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Large Perturbed Marine Carbon-Nitrogen-Sulfur Isotopes during Early Triassic
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Abstract: Early Triassic oceans recorded the delayed biotic recovery and the large perturbed environments. Hence, the environ-
mental events and their mechanism became one of the key scientific topics for the geological scientists. In recent years. re-
searchers have made many significant progresses in the marine carbon-nitrogen-sulfur cycles of the Early Triassic, which are
important for understanding the co-evolution between the biotic recovery and environmental changes. The progress. problem
and future development in the researches of carbon-nitrogen-sulfur cycles during the Early Triassic have been reviewed and
summarized.
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Fig.1 Global correlation of the Early Triassic carbon isotope
changes

SV C o, G5 BN XT T VPDB; B [F (3 Z 43 5151 1 4£ T . Payne ez al.

(2004) ; # K M|, Horacek et al. (2007a); % 3, Horacek et al.

(2007b) 5 N ARtk [A] 2. 3 670 i 5 11, P AR 7] iz 2K 1 B 1

(Grasby et al., 2013; Meyer et al., 2013).(2)7JC
BILHtK [ 137 2R % Bl Wi B2 O S R AT DA GR 3] 8940, (3) AL
T 1R o7 38 L s = 1 EL A ko] X btk L 7E 4R R L
PO U b 26 I H A 25l DA R AR Tl
FF B 30T VE OB R AR 7 RNz R VR A OR TR Y b IX
(Song et al., 2013).(4) A [R) X A4 5k 7] 437 ] 1 4
XA AE ] 1 22 5 58 N 51 38t DL T AU R i
R [R] 28 19 % 81 - W1 9 A 7 1 19 A8 fk (Payne et
al., 2004; Zuo et al., 2006; Tong et al., 2007);
KL% B (Payne and Kump, 2007) ; A HLbk 5T 1)
A8 4k (Horacek ez al., 2007a) ; e K5I E 5
Srff CHEREFR AR, 2012); S5 WML A TR H R R
(Thomazo et al., 2016) %, HHI ¥ K I & e, H
P UE YR CHRTROE 1) B =S ik R R E R
TeHLBR [ o 28 45 A AT D i i BFSE 4l T[] i 48
%43 B R 0 A BB [F) 7 R 28 16 (Galfetti et al.,
2007b; Meyer et al., 20135 Sun et al., 2015), H
FEAE P AEAE R | 3L E PG ER L Spitsbergen Hi X A1
ZRALF M X (Galfetti e al., 2007b; Grasby et
al., 2013; Meyer et al., 2013), K FL49 b S LA
Smithian-Spathian Z 32 /b & [ & HL ik [ 7 2 5035
(Brithwiler ez al., 2009).
1.2 fx[E 1 2 8 53 47 E I B ia) 38

hT s — =fAZZEWRKYL )5 H =5
TH 22 o A W A A A T F 2D DRI 2R ) )2 2 E Y



3924 HERBLY:  http://www.earth-science.net

A3 %

T B AEAR 22 U BURH A T JZE X L b R R T AR
FH. A NTRE 1Y A2 B =8t A (Y JE AL [ 137 3% 1
A Hh 2 KA B 0T DLIEAT 42 BRXT L, 33K Oy i D 2 B 4
730 53 X EE PR R T AT RORY Mk DR i 2 (Tong e
al., 2007; Song et al., 2013).{H &, 1£ it = BR PR
DU BB S A X, T LK [R] 6 3R AN BB 9 HI R 61T
Bk 1R o7 2% Ml JZ A 98 T AR AE X R IG O00 T , A HURK [F] 7
ROHE R E T 2 X 4 B EE (Grasby et al.
2013, 2016; Wignall ez al., 2016). ({8 it , £ Bk
AN [R] 1l DX = e B A ML [F] 7 28 20 Bt 2 8 T L
YR IR S, BRI SE RS 0 AR 1 I T
KAK F & — 3K (Grasby et al., 2013; Meyer et
al., 2013) H2 i T HURR ) (0 3 (9 2810 5 5 0
LR Y b )2 22 (8] A AE G R R ST, Rt — gt
FEAEVEAT H )2 X LI R bR A TE — E Y 22
S A0 A AL ] 3R 04 TF B S A O B A 1
JB A A0 X ) Smithian-Spathian # 48 , K 280 5% 5.
INZIR IE B FEAEAE Smithian TR IT 46 . £ Spathian
JEE B 45 R (Grasby et al., 2013; Meyer et al.,
2013).8Rk1M , Wignall ez al.(2016) WK iZ Ik 1F i3
FREEAFRE 7 Spathian MV B A9 I HK. B b v] UL, A1 H
T 1) 57 2% A7 A 8 %) b )23 R o FORE AT e ik — 25 1Y)
WFFE TAERAESE.
TEVERI AR 7 ) 28 A S R Bk [R5 36 Kk A= A2 4k
8 T2 IR PR O A AT R R R ik T 2 3R Y AR Ak
PR =8 VR0 9 A 77 J 28 A 15 L. 491 4, AR
ZWF R B LR YR KL SRR TR
R RIS & T Rk () 2R A T A CB R
&5, 20025 Zuo et al., 2006) SR}, — 224 I AN
I AR 7 T R A TR B AR AR ) 2
T+ # (Meyer et al., 2011; Shen et al., 2015).
Meyer et al.(2011) A #I 9 A= 77 7 19 5% i mi 7
=t R e (W) 6 R K TR B 2B A IR A Al
XTAE R =Sk R A 2R X 22 R T RS
WEIT » A BRI R 7 28 7K TR A BE 19 32 IR R R 2 W 4 A
P2 1K AR A T B = T S R I K AL A 4
R EEAE 1k (Song et al., 2013).{H &, T ATI A
HEBR . = I P00 9 2R 7 0 0 ik () o 38 33k 3 )
AN TR R NSRS U /A S L P
WFFE Y — ARk 2 0] L
LA A0 G A 5T 32 5 0 s 7 2 3 20
=& i ax W AL R A — A E 2 E A (L and
Jones, 2016; Thomazo et al., 2016),3X Nk —
NI [ 037 28 1) 22 Ak 52 43R 1 5 i JEL . 4 ) e T i

ik [6] 432 2R BIF 9 AR I AN AN R 5 R A it Bk A 2
i b 40 DB 5k ) 2 3 2 15 52 B 0 A VR B9 52
[7i) B 1,2 Jre A 7 1 fORE T AR 0 5310 O 5 fORE AR A
el HAMERKR AR — 2, R =& L
UK 35 1k ) 52 2R D 2l 249 B A8 0 AT A RO L L TS
IR AR — MR A DR 22 5, il S AT UL
VRS S 4 ke [F) oz 28 728 A 1) TL S8 HE X /N AH 2
Je RV AR AT BE S 5 B = 8 Tk [m] A2 3% 7
/NS AR DX Sl 2 S %) F S PR BT b, 3 T ) AE
S TAEX AR IR =S Ik [ 2 3% /9 2 L B A —
TE IRk S
1.3 BRREMEARNES

[7) 25 IF 5 e WL AN A BILAR 7] 57 28 % A Ay 1 = 8 1t
SRR AE B AR Z G HE T R TC ML R A BB TR
A1 Z W ST AR XS R ] Bk 7] 7 3R 0 18 K/ L KA
K CO, F3 JE RN HITHA T TRy fif 2 R ALV E A AT
HEERIERE S0 DL — PR R R R S
R=SHEEAEAHEEE R (Kump and Author,
1999; Meyer et al., 20133 Luo et al., 2014) . R #5
P R G G 2238 7T LAER IR P vh JE LA 4 AT L
B 1) DR /N DG 2R B < A 6l S i i 38 S8 BIL Ak A
MU 7] 57 28 A2 Ak 30 B S %) R OC %, 0 Ol >
TV T R B AR BB LR B, 24 A DL R B A
AT, TCAILA PR 9 ) o 28 20 Bk A i AR AR T A
HURR 14 [ 132 3 41 B A2 AL B8/ (Fike er al., 20065
McFadden et al., 2008).7F 1E & () ¥ ¥ v, 43 ML Ak
() (37 2R 118 20 B ) 32 B2 A2 45 T T ALk (] 43 2R 20 Wi [
BLER S R — S Te LR [R) A7 3% 5 90 [A] 19 722
koK B A2 036 [ PG ER A Y s B =& A AL
i W) 52 2R A2 A 15 T AL Ak 38 28 EL A AR AL o PR T B A
Shy FC2H R AR Ak B2 45 T T AL [R5 3R R 4308 /N Y
A5 4k (Meyer et al., 2013; Caravaca et al., 2017).
B 3k Se 5T H AT H 2 8 A BE R LRI A
BLK [8) 137 R B 58 1Y B il b, K B8 48 7= AR To AL ok [A]
i & &A% B (Griesbachian-Dienerian B
#, Dienerian-Smithian Z 38 , Smithian-Spathian 2
22, Spathian HHEID i) BAKAZ LSO, A X T
TEALRR [F) 3z 28 FIAT LR ) o2 3% Y B A 5 ¢ & X
BEAF 52, 1L 4, Berner (Berner and Rao, 1994; Ber-
ner, 2006; Berner and Kothavala, 2001) $& 1}
GEOCARB II.1II il GEOCARBSULF #& &I 7] LI 4R
I8 0k [/ 157 3R 0 ) o7 2% 2 1 S 0 3 0K o 1 1R
KA CO, e BRI DLk Y 28 A5 4. JF HR
ERE IR T S —h =S O, WE



5011

RIBBRAE = B U 78 S B0 B — 80— BRI 2 AL % 3925
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Fig. 2 Early Triassic organic carbon-nitrogen isotope

curves in the Everest area
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Pg.= Paragondolella ; Bv.= Budurovignathus
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