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GEOLOGY OF THE TA CHING SHAN RANGE
AND ITS COAL FIELDS

 (Summary)
By C.C. WANG.

With 4 plates and 31 figs. (in Chinese text).

INTRODUCTION

Ta Ching Shan (K¥l1) sometimes also spelled Ta Tsing Shan means in
Chinese the great blue mountain and is the name of the mountain range stretching
in 8 E-W direction on the north of the Kuei Hua alluvial plain. The old name of
.the range was Yin Shan or To Shan (Bglj) which is often used in more extension.
The first geological notice on this regice was due to Armand David® who crossed a
part of the range in 1866. In 1915 Dr. W. H. Wong? made a reconnaissance map
on the whole range and broadly marked out the distribution of the ccal fields.
Geblogical work was of course much more difficult at that time when the Ta Tung-
Suiyuan and Suiyﬁan-Paotou railway was not yet built,

The structure of the Ta Ching Shan range is complicated by a nymber of
fanlts and thrasts, In his first impression, Dr. Wong attributed most of the disloca-
tions to vertical movement; but he later realized the importance of the orogenic
character in this range and it was for the express purpose of ascertaining the exact
nature of the mountain structure besides studying some local coal fields, that the
author of this paper was instructed to resurvey this region in the antumn of 1925.
1 had the advantage of using as basis an excellent new topograp_hical map on the
scale of 1:100,000 by the local military survey office. The result of my study
completely confirms the imbortance of horizontal movement in this mountain which
constitues a most important region in the tectonics of North China.

2t RATIGRAPHY.

The sedimentary strata in the Ta Ching Shan range may be distinguished
into six main tormations as below:—

W utai system: —This is the oldest formation in the referred region and very
similar in lithologic character with the Wutai system as named by Bailey Willis in

1. Journal d’un voyage em H.ongohe fait en 1864, _
2. Report on the geology of Sutyuan, Bull, Geol. Surv, China No, 1. 1818,
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the Wu Tai district of Shansi, It is therefore of Proterozoic or pre-Cambrian age.
It is'composed of two main parts, the lower one consisting of gneiss and crystalline
schists widely distributed between the coal fleld and the Kueihua basin, and the
upper one built up of marble and quartzite. The Pre-Cambrian marble is chiefly
exposed along the southern margin of Ta Ching Shan. Some specimens of the
marble have been analysed by Mr. H. T. Lee! and proved to be all rich in magne-
sia. Strata of the Wutai system as a general rule show distinct bedding, dipping
to 5 or SE, But there are numerous local disturbances; anticlinal folding is visible
in several sections (See figs. 7 and 9). The magnesian marble is unconformable
with the gneiss and schists (fig. 14).

Permo - Carboniferous coal series;—Lying unconformably on the Watai
system is the Permo-Carboniferous coal bearing series composed of quartz conglo-
merate, sandstone, shale and coal seams at a total thickness of about 100 m. only
(fig. 1). In comparing with the corresponding coal series of Shansi which is more
than 300 m. thick and confains several marine limestones at its lower part, not
only the thickness in the referred region is here greatly reduced but the marine
horizons are totally absent; this may prove that the Carboriferous sea of Shansi
has never invaded the vicinity of Ta Ching Shan which probably only occupied the
northern margin of the Shansi Permo-Carboniferous swamp. Conglomerate is
prevailing in this series. |

This coal series mainly occurs in the western part of the Ta-Ching Shan
north of the Sa La Chi (Saratsi) district. . It is found in narrow strips either on the
southern margin of the Mesozoic coal field as at Chung Pao Ko Su ({p{RIER),
Shih Siang Yao Tzu ((FE %X F) and Tung Sheng Mao (%) (fig. 2) or limited
.on beth sides by thrust faults as at Sa ko Yao Tzu (M§RZ-F). Nao Pao Kou
(BSELHE) etc. (See figs. 2, 3, 9). The strata usually dip to'S but often in reversed
position. A rich fossil flora was collected at Ku Man Yin Tien (i 8/%) (fig. 9)
near Nao,Pao Kou (i§4238), yielding the following fossil plants upon a preliminary
examination: ' '

Neuropteris flexuoss Brongniart, Pecopleris arborescens Schloth, Sphemo-
phylium oblongifolium, Sphenophyllum thoni Zeil, Annularia brevifolia Brongniart,
Sphenopleris sp., Cordaiies sp.

1 Onthe mn.gr_iesia.nconténto{the Pre-Canibrian marble in North China Bull, Geol. Soe,
China Vol, V. No. 1, pp. 83-84,
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Permo-Tri~ssic and Triassic red shale und sandstone: —This series rests
| conformably on the Permw-Carboniferous ccal series with a basal quartz conglo-
meraie in the western part of Ta Ching Sban as can be observed in tbe vicinity of
Tung Sheng Mao (Fiz. 4), or unconformably directly upon the Watai system in
the eastern part as at Wen Chia Vao ({% %) N. of Knei Hua Cheng (§§{kid)
(Fig. 5). In the middle part of Ta Ching Shan this formation is wide spreaded with
reversed strata dipping te S and limited on the south by an important.overthrust
AFig. 6). The main rocks are red conglomerate and sandstone alternating with
shale at a total thickness from 400 m. to 600 m. No fossils have been found, It
is identified as of Permo-Triassic and Triassic age merely by comparing its lithologic
character with the Red Series in Shansi and Shensi.l

Lower Jurassic coal series:—This roal series is built up of green shale,
sandstone, conglomerate and coal seams Its total thickness is about 400 m. In
the vicinity of Kang Pao Kou (j41}%) (Fig. 4), its basal quartz conglomerate
seems to show a conformable contact with the Triassic sediments. At Ta Kon
(i) the coal series also ntains a thin bed of limestone about 2 er 3 feet thick
.and on the north of San Tao Pa (=j}{#§}) the number of limestune increases o 6 or
7 horizons with badly preserved fossil-fish. Ths fresh-water fossil is discovered
for the first time in the Jower Jurassic coal series in North China, At Wa I'a Koun
(Hi21R®), Yang Ko Leng (Bii74§) and on the northwest of Shih Kuai Tzu
(FA$33), numerous plant fossils have been collected enough to confirm the age of
the coal series. The following list is the result of a preliminary examination:

At Wu Ta Kou, Cladophlebis sp.

At Yang Ko Leng, Podozamites lanceolatus Heer, Asplenium whitbyense
Heer, Cladophlebis sp., and Coniopiers sp. etc.

At Shih Kuai Tzu, Cladophlebis ¢f. acutangula, Basera sp., and Czekanowskia
rigida Heer. etc,

This series has its full development in the western part of Ta Ching Shan in
a broad gently dipping syncline (fig 3) althouglr limited on both sides N and § by
thrust faults, Eastwards from Shih Kuai Tzu also called Shih Kuai Chen (F388R)
(a well known center of coal mines at NE of Pao Tou) the strata of this series
become more and more steeply inclined until reversed so that its outcrop con-
stitutes a narrower band betveen the Permo-Triassic on the south and Upper

1, C.C Wang: Explanation to the 1:1,000,000 Geol. Map of Uhina, Taiynan-Yulin sheet,
1928, ' '
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Jurassic shale on the north and continues so to the east until interrupted by'
faulting and granitic intrusion. East of the granitic intrusion, it forms smail fields
dislocated by faults. Finally it occurs in an isolated basin at Pa Kou Tzu
(%O F), north of Kuei Hua Cheng.

Middle and Upper Jurassic red shale and sandsione:—The lower Jurassic
coal series is succeeded by a series of red shale and sandstone probably of Middle
and Upper Jurassic age. No distinct disconformity is observed between their
contact (fig. 2 and 6). The sediment consists chiefly of red conglomerate with
sandstone and red shale as exposed from E te W in Shui Mo Kou (JKEEi%)
(Fig. 12), Hei Niu Kou {®4-#%) (Fig. 7), Chu Erh Kou (#%f#i%), Tung Kou
(3i%) and Hsi Kou (Pgik), while on the north of Shih Knai Tzu at Hsiao Pa
Tzu (H#EF). Te Sheng Kou (§485:%) and Hu Tung Tu (i 5), the violet or red
shale and sandstone more prev;.il. The total thickness can not be precisely
estirnated though it is likely more tban 500 m. This series of sediments is easily
distinguished by its predominant red green color from the underlying Lower
Jurassic coal series. Up to present no fossil has been discovered in it. But by
comparing its lithologic character and stratigraphic position with the fossiliferous
Lower jurassic coal series in North Shensi, its age can be assigned to Middle and
Upper Turassic.

Quaternary alluvium and peat depostt. Tbe alluvium is composed of
redeposited loess, sand and gravel mostly exposed in the Kueihua basin, while the
peat deposit occurs as depressed wet grass ground on the southwest of the Tai Ke
Mu (&#%A) station of the Suiyuan-Paotou railway (Fig. 13) and on the southeast
of Tao Tzu Hao {3}-F-BF) station. Fresh water mollusk shells are oiten found
from the peat.

Granite intruston:—- Granite occurs betwcen Wan Chia Kou (#%%i%) and
Hsi Kou (Jg#%). In Hsi Kou the Middle and Upper Jurassic rocks are metamor-
phosed by granite so as to become quartzite and slate. Hence, the age of intrusion
is at least post-Jurassic.

Andesite dyke:~-1t is intruded into the Permo-Triassic sediments SW of the
Pa Kou Tzu (AF) basin

- STRUCTURAL GEOLOGY.

As aﬁ’eady mentioned, there is a distinct unconformity between the Upper
Whutai marble and the Lower Wutai gneiss and schist. Another important uncon-
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formity separates the Wutai system from all the overiying sediments raging trom
Permo-Carboniferous to Upper Jurassic in age which form structurally one ana
the same unit being folded and thrusted all together at a same period, No younger
rocks other than the quaternary deposit are known in the region under study.

The effects of the post-Jurassic deformations being more important for the
elucidation of the mountain structure, the coal fields will be only studied here.
We can proceed by separately trating the three main types of structure: folding,
throsting and faulting.

Folding: — Proceeding from east to west, we bave first a synclinal basin with
the centre approximately at Pa Kou Tzu (Fig. 5) north of KueisHua Cbeng. 1Itis
broken on the south by the great vertical fault of a later age to which is due the
abru];;t rising of the Ta Cﬁing Shan range,

From Shui Mo Kou {fig. 12), {NE of Pi Ko Chi station), westward cross Hei
Nio Kon and Chu Erk Kou to Hsi Kou, N of Cha Su Chi station, the Mesozoic
strata develop in a sucession of anticlinal and synclinal foldings (fig. 7 and 12) of
E-W trend. The folds are often unsymmetrical with the axis inclined toward the
north so that the northern limb of an anticline generally dips more steeply than its
southern one. This structure is clearly shown in the section near Sze Tao Ho Tzu
{fig. 12). The folding is however often complicated by faulting as is the case in
the Hei Niu Kou section (fig. 7). In the seetion of Tung Kou and Hsi Kou,
southward dip largely prevails often at a gentle angle.

West of the granitic intrusion, from Pai Shih Tou Kou (G 5HIE) (fig. 6)
westward across Mai Ta Kou (#£i21%) north of the Mai Ta Chao station, to Shui
Ching Kou (k&%) (fig. 2), north of the Sa La Chi station, the Mesozoic beds
tend to form a syncline on the north, as can be observed _norfh of I Chien Shang
(AR (fig. 12), which deepens and broadéns westward. The strata forming the
south limb of the I Chien Shang syncline are strongly compressed from the south
so that they first become vertical and then overturned to dip southward instead of
northward. Thus along a distance of about 40 kilometers, from Pai Shih Tou Kou
to the west of Shui Ching Kou, the strata from the Permo-Triassic up to a part of
the Lower Jurassic coal series are completely overturned, dipping to the sonth at
angles varying from 3)° to 40°. This overturn of the strata is followed on the
south by the imgofrtant overthrust trom south northward which the author
proposes to call Paishihtoukou overthrust (fig. 2 and 6). On the north side the
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above mentioned syncline 1s complicated by local minor folds and usually also cut
by faults or thrusts.

Further west the Mesozoic basin is both on the north and south sides, cay
by faults or thrusts so that wne Triassic ced shale and sandstore and the Lower
Jurassic coal series are only preserved (6g. 3 and 4). The latter series containing
the majn workable seams constitute a valuable coal basip in the vicinity of Shih
Kuai Tzu (fig. 3).

Thrusting: The main Mesozoic field of Ta Ching Shan is limited by two
important overthrusts which bting the Wutai system in direct contact with the
Triassic or the Upper Jurassic formation. The ome on the north is called the
Yin shan (f2il1) overthrust, It runs from near A Ta Kou, NE of Paotou, eastward
across Hu Tung Tu, Hou Tsiav Pa Tzu and Lao Tao Kou (3¢7%) to Shui Mo
Kou, north of Ping Chon Hai railway station, along a total distance of about 200
li. The general trend is east-west nearly parallel to the prevailing strike of the
sedi, uentary strata. Several explanations of this extensive fault line scem possible
at the fir<t thought, First it may be easily taken for a normal fault with great
vertica) throw bringing the Pre-Cambrian in level with the Jurassic beds. Second,
it may appear as an overthrust from north southward thrustiug the Pre-Cambrian
Wutai system from the north over the Jurassic beds on the south, Both supposions
have some likeress when one only looks upon the geological map, Field study at
severai points both on the east and west of the dislocation (fig. 7 and 12} shew to_
the anthor however deflnite evidence in favor of a third explanation, viz., that is
an overthrust directed from svuth to north with the Jurassic beds thrown over the
‘Wautai system, Such relacion is actually observed rorth of Lao Tao Kou (fig. 7)
and of Szu Tao Ho Tzu (fig, 12). The Yinshan thrust therefore seems to the
author to be one'of the whole system of north-ward thrustings so characteristically
prevailing in the Ta Ching Shan region. It is possible however that the thrust
plane of the Yinshan dislocation is sometimes so steep as to be nearly vertical so
that it actually becomes a normal fault in certain sections along its very long course.

The Paishihtoukow thrust is only in extension second to the Yin Shan

thrust. This name is given to the overthrust which brings the Wutai system over
the Permo-Triassic and Triassic beds on the south of the main Mesozoic field.

It extends from Chien Teng Chang (Wi#ig) (fig. 2) on the west through
Chung Pao Ko Su to Pai Shik Tou Kou (Fig. 6) on the east of a length of
about 60 li. This overthrust is easily recognised by its bringing Wu Tai system
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from soutir to nortb over the Permo-Triassic strata. The generation of the over-
thrust seems te be intimately related with the overturning of the latter. As shown
in geological map, the eagtern end of the mentioned overthrust possibly goes further
east through the contact between the granite and the Permo-Triassic strata
directly north-eastward to Lao Tao Kou (fig. 7) close to the Yinshan fault on the
north, If so considered, the Paishihtoukon thrust forms a continnous thrust line
of about 100 li. The eastern extension of the Paishihtoukor chruost is followed on
the south by another overthrust which brings the Jurassic bads northward in direct
contact with the Wutai marble. (Fig. 7). This is called Mamihaia thrust, The
pre-Cambrian marble north of Ma Mi Ha Ta (I #m ) is therefore brought by
«wo overthrusts on the north and south so as to be included amidst the Jurassic
beds.

Further scuth, pre-Cambriar (Proterozoic) quartzite and macble appear
again on the south of the Permo-Triassic and Triassic formation NW of Pi Ko Chi
station. That the thrust plane is a flat one by which the Wutai tormation rests
above the Permo-Triassic red beds is well shown by the outcrop of the latter near
Hei Niu Kau Kou as the marble has been there eroded away, The thrust is named
Tzulacshan (BEZRI)) overthrust from the name of a conspicuous Lill NW of Pi Ko
Chi station, The Tzulaoshan overthrust secms to be coutinuous westward with
the Xucheng thrust N'W. of Cha Su Chi station by which the pre-Cambrian marble
is also brought northward over the Permo-Triassic red shale (fig. 17). However,
south of the marhle of Ku Cheng (fig. 17) there appears again the red shale Eh
is probably brought about by another thrust. The red shale on the south dips
northward at exactly right angle with the marble dipping southward.

Instead of narrow belts of pre-Cambrian marble among the permo-Mesozoic
sediments as we have just explained in the eastern part of Ta Ching Shar, there
occur in the western part of Ta Ching Shan a number of narrow east-west belts of
Permo-Camboniferous or Mesozoic strata suddenly appearing in the midst of pre-
Cambrian -gneiss or schist (fig. 3 and 9). The Permo-Mesozoic strata in such
nacrow belts are generally strongly compressed. It certain cases, as south of Kuan
Tien Tzu (fig. 9 and 10) it is obvious that the gneiss has been thrusted from south
northward over the Jurassic sandstome. It is therefore of great probablity that
these belts of Kuan Tien Tze (Fig. 9, 10) and Ku Man Yin Tien (Fig. 9) are al}
limited on both nosth and south sides by parallel northward overthrusts, '

As a cbnclusion, the regioa of Ta Chi'ng Shan is characterized by the
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abundance of main overthrusts and sharp folds in conspicuous distinction to
the area of shansi which is especially marked by numerous simple broad folds, . All
the axes of folds and the lines of overthrusts generally run from east to west not
only parallel to one another but also parailel to the general strike of the formations
in the Ta Ching Shan range. From the phenomena of the overthrusts by which
one part of strata is often thrown northwards upon another and from the unsym-
metrical folds with thejr axial planes pushed northward, the direction of the
compressing force to which are due these deformations was evidenﬂy from south
t6 porfh, The southward overturning of the strata in the whole area between Pai
Skih Tou Kou and Lao Wo Pu may be also taken as a strong evidence in favour of
the northward direction of the compression force.

The thrusts seem to grow in importance and regularity from south north-
ward and it seems that they have been produced in siccessive order (although in
a same orogenic period) from south to north so that the thrusts on the south are
often produced earlier and cut by the more northern ores. Thus the Mamihata

thrust is apparently cut by the Paishihtoukou thrust which seems to be in its turn
cut by the Yinshan thrust.

Besides the major structure as above outlined, there are many beautiful
local exposures of the thrusting of strata such as shown by the figures 8B, 15, 17,

18,19 and 20.  All these observations tend to confirm the northward direction of
the thrusting force.

As to the date of the folding and thrusting, it is only ‘possible to say in the
Ta Ching Shan region that they were produced at a period of post Jurassic, since the
youngest strata thus deformed are upper Jurassic and there is no younger forma-
tion except the quaternary. However by extenaing the conclusion from the
tectonic history of Shansi?, we may think that the main orogenic moireri:ent was -
produced during the middle Cretaceous time,

The masin direction of the Mesozoic orogenic movement in Ta Ching Shan and
its-meighboring regiona,

In order to discuss the relation between the orogenic characters in Ta-
Ching Shan and those in its neighboriné regions including the ranges in Shansi and
north Honan on the southeast, Tsin Ling (#63) on the south, and Ho Lan Shan

(R B1L), Lang Shan (8f1ly) and Ula Shan (E334#) on the west, the latter regions
should be first briefly summarized as follows:

1. C.C. Wang, Explanation to Geol. Map of China, Taiyuan-Yulin sheet p. 36.
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The orogenic features in Shansi and north Honan have already been describ-
ed by the author in hJs previous publications? ; from these descriptions it can be
easily deduced that the direction of the orogenic force is gemerally from NW to SE
or to E by S, since the axes of the principal folds, such as the Lu Liang and Tai
Hang anticlince stc (fig. 21), often appear to bend with the convex side toward SE
and the southeastern limbs of these anticlines frequently dip more steeply than
their corresponding north-western ones. This assumption is strongly supported by
Bailey Willis' observation? of the overthrusts in northern Shansi and Western
Chibli which are also directed from NW te SE.

Willis® have also made it very clear that inthe Tsin Ling range the folding

and thrusting are directed from N to S. According to T’an the Tsinling folding is
also late Mesozoic.

The direction of the orogeric force in Ho Lan Shan (or Ala Shan) has been
studied in 1921 by Dr. W, H. Wong and confirmed to be from W to E and, though
his observation is not yet published, the following description kindly communicated
by him may suffice for the present purpose :(—

The geology of Ala Shan was first surveyed by Obroutchef who has already
recognised the existence of a great eastward overthrust, but he mistook the Sinian
limestone for Carboniferous and his memoir did not give any section indicating the
thrusted structure. In 1921, Dr. Wong has visited the main valley leading from
the Yellow River plain to Fu Ma Fu, the chief residence of Ala Shan, i. €. the Su
Wei Kou valley, where the geological structure of Ho Lan Shan is very well exposed.
On the summit of the hills is the thick limestone (fig. 22) very similar in lithologic
character to the Nankou limestone. Under this limestone sometimes occurs a quar-
tzite with ripple marke and rain prints; such character is also typical of the lower
part of the Nankou formation (Sinian). There seems therefore little doubt on its
geological age which should belong to the Sinian of Grabau or the neo-Proterozoic
of Willis, Below this are deeply deformed and metamorphosed Carboniferous
strata in whith however some well preserved plant fossils as Calamites sp. and
Lepidodendron sp. ete., have been found, Figure 22 shows a generalized outline
of the structural feature which is in reality much more complicated. Sometimes
stratification can not be easily distingunished from schistosity, and this distinction is

3

1, C. C. Wang Fxplanatmnto the Geol. Mag of China, Taiynan-Yulin sheet 1926; and
geol. go IWu An, She Hsien, Ling Hsien & An Yang districts, N. Honan, Bull. Geol. Surv, China
No. tineg :

2, Willis: Research in China, Vol. 1, part 1, p, 124-162, 1007,

3. op. cit, p- 209-817,

4 H. C. Tan: Mesozoic formations in S, E. Honan' etc. Bull, Geol Soc, China, Vol, 4,
No, 3-4 p, 252-253,
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often only possible where schist and sandstone are alternatively interbedded as
shown in Flg 23. There is no doubt as to the existence of the great overthrust
first tecogmized by Obrutchef, which brought the Sinian limestone from west
eastward above the Carboniferous. The thrust is the more important as th>
limestone is now recognized to be of much older age than assumed. This great
thrust extended no doubt much further earthwaid so that all the Carbonifercus
now exposed on the eastern slope of Ho Lan Shan was entirely covered once by
the Sinian limestone as is testified by the large hlocs of this rock widely scattered
over the plain. The eastward direction of the orogenic force is also shown by the
close foldings and thrustings as well as the inclination of strata within the
Carboniferous (fig. 22 & 23).

N.E. of Ho Lan Shan on the east side of the Yellow River rise two mount-
ains called Arbous Ula and Yinze Shan, the geological structure of which was first
described by P. Teilbard de Chardin 1 as constituted by two anticlines separated
by a synclinal basin (fig. 24). Both of the anticlines are inclined eastward.. This
evidently indicates the folding force was directed towards the northeast,

~ The geology of Lang Shan (or Scheiten Ula) and Ula Shan both situated north

of the great elbow of the Yellow River, on the west of Ta Ching Shan and north-
east of Arbous Ula is yet imperfectly known; but all the previous geological writers
including P. Teilhard ! (§g. 25) believe the existence of sonthward movement in
these ranges. Such direction of the Jrogenic movement would be difficult to under
stand when correlated with the northwacd direction as observed by the author
in Ta Ching Shan, since these western ranges above referred to apparently con-
stitute adjoining chains of the same system as Ta Ching Shan trending nearly E-W.
However in examining more closely Teilhard's section (reproduced in fig.

25), it seems to the author that as the pre-Cambrian strata in Ula Shan uniformly
dip to the south, the orogenic force is more probably directed northward rather than
southward. ‘The assumption of » southword movement can be therefore only based
on the section observed on the southern foot of Lang Shan (fig. 25). This is
however a partial section of a much larger chain. Dr. W. H. Wong who bas
visited the same region on his way to Kansu in 1921 kindly communicated to me a
comparatively more complete section at the same locality (fig. 26). From this

1. Teilhard: Observations geologiques sur la bordurs occidestale et meridionale de
1'Ordoa, Bull, Soc. GeoLZde France, 4 series, tome XXIV, p. 49 vt 402, 1924; and on the
goology of the northern, western and southern borders of the Ordos, China, Bull, Geol
Soc. China, Vol. 1, No. 1, 1924,
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section it seems that the dislocation between the Wutai and the Sinian systems
may be as well explained by a northward movement, there is in any case no
definite evidence as to the prevailence of the sonthward movement, West of
Wulan Hutung (S§RM§Z{H tbe same as Oula Houtong in Teilbard’s section) are
the hills north of Ta Shei Tai ((AK%8-k) the strata of which are also strongly
deformed (fig, 27) according to Dr. Wong. The direction of the folding seems to
clearly iﬁdimte, there at least, also a north-ward movement.

Thus, after carefully considering all the available fiekl evidence, it seems
well established that the orogenic movement which affected all the strata from the
pre-Cambrian to the Upper Jurassic is, prevailingly at least, directed from south
northward in all the adjoining chains of Lang Shan (Sheiten Ula), Ula Shan and
Ta Ching Shan. This seems to be the conclusion from the field observation
independent from all theoretical considerations.

All the previons authors writing on the tectonics of this part of China seem
to bave been much influenced by the theoretic consideration of Ordos as “avani-
pays"” of the orogenic force which came from W and N all against it. In
fact, all the folded ranges under discussion just surround the Ordos and north
Shensi plateau where strata remain horizontal or very little folded. To explain
this phenomenoy, it may be assumed that the eastward orogenic stress of Ala Shan,
when it came partly through Arbous Ula to the Ordos and nmorth Shensi platean
particularly sesistant to the folding, had made the plateau a kind of centre from
which it spreaded and proceeded toward N, E and S respectively on a semi-
elliptical front as indicated in fig. 21. Ta Ching Shan, Lang Shan and Ula Shan
all lying on one end of the major axis of the imagined ellipsis and Tsin Ling on the
other have suffered particularly violent compression, and hence numerous lurge
overthrusts and sharp folds have been produced. Shansi and north Honan on one
end of the minor axis of the ellipsis have only been gently compressed so as to
produce simple broad folds.

I reconstructed in imagination and in a much simplified way, all the regions
under discussion might, as a whole, be represented by a great broad and shallow
tabular syncline; indeed, such type of syncline is very commonly observed in
Shansi, as Ning Wu synclive etc.. The Ordos and north Shensi platean just
occupies the axial or central zone of the assumed tabular syncline ; Ta Ching Shan,
Lang Shan on one side and Tsin Ling on the other rspectively'.form its north and
south borders; and Ala Shan on one side and Lu Liang Shan, Ho Shan and Tai
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Hang Shan etc, on the other constitute its west and east limbs. But the tangential
stress applied to the great tabular syncline should be originated from the west.

In the above explanation, a difficult problem would arise as how to account
for the structural condition east of Suiyuan or SE of Ta Ching Shan. If the
explanétion is correct, the strata there should strike in a NW-SE direction so as to
conmect the Ta Ching Shan northward orqgenic stress on one fide and the Shansi
southeastward one on the other in forming an arc front. Such seems nnt to be the
case although the geology in the referred region has not yet been thoroughly
surveyed. On the other hand, there is one notable fact worthy of attention, that
Is, between Ta Ching Shan on one side and the Ordos plateau and the Kuei Hua
Basin on the other there exists a great normal fault called the Ta Chang Shan
fault. Consequently the north Shensi syncline! has no north limb constituted
by southward dipping late Palaeozoic or early Mesozoic strata as there should pe
theoretically. The exact termination of the fault east of Suiynan has not yet been
investigated but it probably extends further. Therefore, even if there did exist
originally strata with NW.-SE strike in the region, they might have been partly cut
away or deformed otherwise by the later dislocation.

Likewise, since the relation of the regional folding betwcen Ala Shan and
Lung Shan and further between Lung Shan and Tsin Ling are all obscure at
present, it is obviously very difficult to arrive at any definite conclusion on the
correlation of the orogenic directions SW of the North Shensi region (fig. 21).
However, as the folding of Lung Shan bas been assumed by Dr. W. H. Wong *
to be much younger in age and probably belongs to Middle or later Tertiary, it does
not fall into the scope of the preseat discussion which only concerns the folding
and thrusting produced during the tate Mesozoic time. As fer as this orogenic
period is concerned, the author has attempted to outline the orogenic feature of
each and all of the ranges mumbered 1 to 11 in the text figure 21 and tried to
explain their mutual relation in the face of the new observations now available,

Faulting:— Besides the thrust-faults above described, there are in the Ta
Ching Shan region a number of other faults which are mostly of the “s_frike
or oblique type.”

ot course, it may not always be easy to distinguish between a thrust or a
normal fault without careful observation in the field. Thus the Shih Kuai fault

1, C.C. Wang: explanation to the Geol. Map of China, Taiyuvan-Yaulin sheet, p. 28,

2, W.H. Wong: Crustal movements and igneous activities in East China since Mesozoic

time. Bull. Geol. Soc, China Vol. 8 No, 1, 1827,
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which limits the Shih Kuai coal field on the south, may appear as an overthrust
from south to north at the first glance at the g_edloeipal map, However the field
evidence (fig. 3 & 28) makes it more probabe a vertical fault with the upthrow on

e south and down-thow on the north. Yet the possiblity may not be entirely

lackmg that it is'still the western extension of the Paishihtoukou thrust locally
dressed here.

Several other fauits bave been observed in the vicinity of Ta Kou and Chien
Siao Pa Tzu on the west of the granite and Hsi Kou and Hei Niu Kon (fig. 7) on
the east of the intrusion. These are generally oblique to the strike of the strata

and extend often over pretty Jong distanee from 10 to 20 li. But the displacements
are within the Permo-Mesozoic beds.

The Mesozoie belt of Kuan Tien Tzu (fig, 9) and Chung Ti Yao Izu
(P M) (fig. 10) is separated {rom the corresponding beit of Men Tou Kou(fig. 3)
by a dip fault with the down throw side on the west. This may be however alsc
explained by a borizontal shift. |

Finally the whole Ta Ching Shan range is separated from the Kuei Hua
plain by a great normal fault or a system of normal fauits broadly from east to
west. The fault scarp is well shown by the abrupt elevation-of the Ta Ching Shan
range with an almost straight front. The length of the fault line is about 240 i
between Kuei Hua and Pao Tou and probably extended farther cast of the former
city with a vertical displacement of at leart several bundred metres. it cuts
across the Pa Kou izu syncline and the Tzulaoshan-Kucheng overthrust. This
will be called the Ta Ching Shan fault. |

. As a general rule. the faults cut across the folds and the thrusts and thus
appear to be younger in age. In the absence of stratigraphic data in the Ta Chins,
Shan region for setting an upper limit to their age, we can only indirectly infer
from phﬁsiog;raphic evidence and comparison with the faults of Shansi 1 which
have been assigned to Pleistocene and also mostly belong te strike or oblique
type. This seems especially true of the Ta Ching Shan fault-es already deseribed,

PHYSIOGRAPHY.

The topography in the vicinify of Ta Ching Shan may be represented by
two difterent stages: (1) a stage of maturity corresponding to the Tanghsien stage

1. C.C.Wang; Explanation to the Gcol. Map of China, Taiyuan-Yulin Sheet p. 37,
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of Bailey Willis ? in Chihli and Shansi and (2) that of youth to the Fenho stase
of Willis and the Huangho stage of the author.?

The principal areas consist of the Kuei Hua basin and the Ta Shing Sh.
rauge. The former is drained chiefly by the river Ta Hei Ho, a tributary of the
Yellow River, and forms an alluvial plain triangular in shape surrounded by the
abrupt scarp of Ta Ching Shan on the north and by rather gentle hiils on the south
snd southeast. 1ts lobgest diameter from east to west is about 300 li while its
width from south to north abcui i50 i. The surface of the basin is usually a little
undulated at ap average altitade of about 1100 m, above sea level and is entirely
covered by alluvial deposits. The main cause of its generation seems due to its
forming a depressed downthrow of the Tachingshan fault.

Generally speaking, the actual featnre of Ta Ching Shan is a platean
uplifted by the Ta-Ching-Shan fault and deeply dissected by transverse consequent
valleys coming down to the plain, It may be again distinguished into two long-
itudinal portions, south and north, each of which presents a distinct topography.
The southern portion is situated between the coal field of I Chien Shang, San Tao
Pa and lao Wo Pu and the Kuei Hua basin. All the principal valleys in this
portion show the feature of decp canyons of the Fenho stage, such s Pai Shik
Ton Kou, Shui Ching Kou {fig. 4) and Pa Tu Kou etc., running in a universal
N-S direction nearly forming right angles with the direction of the main ridges
sud cutting across the strike of the strata, Near the mouth of Wan Chia Kon
(IE'E of Tao Tzu Hao Station) as shown in fig. 29, and north of the mouth of Pai
Shih Tou Kou as shown in fig. 80, there is evidently development of the valley in
two stages: [A) the canyon of the Fenho stage and (B) the V-shapeh gully of the
Huangho stage cut on the bottom of the canyon., The northern porfion is on the
north ot the coal field of I Chien Shang, San Tao Pa and Lao Wo Pu with its
principal *mlleyé generally trending from <ast to west, therefore often paralied to
the strike of the strata and of the chief adjacent ridges. These E-W valleys are
mostly shallow and broad while the ridges among them are generally gentle and
low with a surviving relief within 100 m. AR these features certainly correspond
1o the mature topography of the Tanghsien stage.

Sometimes the longitudinal mature valleys of the northern area are cut across
by the N-S youthful ones originated from the south and progressing northward,

1, Willis; Research in China, Vol. 1, part-1, 1907.
3 C.C. Wag: op.citp. 40,
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The reason of the distribution of the physiographic features above mention-
e¢d is easy to understand. After the late Mesozoic orogenic movement, the
mountains were eroded to yield 2 mature topography. The Tachingshan fauiting
and warping are of geclogically recent production. The mature plateau of Ta Ching
Shan was then uplifted so that the vertical cutting progresses from south to north
and the N-S consequent valleys are lengthening themselves onward and eventually
capthiring the older E-W mature valleys. More recent revival of the Ta Ching Shan
uplift causes the formation of the small gullies of the Huangho stage.

The whole tectonic and physiographic history can be broadly summarized as
follows:
Cretaceous: Lateral compression, folding and thrusting;
Tertiary: Erosion to maturity, Tanghsien stage;
Quaternary: Tachingshan fault and upliit, vertical erosion, Fenho stage;

Late Quaternary or Recent: Revival of uplift and vertical erosion, Huangho
stage.

COAL RESOURCES.

Though the coal-bearing region north of the Kuei Hua Basin is, as a whole,
commonly called Tachingshan coal field, it actually contains two coal series
different in age, Permo-Carboniferous and Lower Jurassic. There may be again
distinguished into seven subordinate coal fields according to their distribution:

1. The Pakoutzu (I0F) coal field: This is about 20 li north of Kuei
Hua Cheng and built up only of the lower part of the Lower Jurassic coal series.
No good coal seams have been discovored and those formerly operated by

native pits are merely from a few inches to one foot thick and of semibituminous
quality.

2. The Heinsukou (B2:-58) coal field: About 10 li N.'W, of the Pi Ko Chi
station, coal occurs in the Lower Jurassic series. The worked coal seam is semi-
bituminous in quality and commonly 1 or 2 ft. in thickness. Only three pits exist
during the writer’s visit with little output. The probable coal reserve seems not
to be more than 2,900,000 tons, if the average thickness of the coal seam is taken
as half meter down to a vertical depth of 500 m.

3. The Livshuwan (S coal fiedd: This field is situated north of Cla
Sua Chi Station and also consists of Lower Jurassic coal series. There are two ccal
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seams t0 be worked; ome is about 1 ft. thick and the other 2 to 4 ft. The coal is
anthracite and its analysis is shbwn as below.—

Moisture  Volatile matter  Cokc  Fixed Carbon  Ash  Colér of ash

1.46 3.44 95.10 79.86 15.24 Yellow
Nature of coal caloric power
Coking 7046

If one meter is taken as the averagu total thickness of the coal seams, the
coal reserve is about 11,700,000 tons. An annual coal production of 5,000 tons
from native pits has been reported.

4. The Shikkuai (£117) coad field: This is the largest and most important
coal field in Ta Ching Shan extending from Ta Kou westward through I Chien
Shang, Liu Tac Paand Lao Wo Pu to Shik Kuai Chen at a total length of abont
120 li. The coal series belongs to Lower Jurassic, The coal seam worked at Ta
Kou, Lin Tao Pa and Chung Laoc Wo Pu 1s abuut 4 ft. thick, while in the vicipity
of Shik Kuai Chen there are 7 workable coal seamns, two of which are being worked
during the writer's visit, respectively 3 ft, and 6 ft. thick (fig. 31). As to the
quality of the coal, both anthracite and bituminous coal exist with the valley of
Mai Ta Kou as boundary of separation. East of Mai Ta Kou, (FR%) between
Lin Tao Pa and Ta Kou, all the coal is apthracite. Samples taken from I Chien
Shang have yielded the following analyses.

Moisture Vol matter  Coke  F.Carbon  Ash  Coler of ash

1.40 4.80 93.80 84.26 9.54 Reddish
liature of coke Caloric power
non-coking 7360

West of Mai Ta Kou, in Hu Lu Ssu Tai and Shih Kuai Chen, the coal iz all
bituminous, coking and chiefly in lumps; the analysis of samples from Shih Kuai
Chen is as the following :~ '

Moist.  Vol. matter Coke F. Carbon Ash  Color of ash

1.44 33.02 65.54 56.62 8.92. brown
Nature of coke Sulphur Caloric. power
coking 0.0127 ' 7151

The existence ot anthracite east of Mai Ta Kou is, as Dr. Wong bas already
pointed out, probably due to the metamorphosing influence of the granitic intrusion.
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If the average total thickness of the coal seams between Ta Kou and Chung
Lao Wo Pu is taken as 1.5 m. and that in Shib Knai Chen and west of Chung Lao Wo
Pu as 3 m., the coal field should have a reserve of 20,300,000 tons of anthyracite and
of 85,800,000 tons of bituminous coal. The coal is all worked by native method
and the largest mine is called Mo Nan (#i#§) coal mining company situated at Shib
Kuai Chen. From rough estimates the annual coal production of anthracite is
about 18,000 tons and that of bituminous coal about 47,000 tons.

5. The Tung Sheng Mao (REDE) coal fisld : This field is conrtituted by
Permo-Carboniferous coal series. One ccal $edm 15 observed at Ma Ti Wan Tzu
south of Tung Sheng Mao and its thickness is abont § m. The coal is bituminous
and coking; the analysis of a sample from Ta Tan Hao is as follows :-

Moist, Vol. matter Coke F. Carbon Ash Color of ash

1.16 22.68 76.16 66.54 9.62 Yellowish
Nature of coke Su]phur Galoric power
Coking 0.0162 7685

Taking 8 m. as average thickness of the coal seam, the reserve is calculated
at 37,800,000 tons. The field is little worked with an annual coal output of not
more than 2,000 tons.

6. The Yangkoleng (MRYZ4E) coal field : South of the Tungshengmao coal
ficld is that of Yaugkoleng. It consists of both Permo-Carboniferous and Lower

Jurassic coal series and therefore may be subivided into three parts as the following
table :-

Geol. Ages  Average thickness Probable  Annual ontput.

of coal seam Teserve
East part Permo-Carb. 2 m, 4,500,000 tons 1,000 tons
Middle,, Lower Jurassie 1.5 m. 5800000 ., 6,000 .,
West , PermoCarb. 1 m, 1,600,000 ,, 1,000 .

The coal is all bituminous, but only that of the Lower-Jurassic coal series is
coking. The most important mining place is in the vicinity of Yang Ko Leng.

7. The Kuantienize (JJEF) coal field : This is situated.south of the Yang-
koleng coal field and composed of the Lower Jurassic coal seires. There are three
coal seams worked at Kuan Tien Tze ; the upper one is about 2 ft. thick, the middle
1 ft. and the Jower 8 ft. Two meters being taken as the average total thickness of
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the coal seams, the reserve is about 24,000,000 tons with an annual coal production
of not more than 3,000 tons. The coal is all bituminous and coking.

Conclusion: The total coal reserve in the above mentioned 7 coal fields
includes 32,000,000 tons of anthracite and 185,000,003 tons of bituminous coal; or
according to the geological age the Permo-Carboniferous coal series contains 44,000,
000 tons of coal and the Lower Jurassic coal series 153,000,000 tons. As to the total
annual coal production, it only amounts to 23,000 tons of anthracite and 60,000
tons of bituminous coal at the time of the author’s visit. The former is chiefly
mined in the vicinity of Ta Kou, while the latter is mainly from around Shih Kuai

Chen. At the pit mouth, the average price of coal is about $2.8 a ton. '~ The coal
is transported by mules, donkeys or carts to the cities or larger villages in the

Kueihua basin, and is mainly consumed by the Suiyuan-Paotou Railway.

PEAT BEPOSITS

The main peat deposit occurs SW of the Ta: Ko Mu station and extends
trom NE to SW over 12 kilometers. The known width is about one kilometer,
Thickness of peat is 1-3 feet. The peat contains 54 %, vol. mat. and only 16 %
fixed carbon.Reserve is about 11,000,000 tons.

Another area occurs SE of the Tao 'I'z.;, Hao station, A third area is in the
vicinity of Erh Tao Ho Tzu, E of the above nam~d station.
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View of the bedded structure of crystalline schist S of Han Tung
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View of unconformity between the Permo-Carboniferous coal
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Apparent conformity between the basal conglomerate of lower
Jurassic coal series and the Triassic red shale and sandstone
near Kang Pao Kou in the valley of Pa Tu Kou.
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Outcrop of Upper Jurassic conglomerate N of Ssu Tao Ho Tzu
n the valley of Shui Mo Kou.
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View of Mamihata overthrust with a part of Upper Jurassic red
shale thrusted over Proterozoic marble N of Wu lan Pan
Shen in the valley of Hei Niu Kou.
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View of the canyon feature N of the village of Shui Ching Kou.
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View of burning coké with native method near Shih Kuvai Chen.
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View of drying peat lumps dug out from neighboring pits SW of

the Tai Ko Mu station.












GEOLOGY OF HSUAN HUA, CHO LU AND HUAI LAY
DISTRICTS, N. W, CHIHLI.
{Summary)
BY HC TAN. H 4 &
(With one Plate)

As explained by the author himself in the imsoduction, he bad
po time to pay special attention to the igneouns rocks in this area which
have howewer great acientific interest. A supplementary study was
later mads by Mr. H. 8. Wang whose paper is published in this same
bulletir immediately following the present cne.

W.H Wong
INTRODUCTION.

In the 2utumn of 1918, the writer in coorperation with Dr. J. G. Andersson
and Mr, T. O. Chu made a geological survey in the districts of Hsuan Hua, Cho
‘Lu and Huai Lai in N. W. Chibli with the special purpose of prospecting the
pmportant iron ores known to occur in this region and looking for pure limestoue
and coking coal for the then proposed metallurgic work. Dr. Andersson made a
detailed survey on the Yen T ung Shan iron ore deposits and studied the geology in
the vicinity of Hsin Pao An in the Huai Lai district, Mr. Chu sarveyed the part,
east and north of the river Yang Ho, including the mountains, Yen T*ung Shan,
Wo Hu Shan, Hei T°ai Shan, Ta Chien Shan, Chi Ming Shan and Yuan Pao Shan
while the writer worked in the part, west and scuth of Yang Ho, including the
bills, Hueng Yang Shan, Huang Yin Shan, Lao Tupg Shap, Laoc Huan Shan, Pi
Chia Sban, Chin Chia Ta Liang and Niang Tzu Shan and the plain through which
the river Sang Kan Ho passes. This paper contains only tbe summary of the
generalgeology of the region; some points here touched remain still unsettled and
need be restudied in future for only one part of whole area treated in the paper
was surveyed personally by the writer while materials for the remaining parts
were only verbally communicated by Dr. Andersson and Mr, Chu. The details on
the iron ores have been already embodied in a specisl memnir on the iron ors
deposits and iron industry of China by Mr. F. R. Tegengren, |

TOPOGRAPHY

The region here in question is situated in the northwestern part of Chihli,
through which the Peking-Suiyuan Railway Passes. The larger part of this area
belongs to the Hsuan Hua district and the remainder to the Cho Lu and Huai
Lai districts, The lowest point in this region is about 500 meters above sea level,
About two-thirds of the surveyed areaare hilly and one-third is occupied by plains,
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Most of the elevations occur in the southern part of this region among which %he
highest one is Huang Yang Shan, extending from the western bank of the river

Yang Ho, westward to meet other mountains, with an altitude of 1,666 meters
above sea level.

The main streams are Yang Ho and Sang Kan Hoe which have their sources
in Shansi, flowing with many tributaries east-and southeastward and uniting to
form one river named Hun Ho in the sontheastern part of the mapped area.

Generally speaking, there are two plains which are separated by hills from
one another, The first plain is surrounded by the Huang Yang Shan, Lai Kung
Shan, Niang Tzu Shan, Ta Chien Shan, Hei T’ai Shan, Wo Hu Shan and Yern
T'ung Shan and has an area of about 350 square kilometers. It is extensively
covered by the loess ranging from several meters to 30 meters in thickness; beneath
this cover the rack foundation probably consists of the tuff-conglomerate formation
as will be later treated. The part, north of Huang Yang Shan is however covered
by loose sands; this area of about 15 square kilometers is entirely denuded of
vegatation. The second plain occurs along the lower coutses of the rivers Sang
Kan Ho and Yang Ho (or Hun Ho), including the land beiween Pa Pao Shan and
Lao Chun Shan and east of Huang Yang Shan and Pi Chia Shan, with an area

approximately equal to the plain first mentioned; it is entirely covered by loess
“and allavium.

STRATIGRAPHY. .

The stratigraphic sequence in this region is, in general, the same as the
prevailing type in northern Chind. The special feature is that the mesozeic coal
series seem to directly overly the Pre-Cambrian or Proterozoic siliceous limestone,§
and the whole system of Palaeozoic and lower Mesozoi(_:'is entirely missing except
one small area at Pa Pao Shan where Cambrian strata have been hypothetichlly
identified.

Archean: This formation consists chiefly of gneiss and occasionally am-
phibolites with intrusions of granite and pegmatite, the gneiss being often pegmatitic
with coarse schistosity and large crystals of minerals. It occurs in the southern-
most and northernmost parts of this area, especially along the northern foot of
Yen T’ung Shan and Wo Hu Shan, the sou’_chefn slope of Lao Chun Shan and in
the vicinities of T’an Yuan, Shapg. Shui Ku, Chiao Chia Kou and Shih Ho.

§ Sipian limestone 1;a.c:‘.r:curding to the terminology lately adopted on the suggestion by Dr,
A. W, Grabau. Bailey Willis’ nomenclature is followed in this paper prepared in 1918,
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Quarizite Formation: This formation rests nnconformably upon the Arch-
@an gneiss and belongs to the lower part of the Neo-Proterozoic (Grabaun’s Siniany
and comprises largely quartzite, quartzitic sandstone and slate, with shales and
thin-bedded limestone, and iron ore beds. The quartzite is mostly white in colour
and compact in character, and becomes in some parts white coarse sandstone.
Along the northern slope of the range including Yen T'ung Shan and Wo Hu Shan
and at Hei T'ai Shan it contains quartzitic slate, quartzitic sandstone with ripple-
marks, iron o1e beds and black slate. Along the southern slope of Lao Chun Shan
and in the vicinities of T'an Yuan and Ta Fang Tzu it is not well developed and
consists of red coarse sandstone, darkbrown and green shales with several thin
beds of limestone, white quartzite and lenticular poor iron ore beds. The thickness
of this formation is greatly variable, in the northern part of this area it amounts
to not less than 200 meters but in the southern part the total thickness is estimated
at only about 50 meters.

Siliceous Limestone (Sinian Limestone}: This formation may be referred
to the upper Neo-Proterozoic. It consists of typical siliceous limestone and quartz-
ite and shales in the lower part, the siliceous matter forming nodules, lenticules
and even layers. This limestone often constitutes high mountains and 15 well
developed in the southern and morthernmost parts of this area. At Yen T'ung
Shan, Wo Hu Shan and Hei T'ai Shan the lower part of this formation comprises
siliceous limestone and quartzitic in part green in colour, and the upper part con-
tains siliceous limestone with chert nodules and layers. In the southern part this
formation consists of thin-bedded lLimestone with or without siliceons matter and
containing green shale in the lower part, and of thick-bedded limestone with or
without siliceous matter, occasionally including hematite masses. Owing to the
incomplete exposure of this formation 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
1,000 meters,

Cambro-Ordovician Formations: These formations were not visited by the
writer, according to an anpublished report of Prof. Wang Lieh Cambro-Ordovician
strata are said to occm along the southern slope of Pa Pao Shan and consist of
black and red shales and pure limestone of about 6-7 meters in thickness; the
former may be regarded as belonging to the Cambrian and the latter to the Ordovi-
cian. But it may be questioned whether the black shale is not the npperrhost pal"t'
of the silicecus limestone and the pure limestone seems too thin for representing
Ordovician limestone usualiy 50 well developed in other parts of uorthern China.
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Jurassic Coal Series: This series is in fault contact with the underlying
formations. The basal beds are either concealed beneath the surface covering or
cut away by the faults, and these exposed and left may be pétrogtaphicaﬂs' divided
into three parts; the lower part consists chiefly of brown, dark, green and violet
thin shales, without coal seams but with calcareous lenticules arranged along the
bedding plane and pyrite utilized for preparing sulpbur; the middle part comprises
-dark and greenish shaly sandstone, black shale, red cla;ej}_s-hale, brown and green
shale ana thin-bedded sandstone, conglomeratic sandstone, conglomerate with
limestone pebbles, thin-bedded siliceous limestone, greenish sandstone, quartzitjc
sandstone with pyrite, white-grayand reddish coarse sandstone and conglomerate,
and yellowish loose sandstone, including workable coal seams. The wpper part
contains violet and g'een shales and sandstones, without coal seams. It is well
developed in various coal fields in this area. One part of this series was faulted
away, so that the real thickness can not be known, but estimates based on the
remaining parts give a thickness of about 300 n.cters to the lower part and 200
meters the middle part. The upper part being greatly variable and undeter-
minable. |

Tuff-conglomerate: Upon the coal series disconformably or perhaps un-

conformably rests a complex of sedimentasy and volcanic rocg_This group
may be called Tuﬁ;ccnglomerate or Porphyry-conglomerate. It may be divided
again into two parts; the lower part embraces brown, red, green and violet tuiff-
congiomerate and tuff with red sandstone and thin-bedded shale; the upper part
consists chiefly of brown. red and green tuff and tuff-conglomerate interbedded
with brown, purple and gr\ée_ﬂ stratified or massive and porphyritic or homogenecous
fava flows with which the obsidian is occasionally associated. The pebbles tontain-
ed in the tuff-conglomerate are made mostly of various igneous rocks and also
quartzite, limestone. and gneiss. —This formation occupies about one half of this
area, either formig.the. foundation of the plains or constituting hills and mountains
often with conspicuous cliffs. One part of this formation was eroded and fanited
away, so that the real thickness is unestimable, the remaining and exposed part
amoants to iore than 500 meters. Owii;g to the lack of fossils the horizon of
this formation can not be precisely determined, according to the supexposition and
petrographic characters it may correlate the tufi-conglomerate and lava formations
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which I have described later from Shantung§ and of the lower Cretaceous age.

Superficial Deposits: The loess and alluvinm are wide-spread here and
there between the mountaing and streams. The loess is u yellow clay formation,
exhibiting typical vertical cleavage with a thickness varying from several meters
to about 30 m. Land shells and fossil bones are bcc,asionally found. North of
Huang Yang Shan there occurs an area of loose sand several feet thick,

§ H.C.T’an, New research on the Mesozoic and Early Tertiary Geology in Shantung,
Bull. Geol. Surv. China No. 5, p. 2






THE ANCIENT VOLCANOES OF HSUAN-HUA (Eft)

THEIR ROCK TYPES AND GEOLOGICAL AGE.
By H. S. WANG. F & 3t
With 8 plates and 2 figures.
INTRODUCTION,

Volcanic tocks of Mesozoic and Tertiary age are widely distributed in
Eastern China. But only a few regions have been studied into details as to the
petrographical characters and the exact mode of occurrence of these volcanic
formations. They have been often vaguely mapped under such names as prophyry
or simply volcanic rocks which may suffice for the reconnaissance work but need
more precision for the real understanding of the complete geological history of the
country. .

The occurrence of volcanic rocks in Hsiian-hna and its adjoining regions has
been noticed since the early geological work by Pumpelly! and von Richthofen? .
More recently it has been broadly mapped by my colleagues, Messrs. H. C. T'an
and T. O. Chu. It was for the purpose of specially studying these igneous rocks
which were not made out clear enough that the author was instructed to resurvey
this region.

In consequence, two trips were successively made, one in the winter of 192¢
and the other in the spring of 1927, each during abc:ut ten days. Twao short visits
were also paid to the region north of Kalgan® wherg volcanic formation are also
beautifully developed.

As a result of these field studies and the subsequent petrographic work
carried out in the laboratory of the Survey, it has been possible to establish a clear
sequence of the volcunic eruptions in this regions during the Mesozoic and Tertiary
time, The successive lava flows petrographically and chemically studied reveal
themselves as a beautiful example of gradual variation in the magmatic com-
position,

1, R. Pumpelly, Geographical Research in China, Mohgolia and Japan, Smithsonian
Contri., 1866, p, 202, '

¢, F.v, Richthofen, China VoL II, pp. 339,

3. The geology and petrography of the Kalgan is being studied in details by Prof. Bar-
bour of the Yenching Univergity, During my last visit, I had the pleasure of accom-
panying a number of senior geologists and petrographers including Prof. Lacroix,
Teilhara, Barbour and Dr. Wong, I have been especially beaefitted by explanation
given by Prof. Barbour, during this short excursion.
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GENERAL GEOLOGY OF THE REGION.

North of the latitude of Peking, there are a great number of regions where
volcanic rocks are widely spreé.d as shown in the small map inserted in the Plate I.
The Hstian-hua region lies south of Kalgan and is more or less continuous with the
latter region as far as the volcanic phenomena are concerned, Some of the
material erupted was most pmbably derived from one and the same general source,
while others represented a connected series of eruptions. |

As is shown on the revised map (PL I), a high and massive range of
limestone forms the northern rim at the eastern pé,tt of the Hstian-hua region and
stretches from Shang-bua-yiian ( - [) to Huang-yin-shan (¥E2l]) along the
south-eastern border of the region under study. This is the Sinian limestone which
is often contaminated by silicd and not infrequently contains cherty or flinty
Jaminz and lenticules. As this siliceous limestone is mostly resistant to weather-
ing, it often constitutes the highest and nearly imaccessible elevations within the
area studied.

Along the western bank of Ch’ing-shui-ho ({ff/k{il), which runs from the
north of Hsiian-hua city, underlying the Sinian limestone outcrops the Archzan
gneiss not very far from the northern mouth of the valley. In this very gneiss,
we found pegmatite veins with large fleshy feldspar crystals and large biotite
plates. About 5 li northward from this place, the gneiss xeplaces the Sinian
limestone for the northern border and extends more or less continuously to Pai-
miao {3 J8) where occurs a hot spring along a fault-fissure,

At Pa.pao-shan (A J¥tl}), above the Sinian strata we found a pure limestone
of lower Ordovician- age, which has been broadly included by Messrs. T’an and
Chu within the Cambro-Ordovician. The new revision rests on the evidence of a
fragmental Archeovyathus found by the author. As this limestone is not well-
developed in this region, we not infrequently found that the Jurassic coal series,
including the volcanic ejactamenta, directly overlies the Sinian strara,

Though the hiatus between the Jurassic and the Sinian formation is of great
magnitude, yet the latter is only disconformably overlain by the former, namely
the Jurassic coal series with coal seams. The coal is largely anthracitic, and
according to the boring of the Tien-hsing coal mine (K RUBLEK). there are at least
five coal seams which are workable. Buff sandstones intercalate with the coal
seams, and occassionally with black shales. Toward the lower part, black shales
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predominate, and are locally, for example, at Wang-chia-lo (E%{%), so rich in
pyTite that they are mined, in a primitive way, for extracting sulphur.

At Wu-chia-kou (FRIKiE), and Yo-tai-shan (K 1})), the coal series is, in
turn, dJrectIy overlain by the extrusives with a layer of agglomerate at the base.
At Wu-chia-kou, the agglomerate unconformably overlies the coal series, indicating
that prior to the ejection of the lava, there had been an orogenic movement by
which the coal series was folded. After or accompanying the folding, erosion was
effective, disclosing the older strata, such as the Sinian and Archzan by retnoving
their respective superformations. Upon this eroded surface, the volcanic tuff,
agglomerate were deposited accompanied océasionally by lava streams.

Having sketched the general features of this region, we may now take up
the geology of the volcanic rocks. They had been reduced to a considerable
extent by erosion and not only were their original forms destroyed but were also
isolated here and there from their original distribution.

So far as can be deduced from the volcanic relics of this region, there occurr-
‘ed two main kinds of rocks, the acid and the basic. The former, being comparable
to Stromboli, constitutes a high dome, the latter forms not infrequently a typical
mesa-topography (See Fig. AA, PL II). The two types, mentioned, are so contrast-
ing with each other that they can hardly be confused even at a great distancs, ior
example, at Hsilan-hua station (‘E{LBAR).

THE EARLY ANDESI.TE AND ANDESITIC AGGLOMERATE,

Within the area considered, this is by far the best developed among all the
volcanic rocks, but it is also now ruptured at various places. At Wu-chia-kou
(R&X). it unconformably overlies the lower Jurassic coal series with a layer of
agglomerate about 20 meters thick at its base (PL X1, Fig. 2). From this village,
it extends contimuously westward to An-chia-kou (%23%iB) where the andesite is
preponderant, and nonhwafd through Hsinchuang-tz (¥FJEF), K’'ou-chia~kou
(R, Yin-chia-chuang (AL to Yii-tai-shan and crossing the Yang-ho river
(Z:1Y) through Kuo-chiachuang (§5#E#L) to Chaochis-chuang (AQ¥EiL), where
the tuff and agglomerate, occassionaly intercalated with red clay and sandstone,
become predominant. Omfly about the vicinity of Kuo-chin-chuang we found an-
other seam of vesicular andesitic lava which is strongly prophyritic “with pheno-
crysts of feldspé:s. From Kuo-chiachuang both eastward and westward, the
agglomerate extends about 90 kilometers to the eastern bank of Nie-ho river ()}
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and 13 kilometers to Li-chia-liang (ZEAREE) respectively, forming the low hills
north of the Peking-Sui-yuan railway line, Tectonically, it only overlies the Jower
coal series concordantly throughout this zone but at Yi-tai-shan there occurs
between the two, a layer of conglomerate the pebbles of which consist mostly of

quartzite, siliceous limestone and sandstone indicating the true unconformable
relation.

In the basal agglomerate, the boulders are largely andesite, quartzite and
 siliceous limestone either angular or subangular. They are et disorderly in a
fine matrix, and seem to be unaffected by any further transportation since their
deposition. Though they are occassionally overlapped by the andesitic lava, yet
it is sufhicient to show that prior to or accompanying the andesitic eruption, there
was a violent explosion which resulted in the deposition of these pyroclastic 1ocks.

THE HORNBLENDE ANDESITE AND THE TRACHYTE.

As shown on the accompanying map (P1. I}, an elongated body of extrusives
15 exposed at Lei-kung-shan (EZ31)), south of Kou-ts'uen gj#d) - . his is the
hornblende andesite which is overlain by a seam of trachyte and underlain by an
augite basalt, with a layef of red clay be-
tween (See fig. 1). Observations at
other localities lead to the conclusion that
the augite basalt is inall probability in-
trusive in origin and younger than the re-
maining two seams which are most likely
two lava flows in successive eruption.

The contact of the two lava sheets
with their respective underlying red clay
Fig. 1. Section of Lei-kung-shan: b, aggl(;- is usually uniform and smooth. The in-

merate; ¢, red clay; &, augite basalt] terest of such a contact lies in the fact that

A, borbende andesite; I, trachyte: 4 required a dry surface ‘when the lava
was poured out and that this assumed condition is remarkably coincident with tbe
arid climate as revealed by the red color of the accompanying beds.

It must be remarked here that the above mentioned sequence is by no
means condtant everywhere. Along the eastern bank of the river near Li-kou-chuan
(01 SR), the trachyte directly overlies the augite basalt, while in the vicinity of
Lung-men (FE %), it caps a layer of agglomerate; at Ti?shtii-yai (BRA &), Ma-tou.



Wang: Ancient Volcanoes of Heiian Hua 29

shan (S5 11}). it is again underlain by the angite basalt with or without a layer of
red clay between,

The trachyte is rather vesicular on the upper surface but usually fairly
dense toward tne middle and the lower part, When the vesicles are scattered
throughout the whole body, they tend to increase in size towards the lower part,
reaching occassionally a man’s fist or even larger. Beautiful agate and drusy
guartz fill them as ar.ﬁygdules. It often constitutes a mesa-topography, which is
quite distinct from the other extrusives.

As shown by fig. 1, the augite basalt is underlain by a layer of agglomerate
which is well developed near Shib-yai-shan (F5Hgil}) where it intercalates with red
' clay and conglomerate (Fig. 2). This is the
“tuff-conglomerate” of Mr. T'an including the
lava sheets. So far as only the extrusives are
considered, the designation of tuff-conglomerate
may convey a misconception about the distribu-
tion as well as the magnitude of the ancient
volcanoes under discussion, the author, then,
attempts to differentiate them on the map with a
particular sign.

THE RHYOLITE AND THE TRACHYTE

Fig. 2 Section “Bear Shih-yai-shan. OF THE HSUAN-HUA REGION AND
a, Sinian Ls.; b, agglomerate; .

¢, red clay; P, trachyte, OF KALGAN.

The rhyolite is best exposed about the vicinity of Niang-tze-sban (JR-F (1),
surrounding an intrusive meck. Other localities where it occurs are Se-fang-tai
(M5%) porth of Hstian-hua, Tsai-shih (Z57i). Tsui-ping-an (E ), and the
westerr hills of the old Wan-chuan city (R 248).

At Niang-tze-shan, the rhyolite intergrades imperceptibly with the volcanic
neck, The same relation is more clearly revealed at Yiing-kai-shan (k).
where occur at least three different rocks which can hardly be separated by any
* distinct line.

Near the intrusive neck the rhyolite becomes fairly coarse, porphyritic and
of 8 greenish color; farther away it tnrns" to a pinkish hue, possessing occassionally
a fine fluidal structure and abundant angular fragments, some of which are
xenocrystic, and some are the same as the main body. '

Toward the base, we find volcanic tuff and agglomerate on the western side
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of Chat shan-p5 (¥€ilisk). In the agglomerate, the boulders are largely obsidian
and are often of a considerable size. Perhaps there are no other facts which reveal
the violence of the volcanic explosion better than those iarge bouiders just mention
ed. Near the pyroclastic rocks, we found some perlites with typical botryoidal
structure, indicating that they were-exuded not far from the crater. The intrusive
neck, mentioned above, may be of such an origin.

The bhills about Kalgan are Jargely composed of reddish trachyte which is
occassionally rather vesicular, the vesicles being filled by quartz. Dark lamina-
tions are locally found intercalating in the main body, for example, at Yii-shan or
Fisk- Hill (fi1l}), east of Kalgan. It is capped by red sandstone, tuff and con-
glomerate (Nan-tien-men (¥§FK %) series of Barbour) into which the rhyolite
bas intrnded. This shows that the trachyte is undoubtedly older than the rhyolite
a fact already observed at Niang-tze-shan where the rhyolite has broken throug
the trachytes dming explosion, However, since it is well-developed here, namely a
Kalgan, we must expect later to locate another crater in this locality.

THE OLIVINE BASALT OF HAN-JO-PA (J&)

This is the best developed among all the volcanic rocks described. At Han-
jo-pa, it directly overlies the Shan-fang-pu (EREB8) gravél, and constitutes a
typical plateau whica is quite contrasting with the rough surface of ifs underlying
gravel bed. It is usually very dense, of a dark color, and occassionally with
vesicular bands, the vesicles being mostly filled by calcite. Patches or nodules
of olivine are not infrequently observed megascopically in the compact variety.

THE INTRUSIONS.

So far as the author’s field data of this district reveal, there are only four
major intrusive bodies, namely the Niang-tze-shan quartz prophyry, the Pa.pao-
shan teldspar prophyry, the syenitic intrusion near Chao-chia-.chmang (##R%) and
the gabbro of Yii-tai-shan, with minor dykes, sills, such as at Wu-chia-kou, Yin-
chia-chuang, Yii-tai-shan, Lei-kung-shan, Chi-ming-shan (% l;) and Ma-tou-
shan, etc. However, they are rather irregular in distribution and not abundant

enough to serve to locate the crater as in Highwood Mountains! and Crandal

1, L. V. Pireson, Petrography and Geology of the igneous Rocks of Highwood Moun-
tains, Moatana, Geol. Surv, U.S, 8.B,D; No. 287, 1905, Pl. II1, pp. 31-82.

2. L P.Id3ings, The Dissicted Volcano of Crandal Basin, Wyoming, Mmogr Geol,
Sarv. U5, Vol. XXXNII, Part II, 1869, PL. XXVII, p.m&
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As already remarked, the quartz porphyry of Nian-tze-shan is a volcanic
veck which has broken through the trachyte during explosion. The feldspar
porphyry of Pa-pao-shan and the syesnitic intrusion near Chao-chia-chuang have
intguded both into the coal series and the andesitic agglomerate. (Fl. II, Fig. BB’
CC’). Since the agglomerate contains no pebbles of them, it seems very likely
that the agglomerate is older than both, and that they are in all probability
affiliated with the trachyte described before. :

The gabbro occurs at the eastern foot of Yii-tai-shan in the coal series. Not
infrequently, it sends off off-shoots as sills and dykes in its vicinity.

PETROGRAFHIC DESCRIPTION.

The biotite andesite (Pl. 111, fig. A). It occurs essentially in the vicinity of
An-chia-kou where it overlies a layer of agglomerate in which the boulders often
show a greenish tint. When fresh, it is pinkish in color and porphyritic in texture,
Uuder the microscope, it consists of innumerable small feldspar-laths, either simple
or twinned and a residuum of reddish glass, giving a- typical andesitic structure.
Judging from the extinction angle, the feldspars are largely andesine and labradorite,
and when they occur as phenocrysts, they are either zonal or twinned. Biotite,
magnetite and greenish augite are both present, the biotite not infrequently alter-
ing to magnetite and quartz granules.

TM andesite and the hornblende sndesite. The former is found on the eastern
side of Kou-chia-chuang where it intercalates in the tuff and agglomerate. It 1s
usually very vesicular, strongly porphyritic with exceedingly large tabular feldspar
crystals (Pl. 111, Ag. B) and rarely fine and dense. When fine, the acicular
feldspars, interlacing together (PL. III, fig, C) impart the rock a spotted appearance.
The vesicles are filled with calcite and agate (P), 111, fig. D).

The feldspars are usually lath-shaped, twinned, and more or less parallel in
anangement, indicating the original flow-character. They give an extinction angle
of 20°-25° on sections at right angle to (010) and are therefore andesine. When
they occur as. phenocrysts, they not infrequently enclose the groundmass as
inclusions. The groundinass is partly glassy and partly crystalline with feldspathic
microlites. The glassy base is generally rich in iron. granules, and is, therefore,
opaque in transmitted light,

The hornblende andesite at Lei-kung-shan is a greenish dark rock,
amygdaloidal with calcite and quartz filling the vesicles. In thin sections, it has a
typical trachytic structure, consisting in a parallel arrangement of lath-shaped
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feldspars recalling the hyalopilitic structure of Rosenbusch. The feldspars possess
an extinction angle of 20°-28° on sections at right angles to (010). and, therefore,
vary from andesine to labradorite. Mafic minerals are largely hornblende, magne-
tite and colorless augite, the bornblende being mostly altered to greenish chlatite.
The groundmass is- partly crystalline partly glassy with abundant granules of
magnetite (Pl. IV, fig. A)

As these two andesitic lava sheets intercalate in the tuff and the red clay
above the basal agglomerate, it seems very likely that they were comparatively
younger than the biotite andesite described above. That asill which appears very
similar to them, especiaily that of Kou-chia-chuang, has been found intruding into
the agglomerate at Yii-tai-shan proves this assumption.

Their associated tuff and agglomerate. Four slides have been prepared from
the pebbles collected; one was picked up from the pebbly bed of Yin-chia-chuang.
It is of a dark color with phenocrysts of feldspars and hornblende (Pl. IV, fig. B)
the latter being completely weathered to chlorite and quartz, and only its original
form being preserved by a darkish border. The groundmass is partly glassy, part-
ly crystalline with microlites of feldspar, apatite, magnetite and secondary calcite.

The other two slides were prepared {rom the pebbles of ¥ii-tai-shan. One
of these is of a reddish color, closely resembling tlie biotite andesite of An-chia-kou,
and the other is similar to the andesite of Kuo«chia-chuang., The fourth was pre-
pared from the pebbles of Yen-tung-shan (HEf&ili) and looks very much like its
associated andesite.

From the above described characters, it seems very likely that these pebbles
were nothing else but fragments resulting from the volcanic explosion and some of
them were, therefore, volcanic bombs. As they were compactly set in a fine
matrix, they not infrequently appear in the vertical inaccessible cliff.

The trachyte. This is a reddish rock which has a porphyritic structure with
phenocrysts of orthoclase and sanidine. Occassionally the latter is strongly corroded,
giving the apyearance of quartz from which it is distinguished by its a negative
optical character (Pl. IV, fig. C), The groundmass.consists of microlites- of
feldspars more or less trachytically arranged and abundant iron .granules. When
weathered, the latter often imparts to the groundmass a reddish color, and obscutes

the original texture; and the orthoclase phenocrvsts ‘give an earthy surface. It is
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occassionally rather vesicular, secondary quartz. filling the vesicles and when the
vesicles increase to a fairly large size ,the drusary quartz crystals are often enclosed

by the agate which not infrequentiy shows beautifully banded colors (Pl. VIII,
fig, D). |

It is suitable to state here, that the trachyte or better still the feldspar
porphyry of Ma-tou-shan, and of the eastern hill of Ting-fang-shui (52 %K) are not
extrusive lava sheets but intrusive sills (Pl 11, Fig. CC’). However, that they
are affiliated with the trachyte is undoubtedly revealed by both their topograpbical

feature as well as their petrographicai “character. The ounly difference is that they
contain no sanidine, but only orthoclase,

The trachyte of Kalgan is essentially the same as that of Lei-kung-shan, but
is often more weathered and porous. Agate is absent in this variety while vesicles
filled with guartz are abundant (P1. 1V, fig. D).

The rhyolite of Niang-ize-shan and of other localities and its associated quartz
porphyry. As implied by tbe name quartz porphyry, it possesses phenocrysts of
quartz and feldspar, the latter including orthoclase as well as plagioclase. The
quartz often shows a resorbed roundish border with inlet of the groundmass (PL
V, fig. A). The groundmass, being holocrystalline, consists of feldspar agd quartz
granules. Mafic minerals are hornblende and bictite, which are not infrequently
associated with zircon, apatite and magnetite.

It is worthy of notice, here, that the roundish border of the phenocryst
quartz is by no means as smooth as most of the common corroded crystals, but is
saw-tooth-like in appearance, clearing around itself a zone of groundmass, in which
the quartz granules are optically continnous with the phenocrystic quartz. This
can be best seen under crossed nicols, and, when properly oriented, it appears in
a bright zone as an illuminated border about a dazzling flame.

There are two explanations about thic singular feature. First we may
suppose that this was effected by mere resorption. In other words, the phei_m;
crysts, quartz, had already crystallized .ont when the groundmgss was still molten,
After the magma, including the phel'xocrysts. intruded into the upper layer, the
pressure being relieved, the quartz underwent refusion. As most of the sand
grains in sandstone have an optically continuous zone of secondary quartz, the

phenocrysts, in question, developed around themselves such a zone of tne refused
quartz.
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However, there is still another explanation. Cross! has called attention, in
Colorada, te the fact that certain large crystals of orthoclase in dacite porphyries
and in granular diorite appeared to have crystallized after the magma of their
rocks have been erupted and had come to rest; Pirsson? pointed out evidence of
the relative late growth of phenocrysts in mauny porpoyritic rocks; I1ddihgs, in his
conclusion of studying the “Dissected Volcanoes” of Crandal Basin, Wyoming,
remarked that the phenocrysts of porphyritic rocks were *‘the resnlt of crystallizatior
which has taken place very shortly before the final solidification or crystallization
of the whole rock mass, and that they are comparatively rapid growth and are not
minerals that have existed within the molten magma for any considerable lgngth of
time prior to its solidification” By analogy, we may suppose the phenocryst,
quartz, in this case, as formed by a more or less simultaneous crystallization with
tte groundmass. In this way, the fissure-like quartz surrounding it. mayv be ex-
plained as the ald passage ways through which the phenocryst quartz derived its
constituent from the still iquid magma

The rhyolite of Niang-tze-shan is genetally dense in texture and non-por-
phyritic, except occassionally with phenocrysts of quartz. This is quite different
from those at other localities, for instance as Tsuei-ping-an and Tsai-shih near
Kalgan, and S&-fang-tai north of the Hsilan-hua city. At the latter localities, it is
oiten porous and porphyritic with phenocrysts of orthoclase and quartz, Under
the microscope, the orthoclase is fresh, either carlsbac_l-twinned or simple, and with
observable cleavage. The quartz often shows roundish border and cracks from the
margin. The reddish groundmass is wholly glassy, and in it, primary fiuxional
structure which usually curves around the phenocrystic quartz or feldspars, if pre-
sent, is noticeable (P, V, fig. B, C). |

Its associated tuff and agglomerate. The former is usually light brown in
color and fairly compact.. Phenocrysts are largely broken crystals of orth_qc-lase,
quartz, and few magretite, indicating the trituration during the explosion, The
groundmass consists partly of quartz granules and feldspar crystallites and partly of
glass.

Most of the boulders in this agglomerate are obsidians. In thin section, the
obsigian consists of a glassy base, with marked fluidal structure and occas-

1,. Laccolitic Mountain Groups of Colorado, Utah and Arrizona, Fourteenth Ann. Rept.,
U.S. Geol, Surv,, 1805, p. 229, _

2, Eleventh Ann. meeting, Geol, Soc., Am.

8, loc.cit., pp. 206-268,
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sionally imcluding abundant incipient crystals or, better, belonites, arranged i
zones, imparting to the groundmass a banded structure. Phenocrysts are mostly
orthoclase, sanidine and quartz with accessories of ilmenite, apatite (Pl. V, fig. D;
Pl VI, fig. A).

The olivine basalt of Han-36-pa. Under the -microscope, it is fairly porphy-
ritic with phenocrysts of colorless olivine, magmetite grains and purplish augite,
The feldspars are largely twinped labradorite and the groundmass is partly glassy
and party-crystalline with granules of olivine and augite (Pl. VI, fig. B).

The feldspar porphyry of Pa-pao-sham. It is strongly porphyritic with
phenocrysts of feldspar and biotite flakes. Toward the margin, the texture de-
creases in coarseness, showing the cooling endomorphic action. The feldspars are
largely orthoclase weathered into an earthy appearance. The groundmass is
generally holocrystalline, with residual quartz and feldspar, Apatite occurs either
in the groundmass or as inclusions in the biotite or associated with the magnetite.

It is worth noticing here, that in the marginal facies, the quartz seems to
increase, while the biotite decreases; and when this structure is well-developed, it
deserves the name of granophyric micro-granite.

The augite syenite of Chao-chia-chuang. It is medium grained, of 8 light -
dark coler and consists of mafic minerals and feldspars in nearly equal amounts;
mafic minerals are mostly prismatic hornblende, greenish augite and magnetits, the
former uot infrequently altering to chlorite; feldspars are orthoclase with little
albite, both being strongly weathered. Fairly large crystals of apatite occur as the
accessories which usua.ll? crystallized together with the homblende and magnetite.
and occassionally as slender prisms enclosed in the feldspars. |

Along the southern bank of the Yang-ho river, near Hsia-hua-yiian {3
f&) . occurs a syenitic sill in the coal series, Petrographically, it differs very little
from the augite'syen_ite just described, excepc that in this specimen, the accessory
mineral apatite becomes less in amount while the augite increases, In another
slides, both identifiable hornblende and biotite are present.

At Ta-chian-shan (KJ2ily) farther northward from Chao-chia-chuang,
occurs a dyke of quartz porphyry, Being light colored and porphyritic, 1t contains
only few flakes of leached biotite; quartz and feldspar (including orthoclase and
olagioclase) occur as the phenocrysts. the former, namely quartz, showing not in-
frequently a smooth roundish correded border, with inlets of the groundmass.
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The groundmass is holocrystalline, consisting essentially of quartz and feldspar
granules (PL VI, fig. C).

On the southern bank, just opposite to Han-lin.chuang (#bkil) this very
porphyritic dyke intruded again into the agglomerate. As it has a decidedly
different feature from the quartz porphyry of Niang-tze-shan it may or may not be
a differentiated body of the syenite.

The gabbro intusion of Tj-tai-shan. Isa dark-colored rock of medium
grain and, when weathered, shows the typical ball-structure. In thin sections, it is
more or less porphyritic, the phenocrysts being labradorite with transverse cracks
and twinned; not. infrequently biotite flakes intrude into them, simulating, the
appearance of inciusions, The small feldspars, judging from their extinction angle,
are largely andesine. Mafic minerals include biotite, purplish augite and ilmenite,
with little residual quartz. The biotite not infrequently alters to chlerite.
Ophitic structure, in which augite encloses the feldspars is fairly well-developed
(Pl VI, fig. D). |

When it occurs as sills, for example, as at Lei-kung-shan, Ti-shui-yai, Ma-to-
shan, Yii-tai-shan, Chi-ming-shan etc., the texture becomes so fine that it deserves
the name of augite dolerite (Pl VII, fig. A). However, the constituent minerals
are essentially the same as those in the gabbro and there is no doubt about that
they were derived from the latter, namely the gabbro.

At Yii-tai-shan, there was found a dyke- aboyt.one foot or more thick, in
the gabbro. Its texture is fairly coarse with feldspar and biotite as the essential
constituents. The interesting feature about this dvke is that some of the feldspars
prove to be sanidine with abasdant acicular inclusions, probably apatite. Mafic
minerals are greenish augite and magnetite (P1. V11, fig. B). It is highly probable
that tbis minor intrusion was found from the residual magma of the gabbro, and
was therefore contemporaneous to it.

*The porphyry 8 of Yi-iai-shan: About in the middle of Yii-tai-shan, occurs
a sill of a light colored rock which consists essentially of orthoclase as the pheno-
crysts. Biotite occurs in flakes, and ‘occasionally as inclusions in the feldspars.
The groundmass is partly glassy and partly crystalline with feldspar granules.
According to its mineral constituent, it is a proper feldspar porphyry, and ie most
probably an off-shoot of the il’a-pano—sh'an' porphyry.
 The dolerite or basaltic dyke of Huang-tu-kong (%1:#§). On the north-
western side of Huang-tu-kong, occurs a dyke in the coal series, It is dark in
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color and amygdaloidal with calcite filling the amygdules. Under the microscope,
lath-shaped feldspars (largely andesine) are more or less parallely arranged in a
darkisb opaque base, in which minute microlitic feldspar occasionally radially
arranged, and greenish chloritic grains probably altered from the biotite are fairly
abundant (Pl. VII, fig. C, D).

It was again found at the southern side of Wang-chia-lo and the southern
foot of Pa-pac-shan, Here, it keeps its usnal petrographical appearance, but, in
its mode of occurence, it is a concordant intrusion, namely a sill.

The augite dolerite dyke of Wu-chia-kou, It occurs in the coal field of Wu-
chia-kou and is generally of a dark color and strongly porphyritic with phenocrysts
of hornblende, feldspar, and augite, The augite is usually fresh and occassionally
twinned on (100) plane, while the hornblende is frequently weathered to.carbonate,
Judging from the extinction angle, measured {rom the twinning plane, the feldspars
are largely labradorite. The groundmaas is partly glassy and partly crystalline
with microlites of feldspars and abundant grains of magnetite. (Pl. VIII, fig. A).

The biotite porpbyrite of Yin-chia-chusng. It intruded into the agglomerate
at the vicinity of Yin-chia-chuang, and usually shows a greenish color. In thin
section, most of the biotite bave altered to chlorite and the lath-shaped feldspars,
giving an extinction angle of 16° on sections perpendicular to (010}, are andesine,
Besides this, magnetite grains are also abundant,

On the eastern side of Ting-fang-shui, there occurs a sill in the agglomerate.
Mineralogically, it contains the same biotite and andesine as that just described,
but is more fresh and porphyritic with phenocrysts of .feldspars and biotite (Pl
VI1I, fig. B).

The olivine potphyrite—=ili-of Kuo-chia-wan (35%M). Along the eastern
bank of Kuo-chia-wan, there occur two sills in the red clay. Both are of a 'greyish
dark color and cortain vesicles filled with agate, Under the microscope, the
feldspars are trachytically arranged and have an extinction angle from 2)°-28°
(measured from the twinning plane). Mafic minerals are magnetite; colorless
augite and olivine. Thé latter, namely olivine, often alters to red iddingsite which
is a common product of olivine when exposed to atmosphere (Pl. VIII, fig. C).

From these descriptions, it seems very likely that some of these rocks,
described, are undoubtediy affiliated with one another, their different forms being
the result of crystallization at different conditions, The augite dolerite of Lei-kung-

shan, Ma-tou-shan, Chi-min-shan, etc, are obviously off-shoots of the augite gabbro
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at Yii-tai-shan. If tbe syenitic dyke in the gabbro of Yii-tai-shan has, as pre-
viously assumed, resulted from the residual magma of the gabbro, there are reasons
to believe that the augite syenite of Yii-tai-shan in the coal series, and that occur-
ring near Chao-chischuang, are differentiated bodies from the same magma.
Moreover, the feldspar porphyry of Pa-pao-than, Ma-tou-shan, may be a hypabyssa!
modification of the extrusive rtrachyte, at Lei-kung-shan and Kalgan, and the
thyolite of Niang-tze-shan, etc, is detived from the quartz porphyry.
CHEMICAL COMPOSITION,

In order to accertain the composition of the rocks above described, the
author has effected two chemical analyses of basalt and andesite respectively. A
trachyte of the Kalgan region has been analysed by Mr. T. C. Ko of Yenching
University. The direct results of the three analyses are given below:—

Augite basalt Hornblende andesite ~ Trachyte or Rhyolite
Ti-shui-yai (§FKE) Kou-chuan ([ 1) Kalgan
Hsiian-hua Hsiian-hua
Si0, 45.47 65.03 66.G6
Al,O, 17.34 19.06 17.44
Fe,0, 8.13 8.01 2.11
FeO 5.81 1.37 0.92
MgO 8.34 2.66
Ca0 9.59 6.81 1.31
Na,O 3.63 3.89 5.70
K,O 1.563 3.24 513
TiU, n.d. nd |
P,0; n.d. 0.86
Moisture 0.74

Their “normal” composition calcalated from the apove data is as follow: ~
1. The augite basalt. ’

Standard minerals Percentage

Or. (orthoclase) 4.9

Ab. (albite) 8.8

An. (Anorthite) 14.7 321
Ne. (Nepheline) 4.3

Di, (Diopside) 9.1 _ :
Ol. (Olivine) 50.9 6.4
Mt. (Magnetite) 6.4

Total

——

101,1
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Class, -3 __ 327 _ 49 =1V, dofemic.

Fem. 6.4
P40 914609 _ 60 :
Order, = === = 9.4= 1, perpolic.
M 6.4 6.4 9.4=1, pe
. P 9.1 .
fo y e D= ——m— = 1{),18= 4, .
Section of order 5 56.9 V.18= 4, domolic

Section of rangs, MgO+FeO __ 209+81

~ Cal” 5

MgO _ 209 _ . ._ .

Subrang, Yoo~ RL 2.5= 1-2, premagnesic.
Grad L. — 4.3 = 43

F = 4.918.8+14.7 98.4

Subgrad, K,0'+Na, O _ 16+58

Ca0’ 96
2. The hornblende andesite.
Standard minerals Percentage
Q. (quartz) 0h
Or. {orthoclase) 18.1 8
Ab. (albite) s03 ("
An, (anorthite) 24.4
Di. (diopside) 1.0°
Hy. (hypersthene) 6.9
Mt. (magnetite) 4.2 > 21.4
Hm. (Hematite) 4.7
Ap. {Apatite) 5.6
Total - 99.2
Sal 77.8 — — 3
Class, Fom 1.2 3.6 = 11, dosalic.
Q - 8 — 5, perfeli
Order, " 5% 0.07 = 5, perfelic,
_ K, 0+Na, O _ 95 _ — L
Rang, a0’ 95 1.03 = 3, alkali calcic.
Subrang, 20 = 31 — 453 = 4, dosodic.

Na,0" = ol

== 3, 8= 9, domiric,

= 0,77 = 3, alkali calcic,

39
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3. The trachyte.

‘Standard minerals Percentage
Q. (quartz) 10.41
Or, (orthoclase) 30.40
Ab. (albite) 48.90 > 96.34
An, (anorthite) - 6.40
C. (corundum) 0.23 |
Mt. (magnetite) 3.05
Total 99.39
Sal 96.34 : .
Class, = = 3].4 = : .
S8, Femn 306 31.4 = [, persalic

Order, Q- _ 1040

.12 = p, perfelic,

F = 8.2

Rang, Kz'?;gfazo' 1;_6 5.81 = 2, domalkalic,
K,O0 - 54 __

Subrang, Na,& _ 92 0,69 = 4 dosodic,

THE GEOLOGICAL AGE OF THE ERUPTIONS

Perhhps there is no division in the Chinese geological succession, the age of
which is so disputable as these igneous rocks under discussion. Pumpelly,! having
noticed some porphyry pebbles in the basal conglomerate at Chai-tang (72t} ,~be-

dieved the existence of a Pre-Jurassic ignevus activity. Dr. Wong,? in studying
the igneous rocks of Western Hills, concluded that the igneous action prolonged
through the whole Jurassic period, beginning with a granitic intrusion. Recently,

‘not very long after Dr. J. G. Andersson® correlated the gravel beds north and
northwest of Wan-chuan city (¥ 2bf) with the Tiao-chi-shan formation whlch
has been considered by Mr. Yih' and Prof. Barbour® as Upper Jurashc, Mr.
T'ant discovered some identifiable Cretaceous fossils underlying his tuff conglo

merate in Shantung and revised them as Cretaceous.

10

1. Loc,cit, p. 19,

2, Log, cit., pp, 46-51,
8. Loc cit, p, 102,

4. Loc. cit., pp. 30-31,
8. Loc. cit., p. 165,

6. Loc. cit., pp. 1565-158,
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The author in his trip, has collected some plant fossils in the basal part of
the agglomerate on the southern slope of Yii-tai-shan. Although recent work in
other regions tends to show the unreliability of plant remains for accurate correal-
tion over wide areas, yet some of the plant fossils of this collection are so rich that
they can bardly be c;verlooked, especially as the age of their overlying volcanic
formations are still disputable. The following list is & brief summary resulting
from a preliminary study made on them with their respective geological range.

1. Cladophlebis denticulaia, ranging from Rhaxtic to Wealden; according
to Seward, ch:eﬁy characteristic of the upper Jurassic.
Mmo—tamoptem c. f. vichthofens; Jurassic.

Ctenis sp., from Rhatic to Jurassic,

Neocalamites sp,, from Rbetic to Liassic.

Fossil wood. Chiefly characteristic of Upper Jurassic as in the Purbeck
beds of England.

From the above table, it seems very likely, to assign to the fossiliferous
bed, in question, an upper Jurassic age, Consequently, of these igneous rocks, one
part at least, probably the andesite, belongs to upper Jurassic, while th¢ Temainder
‘may be Cretaceous. However, as they are more or less continuous in sequence,
there are reasons to believe that they were poured out by a prolonged igneous
activity opened near the close of the Jurassic peried.

oo 00 o

Considering the extrusive of this region, it began with outpourings of biotite
andesite accompanted by pyroclastic products. Following this volcanic eruption,
was a quiescent period, during whick the red clay, sandstone, and occassionally
andesitic lava flows were deposited.

Then another active period was revived, resulting in the hornblende andesite
and trachyte. This was followed, not very long after, by the quartz porphyry and
rhyolite of Niang-tze-shan, completing one cycle.

' Follo'wing?ihe first cycle, came another quiescent period which was recorded
by the heavy bed of the Nan-tien-men (# X %) series. Since then, no volcanic
activity, so far as is now.known, took place, until in the Oligocene, or even later,
was erupted the “famons heavy flow of the olivine basalt.

Granting the order of events just described, we have now 2 beautiful
example, demonstrating the actual variation of the magma erupted. Within one

cycle, it declined in basicity, but increased when the two cycles are taken
together, '
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It is remarkable to mote that this independent observation s coincident
with those of Pantelleria, High-wood, as described by Washington! and Pirsson® re-
spectively, and the recent research of P. Teilhard® in Dalai-noor. The following
table is given for comparison of the igneous rocks in this region discussed, with
those in Dalai-noor according to Teilhard.

Dalai-noor Region Hsiian-hua and Kalgan Region
By P. Teithard. By Prof, Barbour in Kalgan and
the author in Hsiian-hua.
M........... SRS S SN IUURTRIO -1 1 |
3 , . ~ {Shan-fang-pu series

B t -

réches et conglomérate rhyolitiques.. {Nantien.men series
Rhyolite fluidal .
Microgranite et rhyolite non 4 md.al} ... Rhyolite and quartz porphyry

Schistes tendres intercale avec des
cinders rhyolitiques.

Coulées d’andeésite, lignites et grés, { Trachyte

wseee . Red sandstone and conglomerate

. e Red clay and conglomerate
Bréches andesitiques Hornblende andesite, tuff & agglomerate

Fermations andesitiques diverses .......... Biotite andesite and agglomerate
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Mentou-kou coal series.

1. The Volcanoes and Rocks of Pantelleria, jourh, Geol.,, Vol. X XTI, 1914, pp. 28-25,

2, Lac, cit, pp. 168-201. '

8. Etude Géologique Sur ) région dn Dalai-noor, M2r,, $~c. Ggl, de France, N,S., No.
7, 1926, pp. 1-58, .
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PLATE III.

Fig. A.— Biotite Andesite, Wu-chia-kou (GKE).

Minerals : Phenocrysts, labradorite and biotite; groundmass
glassy,

Fig. B.— Andesite, Kuo-chia-chuang (§Ba%i).

Minerals: Phenocrystic andesine including the groundmass
as inclusions; glassy groundmass with microlites of
feldspars.

Fig. C.— Andesite, Kuo-chia-chuang ( §3%¢3E)

Minerals: Lath-shaped feldspars interiacing together; gro-
undmass with microlites of feldspars.

Fig. D.—- Amygdaloidal Andesite, Kuo-chia-chnang ($5#§).

Non-porphyritic and vesicular, the vesicles being filled by

calcite (light)
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PLATE 1V
Fig. A.— Hornblende Andesite, Lei-kung-shan (§23111).

Minerals: Microlitic feldspars trachytically arranged, as
resulted from the flowing movement of the -
magma ; groundmass hypocrystalline,

Fig. B.— Hornblende Andesite, Yin-chia-chuang (8% L) .

Minerals: Phenocrysts of feldspars and bornblende; the
latter often weathered to chlorite and quartz,
surrounded by a darkish border.

Fig. C.— Trachyte, Lei-kung-shan (B2 ).

Minerals: Phenocrysts of sanidine more or less corroded.
Fig. D.— Trachvte, Kalgan (GEZED).

Minerals:  Phenocrysts, orthoclase and sanidine,
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PLATE V.

Fig. A.— Quartz Porphyry, Niang-tze-shan (¥ tl))-
' Minerals: Phenocrystic quartz corroded and cracked,
groundmass bolocrystalline,
Fig. B.— Rhyvlite, Se-fang-tai (|45 &).

Minerals: Phenocrysts of quartz and orthoclase; groundmass
largely porous, glassy and fuidal, the fluxional
bands curving around the phenocrysts which
crystallized out prior te the cessation of the
flowing movement of the magma,

Fig C.— Rhyolite, Yiing-kai-shan (KE|l)).

Minerals: Phenocrystic quartz and xenoctrystic fragmentss

groﬁndmass glassy and fluxional.
Fig. D.— Obsidian (trachytic), T'u-tsing-tze (£F-F) .

Minerals: Sanidine phenocrysts, around which the fluxional
structure of the groundmass undulates; ground-
mass glassy and perlitically cracked.
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PLATE VI

Fig. A.— Obsidian (rhyolitic), Kalgan (3R 0).
Minerals: Phenocrystic quartz and sanidine; groundmass
fluidal.
Fig. B.— Olivine Basalt, Han-jo-pa (J3EH).
Minerals: Microlitic feldspars, olivine and augite; glassy
groundmass,
Fig. C.— Quartz Porphyry, Ta-tsian-shan (X 1)
Minerals: Corroded quartz engulfed by the groundmass;
groundmass holocrystalline.
Fig. D.— Augite gabbro, Yii-tai-shan (E#il1).
Minerals: Feldspars (labradorite) with abundant inclusions;
mafic minerals being augite and biotite,
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Fig, A, —

Fig. B.—

Fig. C.—

Fig. D,—

PLATES VII

Augite Dolerite, Li-k’ou-chuan (F214).

Minerals: Microlitic feldspars (light) and augite(faint dark);
the augite frequently encloses the feldspars, giving
an ophitic structure: black, ilmenite.

Syenite, Yii-tai-shan (FEHl)) -
Minerals : .Sa.nidine, orthoclase, biotite and augite.
Basalt, Hnang-tu-kong (K1)

Minerals: Parallelly arranged, lath-shaped feldspars and
radially arranged feldspar microlites, the former
crystallized out before the cessation of the flowing
movement of the magma.

Basalt, Wu-chia-kou (5K ).

Minerals: Lath-shaped feldspars parallelly arranged; augite

(faint light) and glassy base.
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PLATE VIII

Fig. A.— Augite Dolerite, Wu-chia-kou (FR#&Ri%).
Minerals: Phenocrysts, feldspar and augite; groundmass
cryptocrystalline with magnetite grains.
" Fig. B,— Biotite Porphyrite, Ting-fang-shui (7 K).
Minerals: Phenocrysts of plagioclase(iight)and biotite(dark).
Fig. C.— Olivine Porphyrite, Kuo-chia-wan (%) .
Minerals: Lath-shaped feldspars trachytically arranged;
colorless augite and olivine.
Fig. D.-- Agate, Wa-tsian-ho-chuang (8 ik iE) -
Allotriomorphic and fibrous quartz (Nicols crossed).






