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CHAPTER I.

INTRODUCTION

The scienee of gsology evolved from the study of
sosmozony, while cosmogony, which in the very early days was
studied as & matter of speculation in the 1isht of philosophy,
orizinated in mytholozy. Accordinz to ths mythology of the
anzient Tovyptians, 1t was Muduk who, assisted »y his 20ds and
the winds, created the heavens and the eartl cu%t of the "ody
of Tiamat +hom he had vanguished. Tlie old Greeks »elieved
the Olympian 2ods were the meéker»a of the univenrse; whereas the
Habhraws maintained that i%4 was the Personal God who created
the universe. The anz:ien* Hindoos develoned two systems of
tr.ouzht concerning ths formation of the universe. Axcordin~
to ona system - "531 thinzs were oricinaliy brousht inio ex-—
istence by the sole will of & singls Timg* Cause, rhi-sh
existed from eternity." According to the other system,
"@kere have always existed *wvo prinziples, the one material
but withou* form, ths o*her spiritual and capanls orf comp=sil-
inz inert matter %o 4z2velop its sensible properties."

The conzeption of the formation of 4he universe held by the
ancient Chinese was somewhat similar %o that of the'First

Cause" and the "Two Principles" of ths Hindoos, »ut differed

%« Prinziples of Geology, Vol. 1, p.6, C. Lyell.

#1 Inhid P, §-7,
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in the fact that in the Chinese account there was no spiritual
force involved and that+ the "ozauger and "prineipler were not
separate, Hut in evolution and union. According to this con-
ception, the first cause was Tai—kieﬁ‘or extra-eternitvy, and
the tro principles were "yin' and vyvang®, o» ths Negativa
Prinziple and Positivs Prinziple. The ovder of evolu*ion was
believed %o take placs in this manner: Tai-kieh bHezot two
principles, ¥in and Yanz. The Yin and Yang by their unison
bvazot four *"seang®, the major Yin, the minor Yin, the major
Yanz and the minor Yanz. By the transimutations of +the four
"seans", all thinzs vere formed. A eyaele of the universe
consists of twelve "hwvuy", and each *"hwuy" lasts 18,000 years.
When the zycle is completed, destruction comes, and a new
begzinning Tollows. The <92nesis and destruction repeat in this
nanner for ever. From this 1t is seen that the conception of
the ancien* Chinese was metaphysical rather than mythological
and spiritual. A later theory that pravailed was that hefore
the heaven and the earth bYecame separated, there was a mass
of gas, the 1irthtem portion of which graduslly rose and subh-
gsequantly formad the heaven, while the heavier portion
gradually sank and formed the earth.

In the *ime of Aristotle, the Chinese knomledge of

the universe possessed =z certain degree of scientific +ruth.

*+ Kan-keen Yih-z2he Luh, Vol. I, paze 1.



3

The notahle parsonage at that time was Chwang—tsze, =

Ha maintainad that in addition %o our earth there were many
otha» planets, In comparine the size and number of #he
plansts, he fioured our globe &as possessinz the dimensions of
a mustard seed. He explained the hlue *int of"the sk;’las the
true color of a thi:zk volums of atmosphsre, which he called
the "Wiid horse", He wrote as follows:~ "Is the h»lueness of
the sky its proper 2olor?, or, is it an effect of remotensss
in distanze? When viewinz from a»ove, one will o%sarve the
s&am3 ph=nomenon."

We have no divezt mesord +0 show 'vthen the Chinese
h»ezan %o survey their mountzains, plains, lakes and streams,
or then thev weran *+o utilize their natural resources, We
know, however, from facts that wsare early recordggzthat
Pu-ha in 295% 3.C. had migrated, perhaps folloving the »ank
of the Huang-ho o» Yellow river, from Shen-zi., the province
in which he was b»orn *o the provin:s of Ho-nan where he
estanlished ths first espital of the 1and. To him wae
aecribed the initia‘ion of the art of the domestication of
animals, the introducztion of fins arts, and of organized

government. Shen-nung (rsigned 2838 - 2698 3.C. ) the father

%* Chwang—-tsze was ons 0of the most profound thinkers of the
Chow philosophy. He had written extensively and some of
his vorks wers preserved to us. See "Chwanz-tazar
(in Chinese) 2 vol.

%1 The sky *+0 many people had heen a tangibhle hody possess-
inz apropa~ 20lor-blue. To correct this misconception,
Chvang—-tsze guve thia alucidation.

#3 Reference: Kang-keen Yih-che Luh.



of agriculture and medecine, travelled far and wide "to sip
the fountains and teste the herhs in ordsr to discover means
of healing."” We may czonclude that the firsgt extended ex-—
amination of their lands »v the Chinese with a view to util-
izinz them was hegun “»y ™i-he andi Shen-nung.

We have already seen that tre rormation of the
Middle Kingdom and the rise of her 2ivilization *+ook place
alonz the Yellow river, and norvy let us seas what influence the
Geolozy of China hzd in determinine the sharacter of the many
Yranckes of advanzement that were made by her early inhabi-
tants. The lower portion of the Huang-ho valley was the
e¢radle of the Chinese nation. The Yellow river misin~ from
the Tibetan plateau and passing throurh Sre—ch'au thenze into
longzolia, and than once more ~enters Chins proper in ahout
111 degrees E. It thaen flows southward makine a natural
boundary between Shen-—si on the wast and Shan-si on the east,
and st 327 dezrees J. latitude, it turns eastward forming
a Aividin~ 1lins hatween the provinzes of Shan-si on the north
and Ho-nan on th= south. Its 2ourse continu=ss eastward auts-
inz throush the province of “ran-—tung, reachinz the Yellow
se& in about 370 50! N. lat. The total length of this river
is about 2400 miles. Finding themselves 7ith scanty means
of sustenance in *the Mon?olian deserts, the Chinese were com-
p2lled to migrate southward, probably following +the Vvallow
»ivar., When they reached the provinne of Ho-nan, their
nomadiz existence was replaced hy an azricultural 1life.
What the Nile was %0 the anzient Eegyptians, the Huang-ho was

to the ancient Chinese., he lov=2r portion of this ~iver has



been @ region of disastrous floods for centuries, and henae
the sountry worderinz th2 river has heen 3 1l2nd of fertility.
Here it was the great Chinese nation developed and maintained
a political and intellectual supremacy for 3000 years.s

The hest form of zovernment, the most ideal society and the
highest intellectual 1ife pervaded this rezion prior to the
Christian era. It is an intereatinr fact 40 note how the
za80l0ogy of the Huang-ho had an influence upon trle Chinese
2ivilization in other ways than those just mentioned. It is
recorded that Tsang-kee by ohgervine the foot—-prints of wirds
and quadrupeds, Thi»h undouhbtedly had been made upon the mud
deposited »v th2 inundations of the Yellow wiver, was led %o
tre invention of the Chinese writing. The system of *he
Chinese writins was hisroclyphic, and even in the modern

form, in many cases, the zharactsrs can bhe traced wack to +he
pictures of the onjects which they were intendsd to represent.
Take for example the word kin o7 ~70ld. Under ths modern form,
it is written 4 , whil= the older form was written gg

and th=s original form was, wvith great provavility hecause of
logical reason, written g or some form near to it. This last
form resemvles a 2old nugget whiczh waes, there is 2004 reason
to Helleve, found along the banks of the Huano-ho. PFurther—
more, the Chinese compass vas invented in about the same time.

Pprobeb 1y
o

Tre magnet used 2 pi=aze of native 1ron that possessed the

A

« After the fall of the Chow dynasty (ended in 255 B.C, ),
the political and intellsctual supremacy of China heran +o
shift southwvard.



property of mornetism. The third metzl used was copper, 1%
beinz firs%t mined in the Show mountain »y Huang-ti for the
cagt of three sazrificial vessels. The arts of custing,
mouldinz, cutting and polishing have heen przctised by the
Chinese since the dawn of history. The Chinese vocabulary
is 80 rich in words pertsininy tc metsls, stones and ems,
and their classices were 7lo0d=d with 4terms horrowed from the
arts whih have hesn mentioned.

Sines the Chowx Dynasty, laws concerninz the con-
trol of the mineral wealth have oczasionally »asen enforced,
and mines have often beern operated on a2 small scale Hy the
rovernmaent. Nevertheless the vast mineral resources of that
country have hitherts heen d=veloped only to a comparatively
srall extent., Before the Republi: came into existence in
1912, the Uininz 1lav of China was very unfavora»le +0o mining
enterprise, and thus in the entire country *thare wvare only
a few minings companies, each of whizh had a capiteal of ten
million dollars. To encouraze tne mininz industry, a revis-
ion of the 014 Mining kawv was made in 1913.

1% was very early in history that China hegan a
survey of her lands. When the land was deluged, Yu the Grect
w8 ordered Hy Smparor Shun who reisned from 2255 0 2205 3.C.,
40 dispel the wrters. He had surveyed the razions of the
Huaneo-ho valley and the Yang-tsze—Kiane valley. Practically,
all of the dynasties mnde sharts of th2 ~2mpire. Notwithstand-
in>, in 80 fuar as the writer could find evidence, China has
nst undertaksan any 2eolozical survey in the modern sense of

th2s term. Within late years, the Chinese Gov~rnment has



smployed some foreign geologists but their investigations
were confined to a few Known minineg districts, and nothing
has heen done in other areas. The great problems connected
with the Geolozy of China wvare not seriously attacked until
P. V. Rishtofen set his feet on the soil of that country, and
th~ veaars durinz which the work prozressed are nov 2iveni-

i. By 7. V. Richtofen:

1st survey (1863) - Che-kianz and Kiang-su.

2nd. " (1868-1869 ) - Lower Yang-isze.

3rd " (1869 ) - Shan-tung

+th " (1869) - Kiang-=i and Che-kianc.

5th tt (18£9-1870) - Kwang-tunz, Hu-nsn, Hu-pei,
Ho-nan, "han—ei and Chih-1i.

gth " (1870-1871) Cre-kiane and Nzan-hwei.

74h " (1871-1872) Mongolia, Shan—-si, Shen-si,

Sze—~Chusn and Hu-pel.
II. By Graf Szcheny and V. Lo'zzy:

(1877-1884 ?) Kiang-su, Kianz-si. Hu-pei, Yellow river
rezion, Kan-suh, Sze-Chuan, Tibhet and East Turiestan.

III. By 0»rucheff: (188:-1885) Northern Chih-11, Shan-si,
Manzhuria and Mongolia.

1V. By a party of *en sgent LYy a Chambha~ of Commerce of France:
(1887 ) Kwanz-31i, Ho-nan, ¥Yun-nan, and Sze-Chuan.

V. By Japanese gz=z=ulozista: Within 1sate years the Japanese
geolorists have made extensive surveys in the esastern
section o7 China.

Vli. By a party sent »y the Carnegle Institu*ion of Wwashinz-

ton, D.C., of the United States:
(1903-190+ Northem and Central Chins.
I+ 1is obhviouns tha*t Chins needs a Geolozical Survey.

Har millions must b= hetter taken care of and this can only hHe

don~ throurh the dsvelopm #nt of her n-tural resources. Her

people should »e taught +0 appreciate the important part that

geology and the other naturazl sziences should play in a
rational development of her resources.



Geographv.

The Chinese Republic is composed of China proper,=
Manehuria, Mongolizl, East Turkestaen, and Tibet, I% has 2an
area of ahout four million =quare miles and a population of
four hundred millions. 4 occupies South—eastern Asis and
is bounded hy the Pacifiz Ocean on the Bast, Asiatic Russia
on the Jorth, Turkestan on the West, and b»y India and Burna,
to3ether with French Indo-Chin&a on the South; it 1lies hetiween
latitudes 15’50' H. to 55,25' N., and longitudes 75 degrees
E. %0 135 degrees E. From north to south, thmsuzhout +he
areater pa~t of ite area, China is more than 1800 miles in
length. The greatest of all distances extendin~ in a straisht
line in any direction is that from the north—eastern corner
of Manzhuria to the south-western confines of Tihet. This is
3100 miles in a direct 1ine. TFollowinz the indentations of
the 2oast from the Gulf of Liao~*%unz in the north to0 the Gulf
of Tong-king in the asouth, the =sea-hoard of China is about
5000 milaes in lengzth. The two peninsulas (the peninsula of
Snen—=*tunt and the peninsula of Liao—-tung) are situated in the
north., On the whole the Chinese coast is :omparatively
smooth, forminz a semi-cirele with ite rnost easterly point
in 30 degrees .. latitude, vhiizh is ai1sd midway “etwveen 1its
southern and northern extremities. PFrom this point whe re
Hang~chow Bay is situated to +the Gulf of Pe—-Chi-11i the shores
* China propsr coneistas of the following provinces: An-hwei,

Cha-xkiang, Chih-11, Fu-klen, Ho-nan, Hu-nan, Hu-peh, Kan-

3uh, Kiang-=i, Kianz-su, Kwane¢-si, Kwanv-tung, Kwei-chow,
Shan-sl, Shan-tunz, Shen-si, S3=ze-—-ch'usan, Yun-nan.

«1 In 1913, Outer Monzolia was ~iven Autonomy »y China.



ars flat and alluvial, while south of +his point %0 the Gulf
of Tong—king, the shores are precipitous and rocky. In *he
northern portion, there are two gigantiz rivers, the Huang-
ho and the Yang-tsze—kiang, "hile in the south there is only
one, namely the Si-kiang whizh is much smaller than either of
the other two, Tom this reason, the best natural harhours,
nam=1y, Fu-chow, Amoy, Swatov, Honz-kong and Kwang-zshow-man
ar2 1lyinz to the south of this naturally Adividinz point.

IT not approached from the sea, China is not easilv r=22hed,
since i+ is separated from the rest of Continental Asia »y
lofty plateaus ranzinr in h=izht from 3,000 4o 18,000 feet
and rugged mountains whose passes vary f£rom 10,000 to 16,000
feet eHova gea-laval, Thus China, occupying the most favor-
able portion of Asia developed and maintained an independent

eivilization for more than four thousand years.
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CHAPTER I1I.

PHYSIOGRAPHY.

The most stikino feature of the physiography of
Furzaeia is the rhythmetrical characzter of the trend lines of
its mountain ranges. Exz21udinz the Ural ran~e and *he
Kiolen Mountains, all *he mounteains o~ this great Contin~ont
press towmard the coast that Sounds the Pacific Ocean, the
Indian Ocean, and the Mediterranean Sea. Ths ranges in this
assemhlaze are frequently harmonious in their orientation,
but some of th=am interfers vi*h on=s amsther, 1In general,
however, thev form a grand curve resembline +the catenary itype,
havin~ its 490 axtremities hooked respectively at 3ehrins
Strait in northeastern Asia and £rom the Alpine re~ion in
south7egtern Furcope, and wvith its center of gravity at the
protuherance of southern Asia., The general aspect oF +this
assemhled chain presente a series of ripplin~ trends. All
t¢he individual ranges are mo»e o» less arcuste in form. In
general, those zonstitutin~ the southwestern portion of the
chain ar= ~oncave to7ards the northeast; those of trLe mid-
dles portion ars conve< tovard the south; and *hose forminz the
eastern and northesstern portions ar= zoncave toward the
northwes*. But it is *5 he not=4 that sometimes one range
strows a series of zoncave curves.

Viewed f£rom another standpoint, +he ranges of this

areat assemhlage radiate out from a common knot in Pamin,
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Five prineipal branches are generally recognized:

(1) The Tien-shan branch, which stretches in a northeasterly
direction; (2) the Kusn-lun »ranch which 1lies south of *ths
Tien—shan branch and advances towarde the east; (3) the
Himalayan branzh wvhish trends southaasterly and south of the
Kuen-1un branch; (=) the Sudiman »ranch, which takes a south-
westerly course, and (5) thd Hindu-kush “ranzl whish shoots
restwvard. This common knot, the Pamir, is sometimes referred
to as the 'roof of the world'. The maximim altitude of 1its
peaks reaches 235,000 feat anove the sea., From the elevated
rezion of Central Asia, a numwer of large rivers fssue. On
the east, startino in a counterclockwise order, are the Si-
kianz, *he Yang-taze-kiane, the Huano-ho, =11 oi whizh flow
through China, together with the Amur whizh in part forms the
Youndary hetween Siheria and Manchuria., All of these rivers
empty into the Pacifiz 0zean. 0n the north, the Lena,

the Yenisei, and *he Oh, flow into the Artic Ocean.

On the west, are the 0»i, whizh enters Lake Balkhash, whiile
the Sir and the Amu drain into the Aral Sea. On the South,
the Indus, the Gangzes, *the Brahmaputra, %the Irawadi, +the
Salwin, the Mi-kon~, and the Song-kz, devouch into the Indian
Ozean, It must not %e coneceived that the elevated area from
which the principal nountain and river systems eprine is a
dome possessing symmetrical slopes. In fact, *he slopes
descendinz on the east, north, and west of +his eclevated area
are gentle, whereas that on the south is ab»mupt.

From the forezoinz, it is seen that the sunrface of
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Asia is extremely mountainous in the somth, and is traversed
hy numerous rivers. The present zconfiguration has »een
brourht about by comhined processes of sinking, rising, com-
pression and weatherinz. Geolozidts have advanced various
theorias &s to the intsrpretations of these processes. The
resulte of weatherinz are evident and therefore need no dis-
cussion. Regardin~ the other processes, “uess and Bailey
W¥i1lis have offered some very comprehensive explanations.
Accordinz to Balley Willis' idea, Asia sonsiats of two types
of continental elements, which he called the positive and the
nezative elemsnts. Throuzhout geolorical time, the positive
elements have shown a decided tendency to rise, while in con-
trast, the nega*tive elements have in general heen character-
ized »y sunciden-e, A positive element is recornized »y
great unconformities o~ the zomplete ahsenze of great thick-
nesses of sedimsntary rocks, whersas s nerative element is
recognized hy the prolonged eczcumulation of sediments.
Throuzhout geological historv, *he narrow =strip of the
continent which »orders the Japan s=a, China and part of the
Indian oceszn, in other words, the strip extending from Tast

Cape to Tong-kinz Gulf, forms one positive element, the

0

'magtarn Tlement'!. The rezion north of +the Irkutsk amphi-

A

theatre in Siveria forms the 'Sinerian' positive elemant.

Th=2 Ta~im Basin and Go»i Desert form the 'Monzolian' positive
element. The Gondwana Tlement forms the peninsules of South
India. Part of the rest of Asia consists of negative nleman+ta.
I% 18 t2 "= noted that the positive elsnents are wholly con-

{ined to eastern Asia. These continental elemesnts, positive



or negative are supposed to "e conditioned »y differences in
the density of thei~ masses and +his 1s held to e the cause
of *he phenomsnon knowvn as "vertical movement."

As the "vye»tizal =alements" simply effected the
risine and sinkinz of the lands and had 1ittle o™ no direct
influence in the 4rozseny or mountain huildine, *he present
mountain systems of RBurasia are not the results of ‘hese
movements, »ut were formerly tle compressive forces that have
been active at intervals =inece the pre-Cambrian time. To
explain the underivinz factors in the production of the
Eurasiatic mountains, Suess maintained that in Pre-Cambrizan
times, *here existed an area in ths rexion of Angara (1on~.90
degzrees — 130 degrees E. and lat. 50 degrees — 70 degrees),
which in course of time was zompressed to a rizid mass.

When %his nucleus was azain actsd upon by a tangential forecs,
a series of arcuate mountains developed which in general are
parallel %¢ ifts southsarn border. A+ lonz intsrvals of +ime,
this firgt seriss of mountains was in turn subjected to
crustal compression, and further mountein ranges were uplifted
in succession further and further awzy from +he 2ore; +hus
the mountains were formad with a rhvthme“rical orientation
thich z2onstitutes 4he catenary curve ahove deszrihed.
Accordinz to this theory, the arustal forces were exerted
from the north tovards the south. Suess! theory seems in
azcord with the configuration as it appears today, »ut his
treory does not explain how the crustal forces orizinated.

3ailey Willis has assumed that the forces ori~rinated in the
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has
Indian and Pacifi: oceans, and he maintained that %hae fores:

a2ted northward and northwestrard.

As the pressures exerted upon the suhoceanic
massse are relativaely greatser than those upon the subcontinent-
g1 rocks at the sams level, the subocesnrnis masses ares Porced
to move in the zone of flowage prohadbly ahout 50 milss helow
the sea floor %ovard the ~ontinent, in consequenzs of which
the continental masses are “Hilzsd up at the weak points of
resistance and mountains may b»e formed. Since Suess!
nuzleus in the Siberian land was rendered r»izid priom *+o *he
Camhrian age, the deeply suvoceanic material beneath the
Pacific and the Indizn oceans was thus &hle +o axert a force
toward the north which misht aczt upon that ancient rigid
nucleus. By reason of *ha presence of the latter, reactionzl
forees mey have “aen Zenarated, whizh radiated out towards
the south, and as a result, a series of cresentic mountzin
ranges may havs formed. In general, *hs outermost ecemies of
mountains was dsvaloped last an? is “elieved +o have heen
formed durinz the Tertiary. The Himalavan ranz= wvas formed
in this p=ariod.

In the follorine pages our attention wiil »e con-
fined to the lands of the Zhines~ Repu»lic. Startinz from *he
Asiatiz plateau, w2 first perceive an oval shaped tract of
land ~levated to a mean height of about 15,000 feet ahove the
s2a. This 1s the land of Tihet, and ona of the 29ntinental
positive elements. On the east, 1% is hounded »y the Yuneo-

ling ranges wri~sh 4rend north - south, and the Sze-ch'uan
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depression vhich has bheen maintzined at a low level sincs the
Cambrian or pre—Cambrian times. The northern 1limit of the
Tivetian positive =lemsnt is the Kuen-iun system whioh was
2ove~ed by a sea during the Paliozoie age, while 1ts south-
ern and western boundaries are the Himalayan ranre whizh re-
mained und=r wvater +£ill ths Tertiary. Thus Tibet is surround-
¢ My rones of the negative element. The surfaze of Tibhet
is moun*ainous and rugged. 1Its highlands heva an averaze
altitudes of over 16,500 feet; its valleys ranzs from 12,000
feet to 16,000 feet, its peaks vary from 20,000 f=2% %o
24,000 feet., There are sedimentary rocks in Tivet of
Jurassic and Creataceous arges,

Chiness Turkestan occupies an elliptical area,
bounded »v the Kusn—iun range on the south and +he Tien-
shan range on the north. It covers the hasin o7 Tarim +vhiazh
is a part of the Gohi Desert and hrs been a positive slement
(part of *the Monzolian Blemsnt ). The country is less
elevated than Tihet. Its geologic history is not knowm,
except that quarizites and slates have been observed, which

nay he of Prot=aroroice or early Paleozoic are,
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Mongolia, with Sunzaria on tha west, 1i=8 north of
Chinese Turkester end China proper, west of Manchugéa, and
south of Siberia., Thie region is characterirzed bJ&immense
amount of shifting sands, and by scarcity of water hodies ana
vegetation. The elevation of this region ranges in seneral
from 2000 feet 4o 000 feet but in soms places achtually des-
cends o0 below sea—level. On the whola, it is a hasin-—shaped
depression with no outlst 4o 4he sea. Because of these facts,
the Monzoliszn Desert is often cealled »vy the Chinese as Sha-
mo (»oundless sand) or Han-hai (dry-sea) or Puh-Mo-ti (hair-
l2as land ). It 1is heliaved that Mongolia was once occupied
by an inland sea which bhecame extinet in the late Tertiary
and Juaternary waste. The desert regim is girdled »y
mountain chains and highland. On the east are the Khuszta
and the Great Khingah; on the north are the Ya»hlonoi, the
3aikal, the Sayanskii, and the Altai; on the west is the
Pamir hizhland, and on the south is the Kuen-lun range. A
portion of thid district has heen aonsidered as a positive
alement,

Manzhuria lies east of longoliia, nor+th of Korea and
tre Gulf of Pe-chih-1i, south of Amir and west of Japan sesa.
The natural boundary on the north i3 the rivsar Amur and that
on the west is the Great Khingan range which extends from the
Amur 46 the Chinese frontier near Peking., The country is=
comparatively lov and possesses no strikinz feutures, Its

720107y has many points in common with tha*t of northeastern

China.
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0Orozraphically China Proper is but the ~ontinuation
of the Tivetan and the Monzolian plateaus that slope into *he
Paa{fis Oasan. Topozraphically, however, the zouniry has a

very wide range of altitudes. The fact 18 tha*t the wastern

o

provinces, Yun-nan, Sze-Ch'uan, and Kan-suh, throuzh which
many hranzhes of the 2reat ranges, Hhs Kusn-—-lun, and others
under vimious names, suzh as the Altin Tagh and *he Nan-shan,
ma<e +hein entranse into China, attain elevations ran%ing from
10,000 feet to 16,000 fset above sea—lsvel. Some of the peaks
even exceed 20,000 feet in height. The delta plains, on the
other hand, ranzs from 1000 feet %o sesa—level. The southern
division is ruch more elevated than the northern portion.

The averaz: elavation of the entire country has heen estimated
o he 1500 feet ahove the sea.

On the whols, the surf222 of China is rather hilily
and mountainous, and when zonsidsred locally, its configurat-
ion is very diversitTiad. For more detailed description, the
count>y may = divided meinly on the basis of physicail
features, into Jorthern, Central, and South Chinsa.

Northemm China inzludes the drainage hasin of the
Huan~2-ho and the margin of the Monzolian plateau that descends
80 steeply *to the Great Plain. I% 1s separated from Central
China essentially »y the offshoots of the Kuen-lun Mountains,
su:h as the Pe-ling and the Tsin-1inz mountains, the Fu-niu-
shan. The hLheights of these mountains decrease toward the
east. The maxirmm of the Tsin-linz, for instance, is 13,000

feat, while the altitude of the Fu-niu-shan, whizh is the



continuation of the Tsin-ling, decrease imperceptibly until
it merges with the Great Plain. The western seation of this
division, mainly occupied by the provinces of Kan-suh on the
west and Shen-si on the east, contains many offshoots of the
great ranye of Central China in the form of minor anticlines.
In this resion, whish is chiefly underiain by limestones,
sandstones, and cool seams, trouch-like depressions are often
observed and de=p gorges are nmumerous. Northeast of Shen-si,
lies the elevated plateau of Shan-si, which 48 rich in coal.
This area 1s a part of the Mon~olian plateau, but its eastern
edze where it overlooks the Great Plain, represents a great
fault with a vertical displacement of, probadbly, 2,000 feet.
The Central division embraces the Yans-tsze basin,
the province of Sze-Ch'uan, and mrt of Yun-nan., Its south-
ern boundary is not well defined. Meny of the trivutaries
of the Yanc-%sze-kians come from the south. The river itself
takes its rise in Tivbet (as also does the Huang-ho ), and passes
throush Yun-nan and Sze-CL'uan. As has been noted before,
Western China is »ut the continuation of the Tibetan highland.
Tre wastern half of the Central Division 1s ocecupied Yy a red
sandstone knovn as the Red Basin of Sze~Ch'uan., I* is separ—
ated from the Yang-tsze basin by mountains of grent heisht,
This vast province is important physizally %o *he Yanr—tsre-
klang because 1t has no considerable water-ratainins nodies.
I% sends practically all its run—-of'f into the Yan>-tsze-kiane,

Owinz %o the ascession of great quantities of water the
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upper portion of the Yang-tsze has he~n out into grand
eanyons and wonderful gorges. The most important afifluent of
the Yang-tsze-kiang is the Jlan-kianz. The Yan—tsze with a
total length of 2,900 miles, although navigahle hHy large
steamers only for 1,000 miles from its mouth, is important %o
the o2s0l1l0g2yv of China as well as to her commerce, 48 course
is very irvesular; after leaving Sze-Chluan, it visits avery
provincs of Central China, and wy ite fresuent undulations,
extensive flood plains havs %een »uilt up anout its lower
course,

As previously stated, the»s 18 no sharp 1ine »y
which the centrsal and southern divisions may be estahlished.
The southern division, however, is assumed +o inzlude Yun-
nan, Kwei-chow, Hu-nan, Kwanz-sl, Kwang—-tunz, Kianz-2i, and
Pu~-kians, The surface of this division, except for a few
small deltas and mature valleys, is uniformly mountainous.
Excluding these in Yun-nan, 14%s mountains, however, are com—
paratively low. Si-kianz 1s thes only river of considerahle
size. 14 rises in Yun-nan, traverses Kwang—si and Kwang-tung
and empties 1itg8elf in the China Sea, Itg length is ahout
1000 m les.

In the foliowing, a fewv general ststamants pertsin-
inz to the geolozical history of these lands and especially
to China Proper, ars wriefly enumerated, Sometime, prior to
the Cambdrisn p=riod, the land of China, northern China at
least, nderwent a severa diastrophism in consequence of
#¥13h the rocks wers highly metamorphosed and muntain ranges

formad., Thig episode has heen ravealed »y the study of the
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anziant rocks from the provinze of Shan—ei, Chihfli, and
Shan—-tunz, Followinz *his sncient diastrophism, the mountains
were eroded to a very low relief, prohahly leaving a few hills
here and there. =Exceptine the southeastern margin'whtzh has
»een maintained avovs watar since the pre-Cambrian times to
+he present days, this eroded land was eventually overrun Hy
tha Paleozoic Sea, prohadhly leavin~z the higher Hills ahove
water in the forms of islands, Thus enormous <edimsnts were
azcumulated on the sea—floor formine the so-called Sinian
formation ( Camhro-0rdovician)., A+ the end of the Sinian
veriod, trhe suhmargzed areas were uplifted.By the vezinnin~ of
th= Siturian p=sriod, the land was again submerged and remained
under water throuzl the Silurian, Devonian, and the Lower
Csrmoniferous pertods. By the latter pArt of the Carvhon-
iferous, the Paleozoic sea again receded, perhaps leavine he-
hind some of 1ts arms; thus from this time %0 the Juraessi:,
Chin2 wae coversal »y sea—arms, marshes, and dry lands. China
has me=nn o land surface sinee the Jurassic to present tine.
Dufin~ the Parmo-lMesozoic, the raised districts
asuffered deformation, and anticlinoris and synzlinoris were
form=24, Th2 ranges of the Tien-shan, Kuen-lun, Tsin—-linz,
and "u-t'ail were produzed in this period. Moreover, the
foldin~ event was accompanied »y intense intrusisns. Throuzh
the zourse of +ime, the anticlinoria wars eroded to rugged
ridees, whereas the svnzlinoria sare 22vried into Adeep

valleys. The Huan2-ho and the Yano-tsze-klang prohably begon
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their 1ife history in this period.

From the mid-Mesozoic to ths Tertiary, China was
in a state of quiesc-nce, hut, geolozieally speaking, it was
a staze of 2reat erosion, and hence no cretaceous roCks are
found in the country, In the middle and late Juaternary
( probanly ), North China suffered intense warping-—-the faults
exhi»ited in the ranges of Ki-chou-shan, Ho-shan, Hua-shan,
and Tsin-iing in Shan—-si and Shen—si were form=d Yy movement
during this period. Anofther notabls event, pertaining £o *he
780102y of China, is the formsation of the yellow earth ov
loess, The processes whereby this formation develop~d have
been active since the Pliocene and are still in progress

today.
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CHAPTER III.

GENERAL GEOLOGY.

Ags elsewheres in the world where the hasal stirata
of the Cambrian are exposaed, in China, they are founi to rest
upon non-fossiliferous Archeanfrocks. Where the acontact
between the Archean and the overlying fossiliferous =o2k
has »e=n studied, a great unconformity is present, while in
some places the lines of junction is 2 fault plana, In the
se2tion of the Nan-k'ou pass northwest of Peking, *his
otherwise universal unconformity was not ohserved hy vVon
Richthofen who regarded, as the “asal portion of the
Cambrian, certein silicenus limestones that Bailey Willis
hellieves %0 he of Pre-Cambrian age.

An unconformity of the rfirst marnituds Aivides the
Pra-Cambrian into what may "o designated as the Pre-Proteroz-
ole or Archeanf%nd th2 Proterorzoie. Tha former term in-
cludes gneisses, schists, zranites, pegmatites, etec., form-
inr a comples hasemant, the rocks of whish have »een in-
tensely matamorphosed, folded, *traversed by faults, invaded
vy bhatholiths of granite and penetrated by dykes of pegmatite
and of basaltic rock-types. This ancient complex is hest
desveloped in the north, notahly in the mountainous regions

of Shan-tung, Liap-tunz, Shan-si, Chih-11i, and Ho-nan., It

2 The term Archean is here used as an equivalent %0 Pre-
Cambrian.

»1 Today the term Archean is more generally applied to
Pre-Croterozoic rocks.
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1s also found in the Kuen-lun range and in the Tsing-1lin~-
shan. In the south its occurrencze 1is very limited. The
granite-gneiss in the viainity of the Huano-lino-miau on the
middle Yanrs-t8ze is8 the only notahle exposure.

Tre Proterozoic rests unconformably upon this
hasal complex, as is illustrated by the'sxpoaures in the
Wu-%'al rerion and in Shan-si. In other 1localities, as in
Sze-Ch'uan and he lower Yano-tgrze pgor~as, the Sinian
(Camwro-0~dovician) strata are found ovarlyin~ magses of
rnaizs, zneissoid quartz-dlorite, diorite, and zranite. If
this oroup of rozks is rerarded as belon~ing to the Pre-
Proterozoie, the Paleozoie stirata then lie immedistely uvon
the Archean complex,; if, on the other hand, 1% is considered
as Proterozoic, then the straticraphical ralation hetveen
the Pre-~Cambrian and the Cambrian is the same in these dis-
tricts as in Shan-si; but Black7eldsr 7ho studied these
rocke in the field was unahle 4o definitely determine their
age, In 7estern Shan-twung, Sinian formations have heen
observad restinc unconformably upon the T'ai-shan 2omplex
(the basal complex). Thus, in some places, the Cambrian
rocks nre in direct unconformable contact with Proteroroic
and in other places w7ith Pre-Proterozolc rocks. The rocks
of Proterozoic aze are, for %ha most pary, of sedimentary
ori~rin, includin~ mica anl ahloritic-ashis*s, maonetite
quartzite, felspathic acuartzite, silicsous marhle quartzite,

aon~lomarate, jasper, slates and limestones.
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The Sinian (Camhro-Ordoviecian)

The application of the term Sinian wvari=g with
different writers. By Pumpelly, who was the first to
employ *the term, it is applied to tthe pravsiling struetural
axes of eastern Asia, which trend sast and southwest",;
by wvon Richthrofen, "40 designate a series of conformable
strata wrich exhibi4 folds having the Sinian direction:;
wrile, »v Bailey Willis, to designate strata of Cambrian and
Ordoviecian ages.

In China, an unconformity is usually present at *he
hase of the reddish Sinian formations. This important
relationship was obssrvad hoth Hy Richthofen and »y Bailey
Wiilis. In sorme 1loecalities, as in the Nan-k'ou pass, north-
west of Peking, it seams prohable that this unconformity may
not* exist., The distinctive Cambrian formation whizh in othaer
localities rest unconformably upon the Proterozoic rocks, may
there be observed to conformably overlie certain non-fossilii--
ferous limestones that Richthofen included within his Lower
Sinian. Bu* afte» the more intensive studies of Bailey
williis had been completed, Richthofen expressed azrsement
witl: the decision that these 1imestones are prohadhly of
oroterozoiz age and equivalent to the Hu-t'o system.

In aceordance with the definition of Sinian “»y

3siley Willis, there are three series included in that System
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-—the Lower, the Middle, and the Upper Sinian. The Lower
Sinian is widely distributed throushout northern China. I4
includes shales, sandstones, limestones, and occasionally
some conglomerates, wvhish are celehrated for their varied
colors, Different strat2 display variable shades of red,
browvn, yellow, and gray. A typieal section shoving the
characteristics of *he Lower Sinian is found in the Man-t'o-
shan of Shan-~tung, where in ascending section a series of
80t yellow shales, buff earthy limestone, grav and »uff
¢alcareous shales, maroon shale, oolitic shales and oolitie
limestone have been ohserved lvin~ upon a red granite. Of
the twenty-one formations in the succession exhihited in that
district eleven ars of shale, which constitutes two-thirds
of the totel thickness. These shales are intensely red in
color, «nd since they are pre-eminently developed in the
Man-t'o mountain, *he Lowver Sinian series is often knosn as
the Man-t'o shale.,

From the preceding, if is seen that the predominant
rock among the Man-t'o group is the red shale. In contrast,
the shales of the )Middle Sinian are of a green color. 1In
addition to the gzraen shales, hluish, bhlack, and gray limestone
are also present, the gray varieties fregquently possessing
an oolitic structure. These rocke are most typically
devaloped in the Kiu-lunz range of Shan-tunz. There the
green shales and the limestones possess a thickness of 900

to 1000 fdet and rest directly won +the Man-t'o formation.
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Special interest is attached to the Kiu-lung formation,
because it contaips a great wealth of Middle Sinisn fossils.
Remains of trilob%tes and ﬂi&chiopods are exceptionally
abundant in the Kiu-lunz limestones and shales.

In *he vicinity of the Tsi-nan in Shan-~tung, lime-
stones and srales of the Upper Sinian are typically developed.
The lower portion of the Upper Sinian, 75 meters thizk, con-
gistes of shales and coarsely, crystalline dolomite, while the
upper portion, 750 meters or more in thickness, is composed
of dolomitic limestones. In contrast to the Middle Sinian,
whish is of Cambrian age, the Upper Sinian is less distinctly
gtratified, its rocks are dark to brown in color, and the
few fossils that have heen collected show it %o be of
Devonian age.

It 1is only in the provinc= of Shan-tung that the
three divisions (Upper, Middle and Lower ) of the Sinian are
present. For instance, the Man-t'o shales and some limestones
which resemhle trose of the Kiu-iunz group, are known to occur
in northwest Chih-11 and Shan-egi, but here no rock similar to
those of the Upper Sinian of Shan-tung are present. In
Ho-nan, von Richthofen found ooli«tic limestones in the Lunes-
monn (Drazon-door) but in that distriet he did not ohserve
either the Man-t'o shale o~ the Tsi-nan limestone. Greater
dissimilarities are encountered in middle-restern China. On
the middle Yang-tsze (in the Hu-peh and eastern Sze-Ch'uan),
3ailey Willis recorded the presence of limestones which has

neen desisnated Ki-sin-1ing limestones, 1350 to0 1500 meters
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in thisckness, in 7hish both Cambrian and Ordovizian fossils
a™s %0 s found., A% %hs base of +his Fformation, at Nan-%'ou
on *the yanz-%taze lles a stratum, 2 feet in thickness of
greenish shale 7ith smbedded conglomerate, *he pebbles o7
which hav: heen dsrived from the %11lite or consolidated
glaclsl deposita, This is suzceeded by thinly bedded, shaly,
271itée and in part shars-bearins limestonas havino a shick-
ness of 350 feet,

Tre presence of this $11ilite within the Lower
Cambhrisn is one of the mos% interesting of thes geologi-zal
reacords displayed by the aarly Paleozoic rgeks in China,
Towardis the %“ase of the Lovar Sinian, aszé%pos&d in the gantle
glope hensath the ¢ilffs at Nan-¢t'on, this ti11ite or con-
gnlidated noulder—olay batrays olaciation durin~ the Lower
Cambrian. I+ is ones of the very fav localities knowm in the
q0rld vhere one ;@ay study the exis‘ensce of zlaciers in sarly
Paleozoic “ime. Blackwyelder desaribes the charactsr and
ralationsrip o7 the %1illite &as follows:

*Trhe next outerops above the sandstons oacur 100
feet (30 meters), up *he slope, and expcse ahout 120 feet,
(35 meters), of hard massive Youldsr-clay or %111i4e, hian
13 nelther fissile nor stratifisd., I4 18 a2 zreenish oritty
alay-rock of  hackly fracturs, in whizl 1lile irraspular
s*ones of various sizes snnd Kinds, 7ith Shair lon~ axes at
random anglaeg 7ith the horizontal., The rocks represantad
avéfgggnihe, vrov-rhyolite-porphyry, mica-schist, mossive

green slate, earthy gray limestones, quertz, asnd shert. The
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stones range in size from sand-grains 4o bhlocks 50 to 75
centimaters in length, and there is no suggestion of assort-
ment of individual sizes. Coarse and fins particles 1lie
indiszriminately minsled and chsotie in their arrangement.

The forms of the majority orf *he stones are subh-angular, i.e.,
angles are present but are smooth and rounded. The flattish
surfaces of suzh slowly weathering rocke as the massive
siliceous ferruzinous limestone are polished and scratched

in various Airections, and are identical in aspect with
pehbles from the Pleistocene boulder clays of North Americsa
and Burope. The scratched stones were found in numbers £irmly
fixed in the green tiliite, in suczh a zondition as *o show
that 4hev had never been disturhed nor subjezted to surface

abrasion sinze they vere there in early Paleorzoic time."

Conclusion.

The Sinian formations are extremely developed in
the Middle Yang-tze, in the mountain passes hetween Ho-nan
and Sze-Chuan, and in the rezlion ahout the lower Huang-ho,
hut thev are not definitely knom %0 oceur =1lsewhere. They
were formed durinr tha Cambrian and lower Ordovician periods.
Trev are aomposed of different varieties of limestones and
shales vith a few beds of conglomerate. Theyv vary in thick-
ness from & few meters to 1500 meters., Finally, their
11tholozical character and their stratigraphical position

vary in different regions; Mat, on the whole, they are fossil-

hearing.
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Siluro-Davonian.

Under this heading is included those strata which
are helieved to have heen formed within the epoch extending
from the close of the Sinian (RLower Ordoviecian) through the
Silurian and Devonian to the Carvoniferous. Formations of
this age include schists, limestones, sandstones and grits,
locally cut »y intrusions of granite. These formations are
typically developed in the mountainous regions of central
China, eastern Sze-ch'usn, southern Shan-si, and western
Hu-peh.

From ‘he region between Kiu—-kiang and Nan-kingz,
von Richthofen reported a geological sejuence of seven
different formations, five af which he designated as"the
Pa-ho (2 )", "the Lu-shan schista", "+he Matsu limestone,
*the granite intrusions*, and "the Tung-*ing sandstone". He
halieved that the Tuno-ting sandstone lay conformably heneath
th= easily distinzuishable Devonian limastone (the Si-ho
formation). Bailey Willis, however, found that it was im-
posainle to recognize the firsgt four of Richthofen's divis-
ions, whil=s even tha fifth is of uncertain position. The
sixth in the 32ries is8 the Si-ho 1limestone full of chert
modulas and containing numerous fossils, chiefiy corals.

( Aulopora repens especially ahundant ), encrinites, and
brachiopods. The seventh in Richthofen's series is known

ag the Nan-kinz grits. In this formation are included gritty
and very quartzose sandstones, coarse conglomerates com-

posed exclueively of quartz pabbles and certain dark shales
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which contain indeterminanle fossil plants. The sandstones,
the conglomerates, and the shales are interstratiried.
Ovarlyinz the formation just deseribed is Crarbon—
iferous limestone which has heen czlled the Ki-tsu limestone,
and, according %0 Bailley Willis, consists of three members:

(1) A lower 1imestone, 420 meters in thickness,
craracterized hy the presence of Fusulina Cylindrics;

(2) »Blask sandy shales, blask 1lydite, and soft sand-
stone, ahout 120 mesters thick, containinge exceptionaliy laraze
spacimans of Productus semireticulatus, azcompanied by
numerous other brachiopods, bivalves, corale, and fenestellas;
and (%) an upper limestone more than 480 meters thick,
which 18 separated from a bed of coal of the preceding by
only a thin stratum of black shale and is similar in nature
to the lower limestone." From this 1% 18 seen that the
Devonian terrane is immediately folloved “»y carbhoniferous
atrata, hut from the following parazraph, it #ill he ohserved
that carhoniferous rocks often rest directly upon the

Ordovician.

Pre—~Carhoniferous Unconformity.

Bailey Wiliis notes that: Throughout rHortheastern
China, in the provinces of Chih-1ii, Shan-si, Shan-tung, and
Ho-nan, there is an unconformity which “rings the Ordovician
in contact with the Carhoniferous. Wheraver it has heen seen
the underlyin~ terrane consists of the upper “inian (1over

Ordovician) 1imestone; whereas the overlying strata are
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shales which 1lie a hundeed feet or so below beds that carry
npper carhoniferous fossiis, either marine shell or plant
remains. The hiatus, appears, therefore, to repressent later
Ordovicsian, Silurian, Devonian, and lower Carboniferous
times.

This great gap has heen proven to exist by local
observations. In northern Shan-tung, at Po-shan, that which
Richthofen regarded as Kohlenkalkstein (Carhoniferous lime-
stone ) is in reality Sinian 1imestone, underlying coal-
measurss with shale, dolomite, and sandstone. Moreover,
Blackvelder has observed a similar relationship in the rezion
betveen T'ai-yian-fu and Won-shui-hien, Shan-si where soft
shales with interstrztifiad coal seams 1lie in close contact
with the Sinian 1imestone.

From these facts, 1t may be conciuded that the
Carhoniferous in the north lies unconformably upon the
Sinian, whereas in 8entral China it reste conformably on the

Devonisan.

The Carboniferous.

Accordin> to their different modes of orizin, the
Carboniferous strata of China constitute two distinct series—
the marine and the continental. The first is represented dy
a great limestone formation, having in some places a thick-
ness of 1200 meters, and »eing characterized by the presence
of abundant marine fossils. This marine Carboniferous strata

has heen 1dentified south of the Tsing-ling-shan, in the
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provinces of Shan-si, Sze-ch'uan, and Hu-peh; further ezst
alon? the Yang-tsgze-kiang in An-hwel and Kianz-si, in the
Kven-lun-shan and Nan-shan of Tibet, and in the Tien-shan
in EBastern Turkestan. Furthermore, i+ is distributed throush-
ont Southwestern China, Burmah, and the Malay peninsula. I+t
is also extensively represented in the Himalayas.. The
sezond is composed of sandstone &nd shales, 7ith numerous
coal beds and ozcasional thin hands of bituminous limestones.
In the north, it ocours extensively in Liao-tung, Shan-*ung,
Ho-nan, Shen-si, Kan-suh, and most important of all, in
Shan-si. In the south, it 1is widespread in +the provinces of
Hu-nan, Kvei-chowr, Yun-nan, Sze-chtuan, Fuli-kien and Kiang-
si. In the mountainous rersions of Tibet and Mongoliﬁ, it is
of widespread occurrence. Althourh this geries in tewmed

Con*inental, undoubtsdly, in some localities i+ includss

certain strata tha* vers laid down unde» marine conditions.

Marine Carboniferous.

In the precedins discussion of the %luro-
Devonian formations, it has been pointed out that the Carhon-
iferous 1limestone (the Ki-tau), often lies in ~lose rontact
with the uppermost stratum o7 the Devonian succesaion. In
tre recrion between I-Chang in lHu-peh, and Wu-shan-hien in
Sra-ch'uan 370 miles west of Ki-tau, a similar limestone
called the Wu-shan limestone 1is developed. Here *he thick-
ness of exposuras range from 1000 to 1200 meters. When

broadly regarded, the entire formation is composed of dark
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gray Or blackish limestone 7si{th a fev seams of shale and
local layers of anthracite coal, hut certain loezl variations
are worthy of special meantion. Aeccordinz +o Blackwelder,
from “he headwaters of the Ta-ning-ho to Wu-shan, the lower
part of the formation contains abundsnt nodules of bhlack
flint; at Tung-kuan-k'ou, on the Ta-nine-ho, important seams
of cozl arefgidespread occurrence. The limeston= is rich in

marine fossils, such as Schwe~osmin, a Michelinea favositoides

Girty, Spirifer Lonsdaleia chinensis Girty, Crinoidal frag-

ments, etc. The Wu-sran limestone is exposed repeatedly in

gorgzes on the uppar Yanz-tsze in provinces already mentioned.

The Continental Carhoniferous

The distribution and general characters of the
zontinental carboniferous formation have already »een mention-
ed. Tne widespread distrivution of thes~ coal-hearing
formations, and the frequency witl whizh coal seams oceur
within them will be of the utmos=* importansze in the future
development of China. As typicezl of the development of this
facles of the Carhoniferous, a desceription will be given of
the coal measures in Shan-si province.

In T'ien-hua, Shan-si province, a coal field lies
in a deeply dissected syncline where the stratigraphic
relationship of the strata are distinetly exhibited. At the
hase, upon the Sinian dolomite, l1lie pale-~yellow, gray, and
brown shales which grade upward into variegated sandstones,
sandy shales, and clay with frequent bituminous layers.

Toward the top, the sequence becomes less shLaly,; yelliorish
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white and brownish sandstones alternatins with thin heds of
shale, while coal-seames of varying thickness and purity are
interspersed through the lower 100 meters of thickness.

The total thickness exposed is 225 mseters.

Permo-Mesozolic

In China, as in America, there is no formation »y
which the Paleozoic and Mesozoic may he sharply separated.
It would appear that the Carboniferous was followed hHy a
reriod of aridity during whizh the hi~hly zolored sedimentary

rocks of Permo-Triassic age were deposited.

The Permo-Triassic.

Bailey Willis has proposed the term Permo-Triassic
to emhrace those rocks formed during the Permian, Triassiec,
and Lower Jurassic periods., These formations are widely dis-
trivuted in China, from Shan-tung on the east %0 Mongolia on
the west, and from Shan~si on the north to Indo-China in the
south, Ths type 1ocalitie°€:35hin Sze-ch'uan provines, the
uppsr Yang-tsze valley, and Shan-tung. The Red Rasin of
Sze—ch'uan shows a very typiesal development of these rocks.
These Permo-Triassic rocks include different varieties of

limestones, shales, 2onglomerates, and occasionally, coal

heds. The rocks, on the whole, are highly colored.
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In the Bed Besin of Sze-Ch'uan, at Kuang-yuan -hien

von Richthofen observed two formations——the limestone and

the coal-bearinez.

(A) The limestone formation:
The thickness 0of this is 1200 feet, composed of
four distinguishshls types. At the bhase 1lie thin-
hedded limestones of ya21llow, red, and white colors.
Ahove these are thick-hedded mottled limestones,
followed in succession »y yellow dolomite, and a
grayish-white nodular limestone.

(3) The coal-hearing formation:
The l1limestone formation described ahove is

immediately followed »y
(1) Sandy and clayey rocks of yellow and gray
coloring; zenerally thinly bedded and havinzs a
thickness of 1000 feet,
(2) Alternatinz plant-bearinz shales and soft
sandstones, which are filled with remains of plant
stems, having a thickness of 200 feet and including
two coal heds, 3 to 4 feet thick. Tha plant re-
mains have been determined hy Professor Schenk as
belonging to the lower Jurassiec.
(3) Heavy heds of coarse conglomerate, 300 feet
thick, The pabhles, wvhich congist of limestone and
firm sandstone are coarsest towards the hottom.
(4) Yellow sandstone, alternating with clayey

strata. Thickness 1000 feet.
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(5) Clayey sandstones, in part reddish. Thick-
ness, 600 feet.

(6) Heavy-hedded greenish sandstone, soft and
erumbling, as are all the sandstones of this
formation. T[hickness, 500 feet.

A1l the fossils collected by Loczy from this region are almost
exclusively remains of plante, some of which have been
identified to be of Rhaetic age (transition of Triassic to
Jurassiz), while others bhelongz to +the middle Jura. TFormat-
ions similar to those in the Sze-ch'uan Basin, just descrihed,
have heen reported % occur on the Ta-nino-ho and the Yang-
tze rivers. In these regions, the Permo-Trizssic terranes are

found 1lying above the Wu—shan(uppsr Carboniferous) limestone.

The Jurassic.

In the forecoing paragraph, the occurrence of
Jurassic rocks in China has already %een noted., The com-
vonents of the system are chiefly sandstones in association
with shale and coal. These rocks are generally red in color
and tleir fossil content is restricted to abundant plant re-—
rmains. Besides those rezions already mentioned, the Jurassaic
formations occur extensively in 8outhern China and to a less
degree in Shan-~-tung, Shan-—si, Liao~tung and Shen-si. In
Shen-si, in the vieinity of Shan—choun, Loczy obmerved =
hagin of Jurassic strata resting upon ancient metamorphic
achists. Here, the Jurassice includes fine~grained eclayey
sandstones alternating with dark, hituminous thin-hedded

marle interstratifised with thin layers of sandstone.
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Both in the marls and sandstones num=rous carhonized fruite
(Carpolithus) are found, whizh are believed to belong to

Cycades or Coniferous fruite resemhline taxina.

Bhe Tertiary.

In China, perhaps with the exception of the

coastal margin of the south, the process of sedimentation was
entirely interrupted at the close of the Jurazs=aie, for there
are o marine sedimentary formations known that correspond to
the marine Cretaceous or Tertiary, as shown »y rocks of

these svistems from other continents. The 1imited develop-
ment of rocks of the Tertiary agze includes coarse conglomer-
ates, the pebhles of which have been derived mainly from
limes*ones, izneous intrusions, and volcanic eruptions, and
perhaps in addition, part of the loess is confined to
northern China. The extent and characzter o7 this formation

w111 be descrived in detail in a 1laterchapter.

The Quaternary.

There is no sharp dividing 1line between the
deposits of Tertia»v =2nd Quaternary ages. The accumulation
of the 1oess, &lluvium, sands, pshbles, and of the ordinary
sofils of the Juaternary undoubtedly has continued from the
Tertiary to the present time. The Tertiary was character-
ized by Mountain %»uillding, by local voleanic asetivity, and »y
widespread erosion, whereas, the Quaternary was distinguished

Hy zontinental “»uilding.
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CHAPTER 1V.

ARCHEO-PROTEROZOIC.

In the precedingz chapter, the term Archean has
baan assumed to embrace all those rocks formed prior *o the
Palmoroir 2ra, 3ut as this ~hapter is devoted to correl-
ation, a discrimination, on the “asis of marked characters,
i8 necessary in order that the facts may be more intelligent-
1y discussed. The term Archean is here applied t0 a
fundamental hasement of rocks, characterized by its extreme
2omplaxity of geological relations and the absence of
fossils. On the other hand, formations which are more dis-
4inctly of a sedimentary character and which overlie the
Archean rocke »ut are heneath those of Paleozoice age, are
inzluded under the term Proterorzoic. By such definition of
*hese terms, the T'ai-shan complex of China 1is appropriately
assisned 4o +he Archean and ig eauivalent to the Keewatin
formation penetrated by the Laurentian gneisses and oranites
of Canada, while the Proterozoic is equivalent to post-

Laurentian-pre-Cambrian rocks.

Tre Archean.

The T'aj-shan ~omplex embraces a group of rocks
that display very intricate geological relationships and
congist for the most part of zneisses and schists with sub-
ordinate intrueion. of granites, hasalts, and other igneous
rczk types, often associated witl local developments of

sedimentary rocka, In general, the rocks bhelonzing to this
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complex are highly metamorphosed. In the majority of oases,
gtudy of thin sections has shown that the gneieses fram
different 1localities within the T'ai-shan complex of China
have resulted from the metamorphism of granites, and that
the aczhiste have developed from the gneisses. Dykes and
small bodies of younzer granite and other intrusive rockse
traverse the oneisses and schists, and seldom display
evidences of harin~z “»een suhjecsted t0 processes of metamorph-
ism. This fast may be explained hy the belief that these
1nmetamorphosed hodies were injected after the ancient
diastrophism.

The exposed areas of Archean roz2ks in China are
not comparahle in extent with those of America and Europe.
In China, +these exposures ars 2lnos* whslly 2zonfined *o
the rorth. In the south, the Archean has come to view only
in the provinces of Hu-nan and Hu-peh, and in some of the
passes amonz th= mountains of the south-west. The northern
localities, where this complex has heen %est dismantled,
are in Shan-tung, Chih-1i, and Shan-si.

In the province of Shan-tung, the Archean is
Yroadly exposed in the T'ai-shan or Table mountzain. In *he
sam2 re~rion, the complex varies in petrograprical character
in different localities, hut in general, it comprises on=2
or mor=s varieties of gneiss, one o more schists, one or
more of granites, together witlh pezmatite dvkes and veins
of quartz. The minor intrusives form a reticulating net-

¥orKk of dykes and small bodies cutting the more highly
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metamorphosed rocks. In some cases, the granites surround
areas underlain vy gneisses and schists, while schistose
hends traverse the gneisses.,

The T'al-shan somplex is prominently developed
in western Chih-1i in the vieinity of T'ang-hien and
T'ou-pin>~hisen. In this district, the hasal mass is ~2o0m-
posed of gn=isses and schists which have heen intrude?d by
many Aykes. Some of these dykes are more or less meha-
morphic in appearance. In addition *o the intrusives, there
are rocke of sedimentary orizin, The prevailins gneiss is
a quartzose rock in which the dark mineral is either »Hiotite
or hornvlende, and in which augen haves occasionally heen
developed. lMoreovar, lenticular masses of amphibole-and
hiotite—schista varyinr from a few inches +o0 many feet in
length are almost invariably found embedded in the gneisses.
In many lo2alities, however, mica-gneicss zraduates into a
mica—-schist. But in chih-ii, as in Shan-tung, the ~onstif-—
uentas of +the complex vary from place to place. For instance,
on the northern slope of the mountain, about 4hree miles
northeast of T'ang-hien, the gneiss is found in association
with muscovite-and wiotite—-schists and czoarse-grained
marhle. In the same re~ion, sericite-schicte, amphibholites
and other mocks, orisinally of dedimentary charazter, are
Known to occur with highly guartrose gneiss, In this region,
the younger intrusives intersecting the gneisses and schists
are reprecented by zranites, aplites, granite-porphyries,
f2lgspar-porphyries, and altered basic rocks - the green-

stones.
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In northern Shan-si, the T'ai-shan complex is
fundamentally the same in general character as that in
western Chih-1i. In fact, the former is but the continu-
ation or the l1latter, The hest exposures of this complex zare
in the Wu-t'ai range, where 1t underlies two systems of
maetamorphic sedimente — the Wu-t'al and the Hu-t'o systems.
In realisy, the wu-t'al underlies +he Hu-%t'o, but on aceount
of the severely matamorphosed character of the rocks in that
region, the two systems eannot he easily Aistinsuished.
The Wu-t'ai system consists principally of schists,
quartzites, and marhle; *he Hu-t'o system of gray slates

and marble.

Correlation.

From the foregoin~ desceriptions, 1t is seen that
in its development, in i4s zonstitution, and in its relation
to younger formation, the ancient complex in Shan-tung, in
Shan-si, and in Chih-1i is remarkably uniform. I* 1s &
“rue hazement underlain »y no other formastion, but under-
iying either the Proterozoic or the Paleozoi: strata. This
13 true not only in the case of the Archean in China, »ut
is equally true of the Archesan in other c2ontinents. This

truth may he hetter revealed »y the following:-
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Localisy

Local Name
of Formation

Character.

China

T'ai-shan
somplex

Basal; goneisses, schis%s,
granites, quartzites, intruded
by igneous masses in the form

of dykes and veins; occasion-
ally accompanied by rocks of
gedinentery orizin; the in-
trugsives and the sedimentaries
may also have been metamorphosed.

North

America

Keewatin
( Intrusive
contact )
Laurentian

Basal; chiefly of coarse red,
gray, bande’ falgspathice, amphibh-
olitie, pyrenic, or micaceous
gneisses, accompanied by
peematites end limestones.

Scotland

Lewisian

Basal; amphibolitic gneiss,
amphiholltie schista, mica-
echist, accecompanied by bands of
limestone and other crystalline
rocKs, tm»aversed by veing of
pegmatite and quarte.

Scandin-
avia

Archean
Rocks

Basal; red and ¢gray granites,
often oneissoid; »ended gneiss,
garnet-gneiss, mica-gneiss,
mica-schist, often azcompanied
by gabhro, gabbro-diorite and
hyperite, some sedimentary
rocke, as gquartzites, eta.

Central
Europe

Archean
Rocks

Basal; r»ed gneiss, gray gnelss,
mica~sahist, granite, often in
assoziation with graphitic
limestone and serpentine.

Indie

Archean
Rocks

Basal; gneisses and schiste
of various sorte.
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The Proterozoic.

The Proterozoiec in China consists of two distinet
systems., These are the Wu-t'ai and the Hu-t'o. From their
gtratigraphic position and petrographical character, Bailley
Willis considered these two systems to be equivalent to the
three main series of the so~called Algonkian of America -
the Huronian (lower and middl=), the Aninmikean (upper-
Huronian), and the Keweenawan. Tha best development of
these rocke is displayed in Northern Shan—si, in the Wu-t'ai

range and its vicinity.

The Wu-t'ai Svstem.

In the Wu-t'ai range, the Wu—~t'al system appears
lying unconforma»ly unon the T'ai-ghan complex, and within
this regzion, the Wu—t’;i its21f is naturally subdivided
by three unzonformities into three series. At the hase lies
the Shi-tsui series which is composed principally of mica-

sczhists, gneisses, magnetitic quartzite, and felspathic
quartizites. The rocks of this series are hest exhihited

in a monozline along the T'ai-shan-he, southeast of
Shi-tsui. The felspathic quartzites in association with
dark mica~schists and pure quartzite constitute the southern
portion of the section; the mica—~schiste and fine-grained
gneisses with o*her rocks form the middle segment; and the
magnetic—quartzite with jaspiilite make up the southern end.
Accordinz to Balley Willis, in a ravine south of the

T'ai-shan-ha, a paculiar quartzite, which is believed to be
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a recrystallired arkose, containing large crystsls of red
felspar, occurs at or near the base of the Shi-tsul series,
on or close to the T'ai--ghan gneise, from which the material
might have been derived by erosion. The origin off the
immedistely underlying stratum of mica-schist is indetermin-
able. In his description, Bailey Willis states in part:
"The felspathis quartrzite grades upward through quartzite
containing some mica and »ut 1ittle felspar into mica-schists,
which present zreat variety of mineralogical composition and
are in turn suz2esded hy gquartzites which sre in part
magnetic. The section of sediments, which has 2 length of
eight miles, interrupted by a mass of augen-—gneiss that is
probahly intrusive., The dip of the Shi-tsuil strata in this
section is from 30 degrees to 70 degrees to the northwest,
and the repetifion of the quartzite on two eides of a great
vYody of mica—schists is such that the prohable structure is
& ayneline overturned toward the southwest.®

The Nan—t'al seriss rests unconformably upon the
Shi-tsui., I% comes to vierv in the southern peak of the
Wu—-t'al range where 1% is composed chiefly of siliceous
marhle, gray t0 »lack or red quartzites, and chlorite-—and
muscovi4ta—schists. Garnet and stourolite are invarianvly
prasent.

The Si-t'ail series is alsc separated from the
Nan-t'ai »y an unconformity. I% incliudes chlorite schistse,
magne+itic quartzites, and & conzlomerate. This group of

rocks zonstitutes o the most part the northern slope of
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the Wu-t'ai range. fThe unconformity between the Nan-t'ai
and the Si-t'ai is well exhibited in the Canyans on the
southern slopes of this range. There, i%s position 13 marked
by the presence of a folded stratum of basal conzlomerate

which is chiefly composed of pebbles of quartz and quartzite.

The Hu-t'0o System.

In the district of Wu-—t'ai hien, in Worthern Shan-
ei, there appears a group of rocks which differ radiczlly
from those 0f the Wu-—t'ai system; in that they are much
less metamorphosed and entirely sedimentary in origin. The
rocks are conglomerate, quartzite, shale, and limestone,
which nearly resemble the Lower Sinian, »ut the latter is
gseparated from the former by an unconformity and »y the
presencs of fossils. Bein~” best exposed along the Hu~t'o
River where 1t occurs as a synclinorium, this group of rocks
has bheen called the Hu-~t'al system. This svstem may Me
divided into two series, on the basis of the predominance of
limestone in the one and slate in 4he other. These have
been designated as the T'ou—-tsun series and the Tung-yu
series,

The lower T'ou-~tsun series ranges in thickness
from 1000 to 1800 meters, The beds are principally composed
of earthy-gray to purplish slates with thin layers of buff
to pink dolomite and siliceous limestone. The lowest heds,

however, are composed of quartzite with local layers of
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congzlomerate.

The Tung-yu ceries includes gray limestone in
which chert is present in consideravle guantity, and inter-
calated thin b»ands of gray to red slates or phyllites. The
thickness of this series is about 900 meters.

A geolozical section, drawn y Ellot Blackwelder,
of the Wu-t'ai syazstem, observed on the T'ai--shan-ho, extend-
inz from southsast 40 northwest across the southeastern
slope of the Wu-t'ai--shan, shows that there are no less than

rock varieties
32 different{iaxmazXERH in the succession. These include
different varieties of biotite gneiss, mica—and chlorite-
schists, quartzites, arxoses, conglomerate, amphiholites, and
marble. The re>ion has been highly folded. The metamor-
phosed sedimenteries are here and thers cut by younger
intrusions of granite and numerous dykes of black schistose
amphi»olites, o» greenstones, varying from 20 to 100 feet in
7idth. The greenstone dykes intersect both the T'ai-shan

gneisses and the Wu-t'ail schists, while similar dykes have

haen ohsserved penetrating the younger Hu-t'o series,

Correlation.

Stratizraphically, *the Proterozoic in China »ears
a 2lose analogy with 4he Proterozoic in America. Bailey
Willis has concluded that the Lower Wu—t'ai (Shi-temni series)
rests unconformably upon the T'ai-~shan complex, as does the
Lower Huronian upon the Ksewatin. The Middle Wu-t'al (Nan-

t'ai series) lies unconformably upon the Shi-tsui as does the
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Middls Huronian on the Lower Hurcnian., The Upper Wu-t'ai
(3i-t'ail seriea) is separated from the Middle Wu—t'ai »y an
unzonformity as is the Upper Huronian ( Animikie) from the
Middl= Huronian. The stratigraphic relationship hetween the
Hu-t'o system and the Wu-t'ai system is somswhat similar to
that between the Keweenawan and the Hurcnian. Petrographic-
ally, however, the identity fails utterly from the fact that
the Hu-t'al is composed entirely of sediments, while the
Keweenawan comprises basic lava flows, interbedded with
minor *hicknesses of sandstone and conglomerate. On the
basis of diastrophism, chiefly reflected by the relative
importance of the unconformities within the proterozoic
ro2ks, Dr. Frank D. Adams has concluded thet the three
series (the Shi-tsui, the Nan-t'si, and the Si-t'al) of the
Wu-t'ail system are probably equivalent 4o the Lower and
Middle Huronians, and that the two series (the T'ou-t'sun,
and the Tunz-yu) of the Hu-t'o system 0 he correlated to
the Upper Huronian (Animikie-Nastapoka) and the Keweenawan.
The Stratigrephiz succession and petrographiceal
sharazter 0° the pre-Cambrian rocks of China and of North

America are compared in the following tahle:-



Era CHINA AMERICA
System Series Character System Series Charzcter
Keweenawan Eesentially of
Tung-yu Slates, limestcnes Atha»asca lava flows
Hu-t'o Unconfermity slight
T'ou-—~t'sun Slates & quartzite Upper Quartzites,slate,
Huronian iron formation, %
or bvoth extrusive %
Animiki- intragive gsheets
Nagtapoka of diamase
1| Unconformity great Unconformity oreat
" Chiefly of chlorite-
Si-t'ai schist, quartzite, Middle Arkose,oray wacke,
and con2lomerate quartzite, and
at “he hase slate
Proter- | Unconformity sl1ight
pzoic Wu-t'ai| Nan-t'al Chiefly of silicious [Huron-
marble, jasper quartz-| ian | Unconformity slipght
., 1te, and schists. E Chiefly of schists
| Unconformity slight slate, limestone,
t Chiefly of mica- Lower and quartzite,with
Shi-tsui | schists, gneiss,quartz- subordinates of
‘ ite, and felspathic iron ores & jaspen
quartzite.
Unconformity,oreat Unconformity, sreat
Rrchean T'ai-shan Complex Keewatin
( Intrusive contact)
Laurentian
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CHAPTER V.

COAL.

—————

Introduction

The Chinese word tan, written % . is applied %o
c¢harcoal or to ovdinary coal. To avoid confusion, the
Chines~ mors generally ¢31l ordinary coal mei-ten (soot-coal),
while coal possessing an appearance like that of s rozk or
stone is designzted shih-tan (rocz2k or stone—coal ). The word
tan itself is made up of three particles, namely, x (fire)

(bank, c1iff, o shore), and L (mountzin). There are
tvo possible intorpretations of the derivation of ;ﬁ .
It originated either hHecause charcoal had been ohtained hy
ths an2isnte throuzh the hurning of wood heneath cliffs in
the mountains, or bheczauss the ancients knew of & certain
suhstance (c0al) obtained from beneath banks, c1iffs, shores,
o mountains that proved to he combhusgtible.

In so far as the writer has been a»hle tc leamn,
there is no special record to show when coal was first
utiiized as fuel in China, »ut from various sources, i+ is
knom to have been used as fuel for many centuries. I+ has
heen th=2 practice of the Chinese to have their seats of
rovarnment estanlished, 1f possin»le, upon sitaes »eneath or

near which coal was supposed tc exist in orddr that in time

of invasion, *the inhabitants might not be deprived of a
supply of fuel. Moreover, the nature or preperties of aoal

gare often mentioned in the literature and in the ~overnment
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records of *he ancient Chinese. The Geographieal Record of

the Former Han (dynasty, 201 B.C. — 25 A.D.), contains this

statement, *In the Yu-Chang district, there is combustible
rock whizh may bs used as fuel.®

Any attempt to sketceh the history of the cosl
industry of China meets with almost complete failure, he-—
¢ause in time past no statistical records were kept concern-—
ing the coal production of the country. However, it 1is
definitely known that the Chinese have mined their coal for
centuries to supply their own needs. Within late vears,
throuzh the introduction of modern methods of mining, the
output of coal has heen increased very rapidly, and for
several years, Chins has been able to maintain her imports
of coal at an approximatély aonstant tonnsge, while her

exports of coal have been increased. This is witnessed hy

th2 following datac— =

Year Export Import

1907 6,351 tons 1,403,472 tons
1908 27,894 v 1,50+,549 n
1909 195,950 » 1,516,629 "

* Kinosuke Inouye, The Coal Resources of China, Cozal
Resources of the World, Internationzl Geolozieal
congress, 1913,
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®* In 1912, Prof. T.T.Read of the University of
Peiyanz gave the followino estimate oF the annual coal pro-

duction of China:-

Sub-nitu-
Province Anthracite Bituminous minouvs and
lignite.
Tons Tons Tons
Manchuria 25,000 1,000,000
chihiti 840,000 2,090,000 150,000
Shansi %,000,000 25,000
Shensi 500,000
Kansu 500,000
Shantung 300,000 500.000
Honan 1,000,000
Szechuan _ 500,000
Kueichowy ' 250,000
Yunnan 300,000
Chekiang 10,000
Kiangsi 700,000
Hunan - 200,000
Kuangtung 50,000
Kuanzsi 100,000
O+ther provinces 100,000
Total 6,140,000 5,900,000 1,150,000
5,900,000
1,150,000

Grand Total 13,190,000.

In his paper on the 603l Resources of China,
Kinouske Inouye estimates that the annual produztion of coal

amounts to between 15,000,000 and 20,000,000 tons.

= T. T. Read, China Year Book, 1913,
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The foliowing tahle prepared by Noah Fields Drake

gives the names of the more important coal mining companies

that were operating in the country in the vears 1911 and

1912 and their annual production:-

Nationality Output Output
Locality Name of Company of the Co. 1911 1912
MANCHURIA-——
™1 Shun.....J.South Manchuria. ..Japanese....[l,186,600 (1,600,000«
Railwey Co.
Pon Hai Hu. oot tireeenonssesenino- Cecessaew 200,000
Japanese
CHIBLI--
Chi h{in Shan -Chi h{in S:’1an. s 8 o oChinest1» ® 4 & 0 80 0 5 5 " s P 0 40’000*
Colliery
K'ai P'in~ -
Goal-Field.|.Chinese En~. &..J|.British.....1,170,163(1,453,5%0

K'ai P'in~..
Coal-Field
Chin~ Hsinzo.

Lin Chrenz...

SHANSI—-
Yang Chuan..

HONAN—--

20 miles
weiat of
Chan2> Te Tu,

Jai-mei-sen.

SHANTUNG—--—
Fanetse %
Hunz Shan...
Yi Hsien....

KIANGSI--
P'ins Hsianz

KUANGSI—-
Ho Hsien....

Total avout.

Yininz Co.
L .Lan Cho liinine~. .|
Co.
L . Chin~> Chingz lin. .

CO. '

Ll.llv....".l.‘.'

L «Pao Chin Minine.

|
. Liu Ho Kao Min..
Co.
L .PeXinr Syndicste

“hantunzy 3erghau

b . Cozl Co.|
b .Chun2 Hein~ Min. |
Co.

Han Yeh Pinz
Iron & Co2al Co

. Chinese....|

Ltuou

® & 8 50 0 08 0o

® 0 8 0 9 00 8 0 s e .

.Chinese....,.

.Sino-German.

.Chinese....|.

. 3ino-German.

.British.....

German..... .
.Chiinegem, ...\

.Chinecze. ...

..198,000

*® " 5 0 0 0 s 0

86 86 06 0 0 90 0

*
. 500,000
. .160,000

*

..700,000

.Chinese....

300,000%
350,000
200,000%

75,000%

75,000

500,000%

600,000
200,000

800,000

No dats

.I....I"..Q'....D.... 6.593’540

» FEstimated.



China is renowned for her richness in 202l deposits.
None of her provinces are knom to be without z20al1 fields,
but +the various provinees naturally differ in the amount of
their coal reserves. There are two great groups of cosl-
fields in the country—the northern and the southern fields.,
The former comprises most of southern Shan—-ei and the ad-
jacent parts of Chih-11 and Ho-nan; the latter covers th»
antire province of Kwei-chou and large portions of Sze-ch'uan,
Yun-nan, and Kwanz-si, tha+t are adjacent to Kwei-chou.
Agide from these, thera ars many smaller 222l fields of great
importance, some of which will be descrived in this chapter.

Tre c021 deposits of hina were formed durinz the
Carhoniferous, Permo-Triassic and Jurassic periods. Thoese of
the Carboniferous 1ie chiefly in the north, while the coal of
southern China is in major part of either Parmo-Trizssic o»
Jurzesiz aze, In the Chinese fields, three prinecipal
varieties of coal have heen recognired——-ituminous co02l,
anthraeite, and 1immite. The last 1is insignificant in
guantity. The more importan* filelds yvieldinz anthractite
l1ie in the north, in the provinces of Shan-si, Chih-11, and
Ho-nan; the less important in t+he south, in the provinces of
Hu-nan, Hu-peh, Fuh-kien, and Kwang-“ung. The Shan-si fields
are the l1largest of all;, those in Chih-1i and Ho-nan are next
in importance. The Shan~tung fields yield b»oth anthracite
and b»ituminous z20al. The anthracite is worked “y thousands
of small nines scattered throuzhout the country, and is used

especially as fuel in the household and in the “Hurnin- of line,



Bituminous 203l is distrihuted in every province

and has been worked considerably hy modern methods.

The well-

knosn fields ot this variety of ecm 1l are the K'ai-p'ing,

Chin-hsinz, Lin-ch'eng, and P'inz-hsing.

The b»itunminous

203l

is knom %o he of 2004 quality and in many localities 1t is

suitshle for the manmufacture of 20Ke.

the coal varies in different fieilds.

illustrates the differences in composition:

The following

The composition of

In 100 Parts of the Original Coal

Volatile

Locality Water Hydro-— Fixed  Ash Sulphur
Csrhons Carhon

CHIHLI-- 9 ¢ ¢ / %
Hein Chiu Coal-field 9,97 32.41 45,78 11.88 1.91
Pei P'iao Cozl-Fielad 3.35 32,00 58.65 6,10
Nan P'iao Coal-Field 2. 50 31.00 57,50 6,50
P.inz K'O0u Coal-Field «8,00 46,00 6,00 0.786
Wang P'ing ¢ " 2.67 4.08 82,64 10.59 0.36
Fang Shan r " 5.11 6.83 72.14 15,91 0.1%7
Chai T'ong ¢ 1.20 2le54« 71.14 6,11 1.05
Chai T'ong 3.62 5631 84.953 6.13 0.43
Ktai P'inr » 1.00 26,00 £8.00 15.00 1.00
Hsuan Hua " " Z.49 15.93 72.49 8.07 0.10
Esuan Hus " " 1.16 3.21 83.19 12.453 0.10
Ching Hsing * " 0.89 27,97 61.04 9,64 1.45
SHANTUNG—
vi{ Heien " " 0.52 28,60 63,31 7.05 0.52
SHANSI--
Tae Chou " " 2.26 3.43 84,66 9.63 0.36
P'ing Yao,S.W.%hansi 0.49 17.81 57.70 23.98 2,80
Yanz Chuan,S.E. " 1.78 7.62 80.93 9,66 1.40
Ch'in Shui sS.m. " 1.28 9,79 89,08 11.60 1.80
Ta Tuns Coal-Field 4,45 30,17 65.38 4,06 1.29
Saratei Coal-Field l1.16 29,28 69,46 6,97 0.78
HONAN—-
Changz Ho Coal-Field 0.79 14.16 75,02 85,95 0,58
Jai-maet—-can " " 6 to 7 84,50 10,00
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Inl100 Parts of the Original Cosl

Volatile
Locality Water Hydro- Fixed

Carbons Carhon Ash Sulphur
ANHUI---
Ch'i Cho Cosl-Field 13,00 73.00 14.00
CHEKIANG—--
Tun~ Lu Coal~Fizld 2,10 +e41 70.%4 22.74%
KUANG TUNG—--~
Lien Chou Coal-Field 1.09 15,00 66 .46 17.44 3,07
Tunz Shuil Cozl-riesild 0.80 10.47 67.62 21.11 4,37
Che Ku Sheck™ " 1,07 7.63 85,25 6,04 0.89
Mei Shan " L 0.79 0,34 Z+45 6,41 1.086
HUNAN—-
Mei T'ien S.,Hunan 1.84 6.32 82.58 9,26 0.73
KUBICHO e
S.W.,Xueichou 0,80 9,50 35.00
Near Koueil Yanz 0.80 12,80 8.80

without question the coal resources of China are

very vast, but the availavle tonnage has not heen estimated

accurately bhecause a z2areful geological study has not heen

made of these deposits.

reserves made hy different persons do not agree,

Therefore the estimation of the coal

Thea foliow-

in> estimation is tsken from Prof. Noah Field Drake's Paper

on "The Coal Resources of China", published »v the Inter-

national Geolocieal Conference that met in Canada in 1913:

Monzolis.....
¢chihii.......
Shantun%.....
Shansi.......
Shen=i.......
Kans\e oo v v e
Honan.e....e.s
Kiangsu......
Anhui........
Hupei........
Chekianz.....
Pukien.......

Metric Tons.
1,200,000,000
22,668,000,000
7,083,000,000
co.e 714,340,000,000
++s+4+4.1,050,000,00
5,129,000,00
teesiesarssessanasessses 9,275,000,000
10,000,000
187,000,000
117,000,000
24,700,000
25,000,000
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(Tstimation Continued) Metrie Tons
Kiangsi. . i eieieeieoeoennnsonosnnnnnonns 34395,000,000
KN U . s et ettt eenssssceossansonnsnsse 1,009,000,000
Kuangsl. .ottt it ieienerenienrnoroonnnne 500,000,000
HUNBN. s ee st tvsessennoncesssossscossasnae 90,000,000,000
Szechuan....ooeee... tassssansseenssennns 80,500,000,000
Kueichou. .. vttt iiii ettt nronsnsensonnnosne 30,000,000,000
YUNNGI . o0 et cvteenennseenssnnnssanssssses  30,100,000,000

Total...'..‘....l..‘.l...’...' 996’612,700,000

Conclusion

From the forezcinz, i+ is seen that China's
(includine Mon7rolia ) ccal deposits are enormous, althouzh
tr=2 various estimates of her coal resources may not he
reliahle; hut the chances are tha* the estimates are %oo
small rather than too large, since they were celzculated from
a kno7n bssis., There 18 go0od reascn t o helieve that some
coal areas will yet be discovered.

In the precedins tahle Drake estimates that the
coal reserves of China proper and Mongolia amount to
996,8612,700,000 metric tons, Basing an evaluation upon the
precent price of coal, these reserves are certainly worth
gseveral trillions of dollars. Drake's estimate of the coal
reserves includes only the coczl deposits now known in China
and Mongolia. In addition, it has been estimated by Inouye
that Manchuria possesses 800,000,000 metric tons of provahile
ao2l reserves. One should élso emphasize the possihle dis-
covery of coal in Tivet (ares of 463,320 sq.miles) and in
Chinese Turkestan (area of 550,579 sq.rd les).

The +ime will 2ome when capital will he attracted to
develop *hese enormous coal deposits, and this gift of nature,

the grentest mineral ~ift tha* the Chinese Republic possesses,
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will sooner or later he twrned into real wealth(in the strict
economic sense). Accompanyinz this development, numerous and
varied industries willi he established, and new phases of 1life
¥111 »= awakened. It is impossinlda within the scope of
this paper to descrive ail of the well-known coal-fields in
the count~y. In order that the reader may gzain a general
concepticon of the wealth of coal in China, a fev of the more

coal fields
typicéhhare described in the following pages:-

K'ai-p'ine Coz1-FPiald.

The K'ai-p'inz coal-field is situated about five
miles northeast of Tien~t=in in Chih-1i provinee. I4 com~
rrises 2 synz1inal basin more than 20 miles in length which
for the mos* pam , 1lies within the coastal plain; 1+ is +thus
largely ~=overed hy alluvium and loess. The lowest c08l seam
lies about 250 feet ahove the Carhoniferous limestone.

Within the succeeding :00 feet, several cocal seams are inter—
stratified with shales and sandstones. At Tang-shan, 13
seams, with an aggregate thickness of 85 feet are knom +o
exist. The coal iz suitable for the manufacture of excellent
coke. The aggregate *thickness of the 203l varies in different
sections of the field. At Tang-shan, in the southwestern end
of the basin, the total thickness of the workanle cozal varies
from 50 to 60 faet; at Ma-Chis-k'ou, 60 to 80 feet; at
Chao-ka-chuang, 80 to about 90 feet; and at Lin-hsi, north-
east end, from about 40 to 50 feet. Within this field, +the
rocks enclosing the coal dip from about 20 degrees to atmost

90 deorees, hut 4ips near 50 degrees predominate. Prof. Drake
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estimated the actual reserves of the arez +0 be 1,6i1,000,000
tons, and the pro»abls reserves as 2,757,000,000 tons. His

average analysis of the co02] shows:—

Volatile hydro-—carbons 264
Fixed carbvon 587
Agh 159
Water 1%
Sulphur 1%

The coal in this field has heen worked sinze the
Minz dynasty (1368-164+% A.D. ), and here modern methods of
mining were firs+t emploved in China. 1In 1879, at T'ang-chan
a4 modemn shaft was sunk by the Chinese. The T'ang-shan pit
is said to be the largest in the country. According 4o the
estimate of Inouye, from 1881 to 1909, thre to%al amount of
ceal mined within the K'ai-p'inz coal field was 161,000,000

tons. The annual yield is approximately 1,159,000 tons.

Shan—-ei Cogl~Fields

Upon hearing the announcz-ment by Bzron von
Richthofen concerning the enormous coal depogits that he
obgerved soms forty years azo in Shan-ei, China, the world
w28 at onc~ relieved from the reasonable worry concerning the
approashin» exhaustion of known coal supplies. I+4 has heen
sald that the coal fields of Shan-si alone would he sufficient
to meet the consumption of coal by the entire world for a
reriod of one thousand years. This 1s probsvly an exagrerat-
ion since recent researches show that Richthofen's estimate
of the deposits im too large. He estimated that the eagtern

half of southern Shan-si alone could produce 630 "Millionen

den Tonnen® (630,000,000,000 tons ) of anthracite.
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0f the total coal reserves of China and Mongolia just maention-
ed (996,612,700,000 Enzlish tons) 714,340,000,000 *ons are
assigned to Shan-si province. The fields containing these
reservaes are num=rous and they are chiefly confined to the
sou*hern half of the province; only two coal fields are
present in tre northern half. The northern deposits are of
Jureseic age, while those of the south belonz to the Cerboni-
ferous. Richthofen regardsd the ~0281 depositas of South-
ern Shan-si as divisible into 4wo distinet fields,--the esst-
ern or anthracite field, comprisinz an area of 17 500 sgquare
miles, and underlain »y an average thickness of 40 feet of
anthracite, and the western or »hituminous field with an area
of 21,000 square miles containin~ an avarage thickness of

25 feet of bituminous coal. Accordinz to Prof. Drake's
researches, *he coal deposits in +he eastern field include
thres varieties, viz'., anthracite, semi—-anthracite and
bituminous. His estimate for hoth the actual and the pro-
bable coal reserves in the two filelds is given in the foliow-
ing tahles:-

South—aastern Field

Actual Reserves Probahle Reserves

Area 12,000 sq. miles Area 13,000 sq. miles

Average Averagze

thizkness 25 feet thickness 30 feet.

Anthracite: A Anthracite:

a»out 120,000,000,00C tons about 150,000,000,000 tons
Semi-anthracite: Semi-anthracite:

ahout 120,000,000,000 tons ahout 150,000,000,000 tons
Bituminous Coal: Bituminoua n0a1°

about 120,000,000,000 tons about 150,000,000,000 tons.
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South—-western Field

Area 10,000 eq. miles,

Average thicknees, 25 feet.

Probable reserves of bituminous coal 255,890,000,000 tons.

In general, the cogl seams in +this southem megion

are enclosed within sandstcnes and shales restin~ unconform-
ahly upon Sinian limestones. Southern Shan-si is an elevat-
ed plateau deeply dissected »v streams whose valleys ara from
2000 to i000 feet above the coastal plain while the hilly parte
rise from 4000 to 7000 feet above the plains. Over Hv far the
most of the area, the Sinian limestones and the Carboniferous
formations 112 almost horizontzily. Hence the coal seams can
be worked with relative ssce and without loss of coal., In the
southeastern field, the coal is frequently exposed on the
sides of the wvalleys, while in the south-westdrn fi=1d4, the
coal-hearinz formation is more generally aoncealed hy loess
which varies from a few feet tc several hundred feet in thick-
ness. Hence, in thig portion o +he province, exposures of
coal gseams ar2 restricted almost entirely +o the valleys of

tlose rivers that have cut through the hlanket of loess.

Coal Mines in the Eastern Field:-

In many places in the eastern cozl field, co2al
mines, operated accordinz to modern methods, have heen re-
ported, In Kinosuke Inouye's report published in 1913, the
following localities are enumerated: In Nan-ts'un, cosl-seeams
with an azgregate thiskness of ahout 30 feet have been worked
hy a shaft to a depth of 300 feet. Hard anthracite imbedded
in undulatory strata of the Carhoniferous has heen mined in

“un-*te'un and Chang-1linz to the northeast and west of
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Tse-chou-fu, %o a dsp*th of over 200 feet. The thickness o
the 202l varies from 14 %o 3¢ feet. In Shu-yuan-t'ou,
Li-ch'uan, Ta—-cli, Wu-men., Sze-ma-shan and Erk-cshih-1i-p'n,
coal havine a thickness of from 12 to 30 feet has been mined.
The amount* of 2021 tsken from the neighbourhood of Tse-—chou
has been estimated to be 2,000,000 tons.

In P'ing=ting~tu wrich is situated in the northern
part of the eastern field, important coal seams lying 200 to
300 feet below the surface have %“een worked at many places
north and south of the P'ing—t'an river hy a China&zompany.
The thickness of the coal varies at different Places from 9
to 18 feet. In addition, this company has also operated
coal mines at Mai-ti-kou, Chuang-Chuang-kou, Tleh-lu—kou,
Yen-Tzu-kou., et2,, and produced in 1908, 2,200 tons;
in 1909, 5,600 tons; in 1911, 21,000 tons. There have been
many more mines that have heen operated on a small scale in
this great field.

Coal Mines in the Western Fieid:

In this ~2reat field, coal has been mined in many
localities, but no data of the output is accessinie. In
Yu—tesze~hien the coal outerops in twelve Places, but only one
mine has been opened in this district. The coal is =zid to
be 18 feet in thickness. K'u-nan-shan and P'ai-chien-k'u are
also important localities where coal is known t0 ocecur in

larze guantity.
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Ta-Tung~fu Coal-field:

This coal field 1lies in the northern part of Shan-ei,
near the ecity of Ta-tung—-fu. According to Richthofen, its
area is ahout twenty-—seven square miles, and it is underilain
by several seams of coal, the most important of which hasg a
thickness of from 20 to 30 feet. Bu* Dobbins has reported
that in this region there are tvo fields, one about thinrteen
miles northwest and the other thirty miles southeast of Ta-

tung—fu. The arez of the first 1is ahout 20 square miles.

In one of th= mines, four coal seams are present that are
separated from ones another by sbout three feset 0of shale. As
stated previously, the coal-bearingz strata in this district
are of Jurassie age. Prcf. Drake has estimated the reserves
of this field to bhe: Actual reserves of wifuminous coszl
about 3,080,000,000 tons,; probable reserves of hituminous

coal ahout 8,200,000,000 tons.

Ho-nan Coal-Fields:

Mention has heen made elsewhere in this chapter
that the great northern ~2cal-field covers the southern part
of Shan-—si, the southwestern of Chih-1i, and the extreme
northern pzrt of Ho-nan, The coal deposits in the extreme
north of Ho-nan are hut the continuation of the great Shan—ei
f£1e1d4. Prof. Drake, who has spent considerable *+ime in the
study of the coal areas of Ho-nan, hzs deserihed the coal
fields of that province as 1lytng within areas that have heen
affected »y vlock faulting and foldings. According to hin,
in the extreme north, most of the coal occurs in fault

»1locks, at the edge of the coastal plains and zlonz the %Horder
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of the southeastern coal-fleld of Shan-si. A coneiderable
part of the hlocks of coal-hearinz heds are covered by the
loess and alluvium of the ~oastal plains. The extent of
these coal-bearing hlocks is not definitely known but it is
believed thet they extend from the northern horder of Ho-nan
to a point southwest of Hwai-Ching-fu, a distance of 150
miles. This helt is composed of from one to three or four
strips or blocks of coal-bearinzg beds. The principal strip
varies in width from one to two miles or more. The coal-
bearing strata are of Permo-Carhoniferous age, and the total
thiskness of the coal seams is probably 20 feet. The coal-
deposits in this nelt have heen mined at Jaji-mei-gen,
Pai-shan, Ch'ang, Chiao-cha, etec, The coal from the extreme
north of this »elt is hituminous in character hut that from
farther to the south is anthracite. The reserves of +the

entire province have heen estimated to he 90,000,000,000 tons.

Sze~Chi'uan Pleld:

As noted previously. the Kwei-chou cosl field ex—
tends into §ze—ch‘uan, where 1t covers all the south~sastern
part of the province. Here the coal-~bearing strata 1ie upon
the Sinian limestone. The total coal-bhesrins ares of *the
entire province is deemed to be not less than 50,000 or
60,000 square miles, but it ie only within 15,000 square
miles where throuzh folding of the rocks, the coal seams have
been made available for mining at depths of less than 4000
feet. Very 1little 18 known concerning the thickness of the

cczl seams within this area. Tke cosl occurs as Carhoniferous,
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Triassoc and Jurassic formations. In Yush—szui, anthracite
has heen found in a formation which has been reported 40 be
of Silurian age(?); 1t 1is non—-cokinz and of inferior
quality. In the ezstern corner of this province along the
Ta-ninz-ho. northwest of Ta-ninz-~hien, where the coal has been
mined on the river(Ta-ninz-ho), *the coal-hoscrin~ formation
is ohserved to consist of gray limestone with intercalated
shale, formins a syncliine alon2 the river, The 2021 is found
»oth in the shale and limestone and its thickness varies
from 3 to + feet. In this provinee, three varieties of enal
are known—-1l1lignite, bituminous, and anthracite. The reserves
of this province have »een estimated as folliows:-

Lignite 500,000,000 tons

Bituminous 60,000,000,000

Anthraecite 20,000,000,000

Kwei-Chou:

In the province of Kwei-chou, i+ 1is helieved that
there are not less than 50,000 square miles underiain by

cozl-bearing formations and not less than 10,000 square miles
of worka®le seams with an dverage *thickness of about 3 feet.
The coal-bearinz formations are known to belong o the
Carboniferous, Triassic and Rhaitic ages. Anthracite,
semi-anthracite and bituminous coal are all known +o occur
within this field. In An-shun—fu and in Kwel-vang—-fu, the
coal has heen worked actively. The reserves of this province

are believed to be %0,000,000,000 tons.
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Yu-nan:

Fasten Yu-nan is covered by the continuation of
the Kwei-—cshou coal-field. Buf here the coal-hearing format-
ions are also represented by the Pliocene. The Pliocene
coals are of lipgnitic varieties. Coals of the Paleozoic age
are »ituminous in character. The coal-bearinz area is pro-
havly not less than 30,000 squsre miles, In this province,
Leclere reported the presence of Palarozoic coal in the
followinz localities: In a short distance *o the northwest
of Yun-nan-fu, coal ahout one meter thick has heen found
l1yin2 in an almost horizontal position; about forty miles
southwest ¢of Yun-nan-fu, at Lou-leang, three or four seams
of bituminous coal, from 14 4o 2 meters thick, occur in bheds
of sandstone differing at high angles; ahout 20 miles north-—
east of Yun-nan—fu a »ed of hituminous coal about one mete-
in thickness has heen o»served. At Cha-ko, about ten miles
north of Tung—chuan, in northeast Yun-nan, coal seams, 3 %o
4 meters thick, have heen found interhedded with shale.
Lauteucis states that Palaeozolec coal has been ohserved in
the follovinz localities within this province:-—

(1) "Tong Hai" cozl-beds, thickness of coal-hed from 0.2 +o
1.0 metre;

(2) "Pe-tchen coal-hed, thickness 70 +o 40 centimetres;

(3) Konen-iang coal-beds, one hed shout 1 metre thick, and
another a%out 1.7 meters thick;

(&) "Y-leang" coal-beds, two heds, one adout 1 metre +}
: 3 3 stre thick
and the other about 24 meters thick. o



Lantenois also gives the followinz 1ist of localities where

1ignite is kxnown to occur:-

(1) rLam-ty* valley coal-beds; thickness 13 meters to
prohbably 12 meters.

(8) rYen—fen—tchouang® mine; five or six veds varyin7 in
thickness from 5 to0 15 centimetres.

(?) "Mientien® and "Pe-kia-tchouang" mines; cosl h»ed about
one metre in thickness.

() "Si-tchouang' mine; coal-hed five metres +thick.

(5) Pow-tchoo-pa mine; thickness of coal (brown 1lignite),
about 20 meters thisk. Prof. Drake astimates the

lignite reserve of the entire province to be 100,000,000

tons, and the to%al ccal reserve for the province to he

30,000,020,000 tons.



CHAPTER V1.
IRON

Introduction

In the ancient writines of tle Chinese, many
references pertaining to the metsl +ieh or iron can he found.

In the Record of Tributes of Yu (Yu, the Grezt, reigzned 220°5-

2197 B.C.), iron, gold, silver and copper were men‘ioned as
articles of *rivute. The smeltins of iron on a commareial

hasis was an early undertekinz. In the Book of Economics,

i4 is found that Kwo Tsung of Han-tan, Tsaow Lianz of Lu,
and Cho of Chaou (all 1lived under the Chou Dynasty, 1122-
255 B,.C. ) becam= wealthy as smelters of i»on. The preface

of the poem Kiang Yen Tunz Keen (The Bronze Sword of Kiang

Yen ) remarks, "Weapons of the antiquity were mad=: of copper;
hut as in the +ime Tsin (dynasty, 221-206 B.C. ), strifes were
prevalent in the zountry and arms everywhere arcce, copper
728 no longer sufficient +o meet the demand, hence iron was
employed *o meke up the deficiency.

From these and other meferences, i+ is known that
the arts of smeltinzg and cas*ing were practiced Hy the
Chinese 1lonc before the Christian era. But unfortunately,
very 1i+tle is known concerning +their methods. This is due

to the fact that the Record of Researches in Arts, is helieved

to have perished together with ot her classics in the Burning
of the Books at the hand of Tsin Shih Hwang (reigned 221-

209 B.C.). Since that time, the iron industry has attracted

mich public attention. In the time of the former Han dynasty,
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(201 3.C. - 25 A.D.), thers exis*ed & hook ~ontainine sixty

A
chapters, whish was entitled Treatiss on Salt and Iron.

Tha l1iterature of tha later dynasties contains
muzh information aboﬁt iron and its related industries, bdut
gince tha writer could not ~ain access %o these Chinese books,
it hnsg no% heen possivle to dissuss the history of 4he
davelopment of iron minin~ and smeltin~s in China as fully sas
seaemed desirsble, The progress of the iron industry during
the past 500 years is more def'initely known, Acasordin~ %o
T. T. Read, aurinz the Yinz dynasty (1368 40 16«+ A.D.)
iron mines vera opened at Lunz-tun~ in the provinee of Hu-
peh, some 50 miles southeast of Han-kow, A% Luns-tung, in
tha Ta-yeh dis%trioc*, some of the 0l1ld slag is s+ill 1lyinz on
tre dumps. Durinr the Ming dynasty, attempts ssem %0 have
been made to work the property as a aopper mine, The annual
produstion o€ iron in *he provinece of Shan~si, as estimated
by von Richthofen in 1872, amc'mnted *o 160,000 4tons. It
should %e noted that in the past the iron industry of Chins
mus* hav2: bheen aentered in Shan-si, for in the southern
portion of that provinoe, abhundant iron ores oceur in proxim-
ity to very extensive coal deposits., As already pointed out
in the precedin~ chapter, the coal in *he southern Shan-si
field includes both anthracite and »ituminous varieties. The
iron ores in that rezion are principally hematits and limon-
ite, ocourrins as nodules in the shales and sandstones of %+he
sarvyoniferous system. In Lo p'in~, Shan-si province, sas
desoribed by Richthofen, the iron was obtained hy smelting

the o~3 with coal in earthen crucivles assembled in pits.
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The 2ontents were ~heated for several days until a sponzy
mass was produced, and this was drawn out, trezted again, and
compressed into hars,

Twenty—-two years later (189+), the total output of
iron from Shan-=si, as estimated Hy W. H. Shockley, amounted
to 50,000 tons per annum. The decrease was due *to the fact
that, hecause of its inferior quality, the native product
could not compete with foreizn iron. For several years,
prior to 1891, China imported muzh iron and exported iron ore,
the most of which went %o Japan. But in 1891 a modern smelt-
inz plant was erected at Han-yang in Hu-peh provinee by the
Bovernment, Since that time, China has exported both pig
iron and iron ores. This Government establishment is now
an exclusive Chinese stock company and is Known as the
Han ¥eh Pino Iron and Coal Corporation, Limited. The
Corporation's centres of activity are three—the coal mines
at P'in~o-hsin~ in the provinee of Kiang-si, over 300 miles
south of Hanyan~, *the iron mines at Ta-veh, about 50 miles
southeast of Han-yan<~, and the gsteel works at Han-yanz. The
total numhs~ of employees in 1908 was about 20,000, Accord-
in~> to T.T. Read, piz-iron from the Han-yanz works had
already been so0ld in the Atlantic and Pacific ports of the
United States previous to 1908. The following are some of

the Corporation's official reports:
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Iron ores produced by the Ta-yeh mines 1

1909 Maznetic ore, 306,000 tons
Manganese 1,500 v

1910 Magnetic ore 303,000 *
1911 Iron ore 359,467 ¢

Bxports for 1911:

n

To Foreign Ports To Chinese Ports Tons
Iron ore 110,500 tons 20 tons = 110,520
Pig-iron 51,300 » 26,128 " = 7%,428

More detailed statement for the year 191
Pir iron Total Output

Shipments to:

1-1912°

93,337 tons

Hankow and other Chinese portse 9,824
Japan 58,535
United States 4,465
Australia 5,765
Saigon 40

Total 78,629

Rails Total Output

24,216 tons

Sale of rails and fastenings in China
Merchant hars, sales in China

The total incoms for the year 1911 waes 6,034,

( taels).

23,492
1,250,

618.95 1iangs
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Distrinhution of Iron Ores

In China, less is known concerning the distribution
of iron ores than of coal, hut it is helleved that iron-ors
deposits are 40 be found in almost every province. Iron
minine has only been carried on in thase loczlities where iron
and coal are found in close proximity. Little seems to He
kno#n concerning the mode of oecurrence of the iron ores, and
therefore the descriptions of the deposits as given in these
pazes are of a very general character. In so far as is
kno'm, the province of Shan-si contains the most important
deposits of iron ore. Possinly, in comparison 7i*h other
deposits, undue prominence has bheen 2iven to the extent of
the deposits of Shan-si, becauss of theirfavorables location
in 2021 minin~> distrists. Shockley states that the principal
varieties of iron irn *his province are hematites and limon-
ites, oecturring in carhoniferous shales and sandstones, as
nodules varyin~ in size ususlly from a fev pounds +to several
hundred pounds in weight. Bedded deposits are also said +o
have heen found. The following analyses of the iron ores of
Shan-si are taken from ®. T. Nystrom's paper on "The Coal

and Mineral Resources of Shansi Province, China®:

T'ai Yang Iron Distriot,
Analysis, made »y Mr.Edw.Riley. 7.C.S. Lond.

Silica 4,07 %
Farric O0xide 76.77 "
Alumin. ¢ 3.46 v
Manzan. " 0,5%
calcium " 2.21 "
Phosphoruse 0.25 ¢
Suvlphur 0.074"
Carbonic Acid 9,37 v
6ombined Water 0.59
Moisture 1.61 "
98.97% 7

Metallic Iron 53,88 v
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Hu-peh.

In tris province, iron ore has heen worked most
extensively at Ta-Yeh. Here the ores oscur 1yin~ alon» %he
contact between a marbls and a syenitic intrusine, The aoe
of the marble is not definitely known, but it 1s believed %o
be of Sinian formation. Thé& ore is principally hematite,
replacin~ the limestone. Since 1891, minin~ has been
carried on by the Ran-Yeh Pin~ Iron and Coal Corporation.
Tha dsposits arae very largas. The ore exposed on the surface
alone has bhesn estimated as amountins to 500,000,000 +ons.
The iron 2ontent 1s hizh. Tha fcllovin~ analysis of 4he
hamatlte from *he Ta-ysh Alstri:zt was furnished o T.T7.Read
Yy *h2 corpora*tion:

Iron Ore, Ta-Yeh

Feo 60 o 62 ¢
p 0.5 " 0.25¢
g 0.05 * 0.12 ¢
810y z LI &
Al50, 1 "2 ¢
Mn 0.2 0.4 ¢
Cu 0.05 " 0.25¢9

Fu-kian.
A deposit of magnetifte has heen reported at

An-Khons, about 60 or 70 miles from Amoy. The quantity
available is believed *o be 10,000,000 %ons, and the loeation

is favoradble for workinz.
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Kwanz—-tung.

Iron ores are widelv distributed in Kwang-tung~
provinee. They have heen reported from Sin-hinz-hien, Sin-
ninz-hien, Pon-yu-hien, et=. From Ma-On-%hran, some distance
northeast of Victoria Island (the island of HonzKong) occurr-
ence o7 irorn ore deposits has heen reported hy C. M. Weld.
The ore-bearing body, consisting of pure magnetite, hematite,
and "skarn" is found intercalated he*tween quartzite and
granite; at points, however, the ors lies hetween the 2ranite
and a mantle of soil and gravel. The ore-hody 1is »elieved to
he z replacement of 2n impure l1limestone or dolomite.

The area, including the island of Honzkonz, the peninsula of
Kow-loon, and the Newx Territory, in which Ma-On-Shan is
situated, comprises over 00 square miles and is underlain
chiefly by granite with immense numbers of highly altered
inclusions of sedimentary rocks of every size and shape.

The northwest border of this area is exclusively occupied by
schists and slates, dippin~ %0 the northwest, while along the
eastern and southeastern margin of the area, basalt and
quartzporphy ars present. The gsedimentary rocks, believed
t0 e of pre-Cambrian age, include sandstones,shales, and a few
impure limestones or dolomites which have been invaded by
granite intrusions. As a result, the sandstones have heen
changed into quartzites, the shales intc¢ slates, and the
limestones or dolomites were altered into a host of minerals
that constitute the so-called "skarn rocks". At Ma-On-Shan,

where the iron-—-ore deposits are situated, no dolomite hed
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occurs, but south of Starling inlet, 8% miles due north from
Ma~0On-Shan, a lenticular ved of magnesian limestone or calcar-
eous shale is knowmn toc be present. Moreover, in general, the
ore-bearing hed of Ma-On-Shan is rich in Magnesia. This can
be seen from the folloving analyses as glven in M»r. C. M.
Weld's paper on "Notes on an Iron Ore Deposit near Hong Konz,
Chine.,": Nos. I and II of this analyses were taken from the
richer portions of the ore »ody, while No. III represents
magnetic concentrates from 22 samples of lean ore‘and skarn.
No. 1V was an averazr:s sanple of ore, and No. V was lean ore

or »iz2h skxarn.

I II III Iv V.

Fes 03 70.32 65.25 75.36 65.24 38440
FeO 22,53 22.26 11.3%7 15.75 15.84
MnO 1.48 oo .70 1.03 0.74
Sioe 1.20 3.99 5,50 6,04 12.70
A1203 R 4.46 1-80 1021
Cao 0060 ® & 5 000 0073 0.56 0040
Mg0 3.64 Trace 2.29 11.53 26,24
g 0.110 0.37 0.082 0.09 0.192
P2 05 0.009 0.044 Trace cees e 0.028
As 0.008 cosnve Nil croes 0.005
CO2 s eens csese Nii 0.80 1.50
Water oo 7.20 Trece tesss
Moisture cesse ceeane cesss e 0.10
Loss o & & 5 O a &8s 00 ® 8 3 O Olls ® ¢ & 8 g9

Total 99,897 99,014 100.492 100.00 97.355
FBeevseesssesb66.75 63,00 61.59 55,82 39.20
P 0.004 0.019 Trace ceses 0.012 .

In examininz hand specimens of the skarn, one may
oftan reczogmnize grains of magnetite, quartz, garnet(frequently
ahundant ), pyroxene, amphibole, mica, chlorite, epidote,
serpentine, while in thin sections, a mineral tha* was helilev-
ed to be pariclase was obgerved to “e present in consideradble

amount. Accordinz to Mr. C. M. Weld, the magnetite occurs
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ahundantly distributed throughout the skarn, either in the
form of disseminated crystals, or a2s hodies of varishle pro-
rertions., From some of the larger bhodies, thousands of +ons

of high-grade iron ore could be mined profitavly.



77

Shan-4un~.
Magnetite 18 known *o occur at several pleases,

as, a+t P'so-shan, and at King-kwo-shan, #hils in the vicinity

of Che~foo, specular hematite has been found. Iron ore deposits
ara known in Manchuria, Mongolis and in all #he other provinces
of China proper that hav: not been mentioned, but the mode of
occurrence, extent, and the mineralo~ical character of these

deposits are no% definitely known.

Conclusion.

Judgin> from the precedin~ pages, the iron-ore
resouracas of China may seem %0 He relatively unimportant,
hut 14 must e horne in mind thet,for the mos* part, our
present Knowledee 07 these resources has heon dspendent upon
information £furnished Hy travellers, missionaries and
marchants, and that exceptionally favorable circumstances
have made Shan—si‘ and Hu-pel:lr'lotsd for the richness of 4heilr

iron-ore deposits. The iron ors of othar provinces may he

entually important. For instance of the 227 dlistricta #2

» As pointed out in the precedin- ahapter, southern Shan-si
is 2n =21svated dissested pluteau and contains an enormous
amoun* of coal that may b2 eagily obtained.

#1 Oririnally, the Han-yanr steel worka were projected to be
set up in Kvanr-tun~r province. T.7.Read eays: *"In 18291,
whila viceroy at Can‘on, Chanv-Chih-tune ordered a steel
plant from England. Before the mashinery was deliversed he
had been appointed viceroy at Wu-chane., The plant was
az3oriin~ly transferred thers and set up in a convenient
plage in the neishvouring *owvn of Han-yan~.

#2 These distrists are enumerated in a »ook (in Chinese) on
the Mineral Resources of China proper. Unfortimately,
no desacriptions of 4he oasurrensces of the minerals have
heen oiven.
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(politieal usage) that rave been reported to contain iron orse
deposits, only *hree districte, including Ta-yeh-hien, in
which the Ta-yeh Iron Mines are situated, belonz to Hu-peh.

More thorouzh investigation concerning the extent
and character of her iron-ore deposits must be made hafore
14 can be definitely known as to whethar the iron-ore «
resources of China are as important as her cozl resources.
The extensive iron resources of China that are at present
well known, and her incalculahle amounts of limestone, when
considered in z2omnecztion with her enormous coal reserves, will
play an extremely important part in the industrial develop-
ment which is now awakening, zs is evidenced by the building
of railways, brideoes and other puhlic works, and the erection
of varied manufacturing establishments.

In the "Mineral Resources of China®, iron ores
are reported to he present in the following number of

districtg:-—-

Province Number of Districts.
An-kui 5
Che-kianz 8
Chih-11i 8
Fu-kien 28
Ho-nan 23
Hu-nan 28
Hu-peh 3
Han-suh 8
Kianr-si 16
Kiang-su 6
Kwan~>-tune 11
Kwanv-ai 6 .
Kwei-chou 7
Shan-si 25
Shan-tunz 13
Shen-si 13

Sze—ch'uan 19.
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CHAPTER V11.

THE HUANG-TU FORMATION

In northern China, in the provinces of Kiasng-su,
An-hwei, Shan-tunz, Shan-si, Chih-1ii, Ho-nan, Shen-si, and
Kan—-suh, there occcurs a peculiar deposit known as the Huang-
t'u (yellow earth) formation. This formation, for the most
part, forms the Great Plain of Northeastern China, extends
intc the valleysand o som= exten* %»lankets the slopes and
eaven the summits of +the adjacent mountaina. The altitude at
which the Huans-t'u formation 1s found ranges from a fev feet
40 8000 fert above sea-level. Its thickness is known %o vary
from a trin sheet o 2000 feet; »Hut in the Gre:t Plain, t*the
depth t0 which the thickness may extend has not been determin-

ad, prohanly 1000 feet. The age of the huang-%t'u varies from

late Pliocene o early Pleistocene to the present. The
process of deposition is believed to have »Heen continuocus
through the Quaternary and is still in prosress today.

Some writers use th= terms "loess" and "Huans*u formation"
interchangeably. Bailey Williils defines the Huangtu formation
a8 including loess and certcin stratified sends and gravels,
but in some portion of his discussion, he appears to use
these temms csynonymously. Accordin~s o0 the common conception
of loess, it 1is defined as an earth of brownish yellow color,
congisting principally of hydrated silicate of alumina with
some quartz graine, mica flakes, &nd caleareous nodules,

galts of alkalies o~ akaline earths and oxides of iron are

invariavly present. Accordino to Richthofen, it 1is
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characterized by beinz so soft that 1t cean easily be crusked
tc pleces with the fingers, and yet so firm that in places
where, through erosion, large masses are broken off, it re-
mains standing in perfect vertical walls of several hundred
feet in height. 1Its quartz graine are always anguler and its
mica flakes instead of being laid down horizontally as if
deposited by water are dispersed throughout the mass with
every possible orientation. It is further charazterized by
the homogen8ity of its composition; if pure, specimens of
loess always contain extremely fine particles of hydarted
silicate of alumina, quartz grains, mica flakes, carbonate
of 1ime, alkaline salts, and oxides of iron. The 1loess is
very porous and is traversed by vertical tube-like openings,
ramifyins downwards 1ike th=s roots of grass and usually en-
crusted by car»onate of lime. Richthofen also states that
the loess does not exhivit stratification and that the
organic remsins found therein are chiefly land shells and
oceasionally bhones of various herbivorous and carnivorous
mammals, which are identical with or closely allied to those
livinz species that ahound on the steppes or grassy plains
of to—d4ay. Marine shells have never bheen discovered in the
loess and fresh-water shells are of extremely rare occurrernce.
Probahly these characteristics are common to loess of any
locality, China, Central Asia, Central Furope, South America,

or Mississippl Valley.
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With a full azceptance of the definition of loess

»y Richthofen, Bailey Willis defines the Huang-t'u formation
as that deposit of losss, sand, and gravel, characterized ny
the predominance of loess as a chief sonstituent, and »y the
vertical cleavage pesculiar to that variety of clay deposit.
Accordinz to him, the Husng-t'u formation sometimes is and
sometimes is not stratified, and contains nodules of carbhon-
ate of 1lime which frequently occur at definite horizons and
are set with the longer axes in a vertical position.

The theories that have been advanced concerning the
origin and rode of deposition of the loess are four or five
in numher. They may bhe designated as — the marine, the

fresh-water, the subterranean, the sub-aerial and the hydro-

suhaerial theories. The first and at the same time the

oldest of these theories was originated by Bennigsen Forder
and supported by Kingsmill; hut as it is certain that »ny far
the main portion of the loess does not display stratification
and sinze no marine fossils have been found within it, +this
theory was lonz 220 rejected “»w ~eo0lozists. The fresh-water
thecry was advocated »y Lyell, Belt, and Geikie, and acceording
to +their hypotheses, in the Ice Aze, mud was left behind by
glaciers and subhsequently sorted, transyported and deposited
hy water., This theory was likewise repudisted, because in
the first place the mizs flakes as they are found in the
loess, do not indicate tha* they were 1laid down under water,
and in the second place in rezions now occupied by glaciers,
as for example in Greenland, there 1s no earth being

deposited either directly or indirectly by glaciers that



22
resembles the loess in composition or texture.
The author of the subterranean theory was H.H.Howorth.
Accordinz to his idea, Moya or voleanic mud w2e thrown out in
certain voleaniz districts, and »aefore it was completely
solidiried, land animals were drowned in it. Thus he attempt-
ed to explain the distriwution of the loess in valleys, low-
lyin~ 1lands and even on certain mountazin summits, and the
presence of the remains of hoth lower and higher forms of
land animals within i4t. Riczhthofen maintained that the
loess differed completely in zomposition and stmucture from
811 kinds of volcanis rmuds either ancient or modern.
Howorth, however, cited that the Pliocene beds and geyserite’F
proper of Nebraska were similar in structure and mineralozical
zomposition.

Accordinz o Richthofen's suhaerial or eolian theory,
the prime cause of the genesis of the loess formation was the
crange of climate of Central and Nortr-eastern Asia——{rom a
mild and moist to an extremely cold and arid condition. As
the aridity was so severe that water Hodies in these regions
nere completely evaporated and rivers no longer existed, the
heatiny effect hecame s0 intense that the rocks were crumbled,
the salts resulting from t he evaporation of the water were
powdered, and the land surface denuded of vegetstion. The
pulverized products of moek decomposition, as well as the salts,
were then sifted and transported hy the winds--the hezvier
partizles beinz dropped relatively near their source, while
the finer ones were carried %0 longer distances where moisture

and vegetation were pro»ably more adundant and topographical
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aonditions favorahle for depositions. Thus the loess of
Jorthern China could have hea2n deposited more or less
irrespective of altitude and without hweing stratified. The
vertical tubes so ahundant and so characteristic in the
loess deposits of China were thouzht by Richthofen *o have
heen caused by the roots of vegetation. Bailey Willis
helieves that a considerable propertion of the ture-like
openings were formed in this manner, but that in part the
tubed resulted from the action of descending water upon the
inzluded salts.

Believinz that the winds alone could not transport
sucl an immense amount of dust from the interior of Asia
yithin a brief geolozical period and deposit it on the
mountaine of northern China 3as well as on thle plains,
Pumpelly advanceed that may »e appropriately referred to as
the hydro-suvaerial theory. H= also recoznized the wind as
an important factor in explaining the orizin of the loess,
hut exprassed th=2 H21lief that fresh water shells had heen
found in the terrace of Te-hai, and that the texture of the
1oam in any one basin or in different wasins was uniform.

In vier of these faz%s he :oncluded that these hasing were
orizinally occupied Ly lskes, and that into +these lakes
rivers transported the fine particles of rock waste that were
deposited to form the loess. Sinece the Huang-ho is, and per-

haps has always been (?) the only river connectinz the

Footnote 4o precedinz page:
% The term reyserite is apparently hers used as synonym

71th loess.
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interior of Asia with northern China, th-> sediments mst have
heen brouzht down »y the Yallow river, Pumpelly considered
Richthofen's heatinz effect to he alone inadequate %o explain
the sours= of *he loess, He h=lieved that much of the
material was czontrihuted from the following sources:-

(1) siit oricinati nz from glacial axtrition, and

(2) secular dAisintegration of rocks. Many of the rivers
flowvin~ from the mountains intoc the central region +ransported
large quantities of silits that were produced h»y zlacial
attrition of the bed rock and »oulder clay. Where the streams
decreased in volume, or where the extensive lakes that receiv-
ed them dried uvp, the fine producte of the erosion of a large
territory were 1?ft tc he removed in dust storms. 3ut
Pump=1ly also wriﬁest— *The second and, I bhelie~ve, the more
important source is in the residuary produzte of a secular
disintegration which we will now consider. In &all re~ions
whers the soil is protected »y a luxuriant vegetation, the
greater part of the insoluble products of disintegration re-
mains in situ. Considerahl= portions of the a2ontinents have
remained ahove water duriny lonz geolozical periods, Where
this has »een the case, and where the rezion thus exposed
enjoyed a peripheral climate with a protecting vegetation and
ahundant generation of carhonic acid, the felspathic rock
have been profoundly affected; granit= and gneiss heing de-

composed often to depths of several hundred feet.*
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In the elaboration of his theory, Pumpelly d4id not
well explain the deposition of great thicknesses of loess on
mountain tops, some of whizh possess zltitudes of 8000 feet
ahove the sea. From his study of the loess areas, Bailey
Willis concluded that durinz the early and middle Terthary
the rezrion had be=sn reduced %0 a relief of 500 to 1000 feet
a»ove sea—lcvcl., In the late Pliocene, there followed the
Hin-chow agze which wes characterized »y widespread aridity
and the degradation of Central Asia. I* was at %this time
that 4he deposition of the lo=ss commenced. In the succeed-
ing Fon-ho epoch, whish zovers the Juaternary, crustgl de-
formation expressed itself in mountain »uilding which pro-
duced differences in =21avation of 7,500 to 10,000 feet or
more. Willis writes as follows:- "That active mountain
oroTth »y whiz2h the Fon-ho epoch is charazterized continued
to a gzeolorcic yesterday; whether 1t is active or guiescent
today, or will %= in a g=eolozic tomorrow is indeterminanle.®

Durinz this period (the Fon-ho stage) vallaeys and
lowlands »lanketed »y the earlisr deposits of loess in the
more elevated area has heen in larze part worked over hy
winds and %0 some extant by rain. Minmgled with more recent
2dditions tha* have h»een »rought by the wind from the dry
interior parts of Asia, some of the o0lder loess has heen
zovered to low levels, while some of 1%t has heen drifted
ahout on adjacent hill slopes. One thus realizes that the
Huang-tu has heen a "continuously shifting formation" which

has also bheen increasinz in volume ever since the late

Pliocens.
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I+ is plain that no one theory seems to explain
a1l the underlying factors pertaininz 4o the formation of the
loess or huang-t'u of China. A fev of the more important
points zonnected with the origin of the loess are summarized
as follows: The first cause of the Huanz-t'u formation was
the change of 21imats from moist to arid condition vhich
prowably occurred during the later Pliocens. In 2onsequsnce
0¢ this, the blanket of yegetation was greatlybfeduced, and
roCKke decayed. From timgyto time the finer products of the
disintegration of *he ro3Ks vere sortad and transported Hy
hoth winds and water, vhils the unremovable residues were
left in situ %o await further Weathering. The heavier grains
dropped on their way, while the 1lighter were carried alonz
and deposi?ed to greater distances. The same material may
hava heen repeatedly and alternately removed »y wind and water
before it reached {ite final destination--th= losss field.
During the we#‘seasons, rains wvera tha most effective azents
in the +ransportation of the loess, while during the &ry
szaeons the wvinds ver2 the more important. As the quarty
grains in the Huang-t'u formation ar= generallvy anzular, the
material mast have bheen transported more Hy winds than vy
water. As at the commencement ot the loass epoch, the
topography of northern China reached its maturity, large
quantities of sedimente could have »een deposited by the

Huanz-ho within many of the present valleys, and undoubhtedly
¢.
*» An arid rewionnno? necaesgarily entirely devoid of rain,
as in some parts of northern China, where aridity prevails
and dust storms are frequent, cerons have heen suczcessfully
grown each year,
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ths Great Plain was »uilt up, as it 1is today, »y the fine
detritus transported from the interior of Asia throuzh the
Yello? »iver. Durin~ the 4ry seasons, soms of the dried-up
muds of the alluvial plains were carried from the valleys b»y
ths winds and Adeposited on the slopes and sumnits of adjasent
hills and mountains. Much of this material was prohahly
transported in the form of very fine dust earried along in
the upper air currents. As has heen described in previous
vagzes, Bailey Williis has showmn that one must undserstand the
physiographi~ history of China since the middle Tertiary in
order to fully 2omprehend the relative values of the f;;tors
tha* har3 heen associated with the accumulation of the Huang-—
t'u formation. The Huang-+'u formation, in accordanee w1 th
the definition of Bailey Willis,inz2ludes both the loess proper
as it 13 developed in the mountainous regions, where it is
charactarized ny its frianility, fineness, and by the presence
of small ver+tical tuhe-1ike openings, and where 14 very rare-
1y displays traces of str%:ificaﬁion; and the alluvial Huang-
+'u whizh is confineqd toggfzuvial plains and which frequently
displays stre“ifiecation, occasionally includinz stratified
sands.

As the petrographical character of the Huang~t'u
formation of China has already bheen deserihed, and since its
physical aspects are almost universal, descriptions of loeal
daposits are not introduced here, »ut a few important facte

that have no* heen mentioned may »e enumerated. -

The surface of many of the districts underlain ny
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loess possesses a wavy appearance. In the course of its
erosion into perpendicular walls, the loegs often cssumes
geird forvms, somz of whish similate gigantiz columns. 1In

gom3 localities vegetation 1is very poorly dsvelonad; in others
i+ is entirely wantinz. The »elative rapidity with which

some of the cliffs develop, is exemplified »y the sunken
highways that traverse the loess districts. The dust pro-
duced »y *h~ zrindinz process of the cart wheels and of the
feet of men and bheasts 18 carried away by the winds and the
roads thus »ecome sunk helow the level of the zountry.

The loess 1s in itself a fertile soil, »at 1% seems prohadle
that there are widespread areas within which no irrigation is
possivle. AL soms means aan 2 devised wherehy these districtis
may be irrigated, the Huang-t'u formation will prove 4o he

¢ mo™= universal source of agricultural wealth in China.
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CHAPTRR V111.

THE GREAT PLAIN

The Gresat Plain of northeastern China, whickh com-
prises the Huang-ho hasin on the north and o some axtent
the deltaic plain of the Yano-tsze-kian~ on the south, 3overs
an arsa of avhout 20,000 square miles. Excludin~ that portion
of *re Shano—-tun~ peninsula wvhizk was formerly prohavly an
island, i+ stretzhes from the Y=211lo7 Sea and the GulP of Pe-
chi-11 on the east t0 the maroin of the elevated plateau of
Shan-si and the mountainous rezion in the province of Ho-nan
on the west., Prom the vicinitv of Shang-hai (adnout 1lat. 31
d=rrees north, lonr., 122 de~raes aast ) in ths provincse of
Kianr-gu in the south, 1+ extends to tle neisrh»ourhood of
Pekin> (ab»out 1at. +0 de=orees north, lon~. 117 de~orees eagt)
in +rs provinize o+ Chih-1i in tre north. From north to south
$ha Great Plain is from 700 %o 750 miles in length, and from
eas* 1o vést, i+ varies from 150 %o 600 miles in bhreadth.
This extensive area demcends meritly from an elevation of
about 1000 feet on ite vestern mar~sin to sea-level. I+ is
gaid that its averags altitude doeées not exceed 300 feet avove
t*e gea, Trhis vast plain is traversed »v numerous smaller
rivers and manv canals havs heen constructed throur: parts of
it. In general, the surface o0f the plain is not diversified
by hills or lakes. Locally, hovever, 1its southeastsrn port-
ion is characterized hy the presence of many Hodies of water

and numerous hills. The Great Plain has been »uilt up “Hy the
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silts andi muds »rouzht down by the Huang-ho (2400 miles in

length) and the Yang-tsze-kiang (3900 miles in length), and
in some measure »y the dust transported hv the winds. The
amount of sediment annuglly deposited is undoubtedly very
large. The very name Husno-ho or Yellow River indicates that
an excepticnally large quantity of material is ca-ried in
guspension »y that rivar, I¢{ has »een said that for firfty
centuries the water of this river has not once bHeen clear.
The growth of the plain has been very rapid. The %4own of
P'u-tai is said to have been situated one Chinese mils west
of the sea in the year 200 B.C.,(1 Chinese mile equals .36
English Miles) whiles in 1730 A.D., this town wss about 140
Chinese miles from the coast. Moreover, Sien-shwuy-kXow was
on the sea in 500 A.D., and it is now 18 Chinese miles in-
land. PFurthermore, it 1is said that the lower course of the
Huang-ho has h»een shifted more than fifteen times in the last
3000 years. Before 1852, the Yellow River, after flowing
eastward throush the western part of Ho-nan provinee, turned
at Lunz-men-kov in the same province and flowed southeasterly
to empty itself into the Yellow Sea at 34 degrees N. But st
present, it fturns at the sames point, flows northeastexly, and
discharges its contents into the Gulf of Pe—chi-11 at anout
38 d=zrses N, latitude. In 4the incessant shiftings which have
taken place, the miver haa moved over an area vossessing the
form of a fan vith a masnitude of provably 500 miles from
nortr to south and 300 miles from east +o weet. There have

¢
heen five shifts from the Gulf of Peahili to the Yellor Sea
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and hack, the river flowino into the former during tvo pariods

hefore the present for a total of Z420 vears, and into the
latter during two pericds fo~ a total of 792 years. The
freguenzy of #ths change of ita channsl is undoubtedly due to
the dammine up of i4s mouth by the accumulated material
brought down by its waters. It has heen reported that off
the sea-~coast the Yellow Sea has been growing shallower
avery year, althouzh the adjacent land is »elieved %o be
rising. The provinee of Shang-tung is b=2lisved %o havs heen
at one time a separate island, whish has hesn attached to the
main land »y *hes deposition of sediment »hHrought down hy the
Yellos River, |

The amoun* of material transported and deposited »y
the waters of any river wvithin any one period dep=snds upon
the physical characters and the climate of th2 surrounding
country. As the Huanr—ho takes its rise in Tibet and
Mongolia and 1is fed by a multitude oF trivutaries, whic
drain resions underlain »y the Huang-t'u formation, and since
thess regzions havs %esn denuded of forests, the quantity of
material annually *ransported hy the waters of this river 1is
necessarily great, beinz much greater than, the load of *he
Mississippi river, the Nile, or the Ganges. Dr, George P.
Merrilf states that the Huano-ho wriver annually carries

17, 520,000,000 cubic feet of dehris to the ocean.

* Merrill Rozk Weathdrine 2 Soils

I% has heen estinmated, hoqever, that the Huano-tho corries
to the sew, =ach ye2ar, 1753 milllon eubiz feet of suspended
metter.,
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The Mississippi river (ahout 3000 miles long ) 4transports
annually 812,500,000,000,000 pounds of silt or a mass which
would cover an area of one square mile with a thiczkness of
241 feet of silt, and in addition, sand and gravel to a thick-
ness of 27 feat., The 043l quantity of material annuslly
transported would amount to a mass with a base of one square
mile and a thickness of 268 feet., The Ganges (1,557 miles
in length ) annually »rings down 6,369,000,000 or 373,100,000
tons of sediment. Tre Nile (abhout 3400 miles in length)
discharzes 150,000,000 %ons of sediment each year.

In China disastrous floods have bheen grequent
occurrence, The earliest recordef'in the ancisn+% annals,
occurred in 2297 3.C.. In the 61st year of his reign
(2295 B.C.), Emperor Yaoun commissioned Kwan, father of Yu,
afterward Yu the Great, *o0 control the Great Deluge, bhut
despite nine years lanmor, he was not suzeessful. In the 72nd
vear of his reign (of Yaou, 2285 B.C.), Yu undsrtook the task
of his father, and within a period of eight years (in 2277 B.C)
he succeeded in subduing the deluge. This deluge was the
greatest that China has ever experienced. The waters linger-
ed in the country for a p=sriod of perhaps more than 30 yvears.
The total area affected hy this deluge wae undouvtedly very
rreat. From his work in dispelling the flood, Yu gained an
exact knovledge of the physical conditions or topography of

the China of that day. The present Yanz-tsze-kiang ané its

» Kang-kKeen yih-c¢he luh, Vol. 1, pages 6-7.
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tribvutary Han-kianz, the pregsent Huang-~ho with its trivutaries

the Wei-ho and Lo-ho were pointed out hHy Yu in the map that

was made from his surveys. f{he devaussating flood must have
»esn vary intense. I+ is said that heing so enthusiastic and
faithful to his work, Yu remained abroad for eicht years
without visitinz his family, althouzh *hrize he passed his
own door. The following passage translated from the ancient
annals portrays the maznitude of his worki- "Shur?i commiss-
joned Yu to continue his father's work. In order to drain the
nine districté?’to op=n up their channels, to dam their
marshes, and to survsy their mountaing, while travelling on
1and, he mode in a ws>zon; on water, he took a »oat; in miry
ravions, he used sledc;es*.z and on mountains, he wore hooking

i £
gsandals." On azeount of his great achievemsrnf Yu wss appoint-
ed to succeed Shun as Emperor, and in the 4th year of his
reign (2201 B.C. ), he cast nine tripodgﬁwith the g0154gather~
ad. from the districts., Rach of the tripods was adorned »Hy
some feature éﬁaracteristic of eazsl of the nine districts.
These may he rightly fegarded as the first relief casts made
in @hinsa. In spite of many elavorate attempts t0o prevent

them, disastrous floods have repesatedly occurred since the

famous epoch of £1l00d devastation which has just been describved.

* Shun was then regent Lo Emperor vauy hut afterward succeed-
ed him as emperor.

#1 On the completion of his work, Yu divided China into
nine "chows" or districts.

=2 A Tlat-hottomed contrivance used in travelling over niry
places.

23 A large bowl-1iks vessel having three legs which was used
by the ancients for sacrificial purposes.

#4 Here the word "gold" may he synonymous wvith "metslv -
viz, any of the metals.
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The 1eading question in this discussion is: What
are the causes of the frequent inundations of the Great Plain
in China? The answer may be found in a consideration of the
foliowin> toples:

(1) Deforestat ion.

(2) Ahsence of lakes in those rezions that feed the
Huang-ho and *he VYanz-tsze—-kianz.

(3) Bad drainagce.

(4) Bxcessive rainfall.
Unquestionably,the chief cause of the floods is 4o e found
in the thoroush Adeforestation of the country. Bad drainage
and excess of rainfall are 0 soms extent the direct results
of deforestation. I% is a recognized fact thaﬁ g Porest, in
addition to heautifyinz the landscape and yieldinz a wealth
of timber products, performs a* least threes other functions;
(1) 4o retain a large part of the rainfall and regulate the
run—-ofFT, (2) to minimize erosion, and (3) to prevent rapid
evaporation. A forest-213d area, as a general rile, is more
porous than a denuded rezion, hecauss the roots of the trees
ramify into the 2vound, and thus produss numerous openinegs in
ghizh much of the meteorie waters may 3 retained in larze
guantity.

The shade afforded by the foliase of a forest
rrectly reduzes the evaporation, and the moist =0il veneath

dence

the trees often supperts a Zﬁowth of shrubhs and moeses which
may appropriately 2 l1likened to a carpet of sponges in thsat
i* *akes up a 1arz2 proportion of a rainfall and releases it

very gradually to the streams and rivers. Widespread swamps

are of frequent occurrences in forested areas, while they are
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very rare in districts there ths forests have heen cut down.
In brief, forests rezulatevthe run—off* so that the »ivers and
streams maintain a more constant flow; deforestation parmits
rapid run-off, causing great fiuctustions in the volumes of
rivers and streams.

There ars no larzes lakes at or ahove the trinhutaries
of the Husnz-ho and the Yanz-taze-kiang. This 1is an import-
ant factor,ziving rise to the floods that so frequently visit
the Huanz-ho and the Yang-tsze—kKlang valleys, sine=s lakes
play the part of great reservoirs from which the run-off is
zradually passed to the oceans.

The »ad drainaze i3 largelv dus to the topography
of the country. As the Huang-ho and the Yang—tsze-klang
nasins descend do the Pazifice, first avbruptly and then zZently,
mizh of the pewbles, sands, and even the muds *ransported by
these rivers, are deposited within the channels of the lower
and more gently descending portions of their courses.
3asause of this fact, artificial embankments are thrown up Yy
the inhabitsnse in orde~ to confine the waters in the
ghannels, vhich otherwise are’liable to overflow. But during
pertods of exceptionally heavy rainfall, the torrents are soO
violent that the embankments, whether natural or artifiecial,
are broken through, and inundation results. In the past,
mos*t of the floods oceurring in the Huang-ho and in the Yang-
tsze velleys were dus %o these conditions.

Excessive rainfall is another factor leadinz up *o

£1004 devastation. By rgxcegsive rainfall" is meant thsat
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within a short period oFf time - a fer days or weeks, Or a
season, in whi-:h the total volume of the rainfall is abnormal-
ly 2reat, TFor instanee, at Hokin, 4he average annual rain-
fall (the average for ei~ht years) of the Hwai-ho river &
7ithin the region noted for the frequency of floods, was
36.67 inches, vhile in the mon*h of July, 1906, alon=, seven
inches of rain fell and a grea* flood was caused; in the same
rezion in August 1910, 11 inchss of rain resultedvin a very
disastrous flood.

The Huanz-ho has been knovn %o rise :0 feet in
times of flood, and b»reakin~ throuzh its embankments to
spread over the surrounding country in a devasting current,

30 miles wide and from 10 %0 20 feet deep.

How %0 prevent the flood disasters is a question of
the utmost importance for China. There are three ways of pre-—
vention - (1) »v reforestation, (2) by damminr, and (%) hy
dredoin~. o ona of thess means alons can he suszessful,

All three of them mus% ba employed in order %o sfficiently
golve the problem. Ths forestation of sartain distrizts vould
eventually produce desirable althourh not immediate results;
the erection of dams would “rinz immediate results;, if
dredzins is not =on%inuously carriedi on, the river soon
ovliterates the work done by the deposition of sands and

mids. In addition, nev canals must be excavated. In order
t0o hrin~> about immadiste, videspread and permanent resulis,

all of these four 1ines of activity must bHe carried on

» The Hwai-ho river, 800 miles in 1enzth, 18 situsted in
Eastern Central China, where it enters the ocean hetween
the Yellow river and the Yang-tsze—kianz.
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similtanecusly. In seekint a solution of the prodlem the
follovin~ scheme seems %0 commend itself:-

(1) G=% the people %o cooperate with the Government.
in ths preven*ion of floods, but hafore their cooperation can
be obtzined thay mist ha edusated to *he realization of the
true sauses and effects of floods. They mus* he led +0
realize that the question of re-forestation is intimately
connected with the Tlo04 problem as well as with the broader
problem of irrigatin~ azricultural lands. To educate *he
public in this matter, th= 7government and private instituﬁions
should ~ive 1llustrated lsctures and send out cireulars con-
earnine the matter in question. Moreover, the government
should create and enforce laws pertainins 4o the plantiin~ and
the suttin~ down of ¢rees,

(2) Emphasize the hensricial resulse that would
a*ttend the construction of dams and the openinz of sanals.

If $4he ~ovarnmen* is unahle %0 undertake the task aione, let
charters bes granted %o corporations for the excavation of
desirahle canals, as in the case of rallroad conatraction.
When this is done, not only will the flood devastation he
mitizated, Hut also traffis will be stimulated.

The construction of dams across the rivers in the upper
vortions of their courses vould *end to regulate the flow of
the falls and rapids alons the lower portions of 4he streams.
The water power created v the dams as wvell as ths natural
water power could thsn be afficiently utilized. With reason-

able encouragementvto the inveatment of capital, numerous



mgnufacturiny industries é%%ld be es*tavlished.

(3) Dredge the lower courses of the Huamg-ho znd
th3 Yanz-tsze—-kiang and the extension of their channels
heneath the waters of the Ysllor sea. This would »ring abhout
t70 important resultae:- (1. It would inz2rease the facility of
navigation and(2) it would reducses the slucgishnesss of the
lower czourses of thase rivers. In addition to heinz a very
real aid in prevsntinr f£loods, such procedure would expand
commarce.

From the remote past to *lie present, the Great Plain
has heen a scene of repeated famines hecause of periods of
drought and inundations. The f£lood of 1906 in the regzion of
the Hwai-ho swept away thousands of homes and terminated many
lives. Similar videspresad devastation occurred in 1910.

In 1887, a single flood of the Huang-iio drowned & miillion
paonle, »esides A=gtroyinr hundreds of wvillages and causing
famine by which the loss of 1life was increased. Because of
rapeated disasters of simile~ charazter, the Huang-ho is
mos* appropriately known as "China's Sorrowr, If vigorous
steps are not cuickly taken, a repetition of the floods may
b2 expazted in the naar future. Nature seems to have heen
cruel o these people, hut, in reality, nature is impartial
in 1ts acts, and the people suffer from Tloods, Hecause the
nation has not adapted itself 40 the conditions. In ori=sr +to
control nature we must first knov nature. Here science has

its place. Througzhout *his 4iscuseion, the application of



the sciences of geology and forestry and the technique of
en”ineering are plainly tha important factors that enter into
the sotu*ion of *the problem of *he prevention of these

floods,















