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Multiple scale fluctuations of the Early Triassic sea level
and its influence on reservoirs in the Sichuan Basin

Xiao Jiaojing, Wang Longzhang, Chen Mei, Chen Zhibin, Zhou Jie, Chen Peng

(College of Marine Science and Technology, China University of Geosciences, Wuhan, Hubei 430074, China)

Abstract: Multiple scale sequences of carbonate oolitic bank developed in Jichang profile of the northeastern
Sichuan Basin in the Early Triassic. Several isotopic and elemental proxies were used to reveal the sea-level fluc-
tuation when those sequences formed. The changes of carbon and oxygen isotopes, which are coincident with the
high frequency sea level fluctuation, could be used for stratigraphic sequence division. 8" C increasing and 80
decreasing are used as the proxies of sea level rising, showed in regressive parasequence sets. 8" C decreasing
and 80 increasing are used as the proxies of sea level falling, detected from trangressive parasequence sets.
Five parasequence sets, named as pssl —pssS, were distinguished from the first and second members of the
Feixianguan Formation from where we sampled. 5 fifth order cycles of sea level fluctuation were recognized and
grouped into 2 forth order cycles of sea level fluctuation. The Sr and Mn contents indicate the low frequency fluc-
tuation of sea level, indicating the background of sedimentary and diagenetic environment. The increasing
contents of Sr isotope are coincide with the long-term fluctuation of global sea level. Mn contents are related to
water depth, enriching in deep water and poor in shallow littoral water. The Sr, Mn content changes indicate the

long-term trend of the sea level fluctuation.
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Fig.1 Sketch geological map of the northeastern

Sichuan Basin, showing sampling locations
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Fig.2  Cross-plots of carbon and oxygen isotopes sampled
from the Feixianguan Formation, Sichuan Basin

FRIE R 2% 0 T HUZ AR 9E . Wick-
man' 7 EHR YRR BRYG IR Y, AN IE— A3, 8
)57 28 4 AR M K P 2 2 — 19, ¥ K 1Y Se/ % Se
AR ) f BRI ER, A SCrPoRE Y Se/% Sr A s
SORRE B ] A HERS BB G K (T 3) o B kARG
YRR Sr/* Sr BB 1 25 5] Veizer! "™ 45 il £ 1) 4>
BRARE AR AR E b (B 4) RIS
ain® Sr/* S (AR AL 3 5 Bk Sr R R AR 1
E—H, R TR, XL R AR =
B I X [RIVE F,

M Haq B BV 0T LA B =S ki
SIS R A RO e AR 2, A B S
1, YSe/ Y Se B RN i R T R S, (ASEPR -, T
WA BRI G T 45 2R, i 2 A X5 I 25
¥ Sr/* S AEAMBBAT TR, B 2 BT T
e, Korte & W IA R vl RE TR =&t 4b
TRERICHERT I M = | KALVE R, B 2%
TR EER AU, PR B 9% Se/ % Se L, B
HEER Y R RE R T s — =80 YK EH
PEAESE A, LR e i gl s = | ek
FAEBE T B A2 0 ], S350 Se/* Se
3, KAl SE A S Seal A7 & ol 5 2Bk F

0.708 0

0.707 81
30707 67
=
FA0707 4

0.707 21

I I
246 245

0.707 0

L L L
249 248 247
i /Ma

I
250

3 DU Al LA L Y
Sr [A){3 2K I Al Min % 1281k
Fig.3 Sr isotopes and Mn contents sampled
from the Feixianguan Formation, Sichuan Basin

0708 4
0708 2 RN
¢
0708 O -
L e a, s
0.707 8 Yoot
22 Y T RELZE SIS MR S
£20.707 6} Yo
L2l PR
= 0707 4f Sy
Ly, . S0 00 1198 vy~
R © 0 C o Biogbtocag o o KA SELRE
07070F oot Ty T e o *Veizer: "
. O t
0706 T T T S T N T Y NN SN T B S
255 250 245 240 235
%/ Ma

B4 DO Rl DG HRE &7 Se/* S
R AE Veizer ™ 45385 Sr/% S ik B r6: B
Fig.4 %St/ ®Sr values sampled from the Feixianguan

Formation, Sichuan Basin, and plots
in Veizer’s curve of global ¥Sr/*Sr values



55

H g, 2. DU 2t = e i 2 ROBE VY 1A A e [T B X il S22 7 B S - 621 -

I EF 3, 2T R =S 2k,

MnO & SR ERION T R EH (K 3) .
MnO ¢ Mn** % & HEAERK X, HAE A8 I i 1)

S5, AT T AR X KRS Mn i 5k

WAL AR, BRI IEH R, HIt
INAWTSE XAEIZ I AL T T R R, X 5 5 =
St eakirm B A2, HEEHR TR T
X3 325 3 2l e, v R O R 9 T 1 T A2 Ak
5 @Bk HASEA AR N ZRA X A F
H B AR R AL ER, AL AR Gk Oy B 2R U A i
A, PRI DXl i) A8 3 T 3l 32 B9k i AR T 0 52
W L BRI R R R AR, A
=&MW b th PR A s Y BT DA =
B AT DX R A R T2 2 T B a3
33 HRRLETL

Haq 5511200 R 25 2T 2 P4l
JEIF 53 IR I = 9 —7S Gt P T AR AR TE T, AR B
7 A0 A O BT o, Be— R BRI )
th 2 AP gEF AR AL BER] , IEE— B R At 5 A
F GV AR e [l (B 5) ,C L0 R R AR 22 1k
HSHARFE LR,

pss1-pss2 PUBU ) I ZR b 1 X HE B0 Ry 350 1) 765
2, K EIRBEIMEZ P2 . SR K 1 B A AR
DU, LR IR A I B di Doa 550 2, Rk
IRBERUTARIAER . pss1 il pss2 35l X R 1 2 >
G- 12 A T 01 F B — > DU IR TS AL ]
248 C ETHHERI AT SN —A KA ETHE AL 7R
pss2 M TSR T IA B 5 R A 36" 0 SR ILA T FElE
[l S 7P A BT, IR TR pss2 THARIA 3 %
KA, X5EINIE IR o3 B9 —3K, pss2 TS A
R T e KIFZ T, Hb R IR R R 5 w4
R R

pss3—pss4 JUBUM 1110 b TR g | JF 2
BN o SR | s GRS R S P2 A g S RS RN 1 E573)
FAUURR SV & AL AG 1 I8 SO i A 5 Sk
Perh K By el 4l H = A 55, pss3—pssd 433
XERE 2 A>T P AR AL e, 8 C A X —
OB, RN 2 AR REHE AT, S Ak Sy W] 5 1)
e, 80 RIK 2 4> BT/ INGE R, SR IEA
A, R E BT T iR | T T bR
AT RESA I M4 1A 28 ol ) e AR R e I

pssS DORUY, SR DL & M e MEDTRL O 3,
JERE T HERRAL R LR RE R 3 UE 2 T AL
8VC H—A T RERE R, Z I FF2k TR, 8" 0 £k s
I LP A e 77 © Bt B -

TR RFLE NIRRT, pss3,pssd, pssS 43 %I Y LK
JiE T o] A 8 — A K A U 0 S T A8 Ak R A

Wit FSCHEANEF R4S L0 RN R T
FIXTLL AT LLE t, €0 R R LS 27 &
B LRI E AR A R X e R, K
—BURER,8°C 2 L s, 5w L T A
X, BB EARR R I, BRERER TR ) (1 HE AL R
VAT T L TR A, 1 A A M Ak
FERBELRA N E, KA AR P K
P, R 2 BT Rb I K A, C— B s €
B, 8V C 2 NFRtas iR BRI RN &
BEARRE, K3 ISR R T B T
iR, Bl ISP, TR ) & R, B it
R IR, T ERME 2 P AL B IR A,
e b A VR BE AR /N b A ] Lt A IR R
B AR A o R 2 e A ) R R B
FER LT A= =

MR Hre, €0 Rl 2 5 i AR LA
TR AR, AR, — ) O 7E i K T
FALEMIELL T, P C 20k m T ik AL A
BB | 5 2R — B 300 1 A Bl R 5 7 119 6 C (A 4%
R, R Z NN T T TR T R A LT 1 S
RIEMSE, L, 8" C Bm R i1 b Xt
FAEFN R R B, 28 kA G660
(e, R — e R ARl R S i AE b
AR, BRI AR b 5 i 1 A A8 Ak &R
D), T AR 28 AR 25 5 52 LA VE L RZ i, TR it
XV A Ak i g e AR N B 2, RO 2
Bt I 5 AR I

4 T A AT il = A B

I = SO S = 8 2 S B R 5 W
FEANTF 0.03% ~3.10% Z 8], F-3IFLBREE N 0.86% 5
BB N (0.003~0.006) X107 wm?, FHB B R Ky
0.004x107* wm* , AJ UL ICHR 4 i 19 FL B B2 A5
B RABAR AE R R AE R AL TS E—
R TILALIRB 62

4 Y T2 S P 118 o B 58 A S 30 B A
JER IS L A2 7 Vi T AR AR AR S ], I LB Ay s ol
Haffbix FEMEE, 0 TR iRk 2
# I BIRAIRKER R AEIREG KA BA,
VST 1T, A A e Y 0 A U B A R
JREEAE Y TR A Sk A A i 3 3 A 55 0 1
R BT, B R TR Z Y, 1T
I N, E A, Bz A e & R ALER



- 622 - o b B % B %398
7 - T E——— T ) —
B () st |2 R R TR BRI /% L% Al AL AT
n & A | 05 1 15 2 25| a0 8 6 4
Z Z
e T g T gt
m/ =/ —m—, <. _> 4_ _}
VA4 {
o/ o/
Ve /a/
o/ o/
Ve /= / a
NI ey
Ve /e )/ b
o/ o/ X
Ve /o / i
- o/ o/
Ve /o / %
o/ oA .
ot 4
a m//§ &
B (150l T W
o/ A
[=T=1
[-]
| | |
|
N
— =T EW /
200F—
=4
. . f—
A = A P2
i
250F %
£l
¥ —
=
— /
B TG i ln]
300
B
i |$|}|
i |
350F T 5 i
B iR 5K f‘?ffﬁfcj 5 K
s s
FBRIRA Kt PR EFNIVES
B DO RALSCHRE S Y C O R 3R AR Ak 28 55 %0 g 1 22 Ak
SRR P 1L 205 Hag' "
Fig.5 Envelope curves of carbon and oxygen isotopes sampled from the Feixianguan Formation,
Sichuan Basin, and correspondent sea level fluctuations
AR AR, X—JZB LB i

WX EBA 2 P E s A& REE BT, —
A R —BEDURR Y], 55— B B A
(F'5) ,3x 2 DI E oA & R aT ge 2
RAKH AR H = A RTER

QAL — BT R v PR LT B R
iR X — Y 3220k A IR S5 PRI, JE R
KA/, B AR FLBRBE /. R I SR X IR, K
DRARER, R BEAT I R — R R 1 fi 4

C—Berp R - B TR EAS BT O
WS, 15 i Jm) BT 2 S O A R ROK iR D, %
JUASVEAE R R K PRI DX A A ot e o B A I —
301 , (5 2250 it AT 7 T 7K L PR35 DX (141
2) . WIR—Bopil], BELREREG KA AL
PRI (B — i RE AR SR B, 1 e A T B
LT AS g MY TN S Paw Sl e e P e = e iy
T i TIRA K E = A e R 7 AR



55 H g, 2. DU 2t = e i 2 ROBE VY 1A A e [T B X il S22 7 B S - 623 -
’ ’ ’ % 3k
7=0.017 840357 (1] Ab/NSR XT3, AR B B 4 R 6 3R 5 0 1 T A2 Ak« L skt
2b 2
£ o PP MBI b7 L5 — I 28 ¢ SR ) o 32 3 o 0.t
({E 5T, 1994,13(3) :120-123.
= 1+ Du Xiaodi, Liu Wanzhu, Wang Dongpo. Carbon, oxygen isotope and
sea level changes: A case study of °°C,8"80 section of Upper Sinian
ol . ‘ * ‘ ‘ to Ordovician in Keping area, Xinjiang[ J ].Global Geology, 1994,
0 2 Msr s 80 100 13(3) :120-123.
[2] ZEFPR TR AR R bR A [ T] A il 250 1 BT, 2015,
16 D)1l AL LB S5 A e 37(2) :134-140.
Fig.6 Cross-plots of dolomite contents and porosity sampled Li Baoqing. Current models and standzu'rdlzatlon of sequence strati-
from the Feixianguan Formation, Sichuan Basin graphy [ J].Petroleum Geology & Experiment, 2015,37(2) :134~140.
[3] AN S, ST, A BB T 15 S R
LI FR , DA€ — B PR P M M A 2 TR 2 LR 22 50 K B WA IR 26 (). 52 0
HEAC B, 1P KB T, A 2016,38(6) :828-835
> v o e ST - Li Xiaoning, Huang Sijing, Huang Keke, et al. Differences and
RS, Z K E T EERERLE, HEBC N e e, e e, © e
N o 0T i S £ . controls of carbon and oxygen isotope composition in dolomite and
’E’;q ’ kﬁzién HH,VEJEH ’ /\ﬂz/}:&*&/ H IJ;‘ =fi ’ %,ﬂ;ﬁk coexisting calcite under deposition conditions [ J ]. Petroleum
R H A ER, S8 BT H = A & Geology & Experiment,2016,38(6) :828-835.
BE LT, SO S R EACE R (4] R0 50, 15 € M R B I (0 2 B
([ 6) . FZEAMEAER S350 Wik R 45, ‘;’EEM:L‘l%‘lﬁl?‘#’ilﬂ&:%%%ﬂ%[]].Hﬁiﬂﬁ%% SE NS
2 2 :1-5,21.
TR RS2 o . R R, € ey AR
’ Li Rongxi, Wei Jiayong, Xiao Jiafei, et al.Response of carbon and
?L@‘@mﬁ% o %*@ % ) ﬁ\y‘j %:E&?L@‘Viﬁ% oxygen isotopic geochemistry to transgressive systems tract: An exam-
E’(J }E ;Ell: a‘iu ;H\:’fm )312 %"ﬁf Fﬁ . ﬁ[] % % N }j__{i N iéﬁj E‘IaEl ple from Triassic stratigraphy in southwestern Guizhou Province[ ] ].
gﬁf B‘J%ﬁ H[EJ ’ iiliﬁﬁfﬂq @Zﬂ: T ﬁ BE E@ﬁ'\ﬁi}L Fﬁ:*ﬂﬁﬁz Journal of Earth Sciences and Environmen,2007,29(1) :1-5,21.
?LI@ [5] Stemmerik L,Magaritz M.Carbon isotope variations in the Upper
t° Carboniferous—Permian Mallemuk Mountain Group , eastern North
5 Q':l:':_i/b Greenland [ J . Bulletin of the Geological Society of Denmark,
1989,37.205-211.
(1)8" C B 5 B FBAE £ 5%0, 8O0 (HER KT [6) IEAR, W AT b b w7 — 2 40 i i 7 4 0 [ 1]
VT R 2% H —
~10%o0,Mn/Sr FLAH/INT 2%0, ZEWIRE SLORFr T Il m’ﬂl;a}ﬁ},l1995,13(4) ,125h 130'1 )
4 Tian Jingchun,Zeng Yunfu.The revolution of the isotopic composi-
Mg an| b LELTA 4= 4 N 2, S a3
LA \bkEET%¢W1E s {ﬁﬁ)&§”}ﬁ/ﬁ;’qﬁﬁiﬁmo tion of strontium in the Permian Paleo-ocean in South China[J].
( 2) 8 Sl“/86 Sr EIEE %%@ﬂﬁ@?ﬁlﬁﬂ E/‘jﬁ% , 5 Acta Sedimentologica Sinica,1995,13(4) :125-130.
EERIERRIN R AR, MaO RIUNZUET (7] A TRl TR 2 2 itk ST i 3 ).
T, R )1 AR e T TR SEIT, 1997,43(3) 2047272
Zheng Rongcai ,Liu Wenjun.Carbon and strontium isotopic effects of
= .
i%*ﬁ gio L the Devonian sequence in the Longmen Mountains area[ J ].Geolo-
( 3)C.0 ﬁ{j%ﬁ’ﬂﬁ HEH 2525 I Ll E’J)%'J?ﬁ]ﬁ:}‘ gical Review,1997,43(3) :264-272.
R =B B0 o S WA X O P 254K, CLO Al (8] b, A s, e 5 W 0 T P TE MR AL 270
57 Z 30 5 2 5 1 T AR A R SR X Y T IO DASE st X B 22 L) ] DR, 1998 ,16(4) :32-36.
_TFEJ:}I_ ’ she i j][] ’ %0 Uﬁ//l\o Zl-‘i;ijﬁﬂ é:}’ T Bao Zhidong,Zhu Jingquan, Jiang Maosheng, et al.Isotope and trace
. . . . lement evolution responding to sea-level fluctuation; An example of
NI GV T AR L ANTU 206 V. 3. T AR s ¢
57 ﬂﬂ&fi:l:ﬁ/lﬂ:ﬁ}z [ml 0 2 ! mﬂ&{i:liﬁx/ﬂ:‘ﬁﬂz Ordovician in middle Tarim Basin [ J ]. Acta Sedimentologica
[m],67C He 8™ 0 ML Ae e it~ A8 b b T R A Sinica, 1998, 16(4) :32-36.
(4) 22 B0 1 AR A B 52 | 1 2 A R 3 (9] WA, BER S, 25, 45 1 HUK 4 Mo 98 5 — 1 Mg 40 ¥-F- T

KA TR0 T B, B = 22 TR
Benl etk TR G K B = A A E I B =
W, A A& 5ARERIEMEER He
AAE T TR SGE

THREAEACTUARITTE [ D] 35 MRS 2 (L BR B2 ) |, 2006,
36(4) :549-556.

Gao Zhigian, Fan Tailiang, Li Yan, et al.Study on eustatic sea-
level change rule in Cambrian — Ordovician in Tarim Basin[J].

Journal of Jilin University ( Earth Science Edition ), 2006,



- 624 - B W F B b B 5539 %
36(4) :549-556. B EEAERIF R )] 5547 ,2006,26(1) :43-48.

[10] AW ARI L X AL A A T A5 v SRR R ST D). Huang Sijing,Sun Zhilei, Wu Sujuan,et al.Strontium isotope com-
JRAR VG R A IR ,2015:1-69. position and control factors of global seawater in Triassic[ J].Jour-
Hu Feng.Research on structural evolution and oil and gas reservoi- nal of Mineralogy and Petrology,2006,26( 1) :43-48.
ring of Feixianguan Formation in northeast Sichuan basin [ D ]. [22] XUFEIR, VPR, AR, 4. RS 7 i KRG DU 52 3 1k
Chengdu ; Southwest Petroleum University,2015:1-69. 5[ M].A6a  BR2E i, 1993.

[11] e, Dok, A, 45 DU B D0 e T A vy 3 A Liu Baojun,Xu Xiaosong,Pan Xingnan,et al.The sedimentary crus-
THAESHT 1] AT SRR, 2005,27(6) :570-574,582. tal evolution and mineralling of South China paleocontinent [ M ].
Mou Chuanlong,Ma Yongsheng, Yu Qian,et al.The oil-gas sources Beijing: Science Press,1993.
of the Late Permian organic reefal oil —gas pools in the Panlong- (23] HhimAz BEMS AR, T3R5 06 Ll i oim 2 7R — 7L 06 G 3B
dong, Xuanhan , Sichuan [ J ]. Petroleum Geology & Experiment, 1 25 A JR 5 4 s 1 Ak [J].#h BB ( NSRS
2005,27(6) :570-574,582. %) ,1997,22(4) :403-404.

[12] BRI AR S R0 38 76 B R 2h 5 188 PR BRI 52 v /4 1o Du Yuansheng, Ying Hongfu, Wang Zhiping.The Late Caledonian—
FH T U044, 1994, 12(4) . 11-21. Early Hercynian Basin’s framework and tectonic evolution of Pat-
Chen Rongkun.Application of stable oxygen and carbon isotope tern of the basin and tectonic evolution of Qinling orogenic belt[ J].
in the research of carbonate diagenetic environment [ ] ]. Acta Earth Science ( Journal of China University of Geosciences ) ,
Sedimentologica Sinica,1994,12(4) ;11-21. 1997,22(4) :403-404.

[13]  Wendte J,Qing Hairuo, Dravis J J, et al. High-temperature saline [24] AL MRS B 5 RS [ MU A Tl R
(thermoflux ) dolomitization of Devonian Swan Hills platform and #1,1992.11-78.
bank carbonates , Wild River area ,west—central Alberta[ J].Bulletin Luo Zhili.The relationship between oil and gas distribution and
of Canadian Petroleum Geology,1998,46(2) :210-265. crack movement [ M |.Beijing; Petroleum Industry Press, 1992

[14] Saller A H.Petrologic and geochemical constraints on the origin 11-78.
of subsurface dolomite , Enewetak Atoll; An example of dolomiti- [25] Leven E J.Main events of Tethyan Permian history and fusulinids[ J].
zation by normal seawater| J].Geology,1984,12(4) :217-220. Permophiles, 1992,20.23-25.

[15] Kaufman A J,Knoll A H.Neoproterozoic variations in the C-isotopic [26] Williams D F.Evidence for and against sea-level changes from
composition of seawater ; Stratigraphic and biogeochemical implica- the stable isotopic record of the Cenozoic|[ M ]//Wilgus C K,
tions[ J ] .Precambrian Research,1995,73(1/4) :27-49. Hastings B S, Posamentier H, et al.Sea-level changes:An integra-

[16] N ,Qing Hairuo ,ﬁfi%i% s G B it — R =S K ted approach. Society for Sedimentary Geology, Special Publica-

PRF R AL Ak S50 DS b B2 1L A AR R AR D 53 45 tion, 1988 ,42( 1) ;:31-36.

R AR (D 5 HERR:) ,2008,38(3) :273-383. [27]  JJ6Me, S8R AR i 50K, S B IRER & C, 0, Sr [R] o 3 241K
Huang Sijing, Qing Hairuo, Huang Peipei, et al. Evolution of TEM A AR S PR R [ T] R R IE A,
strontium isotopic composition of seawater from Late Permian to 2005,20( 1) :53-56.

Early Triassic:Based on study of marine carbonates, Zhongliang Yan Zhaobin, Guo Fusheng, Pan Jiayong, et al. Application of C,
Mountain, Chongging, China [ J ]. Science in China ( Series D O and Sr isotope composition of carbonates in the research of
Earth Sciences) ,2008,51(4) :528-539. paleoclimate and paleooceanic environment[ J ].Contributions to

[17] Wickman F E.Isotope ratios: A clue to the age of certain marine Geology and Mineral Resources Research,2005,20( 1) :53-56.
sediments[ J].The Journal of Geology,1948,56(1) :61-66. [28] Mhg, S, KM, S IARICHL X T =850 %Al e 41 fifi ot

[18] Veizer J, Hoefs J.The nature of 0'®/0'® and C'*/C" secular HzaAm A 1] KRR Tk, 2008,28( 1) ;42-46.
trends in sedimentary carbonate rocks[ J].Geochimica et Cos- Chen Hui, Tian Jingchun,Zhang Xiang, et al.Dolomization genetic
mochimica Acta,1976,40(11) :1387-1395. of the Lower Triassic Feixianguan Group oolitic beach in northeast

[19] Haq B U, Hardenbol J, Vail P R.Chronology of fluctuating sea Sichuan basin[ J].Natural Gas Industry,2008,28( 1) ;42-46.
levels since the Triassic [ J]. Science, 1987, 235 (4793 ) [29]  BAME, T Ao, sk, %5.C,0 6L 1) R IR IR 5L A 182
1156-1167. WFSE AR L 1] DU ,2011,29(2) :217-225.

[20] Korte C,Kozur H W, Bruckschen P, et al.Strontium isotope evo- Chen Mei, Wang Longzhang, Zhang Xiong, et al. Application of
lution of Late Permian and Triassic seawater[ J].Geochimica et carbon and oxygen isotope to carbonate reservoirs in Northeast
Cosmochimica Acta,2003,67(1) :47-62. Sichuan Basin[ J].Acta Sedimentologica Sinica,2011,29(2) .

(217 ZREE, INATE, RRH, % =S 02 H KA HEIFE R 4 217-225.

(H%E % 4A)



