica formed a NW-SE
trending lineation; (d) NW-SE trending lineation in sericite quartz-schist from the Dayunshan

detachment fault

4 AL 2% F) R (AMS) BIF 7T X e 1R A i JLART = 1) 5T ik
Contribution of AMS in understanding geometry of the batholith

4.1 F A REAHRITE A Brief introduction of AMS

aA AR BA AR — M, FEARDT W) A prE g, RER BN AL 2 % ]
7% (anisotropy of magnetic susceptibility, 4’5 AMS). M4 AT W)2= M ERE,

86



Chapter 4 Emplacement process of the Late Mesozic Dayunshan-Mufushan batholith

R 2 1) S MRS T80 P I A (R PR W (B3 A S R0 e A 5 S G R 40,
B AN AL AR IO SR, BT ARk MR RS
SEPRBENVER™ ), ST M R A (0 RO B 1 R [ A A R % 1A A RT DA
REAC R RERROR R R, S R 55 ) DAAS 3R A 3 1) =S AH B3 B0 A (K >
K> > Ks), ‘EAIEZS ] EA R A Bk AR AR LA (& 4-8).

A o R B

T

e I

sl

Facaia) E 7 AR AR

Kl 4-8 LA MIMRBR A 5 R AR ER A
Figure 4-8 AMS ellipsoid and strain ellipsoid
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Figure 4-9 Patterns of AMS ellipsoid: (A) oblate; (B) prolate; (C) triaxial
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Figure 4-10 AMS sites in the Dayunshan-Mufushan batholith
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Figure 4-11 Histogram of bulk magnetic susceptibility of the Dayunshan-Mufushan batholith
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Figure 4-14A Stereographic projection of magnetic fabric from the Dayunshan-Mufushan batholith (biotite monzogranite and biotite granodiorite)
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Figure 4-14B Stereographic projection of magnetic fabric from the Dayunshan-Mufushan batholith (two-mica monzogranite)
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Figure 4-16 D, event in the biotite monzogranite and its contact metamorphic aureole

(a)-(c) augen or o-type feldspar porphyroclasts in gneissic biotite monzogranite from the southerm
margin of the pluton, indicating a top-to-the-NW sense of shear; (¢) and (f) sheared lens of
quartzo-felsic vein in the contact metamorphic rocks at the southeastern side of the pluton, and
snowball structure of garnet in thin section of garnet-bearing mica schist, indicating a top-to-the-NW

sense of shear
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Figure 4-17 D, event in the two-mica monzogranite
(a)-(f) various indicators in granitic mylonites within shear zone of the Dayunshan detachement fault,

consistently indicating a top-to-the-NW sense of shear
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E¥FER T EEIINWIZ 3.

Figure 4-18 D, event in contact metamorphic aureole and restite

(a) S-C fabric in tectonic shist from the shear zone on western margin of the Dayunshan pluton; (b)
S-C fabric and mica fish in the restite within the granite near the Dayunshan detachement fault; (c)
and (d) syn-tectonic dike in contact metamorphic aureole to the west side of the southern protrudent
part of biotite monzogranite, S-C fabric in garnet-mica schist of country rock. Above indicators

consistently indicate a top-to-the-NW sense of shear

6 Aik% E /] 5 H )5 78 Revelation of the Bouguer gravity data

HL GOREAT LA s B AR VR ER T LTS, vt AT T FEIX 1. 507545
18 5 5 H RN (E4-19). FE R 51l B Ll 2 AL B A7 — A IS 1 5 ) 97 5%
Hrl, SRR B B KAE M A MR 7 BHE A N KA AL BB AR 2, HL
HJFEEL S RN G R RB &, BOREEAN A VR TG #0050 (8 2 i S S AT i
WUR N AAIEIRI TRk, (H B A e g b B os H EE AL B R 59 B s R . kvl A,
FIHUZ AR R Al BeAr T R AL, )5 R A i, Sibr b, X5 AMSH
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T F T SR LD S 3, FR AR IL S i i B BE, 2 P AT T 5
RO BURY, T S LT B 2 [ SWR L. [RLE, FRATTRT DRI LR AR
RE 3227 BRI R N R, XS B MOz s AN — 2. A A GE A
N A I Tl A 2 B R AR I M INCE R BLEREE A /N $-4.05 kbar (4=

B, 2011).

N

29°20

B 4-19 Kz i -F Bl X A s 3 ) 5 A 2 (R IR AR OIR IR B, BRI N A9 IR )

Figure 4-19 Bouguer gravity anomaly in the Dayunshan-Mufushan area (dark and light gray are

early and late plutons, respectively)
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HRKEM RS, AR XA & N E R S B - BURsh L A G
AMS HFFCRIE 350kl AT AN — = B KA KA O TE AR, TR K2 L
oy n] e R ARAERIE 1F A MR FR S A H R T IR 2.

7 FA ST Geochronological studies

7.1 #f U-Pb %E4F Zircon U-Pb dating

Kz 1 - By 2 R (R AR I AR — BB = RS B (R AR AR A g, FRATT S
SIMS J7 iR A AR AR R ANAREAT T REH RIS A U-Pb e 4. MIAE LAELE
| o2 B 1 o7 5 R A AT 7 P 5 PR S50 % Cameca TMS-1280 K &5 i it
I B FER. AR o BT J7 AR I Li et al. (2009b). [EIAL R A #1152 Isoplot
FEFF (Ludwig, 2003). FLAN 73 A7 sOI B a e RIAE B8 25 SR W3R 4-2, IRZEIN 1o, FEM
TEFIAEIS A 2°°Pb/2 U INBCF 34 S R 258 2.

DM35 Ja AL ) BB = B — K AL B a8 CRIERL B[] AMS SR 5 DM35), #
B 2 N OIE VI B AR R, 850 CL EHR B RIE W 105 5 B A,
e/ B0 O BR AT Ak A B A Ok B A% (B 4-20). SHZFE SR IG 18 Bl A HE T T 18 4
SIAT R U-Pb ARSI, Horb 2 A s A TR A RS, HR 16 A S T s K
W b, B 2 MEEE B RE ISR (270 Ma F1 705 Ma), HE 16 Mo A
R AL b, FRVERITE 149-153 Ma, Th/U LB FEITE 0.33-0.65. HIX 16 4
SIHT BTSRRI B I — B0 151.2 + 1.1 Ma, RET BB
TR KA B4 AR (] 4-21).

QD69 A E R ER I FROR B = B KA M A CRAE AL E [ AMS RAF A
DM114), FEdnh8ia 2 870 (0@ I A E-F B EARR A, 854 cL BIG T
ROGELES, BUERIRBAT ] WS BRI, A S A& 4-20). X
ZREA 19 S AT T 19 AN b st e, BT o i S 3TEE e b, 85
e B AR U & &, &KL 7007 ppm, Th/U ELE RS 8EHE 0.1-0.2. 47
TEEAZEH 1A s T E T AUTER (837 Ma), BERARER T Ak A B
W, FBRZETRE T U BN A% IR A T3 B 8 (154-160 Ma)AH X K1) 3 4>
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IINT A, TR 16 DT SRR I 149-153 Ma. HIX 16 N HT it H A3 211
WHERE Y 151.1 £ 1.2 Ma, IBCFIFEES N 151.2 £ 1.2 Ma(El 4-21). FHith, B =
BEZ KA A RALARTEL) 151 Ma.
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Figure 4-20 Typical CL images of zircon in granitic rocks from the Dayunshan-Mufushan batholith

DYS14 A ARG B = BEE X INHCE CRIFALE [F] AMS SRAT 2L DM122),
Few A 2 8 Te BBV B EAIRA R, CL MR BoR i A B SR (1 B
Wiy, WU B A AR A B B AZ (B 4-20). 20 BIVES A 21 AN b AT AE
WAIZE b, B5A 1 U & 294-948 ppm. 1 M T EA R 04T s ga 7 #c i AR
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TE3(819 Ma), Th/U ELAE N 0.08. F4R 20 N7 HT fi bR 25 1 ANFE RSB B i K 1943 BT
(156 Ma)%h, FHEVEREITE 145-151 Ma, Th/U EUAEARL T 0.17-0.89. HHIX 19 N HT s

THEAS BB AE G AN 2 E 509 149.0 + 1.0 Ma, UK T

H IR AL (B 4-21).
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Figure 4-21 Zircon U-Pb ages of the Dayunshan-Mufushan batholith
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1, #A MY ZPORCR(E 4-20).  FIRRHE SR B X S 4R o 0 52 B JAE F s
MR T ANFIREEE (B S5 . WTRES T 21 Bl AT T 21 MO S, U &
ANV ECK(88-5166 ppm), FR—7rH MH) Th/U ELEARE 0.02, RN T
0.12-1.06 Z[8]. £ F—E& LRI sl RFEGR Y 1230 Ma, XA K GE F TAF
HSRAT I BB S, TR AT ROR RN — B2k b A AU IS 4 N 832 + 17 Ma
H1134.2 + 8.4 Ma (MSWD = 3.0). T s (1) 15 A5 #7 s AR 68 Y0 72 127-139
Ma, HEE B FINBCOFHER N 131.9+ 1.9 Ma MSWD =3.1), & T —mh—K
16 R AL (B 4-21).

DYS62 N ARz I X R BRI /N bk, a PN EIRL — 25 BEE I CR A
AL EAE AMS KA DM17 B, #f i s A 2 8 et Wi B E-F B IR I
IRBREAEIR G A, CL BB IERE A NS B2 2 0F, Horp— S B S
CEAY R R EEIN, 51— RNE-LE A, SR R — M

S IR — 2, SRS B UIA RN U BERNR, "R

FE reim B E I (B 4-20). XEFEAL T 20 BUEEAHEAT 1 23 Dot sy, U & &
JEFITE 537-3402 ppm, Th/U HLE AT 0.08-0.42. BT 70T MM A — 328 A2
RAERY 738 835 + 16 Ma Al 124.6 + 3.9 Ma (MSWD = 2.8). BR 2 T2 s Btz i fi

1.0 Ma (MSWD = 1.7), R T /N E BRI AL R (B 4-21).

DMS0 AR = = B K AL K H CRAEAL B [F] AMS K AF 51 DMSO0). H T
AKEEHhIE R 2 HRBRECR I A, DOZAE LI 12 B A AT T 12 A 8T a8
RO e . A5 T A 2 T EGE I B IR -2 B I AE AR i, IF BE K8
B, B A AT WAREAZ (A 4-20). BrE— DR ARER 417 Ma)HJiEM )
Bt FoR 10 AN R B A — B2k BN 5E RUAERE 23 70N 826 + 20 Ma Al 148 £ 22
Ma (MSWD = 5.9) (Bl 4-21). AL T 58 s I 4 AR AT sS04 7E 138-153
Ma, (HER S U S BRI B IEMR KR, RUFES U, Bk, &R 4E
A R ELSEAERE RLIZ EE 138 Ma fE42. 8 %] DM80 5 QD49 Jy[R IR A4, FATIA
N BRI A RO RS LA QD49 1158 45 v HE, EDZ10N 132 Ma.
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7.2 MEA B 4REE € F Monazite EPMA dating

N T T BR R MG A R A RN ), AR SRR TR T X AN AR
AnBEAT TR A TR E AR, AR RRIR R & B KA R A (QD69) —a B K
PRI T AR B AR(DM26, 15 8 2o B ) Fl 2 B A AE 4 i 1 L e A o
H(DYS22, BARAK BB E). BT E AT E A A B BRE b, AR
PR R i T I T AR TR S A R, SRS RV R
JR(BRGM)FH B /R B 22 B BRBL 20 FE T ISTO) A ) Cameca SX50 FELFHR%EH %
34 E B S T SEEAT 22 R R 5 . B 0 AT ) T BT AR AT B A 4 A A5 1 T
AMET 5 um (FBFREFFRBELIN 1 um), FRER TR RS, PRI o
J7EFFE M, Cocherie et al. (1998). Fraifs (il i 24 R H EPMA dating 27 14T
AR VL1555 i 1Y) U-Th-Pb &% (Pommier et al., 2002), SR 5K H Isoplot #£/7 34T
IALCE- 2 8 7 5 (Ludwig, 2003). %FT Th/U  FAE AR 408 Bl HORE T EAT
Th/Pb-U/Pb Ff#H1# B (Cocherie and Albaréde, 2001). HAA A0 & A7 MR E s 3%
4-3, FFUE IR WK 4-23.

QD69 KA s, N RRBE A B KA KA, A h ] WA B
a~ EIRE SW OB, FEm b E A EEEERNEAE T R a bz,
K/NEE 50-200 pum, 5 I FRAH #4938 (K] 4-22). 78 Th/Pb-U/Pb EIfi#E 1, 7 AN JE 4 ik
b 140 NME RO BT AR BIAER N 151 £ 5 Ma, SIMBCFYFERS 147.8 + 4.5
Ma 7E iR % Y6 Bl ) — BB 4-23). X AR 45 R 5 1% 0 W 84 U-Pb 4R — 3L

DM26 KA K= W E, A B KA K A RSNk, R ah e
FEZPEH Ttz A, K/NME 20-50 pm (B 4-22). 11 ANMEA R | 127 N6 38050
BT AHISRAF I8 134.8 + 6.6 Ma (B 4-23). WIAEEIRE, X —HFl
i KT 5 Za B KALRA R A, AR T 25 0 55 IR X W 0T 48 R AR 3
sk R R 1]

DY S22 K H Kz 1l bl itz A8 5 iy b, B Ahn] M2 21 5 4 +h &k B NW-SE [
I P H 2R B, 3 i s BRI S5 5 ] S A A A G TE = BERN
Az AT, K/NE 10-30 pm (B 4-22). 17 MR £ 5k E 84 AN R #r
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RARAF RN EI4EEE Y 130.2 £ 9.7 Ma (18 4-23). S5&i4iE 70 A, FATATLORE
RN S o B KA M e R AR R AL AR A P R A A TR).

4-22 K25 1l - B L 3t D A R it S R0 A ) 7 S PR

Figure 4-22 Typical backscatter images of monazite in samples from the Dayunshan-Mufushan area
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8 Kz th-F Bl F R AL B2 e HoM)i& & X Emplacement
process and tectonic significance of the Dayunshan-Mufushan

batholith

LEE TGN BRI R EEACSATE 7, AR FUIRBI T K - Bl e 2
TR I RE AP TIC S K P 31 3 sl AR S P ST R i A

D, & 5 R HERAL I B = B KIS R S BEE R K E G, R
RIS R E FROIRME, BT NE-SW 1], 183)% Ron A L SW i)
BUYIAS T, 75 Bl 5 He AR o3 s o [F) R AT AU % 311X ) 3 AR TEARFAIE. AMS 45 R R IX
BRI A SR LA LA R sh AR R 3=, BRI 3% 07 61 KB NE-SW [7,
55 BFANME Fr BRARAE 5 2 [ e A8 J5 iy o WL 8 3 A 2 307 1) — B, Rz
AR ELA R R AL 5 25 R RE . STMS B A0 U-Pb AU A - PREH 58 AR 45 R X
HHRNARHRALERAE 149-151 Ma, BRI R4 36 AR B A2 RIS () g e ok 27 1 i et
HMLER H, Dy M3 SR B RE 2 R iEe Hal s e, SEm ARt
] T AR NG A IE, BT (DANERREERE, R AR 2R AL 1)
JUAITERS, WEAH R FNAT A% B2 07 5 48 7 R N AR AR S0 A2 T 638, (R N A4 R A8 T
5, AR B AR R 2 X ISR AR 25 T2 B B R A IR R L X SRR
SR T (A5 A, A 5 1R MG, Q)N XGRS, WikZ i
[71) T P30 A 28 A K B2 Ll AT B T LA 2l (Hu et al., 2012; Shi et al., 2012; J.H. Li et al.,
2013b). B8 A2 A AL AL 99 L -3 L Bl P 32 oy, R I T e A X BRI
RN, WORTE (X . 258 1L X RIS AR ja] L H X (Davis et al., 1996, 1998, 2001;
Lin et al., 2013a). AN, Wbk 2 tH g b 1) fr) e o #4036 7E 48 o (B AR SR e 411
GYMNEKITEBRE, 150-140 Ma 2R — MAEXTE P, mTReARERE X8
)3 A ) AT S T o JR PR 48, T 140 Ma 2 S5 R RIS 1) 26 0 Bl R A E I R 1S 5
N(X.H. Lietal, 2010; 2013; Wu et al., 2012).

D, #EF SRR ALN a8 RAE M AR, SRR NG R
H R IEAE b 2 (R s, (BBLR = LR B W= R B OV BT . IR AR U BT IL 2%
BAITEWZ, 22 7R PIIEA. AVERFIE R Ry NW-SE [A] BRI (£
B B AR NW R s, [FIRE, £ A Ry bt n] X S A TR A AT S 1A Y
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HA R, SIMS #if U-Pb EFELREY — b Z KIEKE WRAFRAE 132
Ma 7efi, s AT IR 8 AR AR N AR A 8k B A A L5 A AR i o 114738 I
RI3179 135 Ma A1 130 Ma, RMFIPEBIYIAIE 2/01E 130 Ma £ 4 4R, 1L
Ab, TEAF B2 b I8 A S P L R I B 2B = R AL AL, I
AL B AR A AR A IR A DURR, Xt — A D, #438E F A0 1 B 1) 38 T B [ B
SELE M B2 B 45 AT SO AR R -0 X AL R M I B A, AT
B Rz -3 B LA FE e 5 D, M AR T 5 2t NW-SE [l [ fif
JEAVEH, FFr] DLHEIRTE 500 (L A Bz % A B MR 0RgIE 15 5. i, Wei et al.
(2014a, 2014b)XJ KL H T X 1) FH-JL A5 (142 Ma #1130 Ma PR A
PRZ ) MR AL FRHEAT T VAN IR IE . AMS FIEE Jy B 78, 45 R Wiz A Ao
FE NW-SE [a) i R/ H N VRS NE-SW E A (R BRI T B THZ ALK, Hten] W, #
TR R XIRTE S22 )5 T X385 - NW-SE [1] A e 4 .

9 /N5 Summary

e AT KRR P AEARRIE R E 2E, (BT 8K A FRIE AT 78+ 70 53
Rzl Bl 52 U A e A BT e 3 LUty i BAsoR e AR AR A e 2 —
RSB RIE WAL ZE A 0] SR AR AR 2 AR 45 B (R T VE R s AR R A A A
FEBEAT 7 VRGN AT, JEE TSI S (R R 3 (R N AR B HAH S ) 7 S A i AR
. D1 SFAHE R R AR (R = B KA K R = BB R N ) B BRI 210 Fr
IR AL B4 7 B H B A A o oy b R IBOA W s, W] L NE-SW i 4z M 22 38 )
EHE SW BTV T, Dy AT LA N (= = B K AE K ) PE B IRIL 2ok
AR E R KB NEEIRE O, 8 ANTINEAR T A6 5 S HL S Bl AR o o
KB NW-SE A [ PIhn i 8 2 J B30 m NW IR BT U128 T8, AMS 45 S48 7 1 19 441
NI N HA I DUA SR BN N 3, ARy H s T A B R R A
FELEERARIE T AL NIE N-S [AI(BRAATE 190°), T MR N ARG LR B £ 3% 77 67
NW-SE [F(HRIEFE 117°), X 5EFANER BN PR HvE. = 5RIY)A
3 AT 13 W G 7 42 N A ) AR 0 B o 43 AT TS AR T A R R e AR A
X MU EDIE 1 #4)3& AT AMS FIH 7T 25 . SIMS i A U-Pb & S AU & A7 B3R5
5T A 45 TR I F R NAR AR AL AFRETE 150 Ma i A5, R Dy SR AETE ML 0R 2 i
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T ISR AR AR L S 1 S AR R A AR T ARAE 132 Ma Zif, tR] D, 44
RAAER R

LRI, BR8N Dy A RTREAR TIL N-S M 5e 5t oSl As, 1
D, FAF S MR- K003 Ly v A B B A 220 A I 58 4 P DA EE, ARBIL 1 Hh E R
P51 2R A X3 NW-SE [ (4 e 1 I o .
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Chapter 5 Origin of the Huangling massif within the

Yangtze craton

The Huangling massif within the Yangtze craton is an important window to
decipher the tectonic evolution of South China, but its formation time and mechanism
remain in suspense. Detailed structural analysis shows that the geometry of the
Huangling massif is an asymmetric anticline or dome structure, with its western flank
relatively steep than the eastern one. The sedimentary cover on the western and eastern
flanks of Huangling massif were involved in a series of oppositely-directed collapse
folding and layer-parallel slipping accommodated to its uplifting. The subsequently
brittle normal faulting controlled the deposition of the graben or half-graben basins on
both sides of the massif. The involvement of the Late Jurassic strata and the
unconformable superposition of the Early Cretaceous conglomerate indicate that the
Huangling anticline formed between the Late Jurassic and Early Cretaceous.
K-feldspars from different rock type of the massif were selected to conduct MDD
modeling, and combined with the previous thermochronological data, a synthetic
cooling curve was constructed. Tectono-thermal history reveals that the Huangling
massif might be an inherited paleo-relief within the Yangtze craton at around 750 Ma,
and then the Early Paleozoic and Early Mesozoic orogenies of South China had no
significant imprint. Until the Late Jurassic to Early Cretaceous (160-110 Ma), the
Huangling massif underwent an obvious but actually slow cooling process with an
average rate of 2-3 °C/Ma, corresponding to the formation of the anticline. From the
view of whole eastern China, the weak extension recorded by the Huangling massif is

manifestation of the Late Mesozoic lithospheric thinning in stable craton.

1 5| = Intruduction

) Bl PO A 5 ki e - e ARV DY SR BT R & WL Al P B TR T 48— 1
e (] 5-1) (Li et al., 2009a; Charvet, 2013). 7E&A 7 W], Ltk FHEL
I 7 ZHARE A (DR AR E L ER: WREL-EF— W RE, FH
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T AR RS B A4 (Lin et al., 2008b; Faure et al., 2009; Charvet et al., 2010;
Z.X. Lietal, 2010; Wang et al., 2010); (2)— £ 51| L2 E 7 B B 2% & B 1R AAR
&, Blandes i Zeid - K -5 8 s /i i 3 L f (Mattauer et al., 1985; Faure
et al., 2003; Hacker et al., 2000). P5ALZ 1% 1] 1L Bt N 3 87717 (Burchfiel et al., 1995;
Chen and Wilson, 1996; Yan et al., 201 1)1 74 Fg 21 N S A48 38 111 747 (Carter et al.,
2001; Carter and Clift, 2008; Lepvrier et al., 2008), LA AR P HE ) LI - 25 08 1 Fils A
i& 11177 (Wang et al., 2005a; Shu et al., 2008; Chu et al., 2012a, 2012b); (3)#f A AR K
M- KA, FERI M RAEH T R A2-R 1 1E ) & B (Gilder et al., 1991,
1996; Li, 2000; Lin et al., 2000; Zhou and Li, 2000; Zhou et al., 2006; Zhu et al., 2010;
J.H. Li et al., 2013a), {HPGEEH )1 2= -F0 i P8 5 RE 48 717 A0 K B2 Ly IO R84 (1 K,
T AR B A 358 T BB IE A7 7E 4 B R A FH (Yan et al., 2003, 2009; Hu et al., 2012; Shi et
al., 2012; J.H. Li et al., 2013b).

6 A R 7E B A BRIV K it R A3 A 1) ) — AN 52 2, 82 7037 M BL %
FFE A e A FERRE KRG K A0 — RIS, DA% 24 (Lin
and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a)F1 ¥ 75 i (Ren et al., 2002;
Meng et al., 2003; S.Z. Li et al., 2012a) WK, 8~ 7 XEORAB I EIEH. X—
e FE A P Rl R AL BE 2 BB 1S 215 3(Wu et al., 2005; Yang et al., 2008). #JL50
PLBMRIE R R A X — 52 F(Menzies et al., 2007; =45 70%%, 2008; & H#:
55, 2011). HERIREGRIAEAL IR B =2 P05 LR, SEFEE RO KRS 1 — 540 4%
N RSP R G AR R 2 . SR F AR AR M rh AR A B R R B R B E e
FIAx 22 B /NI I B 4 (Gilder et al., 1996; Li, 2000; Zhou and Li, 2000; Zhou et al.,
2006; Shu et al., 2009). XLAF-3 B REFFHCER AT BE 42 [y 1 2RI AL e fl A 1Y
b e A e AL A B RGHS A . SR, AT O T AR ERAE A BT ST R A 1 5 Bk
ZHEFE, B H RTTEAE R RAA R B R SR RIE(E 5-1), Bt E #(Zhu
etal., 2010). 5111 E £ (Lin et al., 2000). BRIl Z B (Faure et al., 1996) 14T 111 5 %
(J.H. Li et al., 2013a). MEEANFERHACKE, XL AR RS2 SNk
ARG Ly 22 b (e U 1 B o - IR e L, B -8 g o e AR -
P8I L) B I T RS I W 800 A (An 28 e 28), AR 205 & AR A e v 4 J
P #B(Lin and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a).
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R REFRE R S A T8 7 who@ b dbi, 2t iiE s —4
HEHE A 5-1). ENER R ZRERM B ARG RN EEIX, B28 7T
RE R R A2 EAL BTN B K R TR 3 A R AR B S R AL B S DA &
VIRB RN A A% BRI FERERHZ S0 R (A2, 1989; D [E T4,
1984; {H5EMEE, 1991; & KERZE, 1997, 2002; ¥ CELEE, 1998, 2000, 2006; =114,
2001; ZEHEBEE, 2002; HEMAZIEE, 2003; 2= 5%, 2007, 2055, 2008;
FEEE, 2009; #BX/NBIZE, 2010; Gao et al., 1999, 2011; Qiu et al., 2000; Li et al.,
2004; S.B. Zhang et al., 2006a, 2006b, 2006c, 2008, 2009; X.M. Liu et al., 2008; Chen
et al., 2013), PASHHFFE X ()b FC 350 45 M R H BR V) B 22 4R FU(Z.J. Zhang et al., 2009),
BENT R RS FU AN A 2 WK BT, 1986; & HULEF, 2009, T4, 2010).
PRI BA T o) AT SR A 3RAT T SG0E: 3  1 R IR TR Bt TR R R R ML ) 2 G e T o A
Fe HI B — A I 30 0 2 A M AR s ]2 B 1 R0 A m A b A T 2 1A
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G T Gy i B2 ), JC A v R A A R AR AR AR J A T 2 A S
PG AT A AR AREE AT T LA BT L3R Fg Ak 2 ) L.

2 Hb i Geological outline

PR RHMEM AL E EALT BB TP ALES, X B A L =05 i A XU S 2

HH BN OHRERE Az, Er iR R A AN E R R, H U
TR A N E. BIHATA L, RS (ca. 3.2-3.3 Ga)lia A" THEY
R IR R AR i i 2 T (B SIS, 2009; Gao et al., 2011). X EFEJERAR R 4 41 8 3
BRI T B 04 25 (B 5-2), E2H TTG F kA . BIIRBUECRRE . A%
AR B ) R /D e ) B - R R 5 DL AORRRL s AL R (I AE 48 X i &5, 1990; 5
KEEEE, 1997; Gao et al., 1999). K& KA A 7R HIIGIE A 1A A () )i
FEREEHIAE 2.90-2.98 Ga, MRS P& 2.7-3.3 GalE B A, —FHWidx T
P AR A, A AEZ) 2.7 Ga F1 2.0 Ga (W04, 1998, 2000; Qiu et al.,
2000; Zhang et al., 2006a, 2006b; Gao et al., 2011; Chen et al., 2013). #ilT, {EIEIE 7L
U T X R 1 3 - R T S (ca. 1100-985 Ma) i\ AR T M AR g R 30 11 e
2% (Peng et al., 2012).

ERIIH G R R A BN T s 2 b, i 7 3 B R i
=0 ZWHAE 5-2). ZEETRIS N 4 MEE PR RNKE - NK
S TR B AL K - B s B R T KA R I8 3 — K K- K AR A A
Je Bl FAE- TRV A RS (5 KRS, 2002). #5417 U-Pb ARAQE R R R B B B A 1
AT T ZAEPAE 794-837 Ma (5 [E 55, 1984; {HEMAE, 1991; Li et al., 2004;
HSCRIEE, 2006; = 4ERIFKAEE, 2009; S.B. Zhang et al., 2008, 2009).

P 0 25 o RS B A I o B — Al i B R E e b iR e A B G  i, VIR R
TEUFERB-RD R(E 5-4). AT hn@ e TR X, —eth)= (ke i il
TH] St ST AE X OB X T 2, 1990). 78 H.4d-F = St b 2 DL AH KR 25 A1
TEE R B S 2 D9 2, T R B T 2 e g G IR S A — A A B 5 (R TR T T B 2k
=BG D 2 T BT R RS DUAR, i =S G0 B -l A
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Jit, FLTE A & AT AN B AR T 07T X DU IR BRI TUR A (10 5% 42 (F
MZE A £, 2003; FEesE, 2008; BA/NIISE, 2010). [EHAFTE RS, £ =8-h0k
S, 72 R AR AR T 0 1) 224 BE R R R R U 23 R T R 08K i 1L A R
G5 — AR RLiu et al., 2005). WFFCXHHEE R W T BB 1 R T RS AR
P 3 DL 2 P 2 K 3, O — B B TR R £ R VR R S L ST
2O 2 DA AN RE - m 2 A (1B 5-2 R 5-3).
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Figure 5-2 Geological and structural map of the Huangling massif
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Figure 5-4 Stratigraphic column of the Huangling area
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Al A ok A = AR RV TRy R IR A . B 1 TS5 (2009) 18 ik 6t X 3BT BEI 25 G 40 T, A
ML RG] T A AR BT R, S - 3 40 1 e R T B A% 2 1
TR, MM ERAE R T iii R, T oL B A m B e A A b
BANZRUE, FEAE B DU )1 R o B 1 e, 53801 A - DR 31 3t L s 1) 2R B 1)
B (Wang et al., 2003; F —-E2%, 2009). I E5(HN)FIHA Z2(SND)- 5 4 (HL) 2
W AR SRAEIX — e - B - TR R b R S 9 /R i 25 (B 5-1). D)1 i v oI
F e A AR PR AL - URUR JE I R Tt A B 1 A o AR B R - 4 P 1 9 (Meeng et
al., 2005). [FIRE, A/ 7t 2 th s A I R R A B3 s e 7 K L e fR B -
SEAH IR 0] SW A b4 R B kR B 1 DGR PE R B AE F (VP 45, 2010; Hu et
al., 2012; Shi et al., 2012; I.H. Li et al., 2013b).

3 R HE ARG LA S M 1 R R AL Structral

geometry and deformation styles
3.1 Houkls S5 145~ Bulk architecture and litho-tectonic units

TP AMLERR B, BB R IE LTS BRI — DA SR E T,
6K 73 km, ZRITEZ) 36 km (& 5-2). B E RGO 0 ZH S B =8-1k%
FRARMIAR, T ET AR T AL AN N-S TR
R, dbvik B-W K LB A 45, ®9 NE-NEE [A] f9) 1 42 -5 8 75 90 88 45
TR TS A AR M1 24 BH b oy — N BRI A R S AL, 2 R R L =Bk B
RN EEIE FAK I A0 AT PAT TR 3G 27 ) J AT (14 1 S 20 308 22 3 B R 1]
PHLEE AR T AR = RILIEE IR 5 3. B TR R R U L 9T
TIXA G 2 b, R T T 2R 7 0 ) A BT — AN AR ) R - T A e (]
5-2 M 5-3B). MRAEE AU UG R, BRHE R R =4 2 -
TG DTTG AR AR RS, MR, kb b E TR N 2)5E
H-th® RUTR %2, FSERMZE 20N, 3) AR R, FAEGE SR
oA IES M E F

FER T RIZ AR ALRR XK, ke RHRANE . KEa . Aaea AR
R F B e 2 o ) B R oy, R ARG a LR, X s i
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TIRZIPIEARTE, JRER B PIEET Y)Y, BRI IR th TR Ak F AR Ak, (H
Wb 2R B AT BoR o — B NEE-SWW [l([] 5-5D). {HAFERR, Jbifst ey
G¢f%ha LD NEE 2 NE FPAE, SRS EETS RN RDIRGZ hInd AR T
A ERBCR(LIE S0). 34k, 75T RUZR TG R X 38 A /NI AR B A A B, 3L
AR OR AR o - R B M (B e SUE I O A SRS AR THI )
RGNS SRR BT — A NWW S R, EREUR A I
A . NWW-SEE [f] (05 ¥Hi L3 (B 5-5B). iRk B ERIRA R A AR
TEAEAR AR TE I R AL S B BT U) R, R B IE AT R A TE 5 B A 2 T

TR B TR R 2 B S ) DY A, MR — RS R, R
= B0k % M2 B P IR BE, A —FRAE 20°-60°(14] 5-3A. B H1E] 5-5A); 7R
BRH-=8 R/ MZE PR, Wi —RAE 10-20°(Kl 5-3C.D &l 5-5E); ML
o i BL-E B R MR W PRE 2R, Wi 2 /T 15°(Bl 5-5C. F). @22 siry

T RPRLE, SIS TR E A AT AR K, T AR AR AR (R
Er I 2 R UK B— AN 18] SE 1R S At i (B 5-5G).
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Figure 5-5 Structural planar and linear elements of the Huangling massif
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3.2 5ERERBEMICH A Uplift-related deformation of the

Huangling massif

PEIATHI R SN A, R 2 IR EIE B D A AN R BRAE I s 2% 5 22 v . AR AR T
SR AR )2 LR AR TR MU R AE b 5 2 [, I B0 WL 237 2 W7 )= B 2R TR
B = FAAAE LB AE SR, 2002; 5 HATAE, 2009). H R 70 BT & 2 13 B8
N, EELUR B ARG 2R BB SO . Ak, 1 YT I 5 LE W 2 3E 1
[ EEER AR S i N pi A

S E/EH Doming

MR PR T BOE B, R R YRR B =S AR, WO F
—RIIHAESL. BlnfER B, L, MM =BLCE T, IH T UL R
EME G A E, FLA K 5 AMOURRE A5 T R s 1 3 1 R 4 REAE R b B AR
[ P4 A LS (B 5-6A. B C). JZERBRENAND)Z 42 & A & R 21
R RE R A2 B TR BT 1 R (B 5-6D). 78 _EIBRESL I ACE R E
2 RO)Z BT A sk K, AT RIRE s R v R SR TR SR . 455 LA
B 1L, AT BT R 04 Foa 0 B AL TR AL B S AR B 1 L 30 1 o8 ) = 70 3
fEM.

GOHT IR, PR RAR AR R AR, LT R AR BB A LR S AR
. L b, 5IHEMPI AL AR R FRE Al IO ZE 2], flin, FRERL )R
JEIRIE N =B LRI T AR B B, RA Bl (A 5-7A.
B). 1 ARG ()5 L W 0 AR, IR 3T K1 5 W B R R
Rl 2, fEEB A TUA FIeWE R TR H S BB G, Ko
WRSTE/R T L3 E KBTI (8] 5-6C). AN, FEH AR = R & 1
SEE [ R 5-5E), RHUIE B 5 A0 kBB — LL A Wby 25 52 498 1 1R
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KEPEMRATE, HERZRIGP R BA MR IEsh Attt Wk g, AT
ARVGPIE AT L2 RN, JERAME R 2y, BFE S Y Ol AR ik
BT B SRR R, T AE YR AS DUB I TR AR AR R IR AR T R
L)X i A e i B m AL Bl ), 5 R R Ky P AT. SERR
XA ) LT AR IX R A R A AR R E R, DS TR R E )
A [) i 4 AV R0 4 F A F () P2 40 (Faure et al., 1996, 1998; Lin et al., 2000, 2007a,
2013a). BRI REZ LHZ RSN TR R, WEMS5 T SE TR
A TR 546, T B EG R B IR LA A RS B U SRR R R R
H-=S Mtz b ik, w08 Rk BV R R AR 1 8] RL7E ok 2 - 5 H
A JA].

K 5-6 sEEH R I A AR TEARHIE
A, BRELHCE TR E B BA R 9T SR SR EMESE B, SRS TR E B RA 1 TG
Frm P EMES Co RBFLACA R B IERAES, BARERHRYE D. =848 RCa+
JRER GRS 1 IR P A, VlRAE S LN R 1T R B 4E R A

Figure 5-6 Field photographs showing deformation on western side of the Huanling massif

(A) Recumbent fold overturned to the west in the Neoproterozoic limestone; (B) Recumbent fold
overturned to the west in the Cambrian limestone; (C) Inclined fold overturned to the west in the
Ordovician limestone; (D) Décollement-related west-verging fold in the Triassic thin-bedded

limestone. It is noted that the transverse bedding stylolites indicate a bedding-parallel shortening.
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K 5-7 SRS RUR BUA AR TAHIE
A, FERLHE T KB RINRZH IR SR T B E i83h¥; B. &4 CEH R B RINE
WhAESER R 7 B E RiEshys; C SR U R IS G E BT E AR
T BB E BT U1

Figure 5-7 Field photographs showing deformation on eastern side of the Huanling massif

(A) Décollement-related east-verging fold in the Cambrian limestone; (B) Recumbent fold
overturned to the east in the Triassic limestone; (C) A pelitic nodule with strain fringes in the

Silurian shale, showing top-to-the-E shearing

i 1 1IE W /E F Normal faulting

TESE B BRI PHZE b ) W 3 & AT 3 46 NNW-SSE & Wi, |t
ARALFEEIRIT TRz 22 W AR TR (18] 5-2). IX SRR kT I 22 b A 3
[ b L (1 TR, AR B A B IEWT R () 5-3CL E). W2 mimiAs — ik
fE 60°-80°, Wit bR & BRI S EBfa7R T L& N RMiEah . Wi 22
FIER-= SR, PR TR R P T BRI S A I UR. Sk b
X LG b B -2 b R T VLD PG GBS A W By . I T SR VL G 2 S B AR T 4
TR R B -5 = A B R TR A R I B B (<5, 2006; XIS ESE, 2009).
T A BT Tiﬁf%%ﬁ‘ﬂé{%-fﬁzﬂiﬂ}%, JEEER Tk, AERE N R (0]
(R BEA B R I NI — . MAh, TERBR RN R B, A — AN
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I E 2L A AR S B A S AR E(K 5-2 AT 5-3B). AT i,
fEH LT KR REME Ayt 2250 22 i 1 W BT T

KT #E AR I -G 46 T 52 Tectono-thermal evolution

4.1 O MRFEREEEIE Previous geochronological data

A0 3 BE A8 B o 34T T R E R, G A U-Pb, &5 (-1
Y)Rb-Sr, fINAFIE = BER YA P Ar (5 E T4, 1984; B, 1989; 5 ik
1991; ZE B, 2002; B K855 2002; 256 5%, 2007; Li et al., 2004; % CE4E,
2006; E4EMEKRAEIE, 2009; S.B. Zhang et al., 2008, 2009). X EEERHIEIC 4 T K
5-8A. A U-Pb SR AT 794-837 Ma 2 [A], MARE T 185 A FE MR AL AR,
HATBUNREZE I — NN KA I 45 -5 1) Rb-Sr 25 254 0% 805 Ma i BEAC R T 4%
(A HIERS. MINA R SEE YA Ar 8T 770-900 Ma, bk B 45 kB
MR RS 770 Ma 1 801 Ma RIREAREE T 25 5Ev4 £ 23 AH RLAT W dt PR FE AT 1)
WS RN R, PEE M Rb-Sr Ml K-Ar R RIFEAE 2 3 B A H i
AR, U B R AZ IR A A R e AR — BLAL TR 5T
JEIRANEEIE 10 km).

BB R AR R R, 284205 (FT)M(U- Thy/He & 4F CLE& A 20 5 Hb R
AR B T30 8 3 S P — e R . DR RE B T AHI BB AR AN (U-Thy/He 4EAREAH
TG R T ADHIE, FZRUE T 08 B8 RHZ I 1 ks 08 2 55 R B R A 1 25 BE (UL
FE 4%, 2009; VK4, 2010; S.B. Hu et al., 2006; Richardson et al., 2010; Li and
Shan, 2011; J.M. Hu et al., 2012). IXEEBEIEIC % T K 5-8B. & A FT Al
(U-Th)/He £E#4 LU /0B, AFH50 FBlr A 7E 158-195 Ma f1 121-309 Ma, HFEEEH
FER AR, TR BT R 5 A 7E S P AR AL T3 220 °C (854 FT 3
Vi B2 ) B 180 °C (#5/1 (U-Th)y/He 3t AR ) SF IR IEIMT L. B FT HIERE VG HI7E
87-137 Ma, fE/n BT FHAZ &R A AR5 3 2 I -1 5 2 R O 2 T 2= R
100 °C (T2 A1 FT & IR SR M. #8244 (U-Th)/He “F#/F 39-102 Ma 2
[, WEMEAE 40-45 Ma, $E/RFEEEERHER ARE ] TR TR b #2. 541,
X725 (2009) 03K AF T BT AR oAl . B Al TR 4R L0 s 45 11
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Figure 5-8 A Compilation of U-Pb, Rb-Sr and Ar-Ar ages from the Huangling granitoids

128



Chapter 5 Origin of the Huangling massif within the Yangtze craton

53.9+1.0Ma

59.8+1.0Ma
AFT: 961+10Ma
Richardson et al., 2010

AHe: 40.8+1.6Ma
52.1x2.0Ma
43.2+1.3Ma

AFT: 115211Ma

Richardson et al., 2010

AHe: 71.5z1.1Ma
ZHe: 178.5z3.3Ma
203.7£3.8Ma
147.1£2.7Ma
PF 5, 2010

AFT: 136.7x7.0Ma
VRS, 2010

AHe: 41.3£0.8Ma
40.4+0.7Ma
42.5+0.7Ma

AFT: 133%11Ma

Richardson et al.. 2010

AHe: 61.1£3.1Ma
68.0+2.7Ma

ZHe: 231+9.2Ma
181£6.8Ma

Hu et al., 2006

AFT: 90£5Ma AHe: 76.9+2.7Ma 66.4+3.8Ma AFT 130£7Ma AHe: 57.2+2 4Ma AFT: 102+7Ma

_ 91x4Ma ZHe: 121+5.6Ma 207+7.4Ma 12847 Ma 74 9+3.9Ma ZFT: 178+34Ma

Li and Shan, 2011 151+5.8Ma - . VLHEUEEE, 2009

AFT: 87+3.3Ma 99+7Ma | |AFT: 95:5Ma
AFT: deBMa Hu et al., 2006 Huetal., 2012 | |Huetal,2006 | /[ AFT: 106z9Ma
il \ | , /| vt 2000
Hu et al -2013 A -l R TTGH s ‘\ ~r ,f !
B H A 4R) 12 | ] TR, / /| ZHe: 166+7.5Ma
| AR =] /

AHe: 67.6+0.8Ma HitE R W 1 { / 180x6Ma
72.1+1.0Ma | ST RS D AFT:  93:7Ma
88.8+1.4Ma %%’“”*““L‘F‘ s ISUIN L S Hu et al., 2006

AFT: 129%13Ma Sk N ] b7

Richardson et al., 2010 [ Jonenn (TS NN LF AFT: 108£5Ma

T BT TR R o A Li and Shan, 2011

AHe: 64.4+1.0Ma =

AFT: 102t7Ma
AL 9%, 2009

AFT: 118t7Ma
ZFT: 158+50Ma
TiAL#4E, 2009

AHe: 39.312.4Ma
43.6+2.7Ma

AFT:  96+d4Ma

Hu et al., 2006

AFT: 109t11Ma

Richardson et al., 2010

_| AHe: 40.7+0.5Ma
42.5+0.5Ma
55.3+1.0Ma

AFT: 86+10Ma

Richardson et al., 2010

AFT: 91£6Ma

AL R, 2009

AHe: 41.7:0.8Ma
39.3z0.8Ma
ZHe: 240.3x4.6Ma
230.9+4.5Ma
AFT: 128.216.9Ma
PFCHESE, 2010

1111°15"

AFT: 102*5Ma
Hu et al., 2006

AFT: 92+6Ma
ZFT: 195+14Ma
TRAE 15, 2009

AHe: 102.1+0.9Ma ZHe: 277+11Ma AFT-
97.7+1.9Ma 46.1+1.4Ma 309+12Ma .
78.9+2.1Ma 67.8+1.6Ma

AFT: 102+12Ma AFT: 88x3Ma
Richardson et al.. 2010 Huetal, 2006 | | 91f&7

121+8Ma | |AHe: 45.421.8Ma 40.39:1.6Ma
ZHe: 158:5.8Ma 1435.6Ma
129t7Ma
AFT: 92:56Ma
£%.,2009 | |Huetal., 2006

AFT: apatite-fission track; ZFT: zircon-fission track; AHe: apatite (U-Th)/He;

(U-Th)/He

Kl 5-8B. 1 AH A EARE(FT M(U-Th)/He)
Figure 5-8B Compilation of apatite and zircon FT and (U-Th)/He ages from the Huangling massif

ZHe: zircon

4.2 #Kf MDD ##l K-feldspar MDD modeling

5= 7F 800-200 Ma #A

IR AR TE %, TR AR ME A PR 2 72 T8 R I

8] N SRR R VR AR AL P 5. O T s s B R T T AR LUR I A AL
50, AT K AT R F S MRS A 3 MR T YA Ar B

I dr, FEEEAT 7 28 B (multi-domain  diffusion, 455 MDD)# 52

129

7.

7N



Chapter 5 Origin of the Huangling massif within the Yangtze craton

FEOT B LI 5-8A, HAREfh THA46 i 4t g Ao i 26 iR A R, B 4R ] O
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POR B R BHER N K S, SRR NS 8 TR A S IR s &, K
SHRIMP #5451 U-Pb 4444 819 + 7 Ma (5 [E 4%, 1984).
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Figure 5-9 Ar-Ar age spectra and multi-domain diffusion (MDD) modeling results of K-feldspar

from different rock types in the core of Huangling massif
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130



Chapter 5 Origin of the Huangling massif within the Yangtze craton

MAAEHE W3R 5-1, PR EIR 23N 20, BL MDD FEACH BB AR, @it id Y
TR HSE SRR ¥ HUEORNEE, P REBRAS KA T id SR K72 20
52 (Lovera et al., 1997, 2002).

=ANRE R A SRAFA B U PR A A I B AR, LR TR AR RS 1R Y T 40 il 42
239.7-899.0 Ma (JH446, 4/&FH N 759.6 £ 3.3 Ma). 167.7-762.6 Ma (JH71, &4
W N 693.9 + 3.0 Ma)Fl1244.8-610.7 Ma (JH147, &IEF# N 567.9 £ 2.3 Ma). Ak
A1 O AP Ar SRS A MDD REPLEE B 5-9 Fios, AEBLIAE R 5 500 45 1)
R, RS RMRELRRE. HRAMK A “AvPAr 1EH R,
350-150 °C [X [a] ff) ¥4 4 7 52 4 EL AT {5 it (McDougall and Harrison, 1999). MDD #5
P02 R R A )18 WL J5 3T

4.3 AH 5 Cooling history
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Figure 5-10A A synthetic curve showing tectono-thermal history of the Huangling massif with

emphasis on the dome core
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PR T R S R I 2 S R R AR KR TR N, TP XL R4 = B R T
HWBREABGE S, WHEMZE AR EALMY 2 HE THEL. OHME
PREFHUE 7R PR B A B AR A AF IR 29 7E 820 Ma 2 44, TE 770 Ma Z BT &1 T M\
B U-Pb 14 R B E IR A A 24 Rb-Sr Al K-Ar 14 5 15 IR (B 5-10A).
T S 7 20 A A O s B 0 4R 7 L UUAR S [l BE T 750 Ma (Zhang et al., 2006c;
X.M. Liu et al., 2008), X 53E74l N EREIK A T 24 RS 748 Ma AH—3(DE T4,
1984). DAL fRAIEHE 2% B 2 B Hh X AT BEAE 820-750 Ma BAMRIZ ) T BEFHER, Mii &
&R T e hE N K R I E 2 B R k. 2 )5, BRRIX U R B R
YRR, X 5 38 P 1 X FE BLEC B0 TAR A B RD A 1) A2 B A i e 2 HE B B FAH —
B Fhb, SRR (2006) K I B HLIX (1 E AR FITEZ) 740 Ma FHIR FSUAH (DR
) [ W5 A G e LR K L D IR AL, I3 H XS 7 P R AR T SR BRI
[ PR BRI AL I A A S2Bs b, AR SRR I =AM A MDD DA R
[l RE Rt AL X AE T e MR 2 7 T 28 e MR 20 FHT AR (B 5-9). A
AL FAZ BN X —Fr o AT AR H SRR3R T 2 290 20 °C/Ma (& 5-10A).

F IR B (JH446) 11 MDD A40L45 B IRTE 450 Ma Z BiAZRIZAHI, £ 400
Ma HI—ABRMA SR NBENMEEBRIRE, X —R 2 FHAOITX R T
Mg B AR AR B P aek LU . SR, R AR B AR AR L R R e L R
FAEPAERUR-SITHIX, 477 o bl N BB FE AR Z 50 (Lin et al., 2008b; Faure et
al., 2009; Charvet et al., 2010). 534b, EFH-VE 40 [AIFIUTAR [A] 7 Bk e 2k 78 46 e i
WAETLE, JF H N E i e 4 o b il B A BEA B S N AT A A B, 3R
AT By AR AR TR AL A TE W 701X P R 8 2 AT AR A R £ 5, A AR
T X R TS (K R .

FHNAFERGRE S THT1 AER NS TH147)) MDD A48 45 3R 45 7 i
T X AEFEA A A AL T K e e IRES, B =2 M IT IR e — D12 1
AL, I B A AR AR A A B G R . o AR I LR P AR T
WA Z WG 2K E, tdbZ 208 - K0 11 7 (Faure et al., 1999, 2003)FH
P i P LI - 25 0 1 i P9 3 1L 77 (Chu et al., 2012a, 2012b; Chu and Lin, 2013). # &
Hb X e TR A IE L AT I = AR XA, X B 52 = B 40 M s i LS 9.
VEN TR “ENSCIZ 3N BN N, H =B G TR AR 5 T WP AT AN B S e (3 i e 4,
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2008; BA/NBHEE, 2010). 17 HLAKE 2 MR AERAAE, o R TS AR 00 U R A 24
FH 2t () B =S G AN T] Do b (s AR M2 S, 2003). PRIk, FEBEE =S4
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Figure 5-10B Cooling history of the Huangling massif from K-feldspar MDD and AFT modeling
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A RN R A 1 28 1Tl A A R AR AR IO 2 R AR — (T A i 5, 2009; V7K ifE
4%, 2010; Li and Shan, 2011; Hu et al., 2012). X4t BALFE E IR 7L X TE 200-160
Ma HJ[E)FE A AL T 2248 v 0BT B, 1B e v A F A A AR AE 160-110 Ma 22 Ji),
A HHE L)y 2-3 °C/Ma (B 5-10B). HL4R Richardson et al. (2010)# 0 T 40 Ma LAk
=URIRYIVE F BRI 7T, (R R AR AN 25 SR R AR W R 2 - B ) S A S ]t A 7
B2 (A H SR, BIAMGE, Hu et al. (2006)FRIHIF 7845 5 B #m H f1  BA H i AR
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THERRETHER, AEER N 1.9-2.7 °C/Ma (& 5-10B). 10 FAR AT 7T X 1 i e
FhEE N — % E0(25 °C/km), M FEREERHE 160-110 Ma 3 18] 1 307 25 T0 5 2 2 1+4
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(Shen et al., 2012). FHULAT UL, 2P HLIX AE 7R B 4X-Hh 4k B tH BA (A) mT g — BN AL T-Hb
FRE R4 R, BEREREKD-RAEHA 20 T RENEIER.

5 Y RE I BCR 1a) R R A L #1] Formation time and

mechanism of the anticline
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TR R A I B THE F 2 2R AETE 160-110 Ma BRI (XM F 25, 2009; L%
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- P A S I (1 4 P 5 0T B U 2 PR R 2 T, T AR A 224 S 72 3
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e
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(Wang et al., 2003; Meng et al., 2005). X8t # & f FH 1- A AEAR K B2 L 5K
TEA 38 717 1 R R B (VK 4%, 2010; Hu et al., 2012; Shi et al., 2012; J.H. Li et al.,
2013b). XAMERE LS 35 B RO B A&, (H R 5 H 3400 S 8 %
HRRIUN TG AR BER LFTER, X5 R0R 1 Sehr il g2 A 75 (& 5-11B).

Sebr b, o0 BTl b A BR, Wb AR AR R A T2 R E T RRE R
il 422 (Lin and Wang, 2006; T. Wang et al., 2011; Lin et al., 2013a). A X g f ¥4 it
AT SR AERE, MK A X TR R T X —3) I R . LG
AR 3 47, 3 B4R H ek e B T A R A R 2 e 7 ) P BRI (B 5-11C). ZE M AR AR
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. FEMMIN BB RHE 2 P T Wi R #2, BN B A ARG K 1 i
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Figure 5-11 Three possible tectonic models for origin of the Huangling massif
(A) westward thrusting; (B) eastward extrusion; (C) extensional uplifting; (D) the profile of P-wave

crustal velocity structure across the Huangling massif (modified after Z.J. Zhang et al., 2009)
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Figure 6-1 A. Tectonic map of the Late Mesozic extensional tectonics at the southern margin of the
North China block, Qingling-Dabie belt and South China inland; B. Cooling paths of the extensional

structures; C. Timing of the extensional structures (see text for references on geochronologcal data)

Her A Bt X

X G T4 i Jr AR DR RS G, v A AR 2R A P R G o B Bl (1 4 Je 40366 15 5% (L,
2000; Li et al., 2010; Wu et al., 2012), 554 X I H AR A A ad i 5 AH A PR HL
5y B T4 e 2t AT /D B )25 0 S B (Y RARRIEL BT IR, 2002; &F R SE, 2004; 5KIE

55, 2012). HATREWS € K B PIVE BT U 10 e 25 b K SO L i L s e A, #
NE [ SW R A BV S BE(REZE, 2007; Zhu et al., 2010). J5 1L S (Lin et al.,
2000). K= WL EFFE(HZ RS, 1998, ARKHFL) . RINLZIBIWFYT S (Faure et
al., 1996; &7 RS, 1998) T 111 B FE (RIS, 1998; I.H. Li et al., 2013a).

PR PN A e 5 B AR IR EIR, A A e A OB R - B R AR B
EIRNE, SR AT D EAR R T o AR R (E6-1). A7 e 55 B AR B B O R
ERAREEE, WRE AL, Bk 7 STUa K S AN, SRR
B A S REPE M, FEVE ARz (AT L S BRI H SRV A% 2 RS /L, 78
Sk B BARAM SR B W R AL R BERE Al TR BT A L S A I T B 2 )
I RE, WRHTAE b o U 7 Y (R R 3 R (o e R ) 0 7R e JR AR T 4K (L et al,
2000; #F RS, 1998; J.H. Li et al,, 2013a). EIHATMIE, 5 Py RER T 2R
A DX LA 5 A R P58 (Y 3 2 B = 5 o T A jl I M i O ROE. S R Y I
b B [0 I 88 (R A BA - B s FL AR H A FR 4o i L.

AU FER IR 23 11 - B 1L 5 T MR AN AR E NW-SE (R AF T #id
RALI, PR LR & IR E W Z R Iy NW-SE [A18 )3 2 B AN _E &L
[ NW izshss. il SRS T W= R 5Kz L —Buh g L
RIS A RAFAE(JLH. Li et al., 2013a). )5 1S BERR 5155 2 O E K LA NW
IR RSUZ T8 A FEAL 3 A1, ki A7 B il s 1 LA NE-SW B P04 (e 26 BRLAT
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IS A2 79 ] NE A1 SW I FE BT DI Fl (Lin et al., 2000). 1Az - S FE Y
ML BT U1 B NE-SW 8] AT PR AR 4R 3R 30 m) SW i BT ) AR T (AR5,
2007; Zhu et al., 2010). WA R BRI S AT TR ) BN IE N-S 1], 83
RPN BRI S BTV AR (Faure et al., 1996, &F R4, 1998). iX EeBIF-HER
B 5 b o @ B AR A - R i s — B X NW-SE [ 4b, e i A7 AE
NE-SW [r]fif @ 4tk

KT BRI LA R P Bk AT e S RIS TN O — LA T, PRI
REEHFE s 1L B ) NE-SW R AR IE & AR AE 132-126 Ma, T HEEID)#] S
B 2R S0 I IE 2 10 1 = BEAT 2B = BF Ar-Ar SR8 7E 111-93 Ma (Lin et al., 2000).
KOG IRAF P T BE P BT V)T 10 2 B Ar-Ar FFIFE 129-126 Ma Z[A] (Zhu et
al., 2010). A SCHFFE4E BRI 5 K2 AR BTZ DS IAE A 2 AL ARAE 132 Ma
FEAi. WSRRIEE R A DG M B A A T — MRS Ar-Ar 425084 132 Ma
(Faure et al., 1996, 7 R, 1998). 17 L1 =5 [V S 4 B3 T = B 170717 A (7] 44032 1) 94
K BRI S 47 U-Pb 4E65 0 136 Ma, i BT V)4 BERE 2 b (1= BF VA Ar S0 T
98-108 Ma (J.H. Li et al., 2013a). X LEEAX 2 2 B3R B A W A AR A e )i AR
R B TE 136-126 Ma, X 5¥H) [ Firdd s i P v 21 B B2 (B 6-1). 53
Ab, IR LD R TS5 SRABE R R TE 110-90 Ma 39118 S5 Py bk T RIS 28 7 T Ry e
HUH AR, X — R AR AR AR AL G AR - DK S L Ly 5 AR

gr bRk, AL o Bl e e i B R AT USSR B JR S e R e
ML AR I T B 0 R -SRI B B A TR R TR R 1L A A P 78 o A%
e (A LA R L, 5 b, BEAR-5K NI K T3 1 R v X AN [RI AR P B n T
WA K3 ), 7 HE AT PAY it X )P o KA 22 22 T Dy A R Aol Je G 88 11 25 K 25 B
IR AE B A (gt A, B Rz gz, thab, S0 FNIvERE dE T
SRE) S 2 R AU R B A H AR TR T AR O, BARTE
VIR EETHERIE T — 2 E AL, SHEAuHE, £t A R0 R
R B BEAWENALE M, (HEAE E NW-SE [ 8 J7 7 15 5 2 (130 Ma /£
) FE WA TE R ] 50—

141



References

2 WROIE R it 2R 2 e AR A R A4 i 22 M Overview of the Late

Mesozoic extensional tectonics in the eastern margin of Eurasian

continent

AT TR, DAAR A% 2% 2 AR M1 W v A A Aol fr 25 I AT o 230 e 7 DRI K B
REGTZRKE, MR T 2RI R X (B 1-1). JUFRITA 5 RS J LA
RSB EATIE NE-SW (K J7 ), ARI0 T 6 Y iR R X 4B (1) NW-SE J7 [7l F) e
(Lin and Wang, 2006). JLA B 5T TAER B4R 2 B0 58 E A ik AH SR S
W2 A R A R D9 NW-SE [7]. 1711 EL BT R I 138 Bl SR E AR AF TE — 8 HIRUAR T,
BITE — 52 DX IBUBL A7 7E X AR B R e 5. il 7632 DUBN /R b X Bl 5% 3 - 50 8 I
o 4 A L AL TGN (i S R AR B W R R BN BRI SE HIBY AR (Zorin, 1999;
Mazukabzov et al., 2006, 2011; Donskaya et al., 2008; T. Wang et al., 2011, 2012),
AT SE M52k [E 63 & B 1 Ereendavaa 25 Jii #% 4% 75 Al Nartyn 753 5 B B L
BB 1] NW ) BTH)28 . (Daoudene et al., 2009, 2011), iX— X 45 ff) e A4 3 AL, T35
5 -G U W 2 ELUA B AR RS I I (B 1-1). ARSI R AE A b X [+
PEAEAE, SRR AR A A WO T AR I =52 10, HARES 2 T8
W& SE |3+ A5 _F#B1H SE i25)%#(Webb et al., 1999a; Davis and Darby, 2010); ifij 4
AGZR s PR 2 S R e AR () L R A% A . A A K B R L B AR AR IR
FRARUE [FIRDE AL B 5 SR Fa i XK & AR S E AL T S RER NW U, 575 F
I RHFR B A B NW R332 (Lin and Wang, 2006; Hacker et al., 2009; Charles et
al., 2011), WFRIFE L KRBT s, B, i Et bR A i (g 4
G AT (B 1-1). IR R I A LAE 5 B W7 R A 3 LT 23R 0 b SR Ly
PR A ) LU A 22 52 LU AR SR A o I B RV R, T B v (R W AT R | TR AR o
B Bl 25 2 5 e M SR B 5 5 1 2 25 il s IR i (B 6-2). v g T J2 e
IR E I b S R R R A A VR IR B TR ATIR SRR I Al B A R
SR P AT X AR P AT [ B 12:(Lin and Wang, 2006; & 6-2). 2448 (e i 16 31 B Bl Rl G
[ S U 2 2 B R B B 4 S AR T8 AR HE I AR AT VB — AN R B A IR
S (Charles et al., 2011, 2012). HalAA- K57 S Hew A Bl A R I H SR BIT2 )L
JINJR -5 8 R . v R A T o el J A <o AR 4 8 R R A (R i, I HARSR Y
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KA A P A AL A% A A AE AR R B AR (TR, 2008; KEHFSE, 2012). 1X
AT i 725 WY A i 2R % MG o A A R MG AT 17 S Bl SW ik 55 (1R 2.

REATAS =H EREL L ——
w w i U AT RGIE
TR TR ERHAA S
117-121 Ma 116-118 Ma 116+2 Ma
N AATULIHTR \1 / SEE
il X I y - V 4 BEEE )T~
TN TN ' D T I AN
0 & @ /o o~
EJEE@H 2 . ‘L/*}

T s =
AIERLCERE
ERLTEHE WP E | o | FEERTRE
Kl 6-2 1 BTARALIL BRI AR AR R S T . 25 AR FH A S 29 2ttt () A =G i T (51 1 MR 4,
2013a)

Figure 6-2 Schematic crustal scale section showing the Late Mesozoic extensional domes,

magmatism and rift basins in the northern part of North China (modified after Lin et al., 2013a)

RT3 G DB X 3 2 4 36 14 30 7 2 L) 3 R AP 58 R 18 [ 8 i)
(Lin et al., 2013a; AH5E, 2013a). FRAACHARARIS I, b KPR pi x4 50
K Wi PR S A — /N IV [ o 1) ) . 246K 22 OB 7 38 b e R @ AR 1 3R 50
H4E 9 56 RS AE R ) PO R pi A %, 1X 2 H T fiAT W A(Ren et al., 2002;
Wu et al., 2005; G. Zhu et al., 2012; K HFEEE, 2011). [FRE, XF TR H BRHR
HIKE, WP IR B S R AT SS(Zhou and Li, 2000; Zhou et al.,
2006; Li and Li, 2007; Ling et al., 2009; X.H. Li et al., 2013). 2R, 55T & KFFEH
J73 52 F A1 2 H /> (Engebretson et al., 1985; Maruyama et al., 1997; Sun et al., 2007).
ER AR IX A 2T DA b g 1 kL S R T 2R A e AL, L HE DR
R e b Ab S J 5 - S0 U s AR AL B 2 S FR U4 - K0 JE AT 1) ) LT 2 BT
T R AR R AR, X 5 5 [ 7 38 20 44 1) PR JRe A3 717 P AT T I o i B J A AR A
7. A S 2 33 Bl (A A b [ R B AR AR D3R, (EKCTVE B ST R 8L T
WAL b2 K ERBEMZS K2R, 2012). tBA5 — St 72 E U E Wiz DU R 4
JeAb S B 5 -0 U s A e iy 32 5 5 SR o IR A AR DG i, R
52 7 AR5 BB 52 0k -0 I T S AR T IR I B R A S ) o R AR X
(Meng, 2003). XM RBLTFHUF AR T 58 - S0 8 (el A R A 1R 3 ) 25
S0, AR DLARRRIZE B9 52 7 - o 1) R Al [X S ZRve - KXl afy 42 e g Ay ot A5 X 35
FRERMEREREG. TH%(T. Wang et al., 2011, 2012)FiEH 7 5 H-S8E 0
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FEAL AR i LU AT L i T A A Pl R P AT 4 i ¥ e AR AR SR SRz DN
IR SE o 1L X R B A R At B — A U SR A e A 3 BAT 1) SE AR SRR A 3,
IX 5 12 DX PR A R Ay dat B[R] I PR R U F A —B(Lin et al., 2013a).
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Figure 6-3 Extensional structures (extensional domes, syn-tectonic plutons, detachment faults and
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rift basins) and their geochronological ages in eastern part of the Eurasian continent (modified after

Lin et al., 2013a)
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tbAb, el - g = B Al BT R - RO T A A A [R] 4 40 A R i et e
P B0 0 2 R, ELFE RS TA) L B B 92 5 W b AR AR M i DU IS, LR BR 1k B A
. ABE R XA kB 18, 2 AR A TR R R AN D 7038 i k.
11, Ratschbacher et al. (2000) 1A %A W K il 48 25 1) A AL 3 ] BB IR Tz % 5 98
AR 8 AR VA1 .- 52 oy 5 e 4 7 7 2 4D i) 2 T DR 8 308 36 AR oy AP G )
Ml s 5k S B LA S R 3R 552007, 2008)% 1Lz 3) e A
AT 165 Ma [F“ZR 2 [F) V58 R A i) S FL TR J 732 i A 3 L R i A
A [ 2R 0 A e [ R AL e L L St P o L A s A A8 TR 114 5 2

ﬁﬁ%%%ﬁ%%%é%%@%mﬁm%&ﬁﬁﬁ63)%H%%&ﬁm
B i E T, R b, AREBHMIB T R S A BT
*, ﬁ[lﬂ[mlhw(ﬁ%ﬁ-%ﬂééﬁxﬁmdm?), B Ly -3 L s i L . ZR IR - K-
e e e A LAy VR A L (BRI - 25 e Ly i P 3 L ) B 580 ) i 2 B U
OBOR B R b, gl SR, mBEEARL ERE L, BRAEACRE L
—ANBURTEIZ AR R I BLAN, % ANHIE A X A e 5 Pl B 1K) 5 4 B T S A S R A
AR AN F2 i [ 20 AHIE, D& HIFE 130-126 Ma 2 [H(B 6-3). H E 2R3 K A 58 51
A HAEH, WSRO TIXANE By, R R HAEH 7o i il 31 1 AN ] 20 1
(Wu et al., 2005). LIHT i, X288 H AL H AT ik AL 1 2 th A e o dn 2R B A
FATRI R A 15 Sl ISR L 56 (5 V6 30 1) A 0R 48 5 13 2, DAL G IR 7 22
SOMBEZI R, B BARAT— ok B AR bl 2 iV FIAE MR B2 B AT R IR
el VG N RS K B R, AR E R EZWS) JJ(Lin et al, 2013a).
DR TR RS AT AE SRR R 0 A Pl BB BBl R ) B AT 2 2 A el
18 X A% B8 B R DU LT 5 s W 22 B (A B AR W) &, X BV 2 A X e fif
Jettih 5 He b s B A R IX — MR B ) A 45 R 14T JJUEHE (Lin and Wang,
2006). SRR IX — MER R H A FRATTER A BRI K b R 2% VG R & I R i
&R+ R R L, I X — BT 4 R SR A LA ek S AR
IR T, AT AR TR AN IRK R 81 ) 22 B R E R L

3 4514 Conclusions

AR SR TARRY, Joit /e e ra R B AL S i) e s /it v B a1l gy, 3 A2 7T
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PG LA B R o - R R LA el BRI RS RX, BWRE TR
Py e AR AR AL . I 3R B AN [R] A 325 30 Ao e )3 SR I AN 5 4 — 2. A
LA 0 PR 2% 5 R0 DR 3 v 30 ) e DR 3 e A R i T T A B I AE =8 20 i R/
e I Ll 2 B AL R A, TERIERE R B R I B A AT e
TEANEG LA BB A B . IR Z B TR n A &, 0E STIvE R Z W
AR T LN W-SE [ FOR™ 432 400 28 B R | 3 [INW I35 327 s 5. e [ I 35
(IR A A AR AN R R I R A, 3X —fh /R F P RETT 46 T-29145 Ma, %130
Ma LALAR 155 B3 0 hs SR BIWEHA. b, Mk U2 . R i A s 3R]
O T RE(110-90 Ma)— iR fF. Kz ih-%E B la B etk 2 (150 Mafe
AR H A (132 MaZe )R AR R, e A e 4= A\ A4 FENW-SE [ {1 fig
TER R RIMIER ALY, PLA AP 2 K & S m 3% 25 W2 e s, 0BT 5L
PR b S R I R T AR AR S T IEN-S AR )3, AT ReAR R T
TR DB AR NS E R, R RERIOA R & T 5% 2 P IEN-S A A0
PREIRMDG, PR TUBEARLE, AL A AR T1 LAAH TS 1 2 0 J0 A0 2 o 30 A
R, RGN OC R AN HI Sy — B R O T etk 2 - A i 2 8], X — R
H R 2 R T T S 20 A e ) e (R SR g R B 1) b R b e iR, R AT B R 2 1
[ K3 A8 B AR A, B 9 R AHAE I TR 55 )2 A8 TR ) R AR Rt IX [ERE S I T 5
b o 3 A A R A T R D X 3 e A .

i DX A LT T, A R A il < 25 s i A AR 8 Ay 3 22 K B T AR
KB (MRS Wz VIR — BRI E g A Bl X AT 70 A, ARl T A BR iR 1 3
el REX, Hidst 7 KIXH E#) NW-SE [afi /B, Jf HiX—{f R AE T AF
[ 4 T P i 9 PR R . X At R AL 3 A b e AN [R] R IR S A T R W R TR
MR, MM e R TR BOE. A S IX T KA R S
FLAH I V03 25 W7 2 2 B ) e e U STt ) 22 7 B o 2k, R T 130-126 Ma 22 [A).
Y 08 AN ) 56 ) G 8 ) g 8 (1 90 e gy SRIL R, ORIV A Bl 75 45 ) Je A 3
JR AL AR KRR E B A2 56 A7 IS8 1Ly AR AR S A BB R A P 1. AR SO IR
T RV Kol 2R 5 B mh AR AR JR A 3 A 7 PRI 2R B I el g 5 AR 3t T B
P RS E s T AEAR E K e A Bl AT & B R A AR R R v, o T s 52
LRk 2 B sm AU TS, A A HOBIE T HAR M 1 A ST R 3 5 RS
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R 3-1 WM E A U-Pb SRR EE
Table 3-1 Zircon U-Pb data of the Tongbaishan complex

Sample U Th ThU f206 2pp +o 2pp +c 2%pp +6  hore 0 bozss  E6 Doepzs  EC
#spot  ppm ppm %) b (%) U % U (%) (Ma) (Ma) (Ma) (Ma) (Ma) (Ma)

HO37, & H R Ok
HO37#1 440 69 0.16 0.10 0.04844 2.70 0.14076 3.10 0.02108 1.52 120.7 62.4 1337 3.9 1345 2.0
HO37#2 290 35 0.12 0.09 0.04883 2.43 0.14185 2.95 0.02107 1.68 139.5 56.1 134.7 3.7 1344 2.2
HO37#3 396 53 0.13 0.07 0.05004 2.04 0.14747 2.60 0.02137 1.60 196.8 46.7 139.7 34 136.3 2.2
HO37#4 380 49 0.13 0.14 0.04791 2.49 0.13729 291 0.02078 1.51 947 579 1306 3.6 132.6 2.0
HO37#5 692 70 0.10 0.00 0.04818 1.59 0.13936 2.19 0.02098 1.50 108.1 37.1 1325 2.7 133.8 2.0
HO37#6 530 60 0.11 0.03 0.04859 3.04 0.14165 3.39 0.02114 1.51 1282 699 1345 43 1349 2.0
HO37#7 269 34 0.13 0.00 0.04878 2.59 0.13771 3.01 0.02047 1.52 1374 59.8 131.0 3.7 130.6 2.0
HO37#8 309 42 0.14 0.19 0.04928 3.03 0.13970 348 0.02056 1.71 161.1 694 1328 4.3 131.2 2.2
HO37#9 161 17 0.11 0.00 0.04909 3.25 0.14382 3.60 0.02125 1.55 1522 744 1364 4.6 1355 2.1
HO37#10 183 24 0.13 0.00 0.04930 3.62 0.14219 393 0.02092 1.54 1623 824 1350 5.0 1334 2.0
HO37#11 272 37 0.14 0.17 0.04842 3.12 0.13897 3.49 0.02082 1.55 1199 72.0 132.1 4.3 132.8 2.0
HO37#12 235 30 0.13 0.21 0.04839 3.80 0.13837 4.14 0.02074 1.64 1185 872 131.6 5.1 132.3 2.1
HO37#13 347 48 0.14 0.13 0.04729 3.13 0.13683 3.49 0.02098 1.53 64.1 73.0 130.2 43 1339 2.0
HO37#14 399 53 0.13 0.07 0.05013 2.03 0.14346 2.53 0.02076 1.50 200.8 46.6 136.1 3.2 1324 2.0
HO37#15 198 27 0.13 022 0.04746 432 0.13560 4.60 0.02072 1.58 72,5 99.6 129.1 5.6 1322 2.1
HO37#16 292 39 0.13 0.00 0.04951 2.40 0.13923 2.84 0.02039 1.50 1722 552 1324 35 130.1 1.9
HO37#17 225 28 0.13 037 0.04786 4.04 0.13796 433 0.02091 154 924 931 1312 53 1334 2.0
HO37#18 289 32 0.11 0.15 0.04892 2.82 0.13885 3.21 0.02059 1.52 1439 649 1320 4.0 1314 2.0
HO37#19 593 55 0.09 0.10 0.04702 236 0.13604 2.80 0.02099 1.50 50.1 554 1295 34 1339 2.0
HO37#20 338 38 0.11 0.21 0.04946 2.73 0.13784 3.12 0.02021 1.52 169.5 62.5 131.1 39 129.0 1.9
HO37#21 110 9 0.08 0.00 0.05192 529 0.14611 5.52 0.02041 1.57 2819 116.8 1385 7.2 1302 2.0
HO37#22 367 34  0.09 0.00 0.04851 2.26 0.13814 2.73 0.02065 1.53 1243 524 1314 34 131.8 2.0
HO37#23 145 16 0.11 0.62 0.05003 5.67 0.14611 5.87 0.02118 1.52 196.3 126.6 1385 7.6 135.1 2.0
HO41, IR &5 w4k
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HO41#1
HO41#2
HO41#3
HO41#4
HO41#5
HO41#6
HO41#7
HO41#8
HO41#9
HO41#10
HO41#11
HO41#12
HO41#13
HO41#14
HO41#15
HO41+#16
HO41#17
HO41#18
HO41#19
HO41#20
HO41#21
HO41#22
HO41#23
HO41#24
HO41#25
HO41#26
HO41#27
HO41#28

1317
1421
596
135
99
921
383
667
231
37
93
734
84
502
64
500
1308
1109
808
79
986
38
139
209
1622
92
887
1085

67
50
102
60
21
46
333
47
99
34
61
43
245
26
73
26
55
42
35
44
42
31
24
8
51
84
29
31

0.05
0.04
0.17
0.45
0.21
0.05
0.87
0.07
0.43
0.90
0.66
0.06
2.91
0.05
1.13
0.05
0.04
0.04
0.04
0.56
0.04
0.82
0.17
0.04
0.03
0.92
0.03
0.03

0.05
0.00
0.09
0.00
0.00
0.08
0.05
0.00
0.21
0.00
0.35
0.00
0.00
0.09
0.85
0.09
0.02
0.00
0.00
0.00
0.04
0.22
0.22
0.00
0.00
0.30
0.03
0.03

0.04966
0.05005
0.16946
0.04644
0.05323
0.05076
0.06502
0.04804
0.05647
0.05767
0.04928
0.04864
0.06249
0.04968
0.05995
0.04828
0.04859
0.04818
0.04903
0.09337
0.04890
0.06299
0.05442
0.04912
0.04851
0.04762
0.04897
0.04898

1.74
1.71
0.80
5.49
5.41
3.26
1.34
2.43
3.39
8.75
9.86
1.81
2.42
2.36
4.08
2.13
1.17
1.92
1.47
3.01
1.42
3.08
3.75
2.65
1.21
4.38
1.51
1.27

0.14324
0.14184
6.75282
0.13419
0.24245
0.14474
0.94207
0.13850
0.18468
0.20028
0.17348
0.13978
0.83849
0.14358
0.62929
0.14043
0.14281
0.14071
0.14670
0.72004
0.14128
0.95381
0.23643
0.17133
0.14315
0.13697
0.14068
0.14327

2.30
2.28
2.00
5.74
5.67
3.59
2.02
2.87
3.72
8.93
10.01
2.36
2.84
2.80
4.35
2.60
1.91
2.49
2.11
6.76
2.07
3.44
4.04
3.07
1.93
4.69
2.13
1.97

0.02092
0.02056
0.28902
0.02095
0.03303
0.02068
0.10509
0.02091
0.02372
0.02519
0.02553
0.02084
0.09731
0.02096
0.07613
0.02110
0.02132
0.02118
0.02170
0.05593
0.02095
0.10983
0.03151
0.02529
0.02140
0.02086
0.02084
0.02121

1.50
1.51
1.83
1.67
1.71
1.51
1.51
1.52
1.52
1.78
1.69
1.52
1.50
1.50
1.52
1.51
1.51
1.59
1.51
6.05
1.51
1.51
1.51
1.56
1.50
1.65
1.51
1.51

179.1
197.2
2552.3
20.7
338.6
229.8
774.9
101.2
470.8
517.3
161.0
130.7
691.0
180.0
601.7
112.8
128.1
107.9
149.3
1495.5
143.2
707.8
388.6
153.8
124.2
80.3
146.4
146.9

40.2 1359
39.2 1347
13.3  2079.6
126.7 127.9
118.1 2204
73.6 1373
279 674.0
56.5 131.7
73.4 1721
181.4 1854
215.7 162.4
419 1329
50.7 6183
542 136.2
85.9 495.7
49.4 1334
273 1355
44.8 1337
342 139.0
56.0 550.7
33.1 1342
64.3  680.1
82.0 2155
60.9 160.6
282 1358
100.9 130.3
35.0 133.7
29.5 1359

2.9
2.9
17.8
6.9
11.3
4.6
10.0
3.6
5.9
15.2
15.1
2.9
13.3
3.6
17.2
33
2.4
31
2.7
29.1
2.6
17.2
7.9
4.6
2.5
5.7
2.7
2.5

1335 2.0
1312 2.0
1636.6 26.5
133.7 2.2
2095 35
132.0 2.0
6442 93
1334 2.0
151.1 23
160.4 2.8
162.5 2.7
133.0 2.0
598.6 8.6
1337 2.0
473.0 6.9
1346 2.0
136.0 2.0
1351 2.1
138.4 2.1
350.8 20.7
1337 2.0
671.7 9.7
200.0 3.0
161.0 2.5
136.5 2.0
133.1 22
1329 2.0
1353 2.0

f506 1s the proportion of common

%Py in total measured *"°Pb.
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*® 3-2 MM A e A U-Pb AR
Table 3-2 Titanite U-Pb data of the Tongbaishan complex

Sample® Weigh Concentrations” 2%pb  Radiogenic Pb (atomic %)d Atomic ratios* Apparent ages (Ma)*
eight —— —
o ' U Pb, 204py, . . » 06p,  207py 207py,
Titanite fractions Pb Pb Pb 38 35 o6 206238 07235 1207206

U U Pb

(mg) (ppm) (ppm)  measured’

(1) 5 very large
euhedral, transparent
(2) 8 small to medium-
size grains, not abr.

(3) 4 large euhedral

0.4507 68.5 1.95 38.14 574 28 39.8 0.019 0.1275 0.04860 122 122 128

0.2687 723 1.87 37.78 60.7 29 36.4 0.0182 0.1211 0.04831 116 116 115

) 02044 617  2.01 3546 498 24 478 00188 0.1276 0.04916 120 122 155
grains, not abr.
(4) 6 medium-size o) 0 g0 5 g 3206 659 3.1 31 00174 01146 004769 111 110 84.1
large grains, not abr.
(5) 20 small euhedral, =) 4e5 14 424 598 29 373 00186 0.1247 0.04852 119 119 125
transparent grains, abr.
(6) 10 medium-size 0283 773 212 41 604 3.5 36.1 0.0192 0.1518 0.05732 123 143 504

euhedral grains, abr.
(7) 4 very large
euhedral grains, abr.
(8) 4 large euhedral
grains, abr.

0.349 309 0.853 37.4 585 28 38.7 0.0188 0.1225 0.04737 120 117 67.8

0.1256 614 1.83 35.64 558 49 393 0.0193 0.2333 0.08765 123 213 1374

a All grains analyzed were individually selected after habit and quality. Most grains were yellow-brown, euhedral and transparent. Mechanical
abrasion was perfomed according to Krogh (1982) with pyrite for 1/2h at 0.5 atm over-pressure. abr. = abraded; not abr. = not abraded. Very
large grains: > 0.20 mm; large grains: 0.15-0.20 mm; medium-size grains: 0.10-0.15 mm; small grains: <0.1 mm. Grain description necessarily
applies to characteristics prior to abrasion.

b Corrected for (1) mass-discrimination, (2) isotopic tracer contribution, (3) Pb blank [30 pg for fractions < 0.3 mg, 150 pg for fractions > 0.3
mg, due to diffrence in chemical procedure], (4) 1 pg of U blank for alll fractions, and (5) initial Pb, as deduced from the Stacy and Kramer
(1975) model for Pb isotope evolution of average continental crust.

¢ Corrected for mass-discrimination and isotopic tracer contribution.

d Ratios corrected for mass-discrimination, isotopic tracer contribution, Pb and U blank, and initial common Pb.

e Decay constants used were determined by Jaffey et al. (1971), recommended by IGC (Steiger and Jager, 1977).
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R 3-3 MM KANIE LIS Ar-Ar SFAEERE
Table 3-3 Ar-Ar data of tectonites from the Tongbai-Dabie orogen

Temperature “ar®Ar TAAr PArPAr YAr/YAr TAr A Age * 20
(°C) (%) (7o) Ma

QDS88, Biotite, J = 0.0033190
850 17.12732 2.03465 0.00436  16.02954 93.43 7.06 93.73 + 1.87
890 17.55740 1.03210 0.00346  16.63127 94.64 1526 97.16 £ 1.37
910 1728963 1.35561 0.00247  16.68706 96.40 1859 97.48 £ 1.39
930 17.09302 1.24485 0.00239  16.50325 96.45 13.72 96.43 £ 1.09
970 17.09465 1.42535 0.00255  16.47275 96.24 11.57 96.26 £+ .86
1010 17.16790 2.25453 0.00240  16.66867 9691 11.40 97.37 + 1.18
1050 1690514 2.20662 0.00196  16.53108 97.60 10.54 96.59 + 1.12
1090 16.58769 3.74276 0.00265  16.15460 97.08 6.67 94.45 £ 1.61
1150 16.53644 6.75916 0.00351  16.12884 96.97 417 9430 £ 1.22
1300 1960514  14.82216 0.00987  18.09599 91.14 1.02 105.47 £ 2.27

JS109, K-feldspar, J = 0.004878
750 2732911 0.00434 0.05448  11.23096 41.10 0.57 96.45 £ 2.70
770 1590064 0.00945 0.01285  12.10528 76.13 1.60 103.75 = .80
790 1457728 0.00959 0.00698  12.51568 85.86 1.05 107.16 £ .70
820 14.80696 0.00478 0.00527  13.25121 89.49 1.41 113.27 £ .71
850 1486725 0.00590 0.00395 13.70111 92.16 1.88 116.99 £ .67
870 15.05601 0.00789 0.00408  13.85175 92.00 1.70 118.24 £ .68
900 1556376 0.00344 0.00492  14.10916 90.65 1.85 120.36 = .61
930 1579678 0.00293 0.00560  14.14330 89.53 1.80 120.64 £ .68
960 1558706 0.00473 0.00531  14.01771 89.93 1.69 119.61 £ .66
1000 1596939 0.00658 0.00598  14.20226 88.93 269 121.13 £ .60
1030 16.18195 0.00406 0.00636  14.30310 88.39 3.01 121.96 £+ .60
1060 16.11185 0.00381 0.00560  14.45585 89.72 551 123.22 + .57
1090 15.65644 0.00310 0.00373  14.55386 92.96 7.67 124.03 £ .54
1120 1557977 0.00107 0.00336  14.58726 93.63 6.80 124.30 £ .54
1150 1558318 0.00048 0.00341  14.57588 93.54 6.43 124.21 + .57
1180 1565254 0.00170 0.00321  14.70522 93.95 7.21 12527+ .53
1220 1573328 0.00156 0.00319  14.79081 94.01 13.45 12598 + .57
1250 1573537 0.00182 0.00305  14.83379 9427 14.09 126.33 £ .60
1280 15.87590 0.00199 0.00301  14.98572 9439  10.50 127.58 + 1.93
1310 15.81088 0.00022 0.00313  14.88651 94.15 520 126.76 + .58
1340 1587854 0.00038 0.00319  14.93648 94.07 276 127.18 + 1.89
1400 15.89830 0.00423 0.00348  14.87021 93.53 1.13 126.63 + .73

DS49, Hornblende, J = 0.004800

820 178.16328 0.74732 0.56871  10.17739 5.71 0.61 86.25 +£28.43
900 59.83617 2.93355 0.14804  16.36581 27.28 3.94 136.75 £ 5.85
1000 2325658 3.24219 0.02685  15.62264 66.99 9.68 130.76 + 1.71
1030 18.58435 3.26131 0.01078  15.70068 84.25 14.09 131.39 + .89
1060 1655704 3.29705 0.00560  15.20702 91.59 1341 12740+ .63
1090 1559463 3.20449 0.00316  14.95547 95.64 13.57 12536 + .62
1120 1645332 3.33774 0.00556  15.11774 91.62 5.56 126.68 + .68
1180 1545898 3.23841 0.00393  14.59468 94.15 3890 122.44 + .60
1240 1024472 0.54089 0.01570 5.65353 55.16 025 48.42 £ 6.43

175



Appendix

QD124, Biotite, J = 0.0033440

750 19.11405 3.03117 0.00317  18.46692 96.36 6.09 108.36 = 1.75
800 19.27485 2.19618 0.00364  18.40732 95.32 10.42 108.02 + 1.29
840 19.12253 1.66138 0.00327  18.31255 95.63 1245 107.48 + 1.01
880 18.94198 1.62326 0.00229  18.41941 97.11 14.84 108.09 + .92
910 18.69991 1.57124 0.00178  18.32408 97.86 1278 107.54 + 1.11
950 18.65558 2.30802 0.00157  18.41236 98.50 11.53 108.05 + 1.07
990 1842932 2.18377 0.00153  18.18464 98.49 10.02 106.75 + 1.12
1030 18.48622 2.67502 0.00134  18.34442 99.01 8.50 107.66 + 1.13
1070 19.33506 3.01692 0.00144  19.19690 99.03 733 112.51 £2.14
1110 18.48435 4.89041 0.00172  18.44047 99.35 6.05 108.21 + 1.88
JS 100, Biotite, J = 0.004811
750 28.50808 0.02090 0.04855  14.16235 49.68 2,13 119.19 £ 2.24
800 17.66454 0.00108 0.00968  14.80271 83.80 1270 124.40 £+ .69
820 1946766 0.00233 0.01368  15.42552 79.24 880 129.45 + .88
860 2201036 0.00473 0.02105  15.78963 71.74 832 132.40 + 1.05
900 18.19077 0.00395 0.00898  15.53762 85.41 6.30 130.36 £+ .87
940 2496170 0.01145 0.03153  15.64478 62.67 479 131.23 £ 1.45
980 2499525 0.02230 0.03037  16.02375 64.11 550 134.29 + 1.40
1020 18.11257 0.02104 0.00866  15.55584 85.88 1248 130.51 £+ .67
1040 1646955 0.00279 0.00357  15.41449 93.59 13.73 129.36 + .65
1060 1634974 0.00368 0.00270  15.55133 95.12 12.14 130.47 + .68
1080 16.39056 0.00443 0.00277  15.57371 95.02 7.19 130.65 £ .62
1120 16.75114 0.03306 0.00321 15.80586 94.35 388 13253+ .73
1160 1629683 0.06927 0.00297  15.42415 94.64 1.57 129.44 + 1.49
1260 2092282 0.12848 0.01801 15.61232 74.61 0.46 130.97 + 2.32
1300 57.59468 0.02939 0.09128  30.63150 53.18 0.03 248.59 +£29.16
JS349, Biotite, ] = 0.004822
750 10233630 0.03047 0.29693  14.59540 14.26 0.85 122.99 £70.17
800 40.05387 0.00706 0.08489  14.96999 37.37 532 126.04 = 3.95
840 36.09043 0.00236 0.07126  15.03328 41.65 5.27 126.55 + 2.96
880 2553959 0.01029 0.03516  15.14958 59.32 521 127.50 + 1.58
920 2231365 0.00100 0.02383  15.27247 68.44 492 128.50 + 1.35
960 2342623 0.02434 0.02853  14.99616 64.01 7.09 126.25 + 1.38
1000 19.73321 0.01132 0.01629  14.91932 75.60  14.61 125.63 + .91
1020 1745449 0.00827 0.00898  14.80246 84.81 12.11 124.67 + .75
1040 1648120 0.01131 0.00579  14.77110 89.62 1035 12442 + .59
1060 16.32028 0.01075 0.00503  14.83480 90.90 878 124.94 + .66
1080 16.28694 0.01958 0.00423  15.03766 92.33 812 126.59 + .62
1100 15.87392 0.00246 0.00296  15.00012 94.50 7.56 126.28 + .57
1120 15.86470 0.00503 0.00261 15.09334 95.14 543 127.04 £+ .68
1150 17.29865 0.02123 0.00266  16.51505 95.47 244 138.56 + .93
1250 34.09367 0.04374 0.00739  31.91399 93.60 1.67 258.84 + 1.30
1300 5744824 0.03332 0.01697  52.43788 91.28 0.27 407.64 £19.67
JS349, Hornblende, ] = 0.004848
830 36421948 3.26111 1.21790 4.60587 1.26 0.26  39.93 £77.21
960 83.77334 4.68072 0.20608  23.34367 27.75 0.72 193.87 +47.48
1040 18.95399 3.07878 0.01422  15.03651 79.12 1079 127.24 + 1.32
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1040 18.63748 3.04580 0.01411  14.74845 78.93 1091 124.88 + 3.97
1070 1541335 3.05483 0.00475  14.28952 92.47 3996 121.12+ .74
1090 1530023 2.96173 0.00267  14.78432 96.38 1249 125.18 £ .60
1120 16.65833 3.14146 0.00716  14.83200 88.80 1.94 12557 + .85
1170 1536643 3.02222 0.00303  14.74940 95.74 17.28 12489 + .60
1190 1596800 3.09543 0.00505  14.75956 92.19 513 12497 + .82
1250 19.24159 3.38351 0.02225  12.97259 67.23 0.52 110.29 + 2.83
DS39, Biotite, J = 0.004768
750 6724378 0.00757 0.17596  14.16564 22.68 1525 126.92 + 7.46
800 2579516 0.00520 0.04266  14.38080 51.13  13.19 110.28 £ 1.91
&30 2031861 0.00276 0.02311  14.81697 66.40 1349 112.73 £ 1.21
860 21.73407 0.00673 0.02825  15.12086 61.59 1339 111.88 + 1.30
900 3560980 0.01007 0.08010  15.20117 33.53  11.94 100.13 + 4.42
940 2941948 0.01554 0.06309  14.96703 36.64 10.78  90.62 £+ 2.65
980 2050483 0.00927 0.03139  14.72063 5477  11.23 9433 + 1.37
1010 2043442 0.00421 0.02612  14.83137 62.22 1271 106.43 + 1.23
1040 2200892 0.00570 0.02916  14.92354 60.85 1339 111.94 + 1.35
1080 33.71764 0.05062 0.06845  15.00427 40.02 1349 112.76 + 3.14
1180 413.59992 4.17601 1.11794  15.10873 20.21  83.89 608.44 +88.13
DS45, Biotite, ] =0.004791
750 2477854 0.00479 0.04648  11.04383 44.57 581 93.23 +£2.02
800 1626453 0.00275 0.01449  11.98372 73.68  23.51 100.95 = .78
830 19.12269 0.00298 0.02273  12.40471 64.87 1030 104.40 = 1.09
870 2499047 0.01287 0.04540  11.57463 46.32 7.97  97.60 £ 1.93
910 19.75772 0.00527 0.03236  10.19643 51.61 8.19 86.25 + 1.41
950 19.16933 0.01147 0.03131 9.91711 51.73  12.09 83.94 + 1.38
990 1838058 0.00455 0.02549  10.84874 59.02 1487 91.63 + 1.18
1030 1827260 0.00325 0.02079  12.12933 66.38 1032 102.14 + 1.04
1070 16.66727 0.00930 0.01309  12.79973 76.79 5.76 107.63 =+ .89
1110 18.15503 0.09474 0.01491 13.75674 75.777 1.02 11542 = 1.61
1210 41.33229 0.50116 0.09868  12.22024 29.55 0.16 102.89 +23.86
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*4-1 Rel-mRICE 17k AMS HdE
Table 4-1 AMS data of the Dayunshan-Mufushan batholith

- A Kn K, K
PI= n Py T
HAECN)  ZFE(CE) (10°SI) Dec(®) Inc(®)  Oosmax  Oosmin ~ Dec(®) Inc(®)  Oosma %o smin

DM1 29.271 113.403 5 572 1.090 0434 277.8 508 644 9.2 973 392 115 9.3
DM2 29.279 113428 7 503 1.140 0378 2548 0.1 6.1 5.5 3451 700 167 4.6
DM3 29.295 113.444 8 847 1.055 0.073 171.6 228 202 7.1 68.6 281 342 7.1
DM4 29.289 113460 5 645 1.097 0732 974 365 238 109 3244 427 122 6.0
DM5 29.341 113562 6 6390 1.102 -0.129 1048 19.6 158 6.1 2108 377 309 6.4
DM6 29314 113496 6 685 1.067 0567 1303 324 194 69 3537 489 9.7 6.4
DM7 29.295 113507 8 642 1.089 -0.626 1672 562 32 1.5 2899 199 256 3.2
DMS 29.277 113511 7 818 1.048 0447 366 272 123 29 299.0 145 8.0 3.6
DM9 29.284 113484 9 502 1.119 0679 1786 589 134 125 3373 294 131 8.1
DMI10 29314 113519 7 546 1.041 0257 672 267 200 47 3064 456 135 3.7
DMI11  29.256 113385 9 99 1155 0.518 2874 145 206 6.0 359 508 130 32
DMI12  29.245 113381 6 280 1.177 0401 2799 1.8 165 38 11.6 439 82 26
DMI13  29.266 113455 7 713 1.037 0.119 833 487 160 92 246.1 40.0 272 105
DM14  29.248 113435 6 487 1.075 0350 2252 522 8.7 7.6 3363 156 8.1 22
DMI15  29.222 113.410 7 588 1.019 -0205 776 525 131  10.0 3241 171 102 52
DMI16  29.210 113450 9 638 1.097 0329 910 3.5 6.6 43 3574 462 172 43
DM17  29.230 113465 7 79.6 1.08 0.100 484 535 12,6 3.1 2115 353 307 53
DMI18  29.191 113473 7 547 1070 0301 1106 174 98 4.0 308.1 718 87 7.3
DMI19  29.220 113512 6 635 1.048 0417 102.6 21 220 62 106 450 116 4.4
DM20  29.181 113508 6 379 1.031 0.022 896 41.1 283 116 1859 72 278 5.5
DM21  29.194 113539 6 391 1.117 0502 648 319 308 7.4 3342 10 169 7.
DM22  29.258 113505 6 556 1.087 0815 810 575 204 6.7 280.8 309 107 5.7
DM23  29.238 113522 7 745 1.043 0.183 1849 343 232 143 80.5 20.1 336 227
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DM24
DM25
DM26
DM27
DM28
DM?29
DM30
DM31
DM32
DM33
DM34
DM35
DM36
DM37
DM38
DM39
DM40
DM41
DM42
DM43
DM44
DM45
DM46
DM48
DM49
DMS50
DMS51

29.220
29.209
29.236
29.225
29.244
29.310
29.309
29.270
29.269
29.275
29.294
29.328
29.238
29.209
29.216
29.216
29.210
29.193
29.165
29.142
29.113
29.172
29.121
29.114
29.089
29.104
29.161

113.530
113.567
113.554
113.609
113.652
113.550
113.571
113.628
113.767
113.718
113.681
113.669
113.711
113.702
113.669
113.678
113.630
113.627
113.630
113.607
113.637
113.718
113.490
113.498
113.642
113.670
113.777

[clic Ble Mo RN B NN BN e Mo Ne e BNo B U« N lie sIaNe e clieo ) NN Bie lie o iie R |

76.7
129
103
66.6
273
55.7
52.4
131
125
209
157

8470
228
127
127
135
72.3

79

46.6
49.7
62.8
82.4
65.5
53.5
32.7
55.4
41.4

1.050
1.079
1.039
1.071
1.064
1.055
1.045
1.144
1.044
1.043
1.045
1.187
1.077
1.100
1.038
1.082
1.093
1.047
1.099
1.065
1.107
1.128
1.066
1.084
1.084
1.072
1.137

0.343
0.134
0.059
0.377
0.291
-0.150
0.405
0.121
0.192
0.211
0.380
0.126
0.197
0.556
0.424
-0.334
0.000
0.256
0.765
0.120
0.659
-0.062
0.547
0.268
0.132
0.386
0.524

205.5
117.1
149.2
114.1
183.1
79.6
21.6
87.1
226.7
49.4
38.6
45.0
179.5
117.1
172.9
154.5
254.6
156.2
129.4
189.9
30.0
133.5
304.6
305.2
307.4
286.6
350.0
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72.4
70.5
57.5
46.1
0.5
31.1
325
53.9
55.8
21.1
14.3
20.0
10.8
41.7
37.4
43.7
2.7
65.5
18.2
15.8
50.9
13.3
13.1
28.6
2.9
12.7
335

24.1
30.5
25.2
20.0
31.6
10.7
53.6
34.2
69.8
15.0
55.8
7.6
33.0
14.2
33.5
29.2
51.9
345
39.8
25.9
12.7
7.6
14.9
43.9
9.5
6.3
345

7.1
19.2
7.1
7.0
10.5
5.5
21.1
12.1
23.0
10.2
10.4
5.9
7.8
3.6
19.6
14.8
19.3
15.5
4.5
11.2
5.1
4.9
34
12.8
4.9
5.7
24.5

325.0
284.6
264.8
303.2
273.7
3394
247.2
301.4
330.7
241.3
297.3
309.3
276.2
277.2
288.6
51.9
12.9
261.8
16.7
3393
212.2
24.1
79.5
40.2
43.9
47.5
193.3

8.9
19.0
15.4
43.5
48.9
16.4
47.7
31.1

9.3
68.4
373
15.5
31.3
46.6
29.6
12.9
84.3

7.0
49.6
71.9
39.0
54.5
71.8

9.1
65.9
66.3
543

17.5
58.8
19.6
14.3
20.8
16.9
44.4
35.8
34.0
17.0
18.5
7.9
16.3
9.0
32.1
28.4
38.5
15.7
4.5
24.4
19.5
14.0
11.8
14.9
11.9
10.2
34.6

9.2
21.4
12.6

7.4

8.5

7.2
20.5
11.7
26.6
12.6

9.9

4.5

7.6

3.0
19.9
13.0
28.7
9.1
2.0
10.4

1.2

3.6

3.5

6.6

7.4
4.9

3.6
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DMS52
DMS53
DM54
DMS55
DMS56
DMS57
DMS58
DM59
DM60
DM61
DM62
DM63
DMo64
DM65
DM66
DM67
DM68
DM69
DM70
DM71
DM72
DM73
DM74
DMT75
DM76
DM77
DM78

29.129
29.196
29.106
29.097
29.074
29.059
29.047
29.030
29.011
29.046
28.992
28.978
29.232
29.211
29.187
29.175
29.181
29.157
29.114
29.097
29.082
29.145
29.153
29.118
29.133
29.126
29.106

113.784
113.779
113.754
113.742
113.701
113.678
113.660
113.672
113.715
113.720
113.717
113.723
113.817
113.843
113.835
113.829
113.909
113.899
113.871
113.859
113.855
113.890
113.983
113.983
114.079
113.946
113.932

oI Il N BNl SRRNoRE N BN S e e e R Y e e e <N BN |

—_
=]

WD 0 0

706
37.6
167
93.3
74.5
57

17900

9860
2280
81.3
2120
219
239
53
62.3
48.4
62.7
75.1
523
52.9
50.4
82.3
573
1170

18700

195
57.3

1.138
1.026
1.086
1.040
1.074
1.099
1.414
1.499
1.187
1.078
1.290
1.122
1.031
1.056
1.068
1.042
1.040
1.077
1.074
1.053
1.044
1.090
1.061
1.151
1.156
1.104
1.062

0.184
-0.180
0.502
0.352
0.477
0.251
0.574
0.703
0.241
0.540
0.764
0.563
0.357
0.345
0.539
0.415
0.602
-0.032
0.338
-0.472
0.137
0.510
0.209
0.484
0.578
0.494
0.191

97.8
124.8
197.1
82.6
110.7
115.8
273.1
260.0
238.9
98.3
250.4
188.6
262.1
99.9
128.2
308.1
341.9
2874
122.8
116.6
123.9
152.6
166.0
189.2
181.4
141.8
134.6

180

53
63.1
233
16.7
13.8

6.9
10.0
41.1
30.6

0.5
52.0

0.1

9.3
19.5
19.5

54

2.5

6.4
26.7
46.6
16.5
26.2
373
23.8

8.1
35.2

7.5

63.5
11.7
37.0
299
7.8
22.9
4.5
23.1
22.1
7.7
433
23.8
21.7
16.9
12.5
11.6
10.4
66.0
59
6.0
29.4
11.2
16.1
15.9
13.8
7.6
21.2

9.9
6.7
13.9
9.3
4.6
7.2
2.5
1.2
4.5
53
10.4
6.0
9.4
4.5
2.4
4.4
3.0
39.7
3.7
3.6
22.1
5.5
33
4.8
94
4.1
1.9

190.5
229.0
3223
336.7
3.6
13.6
29.2
42.6
94.0
7.8
61.4
98.4
132.3
224.0
249.4
204.4
2354
47.1
350.7
6.2
4.4
267.9
262.9
90.7
91.1
263.1
277.6

274
7.1
533
42.4
50.2
60.1
68.1
423
54.1
424
37.7
63.6
75.6
57.8
55.6
68.1
81.3
77.3
53.1
17.8
59.1
41.0
8.9
18.6
2.5
36.4
80.7

26.8
239
28.8
9.9
6.5
13.0
33
3.1
83
9.8
10.4
11.3
13.5
85
5.8
10.5
53
57.2
12.2
21.0
58.4
14.0
13.0
8.5
9.5
21.3
9.2

10.8
11.6
19.4
6.6
3.5
7.8
2.6
1.2
2.2
5.2
5.1
43
11.6
3.9
2.8
5.1
33
524
3.5
3.7
24.1
5.2
3.1
4.8
2.9
4.2
2.6
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DM79
DM&0
DM&81
DMS2
DMS83
DMg4
DMS85
DM86
DM87
DMS&8
DMZ89
DM90
DMOI1
DM92
DM93
DM9%4
DM95
DM96
DM97
DM98
DM99
DM100
DM101
DM102
DM103
DM104
DM105

29.072
29.050
29.023
29.001
28.987
28.957
28.902
28.903
28.919
28.949
28.985
28.935
28.988
28.972
28.972
28.984
29.035
29.051
29.091
29.102
29.079
29.031
28.925
28.886
28.888
28.874
28.898

113.910
113.895
113.885
113.887
113.888
113.889
113.898
113.916
113.931
113.933
113.936
113.950
114.057
113.987
113.987
113.999
113.983
114.028
113.993
114.051
114.050
114.086
113.853
113.832
113.821
113.798
113.784

N0 300 01NN NN NN N0 00 NN

30.6
89.1
74.1
67.4
44.1
52.7
76
128
55
113
523
62.7
387
417
915
1440
47
41.5
114
20800
256
547
65.3
312
44.2
46.1
493

1.025
1.061
1.044
1.021
1.099
1.066
1.070
1.070
1.022
1.077
1.058
1.053
1.058
1.114
1.061
1.147
1.030
1.051
1.009
1.282
1.041
1.145
1.048
1.123
1.061
1.088
1.122

0.285
-0.360
-0.143
-0.272
0.175
0.612
0.509
0.381
0.184
0.011
0.059
0.214
0.059
0.779
0.593
0.841
0.409
-0.031
-0.101
0.459
0.133
0.770
-0.514
0.471
-0.440
0.494
0.241

176.9
305.5
354.4
214.0
147.9
180.7
111.8
104.5
261.4
170.6
123.3
191.6
69.7
153.5
105.7
175.2
2933
128.1
307.0
111.9
155.8
199.9
128.0
159.4
179.7
110.8
207.8
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12.7
33
32.9
53.2
5.8
14.1
4.0
8.6
459
294
29.4
33
53.6
54.2
2.2
42.8
8.7
9.0
30.6
83.3
12.1
1.6
3.1
58.7
13.1
429
4.6

36.8
12.6
19.1
14.4
19.4
12.7
30.1
12.3
41.0
25.7
7.2
12.6
20.9
68.7
51.2
51.7
29.8
11.1
40.3
10.8
20.5
24.3
11.8
12.7
11.3
40.2
15.6

8.4
7.2
2.5
6.7
3.9
7.6
5.8
6.5
17.1
5.8
5.7
10.2
6.5
2.0
93
6.4
9.9
L.5
5.8
2.0
5.2
5.8
6.7
4.7
6.3
23.6
13.2

321.2
38.2
175.4
311.9
2443
65.5
17.4
6.8
31.2
42.5
4.4
289.0
282.7
339.1
208.4
3253
155.6
252.6
202.6
250.1
58.5
290.0
34.2
270.0
2723
327.0
312.3

74.4
39.4
57.1
59
47.6
59.5
47.8
41.3
31.8
47.7
40.6
65.8
31.8
35.7
80.2
43.1
78.3
74.3
22.8
5.0
30.8
2.2
51.1
12.1
11.3
41.0
72.2

12.2
72.6
28.6
12.9
16.9
13.9
13.9
6.9
27.4
22.8
10.1
24.7
11.4
6.4
20.1
8.3
20.5
15.9
22.8
53
61.1
7.0
70.5
12.2
22.1
25.4
17.8

9.0
8.0
3.6
5.8
4.2
2.8
6.2
6.4
15.3
4.7
5.2
10.2
10.2
1.6
39
5.8
10.3
6.4
16.3
2.0
9.1
2.5
9.0
4.7
8.1
17.8
13.9
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DM106
DM107
DM108
DM109
DM110
DM111
DM112
DM113
DM114
DM115
DM116
DM117
DM118
DM119
DM120
DM121
DM122

28.925
28.973
28.953
28.972
28.999
29.027
29.044
28.866
28.890
28.906
28.869
28.851
28.897
29.025
29.043
29.101
29.219

113.773
113.815
113.795
113.772
113.781
113.829
113.847
113.623
113.662
113.669
113.736
113.730
113.690
113.743
113.753
113.782
113.951

oI e e Y e e B B e B e v ¢}

7

70.1
56.2
43.4
942
533
58.2
43.1
281
164
1590
533
228
32.8
68.6
183
105
12700

1.068
1.060
1.103
1.163
1.048
1.048
1.054
1.255
1.084
1.142
1.085
1.234
1.072
1.082
1.117
1.112
1.250

0.458
0.345
0.758
0.822
-0.261
0.165
0.793
0.552
0.593
0.728
0.541
0.837
0.585
0.750
0.530
0.268
-0.253

238.1
257.6
250.9
257.3
155.4
176.1
176.7
220.2
261.4
286.0
216.9
234.0
356.2
231.8
142.4
179.2
173.7

8.1
7.1
37.1
52.4
25.0
16.1
9.3
18.9
4.1
26.7
21.2
19.0
11.7
24.4
353
4.6
21.5

24.4
8.9
18.9
39.5
11.4
14.1
14.3
17.9
35.9
29.9
19.7
6.5
18.7
41.2
19.5
24.7
7.1

6.0
35
6.9
7.0
2.8
6.6
59
3.8
3.8
11.2
8.2
3.0
54
52
9.9
9.0
1.8

128.2
353.0
63.5
89.6
61.5
334.2
342.0
70.8
58.9
85.3
100.6
36.1
105.2
7.1
3.4
282.3
342.9

67.4
37.3
52.7
36.9
8.2
72.8
80.4
68.3
85.6
61.7
48.7
70.2
57.6
57.4
46.8
70.3
68.1

7.5
6.1
15.9
7.5
21.9
16.1
6.3
5.0
11.8
11.6
11.2
7.4
18.1
12.8
18.7
35.2
7.0

6.0
4.4
8.1
4.1
53
7.1
4.8
2.0
4.0
54
6.6
3.1
8.5
1.8
11.0
18.2
2.1

K FIWAGER Pyl Al 28 % 1) e M THEAG ZEARBRARTEAR A 1 Dec: fli i, Inc: W5 0gsmax0lgsmin: Jelinek's statistic confidence at
95% level (Jelinek, 1981)
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® 42 Kol RERea U-Pb AR
Table 4-2 Zircon U-Pb data of Dayunshan-Mufushan batholith

Sample#ispot Th ThU 0% 207p o 27py 1o 2%pp 6 tames 6 toozpzs 0 bogosg O
ppm ___ ppm 2%ph (%) 2y (%) B8y (%) Ma) (Ma) Ma) Ma) (Ma) (Ma)
DM35
DM35#1 874 289  0.33 0.07 0.04920 1.53 0.16198 2.16 0.0239 1.53 1575 354 1524 3.1 152.1 2.3
DM35#2 917 392 043 0.10 0.04835 091 0.15749 1.77 0.0236 1.51 116.6 214 148.5 2.4 150.5 2.2
DM35#3 1121 585 0.52 0.04 0.04869 1.11 0.15880 1.88 0.0237 1.51 132.7 26.0 149.7 2.6 150.7 2.3
DM35#4 1288 751  0.58 0.06 0.04894 0.77 0.15827 1.69 0.0235 1.50 1449 179 1492 23 149.5 2.2
DM35#5 1195 583 049 0.03 0.04890 0.80 0.16061 1.88 0.0238 1.70 1433 18.6 1512 2.6 151.7 2.5
DM35#6 1448 793  0.55 0.07 0.04919 0.74 0.16219 1.67 0.0239 1.50 1569 17.1 1526 24 152.3 2.3
DM35#7 942 419 0.45 0.02 0.04920 1.42 0.15977 2.07 0.0236 1.50 1574 32.8 150.5 2.9 150.1 2.2
DM35#8 709 256  0.36 0.00 0.04934 1.05 0.16005 1.83 0.0235 1.51 164.0 243 150.7 2.6 149.9 2.2
DM35#9 517 334 0.65 0.03 0.04912 1.20 0.16261 1.92 0.0240 1.50 153.3 28.0 153.0 2.7 153.0 2.3
DM35#10 1292 725  0.56 0.04 0.04894 0.76 0.16118 1.68 0.0239 1.50 1448 17.8 1517 24 152.2 2.3
DM35#11 836 334 040 0.07 0.04990 1.07 0.16293 1.85 0.0237 1.50 1904 248 1533 2.6 150.9 2.2
DM35#12 2406 497  0.21 0.08 0.07332 324 043199 7.53 0.0427 6.80 1022.7 642 364.6 233 269.7 18.0
DM35#13 917 510 0.56 0.03 0.04905 0.95 0.16085 1.79 0.0238 1.51 150.3 222 1514 2.5 151.5 2.3
DM35#14 882 394 045 0.17 0.04823 094 0.15866 1.77 0.0239 1.50 1104 22.1 1495 2.5 152.0 2.3
DM35#15 893 420 0.47 0.06 0.04941 1.34 0.16213 2.02 0.0238 1.51 167.2 309 1526 2.9 151.6 2.3
DM35#16 1227 694  0.57 0.07 0.04900 1.02 0.15839 1.82 0.0234 1.51 148.0 237 1493 2.5 149.4 2.2
DM35#17 887 287  0.32 0.22 0.06762 0.57 1.07765 1.61 0.1156 1.50 8569 11.7 7425 8.5 705.1 10.0
DM35#18 1075 584 0.54 0.15 0.04912 0.84 0.16247 1.74 0.0240 1.53 153.8 19.6 1529 2.5 152.8 2.3
QD69
QD69#1 1839 345 0.19 0.05 0.04833 1.10 0.15737 1.86 0.0236 1.50 1153 258 1484 2.6 150.5 2.2
QD69#2 3341 422 0.13 0.00 0.04927 1.00 0.16283 1.87 0.0240 1.58 160.5 233 1532 2.7 152.7 24
QD69#3 2516 271  0.11 0.00 0.04917 093 0.16042 1.76 0.0237 1.50 155.8 21.5 151.1 2.5 150.8 2.2
QD69#4 755 27 0.04 0.00 0.04925 1.74 0.16162 2.31 0.0238 1.52 159.8 40.2 152.1 33 151.6 2.3
QD69#5 7007 979  0.14 0.00 0.04951 0.54 0.17165 1.60 0.0251 1.50 172.0 12,7 160.8 2.4 160.1 24
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QD69#6
QD69#7
QD69#8
QD69#9
QD69#10
QD69#11
QD69#12
QD69#13
QD69#14
QD69#15
QD69#16
QD69#17
QD69#18
QD69#19
DYS14
DYSI14#1
DYS14#2
DYS14#3
DYS14#4
DYS14#5
DYS14#6
DYS14#7
DYSI1448
DYS14#9
DYS14#10
DYSI14#11
DYSI14#12
DYS14#13

4952
4816
3176
2483
126
521
1466
3703
5370
2129
2873
2996
427
1295

303
381
439
330
457
378
517
532
627
942
414
326
294

771
700
612
405
85
397
106
727
652
217
246
340
250
1783

185
298
226
258
216
372
168
301
281
529
277
162
258

0.16
0.15
0.19
0.16
0.68
0.76
0.07
0.20
0.12
0.10
0.09
0.11
0.59
1.38

0.61
0.78
0.52
0.78
0.47
0.98
0.32
0.57
0.45
0.56
0.67
0.50
0.88

0.34
0.01
0.06
0.01
0.08
0.15
0.00
0.07
0.23
0.12
0.01
0.04
0.14
0.06

0.31
0.15
0.26
0.29
0.02
0.40
0.15
0.11
0.13
0.06
0.38
0.12
0.11

0.05192
0.04913
0.04931
0.04890
0.06625
0.04892
0.04819
0.04933
0.05007
0.05000
0.04964
0.04865
0.04910
0.04896

0.05049
0.05049
0.04888
0.04961
0.05133
0.05221
0.04917
0.04765
0.05012
0.04966
0.04849
0.04861
0.04958

0.63
0.66
0.92
0.94
1.49
2.07
1.24
0.77
0.62
1.28
0.86
0.86
2.28
1.30

2.63
2.63
2.23
2.56
2.14
2.35
2.08
2.04
1.85
1.49
3.49
2.98
2.71

0.16161
0.16316
0.16086
0.16172
1.26671
0.15846
0.15587
0.15923
0.16664
0.15816
0.16333
0.15894
0.16414
0.15940

0.17024
0.16478
0.15967
0.15909
0.16518
0.16049
0.15539
0.15615
0.16374
0.16027
0.15388
0.15723
0.15983

184

1.91
1.64
1.80
1.77
2.11
2.56
1.95
1.74
1.69
2.05
1.77
1.73
2.74
1.99

3.05
3.04
2.70
3.02
2.63
3.83
2.58
2.53
2.39
2.13
3.83
3.34
3.10

0.0238
0.0241
0.0239
0.0240
0.1387
0.0235
0.0235
0.0237
0.0251
0.0234
0.0239
0.0237
0.0242
0.0236

0.0245
0.0237
0.0237
0.0233
0.0233
0.0237
0.0229
0.0238
0.0237
0.0234
0.0230
0.0235
0.0234

1.50
1.51
1.50
1.50
1.50
1.50
1.51
1.50
1.50
1.50
1.54
1.50
1.53
1.50

1.55
1.53
1.52
1.59
1.53
1.58
1.52
1.50
1.52
1.51
1.59
1.52
1.51

158.3
154.2
140.2
142.8
814.3
144.0
108.6
136.3
110.0
151.2
178.3
131.1
152.8
145.7

217.8
217.4
142.2
176.6
255.7
150.7
156.1
81.9
200.7
179.0
123.3
129.2
175.5

273
15.4
23.2
219
30.7
47.8
29.0
20.4
18.5
323
20.0
20.1
52.5
30.2

59.8
59.7
51.5
58.7
48.4
79.8
479
47.6
424
345
80.1
68.6
62.0

152.1
153.5
151.5
152.2
830.9
149.4
147.1
150.0
156.5
149.1
153.6
149.8
154.3
150.2

159.6
154.9
150.4
149.9
155.2
151.1
146.7
147.3
154.0
150.9
145.3
148.3
150.6

2.7
23
2.5
2.5
12.1
3.6
2.7
24
2.5
2.8
2.5
2.4
3.9
2.8

4.5
4.4
3.8
4.2
3.8
54
3.5
3.5
3.4
3.0
5.2
4.6
4.3

151.7
153.4
152.2
152.8
837.1
149.7
149.5
150.9
159.6
149.0
152.0
151.0
154.4
150.5

155.7
150.8
150.9
148.2
148.7
151.2
146.1
151.4
151.0
149.2
146.7
149.5
149.0

23
23
23
23
11.8
2.2
2.2
2.2
24
2.2
23
2.2
23
2.2

24
2.3
23
23
2.2
24
2.2
2.2
23
2.2
23
23
2.2
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DYS14#14
DYSI14#15
DYS14#16
DYSI14#17
DYS14#18
DYS14#19
DYS14#20
DYS14#21
QD49
QD49#1
QD49#2
QD49#3
QD49#4
QD4945
QD4946
QD49#7
QD4948
QD4949
QD49#10
QD49#11
QD49#12
QD49#13
QD49#14
QD49#15
QDA49#16
QD49#17
QD49#18
QD49#19

694
948
699
261
676
629
726
674

5166
2432
3685
88
831
162
157
2981
938
525
161
367
618
706
427
252
1186
413
1272

117
74
620
166
370
381
561
504

109
358
438
81
697
154
164
675
325
334
92
278
416
748
188
222
442
119
375

0.17
0.08
0.89
0.64
0.55
0.61
0.77
0.75

0.02
0.15
0.12
0.92
0.84
0.95
1.04
0.23
0.35
0.64
0.57
0.76
0.67
1.06
0.44
0.88
0.37
0.29
0.29

0.14
0.01
0.34
0.72
0.17
0.47
0.00
0.23

0.03
0.04
0.04
0.72
0.07
0.15
0.13
0.02
0.00
0.01
0.16
0.16
0.01
0.13
0.02
0.36
0.03
0.08
0.04

0.04887
0.06672
0.05136
0.04998
0.05082
0.05207
0.04949
0.04937

0.04867
0.04854
0.04878
0.04895
0.04870
0.04868
0.05268
0.04850
0.04805
0.06737
0.05232
0.04916
0.06706
0.04862
0.06386
0.04779
0.06102
0.04853
0.04815

2.86
0.56
2.07
2.85
1.77
1.85
1.76
2.45

0.60
0.86
0.54
4.00
1.14
3.00
2.73
0.60
1.45
0.44
2.47
2.34
0.40
1.37
0.62
2.99
0.48
1.49
0.82

0.15945
1.24630
0.15739
0.14985
0.16449
0.15384
0.15499
0.15346

0.14105
0.13996
0.14215
0.13724
0.14644
0.13679
0.14519
0.14360
0.13668
1.27868
0.19698
0.14373
1.29991
0.13346
0.80096
0.13409
0.49973
0.13458
0.13839

185

3.23
1.61
3.04
4.20
2.33
3.19
2.32
3.24

1.62
1.75
1.60
4.29
1.90
3.37
3.13
1.64
2.13
1.56
2.96
2.82
1.56
2.03
1.63
3.38
1.86
2.12
1.71

0.0237
0.1355
0.0235
0.0231
0.0235
0.0231
0.0227
0.0234

0.0210
0.0209
0.0211
0.0203
0.0218
0.0204
0.0200
0.0215
0.0206
0.1377
0.0273
0.0212
0.1406
0.0199
0.0910
0.0203
0.0594
0.0201
0.0208

1.51
1.51
1.50
1.55
1.52
1.54
1.51
1.60

1.50
1.53
1.50
1.56
1.52
1.53
1.54
1.53
1.56
1.50
1.64
1.56
1.51
1.50
1.51
1.58
1.80
1.51
1.51

141.8
829.0
131.3
48.2
232.5
116.1
171.0
76.8

132.1
125.5
137.3
145.7
133.5
132.3
315.0
123.8
101.9
849.3
299.6
155.7
839.8
129.6
736.9
89.0
639.8
125.3
106.6

65.8
11.6
61.0
90.8
40.3
64.7
40.6
65.6

14.1
20.2
12.6
91.2
26.5
69.0
60.9
14.0
33.8
9.1
55.4
53.9
8.3
31.9
13.0
69.4
10.3
34.6
19.2

150.2
821.7
148.4
141.8
154.6
145.3
146.3
145.0

134.0
133.0
135.0
130.6
138.8
130.2
137.7
136.2
130.1
836.3
182.6
136.4
845.7
127.2
597.4
127.8
411.5
128.2
131.6

4.5
9.1
4.2
5.6
34
43
32
4.4

2.0
22
2.0
5.3
2.5
4.1
4.0
2.1
2.6
8.9
5.0
3.6
9.0
24
7.4
4.1
6.3
2.6
2.1

150.8
819.1
149.5
147.4
149.6
147.1
144.8
149.2

134.1
133.4
134.8
129.8
139.1
130.1
127.6
137.0
131.6
831.4
173.6
135.3
847.9
127.1
561.3
129.9
372.0
128.4
133.0

23
11.6
2.2
2.3
2.3
2.2
2.2
24

2.0
2.0
2.0
2.0
2.1
2.0
1.9
2.1
2.0
11.7
2.8
2.1
12.0
1.9
8.1
2.0
6.5
1.9
2.0
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QD49#20
QD49#21
QD62
DQ62#1
DQ62#2
DQ62#3
DQ62#4
DQ62#5
DQ62#6
DQG62#7
DQ62#8
DQ62#9
DQ62#10
DQ62#11
DQG62#12
DQ62#13
DQ62#14
DQ62#15
DQ62#16
DQ62#17
DQ62#18
DQ62#19
DQ62#20
DQ62#21
DQ62#22
DQ62#23
DMS80

632
975

3724
1266
537
9826
1170
3033
1719
2839
1708
2516
1260
602
2099
2693
1634
2636
1802
1967
1619
1702
2239
3402
851

148
525

483
474
50
1410
245
397
321
425
363
533
526
96
541
376
186
509
321
244
291
130
227
420
106

0.23
0.54

0.13
0.37
0.09
0.14
0.21
0.13
0.19
0.15
0.21
0.21
0.42
0.16
0.26
0.14
0.11
0.19
0.18
0.12
0.18
0.08
0.10
0.12
0.12

0.08
0.01

0.06
0.02
0.18
0.04
0.04
0.32
0.32
0.33
0.07
0.16
0.00
0.08
0.01
0.08
0.12
0.06
0.02
0.06
0.04
0.01
0.01
0.02
0.06

0.04861
0.08200

0.04816
0.06662
0.04847
0.04876
0.04907
0.05369
0.05862
0.05102
0.04891
0.05020
0.04989
0.04828
0.04849
0.04849
0.04806
0.04832
0.04868
0.04832
0.04884
0.04961
0.04944
0.04968
0.05185

1.20
0.27

1.30
0.79
227
0.52
1.52
1.24
1.30
1.48
1.27
1.13
1.43
2.54
1.12
1.04
1.31
1.01
1.21
1.16
1.31
1.99
1.08
0.89
1.81

0.13654
2.35906

0.13365
1.09491
0.13033
0.14160
0.13080
0.15528
0.22448
0.13321
0.13338
0.12682
0.14053
0.13963
0.14456
0.12438
0.13385
0.13191
0.13246
0.13716
0.13025
0.12839
0.13796
0.13739
0.13970
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1.93
1.53

1.99
1.71
2.77
1.93
2.16
2.50
222
2.37
1.97
2.01
2.07
3.02
1.87
1.83
1.99
1.87
1.94
1.90
2.00
2.55
1.87
1.75
2.39

0.0204
0.2087

0.0201
0.1195
0.0195
0.0212
0.0193
0.0220
0.0290
0.0199
0.0198
0.0188
0.0204
0.0210
0.0216
0.0186
0.0202
0.0198
0.0197
0.0206
0.0193
0.0188
0.0202
0.0201
0.0195

1.51
1.50

1.50
1.51
1.58
1.85
1.53
1.98
1.53
1.55
1.51
1.52
1.51
1.63
1.50
1.51
1.50
1.57
1.52
1.50
1.51
1.59
1.53
1.50
1.56

129.0
1245.5

107.4
820.2
122.4
121.6
151.2
247.2
456.4
121.3
143.4
143.4
190.0
113.2
123.4
123.3
102.3
114.8
132.6
115.1
140.3
176.6
168.8
180.0
278.8

27.9
54

304
16.6
52.7
12.6
353
34.6
35.1
41.8
295
30.6
32.8
58.8
26.2
243
30.7
23.7
28.2
271
30.6
45.8
25.1
20.5
41.0

130.0
1230.3

127.4
750.9
124.4
134.5
124.8
146.6
205.6
127.0
127.1
121.2
133.5
132.7
137.1
119.0
127.5
125.8
126.3
130.5
124.3
122.7
131.2
130.7
132.8

24
10.9

24
9.1
3.2
2.4
2.5
34
4.1
2.8
2.4
23
2.6
3.8
2.4
2.1
2.4
2.2
2.3
2.3
23
3.0
23
2.1
3.0

130.0
1221.6

128.4
727.8
124.5
135.2
123.4
140.4
184.4
127.3
126.3
120.1
130.4
133.8
137.9
118.8
128.9
126.4
126.0
131.4
123.5
119.9
129.2
128.0
124.8

1.9
16.7

1.9
10.4
2.0
2.5
1.9
2.8
2.8
2.0
1.9
1.8
1.9
2.2
2.0
1.8
1.9
2.0
1.9
2.0
1.8
1.9
2.0
1.9
1.9
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DMB80#1
DM&0#2
DM80#3
DM380#4
DMS80#5
DM80#6
DMS80#7
DMB0#8
DMS80#9
DMS80#10
DMR80#11
DMS80#12

&10
405
68
690
260
1452
1633
2488
10911
1329
7413
6842

113
70
43
535
255
262
595
784
941
584
115
244

0.14
0.17
0.63
0.78
0.98
0.18
0.36
0.32
0.09
0.44
0.02
0.04

0.02
0.03
0.07
0.04
0.06
0.04
0.06
0.02
0.02
0.05
0.01
0.03

0.06594
0.06589
0.06772
0.06670
0.05588
0.05923
0.04853
0.04879
0.04865
0.06371
0.05362
0.04888

0.44
0.51
1.36
0.43
1.26
1.41
1.03
0.73
0.27
0.45
0.33
0.36

1.13078
1.23105
1.31618
1.20012
0.51429
0.37095
0.14468
0.15014
0.16159
0.76740
0.19986
0.15588

1.57
1.61
2.06
1.56
1.96
543
1.84
1.68
1.54
1.57
1.54
1.55

0.1244
0.1355
0.1410
0.1305
0.0668
0.0454
0.0216
0.0223
0.0241
0.0874
0.0270
0.0231

1.51
1.53
1.55
1.50
1.50
5.24
1.52
1.52
1.51
1.50
1.51
1.51

804.4
802.7
860.0
828.5
447.6
575.7
125.4
137.8
131.1
731.9
355.1
142.2

9.1
10.7
27.9

9.0
27.8
30.4
24.1
17.0

6.3

9.6

7.4

8.5

768.1
814.8
852.8
800.6
421.3
320.4
137.2
142.0
152.1
578.3
185.0
147.1

8.5
9.1
11.9
8.7
6.8
15.0
2.4
2.2
2.2
6.9
2.6
2.1

755.7
819.2
850.1
790.7
416.5
286.3
137.9
142.3
153.4
539.9
172.0
147.4

10.8
11.7
12.3
11.2
6.1
14.7
2.1
2.1
23
7.8
2.6
2.2

f,06 18 the proportion of common

206

Pb in total measured “~Pb.
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# 4-3 KR l-m B L EA U-Th-Pb EFH

Table 4-3 Monazite U-Th-Pb data of Dayunshan-Mufushan area

Error

Samprl1e&gra| AI\\/?ae E“:Irgr p;lm Ecrj;oor p'IF'):1 o p‘ljtr)n Ezzjor ‘;I;)hm Ecr);)or U/Pb EE/Zor Th/Pb E(r);oor Corr ThiU
QD69, kB ot — KIEM A

QD69-Mz1 138 54 2160 9.26 81500 2.00 541 36.94 88428 257 3989 38.08 150520 3699 0.969 37.73
QD69-Mz1 157 65 1770 1130 68310 2.00 517 38.72 73995 2.71 3.427 40.33 132245 38.77 0.959  38.59
QD69-Mz1 147 62 1830 10.93 71730 2.00 506 39.54 77603 268 3618 41.03 141824 3959 0.963 39.20
QD69-Mz1 164 67 1650 1290 66390 2.00 519 3851 71371 276 2984 40.61 127818 3856 0.947 42.83
QD69-Mz1 143 56 2020 9.90 7980 2.00 549 36.40 86342 259 3676 37.72 145338 3645 0.963 39.53
QD69-Mz1 155 54 2290 8.73 82000 2.00 616 3249 89354 255 3720 33.656 133217 3255 0.964  35.81
QD69-Mz1 134 59 1670 11.98 76060 2.00 486 41.13 81415 266 3434 42.84 156406 4118 0.959 4554
QD69-Mz1 146 69 1340 14.93 64610 2.00 448 44,63 68911 281 2990 47.06 144175 4467 0947 48.22
QD69-Mz1 161 63 1730 11.56 71260 2.00 549 36.42 76818 269 3151 38.22 129.781 3648 0.952 41.19
QD69-Mz1 137 64 1620 12.35 69430 2.00 455 44.00 74626 272 3564 4569 152730 4404 0.962 42.86
QD69-Mz1 159 53 2410 830 83610 2.00 645 3099 91352 253 3735 32.08 129566 31.06 0.964 34.69
QD69-Mz1 155 52 2640 7.58 85030 2.00 647 30.93 93509 251 4.083 31.84 131501 3100 0.969 32.21
QD69-Mz1 140 51 2560 7.81 87290 2.00 596 33.58 95503 250 4299 3448 146581 3364 0972 34.10
QD69-Mz1 149 52 2530 7.91 85450 2.00 621 3219 93572 2.51 4.073 33.15 137551 3226 0.969 33.77
QD69-Mz1 112 62 1790 1117 71130 2.00 383 5221 7681 268 4673 53.39 185675 5225 0977 39.74
QD69-Mz1 151 68 1600 12.50 64830 2.00 469 4269 69967 277 3415 4448 138376 4274 0.959 40.52
QD69-Mz1 153 71 1710 11.70 62160 2.00 460 4343 67651 279 3714 4498 134989 4348 0.965 36.35
QD69-Mz1 177 71 1410 14.18 63540 2.00 537 37.26 68076 2.81 2,627 39.87 118.383 37.32 0.933 45.06
QD69-Mz1 155 63 1660 12.05 70540 2.00 523 38.21 75871 271 3.172 40.07 134775 3826 0.952 42.49
QD69-Mz1 184 82 1140 17.54 55100 2.00 483 4143 58769 297 2362 45.00 114152 4148 0.920 48.33
QD69-Mz1 139 51 2190 9.13 88510 2.00 589 33.96 95535 252 3718 35.17 150285 34.02 0.964 40.42
QD69-Mz1 180 63 1760 11.36 71730 2.00 621 3218 77393 269 2832 34.13 115423 3224 0.941 40.76
QD69-Mz1 156 53 2300 8.70 83740 2.00 631 31.69 91127 254 3644 32.86 132678 3175 0.962 36.41
QD69-Mz1 157 59 1720 11.63 76030 2.00 570 35.08 81555 265 3.017 36.95 133344 3513 0.948 44.20
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QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz1
QD69-Mz2
QD69-Mz2
QD69-Mz2
QD69-Mz2
QD69-Mz2
QD69-Mz2
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3

136
169
131
145
149
170
117
149
145
186
162
151
126
160
126
144
137
139
130
155
139
159
139
156
148
151
154
158
157

58
51
55
59
63
66
65
66
67
68
64
62
58
57
56
59
41
46
44
51
47
46
46
39
44
41
57
54
45

1750
2210
1970
1750
1600
1650
1440
1580
1490
1540
1800
1770
1910
2060
2030
1870
3940
3030
3730
3160
5980
3040
3700
7720
5220
6560
1890
3520
5260

11.43
9.05
10.15
11.43
12.50
12.12
13.89
12.66
13.42
12.99
11.11
11.30
10.47
9.71
9.85
10.70
5.08
6.60
5.36
6.33
3.34
6.58
5.41
2.59
3.83
3.05
10.58
5.68
3.80

76610
88280
80190
75310
70800
68210
68000
68070
66160
66780
69970
72490
75830
78550
78560
74840
107340
96470
99210
85270
83140
96550
93830
101100
93460
96760
78040
78860
91980

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

497
718
505
520
502
556
377
484
458
595
546
525
458
605
478
516
729
657
643
658
631
753
654
874
724
790
577
633
762

40.23
27.84
39.62
38.45
39.81
3597
53.11
41.29
43.66
33.62
36.60
38.10
43.70
33.05
41.87
38.74
27.44
30.43
31.08
30.38
31.69
26.55
30.59
22.89
27.61
25.31
34.64
31.58
26.25

189

82222
95385
86506
80926
75936
73515
72612
73142
70942
71737
75754
78173
81951
85168
85066
80841
119976
106190
111167
95418
102322
106316
105699
125895
110215
117821
84109
90167
108876

2.64
2.53
2.60
2.65
2.71
273
2.76
2.74
277
2.76
2.70
2.68
2.63
2.60
2.60
2.65
232
242
2.36
246
2.25
242
2.38
212
2.28
219
2.62
2.46
2.28

3.520
3.076
3.903
3.364
3.185
2.968
3.824
3.262
3.253
2.589
3.29%4
3.371
4.173
3.405
4.250
3.622
5.406
4.610
5.797
4.799
9.476
4.036
5.658
8.835
7.206
8.302
3.273
5.558
6.903

41.82
29.27
40.90
40.11
41.73
37.96
54.89
43.19
45.68
36.04
38.25
39.74
44 .94
34.45
43.01
40.19
27.91
31.13
31.54
31.03
31.87
27.35
31.06
23.03
27.87
25.49
36.22
32.09
26.52

154113
122.888
158.866
144777
140.927
122.680
180.563
140526
144 421
112.255
128.056
138.077
165.686
129.821
164 .464
144 955
147276
146.760
154174
129510
131.741
128.169
143.494
115.697
129.018
122.451
135.157
124528
120.706

40.28
2791
3967
38.50
39.86
36.03
53.14
4134
43.70
3368
36.66
38.15
43.75
33.11
4192
38.79
2751
3049
31.14
3044
31.75
26.63
3065
2297
2768
25.39
34.70
3165
26.32

0.961
0.949
0.967
0.957
0.953
0.946
0.967
0.955
0.955
0.931
0.955
0.957
0.971
0.958
0.972
0.963
0.981
0.975
0.983
0.977
0.993
0.968
0.983
0.990
0.988
0.990
0.955
0.982
0.987

43.78
39.95
40.71
43.03
44.25
41.34
47.22
43.08
44 .40
43.36
38.87
40.95
39.70
38.13
38.70
40.02
27.24
31.84
26.60
26.98
13.90
31.76
25.36
13.10
17.90
14.75
41.29
22.40
17.49
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QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz3
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4

168
143
137
147
150
157
140
159
149
157
169
145
137
149
160
153
113
134
137
156
144
144
136
143
147
161
118
167
139

64
37
37
36
46
59
63
66
63
53
47
47
39
41
48
54
52
53
53
55
54
53
46
42
40
43
48
53
55

1680
12430
12430
16030
7400
1870
1990
1700
1870
2170
2840
3570
3850
3420
2630
2020
2320
2360
2240
2000
2170
2150
3710
3930
3900
3180
2670
2190
2160

11.90
2.00
2.00
2.00
270

10.70

10.05

11.76

10.70
9.22
7.04
5.60
5.19
5.85
7.60
9.90
8.62
8.47
8.93

10.00
9.22
9.30
5.39
5.09
513
6.29
7.49
9.13
9.26

70560
93780
91890
83310
81110
76310
68880
67980
70310
84190
94700
92970
113660
108080
94440
84080
85020
84010
83090
81140
82810
84520
92210
103930
111120
103530
91990
84400
80850

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

566
850
801
876
700
575
467
519
506
638
782
673
765
790
735
617
464
547
548
607
576
585
630
742
810
814
528
681
544

35.32
23.52
24.96
22.82
28.57
34.76
42.79
38.51
39.49
31.33
25.57
29.70
26.14
25.31
27.23
3243
43.13
36.59
36.50
32.96
34.73
34.17
31.74
26.94
2468
24.57
37.88
29.35
36.79
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75960
133665
131757
134759
104867
82316
75264
73441
76313
91160
103830
104427
126008
119059
102890
90566
92448
91578
90274
87563
89773
91419
104108
116540
123638
113747
100542
91440
87779

2.70
2.00
2.00
2.00
2.16
2.63
2.68
2.73
2.68
2.55
244
240
2.31
2.35
2.46
2.57
2.53
2.54
2.55
2.59
2.56
2.55
2.39
2.33
2.32
2.39
247
2.55
2.57

2.967
14.619
15.510
18.292
10.570

3.250
4.258

3.273

3.692

3.399

3.631

5.302

5.032
4.328

3.581

3.276

5.004
4.318
4.088
3.296
3.768

3.674

5.888
5.293
4.812
3.906
5.057

3.214

3.974

37.28
23.61
25.04
22.91
28.70
36.37
43.96
40.26
40.91
32.66
26.53
30.23
26.65
25.98
28.27
33.91
43.99
37.56
37.57
34.44
35.93
35.42
32.20
271.41
25.21
25.36
38.61
30.74
37.94

124621
110.291
114662
95.066
115.860
132,622
147.377
130.887
138.824
131.888
121.089
138.069
148.558
136.770
128.571
136.345
183.367
153.704
151631
133.702
143.800
144413
146.346
139.975
137.110
127.164
174219
123.871
148.741

35.38
2361
25.04
2291
2864
34.82
4284
38.56
39.54
31.39
2565
29.77
26.22
25.39
27.30
3249
43.18
36.65
36.55
33.02
34.79
34.23
31.80
27.01
2476
2465
37.93
2942
36.85

0.946
0.993
0.994
0.992
0.993
0.954
0.972
0.955
0.964
0.957
0.961
0.980
0.978
0.971
0.961
0.955
0.980
0.973
0.970
0.955
0.965
0.963
0.984
0.980
0.976
0.966
0.980
0.953
0.968

42.00
7.54

7.39

5.20

10.96
40.81
34.61
39.99
37.60
38.80
33.35
26.04
29.52
31.60
35.91
41.62
36.65
35.60
37.09
40.57
38.16
39.31
24.85
26.45
28.49
32.56
34.45
38.54
37.43
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QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz4
QD69-Mz5
QD69-Mz5
QD69-Mz5
QD69-Mz5
QD69-Mz5
QD69-Mz5
QD69-Mz5
QD69-Mz5
QD69-Mz5
QD69-Mz5
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6

141
166
167
129
174
164
147
158
141
147
171
143
149
134
139
141
159
143
154
133
161
141
158
143
154
153
170
133
129

53
51
52
52
59
55
56
53
50
52
53
57
56
47
49
41
47
56
43
43
53
50
51
59
59
60
61
61
59

2120
2170
2330
2290
2300
2890
4890
4760
4550
3490
2320
2230
2140
3910
3040
9290
3210
2910
10240
9810
2150
2250
2120
1810
1590
1450
1350
1370
1400

9.43
9.22
8.58
8.73
8.70
6.92
4.09
4.20
4.40
5.73
8.62
8.97
9.35
512
6.58
2.15
6.23
6.87
2.00
2.04
9.30
8.89
9.43
11.05
12.58
13.79
14.81
14.60
14.29

84890
88250
85780
84080
75640
79230
70700
75920
80870
81280
85570
77720
78540
89860
89160
89090
92760
76190
80100
80570
84340
90420
88150
75880
77340
75460
74640
73880
76080

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

576
702
691
525
642
644
563
640
599
604
708
540
565
609
610
745
730
543
772
662
654
612
669
518
565
544
596
464
464

34.73
28.49
2893
38.12
31.16
31.05
35.55
31.27
33.41
33.11
28.24
37.07
35.37
32.86
32.81
26.85
27.38
36.85
2590
30.23
30.59
32.67
29.92
38.58
3542
36.77
33.55
43.08
43.13

191

91692
95224
93269
91420
83037
88517
86395
91210
95468
92482
93029
84875
85410
102397
98911
118895
103072
85527
112983
112024
91248
97638
94960
81688
82446
80116
78980
78273
80568

2.55
253
253
2.54
2.60
252
2.38
237
237
245
253
259
2.59
2.38
245
2.04
242
253
2.00
2.01
2.55
2.51
2.53
2.64
2.66
2.69
2.70
2.71
2.68

3.682
3.091
3.370
4.365
3.584
4.486
8.693
7.442
7.601
5.778
3.276
4.133
3.785
6.424
4.987
12.470
4.395
5.362
13.261
14.828
3.289
3.676
3171
3.492
2.816
2.666
2.265
2.951
3.019

35.99
29.95
30.17
39.11
32.35
31.81
35.79
31.55
33.70
33.60
29.53
38.14
36.58
33.26
33.46
26.93
28.08
37.49
25.98
30.30
31.98
33.86
31.37
40.13
37.59
39.27
36.68
45.49
45.43

147420
125.725
124.063
160.264
117.857
122995
125678
118.699
135.093
134.560
120.842
144.054
138.901
147 641
146.265
119.589
126.999
140.391
103.731
121.783
129.007
147714
131.853
146.380
136.969
138.725
125223
1569.137
164.053

34.79
2856
28.99
38.17
31.23
31.11
3561
31.33
3347
33.17
28.31
3712
3543
3292
3287
26.92
2746
36.91
2598
30.30
30.66
32.73
29.98
38.63
3548
36.82
3361
43.13
4317

0.963
0.949
0.956
0.973
0.961
0.974
0.992
0.989
0.990
0.984
0.954
0.971
0.965
0.986
0.979
0.994
0.972
0.982
0.994
0.996
0.955
0.963
0.952
0.960
0.941
0.935
0.913
0.946
0.948

40.04
40.67
36.82
36.72
32.89
27.42
14.46
15.95
17.77
23.29
36.88
34.85
36.70
22.98
29.33
9.59

28.90
26.18
7.82

8.21

39.23
40.19
41.58
41.92
48.64
52.04
55.29
53.93
54.34



Appendix

QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz6
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7
QD69-Mz7

135
159
145
134
157
153
155
121
156
136
161
145
158
147
127
140
157
146
167
114
160
139
168
147
157
174
140
154
143

58
54
57
54
57
54
55
49
51
52
57
58
56
59
60
82
92
82
60
54
49
54
53
61
68
90
101
57
48

1700
1880
1900
2180
1890
1980
2130
3080
2310
2150
1880
1960
2000
1670
1720
1320
1140
1220
1890
2330
2860
2380
2220
1780
1520
1140
1060
2000
2560

11.76
10.64
10.53
9.17
10.58
10.10
9.39
6.49
8.66
9.30
10.64
10.20
10.00
11.98
11.63
15.15
17.54
16.39
10.58
8.58
6.99
8.40
9.01
11.24
13.16
17.54
18.87
10.00
7.81

77610
84140
78810
81810
79530
83190
80500
88750
88470
86280
79460
77060
79490
76740
74510
53600
47910
54210
74300
81250
90260
81940
85770
72480
66020
49100
43320
78120
91800

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

498
637
548
530
597
611
602
529
664
565
613
536
604
536
453
360
361
378
597
451
707
552
693
512
495
408
290
578
634

40.13
31.38
36.48
37.75
33.51
32.72
33.21
37.78
30.11
35.40
32.63
37.34
33.13
37.32
4412
55.57
55.47
52.90
33.49
44.39
28.30
36.25
28.87
39.05
40.40
49.08
68.89
34.59
31.53

192

83062
90179
84907
88800
85601
89548
87341
98617
95889
93175
85500
83350
85914
82100
80023
57835
51572
58126
80375
88711
99448
89574
92906
78193
70902
52766
46720
84542
100014

2.64
2.58
2.61
2.56
2.61
2.58
2.58
245
252
2.54
2.61
262
2.60
2.65
2.66
2.96
3.10
297
2.65
2.55
246
2.55
2.54
2.67
277
3.08
3.23
2.61
248

3.411
2.949
3.466
4.114
3.167
3.240
3.537
5.818
3.478
3.805
3.068
3.659
3.313
3.116
3.795
3.668
3.162
3.227
3.165
5171
4.047
4.314
3.204
3.475
3.070
2797
3.651
3.459
4.035

41.81
33.13
37.97
38.85
35.14
34.25
34.51
38.33
31.33
36.60
34.32
38.71
34.60
39.19
45.63
57.60
58.17
55.38
35.12
45.21
29.15
37.21
30.24
40.63
42.49
52.12
71.43
36.01
32.48

1565.707
131.998
143.768
154402
133.245
136.113
133.677
167.640
133.197
152.698
129655
143.858
131.658
143.180
164.387
148.939
132.868
143.384
124405
180.318
127.711
148513
123.797
141511
133.348
120481
149.219
1356.115
144703

40.18
3144
36.54
37.80
33.57
32.78
33.27
37.83
30.18
3545
32.70
37.39
33.19
37.37
4417
55.61
55.50
5294
3355
4443
2837
36.30
28.94
39.10
4045
4912
68.92
34.65
31.59

0.958
0.945
0.959
0.970
0.952
0.954
0.961
0.984
0.959
0.966
0.949
0.963
0.956
0.951
0.966
0.964
0.953
0.955
0.952
0.981
0.968
0.973
0.952
0.960
0.950
0.941
0.964
0.959
0.969

45.65
44.76
41.48
37.53
42.08
42.02
37.79
28.81
38.30
40.13
42.27
39.32
39.75
45.95
43.32
40.61
42.03
44 43
39.31
34.87
31.56
34.43
38.64
40.72
43.43
43.07
40.87
39.06
35.86
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DM26, i 41 =B Fr 5

DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz1
DM26-Mz2
DM26-Mz2
DM26-Mz2
DM26-Mz2
DM26-Mz2
DM26-Mz2
DM26-Mz2
DM26-Mz2
DM26-Mz2
DM26-Mz3
DM26-Mz3
DM26-Mz3

146
114
158
126
122
162
138
105
134
147
152
126
126
111
125
124
143
150
126
94

146
139
115
136
118
147
79

77
79
90
74
71
74
74
69
72
78
68
47
60
71
69
77
78
78
75
78
80
76
78
77
75
79
65

7280
5200
2700
3210
5620
7970
8460
9260
8380
4910
5870
14780
8870
8530
9290
6820
7150
7300
7780
8060
7080
7980
7070
7490
7120
5030
7630

275
3.85
7.41
6.23
3.56
2.51
2.36
216
2.39
4.07
3.41
2.00
2.25
2.34
215
2.93
2.80
2.74
2.57
248
2.82
2.51
2.83
2.67
2.81
3.98
2.62

38200
42640
43990
53410
48160
38160
36670
37680
38130
45230
50630
54700
50070
38080
37740
39070
37060
36660
37620
33570
36400
36690
37570
37370
39730
43870
46900

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

398
301
369
356
358
459
389
314
385
399
469
571
440
321
375
336
381
398
349
248
382
384
307
371
326
392
251

50.26
66.43
54.23
56.14
55.80
43.59
51.35
63.66
51.93
50.09
42.63
35.01
45.44
62.24
53.34
59.55
52.53
50.20
57.29
80.63
52.29
52.04
65.12
53.92
61.29
51.08
79.73

193

61564
59290
52663
63697
66165
63769
63805
67311
65001
60990
69478
102067
78497
65386
67510
60923
60002
60095
62552
59341
59122
62288
60209
61391
62534
60014
71269

2.28
252
2.89
2.68
242
2.20
215
2.07
2.16
2.54
2.38
2.00
2.09
214
2.07
2.33
2.30
2.29
2.23
2.21
232
2.21
2.31
2.26
2.30
2.53
2.21

18.293
17.271
7.321
9.011
15.680
17.371
21.721
29.475
21.757
12.296
12.511
25.873
20.153
26.544
24776
20.306
18.779
18.322
22.285
32495
18.512
20.764
23.022
20.193
21.818
12.846
30.418

50.33
66.54
54.73
56.49
55.91
43.66
51.40
63.70
51.98
50.25
42.76
35.07
45.50
62.28
53.38
59.62
52.60
50.27
57.35
80.67
52.37
52.10
65.19
53.99
61.35
51.23
79.78

95.988
141626
119.276
149.931
134.365

83.172

94.151
119.937

98.996
113.270
107.909

95.756
113.759
118.498
100.649
116.328

97.336

92.009
107.760
135.343

95.176

95.466
122.337
100.751
121.748
112.043
186.976

50.30
66.46
5427
56.18
55.84
43.64
51.39
63.69
51.96
50.13
4267
3507
4548
62.27
53.38
5958
52.57
50.24
57.32
80.66
52.33
52,08
65.16
53.96
61.32
5112
79.76

0.998
0.998
0.990
0.993
0.997
0.997
0.998
0.999
0.998
0.996
0.996
0.997
0.998
0.999
0.998
0.998
0.998
0.998
0.998
0.999
0.998
0.998
0.999
0.998
0.998
0.996
0.999

5.256
8.20
16.29
16.64
8.57
4.79
4.33
4.07
4.55
9.21
8.63
3.70
5.64
4.46
4.06
5.73
5.18
5.02
4.84
4.17
5.14
4.60
5.31
4.99
5.58
8.72
6.15
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DM26-Mz4
DM26-Mz4
DM26-Mz4
DM26-Mz4
DM26-Mz4
DM26-Mz4
DM26-Mz4
DM26-Mz4
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz5

139
144
122
90

133
137
138
138
167
141
134
133
118
125
122
131
134
130
125
140
133
132
135
117
120
135
105
116
128

52
62
68
69
68
65
61
58
73
72
73
73
74
76
73
71
73
72
67
71
68
69
69
73
72
73
70
70
71

11570
8180
6700
7740
9200
7770
8600
9830
7900
8690
7580
7320
8090
8210
6660
6890
7720
8610
9040
8260
9020
9100
9120
8500
7310
8500
8230
7690
7590

2.00
244
2.99
2.58
217
2.57
2.33
2.03
2.53
2.30
2.64
273
247
244
3.00
2.90
2.59
2.32
2.21
242
222
2.20
219
2.35
274
2.35
243
2.60
2.64

54860
50410
48080
42200
39450
47690
50370
50560
39680
37950
40070
40820
37670
35450
43360
43880
39230
37380
41600
40320
39940
38710
39430
36620
41860
37240
39930
41910
42090

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

565
490
376
266
406
443
477
504
482
412
384
380
333
342
349
382
380
374
389
416
406
398
412
331
346
387
308
343
377

3542
40.81
53.22
75.18
49.20
45.19
41.95
39.69
41.50
48.55
52.15
52.65
60.14
58.49
57.30
52.34
52.65
53.41
51.37
48.13
49.26
50.29
48.58
60.33
57.76
51.66
64.87
58.34
53.09

194

91972
76659
69545
66939
68948
72611
77954
82091
65073
65830
64377
64291
63581
61759
64697
65968
63985
64981
70567
66818
68861
67886
68677
63843
65276
64499
66265
66537
66417

2.00
2.15
2.30
222
2.07
2.20
212
2.01
2.21
213
224
2.27
219
219
2.33
2.30
2.23
2.14
2.09
217
2.09
2.09
2.08
2.15
2.26
215
217
222
2.23

20.489
16.690
17.828
29.096
22.633
17.558
18.037
19.510
16.393
21.094
19.764
19.271
24.327
24.012
19.081
18.030
20.323
22.991
23.218
19.878
22.216
22.881
22.151
25.642
21.113
21.954
26.693
22431
20.146

35.47
40.88
53.30
75.23
49.25
45.27
42.01
39.75
41.58
48.60
52.21
52.72
60.19
58.54
57.38
52.42
52.71
53.46
51.42
48.19
49.31
50.34
48.63
60.38
57.83
51.71
64.91
58.40
53.15

97.151
102.856
127.934
158.635

97.053
107.764
105.644
100.347

82.339

92.121
104476
107463
113276
103.680
124227
114.828
103.272

99.814
106.845

97.031

98.372

97.331

95.767
110472
120.902

96.184
129.509
122247
111.721

3547
40.86
53.25
75.21
4924
4524
41.99
39.74
4155
48.59
5219
5269
60.17
58.53
57.34
52.38
5269
5344
51.41
4817
49.30
50.33
48.62
60.37
57.80
51.70
64.90
58.37
53.12

0.997
0.997
0.998
0.999
0.998
0.997
0.997
0.997
0.997
0.998
0.998
0.998
0.999
0.999
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.998
0.999
0.998
0.998
0.999
0.998
0.998

4.74
6.16
7.18
5.45
4.29
6.14
5.86
5.14
5.02
4.37
5.29
5.58
4.66
4.32
6.51
6.37
5.08
4.34
4.60
4.88
4.43
4.25
4.32
4.31
5.73
4.38
4.85
5.45
5.55
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DM26-Mz5
DM26-Mz5
DM26-Mz5
DM26-Mz6
DM26-Mz6
DM26-Mz6
DM26-Mz6
DM26-Mz6
DM26-Mz6
DM26-Mz6
DM26-Mz6
DM26-Mz6
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7
DM26-Mz7

144
158
132
142
162
139
138
109
160
182
118
160
141
137
147
126
168
116
136
113
156
135
119
120
131
145
114
122
156

76
72
72
67
67
80
76
76
71
65
70
74
74
81
75
83
76
71
74
89
77
75
85
77
79
75
75
79
80

6720
7520
7680
11920
12230
9220
7850
7130
11080
12620
10900
9490
8110
7570
8580
6220
7540
8950
8510
6640
8370
6750
4910
8020
5700
7780
8410
7940
6390

2.98
2.66
2.60
2.00
2.00
217
2.55
2.81
2.00
2.00
2.00
2.11
247
2.64
2.33
3.22
2.65
2.23
2.35
3.01
2.39
2.96
4.07
249
3.51
2.57
2.38
252
3.13

40820
41930
40640
32330
31520
28760
36490
38200
30730
32450
31680
33050
37390
33550
35170
36560
38090
37650
36210
30860
34810
40910
39150
35230
41050
38280
35490
33380
38630

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

398
463
383
442
509
360
378
295
470
589
349
449
398
351
408
316
464
341
383
261
427
374
290
323
345
405
314
319
409

50.25
43.17
5219
45.21
39.26
55.60
52.98
67.68
42.56
33.96
57.37
44.53
50.31
56.93
48.98
63.26
43.09
58.57
5217
76.62
46.88
53.46
68.90
61.93
58.00
49.35
63.70
62.78
48.87

195

62384
66086
65264
70574
70818
58336
61669
61022
66326
73060
66592
63537
63409
57829
62708
56494
62328
66312
63502
52119
61692
62556
54877
60920
59324
63246
62417
58818
59153

2.34
224
2.23
2.00
2.00
2.09
222
2.30
2.00
2.00
2.00
2.05
219
227
215
243
2.25
210
215
2.41
217
2.33
2.59
2.21
2.46
2.23
2.16
222
2.39

16.885
16.230
20.040
26.943
24.006
25.631
20.794
24.130
23.580
21.426
31.269
21.129
20.401
21.549
21.012
19.673
16.245
26.211
22.197
25.436
19.618
18.041
16.915
24.834
16.529
19.197
26.787
24.923
15.614

50.34
43.25
52.25
45.25
39.31
55.64
53.04
67.74
42 .61
34.01
57.41
44 .58
50.37
56.99
49.03
63.34
43.17
58.62
52.22
76.67
46.94
53.54
69.02
61.98
58.10
49.42
63.75
62.83
48.97

102.569
90.497
106.045
73.077
61.869
79.951
96.659
129278
65.398
55.093
90.881
73.584
94.055
95.506
86.128
115634
82.065
110.263
94.449
118218
81.591
109.343
134873
109.088
119.035
94.454
113.039
104.778
94.390

50.29
4321
5223
4525
39.31
5563
53.02
67.71
4261
34.01
57 41
4457
50.35
56.97
4902
63.29
43.14
5861
5221
7664
46.92
5349
68.93
61.96
58.03
49.39
63.73
62.81
48.91

0.997
0.997
0.998
0.998
0.997
0.999
0.998
0.999
0.998
0.997
0.999
0.998
0.998
0.998
0.998
0.998
0.997
0.999
0.998
0.999
0.998
0.998
0.998
0.999
0.998
0.998
0.999
0.999
0.997

6.07
5.58
5.29
2.7
2.58
3.12
4.65
5.36
2.77
2.57
2.91
3.48
4.61
4.43
4.10
5.88
5.05
4.21
4.25
4.65
4.16
6.06
7.97
4.39
7.20
4.92
4.22
4.20
6.05



Appendix

DM26-Mz7
DM26-Mz8
DM26-Mz8
DM26-Mz8
DM26-Mz8
DM26-Mz8
DM26-Mz8
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz9
DM26-Mz10
DM26-Mz10
DM26-Mz10
DM26-Mz10
DM26-Mz10
DM26-Mz10
DM26-Mz10
DM26-Mz10

142
133
126
128
99

158
146
128
148
168
163
172
124
149
173
172
104
123
158
161
125
112
142
139
120
116
163
101
163

103
109
75
78
94
120

76
104
91
76
71
77
72
75
73
70

5270
8560
9460
6330
8460
8710
7700
5860
6660
6530
6620
6740
3540
4420
7770
7120
5400
2820
6210
7130
6780
4600
6100
7440
7020
7730
7240
5800
5610

3.80
2.34
2.11
3.16
2.36
2.30
2.60
3.41
3.00
3.06
3.02
297
5.65
4.52
2.57
2.81
3.70
7.09
3.22
2.81
2.95
4.35
3.28
2.69
2.85
2.59
2.76
3.45
3.57

35690
36910
35800
41580
38120
37340
38250
19010
41070
38150
43970
47360
33990
28870
38120
38120
32160
29660
37620
39780
23240
36730
42520
42930
38430
40550
40210
45380
50600

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

331
379
370
350
284
459
409
215
409
441
472
527
250
285
483
465
228
211
403
448
250
256
392
413
325
336
459
288
498

60.48
52.77
54.05
57.10
70.33
43.58
48.90
93.19
48.88
45.34
42.33
37.96
79.98
70.08
41.37
43.05
87.60
94.73
49.57
44.59
80.10
78.25
50.99
48.45
61.52
59.59
43.56
69.55
40.18

196

52598
64356
66117
61868
65178
65319
62963
37793
62447
59141
65243
69032
45333
43059
63106
61014
49438
38695
57568
62689
44967
51457
62092
66796
60918
65304
63475
63934
68628

2.58
214
2.05
2.38
215
213
2.23
270
2.34
2.38
2.33
2.30
2.91
2.83
2.23
2.30
2.60
3.19
242
229
246
2.67
240
2.25
2.31
222
2.28
242
2.41

156.937
22.585
25.565
18.072
29.749
18.979
18.828
27.305
16.277
14.803
14.012
12.792
14.157
15.488
16.072
156.324
23.651
13.357
156.392
15.898
27.153
17.998
15.552
18.024
21.594
23.031
15.769
20.170
11.271

60.60
52.82
54.09
57.19
70.37
43.64
48.97
93.25
48.97
45.44
42.44
38.07
80.18
70.23
41.45
43.14
87.68
95.00
49.68
44.68
80.15
78.37
51.09
48.53
61.59
59.65
43.65
69.64
40.34

107.931
97.383
96.748

118.708

134.048
81.363
93.530
88.577

100.372
86.485
93.067
89.884

135.932

101.161
78.848
82.045

140.858

140486
93.243
88.696
93.072

143.707

108.403

103.999

118214

120818
87.577

157.813

101.662

60.52
52.81
54.09
5713
70.36
43.63
48.95
93.21
4892
4538
42.38
38.01
80.01
70.11
4142
43.09
87.62
94.75
49.61
44 64
80.12
78.28
51.03
4849
61.55
5962
4361
69.58
40.23

0.997
0.998
0.999
0.998
0.999
0.998
0.998
0.999
0.997
0.997
0.996
0.996
0.997
0.998
0.997
0.997
0.999
0.997
0.997
0.997
0.999
0.998
0.997
0.998
0.998
0.998
0.997
0.998
0.995

6.77
4.31
3.78
6.57
4.51
4.29
4.97
3.24
6.17
5.84
6.64
7.03
9.60
6.53
4.91
5.35
5.96
10.52
6.06
5.58
3.43
7.98
6.97
5.77
5.47
5.256
5.55
7.82
9.02



Appendix

DM26-Mz10 136 70 5930
DM26-Mz10 142 75 6560
DM26-Mz11 115 86 5680
DM26-Mz11 118 83 6440
DM26-Mz11 142 88 6540
DM26-Mz11 152 87 4620
DM26-Mz11 156 59 4880
DM26-Mz11 110 96 5660
DM26-Mz11 113 79 7600
DM26-Mz11 138 84 6850
DM26-Mz11 136 109 4130
DM26-Mz11 123 84 4010
DM26-Mz11 149 63 5220
DYS22, &AW a ot s

DYS22-Mz1 137 90 6110
DYS22-Mz1 137 83 6020
DYS22-Mz2 103 101 3820
DYS22-Mz2 172 93 5310
DYS22-Mz2 169 a0 4780
DYS22-Mz2 128 86 5730
DYS22-Mz3 119 82 5900
DYS22-Mz3 126 83 4660
DYS22-Mz3 168 84 6220
DYS22-Mz4 120 100 4910
DYS22-Mz4 122 105 4010
DYS22-Mz5 154 82 2990
DYS22-Mz5 142 104 3660
DYS22-Mz5 140 99 4300

3.37
3.05
3.52
3.1
3.06
4.33
4.10
3.53
2.63
2.92
4.84
4.99
3.83

3.27
3.32
5.24
3.77
4.18
3.49
3.39
4.29
3.22
4.07
4.99
6.69
5.46
4.65

48590
42000
36400
35650
32610
39160
65560
30140
34920
34130
29460
43020
58440

32750
37110
33800
33870
37360
36060
38020
41420
36670
30800
31770
48560
33550
33480

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

409
398
278
295
338
366
562
235
297
343
257
305
496

318
343
211
389
396
310
300
315
423
247
242
399
285
295

48.95
50.27
71.94
67.88
59.11
54.72
35.58
84.94
67.45
58.24
77.68
65.56
40.31

62.93
58.28
94.74
51.37
50.47
64.60
66.63
63.56
47.29
80.89
82.68
50.17
70.16
67.85

197

67608
63048
54588
56276
53594
53994
81233
48258
59253
56102
42705
55868
75196

52346
56418
46022
50945
52727
54426
56918
56354
56665
46528
44617
58162
45293
47275

2.39
2.35
2.51
2.41
2.41
2.64
240
2.58
2.26
2.36
2.88
2.69
2.41

248
245
2.86
2.59
2.64
2.50
2.46
2.61
243
2.70
2.86
277
2.90
277

14.512
16.488
20.430
21.856
19.328
12.640
8.683
24.037
25.631
19.947
16.040
13.146
10.521

19.226
17.541
18.096
13.638
12.063
18.508
19.655
14.810
14.707
19.859
16.578
7.500
12.839
14.588

49.06
50.36
72.02
67.95
59.19
54.89
35.82
85.01
67.50
58.31
77.83
65.75
40.49

63.02
58.37
94.89
51.51
50.64
64.69
66.71
63.71
47.40
80.99
82.83
50.61
70.37
68.01

118913
105.561
130.923
120.989
96.375
107.136
116.647
128.001
117.766
99.388
114415
141.028
117.792

103.051
108.132
160.118
86.994

94.279

116473
126.657
131.641
86.707

124574
131.343
121.806
117.692
113.586

48.99
50.31
71.96
67.91
59.14
54.75
3564
84.96
6748
58.28
77.70
65.59
40.36

62.96
58.31
94.77
51.41
50.51
64.63
66.66
63.60
47.33
80.92
82.71
50.21
7019
67.88

0.997
0.997
0.998
0.999
0.998
0.996
0.992
0.999
0.999
0.998
0.998
0.997
0.994

0.998
0.998
0.998
0.997
0.996
0.998
0.998
0.997
0.997
0.998
0.998
0.990
0.997
0.997

8.19
6.40
6.41
5.54
4.99
8.48
13.43
5.33
4.59
4.98
7.13
10.73
11.20

5.36
6.16
8.85
6.38
7.82
6.29
6.44
8.89
5.90
6.27
7.92
16.24
9.17
7.79
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DYS22-Mz5
DYS22-Mz5
DYS22-Mz6
DYS22-Mz6
DYS22-Mz6
DYS22-Mz6
DYS22-Mz6
DYS22-Mz6
DYS22-Mz6
DYS22-Mz6
DYS22-Mz6
DYS22-Mz7
DYS22-Mz7
DYS22-Mz8
DYS22-Mz8
DYS22-Mz8
DYS22-Mz8
DYS22-Mz8
DYS22-Mz8
DYS22-Mz8
DYS22-Mz8
DYS22-Mz8
DYS22-Mz9
DYS22-Mz9
DYS22-Mz9
DYS22-Mz9
DYS22-Mz10
DYS22-Mz10
DYS22-Mz10

105
131
86

130
132
159
134
158
138
129
124
90

120
126
171
135
107
104
123
120
150
140
121
159
87

121
133
108
106

97
89
81

85
85
100
79
88
108
92
81

71

104
84
88
91

90
86
91

84
92
93
90
92
85
85
83
89
106

3320
4910
6590
6030
5660
4490
6970
5130
2370
4810
6610
9140
4950
6020
5520
4990
4440
5480
5510
5800
4860
3970
4820
4920
5820
5140
6350
5280
3450

6.02
4.07
3.03
3.32
3.53
4.45
2.87
3.90
8.44
4.16
3.03
219
4.04
3.32
3.62
4.01
4.50
3.65
3.63
3.45
4.12
5.04
4.15
4.07
3.44
3.89
3.15
3.79
5.80

37250
37060
36160
35720
36740
32640
36950
37140
35890
35280
36340
36200
28830
36530
36300
35550
37260
36750
33840
36830
35800
37710
36540
35460
36120
38280
36370
35210
32860

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

224
308
217
318
321
332
353
377
267
291
316
260
237
311
409
309
243
251
280
294
342
314
278
361
210
294
334
250
206

89.43
65.03
92.21
62.97
62.38
60.23
56.65
53.09
75.00
68.70
63.32
76.92
84.48
64.26
48.86
64.62
82.19
79.72
71.49
68.08
58.40
63.64
71.99
55.33
95.32
67.98
59.92
79.91
96.99

198

47874
52801
57217
55050
54886
47064
59300
53619
43492
50699
57520
65414
44686
55822
54048
51552
51469
54284
51493
55409
51402
50446
51980
51265
54718
54746
56730
52109
43900

2.89
2.62
2.38
2.46
2.51
2.75
2.33
2.58
3.13
2.66
2.38
2.08
2.72
2.46
2.53
2.62
2.69
2.53
2.56
249
2.64
277
2.64
2.64
249
2.57
2.41
2.58
2.95

14.846
15.964
30.382
18.986
17.654
13.521
19.742
13.617
8.887
16.522
20.926
35.152
20.910
19.344
13.484
16.123
18.247
21.845
19.697
19.745
14.191
12.632
17.348
13.612
27.739
17.471
19.025
21.096
16.731

89.64
65.15
92.26
63.06
62.48
60.39
56.72
53.23
75.47
68.82
63.39
76.95
84.58
64.35
48.99
64.74
82.32
79.81
71.59
68.17
58.54
63.84
72.10
55.48
95.39
68.09
60.01
80.00
97.17

166.568
120495
166.711
112.467
114.593
98.287

104.656
98.585

134.585
121.185
115.048
139.225
121.784
117.379
88.673

114863
153.125
146.494
120.969
125378
104.532
119.991
131.517
98.106

172155
130.118
108.970
140.681
159.360

8945
65.06
9223
63.00
6241
60.26
56.68
53.13
7503
68.73
63.35
76.95
84.51
64.30
48.90
64 .65
82.22
79.75
7152
68.11
5843
6367
7201
55.37
95.35
68.01
59.96
7993
97.01

0.997
0.998
0.999
0.998
0.998
0.997
0.998
0.997
0.993
0.998
0.998
0.999
0.999
0.998
0.996
0.998
0.998
0.999
0.998
0.998
0.997
0.996
0.998
0.997
0.999
0.998
0.998
0.999
0.998

11.22
7.55
5.49
5.92
6.49
7.27
5.30
7.24
15.14
7.33
5.50
3.96
5.82
6.07
6.58
7.12
8.39
6.71
6.14
6.35
7.37
9.50
7.58
7.21
6.21
7.45
5.73
6.67
9.52
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DYS22-Mz10
DYS22-Mz10
DYS22-Mz10
DYS22-Mz10
DYS22-Mz10
DYS22-Mz11
DYS22-Mz11
DYS22-Mz11
DYS22-Mz11
DYS22-Mz11
DYS22-Mz11
DYS22-Mz12
DYS22-Mz12
DYS22-Mz12
DYS22-Mz12
DYS22-Mz12
DYS22-Mz13
DYS22-Mz13
DYS22-Mz13
DYS22-Mz13
DYS22-Mz13
DYS22-Mz13
DYS22-Mz13
DYS22-Mz13
DYS22-Mz14
DYS22-Mz14
DYS22-Mz14
DYS22-Mz14
DYS22-Mz14

100
132
124
134
155
125
144
110
145
115
126
1562
134
108
149
138
144
118
127
133
115
138
104
102
148
137
136
142
159

89
86
103
91
85
82
87
109
83
89
88
112
125
80
80
82
87
97
97
82
94
105
93
86
108
103
72
87
84

4840
5290
3660
5530
5990
6500
5640
3540
4130
3190
5810
3270
2910
6250
5640
5250
6240
4510
4100
6030
5010
3820
4550
6220
4470
4170
4380
5360
3380

413
3.78
5.46
3.62
3.34
3.08
3.55
5.65
4.84
6.27
3.44
6.12
6.87
3.20
3.55
3.81
3.21
4.43
4.88
3.32
3.99
5.24
4.40
3.22
4.47
4.80
457
3.73
5.92

36650
37670
33690
33740
36520
36070
36090
31430
43650
42510
34340
31580
28070
38410
40690
40460
34220
33520
35300
37690
33550
32540
35560
34140
29190
32260
51810
36900
45470

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

230
320
249
305
383
315
347
209
366
268
296
284
222
278
389
352
348
251
273
336
252
274
230
245
285
278
398
342
398

86.90
62.50
80.24
65.48
52.19
63.50
57.59
95.71
54.57
74.57
67.66
70.49
89.94
71.84
51.37
56.81
57.54
79.56
73.35
59.55
79.33
72.99
86.86
81.53
70.08
72.03
50.20
58.49
50.21

199

52131
54630
45417
51472
55757
56899
54189
42762
56904
52725
52959
42079
37401
58412
58795
57300
54244
47965
48440
57024
49592
44793
50118
54039
43538
45634
65857
54098
56328

2.63
2.55
2.89
2.56
246
2.39
252
297
2.66
2.83
2.51
3.03
3.22
2.41
248
253
244
273
2.78
245
2.64
2.89
2.70
245
2.82
2.82
2.55
2.55
2.76

21.031
16.531
14.684
18.104
15.631
20.637
16.240
16.940
11.269
11.894
19.655
11.526
13.087
22.449
14.485
14.912
17.951
17.941
15.037
17.953
19.872
13.942
19.761
25.357
15.663
15.019
10.995
15.676
8.485

87.00
62.61
80.43
65.58
52.30
63.57
57.70
95.88
54.79
74.84
67.75
70.76
90.21
71.91
51.49
56.93
57.63
79.68
73.51
59.64
79.43
73.18
86.97
81.60
70.22
72.19
50.41
58.61
50.55

159.250
117.715
135.166
110457
95.298

114.520
103.918
150406
119.103
158.504
116.171
111.310
126.238
137.964
104.502
114918
98.445

133.341
129466
112.216
133.073
118.762
154439
139178
102.282
116.188
130.056
107.921
114.144

86.93
62.53
80.27
65.51
5223
63.53
57.62
95.73
5461
7460
67.69
70.52
89.97
7187
5140
56.84
57.57
79.58
73.38
59.58
79.35
73.02
86.88
81.56
70.11
72.06
50.24
58.53
50.25

0.999
0.998
0.997
0.998
0.997
0.998
0.998
0.998
0.995
0.996
0.998
0.996
0.997
0.999
0.997
0.997
0.998
0.998
0.997
0.998
0.998
0.997
0.998
0.999
0.998
0.997
0.995
0.997
0.992

7.57
7.12
9.20
6.10
6.10
5.55
6.40
8.88
10.57
13.33
5.91
9.66
9.65
6.15
7.21
7.7
5.48
7.43
8.61
6.25
6.70
8.52
7.82
5.49
6.53
7.74
11.83
6.88
13.45
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DYS22-Mz14
DYS22-Mz15
DYS22-Mz15
DYS22-Mz15
DYS22-Mz16
DYS22-Mz16
DYS22-Mz16
DYS22-Mz16
DYS22-Mz17
DYS22-Mz17
DYS22-Mz17
DYS22-Mz17

152
126
107
112
160
118
158
160
131
128
132
104

93
95
85
76
77
85
89
86
87
89
84
74

2740
3530
5920
6530
6760
5270
4890
5240
4460
4570
4950
6110

7.30
5.67
3.38
3.06
2.96
3.80
4.09
3.82
4.48
4.38
4.04
3.27

42270
37810
35790
40880
40000
38350
37420
38080
39750
38180
39840
43610

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

344
276
260
307
438
288
372
390
314
301
326
291

58.11
72.55
76.92
65.24
45.65
69.41
53.71
51.30
63.78
66.43
61.41
68.77

51067
49123
54736
61785
61718
55229
53128
54914
54048
52828
55710
63159

2.91
2.84
248
2.36
2.34
2.55
2.62
2.56
2.66
2.66
2.58
2.39

7.961
12.805
22.768
21.300
15.430
18.290
13.133
13.440
14.223
15.179
15.200
21.010

58.57
72.77
76.99
65.31
45.75
69.52
53.87
51.44
63.94
66.57
61.55
68.85

122816
137.158
137.648
133.346
91.302

133.097
100497
97.671

126.761
126813
122337
149.959

58.14
72.58
76.95
65.27
4569
69.44
53.75
51.34
63.81
66.46
6145
68.80

0.992
0.997
0.999
0.998
0.997
0.998
0.996
0.996
0.997
0.997
0.997
0.998

15.43
10.71
6.05
6.26
5.92
7.28
7.65
7.27
8.91
8.35
8.05
7.14

All errors are 2a. Corr: correlation between the U/Pb and Th/Pb errors.
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®5-1 HIRHRIZE A AWK Ar-Ar 2080
Table 5-1 Ar-Ar analytical data of K-feldspars from the Huangling massif

Temperature 4OAI'/39AI' 37Ar/39Ar 36A1‘/39A1' 40AI/39AIk 40AI} 39Ark Age + 20

(°0) (%) (%) Ma

JH446, Gneiss, Kfs, Weight=12.3mg, J=0.005598, Total fusion age=759.6+3 .3
GPS:31°19.982' 111°05.738'

600 768.67 0.4641 2.1664 128579  16.72 0.01 980.47 £51929
600 1523.39  1.1305 4.1970  283.584  18.60 0.00 1719.16 +1218.25
650 357.47 0.1683 0.9389 80.044 22.39 0.01 669.52 £209.56
650 162.44 0.0618 0.4442 31.186 19.20 0.03 290.98 £31.40
700 503.56 0.0106 1.5083 57.862 11.49 0.09 507.41 £ 85.21
700 272.59 0.0014 0.7965 37.216 13.65 0.17 34222 £47.90
750 109.03 0.0047 0.2833 25.321 23.22 0.48 239.71 £17.97
750 127.71 0.0038 0.3432 26.303 20.60 0.53 248.40 £21.56
800 60.837 0.0039 0.1117 27.824 45.73 0.94 261.76 = 7.29
800 56.042 0.0037 0.0907 29.234 52.16 0.91 274.08 £ 5.87
850 52.844 0.0049 0.0585 35.547 67.27 1.48 32817+ 4.09
850 52.770 0.0024 0.0490 38.292 72.56 1.12 351.20+ 3.83
875 55918 0.0038 0.0401 44.083 78.83 1.00 398.84 £ 3.40
875 56.490 0.0035 0.0354 46.041 81.50 0.94 414.68 = 3.58
900 61.936 0.0063 0.0295 53.217 85.92 0.97 471.53 + 3.68
925 65297 0.0052 0.0239 58238 89.19 1.37 51027 £ 3.36
950 68.145 0.0060 0.0195 62.389 91.55 1.87 541.69 + 3.19
975 73.387 0.0055 0.0141 69.228 94.33 2.60 592.28 £+ 3.38
1000 79.840 0.0061 0.0120 76.290 95.55 2.68 643.08 = 3.51
1025 84203 0.0044 0.0076 81.943 97.32 5.37 68275+ 3.63
1050 90313 0.0033 0.0069 88.275 97.74 829 726.16 £ 4.11
1075 91238 0.0033 0.0064 89.361 97.94 7.39 733.50 £ 3.79
1100 95.529 0.0030 0.0056 93.865 98.26 6.50 763.64 + 3.94
1100 98.871 0.0031 0.0054 97.286 98.40 5.74 786.20 = 4.00
1100 102.62 0.0027 0.0044 101.33 98.75 4.07 81252+ 4.04
1100 105.84 0.0021 0.0032 104.88 99.10 4.36 83533+ 420
1100 109.08 0.0012 0.0023 10841 99.39 3.57 857.67+ 432
1100 112.91 0.0010 0.0025 112.18 99.36 4.94 881.26 + 4.33
1100 116.02 0.0006 0.0033 115.05 99.16 6.30 899.00 £ 4.39
1200 115.29 0.0011 0.0019 114.72 99.51 3.20 897.01 £ 4.44
1225 111.03 0.0012 0.0019 11047 99.49 5.62 870.61 £ 4.28
1250 108.98 0.0007 0.0020 108.40 99.47 7.28 857.63 £ 4.17
1300 109.13 0.0006 0.0020 108.55 99.47 823 85854+ 541
1350 109.01 0.0012 0.0030 108.11 99.17 0.95 855.76 £ 4.75
1400 114.00 0.0048 0.0068 112.00 98.25 0.23 880.16 £ 7.46
1500 111.38 0.0005 0.0073 10921 98.05 0.73 862.73 + 5.46

JH71, Migmatite, Kfs, Weight=14.6mg, J=0.005717, Total fusion age=693.9+3.0Ma
GPS:31°12.906', 111°16.829'

600 587.80 0.5444 1.8277 47.786 813 0.00 436.76 £ 163.72
600 134.25 0.4680 0.3947 17.667 13.15 0.01 174.00 £ 40.06
650 111.13 0.1092 0.3269 14.546 13.09 0.02 144.45 £33.44
650 97.84 0.0451 0.2804 14.973 15.30 0.05 148.52 £32.28
700 277.26 0.0076 0.8592 23.367 843 0.12 226.74 £55.92
700 179.64 0.0177 0.5357 21.345 11.88 0.17 208.21 £35.21
750 75271 0.0069 0.1972 16.998 22.58 0.47 167.70 £ 13.25
750 50.819 0.0059 0.1052 19.725 38.81 0.55 19322+ 7.22
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800
800
850
850
875
900
925
950
975
1000
1025
1050
1075
1100
1100
1100
1100
1100
1100
1100
1150
1200
1225
1250
1275
1300
1350
1400

40.757
47.777
57516
67.090
72315
72476
73.113
73372
75.568
77.136
78.652
81314
84.073
84.930
86.684
88.732
89.998
90.829
89.342
90.075
89.940
90277
89.995
90.024
91.409
93.721
91364
88.350

0.0042
0.0060
0.0142
0.0181
0.0167
0.0161
0.0113
0.0095
0.0082
0.0044
0.0066
0.0045
0.0028
0.0025
0.0017
0.0013
0.0010
0.0007
0.0009
0.0006
0.0073
0.0024
0.0008
0.0009
0.0021
0.0069
0.0311
0.0148

0.0496
0.0443
0.0440
0.0459
0.0428
0.0217
0.0153
0.0088
0.0079
0.0058
0.0039
0.0027
0.0023
0.0019
0.0011
0.0013
0.0017
0.0021
0.0015
0.0025
0.0009
0.0005
0.0008
0.0011
0.0034
0.0066
0.0110
0.0091

26.093
34.682
44.523
53.521
59.658
66.075
68.587
70.764
73.247
75.409
77.502
80.509
83.390
84.367
86.372
88.352
89.501
90.204
88.896
89.322
89.678
90.127
89.745
89.691
90.398
91.758
88.115
85.672

64.02
72.59
7741
79.77
82.50
91.17
93.81
96.44
96.93
97.76
98.54
99.01
99.19
99.34
99.64
99.57
99.45
99.31
99.50
99.16
99.71
99.83
99.72
99.63
98.89
97.90
96.44
96.97

1.02
0.75
0.96
0.72
0.68
0.93
1.52
1.87
2.65
4.02
6.99
10.33
8.37
6.45
6.80
543
6.88
5.10
9.42
8.49
0.40
1.54
2.32
2.97
1.45
0.36
0.09
0.09

25144 + 3.61
327.10 + 3.64
410.07 = 3.65
482.74 + 4.03
530.68 + 5.18
579.48 + 3.84
598.23 £ 3.51
61433 + 3.38
632.51 + 3.37
64820 = 3.51
663.25+ 3.48
684.67 = 3.55
704.95 + 3.68
711.78 + 3.73
72571 + 3.67
739.36 =+ 3.79
74723 £ 3.79
752.03 £ 3.82
743.09 + 3.73
746.01 + 3.77
748.44 £ 5.46
751.51 £ 4.20
74890 = 3.99
748.53 + 3.89
753.36 =+ 4.45
762.60 = 4.96
737.73 £23.13
720.86 £ 17.36

JH147, Granodiorite, Kfs, Weight=15.1mg, J=0.005695, Total fusion age=567.9+2.3Ma
GPS:30°51.400", 111°08.917

600
600
650
650
700
700
750
750
800
800
850
850
875
875
900
925
950
975
1000
1025
1050
1075
1100
1100
1100

461.75
554.33
96.69
117.33
244.30
118.29
56.791
46.785
46.183
52011
57.718
64.802
70.111
72.133
70.752
74.189
72.025
69.663
67460
65.818
67.629
66.573
65.527
66.360
67.118

0.6943
1.0998
0.0778
0.0434
0.0258
0.0239
0.0436
0.0139
0.0220
0.0129
0.0205
0.0140
0.0156
0.0132
0.0135
0.0176
0.0152
0.0178
0.0160
0.0134
0.0121
0.0147
0.0134
0.0115
0.0095

1.2474
1.4793
0.2434
0.3030
0.7078
0.3046
0.1061
0.0599
0.0286
0.0317
0.0268
0.0292
0.0341
0.0332
0.0276
0.0385
0.0358
0.0289
0.0241
0.0173
0.0108
0.0101
0.0075
0.0062
0.0050

93.257
117.393
24.784
27.791
35.143
28.274
25.450
29.075
37.729
42.658
49.798
56.164
60.039
62.323
62.590
62.810
61.457
61.117
60.340
60.700
64.445
63.592
63.309
64.531
65.637
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20.18
21.16
25.63
23.68
14.38
23.90
44.81
62.15
81.69
82.02
86.28
86.67
85.63
86.40
88.46
84.66
85.33
87.73
89.44
9222
95.29
95.52
96.61
97.24
97.79

0.00
0.00
0.04
0.05
0.18
0.28
0.76
0.90
1.66
1.33
1.72
1.12
0.82
0.68
0.56
0.72
0.87
1.04
1.46
2.69
4.88
3.55
3.83
4.84
4.57

770.32 £295.10
925.78 £ 604 47
238.76 +£35.30
265.69 +26.15
329.90 +43.28
269.98 +19.42
24476 + 7.03
277.07 + 4.26
351.96 + 3.09
39327+ 3.01
45148 + 3.11
501.85+ 3.52
531.83+ 3.82
549.27 + 3.95
551.30 = 5.01
55297+ 4.04
542.68 + 3.84
540.08 = 3.67
53414+ 3.44
536.90 = 3.06
565.33 £ 3.09
558.89 + 3.12
556.76 £ 3.02
56598 £ 3.12
57429 + 3.05
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1100
1100
1100
1100
1150
1200
1225
1250
1275
1300
1350
1400
1500

67.725
67.692
69.194
70.568
70.073
67.938
69.179
70.142
70434
71.713
71.131
66.496
71.522

0.0080
0.0066
0.0055
0.0045
0.0070
0.0075
0.0042
0.0021
0.0021
0.0029
0.0041
0.0157
0.0042

0.0053
0.0044
0.0039
0.0037
0.0033
0.0036
0.0032
0.0028
0.0030
0.0039
0.0050
0.0084
0.0104

66.157
66.399
68.037
69.473
69.107
66.876
68.226
69.303
69.548
70.549
69.642
64.009
68.445

97.68
98.09
9833
98.45
98.62
98.43
98.62
98.80
98.74
98.38
9791
96.26
95.70

5.60
4.36
6.16
8.63

0.64
3.14
6.11

12.01
10.99
2.89
0.49
0.18
0.23

578.18 = 3.11
580.00 =+ 3.19
592.19+ 3.16
602.82 + 3.24
600.12 + 3.81
583.55+ 3.18
593.60 =+ 3.19
601.57 = 3.11
603.37+ 4.14
610.74 + 3.27
604.07 =+ 3.90
562.05 + 12.59
595.22 + 6.01
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As the oldest exposed basement and the typical sedimentary cover of the Yangtze craton, the Huangling
massif is a suitable place to decipher the tectonics of South China block. Structural analysis shows that
the Huangling massif has an elliptic domal shape with N-S striking long axis, an asymmetric antiform
with a steep western flank and a gentle eastern flank. There, three litho-tectonic units are recognized,
from inner to outer parts: (1) Archean-Paleoproterozoic metamorphic rocks intruded by Neoproterozoic
granitoids; (2) Neoproterozoic to Jurassic sedimentary envelope around the dome core; (3) Cretaceous
terrigeneous alluvial-fluvial deposits, unconformably overlying the dome flanks. Coeval with the uplift-
ing of the massif, the pre-Cretaceous strata on the western and eastern flanks of the Huangling
massif were involved in a series of folds with nearly N-S axes and layer-parallel slip structures with
top-to-the-W and top-to-the-E motion, respectively. The subsequent brittle normal faulting controlled
the deposition of the graben or half-graben basins on both flanks. Cooling history reveals that the
Huangling massif underwent uplifting between 160 Ma and 110 Ma with an average cooling rate of
2-3 °C/Ma. Moreover, the Huangling area was not significantly affected by the Early Paleozoic and Trias-
sic orogenies of South China. Comparable with the contemporaneous extensional structures, such as
metamorphic core complexs, syntectonic plutons bounded by ductile normal faults, and rift-related
basins in eastern China, it is proposed that the Huangling massif, might be an extensional structure con-
trolled by a weak crustal extension. In this case, it will represent the western front of the Late Mesozoic
lithospheric thinning in entire eastern China. However the compressional model cannot be ruled out.
© 2013 Elsevier Ltd. All rights reserved.
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2010; Li et al, 2010; Y.J. Wang et al., 2010); (2) a series of Early
Mesozoic orogenies around the periphery of the SCB, such

1. Introduction

The tectonic evolution of the South China block (SCB, Fig. 1) is a
significant issue for understanding the geological framework of the
Eurasian continent. Although controversies existed during the last
decades, it is now generally accepted that the amalgamation of the
Yangtze block and the Cathaysia block along the Jiangnan or Sibao
orogen created the SCB during the early stage of the Neoproterozo-
ic, corresponding to the assembly of Rodinia supercontinent
(Huang, 1978; Zhang et al., 1984; Shui, 1988; Hsii et al., 1988,
1990; Guo et al., 1989; Chen et al., 1991; Gilder et al., 1991; Char-
vet et al.,, 1996; Shu and Charvet, 1996; Li, 1998; Chen, 1999; Li
et al., 2004, 2009 and references therein). During the Phanerozoic,
the SCB experienced three main tectonic events: (1) the Early
Paleozoic intracontinental orogeny along the Wuyi-Baiyun-
Yunkai belt, corresponding to the closure of the Neoproterozoic
Nanhua rift (Lin et al.,, 2008; Faure et al., 2009; Charvet et al.,

* Corresponding author. Tel.: +86 10 82998546; fax: +86 10 62010846.
E-mail address: linwei@mail.iggcas.ac.cn (W. Lin).

1367-9120/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.jseaes.2013.06.007

as the Qinling-Dabie-Sulu orogenic belt to the north (e.g.
Mattauer et al., 1985; Faure et al., 1999, 2003; Hacker et al.,
2000; Ratschbacher et al, 2000, 2003; Lin et al., 2009); the
Songpan-Ganzi fold belt and Longmenshan fold-thrust belt to the
west (Burchfiel et al., 1995; Chen and Wilson, 1996; Roger et al.,
2010; Yan et al.,, 2011); the Indosinian orogenic belt to the south
(Carter et al., 2001; Carter and Clift, 2008; Wang et al., 2007;
Lepvrier et al., 2008; Lin et al., 2008), as well as the intracontinen-
tal Xuefengshan-Jiuling belt in the center of the SCB (Wang et al.,
2005; Shu et al, 2008; Chu et al, 2012a, 2012b, 2012c;
Chu and Lin, 2014); (3) the Late Mesozoic tectonic—
magmatic events, represented by widespread intracontinental
compression and extension (Lin et al., 2000; Yan et al., 2003;
Shu et al,, 2009; Y.Q. Zhang et al., 2009; Zhang et al., 2012;
Zhu et al,, 2010; Li et al.,, 2011, 2013; Hu et al., 2012; Shi et al,,
2012), as well as massive granitoids and volcanic rocks in the
southeast (e.g. Li, 2000; Zhou and Li, 2000; Zhou et al., 2006; Li
and Li, 2007).
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Fig. 1. Tectonic map of the South China block and the location of the Huangling massif (modified after Faure et al. (2009)). The Bouguer gravity anomaly is projected on base
map. NCC, North China Craton; SCB, South China block; NSGL, N-S Gravity Lineament of China; JSF, Jiangshan-Shaoxing Fault, represents the Neoproterozoic suture between
the Yangtze block and Cathaysia block; CLF, Chenzhou-Linwu fault; TLF, Tan-Lu Fault; HN, Hannan massif; SNJ, Shennongjia massif; HL, Huangling massif. Late Mesozoic
extensional structures: XQL, Xiaoginling MCC (Zhang and Zheng, 1999); TBS, Tongbaishan anticline (Our field survey); DBS, Dabieshan MCC (Ratschbacher et al., 2000; Ji et al.,
2011; Y.S. Wang et al., 2011); LS, Lushan massif (Lin et al., 2000); HZ, Hongzhen MCC (Zhu et al., 2010); WGS, syntectonic granite in the Wugongshan dome (Faure et al., 1996;

Wang et al., 2001); DM, Dayunshan-Mufushan syntectonic granite (Yu and Ye, 1998;

The Jurassic-Cretaceous epoch is a complex transition period of
tectonic regime in the entire eastern Eurasia from compression to
extension. In eastern China, a large number of Late Mesozoic
extensional structures have been documented, such as metamor-
phic core complexes (MCCs), metamorphic or magmatic domes
and syntectonic plutons bounded by ductile normal faults, which
indicate a continental-scale extension along the eastern Eurasian
continental margin (e.g. Lin and Wang, 2006; T. Wang et al,,
2011; Lin et al., 2013). It is also supported by numerous rift basins
and giant igneous events (e.g. Ren et al., 2002; Meng et al., 2003;
Wau et al., 2005; Yang et al., 2008; Li et al., 2012). However, the geo-
dynamic mechanism of this Late Mesozoic “lithospheric thinning”
or “Destruction” of the North China Craton (NCC, Fig. 1) in eastern
China are still disputed (for reviews, see Menzies et al., 2007; Wu
et al., 2008; Zhu et al,, 2011 and references therein).

In the SCB, after the Triassic continental subduction of the SCB
beneath the NCC, the Late Jurassic-Early Cretaceous magmatism
and intracontinental extensional basins were notable geological
features, which indicate that the SCB probably also experienced
lithospheric thinning or regional extension (e.g. Gilder et al.,
1996; Li, 2000; Zhou and Li, 2000; Zhou et al., 2006; Li and Li,
2007; Shu et al., 2009; Wei et al., 2014). However, the tectonics re-
lated to such an extensional setting is poorly understood, since
only few extensional structures were reported within the SCB
(Fig. 1), namely Tongbaishan anticline (our field survey), the Dabie-

our field survey); HS, Hengshan syntectonic granite (our field survey, Zhang et al., 2012).

shan MCC (Ratschbacher et al., 2000; Ji et al., 2011; Y.S. Wang et al.,
2011), the Hongzhen MCC (Zhu et al., 2010), the Lushan dome (Lin
et al.,, 2000), syntectonic granite in the Wugongshan dome (Faure
et al., 1996; Wang et al., 2001), Dayunshan-Mufushan syntectonic
granite (Yu and Ye, 1998; our field survey); Hengshan syntectonic
granite (our field survey; Zhang et al., 2012). From the view of the
eastern China, most of this Late Mesozoic extensional structures
were superimposed upon the pre-existing orogenic belts (Central
Asian orogenic belt, Yinshan-Yanshan belt, and Qinling-Dabie-
Sulu orogenic belt) or along the crustal-scale faults (e.g. Tan-Lu
fault), and rarely developed in inland area of stable craton (Lin
and Wang, 2006; T. Wang et al., 2011; Lin et al,, 2013 and refer-
ences therein).

The Huangling massif (also named Huangling anticline or Huan-
gling dome) is located at the middle Yangtze craton. As an exposed
area of the oldest basement of the Yangtze craton and its typical
sedimentary sequences from Neoproterozoic to Cenozoic, it pro-
vides a suitable place to understand the tectonic evolution of the
SCB (Fig. 1). In spite of numerous previous studies focused on
petrology, geochemistry, geochronology, sedimentology of the
metamorphic basement, sedimentary cover, and granitoids (Ma
et al., 1984, 1997, 2002; Feng et al., 1991; Ling et al., 1998, 2001,
2006; Gao et al.,, 1999, 2011; Qiu et al., 2000; Li et al., 2002,
2004, 2007, 2008; Condon et al., 2005; Liu et al., 2008; Gao and
Zhang, 2009; Zhang et al., 2006a,b,c, 2008; S.B. Zhang et al.,
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2009; Meng and Li, 2003; Zhao et al., 2010; Chen et al., 2013), as
well as the crustal structure (Z.J. Zhang et al., 2009), the structural
geology and tectonic framework of the Huangling massif are rarely
documented (Zhang, 1986; Jiang et al., 2002; Ge et al., 2010; J.
Wang et al.,, 2010). The following questions deserve attention:
when and how the Huangling massif formed? Was the entire
uplifting process controlled by a single event or multiphase
events? How the Huangling massif recorded the different tectonic
events recognized in the SCB, especially the Late Mesozoic transi-
tion of tectonic regimes in eastern China?

In this work, we present new structural and thermochronolog-
ical data on the Huangling massif in order to reveal its geometry,
kinematics and tectono-thermal evolution. The results provide
not only new insights to decipher the complex tectonic evolution
of the SCB, but also an enlightenment to understand the Late Meso-
zoic tectonics of eastern China.

2. Geological overview of the Huangling massif

As an antiformal structure that crops out near the north mar-
gin of the SCB, the Huangling massif is located to the northwest
of Yichang city (Fig. 2). Unlike the NCC, where the Archean to
Paleoproterozoic rocks are well exposed, Precambrian rocks of
the SCB are dominated by Neoproterozoic ages and exposed spo-
radically below the thick cap of the Phanerozoic sedimentary
cover. Until now, the oldest rocks in the SCB are exposed in
the Huangling massif with ages of 3.2-3.3 Ga (Jiao et al., 2009;
Gao et al., 2011). The core of the massif referred to as the Arche-
an-Paleoproterozoic Kongling complex, mainly consists of
orthogneiss, amphibolite, serpentinite, metapelite, quartzite, mar-
ble, as well as rare granulite (BGMRHB, 1990; Ma et al., 1997;
Gao et al, 1999). Available geochronological data yield zircon
protolith ages of 2.90-2.98 Ga for most of metamorphic igneous

rocks, detrital populations of 2.7-3.3 Ga for the metasedimentary
rocks, as well as two significant metamorphic events at ca. 2.70-
2.75Ga and ca. 1.9-2.1 Ga (Ling et al., 1998, 2001; Qiu et al.,
2000; Zhao et al., 2006; Zhang et al., 2006a,b; Gao et al., 2011;
Chen et al, 2013). More recently, the ultramafic-mafic rocks
(ca. 1100-985 Ma) exposed in the southwestern part of the
Huangling massif were considered as a Grenvillian ophiolite
(Peng et al., 2012).

The Kongling complex was intruded by the large Neoproterozo-
ic Huangling granitic pluton (Fig. 2). The Huangling granitoids oc-
cupy almost two thirds of the dome core. They are subdivided into
four magmatic suites in terms of lithology, such as trondhjemite-
granodiorite, quartz diorite-tonalite, monzogranite—quartz mon-
zodiorite, as well as mafic-felsic dikes (Ma et al., 2002). Available
geochronological data yield a wide range of 794-837 Ma for the
emplacement age of Huangling granitoids (Ma et al., 1984, 2002;
Feng et al.,, 1991; Li et al., 2002, 2004; Ling et al., 2006; Gao and
Zhang, 2009; Zhang et al., 2008; S.B. Zhang et al., 2009).

In the Huangling massif, both the Kongling complex
and the Huangling granitoids were unconformably overlain by
Neoproterozoic strata. As a stable sedimentary platform,
Neoproterozoic-Jurassic sedimentary series on the domal flanks
are roughly continuous, except several slight discontinuities
caused by the Early Paleozoic and Early Mesozoic tectonic events
(Fig. 3). Some stratotype sections were established in the study
area (BGMRHB, 1990). The Neoproterozoic strata, from bottom up-
ward, are mainly composed of sandstone (Liantuo Formation), til-
lite (Nantuo Formation), and carbonate rocks (Doushantuo and
Dengying Formations). The Cambrian to Early Triassic sedimentary
series mainly consists of littoral to neritic facies carbonate and
siliciclastic rocks. The most significant lithologies, as synthesized
in Fig. 3, include Cambrian carbonate rocks; Ordovician limestone
and minor shale; Lower-Middle Silurian shale, mudstone and
minor limestone; Middle-Upper Devonian sandstone and siltstone;
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Fig. 2. Geological and structural map of the Huangling massif.
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Fig. 3. Stratigraphic column of the Huangling area (BGMRHB, 1990). The boundary ages of the Neoproterozoic Liantuo, Nantuo and Duoshantuo Formations were dated by
zircon U-Pb of volcanic ash or tuff beds (Ma et al., 1984; Condon et al., 2005; Gao and Zhang, 2009).

Middle Carboniferous sandstone, siltstone and limestone; Permian
chert-bearing limestone, and sandstone with coal seams in the bot-
tom; Lower Triassic limestone, locally with shale in the bottom. A
few hiatuses existed during the Middle Silurian to Middle Devo-
nian as well as the Carboniferous periods. The Middle Triassic stra-
ta are dominated by paralic facies limestone, siltstone and shale. A
local discontinuity between the Middle and Lower Triassic repre-

sents a significant transition of the sedimentary environment and
facies from marine to continental (Meng and Li, 2003; Li et al.,
2008; Zhao et al., 2010). The Upper Triassic and Jurassic deposits
are fluvial-lacustrine sandstone, siltstone, mudstone and coal
seams. It is worthy to be mentioned that the Zigui and Dangyang
intracontinental basins that crop out on the western and eastern
flanks of the Huangling massif, respectively, were considered to
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Fig. 4. Cross-sections across the Huangling massif (locations in Fig. 2). (A-D) Cross-sections of the western and eastern sides of the massif in different locations. (E) General

cross-section traversing the Zigui basin, Huangling massif and Dangyang basin.

be belong to a single basin system developed in the northern Yan-
gtze craton during the Late Triassic to Middle Jurassic (Liu et al.,
2005). The Lower and Upper Cretaceous formations consist of allu-
vial-fluvial conglomerate, sandstone, siltstone and mudstone that
unconformably overlie the older series on two flanks of the Dangy-
ang basin, and the southwestern flank of the Huangling massif
(Figs. 2 and 4).

As already stated, the SCB experienced complex geological history.
Previous workers interpreted the Huangling massif was developed in
a variety of tectonic settings. (1) With emphasis on the Huangling
massif as an inherited paleo-uplift from Neoproterozoic to Jurassic,
Zhang (1986) considered that the Triassic and Cretaceous events trig-
gered its uplift. (2) On the basis of the regional discontinuities, Jiang
et al. (2002) suggested that the Huangling massif underwent several
stages of uplift and subsidence throughout the Neoproterozoic to Tri-
assic times. (3) From the view of the tectonic evolution of the Jianghan
basin (Fig. 1), Dai (1996) and Xu et al. (2004) interpreted that the
Huangling massif originated from the westward escape, due to the
Early Mesozoic collision of the NCC-SCB in a scissor-like fashion. (4)
Ge et al. (2010) argued that the Huangling massif experienced a pre-
Cretaceous compression, and a Late Cretaceous to Paleogene exten-
sional uplifting as a metamorphic core complex. (5) According to their
understanding of the regional tectonics of the Qinling-Dabie orogenic
belt, Wang et al. (2003) proposed that the Mesozoic northward inden-
tation of the SCB into the NCC to the west, coeval with a clockwise
rotation of the Sichuan basin, resulted in eastward extrusion. The Han-
nan (HN), Shennongjia (SNJ), and Huangling (HL) massifs (Fig. 1) were
regarded as indenters formed during this process. The Mesozoic tec-
tono-sedimentary development of the northwest Sichuan basin is also
thought to have pertained during the SCB clockwise rotation (Meng
et al., 2005). Alternatively, several authors suggested that these three
basement uplifts (HN, SNJ, and HL) as backstops played a significant
role in formation of the Dabashan orocline (Fig. 1), which was con-
trolled by a SW-directed thrusting during the Middle-Late Jurassic
to Early Cretaceous (Hu et al., 2012; Shi et al., 2012; Li et al., 2013).

3. Structural analysis of the Huangling massif
3.1. Bulk architecture and litho-tectonic units

Field survey shows that the bulk architecture of the Huangling
massif is an asymmetric elliptic dome with a 15°NE striking long
axis, with long and short axes lengths of about 73 km and 36 km,
respectively. The Zigui basin to the west is a syncline, and the

Dangyang basin is a synclinorium located to the east (Fig. 2). The
Yuan’an graben and Jingmen half-graben superimpose on the two
flanks of the Dangyang basin. The Huangling massif, together with
these basins on its two flanks, constitutes a nearly N-S trending
horst and graben system (Figs. 2 and 4).

Based on the lithology and geometry, the Huangling massif
could be divided into three litho-tectonic units (Figs. 2 and 4):
(1) the migmatite, orthogneiss and metasupracrustal rocks of the
Kongling comple, intruded by the Huangling granitoids; (2) the
Neoproterozoic-Jurassic sedimentary cover, annularly surrounding
the dome core; (3) the Cretaceous red-colored terrigeneous allu-
vial-fluvial deposits that occupy the graben or half-graben basins
on the each flank of the dome. The stereographic plots of the struc-
tural elements in different units demonstrate their geometric rela-
tions (Fig. 5).

In the northern domain of the Huangling massif, migmatite and
gneiss constitute the main part of the basement. These rocks are
strongly foliated even mylonitized with a well developed variably
oriented foliation, and a consistent NEE-SWW striking mineral
and stretching lineation (Fig. 5D). It is worthy to note that the folia-
tion in the northern domain is folded with the axes around E-W to
NE-SW, and has no relation with the late deformation stages that
are recorded in the sedimentary cover. On the southwestern part
of the Huangling massif, to the north of the Zigui city, the exposed
basement rocks consist of intensively foliated gneiss, amphibolite
and serpentinite (Fig. 2). Even if the Huangling granitoids changed
the geometry of this metamorphic basement, the systematic mea-
surement of planar and linear structures shows a large SSW-verging
syncline with steeply dipping foliation and WNW-ESE trending
stretching lineation (Fig. 5B). All these deformed basement rocks
were intruded by the undeformed Huangling granitoids, which indi-
cate that this early ductile deformation occurred before ca. 820 Ma.

The sedimentary cover around the Huangling massif dips to the
periphery of the dome. On the western side of the massif, the Neo-
proterozoic-Jurassic strata dip to the west with moderate plunges
(20-60°, maximum around 40°, Figs. 4A, B and 5A); while on the
eastern side, the Neoproterozoic-Triassic strata dip gently to the
E or SEE with dip angles about 10-20° (Figs. 4C, D and 5E). Similar
to the eastern side of the massif, the attitudes of the Neoproterozo-
ic-Silurian strata in northern and southern sides are flat-lying,
generally less than 15°, dipping to the north and to the south,
respectively (Fig. 5C and F). The two depressions superimposed
along the flanks of the Dangyang basin are mainly filled by Lower
to Upper Cretaceous deposits. These beds are flat lying in the
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depression center and slightly tilted near the normal fault bound-
ary (Fig. 5G). The Lower Cretaceous strata near the Yichang city dip
gently to the southeast as a monocline (Fig. 5G).

3.2. Deformation styles related to the uplifting of the Huangling massif

According to our survey, the ductile deformation is limited to
the Kongling complex (Fig. 2). Conversely to the previous work,
there is neither detachment fault nor basal décollement layer be-
tween the metamorphic basement and the sedimentary cover, or
the metamorphic rocks and the granitic intrusion (Jiang et al.,
2002). Most of the deformation in the sedimentary cover is repre-
sented by folds observed in the different strata under shallow tec-
tonic levels depending on the lithology (Fig. 4). The subsequent
brittle normal faulting controlled the opening of the Cretaceous
grabens and half-grabens on the dome flanks (Fig. 4B, C, and E).

3.2.1. Deformation during the doming

3.2.1.1. Deformation on the western side of the Huangling mas-
sif. Along the main road west from Zigui city, Neoproterozoic stra-
ta are represented by sandstone, limestone and dolomite (Fig. 3).
Moderate to thin bedded limestone is deformed by N-S trending,
and west-verging meter-scale recumbent folds (Fig. 6A). More to
the west, Cambrian limestone is strongly folded with a west-verg-
ing collapse style (Fig. 6B). Several meter-scale folds overturned to
the west with the same deformation style are also observed in the
Ordovician moderate-bedded limestone (Fig. 6C). In the Triassic
thin-bedded limestone, meter-scale décollement-related folds
and transverse bedding stylolites indicate a subvertical shortening
(Fig. 6D). Calcite tension veins showing normal displacement can
be observed in these folded strata. Overall, the Neoproterozoic,

Cambrian, Ordovician and Triassic strata are deformed by N-S
trending, west-verging folds (Figs. 4A, B and 5A). These structures
are related to the westward normal motion of the sedimentary
cover along the western flank of the dome.

3.2.1.2. Deformation on the eastern side of the Huangling massif. As
mentioned in the bulk architecture Section 3.1, on the eastern side
of the dome, the strata dip gently eastward, and seem to be less de-
formed than the western side (Fig. 5E). In fact, similar structures
are observed in the eastern side of the massif, but the deformation
is relatively weaker than on another side (Fig. 4C and D). In the
Cambrian thick-bedded limestone, meter-scale décollement-re-
lated east-verging folds are observed (Fig. 7A). Asymmetric strain
fringes at the extremities of pelitic nodules in the Silurian shale
show a top-to-the-E shearing (Fig. 7B). More to the east, meter-
scale recumbent folds, overturned to the east with nearly N-S axes,
were developed in the Triassic thin-bedded limestone (Fig. 7C).
Moreover, the east-dipping bedding planes bear SEE-directed (i.e.
down-dip) striations formed by eastward slip on the layers
(Fig. 5E). Tension gashes and offset markers also indicate this nor-
mal displacement.

To summarize, a series of recumbent folds developed on the
western and eastern sides of the dome. These structures can be
interpreted as gravity-driven collapse folds due to the folding of
the tilted beds once they have reached the critical dip. Along the
two sides of the dome, the fold axes strike dominantly N-S with
flat-lying axial planes, which indicate a vertical shortening accom-
modated to the uplifting of the massif. Therefore, these recumbent
folds in the sedimentary cover are overturned to the west on the
western side of the massif, and to the east on the eastern side,
respectively. At the scale of the whole massif, we argue that they
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Fig. 6. Field photographs showing the deformation on the western side of the Huanling massif. (A) Meter-scale recumbent fold overturned to the west in the Neoproterozoic
limestone (30°52.934', 110°52.689’); (B) Decameter-scale recumbent fold overturned to the west in the Cambrian limestone (30°53.035’, 110°50.406'); (C) Meter-scale
recumbent fold overturned to the west in the Ordovician Moderate-bedded limestone (31°08.888’, 110°50.600'); (D) Meter-scale décollement-related west-verging fold in the
Triassic thin-bedded limestone (31°06.905', 110°48.044’). It is noted that the transverse bedding stylolites indicate a bedding-parallel shortening.

are nearly coeval and result from the same deformation mecha-
nism. Such deformation features are widely developed in the
Mesozoic extensional domes in eastern China, representing gravi-
tational décollement and layer-parallel slip coeval with the doming
(Faure et al., 1996, 1998, 2003; Lin et al., 2000, 2013).

The Upper Jurassic siltstone and mudstone of the Zigui basin
were involved in west limb of the dome. But the Lower Cretaceous
coarse clastic deposits, totally about 2-km thick conglomerate on
the southeast flank, overlie the deformed pre-Cretaceous strata with
an angular unconformity (Fig 4). Therefore, the age of this deforma-
tion took place between the Late Jurassic and Early Cretaceous.

3.2.2. Brittle normal faulting superposed on the Huangling massif

To the east of the Huangling massif, the NNW-SSE trending
Yuan’an graben and Jingmen half-graben are bounded by several
normal faults (Figs. 2 and 4E). These high-angle boundary faults,
about 60-80°, mainly cut the Cambrian-Triassic rocks and con-
trolled the deposition of the Cretaceous alluvial-fluvial clastic
rocks, forming an overall fining-upward sequence. Tension gashes,
Riedel fractures, offset markers, slickenlines and steps indicate pre-
dominantly normal displacement. Moreover, on the southwestern
flank of the Huangling massif, an Early Cretaceous small half-gra-
ben unconformably covers the Paleozoic strata (Figs. 2 and 4B).

4. Geochronological constraints
4.1. Previous geochronological data

In the Huangling massif, several previous studies provided dif-
ferent time constraints. Abundant geochronological data, including
U-Pb, Rb-Sr and Ar-Ar, were concentrated on the Huangling grani-
toids (Fig. 8A). Zircon yields U-Pb ages of 794-837 Ma with a sta-
tistic peak around 810 Ma (Fig. 8A, Ma et al., 1984; Feng et al.,
1991; Li et al, 2002, 2004; Ling et al., 2006; Zhang et al., 2008;
S.B. Zhang et al.,, 2009; Gao and Zhang, 2009). An average whole
rock-mineral Rb-Sr isochron age at 805 +5 Ma of diorite-quartz
diorite-tonalite complex probably represents the cooling age (Feng

et al., 1991). “°Ar/>°Ar dating of amphibole and biotite gave a rela-
tively wide span of 770-900 Ma (Hu et al., 1989; Li et al., 2002,
2007). It is worthy to note that the Rb-Sr and “°Ar/>°Ar systems
were not reset by Phanerozoic tectonic events.

Recently, in order to assess the uplifting time of the Huangling
massif, an array of apatite and zircon fission-track (AFT, ZFT) and
(U-Th)/He (AHe, ZHe) lower-temperature thermochronological
data from the Huangling granitoids and Kongling complex were
realized by several researchers (Fig. 8B, Hu et al., 2006, 2012; Shen
et al., 2009; Richardson et al., 2010; Xu et al., 2010; Li and Shan,
2011). The AFT ages range from 87 to 137 Ma with a peak around
120 Ma. Three ZFT ages scatter at 158 + 50 Ma, 178 + 34 Ma and
195 £ 14 Ma with large error bars, which makes us difficult to take
them into consideration. The AHe ages display a wide range from
39 Ma to 102 Ma, but mainly concentrate on 40-45 Ma; ZHe ages
distribute at a dispersive range of 121-309 Ma. Besides of these,
Liu et al. (2009) presented nine AFT ages of 81-148 Ma from the
Cambrian, Silurian, Jurassic and Cretaceous clastic rocks on the
eastern flank of the Huangling massif.

4.2. “Ar/P°Ar analyses and MDD modeling

Due to the lack of geochronological record during the 800-
200 Ma period, we are unable to precisely depict the cooling and
uplifting history of the Huangling massif in this long interval. In or-
der to reveal more details of the tectono-thermal evolution history
of the Huangling massif since Neoproterozoic, especially consider-
ing the core of the dome, three K-feldspar samples from the Kon-
gling complex and Huangling granitoids had been analyzed by
the “°Ar/>*°Ar incremental heating method (McDougall and Harri-
son, 1999) and modeled by the multi-domain diffusion (MDD) the-
ory (Lovera et al., 1997, 2002).

Sample JH446 is a banded gneiss with clear alternating dark
biotite-rich and light-colored quartzo-feldspathic bands in the
field. This sample, belonging to the Kongling complex, was col-
lected from the northernmost part of the dome core (Fig. 8A). It
is composed of 25% quartz, 45% plagioclase, 15% K-feldspar and
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Fig. 7. Field photographs showing the deformation on the eastern side of the
Huanling massif. (A) Meter-scale décollement-related east-verging fold in the
Cambrian limestone (30°53.877’, 111°20.598'); (B) A pelitic nodule with strain
fringes in the Silurian shale showing top-to-the-E shearing (31°10.310/,
111°25.803’); (C) Meter-scale recumbent fold overturned to the east in the Triassic
thin-bedded limestone (31°11.065’, 111°30.741).

15% biotite. Undulatory extinction is common in quartz ribbons.
Biotite is euhedral to subhedral and shows yellow to brown
pleochroism.

Sample JH71 is a foliated migmatite from the Kongling complex
in the northern domain of the massif (Fig. 8A). The quartzo-feld-
spathic leucosomes are strongly folded, indicating partial melting
during deformation. In thin section, JH71 was comprises about
25% quartz, 40% K-feldspar, 20% plagioclase, 10% biotite and 5%
hornblende. Quartz occurs as globular recrystallized subgrains
with undulatory extinction. Microcline is the dominant K-feldspar.
Much of the Plagioclase crystals were altered to sericite. Subhedral
biotite and hornblende grains are locally replaced by chlorite.

Sample JH147 is an undeformed granodiorite from the south-
eastern part of the Huangling granitoids (Fig. 8A, near Liantuo
village). On outcrop, the rock is leucocratic, medium- to coarse-
grained, with K-feldspar as minor phenocrysts. It contains about
30% quartz, 53% plagioclase, 10% K-feldspar, 5% biotite and 2%

hornblende. Accessory minerals include magnetite, zircon and apa-
tite. This granodiorite suite was dated at 819 + 7 Ma by SHRIMP
Zircon U-Pb method (Ma et al., 1984).

K-feldspars were obtained by the usual mineral separation
techniques and finally handpicked under a binocular to remove
all visible impurities. Aliquots of K-feldspar were wrapped sepa-
rately in aluminum foil to form wafers and stacked in quartz vial.
The samples were irradiated at the B4 position in the 49-2 Reactor
(China Institute of Atomic Energy, Beijing) for 36 h. The “°Ar/>°Ar
analyses were performed in the Institute of Geology and Geophys-
ics, Chinese Academy of Sciences. Detailed analytical procedures
followed Wang et al. (2006). Samples were heated stepwise with
a double vacuum resistance furnace. The released gas was purified
with Zr-Al getters. The isotopic composition was measured using a
MM-5400 mass spectrometer. After corrections for mass discrimi-
nation, system blanks, radiometric interference, “°Ar/*°Ar ages
were calculated according to 4°Ar*/>Ar ratios and J value obtained
by analyses of the monitors, as well as the decay constant. The
correction factors herein are: [*°Ar/*”Ar]c, = 0.000261, [*°Ar/*"Ar]c, =
0.000724 and [*°Ar/*°Ar]k = 0.000880. The data were processed
using ArArCALC software (Koppers, 2002), and the apparent ages
are reported at 2¢ uncertainties. The °Ar/>*°Ar analytical data are
listed in Table 1. After appropriate adjustment of the various
model parameters, e.g. active energy, relative domain size, a mod-
eled age spectrum and cooling history can be obtained by MDD
modeling.

The age spectra and modeling results are shown in Fig. 9. The
abnormally old ages of the first steps are possibly due to the excess
Ar present in the margin of the mineral. Subsequent increasing age
pattern of K-feldspar may record its cooling history. Apparent ages
of the three samples range from 239.7 to 899.0 Ma (JH446, total fu-
sion ages =759.6 + 3.3 Ma), 167.7 to 762.6 Ma (JH71, total fusion
ages = 693.9 + 3.0 Ma) and 244.8 to 610.7 Ma (JH147, total fusion
ages = 567.9 + 2.3 Ma), respectively. The modeled age spectra clo-
sely match the experimental results show that the qualities of
the K-feldspar MDD modeling results are high (Fig. 9). Considering
the closure temperature of K-feldspar, the cooling history between
350 °C and 150 °C is reliable. The K-feldspar MDD modeling result
from JH446 gneiss shows a slow cooling before 450 Ma, then an
obvious cooling event around 400 Ma (Fig. 9). Except for the asyn-
chronous cooling in early stage, JH71 migmatite and JH147 grano-
diorite reveal a long-term thermal stability period during
Paleozoic, and a final cooling event since Late Triassic (Fig. 9).

5. Discussion
5.1. Cooling and uplifting history of the Huangling massif

The Huangling massif witnessed the tectonic evolution of SCB.
In fact, the stratigraphic column recorded several tectonic events
that occurred in the Neoproterozoic, Early Paleozoic, Early Meso-
zoic and Late Mesozoic times (Fig. 3). The combination of the
stratigraphic relationships and the thermochronological data al-
lows us to construct a synthetic temperature-time curve, and to
unravel the tectono-thermal history of the Huangling massif since
the Neoproterozoic (Fig. 10A).

The Kongling complex was intruded by the Huangling grani-
toids, and then unconformably overlain by the terrigeneous fluvial
conglomerate at the base of the Neoproterozoic Liantuo Formation
(Fig. 3). Available geochronological data reveal that the Huangling
granitoids emplaced around 820-800 Ma, and then experienced a
cooling from the closure temperature of Zircon U-Pb system to
mineral Rb-Sr and K-Ar system before 770 Ma (Fig. 10A). The U-
Pb ages of the youngest zircons from the Neoproterozoic Liantuo
Formation indicate that its deposition time is no later than
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750 Ma (Zhang et al., 2006c¢; Liu et al., 2008), which agree with the
age of 748 + 12 Ma from the interlayer tuff in the lower part of the
Liantuo Formation (Ma et al., 1984). Our K-feldspar MDD modeling
results also show differential cooling processes during the Neopro-
terozoic (Fig. 9). The above evidence indicates that the Huangling
massif was once exposed to the surface before 750 Ma. An approx-
imately 20 °C/Ma cooling rate can be inferred from the cooling
curve (Fig. 10A).

The MDD modeling result from the gneiss (JH446) presents a
distinct cooling event around 400 Ma (Fig. 9). It appears that the
Huangling massif locally suffered a weak thermal disturbance dur-
ing Silurian to Devonian. From the view of whole SCB, the obvious
hiatus between the Middle Silurian and Middle Devonian in the
Huangling area may correspond to the Early Paleozoic intraconti-
nental orogeny of SCB. However, this event was well documented

to the southeastern areas of the Jiangshan-Shaoxing fault, mainly
along the Wuyi-Yunkai belt (Lin et al., 2008; Faure et al., 2009;
Charvet et al., 2010; Li et al., 2010; Y.J. Wang et al., 2010). Moving
to the NW, the deformation intensity is decreasing, and even ab-
sent. The Huangling massif is far away from the deformation
domain of the Early Paleozoic orogeny.

The local discontinuity between the Middle and Late Triassic in
the Huangling area was considered as a response to the so-called
“Indosinian orogeny” of SCB (Meng and Li, 2003; Li et al., 2008;
Zhao et al., 2010). As mentioned in Section 1, this Early Mesozoic
orogeny was widely developed around or inside the SCB, such as
the Qinling-Dabie belt to the north of the Huangling massif (e.g.
Faure et al.,, 1999, 2003) and the Xuefengshan-Jiuling belt in the
central SCB (Chu et al., 2012a; Chu and Lin, 2013). Our other two
MDD samples from the migmatite (JH71) and granodiorite
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(JH147) recorded this tectonic event, showing a prolonged cooling
since Late Triassic, with undistinguished Late Mesozoic process
(Figs. 9 and 10B). However, it seems that this widespread tectonic
event weakly influenced the Huangling massif. The Huangling
massif is located in a stable triangle area between the Qinling-Da-
bie belt and Xuefengshan-Jiuling belt, where the Triassic deforma-
tion was rather weaker than two other domains. Indeed, as a stable
sedimentary platform, there is no significant angular unconformity
in the Huangling area from ca. 750 Ma until the Late Jurassic
(Fig. 3). According to lithology and paleontology, the Upper Triassic
and Jurassic series in Zigui and Dangyang basins are completely
comparable (BGMRHB, 1990). Thus, accompanied by the Triassic
regression, effect of the Indosinian orogeny is expressed as a locally
slight vertical uplift of the crust in the Huangling area, but which
did not built the antiformal shape of the massif (Fig. 10A).

The detailed cooling history since 200 Ma of the Huangling
massif is constrained by FT and (U-Th)/He data (Shen et al,
2009; Xu et al, 2010; Li and Shan, 2011; Hu et al, 2012;
Fig. 10B). AFT thermal modeling results from the dome core indi-
cate that the Huangling massif recorded a stable stage before
160 Ma and an obvious cooling process between 160 and 110 Ma
with a rate of 2-3 °C/Ma. A similar thermal modeling result has
been shown in the work of Richardson et al. (2010), the increasing
cooling after 40 Ma was been considered as the onset of incision in
the Three Gorges. Moreover, three AFT modeling for the sedimen-
tary rocks on the eastern flank of the Huangling massif revealed a
cooling rate of 1.9-2.7 °C/Ma during 165-100 Ma (Liu et al., 2009;
Fig. 10B). Instead, Hu et al. (2006) suggested that the significant
cooling event occurred during 100 and 40 Ma with a cooling rate
of 2.5 °C/Ma, but the GOF (goodness of fit) between the measured
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Table 1
4OAr/**Ar analytical data on K-feldspars from the core of the Huangling massif.
Termperature (°C) 4OAr/*°Ar 37Ar/*°Ar 36Ar/*°Ar 4OAr* PArg 4OAr* (%) 39Ark (%) Age + 20 (Ma)
JH446, Gneiss, Kfs, weight = 12.3 mg, ] = 0.005598, total fusion age = 759.6 + 3.3 Ma, GPS: 31°19.982', 111°05.738'
600 768.67 0.4641 2.1664 128.579 16.72 0.01 980.47 £519.29
600 1523.39 1.1305 4.1970 283.584 18.60 0.00 1719.16 £ 1218.25
650 357.47 0.1683 0.9389 80.044 22.39 0.01 669.52 £ 209.56
650 162.44 0.0618 0.4442 31.186 19.20 0.03 290.98 £31.40
700 503.56 0.0106 1.5083 57.862 11.49 0.09 507.41 £85.21
700 272.59 0.0014 0.7965 37.216 13.65 0.17 342.22 +47.90
750 109.03 0.0047 0.2833 25.321 23.22 0.48 239.71 £17.97
750 127.71 0.0038 0.3432 26.303 20.60 0.53 248.40 £ 21.56
800 60.837 0.0039 0.1117 27.824 45.73 0.94 261.76 £7.29
800 56.042 0.0037 0.0907 29.234 52.16 0.91 274.08 £5.87
850 52.844 0.0049 0.0585 35.547 67.27 1.48 328.17 £4.09
850 52.770 0.0024 0.0490 38.292 72.56 1.12 351.20+3.83
875 55.918 0.0038 0.0401 44.083 78.83 1.00 398.84 +3.40
875 56.490 0.0035 0.0354 46.041 81.50 0.94 414.68 + 3.58
900 61.936 0.0063 0.0295 53.217 85.92 0.97 471.53 +3.68
925 65.297 0.0052 0.0239 58.238 89.19 137 510.27 £3.36
950 68.145 0.0060 0.0195 62.389 91.55 1.87 541.69 £3.19
975 73.387 0.0055 0.0141 69.228 94.33 2.60 592.28 +3.38
1000 79.840 0.0061 0.0120 76.290 95.55 2.68 643.08 £ 3.51
1025 84.203 0.0044 0.0076 81.943 97.32 5.37 682.75£3.63
1050 90.313 0.0033 0.0069 88.275 97.74 8.29 726.16 £4.11
1075 91.238 0.0033 0.0064 89.361 97.94 7.39 733.50+£3.79
1100 95.529 0.0030 0.0056 93.865 98.26 6.50 763.64 £3.94
1100 98.871 0.0031 0.0054 97.286 98.40 5.74 786.20 £4.00
1100 102.62 0.0027 0.0044 101.33 98.75 4.07 812.52 £4.04
1100 105.84 0.0021 0.0032 104.88 99.10 4.36 835.33+£4.20
1100 109.08 0.0012 0.0023 108.41 99.39 3.57 857.67 £4.32
1100 112.91 0.0010 0.0025 112.18 99.36 494 881.26 £4.33
1100 116.02 0.0006 0.0033 115.05 99.16 6.30 899.00 £4.39
1200 115.29 0.0011 0.0019 114.72 99.51 3.20 897.01 £4.44
1225 111.03 0.0012 0.0019 11047 99.49 5.62 870.61 £4.28
1250 108.98 0.0007 0.0020 108.40 99.47 7.28 857.63 £4.17
1300 109.13 0.0006 0.0020 108.55 99.47 8.23 858.54 £ 5.41
1350 109.01 0.0012 0.0030 108.11 99.17 0.95 855.76 £4.75
1400 114.00 0.0048 0.0068 112.00 98.25 0.23 880.16 £ 7.46
1500 111.38 0.0005 0.0073 109.21 98.05 0.73 862.73 £5.46
JH71, Migmatite, Kfs, weight = 14.6 mg, | = 0.005717, total fusion age = 693.9 # 3.0 Ma, GPS: 31°12.906', 111°16.829'
600 587.80 0.5444 1.8277 47.786 8.13 0.00 436.76 + 163.72
600 134.25 0.4680 0.3947 17.667 13.15 0.01 174.00 + 40.06
650 111.13 0.1092 0.3269 14.546 13.09 0.02 144.45+33.44
650 97.84 0.0451 0.2804 14.973 15.30 0.05 148.52 +32.28
700 277.26 0.0076 0.8592 23.367 8.43 0.12 226.74 £ 55.92
700 179.64 0.0177 0.5357 21.345 11.88 0.17 208.21 £35.21
750 75.271 0.0069 0.1972 16.998 22.58 0.47 167.70+13.25
750 50.819 0.0059 0.1052 19.725 38.81 0.55 193.22+7.22
800 40.757 0.0042 0.0496 26.093 64.02 1.02 251.44 £3.61
800 47.777 0.0060 0.0443 34.682 72.59 0.75 327.10+3.64
850 57.516 0.0142 0.0440 44,523 77.41 0.96 410.07 £ 3.65
850 67.090 0.0181 0.0459 53.521 79.77 0.72 482.74+4.03
875 72.315 0.0167 0.0428 59.658 82.50 0.68 530.68 £5.18
900 72.476 0.0161 0.0217 66.075 91.17 0.93 579.48 +£3.84
925 73.113 0.0113 0.0153 68.587 93.81 1.52 598.23 £3.51
950 73.372 0.0095 0.0088 70.764 96.44 1.87 614.33 £3.38
975 75.568 0.0082 0.0079 73.247 96.93 2.65 632.51 £3.37
1000 77.136 0.0044 0.0058 75.409 97.76 4.02 648.20 £ 3.51
1025 78.652 0.0066 0.0039 77.502 98.54 6.99 663.25 £3.48
1050 81.314 0.0045 0.0027 80.509 99.01 10.33 684.67 £ 3.55
1075 84.073 0.0028 0.0023 83.390 99.19 8.37 704.95 £ 3.68
1100 84.930 0.0025 0.0019 84.367 99.34 6.45 711.78 £3.73
1100 86.684 0.0017 0.0011 86.372 99.64 6.80 725.71 £3.67
1100 88.732 0.0013 0.0013 88.352 99.57 5.43 739.36 £3.79
1100 89.998 0.0010 0.0017 89.501 99.45 6.88 747.23£3.79
1100 90.829 0.0007 0.0021 90.204 99.31 5.10 752.03 £3.82
1100 89.342 0.0009 0.0015 88.896 99.50 9.42 743.09 £3.73
1100 90.075 0.0006 0.0025 89.322 99.16 8.49 746.01 £3.77
1150 89.940 0.0073 0.0009 89.678 99.71 0.40 748.44 £ 5.46
1200 90.277 0.0024 0.0005 90.127 99.83 1.54 751.51+4.20
1225 89.995 0.0008 0.0008 89.745 99.72 232 748.90 £3.99
1250 90.024 0.0009 0.0011 89.691 99.63 2.97 748.53 £3.89
1275 91.409 0.0021 0.0034 90.398 98.89 1.45 753.36 £4.45
1300 93.721 0.0069 0.0066 91.758 97.90 0.36 762.60 £ 4.96
1350 91.364 0.0311 0.0110 88.115 96.44 0.09 737.73 £23.13
1400 88.350 0.0148 0.0091 85.672 96.97 0.09 720.86 £17.36

(continued on next page)
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Table 1 (continued)

Termperature (°C) 4OAr/>9Ar 37Ar*°Ar 36Ar/*°Ar 4OAr* [39Ary 4OAr* (%) 39Ark (%) Age + 20 (Ma)
JH147, Granodiorite, Kfs, weight = 15.1 mg, ] = 0.005695, total fusion age = 567.9 + 2.3 Ma, GPS: 30°51.400', 111°08.917'
600 461.75 0.6943 1.2474 93.257 20.18 0.00 770.32 £295.10
600 554.33 1.0998 1.4793 117.393 21.16 0.00 925.78 + 604.47
650 96.69 0.0778 0.2434 24.784 25.63 0.04 238.76 £ 35.30
650 117.33 0.0434 0.3030 27.791 23.68 0.05 265.69 £ 26.15
700 244.30 0.0258 0.7078 35.143 14.38 0.18 329.90 +43.28
700 118.29 0.0239 0.3046 28.274 23.90 0.28 269.98 £ 19.42
750 56.791 0.0436 0.1061 25.450 44.81 0.76 244.76 £7.03
750 46.785 0.0139 0.0599 29.075 62.15 0.90 277.07 £4.26
800 46.183 0.0220 0.0286 37.729 81.69 1.66 351.96 + 3.09
800 52.011 0.0129 0.0317 42.658 82.02 1.33 393.27 +£3.01
850 57.718 0.0205 0.0268 49.798 86.28 1.72 451.48 +3.11
850 64.802 0.0140 0.0292 56.164 86.67 1.12 501.85 +3.52
875 70.111 0.0156 0.0341 60.039 85.63 0.82 531.83 £3.82
875 72.133 0.0132 0.0332 62.323 86.40 0.68 549.27 £3.95
900 70.752 0.0135 0.0276 62.590 88.46 0.56 551.30 £5.01
925 74.189 0.0176 0.0385 62.810 84.66 0.72 552.97 £ 4.04
950 72.025 0.0152 0.0358 61.457 85.33 0.87 542.68 £3.84
975 69.663 0.0178 0.0289 61.117 87.73 1.04 540.08 + 3.67
1000 67.460 0.0160 0.0241 60.340 89.44 1.46 534.14 £3.44
1025 65.818 0.0134 0.0173 60.700 92.22 2.69 536.90 + 3.06
1050 67.629 0.0121 0.0108 64.445 95.29 4.88 565.33 £3.09
1075 66.573 0.0147 0.0101 63.592 95.52 3.55 558.89 £3.12
1100 65.527 0.0134 0.0075 63.309 96.61 3.83 556.76 + 3.02
1100 66.360 0.0115 0.0062 64.531 97.24 4.84 565.98 £3.12
1100 67.118 0.0095 0.0050 65.637 97.79 457 574.29 £3.05
1100 67.725 0.0080 0.0053 66.157 97.68 5.60 578.18 £3.11
1100 67.692 0.0066 0.0044 66.399 98.09 4.36 580.00 +3.19
1100 69.194 0.0055 0.0039 68.037 98.33 6.16 592.19£3.16
1100 70.568 0.0045 0.0037 69.473 98.45 8.63 602.82 +3.24
1150 70.073 0.0070 0.0033 69.107 98.62 0.64 600.12 +3.81
1200 67.938 0.0075 0.0036 66.876 98.43 3.14 583.55+3.18
1225 69.179 0.0042 0.0032 68.226 98.62 6.11 593.60 £ 3.19
1250 70.142 0.0021 0.0028 69.303 98.80 12.01 601.57 £3.11
1275 70.434 0.0021 0.0030 69.548 98.74 10.99 603.37 £4.14
1300 71.713 0.0029 0.0039 70.549 98.38 2.89 610.74 £3.27
1350 71.131 0.0041 0.0050 69.642 97.91 0.49 604.07 +£3.90
1400 66.496 0.0157 0.0084 64.009 96.26 0.18 562.05 £ 12.59
1500 71.522 0.0042 0.0104 68.445 95.70 0.23 595.22 +6.01

and modeled fission-track length distributions and ages are below
0.5. On the assumption that the geothermal gradient is a constant
of 25 °C/km, the unroofing depth of the massif during the interval
of 160-110 Ma was approximately 5 km (Fig. 10B).

Recent sedimentary evidence also supports that the Huangling
massif experienced considerable uplifting during the Late Jurassic
to Early Cretaceous. Before the Late Jurassic, the Zigui and Dangy-
ang basins probably connected with each other based on paleoge-
ography (Liu et al., 2005). Paleocurrents analysis of the Zigui basin
indicates that the Huangling massif began to provide detrital mate-
rial since Late Jurassic (Qu et al., 2009). To the southeast of Huan-
gling massif, the results of detrital zircon U-Pb ages from the
Cretaceous sediments reveal that the denudation of the Kongling
complex and its overlying strata was active during the deposition
of the Lower Cretaceous, and the Huangling granite was exposed
at the surface during the Late Cretaceous (Shen et al., 2012). The
uplifting of the Huangling massif led to the atrophy of the Zigui ba-
sin on its western flank, while the onset of rifting in the Dangyang
basin on its eastern flank. It was also resulted in the prominent
angular unconformity between Late Jurassic and Early Cretaceous.

5.2. When did the Huangling massif come into being?

On the western and eastern sides of the dome, the deformation
due to gravitational décollement and layer-parallel slipping
occurred in response to its uplifting (Figs. 4, 6 and 7). But the north-
ern and southern sides of the dome are not involved into such a
deformation (Fig. 2). The uplifting time of the Huangling massif is

still controversial: Early Mesozoic (Dai, 1996; Xu et al., 2004), unpre-
cisely determined between the Late Triassic to Early Cretaceous
(Wangetal.,2003), or sometime between 165 Ma and 98 Ma as indi-
cated by AFT data (Liu et al.,2009; Shen et al.,2009; Xu et al.,2010; Li
and Shan, 2011; Hu et al., 2012). On the basis of regional tectonics,
Ge et al. (2010) considered that this antiform shaped at ca.
24.6 Ma, corresponding to the regional angular unconformity in
the end of the Paleogene. Our field work indicates that these “grav-
ity-driven collapse folds” with east-west polarity are observed in all
the strata of pre-Cretaceous age, since the Cretaceous graben and
half-graben basins superimposed unconformably on these folded
strata (Figs. 2 and 4). As discussed above, the Huangling area was
not significantly involved into any tectonic events between the Sin-
ian (Neoproterozoic) and Jurassic. Cooling history also reveals that
the Huangling massif experienced an important uplift process
around 160-110 Ma (Fig. 10). These geochronological and sedimen-
tary constraints are in good agreement with our structural observa-
tions, which argue that the main deformation in the Huangling
massif developed from the Late Jurassic to Early Cretaceous.

5.3. Compressional or extensional setting model

The origin of the Huangling massif was variously interpreted by
previous workers either in terms of compression or extension.
According to investigations on the tectonic evolution of the
Jianghan basin, a westward escape of the Huangling massif related
to the Early Mesozoic opposite-directed thrusting of the Qinling-
Dabie belt and the Jiuling belt has been suggested (Fig. 11A; Dai,
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Fig. 9. “°Ar->°Ar age spectra and the multi-domain diffusion (MDD) modeling results of K-feldspar from different rock types in the core of Huangling massif.
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Fig. 10A. A synthetic curve showing the tectono-thermal history of the Huangling
massif with emphasis on the dome core. Zr U-Pb, WR Rb-Sr, Am Ar-Ar, Bt Ar-Ar,
WR-Bt Rb-Sr ages (Fig. 8A) are plotted at their closure temperatures of 850 °C,
650 °C, 525 °C, 325 °C and 300 °C, respectively.

1996; Xu et al., 2004). This model might well explain the geometry
of the Huangling massif, which is an asymmetric antiform with its
eastern side more gently dipping than its western side. In fact, far
from the northern and southern sides of the Huangling massif, we
observed a nearly N-S directed trust deformation, which is proba-
bly the response to the Triassic compression in the Qinling—Dabie
belt to the north and the Xuefengshan-Jiuling intracontinental belt
to the south, respectively (Fig. 1, see also Chu and Lin, 2014). How-
ever, there is a time discrepancy between the Triassic deformation
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Fig. 10B. Cooling history of the Huangling massif from K-feldspar MDD modeling
(this study) and AFT modeling (Liu et al., 2009; Shen et al., 2009; Xu et al., 2010; Li
and Shan, 2011; Hu et al,, 2012). It indicates a thermal history with four major
phases: a prolonged slow cooling until 160 Ma, a obvious enhanced cooling with a
rate of 2-3 °C/Ma during 160-110 Ma, a slow cooling during 110-30 Ma interval
with a rate of 0.2-0.3 °C/Ma, and a final increased cooling since 30 Ma with a rate
about 1°C/Ma. AHe, AFT, ZHe and ZFT ages (Fig. 8B) are plotted at their closure
temperatures of 70 °C, 100 °C, 180 °C and 220 °C, respectively.

and the Late Jurassic-Early Cretaceous tectonics in the Huangling
massif. Moreover, it is noteworthy that the hinge of Huangling
massif is nearly N-S trending, which is sub-parallel to the shorten-
ing direction of the Triassic deformation, the W-directed thrust
faults and folds are not well developed around the Huangling
massif. Cooling history shows that uplifting of the Huangling
massif occurred between 160 Ma and 110 Ma, which is longtime
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after the Triassic events. Nevertheless, asymmetry of the
Huangling massif can be interpreted as a kind of ramp anticline
developed on top of a blind thrust as depicted in Fig 11A. If this
is the case, the westward thrusting would have taken place in
the Late Jurassic to Early Cretaceous.

Another model was recently put forward, namely the Late
Mesozoic eastward extrusion due to its northward indentation
and coeval clockwise rotation of the SCB (Fig. 11B; Wang et al,,
2003; Meng et al., 2005). The Huangling massif was considered
as one of the syntaxes related to the Dabashan orocline (Fig. 1;
Hu et al., 2012; Shi et al., 2012; Li et al., 2013). This model is well
compatible with the age of the deformation related to uplifting of
the massif. However, a problem arises as the eastward extrusion
would lead to an opposite geometry of the Huangling massif with
its western flank more gently dipping than the eastern one
(Fig. 11B). Thus, this model is not compatible with our field obser-
vations (Fig. 4E).

Late Mesozoic extensional tectonics was widely spread on the
eastern margin of Eurasian continent, which is indicated by a num-
ber of extensional domes, and syntectonic plutons bounded by
ductile normal faults (e.g. Lin and Wang, 2006; T. Wang et al,,
2011; Lin et al, 2013). The temporal-spatial framework of the
extensional tectonics brings a reasonable assumption that the

Zigui basin

Zigui basin
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Huangling area might have experienced the same geodynamic set-
ting. Therefore, an extensional uplifting model is proposed here:
the regional extension that occurred on the eastern margin of Eur-
asian continent is responsible for the origin of the Huangling mas-
sif. To some extent, this extension exhumed and tilted the
Huangling massif (Fig. 11C). Accompanying this uplifting, a series
of oppositely directed gravity-driven collapse folds developed on
the western and eastern sides of the dome. From this view, the
drag-folds in the sedimentary cover, and the formation of graben
or half graben basins around the Huangling massif belong to the
same extensional tectonics with a slight diachronism. However,
it is worth to note that low-angle ductile normal faults or detach-
ments are lacking between the basement and sedimentary cover.
Also, syntectonic plutons coeval with extension as observed in
more southeasterly part of the SCB (Fig. 1, e.g. Wugongshan, Day-
unshan-Mufushan, Hengshan), are absent in the Huangling area.
In the present state of knowledge, we cannot completely rule
out the compressional tectonic model. Taking into account the
geometry and the deformation styles of the Huangling massif pre-
sented in the previous sections, it appears that the extensional
tectonic model is also plausible. In this case, the Huangling massif
represents the westernmost case of the Late Mesozoic extensional
tectonics in the SCB, as recognized elsewhere in many parts of the
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Fig. 11. Three possible tectonic models for origin of the Huangling massif. (A) Westward thrusting; (B) Eastward extrusion; (C) Extensional uplifting; (D) The profile of
P-wave crustal velocity structure from wide angle reflection across the Huangling massif (modified after Z.J. Zhang et al. (2009)).
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eastern Eurasian continent. Scope of destruction of the NCC is
roughly bounded by the N-S Gravity Lineament, which was formed
by diachronous lithospheric thinning since Early Cretaceous (Xu,
2007; Zhu et al., 2011). Coincidentally, the Huangling massif that
recorded a weak extension of the crust also lies in this N-S Gravity
Lineament (Fig. 1). Thus it could be considered as an extensional
structure developed in inland area of the stable Yangtze craton,
which probably represents the western front of the Late Mesozoic
lithospheric thinning of the SCB. This is also comparable with the
deep crustal structure indicated by the P-wave crustal velocity
from a wide angle reflection profile (Z.J. Zhang et al., 2009). The
crustal thickness decreases from 42 km to 30 km across the Zigui
basin, Huangling massif and Jianghan basin (Fig. 11D).

6. Conclusions

Available structural, sedimentary and geochronological data al-
low us to draw a general picture of the Huangling massif that ap-
pears as an N-S striking antiform. The Huangling massif recorded
an inherited paleo-relief in the Yangtze craton around 750 Ma.
The Early Paleozoic and Early Mesozoic orogenies of South China
had no significant imprint on the architecture of the Huangling
massif. The Neoproterozoic-Triassic strata on the western and
eastern sides of the Huangling massif were involved in a series of
oppositely directed gravitational décollements and layer-parallel
slip surfaces that accommodated the uplifting. The subsequently
brittle normal faulting controlled the deposition of the rift basin
on its eastern flank. The involvement of the Late Jurassic strata
and the unconformable superposition of the Early Cretaceous con-
glomerate indicate that the uplifting of the Huangling massif oc-
curred between the Late Jurassic and Early Cretaceous, which is
in agreement with a cooling process between 160 Ma and
110 Ma revealed by thermochronology. Perhaps because of its
location in stable crust of the SCB, the deformation is rather weak
and developed in response to its uplift. The extensional or com-
pressional setting of the Huangling massif is not settled yet. If com-
pressional, the anticline may develop on top of a speculated blind
thrust. If extensional, this structure probably represents the wes-
tern front of the Late Mesozoic lithospheric thinning in South
China.
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La tectonique extensive a la fin du Mésozoique en Chine du Sud

Les structures extensives d'dge Mésozoique tardif (Crétacé) sont trés répandues en Eurasie orientale, depuis la
Transbaikalie en Russie jusqu'a l'intérieur de la Chine du Sud. Elles constituent la plus grande province de distension
crustale dans le monde. Cette thése a sélectionné des structures développées dans trois endroits différents du bloc de
Chine du sud en utilisant les méthodes de la géologie structurale, de l'anisotropie de la susceptibilité magnétique et de
la géochronologie (U-Pb sur zircon et titanite, U-Th-Pb sur monazite et Ar-Ar sur micas et amphiboles). L'expression
des structures extensives différe selon les endroits étudiés: (1) la ceinture orogénique de HP/UHP Tongbai-Dabie, le
long de la bordure nord du bloc de Chine du sud a été remaniée par au Crétacé par la formation d'un antiforme ou d'un
dome métamorphique extensif. Contemporaine de la migmatisation et du magmatisme syn-tectonique, le régime
extensif a commencé a environ 145 Ma et s'est approché de son point culminant vers 130 Ma. Ce qui a été interprété
comme le résultat de la suppression de la racine orogénique. Localement, un nouvel épisode de distension vers 110-90
Ma a également été enregistré; (2) le batholite de Dayunshan-Mufushan intrudif dans l'orogéne Neoproterozoic
Jiangnan se compose de deux phases d'intrusions granitiques d'dge Jurassique (ca. 150 Ma) et Crétacé inférieur (ca.
132 Ma). Le pluton le plus récent s'est mis en place dans un contexte d'extension NW-SE correspondant au processus
amincissement crustal du Crétacé inférieur, avec une faille de détachement développée le long de sa bordure ouest; (3)
l'anticlinal de Huangling dans le craton du Yangtze est un pli asymétrique d'axe N-S formé entre le Jurassique et le
Crétacé inférieur. Sur les deux flancs, la couverture sédimentaire a participé a une série de plis d'effondrement de
vergence opposée et de glissements banc-sur-banc des couches. Les exemples étudiés ci-dessus représentent une série
de structures d'extension d'dge Crétacé développées dans différents niveaux structuraux: exhumation de crofite
inférieure et moyennede accommodée parun fort étirement, mise en place syn-tectonique de plutons granitiques avec
étirement limité, déformation de la couverture sédimentaire sous une faible extension. Ils indiquent que la Chine du
Sud a également participé au régime extensif bien connu en Chine du Nord. Ces résultats apportent des données
nouvelles de premiere main permettant de discuter le cadre tectonique et géodynamiques spatio-temporel du régime
extensif du Crétacé sur la marge orientale de 1'Eurasie.

Late Mesozoic extensional tectonics in South China

Late Mesozoic extensional structures are widespread in eastern Eurasia (from Transbaikalia region in Russia to
inland South China). They constitute the largest crustal extensional province in the world. This thesis selected
extensional structures developed in three different tectonic settings in the South China block. Detailed studies
including structural geology, anisotropy of magnetic susceptibility and geochronology (zircon and titanite U-Pb,
monazite U-Th-Pb, and mica Ar-Ar) were conducted. The expression of these extensional structures is not the same
for each area: (1) the Tongbai-Dabie HP/UHP orogenic belt along the northern edge of the South China block was
reworked by Cretaceous extensional antiform or metamorphic core complex. Coeval with migmatization and
syn-tectonic magmatism, the extensional regime started at ca. 145 Ma, and approached its climax at ca. 130 Ma that
was signaled by removal of the orogenic root. Locally, a late (110-90 Ma) extensional event was also recorded; (2) the
Dayunshan-Mufushan batholith intruding the Neoproterozoic Jiangnan orogen is composed of two phases of granitic
intrusions with Late Jurassic (ca. 150 Ma) and Early Cretaceous (ca. 132 Ma) ages, respectively. The late pluton
emplaced under a NW-SE extensional setting corresponding to the Early Cretaceous crustal thinning process, with a
detachment fault developed along its western margin; (3) the Huangling anticline within the Yangtze craton is a nearly
N-S striking asymmetric dome formed between the Late Jurassic and Early Cretaceous. The sedimentary cover on the
two flanks was involved in a series of oppositely-directed collapse folding and layer-parallel slipping. These examples
of Cretaceous extensional structures in different tectonic levels (exhumation of middle-lower crust by strong
stretching, syn-tectonic emplacement of granitic pluton with limited stretching, deformation of sedimentary cover
under a weak extension) indicates that South China also was involved into the regional extensional regime coeval
with the destruction of the North China craton. These results provide first-hand new structural evidence for further
discussing the temporal-spatial framework and geodynamic setting of the Cretaceous extensional tectonics on the
eastern margin of Eurasia.

1 | Institut des Sciences de la Terre d’Orléans, 45067 Orléans, France
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