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A STUDY ON COKING PROPERTIES OF SHENGKENGSHAN COAL
BLENDED WITH OTHER BETTER COKING COALS.
K. Y. KING..

ABSTRACT.

The purpose of this study is to find the possibility of the Shengkengshan -
co-al for t-he.p_r_gg:_l__u_c_t;i(pn of metallurgical coke for the proposed iron and steel
industry on lower Yahgtze.

Agglutinating power, low temperature carbonization, and horizontal gas
retort tests have been applied to verify the possibilities of different coal blends. -

Conclusions drawn are based upon the results of the tests that it seems
‘hopeful to blend Shengkengshan coal with 40%, better coking coals to produce
blast furnace coke, '

It fs found also that medium grade bitumites§ {Bm) blend better with
low grade bitumites (B!} than the high grade bitumites {Bh).

INTRODUCTION.

Most of the coking coals in China are situated in the northern part of
this country. Though there are coal fields in the central and southern part,
their characters are not quite known and therefore the sﬁitability of these
coals for the manufacture of blast furnace coke has to be carefully studied.

The success of the proposed iron a®d steel works on the lower Yangtze
- using the iron deposits in that district! as recently planned by the Government
depends largely on the availability of cheap and good coke produced from coals
located not too far away. '

A good blast furnace coke together with cheap transportation are always
esseuatial to an iron and steel industry. To lower the first cost in transporta-
tion, a coal field close to the iron deposit is undoubtedly desirable: Naturally
the coal fields of Chinhsien and Hsuancheng in Anhui® producing 2 medium
bituminous coal came first into consideration, but their high content in ash

For the significance of these names, see W.H. Wong: Classification of Chinese coals,
Bull, Geol. Surv, China, No, §, 1926,
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and sulphix‘r together with insufficient reserve as maintained by geologists
should place this field at best asa qecondary source of supply. The coking
properties of the Liehshan and Luichiakou coal fields of northern Anhui®

~are yet little known and proper investigation is now under way for
their evaluation,

’I"he_ Shengkengshan coal field® is easy to reach and situated not far
from the proposed plant site somewhere near Pukow. The coal is of a low
grade bitumite (Bm)® and possesses .a medium variety of coking quality,
ranging from moderate coking to non-coking. Using 1009% of this coal for
coke manufacture s_eéms to be impossible, but ceal blends with a better coking
coal will naturally improve its quality, .

The Chunghsing coal of Ihsien, south Shantung, has long been regarded
as one of the best coking coals in China. It possesses not only high aggluti-
nating power, but also is l6w'in ash. The coke from this coal produced in
native bee-hive ovens has been known for its excellent quality. The mine is
not far from Shengkengshan and therefore the two coals can be easily brought
together. Coal from Kailan mines also proves to be of high agglutinating

power, the chief dr awback in this coal is its high ash content. If the special
washed coal is used, the ash content may be considerably lowered. 'Though
it is far away from lower Yangtze, its location can afford a cheap trans-
portalion by water route.

It was therefore suggested that blending Shengkengshan coal with a part
of Chunghsing or Kailan coal in certain suitable proportion might result in a
good mixed coal for blast furnace coke. If it is possible, though at present it
still needs further confirmation by large scale test, to produce a desirable
metallurglcal coke in this- manner, the rather inferior cokmg coals from
Shengkengshan can be utilized for useful purposes, and on the other hand,
there will be a great saving of excellent coking coal from other mines.
Excellent coking coals in China are rather limited, so economical conserva-
tion should be considered.

Studies along this line have been made for sometime and the following
is an account of the work which has been done so far.
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The study of this subject was carried out in three-different parts,
‘namely, (1) Agglutinating test, (2} Low tem.pgr_atur’? carbopization assay and
(3) Horizontal gas retort carbonization. The procedures and observations of
the experiments are described in the following,

TEST FOR MEASURING TH E AGGLUTINATING POWER OF COAL.

Since 1870 Richtets®, 18g5 Campredon’ proposed to test the agglutina-
ting power of coal, many observers have thoroughly investigated on this
subject. A good summary on this subject is fully given by S. M. Marshall,
and B. M. Bird® so that it is unﬁecessary_to review them again, In general
the tests involve ‘‘the carbonizationlﬁndef standard conditions of a small
sample of carefully prepared coal, either alone or mixed with-inert material,
and some tests of the resulting coke buttons which serve to indicate the
agglutinating value of -the coal”?; the inert material used being either
quartz, electrode carbon or coke, '

Aftet careful consideration of the used methods and availability of
apparatus and materials, the following procedure is choosen for the agglutina-
ting test on the coals and coal blends used for this study.

Inert material employed in the test being a high temperature coke with
a maximum of 2'.2% volatile matter, This type of coke is readily available
on the market. Large quantities are purchased for storage to minimize the
variation of coke obtained at different times. The cokes are grounded to
‘pass 40 mesh (Tyler Standard) and retain on 6o mesh sieve. Above 40 and
under 60 should be discarded. Samples are carefully taken and analysed.

A part of the coal samples are sampled and supplied by the mines. They
have been securely packed in cans and boxes during tr:ihSport. Another batch
of éamples are collected by Mr: Y.'S. Chi of our Survey., They are packed in
‘sacks of about 200 Ibs each. Owing to heavy rain in the summer season, these
samples have been considerably weathered. All the samples are air dried at
room temperature and pulverized to pass 60 mesh sieve in Braun Pulverizer
and stored in glass bottles with a metal clamp lid. Proximate analysis of coal
is then made with their respective percentages shown in the attached tables
(I and II}). Some proximate analyses of the same type of coal supplied by
other laboratories are also included.
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The proportion of 1:6.6 that is 1 part of coal to 6. 6 pirts of coke is
adopted after a series of experiments. This ratio of coai and. coke will
produce a loose button which crumbles to touch by fingers when made from a
very feebly coking coal. The total .we_lgzht ‘of the sample button h_efore car-
bonization weighs I%.5 grams (1o grams coke and 1.5 gram coal). zo éarhpleq of
coke of 10 grams each are weighed out and then another set of zo samples of
coal of T .5 gram each. One sample of coke and another of coal are carefully
and intimately mixed. The mixture is then transferred into a 30 cc crucible
and a _weight of 5 kilograms is applied for 1 minute after leveling of the
surface. The empty space in the crucible is filled with coke of 20-40 mesh sieve.

The furnace is electrically heated and in the form of a muffle. The furnace
is heated to g60°C before the crucibles are put in. The time of carbonization.
is set at Yo minutes. The temperature in the furnace should reach g50°C
within 5 minutes after the crucibles are put in. The crucibles are laid aside
for about 2o hours before ~crushing: The weighing and mixing of the
buttons are usnally performed in the morning and the carbonization in
the afternoon. - The mnext morning, the buttons are crushed for estimating
the aggintinating value (Plate III).

The testihg is made_on a very simple apparatus shown in the figure
(Plate I1), The value is ascertained by the number of times the carbonized
button can stand the force of a metallic plate weighing 140 grams drcrpping
from a distance of 6 cm. This test is not at all satisfactory for many reasons
and therefore changes are now being made. It is intended to apply an
‘increasingly steady force by using lead shots or iron shots for crushing such as
used in testing cement briquets, This should give more t*ead_abl_e values than
the numbet of blows as now indicated.

A comparison of the coking values of Table I and II, there seems that
the samples, except No. 587, collected by Y. S. Chi have in géneral a lower
value than those supplied by the mines. The values for blends are still lower,
this is mainly due to the difference of Chunghsiﬁg coal used. As I have

mentioned, the tremendous amount of rain in the summer 1932 should have
played an important part in the weathering of coal. Since the coal samples
were stored in sacks and considerable time was required during the transport,
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and besides this batch of sample weighed over two tons, it was very hard to '
store them indodrs at the time of heavy rainfall. Consequently more weathering .
has occurred.

With the exception of znd seam South, the ash percentage of all the new
samples are much higher, but its difference does not affect the agglutinating
value. very much." A striking difference is noted between the samples from
Tatung M_ining'Co. Of the former samples collected by the mines had ho sign .
.of coking at all while the new sample (average sample} shows a little better
than all the other ones.

LLow TEMPERATURE ASSAY.

Gray and King of the British Fuel R_ése'a_rch Board!™ have devised a
laboratory method for evaluating the approximate by-produets of - coal.
This method has been recognized as a good test for indicating the coking char-
acter of coald, In lack of apparatus for this test, a still smaller coal assay
method is devis-ed and used, The general principle is altogether the same
as the 20 gram assay. '

This method consists of a pyrex tube of zo cm long 2.5 cm diameter
holding a coal sample of 10 grams. The tar collector is a part of U-tube. The
- gas-washing tule is simply made from two cheap type pipettes bending in
such a mann er as to be easily connected to the tar collector on one end and

- gas holder on the other. A large bottle ot 3-liter capacity is employed as the
ga§ holder. The gas entering at the top displaces the water which is saturated
with coal gas from previous tests. The displaced water flows to a leveling
bottle of 2 liter capacity.

The operation is very simple. A ten gram sample (dried at 105°C) occu.
pies the lower three-fifth of the tube and is connected to the tar "c_ollector
which is dry and empty. Eight cc of normal sulphuric acid is charged into
the ammonia absorption tube for the a_bsorpj.'io-n of ammonia and other basic
gaseous compound that are coming through. This is connected next to the tar
collector.

The pyrex tube filled with the prepared sample is inserted partly into an
electric tube furnace which is heated to 300°C beforehand after the current is
raised. The temperature i3 gradually increased. The rate of heating is so
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arranged ‘that at the end of 1 hour, the furnace attains a temperature of 600°C,

which is measured by a base metal thermocoupie. This temperature 600°C is.
maintained for another hour or more until the gas evolution is prdctlcally
ceased. - Usually one hour at 600°C is sufficient for complete gas evolution.
The total time of carbonization is 2z hours and 10 minutes. '

The volume of ga_s can: be easily measured by the calibrated scale on
the bottle, The total_\golur_ne of gas is collected to 159C as saturated gas. The
tar, liquor and gas are not carefully estimated since they have no direct con-
nection on the whole experiment.

The general arrangement of the apparatus and also some of the cckes

~ formed are shown in accompanied photographs (Plate, I 2, IV, V). A description

of the resﬂlting low temperature coke and a comparison of the coke and the
coke button from volatile matter determination are fully given in Table I1I,

CARBONIZATION IN HORIZONTAL GAS RETORT,

After initial-testings in the methods described, a decision was henceforth
made that a larger sample of blends should be used for testing their suitabil.
ity for coke manufacture. My colleagne, Mr. Y. S. Chi, was so kind to have
collected nine new samples about 460 Ibs each on a special trlp It was quite
unfortunate that during this year heavy rainfall in North China has resulted
in washing out all the fine particles from the coal in the sacks.

Preliminary tests of these samples showed little difference with the old
ones inspite of the fact that they are considerably weathsred. Subsequently
they were all ground topass 1/4” in Braun laboratory crusherand intimately
mixed by hand with Chunghsing dust in the proportion of 4 to 6, that is, 40%
Chunghsing and 60%, Shengkengshan. The sieve analysis of two samples after

- crushing is shown below.

Sample Chunghsing | Shehgkengshaﬁ
on 1/4” 77% 25%

on 10 mesh 169, 40%
under 10 mesh A 35%

Two lean blends with 709, Shengkengshan were also mixed for testing.
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The tést was made at the Horizontal gas retort of Peiping Union Medical-
College. The retort is made of fire brick and'{om}_ in a bench. By not disturb-
ing the gas generation of P.U.M.C., by-product estimation was abandoned
| eht-i.rely and only coke was concerned. It took 8 hours for heating a charge of
300 lbs at a maximum tempesature of 9oo°C, The charging and discharging
were made by hand.

Owing to many difficulties the conditions for carbonization are differed
from those of standard carbenizatlon. Therefore the retorts were not fully
charged, temperature was lower than usual and the timie was limited only to
eight hours.

- Nevertheless, the tests were made, and slightly shiny surfaced cokes {Plate
VII} were produced. The coke appears quite hard and difficult to break. Shatter
and tumbler tests are unavailable for testing the coke strength here; onfy the
analysis is performed'. The results are shown in Table IV. Examining the
coke by Rose Métbod#’ there are numerous black and very hard infusible
particles cemented in the cokes of fairly porous str;icture (Plate VIII,). Ash
determination on th_ese particles shows that they contain as high ‘as
40% ashl Accordingly, they are the ash forming material and probably could
be washed out if coal cleaning plant is provided.

In one sample, that is 40.60 mixture of Chunghsing and Tatung, the
infusible particles are only present in small quantities., The structure of this
sample is different from the rest and possesses 2 quite uniform cell structure.
{Plate VIII 1 & 2 ). But the surface remains dull as others, except it feels a

little harder and more porous.

According to the observations on coke structure, it seems that the .ash
content has an important bearing on the porosity as well as the hardness of
coke. In all cases, the smaller the agh content, the more porous is the
structure. |

DISCUSSION,

Both coals from Chunghsing and Kailan of the Bm type are taken as
excellent coking coals in this country. And those of Tzuhsien and Linhokou
of the Bh type, as far as the native bee-hive oven tests have shown, are also
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of good coking quality. The chief ‘difference between these two types of
coal lies in the f_act that the former two are highly swelling coking coal and
the latter are only of moderate swelling. This can be shown very evidently

by carbonizing the coalsat 600°C in the carbonization test.

Furthermore, Shungkengshan ccal (Bl type and poorly coking) bleads
with either Chunghsmg or Kailan up to 50% showed still not,lceable swelling
in the carbomzatlon test, while these blends of Tzuhsiern and Liuhokou do
‘not form quite shiny but loose coke at the temperature of 600"C - When the
agglutinating test is applied, Tzuhsien and Liuhokou blends even at the
amount of 60% coking coal showed little evidence of coking, and cracked
~ very easily at the test. On the other hand, blends made of 30-40%, Chung-
hsing or Kailén and 70-609% Shungkengshan medium coking coal shows con-
siderable strength of agglutination and the values can be compared with

those of 1009, Tzuhsien and Liuvhokou.

In evidence of these facts, the excessive swelling in coking coal proves
to. be not entirely necessary in the coke formation, but would be very useful
in blending the poorly coking coals.. The normal swelling cokmg coals such
as Liuvhokou and Tzuhsien are merely good for producing coke by itself
and of no advantage for blending other coals. In other words, low volatile
bituminous coking coals of the Bh type are only good for making coke alone
while Bm coals or medium volatile bituminous coking coals are useful for
blending purpose depending on their special property of excessive swellil:lg.
By this manner, that is, blending with a coking but non-swelling ceal, the
excessive swelling can be somehow eliminated with a result of having a
normal swelling and good coking coal. Tests made with Kailan coal give
very similar results which proves that either Kailan or Cbunghsing coal
might be used for the same purpose. ' o

The general appearance of low temperature coke from 409, Chunghsing
609%,  Hwainan (2nd holé, 1st seam} of Shungkengshan is quite similar to that of
Linhokou (Plate VI) any even the agglutinating values are alike. Blends
richer in Chunghsing (50% up) shows considerable swelling, giving a coke quite
shiny, and can be easily crushed owing to the porosity of the coke. Blends with
lower percentage in Chunghsing (20%, down) give a mass of jet Black color.
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compact; little shiny in places, quite fissury'and’ non-swelling. Chunghsing
in 10% gwcs a coke of little difference to 09, Chunghsmg or 100%, Shungkeng-
_shan coal. Basmg upon these evzdences from the tests, one might say that the
blends made of 40%" Chunghsing, 609, Shungkengshan would produce a
~ desirable coke for blast furnace. However, only large scale experiment
- in coke oven will defmlte]y prove its suitability for metallurgical coke and
assure the practical ratio for constituting the blend.  This seems rather
iexpenswe for expenmental purposes.. Consequently, arrangement is made
with Peking Union Med:cal College to use their gas retort for testmg
This 1s, of course, not quite as satisfactorily as ovens, yet its indication will
probably justify further experiments on full scale coke ovens.

_ Since Shungkengshan coals include a wide variation of coking quality in
different regions and also in different seams, assurance should be obt'ained
first as to whether that seam which proves to be promlsmg under test is of
considerable reserve, or other seams may prove to possess similar property and-
can be used along with it. Of the six samples (No. 483 4881—d1ﬁermg in
seams, supplied by the Hwainan Coal Mining Administration of Shungkeng-
shan, the third seam of the 4th hole west in the south and Ist seam, probably_
also the 3rd seam of the 4th hole west in the north (designations according to
original labels) are of the same general propei'ty as that of the 2nd hole 1st
seam, This gives a more wide Iimit in the coal reserve that might possibly be
blended with other coking coals of highly swelling nature in the ratio indicated.
Low temperature assay and agglutinating value test show evident similarities
between these three coals of the 4th hole west and that of the 2nd hole 1st

seam. All these were made in the proportion of 40% Chunghsing 60%
Shungkengshan.
Coals from Tatung Minirg Company of Shungkengshan seem to be of

infetior coking quality. Tests on the individual samples from different seams
showed feebly coking quality, while of the average sample No. 432 has no siga

of cokmg at all.
Among the samples collected by Mr. Y. S. Chi, the average sample of

Tatung coal stood out as the best coking quality of the whole lot of Shung-
kengshan coals. Not only tue agglutinating value is high, but also the general
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appearance of coke, hardness, porosity as well as the ash content are better’
than others. Probably the ash forming material such as shale and slate hinders_
the coking quality of the others. This is shown i in the analysw the ‘higher the

ash content, the lower the agglutinating number. It is therefore suggested, if

these coals were washed, they might improve the coking quality of the coal a

- good deal. Float and Sink test will be applied to new samples to verify this

point.

All the other samples are moderate coking, but none can be compared
with that of Tatung both in the original coal and coal blends. Perhaps the
general characters of Shungkengshan coal are alike and the chief differences are
‘'mainly due to the percentage of ash content and the relative presence of
durain and vitrain in the coal.

_ In the mean time, due to the difference of the samples collected at diffe-
rent times and also the wide variation of weathering conditions, due to difficul-
ties in transporting the samples from one place to another (it took practically two
months to transfer Mr. Chi’s samples from the mine to Peiping); due to handi-
cab'in apparatus for crushing and mixing large quantities of coals, large scale
experimental test at regular coke ovens (Chinghsing Coking Plant of Shihchia-
chuang, Hopei} as originally planned does not seem to be worthwhile, But,
according to the tests so”far made, there still lies a strong ‘hope that Shung-
kengshan coal can be used for a fore noble purpose after being mixed with
better coking coals. This purpose is the production of blast furnace coke for
iron and steel industry on lower Yangtze. |

Hsuancheng and Chinghsien coals are quite promising for blast furnace
coke as far as the samples have shown in the test. It seems that Hsuancheng
coal has a higher agglutinating value than Chinghsien, but, opne weathered
sample showed no sign of coking at all. At any rate, these two fields are of
little importance as their total reserves are not yet sure and these coals are
geaerally ta6 high in sulphur and ash. Their utilization. must wait for further
investigation,

SUMMARY.

_ a. Coal from different seams of different Shungkengshan coal mines col-
lected at different times are not alike in thefr coking properties,
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b. In the first batch of samples, 1st seam S. No. 2 hole and 3rd seam
S, st seam N and 3rd seam N'of 4th hole of Hwainan Mining Administration
produce a coking coal of non-swelling nature but form compact and hard mass’
of coke.

c. '40% Chunghsing or Kailan coal used in blending the above four
coals could produce a good coke comparable in shape and swellness with
the coke produced from Liuhokou or Tzuhsien coals alone.

d. Coals from Liuhokou and Tzuhsien are not good for blending but

‘those of Kailan and Chunghsing are very good for blending poor'coking coals
because of their special property of excessive swelling.

e. Tatung coal of Shungkengshan was not. mvestlgated seam by seam.
The ‘average sample as tested can hardly form any coke even with the ratio
of the blend increased to 609%, coking coal, but a new sample showed a much
better coking quality, even better than all the other samplés from the same
field. The new sample collected by Chi should be consu:lered as the repre-
sentative sample.:

f. Tests in horizontal gas retort indicate that the new Tatung average
sample mixed with 409, Chunghsing coking coal produces a quite desirable
coke according to the general appearance. -

g. Aside from inefficient transportation facilities and shortage of
proper machanical appliance, a trial test on a large scale plant seems worth.
while.

h. Hsuancheng and Chinghsien coals look quite promising for the
production of metallurgical coke except for their high ash and sulphur content.
But this conclusion is based only on a few samples under test.

i. The medium grade bitumite (Bm) such as Chunghsing and Kailan
coals are far better for blending purpose than high grade bitumite (Bh) from
Liuhokou and Tzuhsien on account of the excessive swelling character.
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_ _ "TABLE 1
Proximate Analysis and Agglutinating Values of Shungkengshan Ceals and their Blends.

"(Coals supplied by mines)

_ ; ; P . Heating | Agglutina.
{Lab. No. S;rg'ple Co_al. prevenance  (Moisture Vn?:ftttl;f f;:ggn Ash. Sulphur valgeg tgﬁlg
. _ (calories) value
itwainan Coals _

483 T west 4th hole 1st seam 8| 2,42 33.75 [48.53!15.30 — 6577 | crumbles
484 3 o 2nd ,, S 174 | 33.47 [39.63|25.16] —— | 5558
485 3 »w . 3rd ,, 8§ z.ar 36.32 |48.67 | 12.90 | ——m- 6713 2

- 486 4 »» Ist ,, - Nl 2,03 39.60 |48.54| .81 | ——o 6712 2
487 5 wo3rd ,, N o215 | 40.35 [48.35| 9.15 - 6667 T

- 488 6 » 4th ,, N[ =z2.355 36.95 | 49.30 | 11.20 b6y T
433 7 znd hole 15t seam S 1.45 36.62 | 30.41|11.52| 0.54 6841 2
335 8 -1st hole 2.49 37.32 [51.61{ 8.58/ o0.go 7020 —_
356 .9 2nd hole 1.75 37.93 |51.70| 8.62| 085 7083 -
357 10 4th hole 2.9I 36.46 | 52.88| 775 | 0.68 7252 —

' 11 1) Hwainan 3.30 32.59 |50.9I|13.20| 1.26 6615 -
| Chunghsing, mixture, _ _ .
12 90% 433, 10% 369 1.29 36.56 |5I.10 | 1X.05| —— 7004 2
13 80% 433, 20% 369 I.14 30.07. 152,37 | 10.42| —— 7258 5
14 70% 433, 30% 369 1.00 | 35.83 [53.49| 0.73| — 7247 4
15 00% 433, 409, 369 0.84 35.46 |54.60| 9.09 7403 5
16 50% 433, 50% 309 0.78 34.82 |55.83| 8.57( o0.61. 7507, 5
17 40% 433, 60%, 369 0.61 33.89 |57.691 7.81 7712 i
18 90% 433, 10% 374 I.25 37.97 | 49.18 | 11.60 | —— 6709 2
19 80% 433, 20% 374 1.19 | 37.47°|49.70 | 11.64| — 6771 2
20 70% 433, 30% 374 I.13 | 37.20 |49.85|1r.82 —— b7ts 3
21 609% 433, 40% 374 | 1r.0X 36.76 {50.31|11.92| —— 6745 5
22 50% 433, 50% 374 . 0.93 | 36.28 |50.18| 12,01 e - 6gob 5
23 40% 433, 60% 374 0.73 | 35.26 |54.80 12,12 ~—0 7074 7
24 70% 433, 30% 365 | 1.28 | 31.52 [54.33|12.87 —— 7227 3
25 609, 433, 409, 365 1.24 30.54 154.81|13.31( ——u 2171 2
26 50% 433, 50% 363 I.20 | 30.56 |54.79113.45| — 7272 2
27 40% 433, 60% 365 | 1.14 | 3026 |54.95(13.65| — 7248 3
28 70% 433, 30% 319 I1.I5 | 31.25 |57.03|10.57| ——0 7633 2
29 - 60Y%, 433, 40%, 319 1.05 .| 30.40 [58.37|710.18] e =642 2
30 50% 433, 50% 319 | o0.98 28.92 | 6o.10 [ I0.00| —— | - 7703 2
31 | 40% 433, 50% 319 0.84 27.21 162.45| 09.50 —— 7780 2
Chunghsing, Mixture, |.
32 60%, 483, 40% 369 1
33 166% 484, 40% 369 2
34 60% 485. 40% 369 5
35 60%, 486, 40% 360 4
- 36 60% 487, 40% 369 3
37 60% 488, 40% 369 | 3
342 38 Tatung, 15t seam 2 70 4185 4268 | 12,79, 0.62 . 6200 ——
343 39 , 2nd 3.12 36.54 |54.14| 6.20| o0.60 7027 —_—
344 40 v 2znd ,, 2.94 37-33 |52.73| 7.10| o0.74 7108 -—
345 4 ' 3rd 2.43 | 3661 [s54.80| 6.16| 1,10 69go _
© 34b 42 o 4th ,, 2.96 35.85 | 50.77 1 10.42| 0.75 6884 -
347 43 v 8th -, 1.70 | 28.93 [45.80|23.51| 1.50 5857
432 44 - @average . 1.93 33.49 | 42.78|22.00 5054 | crumbles
45 (1) , st ,, 2.24 31.42 | 48.54 1 17.80 | 0.73 ‘590X
46 (1) " 4th I.17 36.87 | 45.40] 10,50 1.10 6280
47 (1) ' sth ,, 0.70 37.74 | 50.67 1080 o0.74 5784 —
48 {z) ” 3.56 32.27 | 44.59119.58 | 1.21 6722 —_—
447 49 Hsuanch’eng, Anhyi, .| o0.25 30.20 |44.48 ! 25.07 | 6.37 6063 I &
448 50 o, o 0.10 | 33.34 |46.68119.88¢ 4.58 6394 I2
449 '5I Chinghsien, Anhui. 0.27 20.83 |57.40 15.50 | o.7L 7307 9
450 52 I ye o0.20 | 28,22 [58.06|13.00} 0.71 7469 6
319 53 T’zuhsien, Hopei. 60.36. | 21.94 |69.46| 8.24| — 7975 5
365 54 Liuhokou, Honan. 1.07 23.68 | 60.05 | 15.20 | —— faaly 5
-366 55 Chunghsing, Shang- 0.50 28.20 |58.50:k11.80| 0.66 7504 | —
_ tung, (Tats’ao) : S : '
367 56 Chunghsing, Shang- 0,38 29.68 |58.64|| x1.30| 1.16 7627 ———
: . tung, (Siaots’ao) o
368 57 Chunghsing, Shang- 0.24 30.82 {58.76! 10,18 | —— 7734
- tung, (not washed) 0.95
369 58 €hunghsing, Shang- 0.40 31.75 |61.05| 6.80| — 7990. at
. _ . tung, {(washed slack) .
374 50 Kailan, Hopei. 0.42 31.98 i55.20 12,40 —— 7435 20
. -(special washed) oo
6o 60% 369 40% 432 2
61 | 609 374 40% - 2
62 60%, 365 409% ., 2
63 60% 319 40% . 1

1. Anal;}sed by a Laborétory in Germany

2. A_n%lysed by -C:ilaiotung University, S_ha,ngha-‘i'
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TABLE II.
Proximate Analysis and Agglutinating Values of Shungkengshan Coals and their Bleads

(Samples cullected by Y. 5. Chi)

Lab. No. | Sample | Coal provenance | Moisture ‘::;:tt;lre. cl;lr’;}eo(‘in Ash |Sulphur H::lttigg Agg?:;ig:tlng _
582 ° 64 3rd seam N. 4th hole t.77 | 32.51 | 5I.32 {I4.40| o.60 6900 I
' -west (a} (¢), Hwai~ ' : o '
- . .nan ' : . ' .
580 65 3rd seam N. 4th hole 1.22 38.43 | 43.75 (16 60| —~— 5907 2
1 west (b), Hwainan : _
. 579 66 Ist seam N. 4th hole .64 37.06 | 47.79 |x3.51| o0.39 | 6326 2
' -west (a), Hwainan, | :
577 67 1st seam N. 4th hole I40 38.34 | 46.06 |14.20{ —— 6374 2
: : west (b), Hwainan | . :
583 68 2nd seam S. 4th hole 1.70 30.88 | 5277 |14.65| 1.83 6865 2
: west, Hwainan : : :
548 69 3rd seam S, 4th hole 1.60 32.32 | 45.38 {2050 — 6157 crumble
west (a), Hwainan _ _ :
581 70 | 3rd seam S. 4th hole | 2.15 36.13 | 39.77 |21.95| 2.29 | 3479 | crumble
west (b), Hwainan _
584 7I Mixed coals from 2nd 1.87 30.46 | s1.9x (15.76] 0.87 | 6815 1
seam 5. & 3rd seam
N. 4th hole W., . -
_ Hwainan
585 72 Mixed coals from 3rd | z.04 32.58 | 48.59 |16.79| 1.71 6470 2
' - seam 5 & 3rd seam -
) N. 4th hole W,
: Hwainan :
586 73 3rd seam S, 2nd hole 2.20 31.10 | §2.00 |14.70| 085 6gzo 14
' "~ E.. Hwainan
587 74 Tatung average. 1.49 33.03 | s2.20 |13.28| 0.66 7011 3
506 - 75 Chunghsing dust. 0.80 30.42 | 55.43 !12.35| I.7I 7570 I9
Chunghsing Mixtures o . o
76 | 40% 596 60% 587 .19 32.9T | 53.14 |I2.76| —— | 7140 4
27 40% ,, 609, 586 1.10 30.52 - 53.06 |15.32| —— 7331 3
78 | 40% 596 60% 585 I.40 31.93 | 3I.47 |15.20| —— | 6921 2
79 | 4% . 60% 584 1.87 30.46 | s191 1576, —— | 6705 I
80 | 40% ,, 60% 578 1.57 30.01 | 5097 [I7.45| —— | 6075 I
8. | 309% . 70% s8I 2.I2 32.44 | 50.04 |[I4.50| —— 6821 I
82 40% ,, 60% 583 . 1.83 30.05 | 55.80 [12.26] —— | 7365 2
83 | 49% ., 60% 577 1.37 37.13 | 48.44 [73.06| —— | 6010 4
84 |30% . 70% 579 1,32 34.15 | 49.46 [15.07| —— | 6700 4
85 40% ,, 609% 580 0.61 30.56 | 55.78 {13.05] —— 7304 4
86 | 40% , 60% 582 1.87 30.46 | 51.91 |15.76] — | 68006 2
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TABLE I

Comparison of General Appearances of Coke’ Button and Low Temperature Coke

(Coal supplied by mines)

Lab
Nao, |

483
48?t
485
486
487
488
433

432
447
448
449
450
319
365
369

374

WM g O

Coal Provenance

. Appearance of coke Button

Appearance ot Low Temperature
~coke at boo°C :

Hwainan Coal Mine, Shungkeng-
shan, Anhui, 4th hole, west 1st

" seam S.

Hwainan Coal Mine, Shungl.eng-
shan, Anhui, 4th hole, west
2nd seam S. -

Hwainan Coal Mine, Shunokeng :
west

shan, Anhui,
3rd seam S,
Hwainan Coal Mine, Shungkeng-
shan, Anhui, 4th hole, west
Ist seam N,

Hwainan Coal Mine, Shungkeng-
shan, Anhoi, 4th  hole, west
3rd seam N, -
Hwainan Coal Mine, Shungkeng-
shan, Anhui, 4th hole, west

4th _hole

" 4th seain N.

Hwainan Coal Mine, Shungkeng-
shan, Anhui, znd hole, 1st seam
S.

Tatung Coal Mine, Shungkenge
shen, Anhui, average sample.
Shuitung Kuankuon,
ts’un, Hsuanch’eng, Anhui
Shuitung Kuankuon, Tawang-
ts'un, Hsuanch’eng, Anhui.

Huamit’ ang, Ching Hsien, An-
“hul.,

Yenkungt’ang, _Ching Hsien,
Anhui.

Yiii Company, Hsitso, T'zu-
hsien, Hopei, Top coal.
Liuhokou, Honan.

Chunghsing Company, Shan-
tung, washed slack.

Kailan - Mining Co., Kalping,

Hopei special washed slack.
60%, 369, 40% 433

50% 36950% 433

49% 369 60% 433

3% 369 70% 433

| 20% 369 80% 433

Tawang-

Dull grey-black, very, slight

surface fusion. No swelling.
‘Grey, slight surface fusion,
very slightly swollen.

Steel grey, with granular and
partly fused surface, sl:ghtly

~swollen, -

Grey, partly fused
swollen.

surface,

Dull grey, slight surfice fusion,
practically no swelling,

‘Dull . grey-black, very slight
surface fusion practically no
swelling.

Steel grey, with granular and

swollen, .

Black, loosely COherent slight
swelling,

Steel grey, lustrous, fused fur-
‘face, considerably swollen,

Similar to 447.

Similar to 447.
Similar to 447.

Silver grey, strong lustre, fused
surface, swollen.

Steel grey, lustrous, fused sur.
face and swollen

Silver grey, strong lustre, fused
surface, conmdembly swol-
len.

Same as 369, more swollen

Grey black, lostrous, fused
surface and swollen.

Grey black, lustrous, fused
surface swallen. _ .
Simiiar to B but not so

" swollen,

Similar te G, but less SWOllen

Similar to D, little swollen.

| Grey Dblack,

Dull black, coherent very fra-
gile, no swelling, little
powder,

“Dull black, coherent very fra-
gile; noswelllng,no powder.

Grey black, lustrous in places
. hand and compact mass, no
swelling.

Grey black, lustrous in places,
very compact, flssurous no
swelling,

Grey black, compact & flssur-
ous, no SWellmg

Dull black, coherent, very fra-
gile, no swelling, little
powder.

- Grey black, lustrous in places,
partly fused surface, slightly |- -

hard but fissurous, no swell-
~ ing.

Black powder mostly, little
particies loosely coherent.
Grey black, strong lustre, con-
siderably swollen.

Same as 447

strong. lustre
swollen.

Same as 419.

Grey black, lustrous, fairly
hard but porous, swollen,

Grey black, lustrous, hard and
swollen.

Lustrous, much swollen and
with hard porous structure,

| Similar to 339 with still porous.

structure.

Lustrous in places, much
swollen and with hard por-
ous structure,

Lustrous, hard,
ous.

Similar to 363 but more lus-

~ {rous.

Grey black, lustrous in places
flssurous, little swollen.

Grey black, lustrous in places,
fissurous, no swelling.

swollen por-
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GEOLOGY OF OMEISHAN, SZECHUAN®*
‘BY
H, C. T’aN aNDp C, Y.,/LEE
INTRODUCTION

After returning to Chengtu (5 #F) from Hsikang (PEEE) and the western
bor_de'r_of Szechuan, where we made one year field work, in the early winter
of 1930, we planned to take a further trip to No:_'thwestern' Szechuan, such
as in the belt of Maohsien (' and Sungpanhsien ($AJ88%), but it was told
that the climate in winter did not permit the geological work.. Thus we
'change:i our plan and decided to go to the south instead of to the north. We
left Chengtu on the 2oth of November, through Chiating (¥E%) or Loshan-
hsien (3811, and Chiachianghsien (R{T¥%) and reached on Nov. 25, 1930 the
Omei city** the name of which was derived from the famous mountain Omei-
(sometimes spelled Gnorﬁei]. Almost one month was spent in the surveying,
and we left Omei on Dec. 28 for Chiating. |

Location - Omeishan.is one of four buddhist sacred mountains in China,
they are Wutali in Shansi, Chivhua in Anhui, Put’o in Chechiang and Omei-
shan itself in Szechuan. It is about 140 km. distant southwest from Chengtu,
and situated at the latitude 29°30° N, longitude 103"20° E approximately.
The elevation of the summit has been surveyed by us, being 3047 m above
sea level and 2572 m above the Omei citv, the altitude of which was taken as
475 m from the aneroid barometer and the boiling thermometer  readings.
{Fig, 1).

Previous works—Omeishan, besides being a center of pilgrimage, is also
well‘known for its beautiful scemery and by its conspicuous feature almost
abruptly projecting on the border of the Szechuan basin and quite a fine Sum-

* This report went to press in Nov. 1932. Dr. Heim’s paper ‘'Tectonic study of Omei-
shan, Szechuan'’, sp, pub, Kwangtung and Kwangsi geol, Surv, No. XIII, came to our
notice just in March, 1933 when the proofs of the present paper were already complete.

** Qur visit in'Omeishan was shortly followed again by Dr, Heim who went there in Feb.
‘tg3t.- Similarly Dr. Heim's first visit was made two months later than our regratted col-
league the late Mr. Chao in 1928. We regret that we had no opportunity of consulting Dr.
Heim's manuscript before writing this report so as to avoid unnecessary repetition and
contugion, '
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1]

Fig. 1. Index map showing the location of the surveyed area in Qmeishan,

mer resort for both travellers and investigators. E. H. Wilson, the American
botanist, came here in 1903 for the botanical study, and recently there were
some Chinese botanists who made big collections. The geology of Omeishan,
however, was very little known. The first systematic sfudy was made by
the late Mr, Y. T, Chaol, geologist to the Natiqnal Geological Survey of
China in the Summer of 1928. He spent only five days in the mountain, and
has made clear all the essential details of the stratigraphy. The present
paper is largely based on the foundation thus settled by him. Two months
later Dr. A. Heim, a Swiss geologist, Professor at the Sunyatsen University
of Canton, and geologist to the Geological ‘Survey of Kwangtung and
Kwangsi, came to Omeishan for several days. His contribution® chiefly

1, Yatseng T, Chao, Geological Notes in Szechuan, Bull. Geol. Soe. China, Vol. VIII,
No. 2, 1929, p. 137-144. .

2z, Arnold Heim, The structure of sacred Omeishan, Szechuan. Bull, Geol. Soc, China,
Vol. IX, No, 1, p. 59-74- '
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consists in the structural interpretation while the stratlgraphy was essential-
ly based on ‘Mr. Chao’s observation. Besides these, the geo]oglcal atlas? of
Szechuan on the scale of 1:200,000 by the Japanese geo}ognst Mr, Kobayashi,
includes the Omeishan area. Unfortunately the geology and topography are
somewhat misrepresented as has already been pointed out by Prof. Heim.
Mr. C. L. Foster®, Professor of the West China Union Univers.i'ty, published
~ some notes recording scattered observations on the geology of this area. His
conclusion includes some wrong interpretations. So in regard to the geology
of Omeishan the papers of the late Mr, Cha.o and Dr. Heim remain as the
standard work. The present contribution consists mainly of the detailed
mapping in topography and geology of this interesting area and the addition
of rather minor details which have unaveidably escaped the rapid observation
‘of Chao and Heim and some explanations which are tentatively offered as
alternative to the views of the two preceding workers.

~ Method of Mapping—No modern map has been made until Mr. Chao
published his geo_logiczil sketch without however fppographic_al contours. Our
survey work was carried out with a set of theodolite, a set of plane-table, and
stadia alidade for the topography, and aneroid and boiling thermometer for
measuring elevations.
~ We started the work from the Omei city at the end of November, used
the south gate as a datum and began to survey a map on the scale of 1:50,000
,by using the stadia method and triangulation with the contour intervals of
100 m each, |

GENERAL OBSERVATIONS

From Omes city to Fuhussti—Under the winter rain and fog, we slowly
progressed on the muddy road, surveying about 5 km. in the first day. In
the interval between the city and Paoningssii ({f M%) it is free from hillocks,
except some low mounds lying on the right side of the road, and comprising
red Iclay and sandstone. The road itself is built on the surface of gravels
in which the pebbles are mostly of quartzite with the cement made up of

1. G. Kobayashi and N. Horiunchi, Geological Research in China. Vol. I, pp. 293, 295,
Atlag sheet 7.

2z, C. L. Foster, Notes on Szechuan Geology, Journ, of the West Chma Border Research
‘Society, Chengtu, Vol. 1. 1922-1923, P. 47-5L:
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yellow and orange-yellow clay. The pebbles and boulders are not uniform in
size, ranging from few centimeters to 4o or 50 cm, in well rounded form As
the Dbase of the gravels is mot exposed, the thickness is hard to: estimate,
hqwever a rough number of 30-40 m. may be guessed by comparing them with
those south of. Chiachiang.

Further southwest to the small village Lianghok’ou () the ontcrops
of red clay and sandstone have/ been met with, dipping gently to northwest,
From Lianghok’ou westward skirting along the hill foct, we climbed u'p a 20 m.
high platform, on which the temple Paokuossu ( ﬁﬁ-;"f) is situated. The
modeérate hillocks standlng before the temple consist of red clay and sand-
stone dlpplng at 58° to NW while those behind it are composed of purple-red
and greemsh -gray. sandstone and clay drppmg at 70° more or less to west with
the sequence of strata overturned. ‘According to the position of the subdivi-.
sions ‘of the Red Beds in Szechuan, the former belongs of the middle part or
the Chiating formation (E;;EE-) and the latter to the lower part, which is
named the Tzuliuching!formation { | I /& ).

From Paokuvossu going along the stréam_ southwestward for 1 km we
arrived at the temple of Fuhussi (fRp23) which is probably the largest one
in Omeishan. The outcrops along the path are purple-red clav and greenish-
gray and dark-gray sandstone dipping at 35° to S 7.5" W, the sandstone is
characterized by an abundance of mica flakes, Below this sandstone occur

the coal-bearing sandstones of the Hsiangchi® series of Jurassic age.

‘At the locality midway between Fuhussu and Paokunssi there is a hilly
path leading to Shanchiossi (#/83) where ‘the gray sandstone and dark
shale of the Hslangchi series dre a]so‘exposed, dipping at 35°—74° to west by
south. Behind Shanchiossil there is a hill with a rounded top named
Fenghuangping, (B #F) amounting to 36 m in height. It is formed of the
-white.gray limestone which is partly thin-bedded and partly massive,
underlying the sandstones of the Hsiangchi series, and dipping at 67° to east,
The dipping a.na]es cradual!v decrease westward and become almost horizontal
near Huitengssu (BB 3F). Some poorly prcserVed fossils of brachiopods and
pelecypods have been collected from the upper part of the limestone,

1. J. S. Lee. Geology of Yangtze Gorge. Bull. Geol. Soc. China, Vol. IlI, No. 3-4, pp.
378, 379.
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_Bp'th thes fossit ‘content and the str_atigraphica'l POSMOH peint to -pre;
Triassic age. _it is designated by the name Chialingchiang limestone! because
the same limestone is well developed in the lower Chialingchiang _yr'alley above

Chungking. |

From Fuhussi to Hsinkaissu—On the west of Fuhussu, the Hsiangchi
sandstone and shale crop out within a width of about 500 m dipping reverse-
ly at 40-60 degrees to west, or S380° W. Owing to the thorough weathering
of the outcrops and covermg of dense groves, the section can not be ob-
served in detail. The debris on the slopes are of grav sandstones and dark-
gray shales. - There are no coal mines in the environs, this bemg probably
due to the high inclination of strata and the thinning out of the coal
seams. As shown however by the stratigraphical succession and the plant
fossils collected at the locality near Fuhussl, the formation in this part is
undoubtedly_ equivalent to the Hsiangchi series as we have found elsewhere.
The plant fossils we collected have been. studied biy‘ Mr. C. H. Pan, the
list comprises the following:

Neocalamites hoerensis {Schimper)
Equisitites ct. sarrani Zeiller
Phvilotheca sp,

Cladophlebis cf. kamenkensis Thomas
Podozamites schenki Heer

Podozamites lanceolatus (Lind et Hutt.}

A llttle further westward below the Hsiangchi series is a thick sequence
of gray limestone inter-bedded with vellowish-gray shale and calcareous
shale, occasionally ‘with an earthv appearance on the weathered surface,
striking. S 10° E. and dipping reversely at 58°.78° to west. It is the con-
tinuation of the limestone, which was found at [Fenghuangp’ing on the
north, and extends westward to Leivinssu ({F%H ) where the beds of
purp!.e and green calcareous shales are intercalated. The total thickness
amounts to 440 m. From the upper part, just beneath the Hsiangcli
series, some small brachiopods and pelecypods wers collected.

From Chiehtuochiao (fFH#5), a wooden bridge built below the stair

Y. T. Chao and T. K. Huang; ‘The Geolugy ef the Tsinglingshan and Szechuan.
P. 153
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steps of Leiyinssi, going to south for about 5 km, we reached Hsinkaissu
(HiBASF) which lies on a hill 1500 m high. In the environs of the temple
many smalil buildings are scattered here and there on the slopes. Most of
them are used as summer resorts. |

Not far south from Chiehtuochiao the Chialingchiang limestore is
underlain by purple sandstone. and shale, dipping at 60°70" to S %0* W
with a thickness of nearly zoo0 m. Although no fessii has been found in-
this series, it can be compared with the Feihsienkuan! formation (FRAER &)
of Lower Triassic in having the same rock characters and stratigraphical
succession,

Below the Feibsienkuan purple shale and sandstone, we found a mas-
sive sheet of dark.green and gray basaltic lava of more than Too m in
thickness, the general characters of the lava, when observed on hand
specimen, may be briefly described. It shows a fine texture, consisting
occasionally of phenocrysts of white plagioclase with é'leﬂg‘th of I em or
more and a dark green groundmass.. The Amygdaloids contain quartz and
calcite. The rock is slightly magnetic and rather dense. It is usually
weathered to fragments covering the cultivated slope, and thereby the
outcrops are not clearly visible.

On the upper slope of the Hsinkaisst hill, all the outcrops are of the
dark-gray and bluish-gray massive limestone, which occasionally gives out
a bituminous odor after a fresh strike. In its lower part the limestone
is not so pure as that of the upper, but often intercalated with dark- -
gray and easily weathered shales. They dip variably at 55°-88° to N 40°
W and 'S 40° W. The total thickness amounts to about 400 m.

In the intercalations of impure limestone and dark shale of_' the lower
part, we collected some large brachiopods, according to Mr. T. K. Huang they
are:

Cryptospirifer omeishanensis Huang
Cryptospirifer siriatus Huang
Cryptospirifer semiplicatus Huang.

‘1, Y. T, Chao and T, K. Huang, The Geology of the Tsinglingshan and Szechuan,
p- !52.
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Another eollection was made at a horizon about 200 m from the bottom
from a rather pure limestone. The fossils belong to few Specws, though they
are represented by abundant individuals. Mr. Huang gives the following list:

Martinsopsis omeishanensis Huang
Athyris subtriangularis (Reed)
Schizophoria sp.
Still higher af a horizon not far from the contact with the overlying l'aira,
the gray limestone yields the following fossils.

Wentzelella iimorica (Gerth)
Neoschwargerina. sp.

According to the identification of the fossils, the limestone should be in-
cluded in the middle Permian or the Yanghsin formation, which is divided into
Chihsia and Maok’ou limestones by Mr. Huang.?

When coming down from Hsinkaissi, we took another path on the
northwest of the former one, where the vellowish-gray shale and thin.bedded
sandstone occur at Leitap’o (F#$Td%) and uonderlie the Yanghsin limestone (on
map we use the name Chihsia for it). ‘A collection of trilobites from the
'yellowish-gray loose shale was made, according to Dr. Y. C. Sun the fossils be-
long to the Ordovician and are represented by the following species © |

Taihungshania shui Sun
Acidaspis tani Sun

Lllenus omeishanensis Sun
Lilznus sp.

A PeleCVpod shell (imperfect)

From Leltap o commg down along the stream we met the same llmestonp
as that of Hsinkaissu, with an exposure of about 700 m along the path
dipping to N 45° E nearly vertically. Michelinia microstoma Yabe et Hayasaka
was collected from the lower part of the limestone and ‘Martsniopsis omei.
shanensis Huann from the middle part at Kaotungk ou (F{AC1). Further
down we passed through the outcrops of lava and purple sandstone. and shale
of the Feihsienkuan formation and returned to Chiehtuochiac.

1. T.K. Huang. The Permian formations of southern Chima, Mem. Geol. Surv. China.
Ser, A, No. 1o, p. 9z.
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From Leiyinssu to Chr'ngyi'nko-—FnlIowing the path from leiyinssu to
wast all the outcrops are purple sandstone and shale dlppmg to SE with
the dipping angles gradually’ deCI'E’iS'lng westward. When passing through
Huavenssu (&%) and Shunyangtien (HIpBREY) we found again the Chialing-
chiang limestone which extends from Fenghu angp’ing with the bedding nearly
horizontal. fu the west of Hultengssu the overlymg mantle of the limestone
was ernded away and in turn the Fe!hslenkuan purple-red sandstone and shale
are reexposed in a wide area including the localities of Ta-o-ssii ( Kl 3F)

Chungfengssu (f*42 %) and Lungsheagkang (ﬁﬁﬂ.[ﬁ}, dipping at 10%-20° to
N 10%-26° E and N 45° E.

In the vicinties of Kuangfussu (J#43¥) and Chingyinko (F5EHI) the
‘dark basiltic lava crops out again, with the same characters as that at the
slopz of Hsinkaissii, but not o profounily weathered on the surface, dipping
‘at 30°70° to N 60° E. At the foot of Chingyinko there are gorge.like narrow.
valleys on which a pair of bridges were built, named Shuangfeichiao (EEF§HE)
or Double-flying bridges, thev were or;gmally formed along some fissures io
lava, The two streams, one coming from Shihhsunkou (A2 and the other
from Hungchunp’ing (Bt FE) meet below the double bridges.

From Chingyinko to Chiulaotung —From Chingyinko northwestward there
is a path leading to Wannienssu (E@-‘#), while southwestward there are two
ways, one to Huagchungp’ing and the other to Tapingssi (X¥FIF).. We went
to the Ittter first, skirting along the hill slope behind Chingyinke. For
about 300 m, the lava is underlain by the Permian massive grav limestone
which dips to northeast and extends westward to Niuhsinssu (40>3f), where
we met the weathered fragments of vellowish-gray shale and sandstone, with
the same characters as that occurring at Leitap’o, but no fossils were found.
A little further west, the yellowish-gray_saﬁdstone and shale are in contact
with some white-gray limestone, which is quite different from Permian lime-
stone by its broken and brittle character. Mr. Chao named it the Hungchun.
ping limestone and correlated it with the Tengying limestone of Sinian age
in Yangtze gorges, Some small intrusions of granite were found in the
limestone near the path between Niuhsinssi and Huifossu (Q{ﬁ,%). Circular
laminations usually take place on the polished surface of the limestone ranging
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from few millimeters to more than one centimeter in diameter. They are
unlike Collensa which is characteristic of the Nank’ou llmestone in North
China, but may be io:med by secondary agencies, - Hu1fossu and 'lapmgssu
are two temples both situated on the Hungchunpmg limestone, respectzveiy
situated at 1,210 and I,400 m.

After coming back from Tapingssu to Kuangfussli, we started for Hung- .
chunping by taking another path along the stream southwestward, within a
distance of 300 m, the outcrops consist entirely of dark-gray lava. below which
we found the Permian limestone dipping at 60° to N 30° E. The thickness of
the exposed parts is 300 m or more. From the Jower part-we found some
small brachiopods and a curved cephalopod, which can not be determined on
account of their- poor preservations. Cherty nodules are found at some
localities. Further south we passed thrdugh two narrow gorges, both of them
are composed of the Permian limestone. One of the gorges has a depth of
30-40 m, with the walls only 4-5 m apart from each other, this is called
Heilungchiang (EEE{L) by the natives. Beyond the gorge, where the valley is

' slightly wider, the Ordovician shale seems to e present, since the outcrops
have already been found at Niubsinssii and Leitap’o which are situated north
and south of this locality respectively. But the slopes are thickly covered by
ever-green groves, though a small outcrop of yellowish.gray quartzite with
pyrite crystals has been found,

A little further southwest, the Sinian limestone appears to be in contact
with the Ordovician shale and sandstone by a normal fault, with the down-
throw on the N E side. This fault was first recognized by Mr, Chao. But

. Dr. Heim considered that here is the NE limb of a simple anticline and the
lacking of Cambrian strata is due to the granite intrusion. It seems to us that
the granite intrusive body is confined to the Sinian limestone and does not
affect the strata beyond it. The Sinian limestone has been metamorphosed,
resulting in its crushed and crystalline characters; no additional metamor-
phism can be observed as affected by the granite intrusion. No trace of granite
was found in the adjacent Ordovician and Permian strata, Some pyrite erystals
were found in the Ordovician quartzite, which do not necessarily indicate
contact metamorphism,
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The Sinian limestone is well developed in the environs of Hungchun-
p’ing, by which name Mr, Chao designated it. The prévailing sttikes are NW,
and SE and the dips to NE with dipping angles of z0°-30° on the east of the
temple and to SW with dipping é.ngles of 10°-20° on the west, this showing the
presence of a symmetrical anticline with the axis Iving at 1 km west of the
Hungéhunp’i-ng temple. . I_ri the narrow valley beloew the temple, another
granite body occurs -at the position of the anticlinal axis, which Dr. Heim
considered ‘it' to be the nucleus of the great Omeishan anticline, and of
Pre.Sinian age. This granite is different from that found at Niuhsinssu and
Heilungchiang in. the coarse-grained texture and the presence of-flesh-red
feldspar. But the gneissic texture is absant in-Doth granites, Since the real
contact is not cleariy shown, it should be questioned whether the granite is an
intrusion of a later age or belongs to the Pre-Sinian as Heim suggested. The
green rock dyke described by Heim as being cut off by the overlying
limestone;—was not seen by us in this. valley. - Mr. Foster mentions that
he has found some basic rock dykes in the granite gorge near Ssichiping?
(PZESE). It is not known whether the green rock dyvke mentioned by
Heim is the basic rock dyke found by Foster. The question needs f{urther
investigation,

Proceeding further and climbing up to an elevation of 1800 m we reached
Chiulaotung (JL#{d). a beautiful temple below the Tofty clitf. AH the strat
exposed below Chiulsotung are the Hungchunp’ing limestone, while those
above it belong to Sroungcr formations. According to thé difference of eleva.
tions and the inclinations of the strata, the thickness of the Hungchunp’ing.
limestone between the contacé with the granite in the valley and its top at the
foot of Chiulaotung can be calculated, it is about 8oo m.”

From Chs‘zd'aomng 2o Tachengsss —Above Chiulaotung the overlying forma-
tions form the steep cliff behind the temple. Within the lower 230 m the
strata are composed of deep-gray and purplish-gray 'san_dstone and sandy shale
immediately on the Sinian white.gray limestone. The contact surface can
clearly be seen along the path between Chiulaotung and Y'ﬁhsanssu__ GERIE.

1, €, L. Foster. Notes on Szechuan Geology, Journal of the West China Border Research
Society, Chengtu, Vol. I, 1922-1923, p. 4.
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On account of the sudden change of the rock characters, it shows that there was

a distinct interruption of sedimentation after the Hungchunping limestone

“was deposited, the_-lime’.sfone having undergone a considerable erosion. So we-
propose to include this formation, which Mr: Chao named the Chiulaotung

series, in.the Cambrian rather than in the Sinian as he suggested.

Along the cliff going to northwest, we reached the templé o{. Yiihsienssi
at the_elévation of 1,780 m. Below it the Chiu]aotung sandstone and shale are
overlain by yellowish-gray sandstor_ae' and shale, greenish-gray calcareous
shale, shaly. limestone and occasionally oolitic limestone dipping at 10°-1%° to
N ;5° W with a thickness of 143 m. Owing to the development of this
formation around the temple, it is named the Yihsienssu formation. At a
short distance northwest of the temple and at a horizon about 35-50 m from
the -base of the formation we collected many fossils from a dark-gray

calcareous shale, which were first discovered by Mr. Chao. The fossils include
the following species: '

Redlichia nobilis Walcott
Ptychoparia ligea Walcott
Omeishania yuhsienssiiensis. Sun
Oboliela sp.

Mr. Chao regarded the formation as belonging to the lower Cambrian
and correlated it with the Shipai shale in-the Yangtze gorges above Ichang.
From theé temple further up to Lienhuashih (EIE#A) all the outcrops are of
the sams formation, bat some of the higher peaks are capped with younger
strata. South of Lienhuashih the yellowish-gray shale in the upper-most
part of the Yihsienssi formition, yields some small trilobites. They are
ideﬁt_ified by Dr. Y.C. Sun to be a new species:

Ptychoparia szechuanensis Sun

Further south, we climbed up a steep cliff named Tzuantienp’o {#BR
Y§) ©"Sky-piercing mountain”, on which the temple Hsihsiangchih (BF5#)
is situated at the elevation of 2,110 m. On the slope and in the vi_ci_nity
of the temple.-rocks are mostly concealed under dense groves, only a few out-
crops show that this division is composed of gray limestone, calcareous shale,
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conglomeratic limestone and white-gray pure limestone, dipping at 13°-17° to
S, -7_0"’_ W wi_tl_]'a thickness of about 220 m. No fossils were found. This
series was named by ‘Mr. Chao the Hsihsiangchih formation, mcludmg the
overlying division, which is now sepafited to form the Tachengssh formation.

Within the interval between Hsihsiangchih and Tachengssu (k).
for about 2 km. in distance, the surface is almost entirely covered by ever-
green tress. [t can be inferred from the fallen debris and the pavement stone
that the essential rocks here consist of greemsh shale, shaly sandstone, gray
quartzitic sandstone, and browmah purplish and green sandstone and shale,
from Whach no fossils have yet been discovered. The thicknesq is approzlmatelv
estimated at 160 m. From the Stratigraphical position and lithological charac-
ters we correlate this formation with that at Leitap’o, pear Hsinkaissu, in
which many Ordovician fossils were collected and have bceﬁ studied by Dr.
Y. C. Sun as already mentioned above. But Mr. Chao included it in the
Hsihsialhgchih formation and regarded it as being a part of .Up'per Cambrian.
Dr. Heim on the other hand suggests it to belong to the Silurian, his statement
will be quoted as follows:

**According to my preliminary observations the lower  Palzozoic is
divided into following -divisions:

“a. Lower .......... _

b, Upper, characterized by gray slate and marls of 8o-100 m.
(Shinkaisze). It is apparently this upper division which has furnish-
ed a Monograptus found by Foster. Thus Silurian might be
present, especially an equivalent of Lungma shale of the Yang-
‘tze gorges....”

It is not known exactly what kind of fossil was found by Mr.
Foster and whether the fossil belongs to real graptolites. As we have
already mentioned before, this division yields determinable Ordovician
fossils, thus it is neither Cambrian ner Siluriarn, but definitely belongs
to the Ordovician. We propose to give it a new name the Tachengssu
formation,
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From Tachengssis to Chiehyintien — To the southeast of Tachengssu
we climbed up a cliff of about 150 m in beight named Yenwangpo ([‘E]}:
%), upon which thete is a platiorm - with an elevation of 2,450 m, slopmg
gently to the northwest and abruptly terminating on the southeast fo form
the precipitous cliff below, Along the cliff edge'- to south-west, it éxtends
as far as td_Ch'ieh\viﬁtien (3EB|E) with two temples Paivunssu (B2
) and  Leitungp’ing (H{HEE) standing ' in the northern part. On the
platform, above Tachengqsu all the rocks are dark-gray massive limestone
with bituminous odor and occasionallyv with black shales in some part.
The prevailing stnkes are S 70°-40° E more or less parallel to the cliff
‘edge, and the dips are at 10%-20° to northwest. Frqm the lower part of
this limestdne, the following fossils were collected by Mr. Chao neér
Tachengssﬁ.

Tetrapora nankingensis Yoh
Stydiophyilum gnomeiense Huang
Polythecalis cf. yangizeensis Huang

Wentzelella szechuanensis Huang.

From the same locafity- we got another collection of the same fauna. The
_upper part, exposed in the vicinity_c;f Chiehvintien has ‘not been studied
in detail, owing to the covering of snow. On the path between Palyunsm
and Leitungp’ing manv fossil sections are visible on the polished surface of the
pavement stone, most of which are transverse sections of brachiopods,

This sequence of limestone is equivalent to that oceprring at Hsinkaissu
and regarded as being the Chihsia limestone of Middle Permian age, but the
thickness is slightly reduced in this part.

Above Chiehyintien — During the foregoing days we worked almost every
day under bad weather with heavy mist. After coming up to Chiehvintien at
the elevation of 2,530 m, we were on the level above clond strata. From here
upward we p'rdeceded under bright sun shine, though the lower slopes were
still drowned in thick fog. Moreover the vegetation also becomes less abun-

dant, so that our work could proceed more conveniently.
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TFrom Ch:ehymtlen we climbed up another cliff named Chilip’e LB
which is 2,800 m above sea level. All the outcrops on the ':lope are dark-
greenish-gray volcanic lava, with white prismatic crystalq of plagioclase and
occassionally with amyvgdaloidal cavities filled up with caleite and qunartz. It
has a strong magnetic property, attracting the compass needle for abont 10
degrees. When we made the surveying on the slope of Chilipo, the back sight
from.the instrument to Chiehyintien did not coincide with the line of azimuth
of compass by a difference of 5 or 6 degrees. This magnetic power is due to

the abundant ferriferous minerals in the lava.

From Taitzup’ing (XF#) going southeastward about 1.3 km, passing
through the temples of Yungchingssi (kB 3f); Tzushihtien (FHEF R, Chen-
hsiangt’a (L& EE), Tienmenshih (XF3f). Ch’itiench’iao (LRHF) and P’u.
hsient’a (ﬁ%ﬂti we reached the top of the mountain, on which the temple
Chinting (4x]H) or the Golden-Peak is situated at the elevation of 3,035 m as
measured by our plane table surveying. Behind the temple the cliff stands
uprightly for thousand meters,

On the summii—Looking around from the peak one can not help being
deeply impressed by the thick white clouds surrounding the mountain. When
facing to east, nothing can be seen but the boundless cloud sea thickly spread
below the stupendous cliff. While on the other side, f_acling to west, the moun-
tain surface gently slopes down to west along with the direction of the inclina-
tion of the strata and submerges into the clouds at moderate distance. But
when looking off farther to west there could be seen the high mountain peaks
projecting out of the clouds and standing row by row- in the north-sounthern
direction. Among these island.like peaks in the cloud sea most were covered
with heavy snow, which are the we}l known snow mountains.in Hsikang. The
highest one of them, named Kungka (F#f) is situated between Tachienlu
and Chiulung (%) with a height of 7,500 m as surveyed by Dr. Heim?,

On the south of Chinting, there are two other peaks on the cliff edge, they
are Chienfoting and Wanfoting ({878, EfiH). The latter is a little higher
than Chinting and amounts to 3,047 m in elevation.

1. A. Heim: Szechnan-Tibet—Expedition der Sunyatsen-Universitat, Canton. Sonderab-
druch ans der Zeitschrift der Gesellschaft fur Erdkonde zu Berlin, rgszr, Nr. 7/8,
p. 289,
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All the rocks above Chiehyin'tien are basaltic lava. At some localities
near Chinting and Wanfoting it is tinted with reddish color from the.bxidation
of ferriferous minerals.

Coming down from Chinting to Wannienssu —Following the original p'qth
we came down from the top as far as to Huaventing ( 3EHRTT) whene we
continued our work along anothier path. Huaventing is situated on a small
peak with an elevation of 1930 m not far from the junction of the two puths.
The rocks capping the peak are the gray impure ‘]imestone which belengs to
the Hsihsiangchih formation, with the typical churacter as has been mention-
ed aiready Atonz the ridge to'northeast, the gray shale and sandstone were

seen to be under the impure limestone and recogmized to. belong to the

Yiihsienssi formitmn by the lithologic characters and the continuvation from
those at the Y{lisienssy temple. -Until to Chutien (7#1F%) the Yihsienssu shale
and sandstone are immediately followed by the Hung chunping white iime-
stone of Sinian age. The _lachg of the Chinlaotung formation between them

may be due to a fault with the down-throw side on the southwest.

From Chuatien t!‘1r0ug.:l__'z Changlanping (£ 2#F), Hsihsinso (8.0LBF) and.
to Kuanhsintinyg (#}.05717) all the outcrops encountered are the Siniar limestone
dipping at 16° to S 66? W near Chutien and 20°—30° to N 25° E and N 8o°
E below Changlaoping. Thi_;é there is a symmetric anticline with the axis at
the locality midwav between Chutien and Changlaoping, extending southeast-
ward to Hungchunping. .

At Kuanhamtmg, the elevation of which is 1300 m, the Sinian: llmestone
is immedi. LtPIy followed by the Permian massive limestone dipping at 21° to
east. The latter limestone is contmuoua with those ut Niuhsinssu, Hellung-
chiing and Hsinkaiissa, which have been visited before, The contact line
between the two-different limestones Iving in northwest and southeast
direction is the trace of a great fault, the. down-throw side being composed

of the formations of early Palzozoic on the northeast. This fault was first
recognised by Mr. Chao.

Below .Kuaﬁhsinting, the slope is rather steep in a grade of nearly 30
degrees. The limestone exposed is not more than 200 m in thickness, and
then succeeded by the basaltic lava. The latter is profoundly weathered,
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leaving only small fragments on the slope. Judging by the greenish-gréy de-
bris of the lava, it seems that its distribution is limited in a small area only
200 m in width. Upon the lava there occurs the seqnéi"acé"of'p'ur\ple-recl. shale
and sandstone of the Feihsienkuan formation of Lower Triassic, dipping at
about 20" to N 40* E. The"temp]e’\Wannienssﬁ (E4E.5F) is sitvated on this
formation at the height of 1,041.m.

We made a short side excursion from Wannienssu to north, the outcrops
along the path are the purple sandstone and shale, extending as far as 2.5 km.
At first the strata dip at 20° to N 50° E, {finally chapging to N 5“' W with
the dip angle slightly decreased to 15°. On the south of Ch'ip’ing (;8)
the Triassic sandstone and shale are succeeded by the white-gray brittle
thin.bedded and massive limestones of the Chialingchiang formation. The
limestone dips almost to N 16° Wand N 30° W with the dip angle varving
from 15 to 30 degrees. A stream flows across the limestone, cutting a
narrow gorge of several hundred meters in length. |

Passing through the gorge further north to Luokou (§%) we found the
gray sandstone and shale of the Hsiangchi coal series lying without notice-
able disconformity on the Chialingchiang limestone and: dipping gently to
northwest. At the time of our visit some small coal mines were being
worked at Liyao (F%). According to the informations of the miners there
are four workable coal seams with the thickness of 40, 30, 15 and 30
centimeters, Some plant fossils were collected, one of them can be 'recognized
-as Neocalamizes'hoerens;'sh_{Sc-himper). On the north of Luokou, the coal-
bearing sandstone and shale ér_e succeeded by the purple.-red sandstone and
clay of the Tzuliuching formation.

To the south of Wannienssu, we made another side excursion. Whe'n
going down to Shihhsunkou we passed thf(_)ugh the outcraops of lava and the
Permian massive limestone, then crossed the fault and finally met the Sinian
limestone. - When returning from Niuhsinssi and Chingyinko, the Sinian
white-gfay limestone, the Permian gray massive limestone and basaltic lava
were again observed.

From Wannienssti to Lungmentung ~From Wannienssu coming - down,
nearly along the strike to southeast and passing the temples of Chinlungssu
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(@#%) and Pailungtung (G H{R) we reached Wuhsienkang (FBJ§) where
the Feihsienkuan purple sandstone and shale dip at 20° ~ 20° to northeast.

Further east within the interval between thé_ieni:ang‘ and Liangfengkang
() the dip of the Feihsienkuan formation gradually* changes to south-
west instead of to northeast at 27 degrees. The Feihsienkvan purple beds are
underlain by the basaltic lava. Between the two outcrops of Ia\_ra on the
‘southwest of Wannienssi. and at Liangfengkang there is evidently a broad
gentle syncline, with the . Feihsienkuan purple beds forming the central part.
Mr. Chao made a mistake when he took the Feihsienkuan beds for the
Cretaceous red beds; this made him conclude to the presence of an uncon-
formity! between the Permian lava and the Cretabe_oﬁs red beds. Dr. Heim
repeated Mr, Chao's mistake in regarding the purple sandstone and shale as
being Cretaceous red beds but he did not believe that there was a pronounced
orogenic movement before the deposition of the red beds. ‘He contended that
there is only a local unconformity, since the red beds are completely con-
cordant with the undérlying Jurassia coal-bearing series at adjacent localities®.
But in reality the sequence in this part is not ditferent from that in other
places. " There is no evidence of any kind of an unconformity below the
Cretaceous.

The outcrops of lava are spread in a width of 600 meters and end at a
locality east of Liangfengkang. At a first glance one is easily misled by its
apparent great thickness. . But from further study on the structure one can
see that the lava is repeated in two limbs of a closed and overturned anticline
with the axis lying near the small building of Watuanshan (3§f1D.

On the opposite side of the valley the underiying Permian limestone is
exposed by an antictine rising to a height of more than 100 m above the river
bed. The limestone is easily overlooked on account of the indiscernible
appearance and mantling of lava. But at the conspicuous point on the Va:lley
wall, one can see some small water falls pouring out from some small caves
a little higher above the river bed. This condition is scarcely seen in other
rocks than limestone.

1. Yatseag T, Chao: Geological Notes in Szechuan, Bull, Geol, Soc, China, Voi, VIII,
- No. 2, 1929, P. 143.
2, A, Heim: Struciure of sacred Omeiskan, Bull, Geol, So¢, China, Vol, IX, 1930, No, 1,
PP 680' 69'
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The axial plane of the anticline is inclined to west, the strata of the
western limb dip rather gently at about 30° to southwest, while those of
the eastern limb are vertical and overturned (Fig. 2).

In order to know the extent of the anticline we passed through the river
and the small ridge of Watuanshan to go to north by west as far as to Leiyai
(FE). Between the two mentioned localities, Watuanshan and Leiyai, the
Permian massive gray limestone crops out in large area. The outcrop of the
llmestone is enclosed by la.va ﬂow, this showmg the form of an irregular
dome-anticline. Above the lava occur the wide. spread Feihsienkuan purple
shale and’'sandstone,

ST~
/_/77\/

rt

Fig, 2, Diagramatic section showing the ‘Watuanshan anticline, P,, Permian limeatone:
Py, Omeishan basalt; Ty, Feihsienknan purple sandstone and shale,

From the locality east of Liangfengkang to further east for a distance of

300 m, all the exposed rocks are purple sandstone and shale with purplish-gray

and greenish-gray calcareous shale, striking NW and SE and dippihg either to

east or somewhere to west both nearly'vertically. On account of its resistance

to the weathering the calcareous shale forms a rocky bar Standing in the river
which is called by the natives the Shihchuantza (fFfifi 3} or rocky boat.

On the east of Tiehsochiao (E&Z45) the rocks change from clayey shale to
purple calcareous shale alternating with gray thin-bedded limestone, ard
finally to white-gray pure limestone of a considerable thickness, dipping at
709-80% to SWW and occurring within a width of 500 m. The stream flows
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cutting down across it to form a small gorge at Lungmentung (REPIIR)- _'Dr.
‘Heim collected some flattened pelecypods and ammonité*é" from the marl in
the upper'part of the limestone formation.  According to Dr, T. H. Yi_n._1 they
are; '

Halobia comatoides Yin

Halobia omeishanensis Yin

Haiobia sp. A

Halobia sp. B

Posidonomya aff. Wengensis Wissmann

? Ammonites |

This series is without doubt the Chialingchiang formation which -extends
to connect with that at Fenghuangping and Leiyinsst.

Marginal hills —The marginal hﬂls on the east of Lungmentung are much
lower compared with those on the west, amountmg to only 100-200 m above
the ground level. The rocks m contact with the Chialihgchiang limestone at
Lungmentung are gray sandstone and _shale'.dipping at 60°.80% to S 65°W
with a thickness of about 400 m. They belong to the Hsiangchi series which has
already been mentioned to occur at Fuhussii where however no workable coal
seams are observed. The upper part comprises the yellowish.gray coarse
sandstone which is also micaceous.

Further east - to Huangwan (%##) the yellowish-gray micaceous
sandstone changes gradually to reddish and brownish saundstone and is follow-
ed by the purple sandstone and clay which are equivalent to the Tzuliuching
formation. On the east of Huangwan the purple beds are in turn overlain by
the brick red sandstone and clay of the Chiating formation, that is the middle
part of the Red Beds. In this part the structure is rather complicated, The
lower part of the Red Beds at first dips to SW and is overlain by the
Hsiangchi series older in age. The strata are therefore overturned. However
east of it the lower red beds turn to dip to NE; the opposite dipping directions
make the structure somewhat puzzling. But careful observation in the vicinity

T.H. Yln, sur une petite faune de mullusques provenant de la marne 'I‘nass:qne
d'Omeishan, Szechuan, Buil. Geol, Sac: China, Vol. XI, No 3, 1931, P. 249-252.

1.
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of Niangkou'(ﬁ'ﬂ) revealed that the strata are very much folded and the fold’
comprises a closed anticline with a syncline on the west. The complexity of
the structure is due to the fact that only the Tzuliuching formation or lower
part of the Red B;eds is more widely exposed with, the overlying Chiating for-
m ation or middle part of the Red Beds mostly eroded away and the undeﬂying
Hsiangchi series entirely concealed beneath. The structural feature is shown
in the adjoining figure (fig. 3).

Fig. 5. Profile shoﬁ’ing the Niangkou fold, K,, th_lliuching formation; K,, Chiating
formation,

The hillocks from here become lower and lower eastward and submerge
~into the low land in the environs of the Omei city. Rock outcrops are scarce.
ly seen, but on some of the scattered low spurs the red soil shows its deriva-
tion from the red sandstone and clay of the middle part of the Red Beds. The
land surface is entirely covered by Quaternary gravels and alluvium, the
former being occasionally exposed but psually concealed beneath the latter.

About 4 weeks were spent for both surveying the topographical map and
making the geological study.' It is a matter of regret that our work was much
hindered by the i‘ainy and foggy weather and about one-third of the time spent
has been wasted on account of this hinderance.
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STRATIGRAPHY

The stratigraphical succession of Qmeishan has been worked out by
Mr, Chao in 1928 and somewhat supplemented by Dr.A. Heim. Most of the
formations from the pre- .Sinian to the Cretaceous are represented with a great
hiatus between .the Ordovician and the Permian. From our observations,
some additional suggestions may be lurther offered, First, the Chiulaotung
formation which was regarded as Upper Sinian by Mr. Chao is better grouped
into Lower Cambrlan and secondly since the Ordovician trilobites were found
from the upper part of the Hsihsiangchih formation of Mr. Chao’ s division,
this part should be separated from the Hsihsiangchih formation and forms an
indcp_uxid_ent division representing the Ordovician, - It is named the Tacheng-
~ssu formation. With these revisions the formations of Omeishan are tabulated
in ascending order as follows: (Pl 1)

Quaternary......ve........Gravels and superficial soils

Unconformity

[Chiating formation
Cretaceous...... ¢ :
‘l Tzuliuching formation ........ 300 m

Jurassic........ Hsiangchi coal series ......... 400 m
Disconformity

Chialingchiang formation.. 380-440 m
Triissic ca.n.... e '
Feihsienkuan formation....... 200 m

Disconformity

{ Omeishan basaft.............. 350 m

Permian........ disconformity
Chihsia formation,............ 400 m

Great hiatus and disconfermity
Ordovician......Tachengssu formation .......... 360 m
| | ~ Disconformity

Hsihsiangchih formation....... 220 m
~ Cambrian ...... Yiihsienssu formation ........ 135

8

Chiulaotung formation ........ 230 m
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disconformity

‘Siniaf.e.s.oeiiee oo, Hungchunping formation .....:.. 800 m
unconformity '
Pre-Sinian............ Granite

PRE-SINIAN
Granite

The granite occitrring in the val.ley below Hungchunp’ing is perhaps the
oldest rock in the Omeishan area. It was tirst described by_ Professor
C. L. Foster, who found it from Ssuchip’ing (JUZEHEE) below the Omeishan
front cliff. He was the first to observe that the granite suffered a considerable
erosion and is in contact by an unconformity with the overlying sedimen.
taries. . If this is true, the granite must be Pre.Simian, Unfortunately we
did not visit the place mentioned. However, from the stream, which.flows
from Ssuchip’ing, the granite pebbles and boulders were seen and collected,

According to Heim the granite in the gorge below Hungchunp'’ing forms
the nacleus of the great Omei-anticline, It lies under the Sinian: limesltone
with an even surface, which might have been caused by glacial action. He.
also found the dvke of some green fine-grained basic rock being cut off by the
overlgzing limestone. |

We have visited the localitv mentioned by Heim. Unfortunately owing
to the covering of groves, the real contact surface of granite and its overlying -
limestone could not be clearly observed: Moreover, as the Sinian limestone
itself is already Somewhat metamorphosed, it is difficult to say whether it has
been further metamnrphosed by the granite. Un the other hand, the granite
has no gneissic texture to show the anamorphism in the pre.Sinian time.
Therefore our observation brought no evidence to prove whether the granite is
pre-Sinian or intruded in later age. The dyke described by Heim as cut off
by the overlying limestone was not found by us. Foster mentioned that the green
dyke at ‘’Granite gorge’’ near Ssiichip'ing is intruded into tbe granite body.
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It is unknown whether this is the dvke what Heim . states. From its
appeatance this granite is.different from thz;t of Niuhsinssd and Heilung
chiang in_ its coarse-grain, greepish-white color, containing flesh-red and
“'hite-greenish-gray feldspar in ‘larg'e crystals and lesser amount of mica.
Under mi;:roscope'i{ shows granmitic texture, comsisting of an ~abundance of
plagioclase with znnal texture and fine repeated twins; large quantity of
quartz; lesser amount of orthoclase ﬁartly'éltgréd to kaolin; biotite often 'grf.'en
or yellowish-green in co]or-partly altered to chiorite and occasiorally bent or
folded. The accessory minerils are magnetite and aptite in very small quan-
tity. Graphic texture is sometinies present with guartz crystals’ intergrown
with feldspar.

It is true that the thickness of the Sinian limestone overlying the granite
is estimated at.about 8oo m. This seems to reach a maximum figure as COmM-
pared with the total thickness of the Sinian system in Yangtze gofge, includ-
ing all the three formatio'ns; the Nantou, the Toushant’ou, and the -Tongying..
It is therefore reasonable to expect that below the thick sequence of the Sinian
limestone occur the pre-Sinian rocks. We therefore provisionally accept the
pre-Sinian age of the granite as _proposed by Foster and Heim, however still ex-
pecting to make further investigation.

SINTAN

Hunpgchunp'ing formation

The Hungchunp’ing limestone Is white-gray, gray and dark-gray in
colour, in part crystalline, and silicified though. without flint and chert
nodules or layers. In the environs of Tap’ingssi and at some locality west of
Hungchunp’ing the limestone shows some small mammillary protuberances
on the bedding plane, ranging from half to one centimeter in size, It is
not easy to explain the origin of this structure, and its form offers no
resemblance to Collenia.

CAMBRIAN

Concofdantly upon the Sinian limestone occurs the Cambrian sandstones
shales and impure limestone, which are divided into three, namely, the
Chiulaotung, Yiihsienssu and Hsihsiangchih formations. These names were
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first proposed by Mr. Chao, who regarded the Chiulaotung formation as'a part
of the Sinian and compared it with Hsiamaling shale in western bills of Pei-
ping. According to 6_'ur observations it is better to be included in the
Cambrian. And from the upper part of the Hsibsiangchih formation is se-
parated another division, the Tachengssi formation, which belongs to the
Ordovician ‘and will be described later.

Chiulaotung formation.

This is the lowest part of Cambrian, consisting of -pufplish-dark’ shale,
purple-dark sandy shale, purple- yellowish and ddrk.gray sandstone occasiopal-
ly with thin-bedded limestone in the lowest part, No fossil has been found.
Its contact with the Sinian limestone is clearly shown at the locality midwaj{
between Chiulactung and Yiihsienssu, where the limestone below and the sandy
shale above are concordant each other,

The _saﬁdstones are used as building stones and-for paving the roads. .
Both the sandstone and shale are scarcely metamorphosed, though some sand-
stone is quite compact. The resemblance of the rock characters'to the overly-
ing formation much closer than to the undeflying limestone shows that the
‘deposition continued upward rather than following the Sinian limestone. Tt
may be compared with the lower part of the Shipai formation in the Gorge
district above Ichang!, which is also unfossiliferous. The Chiulaotung forma-
tion is thus supposed to be of early Cambrian -age. The formation usually
forms cliffs and is spread in long narrow area, with the thickness amounting to
230 m.

Yiihsienssu formation.

This formation conformably overlies the Chiulaotung sandstone and
shale. It is well exposed in tbe eavirons of Yidhsienssi, Lienhuashih and
Chutien, though locally capped by the Hsihsiangchih limestone on some higher
peaks. The essential constituents are gray shale, calcareous shale, gray lime-
stone and yellowish-gray quartzitic sandstone. Occasionally there is a layer

1, J. 3. Lee, Geology of the Gorgé district of the Yangtze, Ball. Geol. Soc. China. Vol
I1, Na, 3-4, 1924, p. 365.
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of red thin-bedded sandstone at the top. Oolitic limestone is also present in
the upper part. The total thickness is 745 m.

F o_ss_ils' were collected from the horizon at about 40-50 m above the base
of the formation, They are:

Redlichia nobilis Walcott

Ptychoparia ligea Walcott

Omeishania yuhsienssuensis Sun {(gen. & sp. nov.)
Aluta sp.

Obollela sp.

Higher up, near the top of the formation, another trilobite was found in
yellowish-green shale,

Ptychoparia szechuanensis Sun (sp. nov.),

All the fossils belong to Lower Cambrian, the latter one representing the
apper part. When cofrelated with the section in Yangtze gorge, this forma-
tion seems to be equivalent to the upper part of the Shipai shale.

Hsihstangehih formation.

This is the upper division of the Cambrian system, consisting mainly of
gray impure limestone, calcareous shale and conglomeratic limestone or Wurms-
kalk. The formation has a probable thickness of 220 m. It is mostly concealed
under the dense vegetations, no fossils could be found. |

This formation together with the underlying two, extends from Hisi-
hsiangchih in the north-south direction, forming the middie part of the Omei-
shan cliff. Scattered outcrops are found on the isolated peaks of Huayenting
and Lienhuashih,

The name Hsihsiangchih formation was used by Chao for designating the
whole sequence above the Yiibsienssii series and below the Chihsia limestone,
with the now separated Tachengssu formation included, which he supposed to
belong to the Cambrian system. The upper two formations of Mr, Chao's
division, excluding the Chiulaotung series, were combined and redivided by
Dr. Heim into two divisions, lower and upper. The upper part is characterized



38 Bulletin of the Geological Survey of China

by gray slates and marls of 80-100 m, and a Monograptus is said to have been
found by Foster. He thus suggested to regard it as the Silurian equivalent of
the Luagma shale of the -YangEZe gorges,’ |

As a matter of fact, this formation underlies the Tachengssii formation,
‘which carries Ordovician fossils. If the latter is equivalent to Neichiashan
series of the Yangtze gorg‘e.' then the Hsihsiangchibh formation would be cor-
relatable with the Ichang limestone, But the presence of the conglomeratic
limeStong similar to the Wurmkalk in North_' China seems to point to Up;;er
Cambrian age, Since no reliable fossil was discovered, its age can not he
definitely settled. If it belongs to Upper Cambrian as just mentioned, then
this formation is entirely wanting in the Yangtze gofge, while there was.an
‘interruption of deposition in Omeishan with the Ichang limestone unrepresent-
ed. On the other hand, if it is the equivalent of the Ichang limestone then
its thickness is here very much reduced, being ouly one-fifth of that in the
Yangtze gorge. The stratigraphical succession was studied along the path
between Chiulastung and Tachengssu and is shown in the columpar section.

(Fig. 4).

ORDOVICIAN.
Tachengsss formation.

The new name is proposed by us for representing the upper division of
the Hsihsiangchih formatiorn of Mr. Chao. It is well developed in the
environs of Tachengssd, from which the name is derived. The essential rocks
are yellowish-gray quartzitic sandstone and green sandy shale, with reddish
and purple-brown quartzose sandstone in the lower part and greenish-gray
shale at the top.

The stratigraphical succession as studied at Tachengssu and Leitap’o, is
shown as follows:

Greenish-gray shale and sandy shale with fossils............30m

Yellowish-white-gray and gray quartzitic sandstone and quar-

tzite with green sandy shale and thin-bedded sandstone...80 m
White-gray and brownish quartzose sandstone...............30m
Yellow-reddish and purple-brown quartzose sandstone with

purple.-red and green shale ....v.iveveeiisnnacnionnanane 20 m
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It occurs in two belts, one on the cliff éxtending to north through
Tachengssu as far as to .Kungpe-ishan_ (B3 1), the other.in the environs of
Leitap’o extending to Niuhsinssi, where it is terminated by a fault.-

At Leitapo,- below HSin_kaissii, we found some trilobites and other fossils
from the greenish-gray shale in the upper part. They are:

Taihungshania shus Sun

Acidaspis tani Sun (sp. nov.)
Illaehus omeishanensss Sun (sp. nov.)
Illaenus sp.

A Pelecypod shell (imperfect).

According to the fossils it is equivalent to the Neichiashan series of
the Yangtze gorges. But the latter is abundant in limestone while the
fo_fmer consists entirely of sandstones and shales, this seems to indicate that
the Ordovician sea became shallower here.

THE GREAT PRE-PERMIAN GAP

Directly upon the Tachengssi formation rests the Permian massive
limestone, without intercalation of either the Sintan shale of the Yangtze gorge
or the Devonian and Carboniferous limestone of northern Szechuan. It is
not -ascertained whether this area has not originally received any deposits
during long period of time corresponding to the gap, or the sediments which
had been deposited in the area were subsequently entirely eroded away.
However, angular unconformity was not found.

PERMIAN
Chihsia formatson.

The Chihsia formation in Omeishan consists of a great sequence of gray
massive limestone, sometimes interbedded with dark shale, amounting to
400 m or more in thickness, and lying concordantly but disconformably upon
the early Paleozoic formations. The limestone gives out a bituminous odor
-when struck with a hammer and includes some flint nodules. In the whole
formation three fossiliterous horizons have been recognized, with the following
fossils;
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C. Upper horizon (not far below lava)
Wentzelella timorica (Gerth)
Neoschwargerina sp.

K. Middle horizon {in the middie part)
Cry plospirifer omeishanensis Buang
Cry piospirifer striatus Huang
Cryplospirifer semiplicatus Huang
Marts"m'ogﬁsis omershanensis Huang
Atkyrs’é subtriangularss (Reed)
Sehizophoria sp.

A. lower horizon (near the base)
Michelinia microstona Yabe et Hayasaka
Tetrapora .

Mr. Chao made two collections in his trip. One from Tachengssi
contains Telrapora nankingensis Yoh, Styiidoﬁkjllm gnomeiense Huang, Poly-
thecalis cf. yangizeensis Huang, Wenizelella szechuanensis Huang: the other
collection made at Chichyintien includes Wenizelella timorica (Gerth), Rhspi-
domelia pecoss Marcou, Produclus (Giganieclla) davidi Bayan, Marisnia uralina
var, Jonga Tschernychew, and Spirigerella cf. grandis Waagen.

According to the momenclature of Chinese Permian proposed by Mr.
Huang!, both the fossils collected by Chao and ourselves are of the Yanghsin
formation of Middle Permian, which he subdivided into Chihsia and Mackou
limestones. In the present paper, we still use the name Chibsia formation
for the whole series.

Omeishan Basalé

The top of Omeishan is capped By a thick sheet of basaltic lava, 1tis
wide-spread oVer the top surface gently slopping to west, a 'd also exposed
in the vicinities of Wannienssi and Chingyinko, extending more or less
paralle]l to the fault line. At Liangfengkang it is folded with the underlying
limestone, The thickness varies from place to place. At the top of the cliff,
it is not less than 350 m, while at Liangfengkang it is eétimated at only 140 m.

r. T. K. Huang: The Permian formations of south China. Mem. Goel, Surv. China Ser,
A. No. 10, p. 92.
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The rock is dark-green.gray in color with white pntmatlc crystals ol
plagioclase one centimeter in length Amygdaloids are locally abundant and
filled up with quartz and calcite. It has a strong magnetlc power due to an
abundance of ferriferous minerals in its composition. On the summit of the
mountain, near Chienfoting and Wax‘lfotfng, the rock. occasionally shows a
reddish color is somewhat unlike that at adjacent locahty Under microscope
‘the rock contains redd;sh -brown iron oxides mixed with glass, occasionally
with few microlites of plagioclase, The red color of the rock is due to the
abundant iron oxides derived {rom the decomp051t10n of the original ferriferous
minerals through weathering and oxidation. The rock collected from other
localities contains abundant microlites of labradorite in the groundmass.of
‘glass. That from Hsinkaissu includes some crystals of bornite and under
microscope some olivine crystals are found to occur among the phenocrysts.

Columnar structure was seen on the cliff below the temple of Chinting.

The exact age of the lava is unsettled but it may be of the lower
Lopingian of Upper Permian age.

TriassIC.

Feshsienkuan formation,

Upon the lava sheet of basalt there rests a series of purple or purplish.
red sandstone, shale and élay with intercalations of limestone In the
upper part, The name *''Fei-hsien-kuan’ was originally . proposed by
Von Richthofen! to include the purple shales in northern Szechuan, which
he regarded as belonging to the Silurian. Subsequently Messrs, Chao and
Huang? proved that the formation belongs to Lower Triassic. In Omeishan
proper,  no fossil was found. Since no distinct demarkation between the
Feihsienkuan formation and the overlying limestone can be established,
the thickness is thus hard to be accurately estimated for each of them,
The succession and thickness of the Triassic formation at two adjacent
localities are shown in the columnar section (Fig. §)..

1. T, Richthofen, China, Vol,.1I, p. 6oz,
2z, Y. T. Chao & T. K, Huaug, The Geology of the Tsinglingshan and Szechuan, p. 152,
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The contact between this formation and the underlying lava seems to be
concordant. However, it is believed that there exists a break between them,
and the Iava has partly suffered a prononnced erosion.
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Fig. 5. Columnar sections shawiag the successions of the Triassic formatienms in the
environs of Lungmentung and Leiyingssa.

This formation is only found on the lower slope of the mountzin, while
on the summit it has been eroded away and there is no rock younger than the
basalt. Below Wannienssi and on the west of the Lungmentung gorge, it
occurs in a large area extending in the north-west and south-east direction,
in the central part of which the older formations are exposed owing to the
presence of a small dome-anticline in the vicinity of Watuanshaa.

Chialingchiang formation.
From the Feihsienkuan formation the rocks gradually change through

impure limestone and calcareous shale to white-gray thick and thin-bedded
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brittle and pure limestone with a thickness of 380-446 m. This formation
v‘\fas first called the .Chaohua _li.mestone-by Mr, 'Clia_o and subsequently re-
placed by the present name by Mr Huang. - In the vicinities of Shanchiossi
and Leiyinssu there is an excellent section, which shows the whole formation
and from which the succession of the strata has been studied and shown in the
columnar section (Fig. 5). Three fossil horizens were found, the first near
‘the base‘,' the second about 60 m higher ‘and the third at the top of the
formation. All of them are poorly preserved. In the uppermost part of several
tens of meters the limestone, which is rather impure and shaly, was called
‘marl by Heim, from which he found remains of flattened Pelecypods and
Ammonites as have. been listed before.

The formation occurs often in association with the underlying Fei-
hsjenkuan formation and extends mostly 'in the northwest and southeast direc-
tion. In the environs of Chiping there is another area in which the Chialihg-
chiang limestone is exposed.

JURASSIC

Hsiangchs coal series

The rocks of the Hsiangchi series as we found from Omeishan as well
other places in Szechuan are chiefly the gray quartzose sandstone, yellowish-
gray sandstone, and dark.gray shale with thin coal seams. * Some plant fossiis
have been collected and include the following species:

Neocalamites hoerensis (Schimper)
Equisitites cf, sarrani Zeiller

Phyllotheca sp.

Cladophlebis ct. kamenkensis Thomas
Podozamites schenks Heer '
Podozamstes lanceolatus (Lind, et Hutt,)

At the typical locality Hsiangchi Messrs. Hsieh and Chao! divided the
coal series into two divisions, the lower being régarded as belonging to Rhaetic
and the upper to Lias. According to our field observations the upper
Hsiangchi formation is continuously succeeded by the lower Red Beds without

#.. C. Y. Hsich and ¥, T. Chao: -Geology of Ichang & neighbouring Districts, Bull.
Geol. Surv, China, No. 7, 1925, p. 58-63.
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any stratigraphical break between. Since the lower Red Beds yleld the
Wealden fauna, it seems that the Hsmngchx formatlon has been deposxted
through the whole period of time from the Rhaetic to the upper Jurassxc.
Heim had the same interpretation and said: ‘*A lithological passage was
found into Cretagic Red Beds, we would have to consider the coal-bearing

series representing the whole Jurassie period’.

CRETACEOUS
Trulinching formation.

According to our extensive experience in the greater part ot the Szechuan
province combined with Huang’s observation, the Szechuan Red Beds may
be grouped into three divisions, namely, the Tzuliuching formation the lower,
the Chiating formation the middle and the Mengchan {(%i1l]) formation the
upper part. In Omeishan occur only the Tzulmchmg and part of the Chiating

formation.

The Tzuliuching formation contains purple-red and greenish-yeéllowish
clayey shale with greenish-gray coarse micaceous sandstone interbedded. It
is unlike that at the typical locality of Tzuliuching, where we found two
beds of lirnestong'_ with plenty of pelecypods. In fact the Tzuliuching
limestones are confined in the area east of Chienweihsien (f# &#%) and north-
east of Ipinhsien or Hsiifu, (EBBWINEKH), no limestone beds of the
Tzuliuching formation are found to exist in Omeishan. The thickness of this
formation varies-from place to place. In the area here concerned if is esti-

mated at only about 300 m.

It lies conformably upon the Hsiangchi coal series without any break
between them. Althougﬁ no fossil was discovered in Omeishan, the age of
this formation ran be inferred by correlating it with that at Tzuliuching where
some Cretaceous pelecypods were found from the limestone in the lower part,
It is exposed only on the foothills of the mountain.

Chiating formation.

This is the middie part of the Red Beds, containing brick red sandstone
and clay. In the surveyed area it forms the low hillocks running out from the
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marginal foot hills, Most of the bed rocks are covered by tle red soil which
forms cultivated lands. Thus the thickness is undeterminable.

QUATERNARY.
Alluvsum (Gravels, sands and silts)

The unconsolidated gravels of more than 30 m thick unconformably lie
upon the eroded surface of the older rocks. The pébb]gs and some boulders
are chiefly of quartzite, ranging from few centimeters to 40-50 centimeters in
diameter and cemented by the -mé‘trix of yellow and orange-yellow clay.
They occuf .on' the cut surface of the road from Omeihsien to Paoningssy and
are well developed midway between the cities of Omei and Chiachiang.

Mr, Chao called tbe gravel deposition the Chengtu stage and correlated it
with the Malan stage of loess in North Chinal. On account of development
of gravels and clear section of the Min river at Tiehchi we propose to use the
name Tiehchi (& #®) stage instead of Chengtu stage.

Along and in the. river valley and on the flood plain, the surface is
almost entirely mantled by sands and superficial soil of recent time.

Grrantite snirusson.

In the Sinian limestone were found some intrusive bodies of the granite,
the location of which is quite near what is assigned to the pre-Sinian. The
granite is exposed in the gorge north of Hungchunp’ing and on the slope
south of Niuhsienssu. The rock looks somewhat different from that supposed
to be pre-Sinian found from the valley below Hungchunp’ing in finer texture
and lighter color. Under microscope it shows granitic texture and contains
both orthoclase and plagioclase in large amount. Graphic texture is also
present, quartz is less abundant than feldspars. Green and vellowish-green
biotite is found in some quantity and partly altered to chlorite. . The
mineralogical composition is very similar to that assigned to the pre-Sinian,
especially the graphic texture is common to both. Both granites contain
more p]agioclase' and may be called adamellite.

1. Y. T. Chao: Geological Notes in Szechuan; Bull, Geol, Soc. China. Vol, VI\II, No. z,
1919, p. 148.
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The age of the intrusion can not be exactly determined in this area, for

the rock occurs ‘only in contact with the Sinian limestone,

GEOLOGICAL STRUCTURE

Omeishan is situated on the western margin of the Szechuan red basin
and is a part of the mountain ranges which ¢onnect w:;th the high plateau of
Hsikanig and Tibet, the elevation of which is 4000-5000 m in av_erage_a-bove
sea level. It abruptly rises from the basin and is.about 2500 m higher than
- the latter. It is essentially formed by a gentle anticline with subordinate folds

and subsequently affected by faulting (Pl. 111), The main structural.features
may be tabulated as follows:

I. Omeishan major anticline.

Wuhﬁénkang syncline and Watuanshan anticline,
Niangkou folds.

Kuanhsinting fault.

Chutien fault.

Omeishan major fault.

A

1. Omeishan majoy anticline—This is a major structure shown by the
-divergent inclinations of the Siniain limestone in the Hungchunp’ing valley
and along the path from Kuanhsinting to Chutien. At the first locality the
strata forming the eastern limb dip at 20°-32° to NEE and those forming -
the western limb at 10°.25° to NWW with the anticlinal axis lying about 1 km
west of the'Hungchunp’ing temple. The western limb is still capped with
younger formations dipping at 10°-15° to west, while the eastern limb is faulted
down, the Sinian limestone being in contact with the lower Palaozoic forma-
tions. At the second locality the same anticline extends northward with the
axis lying _be-twéen Changlaop’ing and Chutien in the northwest and southeast
direction. The Sinian limestone dips at 24° to NE and at 16° to SW on
eastern and western limb respectively and is interrupted by two faults at
Chutien and Kuanhsinting.  In observing the anticline as a ‘whple,  the axis
tends to bend from NW and SE to N-S and pitch to north-west,

2. Wuhsienkang syncline and Watuanshan anticline~—The down-throw
side of the Kuanbsinting fault was affected by a pair of folds, which were
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developed contemporaneously -with the major anticline of Omeisilan_ and
probably, in addition, éompressed and overturned subsequehtly Iby the.in-
fluence . of the faulting. One part of the folds is the Wuhsienkang syncline
which is a gentlg broad one extending in the NW and SE direction more or less
parall.f;l to the fault. At Wannienssii and Pailungtung, where is the south-
western limb of the syncline, the beds dip at 20° to NE, while those.on the
other limb at Liangfengkang dip to SW at 27 degrees. In the cental part of
the syncline there occur entirely the Feihsienkuan purple shale and sandstone -
which are easily mistaken for the Jower part of the Cretaceous Red Beds. On -
the outer margins of the syncline the Feihsienkuan formation is normally
underlain by the Permian lava and limestone, without any indication of
angular unconformity.

In connection with this syncline there is the Watuanshan anticline, which
is formed by bending down the eastern limb of the former syncline, with the
Permian limestone forming the central core of the anticline. The strata on
the eastern limb of the anticline dip to northeast at very high angle and are

- suceessively overturned to dip to southwest at angles of more than 6o
degrees., It extends not far to northwest and ends in the form of an irrégular
dome-anticline, in which the Permian limestone crops out in the center and is

enclosed by the lava and the Feihsienkuan formation.

3. Niangkoufol.ds-—East of the Lungmentung gorge the Lower Red Beds
ate overturned and dip along with the older formations to SW with high
dipping angle, while the Middle Red Beds dip gently'to east, and there are the
folds wnear Niangkou (Fij. 3) where the strata form cloSéd syncline and
anticline, with axes lying in NNW and S3E direction. The syncline is some-.
what isoclinal Qipping at very high angles and partly overturned on the
western limb. The anticline is unsymmetrical with the western limb dipping
at'very high angles and the eastern limb dipping more gently.

4. Kuanhsinting fault— At Kuanh'simiing and Heilungchiang, the Sinian
limestone is in contact with the Ordovician shalé, Permian limestone and
other formations with a normal fault between, The fault runs in the NW
and SE direction nearly parallel to the strikes of the Sinian limestone and the
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‘younger. formations of the down-thtow side. The fuult plane is not clearly
shown at the surface, however a high inclination is believed by examining the
contact c_ond_iti_o:i_ on some steep slopes, The throw.is variable, smaller- in the
SE part where the older Palzozoic formations are in contact with ‘the Sinian
limestorie and larger in the NW part ‘where the Permian limestone comes in
contact with it. | | '

5. Chutren fauit.— Paraliel to the I{tanhsinting fault, there is another
one at Chutien. The exist,encce'of this fault is proved by the cut'ting'off of
the .Chiulaotun'g formation, bringing doewn the Yiihsienssii shale in contact
with the Sinian limestone, though the actual contact is not clearly shown.

The throw is small with the down-throw side on the Wt_est.

6. Omeishan major fault:—The lofty clitf and the dbrupt uplift of the
mountaia- is undoubtedly due to the faulting. Hcowever the fault line is not
closely .falon.g the cliff but it lies at the foot of the mountain. This can be
seen on the road from Omei to Lungchili (FE#R) (Fig. 6). It run$ in the NE
and SW direction with fault plane dippirg to SE at. rather high angle as has’
been observed at some locality southwest of Kaochiao (E#%;. In the north
eastern part it brings the Jurassic coal series down in contact with the
Sinian lifnestone, while in the southwestern part the Jurassic coal series is
in contact with both the Sinian limestone and the Pal@ozoic formations. This
shows that the throw of the fanlt is somewhat variable, larger on the north-
east and smaller on the southwest. Most probably this fault is younger
than the Kuanhsinting and Chutien faults, the latter two seem to have been
intersected by the former. This may be shown by the fact that the upthrow
side of the Omeishan major fault is composed of high mountains which are
affected by the Kuanhsinting and Chutien faults while the down-throw side
comprises only low hills and small hillocks which appear to have not been
disturbed by those faults.

Orogenic movement,

So far as we have observed in Omeishan the formations from the Sinjan
to the Cretaceous inclusive follow one by one either in conformable or in dis-
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Fig. 6. Sketch map showing the taults of Omeishan.

conformable contact, though there exists a great hiatus in the middle paleo-
zoic. This shows that no discernible orogenic movements corresponding to
the Caledonian and Hercynian took place in this area, Neither indication has
ever been found to prove the existence of the orogenic movement in the late -
Mesozoic corresponding to the Yenshanian which was prevalently pronounced
in northern China. Bot Mr. Chao’s belief in the Yenshanian! movement

1, Yatseng T. Chao, Geeclogical Notes iu Szechuan, Bull. Geol. Soc. China, Vol. VIII,
No. 2, p. 144
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is due to his identification of the Feihsienkuan 1ormahon for the lower Creta-
ceous beds which were supposed to lie directly upon the- Permian basalt and
due to his everlookmg the relation between the Cretaceous beds and ‘the jur-
assic coal series at hlangkou and at Kuanhsien in northern Szechuan.

In fact the Chiating formation, i. e. the middle part of the Red Beds
which is probably of middle Cretaceous age has undergone strong folding as
_shown at- Niangkou, and the Cretaceous beds were continuously deposited upon
the Jurassic sediments without any noticeable break between. It is evident that
the date of the orogenic movément was post-Crefaceous or at least later than the
age of the Ciiiating formation. Furthermore at other locg]ities in western
Szechuan the M'engshan_'forrnation, i. e., the upper part of Red Beds is also
‘known to have.been folded to form aunticlines and synclines with inclination
up to over 60 degrees. The Mengshan formation, is regarded as belonging to
the upper Cretaceous, thus the folding is probably posterior to the Upper
Cretaceous. Thus we assign the orogenic movement to the Himalayan rather,
‘than to the Yenshanian. |

PHYSIOGRAPHY

Omeishan stands at 1ncomparable elevation with the surrounding moun.
tains on the border of the red basin and shows the precipitous cliffs, DArTow
gorges, and water falls which are typical of the youthful stage of erosion.
The general topography is shown on the contour map. The drainage in the
surveyed area is composed of three principal streams, they are that passing
through the Lungmentung. gorge, that passing by Chinglungchang and the
Huchi running before Fuhussi.

-The Lungmentung river has two sources, one coming from Chinlaotung,
passing through Hungchunp’ing valley and reaching Chingyinko, and the other
from Yiihsienssi passing through Shikhsunkou and meeting the former below
Shuangfeichiao at Chingyinko. The two streams are nearly parallel to each
other, flowing -from southwest to northeast and cutting the valleys in the
Sinian limestone. On account of the gently inclined strata with plenty of
vertical joints the erosion often results in steep cliffs and pinnacle.like peaks'
from which the name Shihhsunkou—''Stalagmite valley’”’—is derived. In the
vicinity of Heilungchiang the Permian limestone " somewhat similar to the
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Sinian limestone in characters forms the narrow gorge with a moderate depth..
-From the sources down to the junction the dlstance 1s ‘not more than 5 km.,

-the difference of élevations reaches goo m. Thus the small rapids and
waterfalls are frequently met with. Below the junction of the two streams
the rocks on both sides of the river are the Feihsienkuan purpie sandstone and
shale, in which the w1de and gentle valley is deve]oped Down to \Ilupelshan
it turns to north and receives the water which comes from Loukou cutting
the Chlalmgchlang limestone to form the Chlplng gorge.. After combin-
ma with the tributary from Kun gpeishan this stream passes through the
area of the--FEIhSLGI_lkLla.n sandstone and shale and enters the former river at
Niupeishan.” Crossing the Watuanshan'anticlline and going to east the stream
runs almost in the direction normal to the strike of the strata, thus the valley
is usvally deep and steép. especially at Lungmentung gorge, where the Chia-
lingchiang limestone stands verticallv, forming the gate of Omeishan.
On the east of Lungmentung the hills become lower and gentler and the river
meanders to east unlike that in the mountain.

The stream which passes through Chinglungchang has its source below
the lofty cliff, flowing to east and cutting the valley in the Sinian hmestone
and occasionally in granite in which the narrow gorges and waterfalls are not
nricommon. After coming out from the mountainous region and receiving the
tributaries it runs northeastward and théu,turns to eaét? The rock boulders
spread on the river bed are very large, this indicates that the stream has a high
grade of inclination often with Heavy floods.

The stream Huchi comes from Leitap’o and flows below Leiyinssa and
Fuhussu eastward to the plain. Tt also cuts the strata to form ‘the small
gorges and waterfalls, such as at Kaotungkou in the Permian Limestone and
below Leiyinssii in the Triassic limestone,

In dealing with the relation of the lithologic: characters to topographic
features, the limestone is the harder rock in this region, giving rise to_ deep
valleys and narrow gorges. There are four kinds of limestone, namely, Sinian,
Cambrian, Permian and Triassic limestone. Nearly every precipitous feature:
is resulted from one of them. The granite is also a hard rock, but the
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cutcrops are low and little, giving no much influence on the topography. The
Lower Palzozoic sﬁata.l were uplifted to higher position by faults; thus form-
‘ing the con_s_ti-t'ne__nts of _st‘e:e_p cliffs. Basalt is also another hard rock, capping
on the top of the mountain and forming the upper part of the Omeishan big
cliff. When it occurs in yalle_y-.g gorges are also often found.  The soft rocks
are the shales and clays and some sandstones of the Feihsienkuan formation,
the Hsiangchi series. and the Cretaceous formations, which form rather broad
valleys. But owing to the high grade of the river bed 'theidow'n-cutting is
still predominant until the plain is reached.

The geological structure has intimate relationship to the development of
the drainage. When the Omeishan anticline has been formed there were
some co_nslequent streams on both limbs, flowing down along the.-dipping
direction. Those on the western limb of the anticline were not visited, while
those on the eastern limb can be traced in the area here concerned. Since
at that time the Kuanhsinting fault has not occured, the Watuanshan antic-
line was not so prominent, and the Mesozoic formations have not suffered
pronounced erosion, the surface was a gentle slope, on which the streams were
not much p‘r'evented. Subsequently the eastern limb was affected by the Kuan-
hsinting fault, a larger .pai-{ sinking dqwn to - form down-throw side with the
strata to be more folded and uplifted, but the river courses have already teen
formed in which the down-cutting continued to result in steep valleys and narrow
gorges. On the other hand the streams cut the valley head-ward and have cros-
sed _the-axisﬂof—the big anticline. Although the western limb was affected by the
Chutien fault, it was still much higher than the eastern limb, thus the streams
could not directly work to Changlaop’ing and Chutien but extended to Chiulac-
tung, Yihsienssu and Kungpeishan along the courses to which the structural
features as well as the rock characters were suitable for the invading and

down-cutting of the streams.

The river which flows before Chinglungchang, has grown up under the
similar condition as mentioned above, At first the streams had their courses
on the eastern limb of the major anticline lying in about southeast direction.
After the big fault had happened, along the fault scarps was formed a new
river valley receiving the waters from the west. The head-ward- cutting of
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the streams extended across the fault scarps and reached the: present place
below the Omeishan cliff. Along the upper course the strata are nearly
horizontal or gently inclined, so the precipitous cliffs and narrow gorges are
formed. (Fig. 7).

Fig. 7. Diagra.m showing the gentle slope of the top anq the preciptious clitf of Omeishan,

The river Huchi might have been developed simultaneously with the
Lungmentung river but has not been affected .by the fault.
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THE HYDROGEN-ION CONCENTRATION OF CLAYS AND THEIR

EFFICIENCY 'AS DEHYDRATION CA__TALYSTS.§
BY

E. 0. WiLson AND C. Y. LIN

It is generally believed that the hydrogen-ion concentration of clays and
soils is impWrtant from an agricuitural poirit of view. It has also been stated
that the ﬁcidity- of clays has-a significant relation to their absorbtive and
catalytic properties. Many Fuller’s earths Whiéi‘l have been found valuable
for bleaching purposes show a distinct "acid reaction.” *If a sample is
touched to neutral litmus paper the paper will be turned red; 1f the clay is
éus-pended in water and phenolphthalein is added, a quantity of alkali, which
varies with different earths, can be added before the red color appears. The
same power that enables the earth to absorb basic colors enables it to absorb
true base also.””? Certain Japanese earths and_clays‘ such as Kambara earth
which are largely used as decclorizing agents and for catalytic purposes have

‘been characterized by K. Kobayashi® as *‘acid earths” to distinguish them
from ordinary kaolin and clay. The term ‘‘acidity™ as used by the above
investigators refers to the ability of the 'clay-to absorb base rather than to the
effective hydrogen-ion concentration of an agueous suspension of the.c]ay.

In the present investigation the pH v_é.lues of 36 Chinese clays were deter.
mined as a preliminary study. A study of the catalytic properties and
‘decolorizing efficiency of these and other clays is now under way. In this
work the pH values were determined with a hydrogen electrode and with a
quinhydrone electrode. There seems to be a difference of opinion regarding
the reliability of the quinhydrone electrode:for the determination of the pH
values of clay suspensions, some investigators obtaining results which check
with determinations on the same clays by other methods® while others report
‘variable and unreliable results with the guinhydrone electrode®. -

It is known that kaolin and certain clays may be used as catalysts for
the production of ethylene from ethyl alcohol. Just what property of the clay

§ Contribution from the Chemical Department of the Yenching University.

1. Fuller's Earth, by, C, L. Parsous, Bull. 71. Mineral Technology, Department of
Idterior. U, S. Bureau of Mines,

2. The Kambara Earth, Kobayashi, Jour. Ind. Eng. Chem. 4. 12
3. Jour. Agricultural Research, 35, 825.
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is responsible for this catalytic action is unknown. The fact that the Kambara
earth is such an ef_ficieﬁt catalyst for this reaction suggested that there might
be some relation between t_he-écid_ity of the clay and its catalytic property.
Preliminary expetiments were conducted using four clays of different pH
values ranging from 4 to 6.4, The volume percent of ethylene in the gaseous
phase obtained by passing alcohol vapor over the heated clay was taken as a
measure of the relative efficiency of the catalyst.

EXPERIMENTAL PROCEDURE,
A. For the determination of hydrogen-ion concentration.

The technique followed in measuring the hydrogen-ion concentration was
very similar to that used by R. H. Bray* of the lilinois Agricultiral Experi-
ment Station,

The electrode vessel is a Gooch funnel with the stem -bent up and a per-
forated porcelain plate sealed in the bottom. The hydrogen enters the tube
bubbles up through the plate to the electrode and escapes from above. The
electrode is a piece of platinum wire about 3 cm. long sealed into the end of a
glass tube. ‘Mercury was used in-the glass tube for making the necessary
electrical contact. The platinum wire was plated with palladium black
(preliminary experiments with electrodes plated with platinum black showed
that such electrodes were quickly spoiled, possibly because of the abrassive
action of the clay particles in the" agitated suspension}. The palladium coated
electrodes proved verysatisfactory. Standard buffer sélutions were sed as a
check after each reading.

A normal calomel electrode was used and the voltage was measured by a
Leeds and Northrup portable potentiometer.

Twent'y c. c. of distilled water were introduced info the electrode vessel
and the hydrogen allow:d to bubble through. Eight grams of soil were then
added and the electrode inserted. The bubbling was continued for about 15

minutes, after which connection was made to the calomel electrode.

The potential reading was taken when it had become constant for about 5

minutes,

4. Jour, Ind. Eag, Chem., 20, 4, 421.
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A simildr procedure was used for the determinations with th_é quinhydrone
electrode. The electrede used was a gold plated: platinum wire of the usual
design. Sufficient ‘quinhydrone was added to saturate the solution.

B. Efficiency as catalysts for the dehvdration of ethyl alcohol. The
apparatus was set up as shown in figure 1.’

45 qus analysis
apbayatus

Fig, =

A is a combustion furpace. T a Pyrex combustion tube abvut 1 em. in
diameter by 100 ¢m. in length. .One end of the furnace was raised slightly so
that the tube was in a slanting position. The higher end of the combustion
tube was connected through a glass side arm with the tube S as shown. The

*top of tube S was closed by a one-hole rubber stopper carrying a short glass
tube drawn to capilliry dimensions at its lower end ahd attached to the reser-
.voir R by means of rubber tubing. At the other end of the corbustion tube is
attached a safety bottle B and a wash bottle W, partly filled witb water for
collecting the condensed vapors of unchanged alcohol, and for dissolving the
acetaldehvde. The temperature of the furnace was determined by means of a
calibrated Chromel-.:\lumel'thermocbuple. ‘The alcoho! was fed slowly into the
furnace by allowing the mercury to flow from the reservoir R through the glass
tube into the test tube S, which was filled with alcohol. After having allowed
the reaction to proceed at a constant temperature for a few minutes a' sample.
of the gas was collected in the gas analysis apparatus ‘over a strong



58 Bulletin of the Geological Survey of China

sodium chloride  solution.: The sample of gas was allowed to come to
room temperature and ad]usted to a volume 100 ¢. ¢. at barometnc pressure..
Ethylene was determined by absorbtion in bromine mater and the decrease in
volume noted after absorbing the bromine vapor in sodinm hydroxide solution.

REsULTS.

Old Samples

pH Value

No. Name Place of Production Ig;; 2;?5‘3: Quﬁ?b&i;&gg
1 Kaolinite @8+  RBOBPY KL 4.27 4.75.
* I%ﬂéi“?or'm; {L V6 $:5% 4-96 5.30
2E. Tangshan JE{] 5.16 5.88
3G.S. R Y 20 5.56 5.88
4G.S, m@%tﬁiﬁﬁﬁ‘?ﬁ 8.25 6.90
5G.S. AL ERR Bl . 7.49 6.62
6G. Tangshan Riili ' 5.82 6.54
7G.S. Wy SR L ) A 7-04 6.53
Bowl clay 3.98 4.51
8G.S. RIS 538 6.16
B Jar clay 5.47 7.20
4F. Tangshan Bill[ 5.78 6.93
D Banbidian clay EEFES 6.43 6.36
H . Yentai {H& 5.48 6.66
6G.S. WEPEEESHN  5.06 6.13

New Samples (from Geological Survey) :

1 Fire clay MR 5.87 7.20
z White clay HMEERE 5.44 6.72
3 oo HEER 5-33 7.20
4 EBLEARERE 5.12 5.83
5 : BEEEE I 5.18 > 7.20
6 T A - REERAE AR 577 6.31
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. . . PpH Value
No. Name Place of Production Hydrogen Quirhydrone
' Electrode Electrode
7 LIk IR G T 5-44 6.91
8 TR 3.66 4-43
9 B#HL: C ERATHRETES 494 6.54
o0 Clay {(Dark grev) ¥ERdLABRKRE 4.21 - 4.95
T1 oo RS20 3.64 4.29
12 SF | : i3 b+ 5.09 6.81
13 ERiE B EES 4.48 7.20
14 R E 5.51 5.84
15  Purified clay # - » »* v, 5.52 >7.20
16 Shale BH-F oo o 5.50 6.55 -
17 7o BRI 5-12 6.39
18 For Glaze 3% OB ¥ s 6.83 >7.20
9 " B SRR - | 7.31 ' >7.20
20 Purified HiB%4 O ¥ 7-47 >7.20-
~loessic clay
21 Loessic clay - e 5.6 ~7.20%
Bz > >7

*The readings > #7.20 are given for cases where the voltage was negative
and ‘a precise determination of the pH was not obtained by means of the
quinhydrone electrode.

DiscussioNn oF RESULTS,

When platinum chioride solution was used to plate the electrode the life
of the electrode was very short. The electrode thus plated could only be
used at most for two determinations and aiso the results were often very
peculiar. Sometimes the electrode was spoiled before a constant reading
could be obtained. The spoiling of the electrode was indicated by a con-
tinnous decrease of the_ potential, The life of the electrode dépended on the
nature of the clay sample used. Bowl clay spoiled.no electrode and the
reading was also very constant and accurate, four different determinations

using different electrodes gave the same potential difference.  This was not
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the case with other clays. The real cause of spoiling is not well understood.
The probable explanatibn is. that the colloidal substance of the clay adhéres
to the electrode. and at the same time the platmum black is worn off by the
coarse particles. But it is not easy to e*cplam why the life of the electrode
plated with palladium chloride solution was so jong. One electrode could be
used for thirteen determinations.

The pH value determined by the quinhydrone electrode was greater than
that determined’ by the hydrogen electrode but with exceptions. In some
causes the pofcntial difference was negative. This might due to the unknown .
reactions between quinhydrone and organic substance in th_é-cilay.

In order to find out whether or not there exists any relation between
“acidity’’ and efficiency as a dehydrating catalyét, four clays having high pH
values and four hairing low pH value were.studied. The results show that the
catalytic property has nothing to do with the acidity. The four clays of pH
value from 3.66 to 6.43 gave very high percentages of C,H, gas. This might be
due to the fact that the four clays contain many kinds of oxides the mixture
of which is a better catalyst than a single one. High kaolin content might
also account for the results, becanse it has been painted out that kaolin makes
a good catalyst for the dehydration of alcohol,

SUMMARY.

- 1. The hydrogen-ion concentrations of 36 clays were determined with a
hydrogen electrode and a quinhydrone electrode.

2. 'Hydrogen electrodes plated with platinum black were spoiled very
easily while electrodes plated with palladium black could be used for thirteen
determinations,

3. Four clays of high pH value and four of low pH value were used as
catalytic agents for the dehydration of ethyl alcohol. All the clays gave a
very high percentage of C,d, gas. No relation exists between “‘acidity’ and
dehydrating prbperty.



L} 8

$

f Clay

o8 o

Wilson & Lin:~— Hydrogen-Ion Concentral

=2
o
Oy

*o *wa m& AuUinN|oA

foorn

204° :

AT T i T il Ut G G R R Bl
& TTELITS 3 HiH H -
,Fwﬁﬁnm ] T | R i B
f v ,.m A ) 11 e HH MR ERansinat 4 H JH S ShRe pentl i} fusls nr_”mu ....H‘ .”. 1 ‘.—
Y : i T LT 1 f Lk #
| somn e gouy H - HiE 1T ] LETT TH T HA-H O H T
HToH o 4 L i1 - 9 71101 u 1 3 i ‘w _.m. [ i w\.._ ERESY uangn 1
Ho L4 i gy e - 113 an i e T T
w ] N e T I HIHE LT : T
-t A < : ¥ I ITTTINT » I- 1 ik Y  LOLE T i s
T T i $ : I ol
suarsanas el o 1 H F T T - 1
He— grifeds ok 1 i : |
T . B o T
] - - 1
TEr T +
Her Y FrEH 2 : H 3
ot T t 1 o r.m f ] + T :
T o g Ponde awes, Fo Lol 1 rapie [
ha 2 1 .m p IHE
ro by T * *
1+ I
t o vl T i i “H a 4 T 14
" - T T T t 1
RS g vy s b TH Fit ¥
1T -y i " i
T F T .vrr 4+ [ f 1 _..u ._‘_.... e 1334 7 BEEA. 33 ]
: I o 1 ‘._.aqu S 4y 11T I et 3y L ] S HH H] Ar
v + $ t
L e 1z T hy i 1H seks T s
a4 1 THe T 1 424 i adedl § I3
T SISl AR SRR R (100 1 B : H =40 FEH
H g I A BB gl I H H iy
by X N.H__u et YRy R e 1 1 -1 s N
mrbdy a b1 hd 1 o vy N -
Y 1 F- lum.l.. t TS = H i #hd » H m Y
o 1T a2 Wk Alp
e A 1t ) 1 b $H i = 1
w. Y il £ + R kit ¥ [prge s HH M .m..i T 1+
T w } e 1 Fryrr o 7 1 1
= ey 1 3 i I
¥ T T T T T
+ T 1 T . T 1 ks
e sh 2 . : 1 1 *
i v - T L 3
I T T . R T
) 1 T n 1 T :
his ;
—y T + + J— m ¥ Y T
1 ¥ Ry Fid
: 1 H
5T Lo > na T
¥ t 1 e
: e 3150
=3 - 1 = 1 3 +
a3 | T by v
1t e t a=a s g H . : i
o " i + Rk g H
i | o -~ - .m
-ﬂn i ¥ 1 [+-4+4 4 wu iy
T o & hp Fmaym Spwmn Arvmi pAREY a3 1 14T !
¥ ee 3 _. T * - F H 1
} =t - 1y +
- al .
sve T ) =i ngyine HIH fpui e 11
PR e I e i asiy ; :
: b “ i i It
YA R Eagn f T 1
T i
hau I 3 : y
i , it
I T im et HH 1 t
14 E 1 gl b 1. » ) = 1 [T ]
1 Y 1 THET n i rH t
H I 1 e k 5 X I L
[~ 3

600

432
Temperature °C

2oo

300

Fig. 1.



e - ne
D X &

+
L
b
-
w»
L



3 R et s TR ST AR shans ansh EEnu R Sl
T T T T T T

4

&y

r
3

# af C

Coirdi e

wit

“al [L'{z} C

»
"a

‘{ Beiar

b

-
<
b
L

N po 4 PESY Ol 2uanjop

C

Temperature
Fig. 3. .



Bu_lleh_'n_ ._of_ the Geological. Survey of China.

64

n
B S5 L
s L 1 Ly I3 ki
p-h s e LE!
(g2 8 o JFE TR
= = T Ronr
e 3 gy )
I Sy ey n hwgr
o lnle MmN
41 LY
L § i n ..« 71
= Ho s
T
H et
ph s SEH T
T TR e o
= ; e Ehepan s s
- Hy 1 ++ +-14
T i .
mad
-

tigey

e

SIS

e
T H e A
21 mhiany
11 . + 111 M
' i
Yy mmmipar + 3 - .y L4
3 | YIS
] + o
1 T
: =g

T ] i T T TN - §
P i i i AR R T G B £ T
=4 a < ) w
& OW rw % o
4-“

7y +o Juadiad awnjop

Yod

Temperature °(

1T

200

4.

Fig.



ON THE OIL GEOLOGY OF NORTH SHENSI.
By C. C. WaNgG
WITH THE AsSISTANCE OF C. H. Paw
INTRODUCTION,

The first trip! made by the author in North Shensi was in 1923 when he
travelled from Fukuhsien, an important city at the northeast corner of notth
Shensi, southwestward across Yulin to Chingplienhsien, and thence eastward
through Suite city to Wupuhsien on the right bank of the Yellow River., As
a result of that trip, the so-called Shensi si;rie's considered to be of Carboni-
ferous age by American oil geologists such as F. G. Clapp and M. L. Fuiler,
was proved by the find of a number of plant fossils to be really Lower Jurassic.
Also the Anting limestone which the named authors’ formerly assigned to
Permian age was found to be uppermést Jurassic as proved by the discovery of .
ganoid fishes in that limestone horizon.

In the Summer of 1932, for the purpose of studying the oil geology, the
author undertook another trip in north Shenst over a wide area including the.
districts of Wupn, Chingchien, Anting, Fushih, Yenchang and Yenchuan.
The natare of this trip was, ho%ever, also a reconnaissance work, since only
twenty days were really spent for fleld survey.

It was at first intended to make a route map by a plane table and pacing
in order to plot all the geological observations met with on the way. But, as
the reconnaissance route maps by American oil geologists on the scale of 1 to
231,200 and the 1 o 100,000 topographic sheet of the General Staff maps,
were found to be accurate enough for the anthor's purpose, they were used as
base for geologic study through the whole trip.

In the field besides investigating the lithological characters of the oil
bearing sediments and their geclogic structures speclial attention was paid to
study the oil seepages and their geological position. Numerous plant fossils
have been collected from different horizons so as to give some better idea of

1, C. C. Wang: On the Stratigraphy of North Sheasi, Bull, Geol. Soc, China, Vol, 4,
Noo 'IJ 19350
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tiic geological age of the successive formations. Further, the discovery of oi

shale glves some new ecoliviic siguificance.

Goxbial GEOLOGY.

o

The North Shensi strovigrophy ‘was first studied in some detail by
.Ameriean geclogists F. G. Clapp, M. L, Tuller and others dl;ring 1914-1G13,

T r 1 : 3 e b :
and was classified by them us follows in descending order:

1. . Shansi series, grav sandstopes and shales with coals.

2. Fenho series, red sandstone.

e ———

SNOI3JINOqIRT)

3. Shensi series, gray sahdstone and slale with thin

coals and _Gi}.-_be;%_ring. J

4. Red-shale, sandstene and thin bedded iimestone of Permisn age.
5. Red sandstone, Fermo-diesozole,

The above geological aces are «li based on their unpublished reports now
in possession of the Geologicul Survey of Chiwa. In 1922 basicg on the
fossils collected in north. Shansi the author reclussified the sediments above
tne Shunsi and Fenlio series of the American geologists into the fullowing

four series:d

I, The Lower Jurassic (Liassic) coal series. {about ~e'§;uivalent
to Snensi Lerics. |
1L, The red shaie and sendsione, probebiy of Middle or Upper
Jurassic age. '
111, The shaly limestone, Upper Jurassic.
IV, The red ecross-bedded sandstone, possibly of Uppermost

Jurassic to Cretaceous age,

As o1l is mainly contained in the Lower Jurassic coal series, the present
paper chiefly treats of this series in tegard to its oil bearing horizens and the
uil seepages along its exposures. In order to get a general idea for such facts
a detailed description of sections along the routes is necessarv.

1. These divisions were adopted in the main by Messrs. Fuller and Clapp in their later
papats published in America,
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 DESCRIPTION OF KOUTES, *

Before describing the sections, the _geher:xl topographic feature of north
‘Shensi should be stated first. It constitutes a dissected p'la.teaﬁ at the ave:-
.age height of 350010 4000 ft. above sea leval with surviving relief of about
500 it. The ro'ck_ formations consist mostly of iMesozoic sediments thickly
covered by Cenozoic deposits of red clay and loess. 1 one stands on-a sum-
mit of the hills near the Yellow River he muv notice the whole view of the
platean surrounded on the east in Shensi by Ligk rocky ridees barely exposed.
Such rocky ridges are geﬁeraii}-‘ composed of C?-.mbm-Ordovici;zn_ limestone
constituting .the base of the plateau-making scdiments. Henée, to describe
sections in the plateau the sediments just above the limestone base seem to -
be best selected .as a starting pcint.. It view of this fact, Liulinchen west of

Lishihsien, Shansi, is chosen as the east suitable starting place.

Linlsnchen fo Wupuhsien: Linlinchen is situated just on the east margin

of the north Shensi plateau or in other words it is located on the Permo-
Carboniferous coul scries gently dipring tewnrds the west, From here west-
ward to Wupuhsien there mayv he Idisti_r-.guishe'd three reck series, at first
dominant yellow greenish shales, then dominint red shale with thin reddish’
sandstone, and finally daminant red sandstone with.thin red shale. From
the first two series the author collected numerons plant fossils at Paotechow
about 1% km. north of Linlinchen durinz 1620 sufficiently to prove their
geolugic:‘_l ages belongirg to Permiun and Permoe-Triassic respectively., The
last seriz: mav still Le divided into two portions. The sandstone of its lower

portion is composed mostly of quartz grains while that[}‘_}._f___fg_ii% upper One near

the vallev of the Yellow River chiefiy of feldspar i.e. It is really arkose
sandstone  The geolsgical age of tins scries Is provisionally assigned to
Triassic. There is a gooad .motor road between Liulinchen and Wupuhsien
though no motor car is in ezigage-mer‘]t during the author’s visit for the road
cast of Liulinchen hus besn pirtly destroved by rain flood.

Wupuhsien to Chingchienhsien: The citv of Wunuhsien is built on a high
chiff on the west bank of the canvon.ike vailev of the Yellow River. During

the summer the people llving in the ¢ity nay clearly near the howling noise of
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the running water of the river. There are only about forty familles in the
whole city: The main route from Yulin to Taiyuan is about ten li south of the
city where is located a large village called Sungchiachuan. From this village
to Chingchienhsien there are two alternative routes; one is westward across
Ihochen to Suitehsien and thence southward to Chingchienhsien at a total
distance of about 240 li, the other is southwestward across Tsaolingp’ing and
Tientzukod at a distance of zoo li. The former is much better and easier
than the latter. The author travelled neither exéept the 39 li distance from
Sungchiackuan to Tsaolinp’ing which is a portion of the latter route along
the bank of the Yellow River. The rock strata exposed on the way for this
portion of the trail belong to thick arkose sandstone alternative with a few red
and green shales. - |

Southwest of Tsaolinp’ing the trail follows a deep canyon of a stream
which represents a stage of vertical cutting now still active., The canyon is
usnally so narrow that the footpath is compelled to be established above it
along the open wider valley of another older stage of erosion. The arkose
sandstone-usually exhibits distinct cross-bedding, while red shales gradually
‘decrease here with dominant increase of green clayey deposits, until all the
argillaceous beds become green as at about 3 li southwest of. Tsaolinp'ing
where the whole rock series 'may be distinguished as a separate one with a
few layers of blackish shales, So from the lower Triassic red formation to
its upper series no sharp boundary can be drawn for the color of sediments
changes extremely gradually. But in the upper plant remains can occasion-
ally be found from its few black shales. Nearly about 12 li along the stream
the trail is up a loess ridge for a distance of 38 li where the sandstone and
green shales are only scarcely visible in the deep gullies. Down the loess
ridge to the bank of the Wutingho the young gully cutting may also be re-
cognised though it seems much less dominant. The valley of Wutingho is
much wider and partly cultivated into corn fields. During ‘the author's visit
most of the fields were drowned by floods due to the heavy rain of the upper
course. From the bank of the river Wutingho southward to Chuankouchen
at a distance of about 6o li the trail is very difficult as it crosses several
ridges and deep valleys. The sandstone still belongs to arkose variety with
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thin green shales. Cross bedding is common. West of Chuankouchen the
way being along a stream valley becomes much better. As younger vertical
cutting is here again well developed the 1ock beds are extensively exposed.
and generally dip towards the west at an angle of about 3.4 degrees. 40 N
west from Chuankouvchen there is a village called Pailichiabo which is very
important in geological sense, for west of this village the arkose sandstone is
' gré.-dﬁaliy replaced by gray or green.quartz sandstone still alternative with
thin green shales. Further west across a loess ridge to the city of Ching-
chienhsien the rock formation is only poorly exhibited aﬁd mainly covered by
loess and reddish clay though younger gullies indicating active vertlcal eroslon
are stlil abundant. From a layer of dark gray shale mtercala.ted in the gray
'sa_;nd:-.tone outside of the city of Chingchienhsien the following plant fossils
have been collected and determined by C. H. Pan.

Bernoullia sp.

Voltzia cf. ﬁeterophyﬂa Brongn.,
Voltzia sp.

Amentum sp.

As most of these Species are new, it is pretty difficult before closer palaeo-
botanical study to correlate with thoseof the ather localities. Only one specles Is _
tentatively identified with Voltzsa hetzrophylla of the lower Triassic of Europe;
Bernoullia sp. is closely allied to Bernoullia heh_;ets‘cd which has been recorded

_from the Keuper bed of Europe Amentum is also a characteristic gehus of
Triassic. Therefore from the gensric character it is ev1dent that the plant
fossils fram Chingchienhsien belong to the Triassic.

As a summary, no workable coal seams have been discovered from Tsao-.
linp’ing to Chingchienhsien although thin black shales with poorly preserved
plant fossils are occasionally observed. Sandstone is the dominant consti-
-tuent usually with distinct cross bedding. East of Pailichiaho the sandstone
is rhainly of arkose va'rie_i:y while west of it quartz sandstone is abundant.
' The transition from lower Triasslc to the upper is generally without marked
bed. Geological structure is simple with a general dip toward the west at
an average {nclination of 3-4°. Active vertical erosion prevails so as to cut
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numerous canyons and guilies giving rise locally to small water falls. So
many trails can not follow the bottom of the valleys and are lccated on ‘the
high slopes of hills."

Chingchienhsien to Fushihhsien: The main route from Chingchien-
" hsien to Fushihhsien is by way of Yenchuanhsien, but for the purpose of
geological study the atthor made his journey first sor.rthwvstﬁ'ard to Yung-
p’ingchen, thence northwestward to Wayaopu, and ]éstl_y southward to Fushih-
hsien at a total distance of 330 li. The trail between Chingchienhsien and
Yungp'ingchen is about 80 li long and mainly follows the broad valley of
Yungp’ingchuan though it is.acrossa loess ridge after leaving Chingchien-
hsien. The rock strata ‘are only partially exposed with gently dipping to |
west, At Fengchlapmar 20 li east of Yungp’ingchen they constitute a small
gentle dome structure with its flanks at inclinations of 3 or 4 degrees. Ten li
east of Yungp’inchen there is a village called Shihyukou where the oil was
already known in Yuan Dynasty i. e, over. 600 years ago, The village is located
at the mouth of a ravine and about 2 li east of the village there appears an coil
seepage at the bottom of the stream Yuagp’ ingchuan. Here a well has been
dug to a depth of 3 ft. and the oil emerges in small globules from tlie bedding
planes or fissures of a gray fine sandy shale. A coal sram about z inches
thick interbedded in the sandy shale is also lmpregnated with oil. The oil
globules are generally gathered as thia film on the surface of the water. 8
catties are said to have been possibly collected daily from the oil film. 50 m.
farther east from the well, the author discovered another seepage from which
only a few globules of oil rise up through the water of the stream at intervals.
The t:),il~b\‘:al'in;gr bed is also a fine sandy shale at-about 4-ft. in thickness, but
the latter or the lower horizon seems much poorer in oil than the former or
the upper one. Between the two oil-bsaring beds there is a layer of gray
sandstone at least 1 m. thick. Besides the above two seepages, oil is also re-
ported by the natives to have seeped out on the west of the first seepage
along the stream bottom. But it is all covered by silt due to recent floods
during the author’s visit. About 40 m. to the west of the seepages, old coal
mining pits are met with and the coal seam as .reported by the natives is

about 2 ft, thick and bituminous in character. A native coal mine nbw still



Wang and Pan:—On the 01l Geology of North Shenss 71

in operétion is located at Lichiakou 5 li west of .Shih"}'_ukou. Here a sample
has been made. The oil-bearing horizons are thus ‘stratigraphically not far
from the workable coal seam and just below it.

From Yungpingchen ncrth“eStward to Wavaopu, the route mainly fo]-
lows the valley of a stream and only crosses a loess ndge when near Wayaopu
‘Generally speaking, the rock beds are not well exposed on the way partly due
to their thick loess cover -and partly due to the absence of recent: vertical
cutting. Between Kaochiatun and Naitoutsun, there are numerous abandoned
coal pits, indicating some other coal seams. above the seam being worked at
Lichiakou. The inclination of the strata at Naitoutsun is much steeper, the
dipping ahgle ‘being usunally at about 10° while the commeon angles at other
places are scarcely over 4%, | |

There is a distinct local erosion surface between gray sandstones west of
Naitoutsun as shown in fig. . This probably indicates that the deposition of

Fig. 1. An erosion surface between gray sandstones W, of Yaitoutsun, Yenchuanhsien,

the sediments 13 not continuous without joterruption, but temporarily sub-
ject to erosion. Northwest of Lingwan there appears a fault, the rook beds
being here ne-arly vertical without definite dipping direction as shown In fig.'
2. As to the nature of the fault itis probably of the normal type and seems
small in magnitude though a detailed study is still necessary for deciding this
problem.

From Wayaopu to Fushihhsien the author's -original plan was through
Antinghsien and Ansaihsien in order to study some younger formations above |
the coal-bearing series, but as this route was found difficult due to political
trouble he made his journey across P’anlungchen directly to Fushihhsien at a
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distancc of. 180 li, The latter route partly follows the strike of the beds. The
- rock exposures are generally good enough for geological purpose, though three
loess ridges should be crossed. Between Tsinchuangko and P’ mlungchen
there crop out some thin black carbonaceous shales which are wvsually used by
the natives for making ornamental articles. A polished section from such
shales under microscope shows abundant algae-like tiny bodies, A test made
 in the Survey Laboratory shows the shale to contain 19.5% of oil, this is there-
fore an oil shale. It occurs in several layers and extends from Chilinkou, S. E.

thLoess
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Fig.. 2. Section showing a fault on the NW of Lingwan, Yenchuanhsien,

of Hengshanhsien, to P’anlungchen'at a distance of 200 li, There is thusa
large reserve of oil shale and its discovery is very important from economic

standpoint. Old coal pits are sometimes observed on the way.

Fushihhsien to Yefschangksién: Several seepages are reported in Fushih-
hsien, bat during the author’s visit only two are in existence. One js at Kou.
menshang, 25 li south of the Fushih city, where a small quantity of oil is issuing
‘froma fine gray sandstone. The natives in the villages nearby have often used
the oil for lighting lamps. Another secpage is at Paichiachuang, 20 }i west
of tlle'leghih city. The oil here comes out from the beddmg plane or jeints
of a sandstone under a:high cliff (Fig. 3 and Pl, VI, Flg_ I} and some gash
buabbles also rise up here through the water at certain intervals. In fact, it is
the only gas occurrence the author observed in the field. Whére_ the oil-issues
a little deposit of tar is often left. This oil-bearing horizon is without doubt
much higher in stratigraphic position than that at Koumenshang. Between.
these two seepages, oil was also formerly found at Tungchiakou, Houchiakon,
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and ' Hsiachialing, but now they are all buried by redeposited loess. Hence
there are at least three oil-bearing hérizons in this vicinity of Fushihhsien,
The rock sediments near' Fushihhsien copsist of gray sandstone and green
grayish shale at very gentle inclination. Beautiful ripple marks sometimes

-0l seepage -

Fig. 3. Sectioa showing the oil-bearing horizon on the SR of Paichiachuang, Fushibhsien, -

appear on the sandstone west of Paichiachuang, ' No workable coal seams
have been discovered on the west of the Fushih ci'ty, though thin layers _bf conl
at one or two inches in thickness are not infrequently met with.

The route is maianly along the broad vallev (Pl. VI; Fig. 2) of Yenshui
where recent vertical cutting as commonly observed near the Yellow River is
not obvious. The'inclination_ of the rock beds is also very gentle mostly at
angles of 3%-4°. 1o i east of the Fushih city is located an abandoned ofl well
at Chiaoerhkou (Pl. VI, Fig. 3) drilled by American Geologists. As it is just
below all the oil-bearing horizons mentioned on the west of the Fushib city,
tittle oil was struck though the depth d_f the well is said to have rsached
3,000 ft. From Chiaoerhkou eastward to Heichiapu in a distanée of 100 li
there are four coal seams being worked, during the aunthor’s visit, All are of
bituminous character. The uppermost coal seam is being operated at Liu-
wangchiakou 15 li east of the Fushihcity. Its thickness is reported as about
2 ft, The second seam is about 1.5 ft, thick and mined at Kaimao (Pl, VI,

Fig. 4) 30li east of the city, while the third cne is about 2 ft. in thickness and
located at Paichiava 50 1i east of the city. The third se.ﬁm‘being said to be
the best in quality, the last locality is the most p:f..)du_'ctive place along the
Yenshui valley. During the author’s visit to Paichiava from the Fushih citv
he met a great number of maules and donkeys on the wav for transporting coal

to the city. The relation of the third and. fourth seawms is not clear though
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the fourth seems to be a separate seam much lower in stratigrapbic position
than the third and now bemg worked at Shlhmakou about 6o li on the south-
west of Yenchanghslen At Yall‘lchlaplng 5 Ji west of Kaimao the following
species of plant fossils have been collected as derminated by Mr. Pan,

Cladophlebss (lodifes) wilh‘amsom’ Brong. froma whitbiensis
Lower Qolitic-Rbatic.

cf Basera taeniala ¥, Braun. Lower Liassic- Rhatic
" Baiera sp. '
Sagenopleris nsissonsana Brongn, sp, Liassi_c-Rhaetit:
- Pityophyllum nordenskiolds (Heer) Jurassic.

It is evident that these species belong to the Liassic or Liassic- Rhztic.

East of Paichiaya there is a tiny village Yangchiapien- about go li on the
west of Yenchanghsien, which is very in portant {rom geological standpeint.
 On the west of the village the sediments are composed of black and greenish

shales, coal seams and gray sardstones, while on the east they: consist mainly
of gray sandstone with thin greenish shales and without workable coals. The

tormer are distinctly of Jurassic age with thick gray basal sandstone exposed
between Yangchiapien and Yaotientzu. The Jatter were formerly assigned by
the author as a portion of the Lower Jurassic coal series, their color being do-
minantly griy or greenish with some thin coals and thus easily classified into
the coal series. This mistake was uiso followed by American oil geologists in
their recent publications. But now they seems to be upper or middle Triassic
in age, according to the new collections of plant fossils at €hingchienhsien

and Yenchanghsien.

From Heichiapu to Yenchanghsien two routes are possible; one follows
the Yenshui vailey and the other is across a loess ridge. The author travelled
the latter, and after reaching the top of the ridge he was surprised by the
wonderful feature of a loess platean on which have been established
numerous corn fields and villages. One would think that he had stood on a
plain if he forgot his climbing up a p.artially dissected plateau. The gray
sandstones commonly ¢xhibit dominant cross-bedding.
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Yenchangh51en is the onl-produc;ng centre in north-Shensi and numerous
oll seepages have been reported near the ‘Yenchang city. In fact, during
the author’s visit there are only tive seep1ges ‘available ‘which seem to
represent four oil- bearmg horizons. The first seepage which indicates the
uppermost oil-horizon is 51tuated at (‘hlaocblashlhko (Fig. 4 and Pl VII,
tig. 1} 15 U northwest of ‘the Yenchang city. Here it is exposed .in a

0l "seepage

Fig. 4. Section showing the oil-bearing horizon on
the E. of Chiaochiashihko, Yench'ang-
haiet,

narrow gorge due to recent vertical cutting. ‘The' oil emerges from two
spots ro ft. apart, leaving a black deposits of tar on the rock surface,
The oil horizon is a thin-bedded grav sandstone about 3 or 4 feet thick.
But as it soon b2comes sandy shale along its strike, the oil can not be found
again elsewhere. Near the west gate of the Yenchang city thereis an
ages known s~enagze on which the Yenchang well No. 1 is situated.
During the visit, however. only a little stain of oil on the loess surface
appears. This oil bed are obviously much lower in stratigraphic posi
tion than the 'C_h_iaoc.hiashihko horizon. The third seepage is situated at
Yenwukou (Pl VII, Fig. 2} 1o i northeast of the Yenchang city. Here the
oil comes out with a water spring as globules which soon make a thin black
film on the water surface. A sample has been taken for analysis. The ail is
genera_ll} issuing from the bedding fissures of a fine.grained thin.bedded
sandstone. Nearly 1oo metres south of the seepage a few globules of
oil also rise up through the water at intervals in the bottom of the
valley, while 6 H north of the seepage there is located au abandon-
ed well formerly drilled \by Amsrican geologists. Two hundred catues
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of oil wrre produced daily according to the report of the natives, but now the
well is filled with loess and only ruined walls.(Pl. VII, Fig. .3 and P, VIII

Fig. 1} of the office bunldmg are left nearby. From Yenwukou southeastward
- down the valley to Huchiachuan at its junction with the Yenshui, a fourth
seepage consists of tar thickly depoqlted on a bed of fine.grained thin-bedded
sandstone (Fig. 5 and Pl. VIII Flg 2) about 0.8 m thick. Whether this is a_

~ 0il bearing R

Fig. 5. Section showing the oil-bearing horizon {line grained sandstone) on the NW
of Huchlachuan, Yench’anghsien,

Fig. 6, Section showing the oil-bearing "horizon on the SE, of Liaotzeyuan, Yen-
ch’anghsien, '

separate horizon from that mentioned at Yenwukou is mot clear. Ten M
eastward down the Yenshui valley from Huchiachuan there _ocmu"sl the fifth
seepage in a deep ravine one li south of the village Liaotzuyuan (Fig. 6 and PI.
VIII, fig. 3). Here only a little oil stain and tar deposit appear on a cross-
bedded gray sandstone at about four metres in thickness. This probably re-
presents the fourth or lowest oil-bearing horizon.

Though the rock strata in the neighborhood of Yenchang are mostly
regularly inclined, a gentle anticlined structure may be outlined by a caretul
examination. Its axis trends nearly east-lv'vest with its north limb dipping
north at -_on}y o_he or two degrees and its south limb also dipping as much,
while the five seepages mentioned are all distributed along its axial zone. At
Huailinp’ing six 1i west of the Yenchang .city the following fossils have
been found from a layer of gray sandy shale intercalated in the gray sand-
stone:
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_ Schizoneura paradoxa S_Chimper Buntsands&hﬁﬁmﬂ
Egussetites sp. | '
Asterocar pus virginiensis var. oblusilobus Fontaine, Rhatie.
Dichopteris sp..

Amentum sp.
Aethophyllum sp.

. As most of these species are new, they are difficult in correlation of
" geological age, but according to the generic character there is no doubt that
they belong to the Triassic.

. Yenchanghsien to Yunghohsien and Shikkouchen sn Skamsi, The journey
was so rapidly made that only a rough reconnaissance survey to the geology
was possible. -Generally speaking, between Yenchahg_hsien and Chiackouchen
the sediments are composed chiefly of gray quartz sandstone c({mmoh.ly CIOSS-
bedded and of thin greenish shales, while east of Chiaokouchen through Yen-.
shuikuan across the Yellow River to a place 30 1i west of Yunghichsien they
consist dominantly of reddish arkose sandstore alternating with thin green
shales. All these strata are included in the upper or middle Triassic. " From
Yunghohsien northeast to Shihkouchen arkose and red quartz sandstones with
red shales prevail and these are pravisionally assigned to Lower Triassic in
age. East of Shihkouchen comes the Cambro-Ordovician limestone which
often forms high rocky lills surrounding the above Mesozoic sediments. The
contact of the limestone formation with Mesozoic red beds is caused by a
big normal fault with the Permo-Carboniferous coal series cut away:

Q1L HORI1ZONS.

North Shensi as a whole is constituted mostly by Mesozoic sediments
except its southern .mﬁrg_in near the Weiho basin and further these are thickly
covered by Cenozoic deposits. The inclination of the Mesozoic strata is gener-
ally from 1°or 2° to 3° or 4° in a dominant direction towards the west, Not-
able major folding is rare though not entirely absent. Minor faults of small
throw are, however, not infrequently met with and these are the only localities
where the steep dipping or vertical beds are visible,
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The collection of the plant fossils'at Yenchang and Chingchien is vei-y
1mporta nt, as the lower part of what was called *‘Lowér Jurassic coal series’’
‘is now proved to be Triassic. As a summary, the stratigraphic succession of
the Mesozoic sediments may be stated again as below:—

1. Lower Trz’assic' red beds: This coniormably overlying the Perme-Car-
boniferous coal series is composed of red shale alterpative with thin red sand-
stone in its lower portion, of red sandstone interbedded with thin red greemsh
shales in its upper. It is _at total thickness of about 6oo m to 800 m as
estimated from its exposure. Only in its lower porticn were discovered plant
fossils? for determining its geological age. |

2. Upper or Middle Triassic gray sandstone and greem shale: This was
~ formerly included in the Lower Jurassic coal series® and conformably rests on
‘the Lower Triassic red beds. Tts lower part comsists dominantly of arkose
sandstone while its upper one mainly of gray quartz sandstone. Cross-bedding
is cdmmon' Green or blackish shales are subordinate, but -t]:_tey sometimes
contaln well preserved plant fossils. The thickness of the whole series is esti-
‘mated at about 1000 m by supposing the average angle of inclination at 1% Of
- course, thls‘ is by no means accurate for a great number of local disturbances
is not counted. The special feature of the sediments is abundance of local
‘disconformities and of notably lateral change of lithological characters, The
thickness of each individual bed is also notably variable. All these probably
indicate that the sediments under consideration belong to a delta deposit,

3. Lower and Middle ]umssz’é coal series: It is built up of gray or white .
sandstone, green or gray to black shales and coal seams at a total thickness of
about 800 m as estimated by the same method as for the preceding formation.
Four coal seams are workable but the thickness of the individual seam is
scarcely over three feet except in Chungar, Ordes, and in Chenchiangpu and
Yunghsingpu between Fuku and Shenmu where a 18-foot thick coal seam
exists. A number of plant fossils haviang been collected at Kaimao 30 li east

1. C. ¢, .Wa.ng Stratigraphy of Pao Teh Chou, Northwest Shansi, Bull, Geol, Surv,
China No, 3, 1921.

2. C.C. Wang: Straugraphy of North Shensi Bull, Geol. Soc, Vol. 4, No. 1, 1925,
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of the Fushih cify, belonging to the Liassic or Liassic-Rhatic. At Hsialanni-
wan, northeast of Hengshanhsien, in-the upper part of this series a Cycad,
Dioonites brongpiarti”Seward,‘ was obtained by the author in 1923. This
species belongs to the Middle Jurassic, So it is probable that the upper
part of this series, which is also composed of gray sandstones and shales but
contains no workable coal seams, may belong to the Middle Jurassic.

As to the oil horizons three groups can, be distinguished, two of which
are included in the upper or middle Triassic gray sandstone and.shales, and:
one is in the lower Jurassic coal series. The lower group of oil horizons being
exposed near the Yenchang city is called the Yenchang group consisting of
four oil-bearing horizons. On its third horizon in ascending order the present
.Yenchan'g oil well is being worked. 'The second group is named the Yungping
cil-bearing group from the -town of Yungpingchen, which is composed of two
oil horizons, while the third is assigned as the Fushih group derived from the
Fushih city which is built up by three oil horizons. What group is the richest
in oil is difficult to answer, for Iitﬂe_- prospecting has been made in the second
and third groups. It is, however, possible that the first and second groups
may be the richer according to the existing seepages, or in other words the
oil-bearing horizons in the upper or middle Triassic gray sandstone and shales
seem to be the richer.

Since the oil generally emerges {rom the bedding planes or fissures of the
oll-bearing beds which are mostly gray sandstone and little oil is contained in
the pores of the sandstone, it is probable that the oil in the present oil-bearing
beds was migrated from some other horizbns. In what horizons was formed
the oil is not easy tosay and rather theoritical. Two horizons are, however.
suggestive for oil derivation in the area visited, though they can not yet be
well proved. On the southwest of the Yenchang city at about 60 li from the
bank of the Yellow River Mr. C. Y. Hsieh has discovered a bivalve bearing
black shale about 6 inches thick near the bottom of the upper or middle Triassic
gray sandstone and green shales. Abundant fossil-fish scales are also preserv-
ed in this shale which was taken by Mr. Hsieh as the source of the oil, The
Yenchang and Yungping groups of oil horizons which are stratigraphically
directly above the bivalve fossilliferous shale may possibly have -some genetic
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relation with such shale, Above the third coal seam mentioned in the Lower
Jurassic coal series there occur some thin layers of oil shale. Updé'r}mic-ro-
scope a polished section shows numerous minute bodies much like alga of
boghead coal. These layers of oil shale may be taken as anu'ther'de'.rivativé
horizon of oil especially for the Fushih group above them.

YENCHA.NG EXISTING OIL WELLS,

Though the oil in north Shensi has been known since very ancient times,
only a little qﬁantity, cotlected from the seepages was then used for medicine or
lighting lamps and no drilling was attempted for large engagement, The
first Yenchang well No. 1 (pl. VIII, Fig. 4} was drilled in 1goy near the
west gate of the Yenchang city. It has a depth of about 226 ft, The production
of oil was about 200-300 catties per day during 1go7-15; increased to about
1700-2000 catties daily in 1916-17, and then diminished to the first amount
. again up to the present. The life of the well has elapsed 26 years.

Yenchang well No. 2 was about 320 ft. deep and could yield 200 cattles
per day as reported by the Yenchang oil refinery, but now it is abandoned.
Yenchang well No. 3 only struck trace of oil through a depth of s54g ft.
In x929 the present manager Mr. Pao of the refinery drilled ‘a new well
300 m distant from the Yenchang well No. 1 on its northwest at a
depth of 520 ft. The maximum daily oil production of the new well once
reached 15,000 catties as recorded by the refinery. But at present it can only
produce 100 catties per day. '

There are some other abandoned wells drilled by American oil gealogists,

of which one is at Yenwukou xo li northeast of the Yenchang city and the

- other at Chiagerhkou 15 li east of the Fushih city. The former is said to have
origiﬁally yielded 200 catties daily while the latter only struck trace of oil.

RECOMMENDATION FOR SOME WELL DRILLINGS,

After the drilling of Yenchang wells in 1g907-X0, large reserves of oil
were generally believed to exist in north Shensi.. The Government thus
paid special attention to develop the oil ficld. But it was soon considered as a
poor oil field since the prospecting of American oil geologists in this region. In
the author’s opinion as a result of his visit to this district, further prospecting
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is still deemed ang necessary in view of the extensive need of 011 and scarmty
‘of oil fields in this cm.mtry The common method for locating wells is accord-
ing to the geological structure.” The inclipation of the rock strata in the region
under study is, however, so gentle that any notable structure is hardly to be
detected except that the oil seepages at' Yenchang seem sitoated on the crest
of a very gentle anticline, The use of g_eologlcal structures for putting wells is
thus of little value in the visited district. The present Y.enchang"?wells have
been their position generally located upon the oil seepages. With the see-
~ pages as aid to locate wells, a great number of other qjtes may be fixed besides
‘the proximity to the Yenchang wells now being in operation. The most
favorable localities are (1) at Leichiatan outside the east gate of the, Yenchang
city (2) at Shihyukou 1o i east of Yungpingchen. In the former are recom-
mended four dn[lmgs and in the latter are six. The detailed distribﬁtion of
such recommended drillings is shown in the attached maps. If they are
successful, other drillings such as at Yenwukou, Chiaochiashitko, Kuomen-
“shang, and Paichachbuang etc. may be continued.

' OIL SHALE.

Oil shale was not known neither to the natives nor to the American oil
geologists antil the author’s visit. A 20 gram sample from Chilinkou, S. E.
of Hengshanhsien gives the following data on distillation in the Fuel
-Laboratory of the Geological Survey:- |

Oil vapor at 180°C. Oil drops at 311°C,-
Gas at 383°C. Heavier oil at 418°C (brown color)
Percentage of oil in the sample —1q.5%
" Specific gravity of oil—o.8730.
Similar shale was found at Panlungcheng between Anting and Fushih.
districts {Plate I). It is probable that these outcrops of Chilinkou and
Panlungcheng are from the same horizon which extends further north and

southward. The distance between the two mentioned outcrops is about 100
km, between which at least the continunity is the most probable.

At Chilinkou, the oil shale is about 4 feet in total thickness. But it is
separated into several thin layers by thin sandstone. The thickness of each
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indiﬁdual layer varies from a few inches to one foot. The total thickness of
the oil shale is a little greater at Panlungcheng, about 5-6 feet, also consisting
of several geparated layers of Jess than one foot.

In view of the scanty data yet available, it is premature to predict in any
definite way on the economic prospect of the oil shale formation. However in
order to have some idea of the order of magnitude a tentative estimate may

be roughly made.

The minimum extention of the. oil outcrop in N.S direction between
Chilinkou and Panlungcheng is about 100 km. Assumihg' a westward dip of
about 10°, there is a workable width of at least 2 400 m' to a depth of 300 m.
The thickness or rather the thinness of the shale is the main ob]ectlon to its
workability. Accepting the rather minimum figure of thickness say I m, and
assuming the specific gravity of the shale to be 2.5, there would be a reserve
of this shale of 240,000,000 tons. Instead of 53 gallons per ton as given by
the analysis of the Chilingkou sample, let us assume only half of it say 26
gal'lons per ton, the reserve of oil would amount to 15,600,000,000 gallons or

371,000,000 barrels.
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‘An-oil seepage under the rock cliff on the east of Péic’hiachuang,

Fushihk Hsien. _

HEESS T Em ARz .

View of the Yenshui' valley flat looking west from Kaimoéchén,.
Fushih Hsien. '

FRERSREXTFREWNH L2BEE.

The sandstone bed above the abandoned prospecting oil well,
Chiaoerhkou, Fushih Hsien.
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View of the native coal pit near Kaimdéchén, Fushih Hsien,
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2-EH EERNRESRARSHEZEN.

Fig. 1. Outcrop of the oil.-bearing horizon at Chiaochiashihko, west of
' Yench’ang Hsien.

F_E EREABBZGWE.

- Fig. 2. Anoil seepage at Yenwukou, Yench’ang Hsien,

B=R. EREIRMBPREBGTHIZER.
Fig. 3. Ruined buildings near the abandoned prospecting oil well at Wang-
chiaho, Yench’ang Hsien.
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Fig. 1, The iron pipes abandoned by the American oil geologists near
Wangchiaho, Yench’ang Hsien.

WoR EREPRIELANEZBE

Fig. 2. OQutcrop of the oil-beiring horizon on the N. W. of Huchia-
chiiang, Yench’ang Hsien.

B=E EIHER=TH ERTREEFFRAMBER

Fig. 3. The cross-bedded d_il-bearing' sandstone near Liaotzeyllan about
' 25 li east of Yench’ang Hsien.

#URE  ERANERCEREEREFBRE

Fig. 4. The steam boiler room of the Yench’ang well No. 1.
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