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Summary

This paper reviews recent works on the age of Chinese terrestrial Permo-Triassic strata,
mainly based on the isotopic dating and the tetrapod correlation. For the application of U-Pb
dating methods for the stage-level division of Permo-Triassic strata, the best method is the
Thermal Ionization Mass Spectrometer (TIMS), while the Secondary Ion Mass Spectroscopy
(SIMS) can be used for many cases; however, the most popular Laser Ablation Inductively
Coupled Plasma Mass Spectrometry (LA-ICPMS), which has nearly 4% error (>8 Myr), is of
little use (Li et al., 2015).

The ages of major terrestrial strata are discussed for the Junggar Basin and Turfan-Hami
Basin, the North Qilian area, the North China area, and the South China area.

Junggar Basin and Turfan-Hami Basin Yang et al. (2010) published some dating
results that significantly changed the correlation of Permian strata in this area. The base
of Permian lies within the Daheyan Formation. The Lucaogou Formation is moved from
Guadalupian or Lopingian to Cisuralian in age. The Hongyanchi Formation is the Artinskian in
age. There is a big time gap between the Hongyanchi and Quanzijie formations. The Quanzijie
Formation possibly belongs to the Capitanian although Lucas (2001, 2017) insisted on a
younger age. The Wutonggou Formation is Wuchiapingian in age. The transition from Permian
to Triassic falls within the Guodikeng Formation based on the study of various fossil groups,
but there is no clear cut position for the P-T boundary right now. The age of the Karamay
Formation is unsure. The base of Jurassic lies at the top of the Haojiagou Formation (Lu and
Deng, 2005) or within it (Huang, 2006).

North Qilian area The Qingtoushan Formation belongs to the Guadalupian (Roadian or
Wordian) in age based on the Dashankou Fauna (Rubidge, 2005; Liu et al., 2009; Lucas, 2017).
So, the underlying Yaogou Formation should be early middle Guadalupian or late Cisuralian.
The dicynodont from the top of the Sunan Formation suggested a late Lopingian age (L1 et al.,
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2000; Kammerer et al., 2011), while the flora from the lower part suggested Wuchiapingian (Sun
K Q etal., 2010). There could be little Capitanian deposits at this area.

North China area The typical Permian and Triassic section in this area includes the
Taiyuan, Shanxi (Shansi), Xiashihezi (Lower Shihhotse), Shangshihezi (Upper Shihhotse),
Sunjiagou, Liujiagou, Heshanggou, Ermaying, Tongchuan, Yongping and Wayaopu formations.

The Taiyuan Formation includes both marine and terrestrial facies, and the base of
Permian lies within this formation. Its upper portion is Artinskian in age based on conodont
Sweetognathus whitei (Mei and Henderson, 2001; Wang and Qi, 2003). The Shanxi Formation
is also Artinskian in age based on miospores (Liu et al., 2015). The Xiashihezi Formation
is correlated to Kungurian to Wordian. The upper part of the Shangshihezi Formation was
correlated with the Cistecephalus Assemblage Zone of South Africa, and it is estimated
earlier than 255 Ma (Rubidge et al., 2013; Liu J et al., 2014). The P-T boundary is traditional
put between the Sujiagou Formation and the Liujiagou Formation, or could lie within the
Sunjiagou Formation (Yin and Lin, 1979). However, the latter hypothesis is not supported by
the pareiasaur occurrence (Gao, 1983).

Our recent work indicated the base of Anisian (Lower/Middle Triassic boundary) could
lie within Heshanggou Formation (Liu et al., 2018), as suggested by Rubidge (2005). The base
of Ladinian roughly equals to the base of the Tongchuan Formation, and the base of Carnian
lies above the top of the Tongchuan Formation (Wang et al., 2014).

South China area The terrestrial deposits in this area began from the Xuanwei
Formation (Lopingian) in western Guizhou and east Yunnan (east margin of the Kangdian
High). Kayitou Formation is a transitional unit both in age and facies. The P-T boundary lies
within the Kayitou Formation for most if not all sections, and the Dongchuan Formation is
Induan in age (Chu et al., 2016, 2017; Zhang H et al., 2016).

The Badong Formation has some terrestrial members such as Member 11, which produced
terrestrial tetrapod Lotosaurus and Yuanansuchus (Zhang, 1975; Liu and Wang, 2005; Liu,
2016). The Badong Formation is generally regarded as Middle Triassic in age, and there is no
really advance on this.

The Xujiahe Formation produced diverse fossil plants and the oldest dinosaur footprints in
China. It was dated as Rhaetian by the marine bivalve from underlying Xiaotangzi Formation.
This result was confirmed by astronomical tuning and magnetostratigraphy (Li et al., 2017).
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Table 1 Correlation of Permian and Triassic terrestrial tetrapod assemblages of China
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Fig. 1 Correlation of typical Chinese Permian to Triassic terrestrial-bearing stratigraphic sequences
AR 2 K 2R A BB fAmarine strata and basalt in bold; (D—7) 5 Z M 4F 45 5 (¥ 27 horizons with
important dating result: (D K #541 Daheyan Formation (301.26+0.05) Ma, @ 41 fEith 41 Hongyanchi
Formation (281.39+0.10) Ma, (3 & #7441 Wutonggou Formation (254.22 +0.24) Ma, (253.63 +0.24) Ma,
(253.11£0.05) Ma (Yang et al., 2010); @ g2 Xuanwei Formation (252.30+0.07) Ma (Shen et al., 2011);
(® 45 Ermaying Formation (243.528 +0.069) Ma, (243.29+0.14) Ma, (6 4i)!|41 Tongchuan Formation
(241.369+0.061) Ma, (241.482+0.074) Ma (Liu et al., 2018); (D 4 )I| 41 Tongchuan Formation (241.3+2.4)
Ma, (239.7+1.7) Ma (Wang et al., 2014). Abbreviations: B. Emeishan Basalt; CH. Changhsingian;
KF. Kayitou Formation; JF. Jiucaiyuan Formation; LF. Liangshan Formation; O. Olenekian;
RF. Ruiping Formation; SF. Shaofanggou Formation; XF. Xiaohe Formation; YF. Yaogou Formation;
YZSF. Yingzuishan Formation
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AR T AE A A 0 2 o VS 3 H(Sun et al., 2016). HATYIHE N Gigantonoclea hallei-
Fascipteris spp.-Lobatanularia heianensisfti¥)21 &, IRAIAEE A &4 I .

NG A FESR R ARDORR , AR A pg S5 M A VAR I 25, 7R VETE ALk X AH AR Sy
HERHDUR . A —BA 2 AR I (Liu et al,, 2011, 2015), {H 247 ARyt =
Z M (Yin and Lin, 1979), 7EIIFEMINEIEA KBS Z 200020, eIk iass i
Te R TAH I TR (Gao, 1983), Hiik e BT BRE B e B8R, HAE
F AR S B KT 4824 m, %A 1E4E5] =& 40 (Benton, 2016; Viglietti et al., 2016), & H
HIEHESIIEE A LR =B RS =S R ALW BALT AN A 5 KN F 2

KNG LI AR, Ao D, E LTIk G &I T 28 AR (Pleuromeia
Jiaochengensis) (Wang and Wang, 1982), Ut HE A R =S, /ML & i g 2
A R (G A GET); Ul AR B = i A P45 T (Sun et al., 2012), PO 2
SIIHSR RIS A

G TE 2 B Bl R R i = e ], R 2 AR & (Pleuromeia) b A7 11
K I(Wang et al., 1978), AN THHE LA N — BB A r= Hpedb s IR E s e, nlLlY
RAEBWAHXT L, HEHMCHA R =S ihmgll], SR =S RLE T 0%
N EB(Sun, 1980). Lucas (1998, 2010)— HAHXFOULAL, 1MOchev and Shishkin (1989),
Shishkin et al. (1995)F1Rubidge (2005)Mi m] T-IA N R A0 BT S % Je 9], Ottone et al.
(2014)7EBTHR 4L ¥ Quebrada de los FosilesZH 105 SHRIMPAS 1 (235.8 £2.0) MalfJ4F i,
I REBI A AR HR, NZERJEW . X5 25084 — BT #8243.5 Mafll4E
SERARE, XHEARM . BRI B TR Y 4 BRI
i} (Liu et al., 2018),

T BRSPS IR 2 Wb )2 N ORI - P MR /NX, G R A s =
Bt R (2 Je ) (Yang et al., 2000), R4 EH [RESIPHE S RAIECIWAHTXT L, AR
HORH R 120 42 JE 191 3 (Rubidge, 2005)., it CA-TIMSI4ETE — Bt T #5453 3)243.53 Ma
(AR, KX 458 (E1®) (Liu et al., 2018), T[db T HRIL-T- 28— —F I AH LT (4
U FAL G, WP W= E 4 (Lu and Dou, 1982). FHAELA-ICP-MSHIAF
ZEIR O IX EHZ B R =Z [ (Meng et al., 2014; Wei et al., 2015; Zhang Y Q et al.,
2016), Spa bt 2 5 KK, B NSRS B T-411 2 FR(Wei et al., 2015),
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FINEARG M JRBR, XA 75 2 A AR ok s . AN X E 2 S
SRR 2 A S A 2 KRR

] T2 DA A ) S A — BT ke, 2 b ) M SR 2 o b S T T 196 54F- 1
&, AL TR N KR 856, B — B e b =B I T ).
PN B i T oA B AR, AR S SHRIMPIUAE S5 S nl G247 T H(Liu et al,
2013), fzf CA-TIMSHE Hi T241.48 Mal) SEASH Y 4FE 14 (E11©) (Liu et al., 2018), 7RI
BRI A KB SR, HYESHRIMPAS ] T (241.3 £2.4)F1(239.7 + 1.7) Mapy4h
B, FL2HERBPSCIER A A5 T b =F455(Wang et al., 2014), AN, KRR
KA AP IE DU R, X BRI (A E 22 BRI % igT . BRIA A a2 )
(1998), 46 TR MEA R AL, X0 FREHEER = UBL). BHMUROZEFER T LR )E
1o FUABRALA Y FIRORAE K BESE B, M YT, X EMZE > — S0k
W, FTRENERIIA A
24 X

FEM TN & RZ M =R UGN T, SO =S58, ERE R
G B AR LA R Rl 22 EAHDUAR,,  7E =S 20 30178 T Bl 22 HAH DL R Bl A 2 (A B 2R 40,
TE M5 M i A 5 5 b 2 (N2 5T 4 )

WV AR — 7 B8 = B a2 32 i A M )2 (5 16 Bl 52 B AR ) B R 1T A 4 B
. RUSKA VLA N AL, AR = P SE AR e, B RO SRt (e — S
), Hak &g s A Tk e I ZikA 2 b, S0kl AR E 1L £ 5a m & el K2y
9260 Ma (Li et al., 2014), VLA 50 F-40 F FEEA 5, 8 ZARYE 20 i i 68)2%
TR A SHRIMPIWAEZE S TAh B L2 OS5 B L TR A28 2 48 i (Yu et al., 2008); J&
K FID-TIMSII 2 B 4T 41(252.30 +£0.07) Ma, 545 1113 i (1925 2 4FE#— %% (Shen et al.,

2011).,
KUK ARl VA B, BEA AR, ARG AR, Ay aifliAH Y .
BRSO =S R, KA U RS, . B =S5 R (Chen

et al.,, 2011; Liu and Yao, 2002), MJR-P-HHAEZSEF] L = F {it(Wang, 2001, 2002), 1 T& 4
R ZEMPE A R0 A LSk 20 BRI I A — 2 kiR, s B I ELA ST
SR AVE I TR M, T DRI ) A S AT 2 3 B BE I (Zhang H et al.,
2016), AN HL, AR)AHRIBHCIHEAS R =S, (HR7EA L v e i i 3] — & 20 i
MR I o AN It A A 53 2 R R s S ) i R — S T A5, $ R DS A B AR 2 A
IR SEZE 3 B = S 4H:(Chu et al., 2016, 2017),

EUVR B DAREAR A 3=, 77 Hh 2698 e LA K it 22851 (Zhang, 1975; Liu and Wang, 2005;
Liu, 2016), EARMARC—EAFIL, HGEPLHHALRPISERIT I, J5k XA
e =& M CE BN T ), M ChEBZ. =S5 ) Py R2)e. &
SR A S A 2B, (258 M X A ELIT L, X2 g R R N
L JE IR ATE 5 AT A 45 R FE R —2(Huang and Opdyke, 2000). feim Ffl Dt 4
BT T 00T, A58 IR M THE T MI(Hagen et al., 2018), ik 771 (LA-ICP-MS)#|
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2y, XAER A E A

VU ZE 2 T 20 8 R e, R BT IR e R R B ED . R AR
%¢%?ﬁﬁﬁ@ﬁﬂﬁ%%iﬁ%ﬂ@,ﬁ%ﬂ@ﬁﬁﬁﬁ@mﬁ%%% FSURCH:
FE IR AR R AL VD BB A, TR AT AL T T R AR R
FIH 5 B R ) (Yang et al., 2000), 11 5] 55 SEAE A B ML BN A2 R b . RS
B R O =B o], 53 4h 3 B w2 2 DR R SO R i )2 A F
5%, S RH LK E Newark 2 H 9 HZ HEAT T 4T LG, A5 T HmHAR R =S 20 i i
R 04518 (L et al., 2017).

P204FBEE M AETF-Bo i i, Capus 7—eiie, KRB THhE_—& -84
HZAEARHELS, Rl AR HZ AR A DRSS AR BB XA o 5T SRS 40 1 A4
JEE s 0 N ) [ A T e SR 5 S o 10] 1 S = 2 R = 5y d o < | o e
AT AR IR E R, T LA T 5 22 (R R 2 A 00 A A A e ot A b 22 7 B ) A8

Bisd %$@ﬁﬁwﬁ-ﬁMﬁ¢l%ﬁk%)rw£(¢ﬂ&tﬁﬁmﬁﬁwﬁﬂ¢
Hrd TR EEGARINDAERAIMBFREZNEL, B FEAAH! BRAXK
ﬂ#%@%&vzMMNNABDM%M%HMMD%?E%%%&%&%%%&?
(B E) (%% : XDB26000000) % 57 .
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