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Fig.1  Geological overview of the Nanbaxian oil and gas field
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Fig.2  Stratigraphic division of the Nanbaxian area in the Qaidam Basin (Pan et al., 2015)
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Table 1 Ratio of astronomical cycles to cyclothem thickness in the Xiayoushashan Formation of the Nanbaxian oil

and gas field, Qaidam Basin
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(a) gamma ray (GR) data after preprocessing; (b) wavelet transform energy spectrum; (c) wavelet transform modulus mean curve
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Table 2 Sedimentary Rate fro the Xiayoushashan Formation in Nanbaxian oil and gas field, Qaidam Basin

4 B W ka TURGHR/ (m/ka) SEHDUBE R/ (m/ka)
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(He et al., 2022 ; FRALAIAE,2022)

W 3BT B 3 /N AR 4 T SR A Al 39 R
THRD L4 B TR A2 M ER 8 S 80 (Ml o0 5 RER AN
A 22520, T 400 ka KA 02 E3 {55 AHX B F2
o L, LL400 ka A2 8 £3 U8 3 #h 40
BRI 2R 95 ka 0w 0o R JE I E1 4o 275 il
2, K 0 R U8 I S 802 (0.026 677 083+0.005)
JOE [71 /i, JaE g o0 25 98 % 2 80 (0.112 988 8+0.005)
BEFl/mo LA Laskar J7 28 (Laskar et al., 2004 ) 315
VAL IR S B 114 o 556 Ry o AT 0T, A = 2
NS 1B N o N QLR 1 ES R AN R VAW O VA
KA R 0 BT A MV BOL L TR R
SCFEARPR R . S IRETAESY, T I ED L 25 5
GRS A 23.8 Ma(fE5E %%, 2008 ; £ 7237, 2011 ;4
SHAFE,2013) o DAZORHRAR IS R B, M2 DRI %
FR B A D O R TR 18 N2 AT O 2R SR 40 4 72
ANZe A, (R R A 7 R 3 £ 1] i o 2 S 3] 400 ka 22
A D2 7.2 Ma, HER TR A0 L 20 150 55 1 40 A
16.6 Ma([&17) o RICAEAAR R HE ST XT 5235 A Z 1l
FVHED L2 T B FR EAT T 298, A B TS 4
IR R Za b T AR L 2 RS B )2 X B, X TR
FEAYE AP oT th BT B

5 DU TR 554

VEHUAL R 39 HF Al b 8-9 HE Al P 8-12 HAY GR
BAE AT AT RS S BT R N A BT, AR AT I B e 5 R
SCIHIEAT HLB, B T ALY e ] o 3 2 ] 43
SR TR SC & 35T 400 ka .95 ka 19 9K SCE O
By B2 I VT B ST b S B A N el W ST
FRER A Z T EP L4, I LR w40 51 i %)
Ay FAHDCERAE T AT B . SRR o3 i HLAA T 58
W3 s,

FSCTEI 4307 T DA N7 JE ) 5 b 2 PR 2 R Y
KR Wik, ko LA FZ20E B, mT DA
AN TR JEE B RUBE T 8 b 2 [ R 3t 2 s b )2
WE Rl 25 %K P8 . v Milankovitch 2K 3C 5 1
G, AP SRR i iDL R4 R 16~17 42
TS VUL JE AR 71~74 A HS BRI . FEaf e il o)
TG, FARAN D i £ 3 38 HH B4 400 ka 4 o0 5 JE]
I A DU 2 0 2 e 28500 40 B AR K 95 kea S Qi L0 R
JEVAE Ay LR 2 e B o B v, P45 6 T i 26
BRI SRR, ZERFZE X SR N LAl 39 S Al
H1 8-9 Il H 8-12 kg it o A S, A€ T i L
AP T 17 4D HRAE)Z T A, 124 HBAE)R 7
(F8) . A DUZR e 2 720 B 4552 1] 24 400 ka,
T Z T (R SRR (8] 294 95 kao

6 4Ei5

(1) FJH Laskar 831155 A6 4 35° E 2 H
14.5~23.8 Ma HA [i] b 3R 0308 2 50028 A0 J 0, o 0 1%
TR I 1) 398 oK I fE Il 3 e fH 21.053: 5:
2.105:1,

(2) il & T L2 32 %23% 400 ka 195 ka fii
O SRR ARPE A AR X = DR
AP I3 338 0.094 41 m/kas

(3) #ES7 T Al 39 H1 V237 RSCAFEARAR R,
T T M I A DR R S R R 7.2 Mao B
400 ka 0% JE I HH 2R F1 95 kea S5 00 2% S 30 HH 2%
VEREFEIX UAE 2 74 G2 PR 2%
M2, X R /b DX Il A L 2 b 2 R AT o A [
HZ R4, SR 18 AN ULk )2 P 4L Fn 72 4~ L%
HEZIT o

Ot B EAEFARE R, HEIE I AR
MEIFHETERLE /T,



2 110 FAHRAL - VDR EABT R 25 « TR U 17 e A s = P U5 4 2

229

B SR g 3 400 kaFH it J5 1
KoK KR
0.022 ———— 0.032 —-0.02 —————— 0.02
SR/ IEE33 95 kaFf it & A RN
S A O R SR /API
0.108 “————— 0.118 -0.02 0.02 59
16.6 ————— ————-}— = _ —
A 9 ‘_ )
] 3 —] 3

:
My
IR 00%

170 4————5fHA—e— — — — 5 T -

n 6 _—
] 4 e— 67 // £
(=]
- 8 s ’ ;:
. 9 o=
17.4 —— — 10 = __ , |
4 0
11 — 1 =< §
] 12 "=z
] 13 23—/~
17.8 ____14_____./13 : |
o e ———— 14 A, s
15 1S = g
16 16/ Z
| 1 =—Z P =3

18.2 — == —_ 717

)
i

I
|
|
|
=
L)
v"
& 5
1Y 001

\
\

1Y 00

j

")
""N

181009

/N

11
2Rl
6
O'
[
=}
(]
‘ o]
N —
1Y 001

£ 1 - 30 52 —
£ 98T —L=———————— T
o i :
i 33 32 <4 .
. 34 383 <7 S
20.2 — —~ ; u_d= | N
T 36 ~— =g
n 37 <=/ 36—/ §
2016 —hrmnn 3R aET e e e o e 3l Z
T 39 =\ L -
i X 39 -
] a=/ w <K .
N z <= S
21.0 /———42 ——— g -
i o 2 Z
. 44} 43 <X |
7 45 44 ,
A D 45 &
314 i 46 S A 3
: ~6_ =
e 47 TS~ — 47 — <
] 48 ’ 4% ==
4 =~ ]
e 49 49 —~ S
=

T ) P — 53 5< S -
222 M —— = =
- 5§55 ——— 55 ‘» -1
] s=— r=F
] 57 — 5 =] &
058 —— ss <7 \ S -
226 —fF———(———— ——3 =
s B s ‘ =
<} 60 =~ 60
61 >
_-___i — __ _ 62 s
23.0 — 67 €= Tr—m—\ = -
63 S N 5
7 64 ; 64 ==
. 65 ’»' 65 <— ) £
234 4+———pp—f=———— — — —a6_s= =
- <
67 N % = —
=] 68 68
T 69 =) .
T 69 4’ 70 Z S
Bk —Te = —me ——Z= ) 2
71 =————\ S -
72 72 <N _

B 7 Al 39 H K SCAEMRERR

Fig.7  Astronomical chronostratigraphy of well Xianzhong 39
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Table 3 Cyclostratigraphic division scheme for each well
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i 39 649.49 400/95 37.354/8.850 17.4 73.4
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Fig.8 Identification and division of high frequency cycles in the Xiayoushashan Formation of the Nanbaxian oil and gas field,

Qaidam Basin
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Identification and Division of the High-Frequency Sequence Based on
Milakovitch Cycles: A case study of Xiayoushashan Formation in the
Nanbaxian oil and gas field
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Abstract: [Objective] By analyzing the influence of the periodic change of earth orbit on the periodic change of cli-
mate, this study examined the climate change characteristics of the Xiayoushashan Formation in Qaidam Basin and
established its high-resolution astronomical scale based on Milankovitch theory to identify and divide high-frequency
sequences. [ Methods ] First, the Laskar algorithm was used to calculate the variation period of the orbital parameters
of Earth during the summer solstice at 35°N from 14.5-23.8 Ma, and the Miocene cycle theory and ratio in this sedi-
mentary period were determined. Then, taking wells Xianzhong 39, Xianzhong 8-9 and Xianzhong 8-12 in the
Nanbaxian oil and gas field as examples, the natural gamma data were analyzed by their frequency spectrum and con-
tinuous wavelet transform. Finally, based on the orbital period, the average sedimentation rate of the Xiayoushashan
Formation was calculated, and the "floating" astronomical scale of well Xianzhong 39 was established. [ Results ]
Through the analysis of frequency spectrum and continuous wavelet transform, the Neogene Xiayoushashan Forma-
tion was shown to be mainly controlled by eccentricity periods of 400 and 95 ka. The average sedimentation rate of the
Xiayoushashan Formation was 0.094 41 m/ka, and the sedimentation duration was 7.2 Ma. Based on the 400 ka long
and 95 ka short eccentric period curves as benchmark curves, 18 fourth-order quasi-sequence groups and 72 fifth-
order quasi-sequence groups were identified.[ Conclusions ] The results show that the climate change recorded in the
Xiayoushashan Formation is controlled and driven by cycles. Identification and division based on Milankovitch theory
can reduce the influence of subjective factors, improve the accuracy of division results, and more accurately describe
the climate change characteristics in sediments. These research results are helpful for deeply understanding the evolu-
tion law of the Warth's climate and providing important reference for oil and gas exploration and resource evaluation.
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