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COLUHNAR SECTIONS SHOWING THE GENERAL STRATIGRAPHY OF THE REGIONS
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OIL FIELDS IN SZECHUAN PROVINCE
BY
H. C, T'aN AND C. Y. Lee

INTRODUCTION,

The occurrence of oil in Szechuan Province has long been known, but
no systematic information has been published. In 193] the writers had a
favourable opportunity to make observations on most of the oil fields in the said
province. The field work was started from the Tzuliuching. and. Kungching
fields where four weeks were spent for both geological studies and industrial
inquiries not only of the oil but also- of the salt and gas which both occur in
intimate relation to the oil. In the Chienwei and Loshan oil fields which are
next to the Tzuluching and Kungching fields, a week was spent for studying,
in addition to the oil, gas and salt, the associated coal fields. . Finally they
spent one day at Luochuanching in the Tzuchung district and another at Huo-
chingkou near Penglaichen in the Pengchi district. Of the known- oil-produc-
ing localities in Szechuan only two were not visited: namely Chungpaching in
the Jenshou district where the wells have long been free from oil and Meiyukou
- in the Pahsien district where the condition was then not peaceful. The time
spent for the study of the oil fields was only about 40 days out of the total of
80 days for the whole field work in the Szechuan red basin, in which the oil
fields occupy only a very small part.

Tzuliuching and Kungching constitute the most famous oil field where
there are about 30 wells now producing oil out of the numerous wells of brine.
Only seven wells produce small but some real amount of oil, while the remainder’
either show mete oil scum floating on brine or are now already exhausted. At
Hoerhkan several wells are productive in very small quantity. Yuchingpo in
the same field though known for oil well, is po more preducing. Lou-
chuanching has four wells producing small amount of oil. At Huochingkou
about 2.5 miles NW of Penglaichen there were many oil wells, but now only
one gas well is active. Meiyukou and Chungpaching have not been visited by
the writers, but according to other investigators and well people, at Meiyukou
the oil seepage occurs in a small ravine near the axis of an anticline, and at
Chungpaching some of the brine wells have really produced oil, though the
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output was low. lhdicétiom_ for oil have been known at many other localities ;
these are oil film or scum on the brine in salt regions, bituminous rocks in some -
coal field and certain rocks with petroleum odor.

Although the occurmrences of salt, gas and oil in Szechuan have been
frequently mentioned by many travellers in that province, little has yet been
-published on the geology of the oil fields. In 1915 an American geologist,
Prof. G. D. Louderback was appointed by the Chinese National O1l Adminis-
tration to investigate the Szechuan oil fields. 'We have now in the Govérnment
files his interesting reports which remain so far unpublished.! Dr. A. Heim,
Professor of geology at the Sunyatsen University, paid two successive visits in
1929 and 1931 to the oil fields of Szechuan and published some of his observa-
.tions.? Finally Messts. Chao and Huang® gave a brief but -excellent
account of the geology of the Tzuliuching region to which we have only to add
minor details.

In order to facilitate the description, we propose to proceed by grouping
together the many oil occurrences into petroliferous provinces which are charac-
terized each by its own topographical and structural features. And in order
to avoid confusion with the word ‘‘province’” and *‘district’” used for political
divisions, the main units here described will be called *‘areas’ which will be
in turn subdivided into “‘regions’’ and ‘‘fields’’. So the oil fields in Szechuan
are grouped into the following main divisions:* Fushun-Loshan Area, Tzuchung-

Jenshou Area, Pengchi-Suining Area, Pahsien-Chiangchin  Area and Jung-
chang-Yungchuan Area (Pl. 1).

"THE FUSHUN-LLOSHAN AREA

This area comprises the well-known and most productive o1l fields of
Tzuliuching, Kungching, Wutungchiao and Hoerkan 1n the Fushur, Junghsien,
Loshan and Chienwel districts. Tt 15 situated north of the Yangtze Rive_:r, east

| George D. Louderback: Reports on Petroleum Explorations in  Szechuan;

- manuscript, 1915. ' '

2  Amold Heim: The Geological Structure of Tseliutsin, Szechuan, the world’s oldest
‘Bore Field; sp. pub., Geol. Surv. Kwangtung and Kwangsi, China, No. 6, 1930.
Studies on Tectonics and Petroleum in the Yangtze Region of Tshungkiné; sp.
pub.. Geol. Surv. Kwangtung & Kwangsi, No. 8, 1931,

4 Y.T. Chao and T. K. Huang: The Geology of the Tsinlingshan and Szechuan.
Mem., Geol. Surv. China, Ser. A, No. 9, pp. 222-228, 1931.
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of the. Min River, west of the T o River and south of the Chingyen and Wei-
yuan cities. It is. more thar- 200 kilometers in length and not less than 150
kilometers in width. . The sfructl}ral and_stratigraphica! features show that many
localities other than those already known are favorable for oil prospect--
ing. They have not been known to produce oil because of the lack of wells
which are always drilled for brine but seldom for ail (P1. I).

Topography

‘This area occupies the south-western part of the so-called Szechuan
Basin which is surrounded by mountain ranges such as the Minshan Range and
the Tapashan Range on the north, the branches of the Tahsuehshan Range on
the west, the Wushan Range on the east and the Taloushan Rangeon the south.
While these border ranges rise to considerable heights from 2,000 to over 3,000
meters, the relief in the Szechuan Basin is relatively low, the highest altitude
reached being Huayungshan in the Hochuan district, 1,560 meters above sea.
level. Next to Huayungshan are the ranges in the Weiyuan and Junghsien dis-
tricts, the highest summit of which is estimate:d a: about 1,000 meters, and the
range in the Chienyang and Jenshou districts is the third. The remainder is com-
posed of only low hills and small ranges with the mean elevation of 500-600
meters. Ihe Fushun-Loshan area lies south of the Weiyuan-Junghsien ranges
with the three rivers running m the western, southern and eastern parts and
having their tributaries extending to the inner part. The lowest place in
this area is Luhsien at the junction of the Yangtze River and the T o River,
estimated at about 300 meters above sea level by aneroid readings. From
Luhsien through Fushunhsien to Tzuliuching the elevation increases from 300
meters to about 400 meters and the Fushun city is about 343 meters high. The
elevation of the Yipin city at the junction of the Yangtze River and
the Min River and of the Loshan city at the north-western comer of this area
is estimated at about 320 and 380 meters respectively. This area is a typical
hilly region, most part of which is composed mainly of isolated hills, the re-
mainder is occupied by small ranges which lie frequently in NEE and SWW
direction. The topography is often conformable with the geological structure,
thus most of the ranges coincide with the anticlinal folds which extend in
NNW and SSE direction. The ridges are mostly not more than 700 metess
above sea level and only 100-200 meters higher than the surrounding low land.
The topographical feature-here described may be simply represented by a gentle-
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inclined plain from northwest to southeast, with initial heights of anticlinal folds
gradually dissected by antecedent rivers. The area has undergone already
‘prolonged erosion though the relief appears not very rough. The topography
may be regarded as being in the later mature stage.

Geology'

The surface geology of the basin aréa is very simple, being completely
covered by the Cretaceous red beds. Older rocks are met with only on the
border of the basin or across the anticlinal ridges. Three regions were visited
by the writers, where stratigraphical sequence could be studied; they are
(1) the western part of the Omei district, (2) the border region between the Chien-
wei districi and Pingshan district and (3) the Weiyuan and Junghsien ranges
(PL. 1I). Especially in Omei Shan’, we have the most complete sequence
tanging from Simian to Cretaceous.

Outside these regions, the Szechuan basin is essentially constituted by
Cretaceous red beds with old formations, Jurassic, Trassic and Permian crolp—
ping out only along or in anticlinal folds. The Cretaceous rocks in the Omei
disirict are classified into two divisions, namely the Tzuliuching formation
and Chiating formation. The former being the lower, comprises purple-red,
greenish-yellow and greenish-gray clay, sandstone and shale and amounts to
about 300 meters in thickness, the latter being the upper, contains red clayey
shale and sandstone with undeterminable thickness. The third division of the
Cretaceous, the Mengshan formation known from other parts of the red basin
is not observed in this area. The Jurassic formation is represented by the
coal measure, named the Hsiangchi coal series and estimated at about 400
meters. The Trassic rocks are grouped into two formations, the lower is
named the Fethsienkuan formation, composed chiefly of purple sandstone and
clay about 200 meters thick; the upper is named Chialingchiang formation
and consists of limestone with some clayey shale at uppermost pait, with a

measurable thickness of 380-440) meters.

| The detailed geological conditions of the Tzuliuching-Kungching Region will be
published in a separate paper as a part of the Memoir entitled *“The Geology of
Szechuan and Hsikang'”

2 H.C. T'an & C. Y. Lee: Geology of Omei Shan, Bull. Geol. Surv. China,
No. 20, pp. 13-45, 1933,
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In the Chienwei and Pingshan border region the stratigraphic succes-
sion from Triassic to Cretaceous is almost 1dent1_ca] with that observed in Omei
Shap, but the Tzuhuchmg formation increases in thickness and has at some

localities (as in'the type locality Tzulluchmg) thin beds of limestone which are
absent in Omei Shan. The Jurassic coal series becomes thicker. The Trias-
sic limestone is also completely exposed

In the Weiyuan and Junghsien ranges, the Tzuliuching formation is
developed to a thickness of over 600 meters and continues with that in the
Tzuliuching and Kungching region. The Jurassic coal series is estimated at
about 550 meters; but there the Triassic limestone is not entirely exposed with
the basal sandstone and shale concealed underground.

The Triassic limestone in all the three regions above-mentioned is
characterized by the petroleum odour and porous structure at certairi horizons.

S fratigraphy

In the Tzuliuching-Kungching region the exposed rocks belong to the
lower Tzuliuching formation of Cretaceous age and consist of the following
seven divisions from below upward:

(1) Chenchuchung clay, partly exposed,

(2) Tungyomiao limestone 5.14 meters thick,

(3) Tafenpao clay 46.7 meters thick,

(4) Kuochiaao sandstone 2.92 meters thick,

(5} Maanshan clay 50 meters thick,

(6) . Taanchai limestone 23.02-24.6 meters thick,

(7) Liangkaoshan sandstone with undertermined thickness (P1. 11f).

The Taanchai limestone may serve as the key bed for determining the
horizons of both petroleumn and salt beds.

In the Hoethkan-Wutungchiao region both the Tzuliuching and the
Chiating formations are wide-spread, the former 1s well developed in the
environs of Wutungchiao while the latter in the vicinity of FHoerhkan. Tzuliu-
ching formation contains a limestone which corresponds to the Taanchai lime-
stone but is thinner than the latter; no other limestone was observed around
the region.
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Below the ‘Tzuliuching formation immediately lies the Jurassic coal
series which amounts to about 550 meters in average thickness. The Jurassic
rocks are generally exposed along anticlinal zones, for instance, on the range
between Junghsien and Tzuliuching and Chingshanling between Luhsien and
Fushun. The Triassic formations in turn underlie the Jurassic coal series with
the thickness of about 500 meters for the upper:limestone formation and of
about 200 meters for the lower sandstone. '

As the strata are usually flat-lying in the Szechuan basin, the geology
observable by surface examination is often monotonous except in a few folded
ranges. In order to have some idea of the underground geology, it is inter-
esting to study the well logs, drillings and traditions of local brine wells which
are widely scattered in Szechuan and often reach great depths over 3,000 feet
as in the case of the Tzuliuching-Kungching region. From the latter region
several well logs have been collected and thoroughly studied by the writers,
one from Hunglungching in the Kungching field, others for some rock salt
wells at Tafenpao in the Tzuliuching field.- The Hunglungching well is sunken
from the lower part of the Liangkaoshan sandstone and wen: down to the
middle part of the Triassic limestone formation. In this well the parts of the
‘Trzuliuching formation encountered correspond to those exposed and the charac-
ters and colours of the rock debris pumped up from the drill fairly agree with
those observed on the surface. The Jurassic coal serles encountered in the
Hunglungching has a thickness of 540 meters, with 10 coal seams. For the
Triassic limestone a part of 266 meters was penetrated s different in characters
and colours in vanous layers, 2 oil-bearing beds were met with within this zone
among which the lower one 1s productive. Four rock salt wells at Tafenpao
have furnished their original drilling records showing the underground geological
conditions. These wells were drilled. from the Tafenpao clay, penetrated
through the lowest membeérs of the Tzuliuching formation and the Jurassic coal
series and went down to the middle part of the Triassic limestone. The
subsurface members of the Cretaceous formation are chiefly purple-red clay
about 67 meters thick. The Jurassic from 543 to 553 meters in thickness is
represented mostly by sandstone and shale with several coal seams: - The Trias-
sic limestone penetrated is 275-300 meters thick and contains rock salt at the
bottom. The detailed rock sequence is shown in the columnar sections of the

well logs of Hunglungching and Yentaiching (PI. IV & Pl. V).
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~ In the Hoerthkan' and Wutungchiao region drilling records of some
brine and oil wells of much lesser depths have also been obtained. Most of
the. wells are known to penetrate through red clay and some sandstone and are
still confined in the Tzuliuching formation. In some other deeper wells, coal
seams were encountered, this showing that the upper part of the Jurassic coal
series has been reached. But no well has been kiown to have reached the

lower part of the coal series. The subsurface stratigraphy is shown by the
well log of Fuyiiching at Shunhochieh (Fig. 1, p.54).

Petroliferous Horizons

The oil-containing beds have as a rule no direct exposure, and when
they-do crop out, they contain no more oil. The stratigraphic position of the
oil horizons has thus to be determined by the position of oil wells.on the.
surface, the depth of the wells at which the oil was struck, and the thickness
of the formations and beds calculated or estimated from their exposure in the
adjacent regions or reliable well logs. The deepest of the oil horizons has
been known to occur at Hunglungching in the Kungching field, where the well
is sunken to about 1,034 meters in depth and has its surface location in the -
Liangkaoshan sandstone (Pl. VI). According to the well log it has passed
through the Tzuliuching formation and the Jurassic coal series, and penetrated
the Trassic limestone formation to a depth of about 266 meters from the top
of the formation. Above this deep oil bed in the Trassic strata there are
two other oil horizons which were encountered a: the depths of 563 and 793
meters from the surface but gave very little oil. The first o1l bed is probably
a member of the lower part of the Jurassic coal series, and the second contained
.in the upper part of the Triassic limestone.

At Fylungching in the Tzuliuching field the oil is obtained from a
‘depth of about 634 meters from the surface and included in the lower part
of the Jurassic coal senies. This holds true for the oil from Tungshunching,
Ssutungching and Chenchuanching in the same field. According to the depth
of the wells and their location on the surface the oil from Chifuching, Ssufu-
 ching and Tungchangching is higher in horizon than the Fulungching oil though
it is also contained in_- the lower part of the Jurassic coal series, the interval
between the two oil beds amounting to about 80 meters,
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The shallowest or highest oil horizon in the Tzuliuching-Kungching
region occurs at Yentaiching in the Tzuliuching field, where a basal member
of the Tzuliuching formation showed some trace of oil when the drilling was
‘undertaken.

In the Loshan field only some brine wells in the environs of Hoerhkan
produce some amount of oil, one of them is known to have a depth of about
440 meters, sunken from the lower part of the Chiating formation. This fact
shows that the well has entered into the Tzuliuching formation to a depth of
more than 300 meters; accordingly the oil is contained in the lower part of the
same formation, This is still higher than the Yentaiching oil and is the highest
oil horizon in the Fushun-Leshan area (Pl. V1), There are thus found alto--
gether six oil horizons: two in the Triassic and two each in the lower part of
the Jurassic and the Lower Cretaceous formation, bu: only 4 have been worked.

Character of ‘the Petroliferous Bed and Cap Rock

Unless the core-drilling has been specially condiicted for prospecting,
the productive beds and the cover rock cannot be known with certainty from
the debris or dust pumped up from the bnne wells during the dnlling opera-
tion. No geologist or expert took part in the drlling for studying the samples,
‘nor did the well people keep the samples for investigation though the drilling
records have been made in their own style. As far as we can leamn from
such records the oil is certain to occur in three different systems: (1) the
Triassic which is mainly composed of limestone, (2) the Jurassic coal seres
which comprises sandstone and shale. and (3) the Cretaceous formations which
consist largely of clay and sandstone with thin beds of himestone. According
to the well log of Hunglungching the deepest oil occurs in some gray-yellow
sandy rock and gray-yellow limestone. It may be deduced that the oil in the
Trassic formation is contained in some porous and rather coarse limestone with
some dense or fine limestone serving as cap rock. - This 18 confirmed by the fact
that at some localities in the Weiyuan and Pingshan districts the upper part of
the Triassic limestone includes some gray-white porous limesione and yellow
soft marly limestone which often give petroleum odour when struck by ham-
mer. It was reported by the well people in the Tzuliuching-Kungching region
that .the oil which was obtained from shallow wells occurs in some straw-white
sandy rock. This should be some gray-white sandstone of the Jurassic coal
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series and this information agrees with the principle that the oil tends to occir
in some coarser rocks. The cap rock is here undoubtedly the shale under
which the oil probably forms pools. In the Cretaceous no better rock than
the greenish sandstone can be the reservoir for the oil. The oil from some
wells in the Hoerhkan field seems to be included in this sandstone though no

reliable data have been obtained from the well people and their poor dnlling
records.

Structure of the Qil Fields

The Szechuan basin surrounded on all sides by mountains of folded
and metamorphosed strata is a large basin of flat-lying’ Cretaceous red. beds
locally complicated by anticlinal folds (P1. I). In the Weiynan and Junghsien
districts in the western part of thé Szechuan basin there is an important dome-
anticline lying in northeast and southwest direction, on the south and west of
which are situated the Tzuliuching-Kungching-oil -field and the Hoerhkar
oil field. This anticline of Weiyuan and Junghsien is uplifted high enough
for the Jurassic sandstone to appear or the axial zone. The Tzuliuching-
Kungching oil field occupies another dome-anticline which may be named the
Tzuliuching anticline (P1. VII}. It has nearly the same direction stretching south-
westwest- and northeasteastward as the Weiyuan-Junghsien big anticlne but
is of much smaller magnitude than the latter, amounting to about 20 kilometers
in length and about 3 kilometers im width. The southern limb of the dome-
anticline dip toward southeast and south-southeast, at angles varying from a few
degrees near the axis to over 50 degrees farther from'it. The northem limb
dip to northwest and north-northwes: at angles from a few to over 10 degrees.
The strata at the eastern and western ends of the dome are inclined toward
northeast-east and southwest-west respectively dipping at not more than
10 degrees. The central part of the dome-anticline is constituted by the lower
part of the Tzuliuching formation with its overlying rocks already mostly eroded
away, thus leaving there local depressions where most of the oil wells are located.

The Hoerhkan oil field" is sit tuated on the southwestern end of the
Welyuan-]unghs:en anticline, but it itse}f is marked by no special ‘structural
feature. On the south of Chukentan or Wutungchiao there is a low unsym-
metrical anticline with the axis lying in east-west direction and the northemn
limb steeper than the southern one, the brine wells are located on the former,
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and the old oil wells in the vicinities of Yuchingpo, . Yangliuwan and Shunho-
chieh are likely to have relationship to this anticline (Fig. 2, p.57).

In addition tq_the structural features mentioned there are several other
anticlines and synclines in the Fushun-Loshan area, though no oil has been
known to occur (Pl. I). Between Chienwei and Yipin thete is.an unsymmetrical
anticline north of Maliuchang, which has its axis trending in southwest and
northeast direction and the southern limb steeper than the northem. The

remaining part shows numerous undulations, though complete anticlines and
~ synclines are not conspicuous. In the environs of Yipin and Nankuang the strata
are much folded, the folds include the anticline at Yipin and that at Nankuang
with the syncline between them, the former anticline having its southern limb
steeper while the latter anticline having its northem limb more inclined, both
extending in southwest to northeast direction. There are seyeral anticlines
and synclines in the vicinities of Nanchi, Chiangan and Luhsien, though the
structure is nowhere very marked.  From Luhsien to Fushun there cccur a
series of minor folds composed of five anticlines and four synclines, which
are mostly shallow and indiscernible, except the Chingshanling anticline which
is outstanding with the Jurassic coal series brought out to the air. At Fushun
there is another conspicuous anticline which has its southern limb steeper than
the northem. Between Fushun_and Tzuliuching there are several low and
shallow anticlines and synclines which are almost indiscernible. Between
Tzuliuching and Yipin, Junghsien and Hoethkan the strata are undulating and
form some incomplete anticlines and synclines.

Relation of Brine and Gas to Petroleum

With the exception of the Meiyukou seepage and the oil trace at Huo-
chingkou, the petroleum in Szechuan always occurs in association with brine
and often with gas. In the Tzuliuching-Kungching il field the petroleum,
brine and gas are produced but not always from the same well. At Hung-
lingching the lowest petroliferous bed in the Triassic limestone contains also
brine and gas. The brine of Hunglungching is low in salinity, the gas is
used to fumnish about 50 flames for salt-evaporation. The daily production
of oil amounts to a little more than 10 catties. The upper petroliferous bed
in the same formation includes very small amount of oil and gas without brine.
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"The lower petroliferons bed in the Jurassic coal series is very variable
in its content of oil, brine and gas i different wells. At Fulungching all the
three substances are produced, a brine of low salinity, the gas not abundant
and a daily output of oil amounting to 6-7 catties. At Tungshunchmg the
brine is deeper and less saline, the gas comes next in small quantity, and the
oil is from a shallower horizon and only several catties a day. ‘At Ssutung-
ching the oil and brine were associated without gas, the brine being of low
saluuty and the daily production of oil varying from several to hundreds of
catties. At Chenchuanching the three substances occur In assoclanon, the
oil and gas are not abundant and the brme is less saline. .

The upper petroliferous bed in the same coal series is also variable in
its relation with brine and gas in different wells. At Chifuching all the three
substances are present, it is reported by the well owner that at the deeger pox-
tion - of the same well gas was found in large amount ‘and brine high in
salinity. At Ssufuching the brine is less saline and the oil production amounts .
* to only about two catties per day, but the gas in large quantity and several
petroliferous beds have been known to occur at lower horizons. At Tung-
changching all the three substances are produced in small amount.

From the facts mentioned above it may be concluded that no certain-
relation can be made out as to the position of occurrence or order of presence
of oil, brine and gas in the same field or in the same well.  Broadly speaking,
in the same well brine seems to be generally shallower while ol often occurs
below ; the gas may be found to come up from beneath the brine or the oil
and may become more and more abundant downwards. In the Tzuliuching-
Kungching region, oil and gas occur at different horizons in association with
brine.

In the Loshan-Chienwel salt region some brine wells at Shunho-
chieh, Hueishanching, Tsatsaotan and Yuchingpo are reported to have pro-
duced oil and gas from the upper part of the Jurassic coal series. In- the
Hoerhkan oil field the wells at Kaoshanpu produce brine and oil with little
amount of gas, the laiter from a horizon above the former two.

Brief History of Oil ProJuction

The petroleum in most of the oil fields in"Szechuan eccurs in association
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with brine and gas. According to the historical records the brine! in Szechuan
was discovered far back in the Ch'in Dynasty (about 200 B.C.) and the gas
was known since the Han Dynasty. But no reliable information on the dis-
covery of petroleum has been recorded. Brine wells became soon wide-spread
in central Szechuan. ~The salt deposits in the Fushun district are known to
have been worked from the Han Dynasty and the work. continued through the
Chin, Suei and T’ang Dynasties. The brine-producing localities were first
~ concentrated In the environs of Tengchingkuan, with shallow wells sunken in
the Cretaceous 'beds but producing no petroleum. At the beginning of the
Sung Dynasty brine wells were started to open in the vicinity of Tzuliuching.
At Kungching the salt industry was started since the T’ang Dynasty.  In the
middle of the Ch'ing Dynasty, about 100 years ago, gas was first discovered -
in the Tzuliuching-Kungching field, and thereafter the production gradually
"increased and reached the highest point about 60 years ago. |

In regard to the discovery of petroleum no reliable data are available
from Chinese history. In 1827 M. Imber, a French Missionary, visited Tzu-
liuching and reported on brine and gas without mentioning petroleum. In
1891 another French Missionary, M. L. Coldre® noticed the presence of
petroleum, the brine wells which produced petroleum were counted at 40.
Some years later the Frenchmen Durand and Marteau visited Tzuliuching and
stated that the oil was very good in quality. - There were at their time 15 wells

“which produced much oil with daily production of about 5000 liters in several
earlier months and of about 500 liters in later days. Certamn oil well pro-
duced 1500 kilograms per day and the deep ol wells went then to 1200-1500
feet in depth. About 30 years ago one oil well was sunken to 2160 feet in
depth and produced about 3000 catties per day and another oil well to 2500
feet in depth with a daily output of about 1000 catties.

In 1915 G. D. Louderback® visited various o1l fields then known in
Szechuan. Special account was given of the Tzuliuching and Kungching

| C. H. Lin: General Statement on the Salt Industry in Szechuan (in Chinese),
1919: Other Chinese books dealing with salt.

2 L. Coldre: Les Salines et les Puits de Feu de la Province du Se-Tchoan; Ann.
Min., Ser. 8, t.19, pp. 441-528, 1891.

D. Louderback: op. cit. -
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oll from which the following summary is made. There, were several tens of
brine wells with o1l séu_m but only some 10 wells produced some serious amount
of oil. These wells were between 1700 10 2900 ft. in depth, the most
productive well had a daily output of about 300 catties within the earlier 40
days and about 60 catties later, The total production of 11 wells amounted
to about 160 catties. |

In 1931 when the writers were in the Tzuliuching-Kungching field oil
wells numbered more than 20, most of them had only oil scum, only the wells
Ssufuching, T’ ungchangching, - Tungshunching, Chifuching and Fulung-
ching in Tzuliuching field and Hunglungching in Kungching field had some
appreciable production. Hunglungching was the most productive well and
had a daily output of more than 10 catties, the others produced only from
ounces to less than 8 catties of oil a day. The crude oil was heated by
which process all the gaseous products were lost, leaving a coloured liguid,
which costed about 15 cents per catty and was locally used for lighting. The
oil has been analysed by the Chemical Labcratory of this Survey and the results
have been published.!

In the Chienwei-Loshan salt region the brine wells with oil occur in
the vicinities of Wutungchiao, Shunhochieh, Yuchingpo and Tzatsaotan, but
now they are exhausted and abandoned. Hoerhkan is the only oil-producing
locality, The date of the discovery of petroleum is found from some records
to have been in the middle of the Ming Dynasty. * In 1915 G. D. Louder-
back? made a rather detailed study on the petroleum in the Chienwei-Loshan
salt region. He reported that in the vicmity of Yangliuwan there were two
brine wells with oil, one 1710 ft. deep produced gas and trace of oil, the
other 1550 ft. deep had some oil scum. Near Yuchingpo some brine wells
had a depth of more than 700 ft. and produced some amount of oil. One
brine well only 250 ft. deep had some oil fhlm on brine, and some
other wells gave gas odour or oil trace on brine. Near Tzatsaotan a

brine well was named Yuchingerh (oil well) with a depth of 1740 ft. which

was then the most productive well with a daily production of eil of 12

I K.Y.King: Chemical Analysis of Some Chinese Crude Oils; Bull, Geol. Sury.
Chma, No. 19, pp. 77-83, 1932.
2 G. D. Louderback: op. «it.
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catties.  Another brine well 1650 ft. deep produced some green-brown ol
scum with an output of about 5 catties per day. In'the-environs of Shunho-
chieh and Hueishanching there were 5 brine wells with oi} scum or film, 4 of
them produced little amount of gas, the deepest well was estimated at about
1800 ft. and the shallowest 1425 ft.  One oil-producing brine well was located
at Lianghokou west of the Min River with a production of a few ounces of
dark-green oil per day.
In 1931, at the time of the authors’ visit, two brine wells with some
oil scum were known in the environs of Shunhochieh and Chinshanssu, with-
very little production.  About 7 of the brine wells at Hoerhkan and Kaoshanpu
produced some amount of oil with the highest output of. only 4 catties per day
for one well. The well Hsuehchiaching which had a production of about 90
catties of oil per day some time ago produced then only three catties, while the
well named Sungchiaching which had a daily output of about 20 catties was
then exhausied. The oil from Hoerhkan has been analysed.!

THE TZUCHUNG- JENSHOU AREA

. This area is situated on the north of the Fushun-Loshan area with the

Weiyuan-Junghsien ranges intervening between, including portions of the ‘Tzu-

chung, Jenshou, Chingyen, Tzuyang and Chienyang districts. [t is about 180

kilometers both in length and width. The known oil-producing localities are
Luochuanching in the Tzuchung district and Chungpaching in the Jenshou dis-

trict, and the brine well at the Jenshou city (P1. 1 & Pl. VHI). According to

the geological conditions this is a hopeful area for oil though very few oil-produc-

ing localities are yet known.

Topography

Between the Weiyuan- Junghsien ranges and the Chienyang-Jenshou
ranges occurs the Tzuchung-Jenshou area which is composed chiefly of low
hills with flat low lands, at about 480 meters in average above sea level. The
distance between Jenshou and Luochuanching is more than 70 kilometers but
the difference of the elevations between them is only about 50 meters. On the
south, the Weiyuan-Junghsien ranges rise to 1000 meters while on the north
are the Chienyang-Jenshou ranges of more than 800 meters -in height. The

IKYng op. cit.
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Min River forms the western bonndary and the T"o River flows on the castem
margin of the area, both lying in the vaﬂeys of a little more than 400 meters
- in altitude. It is thus seen that the area is limited on the south and north by
two anticlinal ranges but is open on the east and west to the Min and T'o
nvers, the latter condition is very favorable for the pipe transportation if the oil
industry is to be developed. |

Geology

- The geology of the Tzuchung-Jenshou area is relatively simple, only
complicated by some small faults. Within the area little can be seen of the
stratigraphic sequence owing to the flat-lying Cretaceous beds. - But the
Weilyuan-Junghsien anticline furmshes much clew on the older strata. Neither
much can be obtained from the well logs which do not go very deep.

Stratigraphy

The surface geology is represented only by part of the Tzuliuching
and Chiating formations. The former consists chiefly of purple-red and green-
gray sandstone and clay with thin beds of limestone,  while the latter mainly
comprises red sandstone and clay with green-gray clay and sandstone. In the
Luochuanching oil field in Tzuchung district occurs the lower part of the
Tzuliuching formation which is composed of the purple-red clay, green-gray
sandstone and greenish clay with two beds of limestore, the lower limestone
probably corresponds to the Tungyomiao limestone in the Tzuliuching-Kung-
ching region and has a thickness of 2 or 3 meters and the upper to the Taan-
chai limestone about 10 meters thick. These thin limestones form the key
beds which may be used to correlate the o1l horizons.

Between the Luochuanching oil field and the Jenshou city where some
oil scum floats on brine, are found the purple rocks of the upper Tzuliuching
formation and the red rocks of the Chiating formation. In the environs of
tht Jenshou brine wells are exposed the purple red and greenish clay, brown-
purple, dark-brown and white-gray micaceous sandstone, which belong to the
upper Tzuliuching formation. The remaining part of this area .is composed
either of the Tzuliuching or the Chiating formation. The informations as
regards the subsurface geology are scanty, for few well owners keep drilling
records and some are not the original well drillers. The only records obtained
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are from some oil wells in. the Luochuanchmg field.  The Chaoyuanchmg
oxl ‘well is located just below the Taanchai limestone. It reaches the dark-
gmv and white-gray sandstone from about 362 meters downward and the coal
seam at the depth of 523 meters. The petroliferous bed occurs just above the
coal seam At Fuyuanching the rocks from about 469 meters below the sur-
face are gray and white-gray sandstones, most of which contamn oil. It was
told by the well people in the Yiimo salt plant that the wells penetrated from.
the red rocks and met the coal seam at a depth of about 284 meters. They
reach the brine in the dark-gray sandstone and white-gray sandstone at about
532 meters. The red rocks belong to the Tzuliuching formation and the gray
rocks with coal seams without doubt belong to the Jurassic coal series. The
wells mentioned above are the deepest ones.in this area and all confined to the
Jurassm beds; this shows that no Trnassic limestone has been reached in this
area.

Horizon of the Petroliferous Beds

The Luochuanching brine wells which produce oil were more than ten
m number but in 1931 only 4 wells were known to have oil. The shallowest
of the oil wells is about 206 meters deep and has the hole situated between
the Taanchai and the Tungyomiao limestones.. The part of the Tzuliuching
formation below the Taanchai limestone is estimated at about 180 meters, so
the well has penetrated into the uppermost part of the Jurassic coal series, in
which the oil was encountered. This is the upper horizon of the oil known
to occur in the Luochuanching oil field. The other wells which produce oil
are Fuyuanching, Chaoyuanching and Hungyuanching and all amount to more
than 520 meters in depth. They are all located just below the Taanchai
limestone on the surface, penetrate through the lower Tzuliuching formation
and enter into the Jurassic coal series for about 340 meters. The oil thus
occurs in the lower part of the Jurassic and its horizon probably corresponds to
one of the two oil beds in the Jurassic of the T zuliuching-Kungching region

(PL. V).

At the Jenshou city only oil scum is known to occur on the brine which
is bailed up from the lower part of the Tzuliuching formation, probably of the
same horizon as that of the oil bed in the Hoerhkan field.
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Character of the Pelroliferous Beds and Cep Rock

There are thus two oil horizons in the Jurassic of the Luochuanching
field. The lower oil horizon is contained in a gray-white sandstone while the
upper one is said to occur in some white-gray sandstone. The cap rock in both
‘cases is probably the shale-interbedded with the sandstone. At the Jenshou
brine well the oil comes from some greenish sandstone of the lower Tzuliuching
formation.

Structure of the Oil Fields

The Luochuanching oil field is situated on the northern limb of the
Weiyuan-]unghsien dome-anticline (Pl 1). The inclination of the strata
gradually decreases from north of the anticlinal axis to the vicinity of Luochuan--
ching where it becomes very gentle with the dipping angles of dnly 3-4 degrees
and nearly horizontal at some localities. In the Luochuanching oil field itself
no special structure, such as anticline, dome, etc., can be noticed except scme
slight undulation (Pl. VIII). At the Jenshou city there is a normal fault
trending irr northeast and southwest direction with the downthrow side composed
of the Chiating formation and the up-throw side of the Tzuliuching formation
(Pl. 1X). 'The brine well is located on the up-throw side of the fault, and
the strata there dip to NNW at about 10 degrees. Between Luochuanching
and Jenshou the strata dip also to NNW at about 5 degrees.  In the environs
of Yinshqnchen there occurs a dome-anticline which ends on the northeast and
seems to connect with the Weiyuan-Junghsien dome-anticline on the southwest.
In this area there seems to be no prominent folded structure which would cause
the accumulation of oil, but the fault may have some mfluence.

Relation of Brine and Gas to Petroleum

In this area the petroleum occurs in association with brine but often
without gas. Local information shows that very little gas has been known
in the Luochuanching oil wells and on the other hand some brne well of the
Yiimo salt plant produces small amount of gas without any trace of oil. The
brine well of the Jenshou city has little gas in association with oil scum but
not enough to produce continuous flame.
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Brief History of Oil Production

In this area again the salt industry can be traced far back in the history,
but the begmmng of .the otl production is unknown. The Jenshou brine was
~ known since the Han and the Tzuchung brine since the T ang Dynasty but no.
mention was made of oil. The oldest of the brine wells now existing in the
Luochuanching field was started early in the Ch"ing Dynasty but it never pro-
duced oil, though some amount of gas is known to occur. - All the wells now
producing oil are only about 30 years old and some of their drilling records are
still available. One well is said to have produced about 200 catties of oil
and has been abandoned a few years ago. The well named Fuyuan en-
countered gas at the depth of 505 meters and oil at 517 meters; the ail
becoming more abundant downward and the well had once a daily production
of 30 to 120 catties when reaching 529 meters, lasting about a year. The
well Chaoyuan struck oil at 516 meters and had an output of 20 to 140
catties per day. The Hungyuan well reached oil at 524 meters. In 1931
each well produced only 3 or 4 catties per day. ‘ The crude oil after being
washed through hot water was used for lighting. The oil from Luochuanching
wells has been analysed.’ At the Jenshou city only some yellowish film of oil
scum floats on the brine with little gas. At Chungpaching in the Jenshou
district a brine well which once produced oil has been abandoned some years
ago.

THE PENGCHI-SUINING AREA

Here oil is known to occur only in the vicinity of Huochingkou north
of Penglaichen i a very small area (Pl. X). But according to the occurrence
of brine and the related geological features, the area which is proposed io be
“ prospected is large and includes many salt regions between the two nvers
Chialingchiang and Tochiang in northern Szechuan (Pl. 1). In many brine
wells in Chungchiang and Pengchi districts gas is known to occur and used for
Erine evaporation. The oil-bearing beds of Huockingkou extend widely which
may be expected to be oil reservoir elsewhere also, and deeper petroliferous
horizons may also be expected.

i K.Y. King: op, cit.
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Topography:
This area is remarkably flat with small and low hillocks. The hills

are mostly isolated and rarely connected to form ranges. When being viewed
from high and distant point, the tops of the hills stand here and there,
neatly at the equal elevation of about 500 meters above sea level. The area
is drained by the Fuchiang, a tributary of the Chialingchiang, and its subsi-
diary streams. The two named rivers are navigable but most of the tnbutaries
are rather shallow. It seems probable that aspeneplain has been formed in
northern Szechuan in Tertiary time and thereafter dissected by the streams to

form the present topographical feature, most of the streams being in the late
mature stage,

Geology

The surface geology is very simple, nearly entirely consisting of the
Chiating formation which includes red clay and sandstone with intercalated
beds of greenish sandstone and clay. The Mengshan formation may occur in
‘some places in the northern part of this area. According to the stratigraphical
succession. of the Szechuan basin the Tzuliuching formation, the Jurassic coal
series and the Triassic formations should be present beneath the Chiating forma-
tion and form the subsurface geology of this area. But the oil horizon so far
known in this area is very shallow, so that the underlying Jurassic and Triassic
formations have no relationship to the oil geology here concerned unless deeper
oil beds will be prospected in the future. At Huochingkou north of Penglai-
chen, the only oil-producing locality in this area (Pl. X), the oil was encoun-
tered at a depth of more than 70 meters below the surface in many wells.
The wells were dilled from some red sandstone in the lower part of the
Chiating formation and seem to have entered the uppermost part of the Tzuliu-
ching formation. This is the highest oil horizon known in Szechuan. It was.
told by the well people at Huochingkou that the o1l was always encountered
in some green rock. This shows that the greemsh sandstene of the Lower
Cretaceous formations 1s often the reservoir rock.

The geological structure of this area 1s also very simple, the strata are
mostly horizontal, gently inclined or slightly undulating, and no conspicuous
folds are present though Dr. Heim states that the oil wells seem to be located
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‘on an anticlinal high.* In the vicinity of Huochingkou the strata are some-
-what undulating; on the north of the Hu building the 1éd clay and sandstone
with greenish clay dip to NE at 4 to 9 degrees, while at Pengshankou the
same strata dip at 6-15 degrees to N 50°-60° W. No conspicuous syncline
or anticline was noticed (Pl. X). If the prospecting for oil will be under-
taken the structure of the whole area. needs more detailed surveying.

¥ In this atea the brine is being worked in several regions known as the
Chuanpei salt area, and-the gas is known to occur at many localities in Chung-
chiang district and in the environs of Huochingkou. But the brine wells do
not produce oil and the oil occurs rately in association with gas. Only at
Huochingkou both oil and gas have been worked, but the two substances do
not often occur in the same well. At Pengshankou a gas well is active and
has never produced oil, while the oil wells around the Hu building are said
to have produced little gas. In oil wells the water ts not saline erough to
make salt, though the brne has long been searched for by the natives. In
comparing the horizons of oil and gas it is known that the gas is deeper than
the oil in stratigraphic position. This may show that the gas has its source
below and deeper petroliferous beds may be discovered if the two substances
have mutual relation in ongin.

Brief History of Qil Production

In the Huochingkou field gas has been known since about 60 years ago,
and some 30 years later when the natives drilled wells for gas the oil was first
discovered at a depth of more than 70 meters. The oil was good in quality
and so clear that it Jooked like pure water, with an output of several hundred
«catties in a month. In the next year the drilling was started again and about
60 wells were drilled within about four years, all at the depth of about 140
meters and producing oil at 70 meters. The daily output of each well ranged
from several catties to more than 1000 catties, the total production of the
wells being more than 10,000 catties. The work lasted about four years. In
1930 two wells were dnlled for oil ; one well was about 140 meters deep and
produced about 22 catties of o1l at 70 meters ; the other had about the same depth
without producing oil. The prospecting was stopped in the same year. In

I A, Heim: Studies on Tectonics and Petroleum in the Yangtze Region of Tschung-
king; sp. pub., Geol. Surv. Kwangtung & Kwangsi, No. 8, p. 38, 1931,
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1931 when the writers visited the place, no oil was producéd at all except
some derrick set on the abandoned well. At Pengshankou there was a gas well
about 115 meters deep, the gas was used for cooking and lighting (P1. XXXI,
Fig. 2). |

THE PAHSIEN-CHIANGCHIN AREA

The only oil-producing locality is Meiyukou which s about 60 kilo-
meters south of Chungking though this area is defined to include parts of the
districts Pahsien, Chiangchin and Chichiang. The writers have been inform-
ed that at some locality south of Chiangchin district some oil seepage has been
found. The structural features in some part of the area as well as in the
environs of Meiyukou are favorable for oil accumulation, so the area is hopeful
for further prospecting (P1. 1).

The area is composed of low hills and small ranges between 400 and
700, meters above sea level. The Yangtze River runs along the northem
margin (;f' the area, and the difference between the average elevation of the
area and the Yangtze River bed is estimated at over 200 meters. The Pahsien
city (at Chaotienmen near the River, Chungking) is about 240 meters above
sea level and the Meiyukou oil seepage is situated at about 300 meters, but the
hills near Meiyukou rise to more than 400 meters. This area shows more relief’
than the other areas in the Szechuan basin.

In this area the Tzuliuching and the Chiating formations are well
developed, and where the anticlines exist the Jurassic coal series and the Triassic
limestone often come to light!. Meiyukou, the only oil-producing locality, was
not visited by the writers, but the geology there has been described by Dr. A.
‘Heim?®. * The exposed rocks are reddish and greenish sandstone and brown-purple
clay which probably belong to the upper part of the Tzuliuching formation.
The oil seeps out probably along some cracks from reddish sandstone and has
its source far down below. The oil horizon may correspond to one of those

| Personal communication from Y. L. Wang of the Geological Survey, who visited

the place in 1930,

2 A. Heim: Studies on Tectonics & Petroleum in the Yangte Region of Tshung-
king; sp. pub,, Geol, Surv. Kwangtung & Kwangsi, No. 8, pp. 23-24, 35-36,
1931,
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at Hoerhkan and at Huochingkou or above them. A Japanese report’ men-
tioned a low anticline in the vicinity of Meiyukou with the limbs gently dipping
at mote than 10 degrees., According to ‘Heim in the environs of Yenpo there
is a fold which may be called the syncline and anticline of Yenpo, west of
Yenpo the strata form a syncline while east of Yenpo occwrs a perfect un-
symmetrical anticline, near the axis of which the oil seepage is situated, with
a wide and gentle eastern limb and a short and steep western limb. * Between
the Yangtze River and Yenpo there is a larger antichine which ex:ends in NNE
and SSW direction with the Triassic limestone i the central part and the
Jurassic coal series and the Cretaceous formations on two limbs; the inclination
of the strata on both limbs varies from several degrees to more than 60 degrees.

‘When exactly the seepage at Meiyukou was discovered is not known.
The natives said that two wells drilled about 60 years ago struck brine but
without oil, one of which was 250 meters deep. According to Heim? in
1929 at Meiyukou was sunk a shaft to a depth of about 1.5 m; in which
black, heavy and viscous oil floated on fresh water. About 300 catties of oil
per month were gathered from the shaft, the oil was sold at Chungking at the
price of 16-18 dollars per 100 catties and used for lighting. -

THE JUNGCHANG-YUNGCHUAN AREA

Although no o1l occurrence has yet been actually known in this area,
conditions seem favorable for the existence of oil. The area includes parts of
the districts Jungchang, Lungchang, Yungchuan, Tatsu and Luhsien and may
be regarded as an eastern ‘extension of the Fushun-Loshan area (Pl. 1). At
some localities in this area brine has been produced and in Tatsu district there are
wells now producing (Fig. 3, p.73). Communication is more convenient here
than in any other area described above; the Yangtze River runs on the south
and the river T ochiang Bows on the west, both are navigable. The topography
is similar to that of the Fushun-Loshan area. Samll ranges run in NE and
SW direction with average height between 500 and 600 meters. The Tzu-
liuching formation is well developed in most part of the area and m continua-
tion with that in the Fushun-Loshan area. Where small ranges are formed by

! G. Kobayashi & N. Horiuchi: Geographical Research in China; Tokyo Geogra-
phical Society, Vol. 2, pp. 410411, 1917,
2 A. Heim: op. cit., sp. pub., No. 8, p. 36.
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anticlinal folds often comes to light the Jurassic coal series. The Triassic lime-
stone is found only in the hills on the east of the area. The geological structures
seem to be favorable for the accumulation of oil ; between Lungchang and
‘fungchuan the folds consist of three folds of anticline and syncline (Pl. D).
These folds run in NE 0 SW direction, the anticlines are mostly low and broad
and often short so as to form dome-anticlines.

FacTorRs CONCERNING THE FUTURE DEVELOPMENT
oF THE OIL FIELD IN SZECHUAN

Before formulating any opinion on the future prospect of the oil fields in
Szechuan, the writers would like to cite some of the discissions and conclu-
sions made by the previous workers, esp.eaally Dr. Louderback and Dr. Heim.
Dr. Louderback in his unpublished report gave the following conclusions:!

““The shallower formation . . . . . all the oil hlthertc;pr-oduccd in Szechuan,
comes from horizons that lie above the level of the black brines of the Tzuliuching
district, that is, above the lower portions of the dolomitic series. It is to these
formations that the term shallower formations is intended to apply . . . . . the oil is
found along certain belts, while the bri_ne occupies othet and neighboring belts of
'grc.bund ..... all of the areas in which oil might with most reason be expected,
have been prospecied by numercus wells without disclosing any definite oil pool or
zone . . ., . . the Szechuan wells being drilled particularly for brine and not being
cased, would be very liable to the displacement of oil by the heavier salt water.
But the ﬁelcl has been so widely drilled and by such a large number of wells, it is
hard to imagine any large body of oil being driven out of some of the areas without
appearing in others. It could hardly have been entirely driven from the field. The
_effect of the brine should be to force it up towards the axis of the anticline so that the
wells situated there would have the large yield. Many wells are drilled tight along -
or very near this axis without showmg any large amount sometimes not any oil. The
case is even more striking because many of these wells were dnlled long ago and have
practically exhausted the upper brines in their locations, and have been deepened for
the purpose of reaching the lower brines and increasing their supply to proportions
that would pay. If the oil were forced up and floated on the brines; then we would
expect that it would appear in these wells where. the brine surface had been lowered

1 " G. D. Louderback: op. cit.
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by bailing, But this does not occur. All of these conslderatlons. togethcr with the

u'regular and very small appearance of oil in the various wells, must lead to the

conclusion that no large body of oil exists in the shallower strata of the Tzuliuching
district.

“The deeper strata. Up to the present no production of oil has been obtained :
from the deeper sfra_ta. that is below-the top of the black brine of the Tzuliuching
district, although traces have been reported in some of the deeper wells. The
cbnsistency and strong supply of black brine would indicate that' no oil is to be
expected in that horizon, particularly as this brine is developed along the axis of the
anticline where the oil should be if it were in the brine yielding strata. . . . .

"It sometimes happens that gas along the axial region is followed by oil towards
the flanks, and it should be noted that no wells have penetrated this horizon on the
flanks of the Tzuliuching anticline. It naturally lies ‘deeper below the surface there,
and where reached in the shallowest portions of the field, is 3400 or 3500 feet deep.
It may therefore happen that later developments will lead to oil porduction from this
horizon. All we can say at the present time is that where observed in the field they

showed no evidence of oil production or concentration, and the wells so far put down

have not yielded any oil in measurable quantities. . . . . A few of the deepest

wells have penetrated into batren maroon shales. It is not possible to estimate how
deep they will extend in the district . . . .. These carry us to considerably below
4000 feet in the shallowest portions of the field. As to still deeper formations it is

hard to hazard a guess. . ... Without further evidence their prospecting by drilling
would seem to be unwarrented.”

In regard to the Chlenwel Loshan ol fields the following are cited

from Dr. Louderback’s report:*

...... petroleum actually occurs in this ten-itory. and is brought up in several wells.
At the same time it is evident that no well has any lmportant yleld and that no present
and past production gives any direct evidence that the terfitory is of commercial im-
portance from the petroleum standpoint......

“*One or even several wells that fail to produce oil do not necessarily mean.that
a feld is incapable of commercial de_yeicpment ...... Non-producing prospect wells may
fail to disclose the real content of a territory on account of one or more of the follow-
ing reasons: [hey may not be located right with 1espect to the structural features;

. G. D. Louderback: op. c;t
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they may not reach the necessary depth; due to some local-irregularity in structure o
strata they may have been drilled in some dry spot; by carelessness, lack of skill or
ill luck, the oil may be held or driven back by the water in the well and make no or
very little showing.

"*As regards the first consideration, it should be noted that the wells are distributed
plentifully throughout the whole structural range that could reasonably be expected to
carry oil in concentration-—practically from the top to the bottom of the anticline.

“‘As regards the second consideration, the wells reach 1000 feet or more below
the limestone of Hueishanching, which is probably the same as the Tzulinching lime-
stone that will be used as a standard of comparison in the Tzuliuching report. The.
actual depths below the surface are sometimes over 2000 feet. This is hardly deep
enouéh for a satisfactory test of the field, and it seems probable, in the light of later
investigations, that wichin the next thousand feet more brine and more gas and oil would

be obtained.

**The large number of welis——severa_l hundred at least—disposes of the third
possible difficulty.

*“In 1egard to the possible masking ‘of the oil by water, in particular, by brins,
this seems particularly likely as the wells were drilied primarily for brine, and no
effort has been made to especially conserve; or protect, or develop the oil. This may
affect individual wells from which the oil may be driven, and this may in part account
for the presence of oil in one well while a neighboring well of corresponding depth,
and producing from the same horizon, may show to trace of oil with the brine. How-
ever, with the large number of wells involved, scattered from the lower edge of the
flexure to its summit, it would seem that any oil i:lriifen from one or more lower wells
would surely make its appearance i some higher ones.  In particular, the summit
of the anticline seems to have been drained of its brine and the the ‘wells originally
situated there to have gone dry and been abandoned. They did not turn into oil
wells, nor were they onginally cil wells, 56 no large quantity of oil appears to have
been floated up by the water pressure dperating through the lower wells.

"Conclusions. Taking into consideration all the facts as outlined above, it may
be said that the formations involved in this territory from which some oil it being
obtained, do not appear {avorable to the production of any large quantity of petroleum;
that the oil actually appearing in the Wells is very small in amount—a mmute fraction
of the brines with which &t is associated and imegular in occurence; it has

apparently been produced in very small quanfity in connection with the brines it ac-
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" companies, and can not be taken as indlcating the presenée of a commercially important

supply. The posslblhty was considered that the oil occurmg in the wells might have
migrated up from some deeper and nicher source which might be reached by deeper
wells. The nature of the strata involved, however, and a study of the oil distribution
"and brine relationships, seem to show very defnitely that the oil i is not related to any
faults, and that the brine is well sealed in its propef strata, so that there has not been
any migration of brine across the strata, and surface water is prevented from reachmg
the brine-bearing strata. As the strata between brine or oil bearing layers are not im-
pregnated with oil or oily products, it would seem impossible that any oil :migration
has taken place. It is quite possible, and 1 believe it to be correct, that the oil has
been produced in the strata within which it is now found, and that it was produced in
limited quantities. only." | |

"The following are some of the suggestions on the value of the Tzuliu-

ching, Yenpo (Meiyukon) and Penglaichen (Houchingkou) oil fields, quoted
from Dr. Heim's' reports.

“"Unquestionably, the tectonical structure of Tzuliuching anticline is ideal for
an oil held. “The question thus arises, if the failure in producing paying quantities
of oil is due to errors of drilling “Indeed, if the holes were full of water, the pres-
sure against the oil, at 1,000 meters, would be 100 a_tméspheres. But this is not the
case. The holes usually are filled only with 10-30.metets of brine or even less. Since
they are uncased, the oil would flow into the hole if there would be any amqﬁnt of it.
“The only question which remains is:: may we expect deeper oil horizons- which
have not been reached yet. "...... the Fumindjing well struck gas with little oil at 3,010
ft., at a level which apparently is below the lower salt, DBut it is trﬁe that the deepest
wells did not give any hope for further oil horizons, nor does this Triassic series where
it comes to the surface.,.... “"The hopes thus to strike oil in large quantities with new
drilling methods until depths to 1,100 meters are to be.cancelled. and the probability
of finding paying quantities below this depth are very small. **The anticline of Yenpo
is of a tétally different type, and steep enough to cause migration even for a heavy’
viscous oil. It thus is possible to strike productive layers on Yenpo anticline at depths
below 250 meters. *“The oil of Penglaichen is t_oially different: ‘a water-clear light
oil like a refined product, per;haps made by natural :ﬁltration, associated with much

1 A. Heim The Geological Structure of Tseliutsin, Szechuan; sp. pub. Geol. Surv.
Kwangtung and Kwangsi, No. 6, pp. 26-27, 1930. Studies on Tectonics and

Petroleum in the Yangtze Region of Tshunking; sp. pub. Geol. Surv. Kwangtung
& Kwangsi, _No. 8, p. 41, 1931,
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gas, but _wit}_xdut indications of salt...... “"The question now ‘arises where this. oil and
gas of Penglaichen has originated. Apparently it derives'._fr_om the same horizon which
is_about-§0 meters only below the. valley bottom. The gas coming out with s&bng'
pressure shols that the red shales must make a perfect impervious cap upon the gas and
“oil 'sand, *'Although the origin of oil of the surroundings of.'Chungking remains an
unsolved problem, prospects for oil are not hopeless.” |

Thus Louderback and Heim agree in concluding that the well-known
Fushun-Loshan oil fields are of no commercial importance and hopeless for
future development. Their conclusions are based upon the poor production of
oil from all the oil fields in Szechuan and lack of oil pool or zone even where
the geological stricture 1s most favorable for the accumulation of oil. But on
account of the scarcity of the reliable data they still maintain-some hope which
would 3ust1fy more detailed observations ‘and investigations. According to the
‘writers’ opinion it would be a matter of regre! to have the Szechuan oil fields
abandoned before more serious prospecting 1s undertaken. It may be useful
to review some of the factors which would determine the value of oil fields.

(1) The Quantity of the Oil Originally Formed

Whatever is the origin of the oil, its quantity originally fermed is the
first thmg to be taken into consideration for determining the value of the oil
fields. As has been pointed out by Louderback and Heim the scarcity of the
enginal quantity of oil would make the field hopeless for development. But
the area of the oil-producing localities known at present is only a very small
fraction of that of the whole regions which may have oil reserve, it may be
cstimated at merely 1/200 of the latter. We are yet unable to know where
exactly the main reserve of oil exists and whether it occurs in considerable
amount or in limited quaniity. The oil so far produced in Szechuan is mostly
obtained from brine wells, there are many places in which the geological
conditions are exactly the same as the oil-producing ones but which have never
beea worked for salt. It is possible to obtain oil from these places.

(2) The Number of the Pelroliferous Beds

Although one single rich bed may be richer in oil than several poor beds
combined, yet the great number of petroliferous beds give in any case some
hope for the value of the oil fields. In Szechuan the oil beds prove to exist
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in all the three Mesozoic systems and often several beds in each. Among the
known petroliferous beds six have been and are being worked in various fields.
_The six beds may be different in oil content; if one of them contains workable
pools or pockets the field will become valuable. So the chance here in Sze-
chuan is six times where one single bed occurs. :

(3) ' The. Stru.ctu.r_e-: of the Qil Fields

Accumulation of oil in pools or pockets is chiefly due to favorable
structures which are the most important of the factors to be considered in judg-
ing an oil field. Anticlines and domes are structures most favorable for oil
accumulation. Of the mentioned areas except the Pengchi-Suining area where
the ‘strata are mostly horizontal and gently undulating, anticlines or dome-anti-
clines are of:en well developed, especially in the Fushun-l.oshan and Jungchang-
Yungchuan areas they are numerous in number and the strata often show suitable
inclinations for oil accumulazion. The oil fields which have such favorable
structures are likely to have workable pools if the original quantity of oil is not
very poor. Faults are not common in the oil areas, at the Jenshou city there
occurs a normal fault in NE to SW direction and affects the northern par:
of the Tzuchung-Jenshou area. If the oil exists in this area, it is likely to tend
to accumulate along the fault plane.

(4) Characters of the Petroliferous Beds and Cap Rocks

Good reservoir and impervious cover are other important factors for the
accumulation of oil and thus affect the value of the cil field. So far as has
been known the oil in Szechuan is contained in different reservoirs ; the Triassic
oil is contained in porous limestone, as~shown by the oil well Hunglungching .
in the Kungching field, this is confirmed by the petroleum odour of the Triassic
porous limestone at Pailungchibkou in Weiyuan district and at Wangkou in
Pingshan district and by the presence of petroleum in some pores in the
limestone of Triassic age at Paomuchung' in the Kueichow province.
The Jurassic oil is contained in the white-gray sandstone which is named by
the well people “*straw-white sands.”” -~ And, the Cretaceous oil is included in
the greenish-gray sandstone interbedded with red clay and sandstone. These

1 8. 8. Yoh: Notes on the Geology of the Paomuchung Oil Field near Kuei-
yang, Kueichow Province; Bull. Geol. Surv. Chjna, No. 12, pp. 19:21, 1929,
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are good oil reservoirs. , In regard to the cap rock our information is not clear.
So far as known from the drilling records the cap rock above the Tnassic oil
bed at Hunglungching is some coarser limestone and that above the Jurassic oil
bed at Luochuanching is some dark-gray sandstone.  The limestone is sometimes
a good cover but the sandstone is not. If the cover can not prevent the oil to
remove or diffuse the oil pools would hardly be formed. Reliable testing for
this is important.
(5) Relation of the Underground Water and Gas
{o the Migration and Accumulation of Oil

After having been formed the oil would undergo migration and ac-
cumulation to form oil pools, Many factors concern and promote such move-
ments: some have been stated above, there remain to be considered the
underground water and natural gas. The underground water intervenes in the
accumulation, migration and preservation of oil by its capillary action, slow
motion and hydrostatic pressure. The separation of il and water in different-
beds would be aided by the capillary. action and the oil thus tends to migrate
into coarser rocks, such as sandstones. The presence of oil in some horizontal
or non-structural beds is likely due to the slow motion of underground water,
the oil is left behind to form some pools owing to the friction while the water
slowly moves away. The oil pool thus formed may become removed and
‘destroyed unless it is held in stable state by the hydrostatic pressure of under-
ground water which maintains the pool in equilibrium. The transmission of
the gas through the reservoir rocks 1s likely to promote the separation of o1l and
water and the gas may brng about some accumulation by carrying up oil as
envelopes of bubbles. But on the contrary the oil as well as the water may

be compelled aside by gas and the oil pools may be affected and destroyed by
its compulsion. '

In Szechuan oil occurs in both the regions with favorable structures
and the non-structural regions and often in association with brine and gas. Al-
though the good structures tend to aid the accumuiation of oil to form pools
the slow motion of underground water may be responsible for the formation of
some workable oil pockets in the nob-structural regions. The Pengchi-Suining
area 18 composed of nearly horizontal and sligimly undulating strata and is known
to produce oil at Huochingkou near Penglaichen. If the underground water
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carries oil n a moderate quantity, some oil pools may be expected to occur in
the Pengchi-Suining area. The Tzuliuching-Kungching field has very favor-
able structure for the accumulation of oil and most probably contains some pro-
htable oil pools; but as a matter of fact the oil production in this field has not
been plentiful and is now so scarce that the most productive well has an ouiput
of only 10 catties per day. There would be some other reason for this unless
the original quantity of cil is limited. If the factors considered by Dr. Louder-
back and Dr. Heim are not responsible for the scarcity of oil in the Tzuliuching-
‘Kungching field, it may be thought that the stable condition due to the hydro-
static pressure of the underground saline water has been disturbed by the taking
out of part of the brine, and thus the oil pools would have been destroyed and
the oil removed and diffused. The oil which is now being worked may be the
scattered part from the destroyed oil pools. In the Tzuliuching-Kungching
field the most productive gas wells often do not produce oil and have small
amount of rather dilute brine, the absence of oil and scarcity of brine may be due
to the compulsion of the gas which issues from beneath with: considerable pres-
sure. - THus the gas compulsion may also affect the preservation of the oil
pools which have been formed in the Tzuliuching-Kungching field.

SUGGESTIONS ON THE ORIGIN OF PETROLEUM

As the petroliferous beds occur in different formations within a vertical
range of about 1400 m., the oil is likely to have been derived from different
sources. 1 he Cretaceous oil is found to occur in a thick series of sandstones
and clays with beds of limestone in the lower part and shale at many horizons.
Should the ol have not been migrated along some fissures upward' from the
underlying Jurassic formation, its origin must be searched from among the mem-
bers of the formation itself. The limestone contained in the Tzuliuching forma-
tion comprises plenty of pelecypods and some clayey shales in the Mengshan
formation gives petroleum odor at some locality ; the source of the Cretaceous
oil may be here in the limestone and shale.

The Jurassic oil is contained in a series of sandstones and shales with
coal seams. .]f the oil hag not been derived from other formations, it would
be formed of the ‘hydrocarbons which have originated from the vegetal or

other organic matter either microscopic or macroscopic contained in some shales
in the coal series,
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In regard to the source of the Triassic oil in limestone the animal origin .
must be taken into consideration. But very few fossils were found from the
limestone; - In Omeishan two horizons are known ‘o contain determinable
fossils; one being the uppermost part of the limestone, which includes some
brachiopods and cephalopods and is too high in position for the source of the
oll which occurs far below; the other being'the lowest part which comprises
some nautiloids in poor state but did not yield ar_:y fossit at other localities.
Where is the source of the oil in the limestone? Fortunately the microscopic
examination on some limestone slice reveals that some part of the Triassic lime-
stone is found full of micro-organisms which belong to the Foraminifera. But
very few individuals show their inner structure, most of them have clear shape
(Pl. XXXII). The limestone which contains the micro-organisms was collected
from Hsinchang in the Weiyuan district, which is adjacent to the Tzuliuching-
Kungching oil field, and the horizon of the limestone is corresponding to or
quite near that of the limestone which comprises the Hunglungching cil in the
Kungching field. The source of the Trassic limestone oil may be searched
{rom the micro-organism bearing strata.






THE TAHSIEN OIL FIELD, SZECHUAN

By C. Y. LEE

When the general paper on oil field was already in press, | had the op-
portunity to make another visit to Szechuan. The Tahsien oil field which has
not been visited in our former trip was studied in May 1933 and is hereby
briefly reported. |

Locality: Besides the oil fields as mentioned above there is another
locality of oil seepage which is situated in the western part of the Tahsien
district, about 120 Ii (45 km) from the city and 15 li (7 km) from the village
of Chiaowanho. Tahsien formerly known as Suiting is situated at about 200
km m straight line NE. of Chungking . According to the structure of this region
the oil field is not only restricted in the vicinity of the oil seepage but extends
as far as to Chaochiachang and Chiulingchang on the east and beyond Chiao-
wanho and Shihtikan on the west, occupying about 20 km in length and 1] km
in width. Including the whole area, it is-called the Tahsien il field (Pl
XVHE,.

Topography: The westemn part of the Tahsien district is a hilly region.
The drainage in this region consists of two main rivers, the Paho and the Chouho
joining at Sanhwei in Chiihsien. The average altitude is about 430 m above
the sea and the tops of the hillocks are estimated at 120-150 m higher than the
river.  On the east side of the oil field the hill-range of Tiehshan runs in NNE
and SSW direction having a height of 1,120 m and being cut to form a gorge
by the Chouho between Tushihchich and Shenchiatan. On the north there is
another range, a little lower than the preceding one, trending along the strike of
the north limb of the dome. In a general view the disection of the rivers seems
to remain in the young mature stage. On account of the navigability of the
river by junk the transportation will not be inconvenient in future if the field

will be developed.

‘Geology: Siratigraphy—The surface stratigraphy is very simple, con-
sisting entirely of the Tzuliuching formation of Lower Cretaceous, with the
red-purple clay, sandstone and yellow-gray sandstone as essential constituents.
The subsurface geology can only be known by companng it with that m other
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places. In the gorge between Tushihchieh and Shenchiatan the upper part of
Triassic Chialingchiang limestone is exposed. It may be regarded as the
oldest rock in the stratigraphy of the oil field. The thickness of the Chialing-
chiang limestone here still remains unknown. In the upper part it contains
20-30 meters of calcareous shale ‘and shaly limestone, being most probably
the transitional phass of the Patung series and Chialingchiang limestone. Lying
upon it the Jurassic Hsiangchi series is known to have a thickness of 470-480 m
consisting mostly of dark gray sandstone and shale. Coal seams are few and
thin. The lower part of the Tzuliuching formation is a little different from
that in the westérn Szechuan. Below the Taanchai limestone there is no rock
in red color but all are gray and yellow-gray shale and sandstone, amounting
to more than 100 m in thickness. - The Taanchai limestone itself is only 8 m
thick as exposed in the Shenchiatan gorge. Above it lie the red-purple sand-
stona, clay and yellow-gray sandstone with the thickness of no less than 800 m
for exposed part. The oil seepage accurs in a bed of the sandstone in this
series at a horizon about 600 in above the limestone (Fig. 1). According
to the stratigraphical study in other oil fields of this province it is shown that
thece are six worked oil horizons, 1 in the Chialingchiang limestone, 3 in the
Hsiangchi coal series and 2 in the lower part of Tzuliuching formation. As
regards the source of the oil seepage the shallower is believed to be much
caster than the deeper. Thus the petroliferous bed here in this field is probably
confined to the lower par: of the Tzuliuching formation or the upper part of
the Hstangcht series.

Structure : —The structure 6f the ol field is apparently a dome-anticline
elongating in the direction of NWW and SEE. At Chaochiachang the strata
dip to NE at an angle of 15 degrees. In the vicinity of Chiaowanho they dip -
at 10-12 degrees to north. On the north of Suichiatsao, near by the seepage

‘they dip to NW at 13 degrees and south of Shihtikan at 6 degrees to west.
And on the east of Shihtikan the dip turns to SW and then to SE. - Therefore
1t looks like the structure of the "1 zuliuching region but 1s different from the latter
in that the dips are much gentle and the area is larger (Fig. 2). In addition to the
dome-anticline there are two other anticlines on the east and south of the oil
field. The former constitutes the hill-range of Tiehshan, trending in NNE
and SSW direction and dipping steeper on the western limb than on the eastern
in the Shenchiatan gorge and being symmetrical at the locality 20 km north.
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Columnar section showing the sub-surface stratigraphy in the Tahsien Oil Field

Szechuan,
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The latter forms another range nearly parallel to the former, pitching to north
and disappearing on the west of Chencluapmg

Observation on the seepage: The oil seepage is situated on the NW
limb of the dome-anticline and .on the side-slope of a small valley. The oil
slowly seeps out from a bed of yellow-gray sandstone associated with a fine
spring waier. Natives dig in the sandstone a small pond in a size of 1.5 ft
in diameter in which the water is preserved with the oil floating on the water
~surface. According to the informations of the natives only a catty of crude
oil can be gathered per day and even less in winter. The oil appears deep
brown in color and thin in viscosity. It is not yet analysized.

Locadlities suggested for prospecting : ‘Basing upon the structural and
topographical features several localities have been suggested for-the preliminary
prospecting, they are the vicinity of the seepage, the locality of Tashihchiao,
the locality under the cliff on the north of Kuchiaho, the places on the north-
west and south-of Chiulingchang and on the south of Paopenssu.






SALT DEPOSITS AND lN_DUSTRY OF SZECHUAN PROVINCE
By
H. C T'ananp C. Y. LEE
INTRODUCTION

The salt in Szechuan is generally intimately associated with the oil so
that much can be referred to what has already been written about the oil in
the previous paper.

Much has been published® about the Szechuan salt, chxeﬂy as to the
techmque of production in the Tzuliuching region. It is the aim of the present

paper to give a general description of all the known sal: producing areas m that
province.

DiSTRIBUTION OF SALT DEPOSITS
It is known that nearly all the districts in the Szechuan basin (P1. XI)

produce or have produced salt, but the production of sqme localities i1s now no
more continued. In the western part of the Szechuan basin are situated the
important salt regions including Tzuliuching and Kungching which produce about
90 per cent of the total output of sali. In the eastern part of the basin there
are several scattered salt regions. In the southeastern comer of the province
there lies the Pengshui regron and isolated in the southwestern corner is the
Yenyuan salt region.

- The Tzuliuching-Kungching region in the Fushun and Junghsien districts
is the most productive in salt. The salt region in the Chienwei and Loshan
~ Cistricts 1s second In production. Both are situated in the southwestern part
‘of the Szechuan basin. The Nanpu-Langchung salt region in the northwestern
par: of the basin is very large in area estimated at not less than 500 sq. km., but
producing centers are not concentrated as in the case previously mentioned.
The sait bearing strata extend far into the northeastern corner of Szechuan as
known by the brine spring at Taning.

I C.H. Lin: General Statement on the Salt Industry in Szechuan, (in Chinese), 1919.
Other Chinese books dealing with salt. L. Coldre: Les Salines et les Puits de
Feu de la Province du Se-Tchoan, Ann. Min., ser. 8, t. 18, pp. 441-528, 1891.
A Hosie: Szechuan, its products, Industries and Resources, 1922, etc.
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| The production of a salt region is not proportional to its area ; the Tzuliu-
chmg-Kungchmg region which only occupies about 120 sq. ‘km. has the largest
production, while the Nanpu-Langchurg salt region produces only onc-mneth
of the Tzuhuchmg-l(ungchmg output.

The salt deposits of Szechuan may be described under a number of
areas distinguished according to the topographical and geological conditions,
each area to include one or more smaller areal units named region'. They

are as follows (Pl. XI):

|. Fuéhun-]uhghs’ien area including the Tzuliuching, Kungching and
| Tengchingkuan salt regions.
2. Chienwei-Loshan area containing the Chienwei and Loshan salt

Tegions,

3. Chingyen- Je‘lshou—Tzuchung area comprsing. the Chmgyen, Jen-
shou and Tzuchung salt regions.

4. Chuanpei (Northern Szechuan) area consisting of the Nahlang,
Shépeng, Pengchung, Shéhung, Mienyang, Hsiyen, Chungchiang,
Santai, Pengsui, Lochih, Chienyang and Nanyen salt regions.

5. Chuantung (Eastern Szechuan) area comprising the Chunghsien,
Wanhsien, Yunyang, Kaihsien, Fengchieh and Taning salt regions.

6. Tatsu salt area.

7. Pengshui area.

Yenyuan area.

FUSHUN-JUNGHSIEN AREA

Location

The salt deposits are situated in the environs of Tzuliuching and Teng-
chingkuan in the western part of the Fushun district and in the vicinity of
Kungching in the southeastern part of the Junghsien district. This area may
be divided into two parts, namely the Tzuliuching-Kungching on the
west and the Tengchingkuan-Wangtang on the east, with non-productive

1. The salt regions as here called mostly correspond with the administrative units

*Chang™" 3.
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part between. - In the Tzuliuching-Kungching region the most productive locali-
t_i_es are Tafengpao, Huangshihkan, Liangkaoshan, Kuochiaas, Tungyomiao,
Koushihpo, Touyawan and Aiyehtan; numerous brine wells are concentrated
i the vicinities of Tafengpao and Huangshihkan. In the Tengchingkuan-
Wangtang region the salt producing localities were Chantang, Wangtang, Tai-
tang, Sungtang and Hsutang, most of them have been abandoned, there are
now only two brine wells in the vicinity of Wangtang.

Geology

- The geology® of this area is rather simple and consists on the surface
of the lower part of the Cretaceous red beds with salt bearing formations con-

cealed below (P1. XII-XIV).

The surface rocks thus belong to the Tzuliuching 'fonﬁation which is
the lower division of the Cretaceous red beds or the Szechuan series. It may
be divided here into 7 beds which have been already described in the report

on ol (p.5) énd summarized in Plate II1.

The subsurface geology can be inferred from other regions where older
rocks crop out or from the drillings. From such data it is known (Pl. II) that
all the three Mesozoic formations may contain salt or brine and should be taken
info consideration. It may be remembered that the Cretaceous is subdivided
into 1zuliuching, Chiating and Mengshan formations respectively 200 to 1,200
m, 500 m. and 800 m. thick; the former two are important for the salt. The
Tzuliuching formation contains the Taanchai limestone (P1. 11I) a typical key
bed at about 180 meters above the top of the Jurassic coal senes. The Juras-
sic coal series has rather a uniform thickness of about 550 meters. The Trias-
sic is represented by two formations, namely the upper the Chialingchiang
formation and the lower the -Fethsienkvan. The former formation is about
from 380 to 650 meters thick in average in the Fushun-Junghsien area. The
Feihsienkuan formation 1s from 150 to 240 meters thick.

I The detailed geological conditions of the Tzuliuching-Kungching region will be
published in a separate paper as part of the Memoir entitled "“The Geology of
Szechuan and Hsikang''. A brief but excellent account with a geological map
is to be found in Chac & Huang's geology of Tsinling & Szechuan, Mem. Geol.
Surv. Ser. A. No. 9. . .
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Among the drilling records kept in the Tzuliuching-Kungching salt
region, two of them are especially interesting as showing the subsurface strati-
_graphy of the area, they are the well log of Yentaiching (Pl. V) at Tafenpao'
in Tzuliuching and that of Hunglungching (Pl. IV) at Shantzutsui in Kung-
ching. Yentaiching is located at the Tafenpao clay on the surface. The rocks
obtained from the drilling are the Tafenpao clay, the Tungyomao limestone
and the Chenchuchung clay -of the lower part of the Tzuliuching formation.
Below these the rocks change to gray sandstonie and black shale of the Jurassic
‘coal series. At a horizon about 24 meters below the top of the gray, black
rocks there occurs a coal seam. Further down more sandstone and shale are
found alternating with several coal seams..  Some brine occurs at a horizon about
200 meters below the top of the coal series which amounts to about 548 meters
in thickness. At the depth of about 650 meters below the surface, comes the
Triassic limestone, At the depth of about 930 meters there are two beds of
rock salt with some rock between, the upper bed being white and 2-3 meters
thick the lower bed reddish and about 2 meters. The depth of the well is
about 944 meters, andthe Triassic limestone drilled amounts to about 293
meters.

Hunglungching is located at the Liangkaoshan sandstone on the surface
but the rocks first recorded belong to the Taanchal limesione. Below these
is the Maanshan clay. Some sandstone with clay follows it and may be the
Kuochiaao sandstone. The succeeding red-purple clay with white-gray sand-
stone is correlated with the Tafenpao clay. Further down is the Tungyomiao
limestone.  The red-purple clay occurs again and belongs to the Chenchuchung
clay. The succession of the strata drilled faitly corresponds with the ‘sirati-
graphical divisions observed on the surface, though their thickness may vary.
Further downward no red or purple rocks have been drilled, and the gray sand-
stone and shale of the Jurassic coal series begin to occur. At the depth of
more than 20 meters below the top of the coal series there exists a thin coal
seam contained in some dark-gray shale. The coal series drilled amounts to
about 540 meters with more than 10 coal seams. ~ At the depths of 320 meters
and 335 meters below the top of the coal series some amount of oil has been
encountered. Below the coal series is the Triassic limestone which has been
penetrated m this well for about 266 meters; the limestone is mostly gray and
dark-gray and in some part yellow and white-gray; within an interval of over
10 meters to 40 meters below the top of the formation there occur some gas
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and oil, within an interval of 208 to 231 meters gas is also found, and below"
260 mcters gas and o1l occur in association with brine.

The structure of the Fushun-]unghs:en area is rather simple; the folds
include only some low and shallow’ domes or anticlines and synclines and a few -
slight undulations. Some fault is assumed to occur but without clear. trace on
the surface (Pl. XIl). The Tzuliuching-Kungching region is characterized by
a typical dome-anticline, (Pl.- V1) in NEE and SWW direction {(see the oil
report p.9-10). Most of the salt-wells are situated on or near the axial zone
of the dome-anticline and none have been found outside the limbs of it. In the
Kungching field are exposed two groups of limestone which have about the
same characters and. thickndss, with their overlying and underlying strata quite
alike. - If they are evidenced not to belong to two distinct horizons, there should
be a fault between the exposutes of the limestone. This is confirmed by the
wells logs. The fault lies in northwestern and southeastern direction and has
the plane dipping to northeast hikely at high angle. “The throw of the fault
varies in different parts; in the vicinity of Huangkoshu in the southemn part of
the Tzuliuching field the repeated outcrops of the limestone can be seen with
some red-purple clay between them, and thus the throw is very small. On
the other hand, in the environs of Kungching only the limestone of the upthrow
side is exposed on the Tienchihssu hill. The limestone which crops out along
the stream north of Kungching seems to be the Tungyomiao limestone and the
limestone of the down-throw side does not come to light, the throw there is
estimated at about 100 meiers. Between the mentioned places the faulted con-
dition can be hardly detected owing to the regularity of the strata and the
~ untformity of the dipping.

Between Tzuliuching and Tengchingkuan the strata are slightly folded
and show some low and shallow anticlines and synclines. In the environs of
Wangtang the Tzuliuching formation is gently inclined, to notth and northwest at
angles of rarely more than 8 degrees. In the vicinity of Tengchingkuan the
strata dip to northwest witli the dipping angles amounting 40 degrees at some
locality, no perfect folds have been observed.

Occurrence of Salt

In the Fushun-Junghsien salt area the salt is found in form of rock
salt and brine; the former is confined only to the vicinity of Tafenpaozwhile
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the latter is wlde—spread throughout all the salt regions and 4t different honzons
and in different concentration known as black brine, yellow brine or white brine.
According to the well logs the rock salt occurs in the lower part of the Triassic
limestone formation and forms irregular beds or lenticules 2 or 3 in number with
some rocks between. It is the same horizon which has been reached which
varies in thickness, colours and characters in different wells.

In the well Hsienhaiching (P1. XIII), Yangchiachung, there are 3 salt
beds interbedded with rock layers, the group includes, in descending order,
rock salt T meter thick, gray rock .144 meters, rock salt .144 m, gray rock

432 m. and tock salt .792 m., the salt beds amounting to about 2 meters in
total thickness.. In the well Yuhaiching salt ‘beds are interbedded with gray
rock more than 4 meters in total thickness. In the well Chuyuanching, Chou-
chiachung, there are two salt beds with white and gray clayey rock of about
1.368 meters between, the upper bed being white and about .72 meters thick
and the lower bed containing white rock salt of about .36 meters and gray
rock salt of 1.512 meters, the total thickness of salt beds being 2.592 meters.
In the well Huetyuanching the salt bed comprises white rock salt of .216 meters
-and gray rock salt of 2.52 meters. In the well Santaiching, Lallungwan, the
rock salt is said to be only 1.656 meters thick. In the well Yentaiching,
Lailungao, there are two salt beds, the upper being white and 2.3 meters thick
and the lower reddish and 2 meters thick, with some gray clayey rock of about
.72 meters between them. In the well Shuangfuching, Tafenpao, two salt
beds are known, the white rock salt composing the upper bed and amounting
to about | meter in thickness and the reddish rock salt forming the lower bed
and having a thickness of 1.8 meters with' clavey and sandy rock of 1.332
meters between them. In the well Tofuching there are also 2 salt beds, the
upper- being white and 1.152 meters thick and the lower being reddish and
1.728 meters thick with some gray rock of .504 meters between them. At
the well Lungyungching there occur 3 salt beds interbedded with rock layers,
the sequence in descending order includes white rock salt of 1.584 m. clayey
tock of .36 m., reddish rock salt of .72 m., clayey rock of .36 m and gray
~ rock salt of 2.52 m., the total thickness of rock salt being nearly 5 meters.

According to the position of the salt wells and the total thickness of
the salt beds it is known that the salt beds are thicker in the eastern part of the
area, the total thickness being from 2 to 5 meters. The area is estimated at
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about 800 m. x 800 m. but irregular in shape; the northem part is wider.
Outside the area mentioned the rock salt has never been found although many -
deeper salt wells have been drilled here and there for detecting it. ~ According -
to the position .and the depth of the salt wells the rock salt occurs within a
zone between the depth of more than 270 meters and that of about 300 meters.
below the top of the Triassic limestone formation. It is undeterminable whe-
ther the salt forms continuous beds or irregular bodies included in the Triassic

rocks_.

The brine occurs in variable position.” The so-called yellow brine is
low in salinity and relatively shallow in underground *position while the black
brine is more saline and deeper. But the brines are derived from many beds
which may constitute zones, and increase in salinity with the depths, and the
zones are likely to be continuous without sharp demarcation between them. In
comparing the 50 yellow brine wells observed in field it is shown that the
horizons of yellow brine are almost all included in the Jurassic coal series, es-
pecially in its middle and lower parts (Pl. XIV). At about 40 black brine
wells the black brine is all contained in the Triassic limestone formation, mostly
i the mddle part (Pl. XV). At more than 30 abnormal brine wells the
horizons of brine are scattered throughout the Triassic limestone except some
in the Jurassic coal series and some in the Trnassic sandstone formation (PI.
XVI). Thus it is obvious that the salinity of brine inctease downwatd and
reaches the maximum in the middle part of the Triassic limestone formation, n
which the rock salt occurs at some localiies. But below the maximum point
the brine decreases in salinity and becomes neatly fresh water at Yunlungching,
one of the deepest wells in the Tzuliuching field, which is likely to have pene-
trated Into the Triassic sandstone formation.

In the Tengchingkuan-Wangtang salt région the salt wells are shallow
and the active ones at Wangtang amount to only about 100 meters in depth.
The brine bailed is called ‘‘white water’” and very low in salimty. The wells
are located at the Liangkaoshan sandstone on the surface and have the bottom
at the depth about 50 meters below the Taanchai limestone. It i1s deduced
that the brine may be contained in the sandstone corresponding to the Kuochiaao
sandstone (see Pl. III) which is about 50 meters beneath the Taanchai lime-
stone. This 1s the highest of the brine-bearing beds in the Fushun-Junghsien
salt area (P1. XVI).
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- The nature of the'salt container or reservoir rock varies widely. In
the Triassic some sandstone contains brine and the limestone in the upper part
yields both brine and rock salt. - How the limestone contains the salt is not
exactly known. There may be some cavernous or porous layers. The Jurassic
brine is known to be derived from what the natives call *‘straw white sands’",
that is some white-gray sandstone in the coal series. = In the Cretaceous, brine
is found in the greenish-gray or gray sandstone in: erbedded with red- purple clay
in the lower part of the Tzuliuching formation.

Quality of Brine and Salt

As has been stated above the salt occurs in form of brine and rock
salt, the latter, before being bailed out, must be dissolved by fresh water to
form salire solution which may be named artificial brine; or rock salt Lrine.
The method for measuring the salinity of brines is crude: a wooden bowl is
used to carry a certain volume of brine from which a certain amount of salt is .
produced by evaporation. For example, if two ounces is produced from that
much of brine, the salinity of that brine is said to be 2 ounces. ~ But the size
of the wooden bowl and the amount of brine contained are different at different
wells, 'so that the salinity of brines can hardly be comparable.  Some generaliza-
tion may be however made by combining the results of brine analyses and the
calculations made from the salimity of various brines at different wells, it is
thus known that the artificial brine (rock salt brine) contains from 23.2 to 25.7
per cent salt, the black brine from 17.1 to 26.6 per cent with 21.6 per cent
as an average, the yellow brine from 8 to 14.6 per cent salt and the white brine
at Wangtang contains only 2.5 per cent salt. The analyses of the brines taken
from the Fushun-Junghsien salt area are given in the following tables:
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The salt produced is generally clasmﬁed as, according to the grain of
crystallization and of fuel used in evaporation; there are thus coarse and fine
grain salts, and gas and coal salt, and the later is distinguished into gas white and
gas black pan salt and coal white and coal black pan salt. There are still other
kinds of salt for different markets. The refined salt is also made, and this and
the coarse grain salt being all crystalline and pure are the best of the salts. The
white and fine pan salt is preferable while the coal black pan salt is locally
" consumed. Some salts were analysed -and the results of analyses are given in ihe
following tables:

Analyses of salt of Tzuﬁﬁching field
(by Sulman and Picard)
~ Salts. NaCl CaO MgO SO Insoluble Total

: _ matter
Black pan salt 97.90 0.50 0.04 = 0.5t 0.66 99.61
Gray pansat ° 98.86 040 0.06 025 0.30 98.87
White pan salt {1) 97.69 0.53 0.05 0.32 0.08 98.67
White pan salt (2) 98.70 0.66 0.02 033 040 100.11.
White coarse grain 98.86 0.20 006 0.18 0.10 99.40

salt

White grain sl 99.00  0.20 0.03 0.17 0.15 99.55

Analyses of salt of Tzuliuching field
(by Salt Examination Office, Salt Revearwe Department)
Salts | NaCl KCl CaCl: MgCl: CaSO. H:O insoluble Total

matter

Grain  97.74 ‘0..23 0.21 0.06 0.77 096 0.10 100.07
salt,

Refined 95.50  0.13 0.07 0.02 1.53 2.71i | 0.02 99.98
salt. .
| Salt Mining and Salt Making -
With the exception of the rock salt in the environs of Tafenpao the

salt is derived from the brines to be balled up from great depth. The rock

salt is dissolved by fresh water which is poured down from the surface, to form
artificial bnne to be bailed up again. So the salt in Szechuan is mostly pro-
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duS:ed from wells. Thus the main work consists of the drilling of wells and the
b‘afling of brine. The drilling method is primjtive with simple and rough tools.
It‘ls a kind of cable drilling, the cable is made of bamboo slips instead of steel
wire, and the bit and stem are only an iron rod with one end steeled ‘and
flattened as a bit and the other end connected to the bamboo rope. There are
several kinds of bit in various shapes. A timber derrick 1s set on the well for
hoisting and the rig consists of a wooden Irame with a walking beam, which is
supported by an iron axle. To one end of the beam is connected the bamboo
rope with the bit and the other end is tramped down and up by some people
when the drilling is in operation. For hoisting the drill are used oxen in place
of steam engine.. The debris and dust cliiselled at bottom are pumped by the

bamboo tube at the lower end of which 1s set up a valve of leather or cloth.

| The month of the well is in general about 40 cm in diameter and cased
with hollow stone blocks and wooden pipes with the diameter coincident with
that of the well. The lower part of the well is from about 8 cm to more than
22 cm in diameter without casing but in part lined -with putty, a mixture of
lime and wood oil. The depth of the wells drilled is vanable, some wells of
white brine at Wangtang are only about 120 meters deep while some well of
black or abnormal black brine in the Tzuliuching-Kungching region reach more
than 1200 meters in depth, and the prevailing depths are between 400 and 1000

meters.

As soon as the bnne or rock salt has been reached the dnlling opera-
tion is stopped and the process of bailing brine is to be started. On the
well .is set a strong derrick which is made timbers or bundles or tibers and
amounts usually to from about 20 meters to more than 40 meters in height.
On one side of the demick is placed a big windlass about 8 meters m
diameter which lies with the axle standing vertically. Between the dermrick
and the windlass is put a wooden wheel about a meter in diameter, stand-
ing vertically and supported by wooden frame; and on the top of the dermick
is placed another wheel standing also vertically. The rope for hoisting 1s
made either of bamboo ships or of steel wire, bound around the windlass
with one end and fixed to it, passes through the two wheels, and is con-
nected with the other end to the bailing tube. The tube is made usually of
bamboo and sometimes of tin and from about 15 meters to about 40 meters
long with the diameter coincident with that of the well. At the lower end is
set up a valve which is made of leather or cloth and used for closing the brine
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m the tube.' The windlass is pulled by oxen for hoisting, and'the operation
is very slow. In recent years at most of the deep wells, the oxen windlass is
replaced by small steam winding engines and the derrick is made stronger and
like some headgear used in coal collieries. The bailing tube is different in
size, some big bamboo tubes. can carry 400-500 catties (250-300 kg) and some
large tin tubes more than 1200 catties (740 kg). In regard to the rock salt
the fresh water should be ‘put into the wells from the surface to dissolve rock
salt, the artificial brine thus produced is bailed up again by tin tubes. (Pl
XIX, Pl. XX, PL. XXI).

The brine bailed up is poured into a wooden tube or earthen jar and
then led through bamboo pipes into a big wooden tank from which 1t is taken.
by some wooden batrels to salt plants or lifted up to a small wooden tank and
from there led through bamboo pipes to different salt plants. The transporta-
tion of the brine from wells to salt evaporation plants depends largely upon the
bamboo pipes. The latter are connected to form long ones and tied and wrapped
by linen with putty. The arrangement of the bamboo pipes is different accord-
ing to the topography of the country which they pass through ; the pipes may be
exposed on the surface or ke underground. Instead of the pipe small boats are
used where stream transport is available, and wooden barrels are also used to

convey brine from wells to salt plants in adjacent localities. (Pl. XXII, Pl
XX, Pl XXV, PL. XXV, P, XXV

The salt making process employed in the Fushun-Junghsien salt area
may be named the open pan process accomplished by direct-heat evaporation.
The pans are made of cast iron different in size and kind, the most prevailent
ones are the “‘thousand-catty pans™, which are round in shape, about 1.5 m
in diameter, 8 cm deep and 15 cm thick. The pans are supported by tile-like
won plates placed on the furnaces and arranged in rows in some large salt plants.
The fuel used is either gas or coal, the former is most important. The largest
salt plant in which gas is used as fuel has more than 400 pans. The method
for making ‘grain salt is different from that for producing pan salt. For making
grain salt the brine is poured into pans heated and boiled, some bean juice 1s
added several times for purification. After the impunties are taken out, some
salt crystals formed in other small pans are added, the brine is boiled until it
is exhausted and the salt grains are formed. The salt thus formed is taken into
some bamboo baskets for filtering out the bittern, then soaked through by some
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boiled brine and becomes white grains. \ ‘For making pan salt some fine salt is
put in the pans and heated until the pans become red-hot, the brine is gradually
poured. into the pans and heated, finally a salt cake is formed after continuous
precipitation.” From 80 to 140 calties of grain salt can be produced per 24
hours. The salt cake which is about 1.5 m in diameter, 20 cm thick and
weighs abou: 700 catties, is formed in from 4 to 8 days. (Pl. XXVIl, Al.
XXVi,
' Salt Industry

The Fushun-Junghsien salt deposits were already known in ‘Han
Dynasty. The productive centers were then in the Tengchingkuan-Wangtang
region and there were only a few wells of not more than 80 meters in depth.
Thereafter the salt industry extended northward and the places in the environs
of Tzuliuching became the most productive salt region. In Tang Dynasty
Kungching was known to produce salt. - Tzuliuching and Kungching are closely
~situated and then formed one sal: region. In Sung Dynasty the salt indﬁstry of
the Fushun district which included Tengchingkuan, Tzuliuching and Kungehing
was the most prosperous of Szechuan province. The salt industry declined in
Ming Dynasty and became very prosperous again in the Ching Dynasty. The
area was divided into two regions, namely Tzuliuching-Kungching region and
Tengchingkuan region. Now the Tzuliuching-Kungching region plays an im-
portant role mn the salt industry in China. |

The price of the brine varies according to its salinity and its distance.
For example, 300 catties of black brine of Lienhaiching, containing 50 cat-
ties of salt, are sold to the salt plants at Kuochiao at 55 cents.

- The production of salt of the Fushun-Junghsien area is given in piculs
in the following table:

Year Production of Tzuliuching-Kung- Production of Tengchingkuan-

ching Region Wangtang Region
1925 2,673,766.17 piculs 1,433.48 piculs
1926 3,747,551.36 ,, 2,122.96
1927 3,724,612.37 ,, 2,106.32 ,,
1928 3,541,769.76 ,, 1,752,644 ,,
1929 3,574,017.64 ,, 1,650.53 ,,

1930 2,923,138.37 |, 1,608.47 ..
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CHIENWEI-LOSHAN SALT DEPOSITS

 The salt deposits are situated in the north-eastern part of the Chienwel
district and the southern part of the Loshan districts, The productive locali-
ties (P}, XV1I) are numerous, and the large ones are Wutungchiao, Niuhuachi,
Yangluwan, Tzatsaotan, Hueishanching, Shunhochieh, Hungtoupo, Wangtsun-
chang, Mataching, Sanchiangchen, Watsatan, Chinshihching, Hoerhkan and
Lijenchang on the east of the Min River and Ts aichinchang, Kuanpangchang
and Hsinchangtzu on the west of the Min River. The area in which the salt wells
are scattered 1s large, amounting to probably more than 60 km. in length and
to more than 20 km. in width. Wutungchiao and Niuhuachi which are located
near the Min River aré the business markets like Tzuliuching and Kungching in
the Fushun-Junghsien area.

Geology

The geology of the Chienwei-Loshan area is relatively simple; the
surface stratigraphy (Pl. XVII) is represented by the Tzuliuching formation
in the central par’, the Chiating formation in the northem part and the Jurassic
coal series near the southern margin. In the environs of Motzuchang on the east
and of Shihlin on the west of the Min River occurs the upper part of the Jurassic
coal series, which contains white-gray and yellowish-gray sandstone and dark-gray
shale with coal seams. Above the coal series is the Tzuliuching formation of the
Cretaceous, which is here well developed and wide-spread,, The chief con-
stituent of the formation are red-purple clay and white-gray and yellowish coarse
sandstone with yellowish-green and gray limestone about 5 meters thick con-
taining plenty of polecypods. This limestone may correspond to the Taanchai
limestone in the Fushun-Junghsien- salt area though it is rather thinner here. In
the vicinities. of Wutungchiao, Yuchingpo and Hueishanching are exposed
some yellowish-brown and gray coarse and cross-bedded sandstone and red and
purple clay with thin-bedded limestone and calcareous shale, which also belong
to the Tzuliuching formation. The Chiating formation which lies upon
Tzubuching formation is found to occur in the northern part of thisxrea and
to extend northward to the environs of the Loshan city (Chiating) where it is
- well-exposed. The constituent rocks are red clay and sandstone.
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As regards the suburface geology there is little information; some may
be obtained from the drilling records kept by some well owners, though they
may be wrong or umreliable. At Shunhochieh the well Paotungching was
drilled on the surface a: some yellow sandstone above the thin limestone and
penetrated through some red rocks with gray rocks; the red rocks may be the
red and purple clay and sandstone and the gray rocks may be the gray or white-.
gray sandstone interbedded with the former. They all belong to the lower
part of the Tzuliuching formation, but the intercalated limestone was not no-
ticed. The well Fuyiiching was also drilled at the sandstone above the lime-
stone and penetrated to a depth of about 302 meters. From the surface to
the depth of about 234 meters were found mostly the red and gray rocks which
are undoubtedly the red and purple clay and sandstone and gray and whlte-
gray sandstone of the lower Tzuliuching formation, neither the limestone was
here recorded. Below 234 meters the rocks change in colour, the gray be-
comes predominant and some coal is encountered; these belong to the upper

- part of the Jurassic coal series and the coal seam may correspond to the upper-
most coal seam encountered at Motzuchang (Fig 1). The well Chinhuaching on
the northeast of Niuchuachi was started to_dnll from some member of the Chia-
ting formation and penetiated to a depth of about 626 meters; the upper part
seem to consist almost entirely of red racks with very few gray rocks at some
horizons whereas in the lower part in addition to the red rocks there were
abundant gray and white rocks; the upper part may belong to the Chiating
formation and the lower part represents one part of the Tzuliuching formation,
but the demarcation between them is not clear. This well has not reached
the Jurassic coal series below the Tzuliuching formation with a depth of about
626 metes, if the Tzulinching formation is estimated at from 400 to 450 meters,
the penetrated part of the Chiating formation amounis to about 200 meters.
The comparison of the dnlling records with the surface observations shows that
the subsurface satigraphy is fairly the same as the rocks succession exposed on
the surface.

~ The structure of the Chienwei-Loshan salt area is represented by slight
undulations and Jow anticlines without conspicuous fault. There is a notice-
able anticline which may be named Chukentan anticline with the axis lying
north of Motzuchang in east-west direction (Fig. 2). It gradually diminishes to-
ward east until totally disappeanng but it extends to the west to form an elevated
large anticline. On the east of the Min River the southern limb are gentle
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and dips at very low angles, while the- porthern hmb has the d]ppmg angles of

about 8°.  On the west of the Min River the Jurassic coal series and Trassic

formations come to light and have also gentle inclination on both limbs. On
the northern limb of this anticline is situated the Chienwei-Loshan salt area
in which the strata dip generally to north, northwest or north-northeast
at rather low angles. On the east of the salt area lies the Weiyuan- Junghsien
large anticline which may also have the relatlon to the salt deposits here in
guestion.
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Fig. 2. Section showing the Stratigraphy and Structure of the Chienwei-Loshan Salt and
Oil Area, Szechuan.

Occurrence of Salt

The brine has not been differentiated here as black and yellow, though
its salinity varies according to the depths at which it is encountered. The
salinity of brine usually increase downward from the surface and thus betier
brine is often obtained from deeper wells. The depth of wells varies from
about 240 m. to more than 600 m., but this can not represent the horizons
of brine, and the position of wells on the surface should be taken into account
for correlation. The wells which have about the same depth but are sunken
from different formations on the surface have certainly the brine of different
horizon, whereas the brine from the same horizon may be encountered in wells
of different depths. It is known that in the southern part of the salt area
the brine is obtained from the upper part of the Jurassic coal series while in the
northern part it is from the lower Tzuliuching formation. But the brine usual-
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ly occurs in zones and can not be differentiated by horizons; thus in the Chien-

wei-Loshan salt area there are two brine zones which may contain’ many hori-
zons. As regards the reservoir rocks no more reliable information has been
obtamed than that from some dritling records and well people; it is known
that the brine is derived from the so-called **straw-white sands’” which are with-
out doubt some white-gray or gray coarse sandstones which may be found both
in the Jurassic coal series and Tzuliuching formation.

Qlﬂ?lffy of Brine and Salt

The brine is different in salinity according to the depth at which it
occurs, The calculation- of the salinity used by the natives depends on the
quantity of the pan salt produced from the brme per catty. According to the
reports of various wells and salt plants the brine contains from 4 to 15 per cent
salt of its amount with 8 per cent as an average. No analyses of the brine
of this area have been made to show its actual composition. The salt pro- -
duced is also of two kinds, namely grain salt and pan salt, according to fuel
and colour it is subdivided. The analyses of salt made by Sulman ‘and Picard
are given in the following table:

Salts NaCl CaO MgO SO, lnsoluble Total

matter

White pan salt 97.97 040 0.07 044 0.60 99.48
Black pan salt 9790 1.00 0.53 tracer 0.60 100.03

Salt Mining and Salt Making

The method of dnlling wells is exactly the same as that used in the
Fushun-Junghsien area, but the difference is that the wells dnlled here in this
area are much shallower and the drilling takes much less time. The wells
vary from about 8 to 15 cmr in diameter and from about 240 to more than
600 m. in depth. The drlling for a deep well may take 3 or 4 years and
cost about 20,000 dollars. When the brine is encountered the bailing equip-
ments are set up. The derrick is simply made of logs, at most wells the oxen
windlass is used, but a few wells are working with the steam winding engine.
The bailing tube is of the same type as that used in the Fushun«-]unghsxen area
and formed of bamboo. No people specially carry on pipe transportation busi-
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ness, the well owners manage both brine wells and salt plants. Long bamboo
_pipes are used for transporting brine from well to salt plant, and some bamboo
pumps of local type and wooden barrels are also used for this purpose. Coal
is used for fuel in salt making. ‘On the furnace are placed pans which are
supported by iron plates and stone blocks cemented by mud.

The process for making grain salt and pan salt is similar to what has
been described of the Tzuliuching-Kungching region. The grain salt thus pro-
duced from one pan'in 2 days amounts to 300 to 500 catties. A cake of
salt formed in 2 days weighs from 150 to more than 500 catties.

Salt Industry

. The exact date of salt discovery in this area is not known. ~Existence
of salt wells is recorded in the Tang Dynasty. The salt industry continued
through the Sung, Yuan and Ming Dynasties and became prosperous since the
early Ching Dynasty. There are more than 4000 salt wells, a big well may
produce about 70,000 catties of brine per day whereas a small one produces
only 100 to 200 catties, the average daily output being 3,000-4,000 catties.
The salt plants number over 1300 and have more than 2000 pans. . The coal
is the only fuel for salt making and produced from the, Shihlin, Motzuchang,
Changkou and Huangtan coal fields in the Loshan, Chienwei and Pingshan
districts. Each pan may produce ‘about 7000 catties of pan salt per month
and produce a little less amount of grain salt,

The price of salt is from 4.5 to 5.5 dollars per picul. The transport
is done by boats or human carriers and mules. The freight varies according
to consumption markets and means of transportation. The consumption area
includes western Szechuan, northeastem Yunnan and eastern Hsikang. The
yearly production of salt of the Chienwei-Loshan area is given in piculs in the
following table:

Year Production of Chienwei Region Production of Loshan Region

1925 381,593.66 piculs 275,750.01 piculs
1926 406,280.91 ,, 300,764.23 ,,
1927 445,787.52 ,, 306,166.38 ,,
1928 458,787.20 ,, 320,809.09 ,,
1929 488,272.16 ,, 329,448.72 ,,

1930 546,124.91 ,, 380,750.63 ,,
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CHINGYEN- JENSHOU-TZUCHUNG SALT DEPOSITS
- Location,

The salt deposits are scattered in the territories of the Chingyen, Jen-
shou and Tzuchung districts. The area in which the salt regions are situated
is large with a maximum length amounting to about {40 kilometers and a maxi-
‘mum width to more than 100 kilometers (PL. VIII}. In the Chingyen district-
are the Tashuiwan, Chienfossu, Yenchingwan and Huchiatien regions, which
are about 20 kilometers distant from the city, and the Wupaowan region which
1is about 40 kilometers NNW of the Chingyen city. In the Jenshou district
are the Yangssuching region about 15 km. south of the Jenshou city, the city
region and the Chungpaching region about 50 km. NNE. of the city. In the
Tzuchung district are the Luochuanching region about 60 km. west of the
Tzuchung city and the Chinliching region about 30 km west of the city.

The Weiyuan-Junghsien range has an impor:ant significance to the dis-
tribution of the salt regions. On the north of this range is the Chingyen-]en-
‘shou-Tzuchung salt area. On the north of this area there is again a range
800 m high- which may be called the Chienyang-Jenshou range. The salt
regions may be divided into two groups;.one group including those near the
Chingyen city, the Yengssuching rt;éi;:in,_ the Luochuanching region and the
Chinliching region, which are situated on the slope of the Weiyuan-Junghsien
range, the other including the Wupaowan region, the Jenshou region and the
Chungpaoching region which are located on the slope of the Chienyang-Jen-
shou range. | |

Geology

Although the salt area 15 very large, the geological conditions are
rather simple. The stratigraphical formations are those common in the ad-
jacent areas and the structural features are related to the Weiyuan-Junghsien
anticline on one hand and to the fault lying along the Chienyang-Jenshou range
on the other. Broadly speaking the salt area occupies but the northern limb of
the Weiyuan-Junghsien great anticline, in the central part of which the Triassic
limestone comes to light. On both iimbs are the Jurassic coal series and the
Cretaceous formations, the latter extend to this area. = The Tzuliuching forma-
tion is well developed in the southern part of this area and constitutes the sur-
face stratigraphy of the salt regions.
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In the salt regions around the Chingyen city are exposed the red-purple
clay and greenish and yellowish-gray sandstone, which belong to the upper part
of the Tzuliuching formation and upon which rest the red clay and sandstone of
the Chiating formation. Most of the salt wells are located in the Tzuliuching
formation. In the Luochuanching salt region the Tzuliuching formation exposed
contains chiefly red-purple clay and greenish-gray sandstone ‘with two beds of
limestone and some greenish clay. The upper limes:one about 10 meters thick
corresponds to the Taanchai limestore, and the lower limestone much thinner is
correlated with the Tungyomiao limestone in the Tzuliuching-Kungching region.

The subsurface stratigraphy is little known. According to some drill-
ing records, below the red rocks were found the black, gray and white-gray
sandstones with coal seams which belong to the Jurassic coal series. In the
Jenshou city salt region are developed-the 1ed-purple clay and sandstone and
dark-brown and brown-purple micaceous sandstone with white-gray sandstone
and greenish clay, which are the members of the upper Tzuliuching formation.
On the east of the fault which lies along the eastern margin of the salt region
are exposed the red and red-purple clay and sandstone with greenish clay and
sandstone, which belong to the Chiating formation.

The major structural features consist of the Weiyuan-Junghsien dome
anticline and the fault lying along the southern foot of the Chienyang-]Jenshou
mountam range. Most part of the salt area lies on the northern limb of the
anticline, which dips generally to northwest or north at very low angles. * The
strata dip to NWW and NNW at angles of 4 to over 10 degrees between
Chingyer and ]ens’nou, to N, NNW or NNE at very low angles in the Luo-
chuanching region and to NW or NNW at angles of about 5 degrees between
Luochuanching and Jenshou. At the Jenshou city a fault is found to lie in
northeast southwest direction with the faul: plane dipping to southeas: (PI.
VIII). This is a normal fault with the Tzuliuching formation on the upthrow
side and the Chiating formation on the downthrowside, on either side of the
fault the strata dip generally to NNW at somewhat different angles, but
near the fault the dip direction 1s vanable and on the north of the city the
strata are likely to form an incomplete anticlinal dome. It is not known
how far the fault extends; but on the southern slope of the Chienyang-
Jenshou range are often found the Tzuliuching formation while along the
southern foot occurs the Chiating formation, if the two formations are ‘everywhere
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along the southern foot of the Chienyang-Jenshou range in fault contact, at
the Jenshou city is found only a part of it.
Occurrence of Salt.

The brine occurs at different horizons. “In the Chingyen salt regions
most of the salt wells are located at the upper part of the Tzuliuching forma-
tion at the depths ranging from 160 to. 300 meters. The thickness of the
Tzuliuching formation is éstimated at more than 400 meters. Thus the brine
does not occur down in the Jurassic coal series but is still confined to the lower
part of the Tzuliuching formation. But the wells have different depths and
the brine occurs at different horizons which can not be differentiated from each

other, so that the brine zone here established contains many horizons, some of

which may correspond to those in the Hoerhkan field of the Chienwei-Loshan
area.

In the Luochuanching reglon most of the salt wells are located on the
surface below the Taanchai limestone of the Tzuliuching formation and have
their depths varying from 200 meters to over 600 meters. The part of the
Tzuliuching formation below the Taanchai limestone amounts to less than 200
meters, so that the shallowest wells have entered the upper part.of the Jurassic
coal series and the despest ones have reached the lower part. The wells
Fuyuanching, Chaoyuanching and Hungyuanching are known o produce brine
at the depths of about 529, 523 and 524 meters respectively and have the
mouths situated just below the bottom of the Taanchai limestone which lies
about 180 meters above the Jurassic coal series. The brine horizon thus de-
termined occurs at the depth of 340 meters below the top of the Jurassic coal
series. But the depths of wells are different, the occutrence of brine is re-
presented by zones better than by horizons. - It is known that in this region there.
are two brine zones, one occurring in the upper part of the Jurassic coal series
and about several tens of meters below its top, the other in the lower part and
less than 200 meters above the botiom of the coal series.

In the Jenshou city salt region the wells are sunken in the Tzuliuching
formation, which lies at 100 meters below the Chiating. formation, and are
more than 230 meters in depth. The Tzuliuching formation in the Jenshou and
Chingyen districts - is - estimated at about 500 meters, thus the brine occurs in
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the lower part of the Tzuliuching formation and about 170 meters above the
Jurassic coal series, this horizon may lie below the Taanchai limestone.

In grouping the brine horizons in the Chingyen-Jenshou-Tzuchung area
there are three brine zones; one being in the lower part of the Jurassic coal
seties and represented by the deep brine of Luochuanching; one in the upper
part of the coal series and represented by the shallow brine of Luochuanching;
one in the lower par: of the Tzuliuching formation and represented by the brine
of Chingyen and, Jenshou.

Quality of Brine and Salt

According to salt records the brine in the Luochuanching region con-
tains from .93 to 1.76 ounces in a caity (1. e. 6.2-11.79% salt), in the Chin-
liching region from .65 to 1.36, in the regions in the Chingyen district from .8
to 1.65, and in the regions in the Jenshou district from .94 to 1.36 ounces.
According to the information from the brine well people the brine worked at
the wells of the Yiimo salt plant in the Luochuanching region has the salinity of
from .7 to 1.2 ounces in a catty, at the wells of the Kaiyuan salt plant from
.5-.6 ounces in shallow wells to .8-.9 ounces in deep wells, at the well Feng-
chuanching of the Shuncheng salt plant in the Jenshou city region about 1.2
ounces, and at the wells in the Chingyen regions from .5 to ] ounce in a catty.
" The salt formed is also classified as grain salt and pan salt, the refined grain
salt is the best and the gray salt is inferior.

Salt Mining and Salt Making

The depths of wells vary from about 160 meters to more than 600
meters and the diameters from 8 to 11 em. The oxen windlass, simple
wooden derrick, wooden wheels, bamboo [_)ole, bamboo rope and bamboo
bailing tube constitute all the mining equipments. The salt plants are situated
near the wells, no many pipes are used for transportation. The salt making
method is different in different regions. In the Chingyen and Jenshou salt
regions the grain salt and pan salt are separately produced in different pans.
In the Luochuanching region the grain salt and pan sal: are produced in the
same pan, the latter constituting the lower part. ‘
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| Salt Industry

The Tzuchung sal dep051ts began to be worked since the- Chin Dynas-
ty and the Chingyen salt industry is known to have been prosperous in the Tang
Dynasty. At preseni the wells in this area number more than 1,600 while
the plants are about 340. The diilling expense of a well may vary from 500
to 1,000 dollars and the capital for establishing a plant is said to be from 100
to more than 200,000 dollars. The pém salt is sold at from 4.5 to 6 dollars
per picul in the Chingyen-Jenshou regions and from 6.2 to 7.4 dollars-in the
Luochuanching and Chinliching regions ; the gram salt 1s much cheaper, from
2.7 to 3.5 dollars per picul in the Chingyen regions and from 4.3 to 5.9 dol-

- lars in the Luochuanching and Chinliching regions.

The transgortation is difficult, carriers or mules are used, at about 80

cents per 60 kiometers. The yearly production of the salt regions is given
in the following table:

Year Production of Chingyen and Production of Luochuanching
Jenshou regions and Chinliching regions

1925 87,221.17 picils 40,160.38 piculs
1926 78,782.83 ,, 40,300.76 .,

1927 - 72,012.49 -, 38,096.58 ,,

1928 73,03598 ,, 35,627.83

1929 67,202.55 30,818.95 ,,

1930 83,634.21 36,900.51

CHUANPEI (NORTH SZECHUAN) SALT DEPOSITS
Location

The salt deposits occur over a large area in the northern part of Sze-
chuan and are being worked at many localities. The area coversparts of the
Nanpu, Langchung, Shehung, Pengchi, Santai, Mienyang, Suining, Hsichung,
Yenting, Chungchiang, Lochih and Chienyang districts and consists of 12 salt-
regions (Pl. XI). The Nanpu-Langchung region is the largest and includes
the salt producing localities in the northern part of the Nanpu district and the
southern part of this Langchung district. The Shehung-Pengchi region oc-
cupies the southeastern part of the Shehung district and the southwestem part
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of the Pengchi district. The Santai- region includes the salt-producing locali-

ties.in the southem, northeastern and northwestern parts of this district. . The
| Pcngchl region 1s situated in the northem and central parts of the district and
separated from the Shehung- Pengchl and Pengchi-Suining regions. The Mien-
yang region includes the salt-producing localities in the southeastern part of
this district. The Pengchi-Suining region covers the southwestern part of the
Pengchi district and the western part of the Suining district. The Hsichung-
Yeniing region includes ‘he salt-producing localities scattered in the eastern,
northern and western parts of the Hsichung district and the northeasiern part
of the Yenting district. The Shehung region is situated-between the Shehung
. c1ty and Taihochen in the central part of this district. The Chungchiang re-
gion includes the salt-producing localities in the environs of Pangtzuchen in
the southeastérn part of this district. The Lochih region occupies the larger
part of the district with the salt-producing localities scattered here and there
especially in the central and western parts. The Chienyang region includes the
salt-producing localities in the environs of Shihchiaoching and Haichingkuan in
" the northern part and in the vicinity of Laochunching in the western part of this
district. The Nanpu-Yenting region is recently separated by the Salt adminis-
tration from the Nanpu-Langchung and Hsichung-Yenting regions and oc-
cupies the western part of the Nanpu district and the central and western parts
of the Yenting district.

Geology

The surface geology is entirely composed of the Cretaceous formations,
the Tzuliuching formation constitutes only a small part of the Chienyang salt
region while the Chiating formation is wide-spread in all salt regions above
mentioned. On the northern margin of the Szechuan basin, i.e. north of
Mienyang and Langchung, upon the Jurassic coal senes rest the red-purple and
brown sandstone and clay with conglomerate, which belong to the Tzuliuching
formation. The strata dip generally to SSE, the Chiating formation follows
the Tzuliuching formation and becomes mostly flat-lying and slightly undulat-
ing until reaching the salt area. In the Chienyang region in the south-western
part of the area there occurs some red-brown sandstone with intercalated con-
glomerate which is likely to belong to the Tzuliuching formation. The Chia-
ting formation is composed chiefly of red clay and sandstone with greenish-gray
sandsione and clay, the rock characters hold good for the formation in the
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whole area. Accordmg to G. D. Louderbackl from Penglalchen (Pl. X) to
Shebunghsxen were found red shale and sandy shale with red sandstone, green.
shale and reddish, gray and white sandstone, overlain by white massive sand-
stone, red shales and gray sandsione with red clayey sandston_e Further
‘north from Shehunghsien to Hsichunghsien the rocks exposed are red shales
and white-gray and brown sandstone. All these are the constituents of the
Chiating formation.

No conspicuous structures were found by the writers who visited only
a part of the area, the slight undulation and gentle inclination of strata are
the only prevailing features, while in‘some parts the strata are flat-lying. When
the strata are inclined the inclination is scarcely more than 5 degrees, so that 1t
1s difficult to define defimte structure with such variable undulation.  On the
north of the Chienyang city the mountain Lungchuanshan, a part of the Chien-
yang-]enshou range, is formed of an anticline, the northern limb of which is
steeply inclined while the southern limb is gentler. The Chienyang region
contains part of it. In the vicinity of the Chlenyang city the strata become
mostly flat-lying. '

Occurrence of Salt

The wells in the vicinity of Laochunching in the Chienyang region are
likely to be sunk in the middle part of the Tzuliuching formation and 100-200
meters deep, thus the brine occurs still in the lower part of the Tzuliuching
formation. In this area the deepest wells are known to be about 460 meters
and sunk in the middle part of the Chiating formation about 500 meters thick,
so that the brine is éncountered at the depth not more than 300" meters below
the top of the Tzuliuching formation. The wells of moderate depths are from
about 200 to 300 meters deep and thus have the brine contaned in the Chiating
formation. The shallow wells have the depths of about 100 meters with the
brine confined in the middle part of the Chiating formation. Some wells in
the Lochih region are still shallow and only from 40 to 60 meters, the brine
occurs in the middle part of the Chiating formation. In summarizing the brine
horizons in the Chuanpei salt area, 4 brine zones are established, namely, in
descending order, that in the middle part of the Chiating formation, that in the

| G.D. Louderback: op. cit.
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lower payt of the Chiating formation, and that in thc upper part of the Tzuliu-
ching formation, and that in the lower part of the Tzuliuching formation.

Qualtty of Brine and Sall

- The brine is low in salinity and rather impure, and thus must be under-
taken through filtration and concentration before boiled to make salt. The
salinity here mentioned is represented by the amoun: of salt in the filtered and
concentrated brine for a catty or in terms of ‘Baume degrees. The brine con-
tains from .4 to 2.2 ounces of salt per caity, i.e. from 2.7 to 13.6 per
cent salt. In term of Baume degrees the original brine in different regions is
from 5.75 to 13 and the concentrated brine from 11 to 20. The salt formed
is also classified as grain salt and ‘pan salt, and according to the fuel for salt
making the gas, coal and firewood salts are distinguished by natives, the white
grain salt is the best and the black pan salt is inferior.

Sait Mining and Salt Making |
The wells are shallow and the salt plants are all in small scale. The
drlling and bailing methods and tools are the same as those used in the areas
‘above mentioned. The wells are from 40 to 460 meters deep, with the diameter

from 7 to 10 centimeters. A large well may produce 60 piculs of brine per day,
while a small one has an output of less than one picul.

Salt Industry

The salt industry in the Chungchiang region begun to be known since
the Chin Dynasty ; the Chienyang and Santai deposits are known to have been
worked from the Han Dynasty; the remainder were staried from the Tang
Dynasty. The salt regions became prosperous in the Ming Dynasty, were
well developed in the early part of the Ch'ing Dynasty, and continued to play
a role in the Szechuan salt production to the present time. The wells now
number more than 90,000 in total and the salt plants more than 5,000 in the
Lochih region there are more than 30,000 wells, while in the Chienyang region
the active wells are only 200 in number. The total salt production is about
3,000,000 piculs per year.

CHUANTUNG (EAST SzECHUAN) SALT DEPOSITS
Location
The salt deposits are situated in the eastern part of Szechuan and scat-
tered in a large area (Pl. XI). Six salt reglcms are chstmgulshed The Chung-
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hsien region is composed of two fields, the Yenching field being about 16 km.
N of the Chunghsien city and the T uching field about 40 km. NE of the
city. The Wanhsien region-is located in the v1cmzty of Changtanchmg about
50 km. S of Wanhsien city. The Yunyang region is near Yunanchen about
16 km. NW of Yunyang city.. The Fengchieh region is situated about 3
km. E of the Fengchieh (Kueichow) city. The Taning region is located at
16 km. north of the Wuchi city, the brine is not bailed from wells but
comes from a spring. The Kaihsien region is situated in the environs of

Wentengching about 34 km. NE of the Kaihsien city.

Most of the salt regions in this area are situated in or near the Yangtze
valley between Chungking and the Gorge region. The eastern margin of the
great Szechuan basin is traversed by a series of foldings giving rise to mountains
unlike the Chuanpei area of which the relief is very gentle. The Taning
deposits occur already outside the Szechuan basin.

Geology

The writers had no chance to make personal observation on the salt
regions in easiern Szechuan though they passed the Féngchich region on steamer.
However geological conditions of some regions are well known from the works
by B. Willis* and E. C. Abendanon’. In the Fengchich region the outcrops
are very rare while on the hills outside the region the siata are exposed. On
- the west of the Fengchieh city the Jurassic coal series is wide-spread and in
the Kueichow gorge east of the city the Permian limesione is fully: developed.
Between them there should be Tmassic formations. According to E. C.
Abendanon some red-brown sandstone and shale with the overlying limestone
occur in the vicinity of the Fengchieh city, these are likely to be the salt-bearing
beds of this region.

According to Abendanon the Yunyang region is composed of the
Triassic, Jurassic and Cretaceous formations, the Cretaceous is represented by
the Tzuliuching formation and the Triassic consists of limestone and calcare-
ous shale in the upper and red-hrown sandstone and shale in the lower patt.
The wells are situated in the red-brown beds. - |

i Bailey Willis: Research in.Chin-a, Vol. I, pt. I, 1907.

2 E.C. Abendanon: La Geologie du Bassin Rouge de la Province du Se-Tchouan,
1906.
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~According to Willis! in the Taning region is. well developed what he
called the Wyshan limestone which he assigned to the Carboniferous age.
From the later research by C. Y. Hsieh and Y. T. Chao® in the Yangtze gorge
region, the Wushan limestone is divided into Tayeh and Yanghsin limestones,
the latter belonging to the Carboniferous and the former to the Permain. The
brine spring is located in the Tayeh limestone. From the latest paleontologi-
cal study®, at least part of the Tayeh limestone is Triassic.

. No direct information concerning the geological conditions of ‘the
'Chunghsien, Wanhsien and Kaihsien regions is available. According to their
position the Chunghsien and Wanhsien regions are adjacent to the central part
of the Yangtze valley, which is formed of the Cretaceous formations, and may
have the salt deposits in the Triassic beds as in the Yunyang region, while the
Kaihsien salt deposits are situated in the low hilly region and may occur in the
Cretaceous beds.

As regards the structural features most of the salt regions in this area
are related to the syncline which lies in SWW and NEE direction from Fuling
to Fengchieh, in the trough of which the Yangtze River runs, and which may
be named.the Yangtze syncline. The two limbs dip at various angles, ranging
from mote than 80° at farther localities from the trough to about 127 in the
central part. This is a long narrow, and closed syncline. The Yunyang
region is situated on the northem limb in the eastern part of the syncline. . Ac-
cording to Abendanon® in the vicinity of the Yunyang city the Cretaceous beds
dip to SSE at about 15°; between the city and Yunanchen where the salt
deposits occur, the folds and faulis Qﬂ:ect_ not only the Cretaceous beds but also
the Jurassic and Trassic formations; in the environs of the salt region the strata-
form an anticline, the southern limb is composed of the Triassic limestone and
calcareous shale and the Jurassic coal series with steep inclination to south and
somewhere overturned and the northem limb of the Trassic limestone, Jurassic
coal series and Cretaceous beds with smaller dip angles. The wells are located

| B. Willis: op. cit. pp. 265-279. |
2 C.Y.Hsiehand Y. T. Chao: Geology of I Chang, Hsing Shan, Tze Kuei and
"~ Patung Districts, W. Hupeh; Bull. Geol. Surv. China, No. 7, pp. 13-76, 1926.

3 C. C. Tien: Lower Triassic Cephalopoda of South China, Paleontologia Sinica
Ser, B. Vol. XV, fasc. 1, p. 4, 1933,

4 E. C. Abendanon: op. cit. pp. 74-75..
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on the Triassic red-brown sandsione which forms the axial part of the anti-
cline. | ‘

| The Fengchich region is located at the eastem end of the syncline
with the Triassic strata dipping generally. to northwest. The Chunghsien
region 1s situated on the northern limb in the western part of the syncline, the
Cretaceous beds near the Chunghsien city dip generally to southeast, but it is
not known whether the structural feature changes in the salt fields. The
Wanhsien region is located on the southern limb in the middle past of the
syncline, the Cretaceous beds along the Yangize River north of the salt region
dip generally to northwest. |

The Taning region is situated on the northeast of the syncline and i
the Wushan folded area. According to Willis' the anticlines and synclines
were often found to occur between the Wushan city and the salt region where
the folds are also developed, the brine spring is located near the axis of an anti-
cline. The Kaihsien region is situated far north of the syncline and seems to
be in the folded area.-

Occurrence of Salt

In the Fengchieh region the wells are sunk in the Triassic red-brown
sandstone and have the depth of about 10 m, the brine is thus contained in
some sandstone of the Triassic formation. In the Yunyang region the wells
are also located on the Triassic red-brown sandstone and 60 m deep, so that -
the brine occurs also in the Trassic sandstone. This may hold good for the
brine of the Chunghsien and Wanhsien regions where the geological conditions
are not exactly known. The brine in the Kaihsien region is said to come from
the river bed and the source is unknown. The brine in the Taning region oc-
curs in particular condition. According to Willis? the brine comes from the
cavity in the Wushan limestone, 1. e. in the Permian limestone, but i other
parts of Szechuan the Permian system is not known to contain salt or brine.
Most probably the cavity is found from the upper Wushan limestone which
belongs to Early Trassic.

Quality of Brine and Salt

Whether it comes from wells or springs, the percentage of the brine is
always low. According to salt records the brine contains from .19 to 638

I B. Willis: op «dit. p. 276.
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ounces of salt in a catly, i.e.,‘\from 1.2 to 4.2 per cent salt in the Yunyang
region ; from .94 to 1.2 per cent salt in the Kaihsien region; and from 2.6 to
8 per cent salt in the Taning region. Only grain salt is produced.  The coal
salt and firewood salt are also distinguished according to the fuels used for salt

making. -
Salt Mining and Salt Making’

The wells here are different from those in the areas mentioned above
in that they are dug to form shafts large in diameter but shallow in depth. In
the Chunghsien region the deeper wells are about 40 m deep and about one
meter in diameter while t_he"Shallower ones are 10 to 20 m in depth and about
70 cm in diameter. On the well is placed a wooden dernck on which are
hung two wooden tubs for bailing brine by hand. The brine is carried with
wooden barrels to the salt plants.

In the Yunyang region the wells are about 60 m deep with the diameter
- of about one meter. Wooden derrick, -bamboo rope and wooden tubs are
‘used for bailing brine and the bamboo pipes for conveying it to salt plants.

In the Fengchieh region the wells are about 10 m deep and form large
shafts, carriers are used to bail and convey the brine with wooden barrels from
the well to salt plant. | |

In-the Wanhsien region only one well is productiﬁe. Wooden tubs
are used for bailing brine and bamboo pipes for conveying.

In the Kaihsien region the brine comes from the river bed and is led
through ditches into the shafts dug on the rniver side. It is then pumped up
to salt plants and there disposed through concentraion .and filtration for making
salt. In all the above regions, coal 1s used for fuel.

In the Taning region the brine comes from the spring and stored in a
pool which is called “‘Lungchih’” (Dragon Pool) by natives. In front of the
pool is placed an iron plate on which are pierced 68 holes for leading the brine
through pipes in:o salt plants. The fuel 1s coal or wood.

Salt Industry

According to historical records: the Chunghsien region is known to

have been worked in the Han Dynasty, the Wanhsien region in the Chin Dynas-
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ty, the Fengchieh region in the Sui Dynasty, and the Yunyémg, Taning and
Kaihsien regions in the T ang: Dynasty. In the Chunghsien region there are
now two large wells and 17 small wells, and 32 salt plants. . “The salt is sold
at the price of 6.3-7.2 dollars per picul, the transportation fee is about a
dollars for 60 km. per picul.

~ The only well of Wachsien region supplies 7 salt plants. The salt
price 1s 9.5 dollars per picul and the transportation costs 50 cents per picul from
salt plants ot consumption markets.

In the Yunyang region there were 33 wells and 67 salt plants, bu: now
only 9 wells are productive. " The salt price is 4.4 dollars per picul. Trans-
portation for 60 km. costs about 1.2 dollars per 80 catties.

“In the Fengchich region there were 4 wells and 220 pans for making
salt, but now two wells are active and the pans number much less. The price
of salt 1s 5.3 dollars per plcul The transportation cost is about 1.4 dollars
per picul for 60 km. |

In the Taning region, 94 salt plants are active. The price of salt is
different according to the fuel used, the coal salt at 3.9-4.5 per picul while
the fire-wood salt at 7-7.6 dollars.

In the Kaihsien region there were 19 wells and about 90 salt plants,
but now only 4 wells and 42 salt plants are productive. The salt is sold at

6.3 dollars per picul. The transportation costs about a dollar per picul for
60 km. but about 30 cents by boat.

The yearly production of salt in piculs in this area is given in the
following table :

Year Chunghsien Wanhsien Yunyang Fengchich  Taning Kaihsien
Region Region  Region . Region Region Region

1925 4,189.50 176.80 280,972.80 30,547.60 147,685.82 29,810.24
1926 4,262.10 383.20 274,057.60 26,941.30 114,291.09 22,995.90
1927 4,222.10 386.80 277,058.40 25,986.18 92,814.00 24,438.70
1928 5,074.30 388.40 307,114.40 25,827.50 18,136.10 29,208.20
1929 4,594.70 293.80 287,048.00 23,432.50 58,500.30 28,426.40
1930 4,937.90 118.00 302,561.60 31,903.10 109,893.60 29,918.75
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TaTsu ‘SaLt DEPOSITS

This area is situated in the southwestern part of the Tatsu district,
{(Pl. XI), salt being. produced at Lungshuichen,” Wangchiachang, Shuang-
“hoching and Yungchuanching. It is composed of low hills of the same type
as those in the southem part of the Szechuan basin. A tributary of the To.
River passes through the area ‘and forms the main drainage. The surface
stratigraphy is about the same as in the environs of Tatsu and Jungchang where
the red-purple clay and yellow-gray sandstone of the Tzuliuching formation
are well developed. The wells are not deep enough to reach the lower part
of the Jurassic coal series and may be confined in the Tzuliuaching formation or -
the upper part of the Jurassic coal series.
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, Fig. 3. Sketch. map of the Tatsu Salt Region in Szechuan

According to salt records there were more than 350 wells and 37 salt
plants. The commencement of the salt region is not recorded but 9 wells are
known to have been worked in the Ch'ing Dynasty. The salt industry be-
came prosperous to the present time and the production was 1,745 piculs in

1927, 1,615 in 1928, 1,305 in 1929 and 984 in 1930.

PeENGsHUI SALT DeposITs

This area is situated in the environs of Yiishanchen northeast of Peng-
shui district {P1.}XI), salt being produced at Houchingchieh, Chungchingchieh.
and Laochingchiech. There are 6 wells and 54 salt plants. The brine con-
tains .3-.39 ounces of salt per catty, 1. e. 2-2.6 per cent salt.
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- The deposits are known since the T’ang Dynasty. The salt industry
is now relatively small. .
Year  Sale production in piculs  Year _ Salt production in piculs’

1925 36,573 1928 33,952
1926 35,955 1929 32,301

1927 32,421 1930 22,153
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Fig. 4. Sketch map of the Pengshui Salt Region in Szechuan |
YENYUAN SALT DEPOSITS

This salt area is situated in the western part of the Yenyiian district
in southwestern Szechuan and near the boundary between Szechuan and Yun-
nan. Two fields are included, one named Paiyenching about 22 km. W of
the Yenyiian city and the other Heiyenching about 110 km. W to the city (Pl.
XI). As to the geological conditions are unknown, it may be assumed that
the deposits are closely related to the salt deposits in the adjacent regions in
Yunnan'. There are 5 wells in the Paiyenching field, the deepest of which
is 12 m with the size of 2.5 m x .7 m. The salinity varies from 1.5 to 6
per cent salt for Paiyenching brine and about 7 per cent for Heiyenching brine.

I Geology of Salt deposits in Yunnan to which the Yenyuan deposits are closely
related has been described of Coggin Brown as consisting of Permo-Triassic red
beds from which the salt worked by underground mining.
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‘According to historical records the salt deposiis have been worked
since the Han Dynasty and the indusiry became more prosperous from the late
Ch’ing times. - There are now 94 salt plants. The pans are bell shaped,
from 40 cm to 1.2 m high and from 15 em to 50 cm in diameter. The salt
produced is named ‘‘hat-like salt’” and sold at 8.5-9.5 dollars per picul.
The transportation- for 60 km costs abou: 1.5 dollars per picul. * The 'yearly
‘production is as follows: |

Year - Salt p_roéluction_' i piculs = Year Salt production in piculls
1925 29,868 1928 38,475

1926 - 37,780 1929 35,813

1927 40,212 1930 37,055

ORIGIN OF THE SALT DEPOSITS IN SZECHUAN!

- The salt in Szechuan occurs in form of brine and rock salt, the former
is ‘wide in both geological and geographical distribution whereas the latter 1s
only known at Tafenpao in the Tzuliuching-Kungching regior, within an area

of about .64 sq. km.

The origin of the rock salt are usually explained by (1) Bar theory,
(2) Desiccation theory, or .{3) Leaching-Supersaturation theory, but the last
named is not generally accepted. Now we shall try to see which theory car
be best applied to the salt deposits in Szechuan. The conditions under which
the rock salt occurs are summarized for reference as follows:

(1) The rock salt occurs at Tafenfao in the lower part of the Triassic
limestone, the succession is continuous without disconformity in the limestone.

1 Szechuan has been visited by several other geologists of the Survey although they
had not chance to make observations on the salt occurrence so detailed as the authors
of this paper. The latters’ view on the origin of the salt is however not shared by
majority of their colleagues. 1 for one believe that salt was originally contained
in the Triassic at least, And nothing makes it impossible that the salt depositing
condition reoccurred in more than one periods during the Mesozoic era. The
meteoric water entered in the Triassic and Jurassic formations does not necessarily
come through the overlying creteceous strata. That the salt is found in solid
state in one place and in solution in another is due more to later condition of
ground water than to the original condition of deposition. The paper is here
published for the important facts which the authors' have well observed and
correlated. W. H. Wong.
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(2) The dimentions of the rock salt are irregular and small and the total
thickness varying from 2 to 5 m, outside this small area no rock salt has been
encountered.

(3) The fresh water is poured from some well into underground for
dissolving the rock salt, the brine thus artificially formed is bailed up again; it
is said that the water poured down from one well can be bailed up from others.

(4) According to well owners the quantity of the salt produced from
rock-salt brine is quite large, but it is no: exhausted and the salinity of that
brine does not decrease.

(5) In the Triassic limestone exposed in the region adjacent to the
salt areas has never found any trace of rock salt, the formation contains mostly
limestone with some marly limestone in the upper part and some calcareous
shale in the lower part, which are all deep-water deposits.

When the above stated facts are taken into consideration 1t seems that
the origin of rock salt can not be easily explained by the bar theory or desiccation
theory. It seems difficult to understand the rock of such small dimensions
could be formed in wide-spread marshes or-lagoons or lakes in which the
Triassic limestone would have been deposited.  Although the leaching super-
saturation is not generally accepted, the origin of the rock salt in the Tzu-
huching-Kungching region may be better explained by this theory. It is
thought that the rock salt was derived from the brine of the horizons which
acquired increased salinity by dissolution of the salt content of the successive
strata which it traversed in sinking, until reaching the supersaturated condition.
At the same time there were some cavities or irregular hollows in the Trassic
limestone, in which the -salt was precipitated gradually to form the rock salt
as now worked by artificial dissolution at Tafenpao. The localization of the
Tafenpao rock salt may be explained by local occurrence of the small and
irregular structure in the Triassic limestone. This is however a pure hypothesis
which needs conﬁrmation by more facts than are now available to us.

. As to the question whether the brine water is of meteoric origin or
‘connate origin, facts seem to disprove the hypothesis that the saline water is
originally enclosed in the formations here concerned. The most saline brine is
bailed from the limestone which does not show much porosity to hold such amount

of saline water during deposition. The Jurassic doal series in which the brine
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occurs is of continental orlgm and the climate under whlch the coal was formed
must be. humid, thus it is questionable whether the saline water could occur,
under such condition, in large amount to form the source of the brine which is
now being worked. The lateral distribution of brines does not show their
uniform presence in different formations. In many places the water Whl(‘.h was
taken up from upderground at coal mines or came out from some springs in the
limestone regions has never been known ¢ be saline.

If the meteoric origin is accepted, it mus: be believed that' the meteoric
water has in passing downward through the strata dissolved out of the rock the
salt which it now holds in solution. There are also some facts which are
contrary to this hypothesis. The association of the dry sands with the brine
bearing beds indicates that the brine has-not passed through the sands downward
from the surface. There are no adequate explanations of how the brine has
‘been removed through the strata and migrated to such depths as indicated by
deep brine wells. :

A study of the occurrence of the brines in the Szechuan basin furnishes
the data which suggest another hypothesis for explaining the origin of brine,
the data are summarized in the following lines:

(1) Almost all the salt regions are situated in the area where the
‘Cretaceous formations are well developed except some regions in eastern Sze-
chuan, and perhaps also in Yenylian area where the brine wells are directly sunk
in the Triassic sandstone.

(2) - The brines do not occur at distinct horizons but in wide zones which
have also no sharp demarcation, and are likely to occur in continual succession.

(3) The depths of the brine zones probably depend upon the position
of the wells on the surface; if the well is located higher in position, the horizon
at which the brine occurs 18 also higher.

(4) The salinity of the brines increases with the depths of wells and
brines, except where the gas wells are most productive and- deep ehough to
reach the Tnassic sandstone waters, while the brines in the Jurassic coal
series and the Triassic limestone were derived from the underground saline water
in the Cretaceous beds after sinking and concentration. But the brine in the
Triassic sandstone contains only 3-49% salt and can not be regarded as the source
of the brines in the Trassic limestone and the Jurassic coal series, which have
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much higher salinity. The rock salt which occurs in such small dimensions as
repeatedly mentioned above can also not be the source from which the salt was
diffused to form the wiﬂe-spkead brines. The Cretaceous less saline brine is -
perhaps the only source of the deeper ones. |



