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EXPLANATION OF THE COLUMNS AND COLOUR
PHOTOGRAPHS ON THE COVERS OF THE MONOGRAPH

“ PROTEROZOIC SEDIMENTARY ROCKS IN

CHINA”

I. Columns on the Book Cover
A. Upper—Middle Proterozoic stratigraphic column of the Yanshan Mountains

B. Upper Sinian stratigraphic column of Jingxian,

Legend:
1 . Gneiss
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II. Explanation for Colour Photographs

. Sandy conglomerate
. Siltstone

. Shale

. Muddy dolostone
1.
13.
15.
17.
19.
21.
23,
25,
27.
29,
31
33,
3s.
37.
39.
41.

Sandy dolomite
Stromatolite dolomite
Marl

Breccia

Jixian System

Sinian System
Chuanlinggou Formation
Dahongyu Formation
Yangzhuang Formation
Hongshuizhuang Formation
Xiamaling Formation
Jingeryu Formation
Shishanlitai Formation
Cuijiatun Formation
Dalinzi Formation
Archean

NORTH

Liaoning Province

. Conglomerate

. Sandstone

. Silty shale

. Volcanic rock

. Sand-bearing muddy dolostone
. Dolomite

. Silicified dolomite

. Limestone

. Changcheng System

. Qingbaikou Systern

. Changzhougou Formation
. Tuanshanzi Formation

. Gaoyuzhuang Formation
. Wumishan Formation

. Tieling Formation

. Changlongshan Formation
. Yinchengzi Formation

. Majatun Formation

. Xingmincun Formation

. Cambrian

. Unconformity

A. Dlustration for colour photographs on the front cover:

1.

Jixian System in the Ming Tombs District,

Distribution of the Yangzhuang Formation at the base of the Mid— Proterozoic
Beijing.

2. Outcrop of Middle Proterozoic strata around the Haizi Reservoir in Pinggu

County.

3. A camel statue with dome—shaped stromatolite structure beside the route to the
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Ming Tombs, Beijing.

4, Monument for the “ National Nature Reserve of Upper— Middle Proterozoic
Strata” established by the People’s Gove nment of Tianjin Municipality in Jixiang.

5. Typical tidal sequence composed of interbedded sand flat and mud flat sediments in
the middle part of the Changzhougou Formation at the bottom of the Middle Proterozoic
of the Ming Tombs. Beijing.

6. Supratidal sabkha sediments and carbonate—lithic sandstone beds of saline lake de-
posits in the Dalinzi Formation, Jinxian, Liaoning.

7. Double crested ripple marks on sandstone bed surface of the Dahongyu Formation
of the Changcheng System in Pingquan, Hebei Province. .

8. Herringbone cross stratification in glauconite sandstone bed showing the features of
" tidal channel sediments of tidal flats in the Changlongshan Formation of the Qingbaikou
System, Western Hills, Beijing.

B. Illustration for colour photographs on the inside front cover

9. Typical hummocky and swale crosss stratifications in dolomite caused by
earthquake—tsunami storm in the Wumishan Formation, Ming Tombs, Beijing.

10. Mound- building structure formed by by earthquake— tsunami storm in the
Wumishan Formation, Ming Tombs, Beijing.

11. Intraformational fold structure caused by earthquakes in the Wumishan Forma-
tion, Ming Tombs, Beijing.

12. Dispersed plate—spiny breccias in dolomite bed of the Wumishan Formation,
Ming Tombs, Beijing.

13. Plate— spiny breccia structure in silicified rock caused by earthquake— tsunami
storm in the Wumishan Formation of the Ming Tombs, Beijing.

14. “Dinosaur skin structure” formed by two sets of folds perpendicular to each
other, the hammer head indicates the main fold axis direction and the hammer handle
shows the subordinate fold axis direction. in the earthquake— tsunami sequence of the
Wumishan formation, Ming Tombs, Beijing.

15. Outcrop of Upper Sinian Strata in the Gold—stone Beach, Jinxian, Liaoning
Province.

16. [Earthquake collapse breccia and accompained water escape lines of the
Xingmingcun Formation in the Sinian System, Jingxian, Liaoning Province.

C. Tllustration for colour photographs on the inside back cover

17. Synsedimentary fold structure of silicified rock surrounded by silicified sanidine
tuff crystals in the Dahongyu Formation, Ming Tombs, Beijing.

18. “Eye structure” formed by agglomeration of oncolites in silicified rocks with algal
filaments of Oscillatoriopsis in the Dahongyu Formation, Ming Tombs, Beijing.

19. Groups of lenticular—flaser beddings as typical structure of tidal sediments in mid-
dle part of the Changzhougou Formation of the Changcheng System, Ming Tombs,
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Beijing.

20. Starved ripple marks on dolomite bedding planes of the Gaoyuzhuang
Formation, Western Hills, Beijing.

21. Sliding structure in muddy dolostone bed of the Tuanshanzi Formation, Ming
Tombs, Beijing.

22. Wall-like stromatolites with muddy fillings in the upper part of the Wumishan
Formation, Ming Tombs, Beijing.

23. Intraformational slip breccias in several marl beds of the Jing’eryu Formation,
Western Hills, Beijing.

24. Herringbone cross stratification shown by silicific bands in dolomite bed, re-
flecting tidal channel sediments on carbonatic tidal flats in the upper part of the
Gaoyuzhuang Formation, Ming Tombs, Beijing.

D. Illustration for colour Photographs on the back cover

25. The oldest metazoan trace fossil—Planolites sp(?) on sandstone bedding planes of
the Changzhougou Formation in the Changcheng System, Ming Tombs. Beijing.

26. Old metazoan trace fossil in the Gaoyuzhuang Formation in the Western Hills,
Beijing (Song Wu'’s specimen) .

27. Dolomite beds with chert layers in the Wumishan Formation of Jixian.

28. Macrofossil trace in the Gaoyuzhuang Formation of the Changcheng System,
Jixian (Du Rulin’s spicemen) .

29. Wave ripples on sandstone bed surface of the lower part of Gaoyuzhuang Forma-
tion in Jixian .

30. Symmetric wave ripples accompained by raindrop imprints on sandstone bedding
plane of the Changzhougou Formation of the Changcheng System, Ming Tombs,
Beijing.

31. Seasonal rhythmite in silty mudstone in the middle part of the Chuanglinggou
Formation, Ming Tombs, Beijing.

32. Tecpce structure on marl bedding plane in the Dalingzhi Formation, Jingxian

Liaoning Province.
A B C D
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Abstract

Proterozoic strata are widespread, well exposed and well preserved in North China.
The Proterozoic sections of Jixian, Tianjin (Photo 2 on front cover), and of the Ming
Tombs, Beijing (Photo 1 on front cover) ., have been selected for field geological ex-
cursions of domestic and international geological conferences. There are 12 stratigraphical
formations in the Upper—Middle Proterozoic strata; they are (in ascending order): the
Changzhougou, Chuanlinggou, Tuanshanzi, Dahongyu, Gaoyuzhuang, Yang—
zhuang, Wumishan, Hongshuizhuang, Tieling, Xiamaling, Changlongshan and

"Jing’eryu Formations. Except the Changzhougou and Chuanlinggou Formations in the
lower part of the strata and the Hongshuizhuang, Xiamaling and Changlongshan Forma-
tions in the upper part that consist mainly of clastic rocks, all the other formations consist
mainly of carbonate rocks, which is particularly the case with the Gaoyuzhuang and
Wumishan Formations that are almost all composed of dolomite. This coincides with the
sedimentary features in the global magnesium— rich depositional period correlated by
stromatolites and microfossils in carbonates and their silicified rocks on a global scale. The
Proterozoic sedimentary rocks in North China, however, are unmetamorphosed;
therefore their various sedimentary structures and macroscopic and microscopic facies indi-
cators are well preserved. These unique characteristics provides an ideal realm for studying
Proterozoic sedimentary environments in China and even in the whole world.

Great progress has been made in the study of the Proterozoic in North China since the
1920’s. Domestic and foreign geologists have published a lot of articles with plenty of mate-
rials. Here the authors only discuss the main parts of the new achievements made by the au-
thors in the study of Proterozoic sedimentary rocks.

1. Tidal sediments and its facies indicators of Proterozoic strata

The International Symposium on the Late Precambrian was held in September 1983,
which was sponsored by the Geological Socicty of China, the IGCP Chinese
Committee, and the Chinese Academy of Geological Sciences. The proceedings include
domestic and foreign scholars’ articles including the present authors’ article entitled
“Tidal Sedimentary Structures from Precambrian Rocks of the Ming Tombs District,
Beijing” published in “Precambrian Research” in 1985 in Netherlands. Later some of relat-
ed information was further discussed in 1987 in the monography entitled “Precambrian
Sedimentary Rocks in the Ming Tombs District, Beijing”. In this monograph authors list
78 sedimentary facies indicators, of which the following facies indicators are reported for
the first time in domestic and foreign geological literature. They are:

(1) Double—crested ripple marks on dolomite bedding planes— a facies indicator of
carbonate intertidal zones

_8-._



The appearance of rhombohedral interference ripple marks with double—crested rip-
ples (Plate I —2) on dolomitec bedding planes demonstrated that dolomite was not
formed by chemical precipitation or by dolomitization and that double— crested ripples
were formed as the primary granular dolomite carbonates in the carbonate intertidal zone
were influenced by hydrodynamic actions.

This rare geological remains that deserves protection has been taken away. The author
wrote a report entitled “Where is the geological remains of the Ming Tombs region?” in the
“Beijing Evening News” of 26th December, 1984, which reminds people to regard rare
geological remains as ancient cultural remains to take care of them.

(2) Herringbone cross stratification in a dolomite bed— a facies indicator of
carbonate tidal channels

Herringbone cross stratification in a silicified dolomite bed (Photo 24, on inside
back cover) produced by flood and ebb hydrodynamic forces is rare; it indicates that
two groups of foreset lJaminae made up of dolomitic pelletic grains in tidal channels were
forrmed on carbonate tidal flat. The thickness of one group of tidal sediments is 25cm,
which is quite close to the thickness of a clastic tidal channel sedimentary bed.

(3) Starved ripple marks on dolomite bedding planes and lenticular—flaser bedding in
a dolomite bed—a facies indicator of carbonate intertidal—subtidal zones

Not only typical clastic lenticular—flaser bedding (Photo 19, on inside back cover)
but also starved wave ripples on dolomite bedding planes (Photo 29, on inside back co—
ver) and lenticular— flaser bedding within dolomite beds have been discovered in the
Proterozoic strata of North China. Three dimensional observations suggest that the starved
wave ripples on the bedding surface of clastic rocks and the lenticular—flaser bedding within
a bed are the same thing but different aspects, representing intertidal—subtidal sediments.
Therefore the starved wave ripples and lenticular—flaser bedding of dolomite belong to the
carbonate intertidal—subtidal facies indicator,

(4) Herringbone cross stratification in a glauconite sandstone bed— a special clastic
tidal channel facies indicator

There are many reports on herringbone cross stratification in aromite, which is often
found in tidal channel sediments. But there are rare reports on the occurrence of
herringbone bedding composed of forset laminae of glauconite grains (Photo 8, on front
cover, and Plate T —6). In modern oceans glauconite is formed in the relatively deep po-
sition of shallow seas, but in Proterozoic time glauconite grains were accumulated in some
special tidal channel environments.

2. Discovery of the oldest metazaon trace fossil

It was reported by “China Geological News” in 8th October, 1984, that the oldest
metazaon trace fossil was discovered, in the Ming Tombs District, Beijing;
meanwhile, the note from editors pointed out that the discovery of the 1900Ma B.P.
metazaon trace fossil in the Ming Tombs District is of important scientific significance.
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This is a typical and very valuable geological section, which should be protected as
carefully as cultural remains. Huang Tianxian, a scientific reporter, wrote a comment
entitled “ When did the history of the animals begin— discovery of ca. 1990 Ma old
metazaon trace fossils in the Ming Tombs District, Beijing” after his in—situ visit, which
was published in the “Beijing Evening News” of 12th December, 1984 with a photograph
taken in— situ. Later, two papers about this metazaon trace fossil were published
respectively in the “ Acta Sedimentological Sinica” of 1985 and the “Kexuetongbao”
(Chinese Science Bulletin) of 1986 (both Chinese and English editions ) (Photo 25, on
back cover), which demonstrated that this metazaon trace fossil is 1000Ma older than the
Edicara fauna and its trace fossils in the ca. 700 Ma old strata. In the beginning some of
Paleontologists dbubted of this discovery, but later successive discoveries of this kind of
metazaon trace fossils in other regions in corresponding stratigraphic sections attracted
great attention and interest of domestic and foreign geologists.

3. Discovery of 1600Ma old algal filaments

It was reported that algal filaments exist in the ca. 1300Ma Wumishan Formation in
the Ming Tombs District, but the discovery of algal filaments in the 1600Ma Dahongyu
Formation was reported in both the Chinese and English editions of the “Chinese Science
Bulletin” for the first time. Those algal filaments occur in “eye structure” (Photo 18, on
inside back cover), of silicified dolomite. It is considered that the rock is formed by
oncolite silicification, accompained by synsedimentary folding (Photo 17, on inside
back cover), reflecting the facies indicator of the carbonate subtidal zone.

4. Establishment of the earthquake—tsunami sequence

This topic was first discussed in the paper “On the message of ancient earthquake in
sedimentary strata”, which is included in the book “Progress in Astrogeology” published
in 1986. Later, more detailed information was introduced in the Journal of the “Chinese
Science Bulletin” (No.8, 1988 for the Chinese edition and Vol. 33, No. 13 of the
English edition). The earthquake—tsunami sequence in the Proterzoic carbonate strata may
be divided into five basic units: a. sawtooth fold, b. plate— spiny breccia, c.
interformation fold, d. cross superposed fold, and e. mound—building structure with
graded bedding and hummocky cross stratification (Photo 14, on inside front cover) .

5. Establishment of the sedimentary model of epicontinetal tidal {flats

A paper entitled “A sedimentary model of epicontinental tidal flats” was published in
“Acta Sedimen'tological Sinica”, Vol.6, No.2, 1988. This model is based on the
Wumishan Formation of Proterozoic strata in the Jixian area, including transgressive and
regressive sequences. Five layers have been listed according to the petrological facies indica-
tors and other features; they are the top layer, upper layer, middle layer, lower layer
and bottom layer. It has been demonstrated that the top layer and bottom layer represent
the supertidal to intertidal zones and that the other three layers should mainly represent
subtidal sediments, while the siliceous bands and chert layers occur in the upper layer and



lower layer (Photo 27, on back cover) .

6. Determination of Early Proterozoic ancient rivers

According to the orientation of pebbles and grain—size analysis of sandstones it is con-
cluded that in the Changzhougou Stage of the Proterozoic ancient rivers were formed along
the NE- trending troughs as the basement dips to the west under the influence of the
NE-—trending faulting. The main river channel was distributed in a NE direction from
Changzhougou of Jixian through Yamenzi of Kuanchen to Linyuan. There were at least
two branches, one is 100km long and the other is less than 50km long. These new ideas
were presented for the first time at the International Symposium of Late Precambrian in
1983, and reported in the proceedings.

In the late Changzhougou Stage the sea covered the Malanyu uplift, and by
Dahongyu  Stage the typical facies indicators of clastic - tidal flat
environment——double—crested ripple——appearcd on the sandstone bed surface (Photo 7,
on front cover). In the Gaoyuzhuang Stage there appeared widespread lincar ripples on the
sandstone bed surface at the bottom of the Gaoyuzhuang Formation representing the facies
indicator of the coastal-beach sedimentary environment (Photo 29, on back cover).

7. Discovery of tuffite in Dahongyu Formation in the Ming Tombs District

It was reported before that plenty of volcanic rocks are contained in the Dahongyu
Formation in the Pinggu area, but the existence of volcanic rocks in the Dahongyu For-
mation in the Ming Tombs District was reported for the first time in a paper entitled “Dis-
covery of Tuffite in the Dahongyu Formation of the Changcheng System in the Ming
Tombs District, Beijing” in the “Journal of Petrology and Mineralogy” in 1988. The
petrochemical data listed in the paper show that the tuffite belongs to trachytic volcanic ash
scdiments rich in alkaline elements, which conforms to the results of the chemical analysis
of the volcanic rocks at the same horizon in Pinggu and its neighbouring area. Sanidine and
zircon crystals fragments were found under the microscope ( Plate V —1, 2, 3,
4).Tuffaceous clay minerals were determinated by X—ray diffraction and differential therm-
al analysis. Of these minerals the main mineral is montmorllonite. It may be thus inferred
that volcanic activity effected not only the deposition of Dahongyu Formation but also the
deposition of the Gaoyuzhuang, Wumishan and Yangzhuang Formations. The carbonate
rocks of the latters contain montmorllonite in their unsoluable components. The same pos-
sible reason may be that siliceous bands and chert beds are well developed in those forma-
tions.

8. Discovery of typical cosmic spherules (dust)

The existence of cosmic dust spherules in Proterozoic sedimentary rocks was reported
before, but photos of typical surface structure of cosmic spherules are seldom seen. In the
“Journal of Petrology and Mineralogy” Vol. 12, No. 4, 1988, the discovery of the
cosmic spherules with typical surface structure in the Changzhougou Formation of
Taoyuan, Jixian, and the Ming Tombs (Plate I{—5, 6, 7, 8, 9, 10, 11} was for



the first time reported. These surface structures of cosmic spherules are very similar to those
found in other areas in China and abroad. A series of data of electron probe analysis indi-
cate that the Proterozoic cosmic spherules mainly belong to the iron—meteorite system.

9. Discovery of mixed—layer montimorillonite—chliorite

Mixed—layer minerals are a kind of special clay minerals. The oldest geological age of
their occurrence is still unknown. The paper entitled “A montimorillonite—chlorite regular
interstratified mineral in the Gaoyuzhuang Formation of the Nankou System, Jixian” in
the “Bulletin of the Institute of Geology, Chinese Academy of Geological Sciences” re-
ported the oldest horizon, in which this mixed—layer clay mineral occurs. This mineral
was determined by X—ray diffraction analysis and differential thermal analysis.

10. Systematic study on different types of sedimentary rocks

Through a systematic study carbonate rocks, mudstone~ siltstones and
conglomerate—sandstones in Proterozoic strata of North China, more detailed and sys-
tematic information has been obtained.

11. Correlations of the contents of elements in Proterozoic strata and rocks

On the basis of the Proterozoic representative sections in Jixian of Tianjin and the
Ming Tombs of Beijing, the element contents were correlated separately according to dif-
ferent stratigraphical formations and types of sedimentary rocks by using such techniques
as the inductive coupled plasma spectrum analysis. On that basis, the position of the
sedimentary basin, the influence of various sedimentary rock types on common elements
and trace elements and their implications on sedimentary metallogenesis are discussed.

12. Study on the rarc clement (REE) distribution pattern

Neutron activiation analysis was made on the purified clay minerals with a grain size
of less than 0.002mm from the mudstones of the Changzhougou, Chuanglinggou, and
Hongshuizhuang Formations to determine the difference of REE contents therein. The clay
minerals of mudstone in the Changzhougou Formation adsorb more REE probably indi-
cating proximal sediments; whereas the clay minerals of the mudstone in the
Hongshuizhuang Formation adsorb less REE, probably indicating distal sediments. It is
concluded after the NAS (North American Shale) standardization for all the above REE
data that the Chuanglinggou mudstone is a typical mudstone.

13. Study on the It content

In order to avoid of the influence of the mixing of the Pt—group associated heavy min-
erals, the clay minerals with a grain size less than 0.002 mm from the mudstones of the
Changzhougou, Chuanglinggou, and Hongshuizhuang Formations were used in the
analysis of the Ir content so as to judge the possibility of the appearance of Ir anomaly geo-
logical events. It has been demonstrated by several analytic methods that the Ir content is as
high as 0.5 ppb in the clay minerals of the Chuanglinggou Formation, but the Ir content
in the other formations is below this limit. Nevertheless, this Ir content is still not high
enough to reflect a geologic event of Ir anomaly.



14. Study on carbon and oxygen isotopes

The distribution of 6'>°C and 6'®0 in Proterozoic carbonate rocks shows that their
scdimentary environments are mainly the subtidal, intertidal and supertidal zones,
sabkha zones, and zones of influence of evaporite and fresh water. The 6'*O values tend
to be towards the negative end owing to the influence of diagenesis.

15. Study on silicon isotopes

The 5*’Si values in siliceous rocks can reflect the difference of sedimentary environ-
ments, The 8*Si value for siliceous rocks occurring in shallow— water and evaporite
sedimentary environments tend to be high and positive, which conforms to the facies indi-
cators of siliceous rocks of Protérozoic siliceous rocks in the Ming Tombs, Beijing; how-
ever those siliceous rocks influenced by volcanic activity have lower 5°°Si values; for ex-
ample, the value of the Dahongyu Formation siliceous rocks is the lowest among all of
the measurements.

16. Sedimentary minerogenetic series and ore prospects

There are two sedimento—minerogenetic series in Proterozoic strata of North China;
the mechanical- sedimento— minerogenetic series and the chemical- sedimento—
minerogenetic series. According to a series of information and data, one should pay atten-
tion to the environments favourable for the concentration of the U—Th and Ce group,
silicon sands and glauconite sands and their facies indicators in the
mechanical— sedimento— minerogenetic series, and the relative strata and laterally mi-
grating horizons that host Mn—Fe, Pb—-Zn—Cu, Li-Ba—Sr, oil-gas, evaporites, melt-
ing solvents and building materials in chmical—sedimento—minerogenetic series in the ore
prospect areas of North China, particularly in the margins of the platform and hidden
areas.
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