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Abstract

The Ordos Basin, which is situated in the north part of China, is one of the largest basins in terms of natural gas resources in China.
Most oil and gas fields were found in clastic rock of Carboniferous, Permian, and Triassic horizons. It was demonstrated that gas
found in the top of Ordovician carbonate weathering crust in mideast Ordos Basin was from the overlying coal-bearing strata.
However, natural gas accumulation from marine source rocks in Ordovician was found recently in the west margin of the Ordos Basin.
The purpose of this paper is to describe the geological conditions of gas accumulation in the Ordovician in the west margin of the
Ordos Basin and the identification of the Petroleum System.

The marine source rocks occurred in the Kelimoli and Wulalike formations of the Ordovician which consist of shale, mudstone, and
marlstone, and are mainly distributed in the west margin of the Ordos Basin where sedimentary environments are deep ramp faces.
The thickness of strata ranges from 20 m to 200 m, the thickest deposition occurred in the west part and the thinnest in the east.
Deposited in marine ramp settings, the shales are rich in organic matter and the TOC ranges from 0.19% to 4.55%. The kerogens are
dominated by type I or II and the biological type is mainly the original marine invertebrates and algae. Thermal maturity is mostly in
the range of 1.4 to 2.8% Ro.

Limestone bedding karst cavity reservoir in the Kelimoli Formation and beach face dolomite reservoir in the Zhuozishan Formation
constituted the main space for the gas accumulation. The bedding karst cavity reservoir, with the average porosity between 4% to 6%
and the permeability between 0.1x10™ um? and 2.0x107 pm?, is the main gas reservoir while the dolomite reservoir mainly produces
water. The limestone bedding karst cavity reservoir is mainly distributed in the west with the thickness between 60 m and 170 m and
is interbedded with the source rock while the dolomite reservoir is mainly distributed in the east.
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The overlying coal-bearing strata, which are continuous and widely distributed, prepared the high quality, good cap rock. The vitrinite
reflectance values and the homogeni zation temperature of fluid inclusions suggest that the onset of the oil generation started in the late
Jurassic and gasin the early Cretaceous. There is a good exploration potential in the future.
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2. Source Rogk Terms &9

Statistics of organic carbon content in the\\(ulalike

_ Thickness Mudstone (WT. %) marlite limestone
Well or Area Remarks

(m) Range Avg. (Num. ) Range  Avg. (Num. ) Range  Avg. (Num.)

Pingliang 41.3 0.07-1.08 0.56 (21) 0.24-0.44 0.35 (6) 0.03-0.33 0.19 (13) _
data from

Shibangou 20. 0.09-0.82 0.31 (10) Chen.

1.,
Ren 3 0.15-1.20 0.67 (6) 0.31 (1) 0.08-0.15 0.11 (3)  °

Zhuozishan : 0.88-1.22 1.09 (3) 0.11-0.69  0.26(14)
Na | 0.19-4.55 1.46(37)
0.30-1.16  0.51(19)
2.39-2.42  2.41(2) 0.22-1. 80

0. 10-0. 32

\\ MudStone is the main marine source rocks. //
»JIhe TOC ranges from 0.19% to 4.55%. <
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environments are deep ramp faces.
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“?I\'he thickness of Wulalike source rock
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2. Source k Terms &
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// The data of carbon isotope value
Debth 513C ( PDB , %o )
/ Well i (m) i c1 c2 c3 ic4 nC4
4 Yul 4083.0-4085.0 Kelimoli -27.17 -25
LT1 2832.0-2837.0 Ma5_7 -23.78 -19.72 -19.72 -20.45
T1 3934.0-3940.0 Kelimoli -34.26 -25.71 -20.45
Su360 3981.0-3989.0 Kelimoli -33.29 -21.43 -24.51
Su357 3958.0-3961.0 Kelimoli -33.32 -24.53 -22.94
S255 3443.5-3456.5 Ma5 1 -33.73 -26.35 -25.81 -20.61 -22.07
S277 3070.0-3072.0 Ma5_3 -32.74 -25.26 -24.52 -21.05 -21.84
Su203 3919.0-3926.0 Ma5 5 -33.56 -26.46
Su361 3692.0-3710.0 Shanxi_1 -33.71 -24.48 -24.26 -21.39 -21.61
‘\ Tiel 4157.0-4161.0 Benxi -30.10 -24.91

The gas founded in Kelimoli FM. is from Ordivician itself. //

The.gas is not from the overlying coal-bearing strata '

The carbon isotope value of methane from the overlying coédl-bearing strata ranges
from 34\84%0 to -31.85%o at large.

The carbo‘m’ggtope value of methane from Kelimoli f ation in well Yul is -38.92%o

C‘\,\\ //
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Resgrvoir characteristics of Kelimoli FM.
/

bioclastic limestones
Brecciola,

algal limestone,

Dissolve freckle dolomite

Area About 6500Km?
[ )

Bedding atmospheric corrosion
Burial dissolution modification

Karst cave
Pore type dissolved pore
e Intergranular dissolved pore

Permeability 0.1 ~2.0x10-3um?
~
-

Rock type

Karstification

Well T2 grain limestone
Dissolved pore cave developed.

Well E7 %50 times
Grain dolostone
Intergranullvw

D

F'lne-grained dolomite

ssolved pore cave developed

Well T2 x75 times
finely crystalline dolomite
Intergranular pore
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3. Reservoir-€ondition
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Karst Evolution Model

<t

20 km

0 5 10 15

AL N

ST

.,,,/,.,,

R

R

..,_i
N

5 | QAR

Sc///
(X

Ty
BTN

A

A

T

.
N
A

RS

()

)

T

U5y
Lty

4
|\

\

;,

<S
=

AR

|
il

W N

i
;

® Micrite

@ Dolomite

)
=
E ¢
© 9
O 7))
eecvu,
=
@ bt
D% D
cog &
0 X L
©@O®
)
c
S
iok
s23
%Sm
ESE
=0
O@E

=




@ /3/ Reservoir€ondition
Differént seismic responses for two \ 7
kinds of karst caves ; e YO s
The seismic response of small and
medium-sized karst caves is that the
feismic amplitude enhance. Small
ffractures and tiny cracks developed in
the top of the caves. With good cap
layer of overlying rock, those fractures
‘developed good reservoir strata.
|

\

The seismic response of large karst
cayes is that the seismic events mix and
dis"qrderly array. Large fractures and
faults developed around the caves. The
caves'were filled by collapse breccia and
argillace\% rock of the mixed deposits.




3. Reservoire
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Tﬁe Thickness Map of Kelimoli Fm.
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/ the thickest deposition occurred in the

west part and the thinnest in the east .

\‘ The formation wedges out to the east.
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\,\The thickness of Kelimoli FM. ranges
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from 20m to 200m.
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3. Reservoir-€ondition
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3. ReservoIire

stratigraphic correlation diagram
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(1) Flufd inclusions of two stages eloped

Hydroc:/aflson inclusions develop in secondary diagenetic miner
Exis;;jhg the process of oil and gas migration.
/

Plane polarized light Ultra violet excitation fluorescence )

T1 well Kelimoli FM. _
‘a,%a);d liquid hydrocarbon inclusion Light blue fluorescence

\\% | PIang polarized light : 3 Ultra violet excitation fluorescence gy

deve gd in vein calcite
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temperature is between 1

O Samples from recrystallization calcite
O Samples from holes filling calcite
W Samples from vein calcite
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\ Fluid inclusion homogeneous temperature histografh indicates
at the main temperature is between 115-145°/C/2elsius degree.
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'J?‘ée stage of late Jurassic

/
/’ The early stage of the
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Thé Wulalike mudstone is not only \
ﬂp{e source rock but also good local The events chart for the speculative Wulalike-
Cap rock. Kelimoli(.) petrc){eum system

,‘fThe Kelimoli imestone is the main “-“.IIUVE
‘/ reservoir rock. ......

The overlying coal-bearing strata . Rk
widely distributed prepared the N R“‘“-“““ i
good regional cap rock with high

\‘ guality.

\ The overburden rock layers include
\ the late Carboniferous, Permian
‘and all the Mesozoic and Cenozoic.

Al
Al
\\‘

\ 4
J

LitholQgy lateral change in Kelimoli FM. is the main fact/O/ o control the traps.

The presé\rv@'[\ion condition is good.
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@ Conclusions &

'I;h/e Whulalike mudstone is the main source rc&
Vi

\
,"/The Kelimoli imestone with karst caves is the main reservoir rock.

/
/
I The permeable-storage space mainly consists of breccia filling in

I the bedding karst cavity or fractures beside the karsticaves.
‘ The Wulalike mudstone and the overlying coal-bearinp strata

. widely distributed prepared the local and regional caﬁ rock

\ separately. /

J/

¥(he critical moment for hydrocarbon charging rarg’ées 160Ma-

/
12\3%& large. /
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