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Fig. 1 Location map of sikeshu section in western section of southern margin of

Junggar Basin(from Zhao Leqiang et al. , 2018&)

R 1 AEBRAMORKMI ABRHSE
Tible 1 Sporopollen content of the Sikeshu profiles in Junggar Basin

U 47 hk(%) | HBAR Gl () | 0B AR h(%)
BRI AN Cycadopites subgranulosus 0.70 Cyclogranisporites sp. 0.70
Caytonipollenites pallidus 0.35 Cycadopites follicularis 0.70 Osmundacidites parvus 15.38
Abietineae/ Pinuspollenites spp. 20.98 Cycadopites carpentieri 1.75 Osmundacidites diversispinulatus 6.99
Podocarpidites spp. 1.05 Cycadopites dilucidus 0.35 Osmundacidites wellmanii 0.70
Quadraeculina anellaeformis 0.70 Cycadopites latisulcatus 0.70 Osmundacidites granulata 1.75
Quadraeculina limbata 0.70 Cycadopites typicus 0.70 Osmundacidites elegans 1.75
Quadraeculina enigmata 0.35 Cycadopites pyriformis 0.70 Osmundactdites nicanicus 0.70
Paleoconiferus asaccatus 1.05 Cycadopites spp. 1.40 Osmundacidites spp. 6.29
Protoconiferus oviformis 0.70 Chasmatosporites elegans 1.05 Converrucosisporites sp. 0.35
Protoconiferus flavus 0.70 Chasmatosporites hians 1.05 Verrucosisporites spp. 1.05
Protoconiferus funarius 0.70 Chasmatosporites spp. 1.05 Apiculatisporis sp. 0.35
Pseudopicea magnifica 0.70 Perinopollenites sp. 0.70 Neoraistrickia sp. 0.35
Pseudopicea rotundiformis 0.70 Classopollis annulatus 1.05 Lycopodiumsporites subrotundum 2.10
Piceites spp. 1.40 MR AER Bt 49. 65 Asseretospora parva 1.40
Protopinus subluteus 0.35 et e Asseretospora gyrata 0.70
Pseudowalchia sp. 0.35 Deltoidospora spp. 3.50 Limatulasporites limatulus 0.35
Disacciatrileti 2.80 Todisporites minor 0.35 Bayanhuasporites sp. 0.35
Cerebropollenites mesozoicus 1.75 Cyathidites minor 2.80 Laevigatosporites sp. 0.35
Concentrisporites fragilis 0.70 Sphagnumsporites minor 1.05 BRI AT B3t 50.35
Callialasporites dampiert 0.70 Torisporis sp. 0.35
Psophosphaera spp. 1.05 Granulatisporites sp. 0.70
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Fig. 2 Stratigraphic histogram of Sikeshu section
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in southwestern margin of Junggar Basin

oA, b 33.57%, MR 0. parvus, O.

diversispinulatus , 0. granulata , 0. elegans & s OB B
fFmA—EFE, N 6.29%, 145 Deltoidospora Fl
Cyathidites minor ; Jo 373 F 2 R/ sl RN EL, 40
BAARLZ Neoraistrickia , £1 ¥ FF 2. Lycopodiumsporites
subrotundum L. paniculatoides, T 4 1> Bl 2
Toroisporis VA X Granulatisporites , Cyclogranisporites ,
Verrucosisporites , Apiculatisporis, Asseretospora parva,
Limatulasporites limatulus , Bayanhuasporites %5 £ 7%
JEF
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Fig. 3 Palynological plate of the Xishan yao Formation in Sikeshu section, southern Junggar Basin
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1—HJBHL( RFEM) Torisporis sp. 32 ~5 13—/ 1 Cyathidites minor Couper , 19533610 21—\ SE )45 71 Asseretospora parva (Li et
Shang) Pu et Wu, 1985;7.9 26—t [& A1 #Af Lycopodiumsporites subrotundum ( Kara—Mursa) Pocock , 1970 ; 8— 5 4k 5 ¥Af Lycopodiumsporites
paniculatoides Tralau, 1968; 11, 12,16, 22 24—/ 2 1 Osmundacidites parvus De Jersey, 1962; 14 29—7% Ji| 2 H ) Osmundacidites
diversispinulatus ( Klimko ) Zhang et Miao, 1984 15— 5] JE B g 41 (R E Fh ) Verrucosisporites sp; 17 . 28—k 1 L FH AL Osmundacidites granulate
(Mal. ) Zhou, 1981 ;18 ~20 .23 25— £ H 1 Osmundacidites elegans( Verb. ) Xu et Zhang, 1980;27—15 675 Y6 Limatulasporites limatulus

( Playford ) Helby et Foster, 1979

2, FE N/ XUR NS Abietineae/ Pinuspollenites , IX
A Podocarpidites, Quadraeculina anellaeformis , (.
limbata, Paleoconiferus  asaccatus,  Protoconiferus
oviformis, P. flavus, Pseudopicea magnifica, Piceites ,
Protopinus subluteus VA J2 Disacciatrileti ; 5. 35 F J& U5
T2 46 By A B R, 100 14%, /T A I
Cycadopites subgranulosus, C. carpentieri, C. typicus,
C. pyriformis %, J5 7 W. Chasmatosporites elegans , C.

Gy KRy T 2 0 s E A W K,
Classopollis  annulatus, 12 Bt Z  Cerebropollenites

mesozoicus F1 Concentrisporites fragilis, Fd £ 2 B 2

hians

R2HGFRPASHEAMHKEREE

Tible 2 Pollen types and content of assemblages in the early Middle Jurassic

Callialasporites dampieri F1 Psophosphaera %% .
2.2 HuERRHCITE
TEH G, R T SRR TR AE R & &
KA, TR A h— e e o719 & i S H
I3 A A EE— 2B Y A RIS LE
WA W) T LA Osmundacidites &5 & 5% 15 ,
Osmundacidites TE 11— A AL 12 434, 720 E B
SR A s o E DO S = I (B et D2 G
D2 A KB/ (PR e A R EARA R TTTL RE S
BHERLI] 18. 4% (#1E4F,2007) | 480 4 L LR 2
T & & 9. 44% ~ 15. 69% ( 22 45,2021 ) , it
B3 R R LY 1 A
HE17.6% (PME, 1989) (SR Z M

Horp PR & A RO HE 22 2 bR Y

MEEL I | b SR | VB R A | BERORA | MR A . N
R T | 10. 98% (ML BT 56,2017 ) | = ¥ 2 b
ufith | 1om wo | o | FE TELLE S 36% (I, 2002
4 1999 1989 41990 | 2003 Tl mem s 36% (B lE, ) o
B R (%) Lycopodiumsporites 75 % iy b w55 in 2% M
ﬁ?*i%¥@% ;? i 18 75(2'182 1) ié’f IJ_?61?:% 42 T;98 8) 520.8305 X *H&E‘]ﬁéﬂ% hRE ’ fEFC[E BRI
yathidites . . . ~ . . "
Deltoidospora 9.1 2.5 0~9 0.1 3.50 E‘*ﬁim ‘{/ﬁ;%;ﬁ g%:ﬂﬂ‘ EPH%E ﬁﬂl—j‘% I:F‘
Cibotiumspora 0.5 0~4.5 %Kﬁﬁﬁo ﬂn : T:Eiéijig% q:"ﬁi? ﬁgﬂ
Todisporites 0.3 0~1 0.2 0.35 % |:F| 0.3% ( X“]JJEQE ,2003 ) ; r,ﬁ; []%;Rg%:im
Osmundacidites 1.2 17.6 0.5~3.5 33.57 I S ST
Neoraistrickia 1.6 1.4 0~3.5 0.15 0.35 EUJ%EZE‘ 1% ~ 13%<9K$:F‘#’ 1990)0
Lycopodiumsporites | 2.2 2 113 0.3 2.10 Neoraistrickia 3 B2 5 W 7E o4& & 1,
‘Densoisporites 1.9 0.6 0~1.5 ﬁn . Yﬁ;%h—(ﬁfm I:I:hﬁiﬁjn ﬁ?/ﬁ)ﬂgﬂé I:FI 0~
WM ER 49.2 SO 49.65 3.5 (W4 1990) | 147 L 5 91
Cerebropollenites 1.7 1.3 0~5.5 1.5 1.75 ’ ’ ’
Callialasporites 0.9 0.7 0~1 0.1 0.70 RS R G B 1. 4% (PN,
Pinuspollenites 1 1.4 0~4.5 2 1989) , eI INZEHO0~1.4% ( F ik
Piceites 0.7 0.4 1~11 1.3 1. 40 S . g N %EPTEP
Protopicea 0.2 0.2 5.1 47, 1998) o Cyathidites % t
Pseudopicea 0.5 0.4 26.8 .40 R 222, AR Y R 27 228
Podocarpidites 0.9 1.2 0~9 2.4 1.05 b2 AR A AR, TE TR [ E S /R 235 7
b || 9.2 |12 0160 L g SRR A (.
aleoconiferus .5~ . o o e .
Protoconiferus 0.2 0.6 0.3 2.10 ﬂnrﬁ;ﬂ%;ﬁﬁi&@yﬂ%%@ i %ﬁ—gﬂ/‘ﬁ\gﬁj
Pseudowalchia 0.4 0.35 18. 1% ~78. 3%( ilJ;EEE, 1990) H f'ﬂfﬂgﬁj_{
Cycadopites 27.2 23.8 0.5~24 2.1 6.99 ﬁiﬂz@m%gﬁ 3% ~ 65% ( Iﬂ/(%qz‘%’
Eucommiidites 2.7 0.4 0~1 0.2
Perinopollenites 0.2 0.5~3 0.1 0.70 1990)
Classopollis 0.9 0.2 0~1 0.8 1.05 Cycadopites 72 3% E L 77 F 4k &

A S R EEH T, ke
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Fig. 4 Palynological plate of the Xishanyao Formation in Sikeshu section, southern Junggar Basin



TR S5« VR ES I 7 PG T 5 DU RS Ml DX 1L 7 AR 2 Bty AR 75

1—FR P8 sE R A Classopollis annulatus ( Verbitzkaja) Li, 1974 ;2 B—RET O Chasmatosporites elegans Nilsson , 1958;4—JL I8 ( ﬂiﬁiﬂl)
Chasmatosporites sp. ;5.7.9 11 —W{FF ] 1 ¥} Chasmatosporites hians Nilsson, 1958 ; 6—V J5UKL 75 2k ¥} Cycadopites subgranulosus ( Couper )
Bharadwaj et Singh, 1964 ;8— K375k Cycadopites carpentieri (Delc. et Sprum. ) Singh,1964;10,14 16 ~19 —H1 A JKTE K} Cerebropollenites
mesozoicus ( Couper) Nilsson, 1958 ; 12—/N4E IRk M} Cycadopites follicularis Wilson et Webster, 1946; 13—ZF4IE 18 K} Cycadopites pyriformis

(Nilsson ) Zhang , 1984 ; 15— & BEH} (AR ER) Perinopollenites sp. ;

LRIV LA A R ) 23. 8% (PN, 1989) 5 7E
A AALILTE LA A& R 16.3% (X142, 1993)
Quadraeculina GHET =S4 F A, F24
TEHERZ I, Perinopollenites 7R3 [E . (k2 i)
oA (£ 2),

WA FEA G =/ L Fist i FHEAHE, B
ETERARS MR Th SR A =& 201 ek
PR LA HUZ A R gk IRk H T A A
G HTIRMENES R AP I A A (XJRAE, 1990)

10

&2 AL PE I A (PG, 1989) SFER AR I
MWZAET, WARER=SLMERT T, [FAT,
HE DT EE RN 228 Wor+, L HE P HRY
o HEit, AT HERR 8 T RAR P AT RE . DAk, 4
G Classopollis 71t HA 1. 05% , {HJ2& 76 70 5 37 5t
rh R 2 TR I 2H A o A B e v, HLA e Trh
PRE RN an . 78 58 v AR 2 B Classopollis
Frim A 0. 2% (9ME, 1989) , i 7E H 4R 2 i b &
BNKF] 19.2%~28.2 % (FlE, 2002) ;BEPGHE B

P15 B J0% £ b T 5 U AR ) T Y 1L 25 2 603 15T Rl
Fig. 5 Palynological plate of the Xishanyao Formation in Sikeshu section, southern Junggar Basin
1~3.12 —F/XUR M Ky (K & £ Flt) Abietineae/ Pinuspollenites spp. 5 4—18 FL A2 ¥ (K %E Pl ) Pseudowalchia sp. ; S—A i DU - 5
Quadraeculina enigmata ( Couper) Xu et Zhang, 1980; 6—% W ¥ Ky ( K %€ Bl ) Podocarpidites sp. ; T—¥% B¢ JEL 4R #5 B Protopinus subluteus
Bolkhovitina, 1956 ; 8—EL i1 WU ¥} Quadraeculina limbata Maljavkina, 1949 ; 9—& 44 #i J& 4 #5 1 8} Protoconiferus funarius ( Naumova )
Bolkhovitina, 1956 ; 10— J& 5 45 A3 483 Protoconiferus oviformis ( Qian et Wang) Song, 1999; 11— JE U = K} Quadraeculina anellaeformis
Maljavkina, 1949 ; 13— (4 JFARFARIHMT Protoconiferus flavus Bolkhovitina, 1956
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Tible 3 Paleoclimatic significance of sporopollen of the Xishan yao Formation T AR R SR KT
in southwestern Margin of Junggar Basin 7 B A AT DL HEDN 24 M 58
i # TP 2EA! S TR TEBIREE| (%) S AR .
Osmundacidites | HF} HLAR HHT B il T HE 33.57 TR o7 A — I 3
Cyahidites | RSWRY |G| ME-GAGE | WRE-EE | WE 280, T T "
Deltoidospora RERDEL AR AR | - WA 3.50 Lt E(J o 3 W o A R %il'
Toroisporis 5410 F} iR Py - Al WHE A 0.35 Osmundacidites {E’\\ ﬁ: 33.57% ,
Neoraistrickia LR FAR WE ARG =Rl pLiipin2 A 0.35 HM&*E % ﬂ‘:’ ?E 7k 3‘5 % é}, %ﬁ
Lycopodiumsporites Ve HA 17 % e TR A 2.10 R e TS ‘E’l HH 0 VT

Podocarpidites | BULEFY | BUPR | Wi | ek | vos  PEAHT SRR SR R
Cycadopites | JRERRL | WRE | BGE-SGE | WE-RE | e | e X, W A B B P B OB
Cerebropollenites R LI W - | - 1.75 Cyathzdltes é‘\ i 2. 80% ;H\: *E

Classopollis | EBEIZRL | #HUERR | Hulls— e TR S| 1.0 , \ ’

Ik w2k 3
Protoconiferus AR EF bk Py - Aty PR i 2.10 %ﬁ = j‘j B ’i ] [H— 7':}]( ’ ﬁm ‘*‘&
Piceites BARE | EPRERR | He- e R g | 140 LR ENE X DR R
Perinopollenites okt [IRIR kit W A 0.70 Cycadopites /E.'\ % 6.99 , /E\: ?\7 PI%L'
Callialasporites | T ARt [N Pty T5 B4 0.70
% 4 s
Todispories Wk mm—wa | omw | owe | oss ORI M T RGE—IE
s N .

Cyclogranisporites AR Py —iRay W A 0.7 ;:.’?E‘T‘E' i‘H_j, X H 1"& *4’ P rotocomferus
Quadraeculina £t kit A 1.75 ﬂil] Piceites ﬁiﬁj\%uﬂ\j 2. 1% *l]

IEZZH R 0. 9% (FHRUIHAE,1999) , = Jh ) fr
R B G R 19% ~ 289% (#EIEE, 2002)
I, A A i RE R TP RS T . 25 BRIk
T AR T rh AR 2 i B4

AL G AT 5B = A 3 R RS I
Cyathidites
Quadraeculina 415 %F b (802 ,2002) , Ffa] A

(1) BREAIFE T, Osmundacidites 175 5 %
L ARIAEN T 30% L 1o W o A RO RN I
B, W Cyathidites Deltoidospora,,
Osmundacidites %; /0 & s & 2 1 W W A
Lycopodiumsporites , Neoraistrickia V) St — %6 BT i |
AT AN

(2) BT AEY AEA AR RIS W S BEAEH h 22

Abietineae/ Pinuspollenites ,

minor—Osmundacidites—Cycadopites—

minor,

Podocarpidites ,
Quadraeculina, Protoconiferus, Pseudopicea, Piceites,
Protopinus %5; H e & ®wm &b E B A MWEAE
Cerebropollenites 1 Concentrisporites, Cycadopites Fl
Chasmatosporites A ; EEERE T Classopollis .

AR RS AR b, AR 2H 5 B b 5T AR Sy
e % 1 L1 ( Aalenian ,ﬁﬂ—Bajocian A ), D AVES]
PO LA AR
2.3 HEHEHSERT

H W o3 A 2 BV R, T A MR oA
IR BN RS, R IC S T s Y

14% HEZAERET R H
FROE R 2R 85, 2r An T RO AR 2R
Cerebropollenites , S AT G B s B U R
Podocarpidites JEF AR, 23 A T8y il 28 4+
B R RS ARE BIAAN EERZ B Classopollis 11
MR Callialasporites , 1E 2 & h & m AR /> A
REN LR IS B 1 0 1 SARBUEAE Y e
TR P AN B SR RSB DR
R BRRE AREL B TR TREREE 2R
RS TR D G AXER (K 3) o Bk, A Ak
AU S e 18 g s 3 I R ) Aty — 7 B <
fi o 3% 5 K FE AL T7 AR 2 S i T B e D e
DXAHAT (AR IERL,2017)

3 %5

FRYH G PR T SRR TR AR R
KAAR Y, PRI Y T LA Osmundacidites % it
SRR s BRTAEA) ARG S T S AR & B dic g o %
TR LB RPAE 3 A X B 000 3t J5 i) AR Sy v 2
it .8 ( Aalenian Eﬁ—Bajocian ), AR5 7 L
AR, RIERH S H RIS 7 L F-#f e oA
TR PR DR AR 231, DR 2 A
F kI P 1 B — I PR A

B : AR A A iy R B R b T AR M E S
JIT TR ST 5 S E , TEAT: S R A A i e K i T
F ot TR IR —— 2
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Assemblage from the Yan ’ an Formation in Binxian, Shaanxi

Palynological assemblage from the Xishanyao Formation in Sikeshu area,
southwestern margin of the Junggar Basin, and
its paleoclimate significance

CHI Jiangiang" , JIN Jun® | XIAO Jinan” , LUO Zhengjiang® , SHI Tianming” ,
Aliya® , ZHOU Xiaohu" , XU Shuaishuai"’ , FENG Ting”
1) Department of Geology, Northwest University, Xi” an, Shaanxi, 710069
2) Xinjiang Oilfield Company Experimental Testing Research Institute, Karamay, Xinjiang, 834000;
3) College of Chemistry & Materials Science, Northwest University, Xi’ an, Shaanxi, 710069

Objectives: The Sikeshu sag is located in Wusu City, western part of southern margin of Junggar Basin,
which contains rich oil, gas and coal resources. The lack of fossil evidence restricts the determination of the
geological age of Jurassic strata in Sikeshu sag.

Methods; The sedimentary environment and palynology of the Xishanyao Formation are analyzed, the
paleoenvironment is reconstructed, and the vegetation succession and environmental evolution during the Middle
Xishanyao period are discussed.

Results; The lithology of the Xishan yao Formation is mainly argillaceous fine sandstone, light grayish green
mudstone, siltstone and mudstone. The Cyathidites minority —Osmundacidite— Cycadopites—Disacciatrileti ( COCD)
spore assemblage was established by analyzing the sporopollen fossils. The contents of fern spores and gymnosperms
pollen in the combination were roughly equal. The fern spores were mainly Osmundacidites of opteraceae, while the
podophylla spores also had a certain content. Other common molecules included Delioidospora and Neoraisirickia ,
and the gymnosperms were mainly conifer and cypress pollen. All are common species of Jurassic in China.

Conclusions; Based on the analysis of the palynological flora of the Xishanyao Formation, it is considered that
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the palynological assemblage of the Xishanyao Formation belongs to the early Middle Jurassic. The palynological

flora of the Xishanyao Formation reflects the characteristics of warm and humid tropical —subtropical climate, and

the vegetation type is mainly coniferous and broad—leaved mixed forest.

Keywords: sporopollen assemblage; the Xishan yao Formation; biostratigraphy; Junggar Basin; paleoclimate
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