Lung-yen Iron Ore Deposits and Stratigraphy
of the Sinian System, North China

Seiichi SHOJI and Tatsuo YAMASAKI

I. Introduction

We had an opportunity to investigate in detail the Ta-tung region, a part of the
Lung-yen iron ore field, in North China for 6 months beginning in August, 1941.
One of us (YAamasaki) returned to Japan with detailed data and important speci-
mens before completion of the survey. This paper covers these data, so inevitably
the scope is rather narrow. SHOJI continued survey, and investigated the San-cha-
kou region in Hsin-yao concession, and compared all the concessions and regions,
but much of this data could not be taken back to Japan. This paper includes only
a limited amount of this data.

The distribution, discovery, investigation, exploitation, geology, ore deposit, and
ores were already described by TEGENGREN (1921, 1923) many years ago, and by
M. WaranaBe (1939) and Kapokura (1939) recently, and many papers have
been published on each region, so this paper will not be concerned with these
aspects. We will discuss only the order of strata and the correlation of the Sinian
system, involving ore beds, and will state the results of recently completed analysis
and microscopy of ores.

We gratefully acknowledge the help of Dr. F. Homma and other senior geologists
who directed us when they were in China, Professors K. KinosHiTa, T. TomrTa
and M. Nopa, who looked over this paper also kindly directed us, Mr. S. MATsU-
KUMA, and Mr. M. YamacucHr who made microscopic examination of the ores,
Mr. T. Hara, who analysed the ores for us, and Mr. Y. OkamoTo, determined the
minerals. We were especially guided by Dr. Tomita while we were in Peking, and
were given detailed instructions for correlation by Professor Nopa.

1) According to TEGENGREN (1921, 1923), J. G. AnDERsson called this iron ore deposit
the Hsuan-lung iron ores, but the name Lung-yen iron ores was taken from the name of the
company after the ores began to be exploited. When the North China Development Co.
started investigation, the names of concessions, such as Yen-tung-shan, Pang-chia-pu, and
Hsin-yao, were used and every concession was divided into regions. The particulars are shown
in Fig. 2. As for the name of places, see TEGENGREN, M. WaTANABE (1939), and Kapokura
(1939) in the References.
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Fig. 1. Sketch map of Chahar, Hopei and Jehhol.

II. Outline of Geology

The area treated in this paper is continuous to the Yen-tung-shan region, which
was operated actively, extending across a wide valley. It extends for about 15 km
from Tung-pao-sha in Hsuan-hua-hsien in the west to Tung-ke-yu in the east, and
for 4 km from north to south. As to access; from Hsuan-hua go 5 km to Erh-tai-
tzu, turn north then go up along the river bed for 4 km.

In this district, the Sinian system is developed regularly upon the base of Sang-
kan gneiss system of Archaearn with unconformity. These two are overlaid by loess,
having large scale gulleys, and also by alluvium on mountain foot and low lands.

Gneiss system is denuded extensively resulting in a mature topography, and is
distributed widely in the northern portion of this district. The gneiss and Sinian
systems, when viewed from their sides, are bordered with steep cliffs, and extend
from east to west for over 10 km along the ridge line parallel to the strike. The
southern slope of this ridge coincides with the dip of strata, that is about 15 degrees.
In other words, the same bedding plane is extensively exposed to present a different
topography quite different from that of the northern slope, showing a typical
cuesta topography.

There are two or three valleys, deeply incised from south to north with steep
slopes on both sides, on its southern slope. The exposure of the iron ore member of
the Sinian system is traced from both banks to the northern slope of cuesta ridge,
and extends for 15 km from east to west.

The structure of the Sinian system is very simple, dipping at 15 degrees to the
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Fig. 2. Distribution of iron-bearing member in Lung-yen iron ore field.

south and practically without any folds. There are only two or three minor faults
including a hinge fault with a throw of 10 m.

III. Sinian System

The results of correlation between strata of other concessions of Lung-yen iron
ore deposits and those of this region are as follows: Since this region occupies only
one part of the iron ore field where the iron ores of this horizon, are exposed, it
may not be proper to propose the names of series as shown on Table 1, from the
study of this region only. However, the name of Yen-tung-shan and Pang-chia-pu
series will be used provisionally for the convenience of explanation.

The Pang-chia-pu series is to be correlated to so-called Nan-kou limestone in
the Nan-kou valley, and the continuous exposure of the same horizon is not seen
on account of fault, but the complex forms a mountain range. And the Yen-tung-
shan series can be correlated to the clastic rock in the lower part of Nan-kou valley
and the Ho-shan sandstone in Shan-si Province.

The Sinian system in the area surveyed by us and referred to in this paper, is
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about 1,900 m or more in thickness, but there is a 280 m geologic columnar section
now available (see Fig. 3) only up to the lower part of the Pang-chia-pu series, as
shown on Table 1. Even the actual thickness of Upper siliceous limestone only is
over 1,500 m, as shown in Table 4, although there is no columnar section. The
relation with the Sang-kan gneiss is unconformable, and the truncation of the
schistosity of gneiss can be clearly seen from distance. There is no basal conglomer-
ate but a rather arkose siliceous sandstone is seen at the direct contact with the
unconformity plane. The unconformity plane has the strike of N80°E and the dip
of 35°S, while the schistosity of gneiss is N30—40°E in strike and 35°S in dip, and
the Sinian system shows the strike of E-W and the dip of 15°S. This unconformity
plane and the Sinian system rest upon the erosion surface of gneiss in an overlap-
ping form,» although this feature is seen only locally. This system is sometimes in
contact with gneiss by fault in Yen-tung-shan and Hsin-yao, but there is no such
occurrence in this region.

A. YEN-TUNG-SHAN SERIES

This series is a complex of clastic rocks, 160 m thick in this region and 200 m
thick in Yen-tung-shan and other places, as shown on Table 1. Marked cross-
bedding, sun crack or ripple mark, present the lithic character of shallow water
facies. It can be divided into four parts distinctly. Namely, the lower part is
phyllitic and siliceous clay slate, and upon it, there occurs thick white quartzite,
forming cliffs, and then iron bearing member, and green phyllite in the uppermost
part.®

The rock facies and the order of strata are equal to three other regions,* so
correlation is achieved easily. The Yen-tung-shan region® is especially so short in
distance that characteristics are common between the two, even in particulars.

1. Clay Slate Member

This is the thickest, namely 150 m, in the Yen-tung-shan region, 80-90 m in
other regions, and thinnest, or 60 m or so, in this region. The rock facies is the same
as to those in other regions. It is mainly composed of grayish green clay slate,
which is phyllitic and exfoliates imbricately. It is divided into upper and lower
parts.

The lower part contains compact and hard siliceous sandstone lenticularly or
alternately, and the siliceous sandstone in the basal part, being in direct contact

2) Possibly cross-bedding.

3) It corresponds nearly to “member” on page 17 of the Report of Society for Research of
Nomemclature of Strata, and it is doubtful whether it should be called bed simply.

4) Three mine lots, Pang-chia-pu, Hsin-yao and Yen-tung-shan (western half of Yen-
tung-shan mine lot).

5) Yen-tung-shan mine lot includes the Yen-tung-shan region, the southern contiguous
region of Yen-tung-shan, the south mountain of Yen-tung-shan and the western contiguous
region of Yen-tung-shan.
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with gneiss, is rather arkose, and is with marked cross-bedding and includes small
spots of iron hydrooxide. These sandstones get fine in granularity upward.

The upper part is composed of clay slate and reddish brown siliceous slate in
alternation, but clay slate predominates in the lower part, while siliceous slates
often contain ripple marks and sun cracks.

2. Quarizite Member

This forms remarkable cliffs upon the clay slate member and below the iron-
bearing member, so it becomes a good index bed. It gets thick gradually from
Yen-tung-shan to the east, as seen in Table 1. It is 65 m or so and often forms white
cliffs, 30 m in height.

The quartzite is white, compact and hard, and partly sandy. It is composed of
quartzites, 30, 70 and 17 m thick in lower, middle and upper parts, respectively,
and two layers of dark purple siliceous slate, from 5 to 6 m thick, are inserted be-
tween them. The lower quartzite is abundantly spotted with iron hydro-oxide,
0.1-3 cm in diameter.

This bed has ripple marks and sun cracks all over the bed, especially in siliceous
slate.

3. Iron-béaring Member

This member is from 20 to 25 m in thickness, and consists of siliceous slate,
siliceous sandstone, quartzite, and iron ore beds, as shown in Fig. 3. The rock
facies varies in both horizontal and vertical directions remarkably. In short, this
is due to the gradual transition among siliceous sandstone, quartzite and ore bed.
Therefore the iron ore bed itself is not definite in upper and lower limits, as well
as in length and number of layers, but forms irregular lenses, concentrating in two
beds, lying in the middle of the iron-bearing member, as seen in Fig. 4.

About 5 m in the uppermost of iron-bearing member is composed of remarkably
characteristic siliceous sandstone, and forms cliffs with quartzite members, as al-
ready stated, so the location of the ore bed can be pointed out even from a distance.
The iron-bearing member is rich in cross beds, ripple marks and sun cracks which
will be discussed later, and sun cracks and rain drops, filled with iron, were
discovered in Yen-tung-shan by T. Tomita. These evidences and the remarkable
variation of rock facies in horizontal and vertical directions suggest an environ-
ment of shallow water which often became land. Figure 4 shows a typical sections
obtained from about 60 trenches made in this member.

This member is divided into four parts from rock facies. The lower part is
mainly composed of bluish gray siliceous slate, often phyllitic, and about 7 m
thick. The basal bed, 1 to 2 m thick, is a ferruginous, siliceous sandstone, often
interbedded with siliceous slate. At its contact with the underlying quartzite is
found a layer, about 1 cm thick and resistant to weathering, which consists of thin
lamina of kidney shaped hematite ore of 1 to 2 mm in thickness. In the upper part,
sandy iron ore is found which either contains ferruginous sandstone or forms a
sandstone rich in oolitic hematite.

The middle part is composed of, in order from below, iron ore bed about 1 m
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thick, alternation of quartzite and siliceous slate about 2 m thick, and iron ore bed
about 2 m thick, and occupies the important part of iron-bearing member which
is about 5 m in its aggregate thickness. Concerning iron ore beds only, there is no
one so thick as that of Pang-chia-pu, which is 4 m thick. Generally speaking, they
are a little inferior to those of Yen-tung-shan region. These iron ore beds, quart-
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zite, siliceous slate etc. thin out in lenticular shape remarkably even in iron ore-
bearing member, and siliceous sandstone transits into ferruginous sandstone or
sandy iron ore mutually as has been already stated. Accordingly one of two main
iron ore beds sometimes thins out or transits into sandstone to leave another of the
two. The combination of kidney, oolitic and sandy iron ores, composing iron ore
bed, is not definite, but kidney portion is comparatively more persistent.

The upper part is mainly composed of dark purple colored siliceous slate, and
intercalates only ferruginous sandstone and quartzite. This part is rich in sun
cracks and ripple marks, and shows the Liesegang phenomenon of precipitation
of iron. Sandy and oolitic iron ores are sometimes seen in this bed too.

The uppermost part consists of characteristic siliceous sandstone, about 5 m
thick, as already stated, and forms often cliffs, and it is fine grained, compact,
grayish white and banded with fine particles of iron, and is rich in cross beds, sun
cracks and ripple marks. Green phyllite, lying directly upon an iron-bearing
member, is eroded easily to expose this sandstone directly, so characteristic topog-
raphy as flat platform or smooth slope along the strata, is formed. The lower part
of this sandstone intercalates quartzite, about 1 c¢m thick or so, and kidney iron
ore, 1 cm thick, occurs irregularly near the upper limit. This sandstone is developed
similarly in Yen-tung-shan region too, but is lacking in Pang-chia-pu and Hsin-yao
regions, and green phyllite bed in the upper horizon covers directly the dark
purple siliceous slate of the upper part of an iron-bearing member.

Fig. 5. Iron ore beds, in San-cha-kou region of Hsin-yao concession. Kidney
hematite and the state of alternation of siliceous slate and iron ore
bed are seen distinctly. Left: M. Fupiwara, Right: Suojr.
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3-1. Iron Ore Beds

The modes of occurrence of iron ore beds are as stated above. As to the studies
from view points of ore deposit, petrology and mineralogy, detailed description has
been already done by other authors. These topics are not the main object of this
paper, so supplementary description only will be given in the following sections.

The iron ores can be divided into kidney, oolitic and sandy iron ores with naked
eye, but there is no fundamental difference among them. Such differences are only
due to the state of flow at the time of deposition, the difference in the supplied
amounts between iron part and clastic materials,” and the difference in the ve-
locities of feed. The origin of formation of oolitic iron ores is explained by many
authors as follows: The iron part concentrates to form a film around the nucleus of
a quartz particle suspended in water, and it becomes a small ball after rolling, and
when it becomes a definite size (weight), it is deposited. In this process, if the iron
part is too much and the flow is rather fast, deposition is narrowly performed, and
starts only after the iron film gets thick. And if the feed of iron is much, kidney ore
1s formed. If the feed of clastic matters is much and the flow is slow, and deposition
occurs previously before the iron film is formed, sandy iron ore, which is the mix-
ture of oolitic and quartz particle, will be formed.

The oolitic hematite is an aggregate of oolites, 1-2 cm in diameter and equal
size, it appears grayish black, and lustrous if fresh, but easily weathers into reddish
brown color. Under a microscope, a quartz particle, fresh and rounded, is often
seen in the center, but it is sometimes wholly lacking. The interstices among the
oolites are often filled with similar quartz particles, but sometimes filled with
calcites, M. WATANABE stated that the calcite deposited chemically from solution
and always exists. But our comment is rather different from the above. Namely
calcite appears as white veinlet in cracks of ore, and gets less in amount gradually
away from this veinlet, and it cannot be found in that portion where there is no
crack. Therefore the calcites seem to have percolated through cracks in ground-
water secondarily, and has nothing to do with ore deposition.

KaTo presented a mixture of hematite and clay as the cementing material, but
clay could not be found under the microscope.

Quartz grains and quartz grains with their interstices filled with hematites are
more in amount than calcite and clay in the cracks around oolites. Under a reflect-
ing microscope, hematites are different to some extent in characters between the
portion of oolites themselves and the portion filling their voids. The former is
isotropic and tinted with gray color, while the latter is weakly anisotropic, and
contains light colored portion, and the latter may be specularite.

After precise observation of the concentric bands of oolite, it is learned that
minute needles of crystals radiate from the center of oolite. The whole part but the
portion of quartz grain in the center, is composed of these crystals. The origin of
bands is regarded as follows: If such crystals, to be formed in radiated shape from

6) Most of them are round particles of quartz.
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the center, grows up to some certain length, namely, the film of crystal becomes
thick to some extent, new crystal starts growing, and as a result, bands might be
formed like annual rings.

The kidney hematite includes two types, i.e., a bamboo shoot-like one and mixed
one of a bamboo shoot-like one and oolitic iron ore. The oolitic portion is as stated
above. The bamboo shoot-like portion shows structure alike a pile of reverse cone
of hematites, but particles of specularite like substance are found irregularly among
hematites of this portion. The bamboo shoot-like bodies are arranged nearly in
parallel to bedding plane, and each individual forms a gentle projection upward,
and its upper surface appears kidney shape. This projection has parallel bands on
its side plane, but minute needles of crystals develop perpendicularly to the bands,
in the same with oolitic hematite.

The clastic materials™ in these hematites are mostly quartz, but minute crystals
of augite or zircon, commonly surrounded by hematite, are sometimes seen. These
are rounded, but fresh. We did not find any feldspar.

The sandy hematite is an oolitic hematite rich in quartz grains so there is
nothing to be stated specially. However, a thin vein, 5 mm long or so, of limonite
was seen in the voids on the upper surface. The size is from 2 mm to 5 mm and
O-plane and A-plane of octahedron are seen, so the crystal form is that of pyrite
clearly and shows a hematite pseudomorph after pyrite. There are many examples
of pyrite altered into limonite in Japan, but such examples are rarely found.

Table 2. Analyses of Lung-yen Iron Ores.
Fe,O, | (Fe) Si,0 | P,O4 S CaCO,
Kidney Haematite | 96.92 | 67.56 1.70 | 0.099 | 0.09 0.36 | Extracting conical

g part, containing
no oolite.

Oolitic Haematite | 87.12 | 60.72 | 10.55 | 0.17 0.11 0.71
Oolitic Haematite 78.89 | 54.99 9.40 | 0.17 | Un- 1.61 Lustrous, black

known

The results of chemical analysis are as shown in Table 2,*> but as to kidney hema-
tite, only a bamboo shoot-like body was picked up, and oolitic mixtures were
excluded. Judging from the results, kidney hematite is almost pure hematite, as is
shown by the results of microscopic examination. Oolitic hematite similarly
contains rather large amount of SiO,. Those indicated as black lustrous in the table
occur in similar mode with hematite pseudomorph after pyrite as stated on the

7) According to Kapokura (1939), 509, or so of the nucleouses of kidney hematites are
quartz grain, 109, or so are amphibole and etc., 10%, or so are magnetite or specularite, and
the remaining 309, do not seem to have nucleous. Moreover, 909, of the nucleouses of oolitic
hematites are quartz grain, 109, are amphibole, biotite altered into limonite, or clay grain.
These clay grains may be orthoclase.

8) Analysed values and tenors are noted in details in many papers.



205

LUNG-YEN IRON ORE DEPOSITS

Ewuw%w SSpPU) uey-ueg

Jred 19mof ur
auojspues snoaoiqis ‘red taddn ur yrew aiddur pue paqssord
ur your oes Aepd oniAyd ysijoe[q-usaid ysikeid A[urejy

*19j9wrerp ur wo ¢—J jods syruowur ‘yred Iomog
ur pue yoerouns ‘yrew oiddil ur your Suraq ‘9ye[s SNOIDIJIS
oidind xrep Sunereorsjur ‘elrzaxenb oyym j0edwrod prey

‘syoerouns pue syrew a[ddit
YI1IM ‘pappag-ssoro A[juenbaij auoispues SNOIDI[IS ST IoqUISUI
sIy} Jo paq 1sowrtaddn ‘uoissaduoy) ueys-Sunj-us X UJ ‘spaq
9I0 UOII UlRW ¢—7 PUB dUOJSpPUES snourdniidy ‘eojrzirenb
Bunereorsyur arers Aepp snoaorps oidind  yrep-Aeid ysmig
*a1e[s Ag[o
snoaoiyis apdand 1ySiy Sunepesrsyur a31[Ayd ysyoe[q-ueaid Yreq

06109

011-08

66§

0601

IoquIsTA 91e[S AB[D

JOQUISTA 9MZ}Ieri()

JoquIdTA Surreaq-uoa]

JOQUIDTA] [[AYJ USIIF)

SOLIOG UBYS-FUN}-US X

*IOQUISTA] 9} JO SUOISIWI] J9MO[ UI ;BIUd[[0r) Surture)

-uod> “red o[ppru ur aye[s Aepo snoadiyis aydind srep ‘syred
Jomo[ pue roddn ur suojsewrr] SNOSDI[IS AIYM YsIAeIS-ysyoe[g

*IOMO[ UT 119D UMOIq Pue S[PpIW ul

suoysowur] ‘pred raddn ur oreys yuid 1ySiy Suneesisiur ‘paq
-ss010 pue yrew o[ddLr Y)im JUO)SpUES SNOJDI[IS SJIYM [SIABIL)

*o[eys Apues SNOJDI[IS YSIYIrB[q ‘UMOIq

YSIPPal pue SIoke[ 1I9Y0 JB[NONUI] UTY} UMOI] YSIIe[q Aueur
Sunereotaur ‘9uoisawr] SNODIYIS NIYM Yysikers-Aeid ysopoerg

091-66

0S1-621

0051

ISQUISJA] SUO)SIUWIIT SNOJDI[IG JOMOT

I9UISTA] SUO]SPUBS SNOJDI[IS

I9QUIBTA dU0IsaWI shoadiig 1odd

sorrag nd-eryd-Sued

uerurg

wolsAg

QUO)SpUES Pal PUE 9)BISWO[UOD ‘YN T,

SY00Y AlBjUSWIPSg pUB DIUBI[OA OIOZOSIIA!

I9jorIRYY) OIYIT]

() ssouyorqy,

uornjeurIo g

‘PRI 910 UOI] uek-3un-T Ul WAISAG uerulg Jo JopiQ) dorydeidneng pazielouss) ‘g d[qe,



206

NORTH CHINA, SOUTH CHINA AND TAIWAN

Table 4. Correlation Table of Sinian System in Lung-yen

Cambrian

Sinian

Lung-yen Iron Ore
Field (Suojr and
Yamazaxki, 1951)

Nan-kou (TN, C. C.,
1923)

Western Hills of
Pei-ping (Hsig, C. Y.,
1936)

Man-tou Shale Mem.

Ching-erh-yu Limestone
Mem. 100

Hsia-ma-ling Mem.

250-520

Tieh-ling Limestone
Mem. 300
Hung-shui-chuang 200

Upper Siliceous Upper Limestone Mem.
3 Limestone Mem. 115-1,000 Wu-mi-shan Limestone
‘5 | 1,500 Series 1,500
n
a Siliceous Sandstone | Quartzite Mem. 52
£ | Mem. 125-150
g
%D Lower Siliceous Lower Limestone Mem.
& | Limestone Mem. 78
95-160
8 | Green Phyllite White Quartzite Mem.
(ZG Mem. 10-90 115 Huang-ling Quartzite
a Series 100-200
& | Iron-bearing Mem. | Clay Slate and Shale
é}, 5-20 Mem. 63
B
é Clay Slate Mem. White Quartzite Mem.
> | 60-150 43

Sang-kan Gneiss System

above. It appears on the surface of limonite filling cracks, and presents minute
oolite, 0.5 mm, and kidney, 2 mm or so. They have a slightly resinous feel, and are
purplish black in color, and not weathered even in outcrop. The analysed values
show reduction of the amount of Fe, but no difference is found under a reflecting
microscope. Besides, these analysed values are neither the average values nor those
representative of the iron ore bed. They are for the small number of specimens
now on hand.

4. Green Phyllite Member

This member is dark green partly dull colored characteristically, so it is clearly
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Iron Ore Field and Ho-pei.

Chi-hsing-lung (Kao, Ching-liang-shan
C. S., 1934) (Ozak1, 1940)
Man-tou Shale Mem. Man-tou Shale Mem.
3 Ching-erh-yu g | Limestone and
'S | Limestone Mem. 8 § Marl 190
« 1150 3|2
= n | &
o = )
= : . g
‘g | Hsia-ma-ling Mem. | ¢ g Shale, Sandstone
By =]
& | 360 = 2" and Conglomerate
g <
= = 2 85
- o
Tieh-ling Limestone g Limestone 750
Mem. 350 " g
. -2 f Siliceous Sandstone
8 | Hung-shui-chuang | g 2|50
§ | Shale Mem. 200 |7 | &
%] 21|”
.§ Wu-mi-shan 'S | £ | Limestone 300
- 2| g
< | Limestone Mem. & ﬁ
0 2
5 | 1,150-1,500 & |’ | Shale 300
Yang-chuang Shale g .
Mem. 410 — | Limestone 400
Kao-yu-chuang Siliceous Sandstone
Limestone Mem. 8 and Fhale Meo,
. | 300-1,500 g |19
8 n
‘% | Ta-hung-yu =
w2 e =
= Quartzte Mem. % | Siliceous Sandstone
S | 50-400 2
=4 g | and Conglomerate
S | Chuan-ling-kou % | Mem. 300
7 | Shale Mem. 480 | g
=
Chang-cheng Quart-| O
zite Mem. 650
Tai-shan Gneiss System Wau-tai System

distinguished when viewed from a distance. It easily exfoliates along schistosity,
and weathers into pieces. Narro (1938) described this as green clay slate in Yen-
tung-shan, but we will assume it to be a phyllite member in order to match to the
description of Hsin-yao and Pang-chia-pu. As already stated, it is eroded to large
extent, and in extreme case, it is eroded out and limestone bed in the upper horizon
covers directly the siliceous sandstone of the uppermost of iron-bearing member.

B. PANG-CHIA-PU SERIES
It overlies Yen-tung-shan series, consisting of clastic rocks, and is mainly com-
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posed of siliceous limestone, and intercalates siliceous sandstone, and amounts to
several thousands meters in thickness. It is to be correlated to so-called Nan-kou
limestone, in Han-kou valley, and this paper adopts the order of strata, already
described in Pang-chia-pu and Hsin-yao for the type. NarTo proposed the Shui-mo
member, new in Yen-tung-shan and correlated the underlying strata to Nan-kou
limestone, but the Shui-mo member is clearly correlated to one part of the siliceous
sandstone and upper siliceous limestone in Pang-chia-pu actually as seen in Table
1. And the Shui-mo member and its lower strata were summed in Pang-chia-pu
series, because there is neither need nor reason to divide them into two.

This is correlated to Tien’s order of strata in Nan-kou as shown in Table 4. The
thickness of strata amounts to more than 1,000 m in maximum. The Pang-chia-pu
series is covered by volcanic rocks or clastic rocks of the Jurassic or Cretaceous
period in Yen-tung-shan and Pang-chia-pu, but it is confirmed that these younger
deposits are lacking in this region, and upper siliceous limestone member extends,
thickening southward, beyond this region.” However, we could not make a survey,
because it was not the object of present investigation.

1. Lower Siliceous Limestone Member

This member mainly consists of siliceous limestone, and is from 95 to 110 m
thick, and is exposed often in cliffs upon green phyllite members, and coincides
more with the lower strata than the Shui-mo member after Narro. It can be
divided into three as Narro did, but the boundaries are not clear on account of
gradual transition.

About 35 m in the lower part is mainly composed of dull colored siliceous lime-
stone, with intercalation of grayish green siliceous slate. The limestone is very
siliceous, and is weathered to be light yellow colored. Siliceous slate increases
gradually upward to form an alternation. The basal part of limestone shows con-
centric pattern of the Liesegang type in transverse section and reverse cone struc-
ture in longitudinal section, but these may be possibly Collenia. No one gave notice
to Collenia in the Lung-yen iron ore field at that time, and at this juncture we can
refer to only to TAkAHIRA’s description that Collenia is thickly concentrated in this
horizon and the upper horizon in Hsuan-hua. They seem to resemble in origin
ferruginous concentric structure, seen in dark purple siliceous slate of the upper
part of an iron-bearing member, already stated, and also to kidney hematite. If
these are Collenia actual, a doubt may be dispelled about the idea that Collenia is
due to algae. It is regrettable that there is no way to advance discussion with the
data on hand.

About 30 m in the middle part is chiefly composed of dull or dark purple colored
siliceous slate (varies into grayish green upward and downward), and intercalates
thin bed of limestone.

The upper part is about 30 m thick too, starts from alternation of limestone and

9) See the article on the Sinian system as to the thickness used for the formation of
geologic column and those simply measured.
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grayish green siliceous slate, and changes into siliceous limestone with intercalation
of thin bed of siliceous slate, rarely siliceous sandstone. The rock facies of limestone
is equal to the lower part, but gets compact upward, and sometimes contains
marly portion.

2. Siliceous Sandstone Member

This is thickly developed regularly to the south of the region. The strata are
mainly composed of grayish white siliceous sandstone, and involves bands of thin
beds of chert, brown or bluish green colored, compact, hard and sometimes ir-
regular due to intraformational folding. As the result of selective weathering, chert
is relieved to show clear pattern. This member has such characteristic bed as stated
on the above, so it is easily correlated to other regions.

The upper part of this member includes so called red colored bed, including
light red or purplish brown sandy shale, described in Hsin-yao and Pang-chia-pu,
and suggests the deposits of specially dry climate. It is regarded as of Jurassic or
Cretaceous period.

3. Upper Siliceous Limestone Member

This paper will not discuss the upper limit of this member, because it is in areas
outside of this region, but the thickness of strata within this region amounts to
more than 1,500 m. This member includes white chert, and sometimes the whole
part is siliceous, and sometimes consists of dolomite or dolomitic rocks.

One of us (SHoj1, 1950) has already published a paper describing briefly the
rock facies and other aspects of this member.

IV. Correlation to Sinian System in Ho-pei Province

The order of succession of strata of this system within the Lung-yen iron ore
field is correlated as shown in Table 1. This is further summed up in Table 3.

Many papers were published about the Sinian system of North China and the
correlation to the strata in Manchuria and Korea, but there are many problems
not yet solved. The object of this paper does not include the examination of these
problems, so the correlation of those of Lung-yen iron ore field was done only with
those of the Northern part of Ho-pei, such as Ching-liang-shan described by Ozaxk1
(1941), Chi-hsien and Hsing-lung-hsien described by Kao (1934). The western
hills of Peiping by Hsien, etc., stratigraphical sequence of all of which were
described recently and in details by Ozaki. The correlation among the above
stated localities, except for Lung-yen, Chi-hsien and Hsing-lung-hsien had already
been done by Ozaki. His correlation between Ching-liang-shan and western hills
of Pei-ping is quite equal to Table 4. However, our comment is different from his,
where he correlated so-called Nan-kou limestone by Tien to the whole of Chao-
bai-hu series. It is stated in Article 3 B of the Pang-chia-pu Series, that TiEN’s
Nan-kou limestone is correlated to the Pang-chia-pu. But Judging from order of
succession, rock facies, thickness and etc., the lower part of the Chao-bai-hu series
is correlated to the Pan-chia-pu Series. Consequently the lower part of the Chao-
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bai-hu, Nan-kou limestone and Pang-chia-pu series are arranged as shown in
Table 4. Discussing further in detail, it follows that the shale of the lower part of
Chao-bai-hu series is a heteropic facies of sandstone of the Pang-chia-pu series
and quartzite of Nan-kou. Namely, all of them present distinct red color, indicat-
ing a dry climate, intercalate chert, have limestone in both upper and lower
horizons, and include Collenia and chert. In short, they have many features in
common. However, as to TAKAHIRA’s Collenia from the lower limestone bed, TiEN
(1923) observed them in the same horizon at Nan-kou too, but they are not
described from Ching-liang-shan.

The correlation between Kao’s Chi-hsien and Hsing-lung-hsien and Hsieh’s
western hills of Pei-ping is published as shown in Table 4 by the latter.

Comparing thickness of strata among the places in the table, Kao’s complex,
occupying the central portion of the area in the table, is remarkably thick, espe-
cially in the portion to be correlated to the Yen-tung-shan series. Kao emphasized
the repetition, because of the two limestones, Kao-yu-chuang and Wu-mi-shan.
But Hsien (1936, 1937) could not distinguish two limestones from each other in the
western hills of Pei-ping, so he summed them up in Wu-mi-shan limestone and did
not state anything about the repetition. Anyhow, it shall be explained that the
Pang-chia-pu series simply grew thicker in Kao’s region.

If the above is true, the red shale member of Yang-chuang shall extend from
east to west as it is, and shall serve as an index bed, even if it varies in its thickness.

The clastic rocks in the lower part of these thick limestone complexes are all
correlated to the Yen-tung-shan series. HsiEH summed up in the Huang-ling
quartzite the portion to be correlated to the Yen-tung-shan series after Kao in the
western hills of Pei-ping because of thin thickness of the strata. Kao stated, after
his inspection of the so called Yen-tung-shan series in Hsuan-hua, that the strata
can be roughly correlated to the Chang-cheng quartzite and an upper member.
Ozakxi1 correlated the Ching-liang series to Huang-ling shale. Taking the above
into consideration, quartzites in Nan-kou too shall be as a matter of course cor-
related to this horizon.

These are clastic complexes, so it is difficult to correlate them in detail in ac-
cordance with their rock facies only, but all are rich in cross beds, ripple marks and
sun cracks, show shallow water facies and include characteristic limestone in the
upper part, therefore these can be correlated roughly to each other. Iron ore beds
seem to occur in the same horizon with that of the Yen-tung-shan series not only
in the area cited on the table but all over North China. It is said that hematite
occurs in Ching-hsing district and in Ho-shan, and according to Tomrra (1939).
He discovered a boulder of kidney iron ore from the Nan-kou valley, and Li
described a low grade iron ore, which transits gradually into septaria, 20 m thick,
in the basal part of the Sinian system in the northeastern part of Ho-pei Province.
These facts are interesting in showing the uniformity of rock facies.

Considering the thickness of these clastic rocks, the basin where these were
deposited, has its center in Chi-hsien and Hsing-lung-hsien surveyed by Kao, and
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extended over to Nan-kou and Lung-yen in the west and further westward, to
Ching-liang-shan in the east, and to Ching-hsing and Ho-shan in the south. And
iron ores were deposited in various places, where the depths were moderate within
the basin.

The base of the Sinian system consists of the Wu-tai system or Gneiss system, but
the Wu-tai system as described by Tien at Nan-kou, has been amended by
TomrTA, on the basis of a contact of intrusive rock of Post-Sinian period. Accord-
ingly it was excluded from the table. Besides, according to him, he suspects that
there is a similar case about the Wu-tai system in the base of the Ching-liang series.

The correlation of the upper strata than the Pang-chia-pu series is out of our
scope of study, so the table was made in accordance with Ozakr’s and Hsien’s.

However, L1 found Redlichia of Lower Cambrian period from Ching-erh-yu
limestone, and the limestone covers Hsia-ma-ling shale with conformity clearly.
Therefore the para-unconformity lying beneath it was taken for the upper limit of
the Sinian system.

The following is added, although all the occurrence are outside of the area
concerned in this paper. Yamane, Hsien, Kao and WATANABE are not agreed, as
to the correlation with each other of Tung-yu limestone, Tou-tsun clay slate or
Tai-yang limestone, in Hu-to system by WiLLis and BLACKWELDER, and Sinian
system of Shan-si Province.
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