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GEOLOGY OF SUIYUAN AND SOUTHWEST CHAHAR
By C. C. SuN

I. INTRODUCTION

The geology of Suiyuan proper and Southwest Chahar has been studied by
various geologists at different times. In 1864 the American geologist, R. Pumpelly*
undertook a reconnaissance tour from Peking to Southwest Chahar. As a result of
this trip he distinguished three principal geological divisions, viz. (1) Crystalline rocks,
(2) Devonian limestone and (3) Volcanic rocks.

Pumpelly’s reconnaissance was followed seven years later by von Richthofen?
who made a route-survey from Changpeihsien to Hsiyingtzu and turned south through
Hsinghohsien into N. Shansi. The following formations were recognized by him in
Southwest Chahar :

Archzean gneiss

Sinian siliceous limestone
Jurassic coal series

. Plateau basalt.

In 1915 Tachingshan was visited by Dr. W. H. Wong® at the request of

Suiyuan Government. He first made a geological map of these mountain ranges.

The year 1923 was marked by the visit of two French geologists P. Teilhard de
Chardin* and F. Licent in Western Suiyuan. Leaving from Paotouhsien, they crossed
Olashan, took a rapid view of the Sheitenola and, moving southward, reached the
Ordos desert near Santacho. From this point, they went along the border of the
Ordos, first southward up to Yinzeshan and Arbousola and then eastward into east
Ordos.

The result of this journey appears as follows :

e TP

In this country there are five principal geological formations, viz. (1) Wutai
crystalline rocks and marbles, (2) Palaeozoic quartzite and limestones, (3) Ordovi-
cian slates, (4) Stephanian sandstoneo and conglomerates and (5) Mesozoic sand-

stones.

Geological researches in China, Mongolia and Japan.

. China Vol. 2, Part 3.

Report on the geology of Suiyuan. Bull. Geol. Surv. China No. 1, 1918.

On the geology of the N. W. and S. borders of the Ordos, China, Bull. Geol. Soc. China.

Vol. liI, No. 1, 1924.
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As to the geologic structure, their interpretation may be summarised as
below :

In the southern side of Sheitenola, the front of the Paleeozoic limestone has
the shape of a large ‘‘Pli Couche’’, stretched out towards the south and lying on the
crystalline strata. Between the crystalline and Paleeozoic rocks the contact is very

sharp. It seems that there is an overthrust fault from the north southward thrusting
the limestone over the crystalline series.

In the region of Arbousola and Yinzeshan the folding of the Paleeozoic limestone
towards the Ordos platform is very conspicuous. Both the Arbousola and Yinzeshan
form anticlines, overturned eastward. -

In about the same time G. B. Barbour' worked out in some detail the geology
of the Kalgan area. His work is especially interesting for his summary of the phy-
siographic stages studied by various geologists in North China.

After several years, since the visit of Dr. Wong, the Tachingshan range was
restudied by my colleague, C. C. Wang®. A new geological map on the scale of |
to 100,000 was made up by him in 1925. This map is so good that there is only a little
to add to-day to it. The formations were classified by*him as follows:

Wautai system—crystalline rock and marble
Permo-Carboniferous coal series

Permo-Triassic and Triassic red shale and sandstone
Lower Jurassic coal series

Middle and Upper Jurassic shale and sandstone.

With regard to the structure, C. C. Wang pointed out for the first time the
importance of orogenic movement from south northward in this range which constitutes
a most important region in the tectonic of N. China.

- I

In the spring of 1930, the writer was instructed by Dr. Wong, Director of the
Geological Survey, to pay a visit to Southwest Chahar. Leaving from Kaigan, the
writer went through Hanoorpa pass to reach Changpeihsien and turned west to the edge
of Mongolian Plateau taking a view of Hsiaotachingshan near Hsinghohsien on the
west and Tumulu on the east. From this hill, he proceeded southward along the Tung-
yangho valley first up to Huaianhsien and then from Huaianhsien to Yangyuanhsien.
A short trip was also made to Tienchenhsien in Shansi province. In the spring of
1931, the writer received instruction to explore the geology of Suiyuan proper in view

1. Geology of the Kalgan area. Mem. Geol. Surv. China Ser. A, No. 6, 1929.
2. Geology of Tachingshan, Bull. Geol. Surv. China No. 10, 1928.
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of completing and extending the geological map of C. C. Wang. He left Peiping on
the 28th of April and arrived at Kueisuihsien (Kuihua) on the 29th.  After the rest of
a few days he started for the West Tachingshan. He revisited the area mapped by
C. C. Wang and returned to Kueisuihsien from the East Tachingshan. From
Kueisuihsien, he proceeded northeastward to Chininghsien and Taolinhsien.
Prevented by the bandits trouble from going southeastward to join the area
previously mapped of West Chahar, he turned back westward to Salach’ihsien and to
Paotouhsien. Thence the writer went further west across the Olashan following the
route of Teilhard to Anpeihsien, and visited Sheitenola and Langshan, the geology
of which is explored for the first time. Then he moved eastward through Kuyanghsien
on to Sailinghutung, and again southward from Sailinhutung to Kueisuihsien at the
end of June. In the autumn of 1932, continuing the geological survey in Suiyuan
proper, the writer again made a reconnaissance in Wuchuan, Hsingho and Funchen
districts. Thus the geology of Suiyuan proper and Southwest Chahar became
gradually better known.

The result of the present survey proves that the strata of S. W. Chahar are
really notso simple as indicated by the map of Richthofen. A modification
which the writer suggests to the structural interpretation of Sheitenola is that the
Palaeozoic limestone clearly lies in a closed syncline which is overturned towards
the northwest instead of to the south as thought by Teilhard and Licent.

C. C. Wang's work in Tachingshan laid down an excellent foundation on
the geology of Suiyuan though his physiographic stages may need some revision.
What he called Fenho canyon clearly corresponds to the Chingshui stage. The
wide valleys in the range which were thought by C. C. Wang to belong to the
Tanghsien stage are highly probably due to the Fenho erosion.

On the basis of the excellent topographical map on the scale of 1:100,000 by the
military office and the sketch map by the local government corrected by my own field
observations, the following map sheets on the scale of 1:250,000 have been made :

Sheet | Chaikoupao Lat. 40° 30' — 41° 30', long. 114° 30' — 113° 30'

i Il Hsingho  Lat. 40° 30' — 41° 30", long. 114° — 113°
» 1l Taolin Lat. 40° 30! — 41° 30', long. 113° — 112°
w» IV  Suiyuan Lat. 40° 30' — 41° 30', long. 112° —111°
. V Paotou Lat. 40° 30' — 41° 30, long. 111° — 110°
w VI Anpei Lat. 40° 30' — 41° 30', long. 110° — 109°
. VII Wuyuan Lat. 40° 30' — 41° 30', long. 109° — 108°

These map sheets comprise the results of the present survey in Suiyuan and
Southwest Chahar.
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iII. GEOMORPHOLOGY

A glance at any topographic map of North China reveals that Suiyuan and
Chahar provinces are largely occupied by the Mongolian Plateau. Near its south-
western and southeastern margins this plateau has been sculptured out in precipitous-
cliffed mountains which, when mentioned in the order from west to east, are
Langshan, Sheitenola, Olashan, Tachingshan, Liangchengshan and Huashan,
generally of east-west trend (see Fig. 1). The following is a description of plateau,
mountains, basins and rivers in Suiyuan and southwest Chahar.

Plateau:—The Mongolian plateau stretches from Gobi region to Kalgan in the
southeast and to Langshan in the southwest (see Fig. 1), the loftiest point of it,
within my field of cbservations, does not exceed 2300 m. altitude above the sea. As
pointed out above, from the SW and SE sides it is limited by mountain ranges.
This plateau itself has an irregular surface:due to the relief features resulting from
faulting; and some of these features, like Yinkuangshan, Kueitengliangshan etc. are of
mountainous nature, of which each one is a greatly uplifted fault-block. Many
hill-masses mark regions of smaller vertical displacement. Besides these elevated
masses there are flat surfaces or plains. They mark the location of enclosed basins
of erosion origin which now received the sediments (chiefly red clay) washed down
from hill-masses.

Mountain ranges:—(a) The Langshan range appears as the southwestern
margin of the Mongolian plateau bordering the Wuyuan plain. The range has a
E-W direction. It stretches, albeit with interruptions, from Ninghsia-Suiyuan border
in the west to Hsiaoshiehtai in the east and rises in many high peaks. The highest
point is in the western part having an altitude of about 1900 m. above the sea. The
range is composed chiefly of Archaean gneisses and inliers of Palaozoic sediments,
the latter have mostly been affected by metamorphism. Towards the east, the range
sinks slowly but continuously and ‘disappears SE. of Maominganchi.

(b) The Sheitenola range lies south of Langshan range and is only separated
from it by a small plain. The range also approximately trends in a E-W direction,
stretching from Anpeihsien to Kuyanghsien with a length of about 110 km. As
shown in any topographic map, its eastern extension, however, really goes further
east through Chanfangyaotzu to Tsienwulanpulang, W. of Wuchuanhsien. The
altitude of the range reaches a figure between 1800 m and 2200 m.

(¢) The Tachingshan range is situated not far N. of- Kueisuihsien and
Salachihsien trending in a ENE-WSW direction (from Tat'anchen to Paotouhsien).

It has a steep escarpment on the south bordering the Kueisui plain which easily
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The range is

attracted the eyes of any one travelling on the Suiyuan-Paotou railway.

composed mainly of Pre-Sinian gneiss, marble and quartzite and scattered remnants
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of Paleeozoic-Mesozoic sediments. It is characterized by both comparatively low and
gently rolling ridges and high precipitous-cliffed hills, the highest hill-top reaches an
altitude of 2160 meters above the sea.

(d) The Olashan range is really the western extension of Tachingshan
range. Its average width is about 15 km. It stretches from Wulianghai eastwards
to Paotou, having a length of at least 100 km. The range forms a partly forested
territory, built up by Archaan gneiss, marble and granite, the latter generally
pegmatitic, and diabase of probably post-Paleeozoic age. The gneiss and marble,
owing to their resistence to the agencies of weathering, form many peaks the highest

of which attains about 1960 meters above the sea.

(e) The Liangchengshan range is situated N. of Liangchenghsien consisting of
comparatively low and broad ridges, the tops of which seldom exceed 1900 m. above
the sea. They generally trend in a E-W direction which is followed by the
tributaries of Heiho river to be treated later.

(f) The Huashan range lying S. of Hsinghohsien is characterized mostly by
the high ruggedly dissected ridges which approximately trend in a NE-SW direction.
When standing on the hill in the vicinity of Hsinghohsien and looking towards
the south, one is impressed by the precipitous crests rising one behind other for a
long distance.

Besides the ranges above mentioned there are several comparatively low or

isolated hills mostly in S. W. Chahar.

South of Huaianhsien the ridges of a ruggedly dissected hilly area rise to
about 560 m. or less above the intervening valleys.

Rising not far NE of Hsinghohsien, the Hsiaotachingshan is an isolated hill
with an altitude of about 600 meters above the plain, which can be seen far away at
the head of Talinpa pass of Changpeihsien appearing in multitude of ruggedly
dissected crests.

Rivers:—In the region under study occur two main rivers, viz Huangho and

Yangho.

The Huangho river originates from Chinghai. It flows through Kansu,
Ninghsia, Suiyuan, Shensi, Honan, Hopei and Shantung and discharges its water
into Gulf of Pechili. In Suiyuan the Huangho course assumes the shape of an oxbow
and has undergone frequent changes in a broad basin. The River (Figure 1), after
coming out from the Ninghsia region following the N-S course of Alashan, runs on the
southern side of Langshan, which limited its northward course, then after its moving
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southward went through the southern margin of Olashan. Since the occurring of this
-change, it has still moved its bed towards the south, resulting in the location of the
present course.

On the northern side of the Huangho river there are several tributaries which,
when mentioned in order from the east to west, are the Heiho, the Kuntulunho and
the Hsiaoshehtaiho. They all have their head water on the margin of Mongolian
Plateau and flow southward across the Tachingshan, the Olashan and the Lang-
shan respectively meeting their trunk, the Huangho river, in acute angles. In the
mountain ranges the valleys of these streams are mostly narrow, bounded by steep
walls of hundreds of meters in height and meander laboreously until they emerge
into the alluvial basin.

The Yangho river has its course in the Huashan range flowing with tributaries
southeastward beyond into Hsuanhua region and the Sangkanho river to form the
Hunho river below the Hsiahuayuan station on the Peiping-Suiyuan railway.

Basins:—In the region surveyed there is one main broad basin drained
by the river. The Huangho basin occurs in the depressed downthrows of Taching-
shan, Olashan and Wuyuan faults, bordered by the abrupt scarps of the named
mountains on the north and continued with the gradually rising Ordos Plateau on
the south. Its longest diameter from east to west is about 400 km., while the width
from north to south varies from 30 to 80 kilometers. The surface of the besin is a
little undulated at an average altitude of about 1200 m. above the sea and is chiefly
formed by sediments carried down by Huangho river and its tributaries. Kuisui,
Salachi, Paotou, Wuyuan and Linho are the principal cities in the alluvial basin.
Owing to the development of the agriculture since the latter part of the last century
mostly by emigrants from Shansi the basin has become quickly populous.

On the northwest the basin projects eastward to form two small plains
between Olashan and Sheitenola, and between the latter and Langshan; both are
covered mostly by the coarse gravels.

Physiographic stages:—As a result of his study of the topographical features in
the Tachingshan region three physiographic stages have been recognized by C. C.
Wang, namely, the Tanghsien stage representing the Tertiary erosion to maturity,
the Fenho stage following early Quaternary faulting, and the Huangho stage of the
late Quaternary vertical erosion. From my observation in Suiyuan and Southwest

I. For having an idea of these sediments, see Soil Survey of Salachi area, Suiyuan Province by R.
L. Pendleton, C. C. Chang, W. Chen & K. C. Hou, Soil Bull. Geol. Surv. China No. 4, 1932.
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Chahar, | have attempted to establish the following stages somewhat different from
C. C. Wang.

Peitai stage:—B. Willis first recognized the Peitai peneplane in N. Shansil.
In eastern Suiyuan and Southwest Chahar this ancient peneplane is preserved as the
floor upon which the Oligocene basalt lavas were poured out. The peneplane now
rises about 2000 m. or more above the sea level and is about 700 m. higher than the
water level of the rivers in its neighbourhood. Judging from the frequent presence of
the sharp ridges projecting into the overlying flows, this surface was an irregular one;
in other words, the peneplane was not pertect, the monotony was broken by remnants
of erosion, monadnocks.

The peneplane also exists as the limit of altitude of the mountain ranges
mentioned above. Although it has been deeply dissected, yet its original surface
can still be recognized by the flat-topped mountain crests which rise nearly to the
same elevation as the just mentioned old land surface below the basalt flows.
When one travels in the Huangho Basin, he will be impressed by the high
complexity of a multitude of wide and narrow valleys dissecting the ranges. But as
he climbs from the basin to the tops of the ranges and looks upon them, he would
feel that he is just on a peneplane, if not for the deep dissection of younger valleys.

As pointed out by Barbour, the peneplane was probably the continuation of
the Mongolian Plateau which on one interpretation? had reached an advanced stage
in late Oligocene times.

Tanghsien stage:— As has been stated above, on the Mongolian Plateau there are
many shallow basins (such as Wuyuan plain, Taolin plain, Chining plain, Hsingho
plain, etc.) which are filled up mainly by the Pliocene (Pontian) red clay. Below
.the clay covering is the eroded surface of solid rocks which in some places consist of
Tertiary basalt flows, while in other places Archaean gneisses or younger sediments
ranging from Paleozoic to Mesozoic. The depth of the rock surface from the
surface of the mantle sediments varies from place to place and naturally depends
on the alitude of the surface. When the absolute altitude of the rock surfaces of the
basins is considered, it is found that the surfaces are generally represented by the
relief features (see Figs. 2 & 3) which are marked by low ridges and flat valleys.
This is the erosion surface of Tanghsxen stage in the advanced maturity.

On the northern slope of. Olashan there are isolated patches of red clay
(with overlying gravels) at the edge of a terrace facing the Tailiangho valley of

1. Research in China: Carnegie Inst. Public. 54, Vol. 1, Pt. 1, Washington D.C., 1907.
2. Geological reconnaissance in Central Mongolia: Nat. His., Vol. 24, No. 2, p. 160, 1926.
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which the bottom lies about 50 to 70 meters below the clay deposition. The terrace
is evidently the erosion remnant of the old landsurface on which the red clay
extensively occurred. It can then be inferred that during the deposition of the red
clay the old landsurface assumed a plain which was connected by a gently rising
slope with Olashan range on the south and extended across the present valley (at

that time the main valley did not exist) to meet the slope of Sheitenola range on the
north, it is the Tanghsien landsurface.

.

The Tanghsien landsurface may also be established in the Yangyuan region
where it, as that mentioned above, assumes rolling hills and smooth valleys filled up

by the Pliocene red clay.
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Fig. 2. - Section of Hsingho basin showing the Tar.7hsien erosion surface below the
red clay. 1, Tertiary basalt. 2, Pliocene red clay.
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Fig. 3. Generalized section of Wuchuan basin showing the Tanghsien landsurface below the
red clay deposits. 1, Archaean gneiss. 2, Jurassic coal series. 3, Tertiary L.salt.
4, Pliocene red clay. 5, Alluvium.

Fenho stage: On the southern sides of Tachingshan, Olashan, Sheitenola,
Langshan etc. the old bottom of the Tanghsien stage has been cut up by Huangho
valley and its tributaries in a number of terraces (see Fig. 4) ‘vith more or less
steep margins towards the valleys and the flat surfaces, but when the absolute
altitude of the surfaces is considered they in fact are slightly sloping towards the
main valley. Both the terraces and the valleys are the result of the erosion during

the Fenho epoch.

Qutside the Huangho basin the Fenlio stage is also recognized in Tailiang,
Hsiaoshiehtai, Wuchuan and Hsingho basins where by the river erosion the red clay
covering of Tanghsien landsurface had been removed so as to form wide valleys of



10 Memoir of the Geological Survey of China

which the bottoms are frequently buried with Pleistocene gravels. The latter are
again cut by the present river beds. It is clear that the period of removal of the red
clay corresponds to the Fenho stage.

The bottoms of the old wide valleys mentioned above frequently lie 60 to 20
m. and in some cases less, below the Tanghsien landsurface. These figures plainly
represent the insignificant amount to which the erosion of the Fenho stage has cut
down below the flat surface of the more ancient basin (i. e. Tanghsien landsurface).
Probably, when the mature topography of Tanghsien stage was reached the rivers
were all slow and weak whose force of erosion was rejuvenated only by a very
slight amount of upwarping in the Fenho epoch. Consequently, the Tanghsien
landsurface was dissected in a relatively insignificant depth resulting only in the

partial removal of the red clay covering and the formation of wide and shallow
valleys.
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Fig. 4. Profile of the stepped slope of Olashan.

Chingshui stage. This stage is of great importance in Suiyuan proper and
Southwest Chahar. In Huashan, Liangchenshan, Tachingshan, Olashan, Shei-
tenola and Langshan, all the main valleys show the typical feature of the Chingshui
canyons, such as Huangtuyaokou, Paishihtoukou, Shuichingkou, Kuntulunkou, Pai-
tsaikou, Taolaikou, Shihnakankou etc., all cutting down deeply in the older wide
valleys. In the Hsiaoshiehtai and Kuyang basins the Chingshui trenching can also
be easily distinguished by the removal of the Pleistocene gravels and the com
paratively wide and shallow canyons. Loess deposit is in some cases found in these
canyons, although very often largely washed away by the recent streams.

Panch’iao stage. This stage is also well developed in the area studied, con-
sisting principally of a vertical cutting that acted along the valleys in the basins or on
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the slopes of rolling hills. It is, however, most marked along the valleys in Huashan
and Tachingshan. By its activity, the bottoms of the Chingshui valleys were further
deepened down to form small gullies (see Fig. 5) about 10 m. to 15 m. in depth, this
feature has been referred by C. C. Wang to his Huangho stage which most probably
corresponds to the Panchiao, a name of wider use now.

Physiographic history : From the above facts, the complete physiographic his-
tory may be inferred. As will be stated in the chapters on stratigraphic geology and
geological structure, in Suiyuan and Chahar the folding movement which seems to
have ceased in early Cretaceous was followed by a cycle of erosion which covered the
interval of time from late Mesozoic to early Tertiary period. During this time the
elevations of anticlinal folds were plained down and the synclinal depressions were
filled up by the fan-deposits, viz. Nantienmen series and Tumulu series to be treated
later; this is a period of both construction and destruction. The resulting topography
was the peneplane of Peitai stage, which was buried by the voluminous outpouring
of basaltic lavas in Oligocene time.

Fig. 5. Features of the valley near Huangtuyaotzu. 1, Floor of Fenho.
2, Chingshui trenching. 3, Loess. 4, Panchiao cutting.

Probably in the early Miocene the peneplane with overlying lavas were dis-
turbed by crustal movement involving obvious faulting. This started the second cycle
of erosion which has resulted in an advanced mature landsurface of Tanghsien stage
consisting of the isolated high mountains and the wide and flat basins that have been
filled up by the Miocene-Pliocene sediments.

As stated above the rivers, when the mature topography of Tanghsien stage
was reached, became very slow and were rejuvenated by a slight amount of warp-
ing in the late Pliocene or early Pleistocene. Consequently, the open valleys of
Fenho stage were cut down. This was followed by the deposition of Sanmen gravels.
Following the deposition of Sanmen gravels a certain amount of warping took place.
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It renewed the force of vertical erosion of the slow streams so that the canyons of
Chingshui stage were cut down along the lines of older valleys. The stage was
followed by the deposition of the loess.

After the deposition of the loess a very slight amount of warping again renzw-
ed the vertical erosion of streams. It resulted in the gullies of Panch'iao stage which
continued from late Pleistocene to to-day.

From what has been stated above the following table may be established :

PEITAI STAGE PENEPLANE FROM LATE MESOZOIC TO
outpouring EARLY TERTIARY
of basaltic
lava
FAULTING

TANGHSIEN STAGE ADVANCED MATURE MIOCENE
LANDSURFACE
Deposition of Red Clay
WARPING

FENHO STAGE OPEN VALLEYS FEARLY PLEISTOCENE
Deposition of Gravels
WARPING

CHINGSHUI STAGE CANYONS PLEISTOCENE
Deposition of Loess
WARPING

PANCHIAO STAGE GULLIES RECENT

Deposition of Alluvium

Ill. STRATIGRAPHIC GEOLOGY

In Suiyuan proper almost all the important formations of North China can be
observed except the Cambrian and the Ordovician while in Southwest Chahar the
entire Paleeozoic is missing. At the close of the Archeean era, the condition was
also different between these two provinces In Southwest Chahar it is found that the
rocks of Archaan age are overlain directly by the Sinian limestone with basal quart-
zite and slate. The Wutai formation which occurs in Suiyuan proper is here

entirely absent.

The different formations of the two provinces are represented and explained
systematically in geological columns shown in Plates | & II. For each formation
details as to distribution, character, and stratigraphic relationships will be given as
follows: '
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ARCHAAN
Sangkan System

Distribution : The large part of Suiyuan and the southwestern part of Chahar
are districts of great development of this old formation. In Southwest Chahar the
formation consists of a succession of crystalline gneiss and schist which appear to
underlie all the younger formations, but are penetrated by the later intrusive igneous
bodies. The gneiss comes to the surface largely over the territory between Huaian-
hsien, Hsinghohsien and Wanchuanhsien and extends to the southeast for a dis-
tance, so that much of the upper course of the Yangho is cut in this rock. Near the
headwaters of the same river von Richthofen! first saw the formation. He named
it the Sangkan gneiss in view of its typical development in the valley of Sangkanho
about 150 li farther south, regarding it as younger Archaean in age (younger than Tai-
shan and older than Wutai). The term is retained in this paper and to the Sangkan
System will be also referred the metamorphosed group (e. g. the series of gneiss,
schist and marble) in Suiyuan proper. The gneiss of the Sangkan System also crops
out to the southwest in a place north of Yangyuanhsien, forming hillocks covered on
all sides by the late Tertiary red clay and northward in the gullies in the Tumulu red
beds in western Changpeihsien. Their exact position and their relationship to
younger formation are shown in the geological map (Sheet I).

With regard to Suiyuan proper a large part of the area is occupied by
extensive exposures of the rocks of Sangkan System. They form the famous
mountains such as Olashan, Sheitenola and Kueitingliang and extend from the last
mountain southward into Shansi province and to the northwest for an unknown
distance beyond. A large portion of Tachingshan is also composed chiefly of
Sangkan rocks. In this province the Sangkan System is clearly exposed as a
result of uplift and erosion.

Character: The Sangkan System of which the main exposures have been
mentioned above has been studied by the writer in Olashan, Sheitenola, Taching-
shan, Kueitingliang etc. in Suiyuan and in Tungyangho, Hsiyangho, Nanyangho,
Nankouling etc. in Chahar.

In Olashan, the rocks of the basal formation are well exposed in several
valleys, Kuntulunho, Hatemenkou etc. For a distance of about 15 km. there are
valley cuttings in the rocks, the exposures being so clear that structure behaviour and
relations between the members of the formation to each other are well

exhibited.
1. China Vol. 2, Part 3,
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In the formation treated here the gneiss is a dominating member, marble
is more subordinate. Petrographically the gneiss is represented by two types:
1) an acid type that varies considerably in character but is mainly a group of
injected and steeply inclined metamorphosed sediments and 2) a basic facies which
appears, from petrographic study to be mainly igneous and must be
intrusive.

In general the acid type has its bedding well preserved with often uniform
strike; but it, in some cases, is strongly disturbed by the intruding pegmatite and
diabase to be treated later in Chapter IV, resulting in a clear puckered structure
(see Pl. XIV A). Its general composition varies from a biotite schist to a
migmatite (mixed rock of gneiss and granite). The typical rock is a medium-grained
gneiss of grey color, sometimes garnetiferous, usually composed, like that described
by G. B. Barbour in -Kalgan area, of quartz, microcline, oligoclase, perthite,
biotite. apatite, magnetite with sericite and a little chlorite as alteration products.
The quartz is present as an angular interstitial filling between feldspar crystals.
It also occurs as rounded somewhat uniform grains with margins strongly
suggesting corrosion, englobed in larger feldspar crystals of clearly subsequent date
(sea Pl. XVI, A).

The above mentioned character seems to comfirm the hypothesis according
to whieh the acid gneiss is derived from an ancient group of psammites (arkosic
sediments) changed by acid magmatic juices and further affected by dynamic
metamorphism. The gneiss was intruded by the granite probably of Wutai age.
And in some cases the granitic magma probably in vapour solution and under
the high pressure entered the minute foliation planes of the gneiss, and so strongly
soaked it as to form migmatites.

The basic type occurs as irregular intrusive sheets intercalated in the acid
para-gneiss being traceable along the foliation planes, as if they were also the
members of the sedimentary series. For example, at Shapatzu the basic gneisses
stand up firmly in bands varying from one foot to a few inches in thickness in many
cases the bands alternate with the biotite gneiss. The biotite layers often are readily
attacked and weather out, resulting in shallow depressions on exposed surface.

The basic gneisses are usually medium-grained amphibolites of dark color,
mainly containing the following mineral components as seen under microscope.
The hornblende abundantly present is usually fresh though some alters to
chlorite. The feldspar is subordinate and partly altered. The epidote is not
infreauently present. The rocks in some cases show a distinctly gneissic

appearance.
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From what has already been stated, the basic gneisses are evidently igneous
intrusives which penetrated the sedimentary formation after the reorganization of
the latter. The gneiss is,also g:ontaminated by the Wutai granite.

The marble occurs as bands up to about 150 m. i. thickness, interstratified
in the acid gneiss (see Fig. 6). lts composition varies from a pure white marble
to a serpentine marble. The former varies in texture from coarsely crystalline
through medium-grained to compact, and its color from pure white to greyish white.
The latter may be seen grading insensibly from the pure white type and is a fine-
textured rock of yellowish green color, usually traversed by a multitude of asbestos
veins. This is well seen on the hill-slopes, N. of Shapatzu.
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Fig. 6. Ideal section of Olashan and Sheitenola. 1. Archsean: 1, Garnet:ferous beds.
2. Gneiss. 3, Marble. 4, Granite. 1l. Sinian limestone.

In Sheitenola range, as far as observed SE. of Shihnakan, N. of Maohutung
and W. of Chiachuanwan, (W. part of Sheitenola) and NW. of Kungyiming and N.
of Paits’aikou (E. part of Sheitenola) the oldest formation, forming either gently
rolling hillocks or precipitous-cliffed hills, is composed essentially of the gneiss of
basic facies. The basic gneiss is comparable with that of Olashan mentioned above
probably corresponding to the same period of eruption to which the latter belongs.
This rock has also probably been intruded in the older gneiss though it has not been
possible to observe this in the field as here the older gneiss is almost entirely wanting
except on the southern slope of Sheitenola where the gneiss composed mainly of
quartz, feldspar, biotite and sericite is in well bedded habit and intercalated with
layers of marble, suggesting an ancient rock of sedimentary origin.

The basic gneiss includes: a) a dark type, b) a dark green type, and c) a
green type.

Type a) is a dark medium-grained hornblende-gneise, of which the typical
development is found near Kungyiming village. It mainly contains hornblende,
quartz, feldspar and magnetite. The last named is very abundant, thus its streaks
often black, and alternating with layers of quartz it gives the rock a banded
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appearance, though on a small scale. In this rock the gneissic structure is also

Type b) typically developed in Machutungkou is a homnblende-pyroxenite.
The texture is usually fine-grained, but varies somewhat from place to place. The
mineral components are hornblende, pyroxene, magnetite with sericite and chlorite
as alteration products.

Type c) is a medium-grained rock which like type b) is composed mainly of
hornblende and pyroxene with chlorite formed by the alteration of the original non-
quartzose material. The characteristic heavy green color is due to the presence of
abundant chlorite. The rock frequently shows a gneissic appearance and in some
cases it passes into chlorite schists as seen near Shihnakan village.

The notable features of the basic gneiss are that the granites of Wutai age (see
further under Chapter IV) have been observed penetrating the gneiss along foliation
planes in irregular lenses and thick bands up to 100 m. and should, therefore, be
considered younger than the gneiss. Sometimes it has been noticed that the granite
magma gradually entered between the minute foliation planes of gneiss and strongly
soaked it, so that a mixed rock is produced. This is well seen in Paits’aikou

valley.

In Tachingshan it is also possible to observe a good development of the Sang-
kan system. The upper course and the lower course of Shuichingkou valley N. of
Sarach’i are cut in the system of metamorphosed rocks recognised by C. C. Wang!
. as the gneisses of Wutai age, which present a well marked stratified habit, i. e. they
are all in parallel stratigraphical sequence. The sequence is represented mainly by
the grey medium-grained biotite-gneisses of sedimentary origin with intercalations of
white marble containing biotite, quartz and feldspar as seen in hand specimens.

" The stratified biotite gneiss is also seen in the neighborhood of Paotou where
it is associated with dark green hornblendite in an indistinct relationship.

At Shihhueiyaotzu, Pankoa, Yushutein etc. (N. of Chasuch'i) the Sangkan
system is found to be composed essentially of well bedded gneiss and white marble.
The gneiss is a medium-grained, grey or dark rock usually containing biotite, quartz,
plagioclase, and orthoclase, the rock sometimes is invaded by granite along the
foliation planes in layers and strings traceable between the planes giving it a banded
appearance. The marble often contains serpentine and in many places yields as-
bestos. At Kulupanpulang (about 110 li NE. of Wuchuan) the well bedded gneiss is

1. Geology of Tachingshan, Bull. Geol. Surv. China No. 10, 1928.
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found to be, in many places, associated with medium-amphibolites of black color.

They are often cut across by the granite-intrusions.

The formation observed at the Kueitingliang range possesses the same com-
position as that in mountains just mentioned. The gneiss and the marble are all well
exposed along Huanghuakotungkou SW. of Taolin, Taolaikou N. of Chining and
valleys near Ch'ihsiayingtzu station E. of Kueisui. In the Huanghuakotung valley
the gneiss is a relatively fine-grained, dark grey acid rock. The mineral constituents
observable under microscope are chiefly biotite quartz, plagioclase and microcline.
The gneiss is invaded by the granite of probably Mesozoic age (see under Chapter
IV). The granite magma sometimes entering between more or less minute foliation
planes of gneiss formed small lenses, so that a real ‘‘lit-par-lit’’ injection is the
result. The marble occurs in several bands interbedded in the gneiss, having a fine
coarse-crystalline texture. In Taolaikou valley the dark grey acid gneiss of uniform
strike as in Huanghuakotungkou, is intercalated with some white marbles (see Fig.
7). Near Ch'ihsiayin station, however, the white marble partly highly silicified
predominates sometimes over the acid gneiss. The gneiss being well bedded is often
seen to grade into mica schists.
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Fig. 7 Partly idealized section from Chining to Taolinpa. 1, Gneiss and
marble. 2, Granite. 3, Basalt with basal shale.

The Sangkan system which we found in Nank'ouling region SE. of Huaian-
hsien in Southwestern Chahar differs somewhat in composition from the corresponding
formation in localities mentioned above. The rocks of the former are crystalline
gneiss and schist, the marble being entirely absent. The gneiss is well exposed in
several valleys near the said ridge, generally having a NE-SW strike of foliation
with a steady dip to the northwest of 35°-45°. Broadly speaking it bears a certain
resemblance to that already described from Olashan being represented by two
types, viz. an acid type and a basic type.

As in Olashan the acid gneiss appears to represent a member of steeply in-
clined metamorposed sedimentary series, with well preserved bedding and locally
uniform strike (see Fig 8). It is a fine to coarse textured, grey rock which is probably
a reorganization product from arkosic quartzite. The mineral constituents are usually
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quartz plagioclase, microcline, biotite, magnetite with chlorite etc. The quartz is
present n ather round grains with oultine suggesting corrosion. The gneiss is some-
times intercadated with mica schists which probably have been originally layers of
argillaceous shales.

The basic gneiss 1s a medium-grained, black amphibolite occurring as well-
defined layers intercalated in the acid gneiss; it consists chiefly of hornblende, feld-
spar and egidote, the first being abundantly present and partly very fresh. Though
megascopically it appears to be massive, it has in fact a striking gneissic feature
microscopically.

NNW. SSE.

Fig. 8. Section S. of Nank’ouling, Huaianhsien. 1, Sangkan gneiss.
2, Granite. 3, Pegmatite. 4, Red clay. 5, Loess.

The basal formation which is widespread at both sides of Tungyangho W.
of Wanchuanhsien was followed up this river and found to form the large
portion of the mountains along which stretches the Great Wall. The rock is for
the most part a fine to coarse grained gneiss, frequently grey or dark grey, though
sometimes reddish, and it grades insensibly into mica schists. From the intimate as-
sociation of the two, it appears apparent that they are portions of a single mass of
variable composition, in which the effects of metamorphism have been certainly
dissinilar.

The gneiss is composed chiefly of white feldspar, grey quartz, black biotite as
seen In specimens.

Along Nanyangho which was studied at a place NW. of Huaianhsien the
Sangkan formation, here forraing Pailungshan, is composed almost entirely of the
gneiss which has a N-S strike of locally uniform character with a dip towards the west
of 45° and is capped by Sinian limestone which is also developed here. The gneiss
is a medium-grained, yellowish grey rock consisting of grey quartz, white feldspar
and dark-biotite. It often weathers into soft rock in which the biotite becomes yel-

low in color.
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Along the valley of Hsiyangho, especially in its upper course, the Sangkan
gneiss is well bedded (see Fig. 9) having a E-W strike with a dip, towards the south,
or towards the north, of 30°-40° and being, in some cases, intruded by the diabase
dyke. The gneiss is medium-grained and of reddish color, frequently garnetiferous,
usually composed of quartz, feldspar, biotite, sometimes graphite. In some places
(Huangtuyaotzu etc.) the graphite is very abundant and is of special economic
significance.

From what was already stated above, the following summary may be given:
Theé Sangkan system exposed in both Suiyuan proper and Southwest Chahar is com-
posed essentially of the acid para-gneiss of regular, stratified feature and relatively
simple structure, which is intruded by the basic ortho-gneiss along the foliation planes
and the two penetrated and locally contaminated by the comparatively recent gran-
ites of different generations of igneous activity. In these gneisses the marble seams
commonly observed in Suiyuan proper are entirely absent in Southwest Chahar.
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Fig. 9. Section between Yintzuho and Chuchiayingtzu, Hsingho. 1, Stratified garnetiferous
(sometimes with graphite) gneiss. 2, Upper Jurassic sandstone and shale. 3, Diabase

dyke. 4, Loess.

Age and Correlation: With regard to the subdivisions of the Pre-Sinian rocks of
China, geologists have various opinions. By Richthofen three systems are recog-
nized—the T aishan complex, the Sangkan gneiss and the Wutai schist. However,
Wills and Blackwelder believed that the T aishan Complex to be followed directly
by the Wutai System, and the first was classed as Archzan, the latter as
Eo-Proterozoic. Recently Prof. G. B. Barbour follows Richthofen’s determina-
tion and attributes the group of rocks, lithologically standing in the position between

T'aishan and Wautai types to the Sangkan gneiss. His opinion may be summarised
as follows.!

““The petrographic contrast between T'aishan complex and Wutai system
as typically developed is distinct. The gneisses of the former are a group of ancient
crystalline rocks whose original character has been obliterated by intense metamor-
phism due to the vast quantity of granitic magma which penetrated, soaked,

1. Geology of the Kalgan Area. Mem. Geol. Surv. China, Ser. A, No. 6, p. 21, 1929.
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attacked, reorganized, and in part absorbed, the constituents of the pre-existing
formations. These crystalline rocks are characterized by the extreme complexity
of structure, the banding showing sharp flexures and shearing, with abrupt thickening

The rocks of the latter, according to Willis' observation in Shansi are
essentially a group of dynamically metamorphosed sediments. In the system there
are three lithologically separable series. The Shihtsui series probably the oldest
group, is of mica schist, gneiss with basal arkosic quartzite. Separate from it by an
unconformity is a middle group of marble, jasper, quartzite and schist. The Sitai
series has a basal conglomerate followed by chlorite schist and quartzite.

The Sangkan gneiss appears in several respects to stand in a position
intermediate between the T'aishan and Wutai types. It is without question an
injection-gneiss, produced by the magmatic soaking of a large body of sediments,
over a wide area. At the same time, the notable feature is that marble seems

always absent from the Sangkan and is frequent in the Wutai.’

The gneiss of Southwest Chahar is without question the equivalent of
Sangkan gneiss. That of Suiyuan proper appears too in the field behaviour and the
mineral composition as already described above to bear a close resemblance to the
Sankan gneiss, though with some intercalations of marble which is often considered
by other geologists to be characteristic of Wutai formation. Thus we may suppose
that the Sangkan formation widely spreads over the said provinces. It has probably
been deposited in a basin the western part (Suiyuan) of which in question was often
subjected to transgressions of the sea. The alternating transfusions and emergence
would have resulted in the bands of limestone intercalated in continental sediments.
The eastern part (Southwest Chahar), on the other hand, was constantly preserved

in a continental condition, therefore the marine sediments are entirely wanting here.

Rocks of Sangkan system extend to the north and to northeast for a great
distance. Gneisses with intercalations of the marble have been observed by geologists
of the Central Asiatic Expedition! in Outer Mongolia. G. B. Barbour has de-
scribed acid and basic gneisses from Kalgan region immediately to the east.

1. Geology of Mongolia. Natural History of Central Asia, Vol. 2, Am. Mus. Nat Hist. New
York, 1921.
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PROTEROZOIC
Wutai System
Kuyang Formation

Distribution and character: In Suiyuan and Chahar the Wutai formation as
will be described has mostly been removed by erosion of past periods. The remnant
formation named from Kuyanghsien where it is well developed is found only at the
following five localities:

1) A little north of Kuyanghsien outcrops of Kuyang strata form Hatashan
ridge which is deeply dissected by transverse valleys. Only one part of the formation
is observed as denudation has removed the higher strata and the lowest ones are
not exposed. It consists of fine-textured grey mica schist containing crystals of
pyrite. Above the schist come 20 meters of yellowish white marble which is
succeeded by dark-grey mica schist. The upper-most member is a medium-grained,
grey and reddish quartzite of about 100 meters (see Fig. 10). Not far north of
Hatashan lies largely a mica-schist including layers of white marble, which is
probably equivalent of Hatashan mica-schist.

gl
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Fig. 10. Section N. of Kuyang. 1, Wutai quartzite and marble.
2, Tertiary red clay. 3, Gravel.

2) As observed by C. C. Wang, near Tungyuantsun in Wutakou northwest
of Salach’ihsien, the marble is found to lie unconformably upon the gneisses (of
Sangkan system) and going eastwards to T ungshengmaotsun it becomes light grey
crystalline limestone (see Fig. 11) whose basal part is not exposed here. Conformably
following the limestone is a thick mass of quartzite.

Fig. 11. Section of the Permo-Carboniferous coal series at Matiwantzu S. of Tungshengmiao
Salach’i (after C. C. Wang). A, Proterozoic limestone and quartzite. B, Permo-
Triassic conglomerate and red shale.



22 Memoir of the Geological Survey of China

3) In Wanchiakou N. of Chasuch'i village the outcrops of the quartzite form
inliers bordered on the southeast by Sangkan rocks and on the north by the granite.
The beds stand vertically or dip steeply to the northwest, probably lying in a closed
overturned syncline (see Fig. 12). The psammitic sediments, under conditions of
metamorphism of varying degree, have been changed into quartzites of various
character. The gradation may be traced from slightly altered quartzite, of which
the original character of grains may still be recognized, into highly altered and
recrystallized micaceous rock of which the original texture has been entirely

obliterated.
4) At Wukungpa north of Kueisui the mica-schist sometimes phyllite, includ-

ing layers of siliceous marble, is associated with the Sangkan gneiss in an indistinct

relationship.

Fig. 12. Section along the valley of Wanchiakou, Kueisui.
1. Marble 2. Proterozoic quartzite 3. Granite 4. Diabase

5) At the midway between Taolinhsien and Santaoying station, the
Kuyang formation has been noted. Because of the variety of exposures, the detailed
stratigraphic sequence of the formation still needs further investigation. However,
the fallen debris in valleys help us a great deal to settle the formation. The rocks
are grey quartzite, whitish grey crystalline limestone and white marble.

Age and correlation: This system is distinguished from the Sangkan system
by the lack of injection gneiss, and from the Sinian formations by its stronger
metamorphism and the absence of siliceous limestone, as already recognised in North
China. Both its stratigraphic position and lithological character in fact favor the
supposition that it belongs to the Wutai system typically developed in Shansi.
It is comparable with the Lioutingssu series,! recognised by the author in Wutaishan
of Shansi. The series forming only one of the several lithologically separable

1. Some observations of the oldest formation in the province of Shansi. Bull. Geol. Soc.
China, Vol. VII, Nos. 3-4, pp. 266, 1928.
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groups in the Wutai system which here is composed chiefly of crystalline
limestone, marble, quartzite and phyllite, the last often changes into schists.

PAL&ozoIC
A. Sinian System

In both Suiyuan proper and Southwest Chahar the-rocks of Sinian System a
observed, but the typical Nankou limestone is found only in the latter province;
the Sinian system in the former province is an entirely unaltered cherty limestone

which seems to belong to the higher part and is named the Shihnakan limestone.

1. Nankou Limestone

Disiribution and character: The Nank'ou limestone has been noticed in
Chahar. It is thought to be laid down in a basin (see Fig. 14), in the direction
of E-W occupying South Chahar, Central Suiyuan and North Hopei. In the Tatung
basin in north Shansi, C. C. Wang! did not find the Sinian formation. The Sinian
limestone in the area surveyed had originally a rather extensive distribution, but is
now almost entirely removed by the pre-Tertiary denudation, a few residues being
preserved at Ch'imafang, Peishan cn the north side of Sangkan valley, Pailungshan
and Huhsingshan, N. of Huaianhsien, and Hsiyingtzu 60 i N. W. of Tumulu,
beyond the area surveyed, in Southwest Chahar.

At Pailungshan and Huhsingshan, the cliff-forming parts of these hills are
composed entirely of Nank'ou formation. It lies almost horizontally upon rotten
rock derived from gneiss as described above, acting, owing to its resistance to the
agency of weathering, as protectors (See Fig. 13). As the higher strata of the
formation have been eroded away, only the beds near the base are preserved here.
The basal beds have a basal quartzitic slate of no great thickness which is of grey-
purple and greyish color and highly compact texture. This slate is succeeded by the
siliceous limestone which varies from whitish-grey to dark grey and is sometimes of
a mottled grey and white color, due to the irregular distribution of silica and
carbonate minerals in the rock. The total thickness of the beds is estimated at about

130 meters.

North of Ch'imafang, Peishan at the east of Yangyuanhsien the Nank’ou
limestone appears to be almost horizontal forming gentle rolling hills bordering the
Shangkanho alluvial plain on the north. Its contact with older formation is

1. The coal field of Tatung, Bull. Geol. Surv. China, No. 3, 1921.
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not observed here, but going eastwards to a place N. E. of Tungch’engchen
the calcareous rock can be followed down tohits base on the underlying gneiss.
The limestone like that in Pailungshan and Huhsingshan is well bedded,
fine-medium-textured and of mottled grey and white color. In some cases it is
partly developed as greyish white highly siliceous rock and the dark-grey flinty
limestone is not infrequently observed in the eastern extension, the flints forming
either nodules or layers. The thickness of the limestone is about 300 m.

HAEW
Pailungshan

—

Fig. 13. Pailungshan, made of inclined beds of gneiss capped with sili

limestone, Huaianhsien.

N. of Hsiyintzu NW. of Tumulu as observed by Richthofen' the hill is
made of gently dipping but not horizontal beds of siliceous limestone closely
resembling Nank’ou limestone. Unfortunately the limestone seen by him on the
south is exclusively associated with soil plain so that as to its relation to other
formations nothing can be said with certainty. However as the northerly dip-
ping Jurassic coal series is exposed at 8 li farther south, it can be reasonally
supposed that a fault line occurs between the two exposures.

Age and correlation: In view of its similarity in character and the
comparative nearness of. occurrence the siliceous limestone of Southwest Chahar is
doubtless the same as that of Nank'ou Pass. In 1871 von Richthofen during his
journey in the pass saw the siliceous limestone with basal quartzite, naming it
Nank’ou limestone? and including it in his ‘‘Sinian’’ system (Cambrian). Afterward,
the Nank'ou limestone is known to occur in many provinces of China and it has been
proved to be of Pre-Cambrian age, since in many cases it underlies the Cambrian
beds with a disconformity. At present the formation falls into the Sinian system
(Pre-Cambrian) of Grabau®, which is placed in Paleeozoic.

1. China Vol. 2, Part 3, 1882.

2. Richthofen established the term for all the unmetamorphosed sediments from the Cambrian
downwards.

3. Sinian system: Bull. Geol. Soc. Chira. Vol. 1, p. 44, 1922,
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The Nank'ou limestone occurs in Hsuanhua and Lungkuan in S. E. Chahar.
Here the basal quartzite member has a significant development, The complete
succession was designated by Andersson under the name of Hsuan-Lung series. !
The writer found the limestone in Miyun of N. Hopei, where it often alternates
with quartzites and slates in lower part, in Hsishan of Peiping the siliceous
limestone as described by L. F. Yih? is succeeded by the Hsiamaling slate.
Afterwards Y. T. Chao® described the limestone from Kaiping as underlying the
basal Mant'o shale of Cambrian formation with a disconformity. In Hueilu of Hopei
the limestone is also found, which accordiig to Y. L. Wang® is to be separated
from the Cambrian above by a disconformity. However, the Hut'o system in Shansi,
which B. Willis assumed to be correlatable with that of the Nank'ou pass observed
by Richthofen is overlain by the Cambrian Mant o shale with pronounced uncon-
formity and is poor in cherty beds.

2. Shihnakan Limestone

Distribution: The Shihnakan limestone is only found in Suiyuan, but it had
originally an extensive distribution in Suiyuan and Southwest Chahar. However,
since the deposition of Permo-Carboniferous sediments was preceded by a period of
far reaching denudation when the limestone was almost entirely removed, only some
eroded remnants being preserved at Shihnakan, Wulanhutung, Chiutsaikou, Shiukuei-
koupa etc. (see Fig. 14. D).

Character: In Shihnakan district the limestone is well exposed at two places:
1) At Wuhakou the limestone is found to underlie the Carboniferous coal series with
a disconformity. Itisa dark grey, earthy limestone usually so well bedded that it looks
like a slate. The rock is partly metamorphosed, the metamorphism being caused by
violent tectonic movements to be discussed later. 2) South of Shihnakan the limestone
lies unconformably upon the Sangkan gneiss. Only its lowest portion is preserved,
the higher beds have been eroded away; here the basal portion consists of
thick bedded, impure hmestone of grey color, being also poor in flints. The lime-
stone is often traversed by fine celcite veins. In the Wulanhutung region the
Shihnakan limestone (from which no fossil has been found) is separated from the
Sangkan system below by an unconformity and from the Carbeniferous coal series

Iron ores and Iron Industry of China, Mem. Geol. Surv. China, A 2, pt. 1, 1921,
Geology of Hsi-shan, Mem. Geol. Surv. China, Ser. No. A 1, 1920.
Geology of Kaiping Basin and its environs, Bull. Geol. Surv. China, No. 12, 1929.

A study of general and economic geology along Chengtai Railway, Bull. Genl. Surv. China,
No. 15, 1930.
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““\\,,/ D ,7;/"\ N above by a disconformity (see
7 Fig. 15) and is usually thick-
or thin-bedded, fine- or coarse-
textured, being dark grey in
color and impure in composition.
It contains flints, either in nodules
or in thin lenticular bands char-
acteristic of the Sinian limestone.
Wm% In some parts, however, the
=" ////” limestone may be quite free from
flints. The limestone is not
infrequently interbedded with
calcareous shales. The total
thickness is roughly estimated
at about 600 m.
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BN/ In Chiutsaikou NE of Wu-
chuan occurs greyish blue, some-
times flints bearing and thick-
bedded limestone which uncon-
formably overlies the Sangkan
gneiss. Both on a lithologic and
stratigraphic basis this limestone
is doubtless equivalent to that
in the places above mentioned.
The same limestone sometimes
lies in contact with the granite
intrusion, so that it has been
passed into white marble fre-
quently silicified. The limestone
also occurs at Chiukueikoupa to
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the east. There it seems to

underlie the Permo-Carbonifer-
ous with a disconformity.

Fig. 14. Blockdiagrams showing the area of E. Swyuan, W. Chahar and N. Shansi. A. Dissected
basin (pre-Sinian). B. Basin partly covered Nankou limestone (Lower Sinian). C. Basin
buried by Shihnakan limestone (Upper Sinian). D. The Shihnakan lxmestone. is almqst
entirely removed by Carboniferous erosion and the river is formed. E. The river basin
is covered by Permo-Carboniferous and Permo-Triassic sediments.
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Age and correlation: So far as the data
available permit judgement, the limestone is
distinctly unlike any of the Cambrian or
Ordovician limestones recognized in N.
China. Both the presence of flints in some

parts and the impurily in composition seem
to help the supposition that it belongs to the
Sinian system.

A8 T
Shihnakan

In view of the lack of metamorphism at
all, this Sinian limestone can not be com-
pared exactly with the Nank’ou limestone in
Nank’ou pass. It bears a close resemblance
to the unaltered limestone in Miyunhsien
observed by the writer, grading insensibly
from the typical Nank'ou limestone below.
The Shihnakan limestone is thus probably
of upper Sinian age. That it lies directly
upon the floor of Sangkan gneiss, the Nank’ou
limestone being wanting, may be explained
by the assumption that the deposition of
Nank’'ou limestone observed in N. Hopei,
S. Chabhar is limited within the deeper portion
of dissected basin mentioned above, but the
higher horizon viz. Shihnakan limestone

begins to reach its shallow portion in central
Suiyuan. (See Fig. 14, B,C).

kan gneiss with granite. 2, Sinian

, Sang

‘B. Permo-Carboniferous

limestone. 3, Permo-Carboniferous coal series. 4, Permo-Triassic conglomerate.

Partly idealized section from Sheitenola to Shihnakan, Anpei. |

Hsuanmachuang Coal Series

General statement : This coal series is

Fig. 15.

composed of shale, quartz-sandstone, seams
of coal and conglomerate. In some places,
it has been entirely metamorphosed to phyllite,
quartzite and graphite. The number of coal
seams varies in different places. According to the tradition of native miners, one

or three seams of coal are known to occur in this series.
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The coal series rests disconformably on the Sinian limestone. In some cases,
the latter completely disappears, so that the coal series and the Wutai formation, or
Sangkan gneiss, come into direct contact (see Figs. 16 & 11) with an unconformity
between.

The facts can be explained by the hypothesis that the deposition of Permo-
Carboniferous sediments was preceded by such a period of far reaching erosion as to
expose in some places the oldest formation. The total thickness of the series is estie

mated at about 100-160 meters.
SwW #AT0 NE

Kankputz t kou

Fig. 16. Section at Kankoutzukou 80 Km. N.E. of Wuchuan. 1, Sangkan
gneiss. 2, Permo-Carboniferous coal series. 3, Permo-Triassic
conglomerate. 4, Granite intrusion.

Distribution and character: This Hsuanmachuang coal series is observed
only at Hsuamachuan, Salach’'i, Kankoutzu and Sulitu in Suiyuan, as shown in the
geological map. (Sheets 3,4, 5 & 6).

In the vicinity of Hsuanmachuang the coal series is somewhat extensively ex-
posed (eastward to Shamakou according to the report of native miners), occupying
an area of about 15 sq. km. The coal series overlies disconformably the Sinian
Shihnakan limestone and is succeeded by Permian quartz-sandstone. The strata
occur in a close overturned syncline. Petrographically the coal series consists
mainly of sandy shale and quartz sandstone with thin seams of coal. A good section
of the series has been studied in the northwest side of the syncline. The succession
of the different members, in descending order to the base, is as follows (see Fig. 17).

NW, RERELI

b Munan Coal Mine

i

SE.

Fig. 17 Section near Munan Coal Mine, Anpei. I Sinian Limestone. Il Permo-Carboniferous

coal series.
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N

Whitish grey, coarse-grained quartz-sandstone (Permian) . .
Grey argillaceous shale with coalseam . . . . . . . . . 10

[N
o

2 m.
19. Gravels covering the bottomof valley . . . . . . . . . . 20 m.
18. Dark grey argillaceous shale. . . . . . . ¢ 3 & % & 25 w5
17. Grey coarse-grained quartz-sandstone . . . . . . . . . . 3 m.
16. Dark argillaceous shale containingcoalseam . . . . . . . 15 m.
15. Grey micaceoussandstone . . . . . . . . . . . . . 10 m.
14. Greenish grey argillaceous shale . o '@ % A ow & @ B it
13. Grey micaceous sandstone withshale . . . . . . . . . . 20 m.
12. Dark argillaceous shale . . . . . . . . . . . . . . 7 m
11. Greenish grey, micaceous, sandyshale . . . . . . . . . 11 m.
10. Grey or black, argillaceous shale . . . . . . . . . . 10 m.
9. Greenish grey, micaceous, sandy shale . . . . . . . . . 3 m.
8. Coarse-grained quartz-sandstone . . . . . . . . . . . 2 m.
7. Greenish grey, micaceous, sandy shale. , g 1 m.
6. Coarse-grained quartz-sandstone o W e s e weew g A M
5. Greenish grey, micaceous, sandy shale . . . . . . . . . 15 m.
4. Coarse-grained quartz-sandstone 3 m.
3. Greenish grey, micaceous, sandy shale . . . . . . . . . 5 m.
2. Black argillaceousshale . . . . . . . . . . . . . . 4 m
1. Limestone (Upper Sinian) . . . . . . . . . . . . .158.5 m.

In this section the two seams of coal are now being worked by the native

mines. They are said to vary from 3 to 5 feet thick. The quality of coal varies
from anthracite to semi-anthracite.

North of Salach'i, the coal-bearing formation is found in two narrow strips
one lying between the Wutay system, the other limited on both sides by the
thrust faults. Here this formation comprises mainly shale, bituminous sandstone
and conglomerate. The conglomeratic bed contain round pebbles chiefly of
quartz. The best section is observed by C. C. Wang! near Matiwantzu south

of T'ungshengmao village. The rocks arranged in descending order are
(Fig. 11):

B. Conglomerate and red shale (Permo-Triassic)
12. White conglomeratic sandstone

11. Black shale with coal seam

10. Black sandy shale richly yielding fossil plants

I. Geology of Tachingshan, Bull. Geol. Surv. China, No. 10, 1928.
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9. White conglomeratic sandstone
8. Black shale

7. Grey conglomeratic sandstone
6. Black shale

5. Conglomerate of quartz pebbles
4. Black shale

3. Conglomerate of quartz pebbles
2. Black shale

1, Conglomerate of quartz pebbles.

Unconformity

A. Ouartzite and crystalline limestone (Wutai)

The total thickness of the coal series is estimated at 108 meters, the
whole succession of strata strikes NW. and SE. and dips NE. at an angle of 70°.

A little north of Shihnakan, disconformably overlying the Sinian Shihnakan
limestone, the coal-bearing formation, having an extensive exposure along the
southern side of Langshan range, has been entirely metamorphosed. It is composed
mainly of dark grey phyllite, grey schist and coarse-grained quartzite with layers
of graphite (in some case with fissure filling of melanterite), which are evidently
derived from the sandy or argillaceous shale and quartz-sandstone that are equivalent
rocks of the coal series recognized in Hsuanmachuang region. The structure

of this metamorphic series is much complicated by local foldings and faultings.

At Kankoutzu ENE. of Wuchuan the Hsuanmachuang coal series, extending
from Kankoutzu to the east for about 20 li, unconformably overlies the Sangkan
gneiss (see Fig. 16). The coal series has also been metamorphosed, including
dark grey phyllite, grey slate, yellowish grey sandstone and coal seam (mostly
converted into graphite). Near the Sulitu village the coal series occurring in the belt
from Sulitu to Liushuikoutzu is also unconformably underlain by the Sangkan gneiss
(see Fig. 18) and is followed by Permo-Triassic red sandstone. The thickness
measures at about 150 m. Here the series consists of yellowish grey sandstone,
grey shale (yielding fossil plants) and coal seam.

Age and correlation: Plant fossils! have been found from the Hsuanmachuang
coal series, at Hsuanmachuang, Kumanyintzu, Tungshengmao and Sulitu, which
indicate a Permo-Carboniferous age. They are:

I. These fossils together with those previously collected by C. C. Wang will be described by
H. C. Sze in a separate paper to be published in the Bulletin of the Geological Society.
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Walchia sp.

L.epidodendron sp.

Calamites sp.

Pecopteris arborescens Schloth.

Sphenophyllum oblongifolium (Germ. & Kaulf.) Ung.
Sphenophyllum thoni Zeil

Annularia brevifolia Brongniart

Neuropteris flexuosa Brongniart

Sphenopteris sp.

Cordaites sp.

NE SW
4
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i . » 400 m. G
Fig. 18. Section of Permo-Carboniferous coal series near Sulitu, Wuchuan. 1, Archaan

gneiss. 2, Permo-Carboniferous sandstone, shale and coal seams. 3, Permo-
Triassic red sandstone and shale.

The Permo-Carboniferous formation can be roughly correlated with the so-
called Shansi series in Shansi province, which is underlain by Taiyuan series, the
latter containing several marine beds. In Suiyuan, on the other hand, the
Permo-Carboniferous formation lies directly on either Sinian limestone or Wuta
system or Sangkan gneiss as already mentioned above, the Taiyuan series being
entirely absent. C. C. Wang thus believed that at that time, an old land existed
in Inner Mongolia, which was never covered by the Middle Carboniferous sea.

TRANSITION ¥FROM PALAOZOIC TO MESOZOIC

Permo-Triassic and Triassic
Salach’i Series
Distribution: A formation younger than the Hsuanmachuang coal series

occurs in five districts in Tachingshan and Sheitenola 1) the region of Tungshengmao
and Tsiennaopao N. of Salach'i, 2) the region of Wenchiayao and Heiniukou N.
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of Kueisui. 3) Hsuanmachuang N. of Anpei. 4) Sulitu E. of Wuchuan. 5)
Pingantsun NE. of Wuchuan. In (1) (2) (3) and (4) the formation rests conformably
on the Hsuanmachuang coal series, but in (5) it is sometimes found to overlie the
Sangkan system with an unconformity. These conditions oblige us to think that
the formation with Hsuanmachuang coal series below was deposited in a basin
approximately located in the present Tachingshan (see Fig. 14 D).

The deposition of the sediments of the Permo-Carboniferous coal series is
limited within the interior of this basin, but the higher series in question begins to
reach its flank near Pingantsun village. The thickness of this formation measures

at 500-600 m.

Character: At Tungshengmao, Tsiennaopao, Wenchiayao and Heiniukou
the Salach'i series consists of conglomerate and sandstone alternating with shale.
At Hsuanmachuang the formation is composed mainly of conglomerate with some
interbedded sandstone bands, which was faulted down into a tectonic trough
(see Fig. 15). The Lase is not exposed here, but at the Hsuanmachuang coal
field immediately to the south the Permian quartz-sandstone conformably succeeding,
as stated above, the Carboniferous coal series seems to be its basal part. The
pebbles of the conglomerate, more or less round in shape and from 4 to 30 cm. in
size, consist mainly of quartzites, gneiss and limestone, the cement being usually
fine sand and grey clayish materials. In the region of Sulitu and Pingantsun the
formation may be distinguished into two parts; the lower part mainly consists of red
sandstone and shale and the upper part conglomerate which is also found at
Olouhutung 40 li NW. of Pingantsun of which the base is not exposed here.
The conglomeratic beds contain round pebbles or boulders mostly of gneiss, granite
and marble.

These rocks appear to have been formed as a series of alluvial-fan
deposits largely covering the basin by streams coming down from the slopes of
mountains which bordered the basin on the north (see Fig. 14 E). Since these
sediments ars today mostly red in color, it would seem that the climate of this
region was comparatively dry in the time when they were deposited.

Age and Correlation: The formation is poor in fossils. The age of it was
thought by C. C. Wang to be Permo-Triassic and Triassic by comparing its
lithologic character with the red series in Shansi and Shensi.!

1. Explanation to the 1:1,000,000 Geol. Map of China, Taiyuan-Yulin sheet, 1926.
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MEsozoic

A. Lower Jurassic
Shihkuai Coal Series
General statement: This series consists of grey, greenish grey and greyish
white colored, sometimes slightly conglomeratic sandstones, more subordinate are
argillaceous shales. In some places, it also contains a few thin beds of limestone.
3-10 seams of coal are known to occur in it. The whole formation is either
conforinable in strike and dip with the underlying strata (Permo-Triassic and
Triassic series) or lies unconformably on the Sangkan system. The total thickness

of the formation is about 500 m. in Suivuan proper and 300 m. (exposed thickness)
in Southwest Chahar.

Distribution and Character: This series occurs in Suiyuan proper and also in

Southwest Chahar.
Suiyuan ‘ proper

The series .as described by C. C. Wang, has a typical development at
Shihkuaitzu in the western part of Tachingshan in a broad gently dipping syncline
although limited on both sides N. and S. by thrust faults. From the said village
eastward the strata of this series bkecome more and more steeply inclined until revers-
ed so that its outcrop forms a narrower belt between upper Jurassic on the north
and Permo-Triassic on the south (see Fig. 19) and continues so to the east until

EIEHR A M 78 g
BEW Peishihtoukoy h
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Fig. 19. Section along the valley of Peishihtoukou, Kueisui (after C. C. Wang). 1, Sangkan
system. 2, Permo-Triassic red shale and sandstone. 3, Lower Jurassic coal
series. 4, Middle and Upper Jurassic red shale and sandstone.

interrupted by faulting and granitic intrusio~. East of the granite body, it constitutes
small fields. Finally, it occurs in two isoiated basins at Pak’outzu and Halachi.
The main rocks are medium-grained, mostly grey and relatively easily disintegrating
sandstones, sandy and argillaceous shales and quartz conglomerates, sometimes with
thin beds of limestone yielding fossil fishes. The number and thickness of coal
seams according to the inquiries and personal observations made by C. C. Wang are:
In Liushuwan district there are 2 seams of coal, varying from 1-4 feet in thickness.
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In Shihkuai region there are / seams of coal, 3, 1, 6, 4, 4, 7, 2 feet thick
respectively. The quality of coal varies from anthracite to bituminous.

In many places this series was found to succeed conformably and continuous-
ly the Permo-Triassic Salach’i series. No division line can be drawn between
them.

At Yangkoling and Kuantientzu immediately to the south and also at
Tuchengtzu to the north the same formation occurs as narrow strips which are all
limited on both sides by faults. The petrographical character is more or less the
same as that described above. In Kuantientzu field 3 seams of bituminous coal 2,
1, 3 feet thick respectively, are known to occur in this formation.

Near Tanyaotsun W. of Wuchuanhsien, the coal series has a rather extensive
distribution. Because of the variety of exposures, it is not easy to find typical section
of the present formation. However, several pits help us a great deal to ascertain
its probable succession. The coal series seems to lie horizontally upon the Sangkan
gneiss, consisting of grey, dark-grey shale and yellowish grey sandstone. The
coal seams here have been worked by the native mines.

In Sheitenola N. of Tachingshan mountain west from Shachikou southeast-
ward to Yingpanwan there is a continuous belt of coal series which is limited on the
north by a normal fault. Here the Permo-Triassic formation does not occur so that

the coal series overlies directly the Sangkan gneiss (see Fig. 20) of which the

A .
-y X -

Fig. 20. Section from Chiachuanwan to Erhfentzu (E. Sheitenola). 1. Archaean gneiss

with granite. 2. Lower Jurassic coal series

surface is in some cases strongly weathered and transformed into a soft rotten rock.
Probably the configuration of the gneiss surface was exposed to weathering action for
a long time till the Lower Jurassic sediments were deposited. Petrographically, the
coal series may be subdivided into three parts:

Upper part built up by greenish grey sandstone and shale with the bands

of conglomerate.

Middle part consisting of medium-grained, greenish grey or grey sandstones.
The sandy or argillaceous shales are subordinate. The shales near the coal
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seams are often dark grey in color. In Kuants'ingkou this part contains 9 seams of
bituminous, 8, 6, 5, 2, 5, 3, 5, 2, 5, feet thick respectively.

Basal part built up by coarse grained, easily disintegrating conglomeratic
sandstones. The total thickness is estimated at akout 500 m.

The Mesozoic coal series also occurs in a limited area at Erhfentzu 15 li to
the north. The rocks are greyish white and greenish grey sandstones and sandy
and argillaceous shales. Since small mines have been stopped for a long time, no
exact information is available about the number and thickness of the coal seams

except the tradition of native miners who affirm the existance of 3 seams varying

from 2 to 9 feet thick.

West of Kuyanghsien this coal series occurs in a broad extension. Because
of the rarity of exposures, it is very difficult to know its detailed succession.
However, the fragments of rock from pits heaped up on the surface help us to assert
its probable succession. At Wets'inhao, the sandstones seem to be predominating
and some of them yield badly preserved impressions of Podozamifes. Four seams
of lignitic-bitumite are known to occur; 3 seams varying from 1 to 3 feet thick, one
being 8 feet thick. They are said to be gently inclined if not horizontal. Near
Shiehtaiho N. of Kuyanghsien the existence of an exposure of coal series was reported
by the native people

Fig. 21. Section of the Lower Jurassic coal series at Hengsheng coal mine N.W. of Tumulu.
A, Cretaceous gravel. B, Upper Jurassic shale, sandstone and conglomerate

Southwest Chahar

At Tumulu 90 li W. of Changpeihsien and also at Malienkota 30 li W. of
Tumulu the Shihkuai coal series underlying the Tachingshan series that will be
described later is brought to exposure by the faulting. The base is not exposed; the
exposed thickness alone varies from 180 to 200 meters. The petrographic character
of the series does not greatly differ from that of the other places. According to the
tradition of native miners and the survey of surface exposure, 2-8 seams of coal are
known to occur in this series. The quality of coal varies from anthracite to
bitumite. In Hengsheng coal mine region, the observations on this formation may
be summarized in descending order as follows: (See Fig. 21), -
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26. Whitisk brown conglomeratic sandstone with argillaceous shale 55 m.
25. Grey argillaceous shale with sandstone bands and coal seam 31 m.
24. Whitish grey, medium-grained sandstone 11 m.
23. Grey sandy shale with coal seam . 12 m.
22. Grey medium-grained sandstone . 8.2 m.
21. Grey argillaceous shale with some xnterbedded sandstone layers and
in the upper part with coal seam . o 7 m.
20. Whitish brown, medium grained sandstone . . 15 m.
19. Grey sandy shale with layers of sandstone 5 m.
18. Whitish grey, medium-grained sandstone . 6.6 m.
17. Greenish grey shale . . | m.
16. Coarse-grained, brownish white conglomeratxc sandstone 7.5 m.
15. Yellowish brown medium-grained sandstone, merging upwards into
grey sandy shales . 17 m.
14. Grey sandy shale . S 7.5 m.
13. Whitish brown, medlum-gramed sandstone . " 3 m.
12. Greyish yellow, argillaceous shale with bands of sandstonc : 7.1 m.
11.  Whitish brpwn medium grained sandstone 7 m.
10. Grey sandy shale . 2 e s & o ‘w s 1.3 m.
9. Coarse-grained, whitish conglomeratic sandstone merging down-
wards into fine-grained sandstone with coal seam. 40 m.
8. Darkgreyshale . . . . . . . . . ., 1.2 m.
7. Coarse-grained, grey sandstone « @ B F s ‘.3 m.
6. Grey sandy shale with coal seam. . . . . . , 2-7 m.
5. Whitish coarse-grained sandstone . . ' @ 12 m.
4. Whitish brown, medium-grained sandstone containing coal seams . 3.9 m.
3. Brownish, medium-grained sandstone . . . - 2 m.
2. Grey, greenish grey, and purple argillaceous shale w1th layers of
sandstone 45 m.
1. Coarse-grained, yellowxah wl'nte sandstone composed ot gramhc
debris.
The coal series also crops out near Hsiyintzu about 30 li N. W.
Malienkota. Von Richthofen visited this locality in 1871 and noted that the series

consists of carbonaceous shale composed in part of granite debris, the beds striking
N. 30° W. and dipping 10° to the northeast.
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Jurassic age have been obtained, which will be referred to later.

From this field, fossil plants of
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Age and Correlation: The Shihkuai coal series in Tumulu region, Tachingshan
and Sheitenola has been settled .as of a Lower Jurassic age by von Richthofen.
C. C. Wang and the writer from plant fossils, they are:

At Tumulu!

Asplenium whitbyense Brongn.
A. argutulum Heer
Anomozamites sp.
Pterophyllum richthofeni Schenk
P. @quale Brongn.
Podozamites gramineus Heer
P. lanceolatus Heer
Elatides chinensis Schenk

At Shihkuaitzu®
Cladophlebis cf. acutangula
8aiera sp.
Czekanowskia rigida Heer

At Yangkoleng?

Podozamites lanceolatus Heer
Asplenium whitbyense Heer
Cladoohl ebis sp.

Coniopleris sp.
At Kuantsingkou, by a preliminary examination by the writer.
Podozamites lanceolatus Heer
Todites williamsoni Brongn.
Cladophlebis denticulatus Brongn.
Coniopteris sp.
Anomozamites schmidti Heer
Thyrsopteris sp-

The most favourable district for correlation of the Jurassic coal series in
Suiyuan proper and Southwest Chahar is the Tatung coal field of Shansi®. Accord-
ing to the investigation of C. C. Wang, there are two coal-bearing formations in that
field; one Carboniferous, the other Lower Jurassic. They are separated from one

1. China, Vol. Il, 1882,

2. Geology of Tachingshan. Bull. Geol. Surv. China, No. 10, p. 3, 1928,
3. Coal field of Tatung, Shansi, Bull. Geol. Surv. China, No. 3, 1921.
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another by a succession of sandstones and shales, prevailingly red in color, from 130
m. to 300 m. in thickness. The Lower Jurassic coal series is overlain by a series of
green and red shales and sandstones. The Jurassic plants found include the
genera Dicksonia, Asplenium, Pterophyllum, Podozamites etc.

B. Middle Jurassic
Hsiaopeiling Conglomerate

Distribution: This conglomerate is observed only at one place in Suiyuan
proper. It is located in the eastern part of the Anpei district. Here it forms the
ridge, Hsiaopeiling, bordering the coal field of Kuantsingkou in the ncrth.

Character and Age: In the Hsiaopeiling ridge the Shihkuai coal series towards
its top contains layers of conglomerate, and by gradual transition the rock be-
come largely a conglomerate about 250 meters in thickness. The conglomeratic beds
contain more or less round pebbles, from 5 to 20 cm. in diameter, partly of sandstone
but mostly of reddish and grey gneisses in a sandy or clayish matrix sometimes with
a porphyritic appearance.

As no fossils have been found in the formation, the exact age can not be
asserted. It may be either the upper part of the Shihkuai coal series, also of Lower
Jurassic age, or the deposits of Middle Jurassic time.

C. Middle and Upper Jurassic
Tachingshan Series

Distribution and Character: In the central part of Tachingshan this series
is exposed in long and more or less continuous belts. In other words, where the
Shihkuai coal series occurs, it is constantly found to lie upon the coal series or
in fault-contact with the coal series, except at Pak’outzu where it has been eroded
away. Its characteristic feature can be recognised from Ts'ienhsiaopatzu N.
of Wanchiakou when looking to the northwest.

Generally speaking, this series comprises green, red and sometimes dark
grey, shale, sandstone and conglomerate, the last being made up of round pebbles of
gneiss, marble, and sometimes white quartz usually in a sandy cement. In some
places the sandstone predominates. The shale and conglomerate are more sub-
ordinate. The total thickness is estimated at about 500 m.

In Tumulu region, the Tachingshan series, disconformably overlying the
Lower Jurassic coal series (see Fig. 21), is exposed in a broad zone i. e. at Malien-
kota, Yenchiayao, Szutzukou etc. Its petrographic character is more or less the same
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as that described above. At Yenchiayao it is composed of purple or greenish grey
sandy shale alternating with sandstone and conglomerate; at Hengsheng coal
mine chacolate, green, and sometimes greenish grey colored sandy shales with inter-
bedded bands of sandstone and conglomerate; at Malienkota grey and red shales and
grey fine-coarse-grained sandstones. Owing to the incomplete exposure of this series
the total thickness can not be estimated, but so far as can be judged from the surveyed
area, it seems to be not less than 600 m. The same formation is also found in
the south side of Kaomiaoho about 40 li SW. of Yenchiayao, limited on the south by
an overthrust. There the formation consists of yellow, purple and greenish grey
shale with intercalated sandstone and conglomerate, the beds being strongly folded
(see Fig. 9).

Age: Up to present no fossils have been found from this formation.
However, it can be correlated by its lithologic character and stratigraphic position
with the red and green series overlying the Lower Jurassic series in Shensi and Shansi

of which the age has been asssigned by C. C. Wang to Middle and Upper Jurassic.

D. Late Cretaceous and early T ertiary

Tumulu Series

Distribution: The Tumulu series is found only in Southwest Chahar. The
largest exposure of it lies in the vicinity of Tumulu village and it also appears at
Shangwulahata. In reality the beds of these two areas are continuous beneath a
tongue of Hanoorpa basalt which will be described later. One small but important
exposure of this series occurs as an irregular belt in the neighbourhood of Tayingpan
30 li W. of Changpeihsien. This window is due to the removing of plateau basalt by

the stream erosion.

The irregular land surface beneath and conditions of deposition of the Tumulu
sediments: The investigation of the contact surface between the Tumulu sediments
and the hard rock floor has shown that this landsurface must be an irregular one.

A little northwest of Tumulu village the old land surface is strongly weather-
ed and the fine clay-material with small fragments of shales formed by the weather-
ing downwards shows transition into the upper-Jurassic sediments, i. e. Tachingshan
formation. The Tumulu series is built up mainly by coarse gravel beds in the lower
part and fine sands occur at all horizons of the upper part which owes its preser-
vation to the overlying protective cap of the plateau basalt (see Fig. 22). InTaolipa
pass immediately to the east the higher fine sands underlying the basalt lie directly
upon highly acid gneiss, the gravel beds being wanting. Here the surface is deeply
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penetrated by the effects of weathering resulting in the disintegration of gneiss into
sands. The same holds true at Paomankou 20 km. SW. of Tumulu, but the fine
sands of Tumulu series become very thin and even absent in many cases.

From the facts mentioned above we may form an opinion of the character of
the irregular land surface beneath the Tumulu sediments which all accumulated along
the lower lands.

The mountain ranges thrown up by the post-Jurassic orogenic movement were
not entirely eroded away to form a peneplane at thattime. There was a topographical
contrast between areas occupied by the highly acid gneiss and the sandy shale.
Through the insolation and action of water or wind the easily disintegrating shale
seems to have been rapidly broken down and came to form an open valley, whereas
the more resistant highly acid gneiss projected over the surroundings as hills or
mountain ranges. The basal gravel-beds of Tumulu series were formed as alluvial
fan deposits along the bottom of the valley by the streams coming out from the moun-
tains. The clays and sands of higher beds as weathering products coming down from
the apexes of mountains eventually filled up the valley thus forming probably a
flat surface beneath the basalt flow.

g2y A=
Kuochiayaotzi

Tumulu series

Fig. 22. Section near Kuochiayaotzu E. of Tumulu. 1, Conglomerate. 2, Red clay
and shale. 3, Basalt with basal shale.
Thickness and Character: Calculated on the basis of the extension and the dip
of the sediments, the thickness of the Tumulu series is about 500 meters.

This series may, as has already being stated above, be distinguished into two
parts from its petrographic characters. The lower part is probably a floor deposit
and composed of coarse and fine conglomerates interbedded with fine current-bedded
sandy layers which are more or less sharply defined. The boulders and pebbles of
subangular to rounded shape and of four inches to one foot in diameter consist almost
entirely of gangkan rocks, mainly acid gneiss, granite and diabase cemented by
sandy and clayish matrix. The upper partis built up by red, reddish white and
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sometimes greenish grey colored clays which seem to lie conformably on the con-
glomeratic beds just mentioned (see Fig. 22) near Kuochiayaotzu, so that they are
considered as of the same series. These clays locally passing into shales have often
the content of fine grained sands derived from Archeean rocks, and sometimes the
bedding-planes are covered with fine mica scales, deposited contemporaneously with
the clay substance.

Age: No fossils have been found in the Tumulu series, Its exact age is
uncertain. However from the discussion given above, the stratigraphic gap above
it is insignificant, while the unconformity anterior to its formation covers, at least,
the history of lower Cretaceous. Thus it seems reasonable to assume it to be late
Cretaceous and early Tertiary 1n age.

The lower Cretaceous deposits are known to develop typically in the Kalgan
area where they have been referred to as the Nantienmen Formation! by G. B. Barbour
and are composed mainly of variegated crossbedded sands and gravels with local
shale, coal and volcanic ash, the last indicating the effort of the igneous outbreak at
that time. To this formation, our Tumulu series is probably not to be compared.

CeNozoic

A. Oligocene
Hanoorpa Basalt

Distribution: This Hanooropa basalt once without doubt covered most of
Chahar and Suiyuan but is now largely eroded away, only the remnants being found
at present.

The largest area of the lava flow occurs in a more or less continuous belt from
Changpeihsien westward through Hsinghohsien, Chininghsien, Taolinhsien almost to
Wauchuanhsien (see geological map, sheet 4), clinging to the rim of Mongolian
Plateau and generally making up the platform which defines the border-line between
two physiographic provinces, especially in Changpeihsien where it forms a rugged
_ bastion overlooking the deeply dissected mountain-land to the south. The famous
ridges composed of the plateau basalt are when stated in the order from eas to west,
Hanoorpa N. of Kalgan, Taolipa, Naopaopa E. of Chining, Hanchingpa N. of
Chining etc. An important extension of this belt projects northward as far as Tantai
village NE. of Taolinhsien.

I. Geology of Kalgan Area; Mem. Geol. Surv. China, A6, pp. 44-52, 1929.
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The lava tlow appears as a small area forming terraced hills north of Yangyuan,
and farther north at Shihyangchuang the summit of the hill is made of basalt capping
the Sangkan gneiss. The same lava flow is also found at Hungshapa N. of
Fungcheng, outside the area mapped, where it seems to lie in a gently sloping basin
(the floor rock is Sangkan gneiss) and forms flat-topped hills.

Because one part of the formation was eroded the original thickness is un-
ascertainable, the remaining part amounts to 170 m. (Barbour's estimation) at
Wanchuan pass, 200 m. at Naopaopa, 190 m. at Nanchingpa on the basis of the
vertical height of the top of the cliffs.

Character: Following Andersson! and Barbour’s? critical examinations in
Kalgan region, the Hanoorpa formation consists of two basalt flows which are separat-
ed by the irregular layer of coal-bearing shale. But my own observations at
Tayingpan W of Changpeihsien, Tungyaokou E. of Tumulu, Wutekou N. of Chining
etc. show different conditions. At Tayinpan and Tungyaokou, the basalt flow overlies
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Fig. 23. Section in the upper course of Wutekou N. of Chining-

hsien. 1, Sangkan gneiss. 2, Yellowish white sands

containing lignite. 3, Hanoorpa basalt.
the Tumulu red clay as could be seen from the tunnels driven beneath the flow in
the effort to find the lignites. Near these tunnels there were heaps of wast rock
brought out from the tunnelling, which consist of red clay and grey soft shale (coal-
bearing), the latter being reported to lie on the former. In other words, the car-
bonaceous shale occurs as an interbedded layer between Tumulu series and basalt
flow. At Wutekou the basalt flow is found to lie conformably on the yellow sands
with coal seams, the latter formation is directly underlain by the Sangkan gneiss
(see Fig. 23). R. Verbrugge® visited Nanhaotsien N. W. of Tumulu in 1922, he
also noticed the lignite mines below basalt.

All these facts may be explained by the assumption that the outpouring of
the first basalt flow is limited within the Kalgan area, but the later formations,

1. Essays on the Cenozoic of North China, Geol. Surv. China Mem. A3, 1923.
2. Geology ot Kalgan Area: Geol. Surv. China Mem. A6, pp. 59, 1929.
3. Les pays de laves en Mongolie du Suo, Antwerp, 1922.
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viz. carbonaceous shale and overlying basalt flow begin to have an extensive dis-
tribution in Inner Mongolia.

The basalts show great change in struzture and composition from place
to place. Near Hanchingpa there arc vitrophyric olivine basalts with the only pheno-
crysts of olivine in glassy groundmass, while at Huanghuakotung S. of Taolinhsien
the sheet of basaltic lava flow lying upon the mass of granite is represented by a parti-
cularly coarse variety of dark and greenish grey color; the lath-shaped plagioclase
and irregular black magnetite are embedded in augite and olivine crystals, showing a
diabase structure (Pl. XVII, C). The layers of greenish grey tuffaceous rock which

has been decomposed by weathering are intercalated in about its lower part.

West of Chininghsien there are also olivine basalt which are mostly of fine
crystalline variety. When decomposed by weathering they are converted into a loose
crumbling material known as wacke.

North of Yangyuanhsien the olivine basalt, usually dark colored, is rather
vesicular in the upper part but usually fairly dense toward the lower part. The
vesicules often reach the size of fist. Beautiful agate and drusy quartz fili them
as amygdules. Under microscope the rock is porphyritic with phenocrysts of augite,
olivine and felespars, the latter being largely labradorite. The groundmass is partly
glassy and partly crystalline. The olivine has often altered to serpentine.

The varieties noted by Alfred Lacroix! in Kalgan area are rather coarse to fine
texture. He described them as coarse doleritic basalt, porphyritic basalt and
basanitoid the last carrying large numbers of olivine nodules.

G. B. Barbour? in his work on Kalgan area distinguished four types of volcanic
rock, i. e. porphyritic olivine basalt, vitrophyric olivine basalt, coarser diabase and
fine dolerite, the first one being more predominate (Pl. XVII, B).

Near Luanshihshan and Taolipa about 60 km. NW. of Kalgan the same lava
flow is highly vesicular on the upper surface. The structure often reaches its
maximum development, converting the basalt into a very light porous substance, i. e.

pumice.

The carbonaceous shale is insignificantly developed. Although it seems to be

widely distributed below the plateau basalt, the exposures are confined to the following
localities:

I. Premieres observations sur la composition, minéralogique et chimique des laves mésozoiques
et tertiaires de la Chine orientale: Acad. Sc. C. R. t, 185, No. 16, p. 733, Paris, 1927.

2. Geology of Kalgan Area; Mem. Geol. Surv. China, A6, p. 56. 1929.
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a. Tatsingkou N. W. of Hanoorpa: The deposit first noticed by Andersson
in 1919 occurs as an intercalated layer between two basalt flows. It consists of dark-
brown. very soft shales from which he found some plant fossils. These plant
remains have been examined by R. Florin who identified the following types: Pinus
sp,, Complonia anderssonii n. sp., Carpinus sp., Phyllites sp. The material is insuf-
ficient to settle the age of the deposit, but Florin expresses the tentative opinion that

the flora is probably Middle-Tertiary.

b. Fengchiayao 13 km. N. of Wanchuanhsien: A lense of baked car-
bonaceous shale between two basalt flows has been noted by Barbour.

c. Panpa 8 km. NE. of Hanoorpa: Following Barbour's observation the de-
posit holds the same character as that at Fengchiayao.

d. Tayingpan W. of Changpeihsien: The deposit underlying the basalt flow
comprises grey clay, dark-brown shale and lignite. The miners reported that there is
only one seam of lignite varying from 2 to 5 feet thick.

e. Tunyaokou near Tumulu: The deposit occurs beneath the basalt flow.
The petrographic characier of the formation does not greatly differ from that of
Tayingpan. Two lignite seams are reported to occur baving varisble thickness of 1-6
feet.

f. Liuchiakou N. of Yangyuanhsien: | did not personally visit this place;
according to the report of the local people the lignite has been opened beneath the
basalt existing here.

g. Malient’an N. of Chininghsien: The lignite-bearing formation horizon-
tally underlies the basalt flow, but in Hanchingpa immediately to the north it has been
pulled up nearly vertically into a sharp ndge projecting into the basal part of overlying
basalt flow. The following section at T'angnaopao from the base of the basalt
downiwards has been measured:

Basalt flow

Yellow sand 8 ft.
Grey clay 12 ft.
Lignite S5 fe.
Grey clay 10 ft.
White sand 3.
Brown soft shale 7 ft.
Lignite 24
Dark-brown shale 10 ft.

Lignite 3 ft.
The base is not exposed.
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Character of the peneplane anterior to the Hanoorpa
formation: As has been stated the Early Tertiary
witnessed the gradual reduction of surface relief to an
advanced mature topography. It did not reach a
true peneplaned condition. Evidence of the irregularity
of the ancient surface lies in the presence of detectable
relief in the floor upon which the basalt lavas were
extruded (see Fig. 24).

The early Tertiary unconformity brings the Hanoor-
pa Formation into direct contact with the Tumulu,
Tachingshan, Nankou and Sangkan formations (see
Figs. 22, 25, 26).

Age of the Hanoorpa Basalt: In discussing the age
of the Hanoorpa Basalt of Kalgan area G. B. Barbour
suggests a late Oligocene age on the basis of two
reasons!: ‘(1) The basalt seems to be slightly older than
disturbances of Early Miocene date; for, though no faults
have been observed actually to cut the lava flows (E. of
Wuchuan it is found by the writer that the Permo-
Triassic sediments are brought in contact with basalt
flow by a normal fault), at least one minor intrusion is
affected by the faulting. (2) Though the plant fossils
found by Andersson from the intercalated shale beds

are rather equivocal, similar shales associated with basalt
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flows in the Fushun coal field in Liaoning have yielded
a decisive plant association. Though Inouye originally
referred to the beds as Miocene, careful studies by
Palibin? and Florin® suggested a late Oligocene age’’.
N> additional material has so far been obtained to lead
me to modify Barbour's suggestions.

8. Mio-Pliocene

Red Clay
The red clay is found in the land-locked basins and
wide valleys in the region studied. In some localities

which Hanoorpa basalt rests.

Fig. 24. Sectior: through Huanghuakotung S. W. of Taolinhsien showing the surface relief of the floor on
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Geology of Kalgan Area: Mem. Geol. Surv. China, A 6 p. 61, 1929.

Palibin, J. W. Remnants of the Tertiary Flora found near Vladivostok, Mem. Soc. for the
Study of the Amur Region, Vol. 16.

Florin, R. Zur Alttertiaren Flora der Sidlichen Mandschurei Pal. Sin., Ser. A, Vol. 1,
Fasc. 1. 1922,
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cutting in the wide valleys the streams expose it in some detail, but in other places n
is frequently thickly covered by the later soil. The following occurrences may be
specially recorded: (1) At Nank’ouling (Laoyehling) SE. of Huaianhsien there are
several meters of red clay alternating with thin conglomerate or containing pebbles
scattered throughout it. This clay is disconformable with the overlying loess and
unconformable with the underlying gneiss. (2) The territory between Tienchenhsien
and Yangyuanhsien. The red clay is extensively distributed. It contains no pebbles.
Its deposition is limited within a dissected basin. (3) On the slopes of hills near
Hsinghohsien the red clay unconformably overlies the Sangkan gneiss or Hanoorpa
basalt. The best section brought out by the river cutting is found at the
midway between Hsinghohsien and Kaomaotsun. Above the gneiss is about
30 meters of red clay sometimes alternating with thin layers of gravel, which is

M
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Fig. 25. Section south of Yenchiayaotzu, Changpei. 1, Upper Jurassic
red sandstone and shale. 2, Basalt.
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Fig. 26. Section near Santaoyingtzu. 1. Gneiss. 2. Basalt. 3. Red clay.

succeeded by the yellowish white sands. (4) In the region of Chining the red clay is
found lying on the slopes of basalt hills at Kungkou and Wutekou. (5) In the
Wuchuan plain the red clay occurs in a broad extension forming hummocks on Mon-
golian Plateau. At Changhantzelao and also at Huangchiayingtzu it is seen to alternate
with layers of reddish white sand resting upon the Sangkan gneiss. Sometimes the
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red beds overlie the Hanoorpa basalt. (6) In the vicinity of Kuyanghsien below the

Sanmen gravel is found the red clay which has the same character as that in the places

just mentioned above. (7) In Hsiaoshihtaitho valley N. of Anpeihsien it is widely

distributed. The clay in some cases is yellow or greenish grey in color alternating

with reddish white sand, sometimes with gravel beds. This clay is unconformable

with the overlying Quaternary gravel and the underlying Sangkan gneiss (see Fig. 27).
SH. Ve

Fig. 27. Section about 15 li SE of Shihnakan. 1. Gneiss.
2. Red or green clay (Miocene-Pliocene). 3. Gravel.

For the red clay the writer found no fossils, but in other places in Inner
Mongolia from similar clay Andersson has found fossil mammals of Mio-Pliocene
age! such as Aceratherium, Hipparion, Artiodactyla etc. Thus there is little doubt
that we have to do here with the Pontian clay, so commonly known in North
China.

C. Pliocene
Yellow sand

In some localities the loess or gravel is separated from the red clay by a
fluviatile yellow sand, The sand deposit bears a close resemblance to the Santacho
formation?® found by Teilhard and Licent in the western part of Ordos. The Santacho
formation consists of sand and conglomerate with clay layers carrying numerous
mammalian bones: Mastodon, Rhinoceras, Chalicotherium, Hyaena, Felis, Tragulus
etc. Teilhard and Licent referred the beds to Pliocene.

In the northern side of Shihnakan at a village N. of Anpeihsien there occurs
below Quaternary gravel about 40 meters of yellowish grey fine sand resting upon
Mio-pliocene red clay. The sand beds dip 20° to the southwest, their stratigraphical
relation with the gravel above is unconformable. In both Anpei and Paotou basins
the yellow sand is often interbedded with thin conglomerates and greyish white clay.
It is very gently dipping if not horizontal, being separated from the Quaternary gravel
above by a disconformity. The base is not exposed.

1. Essays in the Cenozoic of N. China: Mem. Geol. Surv. China, A 3, p. 47, 1923.

2. On the geology of N. W. and S. Borders of the Ordos: Bull. Geol. Soc. China, Vol. 3. No. 1,
1924.
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In Yangyuan basin, i. e. Sangkan river plain this formation is well developed.
Here yellowish grey clay and greyish white clay prodominate, yellow sand is more
subordinate. Near Pamafang the loess is seen overlying disconformably this deposit
(see Fig. 28). Sometimes the red clay of probably Mio-pliocene age crops out in the
gullies. but its exact relation with the yellow sand was not observed.

D. Pleistocene

1. Gravel

Quaternary gravel is seldom found in Southwest Chahar, but in Suiyuan
proper it occurs extensively: in the Paotou, Anpei, Shihnakan and Kuyang plains.
As near the source of supply, the gravel deposit exhibits a wide variety of facies. In
most of the localities mentioned above it is a mixed series of coarse and fine gravel
alternately interbedded with finer sandy layers. The coarse gravel is commonly
from a few inches to one foot in size. The formation varying from 10 to 50 meters
in thickness overlies disconformably the Pliocene yellow sand or rests on the Mio-
pliocene red clay with unconformity (see Figs. 10, 27).

w 2 3

Fig. 28. Section near Pamafang, Yangyuan, 1, Pliocene yellowish grey
clay. 2, Loess.
The age of the gravel must be very young. Upon the basis of its stratigraphical
position I think it belongs to the Pleistocene, and probably is equivalent to the San-
men series.

2. Loess

In the provinces of Shensi, Shansi, Honan and Hopei the loess is extensively
developed and two distinct types are recognized the wind-blown deposit showing
the characteristic vertical cleavage and the reworked deposit interstratified with
water-laid gravels. Following Andersson’s nomenclature, the first is primary

loess, and the latter redeposited loess.

These two types are not infrequently found in Suiyuan proper and South-
west Chahar. Along the northern side of Yangyuan plain, or Sangkan valley, the
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eolian loess is present with its characteristic columnar joints, forming a veneer on
the surface of the Pliocene yellow sand. lIts thickness is variable and often less
than 15 meters in this region. At Hsiachiatun (N. of Yangyuanhsien), Pailungshan
(N. of Huaianhsien) etc. much of the slopes between the alluvium of the valley
bottoms and the rocky outcrops of the ridges is covered with yellow grey loess
intercalated with horizontal layers of gravel indicating fluviatile facies. Sometimes
the gravel beds become predominant, containing intercalations of loess-material.

The redeposited loess also occurs on the hill slope on both sides of
Paits’aikou valley in Tachingshan, forming the walls. The fluviatile facies is very
clear, whereas in' Shaopuhai region immediately to the south the true primary loess
was found. It lies on the hill slopes showing a characteristic absence of layered
structure. Its vertical thickness is about 10 meters. In the upper courses of
Hatemenkou (N. of Paotou) and Santaoyingtzukou (SW. of Taolin), there are

" also terraces of primary loess with a height of three to six meters on either side of the
valleys. This loess shows a tendency to split along the vertical joint planes. But
it is locally intercalated with horizontal layers of gravel near the base.

RECENT

Alluvium

Generally speaking, the alluvial deposit may be distinguished into three

series.

(1) Loamy deposit: On the flood-plains or the wide valley-bottoms there is
an extensive occurrence of grayish yellow loamy deposit. This deposit is principally
composed of silt in which the percentage of sand is very low, typical examples of it
can be found in the Huangho basin. In Kueisui basin the similar deposit is not
infrequently met with.

(2) Fine sand deposit: This deposit is mainly built up by whitish grey,
fine sand while the gravel pockets are frequently found at various horizons. It is
of extensive development in the wide plain on the Mongolian plateau. In the upper
valley of Yangho the same deposit was also observed.

(3) Boulders: Boulders of six inches to one foot in diameter are very
common while angular blocks of two and even four feet also occur in the detritus in
several localities. Their distribution is all along the river beds or in the gullies.
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IV. IGNEOUS ROCKS

Igneous rocks play a rather important réle in the geological constitution
in Suiyuan proper and Southwest Chahar both as intrusive bodies and as
extrusive flows. The latter essentially consisting of basaltic flows have been already
described in the preceding chapter. Only the description of the former is given
here. The intrusives include granite, diabase and andesite, the last two being
more subordinate.

A. Granite

There are granites ot two different generations. The older granite usually
occurs in the form of dykes or sills in the Sangkan gneiss and is chiefly of a
medium grained rock of red color. Gneissic structure is not well developed.

The younger one occurs as intrusive stocks or batholiths in the Sangkan
gneiss or younger formations. It is a coarsely crystalline biotite granite with the
inclusions of gneiss in many cases. It is of economic significance because it carries
in some places the deposits of gem minerals. These two types of granites have been
distinguished in the geological map (sheets 1-7) and the present description follows
the same classification.

1. Older Granite

The older granite intrusions are frequently met with in the Sangkan gneiss
areas. lhe main masses are found in Sheitenola, Tachingshan, Kueitengliang
and Nank'ouling. Only the first two areas have been studied in some detail.

(a) The Granite of Sheitenola—At many points in Sheitenola the older granite
is intruded in the acid or basic gneisses as dykes or sills which vary in width from a
few inches to more than one hundred meters. Close to the margin of the granitic
intrusives the gneiss is sometimes strongly changed. And sometimes it is not pure
being contaminated by granitic material. For example, in Tanuchikou, the granite
magma gradually entering between more or less minute foliation-planes of the
gneiss forming small lenses and strings traceable between the planes.

The granite usually is a medium-grained rock of red color containing the fol-
lowing inineral components as seen under microscope; felspars, quartz and biotite, the
first two being very abundant. Felspars consist of two kinds namely orthoclase
microcline and plagioclase, the plagioclase represents a slightly undulatory extinction
suggesting that the rock has been subjected to pressure. The rock shows a distinct
gneissic appearance in some cases.
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(b) The granite of Tachingshan.—Around Miacerhkou and elsewhere along
the upper valley of Wanchiakou, in Tachingshan, the older granite occurs abundantly
as dykes, sills or minor intrusions in the Sangkan system. Between large granitic
masses and the invaded gneisses, all gradations may ke traced. The gneiss has
usually been so strongly pervaded by the granitic juices that its original characters
have been almost entirely effaced. But the minor intrusive bodies often make sharp
contact with the intruded rocks.

The granite is medium-grained in texture and red or reddish grey in color.
Under the microscope it is seen to be a rock of rather simple constitution. Felspars
are the dominating components, of which more than half is orthoclase and microcline
and the remainder a slightly zoned plagioclase. Hornblende is also rather abundantly
present. More subordinate is quartz which occurs usually as an interstitial mineral
(see Pl. XVI, B). The felspar-is seen to show a strongly undulatory extinction (see
Pl. XVI, C) and sometimes it is distinctly broken. Foliated structure is however,
seldom distinct. There are several varieties of this rock; at Shihhueiyaotze the red
granite becomes rather coarse with red felspar, grey quartz and black biotite, at
Pankou it lacks dark minerals approaching an aplitic granite.

Age of the older granite.—The eranite must belong to Pre-Cambrian igneous
activity. That it is of Wutai age may be established by the fact that the granite is in-
truded in the Sangkan system but escapes the intense metamorphism and that Sinian
Limestone is found overlying the eroded surface of the granite in several places.
This igneous intrusion occurred probably during the Wutai period.

2. Younger granite

The younger granite intrusions frequently occur in the hills forming the border
of Mongolian Plateau. There are six main bodies which, when mentioned in the
order from east to west, are Hsiaotachingshan, Huanghuakotung, Pichiashan,
Wanchiakou, Chunhuailiang and Sailinhutung. They all fall within the scope of the

present work.

(a) The granite of Hsiaotachingshan.—Hsiaotachingshan is a ridge lying on the
Suiyuan-Chahar border. It is composed mainly of biotite gneiss of Archezean age.
Granite intrusion is found in the gneiss ag an intrusive stock in the western portion

of the said hill.

The character of the granite indicates a homogeneous and massive rock, not
distinctly gneissoid; such structure is only locally developed at the contact with
gneisses. In higher peaks near Erhtaopei village the granitic mass is irregularly
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divided by extensive joints into huge blocks up to several tens of meters in size.
Pegmatitic differentiation-products have been noticed in the rock. They frequently
carry minerals which are worked as precious stones of some economic importance

(see below).

The granite is in general a coarse-grained one, light red to reddish grey in
color. Microscopically quartz is in nearly equal abundance as the felspars and occurs
either in small grains or in large crystals. Felspars usually tabular in form comprise
orthoclase and oligoclase. Orthoclase is predominant in quantity over the oligociase.
Biotite is present as ferromagnesian mineral. Black and metallic masses are crystals
of magnetite.

(b) The granite of Huanghuakotung.— About 15 km. SW. of Taolinhsien, the
Huanghuakotung hill is composed entirely of granite rock which occupies about 15
8q. km. Isolated small outcrops are also found in the basalt area which is passed
by the route from Taolinhsien to Santaoyingtzu. This leads me to think that the
granite mass extends still further southeastwards under the cover of lava flow.

The granite, which is remarkably homogeneous and massive throughout the
main body, has the same character as the granite of Hsiaotachingshan. The gem-
bearing pegmatite dikes are also found in the granite, the gradation, where the
graphic structure is sometimes noted, between the two rocks being gradual and
complete. Large joints cut the granite into horizontal beds, and in cut where the
joint planes are well exposed, the rock often presents a characteristic sheeted stucture

(see PL. VIII, A).

The rock is rich in quartz which usually occurs as an interstitial mineral or in
micrographic intergrowth with orthoclase (Pl. XVI, D & Pl. XVII, A). Orthoclase
is also predominant in quantity over the oligoclase and often forms large tabular
crystals. Biotite coexists with hornblende, but the latter is more subordinate.
Magnetite and apatite are very common, the former seemingly to be less abundant
here than in the Hsiaotachingshan granite.

[he granite is intruded into both the Sangkan gneiss and gneissic granite in
the form of batholith. The granitic mass often sends off pegmatitic or microgranitic
veins into the gneiss, either obliquely across or along the foliation planes. These
veins make sharp contacts with the gneiss on either side.

(c) The granite of Pichiashan.—The Pichiashan hill is located 60 km. N.E. of
Wuchuanhsien. The granite extends from the northern part of the said hill south-
wards to Kankoutzu.
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The granite mass is intruded on the southwest into the Sangkan gneiss, Sinian
limestone and Permo-Carbonifcrous coal series of which the coal has been metamor-
phosed into graphite. As no attention was paid to its northeastern extension, the
relation of it with country rock on this side is uncertain. -

The granite, characterized generally by dark brown quartz, reddish or white
feldspar and black biotite, is composed of the same mineral constituents as that at
Huanghuakotung. Veins and irregular patches of pegmatite are also found in the
granite, the gradation between the two rocks being gradual. The pegmatite consists
chiefly of quartz, orthoclase, microcline (mostly Amazon-stone)! and biotite with minor
amounts of muscovite.

(d) The granite of Wanchiakou.—Along the lower valley of Wanchiakou,
NW. of Chasuchi, there is encountered .a considerable body of granite occupying
about 100 sq. km. which forms precipitous-cliffed hills with many high peaks.
This territory, therefore, is not only geologically in contrast with, but with its rough
contour differs also topographzcally from the surroundings which appear mostly as
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Fig. 29. Partly idealized section through Ssutachotzu, Yushuti and Pankou, Wuchuan.
1, Sangkan system (gneiss and marble). 2, Proterozoic granite. 3, Upper Jurassic
sandstone. 4, Mesozoic granite.
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gently undulating hills. The granitic mass is intruded on the south into both the
Sangkan gneiss near Hsiaowanchiakou and the Wutai quartzite to the east (see Fig.
12), while on the west and north it is brought in contact with, mentioned in the order
from south to north, the Salach’i series, the Shihkuai coal series and the Tachingshan
series by faulting (see Fig. 29). It is bordered on the ecast by the Tachingshan
series and the Shihkuai coal series. The contact between them is thought by C.
C. Wang to be an igneous one. The writer is not in possession of the necessary
evidence to confirm this view, as he has not been able to find metamorphic
products in the contact zone, though the sedimentary rock here is relatively hard in
character.

1. Thisis the typical *‘Lingsi granite”" of Teilhard (s. Etude géologique sur la region du Dalai-
noor, 1926).
2. Geology of Tachingshan: Bull. Geol. Surv. China, No. 10, 1928.
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The rock shows a change both in texture and in composition at different
places. Around Shawantzu the rock is reddish grey, medium-grained with
frequent inclusions of gneiss. The predominant constituent is felspar, of which
more than half is orthoclase and the remainder plagioclase. Quartz is more prevalent
than plagioclase. Hornblende coexists with biotite but the former is more abundant.
Magnetite is often associated with hornblende. In Hailiusu region the conditions
are a little different. Here the constituent grains increase in size, and the quartz is
nearly equal to felspar. Instead of hornblende, biotite becomes prevalent.

(e) The granite of Chunhuailiang.—In Chunhuailiang, the higher peak of
Tachingshan, near Shaopuhai, a village about 45 km. SE. of Kuyanghsien the

Sangkan gneiss is intruded by a large granite body which sends off numerous pegma-
titic veins into the former.

The granite is, like that of Wanchiakou, a reddish, medium- to coarse-grained
rock with inclusions of gneiss. Sometimes aplitic or pegmatitic differentiation-
products carrying specular iron ore are found as lense-shaped masses in the
rock.

Under microscope the rock is rather poor in quartz. Orthoclase and
microcline are present nearly in equal quantity and both are usually tabular in form.
Plagioclose is more subordinate. Biotite is present as the main ferromagnesian
mineral. Magnetite is very common.

(f) The granite of Sailinhutung. —Sailinhutung is a village located about 50
km. NE. of Kuyanghsien. Around the village the gently rolling hills are all
composed of granite rocks. Tle area of granite rocks extends with a width of
about 10 km. from Tuchingtzu (E. of Sailinhutung) westwards to Kungtulun, and
possibly to Shapatzu farther west for a total distance of more than 30 km. The
granitic mass is bordered on all sides by the Sangkan gneiss. The former is seen
to send off pegmatitic veins into the latter in some places, suggesting an intrusive

batholith in the Sangkan formation.

The granite is often associated with gem-bearing pegmatite which forms
either veins of varying width or wholly irregular patches. In general the change
from one rock to the other is rather sudden, although characterized by complete
crystallographic continuity.

The granite is, in general, a rather fine-grained rotk of reddish colour
containing prevalent felspars and quartz with only subordinate mafic minerals.
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Microscopically felspars and quartz' are present almost in equal amount. Quartz
occurs either in large aggregates or in small grains. Felspars consists of three kinds,
namely orthoclase, microcline and plagioclase. the first two, usually tabular in form,
being by far more abundant than the last. Ainong the mafic minerals, biotite
is nearly equal to magnetite. When weathered it alters into chlorite.

Toward the southwest, near Shuikou village for instance, a change takes place
both in texture and in composition. The constituent grains increase in size. Biotite

is abundantly present. Instead of microcline, plagioclase becomes prevalent. Quartz
is rather subordinate.

Besides the large granite bodies described above many pegmatite dykes
(very similar to granite apophyses) have been found penetrating the Sangkan gneiss
without sharing its general foliated nature. They are composed chiefly of
orthoclase and quartz with biotite or hornblende, grading into simple aplite and even
quartz veins. Near Sailingpao in Olashan for instance, the pegmatite is often
associated with very fine-grained aplite in which a small amount of specular iron ore
is present.

Age of the younger granite.—~The similarity of the petrographic characters
and the mode of occurrence of the intrusives described above seems to prove
without doubt their contemporaneousness of intrusion. Though they are
frequently found in the Sangkan formation, the age of the igneous intrusion
is as yet beyond doubt Post-Paleeozoic. This has been proved by the granitic mass
of Pichiashan which is, as already stated above, intruded into the Permo-Carboni-
ferous coal series that is metamorphosed at its contact. How young it is hard
to judge, because the relation of the intrusives to younger formations is not
well known. However the coal of the Jurassic Shihkuai series near the
intrusives is always passed into anthracite; good examples of this fact are furnished
by the anthracites of Takou coal field and Liushuwan coal field around the
Wanchiakou granite and Malientan coal field just east of the Hsiaptachingshan
granite. There seems no better explanation for the alteration of the coal of the
Shihkuai series than that it is caused by the metamorphic effect of the granite
intrusion. lf the assumption is correct, the age of the intrusives must be
Post-Jurassic.

The upper limit of the age of the granitic intrusives is fixed by the Oligocene
Hanoorpa Basalt which is found overlying them. Thus the age of the intrusion is
Pre-Oligocene.
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The comparatively recent granite intrusion of Suiyuan proper and South-
west Chahar occurred probably during the early Cretaceous, accompanying the last
phase of the Yenshan tectonic movement which will be explained later.

8. Diabase

Diabase is often found forming dykes or veins of varying width in the Sangkan
gneiss. These dykes cut obliquely across the foliation of the gneiss and also across
the pegmatite vemns and make sharp contacts with the country rocks. This relation
is most conspicuous and regular at Tsainaopao in Tachingshan, about 45 km. N. of
Salach’i (see Fig. 30).

The rock is as a rule, greenish in color and very tine in texture. Micro-
scopically it is a holocrystalline one with well formed crystals. Plagioclase is
the prevalent constituent. Judging from the extinction angle measured from the
twining planes, the felspar forming the microlitic crystals is largely labradorite. The
interstices between the microlites are filled up by a green mass mainly composed of
pyroxene with chlorite and other secondary minerals, giving an ophitic texture (Pl
XVII, D). Very fine grains of magnetite are not infrequently observed.
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Fig. 30. Section near Tsainaopao 45 km. N. of Salach’i

The petrographical study of the diabase and the Oligocene basalt has compelled
us to think that they are mutually connected, though the investigation could not be
extended to adjoining localities in order to establish the relationship of these two rocks.
Moreover, the diabase dykes are often cut across the pegmatite veins which have
been assumed to be of early Cretaceous age so that the age of the basic intrusion is
Post-Mesozoic, or possibly middle Tertiary.
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C. Andesite
In Wuhakou NE. of Shihnakan village numerous igneous dykes are found
traversing the Sinian limestone. These dykes are usually pale grey in color. Advanc-
ed alteration makes impossible accurate determination of the minerals, the general
characters are very like rocks of andesitic type in other places. Andesite dykes

also occur near Tungwusutu, N. of Kueisuihsien intruded into the Permo-Triassic
formation.

V.. STRUCTURAL GEOLOGY

On examining the chronological sequence, it is evident that one unconformity
exists between the Sangkan and the Wutai systems, while another great unconformity
separates the Wutai system from all the overlying formations ranging from Sinian to
upper Jurassic in age, the latter strata are remarkably conformable with no sign
of angular discordance though several stratigraphic gaps occur in the sedimentary
record as shown in geological columns (Plates | & II). The third unconformity
occurs between the Tachingshan series and the Tumulu series. The Hanoorpa
basalt also unconformably overlies the Tumulu series with a moderate discordance.
The whole sequence (from Sangkan gneiss up to Hanoorpa basalt) has been disturb-
ed by the faults in many places.

From the descriptions given above, it is known that the strata in Suiyuan
proper and Southwest Chahar not only have been deformed by folding or warping but
also dislocated by faulting.

FoLpINé AND THRUSTING
1. In Sangkan and Wutai Systems

The strike of foliation of the Sangkan gneiss is roughly constant in any one
locality, indicating that the tectonic forces acted in the same direction. It is, in
general, east-west with only local changes which can often be explained by the
existence of normal faults or by the occurrence of igneous intrusions.

Near Nankouling in Huaian district, the strike of the gneiss and the associat-
ed rocks, neglecting local deflections, varies between N 60°-80° E with a dip to the
north of 35°-45°.

This direction is generally consistent with the strike observed by G. B Bar-
bour at Tulamiao in the Kalgan area. Along the road from Huanghuakotung to
Santaoyingtzu, where the gneiss and the marble are well exposed, the strike is
essentially east-west. The southerly dip is rather steep, sometimes it becomes
vertical. Along the upper valley of Wanchiakou in Tachingshan the strike is con-
stantly N 45°-80° E. This accords with the trend lines noticed in the Paitsaikou
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more than 50 km. farther west. In Wutakou, Patukou etc. the strike varies from
ENE. to E. with a southerly, sometimes northerly dip characteristic of the southern
margin of Tachingshan. Going west to both Olashan and Sheitenola the gneiss
maintains the E-W trend. The dip is usually vertical. In a place not far SE. of the
body of Sailinhutung granite, the gneiss often assumes the NNE-SSW strike, viz. the
strike has been deflected to the north. This change may be due to the derangement
connected with the granite intrusion.

The Sangkan system has been so strongly folded that the isoclinal folds are
of frequent occurrence, which may be recognised by the repetition of calcareous
layers interstratified in the gneisses. Along the Haolaikou valley N. of Chininghsien,
which is cut in the Sangkan System, the four layers of marble are found intercalated
in the acid gneiss, having a E-W strike and a northerly and vertical dip and another
layer overlying the gneissic granite. Thus there seems apparently to be five layers of
marble altogether, but in reality only one layer is present, which has been repeated
in the isoclinal folds. The interesting structure is represented in the Fig. 7.

Beginning N. of Huanghuakotung the exposure of the acid gneiss extends
southward for about 6 km. Throughout this distance there are three layers of marble
which are parallel to each other and have, in general, similar thickness. Tectonical-
ly they are just the same as those in Haolaikou above mentioned.

In the Olashan the acid biotite-gneiss has been thought by Teilhard to form a
central anticline between two synclines of white marble and garnetiferous mica-
schists, but in fact they are probably folded in a much more complex manner. In
Hatemenkou there are two layers of marble, both of which lie in the synclines, and
in the same valley the layer of garnetiferous mica-schists is repeated in a closed fold.
Thus these seem to owe their form to the conditions shown in Fig. 6. In both
Sheitenola and Tachingshan foldings in the Sangkan rocks have also been frequently
observed, such as at Wulanhutung, Maliutsun (in Patukou), Pankou, Laotaokou (in
Heiniukou), etc.

The rocks of the Wutai system have Been folded in comparatively simpler
manner. At Hatashan N. of Kuyanghsien the Wautai strata dip to the north at 20°
but farther northwest to a place 4 km. N. of Wotsinhao they become rather steep to
the southeast. Thus an open syncline is formed on both limbs of which the mica-
schist and the marble are exposed. The quartzite conformably overlying them forms
the centre of the syncline. As already stated above, the large sheet of Wutai quartzite
has been found in Wanchiakou. The field study on this quartzite shows that it has
been so strongly folded as to represent a closed syncline (see Fig. 12).
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2. In formations ranging from Sinian to upper Jurassic

Tectonically all the formations ranging from Sinian to upper Jurassic form one
and the same unit which has been folded and thrusted all together at a same period.
These two types of structure may be treated as follows:

Heiniukou Folds.! From Shuimokou, NW. of Kueisuihsien, westward through
Heiniukou to Hsikou N. of Chasuchi village, the Mesozoic sediments develop in a
succession of anticlinal and synclinal folds of E-W trend. The folds are often unsym-
metrical with the axis inclined toward the north, so that the northern limb of an
anticline generally dips more steeply than its southern one. In the section of Tungkou
and Hsikou the southerly dip largely-prevails at a gentle angle. The folds have been

complicated by faults in some cases.

Yitsienshang Syncline. From Paishihtoukou NW. of Chasuchi westward across
Maitakou to Shuichingkou N. of Salachihsien, the Mesozoic beds tend to form a
syncline, as can be observed N. of Yitsienshang, which deepens and widens west-
ward. The strata, ranging from Permo-Triassic to Lower Jurassic in age, forming
the southern limb of the syncline first become vertical and then overturned to dip
southward instead of northward at angles of 30° w0 40°. -‘The overturned strata are
followed on the south by the important overthrust from the south northward which C.
C. Wang calls Paishihtoukou overthrust (see below).

Shihkuai Syncline.® In the vicinity of Shihkuai village the synclinal basin is on
both the north and the south sides cut by faults, so that only the Triassic 1ed

sandstone and shale and the Lower Jurassic coal series are preserved.

Hsuanmachuang Syncline. Inthe Sheitenola range, Hsuanmachuang is an inter-
esting region for the study of geological structure. The structure is a ENE-WSW
syncline overturned towards the northwest (see Fig. 15). The younger formations
exposed in the center of the syncline are the Permo-Carboniferous coal series and the
Permo-Triassic sandstone which are succeeded toward both the northwest and the
southeast by the Sinian limestone forming the two limbs. The inclination of the beds
on the two limbs is very steep with the dipping angles varying from 60 to 75 degrees.
The syncline can be distinctly observed in the vicinity of Hsuanmachuang hill.

In the vicinity of Wulanhutung immediately to the east the front of the Sinian
limestone which is followed toward the north by the Permo-Carboniferous coal series

assumes a curved form apparently stretched out toward the south and lying on the
Sangkan gneiss which dips steeply. As to the structure of this limestone Teilhard de

1. Mainly after C. C. Wang.
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Chardin had the idea that the Sinian limestone is folded into an anticline overturned
and thrusted towards the south over the Sangkan gneiss, but it seems highly probable
to me that the limestone here corresponds but with the southern limb of a syncline

which is the eastern extension of the Hsuanmachuang overttxmed syncline above de-

scribed (see Fig. 6).

Kuanisingkou Syncline. From Yingpanwan westward across Kuangtsingkou
to Shachlkou E. of Wulanhutung, the strata of Jurassic £hihkuai series develop in a
syncline of WNW-ESE trend which is broken on the north by the vertical fault of a
later age (see Fig. 20).

Erthfentzu Syncline. Coing from Kuantsingkou northward for akout 16 km.
we have a syncline basin of Shihkuai series with the centre nearly at Erhfentzu, it is
cut on the northwest by the vertical fault to which is due the abrupt rising of the
Sangkan gneiss range (see Fig. 20).

Besldes the important synclines described above many others are worth men-
tioning: (1) From Malienkota (W. Changpeihsien) to Niuchinyingtzu, the Jurassic
Tachingshan series lies in the flat syncline of NW-SE trend. The fold is, however,
often complicated by faults of later age. (2) The syncline basin of Wotsinhac (W. of
Kuyanghsien) (3) The syncline basin of Pakoutzu (N. of Kueisuihsien).

Yinshan overthrust.! This overthrust runs from Takou (NE of Pao ouhsien)
eastward through Hutungtu, Shanshenmiao, Szutaohotzu and Laotackou to Shuimokou
along a total distance of about 100 km. The general trend is east-west nearly par-
allel to the prevailing strike of the sedimentary strata. The overthrust is directed
from south to north with the Jurassic beds thrown over the Sangkan system; such
relation is distinctly observed north of Laotackou and of Szutachotzu NE. of Pikochi.

Paishihtoukou overthrust.! It extends from Chimaoyaotzu eastwards through
Tsientengchang, Chungpaokosu, Lutaokou to Paishihtoukou for about 50 km. This
overthrust is easily recognised by its bringing Sangkan gneiss from south to north
over the Permo-Triassic and Jurassic strata. As shown in the geological map,
(Sheets 4 & 5) the eastern end of the overthrust possibly goes further east through
the contact between the granite and the Permo-Triassic strata directly northeastward
to Laotaokou close to the Yinshan fault on the north. The eastern extension of the
overthrust is followed on the south by another overthrust which brings the Jurassic
beds northward in direct contact with the Wutai quartzite and marble. The latter
rocks N. of Mamihata are therefore brought by two overthrusts on the north and south
so as to be included amidst the Jurassic beds.

| Mainly according to C. C. Wang.
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Further south, at the Heiniukouk'ou the Wutai quartzite and marble appear
again on the south of Permo-Triassic red sandstones. That the Wutai formation is
brought by the overthrust northward over the Permo-Triassic beds is well shown by
the outcrop of the latter as the marble and quartzite have been there eroded away.
The Heiniukou overthrust seems to be continuous westward with the Kucheng over-
thrust N. W. of Chasuchi village, which brings the Wutai marble northward over the
Permo-Triassic red beds there, and S. of the marble there appears again the red shale
dipping northward which is probably brought by another thrust.

Instead of narrow belts of Wutai quartzite and marble among the Permo-
Mesozoic sediments as we have just explained near the eastern extension of Paishih-
toukou overthrust, there occurs near the western end of the said overthrust a number
of narrow east-west belts of Permo-Carboniferous or Jurassic strata appearing in the
midst of Sangkan gneiss. In certain cases, as south of Kuantientzu it is obvious
that the gneiss has been thrusted from south northward over the Jurassic sandstone.
It is therefore of great probability that these belts in the vicinity of Kuangtientzu are
all limited on both north and south sides by parallel northward overthrusts.

Shihnakan overthrust. On the summit of a hill S. of Shihnakan village,
as has been stated, occurs an isolated Sinian limestone lying over the Sangkan
gneiss, and N. of said village appears the Permo-Carboniferous coal series which
has been profoundly metamorphosed (see Fig. 15). The field study in this region
showed to the writer that the limestone being originally broadly distributed is so
profoundly folded as to constitute an overturned anticline thrust upon the Permo-
Carboniferous sediments with a gently inclined thrust plane beneath the anticlinal
nappe. It is evident that there must be an overthrust from the south northward
bringing the limestone over the coal series. '

In a place NW. of Wulannaopao, which has been visited by the writer, there,
according to the report of Mr. Y. S. Wang of the Industry Bureau of Suiyuan, occurs
an overthrust running in E-W direction for some distance. It often brings the
Sangkan gneiss northward in some direct contact with Permo-Carboniferous coal
series. It is highly probable that the overthrust is the western extension of the
Shihnakan overthrust.

Tzulaotsun overthrust. This is also an important overthrust which extends
from Niuchinyingtzu, SW. of Changpeihsien, on the east through Tzulaotsun to
Santackou, NE. of Fungchenhsien, on the west for about 70 km. It is recognised
by its thrusting the Sangkan gneiss northward over the upper Jurassic sediments as

shown in Fig. 9, the upper Jurassic strata have been so intensely pushed northward
as to form isoclinal folds.
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From what has been stated above, it is known that all the axes of folds and
the lines of overthrusts generally run in the E-W direction not only parallel to one

another but also parallel to the general strike of the formations in Southwest Chahar
and Suiyuan proper.

The date of folding and thrusting. From the direct field evidence in the area
surveyed the date of folding and thrusting can be stated only to be posterior to the
Tachingshan series and prior to Tumulu series, more exact data can not be
ascertained. But in the Kalgan area G. B. Barbour observed that the orogenic
movement only threw Kalgan volcanic series into a series of folds, Nantienmen
formation being not affected by such a disturbance. He has thus, assigned it a
Lower Cretaceous age, being the last and main phase of Yenshan movement
which began at the close ot the Jurassic, continuing spasmodically into the

Cretaceous time. This seems to be well applicable to the whole area under
survey.

The direction of the Mesozoic orogenic movemeni. According to the opinion
of Teilhard de Chardin! the direction of the Mesozoic orogenic movement was from
north southward and from west eastward. Ordos is considered as ‘‘avant pays’
of the orogenic force which came from W. and N. all against it. Such was
indeed the classical opinion of many European geologists. However, C. C.
Wang? first demonstrated that the orogenic force in Tachingshan was clearly
from the south northward. He interpreted the whole tectonic structure of Alashan,
Ordos and Tachingshan by assuming an horizontal force coming from Alashan
through the Ordos as a mass of resistance from which it spreaded and proceeded
toward N. E. and S. respectively on a semi-elliptical front. In the way not
only Tachingshan, but Olashan, Sheitenola and Langshan which were not
visited by C. C. Wang, all lying on the north front of the imagined ellipsis of
the propagation of the orogenic force, should suffer also particularly violent

compression, and hence large overthrusts and sharp folds from the south
northward should be observed.

The writer's field survey in extension of C. C. Wang's enables him to
fully confirm the latter’'s opinion, as he has found in these more western ranges
several overthrusts bringing various strata northward, and unsymmetrical folds

with their axial planes pushed to the north. Especially typical is the closed

1. Observations géologiques sur la bordure occidentale et meridionale de 1'Ordos, Bull. Soc.
Geol. de France, 4 Series, Tome XXIV, 1924,

2. Geology of Tachingshan range; Bull. Geol. Surv. China, 10, p. 11, 1928.
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Hsuanmachuang syncline which is, as has been stated above, evidently overturned
in that direction. And recently Teilhard also found in a range about 40 km. N. of
Pailingmiao (see Tectonic map Pl. III, A) large overthrust! bringing the Carboni-
ferous strata northward in directly contact with the Peimo-Triassic beds. There
is nothing to prove any southward pushing in these ranges notth and north-east
of the great bending of the Yellow River whmch were only pure hypotheses of
theoretic tectonists.

WARPING

At Tumulu and also at Tayingpan the Hanoorpa basalt, as previously
mentioned, horizontally lies upon the Tumulu red beds. The latter dip generally
towards the east, the dipping angle varying from 10° to 15° at Tumulu, while
at Tayingpan the dip is reversed towards the west with the dipping angle of
16°. Thus the Tumulu sediments evidently lie in a broad syncline. Probably
the deposition of the former was followed by a tectonic movement which had
the nature of a gentle warping or sinking of the crust, in that the force involved was
vertical. Under such a tectonic movement a gently sloping depression occurred in
the region between Tumulu and Tayingpan. This depression was filled up by the
Hanoorpa basalt lava when it poured out over an extensive area.

FAULTING
In Southwest Chahar and Suiyusn proper, besides the folds, thrusts and
warps above described, there are a dumber of normal faults which are mostly of
strike or oblique type.

Wuyuan fault. The Wuyuan fault has a E-W course N. of Linhohsien and then
gradually turns to the south to take a SE-NW direction northeast of Anpeihsien. Its
length amounts to 250 km. with a vertical displacement of more than 1000 m. The
existance of the fault is clearly indicated by the topographic evidence as the fault
scarp forms mountains, namely Langshan and Sheitenolashan, abruptly rising from
the northern margins of the Wuyuan alluvial plain and the Tailiang basin.

Hsuanmachuang and Hsiaoshiehtaiho faults. North' of Anpeihsien the Triassic
conglomerate sinks in contact with the Sangkan gneiss voth on the north and south.
Tectonically speaking this conglomerate lies in a trough bounded by two parallel
faults (see Fig. 15). The northern fault is called Hsiaoshiehtaiho fault, while the

southern is Hsuanmachuang fault.

1. Observations geologiques a travers les deserts d’Asie centrale de Kalgan a Hami, Revue
de Géographie physique, vol. v, fasc. 4, pp. 371, 1932.
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The Hsiaoshiehtaiho fault has a NW-SE course with a probable length of
about 12 km. lts verticzl displacement is doubtless very great. The Hsuanmachuang
fault runs across the axis of Hsuanmachuang syncline in exactly the same direction
as the Hsiaoshiehtaiho fault. Its length is about 15 km. Its upthrow in the western
part is on the south, while in the eastern part the reverse is true. Thus the fault is
evidently a pivotal one.

Kugntsingkou fault. This fault appears on the northern side of Kuantsingkou
basin and runs from NW. to SE. with a probable length of about 10 km. Its exis-
tence is recognised by the Sangkan gneiss broucht in contact with lower Jurassic
coal series. Its upthrow is on the northern side with a vertical displacement of more

than 500 m.

Erhfentzu fault. The fault occurs on the northern border of Erhfentzu basin
in the E-W direction, Its upthrow on the north consists of Archaean mass which
forms the precipitous-cliffed mountains, the downthrow is on the south of the lower
Jurassic coal series.

Wotsinhao fault. The Wotsinhao fault occurs along the southern foot of Ch’ang-
liangshan and on the northern margin of Wotsinhao basin. The upthrow is made of
Archeean mass of Ch'angliangshan and the downthrow of lower Jurassic coal series

of Wotsinhao basin.

Olashan fault. This lies along the S. foot of Olashan and has a E. and W.
course with a length of about 140 km. Its vertical displacement is doubtless very
great as the height of Olashan mass lying in the upthrow of fault amounts to 700 m.
above the Paotou alluvial plain. The topographic evidence of the fault is well mark-

ed by a fault scarp that forms a straight and steep cliff abruptly rising from the
northern margin of the Paotou plain.

Tachingshan fault. The whole Tachingshan range is separated from the Kuei-
sui plain by the Tachingshan fault which like the Olashan fault, has a E. and W.
course with a probable length of about 120 km. between Kueisui and Paotou. Its
vertical displacement is at least several hundred meters. The fault scarp is well
shown by the abrupt elevation of the said range with an almost straight front. The
fault cuts across Heiniukou-Kucheng overthrust and Pak’outzu syncline.

Takou, Hsikou and Heiniukou faults.! In the vicinity of Takou on the west
of the granite body and Hsikou, Heiniukou on the east of the intrusion there occurs
several normal faults (see geological map). These are generally oblique to the strike

1. Mainly after C. C. Wang.
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of the strata and extend often over pretty long distance from 10 to 20 Li. But the

displacements are within the Permo-Mesozoic beds.

Wenchiayaotzu fault. From C. C. Wang’'s observation in the vicinity of
Wenchiayaotzu N. of Pak’outzu, the Permo-Triassic red beds unconformably lie upon
the Wutai schists. In the writer's recent survey, no clear evidence of erosion feature
between the two formations was observed; it seems to him highly probable that the
schists are brought in contact with the red beds by a normal fault which firstly has
a S-N course and then runs ina E-W direction with the vertical displacement of no
great magnitude.

Pingankoutzu fault. This fault runs from Mamikou eastwards through Pingan-
koutzu to Yangwantzu having a WNW. and ESE. course. It possibly goes further
east through the southern margin of Taolin basin to Kunghutung. Its total length is
about 70 km. The upthrow of the fault is on the south, consisting of the Sangkan
gneiss which is raised in contact with the Permo-Triassic sediments north of Tihungtai
and Sulitu, etc.

At Pingantzu, N. of Pingankoutzu fault, the Permo-Triassic red beds are
found brought in contact with the basalt flow by another normal fault which has a E.
and W. course with a length of at least 10 km.

Sulita fault. This occurs southwest of Sulitu village. It runs in a NW and
SE direction. Its upthrow is also on the south. being made of the Sangkan mass
which is raised in contact with the Permo-Triassic beds. The fault seems to be con-
tinuous westward with the Wutaopa fault, SW. of Tat anchen, by which the Sangkan

mass is also brought in contact with the Permo-Triassic beds. In this assumption
the total length of the fault is at least 30 km.

Malienkota, Tumulu and Tungcheng faulis. In the vicinity of Malienkota,
Tumulu and Tungcheng in Southwest Chahar there are also normal faults which as
exhibited in geological map, bring either the Sangkan gneiss in contact with the
Nank’ou limestone or the basalt flow or the lower Jurassic coal series in contact
with the upper Jurassic sediments.

The date of faulting. The faulting has been assigned by C. C. Wang to
Pleistocene time, but my recent observation shows that it is older in age. As already
stated above, Oligocene basalt is faulted, while the red clay of late Miocene and
early Pliocene age is unaffected. It is clear that the faulting took place in early
Miocene time in Suiyuan and Chahar. On physiographic grounds the faulting must
be prior to the opening of the Tanghsien cycle of erosion, as it produced the deform-
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ation which induced that cyle i Miocene time. This accords with the age of normal
faults in other parts, such as Liaoning and Shantung, of North China.

VI. USEFUL MINERALS

With regard to mineral resources, more detailed description has been given in
the Chinese text, this is only a summary. The principal minerals in the area sur-
veyed in Suiyuan and Southwest Chahar are coal, asbestos and minerals used as
precious stones. lron, graphite, mica, sulphur, melanterite, salt, clay etc. are also
known, but they have less economic importance.

CoAL

Coal is found in Langshan, Sheitenola, Tachingshan, Kueitengliangshan.
Hsiaotachingshan etc. Geologically it is known in three ages, the Permo-Carbonifer-
ous, the Lower Jurassic and the Tertiary. The first two can be grouped into several
distinct fields due to the folding and erosion. The Tertiary coals crop out in
isolated regions only by the removal of basalt flows.

P ermo-Carboniferous

(1) Langshan coal fields. On the southern slope of the Langshan range, the
metamorphosed Permo-Carboniferous coal-bearing series occurs as almost a con-
tinuous belt which may be however distinguished into separate coal fields, such as
Shihnakan coal field, Wulannaopao coal field etc. At one time there were several
small mines, but now no work is being done; it is reported that the two seams, 2 ft.
to 4 ft. thick, of coal are known in the lower part of the series. The coal is anthracite
but it has been largely converted into graphite.

(2) Hsuanmachuang coal field. In the Hsuanmachuang region N. of Anpei-
hsien, the Permo-Carboniferous coal-bearing series lies in a closed syncline containing
thin seams of coal. In the vicinity of the Munan Coal Mine, two seams of coal are
now being worked by the small mines. They are reported to vary from 3 to 5 ft.
thick. The quality of coal varies from -anthracite to semi-anthracite. The analysis
of the sample taken from the lower seam is given below:

Locality =~ Moisture  Volatle M. FixedC. @ Ash  Remarks Cal.P.
Munan 2.35 7.25 85.20 5.20 Non- 7975
Coal Coking

Mine
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If we take 2 m. as the average total thickness of the workable seams and
assume that the workable extent of the coal beds at the limb of the syncline is 1,250, -
000 sq. m. and specific gravity is 1.3, the probable reserve is 3,250,000 tons. The
coal beds are said to extend towards the east to Hsiliang village. Thus the total
reserve possibly reaches a figure of 5,000,000 tons.

(3) Tungshengmao coal field*. This field is constituted by Permo-Carboni-
ferous coal series. One coal seam is observed at Matiwantzu S. of Tungshengmao
about 6 meters thick. The coal is bituminous and coking.

Locality Moisture Volatile M. Fixed C. Ash Sulphur Remarks Calorific P.
Tatanhao  1.16 22.68 66.54 9.62 0.0162 Coking 7685

If we take 3 m. as the average thickness of the seam, the probable reserve is
estimated at 37,800,000 tons.

(4) Yangkoleng coal field.! This is situated S. of Tungshengmao coal field.
It consists of both Permo-Carboniferous and lower Jurassic coal series and therefore
may be subdivided into three parts as below:

Geological Ages Average thickness Probable reserve

of coal seam

East part Permo-Carbon. 2m. 4,500,000 tons
Middle ,, Lower-Jurassic 1.5 m. 5,800,000 .,
West ,, Permo-Carbon. | m. 1,600,000

"

Tot.l l l ,9m.000 "

The coal is all bituminous, but only that of the Lower Jurassic coal series
is coking.

(5) Sulitu coal field. Atout 2li W. of Sulitu village occurs a small area of
the Permo-Carboniferous coal series. The place lies on the Wuchuan-Taolien bor-
der. One small mine is working in the Taolin districc. Two seams of coal are
known in the series one is about 3 ft. thick and the other 5 ft. thick. The coal is

bituminous but non-coking; tbe analysis of a sample from a small mine SW. of Sulitu
is given below:

Moisture Volatile M. Fixed C. Ash Sulphur Calorific P.
0.90 16.25 59.70 23.15 0.61 6633

On the basis ot the inclination and the extension of the coal beds, the coal reserve

has been estimated at about 1,950,000 tons. Thence westward to Liushuikou,
1. Mainly after C. C. Wang
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outcrops of the same series are reported to occur in a belt containing the work-
able seam of coal. Here=a few years ago there was a native mine, but now it has

been stopped.

Lower Jurassic

(1) Kuantsingkou coal field. The field is situated about 100 li E. of Anpei-
hsien, composed of lower Jurassic coal series extending from Yingpanwan westward
through Kuantsingkou to Taolaikou. According to the prospecting of the small

native mines, there are 9 seams of coal whose thickness is shown as follows:

Seam | (lowest) 5 feet

VENOWVMBEWN
[« - NEC I NORE R PURE )

The coal is bituminous but not-coking; the analyses of my samples are as
below:

Locality Moisture Volatile M. Fixed C. Ash Remarks Calorific P.

Kul::tsing- 4,53 34.47 54.73 6.27 Non-coking 7520
u
Yingpanwan 5.80 37.10 41.79 13.31 - 5837

If the average total thickness of the coal seams is taken as 9 m. the coal field
should have a reserve of 58,800,000 tons.

(2) Erhfentzu coal field. About 10 li NW. of Kuantsingkou coal field is the
Erhfentzu coal field. It also consists of Lower Jurassic coal series which was for-
merly mined extensively for coal, but have all been abandoned. According to the
tradition of native mines and the survey of surface exposure four seams of coal are

known in the series. The coal seems to be bituminous. The probable reserve
is about 36,000,000 tons.

(3) Wetsinhao coal field. This field is located about 7 i W. of Kuyang-
hsien. Stratigraphically, the coal series seems to be of Lower Jurassic age. Five or
six small mines are working here. Four seams, 2 ft. to 8 ft. thick, of coal are said
to occur in the series. The coal is bituminous, but sometimes lignitic bitumite
or lignite. The reserve of coal has been estimated at about 48,000,000 tons.
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(4) Shihkuai coal field. This is the largest and most important coal
field in Tachingshan extending from Takou westward through Yitsienshang, Liutaopa
and Laowepu to Shihkuaichen with a total length of about 120 li. It is composed of
lower Jurassic coal series. The coal seam about 4 ft. thick, is known at Takou,
Liutaopa and Chunglaowepu, while in the vicinity of Shihkuaichen 7 workable coal
seams of which two have been worked, respectively 3 ft. and 6 ft. thick. The
quality of the coal changes very much from place to place. Between Liutaopa and
Takou the coal is anthracite. Sampies taken from Yitsienshang have yielded the
following analysis:

Moisture Volatile M. Fixed C. Ash Remarks Calorific P.
1.40 4.80 84.26 9.54 non-coking 7350

While at Hulussutai and Shihkuaichen the coal is all bituminous; the analysis
of samples from Shihkuaichen is as the following: ‘

Moisture Volatile M. Fixed C. Ash  Sulphur Remarks Calorific P.
1.44 33.02 56.62 8.92 0.0127 Coking 7751

If the average total thickness of the coal seams between Takou and Chung-
laowepu is taken as 1.5 m. and that in Shihkuaichen and west of Chunglaowepu as
3 m; the coal field should have a reserve of 20,300,000 tons of anthracite and of
85,800,000 tons of bituminous coal.

(5) Kuantientzu coal field:. This is situated about 25 li NW. of Salach'i~
hsien, composed of the lower Jurassic coal series. There are three coal seams
worked at Kuantientzu; the upper one is about 2 ft. thick, the middle | ft. and
the lower 3 ft. If 2 meters are taken as the average total thickness of the coal
seams, the reserve is about 24,000,000 tons. The coal is all bituminous and
coking.

(6) Liushuwan coal field*. This field is located about 90 li W. of Kueisuihsien
and also composed of lower Jurassic coal series. Two coal seams have been
worked, one is about 1 ft. thick and the other 2 to 4 ft. The coal is anthracite:
the analysis is shown as following:

Moisture Volatile M. Fixed C. Ash Remarks Calorific P.
1.46 3.44 79.86 15.24  Non-coking 7046
The reserve is about 11,700,000 tons.
(7) Heiniukou coal field:. Akout 70 i W. of Kueisuihsien, there is the

Heiniukou coal field composed of lower Jurassic series. The worked coal seam is

1. After C. C. Wang.
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semi-bituminous in quality and | or 2 ft. in thickness. The probable coal reserve
seems to be not more than 2,900,000 tons, if the average thickness of the coal
seam is taken as half meter.

(8) Pakoutzu coal field. About 20 li N. of Kueisuihsien, the Pakoutzu
coal field is also built up by the lower Jurassic coal series. Here no good coal
seams are discovered; those formerly operated by small mines are from a few
inches to | ft. thick and of semi-bituminous quality.

(9) Tuchengizu aud Tanyao coal fields. In west Wuchuan there are, as far
as | know, two districts where coals are known to occur. They are Tuchengtzu (15
li SW. of Wuchuanhsien) and T anyao (10 i W. of Wuchuanhsien), both of them
seem to consist of lower Jurassic coal series. Only thin beds of coal are reported to
be found in the Tuchengtzu field, probably semi-bituminous. At one time they
were operated by small native mines. In Tanyao coal field, three coal seams have
been worked; each one is about | ft. thick. The coal, like that in Wets’inhao coal
field, is lignitic bitumite or lignite, The probable reserve is about 2,160,000 tons.

(10) Tumulu coal field. This field is situated about 5 i NW. of Tumulu
village extending from Tapakou southwestward to Soutzuping at a length of about 8
li. It consists of lower Jurassic series which contains 8 coal seams two of which
have been worked by Hengsheng coal mine, 4 ft. and 8 ft. thick respectively. The
coal is bituminous and coking, the analysis of samples from Hengsheng coal mine is
as follows:

Moisture Volatile M. Fixed C. Ash Remarks Calorific P.
0.82 27.26 62.79 9.15 Coking 7817

If the average total thickness of the coal seams is taken as 2 m. the field should have
a coal reserve of 4,800,000 tons.

(11) Malienkota coal field. About 20 li W. of Tumulu also occurs a small
area of lower Jurassic coal series. The place is known as Malienkota. Chengping
coal mine are working here. Two coal seams have been worked; one is said to be

5 ft. thick and the other 7 ft. The coal is anthracite; the analysis is shown as
below:

Moisture Volatile M. Fixed C. Ash Remarks Calorific P.
0.98 8.78 74.64 15.60 Non-coking 7261
The coal reserve is about 3,900,000 tons.
1. After C. C. Wang.
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Besides the coal fields above mentioned, there are in the region studied,

several other areas of lower Jurassic coal series, which have not yet been studied in
some detail.

Shiehtaiho coal field about 50 1i N. of Kuyanghsien.
Mentoukou coal field about 90 li E. of Wuchuan.
Halach'i coal field about 20 li NE. of Kueisuihsien.
Ssutsunti coal field about 30 i NW. of Tumulu village.

Tertiary lignite

(1) Malient'an lignite field. In Malientan region about 15 li N, of
Chininghsien, the Tertiary coal series underlying the basalt flows contains mainly 3
coal seams, 3, 2, 0.50r 5, 3, | feet thick respectively. The analysis of sample taken
from Tangnaopao is as follows: Moisture, 18.45; Volatile M. 34.07; Fixed C., 33.41;
Ash, 14.07; Sulphur, 1.79; Calorific P., 4749. A number of small pits exist during
the writer's visit with little output. The probable reserve is about 2,500,000 tons,
if the average total thickness of the lignite seams is taken as 2.5 meters.

(2) Tungyaokou lignite field. Not far E. of Tumulu, below the lava flows
occurs the Tertiary coal series extending from Tungyaokou eastward to Taolipa.
At the two places mentioned it was formerly mined for brown lignite, but now have
all been abandoned. According to the tradition of native people lignite seam was
found in this series, varying from 1 ft. to 5 ft. in thickness. The reserve is about
1,440,000 tons.

(3) Tayingpan lignite field. At Tayingpan 28 li W. of Changpeihsien there
is an exposure of Tertiary coal series. It contains one seam which was being worked
by a small pit at the time of examination varying from a few inches to 5 feet in
thicknees. It is a poor lignite which has the following composition:

Moisture Volatile M. Fixed C. Ash Calorific P.
21.48 36.18 17.94 24.40 4166.

(4) Chuangmatai, Tantai. Metzushan, Painaopao and Liuchiakou lignite fields.
Some exposures of the same series are said to occur also at Chuangmatai S. of
Taolinhsien, Tantai NE. of Taolinhsien, Metzushan NE. of Chininghsien, Painaopao
N. of Hsinghohsien and Liuchiakou N. of Yangyuanhsien. They contain some seams
of lignite which have been prospected by a few small pits.

Qualernary peat

The peat deposits occur at three places in Suiyuan. (1) S. W. of the
Taikomu station the peat deposit extends from NE. to SW. over 24 li. The thickness
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of peat is | to 3 feet. The peat contains 54% vol. mat. and only 16% fixed carbon.
The reserve is about 11,000,000 tons. (2) SE. of the Taotzuhao station there is a
peat deposit in the limited area. (3) E. of the above named station the peat deposit
is said to occur also in a small area.

Summary and Conclusion

From the conclusions reached at in the examination of the different coal fields
in Suiyuan proper and Southwest Chahar, we may attempt now to form a general
idea of the different coal fields of the region. Geologically in Suiyuan proper the
Permo-Carboniferous series includes about 23,250.000 tons of anthracits (Am) and
45,850,000 tons of bituminous coal (Bm); the lower Jurassic series about
32,000,000 tons of anthracite (Ah), 11,000,000 tons of semi-bituminous coal (AB)
and 269,560,000 tons of bituminous coal (Bm-BC): the Tertiary series about
12,500,000 tons of lignite (C); the Ouaternary series about 15,000,000 tons of peat.
The total coal reserve (including peat) is about 409,160,000 tons.

In the same way, in Southwest Chahar there are 3,900,000 tons of anthracite
(AL) and 4,800,000 tons of bituminous coal (Bm) in the Lower Jurassic series;
6,440,000 tons of lignite in the Tertiary series.

PRECIOUS STONES!

In Suiyuan province four precious stone fields are found to produce beryl,
topaz, and smoky quartz, viz., (1) Huanghuakotung 30 li SW. of Taolinhsien, (2)
Sailinhutung 100 li NE. of Kuyanghsien, (3) Hsiaotachingshan 20 li NE. of Hsing-
hohsien and (4) Kankoutzu 120 li NE. of Wuchuanhsien. The geographic distribu-
tion of these fields is shown in the geological map. It can readily be seen that the
precious stone fields form almost a continuous belt approximately parallel to the
border of Mongolian Plateau.

The Huanghuakotung field
(I) The deposits in Tsungshengkou. On the slope of Tsungshengkou, in the
granite occurs a mass of pegmatite (Fig. 31) which has an irregular strike approximate-
ly NE. and SW. and with a dip of 80° NW. The pegmatite is composed of smoky
quartz, reddish feldspar, and occasionally muscovite. In the pegmatite an old pit
was sunk to a depth of about 10 feet, reaching a cavity or geoid and another pit sunk
to a few feet also struck a cavity. These cavities are more or less spherical in form

1. This has been partly published in Bull. Geol. Soc. China Vol. XIl, No. 2, p. 275. 1933.—
A crystallographic study of some Beryl have been made by S. W. Wang in Bull. Geol.
Soc. China, Vol, XI, No. l. p. 65, 1932.
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and vary from two to three feet insize. They carry crystals of smoky quartz, pro-
jecting inward from their walls.

w 6em-bearing -
~/
z RN
7 PG
~ - ~
///* / };"|~I AN | NS

Yl &
S oas 1=l e = =
Pegmatife AR I '-_rfj,‘J&‘ —,‘?--'

e l_ ;_I *

] MiT-Fr Sl T n

//, = ,gg‘_\_ s
% e o AR O LR
74 - SU VS NGy
///////// ' ~ ',.Ggamfe) 4\

-ﬂ LIRS
AN =Sl

-~ =) Ny -
ymLt

Fig. 31. Diagram showing pagmatite veins in granite and pegmatite
off-shoots from it, Huanghuakotung.

(2) The deposits W. of Tungtaikou: These deposits are located about 2 li NE.
of Tsungshengkou. Pegmatite veins occur in a reddish, medium-graineéd granite
(Fig. 32). The strike of the vein is NW. and the dip is almost vertical. At a depth
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Fig. 32. Relations of pegmatite, graphic granite and coarse granite
of Tungtaikou, Huanghuakotung.
of 6 meters in the vein there shows three cavities more or less round in shape and
ranging from a few inches to three feet in size. The cavities are filled partly with red
or yellowish red clay which is probably the decomposed product of feldspars forming
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the walls of the cavities. Many of the crystals of smoky quartz and occasionally
beryl are embedded in the clay, though some are attached to the walls of the cavities.
There is no doubt that they once grew on the walls, but now they have been loosened
from their original position and lie in the clay.

Smoky quartz commonly varies from a faint tint of yellowish brown to nearly
black in color. The largest crystal measured | foot long by 4 inches in diameter.
The be ~ls (all in small crystal) are greenish blue in color. They are often firmly
attached to the quartz crystals (Fig. 33).

Fig. 33. Vertical section across cavity in pegmatite, Huanghuakotung.

(3) The deposits in Hsumawan region: One deposit (Fig. 34) is situated about
500 m. SE. of Hsumawan. The country rocks are coarse-grained granite which in-
sensibly grade into a pegmatite containing chiefly quartz and orthoclase with minor
amount of muscovite. According to the local miners, the pegmatite contains irregular
cavities varying from one to three or four feet in size, which are filled partly or entire-
ly with yellowish red clay. Crystals of quartz, beryl and topaz grow on the walls of
the cavities, but in some cases the crystals are also embedded in the clay.

Another deposit is located about 1 km. NE. of Hsumawan, where an old pit
sunk in pegmatite vein may be observable. The granite on the east side of the pit
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and closely connected with the pegmatite vein is badly decomposed. The pegmatite
vein is said to contain several cavities filled up with yellowish red clay. The cavities
only carry dark smoky quartz crystals.

The Sailivhutung field

(1) The deposits of Ch’achitsun. W. of Chach’itsun occur a number of
pegmatite veins which range from one to six feet in thicknesss striking north or
northwest and have vertical dips. Of the veins, only three have been found to con-
tain cavities of smoky quartz and amethyst. The cavities frequently are roofed with
quartz and their walls composed of feldspar mixed with some quartz, whilst crystals

of smoky quartz and amethyst mostly grown on the walls. Very good crystals are
reported to have been found.

(2) The deposits of Tsaoshan. On the slope of Tsaoshan 2 li SW. of Sailin-
hutung occur several pegmatite veins striking west or northwest with vertical dips.
Both smoky quartz and amethyst are reported to have been found.

The Hsiaotachingshan field

Several pegmatite veins ranging from one to four or five feet in thickness are
found in the granite in the vicinity of Erhtaopei village, on the W. slope of Hsiaota-
chingshan. The veins contain smoky quartz and beryl cavities. In some cases
the crystals of smoky quartz and beryl are attached to the walls of the cuvities.
In other cases, however the walls of the cavities have been so much disintegrated that
the crystals have been loosed from walls and lie in the clayey mass. Crystals with
smoky quartz and beryl have been found. The crystallographical character of the
beryl has been studied by S. W. Wang.

The Kankoutzu field*

In Kankoutzu region the precious stone deposits were formerly mined by the
local people at only two localities, one of which is along the upper valley of Kan-
koutzu. In this place occur several pegmatite veins mostly of vertical dip in the
mass of granite. Of these veins. only one has been found to contain cavities with
crystals of sinoky quartz.

Another place, viz. Pichiashan, is located about 30 i NW. of Kankoutzu,
where several old pits sunk in the pegmatite veins in the hope of finding the quartz,
beryl or topaz crystals. The pegmatite veins vary from a few inches to 3 ft. in
thickness and have north-south or west-east strikes in the granite.

1. This was recently discovered by the writer in 1933,
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Ovrigin of the precious stone deposits

The field investigation of the writer shows that the granite is wholly devoid of
cavities of any kind, the cavities or geoides are found only in the pegmatite. Such
geoides have been attributed by various writers to the shrinkage of the pegmatite
mass in the process of solidification. This may in fact play a little part in their
formation, but that they were filled with some material which has since disappeared,
is shown by the presence of crystals of quartz, beryl and topaz growing on the walls
of the geoides and projecting inward from the walls. It is probable that immediately
after the solidification of the pegmatite veins the geoides were entirely filled up with
a gazeous solution which may then have liquified and has had since disappeared.
The gas or liquid probably carried numerous mineral substances in solution, such as
silica, alumina, fluorine oxide and beryllium oxide which in combining form crystals
of quartz, beryl, and topaz on the walls of the cavities. The abundance of quartz
crystals indicates that silica was the most abundant of these substances.

At Erhtai W. of Changpeihsien and Shihpaochuang N. of Yangyuanhsien, agat
is found filling the amygdaloidal cavities of basalt flow. It is commonly red in colour
and sometimes consists of alternating layers of jasper and other varieties of silica.

ASBESTOS

The asbestos has been found at a number of localities in Suiyuan, viz.
Pankou, Luchowwan, Shihueiyaotzu, Shapatzu, Shaopuhai, etc. The asbestos
mineral is a fibrous variety of serpentine known as chrysotile. In some places it has
been worked by the local people, and at one time there were many small mines
but now no work was being done at the time of visit.

(1) The Pankou asbestos deposits. About 60 m. SW. of Wuchuanhsien there
is a ridge close to Pankou village, on the summit of which the asbestos is found. From
here through Menchingpa to Pikoich’i station there is a somewhat smooth road.
The distance is about 90 li or 45 km. The asbestos is scattered along the
ridge for about 5 liin a E. and W. direction. It occurs in seams (steeply inclined
if not vertical and parallel to each other) of varying width in serpentine marble
which dips at an angle of 80°. The fiber of the best quality is usually 1.5
cm. in length, its color being white and its luster silky. It is easily e=parated
from the barren rock. On the basis of accurate survey of the surface exposure,
the amount of asbestos contained in the deposits has been estimated at about
20,000 tons.

(2) The Luchowwan asbestos deposits. The deposits are situated about 4 li
N. of Luchowwan village and about 6 li SW. of Pankou deposits. A large sheet of
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serpentine marble (200 m. long and 30 m. broad) was noticed on the summit of a
low ridge, completely wrapped by the gneissic granite. The serpentine marble is
traversed by multitude of asbestos veins of varying width. In these veins, the
chrysotile of good quality occurs as white, or brown, fibers which vary from 5 mm.
to 2 cm. in length. Probable reserve is about 6,000 tons.

(3) The Shihueiyaotzu asbestos deposits. The asbestos is also found at
Shihueiyaotzu 5 i NW. of Chasuch i village. The chrysotile occurs in two valleys,
viz. a northern and an eastern valley NE. of Shihueiyaotzu, partly forming veins in
serpentine and partly filling the fissures in the highly silicified marble. The fibers of
chrysotile are shorter than those mentioned above, rarely exceeding | cm. in length,
but they have greater strength.

The probable reserve of asbestos existing here is giver. as follows:

Northern valley 7,000 tons
Eastern valley 5,000 tons
Total 12,000 tons

(4) The Shapatzu asbestos deposits. These are located in the southeastern
part of Anpei district. From here to Paotou city there is a convenient way of
transport along Kuntulunho. The distance is about 100 li. The chrysotile which
is exposed in both sides of Kuntulunho a little N. of Shapatzu ridge occurs in
lenticular veins in serpentine marble. Two types of chrysotile are found, one
similar in character and quality to the Pankou fiber, the other, of inferior quality,
is greenish in color.

The reserve of asbestos contained in the Shapatzu deposits is about 8,000
tons.

(5) The Shaopuhai asbestos deposits. These are situated W. of Shaopuhai
village in S. E. part of Kuyang district, the chrysotile like that in other places forms
seams of varying width in serpentine marble. The fibers of chrysotile vary from 5
mm. to 1.5 cm. in length. The reserve is not more than 3,000 tons. Similar
chrysotile is reported to occur also at Pansh’ench’i (Kuyanghsien), Santaoyingtzu
(Liangchenghsien), Wutakou (Salach’ihsien), Chimaoyaotzu (Paotouhsien), etc.

OTHER MINERALS
Iron

(1) Magnetite of Kungyiming village. Kungyiming is situated 20 li SW. of
Kuyanghsien. On the north of the village, occur the hornblende-gneiss which
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mainly contains hornblende, quartz, feldspar and magnetite. The magnetite
segregation reaches a reserve of about 700,000 tons.

(2) Specular hematite of Shaopuhai village. Shaopuhai is a small Mongol
village lying about 90 li SE. of Kuyanghsien. About 2 li E. of that village, the
pegmatite veins in the granite contain some specular hematite. Specular hematite is
also found in the Kulientukou NW. of Paotouhsien, where it forms the veinlets in
the aplite mass.

(3) Hematite of Laowopu. Near the Laowopu village N. of Salach'ihsien
occurrences of hematite beds are known to be present. The hematite beds have
been locally mined, and what now left is the low grade ore only.

Graphite

The graphite occurs in Suiyuan in two forms, crystalline and amorphous.
The first type is widely distributed in the vicinity of Huangtuyaotzu about 90 1i S. of
Hsinghohsien, occurring as an essential constituent of the gneiss, but the known
deposits of economic value are found at Shihyaokou only, where the layers of
graphite-gneiss have an irregular strike approximately S. and N. and a vertical dip
intercalated in garnetiferous and micaceous gneisses. The graphite, as arule, forms
more than 10 per cent of the gneiss. Crystalline graphite is also known in the region
of Lamayingtzu 60 li S. of Hsinghohsien, where it occurs in several pegmatite veins
in the gneiss, being found in large flakes and also found in the region of Hungshan-
kou N. of Kueisuihsien, forming layers from 1 to 2 inches thick in the Sangkan
gneiss.

Amorphous graphite has been ound in the métamorphosed Carboniferous
coal series in the Langshan range.

Mica
Though mica is known at a number of localities in Fungchen and Chining
districts, viz. Tich'inchuang, Chaoshoukou etc. but it is usually found in small flakes.
They are chiefly muscovite and phlogopite, the former being more common than the
latter. Muscovite and phlogopite are all found in pegmatite veins cutting gneisses
and gneissic granites. In these veins the mica is in rough crystals associated with
quartz and feldspar.

Sulphur ore

Sulphur ore is only found at Liushuwan and Shihkuaitzu in Tachingshan.
The ore consists of pyrite which usually occurs in nodules from a few
inches to | foot in diameters embedded in the lower Jurassic coal series.



80 Memoir of the Geological Survey of China

Melanterite

The melanterite (FeSO, 7H,0) has been seen in the fissures of the graphite
of metamorphosed Permo-Carboniferous series in the Koshaokou valley about 5 li
NW. of Shihnakantsun. It is greenish white colored and of fibrous structure,

resembling gypsum in appearance.
Salt

About 60 li SE. of Chininghsien lies a small lake, called Erhsumuhaitzu. In
the lake, salt is said to occur.

Clay
Clay occurs in the Shihkuai coal field in the Lower Jurassic series, used fo
making crude potteries. The principal clay-works in Suiyuan province are in the
Chingshuiho district outside the area surveyed.

Useful Stone

In East Suiyuan the Hanoorpa basalt is often used for different purposes.
Besides a great deal used in buildings, the stone is also cut for tomb stones, rollers,
culverts, water-troughs, well-curbs, windlass etc.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate 1V.

“
i

A. Panoramic view of Hengsheng Coal Mine, Tumulu, Changpei.
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B. The columnar basalt capping U. Jurassic sandstone, Hsianaling, Changpei.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate V.

A. City of Hsinghohsien, standing on the basalt hill. The high mountain in
right back ground is Hsiaotachingshan.
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B. The shallow basin on the plateau of basalt, in the basin lying a famous
town, Penhungchen 40 Km. N. of Chininghsien.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate VI.

A. The low hills of the basalt margin of Huangchiyingtzi basin and the
theatrical room, Hsingho.
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B. City of Chininghsien looking northwest, the high plateau in the back
ground being comgposed of the basalt.

SRR 2 ROLAR K2 HR S X AP AR



C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate VIL.

A. View looking north from edge of Hanchingpa towards its head, Chining.
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B. Upland preserving remnants of the dissected Peitai peneplane,
Paiyenkou, Chining.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate VIII.

A. Cliff of granite in Tsungshengkou, Huanghuakotung, Taolin.
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B. Vertical and horizontal joints in massive granite, Huanghuakotung.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate IX.

A. Contact of Huanghuakotung Granite with Archeean gneiss, Taolin.
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B. Pegmatite vein in gneiss, having been worked for the mica,

Chaohsiukou, Chining.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate X.

A. Pichiashan, a granite hill, as seen from Hofut’an valley,

S. of Wulanhua, Wuchuan.
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B. The ridge at the side of Sulituho valley is formed of Permo-Triassic
sandstone and Archaan gneiss, in which the valley marks the position
of a normal fault.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate

A. Marble hills near Pankou SW of Wuchuan.
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B. CIliff of marble W. of Pankou, Wuchuan. In this picture the
white point is an old pit for asbestos.
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C.C. Sun:—Geology of Suiyuan and Southwest Chahar Plate

A. A large sheet of white marble yielding asbestos, completely
wrapped by the granite, Luchouwan, Wuchuan.
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B. The old elm near Yushutientzii, Wuchuan.
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G C. Sun:—Geology of Suiyuan and Southwest Chahar Plate XIII.

A. The Mongolian village (Shaopuhaitsun) lying on the slope
of the gneiss hill, SE of Kuyanghsien.
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B. The upturned Jurassic strata in the uniclinal fold near Shihmen,
N. of Salach’i.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate XIV.

A. The folded gneiss invaded by the pegmatite.
[ o AL [ 22 K f52 A v e

B. The great temple (Kuntulunchao), N. W. of Paotou.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate

A. Mongol Lamas sit in the front of their simple hut, in Koshaokou
N. of Anpeihsien.
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B. Hills of metamorphosed Permo-Carboniferous series and canyon
of the Koshaokou valley in it, Anpei.
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C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate XVI.

A. Arkosic gneiss — Rounded grains of B. Gneissi
colourless quartz suspended in felspar -
very similar to Barbour's Arkosic injec-
tion gneiss in Kalgan Area):; specimen
from Sangkan system in Kuntulunho. x 32

granite—mainly orthoclase,
microcline, perthite, hornblende and
quartz; specimen from Miaoérhkou. x

32and N +

C. The lamellar twinning in plagioclase D. Granite—Quartz filling the interstitial
felspar in gneissic granite of Miaoérh- space between the orthoclase. Striated
kou, showing mechanical strain. x 45 hornblende  Specimen from Huanghua-

kotung. x 32 with crossed nicols.



C. C. Sun:—Geology of Suiyuan and Southwest Chahar Plate XVIL.

A. Granite—Graphic intergrowth of quartz B. Porphyritic olivine basalt (after Barbour):

with orthoclase. Oligoclase of twinning —Phenocrysts of andesine-labradorite
structure. Specimen from Huanghuako- with clear borders round cores crowded
tung. x 32 with crossed nicols with inclusions, in a groundmass of

plagioclase (lathes) augite and magnetite.
The dark patches represent former
olivine crystals now altered to serpentine
and iron-oxide. Specimen from Ha-
noorpa region. x 25 :

C. Coarse olivine diabase—lathes of colour- D.”Diabase—Diabasic structure of augite

less labradorite embedded in gray mass, enclosing lathes of plagioclase.
augite crystals, showing the diabasic Specimen from basic intrusive in Sang-
structure. Specimen from Hanoorpa kan system, T sainaopao. x 32

formation near Huanghuakotung. x 32



