(973 )
( 2003CB214602; 2002CB211703)

——1 500000

oooon



(CIP)

— ; , 2005.4
ISBN 7 -116-04291- 1

- .P618.110.2

CIP (2005) 017896



P

oo oo

° o
N

A W N P

© N oA NN P PR

DT AIDEEBNRYYRAYNERNRL BB B
d & © W O © o N & & B 0O 01 Ol B N N W O



Contents

Introduction
1.1 Research history and status in brief
1.2 A summary of the research and mapping program
Tectonic cycles and tectono - stratigraphical classification
2.1 Tectonic strata of crystalline (geosycline type sequence) basement
2.2 Covering (platform type squence) tectonic strata
2.3 Tectonic strata of faulting and depression basin
Main deep - faulting system
3.1 Deep faults within the Ordos Block
3.2 Bordered deep faulting system of the Ordos Block
Geotectonic units
4.1 Ordos Syncline
4.2 Western Ordos fold - thrust Belt
Palaeotectonic stress fields in the Ordos Basin
5.1 Tectonic stress field of Indosinian Movement
5.2 Tectonic stress field of Yanshanian Movement
5.3 Tectonic stress field of Himalayan Movement
5.4 Geodynamic background of pal aeotectonic stress fields

Coal - forming palaeogeography and depositional evolution of the Ordos Basin
6.1 Late Palaeozoic coal - forming environments and palaeogeographic outline

6.2 Generationa evolution and coal accumulation of the Ordos Basin

6.3 Cod - forming conditions and general reqularity of coal accumulation

Coal and Coalbed methane (CBM) resources in the Ordos Basin
7.1 Coa resources
7.2 Coabed gas resources

Acknowledgements
References
English Abstract

©o N o0~ BN PP PR

DT AIDEEBNRYYRAYNERNRL BB B
d & © W O © o N & & B 0O 01 Ol B N N W O



1.1

1868

[4 8]

25x 10*km’

1 200000

B .A .O6pyueB

» [17]

(

[23,24]

F.von Richthofen 1871

C.Theihard

[9 11]

15

[16]

»[18  21]

[25 28]

19
2
F. Lecent[1 ]
[12] [13]
[22]
[29 32]

B.A.GfpyueB

[14]

[33]

1892

20

[15]

R. Pumpelly

[3]

50



20

[37]
[41 48]

[61 63]

[46,70 83]

1.2

35.54%
(973

"

26) “

[38,39]

[49 60]

[84 107]

: 2001BAGO5A - 07 - 01)

[25,26,36,64 70]
20 80
[108 110]

[34 36]

[40]

: 2003CB214602; 2002CB211703)

: 93 -

1 500 000
)
-20821) “
: 91-54) ¢
: ;92 -
: : 49472126)



1 50 000
1 200000 1 500 000 1 1 000 000 , ( )

[111 115]

1 500 000 :




(
/
205Ma
» [21] “ » [24]
( ) ( 2-1)
( ) ; ( ) ;
2.1 ( )
( )
(QX) (FP) (LL)
2850 3000Ma
( )
( )
( ) ( ) ( )

2500Ma

1800Ma



1800Ma

1800Ma )
1400M a
2.2 ( )
2.2.1 : —
(G)
( : 600 1000Ma) ( . 846.9Ma)
( )
( )
3
(G1-1)
(G-2)
K- Ar 1289Ma;

(Gi-3)



2-1

Table 2 - 1 Showing regional stratigraphic ssquence, tectogenetic movements

and tectonic stages of the Ordos Basin
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Table 3 -1 The data of main faults from the Ordos Basin
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Fig.3- 1 Main faults system of the Ordos Block
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Fig.4- 1 Geotectonic units of the Ordos Basin
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Fig.5- 1 The principle stress direction of the tectonic stressfield of the Indosinian

Movement in the Ordos Badn
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Fig.5- 3 Theprindfde stress direction of the tectonic stress fidd of the Yanshanian Movement in the Ordos Basin
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Fig.6 -5 The isopach map of the Permo - Carboniferous coals in the Ordos Block
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6-6 Toarcian—Bgocian

Fig.6 - 6 Padaeogeography from Toarcian to Bgocian in the Ordos Basin
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Fig.6 - 8 Early Cretaceous palaeogeography of the Ordos Basin
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Fig.6 - 9 The isopach map of cod seams from the Yanan Formation in the Ordos Basin
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Table 7 - 1 Coal - bearing features of the Taiyuan and Shanxi Formations

in different areas of the Ordos Basin

/' m /' 'm
km2 Mt km—2 ( ) ( ) m

3.83 40.14 (3 6) 16.77 (2 4) 16.52

128.0 19.97
24.04 (8 15) 11.09 (3 7) 12.58
4.45 8.31 (4 7) 7.45 (5) 6.81

391.2 19.29
3.30 11.11 (10 15) 9.41 (9 10) 8.42
5.61 12.47 (3) 10.68 (2 3) 9.52

86.5 26.12
6.21 10.16 (16 25)| 11.32 (4 13) 10.43
6.21 17.35 (3 4) 12.61 (3) 11.75

40.1 30.25
9.86 19.49 (10) 21.40 (6 9) 17.68
5.76 29.41 (10) 27.61 (2 5) 10.97

2156.0 17.92
3.29 31.23 (7 16) 17.67 (8) 8.12
5.87 10.87 (5) 12.57 (3) 5.54

169.6 13.42
4.36 10.67 (4 5) 8.70 (3) 7.17
2.51 8.76 (6 9) 6.45 (5) 5.24

638.2 21.43
4.32 9.47 (10 15) 8.30 (6) 6.30
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/' m /' m
km?> | Mt km~2 ( ) ( ) m

3.05 73.18 (5 7) 28.3 (4) 55.28
8738.6 19.73

2.31 18.71 (7) 5.05 (3) 7.18

4.44 10.81 (3) 4.5 5.5 (2) 8.81
1813.6 29.98

4.79 23.36 (5 8) 4 11.00 (4) 16.38

) 2.42 3.85 (1 3) 3.50 (1) 7.92
2172 .6 14.47

8.30 26.88 (5 7) 22.49 (4) 16.83

3.50 11.26 (4 6) 4.19 8.81 (1) 9.72
1310.9 9.26

3.56 15.19 (9) 2.5 10.00 (4) 12.48
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Table 7 - 2 Coal - bearing features of the Yan' an Formation
in different areas of the Ordos Basin

/' m /' m
km? Mt km™? ( ) ( ) /' m
86.50 14 .52 7.70 56.40 (17) 55.10 (7) 80.54
724.9 17.95 7.50 26.59 (37) 21.65 (6) 12.52
15404 .0 24.71 5.00 25.00 (15) 18.50 (6) 12.70 -
21764.2 12.7 5.20 21.45 (12) 13.50 (5) 11.45
16622.0 14.24 5.60 48.44 (19) 16.70 (10) 10.33
2381.6 9.67 10.00 25.00 (4) 18.50 (9) 12.30
6767.0 9.16 5.50 27.00 (10) 16.25 (6) 12.07
- 10868.5 7.13 1.25 3.52 (9) 2.65 (1) 3.44 -
: 9335.5 9.76 5.42 26.89 (27) 18.00 (6) 4.12
4168.8 25 .47 4.50 26.59 (37) 18.00 (12) 7.70
943.8 26.72 3.70 25.47 (35) 20.20 (14) 6.95
73.4 18.22 2.50 20.10 (21) 16.00 (9) 5.20
898.8 14.26 2.10 21.40 (19) 12.84 (6) 4.50
8728.3 10.24 1.50 11.45 (9) 8.60 (6) 3.90
10835.5 4.73 2.00 9.25 (7) 6.10 (5) 3.25
211.8 26.38 1.22 76.58 (10) 28.60 (5) 60.19
1106.0 6.79 0.23 7.13 (5) 5.00 (1) 10.00
- 1178.5 7.37 0.20 29.28 (8) 8.97 (2) 23.86
516.6 2.74 0.00 26.40 (8) 6.30 (2) 15.40
4761 6.45 0.00 45.37 (8) 8.6 12.6 (2) 34.00
1290.9 1.71 0.25 12.40 (4) 5.81 (1) 7.39 -
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[161]

[163]

54 -

. 3 .
Langmuir 13.23 35.39m7 t; Langmuir
3 .
15.51 38.55m7 t; Langmuir 1.21 5.92MPa ( 7 - 3) :
7-3
Table 7 - 3 Sorptional isothermin data of late Palaeozoic coals in the Ordos Basin
v/ (m?tl) Vi/oo(m® ot h) P/ MPa
)
13.23 15.51 5.92
18.00 23.21 1.94
19.16 | 35.39 | 25.79 | 22.05 | 38.55 | 28.83 .63 | 2.98 | 2.19
19.88 | 22.68 | 21.28 | 21.83 | 31.05 | 26.45 .68 | 2.76 | 2.25
17.71 24.60 3.71
14.65 | 21.07 | 18.41 | 18.70 | 22.59 | 20.69 .93 | 2.63 | 2.31
14.23 | 27.02 | 21.93 | 19.79 | 37.95 | 26.28 .21 | 3.93 | 2.00
20.20 | 21.94 | 21.07 | 26.83 | 27.93 | 27.38 .65 | 3.13 | 2.39
16.51 | 17.96 | 17.24 | 22.94 | 23.04 | 22.99 41 | 2.26 | 2.34
16.48 | 19.41 | 17.95 | 21.74 | 24.21 | 22.98 .92 | 2.26 | 2.09
19.92 22.93 2.56
164 . 165
- e4] |.L.Ettinger [169]
[166 171]
[172 174]
[175,176] .
[164]
1.19 27.20m7 t; , (



4.23 23.25 m7 t, 13.74 m7 t, 4.05 11.97 mJ

t, 8.01 mY t, 5.43 m’/ t; ,
3.50 8.40 m7 t; 2.87 10.68 m’ t

54.41% 83.32%, 0.003 59.00md, 7.56
14 .76 M Pa, 0.67 1.31MP4d hm 7-2 (a)

200 A0k (b

L] 2 400km
IS S —

7-2 (a) (b)
Fig. 7 - 2 Coalbed gas content isograms in main cod beds from the Shanxi Formation (@)

and Yan'" an Formation (b) in the Ordos Basin

7.2.2
: Lang-
muir 13.62 25.01m7 t, Langmuir 15.14 29.61m7 t, Lang-
muir , 9.0 11.0MPa ; , 0.1177
0.2781cm? g, ,
, , 3.0 8.0m7t
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7.2.3
[96] [177]
6613.797Gm’ (98] 2000m
3990.9Gn7, ,
2001 300 1500m 8300Gm°
[97]
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300 2000m 9940 .656Gm’ [100] 10723.57Gm’
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(
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, 1000m
, , 2000m
( 7-2) , ( 7-4; 7 - 3)
7-4
Table 7 - 4 Coalbed gas resources in the Ordos Basin
/ Gm®
Gm® km™? Gm® 300 1000m | 1000 1200m | 1200 2000m
A - 0.050 0.067 | 771.983 177.486 105. 687 483.013
A - 0.090 0.164 | 3099.051 771.983 288.004 2039.064
A - ( 0.097 0.113 | 917.807 178.151 110.881 628.775
A - ) |o0.122 0.134| 686.338 394.324 57.325 234 .689
5469 . 382 1521.944 561.897 3385.541
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/ Gm?
Gm? Km- 2 Gm?® | 300 1000m | 1000 1200m | 1200 2000m

B-1 0.020 0.028 | 104.061 35.705 68.356
B-2 0.017 0.076 | 1931.111 82.927 256.361 1591.823
B-3 0.034 0.092 | 669.714 385.721 43.706 669.714
B-4 0.029 0.143 | 4762.534 413.447 1088.690 3260. 397
B-5 0.022 26.978 26.978

7923.825 946.578 1457.113 5521.934

13393.207 2468.522 2019.010 8907.475

il 200 400km , .
7-3
Fig.7 - 3 Showing the distribition of codbed gas resources in the Ordos Basn
DA - 1— , A - 2— , A -3—
. B-1— , B-2—
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Tectonic Evolution and Coal Accumulation of the Ordos Basin:

A Brief Explanation of the Geological Tectonic Map
of the Ordos Coal Basn (with Scale of 1 500 000)

Abstract

The Ordos Basin lying in the west part of the North China Craton is a world - class coal
basin, in which it contains ébundant coal and petroleum resources. Recently, thein - gtu leach-
Ing sandstone - type uranium deposit is also discovered. So the Ordos Basin will be an impor-
tant energy basis in our country in the 21" century. The basic tectonic features, buried depth
of coa - bearing strata, coa and coalbed methane (CBM ) resources of the basin are described
and revealed in the Geological Tectonic Map (with scale of 1 500 000) of the Ordos Coal Basin
and its explanation in some detail. The main conclusions are illustrated as below.

1 Geological evolution and tectonic stage subdivision of Ordos Block (Basin)

Based on unconformity interface, and combined with sedimentary formation, metamor-
phism intensity and migmatization, three tectono - stratigraphic classifications in the Ordos
Basin are subdivided as follows: (1) tectonic strata of crystaline basement (geosyncline type
sequence) ; (2) covering (platform type sequence) tectonic strata and (3) tectonic strata of
continental faulting and depression basin. The tectonic strata of crystalline basement were
formed during continental nucleus formation, continental crust expansion and consolidation
stage (3500 1800MaB.P.) . The formation of covering tectonic strata were commenced at
1800Ma in Paaeoproterozoic and ceased at about 205Ma in Triassic. It represented a long evo-
lution stage after the geosyncline was inversed and transferred to the platform. The tectonic
strata of continenta faulting and depression basin refers to the continenta flysch clastic, cod -
bearing and red formations, which were widely filled in Mesozoic and Cenozoic basins.

2 Main fault system and tectonic evolution of the Basin

Based on field geological investigation, and combined with comprehensive analysis on the
geophysca and satellite imaging data, 23 lithospheric and crustal faults have been recognized.
Those faults with huge scale all had undergone the long - term development and multi - phase
active processes.

In theinterior of the OrdosBlock, there are two sets of faults, one set in east - west direc-
tion was formed in the Archaeozoic, the later activity was weak ; another set in northeast direc-
tion was formed in Late Archaeozoic and Palaeoproterozoic, and most of it constituted the
boundary of the intercontinental Proterozoic aulacogen.

In the periphery of Ordos Block, the main fault system was mostly formed during M eso-
zoic and Cenozoic, while some older faults had the stronger inherited activity. These faults not
only control on the formation and evolution of the Ordos Basin and Cenozoic faulted basin on its
margin, but aso control on the accumulation and distribution of sedimentary minerals including
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the fossil fuels to a certain extent.
3 Geotectonic units

The tectonic unit subdivision adheres mainly to the following principles: (1) from an ex-
amination of geological history, it takes the trandgtion age from geosyncline to platform as the
basis subdivided the first - class geotectonic unit; (2) the second - class units are subdivided
based on the structural features during geological history; (3) the third - class tectonic units are
subdivided according to the recent structura features.

The research areais a part of the North China platform belonging to the first - class geo-
tectonic unit, and its second - class structural units are the Ordos Syncline and West Ordos fold
- thrust Belt. As a most important character, the Ordos Basn is boundaried by a large active
thrust belt onto the west Ordos margin. The Ordos Block which is a part of the North China
Craton keeps a quite stable condition during Phanerozoic eon, namely horizontal cover rocks in-
cluding Permo - Carboniferous and Jurassc coa - bearing strata are overlied on the crystaline
basement.
4 Paleotectonic stress fields and geodynamic background

Observation and statistics on the joint system have been carried out in the order of U pper
Palaeozoic and Mesozoic strata during the field geological investigations. Meanwhile, the fold
information has also been arranged. Based on structure analyss, the occurrence of principal
compressive stress axises from different area can be evaluated. T he simulation of the Mesozoic
and Cenozoic tectonic stress field has been carried out based on the application of plane finite -
element method by use of acomputer. The result shows that the occurrence of maximum prin-
cipa compressive stress axis of the Indosinian movement is179° 359 2° 3. The high val-
ue areas of the stress are mainly distributed in the west half of the basin and the lower stress
vaue in the east part. The optimized occurrence of the maximum principal compressive stress
axis in the Y ashanian tectonic stressfield appearsas130° 310° 2° 4°. Thehigh stress va-
ues distribute in the west, southwest and south part of the basin and decrease to the north and
northeast directions, while a calm low - value area characterizes northeast part of the bagn.
The dominant occurrence of the maximum principal compressive stress axis in Himalayan tec-
tonic stress field is 3 210° 1° 2°. The high value area of stress mainly distribute in
northeastern, southwestern and eastern part of the basin, while lower stress value are focused
on the central area of the basn. These facts demonstrate that tectonic action of the Himalayan
Movement is concentrated on the marginal area of the Odors Basn. According to geotectonic
analysis, it is postulated that the driving force behind those fields is derived from the collision
and or downgoing events of the Tethys and Pacific tectonic realms along the margin of Asian
continent.
5 Coal - forming palaeogeography and coal accumulation

The paleogeographica outlines from late Bashkirian of Late Carboniferous to early Kun-
gurian of Early Permian in the study areaare given. The digpodtions of deposystem in different
coa - forming timeintervals are morefully and accurately reconstructed. Itisindicated that the
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important thick ssams all are related to the deltaic deposystem, athough the lagoon - bay, tidal
flat and river - deltaic deposystems are the important coal - forming systems. The paleotectono
- geographical analysis shows that the Ordos Centra Uplift Zone not only influences on the
sedimentary features of Late Paeozoic coa - bearing strata on its both eastern and western
sides, but also controls on the distribution of thick coa belt.

The evidence furnished by detailed stratigraphic, sedimentlogic and subsidence analyses
shows with fully satisfactory that 4 generations have existed as a succesdve evolution of the Or-
dos Basin during Jurassic and Cretaceous. The original appearances and deposystem disposition
of the basin in different geologic ages are given in these explanations. It isindicated that Aale-
nian - Bgocian of Middle Jurassic is an important coa - forming time interval. The fluvid,
namely meandering river, and lake - deltaic deposystems are the most important coa - bearing
system. In thevicinity of Yan' an, the location occupied by the lake deposystem is the non -
coa area, and the seams are distributed around it as the sami - annular.

6 Coal and coalbed methane (CBM) resources

According to detailed calculation, there are 1975.278Gt of coa resources with the depth
shallower than 2000m in the Ordos Basin, accounting for about 35.45% of the total cod re-
sources (5569. 749Gt) in dl - China. Of which, the Jurassic, Permo - Carboniferous and Tri-
assic coa resources are accounted for 75.32%, 24.61% and 0.07%, respectively. Based on
geological explorations in past 5 decades and recently coalfield prediction, 366. 708Gt of identi-
fied coa reserved resources and 1608.570Gt of potential coal resources are obtained in the Or-
dos Basin.

There are 13393.207Gm’ of CBM resources in total with the depth of 300 2000m in the
Ordos Basin. The Upper Paleozoic CBM resources are 5469. 382Gm° while the Jurassic CBM
resources are 7923.825Gm’ . However, except for the southern section of the Hedong Coalfield
in Shanxi Province, CBM exploration and research are very low degree in other area of the
basin. Therefore, raising the CBM geological research degree, and quickening the exploration
and development steps of the basin, it has the important significances to alleviate the shortage
of the clean energy sources in our country.
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