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Abstract: The South Qiangtang Block (SQB) is widely acknowledged as part of the Cimmerian Continent, which rifted away from
the northern Gondwana margin during the Early Permian, marking the initial opening of the Bangong-Nujiang Meso-Tethys Ocean.
However, the sedimentary response to this rifting event remains unconfirmed, leaving the event ambiguous. In this study, five
sedimentary successions are identified in the Rutog area, Northern Xizang, each characterized by distinct facies that record different
stages in the tectonic evolution and climatic influences on the basin, along with associated changes in the rates of basin subsidence
and sediment accommodation. Succession [, formed in the Late Carboniferous to Asselian age, shows that glaciomarine sediments
compensated for the sediment accommodation generated by the basin subsidence, resulting from tectonic activities and climatic
factors in the early stage of the syn-rift. During the Sakmarian to early Artinskian age, the glaciomarine retrogradational sequence
represented by the Zhanjin Formation (Succession II)) and the following progradational-aggradational sequences represented by the
Qudi Formation (Succession [II) mark the climax and standstill stages of the first episode of the syn-rift tectonic activities,
respectively. In the late Artinskian to Kungurian age, the second episode of syn-rift is manifested by the Succession IV and V. And
the former retrogradational sequence (Succession IV), reflected in the lower part of the Tunlonggongba Formation, indicates a climax
stage of syn-rift tectonic activity, while the latter aggradational-progradational sequences (Succession V), represented by the upper
part of the Tunlonggongba Formation, mark a stage of tectonic quiescence. Therefore, these Early Permian sedimentary successions
in the SQB are best explained by the tectonic subsidence resulting from the rifting of the SQB from the Gondwana margin,
suggesting an early Permian timeline for the initial opening of the Bangong-Nujiang Meso-Tethys Ocean.

sedimentary filling sequences; rifting on the north

Key words: South Qiangtang Block; Late Carboniferous—Early Permian;

Gondwana; Rutog area
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Fig. 1 The brief geological and tectonic map of the study area
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Table 1 The facies, codes, description, and origin of the Late Carboniferous—Early Permian strata in the study area
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Table 2 Classification of sedimentary environments from the Late Carboniferous to Early Permian of the study area
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3.1.3 wHEEEME (F)

NPy SRR AT\ INE R = IN IR v R e
(B 4) o SRR S A (Fm, €] 4C-D) LR
FE— R AERUEOK RECKA S, AL B ZHME . 7K
V2 BRAN RS S5 AH (FL B 4A) 38 5 B 22K 2 K
R e ZHERM R, RAE B E UK
ZAEMIEZ NIRRT, KRB AE R A S
Y A DU B /K & (Allen P A and Allen J R,
2013), (Bt H IAEE FERR 5 H (Dalrymple, 2010),
T A AR AE R A MR 255 b . S5 oh—Fh
AR o B VKA B B J2 3 DU 54 i
% (Fld, K 4B), Ml A sidimibais & T, fE—x
KR FFAETT, & ALY UK SRR T A0 ik st A2 BT B 1
(Eyles C H et al., 1985; Eyles N, 1993) ,

3.14 KEMHE (L

A5V K A AH (marl) . B8 BT K A A (Ms) L Riie
R AH(MBb) FUBURL B A AH (Gs, B 5) o T KA A
(marl, & SA-B) S BR 82007, 3 5 10%
oA B R A O B PR i, R — R RT VA 25
Tt PR 605 7K AR I T o e i s o R v 1) b 2
UUIE AL ITRUR S VEN . AP %A (Ls, 8] 5C-
D) Z S 2 e KB GUR ™ 1, 5 B 1
W BIRT 12 5, Jos & R it bl I 9 B0kL, 52
JEEEARE 0.5 mo 52 H S A RKE AU HES A
SEREU R R, R T RS r R X sk
PR RRUARE S U6 B D 0T K 5 R 32 5 0 T A
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(BBt 50%), F87 T — M IRBE 1Y & M 2 1 0
e PR 5% (Wilson, 19755 Sarg, 1988) .
3.2 RFRIE

AR R A, PRI A st — R &
T T A B 5 5 O Ui R A B o R B R 2%
(#£2),
321 EHETE

T FH R B R 2 VK| 52 Wi 1 T 25 R T L IE
BRI A T R LE B TR e V0 5 3 il

2 Wty A AR X BL A ok A e vk T Rilsg i, A5
DX A& B UK 2% 05 0 B 0 B 35 R R B4R (LA 2
T T )4 R A — R A AR ), AT A s ]
G b T 23 43 Ay i R i R 30 5% 4 WP 3R %
i A B35 2 DA W et — L S R TR Y
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FRECIRIK Bt i, A b 7 B vk 3 B B ) A2 g K TR AH 24
3% (Eyles C H et al., 1985; Eyles N, 1993; Eyles C H
and Eyles N, 2010) . 32 7K )11 5% W i) fili i 20 % 3R 45
VR Z & e 50 SR I e TR O 2R
Horp, B0 2% 2 i Dmm, Dms, Fm S5 5 @PEDT
TR s T Bl B 3 2 ARk 3p 20 A AR A R Z2 4,
Dms, Sc, Sg, Sd, Sr, Fm, Fl, Fld, marl, Mb 5 A1 41
B, FEZEAE VKA R it 175 = R, BNE I
T EE L I B2 I ki DA s A 5 I A DO,
S e R AR K A i AR b, b R F A 22 Ak
H49n(Zhang et al., 2023) ,

TE B TR e T PR 32 2 DABI 9% IX B A 1
) TR AL T ) s g o AR, 5 R A P b )
2 ¥ 0] T R KT 0 R pth M R TR S K R,
TE R S T Wy v 013 Bk B 300 % 2 b Y
DU 5, DL Sm, Fm, marl 5575 2 — & KRB A
HENFHE

IEH B BRRR L Ak E R B DA R
H EBOMERN R RS A, IR R
T I L3 35 T 0 4999 s Tl AR 3, 2
AR AR (MBb) FILSE fb Uk A A (G ) 4K,
Z B VRS s /0N, =E 5 0 L HUSORL AR5 SO
AFaH R G I M, T2 R T AR SRR R
T YRR R £ A 15 M DT AR 348 5% (Wilson, 1975; Sarg,
1988)
322 HENE

PERE R A A X LA R VKIS IR, oK1 24k A
AN FRUONA XY 25 A, SOz 2 DL =
FAYN L IAT 1V LA R g o P A ek S R i 5 ol AR
] L R A W 1 22 A AL o

AN PR R A R A 1) b A A A T R S
v, L2 3 5 TR A T At b 2H o AR 2R, AT R
) e B T = A = AT R = A
JRAEE IR . Hor, B = AN A AL S Sd, Sg,
Ss, Sr, Sm, FI, JXWELLHE Jy i BAFUTARAEE I
MYIZEAREE . 78 =M ATZ b, o] 3 — 255
LA Ss, St, Sr &N FHIK T 433 3E . LL Sm, Fm,
Fl, marl 204 MHFIERZK T KIRSELI K LA Sp, Sm 21
B8 F AP I RS, R il DUR A L 42 5|
Tt RN U IR A TR YA A 32 09 T FRAE HH (Postma,
1990; Bhattacharya, 2010) ., 7£ = fWHF 7, aJ 8
WL Sp, St, Ss SF A G 8 ERY PRI L LA Sr,
Sm, Fm, FI 55 416 R 2 19 40 ik 0] b S IR IR, )

B s DA KGE A6 Y A 51 S 3209 0B (Miall,
1977)

] 1V A R B AR 2 H T L 3 KT
17L& 4999 vy A e 3L L2 T B, 2 PR
W ULAE ¥, | Sp, Sc, Ss, Sm, Fm, FI %54 #H
20 A S R [R] 47 AT Sm, Sc, Fm, FI, Ms, marl 55 [
W )] S T A o e T IS 1 2 TR 2 1 S A
YA ELHEDURR T i b 2 5 T30 A R 52 85 2 B D
FAH(SHZ &, FTRedE /R EAR DO P At 1 o 38 55
T W25 18145 (Catuneanu, 2006) .

W B VA 2 PRI UL T3 KT T A e A A
BCUURMIHR, Sm, Sp, Sr, FI, Ms, Mb, Gs 25 A ol H:
A ARG — B B RE B 3 PR R 2 A
RZR o % b, 2 ) TR R e e R RE S ik
MR £ 2 15 Hb B3R T PR 45 4 W I 32 30 i U e T it 2
FREE R s, sl R, SRR IR

4 MRFEFIESRARIERALIE

5% X WA e— — B DT 41 SR B B
=B B A s . SR — BB, DA A i
Z BB 50 B R W32 X)L R oK) AR FH 2 i i)
R UTBUAER, 7RI T LUES AT = 091 AH
IARF S T FLL e 4 4 AR iR R BT 8 1T
BB, R A T W v S X EL oK) 1
AT ST, Bl AR S Ak 4s f 3 R, 7E ) fli i 36 AR
TE B = A PNAR ) VR AR 80 -1, 76 7] T 1 R AR
T RS o6 AN AR 51 -2 56 — B B, AR R BN
e BT, A BB R Bt S o ek PR R
A PRI A T v e R I R AR
DIRFFIN Ff & e g BRI RN R S
2 W2 INARTFH V ALK, J5 3 R R i
TR b 5 Je e 8 A TR 31 V -1 LA [ Vg — )
H R R £ A IR SV -2 A TLRUF 91 0 45 A5
A ELTREMN AT .
4.1 RS |

5 52 2 DUAR M G, o A & oo £ 2
Dmm, Dms, Sm, Fm, FI, HUR A2k A RSB HR, T
ERBRAR A, ] AR /N, B E R A AL, 24 R () AT
DL RIS T , A0 5 AH 5 24 0k AR )2 1A i 1T~
H, BRI . PURZeR S A8 7R LLZE Uk
T DU SOHLSOR DK SR 8 ittt A FH R 325, 1k
AR ZBR A T B R AR R A TR AR L IS T b 2R i
J& U s 0PI RRAE H BT i (Eyles et al.,
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(Succession | ) from the Late Carboniferous to Asselian age

glaciomarine aggradational  sequence

in the study area (refer to text for lithofacies codes and

interpretations, the same applies below)

1985) . & & 1E R0 J2 30 Btk 40 65 8 240 (Fm)
5 RF KR BRI A BOUE A (FDFEA:, Bk
R AP S SERITIL AR IR o/ £ 19) iy i B2 SR R
SR AR XA 7K P 5 208 2 2R ) IR BT IE A AR
2% ()RR i DR 8 e L, 3277 971 22 B DK A
INARTLRF 5 894 a5 (1 6) o
4.2 RFH

e HUTBR M, A A G ot o\, A
Dmm, Dms, Sc, Sg, Sd, Sr, Fm, FI, Fid, marl % ., 5
DURUT S 1 BRI, 27 51 th JUIR Ze ik 4l 1
BARXSURlL, T) EHOIRED A | AR A A B S,
HH BRT 2 K R U A A, R B R 22 0O 2R
Bi e B PR AN s R s i R LR FLR AR, i

% B 5. 1 17 (Posamentier and Vail, 1988)., 7ET%
o) T R 2 2H P L B 5 Dms 1 FI(ER Fld) P A=
() 2/ N SO B 5 AH (Sr) , IR 3502 U Ui
B, F87R T — AR B R 1) e i AR H 25 14
(Shanmugam, 2002) . 73 4b, ZULET A & & Fr
TR IR AR T J22 D o AR R 3 525 DORR, i3
B30 5 7K R TOAR Y E A G, R AU 3 B A 1
(slumping ) 2 /& FL B K R 1 408 Hh W )2 36 30 e
fih %2 %) bR 38 370 A i 72 (Postma, 1986; Eyles, 1993;
Shanmugam, 2016 ) (K] 7), J& & ki 1% X 2 o8 16 Wi
AR 5 | A PN 7 TR B Rk s sk
(Zhang et al., 2023) . XEELRAFLEF KA 5T
1 R I T B A it DL S A DR, R ] fig
“hy Ml 7 5 B ik & 0 U Wi DC AR 35 4 (Shanmugam,
2006) . LA EUURREIGR LW, S OIRUF 5y — 432
UKINAE T 52 Wi (8 5 ZUVER AR | e 2 DR s 1B Y IR
BUF5 (1 8) .
43 RSN

T3 H b 2F AR 18, TR K T T A 2
HE T LAY A A 4 A s E BN Sm, Sg, Sd, Ss,
Sp, St, Sr, Fm, FI, marl &5, ¥ 5 T UTFR 340 -1 (&
9) o HRJICHB Y IE AT )2 B FAH (Sg) . SR DTFRAR
230 25 A0 (Sd) FHCRAD 5 AH (Sm) 44, T Bk
T AR )R I DR R4 i S T A AR L AR
AT REFE 7R = o7 B B A T = A Y 2745 (Bhattacharya,

A. C. D.IFMHEE SR LI Fr s B 1E IR E 3K 4
CHRAEIE A A 22D

E7 MRFIINPLEREFHEE (4B Zhang et al.,

2023)

Fig.7 The large scale

Succession || (after Zhang et al., 2023)

slumping structures in the
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W3 % (Zhang et al., 2013; Hou et al., 2021), FE(if
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(Allen P A and Allen J R, 2013; Eyles C H and Eyles
N, 2010),
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L2 IVl A R AR 5 IR FH AR R IR KK A
TUR, H6 7 S i35 v i pl S D5 1] VA3 S v
KB | R SRR MR E 1T 504k (Eyles, 1993) , Bk
Z ) [] B 1 4 2 B A R AR R 437 (Zhai et al.,
2013; Wang et al., 2019), JUAE FI A0 {2 & A8 AL mT fiE
JEBE T SR WG R IR B R R B — o BB,
AR TR 1 T, R BIUTRR AT 258 25 () A ik 5
KT UYL R, 75 L e DR e e e, DR
F A F TR K FEIE B
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[T RLER A7, b U TR ) e B R [ A =X
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P B AR TE J2 B 2 B A e, TG I O R LA
1 RERCIR 22 482 LAY oRDR K A b, BT
TR T AR S A 2 R S ) R A S
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Fig. 13 Changes in sedimentary successions and sediment accommodation, along with the evolution stages of tectonic and

climate, from the Late Carboniferous to Kungurian age in the SQB of the study area

A, = MAIMATZE = AR = AN RAEH . BB i IE H VR R R I R,
P HE i o B2 (Bhattacharya, 2010) . EFVIBWER 4R E I Z 7 miE %, ZH AT —E 525 W
U A A R W KB & a5 EHARAEEE VERUF 3, BRH TR AT 2825 8] A=
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(Wilson, 1975) .
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and Allen J R, 2013; Miall, 2022) . [A] i, i iy A= 4%
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O ) PR ™ w9 vk 4 (Fielding et al.,
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(Zhaietal.,2013; Xuetal., 2016; Zhang Y X and Zhang
K J,2017; Wang et al., 2019; Dan et al., 2021) .
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DR 3 3l (g PR 3R ) 505 | & 1) v~ T A2 A A 2
ZE TR SR R Y 45 R 3R T 2 b A 3 T
Wee By g S 45 5 1N A (Isbell et al., 2003)
TURRAT 25 25 [) ol R Ao e XA 36 1% 3 5 DA K,
b PR TR I, 8RR B R AL 3 R
1, DR R B S AR S5, TR 8
R BUA W W R R S FIBE S B R R A, X
K Pifi i 2 Vg AH 2445 7 1 1) FE 2 EUR AT ( Gawthorpe
and Leeder, 2000; Martins-Neto and Catuneanu, 2010) .
S VKA AR 50 O 81 1) 2 AE vk T 1
TR, PN AME: T 28 BRI TR IE i
DURR AT 25723 [1], 7] BE 2 [m) 2445 R A B Be kg 3 v 30
SAILFEE SR . REHEREFTS (75
11 ), o e R VR 99T I 3 22 o oA V- T T e i
JERSE R, B k) N TCARYIAS I LARMEET 7™ A iy ]
wasn], 454 R B R TUA A AL, R B i
S ZH TR (% 5 5 J) 431 ) 176 BB 1) 49 3 PR I3 ] RE XS
N[ AT W), F8R T “FE AL RRMAH
(active rifting; Merle, 2011) . T f5 E T 7 vg 24
it b 2 Vi AR R AR A1), A T 5 1 A0 2 b BRI T
PSR R 48 2R, R I IS I8 KT AT 87 A T UK S 1
IO TH il f iy o 1) 11T b TR0, R, SRR
A1) T 2 [vi) SR ) 3 455 0 i S0 P AR e 37

MAE T 39 7 15 301 (24 286 Ma) IR, #F 5% X K
JIAEFISE2THIR , DU IV BT S e i) b L ik —
IR SRR A T B A 1 V- THD - R 2t R P T e



FRRAL I DX g I 0l DR A e — B I AR SRR S BT F 91 X LA R A b G0 4y 224 it

2024 4F-(4)

AR BLAR A 791

FVERMZE R . WA FEAR, RITBUT I i
Ay 1a) ] g 5 X3k B BUGE AL 2 P — 3 (Yuan et
al., 2022) . WIRTATIER, “RUGHRL” 2P0 R s e &
R A 5 ZRAE E )R, HAARBERAE A, R
Wiz IR Bl RE A, TR AR (1987)
T /AR FMANNT MRS, A
BRI 22 V18 (2009) 76 B b DX 12085 X UH #E 1T
TR, IR TR S XA (OIB #Y) .
FERF X N, 23 72 LR SV h & BLET AR 24
283Ma 7 A B R BUAE i o H 0% Bl (B34 R T HE
L), X5 X KR BUA KIS S — B TR R 2
A b S S UM R . BEJS B BT A 48
PITTRUT AV, B WA kb A TP e i —id B e
AR, 5 Al UL B ) H BRSE A A 9 DX A Tt
MRS, IR BRI R £ 65 Hh TR T 51
% 7 ) 35 15 B985 , 12 B SO DT AR 32 S PR R R 5%
HFEF

R, A5 IX Ay e —F — S TR se 5T 51
5 H I R e i URR AL 1V 55 AT 45 4 ) AR Ak G R AR
HAEMTS ) TSRS AR ES 5 (A 13),
IR Z2 2 R B vkt AR I BT 5 O 30 1) Bz Bk
T RGO B 1 R 4 A1 AR R 10 vk T A
A B A F N OF 50 1) | ity b 41 4€ 3% 0 TR 2 FR
JE5) 80 -1) FMAR 4 (51 10-2) D) 43 53] fz e
[F) 2443 1% Bl 5 — e 0 W R A i B . RS AR 0
SIS R e W R S5, )43 S A e Ak L
T B MAE-AR R OFAIIV) . Ap e -
B A5 (50 V-1 A F 51 (75 V -2)
Jrdg s o BEJS, 7 B e T, e s
YT BT BT ) R Bk R #h 5 i, 7T RE 48 /m
Fa 38 5 B A5 R B B, BFSRE X e Ak T — R
Z &2k 20Ma 1Y i AH R DR R BT 51 AR
S, A ey A AR B 40 K i b S 00 4 2 i R R
HET B, R A B E R S R BE A
VLR R B B R ) 4R 4T T A9 G SR B (5K DL R A
2019; Wang et al., 2019; Dan et al., 2021; J&# H45,
2024)

6 %

(DAL H -3t X R e bk b A et —F —
BGLATPUIN HABRA AR B0 E A AR A AR ALK
R 4 28 16 FRFUURUA A, H TR HY 52 0K 1

FEIE G IR RS A IR BRI ER A A T BRI L
L =AU T | BB R AR PR

(2) MR AH AL AR BRI, R AIF 5 DX R A1 ¢ T
— R ZEMRI > N 5 AVURFEEF S . Ho, IR
Fe 3 T o DL S 2 o AUR I ok it A AR 41, 0
RS 1 2 LA 6 2H 0 AR SR 4 vk T AR Vi AR B B F
F PR I Sy A it s 25 S0 A3 B4 = £ U AR T
R ERF S AN 51 DU B IV o LU Je 3k
B2 B AR AT 195 i PP AR I AR BUF 51
TURFHIV g LAy e 2 A B AR Y e
WA IR AR BR R R e 5 A B3

() FFE X A1 oe— R B TR s 51 &
L e B T AR AT 5 22 1] A8 A 55 A 2 D s 42 7
MRS Hid . Mo R it—5 —F i & K
DURRFP 91 B oKk 1 CAR M) R 1 23 i I DL e
T R DTAR AT 222 1], S [R] 4 1 0 o By T 115 3
AL FEE RIS B i v S R I 2
T e R, DR 4 20 D ARSI DI AR (R AB B
FNFN LA 3 20 0y A IR AR AR 81 5353l B
ke [ 2445 176 ) 2 — o e DA A5 30 T S i
T = A4, DA e LA T BOm AR K
M MAR-R BT S AL et O E BRI
IR AR5 DU 53] 415 16 ) R4 355 Bl 2% — 3 v e
AR

(4) AL H -3t DX g I s e — 2 i Vi A 2R
(aR TR AS R I PRI NS PN B 2 S5 S oS- b
B 7, B AT AR BN W AT AR SRR Y
BIRAT IFI ]

Bt AR AR, EHREALR . £4#
RARR . REXAHRRAHLFAREL T E5¢
HERNAFE, KELAWT HINTAHE, kT
Foo B B 3R FARAG AR ey =&
X!

@ Bhed], SaidE, 2005, e NRILAEM ARG 1125 X
P AR (R,

@ &k, PhHEE, 2015 AR NRIEMEBKE . MEE. B
BEOR . FLAATEE 15 T KERH PR AR [R].

References

Allen P A, AllenJR, 2013. Basin analysis: Principles and application to
petroleum play assessment[M]. John Wiley & Sons: 619.



792 DURRS S e (4)

Angiolini L, Balini M, Garzanti E, et al., 2003. Gondwanan
deglaciation and opening of Neotethys: The Al Khlata and Saiwan
Formations of Interior Oman [J]. Palacogeography, Palacoclimatology,
Palaeoecology, 196 (1-2) : 99 —123.

Bhattacharya J, 2010. Deltas[M]//James N P, Dalrymple R W. Facies
Models 4: GEOtext 6. St. John's, Newfoundland: Geological
Association of Canada: 233 —264.

Cao J F, Song CY, FuX G, etal, 2015. Basic characteristics of
Permian Zhanjin source rock in Well Qiangzi-5 in Qiangtang Basin[J].
Marine Origin Petroleum Geology, 20 (2) : 15 — 20 (in Chinese
with English abstract).

Catuneanu O, 2006. Principles of sequence stratigraphy[M]. Ist ed.
Amsterdam: Elsevier: 375.

ChenSS, ShiRD, Fan WM, etal., 2017. Early Permian mafic dikes
in the Nagqu area, central Tibet, China, associated with embryonic
oceanic crust of the Meso-Tethys Ocean[J]. Journal of Geophysical
Research: Solid Earth, 122 (6) : 4172 —4190.

Chen W B, Fu X G, Tan F W, et al, 2013. The discovery of the
Carboniferous source rock in Qiangtang Basin of Tibet and its
geological significance[J]. Geological Bulletin of China, 32 (7) :
1105 — 1112 (in Chinese with English abstract).

Chen Y F, Gao J H, Wang G H, et al, 2016. Sedimentary
characteristics of the Lower Permian Qudi Formation of Ni'ema
Mountain in Rongma area, Tibet [J]Journal of Palacogeography,
18 (1) : 49— 63 (in Chinese with English abstract).

Cheng L R, Chen S M, Zhang Y C, et al., 2006. Discovery of
Carboniferous strata in northern Qiangtang basin, Tibet[J]. Earth
Science Frontiers, 13 (4) : 240 — 243 (in Chinese with English
abstract).

Dalrymple R W, 2010. Tidal depositional systems[M]//James N P,
Dalrymple R W. Facies Models 4: GEOtext 6. St. John's,
Newfoundland: Geological Association of Canada: 201 —231.

Dan W, Wang Q, Murphy J B, et al., 2021. Short duration of Early
Permian Qiangtang-Panjal large igneous province: Implications for
origin of the Neo-Tethys Ocean[J]. Earth and Planetary Science
Letters, 568: 117054.

Ding L, LiZY, Song P P, 2017. Core fragments of Tibetan Plateau
from Gondwanaland united in Northern Hemisphere[J]. China
Academic Journal, 32 (9) : 945 — 950 (in Chinese with English
abstract).

Eyles C H, Eyles N, Miall A D, 1985. Models of glaciomarine
sedimentation and their application to the interpretation of ancient
glacial  sequences[J]. Palaeoclimatology,
Palaeoecology, 51 (1) : 15— 84.

Eyles C H, Eyles N, 2010. Glacial deposits[M]//James N P, Dalrymple
R W. Facies Models 4: GEOtext 6. St. John's, Newfoundland:

Palacogeography,

Geological Association of Canada: 73 — 104.

Eyles N, 1993. Earth's Glacial Record and Its Tectonic Setting[J]. Earth-
Science Reviews, 35 (1-2) : 1 —248.

Eyles N, Eyles C H, Apak SN, et al.,, 2001. Permian-Carboniferous
tectono-stratigraphic evolution and petroleum potential of the northern

Canning Basin, Western Australia[J]. AAPG Bulletin, 85 (6) :

989 — 1006.

Eyles N, Eyles C H, Miall A D, 1983. Lithofacies types and vertical
profile models: An alternative approach to the description and
environmental interpretation of glacial diamict and diamictite
sequences[J]. Sedimentology, 30: 393 —410.

Eyles N, Mory A J, Backhouse J, 2002. Carboniferous-Permian
palynostratigraphy of west Australian marine rift basins: resolving
tectonic and eustatic controls during Gondwanan glaciations[J].
Palacogeography, Palaeoclimatology, Palacoecology, 184 (3-4) :
305 —-319.

FanJJ, NiuYL, Luo AB, etal, 2021. Timing of the Meso-Tethys
Ocean opening: Evidence from Permian sedimentary provenance
changes in the South Qiangtang Terrane, Tibetan Plateau[J].
Palacogeography,
110265.

Palaeoclimatology, Palaeoecology, 567:

Fan J J, Li C, Wang M, et al., 2015. Features, provenance, and
tectonic  significance of Carboniferous—Permian glacial marine
diamictites in the Southern Qiangtang—Baoshan block, Tibetan
Plateau[J]. Gondwana Research, 28 (4) : 1530 — 1542.

Fielding CR, Frank T D, Isbell JL, 2008. The late Paleozoic ice age—A
review of current understanding and synthesis of global climate
patterns[J]. Geological Society of America Special Papers, 441: 343
—354.

Gawthorpe R L, Leeder M R, 2000. Tectono-sedimentary evolution of
active extensional basins[J]. Basin Research, 12: 195 —218.

Hou Q, Han Z Z, Mou C L, et al., 2021. Petrography and
geochemistry of Upper Carboniferous-Early Permian sandstones from
Zhanjin Formation in Qiwu area, South Qiangtang Basin, Tibet:
Implications for provenance, source weathering and tectonic
setting [J]. Geochemistry International, 59 (13) : 1274 —1292.

HulJ, LiQ, Fang N Q, etal., 2015. Geochemistry characteristics of
the Low Permian sedimentary rocks from central uplift zone,
Qiangtang Basin, Tibet: Insights into source-area weathering,
provenance, recycling, and tectonic setting[J]. Arabian Journal of
Geosciences, 8 (8) : 5373 —5388.

HuXM, MaAL, Xue WW, etal., 2022. Exploring a lost ocean in
the Tibetan Plateau: Birth, growth, and demise of the Bangong-
Nujiang Ocean [J]. Earth-Science Reviews, 229: 104031.

Huang J J, 2000. Nature of the Qiangtang basin and its tectonic
evolution[J]. Journal of Geomechanics, 6 (4) : 58 — 66 (in Chinese
with English abstract).

Tasky R P, Mory A J, Ghori K A R, et al., 1998. Structure and
petroleum potential of the southern Merlinleigh Sub-basin, Carnarvon
Basin, Western Australia[Z]. Perth: Geological Survey of Western
Australia: 61.

Isbell J L, Miller M F, Wolfe K L, et al., 2003. Timing of late
Paleozoic glaciation in Gondwana: Was glaciation responsible for the
development of Northern Hemisphere cyclothems?[J]. Geological
Society of America Special papers, 370: 5 — 24.

Jiao P W, Liang X, Wang G H, etal., 2017. Redefinition of the Lower
Permian Qudi Formation in Yadan area, Rongma Town, northern

Tibet, and its tectonic significance[J]. Geological Bulletin of China,



FRRAL I DX g I 0l DR A e — B I AR SRR S BT F 91 X LA R A b G0 4y 224 it

2024 4F-(4)

AR BLAR A 793

36 (2-3) : 181 — 189 (in Chinese with English abstract).

JuQ, Zhang Y C, Yuan D X, etal., 2022. Permian foraminifers from
the exotic limestone blocks within the central Qiangtang Metamorphic
Belt, Tibet and their geological implications[J]. Journal of Asian Earth
Sciences, 239: 105426.

Kapp P, Yin A, Manning C E, etal., 2003. Tectonic evolution of the
early Mesozoic blueschist-bearing Qiangtang metamorphic belt,
central Tibet[J]. Tectonics, 22 (4) : 17.

Lai SC, QinJF, 2009. Geochemistry and Tectonic significance of the
Permian basalt in Shuanghu area, Tibetan Plateau[J]. Earth Science
Frontiers, 16 (2) : 70— 78 (in Chinese with English abstract).

Levell BK, BraakmanJH, Rutten KW, 1988. Oil-bearing sediments of
Gondwana glaciation in Oman[J]. AAPG Bulletin, 72 (7) : 775 —
796.

Li C, Xie CM, Wang M, et al., 2016. Geology of the Qiangtang
Region[M]. Beijing: Geological Publishing House: 1 — 681 (in
Chinese with English abstract).

Li C, 1987. The Longmucuo-Shuanghu-Lancangjiang plate suture and the
north boundary of distribution of Gondwana facies Permo-
Carboniferous system in Northern Xizang, China[J]. Journal of
Changchun College of Geology, (2) : 155 — 166 (in Chinese with
English abstract).

Li WP, Wang Z W, Wang J, et al., 2022. Depositional age,
provenance, and palaeoenvironment of the Lower Permian mudstones
in the Qiangtang Basin, Tibet: Evidence from geochronology and
geochemistry [J]. Geological Journal, 57 (4) : 1709 — 1723.

Liang DY, NieZT, Guo TY, etal, 1983. Permo-Carboniferous
Gondwana-Tethys facies in Southern Karakoran, Ali, Xizang (Tibet)
[J]. Earth Science, 19 (1) : 9 — 27 (in Chinese with English
abstract).

Liu B P, Cui X S, 1983. Discovery of Eurydesma fauna from Rutog,
northwest Xizang (Tibet) , and its biogeographic significance[J].
Earth Science, 19 (1) : 79 — 92 (in Chinese with English abstract).

MaY M, Wang Q, WangJ, etal., 2019. Paleomagnetic constraints on
the origin and drift history of the North Qiangtang terrane in the Late
Paleozoic[J]. Geophysical Research Letters, 46 (2) : 689 — 697.

Martins-Neto M A, Catuneanu O, 2010. Rift sequence stratigraphy [J].
Marine and Petroleum Geology, 27 (1) : 247 —253.

Merle O, 2011. A simple continental rift classification [J]. Tectonophysics,
513 (1-4) : 88 -95.

Metcalfe I, 1996. Pre-Cretaceous evolution of SE Asian terranes[J].
Geological Society, London, Special Publications, 106 (1) : 97
- 122.

Metcalfe I, 2013. Gondwana dispersion and Asian accretion: Tectonic
and palaeogeographic evolution of eastern Tethys[J]. Journal of Asian
Earth Sciences, 66: 1—33.

Metcalfe I, 2021. Multiple Tethyan ocean basins and orogenic belts in
Asia[J]. Gondwana Research, 100: 87 —130.

Miall A D, 1977. A review of the braided-river depositional

environment[J]. Earth-Science Reviews, 13 (1) : 1-62.

Miall A D, 2022. Stratigraphy: The modern synthesis[M]. Springer:

341 —417.

Mou C L, 2022. Suggested naming and classification of the word
facies[J]. Sedimentary Geology and Tethyan Geology, 42 (3) :
331 — 339 (in Chinese with English abstract).

Neves LF, Guedes CCF, Vesely FF, 2019. Facies, petrophysical and
geochemical properties of gravity-flow deposits in reservoir analogs
from the Itararé Group (late Carboniferous) , Parand Basin,
Brazil [J]. Marine and Petroleum Geology, 110: 717 —736.

Nie Z T, Song Z M, 1983a. Fusulinids of Lower Permian Qudi
Formation from Rutog of Xizang (Tibet) , Chinal[J]. Earth Science,
19 (1) : 29 —42 (in Chinese with English abstract).

Nie ZT, SongZ M, 1983b. Fusulinids of Lower Permian Tunlonggongba
Formation from Rutog of Xizang[J]. Earth Science, 19: 43 — 55 (in
Chinese with English abstract).

Posamentier H W, Vail P R, 1988. Eustatic controls on clastic deposition II -
sequence and systems tract models[ C ]// Wilgus C K, Hastings B S,
Kendall C G St. C et al, eds. Sea level changes: an integrated
approach.Tulsa, Oklahoma: SEPM Special Publication, 42: 124-154.

Postma G, 1986. Classification for sediment gravity flow deposits based
on flow conditions during sedimentation[J]. Geology, 14: 291 —
294.

Postma G, 1990. An analysis of the variation in delta architecture[J].
Terra Nova, 2 (2) : 124 —130.

Potter P E, Franca A B, Spencer C W, et al., 1995. Petroleum in
glacially-related sandstones of Gondwana: A review[J]. Journal of
Petroleum Geology, 18 (4) : 397 —420.

Pullen A, Kapp P, Gehrels G E, et al., 2011. Metamorphic rocks in
central Tibet: Lateral variations and implications for crustal
structure[J]. Geological Society of America Bulletin, 123 (3-4) :
585 — 600.

Ravnas R, Steel R J,
successions[J]. AAPG Bulletin, 82 (1) :

1998. Architecture of marine rift-basin

110 — 146.

Sarg J F, 1988. Carbonate sequence stratigraphy [C]//Wilgus C K, Hastings
B S, Kendall C G St. C et al., eds. Sea level changes: an integrated
approach,Tulsa, Oklahoma: SEPM Special Publication 42: 154-181.

Sengdér A M C, 1984. The Cimmeride orogenic system and the tectonics of
Eurasia[J]. GSA Special Paper, 195: 1-74.

Shanmugam G, 2002. Ten turbidite myths[J]. Earth-Science Reviews,
58 (3-4) : 311-341.

Shanmugam G, 2016. The seismite problem[J]. Journal of
Palacogeography, 5 (4) : 318 —362.

Shanmugam G, 2006. The tsunamite problem[J]. Journal of Sedimentary
Research, 76 (5) : 718 —730.

Shellnutt J G, Bhat G M, Wang K, et al., 2014. Petrogenesis of the
flood basalts from the Early Permian Panjal Traps, Kashmir, India:
Geochemical evidence for shallow melting of the mantle[J]. Lithos,
204: 159 —171.

Shen S, Sun T, Zhang Y, et al, 2016. An upper Kungurian/lower
Guadalupian (Permian) brachiopod fauna from the South Qiangtang
Block in Tibet and its palacobiogeographical implications[J].
Palacoworld, 25 (4) : 519 —538.



794 DURRS S e (4)

Shen S Z, Zhang Y C, Yuan D X, et al., 2024. Permian integrative
stratigraphy, biotas, paleogeographical and paleoclimatic evolution
of the Qinghai-Tibetan Plateau and its surrounding areas [J]. Scientia
Sinica (Terrae) , 67 (4) : 1107 —1151.

Song CY, WangJ, FuX G, etal, 2012. Late Triassic Paleomagnetic
data from the Qiangtang terrane of Tibetan Plateau and their tectonic
significances[J]. Journal of Jilin University (Earth Science Edition) ,
42 (2) : 526 — 535 (in Chinese with English abstract).

Van Wagoner J C, Mitchum R M, Campion K M, et al., 1990.
Siliciclastic sequence stratigraphy in well logs, cores, and outcrops:
concepts for high-resolution correlation of time and facies[M]. Tulas,
Oklahoma: The American Association of Petroleum Geologists.

Veevers J J, 2006. Updated Gondwana (Permian—Cretaceous) earth
history of Australia[J]. Gondwana Research, 9 (3) : 231 —260.

Wang C S, Hu C Z, Wu R Z, et al., 1987. Significance of the
discovery of Chasang-Chabu rift in Northern Xizang (Tibet) [J].
Journal of Chengdu College of Geology, 14 (2) : 33 — 46 (in
Chinese with English abstract).

Wang M, LiC, Zeng X W, etal., 2019. Petrogenesis of the southern
Qiangtang mafic dykes, Tibet: Link to a late Paleozoic mantle plume
on the northern margin of Gondwana?[J]. GSA Bulletin, 131 (11-
12) : 1907 - 1919.

Wang Z W, Li WP, WangJ, etal., 2022. Controls on organic matter
accumulation in marine mudstones from the Lower Permian Zhanjin
Formation of the Qiangtang Basin (Tibet) , eastern Tethys[J].
Marine and Petroleum Geology, 138: 105556.

Wilson J L, 1975. Carbonate facies in geologic history[M].New York:
Springer-Verlag.

WuFY, WanB, ZhaoL, etal., 2020. Tethyan geodynamics[J]. Acta
Petrologica Sinica 36, 1627 — 1674 (in Chinese with English
abstract).

WuGZ, YaoJ X, JiZS, 2009. The Late Carboniferous Fusulinids in
the central part of northern Qiangtang, Tibet, China[J]. Geological
Bulletin of China, 28 (9) : 1276 — 1280 (in Chinese with English
abstract).

WuRZ, LanBL, 1990.Recent information on the Upper Permian rocks
of Northwest Xizang[J]. Journal of Stratigraphy, 14 (3) : 216 —221
(in Chinese with English abstract).

Xu H P, Zhang Y, Yuan D, et al, 2022. Quantitative
palaeobiogeography of the Kungurian—Roadian brachiopod faunas in
the Tethys: Implications of allometric drifting of Cimmerian blocks
and opening of the Meso-Tethys Ocean[J]. Palacogeography,
Palacoclimatology, Palaecoecology, 601: 111078.

Xu W, Dong Y S, Zhang X Z, et al., 2016. Petrogenesis of high-Ti
mafic dykes from Southern Qiangtang, Tibet: Implications for a ca.
290 Ma large igneous province related to the early Permian rifting of
Gondwana[J]. Gondwana Research, 36: 410 —422.

XuZQ, YangJS, HouZQ, etal., 2016. The progress in the study of
continental dynamics of the Tibetan Plateau[J]. Geology in China,
43 (1) : 1—42 (in Chinese with English abstract).

Yin A, Harrison T M, 2000. Geologic evolution of The Himalayan-
Tibetan Orogen [J]. Annual Review of Earth and Planetary Sciences,

28: 211 —280.
Yuan D X, Zhang Y C, Qiao F, etal.,, 2022. A new late Kungurian
(Cisuralian, Permian) conodont and fusuline fauna from the South
Qiangtang Block in Tibet and their implications for correlation and
paleobiogeography [J].
Palaeoecology, 589: 110822.
Zanchi A, Firsich F T, Santosh M, 2015. Cimmerian terranes:

Palaeogeography, Palaeoclimatology,

Preface[J]. Journal of Asian Earth Sciences, 102: 1-3.

Zhai Q G, Jahn B M, Su L, et al., 2013. SHRIMP zircon U-Pb
geochronology, geochemistry and Sr—Nd—Hf isotopic compositions of
a mafic dyke swarm in the Qiangtang terrane, northern Tibet and
geodynamic implications[J]. Lithos, 174: 28 —43.

Zhang YJ, AnXY, LiuSL, etal, 2023. The sedimentary facies and
tectono-stratigraphic successions of the Carboniferous—Lower Permian
deposits in western South Qiangtang Block: Implication for a rifting
process on the Gondwana margin[J]. Palacoworld, 33(3): 706-723.
doi:10.1016/j.palwor.2023.07.002

Zhang Y C, ShenSZ, Shi GR, etal., 2012. Tectonic evolution of the
Qiangtang Block, northern Tibet during the Late Cisuralian (Late
Early Permian) : Evidence from fusuline fossil records[J].
Palacogeography, Palaeoclimatology, Palaeoecology, 350-352:
139 — 148.

Zhang Y X, Zhang K J, 2017. Early Permian Qiangtang flood basalts,
northern Tibet, China: A mantle plume that disintegrated northern
Gondwana?[J]. Gondwana Research, 44: 96 — 108.

Zhang Y C, ShiGR, ShenSZ, 2013. A review of Permian stratigraphy,
palacobiogeography and palacogeography of the Qinghai—Tibet
Plateau[J]. Gondwana Research. 24 (1) : 55— 76.

Zhang Y C, Shen S Z, Zhai Q G, et al., 2016. Discovery of a
Sphaeroschwagerina fusuline fauna from the Raggyorcaka Lake area,
northern Tibet: implications for the origin of the Qiangtang
Metamorphic Belt[J]. Geological Magazine, 153 (3) : 537 —543.

Zhang Y C, Zhang Y J, Yuan D X, et al., 2019. Stratigraphic and
paleontological constraints on the opening time of the Bangong-
Nujiang Ocean[J]. Acta Petrologica Sinica, 35 (10D : 3080 — 3096
(in Chinese with English abstract).

Zhang Y J, Zhang Y C, Wang D B, et al., 2021. Precambrian-
Paleozoic strata and their ages in the central and southern Tibetan
Plateau[J]. Geological Bulletin of China, 40 (11) : 1814 — 1835
(in Chinese with English abstract).

ZhangY X, LiZW, ZhuL D, etal., 2016. Newly discovered eclogites
from the Bangong Meso — Tethyan suture zone (Gaize, central Tibet,
western China) : mineralogy, geochemistry, geochronology, and
tectonic implications[J]. International Geology Review, 58 (5) :
574 — 587.

Zhou Y N, Cheng X, YulL, etal, 2016. Paleomagnetic study on the
Triassic rocks from the Lhasa Terrane, Tibet, and its
paleogeographic implications[J]. Journal of Asian Earth Sciences,
121: 108 —119.

Zhu D C, Zhao Z D, Niu Y L, et al., 2013. The origin and pre-
Cenozoic evolution of the Tibetan Plateau[J]. Gondwana Research,

23 (4) : 1429 - 1454.


https://doi.org/10.1016/j.palwor.2023.07.002
https://doi.org/10.1016/j.jseaes.2016.02.006
https://doi.org/10.1016/j.gr.2012.02.002

FCAL b X R TG e e A1 e — I e T AR R G AR 51 X FL A Rt b S0 i 4%

2024 4F-(4)

IR 795

Zhu R X, Zhao P, Zhao L, 2022. Tectonic evolution and geodynamics
of the Neo-Tethys Ocean[J]. Scientia Sinica (Terrae) , 65 (1) :
1-24.

Bt 32 228 3R

IR, REEZ, MBIR, %, 2015 BEZMERSH _BRR
S IR VR A B AREAE (I, A A, 20 (2) ¢ 15 -20.
MR, BN, EE S, %, 2013 5L E AR R RIREE

R B R Feah S o = LI, s @ AR, 32 (7) 11051112,

BRmE &, mail, EMRE, 2%, 2016, PHE I X RIS N =
B M ML AL DURR R AE (0], o b EE 24, 18 (1) ¢ 49 -63.

LN, BRAEH, KU, 25, 2006. 765 e A0 X A a0 HE 1)
B 2RI 2, 13 (4) @ 240 — 243,

TR, FRET, REF, 2017, F 580E R 090 ok B R ER X LN
KB D], A ERERE BT, 32 (9) 945 —950.

WAk, 2000, JE B 2 M VR B KM & TR 4L (DD, R ) AR
6 (4) : 58-66.

FEISE, Bwe, EMHRE, %, 2017 BALEL 2 UMK T &%
i b 2 ) JEE s % K b A i A SC (U], M JTE R, 36 (2-3) ¢ 181 -
189.

WA, RILHE, 2009. 0 5 OUH X =8 R X iU ek ik %
Fe H R b i 3 (0] 2B 4%, 16 (2) « 70— 78.

4, W, T, %, 2016 JEWEHE IMD. JL5T: M5 H R
1-681.

A2, 1987, FEARHE— XU I VIAR P4 & W 54 R B L KLY
5. KB Be 24, (2) @ 155 - 166.

PER, HERM, R, S, 1983 1 jE b e RO I X
LA — R A A ok — & R ] ek B, 19 (1)« 9-27.

XAKE, BEFAE, 1983. FEEMT B H LB RIS (Eurydesma) )4

TR R IR A B IX R 3 SC[I]. R AL, 19 (D 2 79 -
92.

AL, 2022, KT AH A A 44 S H Ay R g [T, YRR B R4 it
B, 42 (3) : 331-339.

TR, ARER, 1983a. PUHHFT H X H 4 BN = 5 45 il dh 41 0 i
ZE0]. M ERALEE, 19 (1) = 29-42.

TR, AREF, 1983b. M EMX H LR T &5 E kILEA
MsESE ], HuRFF2E, 19 (1)« 43 =55,

WA, TR, WA, %2024 FRERELILAL - EALGE
Mo JZ AR DL R b BRR A AE A [I]. P R R
%, 54 (4) : 1125-1170.

RBEE, Fol, MEMR, %, 2012, 7 w5 560 2 g = Skl
B R R g R ] R R F R HUERRL R,
42 (2) : 526-535.

Tk, AN, R, %, 1987 AL ER-RAEBNR
IR A0 5 = SCLT). Bl BT 2 e 544, 14 (2D« 33— 46.
RARot, JitE, B, S, 20200 RFIR N ERS) )2 (0], A A IR,

36 (6) : 1627 —1674.

R, WhEE, 2SR, 2009, 785 AL 6 E o 0 X 0 A 5 i
K ie (], @R, 28 (9) : 1276 — 1280.

SEi, WA, 1990. P45 UG b e S 1 R gk (0], HE
A&, 14 (3) @ 216-221.

VFREE, M, B, %, 2016 75 RS RS
Tt ] P EH R, 43 (1)« 1-42.

KULE, KPA, AW, 2, 2019. PEA - R VTREST TR a1
BEEAEMARI]. HA, 35 (10) : 3083 —3096.

kTA, KUFE, TLL, %, 2021 FHEE b AR R K&
AR S A A R AR AE (D] M R R R, 40 (11D -
1814 — 1835.

RHEE, B, B, 2022, 8RR B S 2 D) AR T, R E
B HEREE, 52 (1) ¢ 1-25.



	0 引言
	1 地质背景
	2 晚石炭世—二叠纪地层格架
	3 沉积岩相与沉积环境分析
	3.1 岩相描述及成因解释
	3.1.1 杂砾岩相（Dm）
	3.1.2 砂岩相（S）
	3.1.3 细碎屑岩相（F）
	3.1.4 灰岩相（L）

	3.2 沉积环境
	3.2.1 海相环境
	3.2.2 过渡环境


	4 沉积充填序列与沉积作用过程
	4.1 沉积序列Ⅰ
	4.2 沉积序列Ⅱ
	4.3 沉积序列Ⅲ
	4.4 沉积序列Ⅳ
	4.5 沉积序列Ⅴ

	5 讨论
	5.1 沉积序列与沉积可容空间变化
	5.2 沉积充填序列与构造、气候的控制关系

	6 结论
	参考文献

