a3l 1
202542 A

UL B A7 R
ACTA SEDIMENTOLOGICA SINICA

Vol.43 No.l
Feb.2025

X EHE:1000-0550(2025)01-0088-11

V& B 7K 23 B BE AR 1= R T 4H he [0 3k = = Bt 5%

ERLGEFREL FR, RIMAE B R, KA, R K, B
LA L b ST A (A6 50 A W b 5T 5 R b o [ K A i S0 &, db st 100083

2. v R 2 (AU ) TR B bR R 2% bt , JERT 100083

3. r ] i R A (AU ) Y B AN L b BT S5 3 P T T S0 %, JE st 100083

DOI: 10.14027/}.issn.1000-0550.2022.165

m E [EM]h—RESEER TAUE B BRI A0 (AR RIS DT R B . 35 20 e b 4
AR 2 oRAT Bh TG 1 220 5% R T 2L OB A2 o [ Dk Db st B o 5 A 0 b DX 55 B A I8 T 0 9.0 m A% /R A4 7 0
SEREAL AR, IR F RS 09 701 B R4 T 1640 1 E 0] 4 )22 27 53 B7 . [ 46 58 B A 23 i i) 1 0.741~1.283 m ,0.204~0.267
m.0.057~0.071 m F10.035~0.039 m 4 &} 3305 , FC L 2447 21.14:7.71:5.71: 1.86: 1.11: 1, 5 sr— B8 g tH S Sl e 1l ] 9
FUABEAHIE o I 405 ka K /U 325 1 A4 J) BI04 T R SCRE o, A5 310 i U236 L ARE 3R A1 22 25 3 [ 1) JE 10 43 3104 100 ka0 30.6~31.2 ka
F120.0~21.8 kao I FHIRUM HE A4 1Al 0 S € 1] 2 71 0F 5 3] T R 82 1 [R) o4 ~3.9 Ma 1) V7 8l 7 RSCAEARAR IR . A Nemagraptus
gracilis SE AT I AR R S ST, SEBE T I LA 50 TR VS VA0 T (b B 50 IV 5 4 Bl B 22 R0 1T ) 7 405 kea ISF ) RUEE 1)
JHE [T 3t JZ2 5% L, 380 5 AP0 TR 5% 2R T 2 AR DR A T L A Y 5 1T R 249 1.03 Mao [ 4538 ] A9 SR E % /R T4 R T

BRI R . BEAT, ~1.2 Ma BB RIS IE (0] AT BE4E i 46 0% /R T2 TR A YT A2 4L
KR BEHUREM  h— L BB SE s e IR L 5 1.2 Ma BRI W] 5 IR
FE—EEEN SR, 200041 AE AR IR E-mail: 1011191126@cugb.edu.cn
BIEEE iR, B BIEER A SH)ZEE JERIHZ %, E-mail: fanggiang@cugb.edu.cn

FESES P53442 XEERER A

0 5%

B RUR M o — b B R TR — U
AR DU =, O 3 [ 25 2 i AR I 2
— B AE A R MR R
b2 AT TN B2 R T2 SR R T T2 B R,
IR BRIR T AR TUA HOIE AR H PR AT RE B9 IO
R, 70 A i R IR AR IR AR A
R T DURLT I i AR A A 2 i i ek
MRER & MU (RN, & A HL B A DLRR W 7 15 b HE
B R 0 00 s B AL ) 5% /K T 4B T
R, 20 Rl A 5 T TP VA A 22 JIR)R
KGR , T BOR S AHLUT TR PP i 6 T
A BT AT S R T AL R R R S
AL R (0 GO UESE TR AR, {EAR] B4 X
AN [ ) T ) e [ A7 2 A 22 A R 3 s 7 T
HI RISV A A B B R T 2H (0, U Y S R S

AR SR V- TS A 45 28 b 55 o) ¥ 1 ) e 72 2%
JRJZ KGR R B, R ER A A EZEE . (B2,
I BB 5 SIS T Nemagraptus gracilis %6 41715 It R AE
T 5 by DX PO S ) T UR Y OB AE P R R
SCRFIX AR PRI, e A R A R o A
ER BV G AR W7 5 R T2 DU A
S RIME R BE B b BT ARAR AT LA R B R T2 Y
DURREF B, ST b B 1 DX Sl 2250 L, A% R T4
AT AL T S A R A AR A A TR -

JHRE ] 22 2 30 o 330 o A b J2 P DR A7 1Y) e
BREUIE Ty (i O3 RN 22 e ) 25 1 1 ()
JEIPETCRURE I 55, SRS BE AT 3% 20~400 ka R
SCAEAAR R, DA T AR A 249 TR 45 ol b J5 =47 B it ot ok
TR 2 R ARARRIRR SR N (8] A/ AE Hh— 1 5 g
JHE [ i Jo2 2 AFF 5 v A S 8 SR R e ] 2
) A 7L V4 Itk [ A7 2R R A5 T R SRR 14y e ik B T
FE 55 1 3K 290 o [ 4 ) %) o S AR A A O, H

Y5 B H#1:2022-11-04; &[5 H #§:2022-12-30; 3% A H#5:2023-02-16; M 48 tH ki B 5 :2023-02-16
HE&TH . F% ARRHARE4 T H (41925010,42072039) [ Foundation : National Natural Science Foundation of China, No. 41925010, 42072039 ]



5514 =

TRAE < B FEUA 2 BB 2R /K T AL [l 3t J 2= A 5 89

Fif 5 ~1.2 Ma BERORERE 1] 2 22 ik ] B Bl 22 <A
AP TS A Y B AR R R 2
BTN B 0 5 LR 4 3 I 0 ) T 1% 8 1 4L
AT PRER A4 1] 3t 2 27 5T, S S ) ve A 2 K SCARAR
BRI, D v — G B B TS I 1 i 2 B B AU R
HEZRI . RSO3 HUAR G i 9 1 A1 i g p— L B
PEGER /R T2 T RS AL R AR IF HEAT B RE AL R
I, M IR AT ARG T R PR A A T 1] Ml 2~ F 5T
UM T2 g S AR 2 RHAERT JE 0, 1 B 5
S AR E A 405 ka K O3 E [0 ST RS HE Y R
SCAEARBR R, B 7E : (1) SE3E 40 T3 45 (0 FE 5[] R
BRI R HZ XS HE 5 (2) 852 57K T2 B TR
s TR BR TR P 2 AL K Sh AL

RN o R BT

B R B A 1 o [ () PE AR, T A2 5.6
10° km?*, 2 R RN BE#hz — . N E
B E ORI U T 55 Sk AL P G A
AR IX (P 1h) o 85 HLAR Z b % U8 T i % 20 bl

SRR T AR AR T X BLAN AR i A5 A8 Rl =2 ]
PRI rh B R T 38 R A Tk
BRIXFLAN KB PE b2 , AR PE A ALY 4B RS ARdE L
SRR AR (B 1a) o 7RIS BLK 243
J A BT I, S o = A B (LR
e B RA R B ) A O 43 g L
TR B VU R 3B AR EE 8 B RN A B )
DA i) 2 KT R AL 35 AR B DT e P65 o B A% T o K
e, 7 v T FI BT 7K 4 1L T8 )1 A 3 T T A g AT
B Hby XA, T Hp o R 1 TS, BB 20 T ARk A U
FREREEM 32 Hh DX DTRR 2 3 BT X6 g ) vl i E— g AR e
[F1] 25 ) A 5 LR 235 b i 61 vl AAR &7 Xt b, 9 L
5 BRifg-F- AR e 2L, R T iz b X T AR b
JE % T 52 2 BRI AR A4
PG MR R T ER RN 6.0~13.0 m,
PRy e /b IR T2 BGE R 0 AR T DU
AR S A A R A FE R AL AR —
P 1) 88 T o8 AR AR U A T L W —
=8 AL LA K A DA S R, BRI

(a)
Z
SEABUR ORI
e itk
i) 3
ek I it
/ Aty
BT -
W
Wb,
AR
(b) B il ©

AL Eil itk EEYH FIA YT

Climacograptus bicornis

Baltoniodus alobatus

=
[

I

I

¥ I
g | VT ] s
I

I

I

Nemagraptus gracilis

P one= = FP—r—— Dicell vagus
B PR T4 Se— - L2
the = i
¥ terograptus elegans
# i
:
1 Acrograptus ellesae
I
" T - T - T l]
I=T-T-1
e b
g | il e TeTeT
S T [ I
(4] K KIBWA Tt =1
N
%\ m L LTI 7 Deriodon flabellum 2
| N R |
C 1T T
T T T
T T
rr«n = pEESESsEses
T 1
E T T 1T
T T
[==1=1 - D
T T T Glyptoconus tarimensis
L T T T Exigraptus clavus
4 - L
Em'ﬂ E-TT_T
L .1
T T T 71

©

KX [o/] [
W 1) RiiAE i— FRERGHAN  Th— LSRR SRR
K1

|| B B B BEH E

g BRI BRTOUE SR Bt

B HLA 25 3t R A9F 2 1 i Xm0

Ca) W P 220 T Tl /0 U1 4 o oty e R ] B SCHRI23 24018 0D 5 (b)) 385 B b 8. ol 20 22 PRI 5 99 T 19 7 2 (I SRR 12,2 1 ME 0 5 (o) B BUR Gt b — 1 LBy

GRLRA T (8 SCHRT12, 150
Fig.1

Geological setting of the Tarim Basin and the studied sections

(a) global paleogeography for the Darriwilian Stage (modified from references [23-24]); (b) map of the Ordovician strata in the Tarim Basin and the locations of the studied

sections (modified from references [12,21]); (c) comprehensive geological map of the Middle-Upper Ordovician in the Tarim Basin (modified from references [12,15])
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Fig.2  Lithostratigraphy, biostratigraphy, cyclostratigraphy, and magnetic susceptibility data series

lithostratigraphy, biostratigraphy, cyclostratigraphy, and magnetic susceptibility data series of the Subashigou section (a) and Dawangou section (b); The black dashed lines

correspond to the removed limestone and the red dashed lines correspond to the long eccentricity (E) controlled deposition cycle extracted by Gaussian bandpass filtering, us-

ing a frequency of 1.0+0.2 cycles/m for Subashigou and 1.2+0.3 cycles/m for Dawangou
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Fig.3  Spectrum analysis and evolutive Fast Fourier Transform

(a) The MTM spectrum analysis of the depth of the MS series of the Subashigou section; (b) The MTM spectrum analysis of the time of the MS series of the Subashigou sec-

tion; (c) The evolutive Fast Fourier Transform of the depth of the MS series of the Subashigou section; (d) The evolutive Fast Fourier transform of the time of the MS series

of the Subashigou section, E, e, O, P represents long eccentricity, short eccentricity, obliquity, and precession respectively; The marked significant peaks are m; The blue

line and the red line represent 95% and 50% confidence levels, respectively
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Abstract: [ Objective] The Middle-Upper Ordovician Saergan Formation in the Tarim Basin represents an important
hydrocarbon source rock deposited in a marine environment. However, the current model of the deposition of the Saer-
gan Formation remains nebulous. High-precision geochronologic constraints may shed new light on the deposition his-
tory of the Saergan Formation.[ Methods ] The identification of Milankovitch cycles, in particular, a 405 ka long or-
bital eccentricity cycle, can be used to construct precise time scales for the sedimentary succession of the Paleozoic
Era. The magnetic susceptibility (MS) is a measure of the degree of magnetization of a material in response to an ap-
plied magnetic field, which can be a powerful tool for cyclostratigraphy and paleoclimate studies. Here, a total of 701
MS measurements from the 9 m Saergan Formation in the Subashigou section of the Kalpin area, Aksu city, Xinjiang
were obtained to conduct a cyclostratigraphic analysis, including a multitaper method spectral analysis, an evolutive
harmonic analysis, and bandpass filtering. [ Results ] The spectral analyses show significant peaks at 0.74-1.28 m,
0.2-0.27 m, 0.057-0.071 m, and 0.035-0.039 m with ratios of 21.14: 1, 7.71: 1, 5.71:1, 1.86: 1, and 1.11:1,
which are close to those of the Middle-Late Ordovician astronomical cycles. Although there is no reliable astronomical
solution for the Ordovician period, astronomical calibration can be achieved using a stable 405 ka eccentricity cycle.
After the 405 ka long eccentricity calibration, the spectral analysis shows periods with 100 ka (short eccentricity) ,
30.6-31.2 ka (obliquity) , and 20-21.8 ka (precession). Ten eccentricity cycles are obtained using bandpass filtering
and a “floating” astronomical time scale with a duration of ~3.9 Ma is established for the Saergan Formation of the
Subashigou section. An amplitude modulation (AM) envelope of the interpreted 30.6 ka band of the 405 ka calibrated
MS time series reveals long-term cycles with a period of ~1.2 Ma for the Ordovician, which is identical with that at
present. The first appearance datum (FAD) of the graptolite Nemagraptus. gracilis is used as a tie point for building
the correlation between the Subashigou section and Dawangou section (Global Stratotype Section and Point auxiliary
Stratotype of the Sandbian). The results show that the initiation of deposition of the Saergan Formation in the Sub-
ashigou section was ~1.03 Ma later than that in the Dawangou section. This supports the assertion that the Saergan
black shales developed during a strong sea-level transgression process, which drowned the platform, and organic-rich
sediments were deposited on the carbonate platform. Based on a further comparison among the MS series, 1.2 Ma
obliquity cycle, and global sea-level curve during the Middle-Late Ordovician, we suggest that the 1.2 Ma long obli-
quity cycle may have controlled the sea-level changes during the time of the Saergan Formation deposition. Ice accu-
mulation at the million year scale can be explained by a sustained reduction of ice melting in cool high-latitude sum-
mers during an interval of a series of reduced obliquity variations (minima of the long term obliquity cycle).[ Conclu-
sions] In summary, the orbitally forced formation of the Saergan Formation is confirmed and a possible model of the
deposition process of the Saergan shale is proposed based on the high-resolution cyclostratigraphy study in this study.

Key words: Tarim Basin; Middle-Upper Ordovician; cyclostratigraphic correlation; 1.2 Ma obliquity cycle;

deposition model



