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PREFACE

Ordos is in the west of North China Platfortn and itself is a part of the platform.

In 1975, with many teachers and students from our university and many other co-workers
from other institutions.] began the study of the lithofacies palecgeography of Early Paleozoic of
North China Platform. Since then., sixteen years has past. The result of this study, { Lithofacies
Paieogecgraphy of Early Paleozoic of North China Piatform %.has now come cut.

In 1980.we began to study the lithofacies palecgeography of Early Paleozoic of Ordos,since
then,ten years has past. At the beginning,it was studied as & part of the tithofacies paleogeography
of Early Palecozoic of North China Ptatform ,and the results have alsc been reflected in the { Lithofa-
cies Paleogeography of Early Paleozoic of North China Piatform .

in 1985,the commercial gas flow of Well Qican | and Well Zhou | finally gushed out of the
virgin land of the carbonate rocks of Lower Paleozoic of Ordos.

in 1987 ,the study of the lithofacies paleogeography of Early Paleozoic of Ordos was renewed,
This is a continuation and deepening of the study of the lithofacies paleogeography of Early Paleo-
7eic of North China Platform and Ordes. This book ,{ Lithofacies Paleogeography of Early Paleozoic
of Ordos),is the generalization of the study results in the past three years. It is the supplement and
perfection and hence a sequel of {Lithofacies Paleogeography of Early Paleozoic of North China
Platform }.

Based on the experience of the three years,ten years and sixteen years,] know that the basic
pattetn of the lithofacies paleogeography of Early Paleozoic of Ordos is,

Qutside the land were fiats;

Outside the flats were banks;

Ouiside the banks were seas;

Outside the seas were troughs.
The flats inctude mud sand flats,sand mud flats, mud flats, dolomite flats,etc. ;banks include ooid
banks .bambo-leaves banks,erc. ;seas were open seas; troughs were deep marine troughs, i. e. ,the
Qilian Trough and Qinling Trough. Certainly ,in some ages,such as in Zhangxia Age,there were no
fiats, and ouwsside e land were immediately banks and interbank seas;in some ages, such as in
Suyukou Age.there were no banks.and cutside the flats were immediately open seas;in some ages,
such as in Majiagou Age 2.4 and 6,both flats and banks were not developed. However the fourfold-
structure pattern was still fundamenial.

The relationship between the lithofacies paleogecgraphy of Early Paleozoic of Ordos and the oil
and gas and other sedimentary mineral deposits can be generalized as Follows .

In the flat,there is gypsums;
In the flat.there is halite;
In the flat.there is oil ;

in the flat.there is gas.
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The “flat® mentioned here,is meant dolomite tidal flats where penecontemporanecus dolostones ate
developed. Truly,it is a precious flat indeed!

In the past,1 always consciously ar unconsciously thought that high energy banks had high po-
tential of oil and gas in the Lower Paleozoic of Ordos;now 1 stiil do not deny this passibility. But the
oil and gas potential of banks is much lower than that of flats. Previously and now,some people
think that oil and gas in Ordos are reserved in reefs (7) or so-calle¢ “mound-shaped body reefs
(7)™, I also hope it could be. Nevertheless, frem the evolution of reef-buiiding organisms in geologi-
cal history and frotn the basic pattern and evolution of lithofacies paleogeography of the Early
Palicozoic in Ordos,the large-scale reefs were difficult to develop. The “mound-shaped bodies” in
selsmic sections are probably not reefs,but banks or other sedjmentary bodies. In addition , it is also
pcisible to find oil and gas in other paleogeographic units,such as gravity flow sediments on deep
water siopes. But on the whale, the ojl and gas potential of dolomite fiats is the largest and best.
Therefore, in order to make a breakthrough in’oil and gas exploration in the Lower Paleozaic of
Ordos, the focus of exploration should be on flats. The flats should be thoroughly studied. The cover
of the precious flat{ bottle * ) shouid be apened.

It is not easy to get the above two generalizations. They were derived through our hard works
in the past three years,ten years and sixteen years. Would my humbie opinion be beneficial to the oil

and gas exploration in Ordos. This is my hope.

Feng Zangzhao
& niversity of Petrolewm (Detjing )
March , 1990

» The “flatt )7 and “bottle{ ¥ }"are doth pronovtced as “ping™ in Chinese.
4
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LITHOFACIES PALEOGEOGRAPHY OF
EARLY PALEOZOIC OF ORDOS

Feng Zengzhoo Chen Jizm  Zhang Jisen

[ . INTRODUCTION

Ordos is located in the western part of North China Platform, which is up to the west margin of
Helanshan Mountains in the west,to Qinling Mounﬁins in the south, to Liliang Mountains jn the
east and 1o Yinshaen Mountains in the north, including the eastern part of Gansu Province, central
and northern parts of Shaanxi Province , most of Ningxia Autonomous Region ,the southwestern part
of Inner Mangolia Autonomous Region and the western part of Shanxi Provinee, with an area of
about 320 000 square kilometres. :

Lower Paleozoic is widely exposed in the western, southern and eastern parts of Ordos. The
thickness of the strata is about 1000 m,up to more than 2000 m. It has been known from the
drilling and geophysical data that there is also a wide subsurface distribution of Lowet Paleczoic in
most of the centra! part of Ordos. Lower Paleozoic is not seen in some of the northern patt of Ordos.
The strata are mainly composed of carbonate rocks, which has favorable oil and gas generating con-
dition ,many types of reservoirs,good capping and preserving condition. Therefote +it is the best po-
tential area of Early Paleozoic oil and gas in North China Platform.

Before 1376 ,many geologists had investigated the Lower Paleozoic and had preliminarily given
the base of the paleontological stratigraphy of Lower Paleozoic of Ordos,

In 1976 — 1979, Changging Gilfield organized a study of the stratigraphy , petrology , lithofacies
paleogeography and petroleum geology of the Lower Paleozoic of Ordos. They observed and mea-
sured 13 sections,studied the data from over ten boreholes. Furthermors , they preliminarily unified
the division and correlation of Ordovician of Ordos,and investigated preliminarily the lithofacies pa-
leogeography of Ordovician as well.

In 1980,Changging Oilfield co-operated with the East China Petroleum Institute (now Univer-
sity of Petroleum). Unider the leadership of Professor Feng Zengzhao,Senior Engineer Wang Xifu,
Senior Engineer Song Guochu and Senior Engineer Zhang Jisen, they organized certain teams to ob-
serve, remedially measure or remeasure some important sections with emphasis on the petrological
and lithofacies paleogeographical studies. Based on these, 5 lithofacies paleogeographical maps {scaie
L +1 200 000)of Yieli Age,Liangjiashan Age, Early Majiagou Age,Middle to Late Majiagou Age
and Pingliang Age of Ordovician of Ordos were compiled under the guidance of new sedimentologi-
cal theory,especially carbonate sedimentoiogical theory and new methodology “Single Factor Analy-
sis and Comprehensive Mapping Method ™. Summary report and papers were writtent and the ail and
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gas potential of Lower Paleozoic of Ordos was predicted.
in 1985 ,the gas flow of Well Qican 1 and Well Zhou 1 finally gushed out of the virgin land of

the Early Paleozoic carbonate rocks in Ordos,and aroused to be paid attention. Qur prediction was
being proved. Researches and explorations about the Lower Paleozoic oil and gas of Ordos were re-
newed.

In 1987, Changqing Oilfield co-operated with University of Pe‘troleum again. The researching
group, led by Prof;ssﬁr Feng Zengzhao and Senior Engineer Zhang Jisen,took the task of “Strati-
graphical and lithefacies study”(75-54-01-10-06) of the “Distribution pattern of Lower Paleozoic
oil and gas in the Shasnxi-Gansu-Ningxia region” which was a key programme of “Seventh Five-
Year Plan™.

During 1387 — 1989, we measured other three Lower Paleozoic sections at Linfen of Shanxi
Province , Linlin of Shanxi Province and Helanshan ,observed about 700 thin-sections, studied rele-
vant cathodoluminescence , elecironic microscopy , oxygen and carbon isotopes and physical proper-
ties. The six sets of data, including field description data, thin-section identification data, modifica-
tion data, 1 ¢ 500 columns of petrology and depositional environment analysis, summary reportsor
papers) , photoe-plates and their explanations were completed. These three basic sections and the other
over ten sections measured before laid the foundation stone of the strata division and cortelation of
Ordos.

Additionally , we obsarved and studied the cores,cuttings and thin-sections of 15 weils and com-
pited 1 : 500 columns of depositional environment analysis of these wells,and wrote SUMMArY Te-
ports of some of these wells. '

Based on the works mentioned above,we made the Lower Paleozoic division and correlation
throughout the region.

At the same time , sedimentary facies analysis, well-logging facies analysis, seismic facies analy-
sis throughout the region were worked out.

Based on the studies listed above, by using the “Single Factor Analysis and Comprehensive
Mapping Method”, 42 fundamental single factor maps of every mapping unit were compiled. On the
basis of these fundamental single factor maps and with reference to other petrologically quslitative
and guantitative data,regional geological and structural data, well-logging and seismic data, through
comprehensive analysis and judgement, with the dross discarded and the essential selected ,then, 17
lithofacies paleogeographical maps(1 : 1 000 000) of each geologic time of the region were com-
piled. The corresponding summary report,i. e. first draft of this book ,including 128 photos of rocks
in 16 plates and relevant explanations,was weitten.

This study passed the appraisal of Changging Petroleum Exploration Bureau in January, 1989,
and that of China National Petroleum Corporation as well in October, 1389,

- Supervised by his tutor Professor Feng Zengzhao, and instructed ,supported and helped by Se-
nior Engineer Yang Junjie ,Senior Engineer Li Yinde,Senjor Engineer Zhang Jisen and other rele-
vant comrades of Changqing Petroleum Exploration Bureau ,doctorate student Chen Jixin did a lot of
supplementation -and refinement, spent nearly one Year, and wrote his doctoral dissertation, He
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passed the defence of doctoral dissertation and was awarded the Ph. D degree in December, 1989.
Based on the doctoral dissertation of Chen Jixin,we spent nearly hailf a year to revise and com-

plete the final manuscript of this book.
. STRATIGRAPHY

There are only Cambrian and Ordovician in the Lower Paleozoic of Ordos,Silurian is absent.
The Formations that cotrespond with Meishucun Fm. and Qiongzhusi Fm. of South China in Lower
Cambrian are absent. The Suyukou Fm, and Mantou Fm. that correspond with Canglangpu Fm. and
Longwangmiac Fm. of South China in Lower Cambtian directly overlay the Precambrian with un-
conformity. Exposure of Maozhuang Fm. of Lower Cambrian and X uzlivang Fm. and Zhangxia Fm.
of Middle Cambrian is fairly complete,they are absent only in Yimeng and Lilliang areas. Exposure
of Gushan Fm. ,Changshan Fm. and Fengshan Fm. of Upper Cambtian is also fairly complete,and

is absent only in Yimeng and Wuqi areas,
Table 1. Stratigraphy of Lower Paleozoic of Ordos

Carhohilerous

Upper Beiguoshan Formation

Pingitang Formation( Upper )

Pinglizng Formation (Lower )

Majiegou Fornation 6
Majagou Formation 5

Migdle
Ordovician Ma jiagou Majiagou Formation 4

Oroup Majiagou Formation 3
Majiagou Formation 2 -~
Majiagou Formation 1

Ligngpashan Formation

Lower Yieli Formation

" Fengshan Formetion
Upper ) Changshan Fermation
Qushan Formation

Zhangxia Formation

Cambtian Middle
Xuzhuang Farmation

Maazhuang Formation

Lower Mantou Formation

P —

l Suyukou Formation

_ Precambrian

The Cambrian and Ordovician are continujous in the eastern part,and are discontinuous at the
west margin and south margin.
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Yieli Fm. and Liangjiashan Fm. of Lower Ordovician just exist in the eastern,southern parts
and western parts,they are absent in most of the inferiot areas. Majiagou Group of Middle Ordovi-
cian overlies the Liangjiashan Fm. with unconformity. 1t js widespread in Ordos,except for Yimeng
area. The Majiagou Group can be further divided into Majiagou Fm. 1,Majiagou Fm. 2, Majiagou
Fm. 3,Majiagou Fm. 4,Majiagou Frn, 5 and Majiagov Fm. 6. Pingliang Fm. {(broadly speaking)of
Middle Ordovician is only distributed at the west and south margins of Ordos,it is absent in the inte-
rior and eastern parts. There is discontinuity betwcen Pingliang Fm. and Majiagou Fm. 6 {or Ke-
limoli Fm. ). Beiguoshan Fm. of Uppet Ordovician is only distributed at the southwest margin. Dig-.
continuity exists between Middie and Upper Ordovician. The overlying strata is Catboniferous. Sil-
urian, Devonlan and Lower Carboniferous are absent.

The details of Early Paleozoic stratigraphy of Ordos are shown in Table 1.

¥ . PETROLOGY

There are many rock types in Lower Paleozoic of Ordos,carbonate rocks, evaporites, siliceous
rocks, clastic rocks,phosphate rocks and tuffs,etc. Carbonate rocks are dominant and are divided into
limestones and dolostones.

Limestones are distributed most widely in Lower Paleozoic of Ordos,in nearly every formation
and member., [.Jmcstone may be divided into grain-mud limm‘iones,crystalline grain limestones and
limestones with other characteristics. According to the relative content of grain and mud,the grain-
mud limestones can be divided into four types, grain limestones, grainy limestones, grain- bearing
limestones and non-grain limestones. The former three may be named together as grain-present lime-
stones which can be further classified according to grain types. See details in Table 2.

There are various types of grain in the limestones of Ordos vincluding gravel-sized intraclasts{or
bambo-leaves clasts),sand-sized intraclasts,algal clasts, ooids, ohcolites , bioclasts and fecal peflets.
Bioclasts and algal clasts are particularly deveioped in Ordos.

Crystalline ]imestones"may be finely divided into mud-sized crystalline grain limestones, silt-
sized crystalline grain limestones, fine sand-sized crystalline grain limestonss, medium sand- sized
crystalline grain limestonas ahd $0 on according to crystal size. )

Limestones with other characteristics refer to those ones that possess other lithological or strue-
tural characteristics, such as different stromatolite limestones , algae- bound limestones, mud- band
limestones, gypsum pseudomoiphic crystal limestones, bird’ s-eye limestones and dolomite- mottled
limestones, ete.

Dolostones are also very developed and disttributed in nearly every formation and member ,es-
pecially in Upper Cambrian, Yieli Fm. ,Liangjiashan Fm. and Majiagou Group. The content is about
half of the rocks of the whole region. Besides,dolostone_is an important oil and gas reservoir in
Lower Paleozoic of Ordos. Therefore, it is of great thearetical and practical significance to make an
in-depth study of the dolastones.

There are many texture types of dolostones in this region. All of these textural components in
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limestones will appear in dolostones, so the naming principles of limestones fit dojostones as well.
Moreover, the dolostones can be further classified according to the grade of dolomitization , relict tex-
tures and structures,size of crystals,organisms and their origin.

Mud-sized crystalline grain dolostone and mud-silt-sized crystalline grain dotostone are basical-
ly penecontemporaneous dolostone. The dolostone shows other characteristics .such as high content of
terrigenous clay and siit, earthy yellow color, well-developed lamination, bird’ s eyes, muderacks,
gypsum or gypsum pseudomorphs,sparsity of fossils,and high vaiues of 480 and 6*C, the dolostone
resulted from penecontemporaneous dolomitization (capillaty concentration dolomitization or dorag
dolomitization ) in the supratidal sabkha environmenis. Fine. medium and coarse crystalline grain
dolostone ,i. e. ,the so-called saccharoidal dolostone , betongs to postpenecontemporanecus dolostone.
In these dolostones , various relict textures and structures are commeon ,such as refict intraclasts , retict
ooids , relict bioclasts and relict mottles of limestones. This saccharcidal dolostone fargely resulted
from reflux dolomitization. To interpret the sedimentary environments,its predecessor tocks must be
firstly reconstructed. Then on the basis of primary lithological characteristics,the environments can
be determined. For very coarse crystalline grain dolostone in which the felict textures can hot be rec-
ognized , the depositional environment is difficult to know.

The evaporites,including gypsum rocks and sait rocks,are mainty distributed in Majiagou Fm.
1,3 and b in the central and eastern parts of Ordos. The g¥ypsum rocks may be divided into four
types : autochthonous precipitation type, allochthonous sedimentation type . diagenetic replacement
type and vein infilling type.

The siliceous rocks occur in the dolostones of Liangjiashan Fm. and are wholly of replacement
origin. There is clase relationship between silification and dolomitization , the two going on alterna-
tively.

The clastic rocks include conglomerates , sandstones, siltstones and shales. Conglomerates and
sandstones are littoral sediments while siltstones and shales are offshore sediments or tidal flat sedi-
ments. Some :;:f the conglomerates and sandstones are turbidites.

The phosphate rocks,distributed at the bottom of Suyukou Fm. ,are sediments of carly trans-
gression of Cambrian,

The tuffs are seen chiefly in Pingliang Fm.

V. METHODOLOGY OF LITHOFACIES PALEOGEOGRAPHY

Tn this book , “Single Factor Analysis and Comprehensive Mapping Method™is used. The meth-
ods of sedimentary facies analysis, well-logging facies analysis and seismic facies analysis are used as
wefl,

Based on the petrological and lithological study of each section . various sedimentary facies indi-
cators such as lithological , paleontological and geochemical indicators are collected. According to
these indicators mentioned above ,analysis and cotrelation of sedimentary facies of every formation
and member of each section in the western ,southern and eastern parts of Ordos are made to under-
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stand the features and transformation patterns of sedimentary facies of every [ormation and member
hoth vertically and laterally.

According to the different shape features of well-logging curves such as range, form,contact,
vertical assemblage feature , etc. sthrough comprehensive analysis and correlation, we can not only
recoghize different rock types but also can determine certain sedimentary facies such as mud flats,
mud dolotnite flats,sand-bearing mud dolomite flats,dolomite flats,gypsum dolomite flats,dotomite
lime flats,gypsum salt lakes,banks,open segs and deep water slopes,etc.

According to the reflected wave group feature of seismic sections,such as reflection structure,
amplitude of vibration ,continuity ,frequency and bed velocity ,through seismic facies analysis,some
depositional environments such as lands and their marginal sediments, banks, gypsum salt lakes,
slopes , dolostone bodies and karst zones and so on,can be distinguished.

“Single factor”,is meant lithological ypaleantological and other characteristics,e. g. . thickness,
terrigenous material, grain, penecontemporaneous dolostone , gypsum, halite, other definite rocks or
minerals ,definite fossils, color and so on, which can independently reflect certain aspects of sedimen-
tary envitonments of a certain stratigraphical interval of some areas.

“Single Factor Analysis and Comprehensive Mapping Method” includes three steps. Firstly,
petrological and lithological study of each section(especially basic section} should be made carefully
to obtain various complete and reliable first-hand qualitative and quantitative data Jparticudarly dif-
ferent quantitative data,and to understand the characteristics of sedimentary environments of .each
stratigraphical interval of each section. Secundly,thosc factors that can independently reflect certain
characteristics of sedimentary environments,i. e. single factors,should be selected from the guantita-
tive data. Then the percentage content of each single factor of every mapping unit of each section
throughout the sfudy area is calculated ,and thus various fundamential single factor maps are drawn.
These fundamental single factor maps arte mainly isoline m&p:é and could quantitatively reflect cer-
tain characteristics of sedimentary environment of the stratigraphical interval of the region in
various aspects. This is the “Single Factor Analysis”. Thirdly, various fundamental single factor
maps are synthesized together with other quantitative and qualitative data of pettology and sedimen-
tary facies analysis and other regional geelogy data,including well-logging facies analysis and sels-
mic facies analysis data. Then, through comprehensive analysis and judgement, with the dross dis-
carded and the essential selected,the lithofacies paleogeographical maps of the mapping units of the
region can be compiled. This is the “Comprehensive Mapping”.

The core of this methodology is quantification. That is »on the basis of guantitative data and
quantitative fundamental single factor maps, through comprehensive analysis and judgement, the
final guantitative lithofactes paleogeographical maps ‘can be gFawii. I “these lithofacies paieogen-
graphical maps, the determination of each paleogeographical unit is based on accurate quantitative
data. These lithofacies paleogeographical maps are no longér “sketchy”. This makes lithofacies paleo-
geographical maps develop into a quantification stage.

The single factors adopted in this book include thickness ., terrigenous materiaf, gtain,ooid.,
penecontemporaneous dolostone ,color ,gypsum and halite , ete.
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V . LITHOFACIES PALEOGEOGRAPHY OF CAMBRIAN

1. Lithofacies paleogecgraphy of Suyukou Age of Early Cambrian

On the basis of b surface sections and 2 subsurface sections,a correlation diagram of sedimen-
tary facies sections of Suyukou Fm. of Lower Cambrian in the western Ordos has been made. From
this diagram, the following can be seen;In the west,from north to south ,the lithology changes from
coarse to fine,the terrigenous material from more to less and the thickness from thin to thick. In
Hetan Shan, the rocks of this formation are sandy dolostones, dolomitic quartzase sandstones and
sand-bearing shales. In Longxian, where there was a tidal flat environment in early fransgression , the
lithology changes into dolostones, phosphatic dolostones and bioclastic dolostones.

On the basis of 3 surface sections and 1 subsurface section,a cotrelation diagram of sedimen-
tary facies sections of Suyukcu Fm. in the southern Ordos has been made. From this diagram , the
following can be seen.In the southern part,the lithology of this formation is chiefly dolestones. At
Qishan, it is pebbly dolostones and dolomitic sandstones. At Yongji,it is muddy dolostones ,shales and
lime dolostones,the environment is a sopratidal dolomite ﬂat.-

On the basis of the thickness data of 17 surface sections and 5 subsurface sections, an isopach
map of Suyukou Fm. of Lower Cambrian of Otdos has been drawn. From this map, the following
can be seen:This formation is distributed just at the west and south margins with a thickness of tens
of metres,thins gradually from west to east and from south to north,and pinches out to zero in the
zone of Taosigou,Qinglongshan,Qingyang and Hancheng.

On the basis of terrigenous materiat content( %, ) data from 8 surface sections,an isoline map of
terrigenous material content (% ) of Suyukou Fm. of Lower Cambrian of Ordos has been drawn.
From this map, the following can be seen ,; Tertigenous material sincluding terrigenous sand and mud,
is well developed in this formation and increases gradually from outer to inner part,the highest ¢con-
tent of which up to 60%; (in Zihuagou). In the western part,the terrigenous sa‘nd is more developed,
whereas in the southern part,the terrigenous mud is more developed.

On the basis of penecontemporaneous dolostone content { %} data from 5 surface sections,an
isoline map of penecontemporaneous dolostone contentt (% ) of Suyukou Fm. of Lower Cambtian of
Ordos has been drawn. From this map, the following can be seen. The penecontemporaneous dolo-
stone is rather developed in this formation and is chiefly distributed in the southern part and Helan-
shan of the western part,the content of which increases graduatly from west to east and from south
te north,the highest up to 72% (in Qishan}.

On the basis of sedimentary facies analysis and “Single Factor Analysis” stated above,together
with other date,a iithofacies paleageographical map of Suyukou Age of Early Cambrian of Ordos has
been compiled. From this map,the following can be seen ;

In the end of Precambrian, Ordos uplifted into land as a part of North China Platform and
formed a peneplain old land as a result of long period of weathering and erosion. It started 1o subside
in the Middle of Early Cambrian (Suyukou Age) and Cambrian transgression initiated in this re-
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gion. At the beginning of transgression,sea water advanced to the west and south marging of Ordos
from the west and south directions and formed a L-shaped sea .where the phosphatic clastic rocks de-
posited and gradualiy passed into carbonate rocks, Therefore , two first-order paleogeographical units,
land and sea.are determined firstly and suborder paleogeographical units such as mud sand flat,sand
mud flat,sand-bearing mud dolomite flat, mud dolomite flat and open sea were further determined in
the sea area.

Land That is the Ordos Land. It is determined by the following evidences ; from west to east
and from south to north,gradually overlapping of strata, gradually thinning of thickness,gradually
increasing of the contents of terrigenous materials . penecontemporaneous dolostones and colors.

Mud sand flat That is West Marginal Circum- Land Mud Sand Flat. The terrigenous
material reached over 50)] and was dominated by terrigenous sand. These were littoral sediments in
the west of Ordos Land. Then it is determined as West Marginal Circum-Land Mud Sand Flat.

Sand mud flat That is Seuth Marginal Circum-Land Sand Mud Flat, The terrigenous mate-
rial which was dominated by ferrigenous mud is developed in the south of Ordos Land. Then it is de-
termined as South Marginal Cireum-Land Sand Mud Fiat,

Sand-bearing mud dolomite flat That is West Marginat Sand-bearing Mud Dolomite Flat.
In the west of the West Marginal Circum-Land Mud Sand Flat, the penecontemporaneous dolostones
reached over 50% and contained terrigenous sand and mud,gypsum molds were seen. Then it is de-
termined as West Margina! Sand-bearing Mud Dolomite Flat.

Mud dolomite flat That is South Marginal Mud Dolomite Flat. In the south of the South
Marginal Cireum-Land Sand Mud Flat,the penecontemporaneous dolostones reached 50%; , the ter-
rigenous mud reached 30 50%]. Then it is determined as South Marginat Mud Dolomite Flat.

Open sea There were West Marginal Open Sea and South Matrginal Open Sea. Both west-
ward and southward, the thickness gradually increases, the terrigenous material gradually decreases,
the reducing cotor gradually increases. So the west margin and south margin wete apen seas which
respectively connected with Qilian Trough and Qinling Trough.

Therefore ,the paleogeographical pattern of “QOutside the land were flats {mud sand flats,sand
mud fiat,mud dolomite flat) , outside the flats were seas {open seas ),outside the seas were troughes
(deep water troughes)”had been formed in Suyukou Age in Ordos. The fact that “outside the land
were flats™ shows the Ordos Land was being a peneplain ofd land which could only supply the fine-
grained terrigenous mud and sand to adjacent sea areas.

2. Lithofacies paleogcography of Mantou Age of Eatly Cambrian

With the same method stated befote , the correlation diagram of sedimentary facies, the correla-
tion diagram of well-logging facies,the isupach map.the isoline map of terrigenous material content
(%), the isoline map of peneconiemporaneous dolostone content ( ) of Mantou Fm. of Lower
Cambrian of Ordos were drawn out,

On the basis of above analysis and together with other regional geological data ,a lithofacies pa-
leogeographicai map of Mantou Age of Early Cambrian of Ordos has been compiled. From this map.
the following can be seen. In Mantou Age,the principal part of Ordos was still Jand. That is to 58y,
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the Ordos Land was still existing but its area was somewhat reduced. This shows thar the Early Cam-
brian transgression enlarged further. The seas in the west and the south were distributed around the
Ordos Land as L-shaped but their areas somewhat expanded. In the west of Ordos Land was the West
Marginal Circum-Land Sand-bearing Mud Dolomite Flat and in the south of Ordos Land was the
South Marginal Circum-Land Mud Dolomite Flat. Outside the Sand-beating Mud Dolomite Flat and
Mud Dolomite Flat was a Mud Lime Dolomite Mixed Flat. Qutside the flats,there were Helanshan
Penebank , Longxian Penebank and Yaocan 1 Penebank, These were penebanks firstly occurred in
Cambrian seas of Ordos and it showed that the hydrodynamic condition in Cambrian seas of Ordos
had been strengthened. It was an important evolution. These penebanks passed gradually into open
seas westwards and southwards. The West Open Sea and South Open Sea were connected with Qilian
Trough and Qinling Trough. Consequently ,a fourfold-structure lithofacies paleogeographical pattern
of “outside the fand were flats,outside the flats existed banks (penebanks ) ,outside the banks were
seas (open seas),outside the seas were troughes (deep water troughes)” was formed.

3. Lithofacies paleogeography of Maozhuang Age of Early Cambrian

With the same method stated before,a lithofacies paleogeographical map of Maozhuang Age of
Eariy Cambrian of Ordos has been compited. From this map,the following can be seen,

In Maozhuang Age,the transgression enlarged further. The QOrdos Land that was united as a
whole reduced further and was divided into two. That is to say, it was divided into Alashan Land and
Ordos Land ;in other words.,we would say the Alashan Land was separated from Ordos Land and the
Ordos Sea had connection with Inner Mongolian Trough. Consequently . the Ordos Land in
Maozhuang Age had been surrounded by sea water on four sides. This is an.important paleogeo-
graphica! evolution.

In the northwest and northeast sides of Ordos Land were respectively Northwest Circum-Land
Sand Mud Flat and Northeast Mud Sand Flat and in the southwest side wagSouthwest Circum-Land
Mud Flat. Outside the Southwest Mud Flat,there was a Qingshen 2 Dolomite Mud Flat. In addition,
outside the flats,there were Zhuozishan Penebank and Yaocan 1 Penebank. At the west and south
margins of the Ordos were open seas and connected with deep water troughes. Therefore, the lithofa-
cies paleogeography of Maozhuang Age still displayed a fourfold- structure pattern of “ouiside the
land were flats, outside the flats existed banks,outside the banks were seas, outside the seas were
troughes” ,and was more typical.

4. Lithofacies paleogeography of Xuzhuang Age of Middle Cambrian

With the same method stated befote,a lithofacies paleogeographical map of Xuzhuang Age of
Middle Cambrian of Ordos has been compiled. From this map,the following can be seen,

In Xuzhuang Age,the transgression further endarged. The Alashan Land still existed but the Or-
dos Land was divided into two again,i. e. ,it was divided into ¥imeng Land and Luiiang Land. Thé .
areas of lands reduced further. Wide Circum-Land Sand-bearing Mud Fiats developed around these
two lands, Qutside the Sand-bearing Mud Fiats were West Mud Flat .South Mud Flat and East Mud
Flat. Outside the South Mud Flat existed Huanxian Mud Dolomite Flat, whereas outside the West
Mud Flat existed Helanshan Mud Lime Flat. At the same time, higher energy carbonate banks had
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developed generously ,up to 5 penebanks and 3 embryonic banks.i. e. ,Ren 3 Penebank, Qinglong-
shan Pencbank , Zhuozishan Penebank, Yaocan | Penebank , Hongdong Penebank ; Hejin Embryonic
Bank, Qingshen 1 Embryonic Bank and Longxian Embryonic Bank. These were mostly ooid
penebanks and ooid embryonic banks,distributed outside the flats. It was the forerunner of the coid
banks in Zhangxia Age. Outside the banks were open scas and outside the open seas were deep water
troughses. The fourfold-structure lithofacies paleogeographical pattern had not ¢changed vet.

Generally speaking,besides the Alashan Land at the northwestern part,the Ordos Land at the
notthetn part was divided into two again and its area reduced greatly,the clastic sediment flats co-
existed with carbonate sediment banks. This was an important characteristics. The Xuzhuang Age
was the transitional pericd from a time domina ted by muddy water sedimentation to a time domi-
nated by clear water sedimentation. In Zhangxia Age,the clear water sedimentation would domi-
nare.

5. Lithofacies paleogeography of Zhangxia Age of Middle Cambrian

With the same method stated before,a lithofacies paleogeographical map of Zhangxia Age of
Middle Cambrian of Ordos has been compiled. In this map,the foliowing can be seen ,

In Zhangxia Age,the Cambrian transgression reached its climax. The areas of Yimeng Land and
Liiliang Land were very small. The following phenomena ,such as clear water ,higher water energy,
generously developed banks,penebanks and embryonic banks, which were mostly coid banks,are the
distinct characteristics of Zhangxia Age. These banks were ail distributed in the platform margin.
This showed that there was stronger wave action in the platform margin. Since restricted by Liiliang
Land,Yimeng Land and banks,the back-bank environments in the interior of platform became re-
stricted seas. Outside the banks wete open seas and outside the open seas were deep water troughes.
Therefore, there was difference between the lithofacies paleogeographical pattern of Zhangxiz Age
and those of past Ages. It was no longer the pattern of “outside the land were flats,outside the flats
were banks,outside the banks were seas,outside the seas were troughes”,but the pattern of “outside
the land were restricted seas, outside the restricted seas were banks, outside the banks were open
seas,outside the open seas were deep water troughes”. The principal characteristics of this pattern is
there was no flat environment. This fourfokt- structure pattern without flats was caused by the
largest transgression in the Cambrian.

6. Lithofacies paleogeography of Late Cambrian

With the same method stated before,a lithofacies paleogeographical map of Late Cambrian of
Ordos has been compiled. From this map,the following can be seen

In Late Cambrian.the sea water started to retreat and the land area enlarged somewhat. This
was shown mostly by the following ; Qingyang Land newly occurred in the central part ,the formerly
existed Alashan Land and Yimeng Land still existed but Liitiang Land had sunk down. In short , how-
ever,land area enlarged anyway. Circum-Qingyang Land Dolomite Flat developed around Qingyang
Land and in the east and south sides of the Dolomite Flat was Zhongyang-Binxian Dolomite Lime
Flat. In addition, penebanks and embryonic banks were also vety developed, no longer ooid banks
but bambo-leaves banks. Most of the bambo-leaves banks distributed around the flats while one or
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two separately located in the open seas. Qutside the open seas were still Qilian Trough and Qinling
Trough. So,with the come of regression in Late Cambrian, the fithofacies paleogeography got back to

the nermal fourfold pattern of “outside the land were flats,outside the flats were banks,outside the

banks were seas, outside the seas were troughes™.
VI. LITHOFACIES PALEOGEOGRAPHY OF ORDOVICIAN

1. Lithofacies paleogeography of Yieli Age of Early Ordovician

With the same method stated before,a lithofacies paleogeographicai map of Yieli Age of Early
Ordovician of Ordos has been compiled. From this map, the foHowing can be seen .

In Yieli Age,the regression was continuing. An united Ordos Land reappearcd. In the east,
south and west margins of the Ordos Land,there was an U-shaped shallower water sea, where there
developed Pianguan-Qishan Dolomite Flat, Qingshuihe-Jingyang Dolomite Lime Fiat and Helanshan
Dolomite Lime Flat. Therefore, the lithofacies paleogeography of Yieli Age was still a pattern of
“outside the land were flats . outside the flats were banks”. Going furthet outside, it should be open
seas and troughes.

2. Lithofacies paleogeography of Liangjiashan Age of Eatly Ordovician

With the same method stated before ,a lithofacies paleogeographical map of Liangjiashan Age of
Early Ordovician of Ordos has been compiled. From this map,the following can be seen,

The paleogeographical outline of Liangjiashan Age was similar to that of Yieli Age. An united
Ordos Land still existed. the U-shaped sea in east,south and west margins still existed. Most of the
fiats were dolomite flats ;and dolosnite lime flats. Owtside the flats,developed Jingyang Bambo-leaves
Embryonic Bank and Helanshan Bambo-leaves Embryonic Bank. Quite similar to that of Yieli Age,
the lithofacies pateogeographical pattern was also*“outside the land were flats and outside the flats ex-
isted banks”. Owing to the Huaiyuan Movement at the end of Liangjiashan Age,the sea water re-
treated out of Ordos. Theteby ,a complete cycle of transgression and regression f;om Suyukou Age of
Early Cambrian to Liangjiashan Age of Early Ordavician had been completed. That is to say,in Or-
dos, the Cambrian and Ordovician sediments were continuous whereas there was discontinuity be-
tween Lower Ordovician and Middle Ordovician. They contacted with paraliel unconformity. This is
very distinctive. So is the case throughout whole North China Platform.

In short,in the Ordos Sea from Suyukou Age of tarly Cambrian to Xuzhuang Age of Middle
Cambrian,there were basically mixed sediments,i. e. .co-existent sediments of terrigenous clastics
and carbonate,and dominated by tetrigenous clastic sediments. Vatious types of fiats,such as mud
sand flats,sand mud flats,sand- bearing mud flats, sand- bearing mud delomite flats. muod dolomite
flats, dolomite flats,dolomite lime flats, were widely developed. One would say that the flats occu-
pied a dominant position. The nature of the seas in Zhanpgxia Age of Middle Cambrian changed es-
sentially. It is no longer dominated by terrigenous clastic sediments and no longer dominated by
tirixed sediments but dominated by carbonate sediments. The maost prominent characteristics is that
high-cvnergy ooid banks were widely developed and flats retreated to very minor position. Zhangxia

180



Ape was the ¢limax of Cambrian transgression. In Late Cambrizn . the regression started to begin ,and
the bambo-leaves banks took the place of ooid banks. The regression continued in Early Ordovician
until the end of Liangjiashan Age. Then the whole history of transgression and regression from Early
Cambrian to Middle Ordovician was completed.

3. Lithofacies palecgeography of Majiagou Age | of Middle Ordovician

With the same method stated before,a lithofacies paleogeographical map of Majia-gou Age 1 of
Middle Ordovician of Ordos has been compiled. From this map,the following can be seen .

In Majiagou Age |,a new transgression initiated ,and the united Ordos Land disintegrated into
Alashan Land and Ordos Land ;in another word ,the Alashan Land was separated from Ordos Land.
Land area was reduced greatly ,compared with that of Early Ordovician. Sea water was distributed
mainly around the new Ordos Land and various dolomite fiats environments were wide spread. This
is similar to that of Early Ordovician. There were gypsum lakes and gypsum salt lakes in the
dolomite flats of Majiagou Age |. This is the characteristics of lithofacies paleageography of Majia-
gou Age 1. Going outside further,it should be open seas,in which the embryonic banks existed. Go-
ing outside further,it should be deep water Qitian Trough and Qinling Trough. Thus,the lithofacies
paleogeography of Majiagou Age 1 not only had the normal fourfold-structure pattern (outside the
land existed flats, outside the flats existed banks.outside the banks were seas,outside the seas were
troughes )} like in Late Cambrian and Early Ordovician .but also had the characteristics of “inside the
flats existed lakes and inside the lakes existed gvpsum salt™. This is of important significance of both
geological theory and production.

4. Lithofacies paleogeography of Majiagou Age 2 of Middie Ordovician

With the same method stated before,a lithofacies paleogeogiaphical map of Majiagou 2 Age of
Middle Ordovician of Ordos has been compiled. From this map . the following can be seen .

In Majiagou Age 2.the transgression further entarged. The Ordos Land in Majiagou Age 1 was
divided into two again,i. e. . it was divided into Yimeng Land and Qingyang Land. Except these
lands,almost the whole Ordos was open sea,in which a few embrryonic banks and penebanks scat-
tered. This was the second no-flat period in Early Paleozoic in Ordos. The first no-flat period was
Zhangxia Age of Middle Cambrian. The characteristics of no-flat in this Age was caused by the cli-
max of transgression,too. But in Majiagou Age 2.the banks were very undeveloped. this is quite dif-
ferent from that of Zhangxia Age. These were two climax periods of transgression with different na-
tures.

5. Lithoiacies paleogeography of Majiagou Age 3 of Middle Ordovician

With the same method stated before,a lithofacies paleogeographical map of Majiagou Age 3 of
Middle Ordovician of Ordos has been compiled. From this map,the following can be seen ;

In Majiagou Age 3. a new regression initiated. This was chiefly shown by that the open seds
had retreated to the western and southern parts, the majotity of the whole region had c¢hanged into
dolomite flat environments and where gypsum lakes and gypsum salt lakes existed. This characteris-
tics, “outside the land were flats,inside the flats existed lakes, inside the lakes existed gypsum salt”,
is rather similar to that of Majiagou Age L.
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6. Lithofacies paleogeography of Majiagou Age 4 of Middle Ordovician

With the same method stated before,a lithofacies paleogeographical map of Majiagou Age 4 of
Middle Ordovician of Ordos has been compiled. From this map,the following can be seen,

In Majiagou Age 4.a new transgression initiated again. This was mostiy shown by that the
areas of dolomite flats were reduced very much ,areas of open seas increased a lot, Almost the whaole
Ordos was open sea except there were two small lands in the northern part and one small dolomite
flat in the central part. Several embryonic banks were scattered in this extensive open sea. This
paleogeographical pattern of widely distributed open sea is rather similar to that of Majiagou Age 2.
But there were three lands in Majiagou Age 2 while only two lands in this Age. The Qingyang Land
in central part had changed into Qingyang dolomite flat. This shows the transgression of Majiagou
Age 4 was more extensive than that of Majiagou Age 2.

7. Lithofacies palecgeography of Majiagou Age 5 of Middle Ordovician

With the same method stated before,a lithofacies pateogeographical map of Majiagou Age 5 of
Middle Ordovician of Ordos region has been compiled. From this map. the following can be seen,

In Majiagou Age 5, another new regression initiated once again. The pattern of. lithofacies
paleogeography is quite similar to that of Majiagou Age 3.

8. Lithofacies paleogeography of Majiagou Age 6 of Middle Ordovician

With the same method stated before,a lithofacies paleogeographical map of Majiagou Age 6 of
Middle Ordovician of Ordos has been compiled. From this map,the following can be seen,

In Majiagou Age 6,another new transgression initiated once again. It was another period when
open sea was widely distributed. This transgression was more extensive than that of Majiagou Age 4
so that the Qingyang dolomit flat in Majiagou Age 4 had changed into open sea. Consequently , the
whole Ordos was open sea,in which several penebanks and embrycnic banks were scattered ,except
for two smell lands in the northern part. The transgression of Majiagou Ages of Middle Ordovician
then reached its climax. At the end of Majiagou Age 6,the sea water nearly vanished completely
from Ordes and the whole North China Platform.

Generelly speaking,there were totaily three transgressions(one in Maji-agou Age 1 and 2,0ne
in Majiagou Age 4,one in Majiagou Age 6) and three regressions (one in Majiagou Age 3,one in
Majiagon Age b,one at the end of Majiagou Age 6) from Majiagon Age 1 to Majiagou Age 6. The
transgressions were getting larger and larger successively and so were the regressions. Thess three
great changés constructed a complete set of transgressing and regressing cycles and an evolutionary
history of lithofacies paleogeography.

9. Lithofacies paleogeography of Early Pingliang Age of Middle Otdovician

With the same method stated before,a lithofacies paleogeographical map of Early Pingliang Age
of Middle Ordovician of Ordos has been compiled. From this map,the following can be seen .

In Early Pingliang Age.a new transgression initiated once again. The paleogeographical outline
of Ordos and whole North China Platform changed greatly because of the serious result caused by
the largest regression at the end of Majiagou Age 6. At this time, the Ordos was almost entirely land
and an united Ordos Land appeared again. There was only a L-shaped narrow sea at the west and

182



south margins , where there were shallow water carbonate ramps.high-energy banks and deep water
slopes. Going outside further, there wefe deep water troughes. This L-shaped sea was right on a
structural rift zone that was acting intensively , where syndepositional rifts developed. The different
paleogeographical units in this sea area were being controlled by the syndepasitional rifts that subsid-
ed terrace-like. The gravity flow sediments on slopes was related with the rifting activities.

10. Lithofacies paleogeography of Late Pingliang Age of Middle Ordovician

The paleageographical outline of Late Pingliang Age was basically similar to that of Early
Pingliang Age except that there was no shallow water tamp at west margin. As a resuit,the Ordos
Land had direct contact with deep water slope. At the south margin and in near-land areca,there was
a shallow water carbonate platform (including ramps and banks). ‘Going southward further, there
was a deep water slope. Some gravity-flow sediments also occurred on the slope zane, but not as

developed as in Early Pingliang Age. At the end of this Age,the ses water compietely vanished from

*

Ordos.

11. Lithofacies paleogeography of Beiguoshan Age of Late Ordovician

With the same method stated before,a lithofacies paleogeographiacl map of Beiguoshan Age of
Late Ordovician of Ordos region has been compiled. From this map, the following can be seen,

In Beiguoshan Age,a new transgression initiated once again, but the sea water was probably
confined in the southwest margin of Ordos. Within _this limited sea,in the nearshore area,there was
shallow water carbonate platform (inciuding ramps and banks ). Qutside the carbonate platform there
were deep water slopes. This was basically similar to that of Pingliang Age,

At the end of Beiguoshan Age,the sea water completely vanished from Ordos and the whole
Ordos region uplifted into land. Consequently, the history of the marine sedimentation in Eatly

Paleozoic of Ordos Finished.

Vil. ON THE GENERATING,RESERVING AND CAPPING CONDITION
OF OIL AND GAS AND THEIR POTENTIAL FROM THE
LITHOFACIES PALEOGEOGRAPHY VIEWPOINT

The Zhangxia Age of Middle Cambrian,Late Cambrian , Majiagou Age 2,4 and 6 of Middle Or-
dovician, Pingliang Age of Middle Ordovician and Beiguoshan Age of Late Ordovician are importam
periods of oil and gas generation in Early Paleozoic of Ordos.

At the west and south margins of Ordas,the sea water had been rather deep, they are the im-
portant oil and gas generating areas. In the eastern part of Ordos,the Mizhi Depreséion and Yimeng
Slope, where the water kept restricted for a long tire, are also important oil and gas generating
areas.

The reservoir spaces include two major types. those controllted by the lextural components and
those not controlled by the textural components. The former includes intercrystal pores, intergrain
pores, intragrain pores,geode pores, gypsum-mold pores,inter-breccia pores and so on. The latter in-
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cludes solution pores,bird’ s eye pores,shrinkage fractures,stylolites, structural fractures,structural
solution fractures and so on. Among them , the pores related to solution ate important pore types in
Ordos.

The hydrocarbon reservoir property of penecontemporaneous dolastones of flat environments of
Majiagou Fm, 1,3 and 5,particularly Majiagou Fn. 5. is the best,and that of postcontemporaneous
fine sand-sized crystallina: dolostones of Majiagow Fm. 4 and 2 is the second- best. Additionally ,
dolomite-mottled limestones and grain limestones are also fine reservoir rocks of oil and gas.

From the viewpoint of geologic history, Zhangxia Age, Late Cambrian, Majiagou Age and
Pingliang Age,especially Majiagou Age,are important periods of oil and Eas reservoirs. -

The muod-sized crystalline limestones , mud-sized crystalline dolostones of Lower Paleozoic and
aluminous shales of Upper Carboniferous are regional caps of oil and gas. The gypsum beds and salt
beds of Majiagou Fm. 1,3 and 5,especially Majiagou Fm. 5,are oil and gas caps in the central and
eastern part of Ordos,and they are very fine caps of oil and gas. The mudstones ,shales and siltstones
of Pingliang Fm. are fine caps of oil and gas in western and southern parts. In a word, the oil and
gas caps of Lower Paleozoic of Ordos are fairly good.

There 'are 5 combinations of generating ,reserving and capping of oil and gas in western part of‘
Ordos,

1. Generating in Lower Paleozoic,reserving in the resolutional zone of weatheting crust at the
topmost of Lower Paleozoic,capped by Upper Carboniferous,

2. Generating and reserving in Pingliang Fm. +capped by Upper Carboniferous.

3. Generating and reserving in Kelimoli Fm. +capped by Pingliang Fm. and Upper Carbonife-
rous.

4. Generating in Cambrian ,reserving in Lower Ordovician scapped by Middle-Upper Ordovician
and Upper Carboniferous. '

5. Generating and reserving in Cambrian ,capped by Ordovician.

There are 5 combinations of generating,reserving and capping of oil and gas in eastern part of
Ordos. too.

1. Generating in Lower Paleozoic,reserving in the resclutional zone of weathering crust at the
topmost of Lower Paleozoic,capped by Upper Carbaniferous.

2, Generating in Majiagou Fm. 4,reserving in Majiagou Fm. 4 and 5, capped by Upper Car-
boniferous.

3. Generating in Majiagou Fm. Z,reserving in Majiagou Fm. 2 and 3,capped by Majiagou Fm.
3 and 4.

4. Generating in Middle-Upper Cambrian rreserving in Yieli Fm. and Liangjiashan Fm. rcapped
by Majiagou Group.

5. Generating and reserving in Cambrian vcapped by Ordovician.

Generally speaking ,the generating yTeserving and capping condition of oil and gas of Lower Pa-
tearoje in Ordos is fine. The potential is great and ranks first in North China Platform. Among them,
the potential of oii and gas in the dolomite flat environments of Majiagou Fm, 5, Majiagou Fm. 3
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and Majiagou Fm. 1 of Middle Ordovician, especially Majiagou Fm. 5,is the targest. That is “inside
the flats, existed oil and gas™.
It is not easy to obtain this understanding. We hope this humble opinion will be helpful to the

exploration of ojl and gas in Lower Paleozoic of Ordos.
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