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11 EEERRMRENX

=B R F L G IS Bl s A R R, R Gk i iE s BT L, &
EIRFUIE LT . XIS B A A KR AR K E R AL o, SRR
G DK BB 5 R A2 A AR I R 0 — AR — R — 25 B i& 1L 77 (Mattauer et al.,
1985; Hacker and Wang, 1995; Faureetal., 1999, 2008; K[ :%%, 2001; 4%
FHi%%E, 2002; Ratschbacher et al., 2003; Hacker etal., 2006; Linetal., 2009;
Li SZ etal., 2010, 2011), PiZ el 1 L& id s | =& G2 K (Wallis et al.,
2003; Harrowfield and Wilson, 2005; Roger etal., 2008, 2010). iti®g 2 A%
(R ERSZ 3t Ly il s 1 AR AR B 55 B S b R Y SR BRI (Helmceke, 1985; Hutchison,
1989; Metcalfe, 1996, 2002, 2013; Findlay, 1997; Findlay and Pham, 1997;
Lepvrier et al., 2004, 2008; £ k4%, 1998; Wu GY etal., 1999; Cai and Zhang,
2009; LiuJL et al., 2012). AREAGHARGN A KSR, HiIAAER =

B Al A = B L0 AEAE H ACFRE A (Li XH etal., 2006; Wang Q etal., 2005 ; Li and

Li, 2007 ; Sun et al., 2011). =B MG EE TR IR E &R iE

1AL

FEIR LE R I o, DS L O 5T NTE B o — BN, RN SCE L AR
Herg 5 ISR DL e S 1 — SEAR U AR BN, TR T ISR AR L E RN, AR
M AR R ARG 2, JF o1 T OREAE K S 1R 17 (Helmceke, 1985; Hutchison,
1989; Metcalfe, 1996, 2002, 2013; Findlay, 1997; Findlay and Pham, 1997;
Lepvrier et al., 1997, 2004, 2008; £ K34, 1998; Wu et al., 1999; Cai and Zhang,
2009; Liuetal., 2012). EIS0Es)—HMEM N IE RIS G 1higg), 1F
BTN SIE S, RS U R TR G T I S AL AR, i — 2B IR
AN T R BN R S R AR R s A KA s

YURR S b AL 3 LUy KAL) A 1) 32 BEAH 4 (ZR4k 5845, 1992), fEi& Ll
T, ORI LA S AR o OB 2 A 3 e 1t o e AR By 7t
AL T R A A TURR s 5 A Ry 3 B oA AL B AR T T HEAT I (Bushy

1
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and Ingersoll, 1995). As[AjH4id S8R FIITTAR G B AT AN [R] B TR FE 3 51 AT AR
YYRIX (Dickinson and Selly, 1979). Jr Z a9 [X A L5 HoAth i3 50
FRIAF A B e 1 A AL JB M I B 2 S 4 A AR St TARAE A L kil
FHRAER. BREASERN SRS AHEAS, R T A L. Y
P X B A A8 1 5 A () ) 3 e 52, FC M SRR 7 B AR AAE 45 DU AR 22 R A 32 15 5%
PI#H% (Dickinson and Duczek, 1979) . Pk 51 1Ly A TR i i A 3 A 7
R LA B3 1Ly 2546 0 22 L A FH S BN S o Al R b A0 1 2 AL M g B
IR 22E 3 (Busby and Ingersoll, 1995).

P RV LA AT ) & b E B KR @t 2 — (Lehrmann et al., 2015),
P F RIS R PRI AT I X (3 8B4, 1995; SRih#A 4%, 2003) iX
— REEIAL . BRI, ARAT AR A FE R — PR NN AR B = & 40 M i AL
I FEAR A 2 5 5 E AR o BTN B T R ) e 180 A PP 7 2 P e R BB
s P HA) A 2 46 B S0 8 b BT i ORI 3 (T Lty Do X B e iU RIAFAE XS FRATT
R T A4 3 VA AR 1 A T PR

EIRAT NET R0 B f VL A =B RO 1 BRI B 5 A1 U-Pb SR
FOKFI AT DIBAHBIE SRR JE 20 3 e i, AR T M =2 RO F A &
PURARE 223 18] 3 A7 F 2 1) A8 A R AR RN S B0 B 0 AR AR R = o T IX /2
A P AL S AT A7 AE T IR S WU B B R R 2 — o PR, RSO A B B2
=% RUEAT T BONATE . VEANRUTRR PR A S AT 2 AR EE 7T . R 3
fill L, 3T RS VR X, 284 v R S R B TR AL, S T A
T T b A R 3805 s ) 3 2 8 Py 0] DA K T J R 45, DR 1S R — B A0 My 1 T
SR BETTAR AR o

12 MRIREFER R

EREM. SRR X R T — R =S dth, Kt
VLAt rp i K #3t2 — (Lehrmann etal., 2015), Hi2f A xhi% 2k it
JEVE B i BRI AR . T, M 55 (1988). XIS ERAIVE LA (1994)
YNGR A B Y 2445, AT 20 %% (1990) TIHRE H B A VT 7 b Ay ) s A = i
A . T 20 AR, BEAE K S HIER (L 2RI S B A U-Pb ARSI 52 TAE T e
AR Rl B VL A S 1 R i SR T TR N, R 2 1 22 W R —rh =8

2
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IS 30 B AL 2 R T i 5 TR A AR 5 B AR e — Tl e S DDA G

B3 X AT R M URRARRAE o I R L A R AT AT, SRR SR A
JEAR (1994) W\ g B VL 7 2 ¥ V8 — B SO o R B S R A SR PV A i 13
SATERMGE R . o, RN — B — R = Bt 1) 52 AR 57 e R RS 4556 1
VEF TG R AR R 2, Rt g =Bt MR TG 30 5 A 20 A 22 L0y R
KA B AR b T4 7 R T e U sl A it 2, o =St R 2
kG, =S WA RO AR I L B R n) ST AR . B R A e BT
MR T R RS S AR ORI S S R I =, (R R P45 (1995)
% T AR RS, A S i — R =SS RAN B, =8
A B S b B[] A R AR R T SIS 2 A SR B, W = T e s TR
Bro AP (1996) N R A ER P —ED SRS T T — AN 56 28 1 BiUR i
JEkl, el —H SR RS, oS — R =S MRS A SR
fiii %, th =S — =5 MOy ARG R . FRIEEAAN H SC3E (1998) WAy,
e —BL— =B L NE B, YT IR —TLr AR, FE AL
7 IR AR IR IS

WG =B G B E IR T 4 R, BRERAERI T AY (2003) R #E
VT2 TR R 38 T S5 A K s 3 RN 38 50 K i 5 2 T F eV g 3 A 5% At
45 (2008) AL A =& G BRI T 5 LORRE B9 &, e sl
G . XFBEERIARZ, BTG R 1: 20 J5 XM &k 2 A S &
RSN, AL A YR WK B A AR S A R A A

Cater FI Clift (2008) figih, &RV A = SL P —H LERER N
R T EISCHE LR, (R “ENSCIE LR 4 <l Pt 4w
BRERA i 3 A2 “ BN S B 5 AE B AR D i A B I v AN BE BB . Li A0 Li (2007)
SEPE B RV A AR h St —rh = S RSP R R 1 A R AR T A ) B
T B I 2, vh =B 2R (230 Ma) 46 g5 HirFili 3 . T Duan et al.(2018)
WA AT 7 R T A 3 R 1 AR e A 425 18 UL T AR S R A 2 4% T KT
PEREIOX — W R S5 AT AN XK B BRI ST AR, G I 50 B AL 2 b =
WA GUTRS R R G HT, M AESs (2009) 25 HY T —AN 3T R SVL 2 e i
B FeZ I —a RO N KEHA GRS i, —sa—R =550
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NIV R, B =F M —rh =B S TR A SR KR e A
B WEJE B A U-Ph SEACSEAIRE S A s BRI 22 BEAT 25 & 70 M, Yang et al. (2012,
2014) i\ ME B it — L = S I A R AT A R g s B G e A, R =S
IR 2 A g e AR o) e AR e T s ) B 7 o T AR B T A BT 45 R
Lehrmann et al. (2015) ARG ] BN SCHbE 2 SR, — 357> L2640 T Song
Ma 4557, Fe # VL 2 e 5 = S I gk B 2 | b = S i O e i ol 2t
X — M 2L, B AR A3 (2012) #1 Qiuetal. (2017) AR ELIT A HLTE
= B it S G ORI RE it . Faure et al. (2014, 2016) [RIFEIAAR AL
VLA 7 T Wt 2t G — ) i s 2 AR AL AR, (HAS R Z AR AE T IA g B S
B 5 AR mAR BN Rll B R A T = St B =St R ST 2 A A A

Zf BRI, BARLE G 7 2 O R R —rh = S i R S A R
T Ak 5 AR B — il DA DG, (BT R T B A I (U LD R
b FH AT BB I BOMG I8 B i PRAFAE Gl X TR pr @ A i, K24
AT T IR SR (8 %, 1995; FEMES, 1996; MRS, 2008;
4R A2, 2003; FhimAi%E, 2009; Yangetal., 2012, 2014; #5527k, 2012;
Faure etal., 2014, 2016; Qiuetal., 2017), WHEHF I NHZET &K TR
i&3, (Carter and Clift, 2008; Liand Li, 2007; Duanetal., 2018), 5 H &7
N LR 52 4% T o R T A 3 3N o ST A T e, SR B SR RN S B, 1994).
St T 7k b R 7 5% R AL I R4 BRAAZ/E R = St (Fe1E5%, 1996; Fhiz
A4, 2009; Yangetal., 2012, 2014; Faureetal., 2014, 2016), =3t (#
“E7K%%, 2012; Lehrmannetal., 2015; Qiuetal., 2017) Al =Stz 25 (%
0%, 1995; Liand Li, 2007)

I P A VL 2 = 8 R S RS e T R A A, IR i 4 &2
I =B R A YR LU AR ) 23 A1 AR Ak i 7K o A R 2 T 2 23 R i 5 ik
AT M, AT (1985) ARG RV At — B S Wl [X 32 Bk H 2 Hb 2 Sk
gl R (BFEFELELRZFYO . Jdmn . mE Lo R e E
S 0T, SRERSRAIHE LR (1994) 7 HI S ALIL 73 = B RV X 2 £ KUK
Ry, A £ ZR F A AR, ELFEER B R 45 R AN < T B BRER LA AR (2003)
[FIRE A P VL o R U8 X L 2 U5 R, BRAE L YLRE o R 4R
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15 T VU R ABCHT AE N K o PSR RPN SZE Ly S5 06 3 Ll s A s P 2
H R EWIRIX . AiE S (2008) FI F Ed G it M 5 250 5 0 A B0 7K
EAHERA A EIE AT T GEit i, VOSBRIt =S S X AT
Rl =P —a5 . Mok sE (2012) MRIEHEE A U-Pb 6, YONME AT
AR S ) R B AR AL S R 4D — B A E KK CHEISCIE i
FK, ABJFESCH IR 4 A E I A 55 . [FFEARE S B A U-Pb 4R, it
KA (2013) MR ST AR XA FG 7 7R SRR, @b A
B LR K s . Yangetal. (2012, 2014) XTRbEREE 44y WEJEH 4 U-Pb
TERE | T A M BR AL S R AN T K SRR B 255 B T 3R B R BV L 2 B S
P JE P X, 45 76 i 0 B S L e AR R G R SR PR 8 ZR I AR 48 B 5 e
AR — R AT %S . Lehrmann et al. (2015) R¥EHEE 47> B ES
A1 U-Pb AR5 AIT 7K 3 B &5 R\ Fe o 23 RO ) Ty AR AR e oy AR B ok
HVLEGIE Ly L RG] 5 0 Lo LAy RBOHE ], HE L RN R], YRS &
s et Bl ) M, RTS8l —=8LHEYIKE Song
Ma 4577, Duan et al. (2018) NI\ NI HLIL A RS )oK H b AR MRS 98,
B R SCH A AR H R ) 8

S EETIT N T R VL 7 A S IR X R, A7 AE 2 0 DR — P X 7
AR o 228 DX A 4 21 AT RE BB 8 AU X R HE VD a1 s (Rt S
5 R LGE WLy KRB A, (HE I AN, H AT 2 A NTL R I s 9 oo i i
W) TP E LKk RE A B liay (R HAPR T Song Ma 4%
A AL Rl GRERR AN 123, 1994; FREEAEZE, 2003; MR T-2E, 2013;
Yang et al., 2012, 2014; Lehrmann etal., 2015). ¥.—%J5 X MAEE = B (B
S, 2008). WRFENTILSG (AL HHIN (MoRks, 2012) Fl
A AMIEEZ I (Duanet al., 2018) =FW A5 .

gr ERR, FERLVL AR B AT AR 32 B ) A
1. G E AL TE 50 32 4% TR AN MIE s ? R R A& e, T RSP A R IS A

HE RN 52 — ) 2
2. 7 bR B 5 R RS e AR =S i =S s R =& R —

M =it ?
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3. FREEYIRE AT R RIGE R R A RIR?

13 MRABTSMRAGE

N b R 2 1 R AT R AU AE 1 R B R R, AR SO R AL A
=5 AJTRE T PR TIRU A B o A RF L & . Kb WS AL 04
HWHERAL AT AR B B ERAG 2 70 B AR R 20 Ar s 06 7 P e 2
HIREAT RSB AT U-Pb RIS e SR FE 50T

131 EENESLHIRAREIKE

HE 20 22 DT ARRIR R AT ORR 23 b 20 A7 () BE it BITd BP0 T L 7Y
P, B2 FE e, MIE AT TS, AR R TR A RO TR o 78 S FE
FEMEREESRE TR AR TR IE S A S i A 2 TR T A
HIFEMORR, T RGCREE
132 MRMESRIRESH

VORI IE SR T DA U A, R ARG L oy UM By i 38 ) AR
oo VIARMDE EEASE. ZHEME. B, EERBEE. B RFE R
i . WAE HE K ERRLFZE . BT EaUZH ., UG R AHAEG o
IKEN I A TURRIRIURA SR BT I SR . 5 40 220 R rp AR Ay i St 70 fg 3 A
Ha 3 S FLAH A RFAE, X RUREAIE R A% B4 S OB AN TR IR B (1 B AL ARF AT

1.3.3 HKRSH

A UTRR A RS FR AR VTR AR KR 7 ), WKL SL, ACHEZBE . Al
L VAR R RIR B S R T T DA ST S A A . X S TR
FEIRBEAT GEvE AT LA AU AR I AR ZRIRE 7 ) DT A9 2 A 40 Je A SR T oty b S 3t
FISEIEYE . BPAMEEGS R, RS2 5 BN R M 5 EL OB R 1 R B A e A 1
B S AT KT, BN GUHIBAETE 10 M. BN R 2 S
b 2 RAR A JE BRI 7K IR 7 17 o
134 HratERBEmSt

BT SLIERE B T4 22T B 1m? Y5 B SRR A R R R Bt 2K T 4
o DB Lk BRBRAR A /N i S o VR R, AR Gt AR T O R A K R

6



FEF 1em HIBRA TS . BT AR SO RBR S ik k2, it i
FROSHBR A K BE R AT T, BRI R A TR A KA K AN, &) R
YRR KB 2 FAT O E o L IFERE (Dorr, 1994),

135 WEHBASSIT IR

WO R 2y SR DA A 2R A L SR . SIS S A 2], A
B RHE RE % SR P X RS PR BT AN TR 2 M IR 44 3& BR 858 ( Dickinson, 1970
Dickinson and Suczek, 1979). fERHATH ARG A 73 Givtint, 8% B R IERGH
FHEARAHE S PR E B EERE B OISR R, J5 R Gazzi-Dickinson
BTG T, BN GEit 300 ANBURLAE A BB 2RI EE N BLUR JL3E:
OfA%E (REAENZ AT, QKA (REKAMEKA), @HH CKIEE
J&. IS S B MARTUE G E) ARIARA Sy (EN ). ANEP ). = BAR
RIRIRL ) o JBS 25 1) RN 252 6 TG 72 65 5 TR K o JoT BB e o A 7 Bk, A2 g it
(Dickinson and Suczek, 1979; Ingersoll et al, 1984; Dickinson, 1985; Marsaglia
and Ingersoll, 1992; Yan Zetal., 2006, 2010).

136 WEEWYEHEDN

HU YR ERT 2.89 MY, ANFEREEET MEEHA AR RS KR
ff) 52 (Morton, 1985; Pettijohn etal., 1987) WEJE A hEN MG ML EEY
i
5\

Yimg

YRR DU . AU SR DA oG, iR AL & KL S LEE RN, /]
PRI ORI B A ey U IR S AT TR DR, JF R MG it S o AT S5 1
AR S B o3 48 4 S HAT AL A DX Skt S5 A 7 R I T T S = 5E A

137 #HEEY YKL FE SR

B YRMIEX N EE L, HhEaEy Y (ngia. S40. BAA.
ARRA . BEASE) BT M TR T, 2 His A B RCE 1 F S A
N, BRI REBEEMRGER . AARSETY (WA, MINASE, BA
PR P AR R AR B0 , (EAR S L BR A 22 R AL i B PR 1)
W SRR T VLR o W iX S EA )R F FL - IRE AT bR AL 22 00T, g
¥ R 8 5 P00 3 W B (L SE I PR AR o AT SO R BT Ak — 2 RIS A
RS SR BRE AR A R A R B8 AR S A AT T AR ST . s
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SR AE o L SR e 7 BEURIE T BT L TR AT S AT

138 HEEAFTEA U-Pb BALED

A SCHY AR A H A AR I S 16 K2 15 kg, AHES A7 A A7 203k H
WAL XA i P A A TP S I = e M. H R R R 80 H, AFEIK
oy PRI AN RN B A B WA 2 O AR DR AT B, PR T I g
LR 126 328 LB TE R 0, B e AE U B T N Lk b A AN . P 3
b ToW] B RS H. R e B B RV A R B A ORE 5 R — RS ) RO S
JEHE o A ot B v [ A 2 e 1t o 5 M BR P BT 5 B 8 1 R S e a ) o o BRI
KM BIARFEA Qinghu. Plesovice #1 Penglai. =Zfrill it fe v, #1454 KA
Palaborwa /E ~¥x#¥ (Heaman and Le Cheminant, 1993; Heaman, 2009), #5f7
G R A Qinghu 1EJubnke. RS H HUH BEME A CL R AE  E 5Tk
4 Bt Kb SR 78 T KBt 3 772 5256 S 3 35 RS A RVES A 1K U-Th-Pb [FI47 2 4T 78
o R R e o 5 3 ER ) R AE 5 P 8 5 IR S 06 = Camecal MIS 1280 /K 1 Jif
WA AT, VEARHTTI5 L Li QLet al. (2010). it 5 KA %< B2 il 5K
JH1 ISOPLOT/EX 2.2 JiR#2 /7 (Ludwig, 2000, 7E AL FE 25 F#REF 43 AT s R i F2
AMH I DA = A0 B0 2502 B B R T IR ZE BOR B R BT R
3R X IR N AL AR B A 24 B A . 26Pb/2%Pb<<1000 A5, 2%5Pb/2%Ph LA
i ARG U Ph HG 518k vEr DA S AT 2 (R )43 P, 538 Pb AR IEiE
J%FE 52 1 41685 /)N (Heaman and Le Cheminant, 1993; Wingate and Compston, 2000;
LiQLetal., 2010).

1.39 MRS

AL % & 17 7% (anisotropy magnetic susceptibility, AMS) & — i i i &
P A REE T ) 58 1) 1 51 SR s WA A AR R BR AR B B i 207 9% (Tarling and
Hrouda, 1993) . BT AMIBTFULR R, REAFFLWHTIRIE BIAMS S BRITAR I
)& K 5 5 (Caietal.,, 2014; Tarling and Hrouda, 1993), 3234845, X
Tt s DA A BT U)AE DT AR S ) AMS U 22 3 S BRITUAR 35 25 52 3035 e 2= 4
(Layer parallel shortening) )77 [ #18 U 5 4% 1145 /& (Pares et al., 1999;
Pueyo-Morer et al., 1997; Weil and Yonkee, 2012). N 7538 72 X [(AMS 4k
RAE, FATIEFEE m— 01— e — VIR —) g IX — 2 5 B B VL R 51

8
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T 22 M 2 350 7 € 30 P T, 3 P VR B TR A3AN KA s I BT B 5 Sk HEAT T R
GiAMS SKAf . LSRR s PRSI T N KBS S A, AN ER s S 2 B
ZHRFEM. BAKAE SET6-8N H AR N2.5 cmEifLA S, (MR e
[ ST A IR E ) o AERSSCVFIIARAE N, A8 L ORPA 2 B0 R A BT RS IE . i
A SHEVIE 2.2 cmis ITAMSHEREFEAEARE & 5, 7EBUR R A2 St = A8
MFK2-R IR REAL 2200 A HEAT AMSSES o 48 FH Anisoft 14 4b B AM S Ei s LA 3R A5
T 225 1) e AR R AR (K AR R I, Kooy v )l K R T AR ), T4 H Jelinek
(Jelinek, 1981) ZitikitBIEESSHE (T) M&HRMEE (P

14 SERHSEYIITIEE

RIAEEEFIMEENEEMTE T T, FUREH M5 T 2014 42 8 F . 2015
4 3-4 A, 2015 4F 6-7 A1 2016 4 4-5 A X0 7L X BT HEAMET Sb LT B 58, 7
%77 20 Yan CHEN #3% 11 Michel FAURE #4245 5 N T 2016 4F 9-10 A X183
B TC IXHEAT T BT A% 58 e MR RE R . AW SCSEY) TAE R W3R 1.1,

W 1.1 FR, ROTEARSCRGR , ARAEH B #5 VL ZUTARAR A1 ok 7K 3 A
fE, R G 2 DU X g X3 | 0 2 G PR S, X3 10 R N 2 R S, X3
NI pivvAc b e S (O et A AVAD G Va8 7 v NS 72 “ SO S ik 2 37 DR
RAFH) T Fg b5 2 rg AL R B R 38— R B — B Rl — bk EL i B
— D\ Br— R EIR— Bk — 3 — i — % 2 — 4 (B 1.1 g4k 1 1
JSH TR A9 A ST A/ A B 0 3 30 T 4l DA o = — 3 Ll (B 1.1 v B 2k 2)
WE—IER 2 (1.1 R EREE 3D P —IHMN)\E—M 5 B3 K 1.1 g4 4D,
BEAMR—AFRE (B 1.1 2k 5). 2 —I— B ZE (& 1.1 ks 6) 5534k
[, FFRET 1. 50000 F#IM&s ] FORARS T KB ROGTEFEAR B 2 i F vk K
MBHRENE . BT RN EE ™ H, AR mlb—&1T (& 1.1 Jik
28T FITREI—EiY—VLid (B 1.1 HhEsLk 8) i, b AR S —RIk—H
OO 11 s 9 KB —AE (B 11 ks 100, )—dEn—i e (K
1.1 R4 1D, BE—FRR—4H (& 1.1 kL 12) Mg KE—&E =T
HCH 1.1 g2k 13) S5 B 2 AR e AR AR R 4L THD, (R4 BOW R 1 VA DT
FUAE BT KB ROTRR AR P £ ) AR oy 7R 50 O o ) T L L PR L
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Table 1.1 Completed work

THEAR IR SERN LT
By hp 52 54MH
i J % 2 52 900 km
Ea N, B, e, BE. N
AR RAE 42 1
&y e, PE. T
M 5 FARARE R 230 &1t
R WIRE SR AR 10 1
By AR 3500 ik
HIKRG T 5K E 133 5/1439 4H
FBE
K A RUR AR 88 4>
NGB ROTURR AR %7 7000 m
iS5 2% 2 T %7 140 km EEJNS=N'S
FELHFIRE SR A 71 A5T4 EE | BEE. B
R W) TEREN T 500 Hh [ SR 22 e B IRATE 9T R
SIMS 854 &M A U-Pb AR50 | 2 44 Hp [ B2 g R S s ERY BRI S BT
Hibsrik 5% 5w 42 AT b DX 3k 5 B = 1 A A AT BT SR =
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Fig. 1.1 The different areas and routes of field work in Nanpanjiang Basin
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2B XEMRESR

21 MREXMEBAE

WX FTIX, BPR VLA (ARG AL T = A X . 2
WA R =M, RIERDAEHRE 103E 44 108 mibiafi Htd 23°
b4 26° , JRATVEEZ) 75000 P05 ToK. SO LT, PAbEE, AR
P TG, WA R R 1936 oK, BRAIK 233 2K, — % 1,100-1,200 Ko 3 ERA VL
AT R ORI FARNE. IR, 8 HGE —Har Sk, WHEZW,
BT Y = 2 Rk, R RAE 7-8 AR Rw KA, mbfEa 1-2 ARLXES,
= 38T, WIKET 55T,

22 XEMERE

P AL Z oA G A B B A TR Rt rg E (] 2.10) it 5
KPS ASIAL (3 f0 R4, 1995; iM%, 1996; ik, 2003).
Y FA A [ M s SR e RT L SR (] 2.1b).

TE G M (0 - r A A B S R 46 B AR G 33 BT B BN S L e,
fi— 2K . BRI FE RO EIES%26 5 (Cai and Zhang, 2009). Song Chay
2841 (Lepvrieretal., 2011; Faureetal., 2014, 2016). ZLin—7E1L4%& 7

(Cai and Zhang, 2009; Shuetal., 2009; Faureetal., 2014). Song Ma 4£& i
(Hutchison, 1989; Findlay, 1997; Findlay and Pham, 1997; Trung et al., 2006;
Lepvrier etal., 2008; Nguyen etal., 2013; Faureetal., 2014). fEJHIEEEE T Al
Song Chay %% Z [ RA — ki, #ehrz Jydbiishtl CRARMESE, 2001).
IR ST JEE R FE T )\ A —iE R 5 D e e e s DA S K — IR — e e —
W SRR S A — =8 4UA ¥ A (Cai and Zhang, 2009; # = l545, 1999;
Li XH et al., 2006). £k W FLR AN \Ai—f ik i) — B Ve —il
etk (272-262Ma) AREE TR (B K385, 1998; Wu et al., 1999; ik
WSS, 2013; LiuHCetal., 2018), RJJ\Afi—HifefEdisks . (HiAEE AN
J\AG L B3 — 7 R B R — RS A TR T RN PR, IR AR SRS

12
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(Lepvrier et al., 2011; Faure et al., 2014; Lehrmannetal., 2015). Song Chay
285 IR 2T Song Chay Wi [ H & rOdp gt & L i g (] Day Nui Con
Voi H B IAE S (Faureetal., 2014), {HiFIdipsts H Rk WAE
WEHE B 11 52 256 2> 24 i %t (Halpin et al., 2016). Song Ma 4&&5 1T H i
FERHMECE |« BN SO s Ml 50 1 [ —i m ISR s, 19 8152 5
Y\ rl o v H Bt B A o 5 A A AR o R
NGRS s Bt A—E AR RN GRS, b — L RS E
REK: T EBRUFERR S AN, =85 E T E=88—
%P ZAAEE TR =85 b, LR EH—FAHTTR N3 (Lepvrier et al.,
2011; Halpinetal., 2016).

F R AR TGN LSS 22 - B PF- T Vb B R R e P — 2 —Ey L R 5, 5 5L
AT L IE LA AR . FUELLGE L AL T3 TR e AR A Ak, R R
NNE-SSW [a] fiefi, HIumBORAEINIEE T, (LR ALAM AN 2 NW—NE
[a) (Locfgss, 1998; A =04, 2011; #£#7, 2011), XA HERMHZEFEH
JoE A EAES . MRS Frond AR E Y AR U A A LR S
w AR IR RACE ACE MU N T, B A e M N, S R—
RHAMM LK, AORFZ—BRUKENT . TAEF T =BG NEREMHTIR,
=BGk, =85 — k%P RV EA TR, ARST T =845
Z b QLGB 7™ 5y, 1984; 488 MU 7™ J&), 1985; 1B & HULH ™ &,
1988; WL MG 7755, 1989). Tl L A th s B8 Joa T AR T
HAL (850-760 Ma) FHIRTEAIEME =S Hos, Fl 4N (440-410 Ma) 1
Fep AR (225-215 Ma) {EkE (Li XH, 1999; #3C#HF%, 2001; LizXetal.,
2003; Zhou JC et al., 2004, 2009; J&4kM, 2006; Li XHetal., 2010; ##7,
2011; Wang YJetal., 2013; Yaoetal., 2014; YanCLetal., 2015), ZFH&Eli
W 7 2 NG, =L NG, A 7 KU E SE [
NW )30 e 2 A i (VIR A45, 19915 BREEAAN I SCAS 5 1998; Lot ss, 1998;
TIEHAE, 2007; FE4E5E, 20105 2 =UBAE, 2011 BEH, 2011; BUFHEAE, 2018).
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ED

Gy
R J’%y T SIRQYEIERN)
,Q@ %

W D] R ROYEERK)
’\4/ SR SR

¢ 500k b L iy
E15: 1558 p 2,

.,}E}Lbé(l

P

2.1 EEALVT S R B GHE A (3 Sone and Metcalfe, 2008; Cai and Zhang, 2009;

Metcalfe, 2013; Faure et al., 2014 &%)

Fig. 2.1 Simplied structure map of study area and surrounding areas (Modified after Sone
and Metcalfe, 2008; Cai and Zhang, 2009; Metcalfe, 2013; Faure et al., 2014)
SWB-+ /A KLz ; SD-TL-Song Da-Tu Le 2 3h ; DBF-ZEi 5@ #TZ ; SDF-Song Da #&Y ; RRF-4T
ST#TZL ; SCF-Song Chay B3 ; MLPF-FREEHMIZL ; NCF-Fi—= (Cao Bang) HfiZL; PNF-%

HBTHE  HHF-A3 TR | TNF-IKINTHE ; BSF-H @K | SZMLF-JRR— SR8
B ZNHF-5 7/} T3hH R | NOMF—fT— 4R — DS | XPST-Zif I .

REM I (& 2.10), g —#iood AR E e (8 0 e
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=i

{4 7F~3.8Ga. 3.3-3.0 Ga. ~2.5Ga. ~1.6 Ga. 1.0-0.9 Ga. 0.84-0.74 Ga A
J% 0.7-0.54 Ga, #& Yu JH et al., 2008) FlIF 4 FARKE g 75 AR R IR T2 K
(413-467 Ma) (VDRI ZEZE5, 1991; MRl Rl & i/, 1994; S2FA #1455, 2000,
2006; FENHESE, 2009, 2012; Wanetal., 2010; Chen CHetal., 2011; Wang YJ
etal., 2011; Chuetal., 2012; F/NESE, 2017), V7 RIS oAb BT |
AR— B RICEBPRE R KA, =& R REE, kY 2—HER
NBEABRIR R (PRI R X HLUT A 77 R, 1985). ZIXTER RSN T
NW-SE 45 /& (Lin et al., 2008). iTEkA LIERY], I Ibg Kk E N
HAR (441-444 Ma) E3RR, ARZM XA R AR (R/MESE, 2013,
2017).

PEAL I AT 2 - R W 2 5, 5 RE ot Bl DA SO JE 1L R R cE AR . R
VR TS SRR Sy A M R B R VL IR, DA 7 oy 2 AR R e AR X X T
e NRFIE, A SCE TR A 4EH T 1.8-1.5 Ga 1 0.83-0.75 Ga (Li XH et al.,
2002; Wang J and Li ZX, 2003; Li ZX etal., 2003; T4, 2016 KHt %
EICHRD . B LR KA B AN T, U BRSO, D
Kot B I 20 R S FRACE (S FAHT TR, 1990).
AR FE N 0k JE Ll K K 8 R RS Bl A] 2 260-250 Ma, LG KA X
e MEE MR LS, R L RHIE, @A — 5 A AR
HAER R, mofit 7o R BE LR K BUE 4 TR T ~259 Ma,  FFEEI E) /N T
1Ma (Chung and Jahn, 1995; Xuetal., 2001; & XRIFIE#M R, 2001; 3KIHLE
&%, 2001; 44 XK, 2002; Zhouetal., 2002, 2005; i4/¢%%, 2003; Guoetal.,
2004; Wang and Zhou, 2006; Zhong and Zhu, 2006; Tao etal., 2009; Sun YD et
al., 2010; RV, 2011; Zhengetal., 2013; & X, 2013; 44 X NI%E, 2017).

2.3 FEEIIA MM BRI
231 HE

FARLL A B O 2R IE R B R, R ARR. &R,
=BR KPR AER. HERNENR (K 2.2).
HAE T EAEF R AN R ROV RIR, =8 R rA5E, BRIk
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F8 43 B9F 0 N L PN 0 oy A S R ST B R k2 6 b (ke A SRR S 4,
1994; 1 fF4, 1995; Yangetal., 2012, 2014; Lehrmanetal., 2014). Fi#%L
VLA, Rl R ERRE R RO E oy — BRI A S A SRR Eh s,
SR . VR B R URER #h A DU B A A TR &,
JEEBICRAKARTIR (L AE%E, 2009).

=B RMEAEFERL T R BNz, MRAR RN R, 4
MW 2.1, @A T =85 L EHBEAE T ERMZERE, h=85H)Z5m)
7z, LEFEIAALE (B 1.1 X3 D DUBRER EhA A E, A, R (&
L1 XH L L V) WS A N, 0 E =S T A & b, ox
By, sy B TR A (B 1.D).

105° 106° 107°
V" vy Y \& Vo 7
s
V2

109°

7\l

07

7 - 21
(//\\"‘(
B e\ 7

o L
bl I 4
e b
A |
CL T AN SRR

[ ] r=as B @ woae G et
& & i @ msds  © KA
— &% i | 44
OF. i TNON ==
iiégggj)\) o W @ M
& 2.2 B AR 22 e ) b o o R

Fig. 2.2 Geological map of the Nanpanjiang Basin and adjacent region
a- IR L AGIE IR IR TE (4 Metcalfe, 1996 1&2%) ; b-#E 1:100 77 gt suE (B i BTR et R
MRETH SIS REIRE, 2012),
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TN =BG A FE AR IR — R, DS S . BT i
aNE, RERERE RS, K] REECE METRes RE. PHEATE
AN e & I —, RICNIKGEIKFTIES . Ve a el it b
%> & Ophiceras sp.. Lytophiceras cf. commune.. Flemingites sp. £l Claraia wangi.
Pe R E E AR R PR NI S, RN E S Ao s FRm RS, R
B A —W b, Hodh & Claraia stachei. C. wangi. il Eumorphotis multiformis.
RANSCH AR O TS | AHRD S A Bk D S A B, R AT WK % J%, & Claraia
wangi Al Eumorphotis spinicostata. & BJ$ZH 3= B4 A 7E A AL M= — vi i,
FENRACRE WP a 5K ETE, EudF—wUKE. BaahE, &
Eumorphotis multiformis 1 Claraia wangi. F =& 48 848 J2 5o o L4 3 550 #i
), NPT R b e a A K, AR AR R .
Columbites sp., Owenites costatus. 7k T*8LZH 3= B 73 A7 7E 2t P8 e ] 2~ — A= —
G, KRB A =5 BRI A = A  IE e ks N =, HAh & Eumorphotis
hinnitidea 1 Tirolites spinosus. “Z2NiZH 3= AR F Gt AL 2 2 g —viF— i —
W, SRR ICE EERI A A S, HH S Prosphingites sp.. %
ZHFES MRS E Z—P f—RIE—77, & Paranannites sp..

=B G2 R FACH FEZ AR AL AR G D S — R, LR E
WKE. BraaNE, SRALS%, REREEF TS EGE, Hhd
Myophoria sp.f1 Zygopleura (Allocosnia) sp.. /™IHZH 3= 5553 A7 75 g 4 V1 72 1L 7 3
b= — 00— G —2 -, LA E . Koa . VS KA i K
ABRE, B S Aa &, R e B s b, HoA E Leptochondria albertii
Rbaetina angustaeformis. Bakevellia sp.. Neoschizodus sp.. Costataoria goldfussi
mansuyi. Claraia griesbchi. Oxytoma scythicum F1 Eumorphotis cf. multiformis.
RIGHFE AT M- — % e — i F—RIe—, LHEEKE. A=
A RKE. BlAEAE, REEkERE, HH7 Leptochondriaillyrica
A1 Pleuromyaelongate, Z4LKESF W “SrE A7, B 3 Bor A48 Bt AL 2% va
F—ilr, WERKOBERICRKE . BalKE T, RER K EMB oE,
7= Japonites sp.. i EE A AR IS E BT H— Rl —4, UK
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P s b a N T, JRERIe A s, RER AT W “ & EE 7, 419 Judicarites
sp.. Daonellaproduct. D. ignobilis. Balatonites sp.f/! Paraceratites cf. binodosus.
PRGN B 3 20 32 B0 A7 1 T A VL 2 1 2R AN e A AR — 1 e — S 3 — ) —
w, RES AR E . BRI s, BRI S . b E A E A,
Qxytoma sp.. Plagiostoma sp.fil Entoliium sp. H =& 8tk | M 2 A4 E B AR (E
Fedb—T " E—lhk—a i, Uh—ERas . TR S 8RS Fk
W e s . W H T B A fE AR B —af7, A4BRDE . Bibiar . 455
Pea T, RN EEG . A 2B A AT AN BR 2 70 A £
WA — U . BHIFH DU B —R KGR ZPUR A =8 KA R
Hza NE, Eud—4 & —EREEK S, & Leptochondria illyrica. L.
hubehenisi. Sauropterygia F1 Unionites muensteri. 2&3k4H i1 &2 RS . 75 ]
UK % fiki K 5 M E = A LR ARG, & Daonella indica. f1 Entolium cf,
lavaredanum. T3 2H i = — & S KCE IR S, HEAT WA AR K
‘& Kueichousaurus hui. Cuspidaria (?) gladius.. Daonella lommeli. Angustella (?) sp..
WA AR O S e R s . REMB =S, HhE Halobia kui.fl
Daonella bulongensis bifurcate. 23 ZH AT bk 2 53 A7 6 7 AL VT 2t vE 2% B b —g%
B—ar. EEHRNRERIAE . MbE. BRKEMEMS BKE, L&
Trachyoeras sinensis.. Protrachyceras spp.fll Halobia rugosoides. #a#k4H ULk t4 5
JFHORIKE . BaRE, REREKE, & Asoella cf. illyrica.. Plagiostoma
costata 1 Rhaetina angustaeformis.
FEBGREH TN SR B A b — IR A, BN E . AR
Mes H)Z/I, 5 Paratibetites clarkei. Trachyceras aon. Halobia superba #ll
H. rugosa. i f1 BHH = B AT M- — i = —77, RN & R KA F b &
E¥ONRE . MR E MK A H)E, & Halobia kui. Trachyceras sp.. Daonella
bulongensis bifurcate. Clionitidae 1 Protrachyceras dauvillei. -KJEFr_E#FERI4H
IAAEDTE—, AKEJE . WA M es JCa B asns, Hhak
JZ o SR KA P 2H 2 B AT SR — IR — T P 7 o A% A R b 5T K 5
TUA IR A dib s KRR KA, & Trachyceras fascigerum. Worthenia

tuberculifera 1 Trachyceras cf. tridicum. KIEFFA VIR B0 R TUA K5 E A
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Jehm I He 12, Hrb2 Yunnanophorus boulei. Y. tonkinensis. Burmesia sp.

1 Unionites manmuensis.

#* 2.1 MELAEM =5 RHZER 730 R
Table 2.2 Stratigraphic division and comparison of the Triassic in the Nanpanjiang Basin

(HE) PEH R 72 )5, 1985; SN AMGEY F=fR, 1987; =~EEHH 725, 1990)

a1 TR B Hr PR
T I | Sf
Sl S sl oyl
= Wl | 4
=l w BurHA TR
FREA | 8 | o ],
Plowrw | okm | wom [Baor] &% | @ | o 20
= g | om |m | M|
= Q N " \ S
g | wrm | | TE L mpm | mem | TR e | N
- a
. g | mwa | RE | ke
.
= T \ ‘
7 . S o L | S
é}ﬁ El_‘l}#ilz)l %@éﬂ Vil %ALU?%?H i)%éﬂ

232 EBRE

P VL 7 A )2 SR B0 AL 1) T 2 R IO TR AT T A O ALY
FME A R s, AR R s L RS CEFEREK. WIE
T MR ZalE — 2 IE—REUE ), UUSLER T B 41
J\fi-m°F (Cao Bang, #iFg) —wr AL S . FEVEA

AN B TR L B A S E R A mE MR E . B T8,
JUHEPEARE . BEARE . EAMREES . H AT AR, S R R
EEEMETM P E . BRESM . RIEHERVICR, iAZ AR RS
T Z 2L REaE (TS R, 1985; ST MAA LB R, 1987;
A HT R, 1990), M 53— et A N R L A O A A — e e
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HRM A AR R (RIEESE, 1993; TURHINEE, 1997; SKiE4E, 1999;
TURFE A%, 2004). A N GF it A Rk e B VA HE AT TR BN 4 TR . YR
FAE (2004) X FE Ak VL7 AR S BH 3T AN K R — i I K BUA AT TS CAPAr
A SHRIMP #i47 U-Pb 5E4, MITGHIE ARy 256-254 Ma. FKIBEERATH It
(2014375 3 JRURN B I — 5 [ 43 LA-ICP-MS #5457 U-Pb 4% A 258-255 Ma,
HY0RE A (2004) FIEFLER—B HHE% (2009) W75 AL S ) —7 (1
WSR2 A7 2Ph/238U AR I8 BB 34 {E 255.041.6 Ma(N=11, MSWD=0.64, 95%
BEE). ZhangJW etal. (2013, 2014) % #7506 g M AN IH B JE i kAT
THEA U-Pb AT 4T, TSI RAER A 24846 Ma. IXULFERLLE LRI, &
BTN EERNE Z T & —F =51t (258-248 Ma). HIAM]
Tt FORT 1 e B 25 SR (1T BT 1) 22 73 R ABAULER AT, SR T Ak 22 s 3Rk Ak 2% AR A%t
TX B 25 A R R P2 A T RO I R A o DA 2 X I S e 5
J& T HLERAL A 00T, WCRILTE RS R (L bR ATE AR F G 5. AR 5 Ak — e
N E ORI — W BB TR T KPR NS, RAHEII AR =Y CEREE,
1997). X T visk—ar th B Sk, Hal iR A CREM AR 5
A, 75 VL A AL 53 M 0T — 15 HH B i B AR A, R A% 5455 (2009)
WL SHRIMP 547 U-Pb EAE M NRALIAR Y 8411 Ma, REENMERTY
HRHE L R AR B I — B4 . Mo S (2018) X AR B RS E AT T
LA-ICP-MS #541 U-Pb [RIA7 2434, i —/Mill 55U 2%°Pb/28U 4E 4 62 Ma (J5
SCHRAP R AR ZED, KA AR I R T T 222 Ma e Aa, kT4 b A\
PSR ALAFEHS N 62 Ma.

P YT 7 b P e 35 R B RSP BT A R N TR R AR B T T 2 1 i,
R TAE AR 33 e S 7 BRI AE RS R IR Ak 2 M B AT R, SRR T — R Ak
AR S . EAMRIARR (1999) 7EMEZR B EKILX R I B4 X ils
g1l ; Qinetal. (2011)7EBHE—7 &I 25043 Ma X HUA ;s B /MVEE(2011)
TR PUARAE RS I — K IN 24642 Ma J225a s RARMESE (2002) 78] PEAEHE—
U H R S R U S A R A A BTSSR (2012) 1E
IR ARI IR e — R T 241+£2 Ma [k ilisss A4 (2018) I IE—m
T I R R =S R — R A R (250-241 Ma), B EBFFIIAK
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X LG K LA B BAT B TR @, SRR E - VIR G . 5 BA_ B s AN TR 14
72, Huang et al. (2014) UL\ Ay 72t R 2% AR 4 — i HA 3 1) & A AL 5 24 (260
Ma) I JE L Z A & A A 252 .

MR G T A B IX, NP 2 m RS L)\ AT 2 ) R B R T (Cao
Bang) b [X t #& i) =& RIS HEERA — RYGEE—HEMES, o a
AR AR AR AR A TN o 3K S B — B 1 25 1 PR DR AR E B il 5K
WRHESE (2013) A\ i —ali e — RSy MORB lip st s, HhgHc
fAIN A SHRIMP #5475 U-Pb £E#4 A 27248 Ma. Liu HCetal. (2018) X} )\Afi—
R RS — I TR TR A BRI 2 T AR, 45 BRI A 1 T K
F 270-265 Ma, J&F N-MORB Fl SSZ 4t . PJRFIXIAKR: (2002) 1£5
J\A I AR R T RS T O RO R 8 HEAT T A, O AR R
AR T TR EN SR 2 [ R K 2. Thanh etal. (2014) AN
*F (Cao Bang) —irs&ME—@ BN AR TIUEMES, Hea XA #1717 Rb-Sr
SR EER BRI T 26315 Ma. 454 UL EEE, S E U\ i—m T
(Cao Bang) — i HE P — R HE PR 4 A ] DL R 0T 20 SCPE R IRV e AR B
reTEre i R e B A s (B ORFE4E, 1998; Wuetal., 1999; Thanh et
al., 2014; Halpin et al., 2016). XFiXEeFepE— LM AT RMIERSE, A—
L2 HREAN DL AR o E T T R 5 1 X e B — R B A [ 6t A R IR
HAFTHESE, 5RPEREE R, — 5B ) ik SR — R 5 T8 TR A A
JEtiET 5 (Lehrmannetal., 2015). #4h, #E &7 (Cao Bang) —7f &3t
MeE — R AR I 2 5 T AR T SR A OR AR, 1 AR SR A — P T ek
(Lepvrier etal., 2011). 534F, AR E I\ A ke 4k o 106 8 TR 5K
R, ARSI X A R LA R XA MORB X
A (Cai and Zhang, 2009), HUMLRIfdReRs o0 ARF, Bt DA— L8223 m) T
WA\ — i e — B B IR R st s (Faure etal., 2014).

223 &

A BT 20 JH % F B R B AL DT — R AR ML AR —rg VU TR 3R, [ v st A6 8
L — P T AR B AT, JE S P AL T SR — R T AR AR
FAMIAEAE— T 2L it K B KBUH BT 1AL v — R AR T T Y, B e
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(N

Br—mPF—i CE—r—)D WA T 52N A A X, B NW
—SE [ajfEff, FEdbe BB LN, S8 s, P, A EW R, mEAT
AT WIS 2 B ALV BRI o B e — T — 7 R LR, REBR AR
TEGUAREETE PR R, 1985). BRI Wi AL AR LY 7k gk A\ i
JE& WTRE B B F R & p = Bttt o =B R MR AR N o e BT D) (2
WS, 2006; {FirZE%E, 2008; FKoRGRSE, 2009; #h{fi, 2010).

TR AL S IR AR A s TN P R R R
Ztirg = LN, Bk R AP — R AR . B YL 2-3 4T
TR, AT 5-12 km R, Wi F MR o, JBNTE, A KPR
DIMER (PR 5, 1985). XATERIERM, & — MR /b2 P
W, BWNLATER, FWINAITER (MR, 1978).

IR —oR P A A R AR —m v ), dbiR B IR R E A, £ AL,
ORI R, A, PR BRI A B, LR MR
IR —oR IR vy B AR, AR N =& &, Wi dbde s —Ib v,
WA B AR E =S RARE M2 E (A TR, 1990). B
275 o] DR L RO LR 2 B DL B e B ol A R B =S R R
FIRLIEE . (ER M5, 2002), @B TIBAH. WHEERBOR T AR A )
P FEHERIL 22 4T (Chen JF etal., 1991), isE—sREIWTZLN N — 2 K T 10
AR, FRAERE AR AR R A AR YA SR, B AR (= R e
R, 1990: MG, 2002). BRut4ESE (1990) FEIMSE—yR i X ORI AL 4Rk
) ) B E R 1 RO AR T 25 2y, R B AH BRI G 2t WO 5 s
SRR LPERAT A 55, HUBRP BT 7045 R BoR, IS - vk S e = S el
RATERF ZRBOR I CEMPFSE, 1995; 30 AIfhRH, 1997)

FEHE—r TR P R Bl B AR, MARILZR T S BRI AR
5, BefkGEn 45° -80° , SEISCHIREAEA DI, SR E AR (PR
R R, 1985).

MR AL R, AL AR, SHA. HEIRE L 2
T, AETRREAGHSLE, BEAH W (O THhET 7R, 1985). W
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247 B NW-SE [ZEf, TR T 5 A AR E B AN v — BN SO B A R sk e,
EOSCIAJE AR N LAY RN, BDSON S AR e RS B 2R AEREHES)
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Fig. 3.1 Field photographs showing the Lower Traissic intertidal -supratidal zone deposits in

the northwestern part of the Nanpanjiang Basin
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Fig. 3.2 Sedimentary column of the Triassic around Xilin area
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&l 3.3 BRI AP F =2 AEIF—REAE N UURE SR A

Fig. 3.2 Field photographs showing the Lower Traissic tidal flat-lagooon and subtidal zone

deposits in the middle part of the Nanpanjiang Basin
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FRJESE 15-35 cm, A SEAH 2-5 m, A4 SR K TE T .

& 3.4 BARIL AT T =B RARIRHEREINE T

Fig. 3.3 Field photographs showing the Lower Traissic olistostrome in the middle part of the

Nanpanjiang Basin
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& 3.5 FETEMAI T =B5EHIE /T

Fig. 3.5 Field photographs showing the Lower Triassic in the eastern part of the

Nanpanjiang Basin
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Fig. 3.6 Sedimentary column of the Triassic in the western part of the Nanpanjiang Basin
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Fig. 3.7 Field photographs showing the Middle Triassic in the western part of the

Nanpanjiang Basin
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Fig. 3.8 Sedimentary column of the Triassic around Tuguozhai-Ake, Guangnan

35

itk



FET R = BFTURPRAL R R ADIE R E 47

B 3.9 | RELAE—H=AWMAVIRESNE

Fig. 3.9 Field photographs showing the detla deposits around Tuguozhai, Guangnan area
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Fig. 3.10 Field photographs showing the upper turbidite fan deposits around Guangnan area
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3.11 JE R AR B AR TR B A R

Fig. 3.11 Field photographs showing the middle turbidite fan deposits around Guangnan

area
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B 3.12 J R E— AR R — K AR TR EF S R A

Fig. 3.12 Field photographs showing the outer turbidite fan and deep basin deposits around

Guangnan area
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Fig. 3.13 Sedimentary column of the Triassic around Pingyong-Luoli, Xilin
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&l 3.14 FEARE-TH— T =AWMAVIRE SR+

Fig. 3.14 Field photographs showing the detal deposits around Pingyong, Xilin area
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Fig. 3.15 Field photographs showing the turbidite fan deposits around Pingyong-Luoli, Xilin

area
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Fig. 3.16 Field photographs showing the turbidite fan deposits around Bagiao-Xilin area
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B 3.17 REAMBRT I (BREEFD Wil —FREER I A T IR E S 8

Fig. 3.17 Field photographs showing the lagoon - barrier dam deposits around Pojiao

(Bandenghe) - Bianya, Longlin area
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Fig. 3.18 Sedimentary column of the Triassic around Longlin area
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Fig. 3.19 Field photographs showing the turbidite fan deposits around Pojiao (Bandenghe) -

Bianya, Longlin area
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IR

1B MR BR S AR RO, SN B PSP, R/NIRAR, it 22, TR B
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B 3.20 2R BSH—HT RS EITR SEEHER (7 ) FRA

Fig. 3.20 Field photographs showing the turbidite fan deposits and olistostrome (?) around

Zhanlongpo - Pojiao, Anlong area
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Fig. 3.21 Field photographs showing the tidal flat deposits around Pojiao - Anlong -

Zhenfeng area
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Fig. 3.22 Field photographs showing the olistostrome (?) around Zhanlongpo - Pojiao,

Anlong area
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Fig. 3.23 Sedimentary column of the Triassic around Zhenfeng-Ziyun area
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Fig. 3.23 Sedimentary column of the Triassic around Zhenfeng-Ziyun area (continued)
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Fig. 3.24 Field photographs showing the Middle Triassic tidal flat deposits around Zhenfeng

- Ziyun area
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Fig. 3.25 Field photographs showing the Middle Triassic turbidite fan deposits around

Zhenfeng - Ziyun area
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Hnba R BIRESUR R BE R A (K 3.25e), K Tede 1 Tde
e, FFE—Rs &, Pah&aREEDHAEE (B 3.250, RV
EURRIIRIIR .
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Fig. 3.26 Field photographs of section of Lianhuan, Zhenfeng
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Fig. 3.27 Sedimentary column of the Triassic around Pingtang, Badu, Jiuzhou, Ceheng area
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Fig. 3.27 Sedimentary column of the Triassic around Pingtang, Badu, Jiuzhou, Ceheng area (continued)

61



FET R = BFTURPRAL R R ADIE R E 47

.u [l ||-|||||m1.mqml.
e - -

Centimeter s

3.28 “F3E-)\ /BT B3R h =BG MR B AHTRE SR A

Fig. 3.28 Field photographs showing the Middle Triassic turbidite fan deposits around

Pingtang - Badu/Jiuzhou - Ceheng area
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Fig. 3.29 Field photographs showing the the Middle Triassic tidal flat deposits around

Anlong - Ceheng area
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Fig. 3.30 Field photographs showing the Middle Triassic turbidite fan deposits around

Longlin - Xiangbo area
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Fig. 3.31 Sedimentary column of the Triassic around Dingan, Lucheng and Longche area
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Fig. 3.31 Sedimentary column of the Triassic around Dingan, Lucheng and Longche area (continued)
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3.32 ER-BIR- P =B G AR B B b AR TR EF SR

Fig. 3.32 Field photographs showing the Middle Triassic turbidite outer fan subface deposits

around Dingan - Lucheng - Longche area
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Fig. 3.33 Sedimentary column of the Triassic around Zhesang, Boai, Yufeng and Bama area
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Fig. 3.34 Field photographs showing the subtidal zone and turbidite fan deposits around

Zhesang - Boai - Yangxu area
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Fig. 3.35 Sedimentary column of the Triassic around Daleng, Nahuai and Longche area

73



FET R = BFTURPRAL R R ADIE R E 47

3.36 REF—F AR m AR EF SR

Fig. 3.36 Field photographs showing the turbidite fan deposits around Daleng - Nahuai area
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3.37 B)II—BRR—RE—HmBR AT

Fig. 3.37 Field photographs showing the turbidite fan deposits around Longchuan - Baibiao -

Nadou area
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Fig. 3.38 Field photographs showing the Middle Triassic around Bama - Yufeng area
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Fig. 3.39 Field photographs showing the Middle Triassic intertidal - subtidal zone deposits

around Xiajia area
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Fig. 3.40 Field photographs showing the Middle Triassic turbidite fan deposits around

Chenbiheshuku - Xiajia area
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Fig. 3.41 Sedimentary column of the Triassic in the northern part of the Nanpanjiang Basin
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& 3.42 BRILEEMTE I =B R E SR A

Fig. 3.41 Field photographs showing the Upper Triassic in the western part of the

Nanpanjiang Basin
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Fig. 3.42 Field photographs showing detla sediment of the Upper Triassic around Zhenfeng

area
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Fig. 4.1 Characteristics of paleocurrent of the Triassic in the western part of the

Nanpanjiang Basin
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Fig. 4.4 Paleocurrent characteristers of the Middle Triassic in Nanpanjiang Basin
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E5R BEARSH

51 #BES T

P18 2 R AR T 2 RS2 B TRRIR XRRAIE . DURRIREE L 480z J7 =R s 1 FH 55 2 P A
IS, o R BRI R 3R AR TR B R T 5t BRSE RIS w0 i L )
2H AT DU b R 8 FLORR I A I T S, ELRE S HE T R I8 Ak ) s 3R ALK (Lash,
1986; Gareanti, 1996). A FIHIdEf Shx R fATL AN N =B Ghks B L Aa R AT %
Gigiit, WA I =SS A AT B ARG, AL =S R R A
i3 T P A 602 [ AR AL AR, o T BT D S B X, DT D9 HOE R Ay &
T 5 S G R VA S A AR

511 T=B25HEREHEN T

FARLLIAH A T =2 R E RS WEICEMRE HR, XA AR TR
FERAPL J CaCOs & Frid /&, AREREAT RAMEE FHEB ARG Tt 40 A0 T b 3 v pk—
W T ZB G P — B RHERRIR S, RETR AT TR, R AL
MR =B BT S AL T B AR B ASCAERT AMERUE MR B —3 N =& 7 A
MFARFREMIRSE Sk (2P E LA 5.0 37 TEvA RS, ARFESERA
HE AR 5.1, WA B O BT AE R A LB 5.1

*5.1 VuMkrRERE N =B 5E TR A0 gt AR

Table 1 The lithologic statistics of pebbles in the Lower Triassic conglomerates on the south flank of the

Xilin faulted block

5 FEVIREE A eKE  WEKE e ik s ks
15XL-1 2.96 % 17.11% 79.93%  0.00% 0.00 % 0.00 %
15XL-2 0.00 % 24.79 % 7521%  0.00 % 0.00 % 0.00 %
15XL-3 0.00 % 18.66 % 81.34%  0.00% 0.00 % 0.00 %
15XL-4 21.78 % 7.49 % 70.73%  0.00 % 0.00 % 0.00 %
15XL-5 4.22% 36.14 % 59.64%  0.00 % 0.00 % 0.00 %
15XL-6 4.14% 43.80 % 46.47 % 5.60 % 0.00 % 0.00 %
15XL-7 13.35 % 18.20 % 42.23 % 2.91% 6.31 % 16.99 %

T EE 6.63 % 23.74 % 65.08 % 1.22% 0.90 % 2.43 %
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Xilin area
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7.49%-43.80% [F], “F¥)E 5 23.74%. EVIWIEIKEGEN T 0%-21.78% 7], T
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THBEALBRA R R, DB IRE MRS NE, —FH B EIE 8%l b, &k
RV IE . FIBEAIRERA S ORI, HAEYWE KRS SRR, &
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Fig. 5.2 Field photographs showing the detrital composition of the Lower Triassic

mrl-Je#CE : bls-AIWE B KA : ols-filiki K CE : cal-Wb B HCE: con-fifis: m-les

512 H=BHEEEBHEDTH

O WA P AL A M P = B G S 4 R, A5 SO T Gazzi-Dickinson Y20 G i A [/ 1 [X
1) 49 AR YERE AT T A B A gt BARSG i J7i4 0L (Dickinson and Selly,
1979; Ingersoll et al., 1984; Dickinson, 1985; Marsaglia and Ingersoll, 1992; Yanetal.,
20100, FHApEMpEE (& 1.1 X3 D 5 1F, ZHAE (B 1.1 XKL 1, 1V ggEsD
331, FHAES (1L XL L IV A 11 fF.

EWME T, ML A =S5 a B Y e AL, S B MK A (B 5.3).
ALY N B AR Z A gE (& 5.3c-d); A B AR KECE S TE . TS S 8 AR iUs
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Fig. 5.3 Microscoipc photos showing detrital composition of the Middle Triassic sandstone in the
Nanpanjiang Basin (orthogonal polarization)
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#* 5.2 WIBAS SRR

Table 5.2 Counted and recalculated petrographic parameters of sandstones

Qm= HF A%

Qp= ZhifHt

P= RHKA

K= #&n

Lvf= K3EFUKILEE)E
Lvmi = Tk S50 K s 5 JE
Lvl = SHORRHC A I KU 6 B
Lg= fHEAE

Lss= WrnE

Lsl = A% TE

Lsch = #Ef A 5B

Lms= mBEAEA AEE
Lmp = THEE)E

Lmm = A48

Lmf= FAH4

Lmv = Z8KHE S8

Mi= =Bk

Hm= EF¥)

Op= NEWIH)E

Qt= A% F= KA

Lv= KA ETE Ls= VIRAEAIE
Lm= ZREEB

Q/Qt = Qp+Qm F=P+K

Lv = Lvf+Lvmi+Lvi+Lg
Ls = Lss+Lsl+Lsch

Lm = Lmv+Lms+Lmf+Lmp

L = Lv+Lm+Ls

QtFL%Q = 100*Qt/(Qt+F+L)

QtFLY%F = 100*F/(Qt+F+L)

QFL%L = 100*L/(Qt+F+L)

QmFLt%Qm = 100*Qm/(Qm+F+L+Qp)
QmFLt%F = 100*F/(Qm+F+L+Qp)
QmFLt%L = 100*L/(Qm+F+L+Qp)
QpLvtLst%Qp = 100*Qp/(Qp+L)
QpLuvtLst%Lvt = 100*Lv+Lmv+Lmf/(Qp+L)
QpLvtLst%Qp = 100*Ls+Lms+Lmp/(Qp+L)

QMPK%Q = 100*Qm/(Qm+P+K)
QMPK%P = 100*P/(Qm+P+K)
QMPK%K = 100*K/(Qm+P+K)
LmLvLs%Lm = 100*Lm/(Lm+Lv+Ls)
LmLvLs%Lv = 100*Lv/(Lm+Lv+Ls)
LmLvLs%Ls = 100*Ls/(Lm+Lv+Ls)
LvfLvmiLvl%Lvf = 100*Lvf/Lv
LvfLvmiLvI%Lvmi = 100*Lvmi/Lv
LvfLvmiLvi%Lvl = 100*Lvl/Lv
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R 53 RIS X = R ub i R TR RS AT S R

Table 5.3 The average content of recatulated detrital composition of the Traissic sandstones in different area of the Nanpanjiang Basin

h=84% =85
h=BGFHE =S5 E
Fede-R%h 77 PEAR BEM-OE SRR MY BRI EHRO Ak i db-gRE
Qt 55.0 493 534 50.0 545 56.8 50.7 444 50.7 61.2 66.4 514 63.8
Qt-F-Lt F 31 6.1 45 4.0 26 3.4 45 5.0 51 2.0 1.8 4.3 1.9
Lt 420 446 422 46.0 42.9 39.8 44.8 50.6 44.2 36.8 318 444 34.3
Qm 343 303 384 35.6 37.0 37.6 33.6 248 32.1 33.6 36.6 28.9 36.0
Qm-F-Lt F 3.1 6.1 4.5 4.0 2.6 3.4 4.5 5.0 51 2.0 1.8 238 28.5
Lt 62.6 635 57.1 60.4 60.4 58.9 61.9 70.2 62.8 64.5 61.7 47.3 35.6
Lvf 13.6 54 127 11.7 21.7 20.6 0.0 0.0 0.0 23.0 14.5 64.1 61.7
Lvf-Lvmi-Lvl  Lvmi 60.9 59.7 536 58.9 61.7 495 68.9 78.1 79.2 57.7 67.0 13.6 16.8
Lvl 255 349 337 29.5 16.7 29.9 311 219 20.8 19.3 18.6 57.4 19.4
Qp 40.9 381 334 315 34.0 39.7 34.3 384 39.5 52.2 61.5 29.0 63.8
Qp-Lv-Ls Lv 17.6 29.7 140 24.3 11.7 9.1 29.0 15.0 32.0 17.9 19.7 66.9 334
Ls 415 323 526 442 544 51.1 36.7 46.6 28.5 29.8 18.8 6.2 4.0
Lm 28.5 29.6 29.0 284 20.8 26.5 26.8 37.3 354 30.6 413 49 7.3
Lm-Lv-Ls Lv 21.7 336 147 24.8 14.3 11.2 325 15.3 34.2 26.7 30.2 22.5 25.2
Ls 49.7 36.8 56.3 46.8 64.9 62.2 40.8 47.4 30.4 42.7 28.5 8.5 5.8
Lvf 7.0 1.9 6.8 13.1 6.1 7.2 0.0 2.0 0.4 7.9 7.3 49 7.3
- Lvmi 222 184 292 51.6 11.8 17.5 12.6 147 11.7 245 27.9 225 25.2
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Lvl 6.7 101 165 11.0 3.6 10.3 8.0 6.1 24 6.2 6.4 8.5 5.8

Lg 535 69.6 475 24.3 69.3 545 79.4 69.0 75.9 56.8 50.6 64.1 61.7

Lss 6.9 249 05 0.0 11.9 9.4 30.0 11.9 29.3 8.8 17.8 13.6 16.8

Ls Lsl 61.0 29.6 46.7 62.5 67.1 66.3 54.5 53.8 43.3 374 10.6 574 19.4
Lsch 23.6 456 527 375 13.6 13.0 15.6 228 17.9 424 66.2 29.0 63.8

Lms 53.2 705 486 54.2 60.3 60.4 76.2 65.8 73.1 37.2 28.1 66.9 334

Lmp 3.8 45 100 12.9 59 45 0.0 3.3 2.6 52 4.2 6.2 4.0

Lm Lmm 8.4 139 126 11.4 8.3 8.8 14.4 11.7 12.5 13.2 18.9 114 18.6
Lmf 225 108 281 21.3 13.0 12.4 9.4 7.7 25 28.1 35.0 14.7 36.8

Lmv 25 0.3 0.6 0.3 3.6 2.6 0.0 0.7 0.2 6.2 59 0.9 7.1

Qm/Q 62.5 615 720 71.0 67.9 66.4 66.4 55.6 63.3 54.7 55.0 65.4 54.8
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Fig. 5.4 Discrimination diagrams for sandstone classification and the provenances of sandstones of

the Middle Triassic in the Nanpanjiang Basin
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B AIR-UOB FIR . A 35 R A T 50.3%-63.0%, “T-1475 & 55.0%. oA FL A 1
A TER R ] 56.1%-69.1%, A HBCRIEE, R ATRERIE T S . KA
BT 2.0%-3.8%If, ¥ 3.1%, UIKBRAIMPBHKA T, SEEEELT
33.2%-46.8% 2 [7], V-1 & & 42.0%. 75 5 AT AR iU 7 E (22.0%-36.2%, T2 49.7%) .
KA ATE (15.6%-29.2%, V¥ 21.7%) FIUIRUA AT (36.2%-60.6%). FHoH ks
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HEEEEOEN A A S, OSSR a8 - DURE A B B IR o
J&, HOORERUE A E - AT A B BN B 5 7 a a JE AT A SR E (A1 B KA
RIS a5

5122 RibPIP=BHEEES T

TR (B L XD P =SS s ik BRERE, WEY BN A
WU R A BT 43.8%-52.2%, T &8 49.3%. H o b5n
Je i B 1) 57.3%-65.3%, A s B EARIE G, RMHTRERIE TS . KASTEN
T 4.0%-81% 8, ¥ 61%, UKERAMNSBRKAENNTE. aEEEZHT
41.7%-48.1% 2 |8, “F- 35 5 & 44.6%. 4 J8 A AR 5T 5 e T8 (13.7%-48.0%, ~F14 29.6%) .
K H G (25.6%-44.8%, 15 33.6%) FIVIRUAAE (23.4%-49.3%, 1 36.8%).
Fo K CE E A S EE RS A KA BB, IS BCRRH A KA A S . UL
VA FENREUCA A S, HUCNRIREE S S B E A S . BICE SIS Z =B
AR EHEE.

PEbk—ar (B 1.1 X3 ND =S5 E ik, BRERZE, WEYEZ A
WU FR . Ao BT 50.2%-55.9%, “F¥)& & 53.4%., a5 n
FEEERT) 69.3%-74.8%, oA S BRI, R ATRERIE T AR . KASEN
T 3.2%-5.8% [f], “F¥) 45%, UURKERFWMHREKAAE. ABEELHT
38.3%-42.7% 7], V-5 &5 42.2% . & JE TR WARJUE A (24.4%-39.8%, ¥ 29.0%) .
KECEEE (11.1%-17.9%, 13 14.7%) FUIHEETE (42.3%-57.1%, 715 56.3%).
HA K CE G A B EE AR A S, OSSR BCE BTG . TIRVE S S EEA
WER A TR BRI A TS - R TUA A 8 BN = B B 5 8 A DU TR [m) 7
KONRHE AT A A S

BEAR-zz e —H (B 1.1 XK ND R =B80HbE ok, BRERE, HEYEE
AR IR . e A IS BAME T 37.7%-66.4%, 144 & 50.0%. Horf i
AR 66.2%-77.9%, AT HBCIRIE G, R ATRERIE TSR . KA
TR T 1.3%-5.8% 1], V1 4.0%, KB R BEEKIRHKANE. AR EEENT
31.0%-57.6% 2 [f], *F- 1) & & 46.0%. 7 5 AT WAR iU 5 (20.2%-43.4%, ~F-1) 28.4%)
KA ATE (9.9%-40.1%, “F15 24.8%) FPIFAEAE (39.0%-65.6%, “F-15 46.8%).
Ho K GG B BN A K CE S8, ORI E G TS . TIRVE S8 T2
iR aa s, HUOONEERCE &S . ZBaaE FENRREAR A EEE, HIOhA

H
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SRR TE [) i KRR R A 5 5 )

P (B 11 X V) =S8 a ik, BERERZE, WY
R ARV FIR . P A 985 200 T 51.5%-58.0%, T3 & 54.5%. L #fif
ge AR B 1) 57.8%-72.0%, #ho A SR BRI, RMHTRERIETER S . KA
TENT 0.7%-4.3% (8], ¥ 2.6%, UKERAISAIRKANT. AEEEZNT
38.8%-46.3% 2 [A], “F- 35 5 & 42.9%. 4 J8 AT WAL 5T A e JE (16.9%-26.0%, ~F-1 20.8%) .
KSE RS (4.9%-23.4%, “F15 14.3%) FPIREAE (55.1%-78.2%, 14 64.9%).
Ho KE G A EERREEE . TR S B EENRIRE A A G . A EEE
BNEBRAR A A

M —ar (AT 1.1 X3 A IV AZ T L) R =S GHaba ik B R,
BV EE MR- AR A& 82T 52.2%-60.8%, V1 & & 56.8%.
Hrp AT A IR R 62.4%-70.1%, HB A S EBIRE G, RIHATRERIE T4
. KAGENT 21%-4.1%2 18], P15 3.4%, DIEKE R IEBRKAGNE. &8
SR T 36.0%-43.7%2 8], T35 & 39.8%. A 8 HH A WAR T A 5 JE (20.9%-34.8%,
P 26.5%). KA AETE (4.2%-16.1%, “F3) 11.2%) FMPiRAEAE (49.1%-59.5%,
FI5 62.2%). FH K EUE S B EERER S S B ESEKRE SIS TIRE S
J&FENRIR A A S, IR EERE. BEERETENAER A58

SE 2RI CHAR-PEARD —5 (B L1 X3 D Hh =S GO ik B R R %=,
B B AAR- k. e A e & B2 T 45.7%-53.8%, 1357 & 50.7%.
b A A SRR 61.7%-70.2%, 4> A TR ECIRTE O, R AT BERIE T AR
FiE. KASENT 3.3%-5.2%2 (8, 1) 45%, UREREANSEKIRKANE. 58
FRABT 41.2%-49.1% 2 8], V315 & 44.8%. A 8 HF A AR A 5 8 (21.5%-29.8%,
P 26.8%) KEAE (27.4%-38.7%, P13 32.5%) FIUIHVAE &S (31.5%-51.1%,
T35 40.8%). HH KA A A B EERNERASE, HUCHMS S KRS S B
BORBHCA B K SE A TS TIRVE S S EEARIR A A8, HIOA A AR . ZUE
I FEN BB A S AR A A -
5.1.2.3 RiAEIHP=EBHEEHES T

HRAKE 4 (11 XD h=Sg0 b e ik, BERERZE, wEYEE
B FIR-UB FIR . oA 5 B E T 41.8%-48.9%, TH5 & 44.4%. H PG
A BER ) 49.2%-63.8%, HRr A HBCRIE G, RUIHATRERIE T &S . KA
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BENT L7%-6.8%f, 1 5.0%, LIAKERAIEKRKAAE. aEEEZRILT
46.2%-54.8% [f], V-1 & & 50.6%. & 5 AT WAL iU 7 (28.4%-44.7%, ~F-1 37.3%) .
KICE AT (3.7%-23.9%, T 15.3%) FIIAEE (33.8%-55.9%, T3 47.4%).
Hrb ok a8 B R BN E A B . VIS S E EENRRE A 5, HUONE R A
HIE BAEEEENSREO R EEE.

FEW L CERME SR K, K11 KR V) h =BG Sk, R
B, WY EEREAIR- AR, K aREsZ T 47.0%-54.3%, FH&E
50.7%. A B ST A SR BN 59.0%-66.7%, HB/> S AR, R ATAE
KITAE . KAGENT 3.1%-6.0% [0, “FI55.1%, DUKHE R W EAIRHAA A
Fo ABETEZILT 40.8%-47.0% 2[5, FHEE 442%. &8P ARG S E
(13.8%-40.3%, “F#4 35.4%). KA AIE (27.4%-62.1%, “F15 34.2%) FPIRUEHE
(24.1%-33.1%, “F¥J30.4%). Ho ks aa B EENEKEEE. TIREEE T
NRIR A 5 . BUE A B X ER R AR AR

TEX B AV T 7 rp = B R 5 R S S8 ARG Bt oW e, R = i 0 5 PR A 4
PR EY 5 (K 5.4). £ Qm-F-Lts = A KM, Frareib v NEER g
i XA (& 5.4 b): 7 Qt-F-L = Kb, Fir B 53 3% N g Rl L X 3] 5.4 ¢
E Qp-Lv-Ls = ff1 I, Pa bk 07 -2 25 AW = — Al B S 2 ¥ N Ja s LA s X o
SKE T R PR FE AR 7 022 4R 355 1 € b 2 DA 0 B AT A S 09 N TR i L 7 A
D<A, TSk B G- SR A S-S —r AR i DU 98 N AR 3 1L FTVR 53 L s P X
PN DI, R BEAR- 20— 5 IR S T R 3 (LR VR i L R L A I
X=X (5.4 d)s 8 Lm-Lv-Ls = EIfgT, 4R 2 50Re s A ERL, Bk
K2 g & B4 X .

IR R ALV L A =B Gob A W B A A Gevh 45 5 X (3R 5.3) AT, &
M (B 1L X3, 1 IV =SS ERA . KA S & ELH R,
H A (B L1 XKD [ dEE A A (B L1 XKL VD), AR iR s A B
WG % CRERT R — i XA 11 2 36.8%, ARALH I F-E A X IV Jy 64.9%), A5
HEESERIMGE) B X IR 1A 29.6%, AR E G LXK IV A 35.4%),
KIS E B B> (R B X3 1 2y 33.6%, ARALHE T -5 =7y X 4k
IV H 14.3%). KBUEE BT, AR MR R 58 G IE MG 2 (FaHh 3 v bR AR - 22
i X3 735000 47.5%A01 24.3%, FE AL ES T -5 i X IV 04 69.3%, ZRER
HEBRUALXI IVT5.9%). JIFEEE T, B S EE &R (R
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JUR A XA Y 24.9%, ZRAGERE BB X IV O 11.9%), s S E S EIEE
I CR &0 B — i X3 1 29.6%, ARAGESEE - vl F— W X4 IV 4 67.1%), FEfUE
B A AR MR R R — 7 X35 11 2 45.6%, ARIGHE - vl 47 X8k 1V
9 13.6%) . AJiE S G T, oes S W) AR CRE P AR X 11 0 28.1%,
AR H R LRI IV 5 2.5%).

513 E=B5HEBHED T

AICAE F Gazzi-Dickinson v X F BT 2 b =8 Gt 10 AR MERE S (B L1 X D
AT TP A B A e, BARST U5 0L (Dickinson and Selly, 1979; Ingersoll et al.,
1984; Dickinson, 1985; Marsaglia and Ingersoll, 1992; Yanetal., 2010), 37 Hhpt
5 4F, LR 10 £F.

BB TR, FMALEN LSS0 A S =BG, N [ R A X R
WA AR, &BMKA (B 5.5). AR/ NERFAENZ &A% (K 55, c. d);
EBEOKECEE S TIRE GBS & KAaFRHCA (B 5.50) A A
KEE A B KT KA A E (B 5.50). MM kKiESE (B55b). &k
WRHA KA A (B 5.5d. ) FIEREEE (B 55b). JIBEEE > N ES
JE (B 55e). IAAHE (K550 MR AAE (K 55a-c. £). LA nEnNat)
A ha (K 5.5a-b, £, HUE. THCE (B 55a). A9 (J85.50) AL KECE S
B e w AT W3R 5.2, BT TR E I &MU IX R 4 Ge it 45 R P IE WK 5.3, Jr
A FE RS H o Gt A s WA R 1, Pratean Bt B R B A0 W 2.
Q-F-Lt i (5.6 TR, XL NE BRI E.

5131 ZFIE=B5EEHES S

AT E =S g A e AR e —, KA S BT 60.1%-70.0%, T
R 66.4%. H R E A TS B IY 50.5%-60.7%, A FLEBCORE G, R
ARERVE T A . KA SENT 0.1%-5.0%2 8, T4 1.8%, LIk E R HMKEHE
ANE. BBEETEZNT 29.7%-34.9% 8, V&5 31.8%. &5 T A WARUS A5
(29.7%-50.0%, 133 41.3%). ‘KHE5E (26.0%-35.2%, 135 30.2%) FIVTIRE A S
(20.2%-35.3%, “1"¥J28.5%). HoKpiaaa B EE e aEH. TIREEE TE
NEEFUEEE . BFUE A B EENAER BN a a8 s, ROV RRUS &
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B 55 MR E=8BGPEEME TR (EO6

Fig. 5.5 Microscoipc photos showing detrital composition of the Upper Triassic sandstone in the

Nanpanjiang Basin (orthogonal polarization)

PR AL 755 S AR 5.2

5132 It E=BREBAES D
B L =BG mE i E 0, EPAIEE a0 T 51.7%-66.3%, & E

105



FEIT R = BFIARERAL R A A0S R E 347

61.2%., LA B o E A S R Y 51.4%-57.0%, HB2> A S RO, RUIHATRE
KIR TS . KAGTENT 0.4%-5.00 08, 5 2.0%, LAKEREF A SBREKA R
Fo HBERELT 32.3%-47.6% (8], FIEE 36.8%. &8 T AT WA A B
(24.4%-34.0%, T35 30.6%) KALEEE (11.0%-48.9%, 15 26.7%) FUIAAE A )E
(17.0%-63.2%, V¥ 42.7%). Ho Kaaa 8 EENER G5B TIREEEE
BRI h A A E A UE A . BRE A B R AR AR A A BAAEEEE.

TEXT B ALV T b = B SR R S B A RGHAT Be it oM e, P = 0 5 PR A 4
B X M1y 5t (18 5.6). 16 Qm-F-Lts = KIf#rf, Fra ke S B9 N\ e i
i XA (& 5.6 b); 78 Qt-F-L = Kb, Fir A A S 2 % N FEIE A1 Ly X 3 5.6 ¢
£ Qp-Lv-Ls =K, , kB EAL-55) % — i BURE S AR 2% s i i X AR 5
iy, ok B T 3=y (R RE i DU N F8Es Ly AR i Ll 05 X A X 3 (1) 5.6 D
7E Lm-Lv-Ls = Bl 46K 2 50 Ve N S8 6 X 3

IRYE R AL A b =B Geb A W B H A Gt 25 R XTI (R 2) wlan, &
- =B R AE A s G (EAE-5RE—H N 66.4%, UTE—TN 61.2%),
HEGEnlgaE L (RIb-9R8—H4h 31.8%, mFE—#HN 36.8%), KAFELH
B B R, E B RS R B 2 (R IbsRE)— N 28.4%, vid:— N 42.7%),
IR B K SE A S B IR (bR $—H5 50 508 41.3%F0 30.6%, u1F—
739 9 30.2%A1 26.7% ) « K e 8 Y, A i a B Al AL 22 (e b R ) — 717 79 50.6%,
WHE—HA 56.8%). VIFUESAET, BRI AT A5 E S E 2D (Tt

HE

i Credbik#— o 28.1%, BIFE— N 37.2%), ATEEAE &R (Rlbir#h—
N 35.0%, uiF—ity 28.1%),
514 WEEEDDING

FARLIL AN R (K T =B 4 DLW v 32, AULE FEARE AL H 85 T8 SRR
AR B A OB AT AR AT W 8 3 43T o T X S E R R IR A W 4 SRR I, P kb qil
BRAE P ORA EEONBRIR LS, L8R A ] WL R R AR A R A [ (R R A
25 G KR AT A R RN, FEARAC O 2B i AR SN T =B SRt T K E B Y.
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Fig. 5.6 Discrimination diagrams for sandstone classification and the provenances of sandstones of

the Upper Triassic in the Nanpanjiang Basin

ARSON FE R A =B G A AT TR A . SEREUR, AT =85
WE A B . EREBYIEX MG (B 5.4) 1, ZER R VA N FRIER S L
A R L FNSE A X, R R =SS Y E R A& L, e = A A
1) PR it P N 3K A X35 () D 2 U AR T AT it 2 2 H Cingersoll et all., 1984; Dickinson,
1985; Marsaglia and Ingersoll, 1992). HAMRESRHIE, ZHAAFRMX A, A&
[FISRALA S & BISA 20, B CR, B A EH R 2 AR AILE (3 & 1.1 X
[ X IV), WA A BRI L, BFUAEE SR, KEUEE S &R .
KICE GBS S IR 2 . DIBE AT, A8 S R, KE58
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SRR, XEW, FESHR, SR (B 11Xk IV) A, dii
R (A 1.1 XD PR IX H B KLPE B 2, (HAEREERD . AAREAIAEE (18] 1.1
X3 VD PR X H B 1) K LEE b, AR R AR i TR R %

FESBSNAMAERMAZ (& 1.1 XD, YR E g (K 5.6) H,
BT R S 3VE N FE e R LAy . Rl LA IR A T AR S X, R =25
WS P F ok i 1Ly, FHLAE IGE R] B E R 2 Cingersoll et al., 1984; Dickinson,
1985; Marsaglia and Ingersoll, 1992). HE Ak, & & & EKE M, HREAEEZ,
i B KA S S SR KCE A B, EREE BRI S, TIRE S E
H, KEEESEWENN. X421 0R, B8 n, b Yl X b &
T4 R 22 T 2 R 3B (1 8 B IR IX

W VT A =B =SSR E Ay (R 5.3) ek, W =St E
Me=2tt, METLEZMERAREEAEN (h=2% &8N 514%, L=F
GFIE RN 63.8%), AEERAFIND (M =S50 & RN 44.4%, =551
TEN 343%) . TR =G0 RAERN =SS A PR, XA R H Tk
PR RG] A EPRNE S B S RAIEN (W =85 EEN 286%, L=
SYTFEEN 36.0%), VIMEEBS RS (h=85 VI EEN473%, =85
FHIEEN 35.6%). A aBY, atAs A S BTG I ERED (h=&%
SIS RN 66.9%, E =S5 PSRN 33.4%), LKA EEHHENE (b8
THEEN0.9%, EEBSETHEENT1%). U EEBSENRBLER, T=815
e =2 t, WAL AT S U X B I DIRE b, AR FUE N, ARUTRUE >, A&
KIS BN . AR P RE VR X FFaE e, Bz, AT e X SRR A o
JEBWT L, R R I A

’

52 WERETYIHEEHE

HY YR ERT 2.89 WY, ANFEWEE R WA SRS A R EEE B8 [k
(Morton, 1985; Pettijohn et al., 1987). WJgaHEY MHE KL SESYIE. TR
W8, WAEREE VIS, IR B WA LI 5 HGE RN, AT CARB IR &
R SIS RIE, FFA VARG R B T S5 . N T B AL i =
S RWEYIRIE, RAVEREEDIES 39 1, AP TFT=8434, =85 3214, L
=BG A, R E R B YA R LIE 5.7-5.9 13K 5.3,
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Fig. 5.7 Heavy mineral association and sample location of the sandstones in the western part of the

Nanpanjiang Basin

521 T=BS=# Y)LEMEFHE

T=B4PA 2 M ERRE SR B TR A —H (B 1.1 X3 1D, 1R SR
S BT EIREM Fok B VAR B A 2 RS (15XL 10, 15XL 15) Hdkks
W EG ) 7 M, SRR AL BEACA . BB, T ST, SRR ARG
b, ZX T =Z85K BRI S HER, 2 R SR AR B SR
Rz, ARHEERAT B N BN SR HE R DR X B o AR AR IR £h o Ui . B 4
&, EEA B AR E BT, X 2 RS A R A U R —IR R
W, RGN T —EHEENWEE . B T N R 25 ke R —I s
YUK, TR ORE SRS, RUPXLET YIH RS KIE R HEZ, XLy YIm Rek
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mAERHE, MAEN T =B SRUTRAREZDRES TR SRAMF —5 1 1 4R 5
(16CH 1) EFWHEG AL KA Afda. A, TiOFFZ M Y. s8R,
TABERAT ARG o 1X— B A o FAUR X T RE H BRIR TR A . HE R A AT
ARNF T o RE B AR R 2 A0 B T e T B [ FE A B 2 ) s Rz, R MR R
211 17K 0SB B SO TR

522 H=BLHEH YLHEAMFHLE

h =G EAFE LT 32 4, H AP I (B 11 X8k D 1, A
HER (B 1L X 1L 1, IV PEERD) 23 4, ZHZRE (& 11 X I, 1L IV ZRED 8
o FHLPG RS SRR, (150B 5) HhEbA B M & N B . A BRERET .
TiOz RS Z ARG ) J7r80™ . BBRE™ . SR IRy . X ET YA N B —F
BTG, 0 RUGRA—RENR, B RS S E YT R T Hiis. = E R
N, B TEEIVE X AT RE BRI R e BRSSO AR R AR A

AR =BG E B A S EAR X AR ER. ML R (E
1.1 X3 1D JER4E 6 £ERES (15GN 5/9/20/29/32 il 15XL 29), A S M & EE N
B, BERO. AR AR AL BT TIO RITZAI . BT T
TRAEERE FIRERA, 15GNS FHIE S MUE A XK HIRIX I 68 H BB M s 2k
VAR . A RS o UG i Pk — BRI S o 5, & e 0 AR L
—a (B L1 X3 D HEREERES 6 18 (15XL 33/37/41/47/49 F1 16XL 2), X LEFEf &
W EBARREA . WA AMAS MR AINAL BT TiO FRZ AT,
Y T BB RIS, 5T R (B L1 XKD =& 5L, 7
PRE—H (B 11 X ND =SS MBEACH & EAR D, SUbFEN, MANA
FEAZI X ity ik 1 . IXPTREREMRAE 5 B — A L, PEAR B IR Xt R
ORI R D, T P SR A B2 o A 7m0 P PR — B AR AT, 5 b i 00 e R
— g (B L1 XD, h=85F03E 4 1 (15AL4/6/9 A1 16LL 1), IXLEFE 5
YA A FERNEA . BSA AREA A AR TIiO: R Z M4 SR
T SRR RIBED . AN 15AL 4 FF &R & N RIS, 16LL 1 A&
GRS A . XU —2 1 (B L1 XN 57 /&7 (B 1.1 XD
[ = E SR IX BRI A AR, FEONRIE R A EE s RS
AL o

B 1.1 DX N PHE— RN\ E— A (B 11 8828 4) DUROE % —ik Il — R I 2k
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(F 1182k 6) o, LSS =B 5HFM 7 1 (16CH 2/3,16TL 1/4/5/7/10), X ELff i,
S E ARG BAR . ARG BEA. AN, TiO: R4, Bk
B TEET . AR MBS, AAE 16TL7 B TR R B AR . IR R WX LR
(RO X o R R I AR A R s, 5 1L XK N R =& 5, K11
X3 M =S5 PIR X DB E A . SIRFIE, KR R EIR, X X
=S S i X 3 AT A A AN A6 2R

AR (B 1.1 X3V R h =2 Ghbas S AE St A=, 8 R

i (15BS 8/12/21/24/29/32 F1 16TL 8/9) i & HE A WK A . A TiOz [HJR
ZARGY) . BERET . O7ERT. SHRDRIRAERET, ANAE 16TL 8/9 A R B> B AR,
£ 15BS 8/12 kB A . B A GTER, FHARE (& 1.1 X IV R385 YF
DX M3 i BRI 5 A T Rt R D AR A . S A EAELE, AHAREP =85
Y5 DX AR X A o B S 0 2 R St

523 E=B%E=H YEMAFIE

ARIRE E=BYREN 4 1F (16ZF 1/7, 15IB 8, 15QB 1), 433 T &b b v
FE ML 2 RIbE . E=88Rt T E A S N B
A BT TiO R 2B Y1. JEUH™ . MUEA. SN FIRIEA . 78 15QB1
A 16ZF7 FE v BRIV B AR, 16 16ZF7 PR & /DB A . 59 N =24 HL,
=B e KEME A, T EAARA . AN A X R
=St R BT R R D T B e, (R A R A H BRI B R = &t R K,
T AP K L H R Y B SR 98N

523 WhEEWMEE NS

=BG ET VUG B YR AT REH R IR NS e . B A A A s .
T P B 0 R E AA ELAG P E  FE RT EH R B)HE R, R BT REA T T RCK
oz B B BN TR

h =B GRS B S B AR AR 8 R (A 1.1 XKk D,
HUMHEHEREA BEKA. WA AfAa. AT, RUHYIEX ] 6
MERRIEE K oG  HMEE G B A AR UG . vk —a (& 1.1 X3 D A
SRR AL e — (B 1.1 X3 V) E WA S5/ (K
L1 X8k 1D AL RYIHVIRX M ERRIE KA B A RA . S AR TUS .
A AR E AR (B 1.1 X IV, = AEG T aREESa. KA. BA,
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AR A AT N A, SRR B B A PR X 2 B R IR rh B E Ra AR T
BRTE, BV AGRIEE R, S A AR s A R AR . %A
SR IX S5 H BRI A SR A . BEVEE A IR A, HR, SEME AL, &
b 2R BT oS R DX AT SRR 1t o

=SS EYy A G TR GE A B B BRI E AT, XK
PR X e R e I om AR R o AT 8 PRl R S AT R A AR A, R IR X
Rl fE 2 A2 UE R EA JOE

2R, BURIET & R G R BEXRT IR DX F s A R S A o X X HY
e AR R Z R, T 45 A A S BB E 4L 7 T SRR T R R AUA 1
HH DR AR BATIR YT . T A A, AR YA S D RESE T R YR X
HER A AT IR, IFARS AR, Al S A W X R A A SR T A R (EAN IR AR/
TR . Jioh, W B BB R B R R R L e YRR,
AN BEHR BRI L B (5] 52 A5 e O B AT W) R 2 ) RS e UURRE =B R P BT BE
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Table 5.3 The heavy mineral assemblages and content of each mineral of the Triassic sandsones in the Nanpanjiang Basin

[IE KA P 2k TS iy BRA | WAA | FREA s FINA | BT | TiGroup | BEERET | &G | FEET | BT | EEIRT | STA | RS | WA | REEET | R | SJEERk LS
15XL10 51~100 | 6.31% — — — — — — 78.26% — 11~20 — — — — — 11.73% 11~20 — 36.90%
PEARAL To
T 15XL15 0.02% | 0.22% — — — — — — 91.81% — 0.12% — 0.29% — — — — 0.07% — 7.47%
T G U 16CH1 0.10% 0.03% — 1~5 3.19% — — 1.00% 11~20 — — — — — — — 1.70% 87.46% — 7.51%
VLih 2 2k 15)B5 81.78% | 2.04% 2.71% — — — 21~50 6.97% 5.74% — 0.14% — — — — — 0.29% 51~100 — 0.32%
15GN5 62.25% | 358% | 0.95% | 2.83% | 21~50 — 0.08% 11.83% — — — — — 0.73% — 0.25% 8.65% — 8.84%
15GN9 84.00% — — — — — 0.10% 0.80% — 1~5 — — — — — 1~5 11~20 11~20 15.20%
JUE-BEL H
15GN20 | 77.69% | 0.01% | 2.95% 11~20 1~5 — 0.47% 9.19% 2.42% — 1~5 — — — — — 0.14% 0.03% — 7.09%
EIEE
15GN29 | 81.76% | 11~20 0.43% 1~5 — — 21~50 12.65% 0.01% — — — — — — — 0.43% 21~50 1~5 4.71%
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T R RS M R ST B T S EE A b, 155 R MR, — R R B A

114




5% WBARDT

105°15 105°30 106°45"

R
b v

o)
25°30'
25°15'
25°00'
24045’
4 24°30'
24°15'

i 0 20km
i a———— ] 24000
a\Se &

105°45' 106°00" 106°45'

i % i T 414 E N

T P P ) ‘:l et 33 E:E KLt - P ) -mtwa

| X8 W | EUSa
T RYR-ENA [ r=hs l:| ’ WIM)E @ niy =WM =mrw =r~mu‘ p
—— ——— LRt AR i B
F=@% =A% P s -
] [ - R g E Wews  Wlrnownzses Wans e

5.8 MAILAMPHBEET WAS IR E SRR

Fig. 5.8 Heavy mineral association and sample location of the sandstones in the middle part of the

Nanpanjiang Basin
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Fig. 5.9 Heavy mineral association and sample location of the sandstones in the eastern part of the

Nanpanjiang Basin
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HAARSREATE LR Y, HACEHRA T, FET ZRENE ML
JE . TR A LA E R, P DAEREE S A W, R AR A
FIIE 7R KT 8 T HAEMIE 4 TR S H (Morton, 1991; Henry and Dutrow, 1992;
Von Eynatten and Gaupp, 1999). #¥ S HKZ K AlL Li Al Fe HS A —BAFAETHE
MaMEE T, EAES Mg KIHESA —BRAFE T ZUIRE MRS A1 (Henry
and Guidotti, 1985).
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Fig. 5.10 Provenance discrimination diagrams of detrital tourmalines of the Nanpanjiang Basin
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Fig. 5.11 Provenance discrimination diagrams of detrital Cr-spinels of the Middle Triassic in
the Nanpanjiang Basin
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Fig. 5.12 Provenance discrimination diagrams of detrital garnets of the Middle - Upper
Triassic in the Nanpanjiang Basin
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Fig. 5.13 Provenance discrimination diagrams of detrital pyroxenes of the Middle Triassic in

the Nanpanjiang Basin
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2RI, ANTTE IR X TR 55 2B R, R Hh R R
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E6R RAMAEMERETD

FIRL AN R A G AR B8, TR, RS, HARE
JNES . FEmHTEM R, HEEERE,. BSEMSN T ., Bkl
MR B A A A N AR L A S e L A R R A (R 0%
Fo AW AN GOT R oG IX B R 5 ) Z ARG R AT T TR
WESE, FFEE N G 43 50 AR B )\ —7 tH 88 ISR 5 1E4T T SIMS RS A A A
U-Pb [RIALZR 73T .

6.1 FFIMEMIER
ARG SCVELN P %L1 F b v 30 G bR — 5 A0 22 2R 5 PR L )\ — 7 S 3R
e SHEIE Z MM RIEIT T EE (6.1,

Nomdmns 3
[
L N B ==

| = BN ] ] (%]
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——&F -PHEES 5 72k

B 6.1 FHARE )\ JE—H R & &

Fig. 6.1 Sketch map showing geology in the Badu area, Tianlin
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e IR N TR L S TR 7 Sk N 45 Y SR ERE N LU e N
TG B BCE, THESEE 5T =SS R E R AN (K16.2). X
VAR — T RELRE T BN ARSI T = Bt o 2 T B AT BN AX H AR AR
18, AR e TR 2 R NP AR — i HE S h o e B 0 BRS04
AR o

6.2 Bk —ESE 5 T =BG EMCRENE

Fig. 6.2 Field photographs showing the relationship between the diabase and the Lower

Triassic around Xilin area

B R 2R T MR BL )\ R R o B AN TR B, SRR RN B AR
kIR o (& 6.3 @), - B AR AL AR IR sk o 26 W () KA 1 (4 6.3 b,
MEgE TR B RET Ak (B 6.3¢), HRM W KRIEAEN —& R KA
A (E6.3d). BAMIREREPRKIER S S T =2 HEEM, HARM
AT =BG e A B R ACE KA B R AR AR AR 5t S AR B 5 o X XK
WA E LR 5, R s e RN AN e TR =5,

6.2 IFELRE U-Pb FH#E

J\IERESE S B ap PR, WS T EE, MLk S Ak B AL IR S5 44 (&
6.4 a-b). TEEETWNRKA (~80%) AMEA (~20%). RHKARE KA
i, B EERER, K24 0.2 mm>0.5 mm, % AAA 0.5 mmX1mm, #B45
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A RAEMT A A RNRREH, REZN 05mm it 2FHE—
TERDIR BT B ARHC A fohL (8], H8) o Y (R RE SR A5 o« W e IORLAR T IA
1.6 mmX 1.8 mm, ZpAf T BURLAN/NRRHCA AR “ i 7 e S b EAE Y
MIERERA FE &, RLAR 0.2 mm Zids o AR ST\ IERE SR i [F] B 238 HE T AR
BN A, ] CamecalMS 1280 — /K i i i A0 HeidkAT 1 U-Pb A2 31 I3
WA A — B O MR, AR

& 6.3 A E/)\FE—HEREE “BREMAIREIE

Fig. 6.3 Field photographs showing the relationship between the diabase and the Permian

around Badu area, Tianlin

6.2.1 HI5EA U-Pb EMIESINER

AR N ERESEE R G 19 BURHES A T TR, RO EGRER, &
B R AT 20-50pm 2 [A], KEHKE £y 50-120pum, RAEFR, &ER
iF (B 6.5a). MRAFEAHCHIRICEARAE, 03, 09 Al 19 5 i 2°°Ph/?*Ph<<1000,
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04 5B AT X 3H 240, IR B A e, (R 7, ATl Bk 4 AN
MIEHR R A R . RIS 15 AT R U 5 AE 66-751 ppm, 208Pb/238y 4R iS4
T 256-286 Ma 2 il ([f{% 7, Kl 6.5b). £ ISOPLOT F£F (Ludwig, 2000) kb
H 5 3k 131 2%°Po/2BU AR N AT B N 269.3#4.2 Ma (95% B 15
MSWD=0.27, ).

6.4 HAE )\ BHSE BHME TRA

Fig. 6.4 Microphotographs of diabase around Badu area, Tianlin
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Fig. 6.5 BSE images with spots (a) and U-Pb Concordia diagram (b) of the baddeleyites in

the diabase around Badu area
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6.22 A U-PhbEENITER
JNIEE R S R i L B H £ 50 Ridlfr, B A5 RE 50-100pm, KAHIK

J& 50-150pm, #5085 A RURDRLEE I /NGl e « B ARES CL UG i s,
KRB EW— S S R ARG 4 (B 6.6a), MRS R E RO U SE
TR (B 8) 0 ANSCNT 15 Rk Ak AT 7 MK . AR AT SCHT R Bt B A A, 034
09 1 11 5l 53749 2°°Pb/?**Pb<<1000 [ 55 (PR 8), &4 6 RAMHR Fr 7Rl s 07
TN e A, MeE TR, FIA 11 AT TR, Pl
02. 03. 04. 05, 09. 10. 12 A1 13 fJ U & &S T 676-3058 ppm 2 [a], Th/U {4
0.907-1.979. iX 8 ANl A5 1) 2°Pb/28U 4EU#S AT 260-271 Ma 2 [1] (ff{5R 8), R%E
TO A FEA— 2, SR INBCTEIME N 265.022.9 Ma (95% & {5 5, MSWD=0.015)

(K 6.6b), s 01. 06, 08, 11. 14 F1 15 [] 2%6Ph/2%8U #4437 N : 829412,
973414, 33245, 32045, 36425 fil 31445 Ma, HEN A 12 A7 i R a5 6 o
Hf B Bk AR B A . TEIRZEVAEE N, RMESARIES A U-Ph SRR — 3, Ut
B\ WE 23 5 AR AL B o0 38 45 i R A T b — B IR 483 (Wordian, 265.1-268.8 Ma).
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Fig. 6.6 CL images with spots (a) and U-Pb Concordia diagram (b) of the zircons in the

diabase around Badu area
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FBTE P=BEGHBAS

7.1 AMS &Y

AL R B M S (anisotropy magnetic susceptibility, AMS) & — il
I B A PR E TR HE B SR W A R A T E 18] R B ) s R
(Tarling and Hrouda, 1993). K352A32JE RN K TR 6 I AMS S BRTRR I (1) 7K
WiE K (Caietal., 2014; Tarling and Hrouda, 1993) TMi3Z%I#E4%. X E K
DURR A 00 i 2H 74 ) 22 e B 3 AR 8 )2 52 31 65 6 2 46 %5 ( Layer parallel
shortening ) i) 75 [m] A1 BY §1) 3 A% ()45 JE.(Pares et al., 1999; Pueyo-Morer et al., 1997;
Weil and Yonkee, 2012). A& GryiAR b it 1) Pk 52 w5 SEAE B A0 &4 1a] PR ITTAR
fit, XEPIRMEAFERER ., RS, O, MEMERA S LG, M
XFFUTARIIE A K B B R N ek s AT R R . 1A AMS AT DO AR
HEA K B R Z AT R AR, AT 3RS 5 Dy AT i it 5 B

SEIGERY], ER KA, WA AR ) R AR T BT AR (Ke) TEET
UORAIHD, MEAFE (Ko Al (Ko) ~PAT TR T B8 7 1) KRS
FELRFE (Ky) 5K FPAT, TRET M (Ks) [ BVl KIEemnt,
e PR T n) 5 KR T e) 2 L, TR TR0 B AT AT A 3 (Tarling and Hrouda, 1993;
Baas etal., 2007; Velosoetal., 2007). HHIKHAMSIKEITFE H it 7K 7 )
SR B ARSI SR, RO Y e X — G T R AR R
(Rees, 1961, 1965; Hamilton and Rees, 1970; Von Rad, 1970; Channell et al.,
1979; Taira and Scholle, 1979; Piperetal., 1996; \elosoetal., 2007; Lenhardt
etal., 2013; Caietal., 2014).

AR SON P R A T =B A3 R L SRR B AR S O L B3EAT T AMS
b, BRAS R I EE R A 3344 . Hh ELFERY S (41K 319 R LD K
B (KRR, REENECES Bk, A HEER.

7.2 EHLA 4R
RN ZRRER W) B R 25 DA JURL R AR KN 32 T A A IAMS BRI (RG24
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) BIEH (Ko, Hiak (Ko Flfkaih (K S mee—— N TiEay )
TEASHM M AR (X0, HiEH (X FMgsil (X RFENARERE (Tarling
and Hrouda, 1993; Borradaile and Henry, 1997), llnE 4 (KE LN Y0k Ik
W CAnBatE NG MERENEY ) CUNREERT . RERDT) RIS BERS, A
HIATAMS MR K AT K o1 7] S AR ER A X A X — 30, I 2 A BG4 A4
IEA s T BB VIR Tt (i g KA A5 A ) Bk n™
PITR) BERURLIN 5 A TR AMS WA ER A R KA Ko (7] S AR AR R A (1) X FTX, — B,
SEIN REHA N IR AN o — RS, SR T A BB ) Bk b P B AL P
L5 W, AR X2 B ) A HT LT s I ) B R R A
Y. FrLLA T IERARTLAMS BRGS0 S 8 il B A i R
Y.

AL 2R 25 B R M BT 2 = B Gk A S T im o e, —ARTEL
X10%-4X 10 SI Z s BT 48R 2 BoRE il BOREAL N IEAE, U SR s
SP51{IKmfE¥-0.1X10* SI, [A1MT BRRAF L SPS14L, 3 RAF s B i B R )
AFREATRLIERT ) 5346, BALRAE W ARARZ100 S, PRI i A it
RENERT ) o DRI AS I FUAE i R B AT V0 R AR )

AV F 2 S it AT A 2R T T A v T 2 18 e, I R R A I
REVER P ROHRFAE, TIAEIN#AEI580° CI, WAL RIZI TR (E7.1), 15 i
HORE ity P B AT AR o 25 8 BV BR ML ) B W UKL AE | AR S AR MEAE N 3R )
FAAE, DRI AT RAOACH AR BIE FE B il B A ZE AL 35 9 IE A (B R SUSP514M) .

7.3 AMS MR R REBMPBEERAARLTS

A BV L A h =B S 48t R IR JE FAMSEE W9, 2R BoR4i K
ZHCR S KL FKs 1 B 15 15 1R i aosmax F 5 Fllaosmin (Jelinek, 1981) ff)°F
A/ T20S IO B ARGE. # R AT BRI (KD BRI
KA A EOR, IX AT Re S T UTRUE R rhoK IR AR R 55, 36 i 8 38 40 A
75 A4 B JE R (Tarling and Hrouda, 1993) o {EfRVERMIZ, IXE4MFE M
Ka ) B A5 i B T il (VP R F20° i pki 5, Bl i a2 Nl .

fEPrT (FISRIEE—RESHD K (Bl7.2a) 11, BRASP22ANHLR A
FKRMTEMR T, MHRELKZEFEMAMS FiERAE G DR (oblate); 44K
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ZHCR EMIP EATL0-1.12 18], BHAE RSB IAE RN, EPr-Kn (%
) S Ve R —F A 2O B R (E7.2b), 46k 2 HkE i KB/ T-1 X 104-4 X 107
Sl la], R RS A SP51KmlE N-0.1X10%Sl.
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Fig. 7.1 Thermal-Susceptibility of the Middle Triassic sandstone in the Nanpanjiang Basin

7.4 AMS 48#3

FEAR I i 2 P IRAR I S5 (R 28 PRI, T AR 152 52 7 AR T # 52 BT EUR I,
P VLA =S S AMS B IR SRR I . BT St A TR BEAR BB 9 B vh L%
TR, R K. 4GP E /N T LRI T i K TOom g, X
ST FE LA =B G AMS AR Z B J5 MG s, B TR A SR T 16
[ 50 o 7T AR ZELA) Hh R 2 B 93 AT 5 g o 880 B B /N DR AE I R T AR A o
KBTI AT o

o A ) DX SR A T 4 B AN T B AR SAE AN A — A PG S (E17.3)
AT, ZEHAREE B, SRS SPOL-11 A LR B ONNW-SE R, Hiffil° -225 Hi
THI FEAR A F1 65283 (7.3 i B 1D |7 R B LA FE—R Rl 7, KA SP14-1641
SP18-20 1AL B NW-SE ], 4216° MW ff1, 4 B AR 15 1 65280 (& 7.3 fif
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B2 WH T, KFERSP21-24, WRZFINE-WH], WiMA7° -13° , AR
A 73-82° (7.3 E3) . PUbk—77, KAFRISP25/26/31/31, MiLEE JNW-SE
M, Wil -3° . WAMPEMWIMASL -89° (7.3 EA) ., EM—Ll—iF,
KFF RSPA1-49, WEAAFHITE-WIR], fifi4° -20° , MAIHIBEAK 60163284 (7.3
Hr E5). UTEMHE, KFfASSP50-51, BELEHLITE-WIH, {Jiffil5° F45° , #i
[ PR A1 81244 (EI7.3F AL EG) . 1TF—% = — 5, KIFRSP58-64, ik
ITS-NIa), Hiff3° -14< WiHHERMfM76° -87° (K73 ET).
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Fig. 7.2 AMS scalar parameters of each site of the Middle Triassic sandstones in the
Nanpanjiang Basin. a: PJ (corrected anisotropy degree) vs. Km (mean bulk magnetic

susceptibility in 10— 6 Sl), b: T (shape parameter) vs. PJ.
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BARE, MR =85 AMS MIREE FE R ARG . BRiid—
R, A A X =S G AR UR ) = B O NW-SE [
BL E-W ), FE8 b KIRONIE AR TG, 5 A SCEF AN B AR A 3 P A5 ok i 1) 45 R
BAR—F ERFE—En i G, BZEMR T S [, fEn KR
AR, I B AN SRR IE BT /KIS SW-SSW 1], FAMEMHER M Z, 2
H A B R AL A AR R — AR — e R =B R AMS
B R A 2 s B — 3, YT B TR B U 2 R X — . T E
W AR AR T AE AR AR T B KA, 1987), [N FLARAS 1T ik i il = i 4% Clocal
vertical axis rotation), WiZBRBE A A K AN S5, FoJ7 a2 iE AR X 77 1) F )
IR ZE . SRR N W Z M A X 38, Rt e a _ARK, —1MEA4%
— 5[] 1) DX 3 2 PR A X2 2 T W 2 5 M T A8 S8R 4 B 0 48— 7 [l IR R 42
AR IO G AN W, TR — N8 B S 58 1] 1 2 B AR X 28 7 1
LGN J5 A NBON G — € 1A BB B B AR M o R, FRAT 5 b, X%
B = B 20 ) P AN X 35 e A8 W S AR G e 2 o 3 .10 B R i 358 5 R S it 2%
FE R 73 I 9IE EW (5] F1 NW-SE [A) 22 5702 = 2 A MG B s Es &, AR At
FEAAE I G
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Fig. 7.3 Sample locations of the equal area lower hemisphere projection of each site of the Middle Triassic in the Nanpanjiang Basin

137



FEIT R = BFIARERAL R A A0S R E 347

E8E VL

8.1 FEIIZM=BLNINEEESSHMIERE

IS0 P AL 2 AT O A T TTRRAR 20 AT, FRAT TR R AL 203 =8 R T
PURFIEREAT T el &5 o 75 0 N A7 AE — JR A RO B 0075 28 LRI 25 4 Cisoplated
plateform, SKHERREAIREERE, 1994; AR FEE, 1995; HFEAHSE, 2003; Yang et
al., 2012; Lehrmann et al., 2015), HH1i5 55 oA Gt i ik #2 b e il e b . e T
X T2 P R R =S R S L R, HLASHIE I K AR S s T A ) =
B F I KR B 98 S R HOIR B W R e JA . BRI, AR =S N, X
SEAINT H B (BRI 2ho it (BT R D B 1 i U SRR AE

FARLIL A N =2 50 tH B BN SR B, B0 A0 A8 Sk S A R B R AR
FURRIR #h e 320, VORI 2 B PE—IR AR TR, PR PUAR B — i th R v A
JAUTR . EARER R, £ T =2 G IR AR —, VTR g AL my i ]
IEWTEES S BN AL TR B R =S SRR, JF AR B iy el
WS ENE RN =25, BIFRMERA T =85 X 3 R =St
FRLIL AL T RS, TRV BRI R B 5 SRS R O E B . (R
T F 1 TE W S b 2 T 2 LA 2B ¥ 75 SRR T, TR A B R R i)
ERERIRERE . FAMUTREONE TR R, RS T =88 & =& S0k
PR AR BE5E 1 28 ()25l o H T VH W = 0 0 s 22 0K, T 7 T 28 J 2 i T
—EGMERRBEWBERRE . B2, BRBTH =280 2o miESR,
ERERTZM T =SSR ERD . HNEHZLTHEN, T =850 8-
SR TTRR A A 2 e, 53 MR T A R R A O T R T, R B AN
BRHERR R - R AR A TR (K 8.1a).

th =S BT A A T2 B, BT A5 g8 R A ) IR AL
PP—IWIARUTR . = MNARTORR . B A DTAR A K AR ORY, 4l 8.1 b
B, A URR 32 B0 A R b P63 AL AN o 2R SR = M INARL
M ZE A A T R B 7 MR AHTARAE B N AV B, 2
et R AR 8 ) e BEDURUAH s /K A R T B A TR S M AR s
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Fig. 8.1 The Triassic paleogeography of the Nanpanjiang Basin
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Kl AT A R E W E 5

FA AL VL 20 A N =8 G A AE PE AR S 7 A e B AR R 3R A5 — 2 KR
¥, AR M E R P T ], FR KA AR SRR £h A T e . X R
AR P AR — R R — i AR T P AE 5. = Bttt O R A B m (R M SRR AL, 173X — T 2 A
R =50 B EIRIX .

FA ALV L I A T =B G AT, VRGN FEIX — B IR KR 7 T AR
XERHE T RAFAcFF. BT 20 P s X 32 B & Al BRI b, BT AAR SOk
TRBE F Rk A A AN AR o @ R =S ST KR T, AR IR
L b b =B KRAEA [F) 3 X R AN FRHIE (B 4.4) 0 ST R 2 7
SRS —Hr B WA KA, AR R N [ dKi s SR b i 22 g
—r WAFAE R & SE A /K T FE—28 =2 /KR BL SW )y 1 7254 - )
HOM S A a el WA, BARTE, M. At
A L1 XK L V) h=Fg0E R LAV e g, TR (B 1.1 X 1D
WEAFAE N R, PIRUE R CAMS) s i #0016 77
IR T R PRI, SEAIEE A TAE R R Se i 45 A B EE. 5341,
5 b SR 1) KR R R AEAN IR, 23 H P AR B AR — 7 (TR 36 5 T 22 U A
(R K IR BN R A%, SRl 28 1) DY Jo) A B SR AR B 1 AE 2t S A B Rl 1 5 T
JR ST KL ) R

TERARE T /K IR HE I o7 35 1) B DU IX 1, 1 e BEVP B T )G R & 12 3
JUHA B AR AR AE T 18 BN BTy K () b RUBE B R b RS (R e, A e 3RS IR 7
AR . — 5 TH BT A v B i 3 2 o 7 (i KR AR aE 5 1l v, LA & AMS
[ PO AR AR A2 B, X B IR 7 67 (1 Gt — M 150 B = b e e RV A7 A, LR
AR A 20 B0 IR DX 7 1 AR o R B A8 G v (1 vy /KR 7 [l R 4L A4 B
s 1 KT S RLZ S a1 77 1), W] LR TR i X 7 1A o

HOX SE LG AT S, A = S A F VLB A R84 B AN R PIIR X . 25
PR S A R E RN, R T RR O 2 0 i . AR AT AL R A e A )
K B ARMAARILN o 55 b0 RIS, 7 P AT H 5 1 oy A S IR 6 s T e . A2
HFRIEYI M E IR A6, BT R R OB IR A DU, HLZ S G
WA RR A, AGRAE A KRR R AR KR B TR, T R D,
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%8% ik

AR SCAGUA] - RAZ AR OB 2 8] 7 A R AL R AN PG SR X o i =& 4
MBI FE DL S O BRIR 2555 9 3, 1 A3t b s DL AR B AR Dy 32, e i e e 0 3
Lo FEULAEN, G A S I X AT e L T e

W =B Y, R R R e, A B P b S AR AR TR S 3. K
WAL R R, =88 BA M LKE R DR RE (8 4.1-4.2).
R =B, SR R AN RR, RSP RTRE R B R

8.2 FMRIAM=BREBYIEI

F b5 R R 2 18] 4 A AR AE R K BT 46 SR mT i, = B i) TR T
T AN TR o HA AR R X, FTREIIE X A AR E 2. il RSO =
B RIATORE . WA B A T WA B Y2 & i AR B S AT R Ak, 2
SN, AT N CHE BT U-Ph R S50 o e S5V L 2 = 8 R AT S iR
G
8.21 T=BLHEMNRESH

BTN T =848 H IR RIR, HEZNEIE—RIAE e K 5
Wh G I, Fa i KR J7 el I UTRR A & B0/, HL T2 PR AN AR e 2 AU
S CLSRAT K IR B o DR Eh e v BRI S b, O UEAT R S 26 43 43 A F R
B AAR S HT o A SCANLE 2 P s P bR — iy . = 8t SR A R B h 3R 45 T
B R T 2EL RN 1 2 7K

HKI A TS REL W, B =S AR — i KA LA R P [ A0 1) R X R
PEMRE— W N =2 EEEZ R A LM . Lehrmann et al. (2015) XfPEARE T
=BG APABAT TR A U-Ph EAEINNR. N =25 AR R A
B, RS 8 AIEFI4FERS, /2 AifE 255 Ma. 750 Ma. 1000 Ma. 1700 Ma #1
2500 Ma /i i BHULTTAN, PUAKBHIT I R =2 SR e Y0 X H #E 1A A 218
BT B, o MR T B RS B 0 T R B R IR X RS TR,
WA T e

T =2 AR G R R Y, T EEALER A RO BON R, T R4
BRAPRA BT, EBAS RIS . X — 4 REWE, B R
HER IR DX B A AR, B R TR B R iR DA R P (e, S A IR
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X B a A RS P N . SUERI, (EAERRE, £ LR, fRalEh
iR L, BAF R BR A RR RS N SR AL S HEARER A R, X R R
FHIBRE BN T Ja TR . 538k, T =& 5hka KBk a h AL MR 1S
FART R = K pem R e o AP AL, A T UL RE /185, AERLZE i
Bz, RIS =& 508 IR iR IR EERCE , A hEsA S
BWAL, XWAERE TN Lehrmann et al. (2015) {AEABA F 3R T D &)
PR B A SR o A SCHT A5 20 R Hh A B PE AR IR 8 H B AR N oy A A TR R 2
H (E6.2), ZHX T ==2%4H 255 Ma 85 A 1 RERi K HIX LS . Lt
FERIR =B i R M F, Wi e TR R At 1A EE, A REE
BT T =& HHEICE ez bl AR AONT T 7€ EAC A I B0 AR W] e 4
WX A & A BRSO, XSRS 7 fieR)a, EHTTREEA
=84 KRR, BRI EI R R R R W 222 T =B
WEEIRIX 2

822 H=BLGHEEWIRIN

h =BG RIL A A ) HHEE R, i =250 7K
EREEYIE AT, ARE KT BEBH ST BRSO U-Pb GRS R
BRALZE T o BB 2 NN RV L IR X BN E % Yang et al. (2012) 1A
NHREB Y, MR AR A AR B AR, Mk AR — =2 Ak E
BN il . 52 ML, HACEEE (2013) NI N =& Gedh g A AR A=
RIS EZR A PRI R R, BRGS0 Wk 5 A Lok
K - Lehrmann et al. (2015) YONRRITAMCKHH . Hood M. #oodh
ARANE AR ARG Sk B F g L iE LA F = PR, T S = S A sk
Song Ma & &t o 1M FSE b, 1R 2 iR B4 — =84 A KA (Wang Yletal.,
2013), 7 R B S 3k Ly K R 12 M X HH i o AR AR AT 6 4 i s AR
Jfi5 (YanDPetal., 2006;: Zhouetal., 2014), JUFPIRIihific ik #2 sh ATl ge4t
X AN TR AR R A S AT S B 2 o R, DAk i 25T 28 b N S TR B AR S R
H AN X U R AE 1S R HE T o 53 B 70238 DA B RV 3 e s okl B —
WA oRK S (2012) YRR =Z 5 e ok B A R 40— S b R TIL 2
g, Qiuetal. (2017) N4RH, FMEILEZMT—TF=24W/EMIIKAEE
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FEIS L R Z9N. Duan et al. (2018) ARG ALIT A HIAT B — [ RE JE 1)
VRIX, FRE B E ok B AR R AR

AR KR T G SR AT - [ 3 AT R AESL (R R 0, vh =St 1), B
VL2801 P9 AN TR T A ) AR [R], S48 s 22 b AR ] 1 XA o8 PSR AS [ o b 2t
Hi . ARERIAGES (B 1.1 X3 1 IV BB IR X = ZEA T b R 2R ma ]
FZRACM, FHiEEHS (B 1.1 X8 1D BB IR X 3 ZEA T rg ), 22 7
A AT e St AR (B 8.2) AU AKIREHE T, A ARALI E 0 LG
e« AR 0 2 FF R 00 B S g o A0 P AN 1L R K R AR 38 AT R R
JE IR IX

AU AW TG oy oy W 45 R B, BBV ) b =B G b & 2R B 7R
ANTE I X S B A o AR S AR T AT o L B AR AR AL B A
PRI 2 B AE K 2 T8 A T o LG A8 1) ZR AT ZR AL OB 48 e s T B AT
RUE S B BT & LA 1 B ST IS R, T A 6 B AE DR 6 T8 Hh I o e A 1) B
W 2 A0 TR AR A TE P BT o E ) 1) AR I, T B B
J& LU ) AT K . X R I = S AR ARIEAIL R XA R, AR
AR (B 1L XK N IVD BRI . Teia MK AL, i
#CE 1.1 XKD P X SRR S . X, A ZRE A AR b =
FEH BT 0 13 1L H #E KA A Yu JH et al., 2008, Y2 fll g 255, 1991,
MR REE T i, 1994; #kAk1%%, 2000, 2006; FENAJLSE, 2009, 2012; Wan et
al., 2010; ChenCHetal., 2011; Wang YJetal., 2011; Chuetal., 2012; E/)
He4%, 2017, Li XH, 1999; LiZXetal., 2003; LiXH etal 2010; Zhou JC etal.,
2004, 2009; Yao et al., 2014; &3CFHSE, 2001; F4kH, 20060, HEpghikrt
M AE KE -S4 —=84tK%a (Wang YJetal., 2013), m#HLLILH
TR — =8 KRR HE RSN, BIUUICE A E (BN 5, 1987),
AL AR — il AR AR 2 TR R B REPUS (BER 4R, 2013), Wt i,
X b, BB AR R AR IR0 R A AL R B R % T AR A A A A K =
s, XML S A h =850E 5 S B EBAME, Wl EELE
iy . =R T RE M R X o S AMARE R, S & X g 45y
W& ANIE], AERIEREE IR X A A E R (B 5.4) BT HLIX BORD A A i 47K
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N Ly A R X 8, 5 iR 2 i 5 5 4E CIngersoll et al., 1984; Dickinson, 1985;
Marsaglia and Ingersoll, 1992) AH[R], X3 HH ZAE H =B tH AT 58 Jy Al il 223

A AL AR B — 2 e By (B 11 X3 1D R =B R A B
HERY, KX ARSI A AR s SRR E. B
Vst BRAL S o e idt— R WY, S A R ECR AR VIS, WEMARmA T
Sk EMEECE  IRTARCEEE S AR i X U . A AR e A d (B 11
XKV R h =SS n B MAE RN, HYIEX EEHRERM S KA
TR, SR (B L XD FdbE (- 1.1 XV AR M, H
Y IX P REAE R D He 5 FIE L 2 . SR ) ML BR AL 22 0 W 5 R B R, 1 X i
JEHAAFERBE P AR A S SRR A ARSI
PRI S, A DERSARE RIS s d0i e M
YIRS o MR HT AR R, AR (& 1.1 KSR L VD) BB
PSR IX FEAL T ARG AR AR | s AV rpAE S R
S E 7 ZR A G 5 e L 1L AR B N = T b B N A R O PRI E R X
JEA 77, 1985 BE/NEESE, 2006, 2017; Zhou JC etal., 2009; Yao etal., 2014;
Yan CL etal., 2015), KR ifi 2 w0 WAL fE L X i 2 (3R (AT, 20025
Zhou et al, 2002, 2005; Taoetal., 2009; SunYDetal., 2010; “KiL%%, 2011;
Zheng et al., 2013), T _&a—F =S MK AR T ELIE A= I H
P HLA HEE . Bk, Kb KIS & = A S R YD BRI SRR SR
HoMTeTEn, FigliE LA s TR, e S L — R =S KA E T g
N P BT R R R 2R 3 = B A B IR IX

A R (B L XD =S8R s m A AR s AR
Xih B AR E K e BIEERE . BENE MRS . B YRR Hr ik
—BRMY, BEEHEAA EERERTBE ML S, BRI EERE e
EARR R 20, PR AR AR B s RS AHAR BUE TP IRIE KBS M e
PR TN, BB WK E AR DGR . FKI AT 45 SR o, 7 Hh R i
B Ek . 2201 Song Ma-Song Chay 445 . )\ AiHiX . &-F
(Cao Bang) Hi[X¥)Hi g&hE 4t (Phametal., 2008; Liuetal., 2012; Nguyen et
al., 2013; Zhang RY etal., 2013, 2014; £ K354, 1998; Wu etal., 1999; Thanh
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etal., 2014; Halpin etal., 2016; Liu HC etal., 2018), SongMa 4& &5 FlAR 3
HIX 35 H B HA IR DGO BR A B R AE I 5 K (R MSAIR SR, 1999; AR
&, 2000, 2002; 7KAAA%E, 2003; FE/MESE, 2011; Qinetal., 2012; AUV
&%, 2012; Zhang RY et al., 2013, 2014; Halpin et al., 2016; [1]/&i 4, 2018).
Song Ma 4% 4717 Al Song Chay 4% 4 P AT 1 H 8 K& vy 2738 il A AR M A A
(Yan DPetal., 2006; Zhang RY, 2013, 2014; ChenZCetal., 2014). R¥iH
KFTT IR AP G ER PRI 7 RF1E, Song Ma-Song Chay 48 &7 J\
A AN (Cao Bang) — iy g4k g AR IR — i & A v R R =&
G AL E ) .
AT AN CR R KB AILZEMh = S50 E A U-Po SR, A5
J R X SRR AT SR G i ) DL — 5 WA A h = S SRS kR . A
FE AN [ DX 3 = S G B A e 1 R T B AN FRHAE , A SO AT N A
JE A U-Ph A58 HH AT WO S 4 R S A X AT 1 B B, T ACRAEAL
BEARE S S K 8.2, HBTHEI S AR T ] 5 B S R AN AR R AR S = B b
FERSVE PO L L 8.3, RARTT 7 — S S B A RIS £ BRI AE 250-300
Ma. 350-400 Ma. 400-550 Ma. 850-1100 Ma A1 1600-1950 Ma. [XI% I, F#iT
PR Ay R AN S (L KK A 4 3 rb B B Y R s IR A T AR
T 1.8-1.5 Ga 1 0.83-0.75 Ga (Li XH et al., 2002; Wang J and Li ZX, 2003;
Li ZX et al., 2003; FA4HE%E, 2016). U/E 1L kKA A WA AN A A7 B AH B
VERIRI=4, ezt () 8 gl N 7E 260-250 Ma 28], BeFF AR, HEmR
F~259 Ma H 4L} ] /N T 1 Ma (Chung and Jahn, 1995; Xuetal., 2001; 74 X
NIFDEPPNEE, 2001; FRIASESE, 2001;; 4% NI, 2002; Zhou etal, 2002, 2005;
M E4%, 2003; Guoetal., 2004; Wang and Zhou, 2006; Zhong and Zhu, 2006;
Taoetal., 2009; Sunetal., 2010;4<J1.55, 2011; Zhengetal., 2013; & K%,
2017). za AR A6 A0 2 0 it L 8RS A T AR RS B0 6G 260-240 Ma. 444-405
Ma. 1000-700 Ma. 2100-1560 Ma #1 2560-2300 Ma (Wang et al., 2007a; Wang et
al., 2012; Wangetal., 2013; Chang, 1996; Shu and Charvet, 1996; Charvet,
2013) o 7 ZR B ) 2= T B X 85 B2 A T AR e B0 45 280-240 Ma., 460-420 Ma.
800-700 Ma. 1400-1000 Ma 1 3600-1800 Ma (Yu etal., 2010; Qinetal., 2005;
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Wang et al., 2007b; Li XH etal., 2010; Yang etal., 2010; Wang YJ etal., 2013).

R BN SO Ly K S 3 HY Bk (1 e A T R i (245 260-220 Ma, 436-402 Ma
F1800-700 Ma (Findlay, 1997; Findlay and Pham, 1997; Carter et al., 2001;

Lepvrier et al., 2004, 2008, 2011; Trungetal., 2006; Nguyen etal., 2013; Faure
et al., 2014, 2016; K7, 2017; [fi4:, 2018), ibxftrf s, FHigiliEil
iy oI, BRI Rl B LR KOs A AN SZE Ly B e 0 T AR
e VL 7 I S B 0 R PT S 4 B, BB EIE 1 DA b B TR B AL A
TAE TS DU DX () HHE T

* Yang et al., 2012
Yo Mok R, 2012
W AT, 2013
Lehrmann et al., 2015 (T /T,/T,)

26°

Y Duanetal, 2018

reps—mms [ w=as
X | Jr=as I r=as

B 8.2 MRILAMBEEAREME FEITACKRES

Fig. 8.2 Published sample location and number of the detrital zircon in Nanpanjiang Basin

T4, JE I R AL A P AN R [X o = 8 R e A ] B S BN
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Rt =8 R A AT R, FRATAT DA 3] — S A fF B . ORI —
HAFTE 320 Ma 2 A RUEEAE, X — I 5 BN i = S 2000 A0 — 20, T AL
b DX 1% A8 B A (W 8 B A AR D o BNSCH =B 2000 5 A7 4E 1400 Ma
AR, ZIEEEHE =S LA I, ERATLREMN, HAR,
KB — X T W BN G WM, (AR . HAk, FRk, iiFE—%=x
AN ] - B — 7 () =5 G B 0 A 1 B TR /A AE 1900 Ma /e A IR, FHAK
HNZ ) — 7 f7AE 2500 Ma 75 IR, X SERAE 5 T T =B 2000 5 AH — 3. AR
AR RS, BT A Y T = B GRS A A S 1 A 7 R & R
ESC R =8 R0, AL AR08 5 R =8 R s ol . KXW,
FA AL A g b = B o B W0IR 5 BN SO =8 AR b SE AL, 2R AN
AL SRR =& R0 AR, BE— 2P EIIE 1R ) 3 B v B 3RAS R Z
ANTR] XS5 XA [F] R AR 6 o

gi EPR, KA 4 R SN O B SR G 0, ASCA R AL
At =B EAAEAF X B YRIEAE . @i (& 1.1 XD #E7E
TR R M BN SOE Ay, U ZRIAIAL (B 1.1 X8 1 IV RS ) 3=
BOREFRE. FiglnGm M t, ma v (& 1.1 XD WA
TR TG K B R oy B AU Ll KK a4 o S A N I kIR 262 & Mt o 2
AR T RS .
823 L=BLREEMWIRESIT

Hh =S GAEEBEILEN DA AR, E=F G E# 2 (K
L1 XD, XN T IEM =B i, i ma A0 400 2 2B 4 ik

ARSCHIKIA TR R, BT A F =S g0 A Y JE KA [ ORI
WFAE. BEB AT R EIR, L= &G 0E FE SRR I8 X 50 B g
5.6) Hyg NG AT AR IX S, 56 AT Rl A A RFAE Cingersoll et al., 1984;
Dickinson, 1985; Marsaglia and Ingersoll, 1992) #H[F]. W& BN WA & 5w,
P AL b =B SR X FT Re R A A AR AR R TR KOs L R TS
AV . BB AR A BRI A S SRR ], HEZoREERS, Kk v
PR AL TS o B S F AR 2 0 A 5 SRR ], Bk A E Fe¥ 1A
WA PIREERR IR A A AR s, PR AR AR K s 2 YR X
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AAEI T =BG B YRIEN CiA, IX L5 A e A A S BN SGE iy e
Rk . BRI Bl Fg s (LAl A = T R e . DR, e e
AR, ENIVR AT BE Y R RV A R BEE B )

Lehrmann et al. (2015) X pi=F—7 b =247 7 &8 U-Pb [AAL R 75
B, FARE g A RS 3 EAE P E 250Ma. 350Ma. 440Ma. 800Ma. 1000Ma.
1900Ma LA &% 2500Ma 7247 (K] 8.4), iXULER HEISiE LT (Findlay, 1997;
Findlay and Pham, 1997; Carter etal., 2001; Lepvrier etal., 2004, 2008, 2011;
Trung etal., 2006; Nguyen etal., 2013; Faure etal., 2014, 2016; ¥ &, 2017;
84, 2018). WkJE LK KA (Chung and Jahn, 1995; Xu et al., 2001;
TR SCRIRERNER , 20015 FK4H52%E, 200155 4% (R, 2002; Zhou MF et al, 2002,
2005; %%, 2003; Guo etal., 2004; Wang and Zhou, 2006; Zhong and Zhu,
2006; Taoetal., 2009; SunYDetal., 2010;¥L%%, 2011; Zhengetal., 2013).
FEE & B (Li XHetal., 2002; WangJand Li ZX, 2003; LiZXetal., 2003; F
AR, 2016 A SHECHR) . FHg 1 iE 1A (Wang et al., 2007a; Wang et al.,
2012; Wang et al., 2013; Chang, 1996; Shu and Charvet, 1996; Charvet, 2013).
~IFHhER (Yuetal., 2010; Qinetal., 2005; Wang etal., 2007b; Lietal., 2010;
Yang etal., 2010; Wang YJetal., 2013) flfEm S —F =S{1E X5 (Wang
YJetal, 2013 I HZSHECHR) MRFF. K ML A b =5 58 B R
V] 5 [ sf 9 = 25 &0 B0 S R A6 g A e P i s A 8 i IR B PT 6, R VL
b b =B o s B0 SRRV S TR R AT EN SO B S A AR H . Hi 350Ma
A5 EPSCH AT, 1 800Ma 1 1000Ma U B Il 5 4 ma A He 58 A ALk 405 A
R, B =S, R AT AR 2 A RS R DX R R

g5 LA, B ARSI 4 R SN A Bl 255 i, ASCA RS
W = F GRS =& GO R, AR BN SCE Ly S LR KSR 4
FEEARE . FUELE L . TP S g — R =S MRS .
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Fig. 8.3 Probability distribution density plots for detrital zircon samples of the Middle
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Fig. 8.4 Probability distribution density plots for detrital zircon samples of the Upper

Triassic in Nanpanjiang Basin

8.3 FMAEILAMHASHIR

fERET APy, F. . B, g5, k. BN aghX g E
— RIS, HEHCNESE (TR VR X HURE 7 R, 1985; St A
R, 1987 mMAMTN AR, 19905 ¥hfHSE, 2009). {HAAHHSFE
WHE G B R R X 1A 2 5 Wl AR AR A X U (R
WA, 1993; FUABUNAE, 1997 SKIEAE, 1999; VU A, 2004). HiAKE
RIS R R, B0 B R B ) B M5 B Ay 258-248 Ma
(VEEFE %%, 2004; #H{F4, 2009; Zhangetal., 2013, 2014; FKBEEAE 0K,
2014), FWIME Bt — R =S IS RIS S R R A N V2 AR A

BB T T TARIIR N, F850IF 97 385 3 A7 R AH 4% 75 B A VL 2t oA A 30— S0 T
h = B RS AL . YESCEE (2017) N NTE R HE G £ — W AEAE R
N —r =St 2 RS s S (2016) HR4E LA-ICP-MS #541 U-Pb
AR ITEE R, IWNE TEHFZ W IESEE R0 215 Ma. tboh, &
ATTER) BT A1 1 Jo AT 00 DX el o A &5 BRI R, FE R RVt rp PR X, R
—SHPHAY R E REMSENK (KE6.2). #3005 (2018) X J\IE MLk A it
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177 LA-ICP-MS %547 U-Pb [FAIfL R 704, Haskd, Hr 1k U-Pb £y
62Ma, 536 30 KL A ) U-Pb fE#4 81 T~ 176-245 Ma, 1X 30 K (R IgAE ke
N 222Ma. #3005 (2018) HE b Bl Ay )RS R AL AN 62 Ma. SR
ZCh N CL B 45 R B R T 62Ma (%5 5 HAb s 17 B et F i aR A
7], ELH S H e 30 sk A1) U-Pb 4F % (176-245 Ma) M ZH iz . 1%
FRFE ST WL R RN T =85, HARG 222 Ma A5 408 5 F kg 55 (2016)
S T RAF ) 215 Ma IFESRE E RS — 3. BRI, ATV BV N A7
fE—WIHE =21t (~215 Ma, B, 2016) Feiha RiEa).

AR SR 0\ RS T BT AR ASE PR T B 1 5 S B L o AR SC I bt
JRBE 0 R B 1)\ — T A MG R BT 8 R ICE PR (B 6.3), 1%
T ZBRZ LT =S8R IKE IR K AE MR . X E— DR AR L
KM NEEREFEREAT 2R/ EFREAT =85, 5 1:20 J7XEH5
VAT 25 A — B ANPGRS 2 85 T Rt A RS A, R 3L
206pp/238 AEHA INACT- Y18 73 51 9 269.324.2 Ma 1 265.042.9 Ma, —H{EIRZETE
Bl — 8. X SE R W R T B AT A Y R B AR S T R4,
A2 H A BRSO A 9 B i A2 A7 B A R RE S 2, 7T ReARER i 2L 2 b B SO
VIR TEIF IS (B A G B =4 o 45 BRTIR, A SCEGHT BO R R AT 0 45 SR 3k
FR, METEMEEA S S (260-265 Ma). M —Sth—F =St

(258-248 Ma; Juipf£ %%, 2004; %, 2009; Zhangetal., 2013, 2014; ik
e AT 0K, 2014) Ag =Btk (~215 Ma, WHF#ESE, 2016) —HiEE
CETI

HEAS R, PRSI AR R B BRI, RIS ARl A JR S B
FORR AT 2 3G 12 3l SV L 20 M R R SR I A R R—— & R UL G HAH R
bR &G AR B AU IN E, ER =S R—p =Sy, A DR
VRN, AL & Hih 2 WA I AR VAR (R 0746, 1995; ZEfR4E,
1996; Yang et al., 2012). AICEFAMIFRERI] (5 6 A, NEMSEERA
TERAKEBRBNT =&, XRGESEE WAL S TR A BB A
R, W T P BN R o DRIk, A SR H ) R T 22 P 2
— B A T B (269-265 Ma) AR T MRt IL AT UG ST I DI IR . S50k
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[FJEST, et P G P T R ) 32 () O e s A R — 20 R T R URM B AR (L 5
HRAGENZ R RBE R . FPAM TR, PEARITE R ) T =& 40— i
BRIFABUTRR S BR A B BRI 5 O 32 I AR FEITAR DL R AR o 3L R B i 1) b
BEARRUURA G 7 (B SCFRSE, 2018). XK, FRIVLAHLEM St
—RE=FMAIA ) 7RV RER, & BT 7K AR IR . 74h, ETI—
W &G PEE A B, A KRN E R, X SE S R AT
RESK H M — R N T =84 Scs (2OCRSE, 2018). Fi AT 7 e
A AT G R AR I, B AV A B =S N I R A R R K,
B — 2B K (¥ o P4, 1995; ZedfRSE, 1996). Zhthpy s S
Kot (W SR =3k, 258-248 Ma, JHpEfZ %, 2004; #Hfh%%, 2009;
Zhang etal., 2013, 2014; 5KEEEAIE N, 2014) J2rRVLAMRRSY it 42
A G BT Ak, RTINS X i —F =& 50 N R A i R
ERYARTY, H =288 ohk ok P SR W, e VL A A v =S R
CUALF 548 1 & W B o B RTER K 28 b N 28 = A MR SRS Bh (e = & 1, ~215 Ma,
BetiEsE, 2016) HIBFFTILED, ER BT EE AR M (84, 2018)
I FU A A3 B TR OGRS, B Rt — D IR AL

168 I T VT 2 M Y CRRUH 2 1) AT R AR AN 28 PN A R AC SR AT R, P BV L A AR
St (269-265 Ma) JTaafiiE, M —Sit—F =St (258-248 Ma, JOR#
&, 2004; EEfE%%, 2009; Zhang et al., 2013, 2014; FKBEEAIE N K, 2014)
Freyok, NP =S EAEME, BN S B St
(269-265 Ma) i — St = S (258-248 Ma) Pl Jim shis A 2
R IE AL, FFRON T =B SRS PRI ) — )

[ -

=

ofF

8.4 RIAMERN TR

AN T R VL 2o R i M S R A R AP AE S, R B TR E R A
AT IR L R R . B e i TR 1L, K2R AN AT
R T AR ((E85%, 1990; XIEIBAVFRNA, 1994; HmAd sk,
2009; K EMFLE, 2012; Yangetal., 2012, 2014; Faureetal., 2014, 2016; Qiu
etal., 2017;), &4 F YN HJE T K P #9iE 3 (Li and Li., 2007; Carter and

Clift, 2008; Duanetal., 2018), A #52E A\AFH: [F B 52 2 R A K
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PRSI GIRER SR AEIEEE, 1994) . 7EF ALV S T RR i i iis
B, TR R, R AN ILA DT T M Bh b 2 3 A et
Wi (R, 1996; Yangetal., 2012; Qiuetal., 2017) Hi5k B 7 3 2
APt (Lehrmann et al., 2015) LIRS, IXEe238 R N E AR R
VIS B L — =S L M P 2 SIS L 2 B
GAE B — R S AEAEFESE AR, AL R SV L A ) T 9IS A —
S TRl B AL FE (R A0, 1995; kRim/E, 2009). fEUNE AL s
JE&T RGN S, BEEWNAE SR =8, HATPERI T 1
JE R ) NW AR w2, G AR TE A B al W R €, T 265-230Ma i1A]
AT 7 HbA'E S s P9 3¢ L P s 22 Ry ST DR o R B P SIS i il 72 b
HIL (Li and Li, 2007). BEARERES @AM R, STAE—F
F6 H R VT 20 0 B2 4% KPR R, HL 28 3 IR X O A RN 2,
TX AR HL SR e A VL 8 1 Dy vl DR3BS R IR S 2 — S
ARG 7 (Duan etal., 2018). FK4RREFE L (1994) NN AR BLITEE
A RIS A 1 SR AR, AR AE h = St —rh =S A A, 1 2k
P ERAE S R =S Oy 9IS Z

H T A A2 A0 5 e S VL A TE P9 AR IS A B Qe B ), X gt 3595 4
Fra HET AR, XIFBAAAE — 2 in) @, NI E e s & AR SO RIS R s
ST NPT I 18, SRS TERT AR URR Al b, 7ESR H—ANSERF A A Sl
HBTR I

8.4.1 ENEWLITAIRTRGZ MR

YONB R A& T BISZiE (Al 22 2 v, AR Z AU B S s i 1A
58 &7 T Song Ma 44417 (Pham et al., 2008; Liu et al., 2012; Nguyen et al.,
2013; Zhang RY etal., 2013, 2014), Tfij g # i1 22 BN 3238 11 i 72 o i ARG 22
M (Yan DPetal., 2006; Yangetal., 2012; Faureetal., 2014, 2016; Lehrmann
etal., 2015; Qiuetal., 2017). F A Faure et al. (2014, 2016, 2017) #£H, Song
Ma 4&4 77 Fl SongChay 4% & iy SN £1 I Wr R IR (1) [|] — 8% 545, AR iR )
B[S N AR B 4% iy 22 210 — 2L 7 11 48 Song Ma—Song Chay 4% 77
FEAR R by B A KN —F AR x4 T R =81 (250Ma), fllfE
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GRS R =5 (K85).

Al B g

Wang et al.
=

Cai et al.

|
‘China-Vietnam

border
20

Song Da-Tule
rift (ELIP)

Indochina Block

Emeishan Large Igneous province Middle Triassic turbidite .  egic Is e
(ELIP) Late P!;rm%an intra{)platc (Youjiang basin) IE]‘::::DIE%ML late orogenic
magmatism .

. o Early Paleozoic belt Middle Triassic orogen in
Early Paleozoic belts: Qinling, with important Triassic ﬂ]]:” North SCB (Sulu, Dabashan,
Yunkai-Wuyi overprint (Yunkai) Songpan-Ganze)

Neoproterozoic Jiangnan belt Ophiolitic suture: Song Ma, |:| g(r}eat:ltg?%ueshvgflcsfg%&lm:)nlc

Song Chay, Central
Ailaoshan, Jinshajiang

Paleoproterozoic basement with Fold axis

partly Triassic and Cenozoic Permian-Early Triassic "~ " Triassic orogenic diplacement:
reworking in Posen-Hoabinh, magmatic arc: Sam Nua, —¥ fold vergence or ductile shearing
Central Ailaoshan Dai Nuy Con Voi (DNCV),
W. Ailaoshan
Permian
Indochina Block South China Block
Magmatic arc  Accretionay prism Late Palecozoic Emcishan Plume Pre-Devonian
. . carbonate orogen only in
1 Day Nui Con Voi  Song Chay platform P %aﬂy . Babu mafic rocks NE Vietnam
: Sam Nua Song Ma 2}1]1?101(7]%10 Song Da rift
— —
1

Ophiolitic suture NE Vietnam belt
i i [Song Chay NE Vietnam nappe with Outer zone (Middle Triassic |
Triassic ophﬁ:]itic melange  Song Chay orthogneiss turbidite wigh mafic olistoliths)
NW Vietnam belt
[Song Ma Nam Co  Son La-Lai Chau zone Po Sen-Hoa-Binh zonel
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& 8.5 EpZi& 1l Song Ma—Song Chay & 1%\ & (Faure et al., 2012; 2014)

Fig. 8.5 The Song Ma-Song Chay suture model of the Indosinian Orogeny (Faure et al., 2012;

2014)
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A R M AR R T X IR AR s = B A TR ) AL A e . 5 Ab
Song Ma 457 #ll Song Chay 4% iy 73 Al vr T+ 213 - 2 A2 1L T R g AL A o £030] -
REBRAEH AR B AT RN, DR, BRI fE 250-700 km (Leloup
etal., 1995, 2007; Royden et al., 2008; Otofuji et al., 2012; Mazur et al., 2012),
TR A - A L L R A R K &2, Song Ma 28477 5 Song Chay 42 & 1R
AT Re 9 IA] — 4% G0 o BRI, AR SO ) TR FH IR — W o AE X — B A7 A2 DL i)
B, AR, BRIV AR = F A7) A TE K RSB T IR A e i 1
52 F. Lehrmann et al. (2005) Al Minzoni et al. (2015) Xt# b NBREREE A &
M PRI T R W, B AL 2 AR e — Bt —rh = S I R K48 i s Minzoni
etal. (2015) BERMHE L, XIFARR B TAUREREIG R, M2 H T2 HEiEs)
SOMR) o o P RV AN S AR T B SGE Ly, T B S R 5 A g AR e T k4 R
AT R =B, I A B AT G i A FEAL GG T 5 S B S — R E R L e 3 32 B
FEIE M IE IR AT ol ? Fk, A3 Song Chay 4% & i 4 JE € g% & i 32
TR R P R 1 X UE L IS AR A RO A R o e DA 2
e R R e a R, MR T ISR A s (Lepvrier etal., 2011;
Faure etal., 2014). {H 2 H AT E 0 X e () R AL 22 AR AR, JF H
For o3 R R I A AN BV S A N R B R Ve R T R Bk B (Bui et al.,
2011), (AUt Song Chay A =& 41 4% &7 M52 21| i % (Halpin et al., 2016; Duan
etal., 2018).

8.42 +HARU—AIRFEZEMIRER

Qiuetal. (2017) F:-FXBEAIT 7 =B RS & MU ERAL 2 43 Hr b SR
F—HEA (K 8.6). (EZMEA T, g A EN S e A, R AL A A
773 K L 3 [ Ay B S e 5 e R R G TR R P B 7 b, HLRE B R R
KB AE NS b IR 2RI o 1 — A5 o B AV 7 b A0~ 7 KL 72 b ] )
DB S5 L7, SR T 7E P AT A B AR R 35 P, B S L DAUT 2R G 5
ELRHE (PR B X H R 725, 1985; =& HUEA 75, 1990), fi
TH RGN AL AR B P 1) (PR B YA X HUR B =5, 1985), X
PG R R I IR T B SGE L . A Ah, AR, M AT A
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PEEYIIRIX - 0r 52 2%, AAECOR B MRG58 AMERF . EEAER
/2, Qiuetal. (2017) SCH AT REIFIET . S5 U N IX IR Bl =St A
B AR S R SR AN A5 R, (H B R A e b =S O Oy &
AT Z b o (RS b, PR AT, (R bR R (0 e B i 2% A 3 A R JA i
fiti 7t (Busby and Ingersoll, 1995). #7 i\ — St B0 S e 55 46 R R L hilf
8, U R AT R R s A A R i i 7 bt B A e = Bt

Late Permian - Early Triassic Continental arc
Shiwandashan-Youjiang foreland basin

lndocilnaBlodciEs = — South China Block —~—

Lithospheric mantle
P Lithospheric mantle

Collisional thrust belt

. . . Remnant
Middle - Late Triassic inental arc B g -~
continental arc | 3 Shiwandashan-Youjiang foreland basin
@/ e ———
Indochina Block —— < T - South China Block =~

Tectonic Lithospheric mantle

processes

Lithospheric mantle

8.6 EISTE I+ A KIL—AILATFG R A SR AR A (Qiuetal., 2017)

Fig. 8.6 The Shiwandashan-Youjiang foreland basin model of the Indosinian Orogeny (Qiu et

al., 2017)

8.43 WARFFFARMHANERTEZHAER

Li and Li (2007) $H § — AP sOR A A pg 1 b AN S 0
EIEEAL . AATTE T A 45 AR VR B B O T AR AR R R AR, U
250-190Ma Z [AJfEHER R Z LI —AN 5815 1300 2 HLA 1) P i #2 13 1L
(B 8.7), JFHEREAE T L R AR ) fe 5 935 3l (Zhou and Li, 2000; Zhou
et al., 2006; Shu et al., 2009; Yan et al., 2003). ZfErF, AT EERBLA
265Ma JF A A R 2 T (Li XH et al., 2006), 7EHEFEEHREFE SR —
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A, 9 ”‘T\‘, " J
Fuundcring’ ‘ \Roll-back
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siltstone a:\d shale rocks rocks carbonate lithosphere lithosphere
B 8.7 A PHETAR M E R AR AIE (Liand Li, 2007)
Fig. 8.7 The Paleopacific plate subduction evolution model (Li and Li, 2007)

RICWFFEEREY], ML AN T — E =850 A Giit 4R EAN

gkl (K 5.4, 5.6),

52 IS B G R A 3 R A AN+ A

o FFHASCWEFC SR F ST ST AR R IO 269-265 Ma, izt (b fif

ORI AOREUHE 2. IR B

AR AT R LUOA R ST B da i 52

BN IR F35h, 2 s R BE RS R AT A A AR KO B T i L Ly s A
ZOTHBR IS (R A, (EZAE R R a0 NW ), 5 B R GG 2k
AR PG 1A VLR, th 5 B R 8 2 A7 AL F [ BTk B R S R AEANAT
I, A AT R R AR R A VL A M IS S A A A — AN A
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8.4.4 JHAIRHBEESTIRIN
BT R )\ i K B iess (PP RP%, 1998; Wuetal,

1999; RARMESE, 2000, 2002). =FEAKM) THAE A hEHN - SLHINX
s CERMBMAINIR, 1999; KAAASE, 2003) Aigm K BN sS4 5K
9K (Li XH et al., 2006), Cai and Zhang (2009) 2 H g £ VT 7 b g 2% vh ekl 155
—I IR — 2R EE A, B a2 N EIRAE A, SRR SO Rz T
TR I EL ST R R RO S E = B i, AR AR S R il
AT =St fEiZBIH, Song Ma 48 & R VHBIAE S N TE AL, 220 H A
REATEW I, WS T 5EBEES - FATHAE (K 8.8), MEHILAMZ
AR AR 1) DS R T F3 P J 5 i o 7 1 o

South China South China
5 Y Q ‘& 7 O
25 “eo. Nanphjian,
%“--fv NS X Yunkai . gy, e, 7 .'g Yunkai
s Ao ; (i e,
Palaeo-tethys s, & geeinontary > promontary
_________ . _4,£'2______00_ - 10°1

Middle Triassic

South China
N

Song Pan
-Ganzi

Yunkai
promontary

Late Triassic Early Cretaceous

Kl 8.8 EIA A WHEEIMEA A (Caiand Zhang, 2009)

Fig. 8.8 The Dian-Qiong suture evolution model (Cai and Zhang, 2009)
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AT, B ALVL A A e BIHE IS A I WL e L R AR AE h =B R
Wo X—m BEEGE S AR IARRT, 20Ny e rg iR [a BN SOt of, 1
XIS 2 R B e R TR AL A& I % (Chen et al., 2014; Yan et al., 2006;
Faure etal., 2014; Lepriveretal., 2011) FHFF. Aitiz s 7 R 4 o i i
IKFNA R A HK N GE = SRR, 1999; KA ASE, 2003) fi Thpsks (B
K3esF, 1998; Wuetal., 1999; SARMESE, 2000, 2001, 2002) HyALM. mike
SRR R E T RGP AR —M (Condie, 1997), IXEMRA ZAL
IR R R A Ry, SR AR AR . S8k, 5B
e AT 7 AN T IS Lt PR T i T A ], 2288 AN R R 220 2R
2 R B WORE A AE [ b VY — B 2R ) BURE A, RV RE D R 9 ] B AL A
N HIX =& RIEBY) EZR A EHARM . 4, Za i)\ A 5 k-8
B R PR AR IR B e 2 B — e i B . — L8 A )\ — iyt R
R - RV s R oa IR AR g, T2 & TN 5 9735 3 (Lehrmann et al., 2015;
Faureetal., 2012, 2014, 2016).

8.4.5 MBE—EHEFHRET D FRARR

UTAERAE R BT R R O 0 = rE K T Da AT . SERE. I DA Kbkl o
(Cao Bang) — 7 Fli &2 1R 71 tH e — B th—rh — St (250-241 Ma) B3k ILAE GE
ZMSAIRIP R, 1999; RARMESE, 2000, 2002; 5411 A %%, 2003; B /MVEE2, 2011;
Qinetal., 2012; HEYP4E, 2012; Halpinetal., 2016; [aii4:, 2018), [A]i 17
TEAG LR . FEAEIRAT 2 RIS, 2013, 2014; HZ, 2017). =FJk
B )\ 2 B EE - (Cao Bang) HUIX 5 1) =& 2 2 # {7 %% MORB #
e ak e« ARSI A LS KB S P A S (R L — B i S R i i 2 mh % i 1
A (BhKRAE, 1998; Wuetal., 1999; Thanh et al., 2014; Halpin et al.,
2016), 7ERF 25 I 55 AR A SEAE IR 2 ) P AR 4 L A3 LA K g 755 1 ( Cao Bang)
SRR KL AR T — B e R R R AR P R T B VA —IR—7k & 4t (& 8.9,
Hik, 2017; miE4, 2018). FET X ——il—& RGRHIEN, KR
AR —TERE AR T 7 S A

I —V— I — R R G AR A, TN SRS KRR A Bk
T SKRMESE (2013) X )\ Al T RIRHS A NS 51T T SHRIMP 547
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U-Pb €4, 1531 27248 Ma RS 1HPORMIXIAE: (2002) £ )\ ARk 4k b
I3 A e R B A ORI T B A0 Ak s Thanh etal. (2014) X~
(Cao Bang) A A M Z AT T Rb-Sr &5 SRR, 458N
263415 Ma. LiuHC etal. (2018) X )\ Afi— iy i B AR I 0 AIAR i L 112 T i
T RINFEACFE IR 7T, SIMS 54 U-Pb @ A48 BR824 ala Fi R
MK A 7 L LT 265.244.9Ma i1 270.043.2Ma, B X RE . B KA 4R
R = AR T N-MORB %4 A1 SSZ Al st s 4l 7. #1555 M Song Hien
X F A —E A S R FE R B, th—iE Sl (274-262Ma) FEIZHL X A7/
7 (Halpin et al., 2016). A X EAE QA R, BT ARG R
—rp B (272-262 Ma) I AR — AR T SR, Wuetal. (1999) #
WX — R AT 20 S E 44 N )\ i—PhuNgu™ V. R LA E 1 — &
Fg SR =S RIS (250-241 Ma; & = AR5, 1999; AR
FE4%E, 2000, 2002; BE/NiEZE, 2011; Qinetal., 2012; SEN¥DZE, 2012; Halpin
etal., 2016; [a)/5<E, 2018) NIEoR, % RFHRET 7 SO S AE 1) AL R i v I8 A st
KA T Bttt R DR =St

PR, AR BRI e X g ) B AR O & B ey )\ Ai— P 5
AR, R R ERAE, 1998; Wu etal., 1999; Thanh et al., 2014; Halpin et al., 2016).
SICHT Z il CEREAISBEOINAT i, R IHEE, 2013, 2014: &, 2017) HIKILIK
(E MM, 1999; AL, 2000, 2002; /N4, 2011; Qinetal.,
2012; WHENYPAE, 2012; Halpinetal., 2016; [fi4:, 2018) 4H&, FERLVLZM
RS T 23 S ) AL ARV SRR B — A BRI G, (R 45 RS AR K
Je i i 72

XA E RN FEH T LA

S, AP T R I A SRR AR E BRI R LS E A A IR
MpSEAES U R T a KA RE S A ES U, A WA
W [X I S AR T A PRES (Huang et al., 2014). & T A a a8
HERMNZERE . TRZIE, RlEMDERNEKS (a4, 2018), A
HOBRIEE, SREGILh IR YA v 1A A AL A REE (Condie, 1997) AfF.
RERMMERE—HEEH R =8IRS (250-240 Ma), FFHA ik
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%8 E {tit

B RLCE I ERAL SR AE, B AR D9 2R AR - B 25 iy mh e S AR b T R ) 40
AR R BN SOE LAy i) —3B 4 CBR/NVEESE, 201D 34, \Am kit -i Bt 5 0%
B AR B e AR 51

B, B, BRI EMA ) TR =SS A h =S R
M = 2 tHE IS Al 2 PR s A R o I Bt b R KRR ok B, A i
T 2103 Gt A = A ) I S NI 55 X33k ( Dickinson, 1970,
1985), Jf H I 7Y NA KE K ILFEE S (Busby and Ingersoll, 1995). AT
PR AR AN KA T s, F AL A ) i — 8 T — & R — &R =S
JZ R E = AIAEDTRR, TR AL I R AT 2 g A . R AR,
b B A I T A T S e 0 A A Rt = et R v ) e (R, 2017
XY Z X TE R =S O m Y, AT A —E T R e
Y Ri 5z Bz m b B *h 4 o SRTIT, A SO B R LA b i 38 g — i th = 2 R A 1
JBA Iy oA R R, FORE B VIR R ik s, RS IR, BVFZ X AR R
-h ZE AR A KN, AR SO S R 5 IX — AR .

=, L Song Hien — 71 i & & 10058 o) A6 1188 b HE78 #4018 (Lepvrier
etal., 2011), X—I R WA H: )\ Ai—Song Hien 53 S 7 ml AL O Ao K
SR, g R DUR B S AR A S 1) S R I R o AR LU Hh R st R SR
LG, I H K& ST AR A Wb F0 30 h HE 7 N 2 A7 AE o A R — i Tl
P8 ) A B AR D B v IS A IS 5 A N7 224 77 K LT [ g 20 o 7S
SRTIT BN S L1y A A0 3 R 8 TR Al AL 08 #E7E (Lepvrier etal., 2011; Chen
etal., 2014; Faureetal., 2014), [Altt, REARSIE 7 T o8 i I AR b AN o 5 AR
N B —FATBERIE L, )\ Ai—Song Hien 4337 ¥ 7 ) AL AR i 2 B e 44 i
JRZEARE R A R ) B SRR 2 T ol il 4 T T2 30 ) AR 3 R P BE K, AT RSB
AT ) 1038 388 8 7 T [ b RO AR 3 TR 52 o B3 —H75 A8 A 7 R T $ A 7 TP i 35—
e 5 B A TOURR ) g B e by 3, i R R D0 B SR AU A i . i\ A —
Song Hien 7 3CE R A BT, BS54 WS B BOALIE J LT 2R AEAH T, (HAZ I
A A AR RIS Z AHBCE R S KR Bk, 430N\ Ti—Song Hien 43
SCHER R B AT AN BERfE , 16 T B — P AR AR
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340-280 Ma
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Fig. 8.9 The Napo-Pingxiang Paleotethys branch ocean model (Xia, 2017; Xiang, 2018)

VYA A T BSOS W r ST S o X I8 5T U A
SR TR, METLEMAN T N =38R0 Mm) 2, L =85 AEZ R %A P
AR TR R XU 7R, 1985; StMI AR A, 1987 mEA
JEAT AR, 19900, IXHE/R T Hr =S tH SR A b A 00 R AR 0 38 B 4 S el
ARSC N B BT 7 = B ZRBE S IR o Wt 445 R 3R B 2 S [0 30 0 W S8 SR IR AR [
1 T A TS ) 32 R | b A 0 B S 1LY b R AR B S A ) 32 ok | 4
B~ S5 UG L L AT 2 R, T 2 T D A 4 e G ok R VL oy B AT 1L
KRG« XWIER T S AHAAN 3245 T EISG&E iy, B RS AT 2R L
HR i 8 Bt A A i AR B R BB R . HAMERER IR, MAT
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T A S T 2R A e A R S [ A O AR P R T R A B AR A
b T AT E R U AE P — R 2R 1) (PR ER XS 77 R, 19855 A
MW7 R, 19900, A =& RAWE A e RN B, =88R/
BUNUTR AR, A W L e ) B2 5 o XR W =8 RV A M1 90T
MRS, H==520 )5 1 i B AL 03t 2 RO pE 2k 2R — B Ut B k= il JF:
B KAV BARN e . BRI, BAR A CWRAE R AEAGRBUN AT ER (XIBK
S, 1987), {HE Wi mg AL iRy 258 F) 72 7 R AR 1 G 2R AR AR AT A 1
R, MR =BLMEEE IR, AWz b R b ) 5 X G 2 s 1
AR AN 0 1L g RO . DL SR SRR BT, R AT A A IS AL ]
I 3 47T B S L s AN G 2R AL A& S s s i, iz 0005 iE 1 B SZid
A S P AL b ) R

85 R IAMMIERE ST

AU SR, FRLTT G i I ORI A w7 9T dr ok . Gsthdy O 7 s
A =AW BB B o R T Z o W 2 0 AT T S HE AR RS R 7 A R S T
BRI S0, BTt h =S (~269Ma) JFahfHE, X— (R EzR D
R R =F 1 (248Ma), X—FrBOR AL VIR B, £ =5
HHIN, B RV AR K TR 3G B — 2B IR, SRR AN T Fa 1 ) 2R PRI R 8 €
8.1b), X—FrB Ay KErB: Mk =S n, ZCge KiEEYEE, 2
RN e 0 A3 B T, AAE 7300 78 A A v e 1 P AR U AN B 5 7 o A e A
JEZ b AR T BIRFEA S SN L U S 0 B G EE R ) B BV A
FSCPRTRT R A4 AT BE HO A R

B T2 BB I, B AL 310 AT BB v R S 0y e 3 TR oy DR g 2 Y
AT M (IR SR RIS I, 1994; Li and Li, 2007), [RIESZ3) T H w8 0
SCIE LA A AR B A T 0 L L L O RZ R (L and Li, 2007; #4474, 2015).
11T E 1T V8 7 18 680 RS DR RS A RS T, ol 2 T S 408 B S e L ks R 5 06 1 e 1L o
& ISR

T BN S B 55 AR R AR ER 4 SR AL B A7 7E 4177 -SongMa 4% 47717 (Hutchison,
1989; Findlay, 1997; Findlay and Pham, 1997; Trung et al., 2006; Lepvrier et al.,
2008; Nguyen et al., 2013; Faure et al., 2014). SongChay #4477 (Lepvrier et al.,

163



FEIT R = BFIARERAL R A A0S R E 347

2011; Faure et al., 2014, 2016) AIJEIZEFr (Cai and Zhang, 2009) < 4+, FHrh
ZL3]-Song Ma Z& &t /& FI SO 5 A R IR 2 [A) % & 2ok 15 24 K2 B2
ATl (Hutchison, 1989; Findlay, 1997; Findlay and Pham, 1997; Trung et al.,
2006; Lepvrier etal., 2008; Nguyenetal., 2013; Faureetal., 2014). Hj 3 AETT
& Song Ma-SongChay 4& & it (AR 8.4.1 /NT5) Tk, AT |n)
AN Song Ma 4477 1 Song Chay 455 i £ — S 4N N [F— 4867, RS2 4030 -
A M EE A E A AT R T R I A E B ALE . B, ASC ek
FEN S e 5 AR pg AR i A T 407 -Song Ma 4% 475-Song Chay #H17, —#2
[) F) 4% 15 AS SCRR 2 9 Song Ma- Song Chay 284771

ENSzid L i, 5 Song Ma-Song Chay 4% &t ) it 2 (KR i AH S 5IUE 22 35 51
H A i F- 4708 4 280Ma (Lan et al., 2003; Hoaetal., 2008; LiuJLetal., 2012;
Faure, etal., 2014; Zhang RY etal., 2013, 2014), FHIEEGHR LA EI Sz
NHI L 280Ma A AFAE. =B, A R INE B 45 AU [R]RliAE 6 < 5 (~245
Ma, Nakano etal., 2008, 2010; Zietal., 2012; Laietal., 2014; Liuetal., 2014;
Faure et al., 2014, 2016) ARALIL[FbR & HI SO 5 S g i el 18 % A= 11X
— . BE=F 1 (229 Ma) EISZE Ly #E A RIEAE 5 1 el Br (229Ma, Liu et al,
2012).1f] Song Chay 4% & 5 R IR 4% & iy  [F) A — Jb it e (RS, 2001),
ZHR R R- B R 5EM M & A] SE X (Cai and Zhang, 2009; Lepvrier
et al., 2011; jfiZEX %, 2011; Halpin et al., 2016), 3 Hikpgdbasd4 Ak
WS HErR A A4 (Thanh et al., 1996). Kk, ASCUNIGEHERE T
R B Atk (R M RETL A 20 R A AR
RESTIRE M\ Mikeas CBhoRF84%, 1998; Wuetal., 1999; RARMESE, 2000,
2002; Tk X # 55, 2013; Liu HC et al., 2018) A1tk 74 3% P4 ) Song Hien ¥ 4% (Halpin
et al., 2016), NIFMAILEHhHILZ G AR FER (R CFRZ A\ ii-Song Hien ¥
W MEESRERX )\ At st 5 A1 Song Hien BE 4t E A ER LR, AR
9 )\Ai-Song Hien VEZE LR T 272-262Ma (FK x4 4%, 2013; Halpin et al., 2016;
Liu HC etal., 2018), 11X — I AX 5 B AL VL A HUA 46 J& 4K (~269Ma) HH— 3.
BRI, ANy, ALt DA R A R 73 1 N g 45 T 72t R0 46 e e s R 3004 e
dHE. {HRZ&5 Caiand Zhang (2009) WA, AN /\Ai—Song Hien — iy
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PR 2k 170 G 59 5 B S FRORI A R AR B 22 T ) o AR B BT 2 A O o AR STl H X
REHET I R RAE T, B REVL A P o — B4 —rh = B G0 ik A K 5 AR B
BRI KARTTRRRIE . )\ Ai—Song Hien — ¥ {132 0 ) 2% T 7 fii 4E e 48
SERE— T 5 R R TR BT . IR AR SR R bt R R AR R AR B e
Aoy B2, JbB RN AR R A R 3 A 2 TR RS — N 1) AR 0T VR 2 SCPE L,
[BIHAEAE D) K. Bk, ASCiried i T8 )\ fi—Song Hien 43 3 &
& BN S AR IR G AR, AR F IR S I IR i, IR\ A
—Song Hien 3 3% AR Uk JE D B S 3 Lty il —36 43

S FE W s, FERANE L (EJGfE, 1998; Wang YJ et al., 2005,
Liand Li, 2007; Z==/&, 2011; #%#, 2015; BFH1, 2018) FIffrh—rlffi it
i (Hsu et al., 1988, 1990; [k, 1993; Z=4k=:, 1993; [l fIE L,
1998; 7, 2004) 4. NAFH UL s ol N g i) 2 D N eI 47 AR
ORI B AR B O -G 7E— S o TR P93 L i R A 25 T L A A IR TR I
WY, ZRIMIESE S EHEES (Li and Li, 2007; #£4, 2015), B
TERE Y2RS5 N B T2 DR AT A it R IO e = A o A O e 2 TC A8 5%
1998). WA T U 113 1Ly £ = B 20 A IR -l i 1L i ) 2 2 U)K AE AR R
A B 2P, FH AR A B TE 1IN 3G LU (30 77 AL o BARIMEA T 1 SC 22 (1998)
PR, ZB4- =B ATEY TR AR M S i L 3 1 J A 0 B A7 E — VL rg ik AR
9N, X TR AR IR IR S T . R BRI KRR 2k
HETE AR, TTRRAIE &L= CFE LGS HRIEA AN
TR AR, TTRERARIVE —Bal- =B T AR UG . RN, Rk
A SCAE (1998) 4 VL i i A IS R /E 25 e 1Lt LU S 2 P i T4 Al 2
F, BRI P AR BRI PO R . ZE4k5T (2010) AN S W i (L5 A< 000 16 74 o i e
i, BRI A AR Ak, Hoerh S B AR 25 0 L LS T 00 R A
T 2 T i R e T T o T L oL DA O e AR 3 L PR O S TR 1 A T
Iesxs 5L (Z&4) AR (B4R, 20100, RERENSE (1995) 1E
i RACER IS A 5- B AU I RE R, BAEF LS AT TR, B4
KA BB ARIE .

S T W L3 1 3 LU 413, (A = B A B R ARSI 352 (Hsu
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etal., 1988, 1990; Chen, 1999; Fryif#, 1998; Liand Li, 2007, ZE=H, 2011;
BT, 2018). Tl e iy, BRI E B e 28 LR G IR LE AR R BT
B 5 R B REFUURAN, WOBG d AR = & A S K NI TR (B =
B FF 6 M AR TURA 58 A5 A ARG AR TR, HLRE = 8 thE- L gk 2t AR Bt A DU AR AS
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T2 ME 14LL-3 40.0 45 555 26.5 4.5 69.0 27.1 28.8 441 230 541 23.0 25.1 296 453
T 14LL-5 37.8 5.8 56.3 26.2 5.8 68.0 29.0 28.2 427 194 710 9.7 22.5 30.8  46.7

A 14LL-6 37.7 4.6 57.6 27.1 4.6 68.3 28.1 32.9 39.0 171 729 10.0 20.4 36.4 431

L) 14LL-7 40.4 4.7 54.9 26.9 4.7 68.4 20.2 40.1 39.7 222 66.7 111 23.6 384  38.0

14LL-8 54.9 5.7 39.3 41.1 5.7 53.1 24.5 9.9 65.6 7.7 92.3 0.0 31.7 9.0 59.3

% XA 3 (E 500 40 460 356 4.0 604 284 248 4658 117 589 295 315 243 442

Z DX IR A 2 11.2 14 103 8.4 1.4 7.6 6.5 10.1 8.2 92 239 287 111 113 6.6

N 15JB-1 557 20 423 313 20 668 362 277 362 67 600 333 475 228 297

oh s 15JB-2 630 38 332 384 38 578 292 292 417 00 923 7.7 51.1 201 28.8

T2 jé_g; 15JB-3 519 31 451 358 31 611 220 174 606 500 357 143 313 153 533
. 15JB-5 503 29 468 300 29 671 297 186 517 111 66.7 222 382 164 455

15JB-6 540 36 424 361 36 603 258 156 586 00 50.0 500 362 134 50.3

Z X HE 550 3.1 420 343 31 626 285 217 497 136 609 255 409 176 415

Z DX IB bR 2 4.4 0.7 4.7 3.2 0.7 3.7 4.7 5.6 95 187 188 149 7.3 34 103
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St YJ-17 51.5. 23 463 362 23 616 169 49 782 500 50.0 0.0 285 42 673

%2 YJ-23 535 43 422 309 43 648 260 189 551 250 75.0 0.0 420 148 432

T2 i YJ169 580 31 388 395 31 573 207 234 559 00 500 500 376 184 440
) YJ-171 532 07 461 379 07 613 200 108 69.2 333 333 333 293 95 612

YJ-175 562 26 413 404 26 570 206 134 660 0.0 1000 0.0 325 114 56.1

Z X AE 545 2.6 429 370 2.6 60.4 208 143 649 217 617 16.7 340 117 544

Z X B 2.3 1.2 2.9 3.4 1.2 2.9 2.9 6.4 86 194 233 211 5.1 4.8 9.5

. 16CH-2 522 41 437 366 41 593 209 109 682 91 545 364 311 95 595

= ﬂ%% 16CH-3 608 32 360 379 32 588 348 161 491 0.0 500 500 493 125 382
T 16CH-4 578 42 379 395 42 562 241 138 621 400 60.0 0.0 389 111  50.0

16CH-5 565 21 414 365 21 614 263 42 695 333 333 333 396 35 569

Z X HE 568 34 398 376 34 589 265 112 622 206 495 29.9 397 9.1 51.1

Z X IR A2 3.1 0.8 3.0 1.2 0.8 1.8 5.1 4.4 81 165 100 184 6.5 34 8.2

_ 15BS-12 418 49 533 226 49 725 328 113 559 00 667 333 349 109 542

%;i' 15BS-14 489 49 462 311 49 639 284 177 539 00 1000 0.0 348 161  49.0

T2 jﬂz 15BS-18 435 1.7 548 214 17 769 447 37 516 00 1000 0.0 422 39 539
%E) 15BS-22 427 66 506 231 66 703 381 200 419 00 571 429 385 199 416

15BS-23 453 68 480 257 68 676 423 239 338 00 667 333 414 243 343

% X3P 33 E 444 50 50.6 248 5.0 702 373 153 474 00 781 219 384 150 46.6

WZ DX bR A 2 2.5 1.8 3.2 35 1.8 4.4 6.0 7.1 8.3 0.0 182 18.2 3.1 7.1 7.7
Ht, 15BS-28 525 31 444 326 31 644 138 621 241 00 889 111 342 474 184

Wr%: 15TY-1 519 59 422 311 59 630 360 368 272 00 1000 0.0 435 325 240

T2 PMJdtk 15TY-3 502 35 463 304 35 661 317 352 331 00 333 667 385 317 298
(& 15TY-9 543 49 408 345 49 605 403 274 323 00 875 125 448 254 299

i) 16TL-9 470 60 470 313 60 626 311 364 326 00 833 167 326 356 319
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16TL-8 50.2 5.0 44.8 33.1 5.0 61.9 38.1 35.1 26.9 0.0 91.7 8.3 38.1 35.1 26.9

XA 2ME 50.7 51 442 32.1 5.1 628 354 342 304 00 79.2 20.8 395 320 285
12 X I bR T 2 2.3 1.1 2.2 1.4 1.1 1.8 8.7 10.9 3.4 00 218 21.8 4.4 6.6 45

15GN-3 43.8 8.1 48.1 27.2 8.1 64.7 22.1 29.9 48.1 7.1 50.0 42.9 30.6 26.6 42.8
15GN-4 51.1 7.2 41.7 31.3 7.2 61.4 39.1 25.6 35.3 9.1 45.5 45.5 43.8 23.6 32.6
15GN-7 52.2 54 42.3 321 54 62.5 29.5 35.6 34.8 0.0 55.6 44.4 40.4 30.1 29.5

T2 i ri@: 15GN-22 483 75 442 298 75 627 227 355 418 125 708 167 351 298 351
™ i5GN-20 516 43 441 296 43 661 480 270 250 91 818 9.1 490 265 245
15GN-26 469 61 469 289 61 650 137 370 493 00 571 429 308 297 39.6

15GN-32 514 40 446 335 40 625 317 448 234 00 571 429 369 414 217

ZIX I E 493 61 446 303 6.1 635 296 336 368 54 597 349 381 297 323
Z X B A 2.9 1.5 2.1 2.0 1.5 16 106 6.2 95 49 116 141 6.3 5.3 7.1
16TL-3 538 50 412 332 50 618 298 387 315 00 667 333 416 322 262

T2 E%?; 16TL-4 457 52 491 307 52 640 290 313 397 00 400 600 301 308 391
16TL-6 526 33 441 369 33 598 215 274 511 0.0 1000 0.0 31.2 240 448

% X3P 33 {E 50.7 45 448 336 45 619 268 325 408 00 689 3.1 343 290 367
Z DX IR A 2 3.6 0.9 3.2 2.6 0.9 1.7 3.8 4.7 8.1 00 245 24.5 5.2 3.6 7.8

=BG T A AT E 514 43 444 289 238 473 4.9 225 85 641 136 57.4 29.0 66.9 6.2

16ZF-1 64.8 2.4 32.8 36.9 2.4 60.6 40.4 36.2 234 182 818 0.0 58.8 25.0 16.2

niFE  16ZF-2 66.3 1.4 32.3 37.5 1.4 61.2 34.0 48.9 170 26.7 633 10.0 57.5 31.5 11.0

T3 (e 16ZF-3 64.6 0.4 35.0 36.6 0.4 63.0 24.4 20.9 547 20.0 60.0 20.0 51.5 134 351
) 16ZF-4 58.4 5.0 36.7 30.2 5.0 64.8 28.2 16.5 55.3 0.0 33.3 66.7 51.6 111 37.3

16ZF-5 51.7 0.7 47.6 26.6 0.7 72.7 25.7 11.0 63.2 50.0 50.0 0.0 41.6 8.7 49.7

1Z X ICEAE 61.2 2.0 36.8 336 2.0 645 306 267 427 230 577 19.3 522 179 298
12 X bR 2 5.4 1.7 5.6 4.4 1.7 4.4 5.9 139 187 161 159 24.8 6.1 8.8 14.3
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15QB-1 665 25 311 335 25 640 475 317 208 111 722 167 669 200 13.1
g;; 15QB-4 601 50 349 315 50 634 433 260 308 00 600 400 590 188 222
T3 (5 15JB-11 700 0.6 294 403 06 59.0 297 352 352 118 765 11.8 590 205 205
) 15JB-12 658 0.0 342 399 00 601 363 284 353 313 625 6.3 542 204 254
15)B-13 696 07 297 375 07 618 500 298 202 182 636 182 684 188 1238
Z X AE 664 1.8 318 36.6 1.8 617 413 302 285 145 67.0 186 615 19.7 188
Z X B 3.6 1.8 2.3 35 1.8 1.9 7.5 3.1 6.7 102 6.3 11.5 5.3 0.8 5.0
=BG AR A 638 19 343 360 285 36 73 252 58 617 168 194 638 334 40
I BPEESBEABNSESE
Mizk 3 M I &t =B EEBR S AR TR NS
,'E\E:TI Na,O MgO Al,O3 SiO; K20 CaO P,0Os FeO MnO TiO2 NiO Cr,03 V203 Total
15AL9-TUR-1 1.70 744 3183 3588 0.07 1.59 000 6.14 0.07 023 001  0.04 0.05 85.04
15AL9-TUR-2 1.89 337 3361 3558 0.07 0.41 0.04 10.54 0.00 0.34 0.00 0.04 0.07 85.95
15AL9-TUR-3 1.92 6.23 3348  36.57 0.03 0.33 0.00 6.64 0.00 0.05 005 0.08 0.09 85.46
15AL9-TUR-4 1.86 206 3357 3537 0.03 0.17 0.00 12.86 0.06 0.10 0.00 0.02 0.00 86.09
15AL9-TUR-5 1.47 6.98 3327 36.62 0.01 0.64 0.00 531 0.00 0.15 0.00 0.04 0.02 84.51
15AL9-TUR-6 2.21 853 3284 3758 0.02 0.08 0.00 3.66 0.02 0.15 0.00 0.02 0.03 85.15
15AL9-TUR-7 1.88 6.82 33.07 36.64 0.01 0.54 0.01 585 0.00 0.22 006 0.05 0.02 85.17
15AL9-TUR-8 2.19 545 3129  36.45 0.00 0.04 0.00  9.40 0.06 011 002 001 0.04 85.06
15AL9-TUR-9 157 1018 31.13 36.81 0.04 1.96 001 3.28 0.00 0.08 004 001 0.04 85.14
15AL9-TUR-10 1.86 6.21 34.09 36.41 0.04 0.38 0.02 546 0.00 0.22 0.00 0.02 0.00 84.71
15AL9-TUR-11 2.15 710 3137 36.61 0.06 0.39 0.01  7.29 0.00 0.5 0.00 0.03 0.04 85.19
15AL9-TUR-12 2.40 730 3194 3853 0.01 0.21 001 7.74 0.06 027 0.00 0.04 0.04 88.55
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15AL9-TUR-13 2.16 6.97 3182 36.11 0.06 0.53 0.01 7.15 0.04 0.04 0.01 0.00 0.05 84.94
15AL9-TUR-14 2.69 9.51 2944  36.74 0.11 0.22 0.00 6.23 0.02 0.06 0.00 0.03 0.04 85.09
15AL9-TUR-15 2.15 712  32.02 37.08 0.02 0.34 0.00 6.62 0.02 0.14 0.00 001 0.02 85.53
15LL5-TUR-1 2.65 6.82 29.86 37.37 0.01 0.19 0.00 9.69 0.00 0.32 0.00 0.09 0.07 87.06
15LL5-TUR-2 2.26 711 3186 36.51 0.03 0.26 0.01 6.12 0.06 0.25 0.03 0.04 0.03 84.58
15LL5-TUR-3 2.71 9.18 28.64  36.39 0.01 0.25 0.00 6.28 0.01 0.12 0.04 0.04 0.03 83.69
15LL5-TUR-4 1.88 596  32.18 36.89 0.02 0.10 0.31 6.71 0.00 0.09 0.00 0.00 0.00 84.13
15LL5-TUR-5 242 7.07 29.30 36.68 0.00 0.41 0.01 9.22 0.00 0.29 0.09 0.05 0.00 85.53
15LL5-TUR-6 1.74 6.21  33.33 35.76 0.05 0.87 0.03 5.83 0.02 0.18 0.03 0.10 0.07 84.22
15LL5-TUR-7 2.50 3.76  30.60 35.72 0.11 0.34 0.00 12.07 0.00 0.37 0.05 0.01 0.01 85.52
15LL5-TUR-8 1.65 5.74  33.74  37.66 0.02 1.04 0.00 6.56 0.01 0.09 0.02 0.08 0.03 86.64
15LL5-TUR-9 2.01 5.89 3349 36.74 0.01 0.18 0.01 6.19 0.00 0.20 0.00 0.06 0.09 84.89
15LL5-TUR-10 1.40 7.67 27.95 35.72 0.07 2.40 0.00 10.28 0.00 0.25 0.03 0.01 0.02 85.79
15LL5-TUR-11 1.70 5.64 3347 36.38 0.03 0.52 0.01 7.58 0.00 0.18 0.03 0.01 0.00 85.56
15LL5-TUR-12 2.07 784 3198 36.85 0.02 0.35 0.00 5.95 0.02 0.05 0.00 0.03 0.03 85.18
15LL5-TUR-13 2.23 420 32.06 35.98 0.02 0.04 0.01 10.12 0.00 0.27 0.04 0.05 0.07 85.09
15LL5-TUR-14 1.83 6.52 3354  36.73 0.02 0.78 0.01 5.73 0.04 0.28 0.02 0.05 0.06 85.59
15LL5-TUR-15 1.69 6.10 3296 36.66 0.04 0.50 0.01 7.11 0.04 0.07 0.02 0.03 0.03 85.25
15AL6-TUR-1 2.55 6.83  30.03 36.95 0.02 0.26 0.00 9.38 0.00 0.05 0.03 0.00 0.03 86.14
15AL6-TUR-2 191 9.71 3135 36.74 0.01 1.65 0.02 3.30 0.00 0.16 0.04 0.08 0.08 85.05
15AL6-TUR-3 1.48 6.50 3274 36.14 0.01 0.62 0.04 6.48 0.00 0.05 0.01 0.07  0.00 84.14
15AL6-TUR-4 1.53 220 30.17 4192 0.03 0.23 0.03 11.56 0.01 0.16 0.00 0.00 0.05 87.88
15AL6-TUR-5 2.25 717 3120 36.57 0.04 0.36 0.00 8.41 0.07 0.01 0.06 0.04 0.06 86.23
15AL6-TUR-6 1.79 082 3343 35.32 0.04 0.05 0.04 14.12 0.08 0.06 0.00 0.00 0.02 85.75
15AL6-TUR-7 1.95 6.69  33.52 36.94 0.01 0.21 0.00 5.59 0.00 0.09 0.04 005 0.12 85.20

15AL6-TUR-8 2.75 6.18 28.88 37.76 0.02 0.08 0.01 9.35 0.00 0.14 0.01 0.06 0.04 85.29
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15AL6-TUR-9
15AL6-TUR-10
15AL6-TUR-11
15AL6-TUR-12
15AL6-TUR-13
15AL6-TUR-14
15AL6-TUR-15
15XL37-TUR-1
15XL37-TUR-2
15XL37-TUR-3
15XL37-TUR-4
15XL37-TUR-5
15XL37-TUR-6
15XL37-TUR-7
15XL37-TUR-8
15XL37-TUR-9
15XL37-TUR-10
15XL37-TUR-11
15XL37-TUR-12
15XL37-TUR-13
15XL37-TUR-14
15XL37-TUR-15
15BS24-TUR-1
15BS24-TUR-2
15BS24-TUR-3
15BS24-TUR-4

1.90
1.57
2.36
1.69
2.04
1.24
2.20
2.38
2.09
1.86
1.95
2.04
2.08
1.87
1.59
211
1.79
1.96
1.94
243
1.36
1.92
1.95
1.99
2.06
2.13

5.22
4.39
8.11
7.04
6.59
3.46
3.92
747
1.88
4.62
6.41
3.39
7.10
5.37
2.75
4.95
1.47
5.79
5.13
7.42
8.67
4.36
7.21
7.48
7.18
8.87

33.69
33.07
31.41
35.04
32.10
33.11
31.80
30.41
33.26
32.30
32.11
32.49
33.79
33.71
34.66
31.39
33.82
34.21
32.96
28.10
33.53
32.73
33.42
31.42
31.99
30.56

36.37
34.97
36.72
35.54
36.28
35.85
36.10
36.77
35.85
35.63
36.84
35.77
36.44
36.34
36.62
37.01
35.79
36.49
36.40
41.68
36.55
35.65
36.73
36.05
36.27
37.44

0.04
0.06
0.04
0.04
0.04
0.01
0.02
0.01
0.04
0.01
0.01
0.06
0.02
0.01
0.05
0.01
0.02
0.04
0.03
0.01
0.10
0.04
0.03
0.01
0.03
0.02

0.30
0.60
0.50
1.24
0.53
0.49
0.30
0.45
0.04
0.52
0.34
0.33
0.50
0.30
0.07
0.00
0.08
0.31
0.26
0.10
1.94
0.26
0.65
0.88
0.54
0.74
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0.01
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.04
0.00
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.02
0.01
0.00
0.00
0.04
0.00
0.01
0.01
0.00

7.79
9.63
5.85
4.48
7.16
10.51
11.66
7.99
13.38
10.45
7.95
11.32
5.54
7.53
9.93
10.85
13.11
6.74
8.60
7.65
3.42
9.37
5.16
7.41
7.34
6.26

0.09
0.03
0.01
0.00
0.02
0.00
0.02
0.05
0.02
0.02
0.04
0.09
0.00
0.00
0.00
0.00
0.08
0.02
0.04
0.00
0.00
0.02
0.00
0.02
0.07
0.04

0.17
0.09
0.06
0.19
0.15
0.04
0.17
0.19
0.12
0.19
0.15
0.19
0.16
0.34
0.08
0.05
0.11
0.11
0.12
0.01
0.12
0.26
0.15
0.10
0.01
0.14

0.02
0.02
0.03
0.02
0.00
0.02
0.00
0.00
0.00
0.02
0.06
0.04
0.05
0.00
0.02
0.00
0.00
0.00
0.03
0.02
0.05
0.00
0.00
0.00
0.00
0.00

0.04
0.05
0.00
0.08
0.00
0.05
0.02
0.01
0.00
0.08
0.03
0.02
0.02
0.00
0.00
0.04
0.00
0.00
0.08
0.05
0.04
0.05
0.04
0.29
0.06
0.02

0.08
0.07
0.06
0.07
0.04
0.03
0.03
0.05
0.00
0.14
0.03
0.05
0.02
0.02
0.04
0.08
0.06
0.04
0.03
0.00
0.06
0.05
0.05
0.09
0.01
0.01

85.71
84.55
85.15
85.43
84.94
84.83
86.27
85.79
86.72
85.85
85.90
85.79
85.71
85.50
85.80
86.49
86.33
85.71
85.63
87.46
85.83
84.73
85.39
85.74
85.55
86.22
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15BS24-TUR-5 2.85 949 2998 37.12 0.01 0.20 0.00 557 0.00 0.00 0.04 0.03 0.02 85.29
15BS24-TUR-6 1.53 6.72 3289  36.13 0.05 1.29 0.01 6.23 0.00 031 0.02 0.05 0.09 85.31
15BS24-TUR-7 2.50 6.59 30.69 36.36 0.02 0.00 000 7.91 0.00 0.03 0.01 0.00 0.05 84.15
15BS24-TUR-8 1.59 059 3397 3554 0.03 0.03 0.00 13.69 0.04 0.01 0.02 0.04  0.00 85.53
15BS24-TUR-9 2.00 6.58 3242  36.29 0.08 0.46 0.00 6.29 0.00 0.27 0.00 0.16  0.50 85.04

15BS24-TUR-10 1.83 432  34.00 36.10 0.04 0.30 0.01 7.90 0.00 0.11 0.01 0.02 0.02 84.65
15BS24-TUR-11 1.75 549  33.63 36.26 0.02 0.45 0.00 7.68 0.05 0.17 0.04 0.12 0.01 85.66
15BS24-TUR-12 2.64 6.08 30.01 36.26 0.02 0.24 0.00 10.20 0.00 0.15 0.01 0.02 0.00 85.62
15BS24-TUR-13 1.98 494 3421 36.47 0.02 0.22 0.00 7.69 0.00 0.25 0.01 0.00 0.05 85.83
15BS24-TUR-14 1.37 17.77 29.38 35.64 0.07 2.59 0.00 7.86 0.00 0.33 0.02 0.04 0.12 85.19
15BS24-TUR-15 2.75 7.98 28.86 36.57 0.00 0.32 0.00 8.49 0.02 0.06 0.00 0.12 0.02 85.18

15XL29-TUR-1 2.13 6.49  32.50 37.31 0.00 0.10 0.02 6.97 0.00 0.23 0.00 0.00 0.05 85.79
15XL29-TUR-2 1.78 5.79 3172 35.75 0.05 1.12 0.00 8.50 0.00 0.20 0.05 0.07  0.09 85.12
15XL29-TUR-3 1.84 478 3114  36.00 0.04 0.88 0.00 11.03 0.03 0.32 0.03 0.00 0.05 86.12
15XL29-TUR-4 221 765  31.17 36.54 0.03 0.44 0.02 7.45 0.00 0.00 0.03 0.02 0.05 85.61
15XL29-TUR-5 1.63 1.06  33.50 35.92 0.07 0.02 0.04 13.75 0.07 0.04 0.00 0.02 0.06 86.17
15XL29-TUR-6 1.69 3.70  33.38 35.33 0.06 0.94 0.03 10.97 0.03 0.12 0.01 0.00 0.03 86.29
15XL29-TUR-7 1.99 560 3176 36.11 0.04 0.59 0.00 9.63 0.02 0.16 0.01 0.03 0.03 85.95
15XL29-TUR-8 1.90 6.53  32.10 36.85 0.02 0.31 0.00 6.90 0.03 0.07 0.06 0.14 0.15 85.06
15XL29-TUR-9 2.40 5.71  32.09 35.95 0.06 0.23 0.00 9.16 0.01 0.03 0.01 0.00 0.00 85.65

15XL29-TUR-10 1.87 581  31.86 36.06 0.03 0.67 0.00 8.74 0.00 0.17 0.00 0.04 0.04 85.30
15XL29-TUR-11 1.56 6.07 32.13 35.47 0.06 1.29 0.02 7.35 0.00 0.26 0.00 037 0.28 84.87
15XL29-TUR-12 2.66 8.62 29.47 36.82 0.03 0.35 0.02 7.50 0.00 0.05 0.00 0.09 0.09 85.70
15XL29-TUR-13 2.28 9.17 29.82 36.36 0.04 0.66 0.01 5.68 0.00 0.35 0.03 0.06 0.05 84.50
15XL29-TUR-14 2.66 8.23  30.46 37.06 0.02 0.23 0.00 7.67 0.04 0.00 0.03 0.00 0.04 86.43
15XL29-TUR-15 2.26 5.84 3241 36.47 0.03 0.14 0.03 8.17 0.02 0.19 0.00 0.05 0.04 85.64
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15GN32-TUR-1
15GN32-TUR-2
15GN32-TUR-3
15GN32-TUR-4
15GN32-TUR-5
15GN32-TUR-6
15GN32-TUR-7
15GN32-TUR-8
15GN32-TUR-9
15GN32-TUR-10
15GN32-TUR-11
15GN32-TUR-12
15GN32-TUR-13
15GN32-TUR-14
15GN32-TUR-15
15GN5-TUR-1
15GN5-TUR-2
15GN5-TUR-3
15GN5-TUR-4
15GN5-TUR-5
15GN5-TUR-6
15GN5-TUR-7
15GN5-TUR-8
15GN5-TUR-9
15GN5-TUR-10
15GN5-TUR-11

1.72
1.58
1.78
0.01
2.02
2.00
1.86
1.93
1.92
1.97
1.58
243
2.18
1.83
2.31
1.81
2.73
1.89
2.07
1.66
1.38
2.68
1.97
2.55
1.95
1.71

1.67
8.89
3.98
0.02
0.01
4.02
6.46
7.08
7.88
8.89
4.61
8.16
6.56
5.62
7.88
5.72
6.12
0.47
2.75
6.68
7.12
5.53
5.98
5.76
1.48
481

33.81
31.73
33.19

0.29
34.46
33.14
32.55
33.26
30.26
29.83
33.02
31.21
31.55
33.49
31.23
32.05
30.62
33.39
33.28
32.67
33.78
31.44
33.67
31.16
34.01
33.64

35.43
36.61
35.78
98.59
34.59
35.78
36.48
36.51
36.02
36.56
35.95
36.86
36.76
35.72
36.63
36.18
36.73
35.31
35.16
35.34
36.18
36.86
36.34
36.45
35.00
35.82

0.05
0.06
0.04
0.06
0.04
0.03
0.02
0.02
0.06
0.04
0.00
0.03
0.00
0.05
0.00
0.02
0.00
0.05
0.04
0.08
0.04
0.00
0.04
0.01
0.02
0.05

0.15
1.84
0.28
0.00
0.32
0.24
0.34
0.55
1.46
1.08
0.55
0.47
0.11
0.63
0.26
0.43
0.00
0.15
0.14
1.89
1.46
0.00
0.46
0.02
0.16
0.81
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0.00
0.02
0.02
0.00
0.00
0.01
0.02
0.01
0.00
0.01
0.01
0.02
0.00
0.02
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.01
0.02
0.01
0.03
0.00

12.67
4.57
9.87
0.30
9.13
9.60
6.59
5.75
8.51
6.61
9.83
6.74
7.95
6.86
5.53
9.34
9.67

15.10

12.19
6.58
5.18

10.31
7.01
9.88

13.05
8.74

0.05
0.02
0.00
0.00
1.28
0.02
0.05
0.00
0.08
0.00
0.02
0.02
0.01
0.00
0.02
0.02
0.00
0.08
0.03
0.01
0.00
0.04
0.00
0.02
0.02
0.08

0.03
0.38
0.18
0.01
0.01
0.15
0.09
0.24
0.03
0.17
0.00
0.07
0.04
0.27
0.23
0.15
0.03
0.16
0.07
0.28
0.08
0.13
0.10
0.01
0.06
0.21

0.00
0.00
0.03
0.00
0.00
0.00
0.01
0.00
0.04
0.04
0.07
0.03
0.05
0.07
0.00
0.00
0.02
0.00
0.00
0.04
0.00
0.03
0.06
0.00
0.01
0.03

0.00
0.01
0.03
0.03
0.00
0.00
0.04
0.05
0.01
0.04
0.06
0.01
0.01
0.03
0.02
0.04
0.03
0.04
0.00
0.05
0.05
0.00
0.03
0.02
0.00
0.00

0.00
0.05
0.08
0.00
0.00
0.01
0.03
0.11
0.01
0.03
0.06
0.00
0.02
0.04
0.08
0.07
0.00
0.00
0.00
0.04
0.11
0.00
0.05
0.06
0.00
0.03

85.57
85.75
85.24
99.31
81.85
85.01
84.53
85.51
86.26
85.26
85.74
86.05
85.24
84.63
84.20
85.83
85.96
86.64
85.73
85.32
85.38
87.02
85.72
85.94
85.79
85.93



TR = BFTUARPRAL R R A0S L E 47

15GN5-TUR-12 1.92 440 3351  36.08 0.04 0.31 0.00 9.24 0.00 0.20 0.00 0.07  0.06 85.83
15GN5-TUR-13 2.09 6.20 3241  35.63 0.04 0.40 0.00  7.99 0.07  0.03 0.00 0.00 0.04 84.91
15GN5-TUR-14 1.74 6.00 3351  35.68 0.05 0.99 0.04  6.32 0.02  0.07 0.01 0.04 0.08 84.54
15GN5-TUR-15 1.53 467 3392 3511 0.05 0.90 0.00 832 0.00 0.19 0.00 0.01 0.00 84.70

15BS8-TUR-1 1.82 1.30 33.50 35.68 0.03 0.03 0.02 12.90 0.14 0.00 0.00 0.00 0.00 85.41
15BS8-TUR-2 2.06 6.00 33.36 36.38 0.02 0.37 0.04 6.53 0.00 0.10 0.02 0.03 0.06 84.97
15BS8-TUR-3 1.71 469 3322 35.92 0.01 0.50 0.00 9.08 0.00 0.34 0.00 0.06 0.08 85.61
15BS8-TUR-4 2.36 8.64 29.90 37.05 0.04 0.57 0.03 6.84 0.01 0.25 0.02 0.04 0.00 85.75
15BS8-TUR-5 1.58 6.16 3341 36.03 0.01 1.34 0.00 6.52 0.02 0.08 0.04 0.03 0.06 85.29
15BS8-TUR-6 1.71 460  31.95 36.79 0.01 0.07 0.00 9.53 0.05 0.11 0.00 0.03 0.05 84.89
15BS8-TUR-7 2.03 7.57  33.37 37.08 0.02 0.32 0.01 5.08 0.04 0.17 0.00 0.07  0.09 85.84
15BS8-TUR-8 3.01 6.71 29.67 36.48 0.02 0.01 0.00 10.11 0.10 0.09 0.03 0.00 0.02 86.25
15BS8-TUR-9 2.24 597 3325 36.46 0.03 0.21 0.00 6.97 0.06 0.22 0.03 0.01 0.05 85.51
15BS8-TUR-10 1.25 470 3438 36.54 0.01 0.41 0.01 8.30 0.01 0.02 0.02 0.02 0.01 85.67
15BS8-TUR-11 1.83 6.80 33.21 36.27 0.01 0.52 0.06 5.73 0.00 0.16 0.01 0.09 0.03 84.71
15BS8-TUR-12 1.84 8.20  30.49 36.47 0.03 1.60 0.02 6.10 0.02 0.16 0.00 0.02 0.02 84.96
15BS8-TUR-13 2.23 6.73 3299 37.15 0.00 0.33 0.01 6.29 0.06 0.20 0.00 0.03 0.04 86.05
15BS8-TUR-14 1.98 450 3322 36.24 0.04 0.17 0.01 9.56 0.07 0.01 0.02 0.00 0.02 85.82
15BS8-TUR-15 1.22 8.50 29.33 35.60 0.02 3.15 0.01 7.72 0.02 0.05 0.02 0.02 0.00 85.66
15XL33-TUR-1 1.64 5.22  33.60 36.59 0.05 0.36 0.01 7.42 0.03 0.20 0.04 0.00 0.02 85.17
15XL33-TUR-2 2.39 8.69 29.49 36.67 0.01 0.69 0.00 6.91 0.00 0.14 0.02 0.00 0.09 85.10
15XL33-TUR-3 2.03 382 3160 35.92 0.04 0.16 0.00 10.40 0.00 0.27 0.00 0.00 0.02 84.26
15XL33-TUR-4 2.32 7.05  30.88 37.00 0.02 0.07 0.02 6.87 0.03 0.26 0.05 0.11  0.00 84.68
15XL33-TUR-5 2.00 5.54 29.47 36.02 0.04 1.17 0.00 11.83 0.08 0.19 0.00 0.03 0.02 86.39
15XL33-TUR-6 2.15 6.58  33.57 37.14 0.04 0.33 0.00 6.17 0.00 0.10 0.02 0.06 0.06 86.21

15XL33-TUR-7 1.78 5.73 3399 35.77 0.04 0.76 0.00 6.75 0.00 0.32 0.06 0.07 011 85.37
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S

15XL33-TUR-8
15XL33-TUR-9
15XL33-TUR-10
15XL33-TUR-11
15XL33-TUR-12
15XL33-TUR-13
15XL33-TUR-14
15XL33-TUR-15
15TY7-TUR-1
15TY7-TUR-2
15TY7-TUR-3
15TY7-TUR-4
15TY7-TUR-5
15TY7-TUR-6
15TY7-TUR-7
15TY7-TUR-8
15TY7-TUR-9
15TY7-TUR-10
15TY7-TUR-11
15TY7-TUR-12
15TY7-TUR-13
15TY7-TUR-14
15TY7-TUR-15
15GN20-TUR-1
15GN20-TUR-2
15GN20-TUR-3

2.23
2.53
2.02
2.17
1.94
1.68
1.80
1.73
1.89
191
2.46
2.66
2.54
1.80
1.92
2.03
1.98
2.08
1.80
1.75
1.49
2.17
1.78
1.63
1.59
1.82

5.19
7.32
491
4.83
7.00
6.69
2.32
6.32
8.95
2.72
7.06
7.70
7.81
6.44
151
5.97
6.99
6.48
6.41
5.03
7.45
4.24
6.78
3.13
8.75
2.89

33.34
29.82
31.58
31.62
28.15
32.08
33.87
33.73
28.66
32.72
30.70
30.71
28.41
33.52
32.83
33.44
32.86
32.73
33.53
32.97
33.54
30.62
33.35
29.97
31.50
33.43

36.31
36.59
36.18
36.36
36.32
36.45
35.39
36.50
36.87
34.56
36.73
36.93
36.92
36.04
35.52
35.62
36.52
36.12
36.29
35.64
36.09
36.13
36.01
34.85
36.14
35.45

0.05
0.01
0.05
0.02
0.00
0.02
0.04
0.03
0.02
0.04
0.05
0.00
0.02
0.04
0.02
0.03
0.03
0.02
0.03
0.03
0.02
0.04
0.04
0.06
0.07
0.05

0.15
0.34
0.52
0.28
1.90
1.01
0.27
0.84
1.72
0.36
0.40
0.08
0.50
0.93
0.05
0.70
0.41
0.37
0.55
0.59
1.22
0.26
1.14
1.34
1.71
0.32
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0.00
0.05
0.00
0.02
0.00
0.00
0.00
0.01
0.00
0.00
0.02
0.00
0.00
0.03
0.00
0.00
0.00
0.01
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.00

7.86
9.25
10.26
9.81
11.44
6.60
11.79
5.94
6.66
11.70
8.25
6.80
9.69
5.96
13.50
7.17
6.03
6.30
5.62
7.93
491
11.66
5.84
13.52
4.58
11.83

0.05
0.00
0.04
0.00
0.00
0.04
0.02
0.04
0.00
0.02
0.00
0.03
0.02
0.00
0.06
0.03
0.00
0.00
0.00
0.08
0.00
0.04
0.02
0.05
0.01
0.02

0.22
0.13
0.00
0.26
0.04
0.18
0.13
0.09
0.17
0.10
0.15
0.16
0.08
0.02
0.08
0.18
0.26
0.15
0.11
0.26
0.08
0.16
0.10
0.37
0.10
0.00

0.03
0.00
0.02
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.02
0.00
0.05
0.00
0.00
0.00
0.00
0.03
0.01
0.02
0.02
0.00
0.00
0.00
0.00
0.05

0.01
0.00
0.03
0.00
0.00
0.00
0.00
0.07
0.18
0.00
0.03
0.01
0.05
0.10
0.00
0.01
0.07
0.03
0.17
0.03
0.02
0.00
0.01
0.00
0.06
0.00

0.01
0.00
0.01
0.04
0.02
0.06
0.01
0.05
0.10
0.03
0.07
0.02
0.05
0.06
0.00
0.08
0.05
0.04
0.06
0.01
0.03
0.06
0.00
0.00
0.05
0.00

85.45
86.05
85.61
85.41
86.80
84.81
85.64
85.36
85.25
84.16
85.93
85.09
86.15
84.93
85.48
85.25
85.20
84.34
84.61
84.38
84.86
85.36
85.08
84.90
84.55
85.85



TR = BFTUARPRAL R R A0S L E 47

15GN20-TUR-4 2.70 6.94 30.02 36.75 0.02 0.08 0.00 8.34 0.05 0.30 0.02 0.06 0.10 85.37
15GN20-TUR-5 1.97 265 3322 3550 0.04 0.09 0.00 12.17 0.05 0.13 0.00 0.00 0.00 85.84
15GN20-TUR-6 1.84 041 3236  35.12 0.05 0.09 0.00 15.14 0.12 0.00 0.00 0.03 0.00 85.17
15GN20-TUR-7 1.95 172 3295  34.87 0.03 0.21 0.00 13.15 0.08 0.10 0.00 0.00 0.00 85.06
15GN20-TUR-8 2.19 467 2372  35.06 0.05 1.36 0.01 14.99 0.06  0.96 0.00 0.00 0.10 83.17
15GN20-TUR-9 2.61 6.71 3121  36.88 0.01 0.00 0.01 8.18 0.00 0.03 0.07 0.02 0.02 85.73
15GN20-TUR-10 2.19 451 3197 3513 0.05 0.30 0.04 10.92 0.02 0.02 0.03 0.03 0.04 85.24
15GN20-TUR-11 2.17 184 3093  35.58 0.05 0.23 0.01 15.18 0.05 0.14 0.00 0.00 0.02 86.21
15GN20-TUR-12 2.81 6.55 30.23  36.60 0.00 0.03 0.02 8.84 0.01 0.12 0.00 0.07 0.04 85.31
15GN20-TUR-13 2.20 398 2088  35.37 0.06 0.59 0.01 13.13 0.01 0.24 0.00 0.03 0.04 85.53
15GN20-TUR-14 1.80 478 3320 3584 0.03 0.23 0.00 8.22 0.00 021 0.03 0.00 0.07 84.39
15GN20-TUR-15 1.96 6.55 3275 36.19 0.07 0.96 0.00 6.63 0.00 0.19 0.00 0.03 0.04 85.37

15JB8-TUR-1 2.57 6.49  30.38 35.94 0.02 0.18 0.02 9.48 0.00 0.06 0.02 0.00 0.09 85.24
15JB8-TUR-2 1.98 7.36 29.56 35.58 0.03 1.01 0.00 8.10 0.00 0.05 0.01 0.01 0.03 83.72
15JB8-TUR-3 2.22 7.14 3047 36.78 0.02 0.48 0.00 8.28 0.00 0.04 0.01 003 011 85.57
15JB8-TUR-4 1.85 5.60 3342 36.02 0.03 0.42 0.01 7.02 0.02 0.20 0.00 0.03 0.02 84.64
15JB8-TUR-5 1.64 783  34.15 36.46 0.07 1.26 0.02 3.54 0.04 0.04 0.03 0.01 0.03 85.13
15JB8-TUR-6 1.62 6.06 32.29 36.19 0.03 0.92 0.00 7.06 0.00 0.08 0.04 0.15 0.10 84.52
15JB8-TUR-7 2.33 921  30.82 37.13 0.02 0.77 0.01 4.84 0.04 0.13 0.02 0.04 0.07 85.41
15JB8-TUR-8 2.28 712 31.29 36.50 0.02 0.31 0.02 7.17 0.07 0.07 0.06 0.11  0.00 85.00
15JB8-TUR-9 2.10 422 3253 36.14 0.05 0.07 0.00 9.19 0.00 0.09 0.00 0.03 0.03 84.45
15JB8-TUR-10 191 6.45  31.60 35.99 0.05 0.80 0.01 8.18 0.02 0.08 0.00 0.08 0.06 85.22
15JB8-TUR-11 2.13 6.81 3291 35.91 0.05 0.42 0.00 6.33 0.01 0.00 0.02 0.06  0.07 84.72
15JB8-TUR-12 1.96 6.02  33.25 36.28 0.06 0.32 0.01 6.82 0.07 0.10 0.01 0.06 0.04 84.99
15JB8-TUR-13 1.78 551  33.97 36.13 0.04 0.45 0.01 6.97 0.00 0.14 0.03 0.06 0.10 85.20

15JB8-TUR-14 2.00 460 3248 35.69 0.01 0.16 0.00 9.49 0.05 0.28 0.00 0.04 0.06 84.86
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S

15JB8-TUR-15 1.37 6.27 3291 35.04 0.05 1.73 0.00 6.39 0.00 0.21 0.02 022 043 84.63
15JB5-TUR-1 1.67 5.97 28.82 35.35 0.05 2.05 0.00 10.98 0.04 0.26 0.00 0.00 0.11 85.29
15JB5-TUR-2 1.84 177  33.13 35.57 0.03 0.06 0.00 1248 0.01 0.03 0.01 0.00 0.02 84.95
15JB5-TUR-3 1.79 438  33.17 35.42 0.06 0.97 0.00 9.08 0.04 0.13 0.03 0.02 0.01 85.10
15JB5-TUR-4 1.78 6.19 31.66 36.35 0.02 0.64 0.02 7.99 0.05 0.23 0.00 0.06 0.06 85.04
15JB5-TUR-5 1.77 6.90 30.64 36.36 0.01 1.01 0.00 7.99 0.00 0.19 0.02 0.06 0.05 84.99
15JB5-TUR-6 1.81 6.70 3274 36.81 0.01 0.46 0.00 6.13 0.00 0.18 0.04 020 011 85.19
15JB5-TUR-7 1.63 3.66  33.26 35.91 0.02 0.21 0.00 9.93 0.06 0.18 0.04 0.00 0.02 84.92
15JB5-TUR-8 1.98 743  32.63 36.87 0.01 0.23 0.00 4.40 0.02 0.06 0.00 0.01 0.00 83.64
15JB5-TUR-9 1.83 128 3298 35.57 0.05 0.10 0.01 13.46 0.00 0.19 0.01 0.00 0.00 85.48
15JB5-TUR-10 1.90 6.20 32.22 35.74 0.01 0.90 0.00 7.35 0.00 0.29 0.00 0.03 0.07 84.70
15JB5-TUR-11 2.22 6.06  30.46 36.47 0.03 0.44 0.02 9.94 0.03 0.15 0.01 0.03 0.06 85.91
15JB5-TUR-12 2.08 143  32.56 34.87 0.06 0.27 0.03 14.83 0.00 0.07 0.01 0.03 0.00 86.25
15JB5-TUR-13 1.87 501 3360 3571 0.04 0.42 0.01 7.96 0.00 0.19 0.01 0.09 0.05 84.96
15JB5-TUR-14 1.84 022 3424  34.76 0.03 0.14 0.01 14.72 0.10 0.09 0.02 0.00 0.00 86.16
15JB5-TUR-15 2.06 332  33.18 35.63 0.03 0.22 0.00 10.79 0.00 0.10 0.00 0.00 0.03 85.36
150B1-TUR-1 1.85 592 3324  35.63 0.05 0.92 0.00 7.23 0.00 0.07 0.00 0.08 0.09 85.08
150B1-TUR-2 1.93 5.92  33.07 35.82 0.06 0.31 0.02 6.68 0.04 0.21 0.05 0.08 0.08 84.28
150B1-TUR-3 1.80 115  33.22 35.30 0.03 0.04 0.01 13.12 0.00 0.10 0.03 0.03 0.00 84.82
150B1-TUR-4 1.96 3.66 32.18 35.76 0.02 0.09 0.00 10.26 0.05 0.12 0.01 0.01 0.00 84.11
150B1-TUR-5 1.94 464 3354  36.28 0.04 0.17 0.01 7.72 0.00 0.14 0.00 0.02 0.04 84.55
150B1-TUR-6 1.70 347  33.87 35.66 0.03 0.36 0.01 9.54 0.02 0.12 0.00 0.00 0.00 84.79
150B1-TUR-7 1.77 4.53 21.53 27.12 0.02 0.16 0.00 8.73 0.01 0.10 0.00 0.06 0.08 64.10
150B1-TUR-8 1.92 6.01  32.37 36.36 0.03 0.53 0.00 7.39 0.05 0.12 0.04 0.11  0.08 85.00
150B1-TUR-9 1.94 5.25  33.46 36.20 0.03 0.20 0.00 8.04 0.00 0.14 0.04 0.00 0.00 85.30

150B1-TUR-10 2.13 6.01  33.07 36.02 0.03 0.17 0.00 6.94 0.00 0.12 0.00 0.03 0.01 84.53
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TR = BFTUARPRAL R R A0S L E 47

15QB1-TUR-11 1.86 6.37 33.34  35.99 0.02 0.48 0.00 6.22 0.00 013 0.00 0.06  0.05 84.50
15QB1-TUR-12 1.95 577 3168  36.15 0.01 0.45 0.00  8.69 0.04  0.17 0.02 0.07  0.04 85.03
15QB1-TUR-13 2.15 6.59 3134  36.08 0.01 0.20 0.00 7.84 0.02  0.09 0.03 0.03 0.05 84.45
15QB1-TUR-14 2.21 6.84 3051  35.97 0.02 0.43 0.01 7.70 0.00 0.07 0.04 0.03 0.10 83.93
15QB1-TUR-15 2.03 425 3136  35.65 0.03 0.33 0.00 10.36 0.00 0.40 0.02 0.00 0.04 84.46

BYR 4 PRV 2R R SR A B T IRET TS R

=Rt MgO AlLO3 SiO; FeO MnO TiO: Cr203 Total
15AL9-GHR-1 12.53 17.58 0.04 20.82 0.18 0.23 47.17 98.54
15AL9-GHR-2 541 15.77 0.00 28.10 0.23 0.14 49.68 99.31
15AL9-GHR-3 7.18 17.73 0.11 29.34 0.25 0.09 45.59 100.28
15AL9-GHR-4 13.63 14.39 0.02 27.31 0.27 0.33 43.47 99.43
15AL9-GHR-5 10.14 19.67 0.00 22.25 0.17 0.06 47.34 99.62
15AL9-GHR-6 12.71 24.01 0.06 33.42 0.07 0.28 28.14 98.68
15AL9-GHR-7 12.88 12.44 0.06 23.32 0.28 0.03 51.78 100.79
15AL9-GHR-8 8.04 4.65 0.08 25.29 0.27 0.04 62.52 100.89
15AL9-GHR-10 11.40 9.05 0.07 21.88 0.25 0.19 56.82 99.65
15AL9-GHR-11 7.39 13.78 0.01 34.92 0.17 0.23 42.58 99.07
15AL9-GHR-12 15.44 19.80 0.07 17.52 0.13 0.05 47.45 100.46
15AL9-GHR-13 22.57 7.75 0.05 14.48 0.17 0.12 54.28 99.42
15AL9-GHR-14 0.91 7.98 0.00 37.49 0.31 0.01 52.35 99.06
15AL9-GHR-15 7.95 512 0.06 23.14 0.24 0.11 62.81 99.42
15AL9-GHR-16 6.76 9.51 0.12 30.49 0.31 0.01 53.06 100.26
15AL9-GHR-17 12.26 9.16 0.06 26.55 0.16 0.14 50.33 98.67
15AL9-GHR-18 14.97 17.99 0.07 18.80 0.14 0.09 48.17 100.22
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S

15AL9-GHR-19
15LL5-GHR-1
15LL5-GHR-2
15LL5-GHR-3
15LL5-GHR-4
15LL5-GHR-5
15LL5-GHR-5
15LL5-GHR-6
15LL5-GHR-7
15LL5-GHR-8
15LL5-GHR-9
15LL5-GHR-9
15LL5-GHR-10
15LL5-GHR-11
15LL5-GHR-12
15LL5-GHR-13
15LL5-GHR-14
15LL5-GHR-16
15LL5-GHR-17
15LL5-GHR-17
15LL5-GHR-18
15LL5-GHR-19
15LL5-GHR-20
15AL6-GHR-1
15AL6-GHR-2
15AL6-GHR-3

10.70
10.51
7.59
10.08
7.68
8.17
7.72
10.26
7.64
12.04
5.77
5.62
10.71
12.95
12.69
16.15
9.99
14.14
0.23
0.32
14.72
12.75
16.94
12.87
10.08
9.88

8.34
13.57
4.48
5.30
5.64
8.80
8.49
14.54
6.05
19.52
7.36
7.04
12.79
16.55
11.40
27.23
11.24
24.08
0.05
0.04
19.79
12.14
21.12
4.59
10.38
9.15

0.05
0.00
0.09
0.07
0.07
0.12
0.21
0.07
0.09
0.02
0.05
0.08
0.03
0.07
0.03
0.04
0.08
0.07
4.33
3.84
0.06
0.06
0.08
0.06
0.01
0.03

211

24.63
24.10
25.13
22.93
25.42
23.04
22.98
25.67
27.15
29.26
26.45
26.36
30.87
21.56
22.88
19.87
24.62
26.79
76.03
74.60
25.56
23.55
17.92
17.83
25.50
27.64

0.23
0.25
0.19
0.29
0.21
0.17
0.18
0.22
0.18
0.20
0.18
0.18
0.17
0.20
0.20
0.20
0.23
0.17
0.02
0.07
0.25
0.25
0.25
0.15
0.17
0.29

0.22
0.05
0.07
0.05
0.07
0.10
0.03
0.04
0.09
0.19
0.17
0.14
0.07
0.00
0.03
0.08
0.04
0.13
0.14
0.03
0.06
0.01
0.00
0.02
0.14
0.03

55.00
52.33
62.04
61.07
61.50
59.00
59.06
49.53
58.62
38.56
59.38
59.21
45.04
48.56
52.41
36.65
54.76
33.91
0.18
0.11
39.22
49.83
4417
64.38
54.31
53.11

99.16
100.81
99.58
99.78
100.58
99.39
98.66
100.33
99.82
99.77
99.36
98.63
99.68
99.89
99.64
100.22
100.96
99.30
80.97
78.99
99.64
98.57
100.49
99.89
100.58
100.13



TR = BFTUARPRAL R R A0S L E 47

15AL6-GHR-4 12.58 9.70 0.05 21.08 0.23 0.02 56.96 100.62
15AL6-GHR-5 13.26 11.88 0.02 33.43 0.22 0.12 40.03 98.96
15AL6-GHR-6 9.27 13.18 0.03 28.26 0.15 0.02 49.66 100.56
15AL6-GHR-7 7.13 17.19 0.03 30.48 0.17 0.19 43.88 99.07
15AL6-GHR-8 5.38 6.03 0.16 27.79 0.28 0.00 59.30 98.93
15AL6-GHR-9 12.39 18.84 0.01 20.64 0.21 0.01 48.36 100.46
15AL6-GHR-10 14.05 8.33 0.05 16.82 0.11 0.00 61.12 100.48
15AL6-GHR-11 12.83 21.29 0.00 19.08 0.18 0.01 46.88 100.27
15AL6-GHR-12 8.75 5.42 0.09 24.56 0.31 0.00 61.78 100.92
15AL6-GHR-13 9.69 5.55 0.04 24.15 0.21 0.14 61.33 101.11
15AL6-GHR-14 12.78 26.76 0.03 27.09 0.13 0.06 32.53 99.39
15AL6-GHR-15 15.22 24.00 0.02 18.94 0.21 0.00 41.93 100.31
15AL6-GHR-16 11.06 8.45 0.11 22.84 0.26 0.10 57.93 100.75
15AL6-GHR-17 12.12 7.87 0.00 24.49 0.14 0.11 54.46 99.19
15AL6-GHR-18 6.88 11.58 0.01 28.15 0.27 0.00 52.90 99.79
15AL6-GHR-19 8.96 11.71 0.05 27.70 0.15 0.12 51.16 99.84
15AL6-GHR-20 15.13 11.77 0.10 17.72 0.17 0.09 56.32 101.28
15XL33-GHR-1 12.71 10.66 0.05 17.42 0.13 0.15 58.86 99.98
15XL33-GHR-2 6.38 8.44 0.06 29.72 0.22 0.02 54.84 99.68
15XL33-GHR-3 13.02 11.60 0.01 18.45 0.29 0.09 57.16 100.61
15XL33-GHR-4 17.97 29.46 0.06 15.27 0.13 0.02 36.83 99.73
15XL33-GHR-5 10.98 14.73 0.00 19.35 0.21 0.00 55.00 100.26
15XL33-GHR-6 10.09 18.50 0.00 28.38 0.11 0.32 41.89 99.29
15XL33-GHR-7 9.52 7.14 0.12 23.31 0.31 0.00 59.76 100.16
15XL33-GHR-8 8.30 9.00 0.01 25.62 0.32 0.03 57.22 100.51
15XL33-GHR-9 9.46 10.15 0.00 30.33 0.25 0.05 48.99 99.23

212



S

15XL33-GHR-10
15XL33-GHR-11
15XL33-GHR-12
15XL33-GHR-13
15XL33-GHR-14
15XL33-GHR-15
15XL33-GHR-16
15XL33-GHR-17
15XL33-GHR-18
15XL33-GHR-19
15XL33-GHR-20
15GN29-CHR-1
15GN29-CHR-2
15GN29-CHR-3
15GN29-CHR-4
15GN29-CHR-5
15GN29-CHR-6
15GN29-CHR-8
15GN29-CHR-9
15GN29-CHR-10
15GN29-CHR-11
15GN29-CHR-12
15GN29-CHR-13
15GN29-CHR-14
15GN29-CHR-16
15GN29-CHR-17

9.47
10.49
13.37
12.86
8.77
9.23
13.29
13.91
11.43
13.48
5.85
15.62
7.03
9.71
5.01
12.00
11.39
11.46
10.78
10.93
6.97
16.68
10.39
16.72
13.06
16.46

8.72
7.20
5.92
9.40
4.90
8.81
16.79
12.20
17.49
12.25
13.04
22.59
11.05
5.53
5.26
21.10
16.30
9.48
13.39
22.03
8.08
2421
18.63
31.23
26.99
30.18

0.04
0.04
0.00
0.09
0.09
0.01
0.13
0.04
0.05
0.06
0.01
0.00
0.27
0.12
0.03
0.02
0.00
0.01
0.06
0.05
0.02
0.14
0.07
0.05
0.06
0.09

213

20.66
25.73
22.56
19.98
25.03
22.44
19.97
19.14
28.68
19.69
29.97
13.45
28.21
23.43
31.49
36.56
22.98
25.83
25.50
19.97
27.74
16.18
27.52
17.79
30.78
18.90

0.65
0.19
0.15
0.20
0.25
0.22
0.18
0.17
0.21
0.19
0.23
0.12
0.23
0.27
0.24
0.13
0.27
0.19
0.28
0.27
0.25
0.07
0.22
0.16
0.15
0.16

0.00
0.14
0.00
0.00
0.00
0.00
0.10
0.04
0.31
0.09
0.23
0.08
0.03
0.00
0.12
0.30
0.14
0.13
0.16
0.00
0.08
0.00
0.16
0.28
0.18
0.13

59.46
56.20
57.77
57.28
61.32
59.66
49.58
54.76
42.36
54.04
50.67
48.89
52.45
61.48
57.08
28.25
49.29
52.39
49.85
47.29
56.98
43.10
42.58
34.07
27.67
34.64

99.00
100.00
99.78
99.81
100.37
100.36
100.03
100.27
100.53
99.79
100.00
100.75
99.28
100.53
99.22
98.36
100.37
99.50
100.03
100.53
100.12
100.38
99.55
100.30
98.88
100.55



TR = BFTUARPRAL R R A0S L E 47

15GN29-CHR-18 5.04 8.04 0.05 30.88 0.24 0.14 55.15 99.53
15GN29-CHR-19 11.55 14.18 0.05 34.04 0.17 0.13 38.60 98.70
15GN29-CHR-20 9.38 14.26 0.12 25.30 0.34 0.09 50.55 100.03
15GN32-CHR-1 12.94 10.92 0.10 21.81 0.19 0.03 54.60 100.58
15GN32-CHR-2 10.26 5.57 0.09 22.39 0.22 0.04 61.57 100.14
15GN32-CHR-3 7.45 11.90 0.00 24.09 0.20 0.00 56.22 99.86
15GN32-CHR-4 8.34 14.33 0.01 28.89 0.28 0.15 47.68 99.67
15GN32-CHR-5 11.69 19.29 0.01 23.33 0.11 0.00 45.69 100.12
15GN32-CHR-6 10.83 13.17 0.01 19.82 0.25 0.00 56.12 100.19
15GN32-CHR-7 13.08 18.97 0.00 17.69 0.17 0.05 50.64 100.61
15GN32-CHR-8 14.93 25.28 0.07 19.81 0.18 0.10 40.15 100.50
15GN32-CHR-9 7.46 16.30 0.01 34.68 0.12 0.00 39.96 98.52
15GN32-CHR-10 10.15 17.81 0.03 22.19 0.15 0.15 49.05 99.51
15GN32-CHR-11 15.24 32.16 0.02 18.93 0.12 0.05 33.84 100.36
15GN32-CHR-12 6.34 6.02 0.03 28.44 0.27 0.03 58.96 100.09
15GN32-CHR-13 14.59 20.28 0.04 15.07 0.05 0.03 50.32 100.37
15GN32-CHR-14 6.10 7.86 0.01 27.94 0.29 0.00 57.59 99.79
15GN32-CHR-15 12.37 7.82 0.10 14.17 0.15 0.06 63.69 98.35
15GN32-CHR-16 11.52 21.83 0.00 35.64 0.18 0.30 28.79 98.26
15GN32-CHR-17 10.83 13.79 0.00 20.71 0.16 0.02 55.03 100.53
15GN32-CHR-18 9.37 20.04 0.01 26.92 0.22 0.13 43.81 100.50
15GN32-CHR-20 12.76 10.11 0.08 18.25 0.19 0.05 58.25 99.69
15GN5-CHR-1 10.44 12.32 0.02 26.65 0.22 0.06 49.46 99.18
15GN5-CHR-2 12.56 13.39 0.03 31.22 0.20 0.15 43.27 100.82
15GN5-CHR-3 11.49 13.46 0.06 24.63 0.16 0.05 50.12 99.97
15GN5-CHR-4 10.22 11.83 0.00 25.15 0.32 0.05 51.35 98.91

214



S

15GN5-CHR-5
15GN5-CHR-6
15GN5-CHR-7
15GN5-CHR-8
15GN5-CHR-9
15GN5-CHR-10
15GN5-CHR-11
15GN5-CHR-12
15GN5-CHR-13
15GN5-CHR-14
15GN5-CHR-15
15GN5-CHR-16
15GN5-CHR-17
15GN5-CHR-18
15GN5-CHR-19
15GN5-CHR-20
15GN20-CHR-1
15GN20-CHR-2
15GN20-CHR-3
15GN20-CHR-4
15GN20-CHR-5
15GN20-CHR-6
15GN20-CHR-7
15GN20-CHR-8
15GN20-CHR-9
15GN20-CHR-10

9.89
13.00
5.24
8.30
7.72
12.01
14.43
15.60
12.72
12.84
7.30
13.82
12.64
11.00
11.60
951
10.69
7.30
12.00
6.97
11.00
3.55
7.87
14.26
14.01
6.70

15.08
8.65
10.72
16.24
12.09
17.69
32.80
12.54
18.68
16.26
12.79
24.05
17.96
15.00
18.19
15.74
17.02
17.68
15.88
14.52
13.52
19.82
15.90
27.01
31.45
8.56

0.03
0.11
0.00
0.00
0.09
0.03
0.01
0.06
0.09
0.10
0.00
0.05
0.06
0.03
0.03
0.01
0.00
0.04
0.00
0.02
0.00
0.00
0.00
0.07
0.00
0.00

215

25.69
20.58
32.73
27.80
30.16
24.84
20.15
15.56
22.97
21.67
29.12
24.92
22.69
26.26
30.41
23.23
20.35
24.30
21.39
25.67
20.21
32.87
24.07
27.43
18.70
43.52

0.23
0.28
0.35
0.23
0.24
0.21
0.09
0.25
0.15
0.11
0.28
0.16
0.19
0.19
0.12
0.17
0.24
0.34
0.19
0.20
0.23
0.22
0.34
0.11
0.14
0.22

0.00
0.05
0.04
0.15
0.15
0.21
0.12
0.10
0.00
0.01
0.21
0.07
0.10
0.17
0.19
0.03
0.09
0.02
0.04
0.00
0.00
0.00
0.00
0.13
0.05
0.16

48.01
58.11
49.78
46.85
48.83
45.10
33.14
55.97
45.41
48.76
49.21
37.06
46.80
47.62
37.95
50.24
51.97
49.37
50.90
52.66
55.18
42.63
51.25
31.41
35.79
39.38

98.93
100.78
98.85
99.57
99.28
100.09
100.73
100.08
100.01
99.75
98.90
100.13
100.43
100.28
98.49
98.92
100.34
99.03
100.40
100.04
100.14
99.09
99.43
100.42
100.13
98.55



TR = BFTUARPRAL R R A0S L E 47

15GN20-CHR-11 8.55 22.05 0.01 23.27 0.23 0.00 45.54 99.63
15GN20-CHR-12 8.78 21.76 0.00 22.57 0.22 0.07 46.24 99.65
15GN20-CHR-13 8.22 16.72 0.02 24.01 0.32 0.04 51.05 100.37
15GN20-CHR-14 12.75 21.08 0.00 20.74 0.13 0.00 45.87 100.56
15GN20-CHR-15 8.31 7.39 0.12 2541 0.20 0.03 58.32 99.78
15GN20-CHR-16 7.44 12.44 0.01 24.28 0.31 0.00 55.27 99.74
15GN20-CHR-17 10.59 15.80 0.00 21.66 0.22 0.00 52.50 100.76
15GN20-CHR-18 16.43 25.49 0.05 15.68 0.19 0.06 42.57 100.46
15GN20-CHR-19 14.89 25.01 0.06 19.57 0.17 0.00 40.03 99.73
15GN20-CHR-20 12.38 17.94 0.01 18.83 0.26 0.05 51.00 100.46
14NS4-CHR-1 2.72 15.39 0.62 25.56 0.12 0.18 48.77 93.36
14NS4-CHR-4 13.38 6.58 0.77 12.24 0.25 0.00 62.54 95.75
14NS4-CHR-5 7.16 17.97 0.02 39.25 0.29 0.71 30.40 95.80
PR 5 HRILAHM =8 AR ARA B TR TSR

) MgO Al,Os SiO; CaO FeO MnO Cr,03 Total

15GN5-GRT-1 1.54 20.00 36.46 1.51 24.90 15.09 0.00 99.49

15GN5-GRT-2 3.31 20.83 37.72 1.84 34.74 0.91 0.06 99.41

15GN5-GRT-3 2.49 20.93 37.18 1.39 27.89 10.84 0.05 100.76
15GN5-GRT-4 1.37 19.97 36.28 1.76 23.53 16.45 0.04 99.39

15GN5-GRT-5 1.23 21.10 37.43 0.49 37.68 1.72 0.00 99.65

15GN5-GRT-6 1.36 20.60 37.29 1.59 22.31 17.65 0.02 100.82
15GN5-GRT-7 1.53 20.04 36.32 1.71 24.95 15.08 0.02 99.66

216



S

15GN5-GRT-8

15GN5-GRT-9

15GN5-GRT-10
15GN5-GRT-11
15GN5-GRT-12
15GN5-GRT-13
15GN5-GRT-14
15GN5-GRT-15
15GN5-GRT-16
15GN5-GRT-17
15GN5-GRT-18
15GN5-GRT-19
15GN5-GRT-20
15GN5-GRT-21
15GN5-GRT-22
15GN5-GRT-23
15GN5-GRT-24
15GN5-GRT-25
15GN5-GRT-26
15GNS5-GRT-27
15GN5-GRT-28
15GN5-GRT-29
15GN5-GRT-30
15XL33-GRT-1
15XL33-GRT-2
15XL33-GRT-3

1.46
2.39
1.72
0.90
1.20
4.55
0.94
1.28
7.61
4.59
1.54
8.55
3.48
3.82
5.14
7.91
1.62
1.67
1.75
0.79
1.48
5.29
2.88
7.32
7.06
6.86

20.96
19.96
20.77
20.62
20.97
20.65
20.60
20.25
21.03
21.22
20.36
21.27
20.32
21.04
21.35
20.92
20.21
20.37
20.53
20.85
20.30
20.88
20.69
21.32
2091
20.83

37.66
36.53
37.39
37.40
37.52
37.30
37.36
36.30
38.30
38.37
36.63
38.19
36.92
38.43
38.52
38.12
36.41
36.51
36.84
37.59
36.54
37.43
36.77
38.84
38.68
38.09
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1.57
121
1.45
1.94
1.81
1.03
1.28
1.52
4.06
1.35
1.64
2.16
1.48
5.09
1.16
1.68
1.41
1.50
1.52
1.36
1.91
1.14
1.11
8.10
7.10
7.50

22.88
28.53
36.61
35.67
19.75
35.30
38.20
21.08
28.17
30.43
25.39
29.85
37.11
31.00
32.60
30.42
25.84
26.14
25.46
38.63
24.26
33.94
37.03
24.68
26.51
26.78

16.35
11.38
1.28
2.02
19.55
0.74
1.31
19.08
0.32
2.62
14.76
0.41
0.50
0.65
111
0.45
14.21
13.48
13.75
1.26
16.28
0.80
0.67
0.39
0.35
0.36

0.02
0.01
0.02
0.03
0.00
0.02
0.02
0.02
0.01
0.02
0.02
0.04
0.01
0.01
0.05
0.01
0.04
0.00
0.00
0.00
0.02
0.06
0.03
0.01
0.00
0.00

100.88
100.01
99.25
98.57
100.79
99.59
99.71
99.52
99.50
98.60
100.34
100.46
99.82
100.05
99.91
99.50
99.73
99.68
99.85
100.47
100.78
99.52
99.18
100.66
100.62
100.42



TR = BFTUARPRAL R R A0S L E 47

15XL33-GRT-4

15XL33-GRT-5

15XL33-GRT-6

15XL33-GRT-7

15XL33-GRT-8

15XL33-GRT-9

15XL33-GRT-10
15XL33-GRT-11
15XL33-GRT-12
15XL33-GRT-13
15XL33-GRT-14
15XL33-GRT-15
15XL33-GRT-16
15XL33-GRT-17
15XL33-GRT-18
15XL33-GRT-19
15XL33-GRT-20
15XL33-GRT-21
15XL33-GRT-22
15XL33-GRT-23
15XL33-GRT-24
15XL33-GRT-25
15XL33-GRT-26
15XL33-GRT-27
15XL33-GRT-28
15XL33-GRT-29

7.28
7.50
7.54
7.46
7.65
6.64
6.71
7.32
7.13
7.86
7.48
7.44
7.32
6.95
7.84
7.31
7.00
7.07
7.62
7.63
7.67
6.92
6.98
8.26
7.14
6.97

21.08
21.09
21.18
21.42
21.38
21.41
21.44
21.32
21.29
21.65
21.28
21.50
21.58
21.65
21.34
21.35
21.55
21.35
21.49
21.45
21.29
21.32
21.31
21.45
21.15
21.22

38.47
38.79
38.64
38.87
38.45
39.00
39.08
38.52
38.71
39.15
38.60
38.47
39.17
38.88
38.87
38.75
38.98
38.98
39.21
38.53
38.89
38.76
38.69
38.84
38.67
38.88
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7.18
7.67
7.62
7.74
7.42
11.80
11.24
7.80
7.31
10.40
7.36
6.53
10.57
10.51
7.18
7.76
7.77
7.86
7.32
7.18
6.94
8.12
7.90
6.36
7.51
7.97

25.12
25.05
24.72
24.69
25.56
21.37
22.00
24.99
25.67
21.26
25.34
26.45
21.80
22.47
24.76
24.72
25.30
25.72
25.32
25.47
25.58
24.98
25.38
25.44
25.33
25.07

0.38
0.32
0.33
0.32
0.41
0.21
0.18
0.26
0.39
0.19
0.31
0.33
0.24
0.14
0.29
0.34
0.37
0.30
0.41
0.35
0.36
0.30
0.25
0.33
0.44
0.31

0.00
0.02
0.00
0.03
0.00
0.02
0.03
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.02
0.02
0.02
0.00
0.00
0.02
0.01
0.00
0.01
0.00
0.00
0.00

99.51
100.43
100.02
100.51
100.86
100.45
100.67
100.20
100.50
100.51
100.36
100.72
100.71
100.60
100.29
100.24
100.98
101.27
101.36
100.63
100.74
100.40
100.52
100.68
100.24
100.41



S

15XL33-GRT-30 7.75 21.35 38.62 7.20 25.08 0.35 0.03 100.37
15QB1-GRT-1 11.40 21.90 38.89 0.98 27.13 0.23 0.05 100.57
15QB1-GRT-2 4.26 20.94 37.37 1.06 35.77 0.67 0.03 100.10
15QB1-GRT-3 2.50 20.56 37.22 1.94 37.74 0.46 0.03 100.45
15QB1-GRT-4 2.12 20.75 37.18 0.98 30.57 8.64 0.01 100.25
15QB1-GRT-5 5.58 21.00 37.68 1.34 33.52 0.36 0.00 99.48
150B1-GRT-6 3.34 20.85 37.19 1.28 37.51 0.25 0.01 100.43
150B1-GRT-7 3.31 20.94 37.38 1.39 37.53 0.14 0.02 100.70
150B1-GRT-8 8.47 21.76 38.40 1.06 30.65 0.47 0.00 100.81
150B1-GRT-9 2.67 20.98 37.87 0.33 35.47 2.28 0.00 99.60
150B1-GRT-10 3.33 20.74 37.00 0.41 26.48 12.68 0.01 100.64
150B1-GRT-11 7.02 21.28 37.95 1.37 32.70 0.42 0.00 100.74
150B1-GRT-12 2.53 20.77 37.09 2.24 37.61 0.23 0.00 100.47
150B1-GRT-13 3.77 21.12 37.74 1.71 34.66 1.28 0.00 100.30
15QB1-GRT-14 2.86 20.74 37.10 1.33 31.07 7.08 0.00 100.18
15QB1-GRT-15 3.95 20.70 37.21 0.68 37.85 0.12 0.02 100.52
15QB1-GRT-16 1.68 20.44 37.11 2.92 27.62 10.35 0.05 100.17
15QB1-GRT-17 2.23 21.28 38.04 2.39 35.32 1.18 0.02 100.45
15QB1-GRT-18 10.71 21.66 38.69 0.97 27.97 0.18 0.03 100.21
15QB1-GRT-19 7.58 21.11 37.90 2.42 30.32 0.39 0.01 99.72
15QB1-GRT-20 2.79 20.85 36.86 0.81 30.39 8.50 0.02 100.22
fifzk 6 FEIAM =8 RWEEABRFIRFT LR
s Al,O; SiO, K20 CaO FeO MnO TiO: Cr,03 Total
15BS8-CPX-1 2.25 50.58 0.01 21.69 11.48 0.10 0.37 0.00 100.36
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15BS8-CPX-2 0.36 13.74 2.73 50.15 0.00 21.97 10.65 0.03 0.27 0.00 99.89
15BS8-CPX-3 0.31 12.63 1.84 50.59 0.00 21.58 12.45 0.11 0.21 0.00 99.73
15BS8-CPX-4 0.36 13.92 2.59 50.58 0.00 21.88 10.03 0.07 0.50 0.03 99.97
15BS8-CPX-5 0.35 14.75 3.03 50.51 0.00 2211 9.09 0.04 0.23 0.12 100.21
15BS8-CPX-6 1.77 6.23 32.56 35.77 0.06 1.18 6.99 0.00 0.18 0.02 84.77
15BS8-CPX-7 1.87 1.30 32.97 34.71 0.04 0.06 13.54 0.00 0.10 0.01 84.59
15BS8-CPX-8 0.36 14.34 2.98 50.44 0.00 22.12 9.31 0.05 0.27 0.07 99.94
15BS8-CPX-9 0.31 12.65 1.47 51.07 0.01 21.41 13.37 0.17 0.29 0.01 100.76
15BS8-CPX-10 0.32 13.24 3.83 48.07 0.02 18.13 15.29 0.06 0.17 0.02 99.14
15BS8-CPX-11 0.31 15.75 2.31 52.95 0.15 11.79 14.44 0.12 0.04 0.08 97.93
15BS8-CPX-12 0.36 10.90 1.50 50.50 0.00 21.14 15.30 0.18 0.29 0.00 100.16
15BS8-CPX-13 0.33 14.28 3.64 49.63 0.03 22.20 8.82 0.11 0.55 0.25 99.83
15BS8-CPX-14 0.35 13.48 2.09 50.83 0.00 21.73 11.48 0.09 0.07 0.00 100.12
15BS8-CPX-15 0.42 13.63 3.77 48.83 0.00 21.89 10.12 0.04 0.42 0.12 99.24
15BS8-CPX-16 0.06 0.35 0.00 0.14 0.00 55.96 0.47 0.07 0.08 0.00 57.12
15BS8-CPX-17 0.46 13.01 2.98 49.61 0.00 21.14 11.10 0.03 0.36 0.02 98.71
15BS8-CPX-18 0.31 13.32 3.10 49.78 0.04 21.47 10.79 0.09 0.32 0.05 99.27
15BS8-CPX-19 0.46 12.99 4.71 47.78 0.01 21.80 9.65 0.10 0.53 0.21 98.24
15BS8-CPX-20 0.39 13.81 3.49 49.37 0.00 21.88 9.90 0.12 0.36 0.10 99.42
15BS8-CPX-21 0.29 5.58 0.73 49.26 0.00 21.36 22.76 0.17 0.10 0.00 100.24
15BS8-CPX-22 0.37 13.91 2.34 50.79 0.00 21.73 10.91 0.11 0.22 0.00 100.36
15BS8-CPX-23 0.35 14.24 3.37 49.74 0.00 22.05 9.06 0.11 0.43 0.21 99.55
15BS8-CPX-24 0.33 11.91 1.71 50.38 0.00 21.16 1411 0.17 0.33 0.03 100.12
15BS8-CPX-25 0.34 13.64 2.49 50.04 0.00 21.94 10.23 0.07 0.29 0.00 99.03
15BS8-CPX-26 0.40 14.19 2.33 50.87 0.00 21.88 10.18 0.08 0.27 0.01 100.22

15BS8-CPX-27 0.29 11.39 1.23 51.09 0.00 20.93 14.38 0.13 0.07 0.01 99.52
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15BS8-CPX-28
15BS8-CPX-29
15BGN5-CPX-1
15BGN5-CPX-2
15BGN5-CPX-3
15BGN5-CPX-4
15BGN5-CPX-5
15BGN5-CPX-6
15BGN5-CPX-7
15BGN5-CPX-8
15BGN5-CPX-9
15BGN5-CPX-10
15BGN5-CPX-11
15BGN5-CPX-12
15BGN5-CPX-13
15BGN5-CPX-14
15BGN5-CPX-15
15BGN5-CPX-16
15BGN5-CPX-17
15BGN5-CPX-18
15BGN5-CPX-19
15BGN5-CPX-20
15BGN5-CPX-21
15BGN5-CPX-22
15BGN5-CPX-23

0.44
0.35
0.41
0.33
0.29
0.34
0.36
0.39
0.32
0.38
0.36
0.31
0.34
0.33
0.36
1.93
1.98
0.30
0.63
0.31
0.34
0.33
0.35
0.37
0.41

12.89
11.89
13.40
13.75
13.61
11.66
12.88
12.97
11.53
12.77
13.89
13.52
13.84
12.61
13.18
1.35
2.82
12.10
13.33
10.97
13.94
12.43
11.14
13.81
13.18

3.17
1.46
3.03
2.59
2.16
1.49
2.78
2.90
1.56
2.78
2.35
1.61
2.33
1.47
2.04
31.52
33.78
1.63
3.15
1.27
2.01
1.67
1.21
2.53
3.24

48.98
50.84
49.83
50.04
50.34
50.89
49.79
49.55
50.55
49.68
50.68
50.70
50.71
50.99
50.59
35.12
35.07
50.80
49.65
50.72
50.78
50.79
50.85
50.24
49.74

0.02
0.00
0.01
0.01
0.01
0.00
0.03
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.04
0.00
0.00
0.00
0.01
0.00
0.00
0.00
0.00

21.08
21.26
21.66
21.27
21.73
21.29
21.30
21.55
20.95
21.62
21.95
20.79
21.73
21.43
21.57
0.22
0.19
21.46
21.13
21.25
21.83
21.40
21.37
22.02
21.16

12.28
13.77
9.85
11.07
11.08
14.36
11.55
11.07
15.04
12.01
9.89
12.26
10.43
13.04
11.45
15.04
10.67
13.22
11.38
15.09
10.97
13.39
15.55
10.88
11.81

0.13
0.08
0.07
0.04
0.13
0.21
0.13
0.09
0.07
0.04
0.04
0.13
0.15
0.12
0.16
0.05
0.00
0.12
0.06
0.20
0.16
0.07
0.17
0.09
0.12

0.38
0.21
0.43
0.19
0.34
0.25
0.34
0.43
0.26
0.33
0.34
0.14
0.21
0.30
0.36
0.13
0.02
0.09
0.34
0.20
0.27
0.15
0.15
0.50
0.42

0.04
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.04
0.00
0.03
0.00
0.00
0.01
0.02
0.03
0.01
0.02
0.00
0.00
0.00
0.00
0.00
0.02
0.04

99.40
99.87
98.69
99.28
99.69
100.48
99.17
98.95
100.31
99.62
99.52
99.48
99.73
100.29
99.75
85.42
84.59
99.74
99.66
100.01
100.30
100.22
100.78
100.46
100.12
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fifd 7 \iEHESE (14BD18) #$5H U-Th-Pb EAIZMIXER

Tablel U-Th-Pb isotopic data of baddeleyites from diabase (14BD18) around Badu area

tbiE Fhe
0] Th Pb Th/U
RS f206%0 206ppy/ 27pp/ 10 207pp/ 10 26ph/ a4 207pp/ 207pp/ 206ph/

ppm ppm ppm means 204pp 206pp % 235 % 238 % 206ppy =0 235 *o 238 *o
01 277 12 12 0.62 0.04 3018 0.0505 2.7 02964 41 0.0426 3.1 218 61 264 10 269 8
02 100 8 5 0.79 0.08 2367 00516 26 03197 41 0.0449 31 270 59 282 10 283 9
03 111 10 4 3.80 0.09 493 0.0436 124 0.2264 128 0.0377 3.1 - 282 207 24 238 7
04 204 40 11 37.71 0.20 50 - - - - 0.0402 3.5 - - - - 254 9
05 133 5 6 1.45 0.04 1294 00512 70 02905 76 0.0412 31 248 153 259 18 260 8
06 441 33 19 0.68 0.07 2758 0.0493 28 02749 41 0.0404 31 163 64 247 9 255 8
07 66 5 1.13 0.08 1659 0.0463 7.4 02725 80 0.0427 31 - 184 245 18 269 8
08 140 8 0.36 0.06 5146 0.0534 21 03028 3.7 0.0412 31 344 47 269 9 260 8
09 190 9 4.43 0.05 422 0.0483 29.4 03006 29.6 0.0451 3.1 116 577 267 72 284 9
10 181 9 0.74 0.05 2518 0.0507 3.6 02875 47 0.0411 31 227 80 257 11 260 8
11 265 7 12 0.08 0.03 24180 0.0507 14 03057 34 0.0437 31 228 32 271 8 276 8
12 153 7 0.13 0.04 14305 0.0514 23 02999 39 0.0424 31 257 52 266 9 267 8
13 118 9 0.78 0.08 2402 0.0505 49 03133 58 0.0450 3.1 219 110 277 14 284 9
14 242 8 11 0.08 0.03 24180 0.0525 1.7 03223 35 0.0445 31 307 38 284 9 281 8
15 106 3 5 0.45 0.03 4175 0.0500 24 0.2818 40 0.0409 3.2 194 55 252 9 258 8
16 751 59 37 0.09 0.08 21732 0.0521 11 03261 3.7 0.0454 36 289 26 287 9 286 10
17 381 31 18 0.15 0.08 12308 0.0529 15 03218 34 0.0442 31 323 33 283 8 279 8
18 398 27 19 0.20 0.07 9339 0.0511 13 03054 33 0.0433 31 246 29 271 8 273 8
19 84 8 4 5.33 0.10 351 0.0311 227 0.2067 229 0.0482 31 - 576 191 41 304

E © fa0s%35 18 22°Pb 7E 2 °Pb AT EE I,
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ffsk 8 /\iE#ELE (14BD18) $&4 U-Th-Pb R FMIXLE

U Th Pb Th/U LR i
ns f206% 206pp/ 207pp/ 4G 27pp/ 4G 206pp/ 4G 27pp/ i 27pp/ i 206pp/ i
ppm ppm ppm means  2%Pb 206ppy % 235 % 238 % 206ppy 235 238

01 397 190 66 0.06 0.48 29971 0.0667 0.7 1.2615 1.7 0.1372 15 827 14 829 9 829 12
02 1530 2130 94 0.03 1.39 59742 0.0522 1.1 0.3000 1.9 0.0417 1.5 293 25 266 4 263 4
03 676 613 36 3.32 0.91 563 0.0469 7.6 0.2665 7.7 0.0412 1.5 46 171 240 17 260 4
04 679 689 38 1.07 1.01 1747 0.0504 2.7 0.2854 3.2 0.0411 1.6 213 62 255 7 260 4
05 3058 5174 206 0.08 1.69 24689 0.0517 05 0.3053 1.6 0.0428 15 272 11 271 4 270 4
06 916 230 171 0.04 0.25 50520 0.0708 0.5 1.5905 1.6 0.1629 1.5 953 11 967 10 973 14
07 225 169 9 0.50 0.75 3710 0.0511 2.6 0.2153 3.0 0.0306 1.5 244 60 198 194 3
08 924 90 53 0.02 0.10 104910 0.0538 0.8 0.3915 1.7 0.0528 15 363 17 335 332 5
09 529 618 31 2.07 1.17 904 0.0512 4.0 0.3001 4.3 0.0425 1.5 250 90 266 10 268 4
10 1645 2544 107 0.25 1.55 7622 0.0507 1.1 0.2988 1.9 0.0427 15 229 26 265 4 270 4
11 895 1266 59 2.23 1.42 840 0.0482 4.4 0.3376 4.7 0.0508 15 108 101 295 12 320 5
12 2331 4612 161 1.14 1.98 1642 0.0513 3.1 0.2956 3.4 0.0418 15 255 69 263 8 264 4
13 1621 2684 108 0.14 1.66 13323 0.0518 0.9 0.3067 1.7 0.0430 15 276 19 272 4 271 4
14 680 456 50 0.32 0.67 5918 0.0533 1.3 0.4274 2.0 0.0581 15 342 29 361 6 364 5
15 1394 567 79 0.95 0.41 1964 0.0520 2.7 0.3578 3.1 0.0499 15 285 61 311 8 314 5

ST faos%d8 @ 2%°Ph 7E 2 2°Pb FR AR EEBI,
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B Fe O Fg BV 2 M h = & GrRiE Ak 2R 25 1) S MR A

. . Km K1 Ks
Site  Lith N P;

(10°%sD) Dec (® Inc (9  agsmax > agsmin> aave. Dec (9 Inc (D  agsmax > Ogsmin (>  0ave.
SPO1 SS 8 311 1.062 0.108 109 7 10 6 8.0 327 82 20 8 14.0
SP02 SS 10 324 1.093 0.585 105 8 4 5.0 286 82 20 4 12.0
SP03 SS 9 290 1111  0.626 299 4 3 5.0 54 83 5 3 4.0
SP04 SS 8 243 1.036 0.258 115 9 20 5 125 4 66 12 6 9.0
SP05 SS 10 256 1.043 0.198 145 9 13 6 9.5 323 81 9 7 8.0
SP06 SS 9 254 1.037 0.263 118 16 22 5 135 349 65 22 4 13.0
SPO7 SS 10 238 1.066 0.148 103 22 16 9 125 297 68 22 13 175
SP08 SS 7 255 1.037 0.438 318 8 27 5 16.0 130 82 16 2 9.0
SP09 SS 8 259 1.031 0.237 328 13 16 5 10.5 130 77 26 13 19.5
SP10 SS 7 275 1.041 0.547 76 1 23 10 16.5 344 72 15 9 12.0
SP11 SS 8 286 1.135 0.504 320 10 5 3 4.0 117 79 6 4 35
SP14 SS 8 203 1.025 0.291 281 16 21 12 16.5 47 65 13 6 9.5
SP15 SS 8 249 1.022 0.075 298 4 9 6 7.5 38 69 15 5 10.0
SP16 SS 8 221 1.024 0.632 70 5 16 10 13.0 325 70 10 8 9.0
SP18 SS 8 268 1.052 0.302 103 10 8 4 6.0 302 80 10 6 8.0
SP19 SS 8 303 1.044 0.218 117 10 12 8 10.0 341 76 15 1 8.0
SP20 SS 8 215 1.034 0.138 321 6 19 8 135 216 69 26 9 175
SP21 SS 7 128 1.059 0.788 99 8 19 5 12.0 257 82 9 6 7.5
SP22 SS 8 254 1.031 -0.221 101 13 10 3 6.5 325 73 16 9 12.5
SP23 SS 8 243 1.027 0.194 95 7 9 4 6.5 343 73 14 5 9.5
SP24 SS 6 254 1.037 0.529 87 7 22 3 125 323 77 11 3 7.0
SP25 SS 8 330 1.033 0.424 302 1 12 4 8.0 38 84 8 4 6.0
SP26 SS 7 273 1.036 0.487 116 3 29 3 16.0 314 87 10 4 7.0
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SP31
SP32
SP41
SP42
SP43
SP44
SP45
SP46
SP47
SP48
SP49
SP50
SP51
SP58
SP59
SP60
SP61
SP62
SP63
SP64

SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
LS
LS
SS
SS
SS
SS
SS
SS
SS

W O 00 0 O 0 0 ~N 0 W 00 ~N 00 N N N 00 N o o

255
232
232
286
226
344
247
241
358
296
127
117
-11
128
138
253
137
135
106
134

1.060
1.028
1.060
1.034
1.023
1.028
1.020
1.024
1.019
1.030
1.047
1.026
1.006
1.029
1.054
1.020
1.060
1.046
1.024
1.033

0.695
0.450
0.716
0.720
0.004
0.597
0.356
0.289
0.488
0.229
0.333
0.124
0.308
0.670
0.637
0.272
0.856
0.364
0.295
0.734

311
143
89
73
85
134
139
298
105
99
126
192
72
354
345
151
30
343
35

[ O CRRNS T S NG ENN

39
29
32
73
15
29
30
19
27
16
45
59
58
15
12
17
27
26
11
38

~N 00 © Ol © W o N b NP

20.0
18.0
18.0
40.0
10.5
16.0
19.5
12.0
18.0
12.0
26.0
345
38.5
11.0
9.0
11.5
16.5
17.5
6.0
21.0

126
45
219
234
335
243
249
36
246
232
238
313
245
210
182
13
180
167
230
194

89
81
84
84
76
84
77
82
74
63
75
81
44
79
85
85
85
82
76
87

12

18

15

10
17
10
25
53
10
13
14
13

21
12

O U1 0 © ~ 00O OO © U1l b N W

w
o

Uk N ~N N o o

5.0
8.0
8.0
7.0
13.5
7.0
11.5
6.5
9.5
12.5
7.5
16.5
415
7.5
9.5
10.5
10.0
8.0
11.0
8.5

&3E 1 SS=RME, LS=RE
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Caracté&istiques s&limentaires et structurales du basin triasique de Nanpanjiang (Chine du
Sud-ouest). Nouvelles perspectives sur son evolution tectonique

En tant qu'un des plus grands bassins s&limentaires du bloc de Chine du Sud, le bassin de Nanpanjiang
(ou Youjiang) a attiréune grande attention de la communauté gélogique depuis de longtemps. Aprées
plusieurs annés de recherche, il reste encore de grand dévats sur i) la provenance des maté&iaux déritiques,
ii) I'&e du changement de ré&jime tectonique entre extension et compression, iii) le type de bassin et son
contexte gédynamique. Certains chercheurs ont considé&éque la formation du bassin éait contrdée par la
fermeture de la Paléo-Tethys et I'orogénése Indosinienne au Trias. D'autres pensent que la formation du
bassin éait liée ala subduction de la plaque Paléo-Pacifique, finalement d'autres chercheurs ont insistésur la
dualitédes deux processus. Dans le but de clarifier les méanismes de la formation du bassin, dans cette
thése, nous avons conduit une éude pluri-disciplinaire incluant lI'analyse des facies sé&limentaires et leur
distribution géagraphique, I'é@ude statistique des palécourants, I'analyse des spectres des minéaux lourds,
la géachronologie U-Pb sur zircon et baddel€&yite, et le magné&isme des roches.SSur la base de nouvelles
données acquises dans cette thése et des &udes anté&ieures, de nouvelles perspectives ont @éédéjageéss sur la
provenance du déritisme, le contexte tectonique de formation du bassin et son &olution ulté&ieure.

Faciés S&limentaires. Les strates du Trias infé&ieur et moyen (respectivement T1 et T2) sont tres
largement distribuées dans le bassin. Les caracté&istiques géagraphiques des facies s&limentaires indiquent
que les strates du Ty qui affleurent sur les bordures du bassin et autour des formations palézo fues exposeées
au centre du bassin correspondent principalement au faciés de plaine de battement des marées ou de lagon.
Dans quelques localités, les formations T1 sont représentées par des dépds chaotiques ou d'olistostrome
correspondant au toit de failles actives. Les faciés s&limentaires développé& dans les couches du Trias
moyen varient selon leur position dans le bassin. Dans le centre et I'est du bassin, les couches T, sont
principalement des turbidites. Dans la région de Baise, al'est du bassin, les s&liments argileux de mer
profonde sont bien développé& tandis que dans la partie ouest du bassin et autour des formations
palézohues situées dans le centre du bassin, les couches T. sont dominées par des dépds de plaine de
battement des marés (tidal flat). Dans la ré&ion de Guannan-Funing-Zhesang, situé dans la partie sud du
bassin, les couches T sont repré&entées par des dépds de delta. Dans les parties centrales et orientales du
bassin, les strates Ts manquent, tandis dans la partie occidentale, les strates Tz sont principalement
repré&sentés par des dépds de delta. L'éolution des faciés s&limentaires indique que le milieu de dé&d
s'approfondit entre le Trias infé&ieur et le Trias moyen, puis devient moins profond entre T» et Ta.

Génchronologie des digues de diabase. Une contrainte temporelle du déeloppement du bassin peut
ére dédluite de la datation du magmatisme basique repréentépar des filons couche (sills) de diabase. Dans
la r&ion de Badu, la datation isotopique U-Pb sur zircon et baddelé€yite indique que ces diabases se sont
mises en place entre 269 and 265 Ma. Ce magmatisme est le plus préeoce reconnu dans le bassin de
Nanpanjiang. Des travaux anté&ieurs indiquent que les intrusions se poursuivent dans l'intervalle 258-248
Ma.

Palé-courants. Les mesures statistiques des directions de palé-courants indiquent une grande
dispersion des palé-courants autour du horst Palézomjue du centre du basin pendant Ty et T>. Dans le
centre et la partie orientale du basin, les palé-courants des strates T» sont principalement dirigeées vers
I'ouest, le NW et le SW. Cette distribution complexe suggéere une topographie plus éevee dans I'Est que dans
I'Ouest du bassin. Dans les strates T, les palé-courants montrent un schéna divergent autour du paléorelief
qui a jouéle rde de source des sé&liments. Gé&alement, pendant le Trias moyen, les dédris accumulés dans
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la partie sud du bassin proviennent de la bordure mé&idionale du bassin, tandis que dans les parties centrales
et orientales du bassin, les déoris proviennent des reliefs situé al'Est, NE et SE du bassin. Pendant le Trias
supé&ieur (Ts), la direction convergente des paléo-courants indique que les déoris provenaient des regions
environnantes.

Régions souces des débris. Tous ces réultats s&limentologiques comme la distribution des facies
s&limentaires, I'orientation des paléo-courants, la nature des miné&aux lourds déritiques et leur composition
chimique indiquent que la provenance des lithologies est complexe. Le contexte tectonique de la provenance
des séliments est un orogéne &odé Tenant compte des spectres d'@e des zircons déritiques, nous
proposons que dans la partie mé&idionale du bassin, les sé&liments déritiques proviennent de la chame
indosinienne, alors que dans les parties centrales et orientales, ils proviennent de la chame de Xuefengshan,
du massif de Yunkai et des granites d'&e Permien ou Trias infé&ieur environnants. En outre, pendant
I'ouverture du bassin, le horst central du bassin, le paléorelief de Kangdian, et les plateaux basaltiques
d'Emeishan ont aussi apporté des débdris dans le bassin. Pendant le Trias sup&ieur (T3), les domaines
mentionnés ci-dessus continuent &fournir des maté&iaux dans le bassin de Nanpanjiang.

Etude ASM. Ainsi que le montrent les travaux antéieurs, les structures tectoniques du bassin de
Nanpanjiang difféent des deux cGés de la faille de Baise. En particulier, au sud de la faille, les plis et les
failles ré&ionales sont orienté&s E-W, et au nord de la faille, les axes structuraux sont NE-SW ou N-S. Les
résultats de l'analyse de la susceptibilité de l'anisotropie magné&ique (ASM) montrent que la fabrique
magnéique correspond ala fabrique sélimentaire des gres. La foliation magnéique est proche de la
stratification. La plupart des linétions magnéiques mesurées des deux c@é de la faille de Baise sont
orientées NE-SW. Ce phéomeéne suggée que depuis l'acquisition de la fabrique magnéique, la région
éudié n'a pas subi de rotation importante autour d'un axe vertical. Ceci indique que les directions
structurales des deux c@és de la faille de Baise ont é&€&acquises pendant la sé&limentation du Trias et que la
déformation Cénozorue le long de la faille de Baise est limitée. A la fois la chame Indosinienne et celle de
Xuefengshan, respectivement situées au Sud et al'Est du bassin de Nanpanjiang, ont &&déormeées pendant
le Trias moyen. Les structures ré&gionales dans les deux orogénes sont comparables aux directions
structurales dans le bassin de Nanpanjiang au Sud et au Nord de la faille de Baise. Considé&ant le grand
volume de maté&iaux déritiques apportépar les deux chames, on considée que le basin a é&é rempli
conjointement par les deux orogenes.

Evolution du bassin. Les nouvelles données acquises pendant cette thése sont en accord avec une
&olution en trois stades du bassin de Nanpanjiang.

Le premier stade est l'ouverture du bassin au Permien terminal-Trias infé&ieur. Les diabases, datés a
269 Ma, intrusives dans le basin représentent le déout de I'ouverture du bassin accommodée par un ré&gime
tectonique extensif. Les diabases les plus jeunes, datés &a248 Ma, marquent la fin de du ré&jime extensif.
Pendant ce stade, la profondeur de dép& des s&liments terrigénes augmente comme indiquépar I'ennoyage
de la plateforme carbonaté par les turbidites du Trias infé&ieur. La s&limentation chaotique développé sur
le toit de la faille bordiere du horst, entre la plateforme carbonatée et les turbidites, indique aussi une activité
syn-s&limentaire de cette faille normale. L'approfondissement du milieu de dé@ est lié ala tectonique
extensive ré&ionale.

Le deuxiame stade dure de la fin du Trias inf&ieur au Trias moyen (~245Ma). Pendant ce stade, la
profondeur du bassin continue aaugmenter, et les s&liments turbiditiques repréentant un environnement de
mer profonde deviennent plus abondants. A cette oque, le déocentre &ait situédans la partie SE du basin,

situee entre les deux orogenes. Cette caract&istique suggee que le remplissage du basin éait controlépar
230




les deux orogemes. Au cours de ce deuxiene stade, les chames Indosiniennes et du Xuefengshan
commencent leur déformation et la formation du relief. Le magmatisme basique cesse apartir du Trias
infé&ieur (vers 248Ma). Compte tenu de la provenance des séliments du basin apporté& par les deux
orogenes en cours d'&osion, comme indiquépar le schéma statistique des produits déritiques de Dickinson,
montre que le bassin entre dans le stade de bassin d'avant-pays.

Le Troisiéne stade repré&ente la fermeture du bassin de Nanpanjiang. Au cours de ce stade, les parties
centrales et orientales du basin ne comprennent pas de dé@&s du Trias sup€&ieur alors que ces couches sont
repré&sentées dans la partie occidentale du bassin. Ceci indique que les parties orientales et mé&idionales du
bassin éaient dgasoulevéss gr&e ala déformation des deux chames.

Modée tectonique. Ces données sur l'ouverture et I'é&olution sé&limentaire du bassin de Nanpanjiang,
combinés avec les données des régions environnantes, nous permettent de proposer un modée
géadynamique explicatif de I'éolution du basin. Depuis le Permien infé&ieur, (~280 Ma), la Palé-Té&hys
commence asubducter sous le bloc Indochinois. Au Permien moyen (~270 Ma), en régime extensif, le rift
de Babu-Song Hien s'ouvre dans la partie mé&idionale du bloc de Chine du Sud et é&olue en un bassin marin
de forme triangulaire connectéavec I'océ&n Paleo-Tethys. Ceci conduit al'individualisation du bloc du NE
Vietnam vis avis du bloc de Chine du Sud et I'ouverture du bassin de Nanpanjiang. Depuis le Trias moyen
(~245 Ma), les blocs de Chine du Sud et d'Indochine commencent &entrer en collision. Au mé&ne moment,
la chame de Xuefengshan commence sa propre évolution tectonique accommodée par des chevauchements
et des plis avergence ouest ou nord-ouest. Dans le bassin de Nanpanjiang, I'arr& du magmatisme basique
indique la fin du ré&ime extensif et le début de la fermeture en réonse ala déformation qui se propage
depuis les deux orogenes voisins. A ce stade, le bassin éolue en bassin d'avant-pays. A cause de la flexure
lithosphé&ique de I'avant-pays, due ala surcharge de la croGie épaissie dans les chames, le bassin continue &
subsider et ainsi la profondeur d'eau augmente comme indiquépar l'augmentation de la surface de dé&&
turbiditiques. A ce stade, le rift de Babu-Song Hien commence ase fermer. Cependant, les dép&s d'eau
profonde de la région de Napo suggerent que le rift de Babu-Song Hien n'é&ait pas encore compéement
fermé& Comme la déformation ne se propage pas vers l'inté&ieur du bassin, la profondeur d'eau ne diminue
pas. Les couches ne sont pas encore plissées dans le ceeur du basin d'avant-pays. Depuis la fin du Trias
moyen (~240 Ma), le rift de Babu-Song Hien se ferme, et la déformation se propage dans le basin. Les
formations du Trias infé&ieur et moyen sont impliquéss dans les plissements et les chevauchements causés
par la surrection des parties orientales et mé&idionales du bassin et I'absence de couches du Trias sup€&ieur
dans ces regions.

Mots clé: Bloc de Chine du Sud, Bassin de Nanpanjiang, Trias, Sé&limentologie, orogenése Indosinienne

Sedimentary and structural characteristics of the Triassic Nanpanjiang Basin (Southwest China). New
insights on the regional tectonic evolution

As one of the largest sedimentary basins in the South China Block, the Nanpanjiang Basin called a
large attention of the geological community for a long time. After many years of research, there still exist
great debates on i) detritus provenance, ii) timing of the tectonic regime shift from extension to compression,
iii) type of the basin and its geodynamic setting. Some scholars considered that the formation of the basin
was controlled by the closure of the Paleo-Tethys ocean and the subsequent Triassic Indosinian orogeny,
some scholars believed that the formation of this basin was related to the subduction of the Paleo-Pacific
Slab, lastly other scholars emphasized the dual impacts of the both processes. In order to clarify the
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mechanisms of the basin formation, in this thesis, we conducted a multi-disciplinary study including the
characterization of the sedimentary facies and its distribution analysis, the paleo-current statistics, the heavy
mineral spectrum analysis, the geochemical analysis of typical heavy minerals, the U-Pb geochronology
study on zircon and baddeleyite, and the rock magnetism study. Based on the new acquired data in this
thesis and the previous studies, new insights were obtained on the provenance of the detritus of the basin, the
tectonic setting of the basin formation, and its subsequent evolution.

Sedimentary facies. The Early and Middle Triassic (T1, T2, respectively) strata are widely distributed
in the basin. The features of the geographic pattern of the sedimentary facies indicate that, the T1 strata that
crop out in the edge of the basin and the rim of the Paleozoic strata exposed in the center of the basin are
mainly tidal flat-lagoon facies. In some localities, the Ti strata are represented by chaotic deposits
corresponding to the hanging wall of active faults. The sedimentary facies developed in the T, strata are
variable depending on their place in the basin. In the center and eastern part of the basin, the T, strata are
mainly turbiditic sediments. In the Baise area which is located in the east part of the basin, deep-sea
mudstones are well developed, whereas in the western part of the basin and around the Paleozoic formations
located in the central part of the basin, the T, strata are dominated by tidal flat-lagoon deposits. In the
Guannan-Funing-Zhesang area, which is located in the southern margin of the basin, the T strata are
represented by delta deposits. In the central and eastern parts of the basin, the Ts strata are lacking, while in
the western part of the basin, the Ts strata are mainly represented by delta deposits. The sedimentary facies
evolution indicates that the deposition depth of sediments became deeper from the T to T, and shallower
from To to Ta.

Geochronology of diabase dikes. A time constraintt of the basin development can be drawn by the
dating of the magmatism coeval with sedimentation inside the basin. In the Badu area, the U-Pb isotopic
dating on zircon and baddeleyite indicates that the diabase emplaced between 269 and 265 Ma. This earliest
magmatic record in the Nanpanjiang basin suggests that the basin opening was already active during this
period. Previous works indicate that diabase intrusion continued during the 258-248 Ma interval, suggesting
that the basin stretching have continued during P2 and Ti.

Paleocurrent. The paleo-current statistics indicate that the current direction is scattered around a
Paleozoic horst in the center of the basin during the T1 and Ta. In the center and the eastern part of the basin,
the paleo-currents of the T strata are mainly directed to the W, NW and SW. This complex paleo-current
pattern argues for a topography higher to the East of the basin than to the West. In the southern part of the
basin, the paleo-currents of the T, strata, mainly directed to the N, NW, and NE argues for a topographic
high in the south of the basin. In the T strata, the divergent pattern paleo —current pattern indicates that the
horst acted as a local provenance of the sediments. Generally speaking, during the T», the detritus
accumulated in the southern part of the basin came from the south border of the basin, while in the central
and eastern parts of the basin, the detritus came from the east, northeast, and the southeast flank of the basin.
During Ts, the paleocurrent direction is convergent, indicates the detritus came from the surrounding area.

Detrital source areas. All the results of the sedimentary facies and its distribution analysis, the
paleo-current statistics, the heavy mineral spectrum analysis, the geochemical analysis on typical heavy
mineral indicate that the provenance lithology is complex. The tectonic background of the provenance
sediments is an eroded orogen. Combined with the previous U-Pb age spectra of the detrital zircons, we
propose that in the southern part of the basin the detritus came from the Indosinian orogen, while in the

central and eastern parts of the basin, the sediments came from the Xuefengshan orogen, the Yunkai block,
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and the Permian and Early Triassic granites of the surrounding areas. Besides, during the opening of the
basin, the horst in the central part of the basin, the Kangdian old land, and the Emeishan basaltic traps also
provided detritus into the basin. During the Late Triassic (T3), the above area continued to act as provenance
of the Nanpanjiang basin.

AMS study. As shown by the previous geologic investigations, the regional structural lines of the
Nanpanjiang basin differ on both sides of the Baise fault. Namely, to the south of the Baise fault, the
regional structural trend, such as the fold axes, are E-W. and to the north of the Baise fault, the regional
structural lines are mostly NE-SW or N-S. The AMS result shows that, both the magnetic foliation is close
to the bedding, which indicates the magnetic fabric was acquired in the sedimentation rather than
post-sedimentation deformation. The magnetic lineation reflects the paleocurrent direction. Most of the
magnetic lineation on both sides of the Baise fault strikes NE-SW. In most parts of the basin, the AMS
lineation is consistent with the paleocurrent direction measured from sedimentary structures in the field.
This phenomenon suggests that since the acquisition of the magnetic fabric, the study region did not
experienced any apparent rotation around a vertical axis. It further indicates that the paleocurrent and the
regional structural lines were acquired in the Triassic. They were not changed by the Cenozoic strike-slip
displacement of the Baise fault. Both the Indosinian Orogen and the Xuefengshan Orogen which are to the
south and east of the Nanpanjiang basin, respectively, experienced compression during the Middle Triassic.
The regional structural lines of both orogens are comparable to the regional structural lines in the
Nanpanjiang basin on the south and north sides of the Baise fault. Given that there is a large volume of
detritus from both orogens, it is considered that the basin was jointly filled by the two orogens.

Basin evolution. The newly acquired data support a three-stage evolution history of the Nanpanjiang
basin.

The first stage was the opening of the basin which took place from the Late Permian to the Early
Triassic. The 269 Ma diabase intruding into the basin represents the onset of the opening of the basin
controlled by an extensional tectonic regime. The youngest diabase dated at 248 Ma marks the end of the
extensional regime. During this stage, the deposition depth of the terrigenous sediments increased as
indicated by a shift from the Permian carbonate platform to the Early Triassic turbidite. The chaotic
sedimentation developed between the carbonate platform and turbidite suggest the activity of a normal
syn-sedimentary fault. The deepening of the deposition environment is likely related to extensional
tectonics.

The Second stage ranged from the late of the Early Triassic to the Middle Triassic (~245Ma). During
this stage, the depth of the basin continued to increase and the turbidite sediments developed in a much
wider area. During this time, the depocenter was located in the southeastern part of the basin, which laid in
between of the two orogens. This feature suggests that the basin was controlled by the two orogens. In this
second stage, the Indosinian orogen and the Xuefengshan orogen started the compression and caused of the
mountain building. In the same time, the mafic magmatism ceased since the late Early Triassic (about
248Ma). Given that the provenance of the sediments in the basin was supplied by eroding orogens, as
revealed by the Dickinson Framework detritus statistics, all these lines of evidence indicate that the basin
entered into the foreland basin stage.

The third stage was the shrink and closure of the Nanpanjiang basin. In this stage, eastern and
southern parts of the basin were already uplifted owing to the compression from the two orogens. The
marine to continental transitional facies delta sediments deposits developed in the western part of the basin.

Tectonic model. Based on these data on the opening and sedimentary evolution of the Nanpanjiang
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basin, and the geological knowledge in the adjacent areas, a geodynamic model that explains the evolution
of the basin is proposed. Since the Early Permian (~280 Ma), the Paleo-Tethys began to subduct
underneath the Indochina Block. In the Middle Permian (~270 Ma), owing to the extensional regime, a
Babu-Song Hien rift developed in the south part of the South China continental margin, and evolved into
triangular-shaped Babu-Song Hien marine trough connected to the main Paleo-Tethys ocean to the east. This
led to the separation of the Northeast Vietnam Block from the South China Block and the opening of the
Nanpanjiang Basin. Since the Middle Triassic (~245 Ma), the South China Block and the Indosinian Block
began to collide. In the same time, the Xuefengshan orogen began its own tectonic development
accommodated by West or NW-ward verging folds and thrusts. In the Nanpanjiang basin, the cessation of
the mafic magmatism marked the end of the extensional regime. The basin started to close as a response to
the deformation propagated from the two adjacent orogens. In this stage, the basin evolved into a foreland
basin. Owing to the lithospheric flexure of the foreland area caused by the load of a thickened crust in the
orogens, the basin continued to subside and thus the water depth continued to increase, as indicated by the
increasing area of the turbidite deposits. In this stage, the Babu-Song Hien marine trough began to subduct.
However, the deep-water deposits in the Napo area suggest that the the Babu-Song Hien trough was not
completely closed. Since the deformation did not propagated inside the basin, the basin had not shrinked and
the water depth was still not decreasing. Since the end of the Middle Triassic (~240 Ma), the Babu-Song
Hien trough closed, and the deformation propagated into the basin, the Lower and Middle Triassic were
involved in the folding and thrusting, causing the uplift of the eastern and southern parts of the basin and the
lack of the Upper Triassic strata in these areas.

Key words: South China block, Nanpanjiang Basin, Triassic, Sedimentology, Indosinian orogeny
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Caracté&istiques s&limentaires et structurales du basin triasique de Nanpanjiang (Chine du
Sud-ouest). Nouvelles perspectives sur son evolution tectonique

En tant qu'un des plus grands bassins s&limentaires du bloc de Chine du Sud, le bassin de Nanpanjiang
a attiréune grande attention de la communautégeénlogique depuis de longtemps. Aprés plusieurs années de
recherche, il reste encore de grand dévats sur i) la provenance du bassin, ii) I'&e du changement de ré&jime
extension a compression, iii) le type de bassin et son contexte géadynamique. Dans cette thése, nous avons
conduit une éude pluri-disciplinaire incluant I'analyse des faciés sé&limentaires et leur distribution
géographique, palécourants, spectres des min&aux lourds et leur geochimie, la géchronologie U-Pb sur
zircon et baddel&yite, et le magnéisme des roches pour reconstrurier I'evolution de ce bassin.  Les résultats
indiquent un trois-étapes évolution. i) durant la p&iode du Permien sup€&ieur au déout du Trias, la diabase
mise en place 269Ma annonce l'ouverture du bassin, I'environnement seédimentaire est devenu plus profond.
ii) durant la période du stade tardif du Trias infé&ieur (~ 245 Ma) au Trias moyen, & cause des influences
de l'orogene Xuefengshan et de I'orogéne d'Indochine situées al'est et au sud du bassin, le bassin a éoluéen
bassin d'avant-pays. La diabase arréte sa mise en place durant cette période. Les analyses de déritus et de
palé-courants indiquent que durant cette période, les provenances de la partie est et de la partie sud du
bassin éaient respectivement I'orogéne Xuefengshan et I'orogéne Indochinois. iii) la fin du Tirassique, la
profondeur de I'environnement sé&limentaire a fortement diminué€ indiquant que le bassin a commencéase
réré&eir sous l'effet de la compression de I'orogene Xuefengshan et de I'orogéne d'Indochine.

Mots clés: Bloc de Chine du Sud, Bassin de Nanpanjiang, Trias, Sé&limentologie, orogenése Indosinienne

Sedimentary and structural characteristics of the Triassic Nanpanjiang Basin (Southwest China). New
insights on the regional tectonic evolution

Ranks as the largest sedimentary basin in the South China during the Triassic, The Nanpanjiang basin
attracts a large attention of the geology community for a long time. After many years study, there still exist
several debates on i) the provenance of the sedimentary detritus, ii) the time of the change of the tectonic
regime from extension to compression, iii) the type of the basin and its geodynamic background. In this
thesis, a multidisciplinary study including analysis of sedimentary facies, paleo-current, frame work detritus
mode, heavy mineral combinations and their geochemistry feature, rock magnetism and Zircon-baddeleyite
isotopic dating on diabase was conducted to rebuild the evolution of the basin.The results show a three-stage
evolution, i) during the Late Permian to the Early Triassic, the 269Ma diabase intruding into the basin
announces the opening of the basin, the sedimentary environment became deeper. ii) During the late stage of
the Early Triassic (~245 Ma) to the Middle Triassic, owing to the influences of the Xuefengshan orogen and
the Indochina orogen which are located to the east and south of the basin, the basin evolved into a foreland
basin. The diabase ceased emplacement in this period. The detritus and paleo-current analysis indicate that
during this stage, the provenances of the East part and the South part of the basin were Xuefengshan Orogen
and Indochina Orogen respectively. iii) During the Late Tirassic, the depth of the sedimentary environment
decrease drasticly, indicating that the basin began to shrink owing to the compression of the Xuefengshan
Orogen and the Indochina Orogen.

Key words: South China block, Nanpanjiang Basin, Triassic, Sedimentology, Indosinian orogeny
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