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Fig.1 The location and tectonic division of Ordos basin

I—H 4% s 2— gl T S 4%

1—Place name;2—structure unit border

RESE & HR &8 CTs 'V Ts ) 4 1A 9 4 109 &5
Sy HJRFER PR 2% TR IR 33X 48 T A oK 5 1 B

JEETUR A T b4 o b =8 G014 Y T
Toy' — Ty D HEM YL (T, v*) IKIFLL(T, v K

M (T, ), R E MRS R 2 (2002) 4 4E K 20
R AP =B HAHYETF Ty — Ty, E=
BHEHRA A (T, y°) KPR (Ts y') FRC 2 4
(Tyy") . KPMHE W RA.2002) K& — Jﬂﬁﬂﬁﬁift
BTSSR AT 7 28 B SN 14 0T R T
25 B sk ZMETUA 7 T v° Brdil A T;y Bt
FE 040 1 SE Ay b AR i DT RRURE ] RN B A A i 2 —
AR 10 AM)Z4 . B B P AR K 1l 24
EK 1024,

BB L 255 43 T SRR 22 3 2 b SE K 2H A8 6 1k
AT G A SRR AE TR E AR R AR X ik 5K M Ot
FOLTR T Z A T ED B AR JE R TR
BOL N AT A AL 5K G T Z T R i o
AR 8K 10 MZE4D B Th =& 5. "tk X i
TURTRE DL EHZE N = &g, B E K 41 LR S
R =S, K 7T 5K SHZHZ M HZERE N
P E=FERALER D,

2 fUR A L= X

2.1 MMESHIE

LA A ot BB H R DCBH 3 DX 36 S ARk 1Y 4
S EA 2 . AT AR AR T AR R 5 OC
W 3% Ak # (Balme, 1995; Litwin, 1985; Traverse ,
1988)  WFFE IX BRASAH Y7 A R W e K 7 - HIR
AR I 0D R AR B H A 5 AR B AR
TRRNFIRARA L A E DR SRR

1T 52 W B 305 3 1 52, =5 20 R 46 TR ih
MR 36 HAIER A 1 h)Z Aok, TR A IL Y
SE M 54 AR JE L B TE 150 R DL R RES A 58
oo K8—K10MZHEK 2—K 72 H MM H

F1 BREFAW=-BRERKAXNDEESR
Table 1 Stratigraphic division of Triassic Yanchang Formation in Ordos basin
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Fig. 2 The percentage of spores and pollen identified in the samples collected from Yachang Formation

at well Qing36 in Ordos basin
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Table 2 The clastic composition of Yanchang Formation in Ordos basin

. s o R (%) ZRERA
bk Jaf fiReD AN ERER BRER | HABnR %
K1 28.9 29.7 2.6 9.8 0.5 3.5
K2—kK3 27.8 43.7 2.5 7.8 0.6 6.2
At X Ki4—K7 23.0 44. 8 2.3 6.3 0.5 7.4
K8—K9 24.3 32.2 4.9 11.0 0.3 8.4
K 10 22.9 43,17 2.9 6.4 0.2 5.3
K1 49.7 16.3 3.8 5.6 2.2 3.0
K2—kK3 47.1 17.6 3.5 9.8 4.2 2.7
VG K 74 T b X K4—K7 44.9 17.3 4.0 9.3 3.6 3.0
K8§—K9 32.5 29.4 7.5 12.1 0.2 5.2
K 10 27.6 39.2 5.3 13.8 0.1 2.3
4 PrRE AL A B S 2 ALk Fit L
L= e
H A 5 3 A by ZE K 2O — A 58 #E 1  GE R e N i
(4424 ,2005; 8 K38 ,2005) & 7 T W1 HE DT 1%

I K e KWz L W 2R A BT T 5E B K
KGR HE AR P 8 5K 7
J2 21 22 1) A TR 5 A8 1 DA TR R 3 A 2 A8 1 B
EEIR Yt AP SEN

K 8—K 10 Wh)Z 4L UTRR A, & Hh Bk b AL i
T~ = AR YN ] B T R A DUR R85 5 A X
W YA 5 kS R AR e s
b RAR YA HRML. REK K SMEA
DURUI Y 3 4 v o0 IXOB5E 28 LA TB S JRC A S5 3800
AP ERE AR ZE ) bR LB AE R R E L
HEHET LA 5 L R TR IR R
T AL W LR A Bl i R DB B . AL AE
SRE—EM—E H EMXK IWZHREEF 5~10
m A GRIE LA AR 3R T 208 BRI ) — W
B A IR .

K 7 24T, DR R R AR TR AR Ak
F b PR TR 5 M 31 TR L R DX L AT DA
KE] 10X 10 km? A LU T — BB E R R4 H
HLTE 3 JBE 75 16 65 € 008 25 0 0T, 4 R ik R BT
2 PR E K 81 10 2 4L BT R 1 Sk —
P H IR A 1 PU R 7 1 3B A L+ oK FE AR —
IE T X G (6 e 5 T DU I AR A BT R T Gk
50~100 m(}& 3), K 7 yHZH IR Z )5 , #1450
TR KRS UG 5 Rz 91— 30

FE 7 PE R PG R S P AL X W S B S
A B 8 32 21 T R OB 5 I A A E
K 7 MR 2 AR H 0. 5~2 m B%E K 2 BUEE K
A G B s 1 7 32 AL EREE K A ) RAGBE AT

o 3 R L ik

&3 K 2 Wi Hh SE A 2H 3l DA 23 A R AE R
Fig. 3 The distribution feature of oil shale of
Yanchang Formation in Ordos basin
1—1& 7 2 20 TUE B BUE TR BE (m) 52— 9 Qi Z 4

TUETERE (m) 53— 1l 2 210l 5UE T i BUE 43 A 1 [

1—The thickness (m) of oil shale and turbidite of Ch7 oil-
bearing formation; 2—the thickness (m) of oil shale of Ch9
oil-bearing formation; 3—the distribution of oil shale and

turbidite of Chl oil-bearing formation

7 U B R B ST A K 2 0 i 2R S
IE o B A S 4 3 2 3 73 0BG Y i R L UL
JZ. REMTBIEE K G T R KOl 52 R0 8
15 B, 9 H 3 Bl 1 AR 107 W) BE KR )R AT i



1094 Moo

¥

2009 4F

F M PG VR 1) AR AR A 1) R R A (A 4D L 48
7N T 8 )2 2 DT AR AR 1 28 1l VY R RN PG 2% X Ak T
ANFRE (ARG 35 PR 4 3 S B 7K 8 il 2 AT
R UCRR A 09 B R AR 51 TR v 1) VY e 7 1)
TR TIL T2k, TR B 72 Hh P 5 74 g O 3R
AT ERARHE, R K 81K 10 2 AU K
FERIRART AR = I TOBUA R AR K 7 a2 T
R oAU i = A TR AR R (RB 55 774, 2008)
W 1) 7t 28 0 Ly 408 3% B R L 0 T A AT S 1 A
FIME T v = 5 1 g A P A A Sy AEARL I J) T M —
E IR YT SR TR 1% 4 DX O e A
2F e M T AF 5T B, 19805 2% AL 2F 45, 19955 i K B,
1998) . IeAh, AHLPY B2 S BIAE <) L BP SC AR TR 46
Hb 0 S I S AR AR SR T A R R TR (2B K
4F,2000) . I, K 7 WMIZHRHEE KA & 50K 2 W
b B = B v S ORI e A P ) 6 R
2 R SE B R IIE K.

5 ThES%E

VAL 3 2 WL S0 R 22 i 2 st B A IS 8 L1k 9 i

0 20 40 60 km

En o
_ 5K

N, _|BEREEEZES (M)
" Nltnffthickness contonr (m)
[ |

B 4 SRR ZHi AR A K 7 2R EE K S
S A R R BE I
Fig. 4 The tuff thickness at the bottom of Ch7 oil-

bearing formation. Yanchang Formation in Ordos basin

FHTRIATTRE SR 5K 7 2 HTRE 2R B
AP DX Ab L RAE T AR R R AR
(K 8. K 9 w24t , i F R o X A7 F 24 i)
(A8 4 L s DURR ) UKL B 20 L Jmy 8 & 7 Tl L I
IIZ B 2 a5 B ORIz IR K 7 )z
LR 5K SEMENT VU AR AT . DA L HG At e X ) 9
DU & a0 A G )2 A A R
FEHMEEE A RE R K 7TMZHESK 8. K9
MZ2H 22 5 B L S E T 2 B BRI AR
PIIEASCR K 7 2 H IR KM Em"AA =5
gt v ] X AR AR M 2 26 (2002) Hh = F G4 )1 4
PRI SR BRI A B =& Gk A, K 70K 8
FHZBMWER LA AR =85S E=85 R
LK 8K 10 MEHE Moy h =&, K 1—
K 724 R A =S, EKAZLMZEHY
N R LA R RN BRI 1,

SORZMAMERKAK 8. K OMBHEK 7
MZA 2257 TN E .

(DK 81K 10 il JZ 21 v #0853 57 BE AR Bk
KWy FrSaEdEs TR FED LR,
Punctatisporites  EERHES T . A =S #
KA G FRE s 7 )2 4L 2 R 2SR W 7 A
WY ALk & AT SR e A =S
B Duplexisporites F& .

Ok 8K 10 MZHM & A KB I 0 7
Kot Kagigms. A NS assl. 5%
SERGRYHMM M AR & BRERE I A5
E AR B R A 7 )2 R R R 2 R
Ko

(K 8 5K 7 ZA IR TR R
AT, K 81 10 il JZ 40 UL RBU a2 A X F
WL T KB = A AE R BT K 7 2
TR E 5 B v 22 W 35 . 2 b VG 2% 7074 R 2 A
AP GEVE B ST K 7 M2 IR LS .
TUBR G R A B3 1 % . il vUs s DT Y 1Y
JELRE 43 A R AE 2R B, DT AR v il RO Y SRR AR
Ph—H SRl 0] P g 5 ) L% AR T .

(O 7 2R E A T — BB K
JZ2 R A VY 2k VG R SR 3 SR RO A E L LA
ZHEM RN NARN RN 292 R BERKA TS
e BRI A S DU E B R 22 7
M EFHEE.

T B

O YRIT PhE L. 2 = e, B 19740 BRH T A0 A 0 i 5T A A



%8

MFH A SR A =& %S F =S5 E R LS 1095

LA O R
Z £ xx #

28 B3R XA . 28 K. 2006, BB R 22 i 45 H 75 36 340 5L (4 10
FE R R B 7 415 B HTT AR . 80(6) - 792~813.

R4 2L, 2 SORE SRHA SR R ARG L 4R ZE 7, Sk I8 . 2006, SRR 2 Wi 4
b A A 2 B R R R R IR L M A AT, 80(5)
656~663.

XTI XKL B, SRIEAL TS5, 2007, 5O fE 4L 43 17l K R
7 T 0 JEH 5 0 S b R 2 2 . 37(6) :896~900.

XS F5 1 W7 I X 4 B L D B, B8 30, AR A X #2008, SRR
22 30 A b = 7 R S A A 0 AR AL B RSB B e R R
P, . 10(2) :159~166.

KL%, 1985, Hilrsfm ER I =& AU 4 & & H )2 & M
WAk . 27(5) . 528~544,

BB SRR SROME B PH , AR L. 2006, B /K 22 U 4% Hh 7Y 0 il 1 iR
I 3 3R AL 2 R AE BB 2 42 . 80(2) £ 301~310.

£ &4 SBIERG AR5 . 2005, SRR 200 A0V M X 1 = & G 4T
K 2H DT RURE B AT i T S, Ay AR AR, 7(1) 34~ 44,

LAR %R K. 2000, L3 AR FF A8 . 6 T H
#t.55~119.

ORI R 2R, 2006. B AR =& RERK A FTIMFE A K B8
B AR ARAE. PURL 24, 24(3) :426~431.

VLAEWT , E KA BRIL. 2006 , Bk 78 4 1| i = 5 HE 76045 4 ) TF S O 3R 455
BOCd s 4R, 8(1):23~33.

2R AR R AR IH. 1995, b E 3 T EHEAE P RE. )N T AR R
FAR IR, 229~259.

XUAKE. 1986, M s 2= HUFE . 6o - b5 i At , 286 ~297.

XA T B, 2007, 85 BUR M T4 i X = & L AB 41 A 420 T
5H 7, 4:56~63.

X /W 2 R BT L R SRR SR B 1996, SR 22 7 7Y RS 4 i R
B TR A TR R B AL M BR2F IR L 70(1) 12~ 22.

XIHE AL i S 238 22 L 5K - E K. 2008. SRR £ Hr A b 2B B A
ZWiB Rl h KA. AR 597K . 35(2) 1 143~147.

WA, 1936, Pedb i Wb AR ik A s E A A, H R4

(2):1~49.
WA 1954, Bt R AU Z AU I8, MR AR, 34(2) £ 209
~215.

7Y 1980, =Bl fFAEM. WL« v [ bl SO R 27 I b J5T BIF S BT
B H T A b A 2 A . B JE s S AL 115~
204.

7 A B, it Sk PRk, 1983, [ = & 2 A AL A RRAE K
FOr DRI AR o [ SR 2 BE B 4T . 5. 81~91.

Mz EA L 1990, B AL iR =S 4B A AL . op I B R A B
M AR T B S A PR B RO A E S B i B ARL A B
L =B/ LM)Z KA AR ST PR RL 2 AR AL L 37 ~

56.
L M R 2 Gy 2y, 2002, 7 [ DB AU Ol B4R RO R BER. dL ot
M5 AL, 5~ 38.

VG A4 X Il J2 35 4 5 2H. 1983, 74 bt IX X dg i 2 3 (R 7Y A 4y
M. JEHT: M R A, 6~ 19,
i R I 1998, i [ i = A {46083 AR 0 A B O3 DXL ol A 2 4L 37

(4):428~445.

WA ta. 1956. Bt sh AT R B R #E. b a0 BE Ak, 5.1~
144.

KRZBE LB XL, 2000, H E LB LA G 8 A UL B
Jest B AL . 1~710.

FIK M TLAE AT /N 2003, B P S 8 i) I = 5 th A0 A 4 B T HG
PR DU 21(3) 1 434~ 440.

BRI, 2002, SRR 2 W 4 0 A4 35 38 A0 55 3l 0o A BUAR. Bt A il
Ay AL . 104~105.

W A2 . 2005, 5P IR 2301 4 4 B R AE 4 A D0 I R 2 R AR AL M
R, 2(44):369~372.

BRI, 228 % SRR EIE L AR L K E. 2007, SRR £ M 4
M b = G SE A 2 REAR B B D o it 2 S R AR B L b B
R, 81(2):174~180.

A S Bl R AL B AR 2. 2006, 3 B AR 1Y o6k SR 2K 2 00 d
BRI AR 3 DX = 2R T B0 BRI S A 1 4 A . TR 4. 80
(5):648~655.

XSO Wz TR R R 2003, BB R 22 W 45 i LR I 7 B
ZE G A R AR P AR A S5 T &, 30(5)
1~5.

r ] b 5 R} A G S 5T BT 1980, Bk H T A b P AR X R T AR .
R T AL 1~ 212,

Balme B E. 1995. Fossil in situ spores and pollen grains: an
annotated catalogue. Rev. Palacobot. Palynol. ,87:81~323.

Clarke R F A. 1965. Keuper miospores from Worcestershire,
England. Palaeontology, 8(2): 294~321.

Klaus W. 1960. Sporen der karnischen Stufe der ostalpinen Trias.
J. Geol. Bundesanst (Austria) Sonderber,5:107~184.

Leschik G. 1955. Die Keuperflora von Neuewelt bei Basel. Schweiz.
Palaeont. Abh. ,72.9~70.

Litwin R J. 1985. Fertile organs and in situ spores of ferns from the
Late Triassic Chinle Formation of Arizona and New Mexico,
with discussion of the associated dispersed spores. Rev.
Palaeobot. Palynol. ,44:101~146.

Playford G. 1965. Plant microfossils from Triassic sediments near
Poatina, Tasmania. J. Geol. Soc. Australia,12(2) :173~210.
Playford G, Dettmann E. 1965. Rhaeto — Liassic plant microfossils
from the Leigh Creek Coal measures, South Australia.

Senckenberg. Lethaea,46(2~3) ;127 ~181.

Rovnina L. V. 1973. Development of flora during the early Mesozoic
in western Siberia and its possible relationships with
synchronous floras of some other regions. Palynology of
Mesophyte, Moscow,38~41(in Russian).

Sakulina G V. 1973. Middle and Late Triassic miospores from
southeastern Kazakhstan. Palynology of Mesophyte, Moscow,
33~38(in Russian).

Schulz E, Hope R C. 1973. Late Triassic microfossil flora from the
Deep River Basin, North Carolina. Palaeont. B, 141(3~6):63
~88.

Traverse A. 1988. Paleopalynology. Boston: Unwin Hyman, 1~
600.

Visscher H,Commissaris A L. M. 1968. Middle Triassic pollen and



1096 O ¥ 2009 4F

spores from the Lower Muschelkalk of Winterswijk ( the Netherlands). Pollen et Spores, 10:161~167.

Discussion on the Stratigraphic Boundary between
Middle Triassic and Upper Triassic
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Abstract

Considering the dispute over the Yangchang Formation classification, a comparative analysis and
investigation was conducted. Sporo-pollen assemblage, petrologic characteristics and basin evolution all
suggest the distinct differences between the Ch8 —Ch10 oil-bearing formations and Chl — Ch7 oil bearing
formations. Sedimentary period of Ch8 —Chl0 oil-bearing formations is characterized by even landform,
well developed rivers, deltas and shallow lakes, and low sandstone maturity. Analysis on the samples from
the Ch8 —Ch10 strata shows that the sporo-pollen is dominated by pteridophyta spore, with high content
of Punctatisporites one of the significant members of sporo-pollen living in middle Triassic up to 50. 5%.
However, the deep lake widened expeditiously at the beginning of the Ch7 depositional period. The quartz
content in the Ch7 sandstone increases significantly, resulting in the corresponding change of rock types in
the west and the southwest. Therefore, the sedimentary system in the west and southwest margins of the
basin are evolved into alluvial fan and fan delta from braided channel and braided channel/delta system.
The biotic community is characterized by the appearance of Duplexisporites-an important member of sporo-
pollen assemblage in late Triassic. In addition, a suit of tuffs distributed at the bottom of Ch7 in the
western, southwestern and central parts of the basin records geological events such as syn-depositional
volcanism and magmatic activities, which are the important features of early Indo-Sinian movement.
Consequently, the stratigraphic boundary between Ch7 and Ch8 oil bearing formations can be regarded as
the boundary between mid-Triassic and upper Triassic as well as the representative of the first episode of

the Indo-Sinian Movement.

Key words: Yanchang Formation; sporo-pollen assemblage; sedimentary evolution; tuff; middle and

early Triassic; stratigraphic boundary





