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Stratigraphic sequence characteristics and geochronology research progress of the Cenozoic in the

arcuate tectonic belt on the northeastern margin of the Tibet Plateau

Abstract: The Cenozoic tectonic deformation and sedimentary processes in the arcuate tectonic belt along the northeastern
margin of the Tibetan Plateau have been influenced by the remote effect of the subduction of the Pacific Plate as well as
controlled by the northeastward extension of the Tibetan Plateau. Determining the sedimentary age of the Cenozoic strata is
an essential prerequisite for understanding these tectonic deformation and sedimentary processes. However, the sequence
and depositional age of the Cenozoic strata in the arcuate tectonic belt is still controversial. This paper systematically
studied the Paleoproterozoic to Neoproterozoic sedimentary sequences and stratigraphic ages in the arcuate tectonic belt.
The results show that the sedimentary ages of the Sikouzi Formation, the Qingshuiying Formation, the Zhang'enbao
Formation, and the Ganhegou Formation in the arcuate tectonic belt are the Middle to Late Oligocene, the Late
Oligocene —Early Miocene, the Middle Miocene —Late Miocene, and the Late Miocene-Pliocene, respectively. We
systematically analyzed the two unconformities of the Paleocene to Neoproterozoic and refined their formation age as well
as geotectonic significance. The first unconformity developed between the Qingshuiying Formation and the Zhang'enbao

Formation in the Early-Middle Miocene, which indicates the appearance of the remote effect caused by the northeastward
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extrusion of the Tibet Plateau at about Early Miocene. The second unconformity developed between the Zhang'enbao
Formation and the Ganhegou Formation, which implies the summit of tectonic activities caused by the northeastward
extrusion of the Tibet Plateau at about the Late Miocene. It is concluded that the Cenozoic basins have evolved through
three stages based on the coupling relationship between the sedimentary process and the tectonic evolution. From the
Middle Oligocene to the Early Miocene, the tectonic stress field of the arcuate tectonic belt was controlled by extension
under the remote effect of the rollback of the subducted Pacific Plate. The tectonic stress field changed into compression
under the effect of the northeastward extrusion of the Tibet Plateau from the Middle to Late Miocene; Significant and
sustainable tectonic uplift developed in the arcuate tectonic belt from the Late Miocene to Pliocene, and the Cenozoic
basins were divided by the strike-slip fault systems.

Keywords: Eogene —Neogene; geochronology; sedimentary sequence; unconformity; the arcuate tectonic belt along the

northeastern margin of the Tibet Plateau
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Fig. 1 Tectonic background of the arcuate tectonic belt on the northeastern margin of the Tibet Plateau and the surrounding basins
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Fig.2 Simplified geologic map of the arcuate tectonic belt on the northeastern margin of the Tibet Plateau (modified from Ma et al., 2020)
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Fig. 3 Cenozoic stratigraphic sequence in the arcuate tectonic belt on the northeastern margin of the Tibet Plateau
ESARGE W/ - SUR AR N RS S Ik IR it FPE R S8 )7 . 7ESF 1710 v =g 07 48K

A, BT ARG T R (R IK A N ) B B
(151 4b) o R A7 52 AR A — R IBDIR , 43 36 22, 40 A
PR, JR AT R A S UK RS . Hoh, BR
A1 H5 K S T ) — Ry 2400~ 270°, 1 B 47 15 Sk

bR —ERAEOREREIREE KO0 AR
IR H R K A s, TR R PO S A 0
Wiah kE R RLRE B (& 4h), 2B M 2N
30°4E T, R RIRERKR, v THOK =R K Z 1], i



470 ¥R 55 54 https://journal.geomech.ac.cn 2023

ﬁﬁﬁ%#n%ﬁ e '
L o e ;f_@ﬁmaﬁﬂﬁ

FHES i e FEES
TiFe4 4 TyZ a4
s | 1 | o 5 B R

AR

THES . N FHTF

JRLMA KRB

HeTH i R B O3
a— WL I 380 T T S 1R 0 R A BRRLED 5 b— 005 I 300 T 5 O R SR T AL R BR s o— T % 1 S 04— BERR
S PRLED S 2 s d— IR M DX UL 30 T R T 1R TS R AL S 1 I R S T AL AT R A A e £ T IX S O 0 R
GeTh RS R R T R T AR A B iy g— [0 M X T 5 0 T E G L W4 T R S O 4L R R B il

h— = 11 30 i 1P = 11 5 40 15 35 780 42

M4 FHAF0FARBREE

Fig. 4 Sedimentary characteristics of the Eogene Sikouzi Formation

(a) Lenticular gravelly coarse sandstone of the Eogene Sikouzi Formation in the Guanyindian section; (b) Conglomerates at the bottom of the
Eogene Sikouzi Formation in the Guanyindian section; (c¢) Conglomerates with coarse sandstone interlayers in the first part of the Sikouzi
Formation in the Dingjiaergou section; (d) Parallel unconformity between the Early Cretaceous Naijiahe Formation and the Eogene Sikouzi
Formation in the Guanyindian section of the Longde area; (e and f) Parallel unconformity between the Early Cretaceous Naijiahe Formation and
Eogene Sikouzi Formation in the Sikouzi section of the Guyuan area; (g) Angular unconformity between the Early Cretaceous Miaoshanhu
Formation and the Eogene Sikouzi Formation in the Dingjiaergou section of the Tongxin area; (h) Large cross beddings at the bottom of the

Eogene Sikouzi Formation in the Sikouzi section
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Fig. 5 Seimentary characteristics of the Eogene Qingshuiying Formation

(a) The interbedded silty mudstone, mudstone and gypseous sandstone in the upper part of the Eogene Qingshuiying Formation in the
Guanyindian section of the Longde area; (b) Conformity between the Eogene Sikouzi Formation and the Qingshuiying Formation in the Sikouzi
section of the Guyuan area; (c) The interbedded quartz sandstone and silty mudstone in the lower part of the Eogene Qingshuiying Formation in
the Guanyindian section; (d) Silty mudstone with gypseous sandstone interlayers at the top of the Eogene Qingshuiying Formation in the Sikouzi
section of the Guyuan area, and some water escape structures developed at the top of silty mudstone; (¢) Water escape structure developed at the
top of silty mudstone of the Eogene Qingshuiying in the Sikouzi section; (f) Interbedded sandstone and silty mudstone in the first part of the
Eogene Qingshuiying Formation in the Dingjiaergou section of the Tongxin area; (g) Dark grey gypsum layers in the second part of the Eogene
Qingshuiying Formation in the Dingjiaergou section; (h) Mudstone and cancellate gypsum veins in the third part of the Eogene Qingshuiying

Formation in the Dingjiaergou section
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Fig. 6 Seimentary characteristics of the Neogene Zhang'enbao Formation

(a) Interbedded silty mudstone and siltstone in the Zhang'enbao Formation in the Guanyindian section; (b) Argillaceous siltstone with thin
siltstone interlayers in the Zhang'enbao Formation in the Sikouzi section; (c) Parallel unconformity between Eogene Qingshuiying Formation and
Neogene Zhang'enbao Formation in the Guanyindian section of the Longde area; (d) Parallel unconformity between the Neogene Zhang'enbao
Formation and the Ganhegou Formation in the Sikouzi section; (e) Interbedded argillaceous siltstone and silty mudstone in the Zhang'enbao
Formation in the Sikouzi section of the Guyuan area; (f) Parallel unconformity between the Neogene Zhang'enbao Formation and the Ganhegou
Formation in the Dingjiaergou section of the Tongxin area; (g) Argillaceous siltstone with a few thin mudstone interlayers in the Zhang'enbao

Formation in the Dingjiaergou section
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Fig. 7 Sedimentary characteristics of the Ganhegou Formation

(a) Interbedded conglomerate and coarse sandstone in the lower part of the Neogene Ganhegou Formation in the Sikouzi section of the Guyuan
area; (b) Interbedded conglomerate and pebbly coarse sandstone in the upper part of the Ganhegou Formation in the Sikouzi section; (c)
Conglomerate in the lower part of the Ganhegou Formation in the Sikouzi section and the lithology of gravels is mainly marlite; (d)
Conglomerate in the upper part of the Ganhegou Formation in the Sikouzi section and the lithology of gravels is mainly granite and sandstone;
(e) Cross beddings in the sandstone in the lower part of the Ganhegou Formation; (f) Fragments of the Neogene Zhang'enbao Formation in the
sandstone at the bottom of the Ganhegou Formation; (g and h) Parallel unconformity between the Neogene Zhang'enbao Formation and

Ganhegou Formation in the Dingjiaergou section of the Tongxin area, and sandstone developed at the bottom of the Ganhegou Formaiton
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Fig. 8 Comparsion of the magnetostratigraphic results of the Cenozoic in the arcuate tectonic belt on the northeastern margin of the Tibet

Plateau (modified from Liu, 2019)

A-Jingyuan section; B-Longde section; C—Sikouzi section; D-Hejiakouzi section; E-Baimaxintian section
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FAL T & B K4 R H % I 3l B AR AR 1, 7E AR
B o158 R A DT SR VRN 7 N 73 1 B S s o
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e R, R T BENEERT, ST EKE
58 E AR 2 2 ) Lo AN G T AT (L 9) .
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0 [ D Hb DX R AR b 35 1] 0 — o T3 Ml XA 7E 7 A DL
TR (B 9) o BEA 7 98 m JfRr 22 AU 2R ) #E B, 72
B Tt 32 B AR 21 T AR A, R, IO A 1 A kR
FH R SR T, AR WX R A R R
R IRl TN UG SF 5T | e N o T 1 T AR 1 N TR 2
B OB & AR LSRG T R W m g, A
Hopr 2= o, RN A K R B b AR R P
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Wi K FOE W2, O B H 0 2 Wi 2%, JF HiX
SO B2 45 25 R KCE R DURR, T A R ) B
T 2 3 AR 4H (Shi et al., 2015, 20205 Liu et al.,
2019; Fan et al., 2019) . il 1 Z G I & 1E Wi )2 b 04 #2
IR bR, BT T 28 B SO A A Ak e P — b R
Twa) (4 DX Sal i Joe 1 3, 9 HLZ O ) 3 AT fig 2 45 T UiE
IR M e i) PG R A B AR b R ) 2R 1ROV A (Shi et
al., 2015, 2020; Liu et al., 2019) ,
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i AR R B (TR = R A R L R
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Fh, AR AS B, IS 2 IXO0R o 1 S E R  AY X
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Fig. 10 Sedimentary evolution of the basins in the arcuate tectonic belt on the northeastern margin of the Tibet Plateau during Eogene to

Neogene

(a) Middle to late Oligocene Sikouzi period; (b) Late Oligocene to early Miocene Qingshuiying period; (c) Middle to late Miocene Zhang'enbao

period; (d) Late Miocene to Pliocene Ganhegou period (Paleocurrents in the Sikouzi and Ganhegou period are measured in the field, and the

paleocurrents in the Qingshuiying and Zhangenbao periods are referred from Wang et al., 2013)
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2022) o % g AT, DA SR BT 1 — 5 AR Y K
(=% ZE | LA iR N RN IL SR U (R N S R B e
7137 DA Ji& B 72 Sy % T IO 0 9 5%, (HL TR 3 55 A
Py PR X b JZ 2 B R A R T AR AR . 53 A, AP R
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