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Geology of Petroleum and Coal Deposits in the
North China Basin, Eastern China

By K.Y. Lee

Abstract

The North China basin evolved
initially from a rifted intracratonic gra-
ben system on the east-central Sino-
Korean platform during the jurassic
and Cretaceous Yanshanian orogeny.
The basin reached its maximum stage
of graben development in the Neo-
gene owing to reactivation of the rift
by the Himalayan orogeny. The basin
consists of seven major depressions:
Jizhong, Dongpu-Kaifeng, Huanghua,
Jiyang, Bozhong, Liaodong Wan-Liao
He, and Linging. The Linging, how-
ever, is currently nonproductive with
respect to petroleum and coal. Within
the basin, geophysical data indicate
that extensional rifting is still active
today.

At the end of the Early Protero-
zoic, after consolidation of the Pre-
cambrian crystalline basement, the
site of the present-day North China
basin was tectonically relatively stable
from the Middle Proterozoic to the
early Mesozoic. During that period,
the Archean and Early Proterozoic
basement was affected chiefly by
epeirogenic movements in associa-
tion with the sedimentation of littoral
to neritic marine and continental plat-
form carbonate and detrital sedimen-
tary sequences of Middle to Late
Proterozoic, Cambrian to Middle
Ordovician, and Late Carboniferous
to Permian ages. From the beginning
of the Late Ordovician to the end of
the Early Carboniferous, the sedi-
mentary cover of the platform was
subjected to extensive weathering
and a long period of erosion. In the

Manuscript approved for publication
August 23, 1988. Published posthumously.

North China region, major exten-
sional tectonism began with the Late
Triassic Indosinian orogeny, contin-
ued into the Jurassic and Cretaceous
Yanshanian orogeny, and culminated
in the Miocene Himalayan orogeny.
As a result, the present form of the
basin developed from block fault-
ing along north-northeast, northeast,
and northwest trends. Of these, fault-
ing along the north-northeast trend
was the most active and controlled
the sedimentation of the nonmarine
basin fill. During the late Eocene to
early Oligocene Himalayan orogeny,
development and enlargement of the
north-northeast-trending fault blocks
were extensive and associated locally
with igneous activity. Throughout the
basin, listric-normal growth faults
were tilted along gravity-sliding fault
planes during sedimentation. Of the
six petroleum-producing depressions
described in this report, the Boz-
hong, Dongpu-Kaifeng, and Liaodong
Wan-Liao He depressions are true
grabens bounded by normal faults.
The syntectonic deposits of the North
China basin consist of sedimentary
rocks of fluvial, deltaic, and lacus-
trine origin. Within the sedimentary
sequences, beds of fine-grained
rocks became source and cap rocks,
and beds of medium- to coarse-
grained rocks became reservoir rocks
for oil and gas deposits.

The stratigraphic interval below
the minimum burial depth for the
generation of petroleum ranges from
400 meters thick in the lower reach of
the Liao He to as much as 1,900
meters thick in the Jizhong depres-
sion. Most of the oil and gas deposits
were generated from geothermal gra-
dients ranging from about 40 to 50

degrees Celsius per kilometer. The
major petroleum source rocks are
confined to the Eocene to Oligocene
Shahejie Formation. Carboniferous
and Permian coal beds in the south-
ern part of the basin provide the
major supply of natural gas. The
petroleum is trapped by faults, anti-
clines, facieschanges,and unconform-
ities. Crude oil from Tertiary source
rocks is high in paraffin and low in
sulfur. Current petroleum explora-
tion is concentrated in the Jizhong,
Dongpu-Kaifeng, Huanghua, Jiyang,
Bozhong, and Liaodong Wan-Liao He
depressions. The North China basin
ranks second in petroleum produc-
tion, after the Songliao basin. Most of
the North China basin production is
from the Middle and Late Proterozoic
and Ordovician carbonate buried-hill
reservoirs in the Jizhong, Jiyang, and
Liaodong Wan-Liao He depressions
and from Tertiary delta-front and
channel sandstone reservoirs. The
ultimate recoverable oil and gas
reserves from the basin are estimated
to be 11.251 billion barrels of oil and
8.425 trillion cubic feet of gas. Of the
North China basin depressions, the
Jiyang ranks first in petroleum pro-
duction, followed by the Jizhong.
The thickest good-quality coal
beds are in the Benxi and Taiyuan
Formations of Late Carboniferous age
and in the Shanxi, the lower part of
the Shihezi, and the upper part of the
Shihezi Formations of Permian age.
The coal reserves of the North China
basin are estimated by the author to
be 170 billion tons, or about 41 per-
cent (411.3 billion tons) of the coal
reserves in the North China region.
Because the coal beds in the basin are
deeply buried (more than 1,800
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Figure 1. Location of the study area (shaded), major Precambr
(alternative names in parentheses) in China.

meters), most of the potentially mineable coal is excluded
from coal resource consideration. In the years ahead,
underground coal-mining activities near the border of the
North China basin will be more extensive.

INTRODUCTION

The North China basin is located in the east-central
Sino-Korean platform and evolved from an intracratonic rift
system during the Mesozoic Yanshanian and Cenozoic
Himalayan orogenies (fig. 1, table 1, Huang and others,
1980, p. 32-35; Ma, Liu, and Su, 1984). Most of the basin
is now geographically subaerial, but a northeastern section
extends partially offshore in the Bo Hai region. The basin is
about 1,200 km in length from the lower Liao He to the city

ian cratons (modified from Lee, 1970), and province names

of Kaifeng and has a maximum width of about 450 km (Ma,
Deng, and others, 1982, pl. 1). From the northeast to the
southwest, the basin includes the Liaodong Wan-Liao He,
Bozhong, Jiyang, Huanghua, Jizhong, Linqging, and
Dongpu-Kaifeng depressions. Of these, the Linging is
currently commercially nonproductive with respect to petro-
leum and coal resources. The geology of the Linging
depression is similar to that of the other six petroleum-
producing depressions. However, the Linqing depression is
located in an area administered by three different provinces
(Shandong, Hebe, and Henan), and the exploration and
development of petroleum resources have been impeded (Li
Desheng, oral commun., 1988). Discussion of petroleum
and coal deposits is confined to the six producing depres-
sions (fig. 2). The basin is bounded on the north by the Yan

2 Geology of Petroleum and Coal Deposits in the North China Basin, Eastern China



Table 1. Orogenic cycles of China

[Modified from Huang and others, 1980, table 4; Yang and others, 1986, table 20.1]

. Isotopic age .
Eon Era Period (Ma) Orogenic cycles
Quaternary - Himalayan (H)
2
Cenozoic
1.5
Tertiary H,
67
Cretaceous Y,
137 —
Mesozoic Jurassic Y, Yanshanian (Yenshanian) (Y)
Y
190 !
Triassic I ..
Indosinian (I)
Phanerozoic 230
Permian Va
280 ] v, Variscan (V)
Carboniferous
350 Va
. Devonian v
Paleozoic 1
405
Silurian
440 | C, Caledonian (C)
Ordovician
550 — C,
Cambrian 570 Xingkaiian (Hsingkaiian)
Sinian 600 Jinningian (Yangziian)
Late 850 —
Proterozoic L
900 —
Qingbaikou
1050 —
Jixian
Proterozoic Middle . 1400 —|
Proterozoic :
Changcheng 1600°  — Zhongtiaoian (Luliangian)
1850 — —
Hutuo
Early
Proterozoic 2300 — .
. Wautaiian
Wutai
2500
Archean Fuping Fupingian

'Boundary ages of the Proterozoic recommended by IUGS Stratigraphic Commission (1982).
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1983).

Shan fold belt, on the south by the Taikang upland in central
Henan province, on the west by the Taihang Shan highland,
and on the east by the Luxi uplift and the Tanlu deep
fracture system, west of the Liaodong Bandao (figs. 1, 2;
pl. 1). The basin is about 213,000 km? in area and has been
filled with about 836,000 km” of strata ranging in age from
Late Proterozoic to Cenozoic (Wang and others, 1983, table
4-10-2).

Petroleum and coal resources are substantial in the
North China basin. Since the 1950’s, the petroleum deposits
of the basin have been extensively explored and developed.

Principal depressions in the North China basin, eastern China (modified from Wong and others,

During the past decade, petroleum production from
Archean, Proterozoic, Paleozoic, and Tertiary reservoirs in
the basin ranked second after the Songliao basin in Chinese
petroleum output. Coal deposits in the basin are located in
Carboniferous to Permian and Jurassic to Cretaceous sedi-
mentary sequences. Carboniferous and Permian coal has
been mined extensively around the basin margin in Shan-
dong, Hebei, and Henan provinces since the early part of
this century. The current status of these coal mines is not
known.

4 Geology of Petroleum and Coal Deposits in the North China Basin, Eastern China



A regional synthesis of the geology of the North
China basin includes a perspective on the geologic factors
controlling the petroleum and coal deposits of this area. The
petroleum and coal geology of the basin has been well
documented in numerous Chinese and English publications.

The Pinyin system from the Gazetteer of the People’s
Republic of China (Defense Mapping Agency, 1979) is
used for Chinese name transliteration, and the Chinese
dictionary (Wu and others, 1978) is used for those names
not listed in the Gazetteer.

REGIONAL SETTING

The North China basin includes most of the Bo Hai
offshore area and parts of the administrative provinces of
Hebei, Shandong, Anhui, Henan, and Liaoning (fig. 1, pl.
1). The Archean and Early Proterozoic crystalline basement
of the North China basin is one of the most stable cratonic
units of China. Consolidation of the basement occurred at
the end of Early Proterozoic time, about 1,850 Ma (table 1;
Ma, Zhang, and others, 1984; Wang and Qiao, 1984).
Drilling records indicate that Middle and Late Proterozoic
platform sedimentary rocks of the Changcheng through
Sinian Systems attain a maximum thickness in the Jizhong
depression (pl. 2). The other depressions contain thin
Middle and Late Proterozoic strata except in the Jiyang
depression, where Proterozoic rocks are completely missing
(Hao and Zhang, 1984). Most of these Precambrian rocks
are unconformably overlain by Cambrian and Ordovician
marine carbonate sequences, Carboniferous and Permian
marine and continental coal-bearing sequences, Jurassic and
Cretaceous continental coal-bearing sequences, and,
locally, Jurassic and Cretaceous volcanic rocks. Through-
out the basin, Paleozoic and Mesozoic rocks are uncon-
formably overlain by thick Tertiary strata.

From the beginning of the Late Ordovician to the end
of the Early Carboniferous, the North China basin was part
of an ancient emergent landmass that was subjected to
intense weathering and erosion. As the basin subsided
during the Late Carboniferous to the Early Permian, the
area was covered by shallow-marine and shoreline deposits.
During Early Jurassic time, the initial depositional frame-
work of the North China basin was established by a
northeast-trending rift system and localized calc-alkaline
and granitic intrusions, a northeast-trending faulted Taihang
Shan highland on the west, and a rejuvenated pre-Mesozoic
Tanlu deep fracture system on the east. The present-day
form of the basin was created by intense rifting in early
Tertiary time, during which the basin received thick syntec-
tonic deposits that contained petroleum source rocks (Ma,
Liu, and Su, 1984).

STRATIGRAPHY

The stratigraphy of the North China basin presented
here is based chiefly on drilling records. A summary of the

stratigraphy of the basin, for all but the Quaternary depos-
its, is shown in plate 2. Quaternary deposits, about 175 to
727 m thick, rest disconformably on the bedrock throughout
the basin (Regional Stratigraphic Editorial Section of the
Hebei Province and the Tianjin Region, 1979b).

Pre-Tertiary

The pre-Tertiary stratigraphic sequences consist of
sedimentary and metamorphic rocks of Middle and Late
Proterozoic through Mesozoic age, shown in plate 2
(excluding Archean and Early Proterozoic crystalline base-
ment rocks).

The Archean and Early Proterozoic crystalline base-
ment rocks of the basin consist of Archean gneissic granite,
granulite, amphibolite, and gneiss, as well as Early Prot-
erozoic greenschist, quartzite, phyllite, slate, dolomitic
marble, marble, quartz keratophyre, and metamorphosed
conglomerate and basic volcanic rocks (Ma, Zhang, and
others, 1984, p. 225-236; Wang and Qiao, 1984,
p.- 600-601). This crystalline terrane is unconformably
overlain by platform carbonate and ferruginous sandstone
units of Middle and Late Proterozoic Changcheng-Jixian-
Qingbaikou and Sinian age.

The Changcheng-Jixian-Qingbaikou sedimentary
cover consists, in the lower part, of sandstone, quartzite,
arenaceous limestone, siltstone, shale, dolomite, and lime-
stone containing a basal conglomerate consisting locally of
basalt and andesite clasts; in the middle part, of cherty
bituminous dolomite, stromatolitic and argillaceous dolo-
mite that has a basal breccia; and, in the upper part, chiefly
of shale, algal dolomite, limestone, and some marble and
sandstone. The ranges of thickness of the Middle and Late
Proterozoic sedimentary sequences in the principal depres-
sions of the basin are 300 to 3,500 m in the Jizhong, O to
800 m in the Dongpu-Kaifeng, 0 to 600 m in the Huanghua,
0 to 1,500 m in the Liaodong Wan-Liao He, and 0 to 500 m
in the Bozhong. Generally, Proterozoic sedimentary
sequences are absent in the Jiyang (Hao and Zhang, 1984).

The Sinian System as used in this report is assigned to
the uppermost part as used in the Late Proterozoic (Chinese
Academy of Geological Sciences, 1982, table 1). Wang and
Qiao (1984, table 3) defined the Sinian System in China as
a stratigraphic unit deposited between 800 Ma and 600 Ma
and designated a 3,143-m-thick type section in the Liao-
dong Bandao of the Liaoning province. Wang and Qiao
(1984, p. 605) reported that thick Sinian sedimentary
sequences occur around the northern and southern borders
of the basin. Drilling in the Jizhong depression, where
Sinian sedimentary rocks are present, penetrated 200 to
300 m of light-gray to dark-gray siliceous dolomite, dolo-
mitic limestone, and limestone intercalated with blackish-
gray shale and brownish-purple sandstone. The author
assigns this unit to the Sinian System, but it might belong to
the Qingbaikou System.

Stratigraphy 5



Lower Paleozoic strata of the North China basin are
represented by Cambrian and Ordovician carbonate units
that are widely distributed within the basin. The Cambrian
rocks consist, in the lower part, of dark-gray to purple shale
and limestone and, in the upper part, of dark-gray to
yellowish-gray oolitic, thin-bedded limestone intercalated
with dark-greenish-gray and purple shale. The Cambrian
rocks range in thickness from 60 to 750 m. The Ordovician
rocks rest conformably on the Cambrian strata and are made
up of light-gray to dark-gray crystalline and dolomitic
limestone intercalated with brownish-gray to gray dolomite
and blackish-gray argillaceous, cherty, thin-bedded,
conodont-bearing limestone. The Ordovician rocks range in
thickness from 60 to 800 m.

The Upper Paleozoic strata of the basin consist of an
undifferentiated Carboniferous to Permian coal-bearing
sequence, which lies unconformably on Ordovician strata.
The lower parts of the sequence consist of bluish-gray to
black mudstone and gray fine- to medium-grained quartzose
sandstone intercalated with very thin to thick coal beds and
small amounts of limestone lenses. The upper part of the
Carboniferous to Permian sequence consists of light-gray
conglomeratic sandstone and grayish-green to black mud-
stone intercalated with black carbonaceous mudstone and
thin to thick coal beds, except in the Huanghua and Jiyang
depressions, where coal beds are generally absent. Fossil
flora and fauna are abundant. The upper Paleozoic unit
ranges in thickness from 160 to 1,060 m.

Mesozoic strata of the basin are represented by an
undifferentiated Jurassic to Cretaceous continental
sequence, which lies unconformably on the Carboniferous
to Permian strata. In the lower part of the sequence, the
continental strata consist of light-brown, grayish-green, and
dark-purplish-red sandy mudstone. Purplish-red to grayish-
green sandstone is intercalated with coal beds in the
Huanghua and Bozhong depressions and with oil shale in
the Liaodong Wan-Liao He depression. The middle part of
the sequence consists of light-gray to grayish-green sand-
stone, dark-purple, grayish-green, and brown mudstone,
and dark-gray to black shale intercalated with coal beds and
volcanic rocks in the Jizhong, Bozhong, and Liaodong
Wan-Liao He depressions. The upper part of the sequence
consists of purplish-red to brownish-red sandstone, con-
glomeratic sandstone, and blackish-gray to dark-purple
mudstone intercalated with volcanic rocks in the Huanghua
and Jiyang depressions. Plant fossils are abundant. The
Mesozoic unit ranges in thickness from 190 to 1,600 m.

Tertiary

During the past decade the Tertiary strata of the basin
have been studied in detail by using the results obtained
from extensive seismic work and exploratory drilling. The
Tertiary sequence consists, in the Paleogene, of the Eocene

Kongdian Formation, the Eocene to Oligocene Shahejie
Formation, and the Oligocene Dongying Formation and, in
the Neogene, of the Miocene Guantao Formation and the
Miocene to Pliocene Minghuazhen Formation.

Paleogene

Throughout the basin, the Kongdian Formation
unconformably overlies the Jurassic to Cretaceous strata. In
the Jizhong and Dongpu-Kaifeng depressions, this forma-
tion is undivided and consists chiefly of fluvial and shallow
lake deposits of light-brown, dark-red, dark-brown, and
black mudstone and sandstone. Conglomeratic sandstone is
found locally in the Jizhong depression. In the remaining
depressions, the Kongdian Formation is divided, in ascend-
ing order, into the third, second, and first members. In the
Huanghua depression, the third member is composed of 350
to 440 m of brown to reddish-brown sandy mudstone,
basaltic flows, and a basal conglomeratic sandstone that
grades upward into grayish-brown to reddish-brown mud-
stone, siltstone, and sandy mudstone. Approximately 300 to
500 m of red sandstone, mudstone, and basal conglomeratic
sandstone interbedded with basaltic flows make up the third
member in the Jiyang, Bozhong, and Liaodong Wan-Liao
He depressions. The second member of the Kongdian
Formation consists of 120 to 440 m of dark-gray to
dark-grayish-green shale intercalated with greenish-gray
shale, oil shale, and thin-bedded sandstone in the Huanghua
depression and of about 500 to 600 m of gray mudstone and
sandstone intercalated with carbonaceous shale, oil shale,
and thin coal beds in the Jiyang, Bozhong, and Liaodong
Wan-Liao He depressions. Freshwater gastropods are found
in the second member of the formation throughout the
Jiyang depression. The youngest member of the Kongdian
Formation in the Huanghua depression is made up of 90 to
700 m of dark-purple to reddish feldspathic sandstone and
mudstone intercalated with grayish-green sandy shale in the
upper part throughout the formation, and local beds of
conglomeratic sandstone containing basalt and gypsum-
bearing mudstone. About 300 to 500 m of red sandstone and
mudstone form the first member of the Kongdian Formation
in the Jiyang, Bozhong, and Liaodong Wan-Liao He
depressions.

The Shahejie Formation consists chiefly of shallow to
deep lake deposits and, in ascending order, is divided into
the fourth, third, second, and first members. In the Jizhong
depression, the fourth member comprises 90 to 1,000 m of
light-gray to dark-gray mudstone intercalated with basaltic
flows, light-gray to gray sandstone, and conglomeratic
sandstone that grades upward into gray to dark-gray mud-
stone and white gypsum beds intercalated with gray thin-
bedded siltstone and purplish-red mudstone. In the Dongpu-
Kaifeng depression, the fourth and third members are
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undifferentiated and consist of 400 to 2,000 m of gray to
dark-gray and purplish-red mudstone and siltstone interca-
lated with salt beds, gypsum beds, and shale. In the
Huanghua depression, the fourth member of the Shahejie
comprises 60 to 510 m of bluish-gray to dark-gray gypsum
beds and grayish-green mudstone intercalated with siltstone
and some sandstone. In the Jiyang, Bozhong, and Liaodong
Wan-Liao He depressions, the fourth member of the Sha-
hejie Formation generally consists, in the lower part, of 150
to 500 m of red mudstone; in the middle part, of 100 to 300
m of bluish-gray mudstone intercalated with gypsum beds
and salt beds; and, in the upper part, of 100 to 150 m of gray
mudstone intercalated with reef limestone, dolomite, and
oil shale.

In the Jizhong depression, the third member of the
Shahejie is made up of 70 to 1,000 m of gray to dark-gray
mudstone, gray fine-grained sandstone, black oil shale,
light-brown dolomitic limestone, and dolomite grading
upward into gray to dark-gray mudstone intercalated with
sandy mudstone, light-gray thin-bedded sandstone, and
black oil shale. Plant fossils and ostracodes are abundant. In
the Huanghua depression, the third member of the Shahejie
comprises 100 to 1,000 m of dark-gray to black mudstone
intercalated with oil shale, sandstone, shale, gray lime-
stone, marl, and reef limestone. The third member of the
Shahejie in the Jiyang, Bozhong, and Liaodong Wan-Liao
He depressions consists, in the lower part, of 100 to 150 m
of gray mudstone intercalated with sandstone, oil shale, and
basal conglomeratic sandstone; in the middle part, of 400 to
600 m of gray to dark-gray mudstone intercalated with
siltstone, sandstone, and dolomite; and, in the upper part, of
300 to 400 m of gray fossiliferous mudstone intercalated
with sandstone.

The second member of the Shahejie in the Jizhong
depression consists chiefly of 150 to 370 m of light-gray
calcareous thin- to thick-bedded sandstone intercalated with
purplish-brown, reddish-brown, and grayish-green mud-
stone. In the northern part of the Jizhong, the lower part of
the second member is represented by thin-bedded shale, oil
shale, dark-gray reef limestone, and dolomitic limestone
and marl. These carbonate rocks grade laterally into light-
gray sandstone and reddish-purple mudstone. In the
Dongpu-Kaifeng depression, the second member of the
Shahejie comprises 400 to 850 m of light-gray to gray
calcareous sandstone and reddish-brown to dark-purple
mudstone intercalated with gray limestone and gypsum-
bearing mudstone. In the Huanghua depression, the second
member of the Shahejie is made up of 10 to 300 m of gray
to dark-gray fossiliferous dolomite and purplish-red mud-
stone that grades laterally into calcareous siltstone and
lenticular sandstone that contains basal conglomeratic sand-
stone. In the Jiyang, Bozhong, and Liaodong Wan-Liao He
depressions, the second member of the Shahejie consists of
100 to 250 m of variegated sandstone and siltstone interca-

lated with carbonaceous shale and dolomite. Gastropods are
abundant in the second member throughout the basin.

The first member of the Shahejie in the Jizhong
depression consists of 100 to 700 m of reddish-brown to
brown mudstone intercalated with grayish-green to
purplish-gray mudstone and light-gray thin-bedded sand-
stone. In the Dongpu-Kaifeng depression, the first member
of the Shahejie comprises, in the lower part, 170 to 450 m
of mudstone intercalated with salt beds and, in the upper
part, mudstone intercalated with oil shale, reef limestone,
and siltstone. In the Huanghua depression, the first member
of the Shahejie is made up of 30 to 500 m of dark-gray to
gray calcareous oil shale, shale, gray limestone, and reef
limestone intercalated with grayish-green mudstone and
locally with calcareous sandstone. In the Jiyang, Bozhong,
and Liaodong Wan-Liao He depressions, the first member
of the Shahejie is composed of 200 to 400 m of gray
mudstone intercalated with oil shale and limestone contain-
ing abundant gastropods and ostracodes.

The Dongying Formation consists of shallow-lake,
deltaic, and fluvial deposits, which throughout the basin are
unconformably overlain by the Miocene Guantao Forma-
tion. Generally the Dongying is divided, in ascending
order, into the third, second, and first members in the
Jizhong, Jiyang, Bozhong, and Liaodong Wan-Liao He
depressions. The Dongying in the Dongpu-Kaifeng depres-
sion is undivided, but, in the Huanghua depression, the
Dongying is divided into five members.

In the Dongpu-Kaifeng depression, the Dongying
Formation consists of 100 to 1,000 m of red siltstone,
sandstone, and mudstone intercalated with dark carbon-
aceous mudstone. In the Huanghua depression, the fifth
member of the Dongying is composed of 60 to 300 m of
dark-gray to black mudstone intercalated with grayish-green
oil shale; the fourth member, of 150 to 350 m of gray to
dark-gray mudstone intercalated with light-gray to gray
sandstone; the third member, of 50 to 240 m of light-gray to
grayish-green sandstone intercalated with gray, dark-gray,
and grayish-green sandy mudstone; the second member, of
50 to 330 m of gray to dark-gray mudstone intercalated with
light-gray to grayish-green siltstone and a small amount of
very fine grained sandstone; and the first member, of 150 to
380 m of light-gray to grayish-green fine- to medium-
grained sandstone intercalated with conglomeratic sand-
stone and mudstone. Fossils of fish, plants, ostracodes,
gastropods, pollen, and spores are abundant in this unit.

In the Jizhong depression, the third member of the
Dongying consists of 45 to 400 m of reddish-brown to
brown mudstone intercalated with gray to reddish-brown
thin-bedded sandstone, calcareous shale, and oil shale. In
the Jiyang, Bozhong, and Liaodong Wan-Liao He depres-
sions, the third member of the Dongying comprises 150 to
800 m of gray to dark-gray carbonaceous mudstone inter-
calated with variegated sandstone. The second member of
the Dongying in the Jizhong depression is made up of 200
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to 300 m of gray, reddish-brown, and greenish-gray mud-
stone intercalated with grayish-brown, brown, and light-
gray sandstone, black shale, and brownish-gray oil shale. In
the Jiyang, Bozhong, and Liaodong Wan-Liao He depres-
sions, the second member of the Dongying consists of 200
to 300 m of variegated mudstone intercalated with gray
fine- to coarse-grained sandstone containing abundant gas-
tropods. The first member of the Dongying in the Jizhong
depression comprises 40 to 371 m of reddish-purple,
reddish-brown, and purple mudstone intercalated with gray,
grayish-green, grayish-brown, and purplish-gray mudstone
and light-gray thin-bedded sandstone containing abundant
fossil fauna. In the Jiyang, Bozhong, and Liaodong Wan-
Liao He depressions, the first member of the Dongying is
made up of O to 300 m of red mudstone intercalated with
gray sandstone containing abundant gastropods and charo-
phytes.

Neogene

The Guantao Formation is represented chiefly by
fluvial and deltaic sequences that are distributed throughout
the principal depressions of the basin (pl. 2). The Guantao
is present in the western part of the Jizhong depression and
consists of 1,000 m of brown to reddish-brown mudstone;
light-gray, grayish-green, and light-yellow very fine to
medium-grained sandstone intercalated with gray, grayish-
green, brown, and purplish-gray thin-bedded mudstone;
and light-gray medium- to coarse-grained basal sandstone
and conglomeratic sandstone. Pollen, spores, and plant
fossils are abundant. In the Dongpu-Kaifeng depression, the
Guantao is made up of 200 to 300 m of light-gray sandstone
intercalated with mudstone and a basal conglomerate. In the
Huanghua depression, the Guantao consists, in the lower
part, of light-gray thick-bedded sandstone intercalated with
grayish-green thin-bedded mudstone and siltstone contain-
ing abundant ostracodes and fossil plants; in the middle
part, of light-grayish-green siltstone intercalated with cross-
bedded conglomeratic sandstone and grayish-green mud-
stone; and, in the upper part, of light-gray and grayish-
green, crossbedded sandstone. The thickness of this unit
ranges from 200 to 600 m. In the Jiyang, Bozhong, and
Liaodong Wan-Liao He depressions, the lithologic descrip-
tion of the Guantao is based on subsurface drilling data
obtained from the Jiyang depression and the Chengning area
of the Hebei province (Regional Stratigraphic Editorial
Section of the Hebei Province and Tianjin Region, 1979b,
v. 2, p. 153) (fig. 2). As stated, the Guantao consists, in the
lower part, of light-gray coarse-grained sandstone intercal-
ated with conglomeratic sandstone and grayish-green to
reddish-purple mudstone and, in the upper part, of light-
gray conglomeratic sandstone intercalated with grayish-
green thin-bedded, sandy mudstone and clayey siltstone.
The thickness of this unit ranges from 130 to 540 m.

The Minghuazhen Formation conformably overlies
the Guantao Formation throughout the basin and is com-
posed of fluvial and deltaic deposits. In the Jizhong depres-
sion, the Minghuazhen is divided, in ascending order, into
the second and first members. The second member in this
depression is made up of 500 to 700 m of light-reddish-
brown to yellowish-brown siltstone intercalated with
grayish-green, light-gray, and grayish-yellow thin-bedded
mudstone, fine- to coarse-grained sandstone, and conglom-
eratic sandstone. The first member consists of 300 to 600 m
of variegated very fine to medium-grained and conglomer-
atic sandstone intercalated with light-gray to grayish-yellow
medium- to coarse-grained sandstone and mudstone. In the
Dongpu-Kaifeng depression, the Minghuazhen is undivided
and comprises about 800 m of brownish-yellow to grayish-
green siltstone and mudstone intercalated with sandstone. In
the Huanghua depression, the Minghuazhen Formation is
divided, in ascending order, into the second and first
members. The second member is made up of 1,000 to 1,500
m of reddish-brown to grayish-green thick-bedded mud-
stone intercalated with light-gray to grayish-green crossbed-
ded and fine-grained sandstone. The first member com-
prises 400 to 800 m of gray to grayish-green sandstone
intercalated with conglomeratic sandstone, grayish-green,
reddish-brown, and reddish-purple sandy mudstone, and
thin-bedded siltstone. In the Jiyang, Bozhong, and Liao-
dong Wan-Liao He depressions, the lithology of the Ming-
huazhen is described on the basis of subsurface data from
the Chengning area located west of the Jiyang depression.
The Minghuazhen is undivided and generally consists of
630 to 980 m of variegated mudstone, siltstone, and
sandstone grading upward into grayish-green to yellowish-
brown mudstone and siltstone intercalated with fine-grained
sandstone containing calcite and iron-manganese concre-
tions.

STRUCTURE AND EVOLUTION OF THE BASIN

Since the consolidation of the Archean and Early
Proterozoic crystalline basement during the Zhongtiaoian
[Luliangian] orogeny (table 1; Yang and others, 1986, table
20-1), the present-day North China basin has been tecton-
ically relatively stable. An east-west-trending fracture sys-
tem is prominent in the region. From Middle and Late
Proterozoic to late Paleozoic time, the Archean and Early
Proterozoic basement rocks of the basin were affected
chiefly by epeirogenic movements in association with the
sedimentation of littoral to neritic marine and continental
platform carbonate and detrital sedimentary sequences of
Middle and Late Proterozoic, Cambrian to Middle Ordo-
vician, and Late Carboniferous to Permian age. From the
beginning of the Late Ordovician to the end of the Early
Carboniferous, the platform sedimentary cover was sub-
jected to a lengthy period of extensive weathering and
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erosion. The Caledonian orogeny and the early phases of
the Variscan orogeny had little effect on the landmass of the
present-day North China basin. From the Late Carbonifer-
ous to the Early Permian, moderate subsidence of the basin
accompanied by sea transgression produced a linear shore-
line and coal-bearing sedimentary sequences. As the sea
regressed in the Late Permian, the area of the present-day
basin was gradually uplifted, and widespread continental
coal-bearing sedimentary sequences were deposited in low-
land areas (Han and Yang, 1980, p. 92-152).

The North China basin acquired its incipient deposi-
tional framework during a series of Jurassic to Cretaceous
Yanshanian taphrogenic events. Regional fracture systems
in the early stage of basin development trended northeast,
north-northeast, and northwest. The author believes that,
during an early episode of extensional tectonics (Indosinian
in Late Triassic time), the Taihang Shan highland on the
west side of the basin was formed by northwest-verging
compressional stresses. The Tanlu deep fracture system on
the east side of the basin was rejuvenated above an early
compression shear zone during and following heating and
thinning of the lithosphere at the time of initial rifting. The
Taihang Shan highland and Tanlu deep fracture system have
a north-northeast trend. The northwest-trending fracture
system in the basin was formed by tensile stresses related to
a northwest-southeast-oriented compressional stress field.
From Late Jurassic to Early Cretaceous time, the northeast
and north-northeast fracture systems, and to some extent the
northwest fracture system, were enlarged by Yanshanian
extensional tectonics. Taphrogenic activities occurred in
association with acidic intrusives, calc-alkaline lava flows,
and fault blocks throughout the North China basin. Gener-
ally, the north-northeast fracture system was active during
detrital sedimentation of Jurassic and Cretaceous age and
controlled the structural development of the individual
depressions of the North China basin during the Cenozoic.
During the late part of the Yanshanian orogeny, from Late
Cretaceous to early Paleogene time, fault blocks were
uplifted and broken. The blocks then subsided during
regional downwarping. The absence of Upper Cretaceous
and Paleocene sequences in the basin indicates that the
outcrops in the basin underwent a rather long period of
weathering and denudation now represented by an angular
unconformity (pl. 2).

During the Cenozoic, the North China basin was
subjected to intense extensional faulting and differential
movement of the fault blocks, followed by regional down-
warping. These structural events are documented in publi-
cations by Li Desheng (1979, 1982, 1984), Liu and others
(1981), Lin (1982), Ma, Deng, and others (1982), Li and
Xue (1983), Ma and others (1983), Deng and others (1984),
Ding (1984), Fei and Wang (1984), Zha (1984), and
Hellinger and others (1985). The basic tectonic data and
interpretations provided by these publications contributed
significantly to this report.

Many Chinese geologists have recognized that tec-
tonic patterns, established during the Mesozoic, controlled
the structural development of the North China basin during
Cenozoic time. In the early phase of the Himalayan orogeny
from late Eocene to early Oligocene time, an extensive
north-northeast-trending block-faulting system formed in
the central portion of the North China basin (fig. 3).
Subsequently, this graben-and-horst system expanded along
the general trend of the rejuvenated north-northeast and
northeast fracture systems. Ma, Deng, and others (1982, p.
105) suggested that the characteristic Paleogene structures
of the basin were caused by tilted fault blocks, which
formed above listric-normal faults. In the basin, half
grabens are predominant; grabens, although present, are
asymmetric in profile because of the different degrees of dip
on their bounding faults. Paleogene syntectonic deposits of
fluviolacustrine and fluviodeltaic origin reached maximum
thicknesses of about 4,541 m in the Jizhong depression,
4,500 m in the Dongpu-Kaifeng depression, 5,490 m in the
Huanghua depression, and about 5,750 m in the Jiyang,
Bozhong, and Liaodong Wan-Liao He depressions (pl. 2).
Tholeiitic basaltic flows occurred with the Paleogene sedi-
mentation throughout the basin and attained a cumulative
thickness of 550 m in the lower Liao He and the Bozhong
(Ma, Deng, and others, 1982, p. 105). The northwest-
trending fault system in the basin is oblique to the north-
northeast graben trend and locally offsets the graben sys-
tem. The end of the early phase of the Himalayan orogeny
(table 1) is indicated by a basinwide angular unconformity
between the Oligocene and Miocene strata (pl. 2).

During the Neogene, the North China basin acquired
its present configuration through regional subsidence,
which in general followed the tectonic grain of the Paleo-
gene rift system. The Neogene sedimentary cover is more
widespread than the Paleogene strata and has maximum
thicknesses of 2,300 m in the Jizhong depression, 1,100 m
in the Dongpu-Kaifeng depression, 2,900 m in the Huang-
hua depression, and about 1,520 m in the Jiyang, Bozhong,
and Liaodong Wan-Liao He depressions (pl. 2).

Geophysical data indicate that the North China basin,
particularly in the Bo Hai region, is underlain by relatively
warm and highly attenuated crust and lithosphere (figs. 4-6;
Ma, Liu, and Su, 1984, p. 619-620). Hellinger and others
(1985) concluded that the Cenozoic depocenters in the basin
coincided with the areas of thin pre-Cenozoic crust. In
contrast, Quaternary subsidence appeared to Hellinger and
others (1985) to have been greatest where the present
thickness of the pre-Cenozoic crust is greatest. Hellinger
and others (1985, p. 356) further stated that the present
crustal structure, geologic history, and Cenozoic sediment
fill of the basin suggest a nearly constant crustal thickness
of about 40 km at the onset of rifting in the middle Eocene.
Ma, Liu, and Su (1984, p. 619) suggested that an electri-
cally conductive low-velocity layer underlies the basin at a
depth of 15 to 20 km. This layer may represent a transition
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zone between the brittle and ductile zones of deformation,
into which normal faults in the brittle zone may be assim-
ilated. The foci of shallow earthquakes lie above this
low-velocity rigid layer, and the underlying viscoelastic
lower crust deforms slowly by lateral creep during inhomo-
geneous mantle upwelling. Ma, Liu, and Su (1984, p. 620)
further stated that the upward advection of the asthenos-
phere to a depth of 50 to 80 km was a fundamental control
of extensjonal structures during the evolution of the North
China basin.

PETROLEUM AND COAL DEPOSITS

Petroleum and coal are the most important energy
resources in the North China basin. In 1961, after a
systematic search in the lower reaches of the Huang He
during the late 1950°s to early 1960’s, petroleum was
discovered in Tertiary strata in the Zhanhua sag of the
Jiyang depression (fig. 2, pl. 1). Production in this field
began in 1962 (Meyerhoff, 1982, p. 260-261; Zhai and
Zha, 1982). This field was the first of the so-called Shengli
[Victory] oil and gas fields. Since then, extensive onshore
drilling has led to the discovery of numerous commercial oil
and gas wells in the Jiyang, Huanghua, Jizhong, Dongpu-
Kaifeng, and Liaodong Wan-Liao He depressions (fig. 2).
Currently, production from the Shengli fields of the Jiyang

depression ranks first in petroleum output from the North
China basin. The Japan-China Oil Development Corpora-
tion began offshore exploration in the late 1960’s. The Haisi
field in the Minghuazhen Formation was discovered in the
Bohai Wan west of the Bozhong depression in 1970
(Petroconsultants Ltd., 1981). The Japan-China Oil Devel-
opment Corporation made several new discoveries of com-
mercial oil and gas wells in the Bozhong depression from
1981 to 1984 (Petroconsultants Ltd., 1984).

Deposits of high-quality bituminous coal and anthra-
cite of Carboniferous and Permian age and bituminous coal
of Jurassic and Cretaceous age have been recorded in the
basin. Commercial underground coal mines are in operation
near the border of the basin, chiefly in the Hebei, Shan-
dong, and Henan provinces.

Petroleum

General Statement

Petroleum deposits in the North China basin are
located in the Jizhong, Dongpu-Kaifeng, Huanghua, Jiy-
ang, Bozhong, and Liaodong Wan-Liao He depressions
(fig. 2, pl. 2). Oil and gas production from various types of
traps in the reservoirs of the basin has been generated from
source rocks in the Tertiary sedimentary sequence (Masters
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and others, 1980; Wang and others, 1983). In addition, gas
accumulations have been reported from source rocks of the
Jurassic and Cretaceous strata in the Bozhong and the
Liaodong Wan-Liao He depressions and from source rocks
of the Carboniferous and Permian strata in the Dongpu-
Kaifeng depression. Oil and gas deposits in Middle Prot-
erozoic (Jixian) sedimentary rocks have been reported from
the northern part of the Jizhong depression.

Jizhong Depression

For the past decade, the Jizhong depression has been
one of the most extensively explored areas in the North
China basin. The Jizhong is a half-graben structure bounded
by the Taihang Shan highland on the west, the Cangxian
uplifted block on the east, the Yan Shan fold belt on the
north, and uplifted fault blocks on the south (figs. 2, 7). The
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depression is approximately 25,000 km? in area (Zha, 1984,
p. 983). The sedimentary cover of the Jizhong depression
ranges in thickness from 2,000 to about 13,000 m, of which
about 7,000 m are of Tertiary strata. In the Tertiary
sequence, Paleogene beds are about 4,500 m thick (pl. 2).
Li and others (1984, p. 9) reported that, in the northern part
of the depression, the Tertiary sequence has a maximum
thickness of about 10,000 m.

Source Rocks

In the Jizhong depression, principal petroleum source
rocks are confined to continental saline lake deposits of
mudstone, shale, and oil shale of the Paleogene Shahejie
and Dongying Formations. Secondary source rocks in the
basin consist of the continental Jurassic and Cretaceous
coal-bearing series, the continental and marine Carbonifer-
ous and Permian coal-bearing series, and the marine lower
Paleozoic and Middle and Late Proterozoic carbonate rocks,
shale, and mudstone (pl. 2; Zha, 1984).

Throughout the North China basin, the Shahejie
Formation contains strata that are the most favorable for oil
and gas generation. In the Jizhong, the third member of the
Shahejie contains the highest quality source rocks. The
second best source rocks are from the other three members
of the Shahejie and the second member of the Dongying
Formation. The source beds are generally concentrated in
the Bieguzhuang-Guxinzhuang area of the northern part of
the Jizhong depression, the Renqiu area of the central part
of the depression, and the Jingqiu area of the southern part
of the depression (fig. 7). Zha (1984, p. 988) estimated
that, in the central Jizhong, the maximum thickness of the
Paleogene source beds is greater than 1,000 m. Generally,
in the Jizhong, the thickest and richest source beds were
deposited along the downthrown side of growth faults,
where conditions are favorable for subsequent oil and gas
generation and preservation.

In the Chaheji and the Jingqiu oil fields of the Jizhong
depression (fig. 7), the organic carbon content of the source
rocks ranges from 0.41 to about 1 weight percent, and the
petroleum genetic potential (Tissot and Welte, 1984, p.
509-513) ranges from 250 to 689 ppm (parts per million)
(fig. 7, Wu and Liang, 1984, p. 11, 15-16). The minimum
depth of oil and gas maturation in this depression is 2,800
m. Peak generation was attained between 2,800 and 4,600
m, corresponding respectively to vitrinite reflectance values
of 0.5 and 1.1 percent (fig. 8; Li and others, 1984; Wu and
Liang, 1984). Li and others (1984) indicated that the
temperatures required to generate oil and gas from source
rocks range from 97 to 150 °C. Methane gas was produced
at a depth greater than 4,600 m and a corresponding
temperature greater than 150 °C. Humic kerogen (type IIT)
is dominant in the northern part of the depression, whereas
humic-sapropelic kerogen (type II) is dominant in the

central and southern parts of the depression (Zha, 1984, p.
988).

Additional source rocks in the Jizhong depression
include a 580-m-thick Lower Cretaceous lacustrine
sequence consisting of fossiliferous gray to grayish-green
mudstone intercalated with thin-bedded carbonate rocks
located in the vicinity of Shijiazhuang, which is southwest
of the Jizhong depression (fig. 2; Hu and others, 1982, p.
5). The organic carbon content of this unit ranges from 0.80
to 1.12 percent. The extractable organic matter (G.E.
Claypool, oral commun., 1987) ranges from 650 to 1,500
ppm, whereas the pyrolyzed petroleum genetic potential
ranges from 550 to 940 ppm.

Potential petroleum source rocks in the Jizhong
depression include grayish-green black mudstone of the
Carboniferous to Permian coal-bearing series, carbonate
rocks of Cambrian and Ordovician age, and the black shale,
marl, and limestone of Middle and Late Proterozoic Jixian
and Qingbaikou age. Subsurface samples from the central
and southern Jizhong provide basic data on the organic
carbon content and extractable organic matter of Middle and
Late Proterozoic source rocks (Hao and Zhang, 1984, p. 9).
In the central Jizhong, the organic carbon content of shale
and marl ranges from 0.36 to 1.12 percent, and the
extractable organic matter ranges from 90 to 289 ppm. The
organic carbon content of the limestone in this area ranges
from 0.3 to 0.44 percent, and the extractable organic matter
ranges from 83 to 347 ppm. In the southern Jizhong, the
organic carbon content of shale ranges from 0.15 to 0.55
percent, and the extractable organic matter ranges from 57
to 180 ppm. Limestone from one locality yielded an organic
carbon content of 0.15 percent and an extractable organic
matter of 73 ppm. Hao and Zhang (1984, p. 7-8) consid-
ered that these source rocks in the Jizhong had reached a
wet-gas stage of maturation. However, several oil-bearing
Middle and Late Proterozoic sandstone units have been
encountered in some exploratory wells, and 38 oil shows
have been reported in the Yan Shan fold belt north of the
North China basin (Hao and Zhang, 1984, p. 8). Zha (1984,
p. 992) believes that oil and gas pools in the Middle and
Late Proterozoic, Cambrian, and Ordovician carbonate
reservoirs in the Jizhong were possibly derived from source
rocks of their respective ages.

On the basis of sterane and terpane stereoisomers,
Zhang and others (1983, p. 89-99) considered that the
crude oil in the Middle and Late Proterozoic carbonate rock
reservoirs of the Rengiu oil field came from the first and
third members of the Shahejie Formation, whereas the
crude oil in the Ordovician carbonate rock reservoirs came
from the Kongdian Formation.

Reservoir Rocks

In the Jizhong depression, potential petroleum reser-
voir rocks are the sandstone, conglomerate, and carbonate
rocks of the Middle and Late Proterozoic, Paleozoic,
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Jurassic-Cretaceous, and Tertiary sedimentary sequences.
Wu and Liang (1984) reported that 18 oil fields have been
discovered in the depression. Of these fields, three have
been studied by Wu and Liang (1984), and two have been
described by Petroconsultants Ltd. (1983) (table 2). The
principal reservoir rocks in these fields are sandstone,
conglomerate, dolomite, limestone, and quartzite of Middle

14

Proterozoic (Changcheng and Jixian), Cambrian, Ordovi-
cian, and Tertiary age (table 2).

The oldest reservoir rock in the Jizhong is a quartzite
of Changcheng age (table 2; Petroconsultants Ltd., 1982).
This rock is generally fractured, has poor porosity and
permeability, and produces 210 to 430 bbl/d (barrels per
day) of oil. Dolomite of Jixian age is the principal oil-
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Figure 8. Schematic cross sections of principal oil and gas fields in the Jizhong depression, North China basin
(modified from Petroconsultants Ltd., 1982; Wu and Liang, 1984). Locations of sections shown on figure 7.

bearing reservoir rock in the Rengiu buried-hill oil field
(approximate lat 38°45’ N., long 116°00" E.; figs. 7, 8).
This reservoir contains a network of fractures that have been
enlarged by dissolution (Yang and Li, 1980, p. 57-64; Bai
and Wang, 1984, p. 43-55; Fei and Wang, 1984) and has
good porosity and permeability (table 2; Petroconsultants
Ltd., 1982). The average daily output from the Jixian
dolomite ranges from 1,400 to 7,150 bbl (barrels) of oil per

well. Fei and Wang (1984) mentioned that the reservoir
consists of northeast-, north-northeast-, and northwest-
trending fractures, which, due to enlargement by dissolu-
tion, provide good channels for oil migration and accumu-
lation. Karstification of the Jixian dolomite occurred
between the late stage of the Late Cretaceous Yanshanian
orogeny and Eocene sedimentation. During the initial phase
of Cenozoic extensional tectonics, the pre-Tertiary strata in
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Table 2. Physical properties of the reservoirs, types of traps, and cap rocks in the prominent oil and gas fields of the

Jizhong Depression, North China basin

[ See figure 8 for map symbols and cross sections of the Jizhong; Pek, Paleogene Kongdian Formation; Pes4, Pes3, Pes2, and Pes1: fourth, third, second,
and first members of the Paleogene Shahejie Formation; Pes, Paleogene Shahejic Formation; Ped2, second member of the Paleogene Dongying

Formation; —, no data]
Reservoir i i
Qil field rock Physical properties Cap rock Remarks
d : - Trap type and age
and age Porosity Permeability Sortin
(percent) (md) g
Structural, host block in Oil and gas pools at depth,
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Barrier-bar quartz- northeast and east- Mudstone (Pes3), Pe3 mudstone; pay zone
. ose sandstone Good to west normal fault sys- Oligocene: 50-60 m thick and formed
Bieguzhuang 28 158 . . .
(Pes4), Eocene fair. tem having 500-600 50-240 m in late Pe2. Source rock,
and Oligocene. m displacement and a thick. Pe4 dark shale (Wu and
closure of 600 m in Liang, 1984, p. 4-9; Li
an area of 7 km”. and others, 1984).
Pay zone generally 10-20 m
Lithologically pinchi thick. Normal faults act as
cally pinchin,
Hholost y‘p. e oil and gas supply chan-
out and anticline bro-
ken by north-northeast nel. Wells near the faults,
north-northeas
Channel sand- eg Y ¢ © ln A have lighter oil and
and east-west norm
Chaheii stone (Pesl 2298 100-500 Good fault system havin Mudstone (Ped2), heavier gas (700 bbl/d of
22~ ault system havi
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’ rock (Wu and Liang,
1984, p. 11-14).
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source area. The source
Faulted nose structure Anhydrite rock rocks, dark mudstone in
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cut by east-west nor- salt and mud- Pes3. contain organic car-
ose sandstone al fault system that stone (Pes2) bon, 0.41 to 0.71 percent
Jinggiu (Pes2 and 16 425 Fair m Y : i e /2 pereent,
Pes3), Oli has a closure of about Oligocene; and average hydrocarbon
n,e 150 m in an area of 100-150 m content is 250 ppm. Pool
ocene. s
& 13.5 km*~. thick. formed in Miocene Guan-
tao (Wu and Liang, 1984,
p. 15-17).
Dolomite and
limestone of Di in 1975. Third
Middle and Good second s I-stratigraphi st pr 1:11 dve f 1:'
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taining a small amount of
crude oil (Petroconsultants
Ltd., 1982).
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the Jizhong were differentially uplifted, downwarped, and
then buried by Paleogene source rocks. Fei and Wang
(1984) further stated that, as growth faults in Middle and
Late Proterozoic carbonate rocks developed, individual
fault blocks in the depression were raised 400 m in the
Eocene and 1,300 m in the Oligocene. The Jixian dolomite
reservoir of the Renqiu field has 800 m of structural closure
(fig. 8).

Cambrian and Ordovician limestone and dolomite in
the Jizhong depression are good reservoirs because these
rocks have fairly well developed fractures and solution
features and local fault breccias. The Rengiu oil field
consists of four satellite buried-hill accumulations named
the Baxian, Hejian, Yanling, and Yongqing fields (table 2;
Petroconsultants Ltd., 1982). The Cambrian and Ordovi-
cian carbonate rocks in these buried-hill oil fields have good
permeability because of secondary vugs, caverns, and
fractures. Petroconsultants Ltd. (1982) estimated that the
ultimate recoverable reserves of the Rengiu oil field are 2
billion bbl of oil. Cambrian and Ordovician limestone is
probably the major reservoir in the Guxinzhuang gas field
(approximate lat 39°10' N., long 116°30’ E.), where an
initial test flow of about 35 million ft*/d (cubic feet per day)
of gas containing a small amount of oil was reported from
the Ordovician fractured limestone (table 2, fig. 8; Petro-
consultants Ltd., 1982).

Numerous reports have been published on the buried-
hill oil and gas pools in the carbonate rocks of the North
China basin (Li, 1980; Yan and others, 1980; Yan and Zhai,
1981; Fei and Wang, 1984; Zha, 1984). Yan and others
(1980, p. 9) mentioned that special geologic conditions are
required to create ideal buried-hill oil and gas pools. These
pools must have formed in a depression containing exten-
sive source beds that unconformably overlie the intensely
weathered carbonate rock terrane. Also, the pools in the
carbonate rocks must be in fault contact with the source
beds, and this contact can then further act as a seal. The
carbonate rocks must have vugs, fractures, and caverns and
excellent cap rocks. Moreover, the carbonate rocks must
have a relatively large closure in an area that has relatively
stagnant hydrodynamic conditions. In the North China
basin, the Renqiu buried-hill oil field has all of these
specific geologic conditions. The Rengiu oil pool is located
in a large fault block bounded on the west by a westerly
dipping growth fault. The lower Paleozoic and Middle and
Late Proterozoic carbonate reservoir rocks are tightly sealed
by Paleogene shale, mudstone, and evaporite. The pools are
massive and bedded and have an irregular wedge shape
(Yan and others, 1980; Zha, 1984, p. 990). Zha (1984)
further mentioned that, in the Jizhong depression, the
buried-hill carbonate reservoirs are covered by coal beds of
the Carboniferous, Permian, and Mesozoic sequences. Oil
and gas in the Tertiary source rocks migrated along the
unconformity into the buried-hill carbonate reservoirs and
adjacent reservoir rocks. This mode of oil and gas migration

reveals new areas for potential exploration of the buried-hill
oil and gas pools (Zha, 1984, p. 989).

Reservoir rocks of Tertiary age in the Jizhong depres-
sion consist of quartzose sandstone and minor amounts of
conglomerate. In the Bieguzhuang, Chaheji, and Jingqiu oil
and gas fields, the sandstone has good to fair sorting,
porosity ranging from 16 to 28 percent, and permeability
ranging from 100 to 500 md (a unit of permeability equal to
1/1,000 darcy) (figs. 7, 8, table 2; Wu and Liang, 1984).

Traps and Seals

Oil and gas in Tertiary sandstone reservoirs are
trapped in structural anticlines, terraces, rolled-over anti-
clines, drape anticlines, and fault blocks. Accumulations
also have resulted from the pinch out of sandstone units of
fluvial-channel, barrier-bar, and turbidite origin and from
sandstone units that have overlapped fault blocks. Marked
changes in lithofacies are common because detrital sedi-
ments derived from surrounding highlands were deposited
in a topographically closed depression. Therefore, the oil-
and gas-bearing sandstone reservoirs generally have a
limited areal extent in the Jizhong depression, and current
exploration has concentrated only on structural traps that
contain buried-hill highs. Nevertheless, some commercial
stratigraphically trapped oil and gas accumulations in sand-
stone reservoirs have been found in the Jizhong (fig. 8).
Thick shale, mudstone, gypsum, and salt beds form exten-
sive seals throughout the depression.

In the western part of the Jizhong depression, undis-
covered oil accumulations may exist in Jurassic and Creta-
ceous sandstone beds, and, in the eastern part, undiscovered
gas accumulations may exist in the Carboniferous to Per-
mian and Jurassic to Cretaceous beds (Zha, 1984, p. 992).

Dongpu-Kaifeng Depression

The Dongpu-Kaifeng depression is a northeasterly
trending graben system bordered on the west and east by
horst blocks, on the south by the fault blocks of the Taikang
upland, and on the north by a fault that separates the area
from the Linging depression (figs. 2, 9, pl. 1; Lin, 1982).
The Dongpu-Kaifeng depression is located in the southern
part of the North China basin, is about 7,000 km” in area,
and is crossed by the Huang He (fig. 2, pl. 1). The Tertiary
sedimentary cover of the Dongpu-Kaifeng depression
ranges in thickness from 2,270 to 5,600 m, of which 4,500
m are Paleogene. The remaining sedimentary cover consists
of 800 m of Jurassic and Cretaceous sequence, 800 m of
Carboniferous and Permian coal-bearing sequence, 1,200 m
of Cambrian and Ordovician carbonate sequence, and O to
800 m of Middle and Late Proterozoic sequence, of which
the Sinian strata are missing (pl. 2).
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Figure 9. Principal structural units and oil and gas fields in the Dongpu-Kaifeng depression, North China

basin (modified from Chen and others, 1984).

Source Rocks

The principal source rocks in the Dongpu-Kaifeng
depression are the saline lacustrine deposits of mudstone,
shale, and oil shale of the Paleogene Shahejie and Dongying
Formations. Secondary source rocks consist of the conti-
nental and marine Carboniferous and Permian coal-bearing
series and the marine Cambrian and Ordovician carbonate
rocks, shale, and mudstone.

The major oil and gas generating strata are the
grayish-green to gray mudstone of the third and first

members of the Shahejie Formation (Chen and others,
1984, p. 379). Source beds are as much as 1,000 m in
thickness in the northern, eastern, and central parts of the
depression (fig. 10). The dominant kerogen variety is mixed
humic-sapropelic (type II). The peak generation of oil and
gas was at depths between 2,400 and 4,100 m; these depths
correspond, respectively, to temperatures of 90 and 145 °C
(fig. 10; Chen and others, 1984, p. 379).

The Carboniferous to Permian coal series is widely
distributed in the Dongpu-Kaifeng depression, and, during
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the late Paleogene, a substantial amount of gas migrated
into this depression. Generally, the thickness of the coal
series in the Dongpu-Kaifeng averages about 250 m, and
the rank ranges from a high-volatile bituminous coal to a
meta-anthracite coal (Cai, 1983). In the northern part of the
depression, the average total thickness of Carboniferous to
Permian coal beds is 12 m, whereas, in the southern part of
the depression, the average total thickness of the coal beds
is 7 m (Zhou and others, 1985, table 2). The total organic
carbon content in the coal series averages between 1.28 and
2.81 weight percent (Cai, 1983, table 1). At the Wenliu oil
and gas field (figs. 9, 10), Carboniferous to Permian coking
coal beds are found below 4,427 m at a temperature of 152
°C and a vitrinite reflectance of 1.5 percent (Cai, 1983).
Zhu and Xu (1984) stated that gas generated from Carbonif-
erous to Permian coal beds has a higher methane content
(greater than 95 percent), higher 8C'* values (—27.1 to
—30.3 9/00, per mil, in parts per thousand), and larger

“Ar/*Ar ratios (958 to 1,396) than gas generated from the
Tertiary source-rock sequences. Therefore, the upper Paleo-
zoic gas source might have driven out the oil produced from
the Tertiary source rocks.

The organic content of the Cambrian and Ordovician
carbonate rocks, shale, and mudstone in the Dongpu-
Kaifeng depression is generally unknown. However, Fu and
Jia (1984) stated that the minimum total organic carbon
values in the Cambrian and Ordovician carbonate source
rocks of the North China basin range from 0.08 to 0.2
weight percent.

Reservoir Rocks

Tertiary (Paleogene) sandstone and conglomeratic
sandstone are the principal reservoir rocks in the Dongpu-
Kaifeng depression. At present, the major fields are the
Pucheng and Wenliu oil and gas fields (figs. 9, 10).
Petroconsultants Ltd. (1982, 1983) listed the Pucheng field
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Zhang and Jian, 1981; Wang and others, 1983).

as the “Dongpu” oil field and estimated an annual produc-
tion of 13.87 million bbl from Paleogene sandstone in a
faulted anticline. The main gas pools are located in the
Wenliu field. Zhu and Xu (1984) and Chen, Zhou, Qiu, and
Guo (1984), however, provide information on additional oil
and gas deposits in the Pucheng, Wenliu, Weicheng,
Qiaokou, Baimiao, and Machang areas and the area
between the cities of Huzhuangji and Qinzuji along the west
border of the depression (fig. 9).

In the Dongpu-Kaifeng depression, gas deposits gen-
erally are the principal petroleum resource (fig. 9). On the

20

basis of geochemical data, Zhu and Xu (1984) have
recognized three types of gas deposits in the depression: (1)
gas generated from the Carboniferous to Permian coal beds,
such as that at the Wenliu field, is characterized by a
methane content of more than 95 percent and a low wet-gas
content; (2) gas generated from Tertiary oil, such as that in
the Pucheng field, is characterized by a methane content
below 95 percent, lower 3C!3 values (—38.62t0 —45.49/00)
and smaller *Ar/*Ar ratios (343 to 626) than that from the
Carboniferous to Permian coal source; and (3) gas generated
from Carboniferous and Permian coal and Tertiary oil, such
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as that in the Weicheng field, is called a mixed-type gas and
is characterized by methane contents from 31 to 69 percent,
dC"? values ranging from 32.1 to 35.0 0/00, and *Ar/*Ar
ratios ranging from 780 to 868.

Traps and Seals

The Wenliu gas reservoir is located in sandstone and
siltstone of the undifferentiated third and fourth members of
the Shahejie Formation (fig. 10, pl. 2). The reservoir is
completely sealed by a 600- to 800-m-thick sequence of
rock salt and gypsum beds (fig. 10) in the lower part of the
third member of the Shahejie Formation (Zhu and Xu,
1984, p. 9). The trap is a horst block.

In the Pucheng oil and gas field, gas is trapped in a
fault block against sealed salt beds in the upper part of the
third member of the Shahejie (fig. 10). Gas in the Weicheng
field was generated from the third and fourth members of
the Shahejie Formation and from Carboniferous and Per-
mian coal beds. This gas was trapped in a fashion similar to
that of the gas in the Pucheng field. Fault traps and strat-
igraphic traps are present in the Baimiao, Qiaokou, and
Machang fields. Detailed exploration is needed in the south-
ern part of the depression where gas potential is high.

Huanghua Depression

The Huanghua depression is a half-graben structure
(figs. 11, 12), located in the central part of the North China
basin. The depression is bounded by the Linqing depression
on the south, the Yan Shan fold belt on the north, the
Cangxian uplift on the west, and the Chengning uplift and
the Bozhong depression on the east (figs. 2, 11, 12). The
Huanghua depression is about 250 km in length, 50 to 100
km in width, and 17,000 km? in area. Four large oil-
producing sags in the depression are the Qikou, Bangiao,
Beitang, and Nanpu, of which the Qikou and Bangiao
contain the thickest source beds. The Dagang oil field
(approximate lat 38°20' N., long 117°50" E.) is situated
between the Bangiao sag on the northwest and the Qikou
sag on the southeast. The so-called “Dagang field” is a
collective name for the Bangiao oil field in the north and the
Tangjiahe, Gangdong, and Gangxi oil fields in the south
(fig. 11). The maximum thickness of the sedimentary cover
in the Huanghua depression is about 12,000 m, of which
8,390 m are Tertiary. The maximum thickness of the
Paleogene sequence is 5,490 m (pl. 2).
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Source Rocks

In the Huanghua depression, principal source rocks
are confined to the continental saline lake deposits of
mudstone, shale, oil shale, and marl of the Paleogene
Shahejie and Dongying Formations. Additional source
rocks consist of coal beds in Carboniferous and Permian
sequences and marine carbonate rocks, shale, and mudstone
in the Middle to Late Proterozoic and Cambrian to Ordo-
vician sequences (pl. 2).

The third, second, and first members of the Shahejie
Formation, followed by the lower part of the Dongying
Formation, contain the principal oil and gas generating
strata of the Huanghua depression. These source rocks are
concentrated in the central part of the depression (Liang and
others, 1981, p. 75) and are 1,260 m thick in the Bangiao
sag and 1,560 m thick in the Qikou sag (fig. 11). The source
rocks contain abundant diatoms, pollen, spores, ostracodes,
and gastropods. The organic carbon content ranges from
0.52 to 2.76 weight percent and averages 1.26 percent. The
extractable organic matter averages 0.13 weight percent.
The primary pyrite content in the source rocks is generally
high, as indicated by the reduction coefficient (K) from 0.2
to 0.37 and the sulfur content from 0.13 to 0.51 percent
(Liang and others, 1981, p. 75). These data indicate that the
Oligocene lake deposits of the Shahejie Formation were
fresh to semialkaline, ranged from moderate to deep, and
contained sediments that were deposited in a weakly reduc-
ing environment.

The evolution of organic matter in the Paleogene
source rocks of the Huanghua depression was studied by
Wang and others (1980), Liang and others (1981), and
Liang (1985). Liang (1985) stated that oil and gas genera-
tion occurred in the Huanghua between depths of 2,000 and
4,500 m; these depths correspond, respectively, to temper-
atures of 85.5 and 171 °C (fig. 12). The hydrocarbons in
this depression have the following characteristics, as depth
increases: (1) Immature heavy oil containing biogenic
methane occurs at depths between about 2,000 and 2,400
m; these depths correspond to temperatures between 85.5
and 97.5 °C. (2) Three mature oil zones associated with gas
represent an immature heavy oil, a moderately mature
medium oil, and a mature light oil and occur between
depths of 2,400 and 4,000 m; these depths correspond to
temperatures between 97.5 and 154 °C. (3) Highly mature
condensate and wet gas occur between depths of 4,000 and
4,500 m; these depths correspond to temperatures between
154 and 171 °C. (4) Overmature dry methane gas occurs
below a depth of 4,500 m and has a corresponding vitrinite
reflectance of 2.0 percent (Liang, 1985, fig. 1).

Fu and Jia (1984, fig. 5, table 3) indicated that, for
many parts of the Huanghua depression, Ordovician car-
bonate source rocks were subjected to temperatures from
430 to 440 °C. The total organic carbon content of these
rocks ranges between 0.1 and 0.2 weight percent. Informa-

tion is not yet available for probable Middle to Late
Proterozoic Jurassic to Cretaceous source rocks in the
depression.

Correlation between oil extracts from source rocks
and crude oil in the Huanghua depression was done by
Liang and others (1981). Alkane properties suggest that oil
and condensate in the Banqiao field were generated from
the third member of the Shahejie Formation and that oil in
the Tangjiahe field was generated from the second and third
members of the Shahejie.

Reservoir Rocks

The principal producing reservoir rocks in the Huang-
hua depression are the sandstones of the Kongdian, Shahe-
jie, Dongying, Guantao, and Minghuazhen Formations and
the oolitic, bioclastic carbonate rocks of the Shahejie
Formation (Zhang and Jian, 1981). Petroconsultants Ltd.
(1977) mentioned that productivity in the Dagang field
differs greatly from block to block, and even from well to
well, probably because the reservoirs have intricate faulting
and abrupt facies changes (figs. 11, 12). The beds of
Paleogene oil-bearing reef limestone reservoirs are thick
and commonly show abrupt facies changes in the direction
of decreasing thickness. Oil-bearing sedimentary sequences
occur mainly between depths of 1,500 and 3,000 m.
Petroconsultants Ltd. (1977) estimated that the annual
production from the Dagang field in 1975 was 55 to 73
million bbl of oil.

The Dagang field was discovered in 1964. Since
1975, active exploration and drilling have continued
throughout the Huanghua depression. The main Tertiary
reservoirs occur in the delta front and channel sandstones
that were deposited near a lacustrine shoreline. The Tertiary
reef-limestone and dolomitic-limestone reservoirs have sec-
ondary vugs and fractures and contain local bioherms.
Generally, these oil and gas deposits are trapped by faults,
rollover anticlines, and stratigraphic pinch-outs that have
mudstone seals (fig. 12).

Jiyang Depression

The Jiyang depression is located in the east-central
part of the North China basin and is bounded by the Luxi
uplift and the Tanlu deep fracture system on the south and
east, the Bozhong depression on the north, the Chengning
uplift on the west and northwest, and the Linging depres-
sion on the southwest (figs. 2, 13). Geographically, the
southern two-thirds of the Jiyang is made up of land
surface, and the northern one-third is made up of shallow
sea in the Bohai Wan (fig. 2, pl. 1).

The onshore portion of the Jiyang depression is the
principal petroleum-producing area in the depression and
consists of four major sags: Dongying, Zhanhua, Chezhen,
and Huimin (fig. 13). The sags are separated from each

22 Geology of Petroleum and Coal Deposits in the North China Basin, Eastern China



other by uplifts (fig. 13). In 1962, the first petroleum-
producing oil field found in the Zhanhua sag was called
Shengli [Victory] field (figs. 13, 14). Since then, extensive
onshore drilling in the depression has led to the discovery of
numerous commercial oil and gas fields, which, at present,
have been called throughout the published literature the
“Shengli fields.” Generally, the Jiyang depression is a
half-graben structure made up of numerous normal fault
blocks (fig. 3). The depression is about 17,000 km? in area,
of which 5,700 km” are occupied by the Dongying sag
(Tang, 1979, p. 14). The maximum thickness of the
sedimentary cover in the Jiyang is about 8,230 m, of which
7,270 m are Tertiary. The oil- and gas-bearing Paleogene
sedimentary fill in the Jiyang ranges in depth from 2,900 to
5,750 m (pl. 2).

Source Rocks

In the Jiyang depression, the principal source rocks
are confined to the fluviolacustrine fresh- to saline-water
deposits of mudstone, shale, and oil shale of the Paleogene
Kongdian and Shahejie Formations. The total thickness of
the source rocks is approximately 1,000 m (Chen and
Wang, 1980; Zhou, 1981). The third, second, and first
members of the Shahejie Formation contain the major oil-
and gas-generating strata in this depression (Chen and
Wang, 1980, p. 473; Zhou, 1981, p. 26-38). These source
rocks have an oil and gas genetic potential of 400 to 1,000
ppm; the extractable organic matter to total organic carbon
ratio is greater than 100 mg/g, and the petroleum genetic
potential to total organic carbon ratio is greater than 30
mg/g (Wang and others, 1983, p. 130). The dominant
kerogen variety is humic-sapropelic (type II), as indicated
by a hydrogen-carbon ratio of 1.10 to 1.35 and an oxygen-
carbon ratio of 0.06 to 0.18. These values show that fewer
aquatic organisms and more terrestrial plants are present in
the source rocks (Wang and others, 1983, p. 131).

The average geothermal gradient in the Jiyang
depression is 36 °C/km, and the average surface tempera-
ture is 14.2 °C (Chen and Wang, 1980, p. 39). On the basis
of samples collected from the middle of the third member of
the Shahejie Formation in the Dongying sag (Zhou, 1981,
p. 39-47; Wang and others, 1983, p. 131-132), the mature
stage for generation of oil and gas was determined to occur
between the depths of 2,200 and 3,000 m and to have
corresponding temperatures of 93 and 122 °C (fig. 14). In
this depth range, the volatilization of existing hydrocarbon
(Tissot and Welte, 1984, fig. V.1.10) increased from 200 to
1,000 ppm, and the nitrogen, sulfur, and oxygen com-
pounds (resins, asphaltenes, and other heavy asphaltenic
compounds) (Tissot and Welte, 1984, p. 189, 375-414)
decreased sharply from 80 to 50 percent. The Carbon
Preference Index value of n-alkanes dropped from 1.90 to
1.40; this drop indicates that stable n-alkanes increased in
the hydrocarbons and that the montmorillonite was trans-

formed into illite, thus producing a reduction in porosity of
mudstone from 15 to 5 percent. Inevitably, water was
formed by this transformation process and forced a large
amount of preexisting hydrocarbons out from the source
rocks (Chen and Wang, 1980). Chen and Wang (1980, p.
39) and Zhou (1981, p. 39) indicated that the lighter
hydrocarbons were formed at depths ranging from 3,000 to
3,800 m and had corresponding temperatures of 122 and
155 °C. Condensate and wet gas formed generally at depths
greater than 4,000 m. These data conform with data given
by Liang (1985) for the maturation of organic matter in the
Huanghua depression.

Paraffin chromatography and pristane-phytane ratios
measured in oil extracts and crude oils indicate that oil from
the Gudao field was generated from source rocks of the
third member of the Shahejie Formation (Chen and Wang,
1980, table 3).

Reservoir Rocks

The petroleum-producing reservoir rocks in the Ji-
yang depression are the Jurassic and Cretaceous clastic
sequences, the sandstone and conglomeratic sandstone of
the Paleogene Shahejie and Dongying Formations, the
Neogene Guantao and Minghuazhen Formations, and the
carbonate rocks of Ordovician and Paleogene age (Chen and
Wang, 1980, table 1; Shuai and others, 1984).

Tertiary sandstone and conglomeratic sandstone in
the Jiyang depression were deposited in a fluvial environ-
ment and are widely distributed in a sinuous, elongated
pattern that has considerable variation in thickness. Com-
monly, the sandstone is rich in feldspar and is loosely
cemented. This type of sandstone reservoir characterizes the
Miocene Guantao Formation in the Gudao oil and gas field
(approximate lat 37°52’ N., long 118°45" E.) in the Zhan-
hua sag (figs. 13, 14; Chen and Wang, 1980). The porosity
of the sandstone reservoir in the Gudao field ranges from 30
to 32 percent, and the effective permeability for oil ranges
from 510 to 2,440 md (Chen and Wang, 1980, p. 486).
However, the production capacities and the physical prop-
erties of the reservoir differ considerably between individ-
ual sandstone bodies (Chen and Wang, 1980). These
textural changes can be attributed to variations in sedimen-
tation in the fluvial environment.

The Gudao field is 70 km? in area. The oil and gas
pools of this field occur in sandstone of the Miocene
Guantao Formation at a depth of 1,180 m (Petroconsultants
Ltd., 1983). Oil and gas are trapped by a drape structure
that overlies a horst block (fig. 14). The top seal consists of
mudstone and shale. Laterally, the reservoir sandstone
pinches out into shale and mudstone. In 1979 the initial
recoverable oil reserves were estimated to be 700 million
bbl, and in 1983 the initial recoverable gas reserves were
estimated to be 2 trillion ft® (Petroconsultants Ltd., 1983).

In the Jiyang depression, petroleum deposits also
occur above and below the Paleogene-Neogene unconfor-
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Figure 13. Principal structural units and oil and gas fields in the Jiyang depression, North China basin (modified from

Chen and Wang, 1980; Petroconsultants Ltd., 1982; Shuai

mity in sandstone bodies, such as the oil and gas pools
located between the Oligocene Dongying and the Miocene
Guantao Formations in the Huimin sag (fig. 14, pl. 2; Shuai
and others, 1984). Lenticular Jurassic to Cretaceous sand-
stone bodies in reservoirs locally have provided continuous
production in the Jiyang depression (Shuai and others,
1984, p. 7).

A Paleogene bioherm-type reservoir in the Pingfang-
wang field of the Dongying sag yields petroleum (approx-
imate lat 37°21’ N., long 117°57" E.; fig. 14; Petroconsult-
ants Ltd., 1982; Ma, Ge, and others, 1982; Shuai and
others, 1984, p. 4). The Paleogene bioherm consists chiefly
of the Serpula-Cladesiphonia sinensis-bearing limestone of
the third member of the Shahejie Formation. This oil- and
gas-bearing reef limestone overlies source beds of the fourth
member of the Shahejie Formation. The reservoir interval in
the Pingfangwang field is about 160 m thick, and the
porosity ranges from 36 to 43 percent. The depth to the
top-pay beds is 1,410 m (Petroconsultants Ltd., 1983). The
average daily output per well was reported in 1982 to be
several hundred tons of oil (Petroconsultants Ltd., -1982).
Buried-hill oil and gas pools in the Boxing field, which has
good reservoir properties, occur in Ordovician dolomite
(Shuai and others, 1984, p. 3—4).
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and others, 1984).

Bozhong Depression

The Bozhong depression is located in the northern
part of the North China basin and is bounded by the
Liaodong Wan-Liao He depression on the north, the Jiyang
depression on the south, the Huanghua depression on the
west, and the Tanlu deep fracture system on the east (figs.
2, 15). This depression is a graben structure (Chen and
others, 1983, fig. 7; Li Desheng, 1984, fig. 3) and has an
area of about 16,000 km>. The water depth in the entire Bo
Hai ranges from about 18 to 50 m. The maximum sedimen-
tary cover of the Bozhong depression is about 9,980 m
thick, of which about 7,270 m are Tertiary. Paleogene
sedimentary rocks have a maximum thickness of 5,750 m.
Pre-Tertiary sedimentary rocks are about 2,710 m thick (pl.
2). Li Jiaqi (1984) identified 13 potential oil- and gas-
bearing sags and 10 buried-hill reservoirs in the Bozhong.
These sags are separated from each other by uplifts. The
depth to the top of the buried-hill reservoirs is generally less
than 3,000 m (Li Jiaqi, 1984, p. 23).

Source Rocks

In the Bozhong depression, principal source rocks
consist of lacustrine and paludal deposits of dark-gray
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mudstone, shale, and oil shale of the Paleogene Kongdian,
Shahejie, and Dongying Formations. The fourth, third, and
first members of the Shahejie, however, contain the major
oil- and gas-generating strata of this depression (Petrocon-
sultants Ltd., 1983; Xu and others, 1983).

Secondary source rocks are grayish-green mudstone
and shale of Jurassic and Cretaceous age and coal beds of
Carboniferous and Permian age. Hu and others (1982)
inferred that oil and gas generated from this coal series is
present throughout the Bozhong depression, as indicated by
oil seeps and asphalt deposits from coal-bearing formations
in nearby areas. Oil and gas also may have been generated
from Cambrian and Ordovician carbonate rocks in the
depression.

Reservoir Rocks

During the past several years, the Japan-China Oil
Development Corporation and the China Petroleum Corpo-
ration have extensively explored the Bozhong depression
and have discovered oil and gas pools in Jurassic, Creta-
ceous,- and Tertiary sandstone, in Tertiary basalts and
andesite, and in Cambrian, Ordovician, and Paleogene
limestone and dolomite (Petroconsultants Ltd., 1981, 1983,
1984). Potential reservoir rocks of the depression are
Carboniferous and Permian sandstone and conglomeratic
sandstone, Middle and Late Proterozoic dolomite and lime-
stone, and Archean plutonic and metamorphic rocks (fig.
15; Li Desheng, 1984).

The Tertiary sandstone reservoirs of the Bozhong are
present in the following discovery wells: Bo Zhong 34-1-1
(lat 38°08'17" N., long 119°19'16" E.), Bo Zhong 34-2-1
(lat 38°08'00" N., long 119°34'00" E.), Bo Zhong 34-3-1
(lat 38°06'15" N., long 119°30'23" E.), and Bo Zhong
28-2-1 (lat 38°14' N.; long 119°32" E.) (fig. 15). Of these
wells, the 3,823-m-deep Bo Zhong 34-2-1 well, which has
a net reservoir thickness of 83 m, shows better initial
production test results. The test flow rate from the Bo
Zhong 34-2-1 is about 12,200 bbl/d of oil and 6.7 million
ft’/d of gas, and the gas-oil ratio is 559 scf/bbl (standard
cubic feet per barrel) (Petroconsultants Ltd., 1983). Oil and
gas have accumulated in both structural and stratigraphic
traps.

Tertiary limestone, basalt, and andesite reservoirs are
located in the Shijutuo field (fig. 15; Petroconsultants Ltd..
1984). According to Petroconsultants Ltd. (1984), the
1.2-km-long Shijutuo field (lat 38°56'24" N., long
119°23'04” E.) is still being developed. The Bo Zhong
No. 2 well in the Shijutuo field was drilled in 1975 to a
depth of 3,097 m. Here the Tertiary limestone, basalt, and
andesite have been fractured and produce oil and gas from
a 30-m-thick reservoir interval. The initial test flow rate of
the Bo Zhong No. 2 well is 1,120 bbl/d of oil and 1.3
million ft*/d of gas. In 1976, production tests from the

single-well No. 9 platform were reported to yield 3,322
bbl/d of oil. In 1981, the seven-well No. 10 platform,
located 1.2 km to the west, yielded 7,300 bbl/d of oil in
production tests. The oil output from a single well com-
pleted in a basalt and andesite reservoir was reported to
range between 700 and 2,000 bbl/d. Porosity in the igneous
reservoirs results from well-developed fractures and fuma-
roles. The API (American Petroleum Institute) gravity of
the oil is 27°, and the gas-oil ratio is 1,160 scf/bbl (Petro-
consultants Ltd., 1984).

The Jurassic and Cretaceous sandstone reservoir of
the Bozhong depression is tapped by the Bo Zhong 25-1-1
well (lat 38°15'51" N., long 119°06'02" E.). The Bo Zhong
25-1-1 well was discovered in 1981 and is currently being
evaluated (Petroconsultants Ltd., 1981). The depth to the
top of the reservoir is 3,355 m, and the maximum thickness
of the reservoir is reported to be 4 m. The initial flow rate
in this well was 2,628 bbl/d of oil and 953,000 ft*/d of gas
(Petroconsultants Ltd., 1981).

In 1981, oil and gas were encountered in a buried hill
of Cambrian and Ordovician limestone by the Bo Zhong
28-1-1 well (1at 38°17' N., long 119°45" E.) (Petroconsult-
ants Ltd., 1981). The total depth of this well is 3,334.5 m.
The depth to the top of the reservoir is 2,975 m, and the
gross thickness of the reservoir interval is 323 m. The
interval between 3,200 and 3,300 m had an initial flow rate
of 7,600 bbl/d of oil (Petroconsultants Itd., 1981). This
offshore discovery has a production potential of about
200,000 to 300,000 bbl/d of oil (Petroconsultants Ltd.,
1981).

Liaodong Wan-Liao He Depression

The Liaodong Wan-Liao He depression is a graben
system located along the lower reach of the Liao He and in
most of the Liaodong Wan in the extreme northern part of
the North China basin (figs. 2, 16). This depression is about
34,000 km® in area, of which about 12,400 km®> are
traversed by the lower reach of the Liao He (Zheng, 1984,
p. 1). The maximum sedimentary fill in the depression is
12,060 m, of which about 7,270 m are Tertiary. The
maximum thickness of Paleogene sedimentary rocks is
5,750 m (pl. 2). Pre-Tertiary strata are about 4,790 m thick,
and Quaternary sediments are about 727 m thick (Institute
of Geology, Academia Sinica, 1958). During the past
decade, petroleum exploration and development have been
concentrated along the lower part of the Liao He. The lower
reach of the Liao He contains the Damintun sag and the
Eastern and Western sags, which are separated by a central
rise of Archean granite (figs. 16, 17). The principal
petroleum-producing oil and gas fields are located in the
Western and Damintun sags, where they are bounded by a
series of northeast-trending normal fault blocks (figs. 16,
17).
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Figure 16. Principal structural units and oil fields in the Liaodong Wan-Liao He depression, North

China basin (modified from Zheng, 1984).

Source Rocks

In the lower part of the Liao He depression, principal
source rocks are the lacustrine dark-gray mudstone and oil
shale of the Paleogene Shahejie and Dongying Formations.
The fourth, third, and first members of the Shahejie
Formation contain the major oil and gas source rocks (Wu,
1982, p. 154; Zheng, 1984, p. 13-14). Secondary source
rocks in this depression are black to grayish-green mudstone
and shale of Jurassic and Cretaceous age and coal beds of
Carboniferous and Permian age. Source rocks in the Sha-
hejie Formation are reported to be more than 1,750 m thick
in about 65 to 85 percent of the depression (Zheng, 1984, p.
14). In these source rocks, the organic carbon content
ranges from 1.74 to 2.81 weight percent, the extractable
organic matter ranges from 547 to 1,029 ppm, the petro-
leum genetic potential ranges from 150 to 1,428 ppm, the
hydrocarbon-organic carbon ratio ranges from 1.07 to 3.42

percent, and reduced sulfur is generally more than 0.5
percent (Zheng, 1984, p. 14). The kerogen varieties are
sapropelic (type I) and mixed humic-sapropelic (type II)
(Zheng, 1984). Wu and Lu (1983, table 2) indicated that the
maximum generation of oil was obtained between the
depths of 2,000 and 2,400 m. The geothermal gradient
ranges from 3.29 to 4.65 °C/hm in the western part of the
depression and from 3.5 to 4.04 °C/hm in the eastern part of
the depression. Wang and others (1983, table 2-4-23)
recognized a maximum geothermal gradient of 5 °C/hm.
The variation in geothermal gradient is due to local igneous
activity, which had accompanied sedimentation of the
Tertiary source rocks (Wu and Lu, 1983).

A comparison of pristane-phytane ratios, oil extracts
and crude oils,and total hydrocarbon chromatography sug-
gests that oil accumulations in the depression were gener-
ated from source rocks of the Paleogene Shahejie Formation
(Zheng, 1984, p. 14).
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Reservoir Rocks

The principal reservoir rocks in the Liaodong Wan-
-Liao He depression are (1) Archean granite, (2) Middle and
Late Proterozoic dolomite, dolomitic limestone, and quartz-
ite, (3) Jurassic and Cretaceous andesite, tuff, and volcanic
breccia, and (4) sandstone of the Kongdian, Shahejie,
Dongying, and Guantao Formations. The potential reservoir
rocks are Carboniferous and Permian sandstone and volca-
nic rocks and Middle to Late Proterozoic, Cambrian to
Ordovician, and Paleogene limestone and breccia (fig. 17,
pl. 2; Ma, Ge, and others, 1982; Zhai and Zha, 1982;
Zheng, 1984). The most productive oil and gas reservoirs in
this depression are carbonate rock, volcanic rock, quartzite,
and granite located in buried-hill accumulations of the
Qijia, Shuguang, Dujiatai, Dongshengpu, and Xinglongtai
oil fields (figs. 16, 17; Zheng, 1984, fig. 1).

A Tertiary sandstone reservoir is located in the
Panshan oil field (lat 41°10" N., long 122°00' E.) (fig. 16;
Petroconsultants Ltd., 1981). This field was discovered in
1964, and, between 1969 and 1975, a 100-km’ area was

developed. By 1976, the average yield per well was 354
bbl/d of oil (Petroconsultants Ltd., 1981).

Jurassic and Cretaceous andesite and tuff reservoirs
are located in a buried hill of the Qijia oil field (fig. 16;
Zheng, 1984, fig. 1). The andesite and tuff of the buried-
hill accumulation contain numerous fractures, fumaroles,
and isolated caves. The bulk porosity of these rocks is
greater than 10 percent, and the permeability is less than
1 md (Zheng, 1984, p. 13).

Middle and Late Proterozoic dolomite and quartzite
reservoirs are located in the Shuguang and Dujiatai buried-
hill oil fields (figs. 16, 17). The Shuguang oil field was
discovered in 1979 and is 25 km” in area (figs. 16, 17).
Dolomite of Middle to Late Proterozoic age is the principal
reservoir rock. The initial yield per well in the Shuguang
field was 4,260 bbl/d of oil. New discovery wells drilled in
the northwestern part of the Shuguang field in 1982 had
initial yields of 700 bbl/d of oil per well (Zheng, 1984).

Porosity in dolomite reservoirs ranges from 6.1 to
20.7 percent, and gas permeability is as much as 1,092 md
(Zheng, 1984, p. 9). The upper part of the dolomite
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generally is intensely leached. The leached zone overlies a
solution-fracture zone that is characterized by cavities at the
intersections of fractures. This solution-fracture zone is the
most productive part of the buried-hill oil and gas pools in
the Liaodong Wan-Liao He depression.

The Shuguang buried-hill oil pools are located on a
horst block that has been covered by Paleogene source beds
of the third and fourth members of the Shahejie Formation.
This horst block is bounded on the west by a pre-Tertiary
westerly dipping, northeast-trending normal fault and on the
east by a Tertiary northerly dipping normal fault (fig. 17,
cross section B-B’; Zheng, 1984, p. 6-7). The horst block
was broken by two intersecting pre-Tertiary faults in which
the western fault of this set is probably a normal fault
formed prior to the occurrence of the eastern reverse fault
(fig. 17, cross section C-C'). On the western and eastern
flanks of the buried hill, the Shahejie source beds directly
overlie Paleogene basalt, which in places unconformably
overlies Jurassic and Cretaceous breccia. The reservoir of
Middle to Late Proterozoic dolomite is intercalated with
sandy dolomite, shale, marlstone, quartzose sandstone, and
conglomerate and dips northwestward at about 41°. The
shale and marl form excellent seals that partition the
Shuguang field into four reservoirs: Shugu 1 and Shugu 40
in the east and Shugu 112 and Shugu 98 in the west (fig. 17;
Zheng, 1984, p. 6).

The Shugu 1 and Shugu 40 dolomite reservoirs are
separated by marlstone beds. Here the depth to the top of
the pay zone is 1,684 m, the depth to the oil-water contact
is 2,000 m, the gross thickness of the reservoir is about 316
m, and the production rate of a single well ranges from 700
to 4,260 bbl/d of oil (Zheng, 1984, p. 6-7). The Shugu 98
and Shugu 112 sandy dolomite, quartzose, sandstone, and
conglomerate reservoirs are separated by black shale beds.
Here the depth to the top of the pay zone is 1,401 m, the
depth to the oil-water contact is 1,630 m, the gross
thickness of the reservoir is about 229 m, and the produc-
tion rate of a single well ranges from 350 to 700 bbl/d of oil
(Zheng, 1984, p. 7).

The Dujiatai oil field was discovered in 1980. Middle
to Late Proterozoic quartzite is the principal reservoir rock.
The initial yield per well in this field ranges from 700 to
1,400 bbl/d of oil (Zheng, 1984, p. 2). Zheng (1984, p. 12)
estimated from thin sections that the bulk porosity of the
quartzite ranges from 0.4 to 7.7 percent and the air
permeability through the quartz intergranular-pore spaces
ranges from 5 to 10 md. Microfractures between 79 and 290
pm (microns) wide transect 60 to 100 percent of the
quartzite reservoir (Zheng, 1984, p. 2).

Archean granite reservoirs are located in the Xing-
longtai and Dongshengpu buried-hill oil and gas fields (figs.
16, 17). The Xinglongtai oil and gas field, discovered in
1972, consists of gas-capped buried-hill oil pools in the
deeply weathered Archean granite, Jurassic and Cretaceous
breccia, and Paleogene conglomerate of the third member

of the Shahejie Formation. The oil and gas accumulations
are sealed by a normal fault along the northwest flank of the
field (Zhai and Zha, 1982, fig. 8). Initial production from
this field was 210 to 700 bbl/d of oil and 3.531 million ft’/d
of gas (Zheng, 1984, p. 2). Zhai and Zha (1982, p. 3-6)
mentioned that the granite reservoirs of the buried-hill pools
produce about 420 bbl/d per well. Zheng (1984, p. 13)
estimates the porosity of the deeply weathered and highly
fractured gneissic granite to be 8 percent.

The Dongshengpu oil and gas field was discovered in
1983. Granite is the principal reservoir in this buried-hill oil
and gas pool. This field is controlled by a horst block
bounded on the west by a Paleogene normal fault that has a
1,400-m displacement and bounded on the east by a
northeast-trending late Paleogene normal fault that has
about 200 to 400 m of displacement (figs. 16, 17; Zheng,
1984, fig. 3). Generally, the depth to the top of the
production zone is 2,600 m. The closure of the buried-hill
granite is 800 m across an area of 15 km* (Zheng, 1984, p.
4). The entire reservoir is covered by blackish-gray source
beds of the third and fourth members of the Paleogene
Shahejie Formation. The daily output from a single well,
Sheng No. 11, was 10,500 bbl/d of oil and 3.354 million
ft’/d of gas (Zheng, 1984, p. 2).

Potential

The North China basin covers an area of about
213,000 km?, of which the six principal petroleum-
producing depressions occupy 94,400 km>. An estimate of
the volume of sediment fill in these six depressions is
472,000 km®, which represents about 56 percent of the total
volume of sedimentary fill in the basin. Adequate quantities
of rich source rocks appear to be present throughout the
North China basin. An estimated ultimate oil and gas
recovery from the individual petroleum-producing depres-
sions in the North China basin is shown in table 3. The
Jiyang depression ranks first in oil reserves, followed
generally by the Jizhong, Huanghua, Dongpu-Kaifeng,
Liaodong Wan-Liao He, and Bozhong depressions. The
currently known, ultimate recoverable reserves are 11.251
billion bbl of oil and 8.425 trillion ft> of gas (table 3). In the
southern part of the North China basin, significant gas
resources will be obtained from the source rocks of the
Carboniferous to Permian coal series (Zhu and Xu, 1984).

Coal

General Statement

The coal deposits of the North China basin occur
chiefly in the Carboniferous to Permian sequence and
locally in the Jurassic to Cretaceous sequence in the
Jizhong, Bozhong, and Liaodong Wan-Liao He depressions
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Table 3. Estimated ultimate oil and gas recovery from
discovered fields in the North China basin

[Modified from William D. Dietzman, Energy Information Administra-
tion, Department of Energy, unpub. data, 1987]

Name of depression . .Oil . Qas 3

(million bbl)  (billion ft%)
Jizhong............ooiiiiiiilt, 2,455 3,750
Dongpu-Kaifeng.................. 977 500
Huanghua........................ 1,107 470
Jiyang.......oooiiiiiiiinaant, 5,398 3,350
Bozhong...........c.cvviiniin., 240 65
Liaodong Wan-Liao He ........... 651 100
Location unknown................ 423 190
Total........covvviiiina.... 11,251 8,425

(pls. 1, 2). Both the Carboniferous to Permian and the
Jurassic to Cretaceous coal-bearing sequences were found
in the basin during exploratory drilling for petroleum (fig.
18). The discussion of the stratigraphy of these coal-bearing
sequences is based chiefly on information obtained from
coal mining areas around the perimeter of the basin (Han

and Yang, 1980; Department of Coal Teaching and
Researches, 1981).

Occurrence

The Carboniferous to Permian coal series is com-
posed of the Late Carboniferous Benxi and Taiyuan For-
mations, the Early Permian Shanxi and lower part of the
Shihezi Formations, and the Late Permian upper part of the
Shihezi Formation (table 4). The depositional environments
of these coal-bearing formations are listed in table 4 and
figure 19.

The site of the North China basin was a large platform
landmass that had been exposed to a lengthy period of
extensive weathering and erosion from the Late Ordovician
to the Late Carboniferous. In the early Late Carboniferous,
as this landmass subsided, the Benxi sea encroached from
the east and covered most of the area. Detrital sediments
derived from the surrounding highlands were deposited in
shallow-marine and littoral-marine environments. In the
North China basin, the Benxi Formation consists of 80 to
120 m of sandstone, siltstone, and mudstone intercalated
with coal beds and local fossiliferous limestone (Han and
Yang, 1980, p. 107-110; Department of Coal Teaching and
Researches, 1981, v. 2, p. 58 ).

Throughout the North China basin, the Taiyuan
coal-bearing sequence was deposited during the transgres-
sion of the Carboniferous sea and the regression of the latest
Carboniferous and Permian sea. The Taiyuan Formation
consists of 30 to 70 m of sandstone, siltstone, mudstone,
and marlstone intercalated with fossiliferous limestone and
thin- to thick-bedded coal of littoral-marine to transitional-
marine origin. The Taiyuan Formation contains the highest
quality commercial-grade bituminous coal deposits in the

North China basin. The coal beds, which are concentrated
in the northern, western, and southern parts of the basin,
range in thickness from 5 to 10 m. Large coal mines in the
thick coal beds of the Taiyuan Formation are located near
the basin border in the Hebei, Henan, and Shandong
provinces (fig. 19, pl. 1).

During the Early Permian, the Late Carboniferous sea
withdrew toward the south, and the coal-bearing sequence
of the Shanxi was deposited conformably on the Taiyuan
Formation. In the North China basin, the Shanxi Formation
is continental to transitional marine in origin and consists of
less than 100 m of sandstone intercalated with siltstone,
mudstone, and locally, in the upper part of the sequence,
beds of limestone and lenticular mudstone. These detrital
sedimentary rocks contain coal beds 3 to 10 m thick that
were deposited in fluvial-channel, overbank, lacustrine,
marsh, swamp, lagoonal, and coastal-deltaic environments.
Mineable, good-quality bituminous coal beds in the Shanxi
Formation occur in the northern, western, and southern
parts of the North China basin (fig. 19; Department of Coal
Teaching and Research, 1981, v. 2, fig. I1I-60).

During late Early Permian to early Late Permian
time, coal-bearing sedimentary rocks of the lower part of
the Shihezi and the upper part of the Shihezi Formation
were deposited. The Shihezi Formation conformably over-
lies the Shanxi Formation. In most of the North China
basin, the Shihezi Formation consists of continental detrital
sedimentary rocks containing thin coal beds. Mineable coal
beds are located in the continental- and transitional-marine
sequences in the southern part of the basin (Department of
Coal Teaching and Researches, 1981, v. 2, p. 64-67). The
coal-bearing sequences of the Shihezi Formation in the
southern part of the basin are near the southern and
southeastern borders of the basin and are confined chiefly to
Henan province, where they are extensively mined (pl. 1).
The coal beds are 5 to 10 m thick but locally may be 10 to
30 m thick.

During the early Mesozoic, most of the area of the
present-day North China basin was an emergent landmass,
but from Late Jurassic through Cretaceous time, the land-
mass was broken by northeast-trending extensional faults
that formed numerous small and shallow depressions
throughout the basin. These depressions were filled with
molasse deposits composed of detrital sedimentary rocks,
volcanic flows, and, locally, thin coal beds (Hu and others,
1982).

Potential

High-quality bituminous coal and anthracite of Car-
boniferous and Permian age are concentrated in the north-
ern, western, and southern parts of the basin. The burial
depth to the top of the Carboniferous to Permian sequence
ranges from about 1,500 m to more than 6,000 m (fig. 18,
pl. 1; Chang and others, 1981). Most of the coal beds are
deeper than 1,800 m and therefore are excluded from coal
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resource consideration (Wood and others, 1983, p. 23-24).
China’s coal reserves total 642.5 billion tons, 411.3 billion
tons of which are located in the North China region. The
North China basin occupies about one-third of the total area

32

of North China, and the coal reserves in the basin are
estimated to be 170 billion tons, about 30 percent of the coal
reserves of the North China region (International Petroleum

Encyclopedia, 1985, p. 30).
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Table 4. Carboniferous and Permian stratigraphy of the North China basin
[Modified from Department of Coal Teaching and Researches, 1981, v. 2, table III-8; Han and Yang, 1980, v. 2,

p. 101-152]
System Series Formation Depositional environment
Shigianbeng Continental red beds.
Late Permian Chiefly continental lithofacies, locally
Upper part of interfingering with continental and
the Shihezi marine-transitional facies during south-
ward regression of the sea in Permian
i time. Fluvial, lake, marsh, and swamp
Permian Lower part of deposits north and deltaic littoral-
the Shihezi marine, lagoonal, and neritic-marine
deposits south.
Early Permian
Regressive deposits of neritic- to littoral-
Shanxi marine, lagoonal, deltaic, fluvial. lake,
marsh, and swamp environments.
Transgressive deposits of shallow-marine,
. littoral-marine, lagoonal, deltaic, flu-
Taiyuan . -
vial, lake, marsh, and swamp environ-
Carboniferous Late ments.
Carboniferous |
. Transgressive deposits. Shallow-marine
Benxi . . .
and littoral-marine environments.
North China basin

North
(northern Hebei
and northern
Shanxi provinces)

South
(central Henan, northern

Central North China ;
‘ Anhui, and northwestern

basin

Jiangsu provinces)

c
22 Upper part of the
] g Shihezi Formation
a
c Loyver_part of t'he
> Shihezi Formation
s E
wg
a
Shanxi Formation
w
3
o g Taiyuan Formation
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£
3
Benxi Formation

Figure 19. Lithofacies distribution of the Carboniferous to Permian coal series in the principal part of the North China
basin (modified from Han and Yang, 1980).
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SUMMARY AND CONCLUSIONS

The intracratonic North China basin evolved by
differential rifting and regional block faulting, accompanied
by gravity slumping, during the latest episode of the
Jurassic and Cretaceous Yanshanian orogeny to the
Miocene Himalayan orogeny. Geophysical data and igne-
ous activity in the region suggest that this taphrogenic stress
was caused by upward advection of the asthenosphere. In
the basin, the high geothermal gradients caused source
rocks of the Paleogene Shahejie Formation to reach matu-
ration stage at a depth of burial of about 2,000 m. Later,
during the late Paleogene and early Neogene, oil and gas
migrated, as a result of a compression torsional “push” from
the southwest, through permeable detrital rocks and along
fractures, faults, and unconformities and accumulated in
stratigraphic and structural traps.

Thick coal beds in the Carboniferous to Permian
sequence are the major source rocks for natural gas in the
southern part of the basin. The gas fields in the Dongpu-
Kaifeng depression can help to guide further exploration for
additional gas resources in the Dongpu-Kaifeng depression
and adjacent depressions of the basin.

Archean granite, Middle and Late Proterozoic, Cam-
brian, and Ordovician dolomite, and Tertiary delta-front
sandstone are the dominant reservoirs in the basin. Dolo-
mite and granite reservoirs are situated in fault-controlled
buried-hill highs that are covered by source beds of the
Paleogene Shahejie Formation and provide the principal
petroleum-producing areas in the North China basin. The
Tertiary sandstone reservoirs, however, generally have a
constrained production capacity because of rapid changes in
the lithofacies of the fluvial sandstone bodies throughout the
basin. Future discoveries from buried hills of the Archean
granite are likely to be made in the offshore part of the
Liaodong Wan-Liao He, Bozhong, and Jiyang depressions.
Future discovery of oil is highly likely in the buried hills of
Middle and Late Proterozoic dolomite in the Huanghua
depression. The ultimate recoverable oil and gas reserves
total 11.251 billion bbl of oil and 8.425 trillion ft’ of gas in
the petroleum-producing depressions of the North China
basin.

Most of the coal beds are generally excluded as an
energy resource because the overburden is very thick.
Nevertheless, coal-bed methane is a large, potential gas
resource. In the North China region, the North China basin
has an estimated 170 billion tons of coal reserves. which is
about 41 percent of the total regional coal reserves (411.3
billion tons). In the years ahead, underground coal mining
near the border of the basin will be extensive, particularly in
the Taikang upland of the southern part of the basin.
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