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Fig. 1 Schematic tectonic map showing location of the Beishan Region (a) and simplified geological map showing distribution
of the Upper Paleozoic (b) (a: after Zhou et al., 2017;b; after Wang Hongliang et al., 2007#)
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Fig. 2 Upper Paleozoic chronostratigraphy, lithostratigraphy, and biostratigraphy correlations for the Beishan Region
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Fig. 3 Carboniferous—Permian geological map of the Dushan Area simplified after references®
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Fig. 6 Photographs and microphotographs of the Ganquan and Shuangbutang formations

in the Ganquan and South Dushan sections, Dushan Area
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(a) Thin, alternating siltstone and marlstone layers; (b) Rhyolite ( Sample 13GQ-TW1, in plane polarized light) ; (¢) Rhyolitic volcanic breccia;

(d) Olivine basalt (in cross polarized light) ; (e) Intercalations of conglomerate and silistone. The conglomerate is composed of red felsic volcanic

rock and grey limestone pebbles. Yellow dash lines show the lower concave boundary and upper planar boundary of the conglomerate; (f) Dacite

(Sample 16DSS-TW6, in cross polarized light); (g) Fusulinas in the limestone pebble ( Triticites, in plane polarized light) Ol olivine; Pl

plagioclase

TR T A 2 18 % 5T L LA R R 22 T
FIBEEN S . WERIEH S T E R R IRIEA —
(& 3b) A AR 2 18 A DR AE A (<9°) , T
TR A ML R S ik, SUSERE D 932 m,, ALK
T S ) R e vy, OB S, O3 ik vh 4 iR AR AR TR AE
5~10 mm, EZ M LLE O RPE K L FH (63%) FUKHA
@R G R AT (37%) AR (& 6e) o [R5 A i
16DSS-TW6 % H FIZJZ W% 0541, A A EE &}
K ATBER (20% ) FIHEE BT 20 1, BHC A BE a5 2 BB
PR BIARTE 0.3~ 1.4 mm & 1 IUERT0AE = B1AL ; 5
BT A/ AT AT S B, B R A (BT 6f) o K
ARRA T W BB Triticites, Pseudofusulina
Rugosofusulina , Parafusulina (&l 6g) , JE#kH2Z I
N IE R BEIRK TS S 55 B K e B L= A
JEASCIR , SE ARG X IR 2 A ol JBE 22— TR Y
ke 5 EBUIRIVB D DUEE K & FEE IR b e
SR, BRE BUZVERST , TC N AL 3 | JORE SCHE R
F, BT BR AR RS B RS IR A AR —
e AH ) R Bk A BTG 2 MR KL A R A O
M BN E UUBEICE FIEE IR b 5 i Bk 18
RN AR TGRS R IMPREIA TR N %
ARl (] 6e) o BEM TR A A R XA B
B FBE AR . RURSE T 2R KA
JEaaME R A A Db e kR, %A
MELH RS TR Z |, E8 i X R DUEEK
VL LT B B DTRA RIS BT A S A
HHA AR AR E R B, B
7 FA Urushtenia crenulata, Spinomarginifera sp.gO
Mg, TR E B A T B R AR
PRI S A it AR T e = AN gl LB I
H TR LIRS 3, o AR oo ORE S 4% ik
b BB EE R, YLK A, BA 5 oy M A )

5 | AR (18] 6e) 5 D B0 R A IS T P30, RS
Fytb e Fe i, TTH R B S UKEIE AR, )k 1 )
AL, Bk T iE SRS U/ A BAT R
LIV 3o s R U & (T we =25 B AN CWA B
oAl A 2 e = AINET S, A Nd S
MAREHAH L B & 5 Raslb | kil i 2, wb
22 0 w SE RS E B AR, b E S AR S Ak
A REXITE S RIS, £ FR  phulimg &
T TSR 2H B AU I 20 0 4 0 EZH S e 1 g
M F 205, s = A BRI IR TR T
12 20 J7 5 25 +F @ e M el X K 43 i K T
B ARIY” . FEFE WIS (1990) 1 REH 11—
R e AT e tE— R B A I AT RB I XA
TET IR U5 (0 R4 1L 35 T (5T 4 v ) T
e f) JERT5 B Wi 2% 0 J2 ey, T3S 5 0L I 2 2 ik
JEEEH 127 m( &l 4 R 5) i i 32 i 822
3 AR 2B, R A BT oRURL A A T b
wRJE WA BFCRA R K e M2 s KZE
P PY R 1.8 km AR I )2 s S T R 2 |
WA 1 (K 7a), EZJEFA Dictyoclostus
Cleiothyridina Eomarginifera
pusilla (EE‘;@% ,1990) ., ZEKAZ FtRa
ATRRNE K I Iz | TR Al 16HTS-TW2 R A T
ZEE T oA e i 2 R R AL T 0.
15~1.00 mm , &5 it KO IE AN, TP 2 2R A 1
(P 7b) o AR LU T A b R 2E A, L) A 7 45
AR E I R I TR L, DA & & i
FAAAT B IRCE 2 | BT BT T P BR A
A0 ] e DX 2T Bl ) T R L L b X A e — e R
BOESIIRII 2 — (K 4) . 1220 J5 i 25 h®
IOIZEE H R Wb AR GELLHIpE 2 (HH
MTARCHIA) P amE” (Atld) T

uralicus , orbicularis ,



~ 0.6mm
x Yol i il




45 WAL IX B R G— T &5 TSR A AR A S HA 38 2 SC 815

P 7 A0 oe] ot DR L RV el 75 T < A7 3¢ R AR 3 RO I 2H AV B A
Fig. 7 Photographs and microphotographs of the “undifferentiated Carboniferous” and Shuangbutang Formation
in the Huitongshan and Hongliuyuan sections, Liuyuan Area
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(a) Bioclastic limestone (in plane polarized light) ; (b) Perlite (Sample 16HTS-TW2, in plane polarized light) ; (¢) Conglomerate composed of
felsic volcanic rock (Fv) and conglomerate ( Cg) cobbles and argillaceous matrix; (d) Conglomerate cobble (Cg) and argillaceous matrix; (e)
Rhyolitic tuff lava ( Sample 16HLE-TW2, in cross polarized light) ; (f) Amygdaloidal basalt. The plagioclase ( P1) is central absent skeleton crystal
texture (in cross polarized light) ; (g) Conglomerate composed of pyromeride (Fv) , sedimentary volcanic breccia (Sv) and basalt (Bv) fragments

(in cross polarized light) Bv basalt; Bra brachiopod; Cg conglomerate; Cri crinoid; Fv felsic volcanic rock; Pl plagioclase; Qtiz quartz; Sv

sedimentary volcanic breccia
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% 30~50 om, B LABRABRG 0 ., TURAM5EE
WO B oA S B BOR JREJE ATIA 21 m, SE A 30 ~ 50
m, JEHCE EE AL 2R 5T A T B A AN
AL WU YR ZH R LM e L0 ) 2 st (BT 7 )
T hi) 7 T TR ARG A MELE 2 8], BUEEE Dy 278

m, PORFEAR G T SR 2 BEAR — B A [ R AR AT
ZH(<10°) o IZARIRA S BEBUR, BE B 5, 7
RS RARETTE 4~ 10 mm, R AT EEH X RA
WECE DB KRR A AU (- Tg) o JREREZ LA
JRJZ R AT E AR SRR B s R R A
AR R RIS TR AT IA 2 m, WA R
W R E AR G SEFBESR TS . 48 e 2
BTRRIEHZ B, FEN KO A8 ARE b
s BERCEN, b e S R B2 s
BB ZE I AT 2 PR A4 2 A ) I A i
(Pl 8a) . 4L/ i /£ 28 Uncinunellina mongolicu
Cryptospirifer omeishanensis( A& 7C,1983) .
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Fig. 8 Photographs and microphotographs of the Jushitan Formation in the Hongliuyuan Section

and the “undifferentiated Carboniferous” in the Yujingzi Section
(a) THBFIREREL; (b) BECARMED A FORIED A R 5 (o) VIBEK LM RS (IE320) 5 (d) Je2 4 (FEf 13YJZ-TW 1, IE3EE)

(a) Groove casts and flute casts; (b) Intercalations of lenticular sandstone and siltstone; (c) sedimentary volcanic

breccia (in cross polarized light) ; (d) Dacite ( Sample 16HTS-TW2, in cross polarized light)
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13YJZ-TW1 R H Tz )20 A h  aa LR
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FEIRAR AR L 5 4R H A S I S R AT
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Table 1 Petrology and coordinates of isotopic samples in the southern Beishan Region

PSR Feah Ak R o7 28 4F- 1% ST ) RS 2L FE S AR

13GQ-TW1 WMEUH 293.8 + 4.8 Ma TR TR N 40°44'53"/ E 94° 21'38"
16DSS-TW6 YL 293.4 + 2.0 Ma il WS A TR N 40° 33'39"/ E 94°04'49"
16HTS-TW?2 BEA 293.9 + 2.7 Ma SR 1L FIRBRARSY N 41° 05'02"/ E 95° 16'35"
16HLE-TW2 BT KA 294.4 + 2.8 Ma 210 TRUAHABRA N 41° 03'43"/ E 95°20'42"
13YJZ-TW1 YL 291.7 + 2.3 Ma | @k FIRFEARGT N 40° 37'20"/ E 98°34'39"

it R B8 FH — A W i e — i A ke =X, R e A 5 ~
6 NI A AE I S AR — R A T 4 A
FE GBI A5 RT IS 4500 2 YK NIST SRM610, 5256 Jif
PR BR S WL 254 )45 (2015)

BEATAEIE SR FH E PR AR RS 41 91500 1B R M brtn
1, PleSovice 1F 0 A< S0 A% & #F 17 W 8, SC 50 9k 14
Plegovice MIFCE-YI4ERS 338.6 + 2.3 Ma, JUE &
K NIST SRM610 1E R4, Si /E R bR, R
Glitter ( Macquarie University ) £ /5 (http://www. mq.
edu.au/GEMOC) XA 1R R ILE N TR & &
P47 3 5B, I % B LA-ICP-MS  Common Lead
Correction ( ver 3.15) ( Andersen ,2002) X} H:iE 17 7
WAL IE AR T S8 A ELR H Tsoplot (ver 3.0)
(Ludwig, 2003) 5¢ i, [A 7 Z& LU A F1AF #8132 22 0
Lo, A B AR B AR N 95%

32 MERER

WCURHEAT [RM R AFRYBFFT Y 5 AR S 1 25 1
AFRILER 1,

FEfh 13GQ-TW1 BYES A R i AR, MR,
CL & 7 55 ok B 5 (%) 2 85 A Wk 9 361 (I
9a), Th/UMEXI KT 0.4, T 0.43~0.81 (% 2),
FEARIS I A b BT A B S e g b (I
10a) , E5A°Ph/ ™ U AR BR 2 AN S 508 by 421
1420 Ma, o 13 A4S0 25 B0di 4 Hh 7E 298 ~ 287 Ma
(B 10b) , A 458 4 293.8 + 4.8 Ma(n =
13,MSWD = 0.2)

FE A 16DSS-TW6 B &% A ™ U & m & (>
1171 pg/g) ,CL EIMG K W B0 H A 3K 3R (H 4, £ 5¢
HL1P) BRI O S KSR (B 9b) , Th/U fH 0.44
~0.67(F2) . FEARI ISR I, Bk 04 S0 S mE A
T B, BT A B S AR A (B 10e) , 5 A
ph/ P UAER B AE 289 ~299 Ma (18] 10d) , HAnAx
SRR fg 293.4 £ 2.0 Ma(n = 15, MSWD =
0.8),

B T6HTS-TW2 185 A 78 CL MR T~ , Horp 1

T B A R A R (XN 13 S ), Th/U {8
4 0.17,*Ph/* Ph 454 1835 Ma( &l 9¢ #11 10e) .
LR A B S ) R A R BRI A Th/ U
4 0.60~0.94(FK 2) , TEAEWIEFNE L, B £ i
PItEiE sk B 85 472Ph/™ U 4 HP7E 298 ~ 290 Ma
(K of) , HImACE 404 R 293.9 + 2.7 Ma(n =
14, MSWD = 0.3)

FEfh 16HLE-TW2 185 A 7F CL EHE 7w B
YR B (B 9d) . Th/U fE 47 T 0.49 ~ 0.80
(F2), TEARIE IR L, BT B a5 2 7e i 2k
(K 10g) . HA47Ph/ ™ U 4R AE 300 ~ 290
Ma( [l 10h) , H AN P40 Ry 294.4 + 2.8 Ma(n
= 15,MSWD = 0.3),

FEM 13YJZ-TW1 1 CL B S8 H B 2
WA R (B 9e) ., Th/U {EA: T 0.32~0.80 (3
2) . TEARWSIEAE L, B A7 B0 s e M4 -
(F 10a) , 5477 Ph/P U 4R 84 I 2 AN 5 80 s
440 F1 1495 Ma #h, Horp 13 A0 5 Bl 46 R 1 297
~286 Ma( &l 10b) , HANMALF- 4 4E 2 291.7 + 2.3
Ma(n = 13,MSWD = 0.8),

4 HHE

41 FTRAWBKRES®H

b L A T SR T T R ZE T B M R 2R
Choristites—Martinia 1 &, H W Dielasma cf.
Choristites  cf. jigulensis,

timanicum , Dictyoclostus

uralicus FEAEALHLIX 5 Pseudoschwagerina [R) i HY B,
A AR 322 M A o R P 5 9 B ( Kasimovian ) — -
A TR SR R U (Asselian) ({6 15, 1998 Shen
Shuzhong et al.,2006) , BT FE 7E + 552 1 1 A9 2k
e rh 345 R AL R 4F R 293.8 + 4.8 Ma ( 13GQ-
TW1) , UEBH TSR AT DL Ak 2 B S il e
JR M1 (Sakmarian) (& 2) o 7E 1 ¢ 20 J3 X 3l Hb 5 34
A TR F B L X RO ® (K 1), Bk
IFFEAEAIN el b DR L) < A7 ¢ B R Kl
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Fig. 9 CL images and dating spots of selected zircons of the U-Pb isotopic samples
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Mdh 3, Sz 2B N Boa LA R, R
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E R NEEE A T, SRR BCA A S —
A B B A v S R ] (293.9 ~ 291.7
Ma) o ZLMbel 3 1T SR 20 DARR T 25 | KL i 25
JALE R T SRR K LA R AT Y )AL 2R AR I

294.4 Ma (16HLE-TW2) , Hi 2 UURAERS /N T4
W5 X SR B
42 TRAMESHRNE. REZHREH
HOE 3 L — R A K Z R R e 4 A
SEHER A G AR SR K 3 A e A B ) SR Y 3 L
R 2R Z—(Xiao Wenjiao et al.,2015), Hifrdb il
DAL T HR I 36 LT i i i, A e T — L S i
T YR A5 Rl 2 4 T 10 S B 0 (HL X
T2 B b S 30 () A s AN UTC AR A A DA G A 40
(ZE 5% 1990 ; 25 51 1 45 2009 ; Xiao Wenjiao et
al.,2010; Sengor et al.,2014) , X T L AKGE—T
< 22 v 7 KD QAR IR R IR AR S B SR L N
PO bbb DX b A AP B AE A ke 4 Z T A
A1 e I /N FR 1T o3 4 3K 4 23 b 7 WG A7 ot
WIS, — S B il P 244 b, WA e thE—
B TR PR I S A b 2 46 1) DG B e 4 (2 [ )
2 1990 ; [ tH: 345 2005 ; Chen Shi et al.,2016) ;@
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Fig. 10 LA-ICP-MS zircon U-Pb weight average and concordia diagrams of zircons from the isotopic samples

in the Dushan and Liuyuan samples, plotting errors are lo
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Fig. 11 LA-ICP-MS zircon U-Pb weight average and concordia diagrams of zircons from the isotopic sample

in the Yujingzi Section, plotting errors are 18
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Fig. 12 Diagram illustrating a filling model of the Late Carboniferous—FEarly Permian rift basin in the southern Beishan Region

(Ravnis et al., 1998 ; Graham et al.,2001; Ren Jianye
et al.,2002) F K VU 7R 2% 14 1% 5 Kl 4 3448 4
5 (Embry et al., 1990; Sinclair et al., 1994 ) F: A& —
B A AR SR T BefER T A
FEHEIEE b R DRI 4 98 5 T AR A b B JR T Bl
AR A PR L s A ol 1 A DI B TS kT
DURZE A2 BT 5 T R4S FAEDNEE
T 20 22 ) PR AS A 22 fi AR R ) DB 5 R4 I 20 T 55
A1 IMELH B g — B TR e S SR R AR G b i
TR s AR

25 Rk AL IR A R G e SE B —rh &
B RUCH R AL Z TR . Bt gE%E
S — B A RSB I o I I 98 R T
A Jry R AR R 20 B AR D R 4 A Bl
U SR AT B, Herp BT B A & A Sy T
SRATT B EE R T SRR L, R S e
LR (29294 ~ 292 Ma) , PREEE T 541 BBk I
T B B D A A F ) 2L T TP A
T AN B SR TR I (B 12) o R LR H X
F A B S A T T RS XU S
HZ B AR A B (29 292 ~ 287 Ma), &
THY T 39r 5 ) —rp iR DT 2O (2 286 ~ 265
Ma) , Gttt ATTRESS], JE i 1 L p F LA el 1)
XRG4 N3 A e TR T 1

5 ZEip

(1) HR AL Eg &R T IR 2 T B LA S A FI iR
o 3 A R P SR — R A ]
BEIRI, JRIBIR Y S e o A e DX, TR BB

DL AL 5o 3 7 R TR R AR % 293.8
+ 4.8 Ma 293.9 + 2.7 Ma #1291.7 + 2.3 Ma, it H
W H MR e SR FEF R X A B Iz

(2) MFRIX T ARGHEEH— —B5HRILHK
B R A S DR 91, o o e e 4k S B —
T ZBGEERE H LA AR LA R SR AR B
TURAE ST R/ NS W B 1 4, F & 4% v S /R
W IR B AR 2L B LT Bl B i) 4 1
(#5294 ~ 292 Ma) , F &5 T Hwhr—h &
3 DTG XU I 20 2 A W3R I 2 b A A TR I
(%7286 ~ 265 Ma) , JERL T 45— 9 KA RELS 2 Hb
TR BRI A 22 [R] AN S BT Z AN [
AP B s SRR S S A AR AL

Bigt: m A S R e SE S5 R T E
b [ A J) G 2 Hb JT RA rPC VRIRR AT | S e
W SK FEF O B R AT HF A0 T AR, B 4 9 U530 5 2K AR
FHRHT 5 30 o o5 S50 38 2R 6 ) | TR ROBURI Ay &5 B
fe RIS U-Ph [R5 WA, PRI o e & AN
e NSO PR A S S, TE MBI

i T / Notes

O A TR S X S S BA. 1974 1 ¢ 20 J7 7 L T X

Sl b S ] e A A R A
O Hf & i RS — X gt 5 I e B, 1975. 1 ¢ 20 J7 BUR IR X 35,
iR ] B A AR

© Hfi & i Ry sE— IX St T il e A 1967, 1 = 20 J3 21 491 el e X
Sl S ] A A A

O Hl4 M5 Ry 5E— X b B i &2 A 1970. 1 = 20 J3 1HTF 30 X
Sl b S ] A A A A

£ % X ®k / References

(The literature whose publishing year followed by a “&” is in Chinese



54

LA HOR AL ILIX b A —

T BT IR AT A B 3 X 825

with English abstract; the literature whose publishing year followed by a

“#” is in Chinese without English abstract)

JEINTE. 1998, AL E 1R R— B R RL MM LS PWARE. 1R
BT, 44(2) ;113 ~ 119.

Hb A R A =R, 1989, H & X8 Ak, Jbat, st i it 1
~ 690.

HR AR 77 5. 1997, Hl & A )z, s, v B i R 2
At .1 ~ 314.

TP JH 23, BSOS, R, A J1 3. 2004, HR L lih e 42548
TR PO S SR A A B R H e B L. PEL bR ,37(3) 24 ~ 28.

ATt S AR, Wk 3O, AT I3, 2005, H A St bl
Koy A AR T AL, PEILHIT,38(3) 16 ~ 15.
PR, 1974, HR G IX T A e 1) 4 BLx He. 1
159 ~ 174.

ZEER Ak ok Bk MR R 2R, VAR R AR T, il FE. 2009. dEIE
T 11 DX T 0 B H 40 b X b e A 3 43 X S A T AR, AR
224,39(4) :584 ~ 605.

ZEHE ) TERON, X R, B B/INRE R AR 2015, RHEE
A LA-ICP-MS U-Pb 45771k B . b B4R , 89 (12) : 2400
~ 2418.

PAIE. 1981, HRPGILES S NSt PE RS & Sk R 2. AR A
#%,20(6) :485 ~ 500.

XIS, YRR, 1994, J2 P AN A S A 254 U2 pr k. DL Xl 5
L ZESCON. B4R, 2P H)Z AW S . AR . U1 Rl B AR
H AL 41 ~ 46.

XU, 25, 1995, o [ PG FBAG 1L 4 A0 R M Aa o K LR 1. b
2EWEST,28:37 ~ 48.

KUY, 75 e, F k. 1995, MUTBRERF T #E SR ARA—— 5%
YA 2 T T A JER S A 1) A o VSR MR A B4 4, 38
(A02):114 ~ 129.

MESA. 2011, MARIEA TR 24 00 H B B2 17 32 2 (0 T A
EFHZ AR R B Z —. #E AR, 35(2) 179 ~
192.

SN FA R HUED Ry, 1996. NSl AR XA A 2. BRI,
b B R AL 1 ~ 344,

AP PR KB AT, s B VR 2018, H 5L L i X i
A RN R K e} He. AR AR, B

TR, e X S BREERE. 2007, 1/100 J7 0 [ K 1 A4 X H
JB P B i B A3 jhfi.i&ﬁw‘ﬁﬁ

FHR , TkSFAR IR 4E. 1978, R A s, JEET Bb 2 R AL 1 ~
106.

ARG, 1981, HNA e 2 2. W2 2&, (2) .74 ~ 81.

TR, FRALE . 1985, HAT AL Lt gl 7 WA B, Sy 2 274l
2(3):259 ~ 264.

g, 1995, db il H X R S i« 3 Wy sh R R AE. H A MR, 4

AL (2)

(1):14 ~ 20.

JH SR TS ARt BT, 1996, BRI @k M NS AR
HiJZE S Erp B X —— g T e R A S e A S s 2o 2
). RIS, 42(5) :416 ~ 423.

ARABTE. 1983 HNAL 1L ¥ AH
Jii,1:121 ~ 140.

ARTE, WOERE. 1977, HN G L X — 3 th Bl AR b J22 B I A
FERFIE. 22N KRR (ARHR) ,1:99 ~ 109.

Ao AT EET. 1990, dC ik SR Ko B Jbat R
Mitt 1 ~ 226.

e, SCRE, XA E. 2003, HB S L X A S Sy S k.
NI, 12(1) 21 ~ 15,

Andersen T. 2002. Correction of common lead in U-Pb analyses that do

CEBRKGH A YTEREA R HA

not report 2**Ph. Chemical Geology,192:59 ~ 79.
Bates R L, Jackson J A.
Alexandria, Virginia; American Geological Institute;1 ~ 788.
1989&.

Regional Geology of Gansu Province. Beijing: Geological Publishing
House:1 ~ 690.
Bureau of Geology and Mineral Resources of Gansu Province. 1997 #.
Wuhan: China

1987. Glossary of Geology fifth edition.

Bureau of Geology and Mineral Resources of Gansu Province.

Stratigraphy ( Lithostratic ) of Gansu Province.
University of Geosciences Press:1 ~ 314.

Bureau of Geology and Mineral Resources of Neimenggol Autonomous

1996 #. Stratigraphy ( Lithostratic )
Autonomous Region. Wuhan ; China University of Geosciences Press :
1 ~ 344.

Chen Shi, Guo Zhaojie, Qi Jiafu,Zhang Yuanyuan,Pe-Piper G,Piper D J

Region. of Neimenggol

W. 2016. Early Permian volcano-sedimentary successions, Beishan,
NW China: Peperites demonstrate an evolving rift basin. Journal of
Volcanology & Geothermal Research,309:31 ~ 44.

Cleven N, Lin Shoufa, Davis D W, Xiao Wenjiao, Guilmette C. 2016.
Elucidating tectonic events and processes from variably tectonized
conglomerate clast detrital geochronology: Examples from the
Permian Hongliuhe Formation in the southern Central Asian orogenic
Belt, NW China. Tectonics,35(7) ;1626 ~ 1641.

Embry A F, Dixon J.

Basin,

1990. The breakup unconformity of the Amerasia

Evidence from Arctic Canada. Geological
Society of America Bulletin, 102(11) ;1526 ~ 1534.

Falvey D A. 1974. The development of continental margins in plate
tectonic theory. The APEA Journal, 14:95 ~ 106.

1998&. The brachiopod indicator on the Permo—
Carboniferous boundary in the North China Platform. Geological
Review,44(2) ;113 ~ 119.

Graham S A, Hendrix M S, Johnson C L, Badamgarav D, Badarch G,
Amory J, Porter M, Barsbold R, Webb L E, Hacker B R. 2001.
Sedimentary record and tectonic implications of Mesozoic rifting in

113

Arctic Ocean

Fan Bingheng.

southeast Mongolia. Geological Society of America Bulletin,
(12) ;1560 ~ 1579.

Guo Qiangian, Xiao Wenjiao, Windley B F, Mao Qigui, Han Chunming,
Qu Junfeng, Ao Songjian, Li Jiliang, Song Dongfang, Yong Yong.
2012. Provenance and tectonic settings of Permian turbidites from

NW China:
Paleozoic accretionary tectonics of the southern Altaids. Journal of
Asian Earth Sciences,49(3) :54 ~ 68.

Haq B U, Schutter S R. 2008. A chronology of Paleozoic sea-level
changes. Science,5898(322) .64 ~ 68.

He Shiping, Zhou Huiwu, Yao Wenguang, Ren Bingchen, Fu Lipu.

the Beishan Mountains, Implications for the Late

2004&. Discovery and significance of radiolarian from Middle

Devonian conglomerate in Beishan area, Gansu. Northwestern
Geology,37(3) :24 ~ 28.

He Shiping, Zhou Huiwu, Ren Bingchen, Yao Wenguang, Fu Lipu.
2005&. Crustal evolution of Palaeozoic in Beishan area, Gansu and
Inner Mongolia, China. Northwestern Geology,38(3) :6 ~ 15.

Hubbard R J. 1988. Age and Significance of Sequence Boundaries on
Jurassic and Early Cretaceous Rifted Continental Margins. AAPG
Bulletin,72( 1) ;49 ~ 72.

1974&. Subdivision and Lower
Carboniferous of the Beishan region, Gansu. Acta Geological Sinica,
2159 ~ 174.

Li Jinyi, Zhang Jin, Yang Tiannan, Li Yaping, Sun Guihua,Zhu Zhixin,

Jin  Songqiao. correlation of the

Wang Lijia. 2009&. Crustal tectonic division and evolution of the



826 Mo R

it I 2018 4F

Southern Part of the North Asian Orogenic Region and its adjacent
areas. Journal of Jilin University ( Earth Science Edition),39(4):
584 ~ 605.

Li Yanguang, Wang Shuangshuang, Liu Minwu, Meng En, Wei Xiaoyan,
Zhao Huibo, Jin Menggi. 2015&. U-Pb dating study of Baddeleyite
by LA-ICP-MS: Technique and application. Acta Geological Sinica,
89(12) :2400 ~ 2418.

Liang Xiluo. 1981&. Early Permian Cephalopods from northwestern
Gansu and Western Nei Monggol. Acta Palaeontologica Sinica, 20
(6) :485 ~ 500.

Liu Baojun, Xu Xiaosong. 1994 #. Integrated identification of sequence
unconformable boundary. In;Liu Baojun,Li Weihan. Eds. Sequence
Stratigraphy : Principles and Application. Chengdu; Sichuan Science
and Technology Press,41 ~ 46.

Liu Xueya, Wang Quan. 1995&. Tectonics of the orogenic belts in
Beishan Mt.,
Research,28:37 ~ 48.

Liu Xun, Fu Derong, Wei Guangming, Wang Yong. 1995&. Tectonic

western China and their evolution. Geological

evolution of terranes in the corridor of Golmud—Ejin qi geotransect
by study on the sedimentary features. Chinese Journal of Geophysics,
38(A02):37 ~ 48.

Ludwig K R. 2003. User “s manual for a geochronological toolkit for
Microsoft Excel ( Isoplot/Ex version 3. 0). Berkeley: Berkeley
Geochronology Center Special Publication:1 ~ 70.

Mei Mingxiang. 2011&. Understanding the birth of sequence stratigraphy
through the complex geological meanings of unconformity. Journal of
Stratigraphy,35(2) : 179 ~ 192.

Niu Yazhuo, Lu Jincai, Liu Chiyang, Shi Jizhong, Song Bo, Xu Wei.
2018&. Chronostratigraphy of marine Permian in the Beishan
Region, North China and its correlation. Acta Geologica Sinica,
accepted.

Niu Yazhuo, Liu Chiyang, Shi Guangrong, Lu Jincai,Xu Wei, Shi Jizhong.
2018. Unconformity-bounded Upper Paleozoic megasequences in the
Beishan Region (NW China) and implications for the timing of the
Paleo-Asian Ocean closure. Journal of Asian Earth Sciences,
accepted.

Ravnids R, Steel R J.
successions. AAPG bulletin,82(1) :110 ~ 146.

Ren Jianye , Tamaki K, Li Sitian,Zhang Junxia. 2002. Late Mesozoic and

1998. Architecture of marine rift—Dbasin

Cenozoic rifting and its dynamic setting in Eastern China and
adjacent areas. Tectonophysics,344(3) :175 ~ 205.

Sengor A M C,Natal'In B A, Voo R V D,Sunal G. 2014. A new look at
the Altaids: A superoroganic complex in northern and central Asia as

Part 1I.
reconstructions, crustal growth and global sea-level. Austrian Journal
of Earth Sciences,107(2) :131 ~ 181.

Shen Shuzhong,Zhang Hua, Shang Qinghua,Li Wenzhong. 2006. Permian
stratigraphy and correlation of Northeast China: A review. Journal of
Asian Earth Sciences,26(3) :304 ~ 326.

Sinclair I K, Shannon P M, Williams B P J, Harker S D, Mooren J G.
1994. Tectonic control on sedimentary evolution of three North
Atlantic borderland Mesozoic basins. Basin Research,6(4):193 ~
217.

Sloss L L. 1963. Sequences in the Cratonic Interior of North America.
Geological Society of America Bulletin,74(2) .93 ~ 114.

Tian Zhonghua,Xiao Wenjiao, Windley B F,Zhang Jien,Zhang Zhiyong,
Song Dongfang. 2016. Carboniferous rifted arcs leading to an

a factory of continental crust. Palaeomagnetic  data

archipelago of multiple arcs in the Beishan—Tianshan orogenic

collages (NW China). International Journal of Earth Sciences, 106
(7):2319 ~ 2342.

Vail P R, Audemard F,Bowman S A. 1991. The stratigraphic signatures
of tectonics, eustasy and sedimentology—an overview. In: Einsele
G, Ricken W, Seilacher A. Eds. Cycles and Events in Stratigraphy.
Berlin ; Springer-Verlag,617 ~ 659.

Wang Hongliang, Xu Xueyi, He Shiping, Chen Junlu. 2007#. 1.1 000 000
geological map and guide book of Chinese Tianshan and adjacent
areas. Beijing: Geological Publishing House.

Wang Yu,Luo Zhaohua, Santosh M, Wang Shuzhi, Wang Na. 2017. The
Liuyuan Volcanic Belt in NW China revisited : evidence for Permian
rifting associated with the assembly of continental blocks in the
Central Asian Orogenic Belt. Geological Magazine, 154 (2) :265 ~
285.

Xiao Wenjiao,Mao Qigui, Windley B F,Han Cunming,Qu J F,Zhang Ji"
en, Ao Songjian, Guo Qiangian,Cleven N R, Lin Songfa,Shan Y H,
Li Jiliang.. 2010. Paleozoic multiple accretionary and collisional
processes of the Beishan orogenic collage. American Journal of
Science,310(10) : 1553 ~ 1594.

Xiao Wenjiao, Windley Brian F,Sun Shu, Li Jiliang, Huang Baochun, Han
Chunming, Yuan Chao, Sun Min, Chen Hanlin. 2015. A tale of
amalgamation of three Permo-Triassic collage systems in Central
Asia: Oroclines, sutures, and terminal accretion. Annual Review of
Earth & Planetary Sciences,43(43) .11 ~ 16.

Xu Wei, Niu Yazhuo, Lu Jincai. 2018. Geochemical characteristics and
geodynamic background of the Early Permian A-type rhyolite in the
southern Beishan Region, NW China. Acta Petrologica Sinica,under
review.

Yin Zanxun,Zhang Shouxin, Xie Cuihua. 1978#. Discussion on the Fold
Episode. Beijing:Science Press:1 ~ 106.

Zhai Yupei. 1981&. Introduction to the Devonian of Gansu Province.
Journal of Stratigraphy,5(2) ;148 ~ 155.

Zhang Linxin, Guo Jingxin. 1985&. Weiningian fusulinids from Beishan
Area, Gansu. Acta Micropalaeontologica Sinica,2(3) :259 ~ 264.

Zhang Yan. 1995&. The characteristic of Early Permian “Zhesi Fauna”
in Beishan District. Acta Geologica Gansu,4(1) :14 ~ 20.

Zhang Yuanyuan, Dostal J, Zhao Zehui, Liu Chang, Guo Zhaojie. 2011.
Geochronology , of mafic and

NW  China:
Implications for crust—mantle interaction. Gondwana Research, 20
(4):816 ~ 830.

Zhang Yunying, Yuan Chao,Sun Min, Long Xiaoping, Xia Xiaoping, Wang

geochemistry and petrogenesis

ultramafic rocks from Southern Beishan area,

Xinyu, Huang Zongying. 2015. Permian doleritic dikes in the
Beishan Orogenic Belt, NW China: Asthenosphere—lithosphere
interaction in response to slab break-off. Lithos, 233 (4).174 ~
192.

Zheng Rongguo, Wu Tairan,Zhang Wen, Meng Qingpeng, Zhang Zhaoyu.
2014. Geochronology and geochemistry of late Paleozoic magmatic
rocks in the Yinwaxia area, Beishan: Implications for rift magmatism
in the southern Central Asian Orogenic Belt. Journal of Asian Earth
Sciences,91(3) :39 ~ 55.

Zhou Dingwu, Dong Yunpeng, Hua Hong, Liu Yingyu. 1996&. The
significance of molasse formation and unconformity in the
stratigraphic  division and correlation—Evidence from the Late
Precarmbrain strata of the Yangtze Plate and its northern margin.
Geological Review,42(5) ;416 ~ 423.

Zhou Jianbo, Wilde S A, Zhao Guochun, Han Jie. 2018. Nature and

assembly of microcontinental blocks within the Paleo-Asian Ocean.



%4 45, WAL L IX EA RS — T &5 TR AR 41 B ok 1 7 827

Earth-Science Review,10.1016/j.earscirev.2017.01.012. Zuo Guochao, He Guoqi. 1990&. Plate Tectonics and Metallogenic
Zhu Weiyuan. 1983&. On the Permian marine stratigraphy and the Regularities in Beishan Region. Beijing: Peking University Press: 1

fundamental characteristics of the fauna in Beishan, Gansu Province. ~ 226.

Gansu Geology,1:121 ~ 140. Zuo Guochao, Liu Yike, Liu Cunyan. 2003&. Framework and evolution of
Zhu Weiyuan,Shen Guanglong. 1977#. Late Permian terrestrial strata and the tectonic structure in Beishan area across Gansu province,

floral characteristics in Beishan, Gansu Province. Journal of Lanzhou Xinjiang Autonomous Region and Inner Mongolia Autonomous

University ( Natural Sciences) ,1:99 ~ 109. Region. Acta Geologica Gansu,12(1):1 ~ 15.

Geochronology and Distribution of the Upper Carbonifeous—Lower Permian
Ganquan Formation in the Beishan Region, Northwestern China
and Its Tectonic Implication

NIU Yazhuo'*’ ,LU Jincai® ,LIU Chiyang" ,XU Wei* ,SHI Jizhong” ,SONG Bo®’
1) State Key Laboratory of Continental Dynamics, Department of Geology, Northwest University, Xi’an,710069 ;
2)Xi’ an Center of Geological Survey, China Geological Survey, Xi’ an, 710054

Objectives: The Beishan Region is located in the southernmost part of the Central Asian Orogenic Belt where
the Upper Paleozoic sedimentary sequence plays an important role in the tectonic and sedimentary evolution.
However, the age range and distribution of the Ganquan Formation remain uncertain.

Methods ; Based on sections in the Dushan and Liuyuan areas, southern Beishan region, this study reports LA-
ICP-MS zircon U-Pb ages from the Ganquan Formation and “undifferentiated Carboniferous”.

Results : The U-Pb ages of the Ganquan Formation and “undifferentiated Carboniferous” are 293.8 + 4.8 Ma,
293.9 + 2.7 Ma, 291.7 + 2.3 Ma, which indicate the Kasimovian—Sakmarian range to the widely distributed
Ganquan Formation with paleontological data. The lag deposits of the Shuangbutang Formation aged 293.4 + 2.0 Ma
and 294.4 + 2.8 Ma suggest an unconformity between the Ganquan and Shuangbutang formations with a six million
years sedimentary gap.

Conclusions ; The Visean—Capitanian strata in the Beishan Region form a generally continuous sequence,
which represents the tectonic translation from several small extensional basins into a large rift basin. The Baishan
Formation, Shibanshan Formation and the lower part of the Ganquan Formation are considered as the marginal- and
shallow marine deposits in the separated small basins. The upper part of the Ganquan Formation represents the early
synrift phase (ca. 294 ~ 292 Ma) marked by intensive volcanism, whereas the Shuangbutang and Jushitan
formations make up a transgression succession the late synrift phase (ca. 286 ~ 265 Ma).

Keywords ; Beishan ; Ganquan Formation ; LA-ICP-MS zircon U-Pb age ;rift basin ;sedimentary sequence
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