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PREF A CH

In the year I9I7 I took the opport}unity during my Summer
holiday to prepare a route-map of China, showing the geology
df some parts of that country; which I hoped might serve a use-~
ful purpose in my future geological research. On the completion
of this map, which perhaps hardly deserves the namne geological
map, because of its necess arily disconnectead charactar, I w=x
plessad to show it to Prof. W. S. Boulton. After a cursory
| glance Prof. Boultoﬁ senarked that it would be a useful under-
taking if I could carry my preliminary enquier a stage furtlﬁer.
At once I realized the pressing need of such a work, and decid-
-3d to seek for more information.

A8 the same professor hes happily pointed out, the nature
of my tesk is to briefly‘ but comprshens ivel.y summaris e the work
that hass besn done in comnection with Chinese geology during
’.t.he psst; thus to indicate the state of our knowledge at preecent;
and further, to bring out the vital points which demand inves-
--tigation in the immediate future. Being the first, a& far ==
I am aware, to attempt a work of this nature, Iam encouraged
to make a strenuous effort. |

Further corsideration of the vest ground covered by the
subject, and the limited time at my dis pos al, has compellad me
'however, to confine mysalf to the most important region of the
whole Republic, viz the eighteen provinces, usually known as

China Proper; and to rescerve the description and discussion of



the gaology of Mamymria, Mongolia, Chinese Turksstan and Tibet
to some future occesion, after I have accomplished my intended

joumay. At the prasent time, in these regions outside China‘
Proper not only is there very little geological information
available, but the geographical data are often uncartain or
even misleading. Mountains, rivers, 1akes etc., 0f comsiderable
importance, indicated on one map are often absent or marked
under different names on another. Therafore it is necessary to
& tablish our geographical knowladge with regard to the said
regioms, prefarably by making a reliables topographical map,
before we can start systematic geological study.

(In 2 separate copy)

At the end of this work a bibliography of geological 1lit-
2rature with mining notes concerning China Proper, a wall as‘
its deﬁendencies is introduced. It is by' no means complate, bu
I have 1ittle doubt that the more. important works and papa3rs
- ars mentioned.

Je S. L.
The University of Birmingham, Mgy, 1918,
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Students of Chinesae litsrature can hardly fail to find
the occasional occurrence of a prominient phrase "Blue seas

change into mulberry fields". The same phrase may be used as

a type-expression for a peculiar form of pessimism alluding
to thé inconstancy of human affairs, or may be raferrzd to for
depicting and emphasizing the mighty and persistant changes

taking place in the univarse. It is the latt2r sense of its
use that demands our attsntion. In ons of the Chinesa wrait-

ings of antiquity, inde3d the oldest still surviving to-day
belisvad to be compilad and revisad by four graat thinkers

tho‘QXpression "intens2 heat hiddan in the earth™ was us3ad
allegorically in the ravelation of som2 philosophical doct-
rine. - ‘
A cloge'enquity into the meaning of such phrasas and
their original source would show that the grander geological
processas and the more impoftant physical conditions exist-
1hg inside the earth had not entirely escaped the notice of
the ancient philosophers. Thus the first of thes2 quotations
mgr be reasonably understood to indicate the integraxion of
the almost imperceptible but incessant éhanges of the @arth's
surface during a long period of time, on thesa facts modern
uniformitarianism is pértially basad; while tﬂe latter cl2ar
=1y involves some concaption of a state of our planzt, which
suggests the existance of highly heated magma or "potantial

1liquid” with dts hécassaty temparaturs gradient towards the
outer portdon of tha cold crust.
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Similar brief atatemen{:s, aﬁd rude s ugges tioe s haping the
more definite conclweiors borne under modern elsborate s cien-
tifioc s tudies are not infrequently met with among ancient |
Chinee @ literature. The Chines s literati either gaze at these
mythical worde with indifferent regard or adapt them for the
purpce ¢ of decorating thoir e chols tic writings. One quotes
after another until the ¢ aying gradually become proverbial
trutls. But apart from a large number of volumes tfeating of
drainage sys teme and a few volumes treating of minerals,
Chines ¢ literature, = far = the writem knowledge goes, is
¢ ingularly wanting in original s ys tematic contridbutiors to
géological s cience. |

The rapid growth of s cience in general during the last
few decades hz nct s pared ite influence in prees ing geologis ¢
to contribute their due s hare. The hunger for wider knowledge
‘naturally arowe 8d by the fm cinating res toration of ancient
lande cape, and the vivid s peculation of phyw lography through
the succeading periods of the earth's his tory, together with
| growing need for opening up and developing the natural s torses
of miheral wealth have led many wes tern geologiste to diréct
their attention tc a new hunting ground in the Far Bas t. The
little knowledge that we have at pres ent concerning ithe geolo-
gy of that v&t area in the J iatic continent embraced by thé‘
Chines o Republic is largely due to the efforts of thee enthws-

/
® tic inves tigators who felt the call of the time. It may not

be too'early for w» te¢-day to appeal Lo the rising genera.t%

/
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of, the "Middle Kingdom" to realize their responsibility in
he}pjng towards the“ad.vancement of pure scienca on the one
hand, and on the ot.her/the solution of many vital problems
diractly or indirsctly related to industry through the light
of the knowledge so 6btain-ed. For the science of gsology
nature has prepared "tongues in the leaves of ANCIBNT traes

and books in the BURI®D brooks". It is only needed on out' part
to cultivats such aspirstion and capability as to listen and

to read.
T Before the exploration of Mpelly during the years I862
-I865 tha only records of geological observations in China were
stray'ord oc.casion"al notes made by travellers and missionaries
to‘ ‘relieve the inonotony of their journeys. Credit should be
attributed f.o this pioneer who made the first adventure under
enormous difﬂcuity for the s¢X= purpose of scieﬂtific research,
His route covered a large part of eastern Asia. The resulis of
'fp.is work were published by the Smithionian Saci;:y under the
title *Geological research in China, Japan & Mongolia".

o Kingém.ill during his lbng stay in China, madez occasional
vigsits to a number of 1ocalities in the southern provinces

and contributed a series of papers of which the "Notes con the
__§§°1°8y of China" and "A sketch of‘fﬁeology of a portion of
Quangtung" appear to be most important. Inithe year IB867 a

"Sketch of a journey from Canton to Hankow through the provinc
of Kwangtung , Kwangsi, Hunan, wWith geological notesn, wes pub-
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1ished in Journ. N. China Br. Roy. Asiatic Soc. by Bickmore
who also described the "Recent geological changes in China
& Japan" in I868. At ebout the same time, A. David recorded
his observations in Journ. d'un voyage en Mongolie et d'un
voyage on Chine dan le Kiang-si". Before thec> publications
"had attracted the attention of geologists to any extent the
famous esplorsr Von Richthofen had already commenced his
~penetrating journey. After publishing a large number of orig—
-inal papers, Richthofen and those who carried out his last
vdn curmed up his observations end f'ar reaching conclusions
in the importent work "China" together with an é,tlas of geol—
-cgical maps. These maps although in plaeces the inferences
drawn seem scarcely justified by the field-cbservations,

( a8 will appear later )are not qnly unique‘and therefore
valuable: but they have, no doudbt, stimulated, and will con-
-tinue to stimulate the interest of all investigators of the
geological structure of dhina.

Sincs Richthofen's time the number of explorers showed a
decided tendency to increase, the cause of which may be traced
to the romantic reports made by the earlier workers.

Loczy, an early contempory of Richthofean, attached him-
solf t.o the expedition of Szechenyi during the years I877-I88o,
They entered into China from the lower Yang-tze valley and
proceeded N, W. ward along the valley of the River Han. Aftosr

8 t
crossing Ts;ngllng,-Shan and making observations in the fooﬂulls

%f%an-Shan the expedition directed ite journsy southward to-
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"wards the mountain tegions ofHWestern Su-Chuan and Yun-nan,
NotWithstanding the dangerouvs naturé of the route, and the
unfeavorable circumetances for geological bbservations, Loczy
was abio, during his journsy, to compile voluminous reports,
many of which are valusble contributions to science, and they
6till stand e an authoritative source of information inasmuch
s they remain our only source of information for those regions,

Obrutchov a f2w years later méde soveral travarses across
south Mongolia, south Kan-su and a part of Shensi. Among his
brillient records of observations one may count those which
weré made during his sxplorastion intc tha high mountain ranges
of ¥an-Shan in N.VW. China. Unfortunat=ly the work that has bean
done by Obrutchov, in N. and N.W. China has been published,
largely if not exclusively, in the form ¢of fieald ﬁotes; the
deduction of Systematic geological data from these notes is an
exceedingly difficult matter. The writer has carefully searchad
for a separate vclume of his work in which he promised to give
a full sccount of his deductiombes=d on his own views; but has
not so far met with success. In all probability the said work
has never been published.

In the year I897 E. E. Anert wrote twc paperse on the geo-
logical results obtained by Koslow and Roborowsky during their
journey in central Asia and Manchuria. They were published
‘under the titles "Vorlauf Bericht der Mandechur'schen Bxpadit-

jon. d. k. russ. geoﬂg. Gesell. Geol. Theil". (Isw. russ. g2ogy,
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Goo._, vol. 13') and kpeditioﬁ zuz" Brfom chung der Mands churie.
Geol. Theil". (z.d. Georg. Geo., St. Peters burg. )

K. Futterer in the year I898 entered intc China from the
northwes tern frontier of the country. The firt part of his
Journey wae\ devoted to Chines ¢ Turkes tan. Travelling s outhess t -
ward he cras ed the great des ert of Gobi, and made obs ervaticms
along the northwes tern and s outhern fla.n]s of the Nan-s han
ranges , particularly in thee e regiors surrounding the iake Ku-
ku-nor and near the head watem of the Hwang-ho. Thence south;-
oz tward he cross ed the T ing-ling-s han, and finally arrived
-at the middle Yang-tze valiey; Thefe he completed his journey
in the year I899. 'i‘he ote ervatiors made by K. Futterer are
recorded in his work "Durch f ien". |

During the g ame years (I898-I1899) F. Iapfince-Ringuet LT )
im tructed by the French minis try of for:i:egn a:t‘faiis to join
the expedition sent to China by the Credit Lyomnais. After
travelling through Chi-l1i, than-si, Ho-nan and Hupeh,
Leprince-Ringuet reported his ote ervatiors and s wmarized his
views ‘in‘a:n able paper "Etude geclogique sur la Nord de la
Chinen. (Ann. des mines 9 s erie vol. I4 IS0I) In the s ame papg
he als ¢ made reference to Richthofen's work in N. China and
modified s ome of the latter's conclwiois.

More or less = contemporaries of the author mentioned

above, we may count Lorenz who hx made valuable contributicrs
to the s tratigraphy of Shan-tung, Vogels ang whee @ journey in

W. Hupeh and Y. Chi-1li ha brought
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many facts of petrological and economic importance te light,
Abendanon who devoted his study on the structure and strati-
graphy of the Red basin of Su-chuan and the Yang-tze gorges.
The papers and maps published by these writers are referred o
and discussed to some extent later.

In the years 1903-I904 an expedition headed by Bailey
Villis under the auspi‘ées of the Carnegei Institution, started
from Pekin and journeyed round N. China,and ended at the Yang-
tze gorges. Their route, apparently was never far from one of
the routes taken by Riehthofen. Dr. Willis summarized thess
observations obtained by his own party and compared their view
with those held by Richthofen, Suess¥, Loczy and others in his
éonprehensive and able work, the "Systematic geology of Chinan
This work would have been more complete and authoritative if
the auther had been able to obtain further data from southern
thina in additior to his own observations in northern China.

Our geologlcal knowledge concemlngm&&'—'%ﬁ%vinc% cf

China is largely due to the labour of ¥rench explorers. In the

years 1897-I1899 A. Leclere, a French minirng engineer, approach-
~ed Chins from her S.W. frontier and penetra'ted into Yun-nan,
Kwei-—chou and Kwang-si. He obs'erved the occurrerce of Cambrian,
-Devoﬁian, Carboniferous and Triessic form@tions. The fossils
collected by him were studied by M. Douville and others who
alse 0 recoggnized the Rheatic and Iisssic forms. The rock s peci-

-mens were studied by MMN. Levy, Locroix and Teclere himself.
The full report wss of the res aarch’ff)res ent2d to the Academie
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des Sciences in the year 1906. Léclere was followed by & H® M.
Moncd who discovered the Devonian ccal in Kwei-chou, and mede
cbe ervatiors . at many lecalities in S.E Yun—na.ﬁ. A comprehen-
sive account about Legendre's journey in thé To-l¢ district is
als¢ given by him Among the papers published by G. H. Monod
the following two appear to be most important: "Contribution a
"’i'etude geologique'des provinces meridionales de la Chine".Bul
econon. Indo-Chine, vol 4 pp. 6I19-637 I90I, "Notes sur quel-
ques pc_ints én 1itige au sujet dee; formations de la Chine ‘
meridionale et du Tonkin".-Marseille. (Imp. Huard.)

Tater H. Lantenois published an interesting account of
his research under the title "Note sur la geolcgie et mines de
la region comprise entre Lao-kay et Yun-man-fu" with a map.

The foesils collected by Lantenois were‘descr'ibed by MNansuy

~ and others. (Ann. des IMines I907.?) In the yzars I9I0-I9II J.De—
-prat contributed a series of papers to the Academie‘des Scien—
-cos. (Serie de Compt-Rendus domnes a 1'Academie des Sciences)
The & ane author in the follewing years, (I9I2-I9I3) with the
co—-cperation of the able palasotclogist Mamu:;r, pﬁblished an
elé,borate menoir entitled "Etude geclogique du Yun-nan Oriental
The writer has not met any cother work dealing with‘ the geology
of China, which attaims the equal' precision and lucidity as

the s aid volumes. | |

About the geclogy of Liau-tung, Yang-tze provinces and to
some extent Shan-tung, differsﬁt J apanese‘writers have writ-

~ten a number o¢f papers in the course of the last fifteen |
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years. Yokoyama, Yabe, Inouye, h Waya> and Noda are amcng the
well-Iknown contributors. Their papers are principally publis hei
in the Xourn. Soc. Imp. College. Japan, Journ. Geol. Soc. Tokyp
and the Bulletin of the Imp. Geol. &u'vey of Japan. -
Recently, Mr. V. K. Ting and Mr. C. Y. Wang, the only two
Chines ¢ geologie t¢ known to the writer, have contributed a few
papers havinga/'important bearing on economic geoclogy. It is to
be regretted that the resulte of the reported res earch of
¥Mr. Ting in the provinces of Yun-nan and Shan-si and of Mr.Vanp
"in the provinces of Kwang-e i end Hu-nan have not been publis hei,
Sertly before the Ghlneae Revolutlon in I9II, the Chinese
governmentlrés tablis hed a geological survey under the Minis try
.0f Agriculture and Commerce. The s ame ep tablis hment i s till
exis ting under the directorship of Mr. V. K. Ting. Whether the
Gruines © government 3s willing to raise sufficient funds and to
spend them in an efficVient way to carry out an extersive surve
is a matter that remeirs to be seen. S0 far, the writer hs na
found any reports or memoirs publis hed by the Chinese geoclog-
ical Survey. ‘
Other intermittent and e poradic information relating to
Chinee ¢ geology ha appeared in reports, journals, and magazines,
and hs grown in quantity largely in core equence of the recent
development of mining activities through-cut the country.
Thuwe it ¥ necess ary at the outset to gather up the multi

tude of & cattered papers and reports, and extract from them
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the relisgble geological daté. In‘thjs way & uch informaticn can
take its proper place in geoclogical literature; and further,
the lines for fubure investigatiors can be mapped out.

I am fully comsciowe of the danger in trying to extract
the truth from s 0 much material which cannot be taken for grarmt=
ed & all xfeliable; yet by advancing with caution and appeal-
ing alwaye t0 well-es tablis hedl firt principles of geoclogy, I
am emboldened to bi'ave the dangers and pweh forward.

This thes is I divided into three Is ectiors . in s actiocn I
phys iography is treated only in brevity in order to s ave s pace
and time. In section II general geology is dealt with at s one
length in four chapters. The first three are principally intemni
~ed to record the clese ified facts with a certain amount of dis-
cues ion, involving, to some extent, the writer's own opinion;
while the fourtl repres ents the complete ganeral conclws ion of
the writer. Hatters relé.ting to economic geology are menticoned
ins eition III to which a plate I attached, shdwing the minersd
depos ite in China.

With the rega;rd td the choice of information, the writer
realizes the importance, at the present s tage, of laying s tres
on s ecuring what he judges to be the more important and reli-
able facts ; premature arguments which s ometimes armount to mre

surmis e, are not introduced wherever avoidable.
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CHAPTER I. NRNERAT, PHYSIOGRAPHI CAT, DESCRI PTION
OF CHINA PROPTR.

A cursory glance at a geographical map of China would
diresct our attention to the significant array of three mighty
ﬁ_vem -Vfﬁwang-—ho,yf?mg-tze-kiang and;ﬁSi-kia,ng, flowing in a
general‘direction from west to east. The las t-named,ﬂj'vs:l-kiang
or the West River, though it covers a much sm:aller distence |
than the other two, is nevertheless, equally important from o
physiographical point of view. The fact that all these rivers
flow from west to east in a general seme, at once suggests
that the highland of Ghlna Proper lies on the west, whéeh— grad
-uall,/ diminishes in height towards east, till finially it siiks
beneath the Yellow Sea. Such a broad statement is only true in
a very broad sonse. Mountain ranges that attain cons picuous
height, and play important parts in detsrmining the topographic
-al faatures of the whola country are met both in N.E and S. K
dxina, as wili' be described later. For a moment 1lat us considar
how these three rivars have divided the whole country, or look
-ing from another point of view, how they are separatsd from
ene another,

Northarn China.

The northernmost one of the three rivers mentioned above,

is ,Bwang-ho or the Yellow River. As it emerges from the mount

-ainsous ‘region ofANan-shan, the river describes a large bdbend,



- 12 -

shgping an _:mverted U, and emb;'aces .Orfdos in the north, a part

of ‘Kan-su and the whole of Shan-si in the south. To the north
of this; bend 1lies the southern ‘oorder of the Mongolian platzau
To tho N;W. of it stands thé plateau-1ike wupland of'fha-shan

mgritled bj Gobi sands. The region enveloped by the bend is

\ ﬁearly're'cta'ngular. In all probability, it is on account of tle
pras ence of this huge block that the winding course of Hwang-

ho has bdeen detsermined. In the absence of a proper nane, the‘w
writer proposes a term Shen-kan plateau to indicate the area

A - .
almost encircled by the large bend of, Hwang-ho.

 To the east oft/béhen-gan plateau, and separa:ted from it by
the castarn limb of the great bend of”waang-—ho, we find, a 1org_
watarshed trending FNR To the oast of this watsrshed 1ies the
valley of Fen-ho which is oontinued to the RN% by the plain
of Tai-yuan," Further sdast there appears the Tthan-si platz2au
which stands consp:lcuously and abruptly above t.hé plain of Ho
«nan on the south, and the alluvial plain on the east.

The narrow constriction of?ﬁwang-‘xo valley in the south
of Shan-si and north of Ho-nan widens into two open plains,
each of 'them extsnds hﬁndrods' of miles: the one opening toward
N.E in the shape of a funnel, 1lies between northwestern Shan
-tung and southeastem Chi-1i. The surface of this pla,ln is
monotonous 1,{ flat and is oft.en flooded by the thrilling over-

flow of the Yellow River. We may call it the plain of S.E Chi
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-1 as it occupies a largs afea ’of that part of the province .
;I‘he other lies to the east due south of t.hé constriction of tle
Hvang-ho valley. It is likewise an alluvial plain covering
large areas of northern Ho-na:n, northern An-hwai, and northemn

Kiang-eu. Since tho year 1859 the lower course of Hwang-‘io has

doeerted this pla:ln and adopted itd present course in the plaii

of S.B Chi-1%. The writer proposes to call this plain Kwan-

bei plain f;'om the ancient name of the province of An-hwsi..

B'etween this plain and the plain of S.B, Chi-1i protr\;.des bold

f-ly t.he upland of Sha:n—- tung. The latter is best described as
an island rising ahove the a].luv.lal 58a.

‘Bordering the northwest2rn margin of th,e plain of S. I’

Gh:l-li, there aris2 parallel mountain ranges running in a N"
SwW direction. They have been s0 expressively described by
Richthofen as the "Grill of Peking"s Thes o parallel ranges occC-
.-upy a large tract of northwestern Chi-1li. Proceeding north-—
eas tward theJ maat the southern prolongation of the Great
Khingan range; and to the S.W., they join the Wu-tai andwwKi-
chou-s han mountains which end on their S.W. side, at the bordaﬂ
of the plain of Tai-yuan, locally known asmﬁin—chou bas 1n. The
southem extantion of the Wu~tai mountains completely amalga-
mates with the Shan-si plateau already referred to .Between ‘
the headland so to‘spea.k of the Shan-si plateau and the Grill

the an ‘
of Peking, after / fashion ofs/embayment, lies a portion of the
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vest plain of S. B Chi-li. To the southeaet of the embayment

the isle of Chan-tung with ite rugged weather-eaten feature,

stands boldly in the distance. It is becawee of this peculier
configuration that we recognize the grand and unique scenery

of N.E China.

Returning to the head waters of the Hwang-hc, and to the
north of it, we find a series of parallel moun{.ain ranges enter-
ing China Proper from the N,W, At first they pursue a S & course,
then turn towards 5 S E, then E,, and finally sweep round in a
N. B direction, Along the foot of the last-mentioned portion

the upper Hwang-hc flows northeas tward. These high mountain
ranges form a tfa,mitional belt between the Tibetan plateau,
the central water shed of eastern and central Asia, and the Gdr
region of southern Mongolia. The northwestern part of thes e

arcuate ranges are collectively known as Nan-shan ranges.

Central China

Separating the valley ofyfﬁwa.ng-hc in northern China from
the valley of the Yang-tze in cent,i'al China, the mighty range
of the Tsing-ling rume in an equatorial éirecticn for more tha
800 miles. This range may be regarded a& the main central wata
shad of China Proper. Unlike the esstern prolongation of the
Nan-shan ranges which bends towards MN.%,the Tsing-ling range
is believed by Richthofern and others to be the diréct rectilin-~

sar continumation of the Kwen-lun range in central Asia, and
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shows no cons picuous bending of its orographic axis as it pro-
cesds aastwards. Entering into China Proper by the northsrn
border of the Tibstan plateau, (:tothe south of the town of
Didao) the Tsing-ling range always pursues a course B bY S..
After passing thi'ough southern Kan-su, southern Shen-si, soutis-
-ern Ho-nan, it terminates somewha';, abruptly at the ﬁead water
6f the ﬁver Hwali. Along its length sevaral branches are given
.off; among them Ta~pa-shan and Mu-ling are mos t important. The
Tfirst of the two forms the northern border of the province of
Qu-chuan, and runs towards B S.B into central Hupeh. The second
br;nch forms the divide betwe'en t;he province of Ho-nan and the
province of Hupsh, and runs in a direction approxiz;iately par-
allel to the Ta-pa-shan dbranch. This range separates the watérs
feeding the riv‘!:sr I-Ian and Yang-tze-kiang on its southern side,
from the head watars of the river Waai on its northern side.

To the south of the Tsing-ling rangs, in the province of
Su-chuan, two neighbouring physiographisal ragions are disting-
-uishod_by their striking contrast of sesenic pebuliarities:

(2) The western region forms the tramsitional area betwaen thse
Tibetan plateau and China Proper with parallel high mountain

ranges rumning N-8, Between Ta-tsien-1lu and Ba-tung, the Gambu
attains a height‘of 7,400m, and the peaks of Déava. are believal
-~ to be still highei'. The upper Yang-tze-kiang or King-sha-kiang
flowe acroes these parallel momta."tm :in a s inuous cburs é. The

sam2 ranges extond southwards into W. Yun-nén. This feature is

well repreeentad on any geographical map of China by the parall~
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8l lines indicating the Kin-e'; ha~-kiang - gold-s anf-river, the
Ya-lung-kiang, the river Me-kong, and the river Salween and
the:.r trlbutaries. Regardlng wes tern Su-~chuan and wes tern Yun-
nan & asingle phy iographical unit, the writer propce s the
name Gi-shiu rangee for indicating the whole mountainhow area.
This reéion is comparable with the Nan-s han range in & far e
it forme the stepe by 'which the central upland of ess tern M ia
des cende to China. (b) A vast plain or b in lies irmediately
to the et of the Si-shiu mountainMows region. The country
within this b= in is éomparatively low and gensrally flat. By
far the greatet part of its surface is covered by red, fertilb
s0il. Hence it has been called the red bz in of Qu-chuan.
“Although the surfa,ce feature is nowhers characterized by prom—-
inent relief, parallel hill range running, in general, in a
northees terly direction are notichable. Sometimes they are roun
and gemble in outline, and s ometimes they are flat-topped or
even characterized by a depressed crest. On tne noi‘th, the bas-
in ¥ bordered by Ta-pa-e han, the important branch of the
® ing-ling range; on'thé & outh it reaches the border of Yun-na
and 'pénetra.tea into H.W. Kwei-chou. On the ez t three long énd’
deep gorges appear, through wl:ich the Yang-tze flovwe e twarde.

To the em t of the gorge dis trict men{.iohed above, and on
both s ides of the Yang-tze,the surface feature ares omewhat

irregular: Is olated hills s ometimee arrenge thems elvee in tho
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ahape of a dissected chain other times swoll up from the low
land at random. Broadly s peaking, we recognize an ill-defined

and irregular basin limited on the east by the hilly region of

S B, Hupeh, on tha south by the hills bordering the southem
margin of the laka Tung-ting in Hu-nan. We may call 1t/mddle
Yang-tzs bas in or/Tung-ting bas in.

To the 8. K, of tha hilly rsgioms of southaés tern Hupeh
lies the lake of Po-yang. From the neichbourhood of this laks
to the southeast and%ast beyond Nan-king, the whol2 region is
characterized by the array of hills and mountains having a
dominant anortheas t2rly trend. Following the change of tha trem
- @f orographic axes the river Yang-tz2 bends suddenly towards
K. E, This' northeasterly trendg is s0 comspicuous and pravails
in so extensive an area n‘xtj’iower Yang-tz2 vallay that it enableés
-8 us to recogniza a physiograpnical region covering the area
of Kiang-si, southern An-hwei, and southwestern Kiang-su..We
may comeniently call 1'1?/‘1 gfing-gang region after the a,ncient
names of Kiang-si and Nan-king.

Sou{.hem China.

Tet us now follow the main w atershed of southern China
from the west to the east. This watershed divides the vallay
of Si-kiang from t12 valley of upper and middle Yang-*ze. Ve
have already seon that the Si-shiu ranges extend from waos tern

Su~chuan into westarn and central Yun-nan. The strong relisf of
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the latter districts caused l;y thé parall:l mountain rangss,
and desp intermontans valleys, 1is gradually replaced eastward
by broad prolongation of plateau-like highland. Towards the
province of Kwei-chou, the land surface is charactized by the
fsature of a trué plateau which reaches as far as western
Hu-nan. Geographers have already given it a name Kwei-chou

platsau.

- On the southern border of the Kwei-chou plateau, between
Kwang-si and Kwel-chou a comns picuous raﬁge bagins to appear
which‘runs in an ém terly direction, forming the divide betwaen
Hi-nan and Kwang-tung. Further 2ast, it reaches the head watars
of‘Gang-kia:ng in'the s outhern part of the province of Kiang-si.
Thence fasst-ward a complete change of orographic axis takes‘
place. This ‘W-by S - E by N mighty range is known as-u/mNan—}.ing
or ;‘»outh-nangé, whicil amwerst/’the Tsing-ling range furthe‘r north,
The araa‘to the north of the crest line; of the Nan-ling range
is drained int-(?/‘zYang-tzs, while that to the south ;)f it is, On
the western part drained intot}‘gi—_kiang, and on the eastsrn
part d;lrectly into China S3a. Th; whole® area sambraced by the
province of Kwang-si and a large part of western Kvang-tung,
being dra.inéd by iho river Si-?kiang, may be regarded es Si-
kiang valley. |

4' In Yun-nan the orographic featurss are somewhat peculiar.

The chains bifwycate into two branches: Those lying in the west
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have a N-S trend, while those in the east trend S S.E The

latter runs parallel to the Red and Black rivers with decreas-

ing height towards Tonkin. Between these bifmycated chairs lies
the open plain of Pu-er. According to Suefslg7 the bifurcation pre-
-bably occurs at a piace s omewhere between Ta-li-fu and Yung-
ts ang-fu. It is due to this esstern branch of‘the\a bif’u\rcated‘
chain‘that the river Kin-sha-kiang is suddenly forced to take

an eassterly course along‘the northern border of Yun-nan; and
that the tributar.ies of Kin~sha-kiasng are separated‘from ﬁhose
Teading the Red river and Black‘riveréo

Southees tern China.

Having made a broad survey of the regiors adjoining the
three rivef valleys, there only remains the coastal provinces
of souiheastem China - Che-kiang and Fu-kien, to be dealt with,
W have already seen, as we.proceeded frém the W, to the B. of
central China, that the change of orographic axis in the neigh

the
-bourhood of /Po-yang lake is followed by the alteration of the

COUre o of"t;!e[ang-tl:ze from S B to N.E Again the Nan-ling range
vhich rurs almést W-B, suddenly gives way to an en‘é.irely diff-
grent system of moux‘ltaim at the head waters of Gang-kiang. |
These changes, as we would naturally expect, foreshaﬁoxv the
approach of a set of different physiograephical featuves char

~acterizing the southesstern provinces

~N



Starting from the nort‘:h.easﬁem corner of RKwang-tung, a
mountein range of comns iderable haight rurs towards IT.N.E.,and
forrs the northwestern border of Fu-kien and Che-kiang. The
hille of Hang-chcu appear to be the'northeas tern‘end of the
s ame range, TI“.Q‘ s outhern part of this range is generally known
& Ta=-yu-ling. Towards the north, the range is less percistent
and léss ‘contilnuous; various local names such &% Pao—-er-shlan,
Wi-lung-s han etc. have beeﬁ given to it. For convenieﬁce; the
writer ﬁro;ooses to call the whole range Ta-yu-ling. The ares
lying to the S. % of the Ta-yu-ling is drained by rivers runn-
ing in the directiors predominé.ntly perpendicular to the axié
of the range, but occasionally parallel to it. e.g., The river
Tung-kiang or Beggst River, rums in its upper half perpendicular
and in ite lowsr half parallel to the W.l.H tr2nd of the wata-
shed. The river Kiu;-lung-kiang whiclk enters into the Formeos a
Strait at Chang-choﬁ, flows almost strictly in a direction per
pendicular to tl;le axis of the Ta-yu-ling. The ccurss of the
river Min-kieng followe the tren& of the s ame range for ite
upper half-—-a smaller half; but at the south of the town of Yen-
ping, 1t bends abruptly,‘ and describes an angle of nearly 90
degrees. Thence southesstward, an 7. S.HE courss is persistent-
ly persued by the river, until it enters into the Formos a Strait,

Slmilar %.S.H course is observed with the Wu-kiang which enteys

into the Yellow Sea at Wen-chou. The only 1a,rge river in this



CHAPTER II
DESCRIPTI OF OF THE SEVERAL PHY SIOGRAPEI CAL
REGIOIS

Only thoee physicgraphical features which appear to bear

closs relation tc tectonice or otherwise impertant are dealt

with in further detail.

The esstern and southeas tern border of the
Mongolian plateau.

(a) The ezetern boundary of the Mongolian plateau is marle
od by the Great Khingan range trending N.N.E -S.S.W. Rising |
from the southern side of the river Argun at é,bout latitude
55N, longtituce 124’E., the range extends persistently towards
QS V., until it meetes the parallel hill ranges in N.W. Chi-1i
st about latitude 42N. longtitudelle. This range is peculiaf
inee mich & it only possescss an esstern slope, representing,

% it were, the landing at the head of the Staircace. By this
glgantic step Mongolia descends to Manchuria.

In the eastern Gobi region, from Urga tc Kalgan, the country
I8 not a desert plain, =& it is generally believed to be , dut
is more or less occupled by hills of fairly high altitude vary-
ing from I400m to I500 The hills diminish in height towards
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of Ku-ku-kho-?ci More or lese; coni:inuovs with the ranges men-
tiono& aﬁove‘but trending ir a more wee terly direction, are ‘
lbfty and precipitow heights ; along their feet the Hwang-ho
flow e twards. The wes tern part of thes e mountaire ic célled
Mani-uls by Prjewals ki and Wula-s han by‘RockhiDESI,t reachee a
‘altitude of 8000ft and forms a s harply defined block which
terminates on the northern s ide of the Hwaﬁg-ho in a wild manmey,

About 50K 1% west of thara-chata ris e ’t‘:he Suma-chata |
range; the latter ie higher thazl the former, but rum in a
parallel direction. To the north of the In-e han range and more
or lees parallel to it, there arises aser:‘nw of mountairs
Ou-thin-djo, T hanyim-ula, Shok-hc¢in-daban, theiten-ulaetc.,
sei)aratéd by :lntermoniane pla.‘lne:. Fufther north lis: the vt
area covered by the Gobi s ands .

Curving with the N, W, bend of the Hwang-he, 3z the arcuats
range of Chara—narin—ulz;, or Black-Mcuntaln. I 1 extends 370K.‘M.'.
Between this r‘ange a.nd the pres on{ cours e of the Ewanh—ﬁo lies
an Alluvial plein travem ed by a number of abandoned cbuxses o
the ¢ ame river. The ea tern portion of the range trends W, S'W.
which bends wes tward to a S & W. trend. The whole range I
wcunply incis ed. Ravines and ’ca'nnom run in,h dirsction oblique
to its orographic axis. |

‘N.W. of Chara-narin-uls, and parallel to it, Obrutchov
encountered parallél moufxtain rangee Which diminish in height
towarde the Gobi-Altai. According to Suess , the S W. continuatd
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of the Chara-narin-ula is far more exters ive than it is gener-

a).ly believea to bé. His inference is drawn from the account
furnis hed by Kare ua.kov?l*and EKw ].o%r].& Thes e two explorers nmet twc
hnghts - the Bargwe te-ula and ite probabls southwes tern
prolongaticm the Gori-—Yavari. Thes ¢ mountaire are s teep and
?recimtom s ugEss t:ung some relativrship to the principal cha.:‘m|,4°
the Chara-narin-ula. They extend acroes ‘the des ert with a nort.-
ez terly trend and vanish at a place about 80 miles N.E. of
the town of Kan-su. |

The wes ter:éz limd of the large bend of the Hwang-hc is
bordered on the wes tern s ide by the Ala-s han range r:is ing to
an altitude of 3000m in the vicinity ofiﬂing-s ha-fu. The wes t-
ern flank of thJs mountain is covered by des ért éands-. It is B~
lieved by Obrutchov that the mountain ranges coming from the
K. V. mset underneath the s ands of the Ala-s han. 'I.owczy als o
thinle that the rangee bordering the Hwané-—ho stand in s ome
relation to the es tern terndnation of the‘Nan-e han ranges.
fes after a cloe e examination of the data reiating to the
surface feature of the ez tern Nan-s han, ws compelled to
accept the _vi.ew held by Toczy and Ol;mtchar. It ssars to b2 a
significant fact that the arc thw formed by the union of the
two ranges shows a rude parallél:ism t¢ the amphitheatre of
Irkts uk.

e | The then-kan plateau

Thie fegipn ie cw tomarily divided by Chines e geographers

into two parts : (I) The northern, spamely populated region of
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Ordce ié & eparated by the Gréat Wé,ll from (2) the & outhern, mae¢
thickly populated region of Shen-si and Kaneu. The southern
linit of this plateau i dgerfined by the rivér Wei which flowe
in ean ez terly direction, and joire the Hwang-ho in the neigh-
bourhood of Tung-kwsan. | |

The main wa{;em hed of the Ghen-kan pglateau rure obliguely
acrees the huge rectangular block défineo‘. by the Hwang-hec and
the Wei-hec. It trends R. B, and partially coincides with the
CF-3) tem~port:imn of the Great Wall. The area lying to¢ the N. W,
of the main waters hed s drained into the wes tern limb of t;he
great bend of the Hwang-ho; and that lying to the S B of it
i¢ drained, on the northern part into the e=s tern limb of the
great bend of the Hwang-ho, and on the s outhern part into the
Wei-ho. |

'By far tha‘ greates i part of this region is ceovered by
wind-gorne depew ite . The atmes phere is extremely dry . Only Wak
theeé kind$ of vegetation which require lest amount ¢of melie -
ture can maintain their life. The general climatic conditiors
often bécome asolian during a period of drought.

The Nan-s han rangee

The northes tern :f‘orerm:mer of the Nan-shan ranges is the
Tung-s han range which lies to the N. B of sl-chou and Gan-choy
and rure in a S B direction, i.e., parallel‘to the other‘ran@s
to be des cribed pres ently. Thee e mountaire are divisible into
three portiors along their length: Bach of them pcoee eee e cort-
ain morphological peculiarities: Imagining ours elves approach-

ing the rangee from the N.®, and making three travers e, we
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s hould come acre,e each membér in the order des cribed below.

(a) N.VW, Nan-s han. To the south of the head waters of
the wee tern tributariee of the Su-lei-shui, ( such & the Si-
ghui etc.) and the strears which unité at the town of Schi-bac
chien, there arise the Da-ss jue-s han range or the Great-Snow-
mountain. To the south ¢f the Da;ssjue-s han lies the Ye-xﬁa-s ha
Between the Da-ss Jue-s han and the Ye-ma-s han, the river Ye-ma-
shui flowe westward. This river is often dry. To the S W. of
the Ye-ma-s han s tande the Humboldt range which is s eparated,
.on the.n-'.E., from the Ye-ma-s han, by the valley of the Isurgyn
gol; on the QA W,, from ths Ritter range by the valley of the
Chaltyn-gol. Further @ W. lies the Mus chketow mountain which
appears ‘to be, on Obrutchov's map, the wes tern continuation of
the s outh Kuku-nor range in the central Nan-s han region.

(b) Central Nan-é han, According to 6brutchov, the re-
gion of central Nan-s han i bounded on the northes tern si‘de‘y
a come picuows range'called the Richthofen nountain or the Chi-
uen-shan,.’ The N.B flank of this mountain ¥ cut by a number
of parallel cors equent s trears flowing northes tward. Among il»
rivers, the Lin-e ht.:l and the Da-pei-shui,are the longes t. The
town of Su-chou lies between the lower courses of these two
fivem. While travelling in the central Richthofen range, fron
the Z iu-fo-she to the Da-s he valley, Obrutchov oteerved a
thick moraine at an altitﬁdo ¢f 34I0m. Peale ris ing above 4600m

to 4800m were als o & een by the s ame geclogis t. Apparently gla

Al

cigl conditioms prevail in thes e localitiese at the preeent
time., The next range to the S W, of the Richthofen mountain is
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the To-lai-s han. Although thé lat{.er 3 lees impoes ing and
s'mallef in eize than the former, it i likewiso covered by
eternal s now, Between the To-lai-s han and the Richthofen
mountain lies the valley of ihe Chun-s hui, and a tributary of
the Da-pei-shui. To the S V. of the To-lai-shan rus the Alex-
ander iII i'a.ngo which probadbly ris e t6 SOOOm. It ds s eparated
from the To-—lai-s han by the valley of the To-].'ai-chuan, i.e.,
thé upper cbumé of the Da-pei-s hui. To the é.w. ‘of the Alex-
ander III range lies the Si-le-nan-s han or the Suess mountain
of Obrutchov. Between this mountaih and the Alexander III rang
the Su-lei-shui ¥lowe northward. Further S W. the mountain
rangee .fla\;.ton out into the open swamp of d outh Ts aidan.

(¢) S V. Nen-shan. Between Lian-chou and Lan-chou the
s now-clad Na.n-s haﬁ rangee suffer a rémai‘kable bend, éiving rise
to pirallel ai'cuate heights with their concave g ide opening to
wards the :nor'chi7 The northernmce t membaer of thes e approximately
concentric arce 3 the Mo-mo-s han which is believed by Obru-
tchov to be thé s outhes= tém‘prolongation of the Richthofen‘
range. It rums at firmt In an K S E direction, dbut near the
es tern end of Ithe thi-ts ho-ts e-s han the general trend becomes
‘EE.‘E. Thence o= tward‘:it. zs cohtinued by the Da-tac-bei-s han.
The next arc following on the s outh of the Mo-mc-e haix and its
e torn contination is the thi-e han which appéars; to be the
continuation of the To-lai-shan and the Ma-ling-s han int/"cfontrd
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Hen-s han ragion. Be tvard thé Shies ian arc is contirn2d by ihe
Ping-i‘an-s han of Ohruit;_ci.wv,._,;.A‘Lonf the ¢ outiiwx ter:i s ice ol the
Ma-ling-e lian, the .river Tﬂ."tbflff"ho flow s cuties twards , and
jo.xrs the upper Hwang+-he &t&r"::; wee t of Tan~-criou. To the &7
of the T a-tung-nc vallx - and the north of the lake Ku-ku-rwr
the mount,anx ranges are s omewant irregular, showing a t_-ui-«‘a

t¢c converge towards N.". and to diverge towarés & E. The town
of Sl-ning liee 1n the open fork. Te the QW. of thé Lake T

ku-ncr, long parallel ranges agai: appear. The first ¢ne bora-

ering the lake is the south Xu-ku-nor range; tiie rangs Is

—
V.
R
\

s eparated frpm its souitlwds tern succsss or, the Semeno mountain
by the open des ert valley of Da-nsi-s un-gcbi and a nuwirer ¢t

lakes .

.

-

The G.ar— 1 plateaws

¥ The province of Chan=si iE naturall> divided into taree
POTrLicre wee—— the sg tem‘tr‘z.e slateau, the central plrin or
valley, and the wes tern plateasu-1ike upland. The central plain
oofcuples the lex t area. Thee e stri 2 ¢ land extend in a meri
dional dirscticr.

W (a ) The characteris tic features o¢f the es terw plateauds
b‘mt spureciated by imagining c¢urs elves making a travers e from
ite sowthoagtern border to the northwes t. Q th2 north of T.ak
Kinr-, ﬁo-nan, the veet plai- of S % Chi-1i and ncrther: Ho-
nan suddénl - ends at the abrupt, wall-ilike edge of the S.ar—si

platesu which risee t¢ a heuight of 2000£t above tie lain or
36@01‘% abbve the s20. Ite rugged cre tellzted top i one of 1o
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most striking features. About ‘12'01:"15 northwest of this edge, a
second riss of similar character réig the surface of the
ground still higher. Above the second riss the altitude is ba-
lieved to be 6000ft above the sea level. The simple featurs of
the plateau s ometimes betray&bfgdvancad phas e of ercsion, which
- is particularly noticfable in the neighbourhood of the famnous
mining district Yang-chang-hsien. N.W. to the Wu-ling pass
(5000£t) the ground again falls abruptly, forming the western
sdge of the eastern plat2au. In the gorges cut by streams con-
ssquent to this striking change o altitude, a large number of
coal mines are s @3n in the districes of I-chung-hsien, Fou-
shan-hs ien etc. |

| (b) The central plain or the Fen-ho valley is bordered on
‘both sides by mountain ranges of varying height. The @astern
boundary of the valley runs along the western slopes of the
‘Ho-shan and its southern continuatien, the Fong-huang-shan range,
_Ihé elope of this broken mrange,":;%he wes tarn edge of the esstemn
Shan-si platean is generaily steen and pracipitous. The trend
of the range curves with the course of the Fen-ho; The Ho-shan
range trends almost N-S, but the Fong-huang-s hé.n ra:rige trénds'
NN.E on its northern part, and S.W. on its southern parti.
""I'hus the eaz-;, tarn margin of the Fen-ho vall23r,or the western
edgs of the easstern Shan-si plat.aa,ﬁ describes an arc with its
concave side facing N.¥W., Further south$et, this arc ic contin-

.ued by the Ta-hwa-shan range which curvas from B N.®B to W. by

. & Finally the range amalgamatses with the mighty Ts ing-ling.
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The wes tem boundary of the ﬁ‘eﬂ-—hé vallay is sometimes markad
by a gentle rise or sometimnmes b& an abrupt change of ground.
The mountaims lying to the west of Wen-shui-hsien and their
southem_ continuation, the O-shan rangé:;.?;: h;;n)on;g the more con
spicuous heights which bordef the western mé,rgin of the Fen-ho
vallay. The front of these heights is as a whole, less preci-
petous and 1less sharp than that of the corres ponding rangse |
bordering the esstern margin of the valley.
| (¢) With regard to the peculiar surface fsatures of tie
wes tern upiand of Shan-si, the writer is unable to find any
information.
The upland of Shan-tung

The upland of Shan-tung is boimd.ed on the S.W. by the
Grand Canal, Aand on the N.W. by the western portion of the
Kiao-chi railway ~— from Chi-nan-fu to Wei-hsien. The whole
mgion.is divided by a depree;s ad area in tile middle of the
province, lying betwesn Kiao-chou and Wei-hsien. In this low-
land the Wei-ho, the Kiao-ho‘ and their tributaries flow fromﬁ
the S to the ey and enter into the Gulf of Chi-li. To the
st of the central dapression 1lies the rugged and precipit-
ous penimsula ; to the,west of it mduntain rangds rise to gi‘eat
altitudes.

(a) In westorn Shan-tung three saries of parallal high
mountain ranges ara3 racognizable; @ach of then possess es}pecu-
liar orographic axis. (I) To the west ¢f the Yi-ho which flows

from the north to the south,. and joins the Gra.nci Canal at the
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south of Pei-chou, four cois picﬁoﬁs parallel rangee appear. Tle
gsouthess t-em‘parts of these ranges trend N.W,-S, %% But, proceed-
ing northwes tward, their axes change from SE-N.V. to B-WIFf
we draw_ a line by Jjoiming the pointe where the. bending of‘the
axee take placé, we would find such a line rumning almost per-
perdicular to the N. W, trend, that is, it rums in a northeastaly
direction. Emumerating the ranges from the S.W. to the N.E.,
the first is the Chuan-ku-shan which lies to the N.% of Tesou-
' ien, Teng-hsien, Yi-lﬁién, and thrcwe off a large number of‘
parallel cors aquent strears from ite southwestern flank to feed
the Grand Canal. The second is the Meng-s han (45%%1:.) which lks
to the N. KB of Sui-cshui-lsien and Pei-fs ien. In the valley be-
twaen the firet and the second ra:r'wge, ﬁwo longitudinagl s trears
now in opposite direction. The one that rurs towards the N.7.
- the Tzu-hec, bends southward at Yan-chcu-fu, and joirs the
Grand Canél; the other which rurs tow;vards ‘the S B - the Fang-
Ko, joirse the Yi-ho at Yi-chou-fu. The third r@gé is the Liezé— '
twa-s han (83280f£.) which“lies ‘to the W.E of Heiu-tai-keien
and Meng-yin-ls ien, and is separated from the s econd ra,nge,
mgng-shan, by the valley of the Wen~hc ard the Ttmg-wen—-ho.
Thes e two rivers flow in opposite directiom, and join the
Grand Canal and the Yi-ho respectively in the exactly similar
mermer e the Tzu-ho and the Fang-ho. do. The fourth is the
Yung-fu-s han or the Ao-shan which lies to the Ne 3. of the head
Wateis 6f the Yi-hc a.nd the Wu-wen-ho, o tributary of the Wen-
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ho. This fourth range is the s’h'oi'test amgng the four, but itie
most cone picuowe in its way of changing the trend. (2) To the
north and K. & of these parallel mountaire we find another
series of ranges which trend more or lees K N.E The Ti-s han
and the Tei-ehan (5050ft.at surmit) ranges between Chi-nan-fu
snd Ta.i--an-fu, the Ta-ku-shan and the Ta-hsien ranges f;etwéen
Qﬁn—-chém-fu and the ﬁeaﬁ waters of the Yun-ho are the typical
examples of this series. (3) A third series running almost N.-€
are particularly noticfable ;'ln the region to the easst ofuzgfi-—hc;‘
and the Shiu-hc. The latter flows southward s far = Shu-,w}ung»
!ai_en, thencé sweere round toward the est and finally eniers
into the Yellow Sea.

(b) Although the topographical features of esstern Shan-—
tung is not so regular e  that of western Shan-tung, a water-:-
she#. with its surface creet line trending E.N.;S.W. is recogr\xi-'
zable in the N.W, part of the penimsula. It ext‘.enda from the
'&W. of Lai-—cfi‘cu--fu, and pssseos the vicinity of Chao~yuen-hsien,
Further K.ﬁ s,t.w ';he soutlfg slu Hwang-hs ien, the trénd cfxa.nge
from S, VW,-N. & to W, At a po:int‘ to"‘the‘a north ¢f Chaoc-yuen-
he ien the‘w_at.ershed .attaim an altitude of 2500ft. 'P-iésavefage
haight ef=$t increz: o ess tivaro’.. At the surmmit of the Ai-shan,
the es tern terminal of the watershed, e height of 3I00ft. is
‘vrecorded. A large number of small coms equent'stream' drain the

cose tal districts lying to the N.W, of this watershed, intc



- 34 -
the :ulf of Chi-li. Parallel to the southern ccset of the pen-
imula, between La.1-yang-ha ien and Hai-yang-he ien, another
watershed exists. It sgsures the similar trend & that 1in the
northwes tern part of the penimula, but risee tc a smaller al-
titude on the averags. (from I300ft. to'zif:t?t.) Between theee two
waters heds lies a highly eroded' central area with dissected
chaire approximately trending N.-S In the valleys between the
chaine the river Wﬁ-lung-he, Ta—icu-hc and their tributaries
flow s cuthwards int6 the Yellow Se‘a.la7
| The Red bagin of Su-chuan

It h;s been already stated that the bas in is bordered on
tllxe north by impos ing mountain ranges. From western Ta-pa-shan
to Niu-tu-shan the axes of the bordex"ing mountairs cuﬁre from
alroet BT, to Ne B =S W From Niu-tu-s han s outhward the trend
©f the heights bends from N.T -8 W. to NeN.E-S & V. The alti-
tude of th‘ss arcuate ranges diminis hes for a t.ime ﬁ:;‘:"t.he north
of Ya-chou; but to the SV, of the s ame town coms picuous para-
1lel i'angea . again appear,trending N.-S They are collectivel:;'
known avy'%a-e han-ling, or the Great-méunt.ain—-rang& Suees con-
pares these‘mountaim bordering the'northwes iem margin of thé
red bae in with the Chara-narin-ula range in gouth Iu’.ongo].:i‘:.l On
the s outhess t,',the bas in 13 bor&ered by a long coentinuouws scarp
~the edge of the Kwei-chow plateau; on the south its margin
apparently éxtends &6 far g the south of Yun-ning.

In the esstern pa.tt of the bssin, more or less parallel
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hill ranges rise to a height\va’ry:ing from 300m to 400m above
the plain., The mean altitude of the e hills' gradually dimin-
ishee towards the northern and the wes tern part of the b= iz;;
and they show a tendency of approaching one another towards
the northes tern part of the bs in, & if vthey ::; laterally
compress ed. Between Chung-king tmd Tung-chang there are five
row of such hills trending N.E From Chung-king to Ta~ts u
four row of flat topped ridgeé are reporteé to accur. .ﬁs these
ridges extend northward, the definition of each ridge gradually
becomes vague. To the southes t of Ho-chou where the Kia-ling-
Kang comes from the north, the five &ifferent hill rangés ‘
cdmpletely emalgamate Into a united whole., Here the river cuts
gorges along its winding path producing attractive s cenery.
Furthér northe=s t, at a place to the north of the town of Wan-
¥ ien, hillecls rising to a haeight of about 400m, run in a E.iT.E.
direction. To the north of Ta-ning their trend i completsely
in accordance t;o‘,\ the sas tern prolongation ¢f the Ta-pa-s han ¥a
range. viz, B S B It is s ignificant that the changé of the
trend of theee hills is almest strictly follocwed by the corree-
ponding change of the course of the river Yang-tze in the
8as tern part of the b= in. |

In the s outhern and wes tern part of the b in there are
only two characteristic long ridges: One rurs in a northea terly

direction, and pses e the neighbourhood of tui-fu; and the otley
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rurs towards ‘Ya—chou. Both c;f 'them dis appear towards ,northesst.
Betwean Tung-chang and Kia-ting there 15 a large number of low
hills, but none of them seem to possess the peculiar feature
of the ridges dascribed above.

In the northwes tern part of the bssin lies a rectangular
plain. On the northesstern border of thie plajn is situated tle
town of Chen-tu, hence this plain is generally celled the plain
of Chen-tu. ﬁordering the et and northesst of the Chen-tu
plain, :;.re fairly notatle hill ranges which on the ezt {.rend
almet N.-S , while on the N, B, trend K. N.W,

In tfm northern and central part of the basin, the greund
Is esgentially flat. Nowhere it éxhibits significant relief
except on the border of the basin. To the north of Fwang-yuang
¥ ien Richthofen obe erved parallel mountain ranges att.aiﬁing
an altitude of 2000ft, trending W. ZOC"E':Zﬁ Since they are outs ide
the bee in, they should be regarded = members of the Ta-pa-s hé:
Tango. o

The river Yang-tze enters intc the Red Basin from ite
s outhwes tern comer‘and travels in a northess terly direction.
At Sui-fu it receives the water of the Min-kiang from the N.W.
After 6utting acrees the ridge near Sui-fu; (des cribed above) |
it sti11 edvances in a general northees terly direction, but
des cribes a rather sinuouws course. In the neighbourheood of
Chung—ki.ng it again cuts acroes a rumber of ridgee and receive
the wéter of the Kia-lin-kiang frem the north near the tewn of

Chung-king. At Fou-chow the river Wu-kiang meets the Yang-tze
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from th2 south. Thence nortl‘ieé tward it follow the trend of
the ridges; viz. N.N. B, for a comiderable distance.

Ai“ the south of Wan-lsien the river dbends towards the emsst,
completsly in accorda;ncé with tha trend of the hill ranges which
als 0 bend toward the esst = they approach the lofty Ta-pa-shan
range, the important branch of the is,ing.—ling-shan. Thenca‘itﬂ"a"""?kb:"
cuts a straight channel till the gorge distribt is reached.

¢ The Kweli-chou plateau

The highland forming the western part of the plateau dimi-~

mishee towards the e=mt. In the longitude ¢f Kwei-yang it bi-

furcateas into a south2rm and northern waters had with the valQ-

1oy of the Wu-kiang lying betwesen them.

~ The northern watamshsd is surrounded on the southe rn,
southess t3rn and ess tarn sidesby th2 river Wu-kiang which meets
the Yang-tze at Foo-chou.

To i;he s outh of Kwei-yang-fu the south2rn watermwhad rurs
in an ess tarly direction; in the naighbourhood of Too-zuen-fu
it suddenly turrs towards N.N.E The est2rn scarpd 51’ the
waters hed is steep and well-defined (3500ft.to 4500ft.) and
probadbly extands continuowsly to the g'orge district of the
Yeng-tze. By this remakkable, extemsive step the plateaun of
K;voi-chou des cends to Hunan, just s the Mongolian plateau de-
sceands to Manchuria by the Khingan step. In the neighbourhecod
bf Chen-yuan, the river Yuan cuts picturesqmue gorgee mimicking
thes @ of the middle Yang-tz2 region but in a smali:ar s cala:

Cliffs rise to a height from 400ft to 500ft; waterfalls appear
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in success ion along the cour':;? ’of\the river; underground rivess
and caves are of frequent occurrencésﬁ Thes @ features combine
to produce charming scenery.

| | The Tung=-ting bass in
and the adj ac;nnt dis tricts

The northern part of the Tung-ting bss in is charactarizéed
by a large numbar of lakes and marshy ground. In the scuthern
part of it an axtersiv2 area is occupied by the shallow lak2
of Tung-ting. The river Yang-tze anters into this region from
I-tu on‘its N.W. border. It :E'lom southes tward = far = the
mt;uth of the Tung-ting lake, thence the river suddenly turrs
to a northess terly direction, separating the hilly region on
its southess tern side from the marshy lowland on its nerthwes t-
arn side., After making a peculiar loop at Jin-ks, the river
again rums in a N, B direction till it meets {.he water of the
river Han at Hankow. T¢ the north of the city of Hankow a sharp
bend makes the river once mors to take a general southess torly
cours @ towards Kiu-kiang. From Hankow to Kiu-kiang four times
the river essumes :a locai W.-E course, sach of which corres -
ponds to a stretch of hill sﬁulr trending W.~-E | ‘

In the neighbourhood of the laks _Tung-;iing hills begin to
appear on its weat.em, southern and ess ter“ s ides. Thes @ hillks
gradually increms e in height s they racede from the nmargin of the

laks. They poes 3ss rathar irregular contours and forn watarm haelg

betwesan threas river valleys of Hu-itan.
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(I) The Yuan-kiang valley. The s ource of the rivar Yuan

liea in the ez tern part of the Kwei-chou plateau and the north-

srn foot of the Nan-ling. Proceeding north-north-es tward, um%m

~cuts gorges in the nelghbourhood of Chen-./uan. farther-IHS—3%t
pure uee a e omewhat s inuow , cour s, until finelly it enters int
the lake Tung-ting at ite s outhwes tern cormer. (2) The B z8-
kiang valley. ‘This valley is situated tc¢ the wee t of the Yuan-
Kang valley and the ezt of the Siang-kiang valley. The riief
B z6 descends from the Kan-lin: range 6n the s outhern border
of Hu-nan. In the upper paft, ‘the river flow nerthward. From
the wést of An-hwa, it'suddenly takeé an ex terly courme, and
enters into the lake Tung-ting at ite s outhesms term corner.
(3) The Sieng-kiang vallejr. The river Giang als o dep cends fron
tﬁe Nan-ling fange. But unlike the other two, its courme ie
almos t s trictly S -N., being parallel to the divide batween
the province of Hu,;nan and Kiang-si, i.e., the waters hed be-
tweean the Siaﬁg—kiéng valley and'Gang-kiang valley. The latt;.er
¥ connected wiih the Po-yang-hu bs iﬁ and therefore belongs
to a differsnt phyw iograﬁhicai region.

The material brought down by thes 2 rivers i onormouve in
quantity. According to the Chines =2 official record'%qthe land
6 urrounding the lake Tung=-ting, is gairing s everal million mao
per ;z/mum at the expers o 61’ the 1lske. It seers to be highly
probable that all the is olated lakes in the Tung-ting bes in
were originally commnected by a continuows s heet 01" water. Qub-

¢ equent infilling during very recent geologic:l tiie he been‘
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rés pore ible for thé growth of the cultivable land lying
between the rem/qnants (the is olated lakes ) of the ancient

extere ive lake.



CHAPTHR IIX

G BO-MORPHOTOGY

The s tudy of the successiva physiographical stagse in
northern and central China hss anabled Bailey Willis te raecog-
niza differant cycles o0f ercs ion during the lat continental |
period of that country. Although this subjact is extremsly
fe cinating in a country like China where the gaological deval-
opment hss bdeen ess entially continental, and revolutionary
morphological changes o0f the land-surface have taken place savw
sral times s ince tha Jursss ic period, (p227) The available dat
and the s pace of this thes is do not admit the writer toc entar
into the detalled discuss ion. Only the more important conclu-
iib:rs drawn by Willis are briefly indicated below.lsl,

Horthern China

Four success ive phys iographical s tages have bean dis ting-
wished by Willis in northern China.

(I) Pei-tai stage-A very agad form of peneplain is saeen
on the high piat.vsau of the Wu-tai-shan and 3lsewhers
in e term Msia. Willis regarés the period during
whic}fygeneplanation took placa, s the first stage d

the 1=t continental pericd in northarn China. He
calls it th2 Pei-tai stagse.
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(2) Tang-tsien stage " An eroded surface with moderats
relisf is well developed near Tang-lsien, Chi-li.
The penapglain rasulting from the Tang-ls ien cyéle of
ercs ion Is apparently less mature than that I{rom the
previows Pei-tai cycle of eoros ion.

(3) Hin-chou staée This third stage is one of a.ggra-

| dat:.on in northern China. The depos ition of loess
began at the bsglinning of this stage. Attributing tlez
production of the desert wat2 to the climatic cﬁan@
at the end of the Tertiary time, Willis sssigme this
s tage t¢ the opening of the Plais tocena apoch, but
he als 0 remaris that it may date back to the Pliocam
time.

(4) Fen-ho stage Judging from the young featurse of
the candms cut by the river Fen in Shan-si, Willis
believes that this fourth stage is the "wet recent one,

Central China

According to Willis only two stages of phys iographical

change ara ) recognizable in central China.

(I) Teing-ling stage The present Tsing-liig range is
suppes od to be built at the end of this stage. Wille
states that the ancient peneplain is still occas ion-
2l1ly seen on the summit of the s ame range; and that
it is difficult to correléta the Tsing-ling s tage
with the stages whici he is able to distinguish in

northarn China.
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(2) Yang—-tze s tage i‘ollm;ving the B ing-ling stage is
the f(a:ag-tze s tage which, according tb Willis, Ik
equivaleﬁt to the Fen-ho s tage in northern China.

Some remarle on the develoPmént of the Yang-tze-kiang.

Cormenting on the hydrographic s ys tem of ihe I\ted Bs'in of

M -chuan and wee tern Hupeh, A.Knie;%ﬂs peale of the advanced
pel:leplamtion of the middle Yalng-tze region, and the meandering
of the river without clcee connection to the rocle-s tructure;
while Abendanoxi writes ¢ "The indifference of the c‘ouxse.of the
middle Yang-tze to the general land-s tructure ris ing from s outh
to north, might account to the anteéedent theory. On the other
hand, the bending round of the Yang-tze near Wan-hs ien, from a
general N.M.E to an B N.E coum e,in complete é.ccordance to
the turn of the anticlines of the Red Be in agairs t T ing~-Ling-
shan, ©eem to bear agairst this theory, for here the rive‘f ha.
followed the mountain s tructure”.

From the rmmarls made By Kniep, we would gather that the
middle Yang-tze hes already reached its bss e level of ercsion;
but this idéa ¢ contradicted by the fact that swift current
continuowe ly pours down from the gorges, and does the work ef
corrs ion and abre ion inuan energetic manner; indeed the river
meniffes t& every youthful feature. Moreover the course of the
Yang-tze in the gorgé dis trict, ‘is s ometimes parallel to the
axe ‘of the folded strata, (above Ba-tung-Is ien) and s ometimee

perpendicular to them, (atthe I-chang gerge) showing that it
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does bear s ome connection tc; the‘rock s tructure. Therefore we
cannot regard Kniep's remark sither s an anouncement of facts
o'r s ome prealiminary suggee tion which might evolve to an accept
ah‘la hypothes is . Abenda;non's account quoted above is nmuch moré
eoh;&gfmt,\with the obs erved facts. To account for tne existing
hydrograpnic system in the upper and the middle Yang-tze regim
Abendanon writes that it is probably due to the combinad effed
of antecadent and regressed rivers. This hypothesis suffers tle
criticism of being too elmtic; it only gives W a vague impred-
sion about the development of the mighty river. ‘
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Selection of data =~-~ 1In endeavourinz to gather

various kind of adequate information to form the frame-
work of this chapter, two principles are constantly kept
in view: (1) the data must be reliable in so far ac the
writer is able to judge. (2) They must be fairly typical
over a rather wide area, in other words they may be taken
as representatives, so to speak, of the stratigraphical
facts of a region in which geological conditions are |
essentially similar all over the area. That kind of
informétion which does not satisfy both of these two
conditions is discarded. From the second it follows that
observations of merely local importance, are left out of
consideration. It would be against the original intention
for the preparation of this work, if every detail of known
facts were to be included,

Sometimes the records made by different observers at
different times in the same district tend to confirm one
another, butvin other cases they do not entirely agree or
may even conflict. In dealing with such cases the writer
thinks that the safest and the most unbiased way is to cite

all the accounts of observations, as far as convenience of
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description permits, in the original form; and leave them
to fight their own battle,

In all cases, attempt is made to distinguish the
observed facts from deduced data, so that even ~“hen the
deduction fails, which may be expected to occur as our
knowledge grows, the established facts would not suffer
any distortion or be otherwise affected.

The treatment of each system or a group of systems,
except the post Jurassic, is divided into three parts:

(1) General remarks on the outstanding points characterizing
the particular system or a group of systems are made, A
short historical account concerning the establishment of any
system peculiar to China is also inserted under the same
heading. (2) The stratigraphical sequences determined

by different observers in various regions are dealt with
under the heading of field observations, These form the
fundamental data from which all deductions are to be derived.
In this part of the work, save the general arrangement,
translation, para-phrasing and wording, the writer's own
opinion is very 1little concerned. The description of each
unit or a series in a sequence is found sometimes too brief
and sometimes too full of superfluous materizl, In the
former case, the description is amplified, if possible, by
adding further notes which are drawn from one and the same
autho?'s work but not necessarily from the same part of it.

In the latter case, material that appears to be superfluous



#

has been omitted, the writer must accept the responsibility
for such abridgement. (3) Evidence and arguments (if any)
are brought forward under the heading of correlation or
summary, as the case may be, in which a certain amount of
the writer's opinion is involved.

By far the greater number of fossils that have been
described and figured by different palaeontologists are
mentioned in connection with the descrintion of the geological
formations which yield them or with reference to the exact
locality from which they have been collected. The large
lists of fossils appear at first sight, to be out of propor=-
tion in this thesis; but that this is not really so is
seen when it is realised how vital a part each species may
play in the determination of age and the correlation of
strata both in the present and future stratigraphical study
in China.

The weight of any inference drawn with regard to the
question of age of cértain strate must ultimately denend on
the authentity of the specific determination of the fossils that
they yield. With regret, the writer considers himself not
in a position to take part in palaeontological discussion;
nor ig it desirable to bring such discussion into this thesis;
The specific and generic names given by different palaéontolo—
giste are arranged in separate lists with reference to the
original papers in which the actual specimens are described
and figured.

Terms, notations, etc, used in this section =---=- In
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northern China where stratigraphy is comparatively simple,
a number of peculiar systems has been recognised by |
Richthofen, Bailey, Willis and others. The names Ziven

to these systems are adopted in this thesis either in
their original sense or slightly mddified by the writer,

In both cases, they are clearly defined under the heading
of General Remarks of each system or a group of systems.
The application of these peculiar terms in southern China
does not seem to be possiﬁle, for there the stratigraphical
record is much more complete and complicated than that of
.northern China. The writer has attempted to extend the use
of these terms to a large part, if not the whole of the
country with the object of simplifyying matters relating to
stratigraphical correlation; but reports after reports from
southern China have forced him to abandon this plan.

Having made no personal field observations, I feel
scarcely justified in classifying Chinese geological
formations under new systems, though frequently such a
procedure appears to be desirable. To do éo it would
necessitate the introduction of new terms, which is too
heavy a responsibility for the writer to accept, at all
events at preseht. On the other hand I do not hesitate to
assert the presence of certain large groups of formations
in China equivalent to those developed in Europe and North
America during different periods on the strength of

palaeontological evidence. Being governed hy these



circumstances, a»sﬁitable method for denoting a group of
formations with respect to their approximate age be comes
necessary. To form the heading under which each groun of
formations is to be described, T use the names of definite
geological period or periods combined withihyphen (=) and
dots (...). A hyphen between the names of two periods means
the duration of the two periods, while dots are meant to
signify the uncertainty of the chronological extension of a
Ow Wlirlion
group and yet not far from the period to which the dots are
attached, e.g. CAMBRIAN-MIDDLE ORDOVICIAN®++ represents a
group of formations, the lowest member of which was formed
‘at the beginning of the Cambrian time, While the uppermost
member may extend to some short period after the close of

<

the Middle Ordovician. It is hardly necessary to say that
such groups are for the convenience of
description. |

Utmost care is taken to prevent straining the original
statements recording field observations, when they are
subjected to reconstruction. A nﬁmber of vague technical
terms frequently occur in French and German works, e.ge.
French Geologists seem to use the word "schist" dometimes
for shale and sometimes for slates, while German Writers
use the term-"schiefer" in various senses, To avoid
confusion and vagueness I render all these terms into what
appears to be the most appropriate English word for each

particular case and put the original in bracket.



All stratigraphical sequences arec arranged in descending
order and numbered from the base of a sequence upwards. The
lettering or notation of each set of beds in a sequence. and
the sténdard of me asurements quoted or abstracted Irown various
works are kept in their original form at the expense of
uniformity of style, The objeot is to attain the greatest
facility for tracing the information to its original source.
The standards used for measuring distance and thickness are
English mile ', kilometer , 1li.., foot and meter,

English, French and CGerman writers all have their
peculiar ways iébspelling dhinese names. They may not
- exactly convey the original Chinese pronounciation but the
writer thinks it desirable not to alter them for the same
reason as stated above. 1In this connection two excentions,
however, occur: (1) "Ch" attached to the beginning of a
syllable given by French writers is replaced by 'Sh' in this
thesis. (2) 'J' placed at the beginning of a syllable
given by German writers is replaced by 'Y'; e.g. '"Chann' is
transformed into 'Shann' and Jen-tsai-yi is transformed
into Yen~tsai-yi.

Before- proceedins to deal with cach system or a group
of systems, I here introduce a table showing the general
stratigraphical succession in different parts of China, and
the lateral equivalents of each formation. It is based on

the conclusions drawn by different geologists and palaeontologists



mentioned in this chapter, and alo, to a certain extent,
on the writer's 0pinién.
Notations in the table:
Conformable junction between two formations is denoted DY —meo
Unconformable " " " " " " L

Uncertainty of the nature of the junction between two

formations is denoted by ... vee  me———

[ See the sepavate (ovrelation table )
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PRE-+CAMBRTIANTN
or

The Pre-Sigﬁ@;an Systemse

(1) General Remarks.

Rocks classified here under the term pre-Sinisian systems are
characterized by their stratigraphical vosition below the plane of
pre-Sinisian unconformity, or the lowest stratum of the Sinisian
system as defined later. Since we have good reason to believe that
the lowest Sinisian bed is equivalent to the lowest Cambrian bed,
we may regard the pre-Sinisian systems in China as equivalent to the
pre-Cambrian systems in the other parts of the world. It is, how-
ever, important to note that, although thgiégnisian systems occupy
as a whole, the lowest stratigraphical position in Chinese geolégy,
they are not necessarily the oldest rocks; for intrusions of much
younger age than Cambrian are intermingled with the true pre-Cambrian
formationse

The pre-Sinisian systems include rocks of various kinds -
igneous, sedimentary and metamorphic. The last mentioned is more
predominating in these systems than in any others: Nearly every
member of the pre-Sinisian systems shows signs of metamorphism in the
wider sense of the terme. They are often so badly altered that one
can hardly make out whether they were of sedimentary or i meoyg

Y

origine Buikhighly metamorphosed rocks in China do not necessarily
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belong to pre-Sinisian systems; for large masses of schists probably
ateqrt b vl 157
of mesozoic age occur in the eastern Tsing-ling=-shan, according to

A

Bailey Willis; and palaeozoic gneiss and schists showing a pre-
Sinisian aspect are exposed at many localities in S.E. Yunenan,
according to Je Depraé}aMA,aM&*fﬁ

Pre=Sinisian rocks are generally unfossiliferous for all we
know. Even in those members which are most favourably disposed to
preserve organic remains, such as shales and limestones,no more
than traces of doubtful fucoidal inpressions and enigmatical worm
tracks have been founde. Curved and minutely contorted laminae of
flints are reported to occur in pre-~Sinisian strata. They are

20! fo eho wsunke Hint

compared by Willis with Cryptozoan Proliferum, Halle. But,such peculiar
structure seems to be more likely due to mechanical cause rather
than organic origin.

Important exposures of the pre-Sinisian rocks are chiefly
known in northern China in the provinces of Shan-tung, Chi-1i, Shan-
si, the Nan-shan region,and the Tsing-ling range. But in southern
China they are also exposed here and there: The principal exposures
are in western Su-chuan or the Si-Shiu ranges, middle Yang-tze,
northern An-hwei, southern Kwang-tung and probably in some parts of

12
the southeastern coaste.

On account of the grand development of the pre-Sinisian or
pre-Cambrian rocks in northern China, it seems to be desirable to

subdivide them into different systems. Such systems, when we can

¢

consider them as well-established, would be not only of local value
throw much light

but would besxr much importsaree on the early geological development

of the world. At present all that we know for certain during the



pre-Cambrian time in China is that prolonged sedimentation was
punctuated by earth movements. The nature of the geological pro-
cesses in this ancient time does not appear to have differed mat-

erially in kind ard probably nér in degree from ¥hat which may-be

;igggggi;Zﬁﬁon to- the later geological processes since Cambriam &%
time. Although the available data are insufficient to warrant the
establishment of different pre-Sinisian systems purely from strat-
igraphical point of view, the three principal lithological and
structural types of the pre-Sinisian rocks exposed on the S.E.
flank of the Vu-tai-shan seem to invite us to attempt, at least
provisionally some chronological division of the pre-Sinisian period.
Bailey Willis has used the terms "Eo-proterozoigatfor repre-
senting the early part of the Algonkian time and "Neo-proterozoic"
for the later part of the same periode. Obviously he uses the term
proterozoic in a different sense from what has been defined by Prof.
C. Lapworth who has contracted the term as protozoic, and used it to
indicate the lower palaeozoic groups. Regarding the marbles and
schists in the fundamental complex, the lowest group of the pre-
Sinisian systems (see pp§§ ) as altered sediments, the writer ven-
tures to call these sediments Eo-proterozoic formation; Accordingly
he regards the Eo-proterozoic of Willis as Meso-proterozoic and uses
the tern Neo-proterozoic in the sense as originally defined by Willis,.
According to this scheme, we have three periods in pre-Sinisian or
pre-Cambrian time: The oldest which is represented by the highly
altered sediments intermingled in the fundamental complex, is

eo~-proterozioc, the second is meso-proferozioc and the third neo-

proterozioce.



(I1) Field Observations.

N.E. China.e.

Western Chi-1li and Northern Shan-sgi.

In the district of Wu-tal-shan and the adjoining regions,

Willis and Blackwelder recognized three groups of pre=Sinisian

formations:lgq
C. Hu-to systeme.
B., Wu-tal system.
A. Tal-shan complex.
A. Tai-shan complex The rocks of the Tal-shan complex are,

according to Willis and Blackwelder, broadly exposed in the vicin-
ity of Tang-hsien and Fou-ping-hsien, Chi-1li, and along the divide
between that province and Shan-si. They occur also in the dissected
upland west and south of the city of Hin-chou, on the northwestern
foot of the Ki-chou-shan, and more extensively along the northern
base of the Wu-=tai mountains.

In the Tang-hsien and Fou-ping=-hsien district the nature
of the compléx is in general the same, and grades from "gneissoid
granite" into mica-schist. It is usually .quartzose with a small
amount of hornblende or biotile. Lenticles of amphibole schist ang
biotile schist, varying from a few inches to a few feet in size, are

numerous at places. Small masses of coursé white marble with or
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without streaks of white mica occur in association with mica schist.
In the more quartzose variety of the complex there are few or no
felsparse. Parallel layers of acidic composition, possibly owing their
origin to early intrusion, are in some cases responsible for the band-
ed structure; in other cases they give rise to peculiar designs when
folded or contorted. (see section )

Intruded into the complex mentioned above, there are granites,
aplites, granite-porphyries, felspar porphyries, and altered basic
rocks generally classified as greenstones. The acid rocks occur as
dykes of varying size in the mountains near Tang-hsien and the
vicinity of Fou-ping-hsien. Some of the aplites appear to be apop-
hyses of large granite porphyriese. Veins of quartz and pegmatite
traversing the complex are frequently seen. They may be genetically
connected with the granite. In the west of Fou-ping-hsien horn-
blende becomes the prominent conséituent of the pegmatites. The
basic dykes are well exposed in the region of Fou-ping-hsien and
Tang-hsien. Their number and thickness increase towards the "u-tal=-
shane One dyke of greenstone exposed at the south-east end of the
mountain west of Wan-hsien, is as wide as 400 ft. These basic rocks
are altered to various extent, ranging from those which hardly
show any sign of strained condition to epidiorite and hornblende
schist.

On the northwestern side of the "u-tal-shan the prevailing
rock is a reddish mica-gneiss traversed by schistoze greenstone.
Richthofen first reported its occurence in this district, and he

<9
regards it as basal gneiss. Willis identified the same rock during
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his hurried Jjourney.

The red and grey granite exposed in the Hin-echou:> district,
are composed of orthoclase, biotile and blueish grey quartz.
Although they themselves do not appear to have been highly meta-
morphosed, the greenstones which,intruded into them are usually
schistose.

B. Wu-tai systeme. In the Wu-tal district, S.E. of Shi-

tsul, Willis and Blackwelder observed soft grey mica schist overlying
the typical Tai-shan complexe This schist is quickly followed upwards
by coarse-grained felspathie quartzite. This quartzite is regarded
by Willis as the first indisputable sediments that overlie the
gneissic complex in the Wu-=tail district. Owing to the advanced
metamorphism that both the quartzite and the gnelss have suffered,
Willis and Blackwelder were unable to determine the actual Jjunction
between the two. Nevertheless they state that the whole sequence of
rocks lying above the soft grey mica schist is distinctly stratified,
and the strata are much less intensely metamorphosed than the under-
lying complex, Therefore they infer that the junction between the
Tai-shan complex and its overlying series must be an unconformable
one. They call the overlying series "Wu-tal system".

The rocks belonging to the Wu-tal system are well exposed along
the S.E. flank of the Wu-tai-shan. Thelir apparent succession was
observed by Willis and Blackweldeé%' The following sequence is not
exposed along a single section, but is a combination of the exposed
succession of strata in three sections, viz. Shi-tsui section,

(1 to 19) Shan-ho-miau section. (20 to 26) and Wu-tai-shan section



(27 to 33)

The numbering of the strata given below is not in

accordance with the interpreted sequence as given by ™illis and

Blackwelder, but is intended to denote what appears to be the

apparent succession of the "u-tal system on the southeastern flank

of the "u-tai-shan as observed by the same geologists (see section

NOo.S )
340

31,

30

29 o

Gneiss composed of quartz, felspar, muscovite
and chlorite; metamorphosed to an advanced
stage, partial recrystallization being rec-
ognizable. This gneiss grades into a belt

of grey muscovite-schist vhich passes downwards
insensibly into the underlying chloritee It

is exposed on the northern part of the peak

of Pei-tai; and is not shown in the section.

Chlorite schist appears to be monotonously
uniform over a large area of the upper part

of the "wi~-tai-shan. Close examination

however shows that it is sometimes massive,

not well cleaved, and sometimes a true phyllite.
All the mineral grains may be composed of

pure chlorite or may be mingled with biotite

or quartzo.

Following the chlorite schist, quartzite

and sericitic elements gradually appear. The
rock changes from finely laminated quartz-
gericitic-schist to grey fissile schistose
quartzite with pink felsparse.

"he above arkose series gradually merges into
a conglomeratic schist consisting of quartzite
and granite pebbles of various size, embedded
in a matrix of chlorite schist or greywacke
schist. The pebbles are severely deformed,
flattened, elongated with their long axes
lying in the plane of schistositye.

Grey quartz-mica-schiste.

Arkose schist followed by green schistose
conglomerate. (Note. The above two beds
are essentially similar. to 32 and 31, the
recurrence of these beds, according to
"illis, suggests the existence of a thrust
plane between 31 and 30.)



28, Hard reddish brown and grey banded

27 o

26,

25

24.

23

22

2le

quartzite and siliceous marble with

thin layers of sericite-phyllite and
chlorite-schiste The quartzite is locally
conglomeratic containing large well
rounded pebbles of quartz and quartzite.

Banded grey quartzite and siliceous
marble with thin layers of slates and
local beds of hematite near the thrust
described below, and bands of jasper
exposed to the N.,E. of the Tai-shanvho.

Near the temple of Shan-ho-miau, there
is a thrust. The general trend of the
"outcrop" of the thrust plane is more
towards the east than the strike under-
lying beds which strike N.E,

White marble with thin layers of Garnet-
schiste.

Alternstion of chlorite and biotite schiste
with schistose brown quartzite.

Pure white marble massive and medium-
grained.

Alternation of garnet-biotite-schiet
and chlorite schist with banded grey
and reddish brown quartzitese. The
quartzites are more or less schistosee.

Coarse-grained white marble with thinner
strata of garnet-schistse.

Riotite-garnet-staurolite-schist.

( Note. 26 to 24 and 24 tos2l are interpreted by Villis and
Blackwelder as two limbs/a sync'inee.)

20

Massive grey "Augen-gneiss"exceedingly
uniform in texture. The bands of the
gneiss are so arranged that as if they
were parallel beds between the over=-
lying and underlying schistose sedi-
mentary strate in a conformable sequence.

(willie 18 inclined to regard this gneiss as a metamorphosed
granitic mass, intruded into the sedimentary Wu-tal system)

19.

Moderately schistose pink quartzite
with seams of mica-schiste.
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17,

16.

14.

13.
12.
11.

10.

8e

7 o

€e

Se

4.

Steel=-grey hard nugnetite-quartzite, highly
magnetic, including bands of Jjaspilites and
jaspere.

Mica-schist and gneisse.

Amphibolites

Mica-schiste.

Massive, spotted, greenish amphibolitee.
Large crystals of hornblende often form a
matted network in the schistose light=-
greenish matrixe

Muscovite-schist and gneisse

Arkose schists with pink felsparse
Alternation of grey mica-schist and
gneiss with thin layers of chlorite schiste.
Here the bedden rocks are hidden from sight
by the river bed.

Massive, brown-banded quartzite having
fairly uniform texture.

Dark biotite schiste.

Micaceous quartzitee.

Biotite schist with bands of pink
quartzite; some layers rich in red garnet,
others in staurolite and scapolites. 1In
the cleavage planes large flakes of mica

oCcCure

Felspathic quartzite with diminuwishing
quantitiesof mica following downwardse.

Fine grained biotile schiste.

Dense, grey micaceous quartzite.

Pale grey and pinkish quartzite with
large crystals of pink felspars.
The whole series is severely deformed.
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2. Biotite Schist.
1. Tai-shan complex.
The beds 2 to 19 all dip N.W. with Increasing amount:

the lower ones dip about z20° N.7. while the upper stratas diras
steep as 70° N.W, This fact is considered by Willis & Blackwelder
as an indication of a synclinal structure. They further argue thai
the southern and the northern ends of the ghi-tsuil section are
alike inasmuch as both of them are decidedly ocuartzose, and
contzaining biotite schists: that the. bleck ragnetite-quartzite (18’
ray represent the ferruginous quartzite (10) which probably becare
ragnetic through losing a part of its oxygen ender the influence
_of the intrusion, the augen gneiss. The lowest members of the
northern limb of the inferred sinoline Qere probablf cut off by
the intrusion according to willis & Blackwelder. In connection
with the question of possible megnetization of ferruginous
material by intrusion, the writer considers a certain experiment
conducted in the University of Birmingharm under the direction of
Prof. T. Turne?ﬁas 8 substantial proof. It has been shown that
non-magnetic heratite and other classes of iron ores can be
rendered magnetic by roasting.

In discussing the genesis of the bed (2), trhe biotite

achist, Will$e & Blackwelder suggest the following alterna-



tives: Firstly, it may be regarded as ergillaceous
deposit, being subsequently subjected to intense metamor-
phism; Secondly, to regard it as a part of the underlying
Tal-shan complex. In the absence of further data, it is
difficult to judge which 1s nearer to the truth.

On the North Western side of the Wa~tai~shan Willis
noted mica and quartz schists dipping vertically in )
canon. On the North-western side of this exposute, and
close to it, the same geologist saw massive granitoid gneiss.
The actual junction between the two was not observed by him.
The schists in the lower horizon contain large pebbles of
quartz and quartzite. They passimo pure chlorite-schist
towards the summit of the mountain.

On the southsern slope of the Wu-tai~shan, Richthofen
observed a bedded series which he calls "Wu-tai series"ji
(Wu-tai schichten) as he followed thz Wu-tai-ho downwards.
The strata strike N.E. and dip N.W. at 45°. The following
are the observed sequence:-

a. A very thick series of alternating bedas of green
schist, grey slates (Tonschiefer) and quartzits.

b. Grey-green, slaty (thonige), highly schistose strata.

e. Very hard and very coarse conglomerate consisting
of quartzitic pebbles.

(
about (
2000 ( c. Conglomerate with intercalatlon of grey schistas. The
feet. ( pebbles of the conglomerate consist of quartz, quar-
( tzite and green schists.
( d. Metamorphosed, felspathic, and shaly sandstone form-
( ing a seml-crystalline rock, with individual beds
600 ( 4 to 5 feet thick.
feet. (
(
(



f. Hard, pure quartzite of gray-white colour. 800 ft.

g£. Quartzits with interhbedded shaly sandstone, gray

and green schist, conglomerate etc. Course-grained,
green minerals belonging to the hornblende group
occur in these rocks. Chlorite also plays dominant
parts.

Richthofen remarks that these strata are very difficult
to classify. They attain, at least, a total thickness of
2500 ft. The lower part of thse sequence was not followed by
him.

After some consideration, partly from lithological and
partly from structural point of view, Willis & Blackwelder
classify the Wu-tai system, as exposed on the S.E. flank of

the Wu-tai-shan, into three sseries; and place them tentativsly

in the follewing order:-

¢c. Si-tal series heds 28-33
b. Nan-tai series " 21-27
a. Shi-tsui series " 2-19

The nature of each series may be briefly sumnmarized as
follows:-

a. Shi-tsui series. - Thils series consists of schists,
gneiss and quartzites. The rocks are unmistakably of sedi-
mentary origin. The apparent thickness of the series is
estimated at 12,000 ft. provided there is no repetition of
the members through folding or thrusting. But according

to Willis & Blackwelder, the structure of the strata is pro-



bably a monoclinal fold; the thickness then would be
reduced td 6,500 ft. of which 4,000 ft. being attributed
to the lower alternation of quartzites and schists.

b. Nan-tail series.. This series largely consists
of dark quartzite and siliceous marble with subordinate
amount of schists. The apparent thickness from the base
of the bed (21) to the thrust plane is reported to be 2,000
ft. The actual thickness is érobably much less because of
the local folding of the members.

¢c. Si-tai Series. This series is characterized by
massive chlorite-schist. Towards the lower part of this
series the constifuents become coarser and coarser, till
the rock is distinctly conglomeratic. The pebbles of the
conglomerate are such as the Nan-Tal rocks would furnish.
They are in some localities severely deformed, while in
others their original shape 1s more or less maintained in
a schistose matrix,

C. Hu-to system Although Willis & Blackwelder

agssert that the rocks that they havs classified under this
category csnstitute artd unite, and that an unconformity ex-
ists between this system and the underlying Wu=-tai system,
they did not observe the actual unconformabdls junction
during their reconnaissance in the Wu-tal district; nor

any other geologist has made special investigation on this
point. The inference drawn by Willis & Blackwelder 1is based

on the fact that rocks belonging to the Wu-tai system are all
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intensely metamorphosed, while those hslonging to the Hu-~to

system are only slightly altered; that the general dip of

the Wu-tai strata often apprbaches verticality,but that of

the Hu-to rocks is, as a rule, gentle. They further state

that the unconformable junction may be seen at the summit

of the Nan-tai, the southern peak of the Wu-tai-shan; and

that we may find the Hu~to rocks resting directly on the

Tal-shan complex in the Wu-tai district.

The following exposures of the Hu-to rocks were observed

by Willis & Blackwelder:

Near Tou-tsun. Between Tou~tsun and Wu=-tal-hsien,

8han-3i, a group of slates with portions of the overlying

limestone are well exposed. The base of the slates has not

been observed. Willis & Blackwelder call the slaty group

mrou-tsun slates. They made out the following sequence:

(see section No.g )

e.

"Gray pinkish limestone, accompanied by a light
coloured limestone breccia in an unknown relation".

"Dark purplish argillite".

"Gray and buff limestones, dense or finely crystalline.
Contain parallel laminae of flint, which are often
curved and becoms prominent on the weathered surface
.« « « o 150 ft."

"Purple argillite with thin beds of limestone and
one or two quartzite., The argillites show mud
cracks and are not schistose . . . 250 ft."

"An unknown thickness of gray argillites which are
usually slaty. Like the slated of Li - ,:in these
frequently contain greins of hematite and local
thin layers of red dolomitse".
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East of Liu-yuan. In the east of Liu-yuan and the
gsouth of the Nan-tai-shan, there occurs a series of earthy
gray phyllites .with intercalation of thin layers of crystalline
dolopite. These phyllites are well cleawved. Crystals which
apbear to be pseudomorphous of hematite after magnetite, are
often seen in the cleavage planes. 25 miles S.E. of ths
village of Liu-yuan, the phyllites are brought into contact
with a syncline by a thrust from the west. The syncline is
formed by strata of white quartzite and limestone with layers
of phyllites. The quartzite is locally conglomeratic. Willils
& Blackwelder identified the gray phyllités ﬁgibg*Tou-tsun
slates. (Section NO. G ]

Near Tung-yu. East of Tung-yu, Shan-si, a low range
largely composed of limestones with interbedded soft slates
is mentioned by Willis & Blackwelder. The prevalling colour
of the limestone 1is dark gray, but light gray, pink of even
buff layers are frequent. Willis & Blackwelder call this
limestone 5roubfﬁung-yu limestonse. Towards the northern part
of the range purple slates appear to be overlain by impure
limestone which is often pink or bright red. Further north,
red, white and purvplish gray quartzite containing layers of
conglomerate, at least 500 ft. thick, dipping northward, lies
upon purple slates. The junction is probably a thrust accord-

ing to Willis & Blackwelder. (See section No.7 ).

W. & S.W. of Tung~yu, there are low anticlinal hills rising
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above the plane of the Huang-tu or loess. Some of them are
composed of limestone, others, of dark schistose slates with
reddish lime - stone and quartzite. The massive gray limestone
with shaly strata forming the mountain spur, N.W. of the town
of Tung-yu are spparently the continuation of the limestones
exposed in the low ranges, east of the same town. (Section No.3)

VEM \Lg

Tou-tsun district. Seven miles east of Tou-tsun,s syn-
w ik ped

clinal ridge ,exposed strata of gray, buff limestones with
shaly rocks and occasional white quartzite. On the S.E.
these synclinal strata thrust upon the Sinisian limestone:
towards the N.E., the ridge ends in a canon which separates
it from the Nan-tai. On the N.E. side of the cafon, Willis &
Blackwelder observed rocks from a distance dipping steeply
northwards, presenting similar aspect of the Wu~tal rocks.
. Therefore they suggest that the unconformable junction between
the Hu~to system and those lying underneath it may be found
along the slope of the Nan-tai.

Northern slope of the Ki-chou-shan. South of the Ki-
chou basin, and along the northern foothills of the Ki-chou-
shan, belts of the Tung-yu limestone are repeatedly exposed
between belts of granites and schists of the fundamental com-~
plex or the Tai-shan complex. The differemat belts of rocks
being obliquely cut off across thelir westerly extension by a

mighty fault, the Ki-chou-shan fault, the exposures of the

Tung-gu strata arrange themselves en echelon.

Summarizing the obser¥ations with regard to the Hu-to
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rocks in the districts near the north-sastern boundary of
the provincd of Shan-si, Willis & Blackwelder draw two divi-
sions:-

Upper Tung-yu series.

Limestones with slates . . . 3500' to 5000'

Lowsr Tou-tsun series.

Slates with limestones . . . 3000' or more.

Near the Wu-tal district, Williss & Blackwelder have
distinguished a pecullar series of limestone formation which
cannot be readily grouped with any other limestones occu}ring
in the district. They call this formation "Ta~-yang limestone".
The Ta~yang limestone is essentially a dense, gray, argillaceous
or siliceous and somestimes pure limestone containing numerous
characteristic layers of usually black but occasionally gray
or white flints. At the base of the limestone a thin layer of
shale up to 30 ft. thick is generally present. Seams of
quartzitos and even schists occur in the llmestone. It is
readily distinguished from the overlying Sinisian limestone
which is free from flints and quartzites as exposed in the
Wu-tail district.

In the North and West of Wan-hsien, S.W. Chi-1li, Ta~yang
formation rests on a fairly even floor of the Tal-shan complex,
and is apparently overlain by a series of soft quartz-biotite-
achist with layers of white quartzite. The total thickness

of the Ta-yang formation in this district is estimated at
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about 1,200 ft. (see sections yo . ).

In the vicinity of Tang-hsien, near Nan-tang-mel, Ta-yang
limestone agaln lies upon the Tai-shan complex., Willis gives
the following sequencegbl

5. Dark purple, hard shale more than 60 ft.

4. Quartzite - 50 ft.

3. Conglomerate composed of well rounded pebbles of

black, white and banded flints in a hard siliceous

matrix. The matrix is on planes striking
N.309W., and dipping 70?1 to 85° N.E.. 100 ft.

2. Ta=-yang limestone. hierdy

l. Tai-shan- complex.

lhe Ta-yang formation 1s widely distributed in S.W. Chi-11.
It generally occurs in association with the Tai-shan complex,
or actually overlies it. From the village of Si-~ta-yang it
extendé westward to the city of Kiu-yang-hsien, forming low
hills which are half buried by the superficial Huang-tu.

Good exposures were noted by Willis in the hills east of Wang-
kuai-chou, and at the summit of thse mountain about a mile east
of Fou-ping-hsien.

Near Hwo~lu-hsien, south western chi-1li, a section of
limestones is exposed in the Hsi-ping-shan mountains bordering
the plain of S.E. Chi-li. The succession of strats é%ééiézé
by Richthofen is cited by Willis for comparing the development
of the pre-Sinisian sedimentary series. The following is

Willis's transalation:-

9. "Firm sandstone, white and gray".



8. "Crystalline limestone".
(Interruption)
7. "Greenish gray, brightly coloured, ringing thin
bedded siliceous limestones; interbedded with
various sorts of strata®.

6. "Globulitic and conglomeratic ("Wurmkalk")
limestones".

5. "Thin-bedded limestone, red and green."
4. "Red shales".
(Interruption)

3. "Crystalline limestone with nodules and layers of
flint."

(Interruption)
2. "Alternation of crystalline, thin-bedded limestonse,
including thin layers of flint, with quartzite, epi-
dote rock, red sandstone,etc."

(Interruption)

1. "Gray crystalline limestone®.

NORTHERN CHI-LI

schiss
Gneiss & Schists. According to Richthofen, orystalline/

and gneiss occur in the region east of Yung-ping-fu, but they
disappear towards Peking. Between Yung-ping-fu and Peking
Richthofen only observed one exposure of gnelss and schists
on the west of Tong-tchou.

The occurrence of gneiss and schists near@he Mongolian
border is mentioned by Richthofen, Obrutchov and others.
These crystalline gneiss and schists extend towards the west
and occupy large area in northern Shan-si. From Urgso Kalgan

obrutchov observed bekts of schists, gneiss,and crystalline



limestone occurring in association with granite. These

rocks lie between bands of basalt, rhyolite and porphyries,

142

and generally strike N.E. - S.W.

Nan=-kou section. In crossing the Nan-kou mountain

from Tshai-tang to Bau-agan-fu, Richthofen made out the

following sequence in which pre-Sinisian rocks occur;-82

K.

An essentially dark coloured, fine-grained
limestone breaks splintery. . . . . . .about 2,000

Globulitic limestone with trilobitic remains 2,000

Variable strata of red slates (Schieferton)

and limestone with evenly bedded, platy,

greenish siliceous limestone lying at the

DBBB. o 4o o o o o ¢ o o o s o o o s » & o o o 580

Gray massive limestone, in part fine-
grained and crystalline. « « « ¢« ¢« ¢« . « « o o 400

Gray-green and black sandy slates, (Schieferton)
partly even and partly curved. Intercalated

with the slates are yellow sandstones rich

in ironstone nodules. Organic remalns are

absent except doubtful traces of stem-like

bOAios., ¢« o o o ¢ o o ¢ o o o o s o o o o o 500

White-gray, fine-grained crystalline limestonse
with bands of quartzite and occasional flints.
e o o @ e o o o o o N e o o o o o o a.bOL'lt 2, 500

Light brown crystelline flinty limestone,
partly pure and partly stratified with
thick beds of quartzite. This series is
only observable near Fan-shan-pu where
the strata rise above the loess plain.,.

The beddsd rocks are largely buried under the
mantle of loess. At the north of Fan-shan-pu

ft.

ft.

ft.

ft.

only a bed of rose-red crystalline limestone ar¢ yisible
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was-noted-by-Richthofen.

b. Thinly bedded gray-white crystalline
limestone which is sometimes schistose.

Flints aa 4 beds of black quartzite are
present.

8. Flinty limestone with thick beds of
quartzite. They are sometimes schistose.

Richthofen designates the beds from a to e as "Unter-
giniesh", and h to k as "obersinisch". As to the beds
f.g., Richthofen seems to be rather perplexed in classify-
ing them. In this connection it is important to note that
the "Sinisch" system, as established by Richthofen, has
been revised by Willis. The reason for the revision is
stated in the general remarks on the Sinisian system.
The term "untersinisch" as used by Richthofen is not

equivalent to the term "lower Sinisien" used in this

Thesis.



Shan-tunge.

Tai-shan district. In the vicinity of Chang-hia, near the
mountain Tai-shan, western Shan-tung, 'illis and Blackwelderﬂg;:
able to distinguish a group of very ancient type of rockse. Their
structure is intricate and their stratigraphical position is
apparently absolutely basal. They call this basal masJG“Tai-shan
Complex". According to Blackwelder, the Tai-shan complex or funda-
mental complex exposed in the Tai-shan district is classifiable
into three groups of :r'ock,s;:,--l?'6

(c) SchAists and gneisses The schists are mostly dark
greenish rocks containing quartzite, hornblende and often with
biotite 1lying in their cleavage planes. They are altered and
folded to such a degree of complexity that they leave hardly any
clue by which one may infer their genetic relation. The gneisses
are usually composed of quartz, orthoclase and biotite with a few
other @ccecssory minerals. Hornblende and sometimes chlorite are
presente The proportion of ferromagnesian minerals varies from
place to place. The structure of the gneisses may be so coarse as
to show large bands ranging from a few inches to a few feet, with
phacoids of felspars or it may be as fine as only to reveal the
schistosity under a microscope. In the field these structures can be
traced to a varying extent, and one merges into the other by
insensible gradation.

The composition of the schists has led Blackwelder to supnose

that they might be of igneous origin but he also says that the

available data do not preclude the idea that they may be partially
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sedimentary in origine The gneiss are believed to be a granitic

intrusion, or intwmusions into the older schistse. This view is

supported by the fact that large masses of the schists are some-

times included in the gneisses. Dyke-like masses of biotite schist

are seen to traverse both the gneiss and the schist. It is uncer-

tain whether they are metamorphosed later intrusions. (zee éection
)

(b) Granitee A group of granite composed of quartz,
orthoclase and biotite with prevailing red colour and medium grain
is exposed in many places in the vicinity of the Tai-shan; but
those which occur at Tai-shan itself are coloured grey due to the
presence of epidotes and chloritese No hornblende is present in
these granites, and they are apparently less metamorphosed than
the gneisse This latter fact suggests their younger age and there-
fore intrusive naturg. Off shoots and veins of quartz and pegmatite
often radiate from a central mass, and éut through the older gneiss
and schist.

(a) Igneous rocks other than the granite also occur in the
Tai-shan complex. They are as a rule, little altered. One dyke of
doleritic habit occurring on the %ast of the Man-to-shan traverses
the red granite, and it is cut off by the lowest Sinisian stratum.

Throughout the Tai-shan district, the Tai-shan complex
is always overlain by the Sinisian formation wherever the junction
between this group and the younger sedimentary strata was observed
by Willis and Blackwelder. Rocks which may be regarded as

equivalent to the "u-tai system and the Hu-to system i~ the



S

Wu-tai-shan district, Shan-si, are apparently wanting in the Tai-sgh:
district, Shan-tung.

M the south of Wang~tal, between Lai-wu-hsien and Po-shan-
hesien, western Shan-tung, Lorenz found gneissic mica-schist which
he regards as metamorphosed "Algonkian Sedirent", in other
districts in Shan-tung, the same author mentions the occurrence of
quartzite and marble of "Algonkian Age". The average thickness of
this so-called Algonkian formation in Western Shan-tung is accord-
ing to Lorenz, only 2u0 m%l

In the neighbourhood of Che—foé%beastern Shan-tung, Richthofen
observed micaceous schist covering a large area of the hilly
district. The schist is very typical, and often contains abundant
srall grains of garnet. In the western part of the hill ranges
near Che-foo there occurs a massive formation of crystalline
limestone with:;ll—defined boundary. To the west of the pass on
this limestone hill lies a broad sandy plain above which rises a
low hill of crystalline schist. The town of Fu-shan-hsien stands
on this hill. Southward, the valley extending by the side of the
hill ranges near Che-foo comes to an end at Hau-yu (40U lis from
Che-fo0) whﬁ;;¥}om Richthofen followed a sequence of ancient

rocks: (section NOJ? )

4. Blueish crystalline limestone strata striking
N.E.-5.W. and dipping N.W., The lower part of
the limestone contains a large nurber of in-
tercalated Beds of micaceous schist, and green-

brown rock. Toward upper part the lithology
of the limestone becomes very variable, rang-
ing from thin layers of fine-grained imrure
limestone to quartzite. At a still higher
horizon the micaceous schist completely



disappears. The thickness of this formation
is considerable. Throughout the exposure, no
folding was observed by Richthofen.

5. Granitoid rock, similar to the formation
No.l. in this sequence.

2. White and Yellow quartz-porphyry.

l. Non-calcareous metamorphosed rocks
striking N.W.-5.E. and dipning S.%. In sore
parts of this formation the rock is mica-
ceous, and in other parts, it is granitoid.
Schistose and gneissic structures are both
known in these rocks.

To the N.W. of Wu-shi~ll-pu, (lat 37° 45' N.long. 120° &2¢! £.)
near Teng-chou, Richthofen came across a group of rocks described
below. The description of the rocks is arranged in the order as
he saw them from S.E. to N.W. the numbering of ¢heh series is in
accordance te,the inferred succession from the older to the
younger. (section Na'l7 )
4. Calcareous metamorphosed rock dips S.E.
5. Eruptive greenstone with hornblende over-
lain by quartz-vorphyry as that of
Tgi-ghi-li-pu.

4, Very comrse well-bedded crystalline lime-
stone striking N.E.-5.W. and dip S.k.

R. Pasalt-cover with olivine and bagaltic
hornblende.

4. The lower part of the calcareous
metamorphic series.

1. Mica-schist, the same formation az that
forming the hills of Che-foo. Inter
calated with the mica schist are coarse-
grained rocks composed of quartz, mica
and large crystals of orthoclose and
tourmaline, striking N.%”.-S.E. The
same strike is observed with tre mica-
schist forming the hills/of Che-foo.



Central and Southern Shan-sie

According to Blackwelder, pre-Cambrian rocks occur in almost
algﬁthe high mountaine visible from the main road running in
the plain-of Tai=yuan or the valley of the Fen-ho. They belong
to two and poesibly to three systems, and are essentially the same

ags those occurring in Western Chi-1i and northern Shan-si already
described.’54
In the’vailey of the Wen-shui-ho, Willis and Blackwelder
found gravels and pebbles consisting of black and white hornblende-
granite, coarse pink granite, Hornblende-porphyry, basaltic rdcks
and quartzite of various colours. These rocks are presumably
derived from the rugged Shi-hsia-shan ranges. According to
Blackwelder, this material indicates the occurrence of the Tai-shan
complex and one or more pre-Cambrian sedimentary series. About 5
miles west of Wen-shui-hsien there are hills of rounded contours
In these hills Obrutchov mentions the occurrence of gneiss and granite
which lie beneath the Ca,mbr'ian.bg
On the lower slope of the Ho-shan range which bordere the
‘eastern margin of the Fen-ho valley, Blackwelder observed, from a
distance of 10 miles,t%xposure’that appears to be of dark meta-
morphic rocks with steep inclination and without notable difference
off hardnesse. He infergﬁthat these rocks are probably the basal
complex arld other associated pre-Cambrian formations. As a check
of his distant observations, .,pebbles brought down by streams from

the range are found to consist of quartzite, grey limestone, grey

gneiss, pink granite, diorite etc. The grey limestone was



jdentified to be the Sinisian limestone which overlies the pre-

Sinisian group elsewhere. Richthofen also maps the same area as

gneiss and schists.

B4
From the Fong-hwang-shan range, Richthofen reports gneiss

and crystalline schists overlain by reddish quartz-sandstonee. The
linited observations made by VWillis and Blackwelder confirm this
reporte.

Gneisses and granites showing the characteristics of the

basal complex are reported to occur in the Ta-hua-gshan range.

N."7.China.

——— e . - G o t— ——— —— —

The “Tan-shan regione.

On the south of the To-lai-shan Obrutchov observed a zone of
highly inclined gneiss which is unconformably overlain by "upper
carboniferous". On the southern side of this narrow zone almost
flat beds of the "Angara series" and the "Gobi series" are exposed.
These two series are of considerably younger age than the gneiss,
as will be described latere.

g;fthe valley between the Alexander iii range and the To-lai-
shan, which leads to the Da-kou pass, (3380 m) Obrutchov observed
biotite-gneiss striking N.W, and dipping 60° to 70° N.E.

Between the Da-bej-che and the To-lai-che, on the southern
side of the To-lai-shan, a zone of gnelss was observed by Obrutchov,
The rocks consgist of hornblende-schist with highly inclined beds of

crystalline limestone. This zone not only extends far to the west,

but rises to the height of Chyj-daban. Southward these rocks



are overlain by "Carboniferous strata"e.

The Da-ssue-shan is formed by rockgﬁlarge variety, and very
ancient type: Quartzite, hornblende schist and spotted slates
(Fleckschiefer) are accompanied by porphyry, granite and diabase.
Similar rocks are found in the Ye-ma-shan, the next range to the
south of the Da-ssue-shane The strata strikes N,E,

The Humbolt mountain is largely formed by highly inclined
crystalline schists which are uncomformably overlain by ? mesozoic.
"Ueberkohlen Sandstein". The latter is much less metamorphosede

A large part of the Ritter mountain is occupled by highly
quartzitic metamorphosed phyllites. (Tonschiefer). On the
southern slope of the Zagan-tscholu hornblende granite and por-
phyries were noted by Obrutchove. Schists also occur, which assume
a general northwesterly strike.

In the Muschketow range, gneiss, crystalline schists,
quartzite and limestones are the prevailing rocksﬁ

Along the northern slope of the Nan-shan range, Loczy
distinguished a formation which he calls"Nan-shan sandstone"?.
It consists chiefly of grey-green sandstones and clay slates,
which are frequently traversed by distinct cleavage or schistosity
and it are barren of fossils except fp¥ the occasional
indistinct impressions, that may possibly be ascribed to fucoids.
This formation is apparently intimately folded and is intruded by
large masses of granite. Loczy tentatively refers the Nan-shan s#

sandstone tto the Wu-tai formation of Richthofen.
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In the western part of the Lo-ran-shan, near Ping-lean-fu, Loozy
observed chlorite-schist rising above the mantle of loess.

To the s.E. of the town of Lan-chou, gneissic rock crops
out in a rocky gorge cut by the Yellow River. The gneiss striker

143
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Between Min=-chou and Kiu-tien, IFutterer observedAcoarse-
grained quartzite and slates (Schiefer) rising above the loess
.plain. These strata strike W.S.W.-E.N.E. and are referred to the
Wu-tai forration by Futterer%s

At Hsia-kou-yi, half way between Kan-tschou-fu and Lang-
tschou~fu, Futterer saw green slaty rock striking N. 150 W. and
dipping 80° E, which he assigns to Wu-tai formation. The same
rock crops out on the west of the coal field, south of Hsia-kou- '
yi}s

Near the town of Ku-lang-hsien, Futterer observed grey

o
slates (schiefer) which he i)Xdentified te=Be the "Nan-shan sand-

stone”, and regards it aSKWu-tai formation. Above Wu-schgng-pu,
North of Ping-fan-hsien, green rocks, graywacke, quartzité and
unfossilifrous limestone occur: these formziofty precipitous
mountain covered by red and grey-green sandstone.

Central China.

The Tsing~ling Range.

Eastern Tsing-ling-shan. On the southern ridge ot the

Fu-niu=-shan, the Kiu-li-shan, Ho-nan, Richthofen saw chloritic s«his

and crystalline lirestone: and highly folded strata of Frey-green
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slates (Ton-achiefer) and slaty quartzite. They are unconformably
overlain by coarse conglomerate and sandstone with coal seaméis In the
northern part of the Fu-niu-shan, crystalline limestone, crystalline
schists, gneiss and a large mass of granite occur. The granite gives
off dykes and quartz-veins cutting across the gnelss. The crystall-
ine schists are intruded by quartz-porphyrye. Richfhofen maps the
whole of these rocks in this region as "gneiss and crystalline
schists in general" and regards them as Archean.

Between long. 112°%and 108k Loczézcrossed 8 broad belt of
monotonous biotite schist; in association with the schist,there
occur dark amphibole-schists, chlorite gneiss, gneiss and lenses of
white granular limestone. These metamorphosed sediments are intru-
ded by massive diorite, coarse grained amphibole granite and peg-
matite which locally change# the schists to hard,fine-grained gneisses
This complex is classed by Loczy under the" Azoic' or Archean formation.
To the north of this broad belt of the biotite schist lies the main
range of the eastern Tsing-ling which, according to Loczy, consists
of gneiss-granite, gneiss, amphibole-schist, mica-cchist, phyllites
and crystalline limestone, intruded by massive coarse-grained
granitee.

Central Tsing-ling-shan. In long. 108° 3z0! E, between
Chou-chi-hsien and Liu-yue-ho, Shen-si, Willis and Blackwelder'gg
observed a broad zone of green schists, prevailingly chloritic, in
which occur thin beds of quartzite and highly siliceous marble.

South of Liu-yue-ho, the green schists are succeeded by "hite

quartzite and massive grey limestone folded in a syneline. The ¢ons-
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conQXact between the green schists and the limestone and quartzite
was not observed by Willis and Blackwelder; but they remark that the
green schists bear strong resemblance to the chlorite-schist
occurring in the Wu-tai-shan, north eastern China.

Western Tsing-ling-shan. During the journey from Pau-ki-
hsien to Pai-shi-pnu, Richthofegbfirst observed =zn extensive mass
of granite with which occur mica-gneiss, hornblende and Chlorite-
gneliss and other highly altered rocks. The gneisses are every-
where penetrated by the granite. To the south of trhe Twi-tsze-shan,
the gneiss and granite are succeeded byzgreen rock containing
abundant hornblende and chlorite, and is intruded by dykes of
granite, pegmatite and quartz. These rocks are soon replaced
towards the south by the typical chlorite-schist occurring in
the Wu-tai-shan. Further south the schist is succeeded by ? "Sil-
urian limestone"

Between Lo-jan-shien (Lio-yang-hsien) and Tschau-tjeu in
long.106° 20' between 1at.32° 30' and 33° 30'N Locz;sobserved
crystalline schists, gneiss and phyllite, and crystalline limestone.
He classes these rocks under "Archean", and distinguishes them

from the overlying altered palaeozoics.

The Mliddle Yang-tze District.

w

Above the I-chang gorge, western Hupeh,,a denuded broad anticli
ty Bhyeesy Ylu. N
exposes an inllier of granite, the Hwang-ling granitez kiiﬁh_.1*M~f

. Al 8
intersected by dykes of granite, diorite, and veins of anlite, and

rocks which belong to the lamprophyre group. Flanking the granitq&
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core, Abendanoé distinguishes a series of"metamorphic schist"
consisting of hornblende, chlorite and mice with alternating layers
of nearly pure quartz. Pumpellgéhentions the similar schist with
quartz veins. Thus the two observers aggree. But Willis and
Blackwelder state that they have not seen any altered sediments,

in situ,in between the Hwang-ling granite and the overlying
Sinisian formation. 1In all probability, the schists observed by
Abendanon and Pumpelly are absent at the localities where Willis
and Blackwelder made their observations.

The Han Valleye

In summing up the observations made in the valley of the Han-
kiang, Richthofen distinguishes a group of gneiss which according to
the same author, is probably older than the "o0ld palaeozoic group"
of hard quartzite, and folded and over~turned schistose limestone
with slates and phyllites. The gneiss 1s exposed near Li-Ho-kou
lo>

forming mountain chains which have a S W - N E trend.

Northern An-hwei and FEastern Hupehe

Gneiss and schists apparently of highly complex character
occupy large aresa 1n northern An-hwei and eastern Hupeh, in the
districts of Kwangz ji-hsien, Hwang-mei-hsien, Tai-hu-~hsien,
Chien-shan-hsien, Sou-sung-hsien, Yin -.chan-hsien etclqo

Western Chinsa.

The occurrence of "Archgan" rocks in the high mountein ranges
between Batang and Ta-tsien-lu has been described by Locz?ﬁ They
consist of (a)gneise and crystalline schists intruded by granite,
syenite, diorite and other igneous rocks; (b) monotonously clayey

sandstone,
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of grey and dark colours, associated with clay schists and also
with amphibolite and chlorite-schist. GSemicrystalline limestones
occur beneath the sandstones. The strata are extensively intruded

by granitee.

S.W.Chinae

Lecleréﬁgentions a group of ancient rocks, occurring in the
central part of Kwang-si; they are frequently exposed on the banks
of the rivers between Kwei-lin-fu and the Si-kiang. The upper part
of the formation is composed of highly indurated quartzite with
black and white bands. On the west of Hoal-Iuen, the same formation
consists of uniform quartzose phyllite with greenish grits and?little
mica. This whole series attains a thickness of about 600 m in the
said localitye. Leclere refers this formation to the "pre-Cambrian
system" and he states that good exposure of this "pre-cambriam"
formation is to be found on the west of the Kien-kiang; in the
vicinity of Ta-li-fu; and in the zone of the"Hou-kouang fracture!
between Kwei-chow and Kwang-si.

Southern Chinae

35
Kingsmill describes a belt of "quartz rock" alternating with

beds of slates and quartze. These sedimentary rocks are entangled
in the grenite, and run across the isle of Hong-kong, in a W, Mu¥e-
E.5.E. direction. The complex nature of the so-called quartz-rock
is best explained in Kingsmill's own words: "In some place the
rock might be mistaken for an igneous formation and in others it
approaches conglomerate x x = = It would be difficult to obtain

two specimens alike" This rock is overlain by the prevailing red

sandstonee.
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111 SUMMARY.

Cluassification and correlation.

Three systems of the pre-Sinisian rocks in the Wu-tail district
haR been tentatively established by Willis and Blackwelder ae
already described. (see ppss+q). There iéeg%ubt as to the
absolutely basal position of the Tai-shan complex, as defined by
the same geologists, for its thickness everywhere extends down-
wards to indeterminable depth. But as to the establishment of the
other two systems, the Wu-tai and the Hu~to systems, Willis and
Blackwelder themeelves consider the observed facts to be insufficiant
to warrant a definite conclusion. It is therefore necessary, apart
from lithological and structural reasons, to distinguish the Tai-shax
complex or the fundamental complex from the Wu-tai and the Hu-~to
rocks. Thus we recognize &wo groups of pre-Sinisian rocks in
China:

B. Upper. Wu-tal and Hu-to formationsg.

A. Lower. Tai-shan complex or fundamental complex.

A. Lower pre-~Sinisian.

The Fundamental Complex.

This basal mass of rocks in China, as in many other parts of
the world,ls readily identified by its peculiar lithology and

structure. In the Wu-tail district, Shan-zi, it occure below the

upper pre-Sinisian group. 1In the Taji-shan district, Shan-tung, the
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fundamental complex is overlain by the lowest Sinisian stratum or
the lowest Cambrian formation. Both in Shan-si and Shan-tung, the
complex contains calcareous and micaceous material, which according
to Blackwelder is probably of sedimentary origin. Granting that
such material is true sediment, the writer proposes to call the
period during which the sediment was formed,ﬁ%o—proterozoic periode.
Since the fundamental complex 1s largely composed of igneous
‘intrusions, the greater part of it was presumably formed in past
eo~-proterozolc time.

According to Richthofen,¥## Willis and Blackwelder, gneiss
aﬁd schiste of the fundamental group are extensively developed in
Shan-tung; but Rinngﬂénd Lorenz have indepenrdentiy stated that they
saw very little true gneilss during their journey in the same
province. In their opinion the so-called Archean gneiss spreading
far and wide in that province, and being overlain by palaeozoic
sediments, is nothing but granular micaceous granite of "Algonkian"
age.

Judging from the lithological and structural peculiarities,
we may regard the following rocks as belonging to the fundamental
complexe

l. The Tai-shan complex occurring in N.E,China as
identified by Willis and Blackwelder.
2. The gnelss and granite observed and described by
Richthofen in the western Tsing-ling-shan.
The other gneiss and schists described under the heading of field
observations (pPT?3@Z;g&gnly tentatively referred to this group.

mithout further evidence the writer is unable to attempt definite

correlatione. .



B. Upper pre-Sinisien.

Yu-tai System (Meso-proterozioc.)

In the Wu-tai district, S.E of Shi-tsui, the Tai-shan complex
is overlain by mica schist and schistose quartzite. (see section N0.5)
Whether the mica schist and quartzite are altered sediments or
mylonizéd products due to shearing between the "u-tai rocks and the
Tal-shan complex or in other words, whether the Jjunction is a thrust
or a natural one is an open question ferBailey ""illis-deese-not
raises Apart from the nature of this Jjunction, however, the bedded
character of the quartzite and its overlying strata as compared with
the chaotic features of the Tai-shan complex is positive evidence
that the two are unconformable. Since the Wu-tal series overlies
the Tal-shan complex, and the former is plainly a metamorphic sedi-
mentary series, it is natural to regard the Tai-shan complex as
underlying the Vu-tai systeme.

It is true that the lithology of the "u-tal rocks as exposed on
the soutl.eastern flank of the Wu-tai-shan, naturally invites us to
classify them into three series, as Willis and Blackwelder do, the
lowest Shi-tsul series being most quartzitic and micaceous, the
middle Nan-tai series calcareous and quartzitic the uﬁper 3i-tai
series most uniformly chloritic. This classification is strength-
ened to some extent by the presence of conglomeratic layers at the
base of the;Si-tai series. The conglomerate can be regarded as
basal conglomerate, indicating marked unconformity, provided?gg
evidence of thelr being crush conglomerate can be brought forward.

The existence of thrust planes and of intrusive masses of igneous

rocks in the sectlons observed by Willis and Blackwelder along the
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southeastern flank of the Wu-tali-shan make the relative position of
the three series obscure. To solve this problem we may argue in the
following way: ‘*.

The Shi-tsui series is in direct contact with,Tai-shan comnlex.
The arkose bed at the bottom of the series consists of material of
such a type as would be furnished by the Tai-shan complex exposed
in the eastern mountains of the same district. Moreover, the sedi-
ments are principally coarse material, suggesting the incipient
transgression of the Wu-tal sea. For these reasons ve have some
confidence in regarding the Shi-tsui series as the lowest of the
three. In the Si-tai series the sediments vary upwards from the
coarsest conglomerate gradually to fine chlorite-schist. Here we
have strong evidence to show the gradual deepening of the Si-tsi sea.
"hat lies underneath the Si-tai series might, then, be an elevated
and eroded land surface. Therefore in the absence of a thrust
immediately underneath this conglomerate we know that the Si-tai
series is at least, younger than the members lying immediately
underneath the conglomerate. Our next procedure is to find a proper
place for the Nan-tal series. On account of the calcareous nature
of the Nantai series, it has been suggested by Willis and Blackwelder
that it might be a deep sea facies of the Shi-tsui series, being
brougﬁt to its present position by thrust. According to this idea

the "u-tai system can only be divided into two seriese On the other

hand, it i1s equally possible that the apparent position of the Nan-tai

geries is also its real vosition. In this case, there must be sa

period intervening between the Shi-tsul and the Si-tai of such a



length as to yield the rocks of the Nan-tal series. Richthofen

made observation betwéen Che-foo and Teng-chou-fi, eastern Shan-tung,
where miba schist is overlain by a series of alternating crystalline
limestone and schist with quartzite. ' The limestone becomes more
important as the sequence is followed upwardss. the total thickness
of‘the same series amounts to several thousand feete. illis compares
Richthofen's case with his Wu-tai sections. If the lower beds of
Richthofen's section near Che-foo are eventually proved to be
equivalent to the lower series of the Wu=-tal system in the Tu-tai
district, then there would be a similar lithological succession of the
upper pre-Sinisian group in N.E.China and the calcareous Nan-tal
series would be probably younger than the Shi-tsui and older than the
Si-tai series,.

Hu-to system (neo-proterozioec)

The nature of the unconformity between the Hu-to system and those
below has been described in connection with the occurrence of Hu-to
rocks in the Wu-tai districte According to Willis and Blackwelder
it is decidedly younger than the "w-tai system and the Tai-shan
complex. The lower Hu-to series is mainly argillacous, while the
upper Hu-to series is essentially calcareouse. This classification
is borne out by the interprétation of the structure of the Hu-to
rocks occurring in the vicinity of the Wu-tai-shan. The structure is
believed, by Willis, to be a large synclinorium with its axis pitch-
ing S.W. If the calcareous series is the upper division and argill-
aceous the lower, we should expect that the calcareous series of the

Hu-to system are chiefly exposed in the central region of the



synclinorium and the argillaceous series in the margin of the
synclinorium i.e. towards the N.E. and S.E. end of the entire expanse
of the exposure in the district cited. The observed facts agree with
this viewe

The Ta-yang limestone of millis and Blackwelder is always
reported to rest upon an eroded surface of the Tal-shan complexe. In
one case it 1s overlalin by a series of conglomerate, quartzite,
shale, etce It 1s unfossiliferous for all we know; it differs from
these Sinisian limestone in many respects; and it certainly cannot
be a later formation than the Sinisiane Richthofen at the Nan-kou
pass, N.E. of Peking, noted whitish-grey crystalline limestone with
rows of black flints extending downwards to an unknown depthe
Similar limestone came under his notice in Hsi-ping-shan, south of
Chi-li. There the flinty limestone rests on grey crystalline
limestone. These limestones together with the Ta~yang limestone
and the Tung-yu limestone of Willis and Blackwelder may all belong
to the upper calcareous division of thetgu-to system as suggested by
willise But it is equally possible that/;a-yang limestone, the Yan-
kou limestone, and the Hsi—ﬁing-shan limestone are younger than the
Tung-yu limestone. The highly eroded surface of the Tung=-yu lime-
stone in the Tung-yu district accounts for the total disappearance
of the Te-yang limestone if ever existed.

As stated above the Tung-yu limestone is seen at many localities
resting at once on the eroded surface of the Tai-shan complex. If th
the Ta-yang limestone is the latest develovement of the Hu-to periogd,

this fact would indicate that the slowly expanding



Hu-to sea finally transgressed the higher Hu-to land which had been
denuded to a peneplaine This view gains weight when we come to
consider the gradual increase of calcareous material in place of
arenceous and argillaceous deposits throughout the entire succession
of the Hu-to rocks from its base upwardse.

Having thus provisionally established the sequence of the
upper pre~Sinisian formations in the Wu-tal district which may be
taken as a type-area, and correlated the more important equivalents
in N.E.China, we may proceed to enumerate the formations which are
most likely to belong to the same groupe

After studying Richthofen's China vol. ii, Loczy correlates
his Nan-shan sandstone (p 2o ) with Richthofen's Wu-tai series, viz.
the Tlu-tai system of Willis;

Both Richthofen and Willis emphasize the lithological
similarity between the chlorite-schist of the tu-tai-shan and that
of the Tsing-ling-shane In the western Tsing-ling-shan the schist
occurs in association with the fundamenygl gneiss and granite; in
the central Tsing-ling-shan it lies near a belt of white quartzite
and massive gray limestone. The same authors agree in regarding
the chlorite schist of the Tsing-ling-shan as partly equivalent to
the Wu=-tai formation in the Tu-tai districte.

The broad belt of mica schist in the eastern Tsing-ling,

(p %1 ) and the "Archean Zone" between Lio-yang-hsien and Tschau-
tjen in the western Tsing-ling, (p®2) may be tentatively referred

in the opinion of fb° Wfiter, to the upper pre-Sinisian group. This
view is based on Lue/;a;t that the lithology of these rocks resembles,

to a degree, that of the "u-tai rocks exposed in the "u-tai district.,
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The Hwang-ling granite (p@2 ) exposed in the gorge district
of the middle Yang-tze, is regarded by "Willis as an Algonkien
intrusione. His assignment of pre-Cambrian age to this granite is
strengthened by the fact thaé the Cambrian or Sinisian strata
overlying the granite is in no way effected by this large intrusive
mass. The schist (pe32) observed by Pumpelly and Abendanon in
the same district is in all probability altered pre-Sinisian
sedimente

The clayey sandstone formation with amphibole and chlorite-
schist occurring betwsen Batang and Ta-tsen«lu (p 23 ) is referred
to the Vu-tai formation by Loczy. The presence of the chlorite-
schist 1s the basis on which he makes his correlation.

The inadeguate data do not enable the writer to assign a
definite stratigraphical position to the highly altered sedimentary
rocks observed by Obrutchov in the Nan-shan region (p 78 ); but he
suggests that they possibly belong to the upper pre-Sinisiane

The reason that Futterer correlates the quartzite and slates
exposed near !in-chou, Kan-su, (p @0 ) is not clearly stated in his
original work "Durch Asien". Presumably, he does so on account of the
lithological similarity between these rocks and&certain phase of
the "u-tai series as desciibed by Richthofen.

Leclere definitely mentions outcrops of pre-Cambrian
format%ons in S.W.Chinae If the quartzite (p{54 ) that he classes
as"pre-Cambrian” system is true pre-Cambrian formation, it may
be tentatively regarded as belonging to the upper pre-Sinisian
group, for the lithology of the rock suggests certain sinilarity to

that of the Wu-tal stratae
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The Kauling formation which is extensively exposed in Kiang-
si, (see p |34 ) was originally classified by Richthofen as Cambrian,
but Tiessen, the editor of"China" vol. 11ll. suggests that it may
possibly belong to the pre-Cambrian group. In the opinion of the
writer the Kauling formation is more likely to be a Cambrian form-
ation; accordingly, it is described under the Sinisian system.

It is hardly necessary to say that all these tentative
correlations are open to criticism, and the known data are too few

to arouse vigorous argumentse.
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The ace of the Pre-Sinisian formationse

The absolutely basal position and the peculiar structural
and lithological type of the Tai-shan complex, the lower pre-
Sinisian group, remind us at once of the Lewisian in Britain and
the fundamental complex in North America. Their equlvalency seems
to be self-evident, and needs no further argument.

As to the upper pre-3inisian group, Richthofen and illis
often speak of its Huronian or Algonkian age. It is true that the
general composition and to some extent the structure of the Wu-tai
rocks are comparable with those of the Huronian formation in
North America,but a distant correlation baszd on lithological
ground does not éeem to be a sound onee Either direct or indirect
fossil evidence is demanded. Owing to the gemerally unfossilif-
erous nature of these rocks it has been impossible to obtain
organic remains of stratigraphical importance in the pre-Sinisian
in China, and thé pre-Cambrian in Europe and North America. On
the other hand, abundant forms of life, particularly trilobites,
are recorded near in the base of the Sinisian in China and the
Cambrian in Europe and Worth America. If we can prove that the
base of the Sinisian is equivalent to the base of the Cambrian, it
would follow that the‘pre-Sinisian in China is of pre-Cambrian age.

Walcott has shown that the Chinese lower Sinisian sea was
connected with the Australian lower Cambrian sea by the presence
of the common genus Redlichia; and the middle Cambrian sea of
China was obviously in communication with that of Western America
and Europe by the presence of a large number of related forms.

Thus it is beyond doubt that the base of the Sinisian can be
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regarded as the base of the Cambrian for all practical purposes.

In N.E.China, the base of the Sinisian system consists of a
red shaly formation, the Man-to shale of '7illis and Blackwelder,
(see p o2 ) containing Redlichia and other lower Cambrian forms.
This red shaly rock is described by Richthofen in his Nan-kou
section (plni;land Hsi-ping-shan section (p 69 ). The flinty
limestone lying beneath this red shaly rock, (Man-to shale) is
correlated with the Ta-yang limestone which is regarded by Willis
as the upper part of the Hu-to system.

In Northern Shan-si near the Wu-tai district, Blackwelder
observed that eroded and weathered Tai-shan complex, '"u-tai schists
and Hu-to limestone are in a number of instances unconformably
overlain by the red shaly formation with local conglomerates.

For these reasons we may consider it as conclusive that the pre-

Sinisian groups in China are of pre-Cambrian age.



CAMBRIAN-MIDDLE ORDOVICTI AN ...
or

The Sinisian Systeme.

(1) General Remarkse.

T4
The term "Sinian" was first introduced by Pumpelly for

expressing a system of folds trending N.E.- S.W, observed by him
throughout N.E. Asiae Richthofen during his exploration found a
group of ancient rocks spreading over large areas in China, and

being generally affected by the N.E.- S.., folds. He then called

27 »
this group of rocks "Sinisch" which was later angldcized by Ae

’{\( I'r.\‘t,‘.' PR :
Geikg} as "Sinisian". Richthofen remarks that the formations be-

longing to his upper Sinisian or "Obersinisch" probably extend
stratigraphically above the Cambrian, and his lower Sinisian or
"Untersinisch" possibly reaches down to the pre-Cambriane

In the years 1903=4 Willis and Blackwelder discovered an
unconformity of great magnitude between the Obersinisch and the
Untersinisch of Richthofen in northern Shan-si; and they call this
uncokformity the "pre-Sinisian Unconformity". Moreover they noted
that the Untersinisch is generally unfossiliferous, while near the
bottom of the Obersinisch, a number of species and abundance of
individuals have been found. In the districts between northern
Shan-si and S.W.Chi-1li, Blackwelder observed thirteen instances of
Sinisian beds (=Obersinisch) lying in contact with the pre-Sinisian

formations.  Nine cases out of the thirteen, the same geologist was

able to observe erosion unconformity; the underlying pre-Sinisian



is often traversed by dykes which terminate abruptly at the
plane of the umconformity. The other cases are fault or thrust
junctions. Blackwelder and "Willis therefore found it desirable
to restrict the lower extension of the "Sinisch system"?istab-
lished by Richthofen. For denoting the "Sinisch" system in this
restricted sense, they adopt the o0ld nomenclature "Sinian", the
plane of the "pre-Sinian unconformity" being regarded as the
lower boundary of the "Sinian system".

To avoid confusion, and to do justice to Pumpelly's early
discovery, the writer thinks it more appropriate to use the term
"Sinian" in its original sense as defined by Pumpelly, (see p330)
i.e., to denote the prevailing N.E - S.W trend of the major folds
in N.E. and S.E.China; and to use the phrase "Sinisian system" in
lieu of the phrase "Sinian System" as defined by Willis and Black-
welder.

Although the Sinisian rocks are widely distributed in
northern, S.W., S.E., and probably western China, the Sinisian
formation, as a system, appears to be most well-defined in N.E.
China, s The grand developement of the almost undisturbed
Sinisian strata in Vestern Shan-tung, and their mégnificient
exposures with abundant fossils, have induced a number of
geologists and palaeontologists to concentrate their attention to
that areae. A tolerable fauna has been collected from Shan-tung,
and described by Dr Walcotte The labour spent by Dr. Deprat on the

Cambrian formation in S.W.China is also a fruitful one; but there

the severe deformation suffered by the Cambrian strata has



O
0

rendered the region less favourable than Shan-tung for studying
faunal sequence. The work of Richthofen on the Sinisian
formation in S,E.China, valuable as it is, gives us little
satisfaction as regards the record of organic remainse.

‘The lower member of the Sinisian system in N.E,China
usually overlies the Tal-shan complex or the "u~-tai formation or
the Hu-to rocks with marked unconformity; but in one or two
known cases the unconformity does not seem to exist. Richthofen's
section at the Nan-kou pass affords such an example. (see p 71 )
The upper limit of the Sinisian system in N.E.China is marked by an
unconformity of such a nature as to represent a great histus of the
successgsion of 1life; and to exhibit visible trace of erosion and
notable change of lithology between the upper Sinisian rocks

Shansian

and the rocks belonging to the overlying Siwmieien systeme.
(see p 1b> ) But, there is a wide concordance of stratification
between the uppermost Sinisian bed and the lowest Shansian
stratume It is uncertain whether the corresponding break
defining the upper boundary of the Sinisian system exists in the
othercparts of the country. If it does exist, it needq not‘)Q be
at the same horizon, for the upper part of the Sinisian system in
northern China had been presumably eroded off before the depos-
ition of the overlying Shansian base had begune

In eastern Yun-nan, Deprat has shown that, at a certain
locality, a number of upper Cambrian beds are missing underneath
the Ordovician; and the Ordovician passes mupwards into the Silurien
in a conformable manner. If this break between the Ordovician

and the Cambrian is proved to be a mere local non-sequence, or



due to tectonic movement in post Ordovician time as suggested by
Deprat, (if the writer understands him rightly) it may be possible
to extend the use of the term Sinisian. to S.W.China, but if it is
an unconformity of appreciable magnitude, the application of the
Sinisian system in Eastern Yun-nan would be thoroughly unsuitable.
In the absence of further data concerning the nature and the
extent of the alleged unconformity between the Ordovician and the
upper Cambrian in Eastern Yun-nan, Deprat's suggestion is
tentatively regarded as a valid onee.

With regard to the beungg;ieg of the Sinisian system, we
have convincing evidence to show that the lowest bed of the same
system in Northern China is practically equivalent to the
Cambrian base; and from the uppermost stratum of the systen,
forms related to the Trenton fauns of North America have been
found. Thus it is certain that the Sinisian system in China,
at all events in northern and central China, covers a period
which extends from the lowest Cambrian at least to the middle
Ordoviciane

The nature of the rocks belonging to the Sinisian system
shows a tendency of changing from(the lower)shallow water deposits
to(the upper)deep sea sediments. The change is gradual but
unmi stakable indicating the slow and continual guybsidence
of the sea floor during the Cambro-Ordovician time throughout
China.

There is a general absence of basal conglomerate in the
Sinisian system over an extensive area except at a few localities
in Northern Shan-si and Western Chi-1i where the developement of

the conglomerate is strictly local. Instead of the usual
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presence of a conglomeratic band above a plane of great uncon-
formity, we find deposits whichAhigé presumably derived from
laterite in Northern China, and a consolidated glacial formation
or tillite in Central China. They form the base of the Sinisian
systeme The discovery of glaclal deposits in early Cambrian time
in Central China is entirely due to the energetic research and
astute observation of Dr. Willis and 5?. Blackwelder. It is much
to be regretted that their hurried journey did not allow them to
obtain any more data than one locality of the exposure of the
tillite and its approximate stratigraphical position.

Fossils that have been found in the Sinisian system. are
mainly triiobites and brachiopods; gastropods, cephalopods,
ostracods etc are also fairly well represented. The lower
Sinisian fauna is characterized by the species, Helcionella
rugosa chinensis, Obolella asiatica, Redlichia chinensis and cer-
tain species of Ptychopariae The middle Sinisian has yielded a
large number of species and individuals. Dorypyge richthofeni,
Agnostus, Anomocare, Solenopleura, certain species of Ptychoparia,
Stephanocare, Drepanura, Obolus, Orthotheca etc, are among the
characteristic forms. The upper Sinisian is usually not so
fossiliferous as the middle and lower Sinisian; but the genus
Asaphus Dionide, large orthoeras or "pagoda stone", etc, occurs

near the top of the systeme.
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(II) Field Observations.
(Under this heading fossils are mentioned by reference No. Their

generic and specific names are found in list No. 1.)

N.E.China.

Western Shan-tunge.

The lithological as well as faunal succession of the Sinisian
formations in Western Shan-tung has been elaborately worked out
by Messrs. Willis énd Blackwelder. Although the area that they @
covered during their exploration in Shan-tung is limited, the
Sinisian formations in N.E.China appear to be well represented in
that area{ ‘2; proved by the more extensive observation made by
Richthofen. For this reason we may take ‘Jestern Shan-tung as a
type-area showing the full developement of the Sinisian formations
in N.E.Chinae.

In Western Shan-tung, the Sinisian formations are divisible

into three series according to Willis and Blackwelder:

Upper (c) Tsi-nan limestone massive limestone.
Middle (b) Kiu-lung group limestone and shale.
Lower (a) Man-to formation essentially shale.

The sequence of these three series is not inferred but is
actually observedes Therefore there is no question about their
succession; and we may consider the above order as an established
facte

(a) Man-to formation.

Blackwelder describes the Man-to formatiJ§7as being
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primarily a series of red and brown shales with interbedded gray
and buff limestones, which are usually of earthy compositione

Good exposures of the Man-to formation were noted by Black-
welder in the slopes below the cliffs on all sides of the village
of Chang-hia, in the hills northeast of Sin-tal-hsien, in those
between Kau-kia-pu and Yen-chuang, and 19 to 24 kilometers south
of Po-shan. The total thickness, according to the same author,
ranges from 135 to 225 meters.

On the slope of the Man-to-shan, south of Chang-hia, the

BN
complete Man-to formation is exposed. The sequence is as follows:"

(see section NoO.IZ )

Kiu-lung group. 5. Thin.bedded dark oolite and
greenish shale.

4. Brown and gray shale with two
intercalated thin layers of
gray limestone and a layer of
gray limecstone lying at the base.
This basal layer contains Sel9,
S1 32 to Si 35.

3¢ Dark shale with a layer of olive-

gray limestone lying at the base.
Man-to form- The latter contains Se 30, Si 42, Si 32
ation with
(Redlichia

chinensis)

2+ Red shale with basal white
calcareous shale and buff earthy
lime. The buff limestone yields
Si 42, si 37.

le Shales with a band of buff earthy
limestone near the base, a sill
of syenite porphyry in the mriddle
and a layer of slaty black lime-
stone which yields Redlichis
chineusis, (Si 7) in the upper part
of the series.

P Yt Wam W W W e Yo Woane W W Vi Toamie Yo W W Vo ¥ P i T Yam T P an 3

(Unconformity) e

Tai-shan Complex.
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In the Sin-tai district, the succession of the lian-to form-
ation is essentially Fhe same as that in the Chang-hia districte.
In the slopes of the Hu-lu-shan, south of Yen-chuang and the
Hwang-yang-shan, east of the Huflu-shan, ce 30, Sf 11, Sg 3,

Si 43, Si 9 have been found fpgﬁ the “an-to formatione

(b) FKiu-lung groupe.

The Kiu-lung group largely consists of limestones with a
subordinate number of shaly strata. The limestone is often
oolitic and pseudo-Conglomeratice The horizontal extension of
each member of this group is not so persistent as the members of
the underlying Man-to formation. Blackwelder says that a thick
hard limestone belonging to the Kiu-lung formation sometimes grad-
es off into shales within a few miles. The Kiu-lung group is
conformably underlain by the ilan-to formation, and conformably
overlain by’ the Tsi-nan limestone to be described presently. The
total thickness varies from 275 m to 335 m.

The rocks belonging to the Kiu-lung group are exposed in the
hille near the villages of Chau-mi-tien and Chang-hia, in the low
pagoda hill near Tai-an-fu, in the hills 18 Kilometers soﬁtheast
of the same city, in the mountains of the Sin-tai --- Yen-chuang
district and those lying about 16 Kilometers south of Po-shane

In the Chang-hia district, the Kiu-lung group is divisible

into three conformable seriesJéﬁ

3o Chou-mi-tien limestone with Ptychaspis,
Tsinania and Plectorthis (see section |q )
This limestone is conformably overlain
by the yellowish dolomitic Tsi-nan lime-
stone. The transition between the
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Chau-mi-tien limestone and the Tsi-nan
limestone is marked by a notable lith-
ological change. The unper part of the
Chau-mi-tien limestone consists of hard
gray finely crystalline limestone with
individual strata which are usually not
more than 5 or 6 feet thick, and yields
fossils Se 29, Se 36, Se 335, Sf 7,

Sg 6, Si 108, Si 118, Si 188. The lower
part of the limestone is thinly bedded
and sometimes exceedingly hard. It
contains fossils £i,1l, S5i 163, Si 164,
si 81, si 78, si 79, S5i 162, Si 118,

51 113, Si 114, Si 105, ©i 111, etce.

In the base of the Chau-mi-tien lime-
stone there is a stratum of dense
slabby limestone containing peculiar
pseudo-conglomerate which consists of

8 Olive-gray matrix and flattish,
ellipsoidal or reniform pebble-like
bodies rarely exceed 1 inch in dia-
meter. This slabby limestone yields

Si 94.

2¢ Ku-shan shalee.

This is a calcareous shale of light green
colour with seams of dense limestone,
destitute of fossil, about 50 feet in
thicknesse

l. Chang-his limestone (with Dorypyge
richthofeni, Anomocare daulis, etc.%
The upper part of the Chang-hia form-
ation is composed of somewhat variable
succession of dark and gray limestones
which are occasionally oolitic: the
middle part consists of massive, cliff-
making beds of black oolite with grains
of glauconite; the lowest strata are
composed of thin-bedded olive-gray
limestones which are in part oolite.
Abundant middle Cambrian fossils

have been found from wvarious horizons
of this formation. They are arranged
in descending order as follows:-

Se 24, S5g 1, S1 120, Si 145, Si 86,

si 29, Si 156, Si 1858, Si 15, Si 85,

si 103, si 149, Si 148, Si 98, Si 99,
si 89, Si 84, Si 51, Si 52, Si 63,

si 107, g
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si 84, €i 88, Si 106, Si 104, Si 02,
si 101, Si 89, Si 6.

Si 45.

In the Sin-tai district, the three divisions of the Kiu-
lung group still hold; but here the thickness of the black oolite
is much reduced, being replaced by shales. The Ku-shan shale 1is
thicker thaﬁ it is in the Chang-hia district, and it carries
fossils which belong to the upper part of the Chang-hia lime-
stone and lower part of the Chau-mi-tien limestone of the Chang-
hia district. The Chau-mi-tien limestone is essentially the
same as in the Bhang-hia districte.

Near Yen-chung, north of Sin~tai-hsien, Blackwelder
describés a section of the Kiu-lung group as follov-.rs:'--jo

5. "uppermost limestone member" . . . . . . .250 to 300 ft.
"( Thin-bedded gray limestones, often

conglomeratic, which represents most of
the Chau-mi-tien formation)"

with the following fossils,
Sh 2.

Se 32, Se 35, Se 33, Se 39, Sg 2, Sg 6,
si 151, si 109, si 112, si 115, si 118,
si 118, Si 94, Si 90.
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separated by a thin limestone. The
shales themselves are sometimes soft

and argillaceous, but at other levels
are hard and slat P containing numerous
limestone nodulesg

with the following fossils.

Se 22, Se 18, Se 12, Si 1, si 3, si 21,
si 22, si 25, 81 31, 81 30, S5i 41,

si 146, 51 54, Si 8, 81 10, Si £8, Si 24.

stone, usually mottled with ocher.
Represents the upper one-third of the
Chang-hia limestone)"

with the following fossils.

Se 25, Si 60, Si 83, Si 27, Si 26,

Si 23, si 17, si 19, Si 149, Si S6.
Se 26, Se 6, Sg 1, Si 137.

2. "Lower shale member" , . . . . . . . 100 to

l. "Lowest limestone member" . . . . .

"( Soft green shales containing thin
strata and nodules of dense lime-
stone)"
with the following fossils.

Sc 1, Se 25, Se 9, Se 7, Se 12, Sf 6,

g 1, Ssg 7, sSi 1, S1 83, Si 82, 51 157,
si 156, si 15, Si 14, &8i 123, Si 145,

81 136, si 153, Si 132, si 137, Si E3.
sc 1, Se 26, 5f 6, Sg 1, Sg 9, Si 1,

si 137, Si 84, Si 155, Si 156.

se 23, Sg 9, Si 1, 81 3, Si 119, sSi 132,
Si 137, si 156, Si 15.

"( Dark gray limestone, much of it oolite
and thick-bedded. The basal layers are
frequently slabby and more or less

replaced by green shales and calcareous
sandstone)"

with the following fossils.
Se 7, Se 16, Si 59, si 71, Si A8,

"upper shale member" ., . . . . . . . 100 to 120 fet.,
"( Green shales, usually in two layers

"1iiddle limestone member" . . . . . . 120 to 150 ft.
"( Light gray dense or granular lime-

170 fte.

« «100 to 180 ft.
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In the vicinity of Tai-an-fu, limestone strata form the
isOlated hill with a small pagoda about 1 mile west of the city.
From this pagoda hill Elackwelder collected the following fauna
which proves Eonclusively that the limestone iéJUhau-mi-tien.
limestonee.

Se 8, Se 13, Se 36, Se 39, Sf 3, Sf 8, Sf 4,

sg 13, Sh 1, Si 163, Si 165, Si 105, Si 78,
si 80, Si 57, Si 118, #% 4% Si 47, Si 46.

71

(C) Tsi-nan Limestone.

The Tsi-nan limestone is lithologically divisible into two
parts. The lower 1ight'ooloured argillaceous limestone and
dolomite conformably overlies the Kiu-lung, and is itself over-
lain by the upper brown dolomitic uniform limestone. The upper
brown dolomite almost represents nine-tenths of the whole Tsi-nan
formation and it underlies the coal bearing series of much younger
age. (see p /993 ). The Tsi-nan formation is widely distribut-
ed in Shan-tunge 1Its exposures in the south of Tsi-nan and in
the hill ranges of N.'7.,Shan-tung are most prominent.

In the Chang-his district, the lower part of the Tsi-nan
formation is essentially calcareous with earthy and dolomitic
material. The lower stratsa grade upwards insensibly into mod-
erately thick.bedded bfownish dolomite which weathers to a blue-
gray colour. The rock is slightly deformed, and traversed by
calcite~veinse Fossils are extremely rare.

In the Sin-tai district, the nature of the Tsi-nan lime-
stone is essentially the same as in the Chang-hia district.

Near Tsai-kia-chuang, the Tsi-nan limestone has yielded the

following forms:



se51, Sf 16, Sf 17, Sh 2, Si 191%.

Having reviewed the inportant work contributed by Blackwelder on
the stratigraphy of the Sinisian formations in Vestern Shan-tung, we
may proceed to gether a few scattered:observations made by other
geologists in the same provincee.

After extensive study of the Sinisian system in‘the Liau-tung
province where the developement of the Sinisien rocks is much the
same as in Shan-tung, Richthofen subdivide the same system intgyﬁajor
groups: X
{1) The unfossiliferous "Untersinisch" is conformably overlain by
(2) the fossiliferous "ObersinischJ? In the opinion of Richthofen
the same subdivision of the "Sinisch" system holds in the province
of Shan-tung. ILorenz also classify the "Sinisch" formations into
an upper and a lower group. It is uncertain whether the boundary -
plane between the Obersiniach and the untersinisch drawn by Lorenz
and that drawn by Richthofen agree with each other. Presumably they
are approximately in the same horizone.

"Untersinisch"

Agpthe south of Liu-pu, in the Tai-shan mountain, Lorenzéz—
observed that the Untersinisch consists of siliceous and calcareous
dolomitic rocks. (Rauchwacken) Similar rocks occur at Tsi-nan-fu
according to Richthofen.

To the south of Vei-hsien, the Untersinisch of Lorenz is com-
posed of yellow sandstone in the lower parts which is succeeded
upwards by red marl.

At Tschang-liu-tscheng, the lowest bed of the untersinisch is g

red, gray, sandy marl with sericitic scales. This is followeqd
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upwards by siliceous calcareous-shale (Kalkschiefer)
| No fossils were found by Lorenz from the Untersiniech formation
in Shan-tung.
"Obersinisch".

The Obersinisch of Richthofen and Lorenz is a thick series of
strata consisting of dirty yellow sandy marl, shale, calcareous-
shale (Kalkschiefer) and slabby limestone with beds of character-
istic globulitic or oolitic 1imestoneg.8 The similar globulitic or
oolitic limestone was observed by Richthofen in the Liau-tung
province; (Lung-mon series) and is also observed by Gottsche in

o)
Coreae Toll remarks that the oolitic limestone of Cambrian age is

widely distributed in‘N.E.AsiaLSl
(ﬁhé following observations were tade by Qoreﬁz/wi%h,régard
to‘tﬁgvSiqisian,fgrmation in Shaﬁltung;->
To the sogfp of Tsi-nan=-fu Lorenz observed the following
succession ofﬂirc\)oké\ (see section N0.22)
10. Coal-limestone (Kohlenkalk)
9. Ferruginous clay (Lehmdecke)
(Note ---- Obviously Noe. 9 does not
belong to the sequence of the bed-
ded rockse It is probably superficial
deposits of recent origin.) |
8. Red limestone somewhat crystalline,
7. Bedded Black limestone.
6. Limestone "conglomerate".

5 Yellow limestones
4. Globulitic limestone, in part marmorized.
3« Pure & sandy bright brown limestone.

2. Thick~bedded black or speckled limestone,
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1., Fossiliferous shaly globulitic limestone.
In the hill south of Wang-tschwang, between l'ong-yin-hsien
and I-shui-hsien, Lorenz observed the following sequence and coll-

62
ected three lots of fossils: (see sectionfo. 2\ )

8. Limestone containing Si 98 Si 176 . . . . . 24 m.
7« Limestone with an interbedded sill,

below the sill the limestone contains

Si 28, S1 '28' . 4 ¢ . o ¢ o o o 68 me

6e Slabby limestone . . . « + « ¢ .« & 30 me

50 Ma.l"l . ° ° . ° ° [} ) ] [} ] ] [} ® ° 7 Me
. 4. Green-gray massive limestone with a
layer of green marl near the base.
Just above the marly stratum the lime-
stone yields Si 143, Si 156, Si 1,
Si 4’ se 210 [} [ ° o ] L] ° [ [ o o 59 Mo

3. Dark green-gray massive limestone with
Si 145’ Si 156, Si 40 etco ° [ [} [ 23 mO

2. Thin-bedded, sandy and micaceous lime-
stone with sandy layers and bands of
gray crystalline limestone (spatkalk)
containing large oolites . « « . o« 90 me

l. Calcitic, ferruginous, brown-violet
conglomerate [ ] L [ ] [ ] [ ] [ ] L [ ] L] [ ] [ 3 7 m.

In the limestone hill of Ho-shan, south of the Pu-tschi coal
field, Lorenz collected a few fossils. They are: S8i 189, Sf 15,
Sg 5,

The limestone contains strata of shaly dolomitic-rock
(Reuchwacke), abd it is unconformably overlain by coal bearing

series. (see sectionNo24) Lorenz regards the limestone as "lower
62 |
Silurian”.
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Chi-1li.

Near the Nan-kou pass, N.W. of Peking, Richthofen noted the
occurrence of the Sinisian formations consisting of the following
sequence: of rocks:gq

M. Evenly bedded lirestone without chert,
dark gray to blackish; fine-grained;
break splintery and conchoidal, some-
times uneven. Beds 2 to 12 inches
thick, seldom more, well separated
from one another. Non-fossiliferous.
Here occur the limestones with hori-
zontally embedded, flattish, rounded
bodies which give worm-like outlines
in cross-section. The bodies here
consist mostly of dense black, the
matrix of crystalline limestone.

These "Wurmkalke" are everywhere

characteristic of an upper horizon.

Another typical rock is greenish

splintery limestone. Total thickness. . . 2000 ft.

Le Globulitic limestones clear gray to
blacke The Globulites are mostly of
the size of oat kernels, seldom as
large as peas, beds 2 inches to 2
feet thicke. Trilobites abundant . . . . . 500 ft.
K. Green Strata’. . [ ] [} [} [ [ . * [} . . [} [ [} P 80 ft.
I. Globulitic limestones like 1, predom-
inating with dense homogeneous lime-
stones interbedded o« ¢« ¢« o o o ¢ o o ¢ o o 1500 fte

He He Red clay shales o« o o o o o o o o o o o 120 fte

40 Gl"a.y 1imeSt0ne ® ° ° . ° ° . . ° ° [ ) 80 ft‘.

3¢« Red strata « o« o« o« o o

2. Dense siliceous limestones of flat
conchoidal fracture, very evenly
bedded; Whitish, greenish, reddish,

prevailingly greenish-white . . . . . . .200 ft.

10 Red Clay shales [ [} . . . [ [ [ . . [ [ .100 ft'

Ge Gray dense limestone finely crystalline . . 400 ft.
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In the Hsi-ping-shan, southern Chi-1i, Richthofen observed
Globulitic and conglomeratic strata underlain by red shales. The
section has been already described in connection with the pre-

Sinisian systems. (see p =9 )e

Shan-si.

In the Ta=-tung-fu coal field, northern Shan-si, the Sinisian
limestone is unconformably overlain by Jurassic coal measures, with
a marked difference of dip. (see section No.14 )

In northeastern Shan-si, the Sinisian rocks exhibit nearly
all the peculliarities of their equivalents in Shan-tung, but here
only two lithological divisions can be readily distinguished.Accord-
ing to Willis and Blackwelder they are:

(B) Upper; Ki-Chou limesténe.
Gray limestohe.

(A) Lower. Man-to series.

Sandstone, red shale and impure lime-
Stone .

v s v
Ui TNt a

The rocks are exposed near Ning-shan, along the southern edge
of the Wu-tal-shan district, and on the northern flank of the "u-
tal rangee.

The lower Man-to series sometimes unconformabiy overlies the

i

Tai~shan complex (see sectione|;”3), and sometimes rests unconform-
- N
ably upon the Vu-tai (see section ) or the Hu~-to rocks with

local basal conglomerate. lMoreover, the unconformity between the

Sinisian and the pre-Sinisian in these districts is shown by
between

striking discordance /" the Sinisian and the pre-Sinisian strata,

and the truncation of dykes intruded into the pre-Sinisian at the
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junction between the lowest lan-t0o stratum and the older eroded

pre-Sinisian bedse.

The following section given by Blackwelder represents a part ,
]
of the Sinisian system as exposed at the south of Tung-yu, Chan-sie
4

A
in N.E.Shan-s8i and S.W, Chi-li. The upper part of the system has

It may be regarded as,typical developement of the Sinisian system

been obviously denuded awaye

(Dense Blue limestone,
éwith fossils Se 33, Si 110 « o o« o o« « o o 20 fte

(ocherous, gray, dense, conglomeratic limestone
€w1th fossils Si 66, S1 246 v &« ¢« o o« o« « « 75 ftoe

(Massive, ocherous gray limestone. . . . . . 110 fte

(
(Brown and gray shales and thin bedded
(llmeStone . . [} [ . [ ° . . ) D) . . . ° ® 65 ft.

(with fossils Se 17, Sf 9, Sg 12, Si 16
(si 122, si 128.

(

(Massive gray oolitic limestone . . . . . . 45 fte
Ki-chou (with fossils Sg 12, Se 11, Se 26, Se 20,

(si 1, si 15, si 16, Si 155 Si 150
limestone. (

gG’ray Shales L ) L [ ] [ [ ] [ [ ] * [ L ® [ ] - [ ] [ ] * 15 ft ®
(Gray crystalline limestone . o« « o« o o o & 9 ft.

(Gray calcareous s8hale o« « « o o« o o« « « o o 8 Tt

(Oolitic 1imestone o o o o o o o o o o o« o o B fte

(

(Gray and buff shales with limestone

(nOdLIleS [ [ [ ] (] L] [ [ . L] [ L) ° * 50 ft.
(with fossils si 74 Si 128, si 64 Si 40,

(si 159.

(Hard brown-gray oolitic limestone . « o« . o 12 fte

(Slabby buff limestone dense and hard . . .
(with fossils sf1, sf 12, si 77, Si 85,
(si 62, Si 48,

o« 35 Tt
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(Red shale and argillaceous limestone

éwith thin yellow limestone . .+ . « « « o o 40 fto

(Red shale and thin limestone . « « o« « o« o 30 Tto
Man-to (

(Argillaceous yellow limestone . . o « o o 4 fte
shales. (

(Red calcareous 8Nhale « o« o« o« o o o« o o o o 12 fto

(Red sandstone and conglomerate « « « « « o3 to 15 ft.

(unconformitysd — oo e B

Pre- (Purple argillites; siliceous limestones
Sinisian (and dykes of green-stonese

In the valley of O=-shui, north of the Wu-tai-shan and south
of Tai-chou, magnificent exposure of the Ki-chou limestone resting
on the Man-to shale, has been described by Richthofend® X

@e limestone forms precipitous cliffs, and attain a thickness
of about 2700 feete.

The upper part of the Ki-chou limestone generally contains few
fossils except scattered specimens of orthoceras, coiled gastropods
and other Ordovician formse

In a narrow gorge, on the west side of the Sing-ho, below the
city of Wu-tai-hsien, fossils were collected at about 10 feet above
the base of the Ki-chou limestone which is underlain by red-brown
Man-to shale. The fauna consists of the following formsgm*



/7S

Central‘Chinaf

The gorge district of the middle Yang-tze.

The dissected broad anticline of the middle Yang-tze district
affords splendid opporturity for studying the stratigraphy of the
district. Various observations have been made at different times
by different geologistse. Although the records of the observations
vary in detail, they generally agree in showing the main divisions
of the sequence.of the rocks. Broadly speakling we are able to dis-
tinguish two lithological divisions as far as the Sinisian form-

‘ation is concerned:

(b) Upper. Ki-sin-ling limestone.
Massive gray limestone
which grades downwards
into slaty limestone
and shalese. .

(a) Lowere Nan-tou seriese
Tillite, sandstone and
conglomeratee

At Nan-tou, a place which is situated at the northwestern
entrance of the I-chang gorge, Western Hupeh, Blackwelder describes
r:
the following section: (compare section 37 )

(Massive brown-gray dolomitic
2limestone. * o o o o 0 o o o o @
(Gray cherty limestone.
(Light gray oolitic limestone
(White arenaceous limestone
Ki-sin-ling (Black argillaceous limestone
Brown calcareous shale
limestones (Black slaty limestone & flint
(Brown shale
(Thin sheet of conglomerate -
(with pebbles like those in
(the underlying tillite, and
(& matrix of greenish argill-
(aceous limestonee.

L] [} 4‘000 ft. ?

[ [ [ ) [ 250 ft.

Vs Vs s Vs “aat® ans?” s’ it Vgt et el Nt

(Unconformity)»-,
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éGlacial £1111t€ o o o o o o ¢ o o o o o o o 120 Tt
On this tillite Blackwelder write

("Hard massive boulder-clay or tillite
(which is niether fissile nor stratified.
(It is a greenish gritty clay-rock of
(hackly fracture, in which lie irregular
(stones of various sizes and kinds, with
(their long axes at tandom angles with

(the horizontal. The rocks represented
(are gray granite, brown-rhyolite-porphyry,
(mica-schist, massive green slate, earthy
(gray limestones, quartz and chert.

(- - -~ -The forms of the majority of the
(stones are subangular, i.e., angles are
(present, but are smooth and roundede The
(flattish surfaces of such slowly weath-
(ering rocks as the massive silieeous

Nan-tou (ferruginous limestone are polished and
(scratched in various directions = = = =
seriese (The scratched stones were found in numbers

(firmly fixed in the green tillite, in
(such a condition as to show that they had
(never been disturbed nor subjected to
(surface abrasion since they were imbedded
(there in early pslaeozioc time".
(Commenting on this description, the writer
(agrees with Blackwelder in regarding these
(deposits as true tillite; The shape of the
(scratched pebbles, their firm setting in an
(undisturbed matrix, etc disavow the possi-
(bility of attributing the striation to
(slickensides.

(
(Obscured Dy S0il o o« o o « o o o o o « o« o o 100 fte

(Coarse, gritty, quartzite white sandstone.
(Purplish-brown arkose sandstone.

EConglomerate. .
150 fte.
(The pebbles in the conglomerate consist
(almost entirely of small fragments of the
(underlying Hwang-ling granitee.

el QW e s e e s

(unconformity ) e e

At ¢ an s e YR A C e ——

. Hwang-ling granite of pre-Sinisian agee
5
At the lower entrance of the Lu-ken gorgl, Pumpelly observed

that qua. tzite immediately underlies limestone which contains
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lenticular masses of flints. Apparently, phere the tillite is
absente.

Between the Lu-kan and lii-tsang gorges, E.C.Abendanon found
a purplish-brown limestone containing coiled nautilus and large
casts of orthoceratiteses After studyin’; the section given by
Blackwelder, Abendanon refers th%s limestone to the Ki-sin-ling

—— e

lain by green shale p;brdingto Abeﬂaanonx (see p 83 )

" e

limestone. Herejithe Ki-sin-ling,is underlain by schist and over-

Near Mau-ping-pu, between San-tou-ping and the upper part of

10

the li-tsang gorge, Richthofen observed the following sequence: M
8« (see p |2 )

7+ Gray-green sandstone with greenish
Shaly Str&tao . ° o . o ® o ° [} ® [} ] ) SOO ftO

6e Thick=-bedded, gray-black and yellow
1imeStone [ [ ] ] o ® o o [ J L ] [ ] [ J [ J [ ® [ ] 1100 ft.

50 Thin"bedded 1ime8toneo ® ) [ ] [ ] [ ] [ ] 01200 ft.

4, Thick-bedded, blackish dark sandstone
striking N by W.

3+ Very hard schistose-rock of gray-green
colour, partly due to the presence of
mica, chlorite and hornblende. The
rock is traversed by granitic veins
and dip vertical.

2. Dark rock traversed by granite (Syenitic
granite of Pumpelly) with %hite plag-
ioclase, quartz.etce.
1. Granite of San-tou-pinge.
(Note = = = = = It seems to be highly probable that an unconform-
ity exists between the base of bed No. 4 and the underlying rocks
as suggeéted by the striking contrast of the nature of the rocks.
Y8

This unconformity may be identical 4o the unconformity between the
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base of the Nan-tou series and the underlying Hwang-ling granite
as described by Blackwelder,)

Between Kong-lin-tan and Sin-tan, Noda describes the following
sequence:ebé#&p:&?tb=n§b=%§§§=?pn?tﬁt;Fr ;=r#rs=¥

5. Upper shale = Sin-tan shale gg—Blackwelder.
greenish shale, becomes sandy upwardse

. 4., Pin-shan-Ba limestone . « « « « o« « « o o 400 fto.
Be LOWEr S8HALle o« o o o o o o o« o o o o o o o 150 fto
greenish shale with lenticular mass of
limestonee
2o Niu-kan limestone . .« « o ¢« o« ¢ o ¢ « s o 300 fto
le Nan-tou S€eries . « « o o« « o o o o o o« o 220 fto
Sandstone and shales with lenticular
mass of limestone and slates with
a thin basal layer of sandstone.

In the gorge district, Willis and Blackwelder d*g not obserYe
the upper limit of the Ki-sin-ling limestone; but they infer that
the Ki-sin-ling limestone is probably overlain by the Sin-tan shale,
a. greenish shale (to be described later) this inference is borne out
by the observations made by Richthofen and Abendenon as cited above.
The district near the Ki-sin-ling17b

The Ki-sin-ling limestone is well exposed along the divide
between N.W.Hupeh and N.E.Su-chuan. In this district the unper part
of the same formation consists of an alternation of soft green cal-
careous shales with thin strata and nodules of limestones of gray
and white colours about 200 feet thicke These are separated from the
overlying Sin-tan shale by a hard light ooloure%h;imestone andi%hin
stratum of dense black cherte In the shales and/shin gray lime-

stones, trilobites, brachiopods occur in abundance. In the more
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masslive limestone directly beneath the shales there are also num-
erous well-presserved casts'of Orthocerass

At a rocky narrow on the Ta-ning-ho, about 1.5 miles up the
river from Su-~kia-pa, the thin gray limestone which forms the upper
zone of the Ki-sin-ling limestone, contains the following forms:

Ssh 3, Se 49, Se 52, Se 53, Se "4, Sh 4, Si 196.

Si 193, Si 191, Si 197, Si 201, Si 198.

Near the mouth of the ravine immediately northeast of Su-kia-pa,
in the similar gray limestone associated with green shales the
following forms occur:

Se 49, Se 65, Se 66, Se 53, Se &7, Se 52, Se 654, Se 58.

Si 204, si 199, Si 191 (of S8i 190), Si 194, si 192, Si 191,

si 197, Si 200, S5i 195, Si 202.

Blackwelder states that by a river bed about a mile above
Chou-ping-~hsien he found pebbles of gray-green oolitic limestone,
pisolitic and conglomeratic limestone, and slaty black limestone,
all resembling in a measure, certain phases of the lower Sinisian
rocks in Shan-tung. In the limestone pebbles the following fossils
were discovered:

Se 18, Se 19, Se 11, Sg 11, Si 5, Sj to Sj 6.

. S.W.Chinase

Eastern Yun-nane.

The presence of Cambrian formation in Eastern Yun-nan was first
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discovered by Lantenois who collected a few species of brachiopods
(Obolella, Lingulella, Discina) and & trilobite which ie described
by ansuy as Olenellus (¥esonacis) verneani n. sg?
The recent research of Dr. Deprat in the same region has thrown
much light upon the stratigraphy of the cambro-Ordovician formationse
The said author distinguishes the Ordovician from the Cambrian on
account of the discovery of certain typical Ordovician forms and .
divides the Cambrian into two stages:
(b) upper stage
)ptychoparian formation.
ArgillacfRe-arenacieusgs group)
JRedlichian formatione
(a) Lower stage,
Compact grits with intercelated limestone containing
Redlichia.
A. Cambriane
The Cambrian formation is extensively exposed in Eastern Yun-lTan
between the latitude of Yun-nan-fu and the river Kin-sha-kiang, =nd
attains a thickness of at least 2000 m. . Although the forﬁation
covers a wide area in the region in question, it is rare to find a
complete sequence of the beds as a consequence of complex tectonlc
movement: The strata are much broken up and even overthrusted, and ¢
the rocks are often rendered schistose. In spite of this difficulty,
Deprat is able to give us the following stratigraphical records which
we may consider as sufficient to warrant the establishment of the
divisions indicated above.

In the district of Ho-téinz M.V, of Po-shi, the Cambrian is

only represented by its lower part which consists of (see section s5 )



5 Thin-bedded yellow sandstone . . . o« « o 50 me
with Si 9,

4., Micaceous and very sandy yellow grits . . . 70 me.
with si 181, si 180.

3¢ Green sandy miceceous ToCK + « « o« o« o« o 650 me
with Si 181.

2e¢ CGreen grits and quartzite with inter-
calcation of fissile yellow sandy shale » 120 me.
with Sd 1.

l. Vine-red marly limestone, destitute of
fOSSil . ° . . . . . . . . . . . . . . D) . llo Mme

At Si-yang-tang (or Tsin-shouei-keuou) to the north of Eul-long-
si-shou, an apparent break exists between the Cambrian and the
Ordoviciane Certain upper Cambrian beds which are well-developed in
the neighbourhood of the Siu-kai-itsen and elsewhere in easterm Yﬁn—
nan are absent in this district. It is uncertain as to whether the
said break is brought about by the overthyusting of the Ordovician
strata upon the upper Cambrian bedse. On this question Deprat writes:

"Cette absence est probablement le resultat d'une lacune locale
d'ord&rﬁteﬁtonique que $h le parallelisme de l'ensemble des assises
ne permet malheureusement guere d‘'affirmer. On ne peut accepter
1'hypothése d'une transgression directe de 1l'Ordovicien sur les

' w
couches a Redlichia chiniﬁis et Redlichia carinata puisqd% une faible

distance, é 20 K.M, au S;, la horizon supérieur é ptychoparia
yunnanensis offre un puissant developpement. L'Crdovicien schisto-
marneux est du rest¥ extremement brise."

The sequence of the Cambrian strata at Si-yangatang as made out
by Deprat is as follows; (see section Nop.54 )

Oordovician - = = - = - - = - - = (see p {24 )

(Break? ) —— —— R
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7. Fine, Marly yellow grits with
si 180, Si 181.

«

(
%
(Upper ( 6o Yellow and rose-red temder marl) . « . . o 200 me
gstageo g with 81 7, sd 1.
( ( 5« Green Sandy s8hale .« « « o« o o o o o o o o 10 me
é ( ( with Se &59.
3
g (
2 E g 4 Gray 1limestone « o o« o o o o « o o o o o o « 20 Me
< :
S ( 3« Quartzite gray grite o« v v o o ¢ o o o o o 130 me
(Lower (
(Stageo E 2. Gl"ay 1imeStOneo () ° 3 [ ] . 3 o 3 [ ] [ [ 3 [ ] ® 20 m.
(

l. Arkose and quartzitic green grits . . . « « 100 m.

Near the village of Yi-long, east of SniLkai-tsen, strata
belonging to the upper stage of the Cambrian are exposed. They are as
follows: (see section No 53 )

OrdOVi ci a’n 9 o L] L 2 [ ] [ ] [ ] [ ] L] [ ] L ] [ ] L L] [ ] [ ] L [} L] L L [ ] L ]

Aadde o,

8o Fine yellow shale sometimes ROBY o o o« o o o 30 Mo
7+ Marl and sandstone prevalilingly gray . « « « 10 me
6e Green or gray shaly sandstone « « ¢« ¢« o« o« o 70 moe

50 Gritty Sandstone ° ° . [ . [ . . [ . o [ [ [ 40 Me
with Se 6, Se 7, Si 185, Sg 5.

Cambriane 4, ROSy Marl . . . « o

® L ] [ ] [ ® [ ] L ® ® L] ® [ ] loo m.
with Se 43, Se 42, Si 205.
3¢ Green shaly sandstone . « o« o« o o« « ¢« o« o o« 20 me
with Se 59e.
red,
2. Yellow or resy marly shale with inter-
calated sandy 1layers . « « « o « o« ¢ o o o o 80 m.

le Green Arkose sandstone

P Ve Ve Y P W W P W L Tt Yan Yo Woan Vo Vo, V¥ Lo Lot Yo Yoo

2 & 1 contain Se 60, Sj 9, Sj 7, Si 7.
In the vicinity of La-ni-tang which lies in the valley of the
Pa-tzen.ho, (between Lao-chou-to and Tien-houi) the following Cambrisn

strata are exposeds
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9. A series of green and resy sandstone
with intercalated greenish hard marl . . . . 110 me

8. Green scaly and noduler marl with greenish
S&ndy ha-nd-s e e . . . . ?OO Mo
with Se 7, Se 21, Si 184, Si 906, Se 60 SJ 10.
7« Gritty sandstone with three sets of
joints which divide the rock into
prallelopipeds e o e e o & & © o ° e o© o o o 50 Mo
with Se 61, Si 205, Se 6, Si 9.
"oy
8. I'issile, me=y marl with intercalated
bands of gritty sandstone . . . . ¢« « . . . 160 mo.
S5« Green marl and fine.grained, green
Sal’ldy Shale e & o o o e e e o ¢ e o o & o o 050 Mo
with Se 59, Si 207,
4., Dull, Highly Calcareous marl and black shale 70 m.
3¢ Crystalline gray lirestoneé. « ¢ ¢ « o« o o o 35 me
T 2e¢ Fissile shale of reosy and yellow colour. . . 45 m.

1. Thick=-bedded gray'and compact sandstone. . . 200 me. %

Be. Ordoviciane.

According to Deprat, the Ordovician formation occurs in eastern |
Yun-nan in narrow bands bounded by mighty dislocations. As a rule, the
succession of strata is imcomplete along a single section, and the
component beds are often brecciated or otherwise broken upe.

Alpthe north of the hill near Si-yang-tang, (see ﬁ 12) ) one
of the dislocated bands carrying Ordovician rocks runs in a 1.%.E.
direction towards Yi-Ko-ssen. A transverse section across this band
shows the succession of the Ordovician strata and the underlying
Cambrian formation; The latter has been already described in P2t

The Ordovician which overlies the Cambrian consists of the following

beds: (see sectionNo. 54 )
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12.

11l.

10.

e

Be

(Break)? -

Cambrian . .

/2 4

Gray limestone, much broken up,

resembling the Cambrian crystalline

dolomitic limestone, destitute of

TO8811 ¢« o o o ¢ ¢ o o o o o o o o o o o 10 me

Highly decomposed very fine
yellowish sandstone and marl . . . . « « 15 m.

Caleareous shale (Calcachist) and
micaceous black s8hale « o « o o o o o o o 3 Mo
with S1 203

Decomposed fine, yellow marly
Sandstone . ® ) ) [ [ [ ] ° [ [ [ ) ® [ e @ ]—O Me

Greenish fisgile mMarl o« o« ¢« ¢ o o o « o o 30 me

Extremely fissile and tender marly
shale with alternating beds of small
rolled flints and seams of scaly clay .
with Se 47, Se 48, Se 62, Se 49, Se 50,
Se 1, 81 2, Sk 1, Sk 2, Sk 3.

70 Mo

s e e e e e e e e s e . e (seeD 2] )

M
Ordovician rocks are exposed st the N.E.@Siun-tinn.tched%ﬁ

Between this prefecture and the lake of Tche-hou-kiang, at the rising

behind the village Sias-tou-kao, Deprat observed the following:

Oe

4.,

Se

2e

1.

llassive coarse sandstone with Bothriolepsise o 100

Black, Shaly sandstone bands with
Bothriolepsis . o o« ¢ ¢ ¢ o ¢ o o o o o o o« o & 2

Coarse, Arkose sandstone . . ¢« ¢« ¢ ¢ « ¢ o « o 10

Yellow pulverent marl with insercalated
bands of gritty sandstone « « ¢« ¢« ¢« ¢ ¢ ¢« o o o 80

Sel A
Tenker shaly marl with Malacostraces . « ¢« « » 80

Mo

Mo

Me

Me
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S.ll.Chinae

The lower Yang-tze valley.

In this region Richthofen has distinguished three groups of
formations of distinctly different lithological tvpeL He regards
them as belonging to the Sinisian system; but his inference is not
supported by palaeontological evidence, for he did not succeed bo'%
find?% single species from the formations in question. The formations
are placed by Richthofen in the following order:

Ce Ma~-tsu limestone.
B. Lu=shan Slate.
Ae Ta-hua sandstone.

The following records of observations are extracted from the
voluminous work "China" vol. 11l. They appear to be the basis, on
which Richthofen has drawn his inference in determining the strati-
graphical position of the three formationse

In the slope of the Ma~-tsu-shan which stands on the northern side
of the Po-yang lake, Kiang-si, Richthofen observed a series of fine-
grained, half.metamorphosed and slightly quartz-veined slates of
green-gray, greenish and reddish colour associated with fri~ble brown
sandstone. He calls these rocks collectivelfghLu-shan slate" s The
Lu-shan slate is overlain by siliéeous dark gray limestone with inter-
calated shaly and sandy slates which is followed upwards by & whites

veined limestone containing masses of hornstone. (Hornstein-Knsuern)

r

These limestones are calledgfa-tsu limestone. Richthofen states that
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ks '
he ig able to recognize, during the later part of his journey, the

immense developement of these rocks in southern China, and considers

(085
them as Cambrian formeation.

Along the northwestern slope of the Ta-hua-shan, southern An-hwei

lob
Richthofen made out the following sequence: (see sectionNo42 )

4, Heavily bedded limestone of gray and
sometimes red colour with thin hard
parting layerse. The cross-section of the rock
shows banded structure like the
limestone of the Ma-tsu-shanj; but
here the rock i1s highly crystalline.
The individual beds contain breccia-
1ike 1layers o « o ¢ o o o o « o« ¢ o o osabout 400 ft.

3¢ A series of regularly bedded slates
and slaty phyllites comparable with
the slates of the Ma-tsu-shan . . . « & 1200 fte.

2. Extremely even-bedded shaly,
siliceous and calcareous rock,
finely grained, breaks into
extraordinarily thin lamirae . . « . eabout 300 fte.

lo Chiefly quartzitic sandstone cemented
by sandy and shaly materiale The
rock is prevailingly red, but fre-
quently green and violet, and rarely
brown and yellowe. Pebbles brought down
by streams from the highest peaks of
the Ta-hua-shan were examined by
Richthofen who found nothing but the
quartzitic sandstone, and hence it is
inferred that a large part of the sameTﬁfaua
range is probably composed of the same
formation. Richthofen calls it

Ta-hua sandstone . ., . . . . . . . « at least 2500 ft
In southern An-hwel and eastern Kiang-si, between the coal basin
of Lo-ping and the young red sandstone basin of Ki-lMonn-hsien, there
is an extensive exposure of slaty shale which Richthofen calls 'l
Kauling formatior%o:T The shale is intercalated by greywacke-like sand-

stone, and exhibitse a prevailing greenish-gray colour, but red,
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yellow or even white layers are present. The rock is usually highly
folded and strikes E.N.E. It is from this formation that the famous
poreelain-rock of Kiang-si is obtained.

(Note - - - the lithology of the Xauling shale is comparable
with the Lu-shan slate.

Near Wu-kung-shw#%about 7 KM E.N.E. of the city of Nan-king
Richthofen observed a series of limestone overlain by red sandstone.
(of ? upper carhoniferous age) The limestone is of blackish colour,
fine-grained, finely bedded and crystalline; with veins of calcite.
In some parts it is well cemented and in other parts it is quite
loose. Parallel, thin, siliceous layers of yellowish-gray colour
occur in the limestone; the former easily breaks into leaves. Even
in the intercalated marly partings, Richthofen was unable to detect
any traces of fossils. The same author says that this very limestone
was met by him in the Ma-tsu-shan, near the Po-yang-hu, and it is
distributed over an extensive area in the province of Kiang-si.
Further- he definitely states that it belongs to the upper part of the
Sinisian formation. For what reason Richthofen does so, the writer
is unable to find oute.

Immediately to the east of the city of Man-king , a hill rises
above the loess plain on 1ts southeastern side and the Yang-tze-kiang

northwestern
on its seouthesstern side. (Strawshoe channel) 7Thig hill is entirely
composed of siliceous limestone of lever-brown, yellowish, whitish,
and reldish colour which dissolves into a peculiar siliceous spongy
brecciae A pure gray-brown limestone with red veins occurs in the
upper part of the limestone series, being exposed on the southeastern

slope of the hille. In Richthofen's field note he compares this
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limestone with that of the Ma-tsu-shan and the Mei-hua-shan; and on
his geological map he colours it as "Sinicsh"; while:ﬁihconclusion of
his geological study between Nan-king and Cheng-kiang, Richthofen
refers this dolomitic siliceous limestone to "from Silurian to

nloq

Devonian
Y,

‘On the N.W, slope of the Lun-shan, west of Cheng—kiang&globulitic
limestone crops out. It is a blackish-brown semi-crystalline limestone
with round grains of the similar material as the "matrix". Traces
of trilobites and orthoceratites were discovered in ite Richthofen
remarks that the lithology of this rock strongly reminds himzthe
"Sinisch" limestone which is so extensi#ely developed in Liau=-tung
and Shan-tung, Y.E. China; Overlying this formation is a calcareous
shaly slate with graptolites which were at first mistaken by Rich=
thofen as plant impressionsUO(The writer is particularly interested
in seeking for the récord of the discovery of this fossil in Chinese
geology, but unfortunately he only finds a brief indication of its
occurrence in this single district.) The graptolitic slates are fol-
lowed upwards by spongy and cellular quartz-rock and quartzite which
is overlain by micaceous slates. The whole sequence strikes N.E.

and dips about 45 S.,E. The upper part of this sequence is hidden

from sight by a lake. (see p |§5¢& and section N5 )
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11 Correlatione.

In Vestern Shan-tung, 2lackwelder divides the Sinisian system

into three groups The lower l'an-to formation, the middle Kiu-
lung group and the upper Tsi-nan limestone. Richthofen and Lorenz
only divide thé>system into two groups The "Untersinisch" and the
"Obersinisch". Judging from the general description of the lithol-
ogical nature of these two groups, (see pplog,1eq) it anpears to be
highly probable that the terms "Untersinisch" of Richthofen and
Lorenz, and the "lfan-to formation" of Blackwelder in the game
province are practically synonymous. Accordingly, the "Obersinisch"
of Lorenz and Richthofen would comprise the Kiu-~lung group and prob=-
ably a part of the Tsi-nan limestone of Blackwelder. Failing to find
fossils in the upper part of the Sinisian limestone in Shan-tung, and
seeing that the same limestone is immediately overlain by coal bearing
series, Richthofen has erroneously regarded the uprer Sinisian ¥¥meat
limestone as "Kohlenkalk" which evidently suggests carboniferous age.
Lorenz, on the other hand describes the occurrence of "lower Silurian

limestone® in Shan-tung and observed erocsion unconformity between the

so~-called Silurian limestone and the overlying coal bearing series.

e —— p——— ..
’. -, A
(see section Np.25 ) By "lower Silurian" obviously Lorenzvmeans
——— i

Ordovician as proved by the presence of Asaphus Boehmi. It is not
clear to the writer whether Lorenz includes the so-called "lower
Silurian® in the "Obersinisch" or regards it as a separate systeme.

To avoid confusion, the writer thinks it desirable to regard the sub-
division of the Sinisian system in Shan-tung given by Rlackwelder as

the standard classificatione
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In Northwestern Chi-1li, the succession of the Sinisian strata as

Ass
exposed in the Man-kou seetion, (see p 1’1 ) shows remarkable parall-

elism with that in Shan-tung: The series (h) exhibits every litholo-
gical peculiarity of the lian-to formation; above (h) there follows

a series of globulitic limestones and other strata, (i,k,1,) which
corresponds to the oolitic limestones and green shales of the Kiu-
lung group in Shan-tunge The limestone (m) resembles the Chau-mi-tien
and Tsi-nen limestone, for the development of the peculiar
conglomerate, and the general absence of fossils in the upper nart

of the formations are strikingly characteristic in both cases.

The imcomplete sequence observed by Richthofen in the Hsi-ping-
shan, southern Chi-li;l(see P 6q ) shows that the development of the
Siniesian formations is essentially the same in that region as in
northern Chi-1li and Shan-tung.

In Northern Shan-si, the Yan-to formation consists of the same

material as it does in Shan-tung and Chi-li; The lower Ki-chou
limestone which overlies the 'an-to formation, contains oolitic and
conglomeratic strata, showing strong lithological resemblance to the
Chang-hia limestone of Shan-tung. 'oreover they have yielded

common trilobites and a brachiopod. (see p )« Thus it is beyond
doubt that the lower part of the Ki-chou limestone is equivalent to
the Chang-hia limestone. The zone of the conglomeratic limestone may
be conveniently regarded as the divide between the lower and the
upper Ki-chou limestone. Above this zone the Ki-chou limestone
becomes massive, and contains very few fossils. “hat have been
found near the top of the formation are orthoceras, coiled gastropods

and other Ordovician formse. Similar facts are recorded in the Tsi-nan

1imestone. Hence the upper Ki-chou limestone is considered to be

b



equivalent, at least in part, to the Tsi-nan limestone.

In the gorge district of the middle Yang-tze and the neigh-
bouring districts the Kl-sin-ling limestone appears to be divisible
into two divisions The upper massive dolomitic limestone, and the
lower shaly limestone. (see p 1S ) From the unper part of the uvper
Ki-sin-ling limestone Orthoceras and other Ordovician forms have
been collected.s On account of this palaeontological discovery and the
massive nature of the rock, we may correlate the upper Ki-sin-ling %
limestone with the Tsi-nan limestone and the upper Ki-chou limestonee.
The lower Ki-sin-ling limestone contains a light gray oolitic
limestone which resembles certain members of the middle Sinisian in
N.E. China. Therefore it probably represents the middle Sinisian in
central China. In the abgsence of palaeontological evidence it must
be admitted that this correlation cannot be strongly advocatede

Regarding the lower Ki-sin-ling limestone as.middle Sinisian,
and assuming that the lower Sinisian time was not represented, in
central China, by denudation but by deposition, a series of lower
Sinisian rocks underlying the Ki-sin-ling limestone would be de-
manded. This assumption is rendered possible by the indication of the
prolonged penepqunation at the end of the pre-Sinisian period as
inferred by Willis. and the quiet and general subsidence of the
highly eroded continent without notable relief at the beginning of the
Cambrian time throughout Chinae.

The Nan-tou series which underlies the Ki-sin-ling limestone,
consists of well-bedded, almost undisturbed red sandstone and glacial
deposits. It 1s separated from the Ki-sin-ling limestone by an

unconformity according to Blackwelder; but the same author remarks
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that the unconformity probabi& does not represent any appreciable
length of time. Indeed it may be a mere local non-sequence. Owing to
the presence of this break it arnears to be not improbable that the
Nan—%%u sories belongs to the unper presSinisian group; but the
undisturbed condition of the strata and the insignificant magnitude

of the break (if Blackwelder's suggestion is based on good reason)
make it more probable that the said series was déposited in the early
Sinisian time; hence we may tentatively regard the Nan-tou series as
being equivalent to the Man-to formation in northern China. This
inference is strengthened by the interpretation of the nhysiograp.
hical conditions in the early Sinisian time in China: The climate

was presumably arctic over a large area of the country. In dentral
dhinea where there was sufficient precipitation glacial conditions
prevailed; while in northern China the aridity of the atmosphere
preventgd the existence of large mass of ice, and induced the
extensive formation of laterite from which the red soft marly shales
of the Man-to formation are likely to have been derived. The general
abgence of organic remains in the lower rart of the “an-to formation
(about 100 ft) is also a fact that tends to show the severely cold
climate which rendered %he shallow lower ''zn-to sea thoroughly unsuit-
able for organisms to livee

In Bastern Yun-nan, (see piiqsed: ) the lower stage of the Cambrian

consists of gritty material with occasional beds of limestone. 1In
this lower stage the species Redlichia chinensis is found. The same
species also occurs in the lMan-to formation in Shan-tung. The upper
stage of the Cambrian consists of shales, marls, sandstones etc. TFrom

the upper nart of this stage the species Obolus chinensis, Obolus
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damesi, and the genus ptychoparia have been found. These also occur
in the liiu-lung group of Shan-tung. The presence of these forms
leads Deprat to compare the Obolus chinensis zone in eastern Yun-nan
with the lower part of the Chau-mi-tien limestone in western Shan-
tung. The same author points out the lithological difference of the
rocks in which the common forms occur in the two regions. The facial
difference of a zone in lithology in places which are separated by a
great distance, is of course completely within our expectation.

The Ordovician of eastern Yun-nan with the characteristic
trilobite Dienide formasa Barrande which occurs at the zone 43,
stage D, of the Ordovician formation in Bohemia, is compared by
Deprat with the Tsi-nan limestone in Shan-tung. In the latter
formation Ordovician fossils also occur as already stated.

The calcareous formation near Tchae-tien (Tshau-tien,) "estern
Su-chuan, (see p 150 ) which has yielded Aséphus sp, Calymene sp, and
Trinucleus richthofeni Kayser; is also compared by Deprat with the

Dionide zone of eastern Yun-nan. This correlation is discusced latere.

In the lower Yang-tze valley, (see plx5 seq ) Richthofen
distinguishes three Sinisian formations: —— The lower Ta-hus
sandstone is regarded by the same author as probably belonging to
the loﬁer Cambriaﬂglthe upper Ma-tsu limestone and the middle ILu-
shan slate are sometimes referred to the Cambrian and sometimes to
the Silurian by Richthofer'x.‘;Z The writer is not sure as to whether
Richthofen did ever arrive at a definite conclusion in classifying
and correlating these formations. A fourth formation, the Kavling

slate, mentioned by Richthofen also evades classification. As annears

in the earlier works of Richthofen, this formation is correlated with
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the Lu-shan slate on account of its prevailing grecnish colour; but
similar remarks are not found in the notes contained in the third
volume of "China" Tiessen points out that there is a difference
between the nature of the Kauling slate and that of the slate
exposed at the lower course of the Hsin-ngan-kiang, Che-kiang. The
latter should be regarded as Lu-shan slate accordinc to Tiessen
whose inference is drawn from the observation made by Richthofen at
the Fonn-shui—th) Therefore Tiegssen thinks that the age of the Kaul-
ing slate cannot be the same as the Iu-shan slate and the former may
be equivalent to the '"u-tai formation in northern China. This
statement opens the question that the Lu-shan slate may belong to the
pre-Sinisian syetems. 'ithout further data, and above all palaeon-
tological data, the writer is unable to criticise these argumentse.

The Globulitic limestone of Lun-shan (see p 129 ) underlying the
graptolitic shale, is postively a Sinisian representative in the
neighbourhood of Cheng-kiang.

In glancing over the list ¥o. 1. (gshowing the Cambro-Ordovician
fossils found in China) the writer notes that true Olenellus and other

A
forms which characterize‘EEB}Britigﬁ, Scandinaviams; and eastern

—~————

e

e e ;’\
North Americam, (lower Cambrian fauna}’/ (The affinity between the

B.N. 204
Cambrian faunas in these regions has been fully discussed byAPeach)

are absent. The species Redlichia chinensis and Redlichia nobilis
were originally referred to by Valcott as descendent from Olenellus,
but the same author now advances the opinion that the genus olenellus
appears to have left no descendentse. A species bearing the name
Olenellus? forresti as described by A.H.Foord occurs in western

Australia in the Himberley district. The same fossil is regarded by
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Valcott as Redlichia. In Spiti, Northern India, Redlichia noetlingi
occu.r"}atc.(r From thes< facts and others alcott concludes that the %
transgressing LOWer Cambrian sea that contained the Redlichia fauna
was confined to eastern and southeastern (presumably Jalcott means
southwestern) China and northern India; and that there is no record
pointing to a connection between the "Punjab-l'an-to Sea" and the
Lower Cambrian seas of Northern Siberia, or estern Worth merica.
The tiddle Cambrian fauna of China, as has been pointed out
by Walcott, Lorenz and others, shows close affinity to that of Yorth
America and northwestern Europee. The absence of the genus paradoxides
together with the presence of Dorypyge in China and western lorth
America emphatically argues for the inference that these two regions
probably belonged to one and the same life-province in the :‘iddle
Cambrian time. It is important to note that the majority of the
allies of Dorypyge found in China are also the allies of paradoxides
in eastern North America; further, Gronwall has shown that Dorypyge
is associated with paradoxides, Amomacare, etc., in northern Europne.
Thus we are led to conclude that the Dorypygian zone in China is
practically equivalent to the Paradoxidian zone in the western world.
Various species of ptychaspis are present both in the Upper
Cambrian of China and the Upper Cambrian of Northern America. It is
largely based on the presence of this genus that 7alcott assigns
Upper Cambrian age to the Chau-mi-tien limestone. The genus Liostra-
cus is, according to Lorenz, a Middle Cambrian form in Scandinavia,
but it is found in the Upper Cambrian in Shan-tung%z

The fauna found at the top of the Ki-sin-ling limestone shows

close affinity to the Trenton fauna of North America and,vaginoceras
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~limestone of the Baltic province of Russia according to Weller.
The presence of the genera Asaphus and Dionide proves conclusively *
that the Chinese Ordoviclan sea was in communication with that of

Europee.
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FOSSILS FPOUND IN CAMBRIAN-ORDOVICIAN.

Note I.

2e

ROCKS IN CHINA .

The reference no. of each species is only used
in this thesis for convenience.

Nearly all those specific names to which no
nare of a palaeontologist is attached, are
originally given by Dr. C. Walcott. Changes

of generic names have been made by Walcott sine
the publication of the original description of
certain genera. Only the latest generic
references are mentioned in this list. The
previous generic references can be found in
n»The Smithsonian miscellanecus ccllections"

vol. 64. no. I pp I4-I7.
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«+«SILURIAN-—DEVONTIAN.

(1) General Remarks.

The researches of Richthofen, Lorenz, "illis and Black-
welder, and others have shown that in northern China, the
Sinisian system and the overlying Shansian system are separ-
ated by an unconformity of great magnitude. The top of the
Sinisian contains fossils which indicate ordovician age as
already mentioned; the base of the overlying system, yields

,«/”_\ o SR e
marine fossils. Ylhe exact age of these fossils, although is

still a matter of dispute, they undoubtedly represent the life
of a period not earlier than lower carboniferous;lihey may
prove to be upper carboniferous or even permo-carboniferous
form%} From these palaeontological data it follows that
Siluro-Devonian deposits are practically absent in northern
China, i.es, in the province of Shan-tung, Chi-li, Shan-si
and probably Shen-sie. Eithef during the whole of this period
or a part of it, these provinces must have been subjected to
erosione Whatever might be the geological processes that had
operated in the said regions throughout the Siluro-Devonian
period, the net result of them was to produce & scanty strat-
igraphical record.

In northwestern China, in the Nan-shan region Obr'utchov‘q
collected a few fossils which may be regarded as indicating

the presence of Devonian formation. He also observed

"Silurian" rocks in the same region.
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In central China, a group of gneiss and schists is ex-
posed in the southern part of the western Tsing-ling-shane
These gneiss and schists are mapped by Richthofen as "
"probable Silurian". On the southern flank of the Ta-pa-shan,
(see physiography p IS ) near the northern border of the Red
Basin of Su-chuan, Richthofen found a marine formation of
incontestable Silurian age. Siluro-Devonian deposits of
argillaceous composition also occur in between Ki-sin-ling
(lat. 31° 50'N. long. 109° 30'E.) and the gorge district of
the middle Yang-tzee.

In the lower Yang-tze region, the % Devonian formation is
largely represented by coarse gritty material which, in one
known case, overlies graptolitic shale of ? Silurian age.

In southwestern China, both Silurian -and Devonian rocks
have been discovered. The latter is generally a massive
marine formation spreading over large areas in the provinces
of Yun-nan, Kwei-chou, Kwang-si and probably Hu-nan, and con-
taining abundant organic remains.

The nature of the junction between the Ordovician and
Silurian formations in China is ill-understood except in the
middle Yang-tze region where the conformable and gradual
passage from the Ki-sin-ling limestone (Ordovician) to the
Sin-tan series (Siluro-Devonian) has been clearly described
by Blackwelder. Judging from the information furnished by
Richthofen and Deprat, it appears to be probable thgt there is

-

no conspicuous break between Ordovician and Silurian in S.E.



and S.W.Chinae. This statement, of course, is qualified by
the lirited observations made by the two geologistse.

The junction between the Silurian and the Devonian in
S.E.China is not definitely known, since the determination of
the age of the so-called Silurian and evonian rocks in this
region is not conclusive. If we assume that ihe so-called
Silurian and Devq?ign are also true Silurian and Devonian
formations, theiiggﬁblogrical difference between them seems to
suggest that earth movement of notable magnitude probably
occurred during the Siluro-Devonian period; for the lower part
of the Siluro-Devonian group consists of fine material, while
the upper part of it is generally composed of coarse
sediments which often merge% into massive conglomerate show-
ing the result of vigorous erosione.

Similar lithological change at the junction between the
Silurian and Devonian has not been observed in western China
nor is there any notable discordance of stratification that
has been discovered amongst the Siluro-Devonian strata in the
same region. In all probability, the Silurian passes con-
formably into Devonian in western China. In the middle Yang-
tze district, the whole of the Siluro-Devonian strata consti-
tutes a conformabl§.sequence;according to Blackwelder. But,
in S.W.China the Devonian is sometimes found to rest at once
on "pre-cambrian" rocks, and sometimes it overlies the
Redlichian formation of lower cambrian age.

The junction between the upper Devonian and the lower

carboniferous in the north of Su-chuan, western China,

appears to be a conformable one as far as Richthofen's



observation is concerned. 1In the middle Yang-tze district,
the Siluro-Devonian formation (Sin-tan series) is overlain
by the carboniferous limestone (Wu-shan limestone). accord-
ing to Blackwelder. In many districts in the lower Yang-tze
valley there is a pronounced difference of lithology between
the coarse Devonian sediment and the overlying calcareous
carboniferous formation; but Richthofen does not mention any
discordance of stratification and other facts pointing to-
wards an unconformity. In S.W.China, both Leclere and
Depart states that there is no break between Upper Devonian
and&iower darboniferous.

Lorenz speaks of Devonian transgression in Shan-tung
on account of the presence of coarse deposits between the
eroded Sinisian limestone and the first fossiliferous hor-
izon above it; the latter yields forms which are most.likely
to belong to the upper carboniferous or even the permo-car-
boniferous period. In the absence of an unconformity between
the fossiliferous horizon and the said coarse sediments which
attain a total thickness less than 100 m, the presumption is
strong that these coarse sediments are?darboniferéus form-
ationf rather than Devoniane. Therefore the writer is not
inclined to accept Lorenz's hypothesis.

The fossils found in the Silurian rocks in China, are
chiefly confined to a locality near Ning-kiang-tshou, north
of Su~chuan where Richthofen made out the classical section of
Siluro-Devonian strata, (see section.Na\gl). A few Silurian

species are also known in eastern Yun-nan and elsewhere.
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The more important forms are Favosites. forbesi, F.fibrosus,
Haliéytes catenularius, Heliolites, Orthis Calligramma, O.
bouchardii, Strophomena, spirifer, Atrypa, Orthoceras, od-
iomorpha, etce.

The rich Devonian fauna found in central and S.W.China
chiefly consists of bréchiopods and corals. Among the
characteristic forms we may count Spirifer curvatus, S.ver-
neuili, Atrypa reticularis, A. aspera, Rhynchonella (pugnax)
pugnue, Productella subaculeata, Uncites gryphus, chonetes
orientalism Cyathophyllum caespitosum, C. helianthoides,
C.roemeri, Favosites sphaericus, Calceola sandalina,
Alveolites, Cardiola, etc. The small branching coral Aulo-
pora appears to be a widely distributed typical Devonian form

in Chinae.

(11) Field Observations.
( Under this heading fossils are mentioned by reference number
numbers; their generic and specific names are found in list
No. 2)

S .V‘!. China o

o e U . i et e S

Eastern Bun-nane

In eastern Yun-nan, Deprat has distinguishedthe Silurian
or Gothlandian from the Devoniane. Accordingly, they are
separately described in the following pages.

A, Siluriane.

To the north of the latitude of Yun-nan-fu (about 25°

20'N.) in eastern Yun-nan, Deprat found a series of gray
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shaly sandstone which crops out between the village of Hoang-
li-tsuen, south of Lou-~lan, and the little pagoda situated at
Mi-chemin by the side of the road running between Hoang-1li-
tsuen and Hai-menvkiaoe. The 1ower'part of the series was
not examined by Deprat for it breaks up in an abnormal
manner against the ptychoparian Cambrian. On the southern
side the exposure ends in a compact gritty sandstone which
according to Deprat, is identical with those overlying the
Ordovician elsewhere in eastern Yun-nan. (see pl24 )
Southward, the compact gritty sandstone is quickly buried by
the transgressive carboniferous limestone visible in front of
Hai-men-kiaoe The exposure extends towards E.N.E., and the
gstrata strike N.N.E. which is also the strike of the rocks
overlying the Ordovician in the basin of the Tchang-hi-hoe.
Deprat assigns this sandy series to the Silurian, and gives
the following sequences

(5) A series of mottled, shaly sandstone

with the intercalation of a scaly
marl, the Hoang=-li-tsuen marl; and

contains S Dal - = = = - c = = = - 70 me
(4) Unfossiliferous gray sandstone - - - 20 me.
(3) Unfossiliferous gray limestone - - = 10 me

(2) Yellowish-gray shaly sandstone
exposed near the pagoda of la-la-ly,
and contains the following - - - - =50 m.
fossils SDa 2, SDb 1, SD b 2,
SD b 3, SD z 1.

Nw cL
(1) Compact gritty sandstoneghonly the upper vartis v1sib1e
ewigibde, Near Nan-ti, south of Yun-nan-fu, Deprat dis-

covered a shale which contains Spirifer tonkinensis. On

account of the presence of this fossil, Deprat regards this
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shale as probably being the passage bed from upper Silurian

. 2.
to lower Devoniane.

B, Devoniane

The Devonian formation attains a magnificent development in

eastern Yun-nane The rich fauna that it contains has made it
in S.W.China

the best known formation /for a long time past. The French
‘expedition of the le-kong was the first to announce the pre-
gsence of Devonian limestone in the province of Yun-nan. Dre
Jouber%%made a bold attempt to classify all the limestones
in Yun-nan as Devonian, but iﬁ this respect he was quite
mistaken. Leclere afterward collected, during his journey
in Yun-nan, several foscsils which enabled Prof. Douvilfz to
recognizetthe presence of the Middle Devonian and the upper
Devonian in the Lou-nan districte Following this determin-
ation Leclere extended its arplication to many other districts
The Lantenoi's missio%qhas done much to perfect our knowledge
about the different stages of the Devonian in eastern Yun-nane
It verified, at numerous localities, the presence of either
the Upper Devonian or the Middle Devonian, and even recognized
with some doubt, the occurrence of the I.ower Devonian. The
recent reséarch of Dre. Deprat has not only definitely proved
the presenée of the Lower Devonian in Yun-nan but has succ-
eeded in establishing no less than 18 fossiliferous gzones
representing the whole sequence of the Devonian strata in
the same regione

Devonian rocks occur in eastern Yun-nan in parallel

narrow bands vhich extend in a W.N.E, directione The



main band runs along the margin of the Tie-tchen-ho basin in
the shape of a scarp,and passes the towns of Lin-ngan and of
Lou-leang. These bhands are confined to a region which
is limited, on the N.. by the iakes of Cheng-kiang, Ning-
chou, and Shi-ping-chou; on the S.E. by the broad Triassic
basine Outside this region in eastern Yun-nan, Devonian
rocks have not been discovered, and they probably do not
occure

The Devonian rocks in this region are usually composed
of sandy, shaly and argillaéeo-calcareous deposits. The
last mentioned predominates, pure limestone ;igszare. Within
an insignificant distance, a zone often changes its l1lith-
ological character while it retains the same fauna.

The complete succession of the Devonian rocks is well
exposed between the heights of Po-shi at Ta-ping-pou and
the valley of the Tie-tchen-ho or the Pa-ta~ho. The sequence

\3
has been made out by Deprat as follows:- (see sectionmnh57)

/G



Upper Devonian,

Middle Devonian
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Scaly argillaceous limestone - - - ~ 40 me
containing SD a 4 to SD a 11, SD ¢ 1.

Crinoidal gray limestone - -« = = - = " 40me
containing SD a 12 to SD a 17e.

Fhite encrinus limestone .- - - - - 100 me
containing SD a 12 , SD a 17 to SD a 22.

Compact limestone of rose colour . . 60 me
containing SD 4 1, SD e 1.

Hard, scaly, light gray shale of
Lou~-tchai-tchong and of Yi-leang - - 200 me.
containing SD a 20, SD a 23,

SD a 24, SDe 2, SDf 1, SD 2z 2,

SD 2z 3e

Bright hard scaly shale with
alternating calcareous bands, the
individual shaly beds are usually

5 to 6 m thicke = = = = = = =« o o o .6 0 m.
B'lack shaly limestone full of

fos8ils = = = o w0 = o 0 0 L 4 o 4 < 200 me
the following spe~ies have been
identified:

sD a 21, SD a 18, SD a 19, SD a 26,
SD a 24, SD a 27, SD a 28, SD a 29,
SD c 1 to SD ¢ 4.

Nodular (rognonneux) shaly limestone

gray or black = = = = = = =« = = = ~ = 260 me
containing SD a 26, SD a 30 to SD a 39,

SsDe 3, SDb 4 to SD b6, SDd 3 to

SD ¢ 5, SD ¢ 6

Gray shaly limestone and shales - - - 135 m.
containing SD a 40, SD a 21, SD a 18,
SD a 26, SD ¢ 6.

Gray limestone - = =« = = = = = = - - 35 moe
containing SD a 19, SD ¢ 7.

Dirty-gray shaly limestone with

polypiers (zone of Si-tche-yi) - - = 430 m.
containing SD a 18, SD a 20, SD a 40

to SD a 48, SD ¢ 8 to SD ¢ 18, SD ¢ 5.

Shaly "calcschists" with calceole - - 70 m.
containing SD ¢ 19, SD ¢ 9, SD ¢ 10,

sD ¢ 11, SD ¢ 12, SD ¢ 13, SD ¢ 8,

SDh ¢ 15, SD ¢ 17, SD ¢ 5Se
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Coarse-grained yellow sandstone

(zone of He-mo) with bands of

limestone = - = = = = - = =0 =« - o - s = 250 me.
containing SD g 1, SD a 49, SD b 7.

Hard gray limestone (zone of lan-nin- -

18IN) = = = = o e e e e e e e e e - o 25 moe
Scaly yellow shales (zone of Pa-mao-

t8€N) = = = = = = = = = 0 4 2@ - - - - - 220 Me
7ery hard black limestone - = - -« - - 10 m.

containing SD a 40.

A series of fine-grained sandstone,

soft shale, and red and green

argillaceous limestone almost
unfossiliferous (zone of Ki-tse-tchong) 600m.
SD h 1. occasionally occurse.

In the district of Lou-nan, Deprat identified all the

faunal zones described above except the lowest series, dle.

~Here the Devonian is unconformably underlain by the Cambrian

on one side and separated from the Permain sandstone and con-

glomerate by a mighty fault on the othere The lithological

sequence is

(da
é
(d
Upper. g
Devonla;n.(d
{a
ta

as follows: -

6 ae

6e

S de
5 be

Shaly and marly limestone with characteristic
fossilse

Shaly and marly limestone with characteristic
fossilse.

I"arly shalee.
Calcareous shalee.

5 a. limestone series more or less shaly.



“iddle (a4 &, 4 4 a-b)
Devoniane ( ) limestone series more or less shalye
(d 3, & 3 a-b)

(A& 2 ae A series of clay shale and red and

( green shaly sandstone (zone of Pa-mao-tsen)
Lower (
Devonian.(d 2. Shale with Sieberella sieberi

( Ve BUCH var. rectifrous B A R R.
@nconformity) e e e e e s

Cambrian Red clay shale with Redlichia chinensise
At a locality 10 KeM. to the east of Tien-sen-kwan,
near Lou-nan, Leclere found that the Devonian formation was

overlain by carboniferous. He describes three lithological

4\

divisionse They are as follows:-

Carboniferous
3« Alternating beds of shales and limestones
extending from near Lou-nan to the border of
the basin of Yun-nan-sen, and containing the .
following brachiopods.
SD a 53, SD a 23, SD a 10

2« Thin bedded oolitic limestone resembling the
globulitic Sinisian limestone as described
by Richthofen.
l. Calcareous shale with well preserved fossils,
among them there are SD a 53, SD a 9, SD a 19
etcCe
At Ta-kwan-ting (lat. 27° 40'N. long. 103° 50'E.) "I.E.
Yun-nan, Richthofen obtained a Devonian fauna. The fossils
were 801d in the town of Ta-kwan-ting as curios. Dichthofen
was unable to find out the exact locality of occurrence.
Presunably they were derived from the limestone mountains form

ing the S.E. border of the Red Basin of Su-chuane. The
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following species are among the identified forms:-
SD a 42, SD a 8, SD a 40, SD a 26, SD a 61 to SD a 65, SD c 6.
At Yang-liu-shu, Ta-kwan-ting, in a coral limestone
SD ¢ 23, and SD c/l have been discovered?73
Fron Ben-chou-tze and Ji-li-pu, Ta-kwan-ting, Yabe
and Hayasaka obtained SD ¢ 24%73
From these palaeontological data it can be inferred
that Devonian rocks occur in the northeastern corner of

Yun-nane

Kwang-si.

At Tsien-kiang, (lat. 23° 30'N. long. 109° 40'E.) On
the bank of the Si-kiang Leclef@zobserved calcareous shale
containing "characteristic Devonian fossils" which overlies
"pre-cambrian" rocks. In the district of 'an.ning (about
lat. 22° 40'N. long. 108E.) in the same province, Leclere
mentions & rose-red calcareous shale of "Devonian" age about
10 m thick overlying "pre-cambrian", and being overlain by
a semi-crystalline limesteone. This limestone attains sa
thickness more than 100 m, and forms the escarpment in the
vicinity of Long-tcheoue. Leclere remarks that =imilar semi-
cyystalline limestone is found at the base of the "carbon-

mountains"
iferous/situated bewteen Long-tcheou and Lang-sone

Te Davidsogkéas described a Devonian fsuna obtained from
the province of Kwang-si, indicating the presence of Devonian
formatién in that province. It is to be regretfed that the

nature of the rock containing the fauna and the exact locality

of occurrence are not knovne The fauna consists of the follow

-ing forms:-
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SD ¢ 5, SD a 24, SD a 54 to SD a 59

Kwei-chou

L5
At Lan-mou-tchang, (lat. Ne longe. Ee) half way

between Hing-i-hien and Gan-shien, !"onod noted that coal seam
crop out on the slope of a hill. They are intercalated with
sandy and pyritous shales. The coal bearing series is over-
lain by a limestone dipping 20° N.E. In the shales, lfonod
discovered many species of brachiopods which exclusively
belong to the genus streptorhynchuse. Fragments of phacops
also occur in association with the brachiopodse lMonod

concludes that this coal bearing series is of Devonian age.

Southern Hu-nane

' . 270
In the Kiang-hwa district] (l1at. 25° 20'N. long. 111°

30'E.) Celmichen collected a number of fossils from a black
limestone. The material was examined by Frech who reports
the presence of the following species:-

SD ¢ 20 to SD ¢ 22, SD a 60, SD 4 13 to‘SD 4 16.

Western Chinae.

— e e T D et et . e T i E——— o o

55
At Hoa-ling-pou a place situated in the valley of Lou-

kiang, (altitude about 2,466 m) near the N.V, border of the
Red Basin of Su-chuan, (the writer is unable to locate the

exact position of the place) Loczy collected a Devonian fauns

which consists of the following species:t=



sb b 10, SD a 38, SD a 33, SD a 36, SD a 65 to SD a 68,
SD ¢ 24 to SD ¢ 28.

Near the source of the Kia—ling—kiang% north of the Red
Basin of Su-chuan, Loczy observed a series of clay shale
underlying carboniferous rockse. The shale contains the follw
following fauna:

SD a 37, SD a 69, SD a 70, SD b 11, 3D ¢ 29, SD g 2.

In journeying from Ning-kiang-tshogl(lat. 22° 50 'N.
longe. 106° 25'E.) to the Red Basin of Su-chuan, along the
valley of the Pai-yen-ho, Richthofen crossed a large anti-
cline, the axisl plane of which is overturned towards the

southe. He made out the succession of palseozoic strata along

his route. The whole sequence ranges from Silurian to Car-

Na%”

boniferous as shown below:- (see sections 3,

—~
@
™

White and yellow hard quartz-sandstone
with a basal layer of calcareous shale,
dips N20°W viz., the same as the under-
lying limestonee

Carboniferous?. Bituminous limestone containing black
or white quartzite with brachiopods.
Richthofen. asserts that this series is
doubtlessly the "Kohlenkalk" being
identical with that occurring at Tshau-
tiene

e s o o S s e, s
; H
.

ge Gray limestone and soft gray calcareous
QMVonian?.) clay shale containing Atrypa reticularise.
Green slates (Schieferton) characterized
by embedded nodules of limestone which
contains species found in the underlying
series i.#%§ Intercalated with the slates,

are limestone bands of very variable nature,
gsormetimes thick-bedded and sometimes thinly
laminated, containing abundant fossils.

each piece of the limestone shows organic
structure. SD 1 1, SD i1 2, SD i 3, are the
trilobites identified by Fichthofen.

o

1lurian?.)
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i« Limestone and slates containing abundant
corals, a few brachiopods and orthoceras
but no trilobite. Among the corals there
are SD ¢ 30 to SD c 43.

ke A thick series of green slates (Schieferton)

with intercalated limestone strata containing

brachiopods.

(

(

(

(

(

(ke

(

(

(

(1. Limestone with the intercalation of other
( kind of stratae.

( The upper part of the seriesg consists of
( siliceous limestone about 15 feet thick,
(  which is succeeded downwards by a slate,
(
(
(
(
(
(
(
(
(
(
(
(
(
(

=

Silurian? then a cherty conglomerate or cherty

gandstone. The pebbles of the conglomerate
are sometimes well-rounded and sometimes
angulare. Trilobites and brachiopods occure.
The lower part of the series consists of an
alternate of shale and lirestone of varying
thickness characterized by red lirestone,
red argillaceous limestone, andslightly
crystalline limestone of greenish colour.
In this lower part of the series SD a 71,
to SD a 74, SD ¢ 44, SD ¢ 45, and crinoids
OCCUT e
m. Slate (Schieferton) ( = K)¢
In connection with this section, a number of brachiopods
other than those named above have been described. It is
much to be regretted that Richthofen does not give the exact
horizon or series from which they were collected. Presum-
ably they are largely derived from the seriés h. The fauna
consists of SD a 75 to SD a 80, SD a 1, SD a 18 etc. The
genus Orthoceras is especially abundant, sometimes it forms
a whole band of limestone. Crinoidal stems and the genus
Encrinurus also frequently occur in association with the
brachiopods in coral limestones.
During the journey from Tshau-tien (lat. 32° 40'N. long.

105° 40'E.) to Kwang-yuan-hsien (lat. 32° 281, long. 105° 40'R).
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Richthofen observed important exposures of palaeozoic roclkse
At the south of ILung-fang-kou, (see section Nd. 3%3) A&iime-
stone formation containing quartzite is exposed. From its
lithological character Richthofen identified it bej:; the
"Kohlenkalk" ﬁhich he saw elsewhere in the north. Under the
"Kohlenkalk" there occurs a series of limestone and slate;
on account of lithological resemblance Richthofen correlates

them with the series h & i described above. The sequence

is as follows:-

5. Red and green slate (Schieferton) with thin

layers of 1limestone - - - - = - = - - 1000 ft.
4, "ell-bedded limestone = = = = = = = = - = 90 f't.
3« Green~red and yellow slate - = =« = = - = 200 fte

2« Limestone bands prevailingly red and green
160 ft.
le A series of indurated and contorted shale
of red, brown and green colour with numerous
layers of limestone.

Central Chinae

In the middle Yang-tze district, Blackwelder des-
| 7
cribes a shaly series which he calls Sin-tan formation.7
This formation is believed by Blackwelder and "Willis as
Siluro~Devonian representative in central China, over-
under
lying the Ki-sin-ling limestone and ewe¥lying the "u-shen

li%estone. The Sin-tan formation essentially consinsts

of olive green massive shale with intercalated beds of
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reddish mudstones, quartzite and earthy limestonee. The
total thickness is estimated at 1800 ft in the vicinity of
the Ta-ning-hoe

The upper part of the Sin-tan formation is exposed in
the neighbourhood of Ta-ning-hsien (lat. 30P 42'N. long.
109° 40'E.) and at Wa-tze-ping, between the Ki-sin-ling and
Chonspingahsien. It passes upwards into the overlying
massive 'u-shan limestone by a series of transitional aly
ternating beds of shales and limestones. At a place north
of Tung-kuan-kou and south of Ta-miau-ssi, near Ta-ning=
hsien, the thin shaly layers lying between beds of greenish-
gray granular limestone, belonging to the uppermost portion
of the Sin-~tan series,have yielded a fauna of brachiopods
and polyzoamé. It consists of the following:-

SD f 2 to sSD £ 6, SD a 81 to SD a 84.
Crinoidal fragments, fish plate(?) and trilobitic remains
(sD i 4) are also reported to occur in associztion with
the forms mentioned above.

The lower part of the Sin—tan formation is exposed on
the northern side of the Ki-sing-ling (lat. 71° 45'N. long.
109° 30'E.) where the Ki-sin-ling limestone lies overturned
on the Sin-tan series. It is also exposed in the u-shan
and I-chang gorgese. The lower part of this series grades
into the underlying Ki-sin-ling limestone by gradual
change of lithology and no discordance of stratificatione A

layer of cherty conglomerate or "lydite" is taken as the

base of the Sin-tan seriese
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The lower Yang-tze valley.

About 3 miles from the city of Kiu-kiang, (late. 29°
40'N. longe 116° 10'E.) in a gravel pit “ingsmill observed
the edges of métamorphosed strata of blwuish-grey limestone
dipping vertically and striking 7.S.7. i.e., parallel to
the trend of the Lu-shan situated on the 7.7, of the Po-
yang lake. Some 15 miles west of the gravel pit limestone
hills appear. The limestone exposed in these hills is not
metamorphosed, and its lithology is distinctly different
to the limestone exposed in the gravel pit. Hingsmill
infers that the limestone exposed in the hills is probably
unconformably underlain by the altered limestone exposed
in the pite He assigns Devonian age to the latter through
comparing with the limestones observed by Bickmore at Ki-
yang, on the river Siang-kiang, eastern Hu-nan. At Ki-
yang Bickmore saw a limestone bearing close liﬁhological
resemblance to that forming the hills of Kiu-kiang. This
limestone rests on the overturned edges of altered limestone
strata; The latter is lithologically similar to the meta-
morphosed limestone exposed in the gravel »nit of Kiu-kiéng,
and contains Terebratulaé and Stringocepaluse. Kingswell's
own observation at the Tai-hu district (to be described
presently) also tends to confirm that the altered limestone

is probably of Devonian age.

In the Tung-kwan-shan (see section Ng.4%) 1. 1. A
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Ta-tung (about lat. 31°N. longe 118°E.) Richthofen saw a

thick-bedded quartzitic sandstone with thin layers of soft
43
sandy shale; the shaly intercalation gradually disapnears

towards the lower part of the series. This sandstone is
followed downwards by a dark gray limestone which becomes
thin-bedded and highly siliceous towards the lower part of
ite The stratigraphical relation between the sandstone and
the limestone is not definitely known; they may be uncon-

formable according to Richthofene. He assigns the sand-
the -
stone to/Devonian.

In the Hsiau-~hua-~shan, southern An-hwei, Richthofen
observed a series of sandstone underlying limestone. The
strata dip N.W. which is also the direction of dip of the

Sinisian strata exposed in the Ta-hua-shan further S.E.

s

Richthofen gives the following sequence:-

[6. Gray limestone with much hornstone
. and intercalated marly and nodulear
(Carboniferous?(  layers. Crinoids and brachiopods
' ( occur. Richthofen remarks that this
limestone strongly reminds him of the
carboniferous limestone of Hsi-~hsia-shan.

(p 137 )

(

(

(

(5, A series of sandstones.

( ee. Sandstone.

( d. "Festes quartzite mit Verlust des
( Sandstein-Gefliger".

( ce. Sandy conglomerate with quartzite
( pebbles

( be Firm, thick-bedded sandstone of

( dark green colour.

( a. Stratified marl and sandy marle

(

bevonian?.)

Interruption for a distance of 3 K.M. by the lake)
4, Heavily bedded limestone etc (see p 126 )

In dealing with the Sinisian system, the occurrence of
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a graptolitic shale in the Lun~shan near Cheng-kiang,
(lat. 32° 10'N. long. 119° 20'E. ) has already been des-
cribed. (see p |22 ) On the Southeastern side of the hill,
the bedded rocks are hidden from sight. Further S.E, there
rises a second hill, the Kau-li-shan, (see section No45)
which is the southwestern continuation of the Tshu-shane On
the northwestern flank of the Kau-li-shan, well-bedded rocks
again makes appearance dipping in the same direction as the
Sinisian strata of the Lun-shan, i.e., towards S.E. The
horizontal distance of the interruption of exposure between
fhe two hills to roughly 7000 to 8000 ft which corresnonds
to a vertical thickness of strata of approximately 5700 ft,
assuming that the dip and succession of the hidden beds are
as regular as those exposed in the Kau-li-shan and the Lun-
shane In the lower part of the N.W, flank of the Kau-1li-
shan, fine-grained, hard splintery quartzite of apple green
colour is exposede This quartzite is overlain by indurated
sandstone and conglémerate, attaining a thickness of 1200
ft and forming the bulk of the hili? The conglomerate is
largely composed of quartz pebbles. To the S.E. of the
Kau-l1li-shan, these coarse deposits are followed by the lime-
stone (3), coal bearing series(4) , and limestone (5).
These will be described later (p 19¢o ). Richthofen regards
the sandstone and conglomerate as Devonian formation.

In the hill of Hwa—shagf (lat. 32° 5'N. long. 119° 25'E.)

half way bewteen Nan-king and Cheng-kiang, Richthofen

observed a sequence of rocks to which he tentatively assigns



Devonian -agee The sequence is as follows:-

Se
Ce

1.

In the vicinity of Nan-king, Kingsmill has made out

Red slatee
Dolomite.

Quartzite.

30

the following sequence:-

6e

Se

4.

Se

2e

~

1.

Kingsmill states that 1, 2, and 3 in the sequence cited

Fine-grained yellow sandstone, finely
laminated, capping Tsing-liang and
other hills lying to the east of the
city; dip 10° to 15° E.

Gonglomerate composed of waterworn
pebbles of quartz and limestone. The
material becomes finer towgrd the top
and the beds dip 15° to 30° E.

Coarse and granular, yellow and white
quartzose sandstone forming low hill

outside the western wall of the city;
striking near E - W, dipping at high

angles either N, or S.

Subcrystalline dolomitee

Gritty slates much contorted striking
N - S and dipping verticale.

Tze-chin-shan quartz much fractured,

no trace of beddinge.

above are probably of Devonian age.

From a light bluish-gray crystalline dolomitic lime-
stone exposed in the Tung-ting-shan and the Si-tung-ting-
shan in the lake of Tai-h&; southern Kiang-su, Kingsmill
collected a few species of corals and brachiopods of
*Hevonian aspect™ In a quarry N.7W. of Hoo=-chow, near the

Tai-hu lake, the same crystalline limestone rests upon a

quartzitic sandstone which Kingsmill calls the "Tung-ting grit"



Plant remains, such as ferns and conifers, oc~ur in the upper

part of the Tung-ting grite.

(:_fl__f) Correlation.

In Fastern Yun-nan, the classification of the Silurian
and the Devonian rocks based‘on palaeontological data, has
been exhaustively described in pp 14) to\l+7 e It is
unnecessary to reiterate the evidence proving the age of the
rockse. The Ta-kwan-ting fauna collected by Richthofen
(p'(uﬁg ) may not have been derived from a single zone,
but as a whole, it is comparable with the iiddle Devonian;
The faunas of Yang-liu-shu and of Ben-chow-tze also belong
to the same stagee.

In the province of Kwang-si, Devonian rocks doubtlessly

occur. The fauna described by T.Davidson (p 4% ) rather
guggests upper or 11iddle Devonian age because of the presence
of Aulopora tubaeformis and productella subaeuleatuse.

In the province of Hu-nan, the presence of marine

Devonian formation is indicated by the Kiang-hwa faunas

(p L 4q ) which, according to Frech, is comparable with the

upper stringocephalus limestone of Europe. The presence

of the Species Spirifer aperturatus SCHLOTH var. cuspidata

suggests to Frech that the lower part of the same limestone
| 11

is probably also represented in the Kiang-hwa district.

In western China, Loczy collected two faunas at Hoa-

ling-pu and Kia-ling-kiang. (p 150 J They are comparable
with the middle Devonlian of eastern Yun-nan according to Deprat.

In Richthofen's Ning-kiang-tschou section, ( p 150 )



both Silurian and Devonian are present. The series (e) is

regarded by Kayser as probably belonging to the Middle

Silurian or upper Llandoverye. The series (i) with the rich .

fauna of polypiers and the characteristic brachiopod Orthis
bouchardii is correlated by Deprat with the Silurian or
Gothlandian in eastern Yun-nan, which also contains Orthis
bouchardii; further he compares the formations centaining =~
these fossils in China with the graptolitic shale and
Encrinus limestone of Burma, to all these time equivalents
he assigns Wenlock Age. The series (h) is regarded by
Kayser as representing "enlock, while Deprat correlates it
with the Ordovician strata in eastern Yun-nane If Rich-
thofen's section is in the right order, Deprat's correl-
ation would be obviously an eroneous one. (Presﬁmaﬂiy*ﬁe’aid
noﬁ\sfﬁax/zﬁg\dgpafT\QQ,RTDQEEQfen's gect;gp) It is how-
ever not surprising for Deprat to make such a correlation,
for the presence of Asaphus and Trinucleus would certainly
suggest Ordovician rather than Silurian. The series (g)

is regarded by Richthofen as Devonian on account of the
presence of Atrypa reticularis.

In Central China, the Sin-tan formation (p 152 ) is

underlain by the Ki-sin-ling limestone of middle Ordovician
age, and is overlain by the "u-shan limestone of either
upper carboniferous or lower carboniferous age. That is to
say the Sin-tan series is younger than "iddle Ordovician and
older than Lower or Upper Carboniferouse. The fauna that has

been obtained from the upper part of the series (p/53 )
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does not tell us the exact age of the containing rocke
The Bryozoans or Polyzoans are considered by Ulrich and

%
Bassler as being of Lower Carboniferous age, ({ississippian)

the brachiopods, however, suggests to Girt§ﬁgn earlier
period .- . Devonian or possibly Silurian. The assoc-
jation indicates earlier appearance of the Bryozoans or
later range of the Brachiopods. Regarding the 'u-shan
limestone which overlies the Sin-tan series as ILower Car-
boniferous, Blackwelder deduces the age of the former in
the following way:-
From the u-shan limestone at Tung-kwan-kou, about

| 1,200 ft above the fossiliferous horizon of the Sin-tan
series, upper carboniferous forms were collected; further-
nore fossils obtained on the Ta-ning-ho, from the basal
layer of the Wu-shan limestone are also of upper carbonif-
erous agee It is therefore no part of the great limestone
q?n be assigned to the lower carboniferous. Thus there is
no more than a.f/;t?:et of shale between a definite upper car-
boniferous horizon and a doubtful one, which is either
lower carboniferous or earliere. Blackwelder states that he
does not think that it can be much earlier therefore assigns
it to the Lower égrboniferous, and hence regards the under-
lying 1800 ft of&%in—tan shale as represéntative of Silurian
and Devonian formation in Central Chinae.

It is a remarkable fact that the cherty conglomerate

which forms the base of the Sin-tan series (p 153 ) is also

mentioned by Richthofen in his Wing-kiang-tschou section. (p 1814
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It would be too hasty, however, to state at present that the
said cherty conglomerates belong to one and the same
geological formatione

In the lower Yang-tze valley, the stratigraphical data

are too uncertain to permit a definite correlation of the

Devonian and Silurian rocks. From the observations re-

corded in pp 54 th'5%, it appears that the Devonian

probably consists of two series of rocks of entirely diff-

erent lithological type - - - - the crystalline dolomitic

limestone, and the quartzite. and conglomerate. Richthofen's Obser¥§6n
at Hwa-shan (p |54 ) and Kingsmill's observation near the

Tai-hu- lake (p \87 ) seem to agree in showing that the

dolomitic limestone overlies the conglomeratee.
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FOSHILS FOUND IN SILURI AN-DEVOHRI AN ROCKS
IN CHINA.
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CARBONIFEROUS-PERMTIAN...

INCLUDING

THE SHANSIAN SYSTEM.

(1) GENERAL REMARKS.

The upper palaeozoic rocks in China are well-develorped,
widely distributed, but have not been systematically classified
except in Eastern Yun-nan where the recent research of Dr.
Deprat has not only enabled him to differentiate the cartoni-
ferous from the permian, but to bring forward sufficient
stratigraphical data to subdivide each system into three
divisione. Elsewhere in China the distribution and the nature
of the Carboniferous rocks are comparatively betﬁer understood
th&Jng the Permian. zipe»presence of the former in Northern
China has been-definitely known since Pumpelly's time, who
disecevered-plent remains-which are also present in the cosal
measureemiﬁ-EuropewanéumepthwAmerie;j

In Northern China, viz., i;lthe provinces of Shan-tung,
Chi-11i, Shan-si, Shen-si, Ho-nan and including Southern !anchu-
ria, the development of the upper palaeozoic rocks is essenti-

ally similar. They rest unconformably upon the Sinisian

limestone to which miners often give a misleading name



"Carboniferous limestone" or "Mountain limestone".
Richthofen, too, erroneously called the upper Sinisian
limestone in Shan-tung,"Kohlenkalk" because of the fact
that it is immediately overlain by the coal btearing
upper palaeozoic group. The unconformity between the
upper Sinisian and the upper palaeozolc in Northern China
is usually not shown by discordance of bedding; but in
the province of Shan-si, the Sinisian limestone undgr—
lying the upper palaeozoic group generally exhibits a
rubbly appearance nedr the Jjunction between the two,
and it frequently shows highly iron-stained cabverns,
fissures, cracks filled up by shaly material clearly
of secondary origin. Although these phenomena may be
due to the work of the percolating water and therefore
may not necessarily bear witness on the stratigraphical
btreak, the hiatus of the life-sequence proves the exis=-
tence of an unconformity beyond any doubt. The top of
the Sinisian yields Ordovician forms, while the over-
lying upper palaeozoic group contains carboniferous fauns
and in some cases Permian plant remains. This unconformi-
ty in northern China has been carefully described by
Richthofen, Lorenz, Blackwelder and others. No further
egbhasis is needed.

In summarizing the observations made in the
province of Shan-ei, Blackwelder introduced the phrase

"Shansian system" to express the upper palaeozoic coal



bearing rocks in that province. Since the development
of the upper palaeozoic group is essentially the same

A
Y

%ll\ﬁver Northern China as already stated, the writer Yauwie
£;;;g2ﬁs to extend the application of the phrase
6 Plostn 1ar temd & vt oo

"Shansian Systemﬁ&to the complete upper palaeozoic
group of rocks and to the whole area of Northern China.

The Shansian system thus definéd largely con-
sists of sandstones and shales with occasional bands
of bituminous or‘carbonaoeous marine limestones lying
near the base or ;3 the base of the system. Intercalat-
ed with the shales and sandstones and sometimes lime-
stones are coal seams of excellent quality. The upper
part of the coal bearing series generally merges into
a massive barren sandstone, the age of which has not
been definitely determined; but it probably extends
to the beginning of the Triassic time or possibly
later. Between this barren sandstone and the top of
the coal bearing series, no stratigraphical breaks
have been discovered. The sandstone is interbedded
with basaltic lava in the province of Shan-tung.

The Shansian rocks usually occur in synclines,
or on the top of plateaus and sometimes on the down-
throw side of large normal faults. They are often

laid bare on the surface of the ground but occasionally

covered by younger deposits.



In NeWeChina, viz., in the Nan-shan region and the
adjoining.distriots, the gcattered observations made by
Loczy, Obrutchov & Futterer have definitely proved the
presence of marine carboniferous formation as well as
coal bearing carboniferous rocks. But the stratigraphi-
cal details of the upper palaeozoic group in this region
héve not been systematically described by any geologist.

In Central China, in the Tsing-ling range, Richtho-
fen has shown that marine carbéniferous with seams of
coals are involved in the fol&ing. With regard to the
Permian nothing has been said by the same author.

In the middle Yang~tze district, Richthofen, Aben-
danon, Blackwelder have described a massive limestone
formation of Carboniferous age, with occaglional anthra-
cite. It conformably succeeds the underlying Siluro-
Devonian rocks; (the Sin-tan formation) and it is
believed to be unconformably overlain by the "Permo-
Mesozoic strata", but the unconformable junction has
not been observed.

In the lower Yang-tze valley, the lower part of
the Carboniferous is generally composed of marine
limestone, massive and often bituminous, the upper
part of the carboniferous usually consists of coarse

gediments with intercalated coal seams, the Permo-

VAN
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carboniferous and Permian are sometimes represented
by Fusulina limestone and sometimes by pyroclastic
or other volcanic products together with occasional
coal seams. It is not clear as to whether or not
the lower carboniferous, upper carbomiferous and
the permian constitude a conformable seguence, and
as to how the lower carboniferous is underlain by
the Devonlan and the Permian is overlain by the %
Mesozoic in this region.

In the province of Hu-nan, the presence of coal
bearing Permo-~llesozoic rocks is suggested by a pecu-
liar lamellibranch fauna which wag discovered in one
of the anthracite fields in that province.

In South~Western China, the occurrence of carboni-
ferous rocks was first definitely announced by Douville
who identified a number of species contained in a Fora-
miniferal limestone. Subsequent research é%iLantenois
enabled us to understand that the Uralian or upper
carboniferous formation attains wide development in
Bagstern Yun-nan, but the same author created much
doubt as to the presence of the lliddle Carboniferous
or loscovian and Lower Carboniferous or Dinantian in

the said region. Lantenois observed that the upper



carboniferous limestone sometimes rests upon Middle
Devonlan, sometimes Lower Devonian and even Cambrian.
These observations led him to assume the existence of
a stratigraphical break between the Upper Devonian and
the Upper Carboniferous, and the absence of the Lower
Carboniferous rocks in Eastern Yun-nan. In the years
1909-10, the exhaustive search of Deprat and Mansuy
regulted in the discovery of the lower and the middle
carboniferous formations, the former being conformably
underlain by the Devonian, and conformably overlain by
the Middle Carboniferous. Thus the unconformity between
the Upper Carboniferous and the Iliddle Carboniferous in
lagtern Yun-nan has been definitely established.
According to Deprat, the Upper Carboniferous
passes upwards into the Permian in perfect conformity
in the regien of Eastern Yun-nan, and there the Permian
rocks are divisible into three series:- (1) A massive
limestone is unconformably overlain by (2) a thick con-
glomerate which is succeeded upwards by (3) sandstones
and interbedded andesitic and basaltic lava. These three
lithological divisions do not correspond with the chrono-
logical divisions of the Permian period. The formation
of the lower limestone occupied the whole of the Lower and
the Ifiddle Permian period. The earth movement which has
given rise to the unconformity probably took place at the

end of the Middle Permian or the early Upper Permian time.
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The Jjunction between the Lower Trias and the
Upper Permian is not well exposed in eastern Yun-nan
as the result of gepeat disturbance experienced by the
Triassic and the older strata. In one instance how-
ever Deprat observed erosion unconformity between the
Lowest Trias and the Uppermost Permian.

Fossils that have been found in the Lower Carboni-
ferous in China are chiefly brachiopcds and corals.
among the characteristic species we may mention pro-
ductus striata, P. cora, P. undatus, spirifer subconi-
cus, Spirifer (Martinia) glabra, zaphrentis beyrichi,
Z. spinulosa, Syringopora ramulcsa, Michelina favosa,
Lonsdeleia floriformis etc.

The i.iddle and the Upper Carboniferous fauna is
characterized by abundant Foraminifera. The well-known
species are Tgtrataxis conica, Fusulina regularis, F.
brevicula, F. multidepta, Doliclina aliciae, n. sp.,
Schwégerina princeps, lecschwagerina craticulifera.
Among the Brachicpods, the following species are con-
sidered to be fairly characteristic. Spirifer mosquen-
sis, productus indicus, P.longispinus, P.lineatus, P.
subplicatilis, etc. The genus phillipsia, the last
representative of trilcbites, 1s present in the Upper
Carvoniferous fauna of China.

A flora has been discovered from the coal tearing

rocks in the northern part ¢f the countiry.. It consists
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of Lepidodendron, Sigillaria, Cordaltes, Spﬁéhonteris,
Pecopteris, Taeniopteris, Neuropteris, etc. Some of the
species occur in thé coal measures of Europe and North
America, others are only known in the Permian of Europe.
It is thought by the writer that they probably revpresent
the permo=-carboniferous period.

The Lower Permian fauna is, as in the case of the
middle and the upper cartoniferous, largely foraminifer-
al; the Brachiopods spirifer blassi, camarophoria globu-
lina, Martiniopesis inflata, productus gratiosus are
thought to be the characteristic forms of the period.

The Middle Permian fauna 1is characteriged by
Doliolina lepida, Schwagerina verbecki, S.craticulifera
etc. The Upper Permian fauna is very 1ittle known in
China. It appears to be largely represented by Gastro-

pods and Lamellibranchs.

(II) FIELD OBSERVATIONS.

(The full names of the fossils mentioned under this

heading are found in List No.3).

S.W. CHINA.

EASTERN YUN-NAN

The upper palaeozoic rocks are well developed in
this region; both the carboniferous and the rermian are
divisible into three stages, viz., upper, middle and

lower.
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A. CARBONIFEROUS.Q

¢c. Upper Carboniferous (Foraminiferal limestone with

{uneenfermity (occasional basal conglomerate.
(unconformity) - | e
b., Middle Carboniferous (Upper part Limestone.
(Lower part Sandstone.
a. Lower Carboniferous (Upper part Limestone.
(Middle part Shale.
(Base Sandstone.

a. LOWER CARBONIFEROUS. The lower carboniferous
rocks in kEBastern Yun-nan are exposed at Hoa-Keuon and
extends towards Mi-leu where they appear underneath the
Upper Carboniferougt They are also preserved in the
vicinity of Po-shi owing to the presence of a fault.

Deprat has made out the sequence of the lower carbonifer-

ous as follows: -

hvV. Limestone of Tou-mou-nyi with CP bl, CP.b2.
h 1V. Black limestone of Hoa-heué%’with CP b3,
CP.b4.
h 111 Yellow marly shale of Hoa-~keuon with C.P.b5.
h I1 b. "Calcechist" of Tien-sen-kouang
__ with CP b 6.
h IT

h 11 a. Marly shale of Tien-sen-Koung and
Peu=-Kiao with CP Db7.

Mottled sandstone and marl of Hoang-i-tien
with CP Db8.

P Yo e Y aam Weann W o NP
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This sequence is nowhere found complete. Sometimes

the lower zoenes (h I, h 11) are thrust over the Cambrian
as in the districts of Yi-leang, Yi-long and Tou-mou-yi;
and sometimes the middle zone (h I11) is overfolded, and
lies upon upper Carboniferous rocks as in the case of
Hoa-Keuon, N.N.W. of Mi-leu-hsien. The zone (h V)is only
observed by Deprat in the heights near the Blue River
(Kin=-sha-Kiang?).

b, Middle Carboniferous. The Middle Carboniferous
comprises a mighty sequence of rocks in Eastern Yun-nan.
They are exposed in the district of Tie~-tchen-ho, and to
the north of Yun-nan-fu. The strata are often broken up

by faulting and thrusting. Deprat makes out the complete

Middle Carboniferous sequence in Eastern Yun-nan as follows: -

h 2 Limestone of Lo-a-tien.

h 1 Limestone of Shouei-tang with a rich fauna of
gastropods and others including the following

species: -~
CPc2 to CPcl0, CPblé to CPb 18, CPe 2,
cpfe, CpPf3, CPgl, CPg2, CPgs.

h,, A series of sandstone with coal and limestone

with CPD1l5.
h,b Upper sandstone (The zone of Lao-na-tong)
h,a Limestone of Sha-tchong.

h  (Lower sandstone (The zone of Ie-ma-tchoung)
(Basal conglomerate of Sin-tchai.

At Shouei-tang, west of Tie-tchen-ho, Deprat found a

. carboniferous syncline bounded by two mighty faults, i.e.,

the fault of Shouei-tang and the fracture of the lake Iang-



teong. (sece section NO5b). On the western side of the
syncline the Cambrian formation with Redlichia chinesis
makes appearance. This Carboniferous syncline consists

of, the following sequence of strata:-

5
%2 h 5 Light gray limestone with CP b 16, CP a 5.
G
EEE h 4 Dark gray limestone with CPa 6.
Q. 0
C“gg h 3a Gray limestone with CP a 7.
o
©®( h 3 Limestone with CP a 8.
g h 2 Gray limestone of Shouei-tang with Gastropods 100 m.
( h 1 Gray limestone (The zone of Lo=-a-tien). . . . 80 n.
(
( (17. Light gray limestone with polypiers . . . 120 m.
( (16. white quartzitic sandstone « « . « .« . . 2 m
( (15' Coal. L 2 . L J L ] * . * ® L ] * - L] L 4 [ J L ] e o 1 m
( h,, (14. White quartzitic sandstone . « « « « .+ « 2 m
m ( (150 Hard gl"een shale. . . . e s o e+ e s e e o l1m
3 ( (12. Dolomitic limestone . . . « . « + « « + - 100 m
B (
o ( (11, Fine-grained hard sandstone of red colour 12 m
2 ( (10. "Labradorite™. . . . ¢ ¢ ¢ ¢ ¢ o « 4 s 18 m
g ( ( 9. Largely red arkose sandstone . . . . . . 10 m
& ( 8. Fine, compact and homogeneous red sand-
S ( stone. 20 m
o ( ( 7. Conglomerate with small pebtbles. . . . . 10 m
—~ ( ( 6. Fine & compact red sandstone. . . . « o 15 m
S ( ( 5. Well-bedded massive red sandstone . . . 40 m
- ( h,b ( 4. Conglomerate with small angular fragments 40 m
= ( 3. Red Bandy grits. « « ¢« « ¢ ¢ o o o o o @ 30 m
( ( 2. Hard green marlstone « « + o o o o o o & 5 m
( ( 1. Micaceous red sandstone. . « « « o o« « « 150 m.

Similar sequence of the Middle Carboniferous rocks up
to the zone (h,,) is exposed in the district of Lou-nen, north
of Yun-nan-fu, and it is overlain by bedded Permian basalt.

¢c. UPPER CARBONIFEROUS. At a number of localities in

Eastern Yun-nan, Deprat has recognised an important strati-
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graephical break between the Shouei-tang limestone (h2) and
the limestone containing Fusulina brevicula. The break is
undoubtedly due to orogenlc movement at the end of the
Middle Carboniferous time, which was accompanied by vigorous
erosion resulting in the removal of the Spirifer mosguensis
limestone, the Shouei-~tang and the Lo-a-tien limestone on
the east of the Tie-tchen-ho and other localities; while to
the west of the Tie-tchen-ho and in the region surrounded
by the lakesof Tang-tsong, Eul-long-si-chou, Iang-lin,
instead of erosion the period é:ffepresented by the deposi-
tion of the zone (hz) and its.gﬁglying strata. For this
reason, Deprat regards the zone (h3) with Fusulina brevi-
cula as the base of the Upper Carboniferous.

After a careful study of the protozoa found in the Upper

Carboniferous rocks in eastern Yun-nan, Deprat has succeeded in

establishing the following palaeontological zones:-

)

h 9 a. Neoschwagerina multicircumvoluta n. sp.

Upper Carboniferous

regularis schellw.

h 3 Fusulina brevicula schwag.
& IFusulina regularis schellw.

(
5 .
2 (ho9. Neoschwagerina craticulifera Schwag.
® (
g ( h 8. Schwagerina princeps Ehrenb.
o
8 ( H7 a. Fusulina incisa Schellw.
(
S(h7. Fusulina multisepta schellw and Doliolinas
8 ( alicial n.sp.
3 (
o ( h 6. Doliolina claudiae n.sp. and Fusulinellas,
a
S g h 5. Productus c¢f compressus waagen.
a
8 E h 4, Fusulina kattaensis schwag.
o=l
3
~'§ h 3 a. Fusulina tcheng-Kiangensis n.sp. & Fusulina
(
(
(
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As stated in the previous paragraphs, although these zones are
represented by sediment to the west of the Tie-tchen-ho, to

the east of the same river, some of?iower zones are frequently
missing: e.g. in the district of li-~leu, the zone (h 7) forms
the base of the Upper Carboniferous; and in the district of
Tou-nan, the lowest zone is (h 6).

Between Lao-yun and Wou-lou-si-shou, about 10 km. to the
north of the lake Tsin-shouei-tang, Deprat observed the Tollow-
ing seqguence: -

(Massive ccnglomerate more than 150 m.,.

Upper Permian (
(sandstone. . . . . . . . atout 10 m.

(Unconformity) - SR - S

gh 7 a. Limestone with C P a 10, C P a 9.

Upper (h 7 Sandstone. . . . atout 10 m.
Carboniferous ( Conglomerate . . " 10 m.
( (With pebbles of Devonian limestore).

(Unconformity) — S

Devonian Stringocephalus limestone.

*z§. A large anticline exists between Tien-sen-kouang and the
pléfeau lying to the west of Ho-mo-Tchan the higher zones of
the Upper Carboniferous are well-exposed on both sides of the

anticlinal axis. The E.S.E. 1limb is obmposed of the followring:-

Permian r T Limestone with CP b 20.
/ (h 9 a Limestone with C.P.a 15.
; (
Upper (h 9 Limestone with CP a 14.
Carboniferous(
/- (h 8 Limestone with CP a 13, CP . 13.

(Unconformity) — e
f
L

ower carboniferous h 11, h 11 a shale.
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15
B. PERMIAN.

c. Upper Permian. (Bedded andesitic & basaltic lava which is
(followed downwards by sandstone and conglom-

River, the Middle Permian is usually
represented by bluish sandy deposits.

(erate.
(Unconformity) R
( Tow facies are recognizable: In the southem
( part of the region, the prevalent rock is a
b. Middle ( white limestone; while in the northern part
Permian. ( of it, i.e., in the viecinity of the Bluc
(
(

a. Lowef4Permian. Limestone

a. LOWER PcRIIAN. According to Deprat, the Lowep Permian
limestone is in perfect conformity with the Upper Carboniferous
in eastern Yun-nan. The base of the Lower Permian has been
fixed by the same author at the horizon where a unique fauna
of brachiopods replaces the Fusulinidae which almost exclusive-
ly £ill the higher zones of the Upper Carboniferous.

b. MIDDLE PERMIAN. There is no sharp lithological dis-
tinction between the Lower'Permian and the iddle Permian.
The faunas that they contain, however, show a remarkable
difference: The Lower Permian fauna chiefly consists of
brachiopods; while the Middle Permian fauna is, as in the
case of the Upper Carboniferous, characterized by Fusuiinidae.
The species Doliolina lepida is particularly abundant in the
Middle Permian, it sometimes forms a complete bed of limestone.
The upper part of thé Middle Permian formation generally con-
tains the specieé Neoschwagerina (Suratrina) multiseptata ﬁggizﬁtr

and Neoschwagerina (Sumatrina) annae Volz.



c. UPPER PERMIAN. The Upper Permian conglomerate
rests on rocks of various age indicating marked unconformi-
ty between the base of the Upper Permian and those underly-
ing it. Deprat describes many instances showing the un-
conformable Jjunction. The following is the most typical.

At the cutting to the north of Wou-lou-si-shou, the Uprer
Bermian conglomerate overlies the Fusulina multisepta zone.
The complete absence of the Upper part of the upper Cartoni-
farous, the Lower and the Middle Permian gives us some idea
of the enormous scale of erosion that must have taken place
before the deposition of the conglomerate. At a locality
about %+. K.M.S.S.E. of the cutting, the conglomerate rests
on the Neoschwagerina craticulifera zone; while in the dis-
trict of Lan-nin-tsin it discordantly overlies the beds of
Doliolina lepida.

The massive conglomerate 1s followed upwards by a series
of sandy deposits of a very inconstant character including
marly intercalations and occasional gypseous deposits. The
thickness of these locustrine or lagoon deposits is extremely
variable; ridges and’hollows which characterized the land-
scape of the country during the transitional period from the
Middle Permian to the Upper Permian, are indiscriminately
buried underneath it. A splendid example illustrating this
effect has been found by Deprat at a locality to the east of
Ta-hi-ti, where an underground ridge of the upper carbonifer-

o N
i, T

ous and the Lower Permian limestone protrudes, the mantle of



the Upper Permian deposits 1like a Chaldean town rising

out of the sand. At certain localities in the dis tricts
of Pa-mao-tsn, Tchao-Koua, Lou-leang, the effect of the
erosion at the end of the liddle Permian time is so clearly
shown that the Upper Permian sandy deposits rest upon a
veritable peneplain at which the pre-Upper-Permian folds
are truncated.

The uppermost volcanic series of the Upper Permian age
is well developed in the districts >ying between the Tie-
tchen-ho and the great fault of Pong-pou and Tchou-yuen.

To the east of Wang-tang the whole series attains a thickness
cf more than 180 m consisting of bedded lava, tuffs and
"cinerite". To the west of the lake Tsin-shouei-tang,

Deprat observed the following: -

Lower Trias t1 Sands and marls.
(Unconformity) e
(B Basalt, tuff and "cinerite" 250 m.
Upper Permian gr,,(Conglomerate. e e e e e e 150 m.
é (Bands of grits. « « « .« & 20 m.

(Unconformity) ———— —rr

Upper Carboniferous H 9-9a Limestone.

In the district of Fong-Wou-shan, West of Siun-tien-tcheou
and north of the latitude of Yun-nan-fu, the complete sequence
of the Permian formations is exposed. According to Deprat,
thi§ exposure is probably the continuation of that of the

I
Yo-tiang-shan. He gives the following sequence:-



Upper Permian B "Labradorite". . . . . . . 200 m.

(Unconformity) S

(r,a Limestone with CP a 18 . . 20 m.

r, Limestone with CP a 19, to
Mdddle Permian CPa24. ¢« « ¢« ¢« ¢ o o 10 m.
r 11 Dark gray limestone . . . 100 m.
with CP a 17, CP a 24 to
CP a 28, etc.

P Y T e Tt Yaunn W W N

(r T Light gray limestone. . . ,150 m.
( with CP b 20, CP b 23 to

Lower Permian ( CP b 28, CP4a5, CPc 12,

(

CP g 9.

N oWo YUN-NAN .

In the district of Young-tshang-fou, between Ta-li-fu

and Bhamo, Loczy found a fauna consisting of::
CP b 29, CP Db 30, CP g 10.
At Yun-nan-yi, near Ta~li-fu Leclere collected a fauna
from a gray marble, including the following speoies:¥+3>264

CP ¢ 13, CP g 11, CP 4 6.

KWEI-CHOU.

A fauna was found in the shale of Ngan-tchoung-po, The
material was examined by Douville who reports the presence of
43

the following species: -

CP b 18, CP b 36, CP b 37, CP 4 7.

HU-NAN.
At Lo-shi-kiso, Shao~-yang-hsien, Pao-king-fu, the following

, ey
species occur:-
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CP g 12, CP g 15, CP g 13.
At Yang-chia-yu, An-hwa-hsien, chang-sha-fu, Yobe (?)
found: - 50
CP g 14.

From the coal bearing series of Hwang-i-kang in the
lower part of the Liu-ho, Richthofen collected a fauna of
molluscs largely consisting of lamellibranchs. The follow-
ing are among the identified species:-;67

CPf 4 toCP £ 18, CP ¢ 14.
Stratigraphical details of the formation guiekt yielding

this fauna are not known.

WE
EASTERN CHINA.

Between Batang and Ta-tsien=lu, west of the Red Basin of
Su-chuan, Loczy found a marine formation which he assigns
to the Lower Carboniferous on account of the discovery of
Posidonomysa beoheri?

At Tze-de, near Batang, Loczy collected the following
brachiopods:fﬁ

CP b4, CP b 31 to CP b 33.
X.long 98°

At Yarkalo (Lat. 290/50 E) in the valley of the Lan-
tsan-kiang, Loczy found an interesting fauna which shows world-
wide affinity. The following species are among the identified
ones: -

CP b 3 to CP b 43, cCP 4 8, CP 4 9.

In crossing the Kiu-tiau-shan, from Tshau-tien to

Kwang-yuan-hsien, (on the northern border of the Red Basin of



Su-chuan) Richthofen followed & sequence of strata dipping

towards the northe The sequence consists of the following

G2

gerliest=-

7o

/3‘50

I
I...I
[ ]

Overturned strata of indeterminable nature
with Atrypa reticulorise.
(Thrust plane?)

Thin-bedded limestone with marly and shaly
intercalationse.

Massive limestone containing black and
white quartzite. The limestone shows
coral-structure.

Fine-grained gray limestone with
siliceous shale (Kieselschiefer) con=-
taining fragments of Productus.

In the limestone Spirifer lineatus
occurse

Coal bearing series Yellow and gray
calcareous shale (Schieferton) crowded
with fossils, capped by a seam of
bituminous coal 4 feet thicke

Flaggy limestone with intercalated thin
layers of highly bituminous argillaceous
limestone which contains brown ironstones.
These parting layers are full of marine
fossils; Productus, Aviculopecten, etc. are
especially abundant.

Gray limestone with quartzite containing

abundant corals and Brachiopods; amongst the
latter Spirifer lineatus occurs.

Central and S.E,Chinase

The Gorge district of the middle Yang-tzee

From San-tou-ping to the ili-tsan gorge, massive limestones

are exposede.

1%
as follows:-

Richthofen desciibes the sequence of the limestones



(13 Thick-bedded limestonee. ;

(

(12. Blue and White Thin-bedded g - - 1500 ft.
( limestone somewhat crystalline

(11. Thin-bedded nodular limestone - - - 1500 ft.

| ) (10. Thick-bedded limestone free from

Carboniferouse. nodules - - - = = = = = = = - - - - 150 fte
9. Green shale with dark reddish-brown
gsiliceous limestonee. The village of

Sin-tan stands on this formation - - 800 ft.

8¢ Thin-bedded yellow 8nd green lime-
stone striking N 35 E = = = = = - - = 400 ft.
containing fossils
CP g 16, CP g 17, CP g 20 CP g 21.
bevonian{) 7e Gray-green sandstone with greenish
B shaly strata = = = = = = = = =« =~ - - 300 fta

Be (see p lt7 )
In the middle Yang-tze region including the districts where
Richthofen made his observations described above, Black-
welder distinguishes a mighty limestone formation which he
calls the Wu-shan 1imeston4?100nsisting essentially of

dark gray or blackish limestone, (Cowhhued'nexC'Pa%e | )
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and attaining a thickness of about 4000 fte. The lower part
of the Wu-shan limestone contains layers of shales and local
seams of anthracite together with flints and insignificant
strata of quartzite. This formation is underlain by the
Sin-tan series of Siluro-Devonian age (see p 152 ) and pro-
bably overlain by the Kuei-chou series (see p 2246 )3 it
yields fossils at several horizons: At Tung-kuan-kou from
a thin seam of black shale associated with anthracite which
is believed to be about 1200 ft above the base of the Wu-
shan limestone, Blackwelder obtained the following forms:-
CP b 44 to CP E 48,

In the limestone canon below Td-ning-hsien, a brownish
cherty layer which probably lies in the middle part of the
Vu=-shan limestone, has yielded the following:-

CP £ 18 and Gastropodse.

Near the salt well of Yen-chang on the Ta-ning-ho, a
dark gray limestone about 800 to 1000 ft above the base of
the Wu-shan formation contains the following species:=-

crp 4 11, Cp 4 12.

I'rom the basal layer of the Wu-ghan formation, 1 mile
above the junction of the two main tributaries of the Ta-
ning-ho, north of Hiau-ir-tan, the following forms have been
collected:=-

CP b 47 to CP b 51,

2 miles north of Ta-ning-hsien, the base of the u-shan lime-

stone which consists of a dark gray limestone with nodules of

flints, contains the following:-
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CP a2, CPgé4, CPg 22, CPa 11, CP a 13, CP b 52,
CPb 53, CP ¢ 15, CP h le
(Note The Vu-shan limestone of Blackwelder is
probably identical to the limestone se-

quence 8 tp 13 as described by Richthofen

P |%] )

S.E .AU'Qel’;

Yabe and Sakahaya state that they have obtained a Per-
mian fauna from !lei-tze-kou, 20 lis south of Wu-~change The
fauna consists of CP g 23, CP b 54 to CP b 57

At Tung-chiang-chen, Wu-chang-fu, from the Fu-shan
coal mine, the following Carboniferous forms have been ob-
tained: - 4

CP g 24, CP a 30.

Near Hwang-shi-kang, on the northern side of the Yang=-
tze, a hill called Sang-hu-shan (lat. 30° 15'N. long. 115°
10'E) rises to an altitude of about 500 ft above the all-
uvial plain. The hill assumes a S.E.trend. Crossing this
hill, Richthofen has made out the following sequence:-'q‘
(see section rvo.sq )

10« Whitegybrown and brown-red rock

(chiefly composed of sandstone?)
of considerable thicknesse.

(9« Coal besring series with plant
( remains. There are no shaly layers
( in this seriese.

y (

(Penmlant> (8o Soft shaly and sandy rock - - -probably 500 ft.

(
(7. Tuff-like sandstone with occasional
(

coal seams, without the slightest
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trace of coaly shale.

Porphyritic tuff very thicke

9] )
™

Porphyry rich in quartz and large
crystals of orthoclase, highly
weathered; it forms the dip slope
) . of the Sang-=hu-shane
@%rnﬁan,}

N
e

Vhite-gray quartz sandstone with
intercalated siliceous conglomerate

In the sanddstone impressions of

plant remains occure. They are believed
to be calamites.

(8N
°

Coal-shale with a coal seam 2 ft
thick. Plant remains sparcely occur
in the shale; Schenk identified CP z 2.

(2. Sandstone only partially exposed.
(

4 3

Carboniferouss(le Thin-bedded, soft, shaly rock of
( red coloure.

To the southwest of the Sang-hu-shan, forming the southern
bank of the Yang—tzé, there are limestone hills which are com-
posed of highly folded strata; the axes of the folds generally
strike from E - W to E 20° Ne In the neighbourhood of Shi-hwei-yan,

Richthofen followed a sequence from the south to the northe.

He describes it as follows:-'20

7o Well stratified limestone free from
hornstone as distinguished from the
underlying seriese The individual layers
are sometimes thick-bedded and some-
times in thin laminaee. The rock is
hard and splintery and shows a light~
gray colour. Fossils are probably absent.

6. Light-gray limestone with much horn-
stone, well-bedded, each bed has a
thickness from 2 ft to 3 ft.

(Pernian. ) with a coal seam and sandstone layers

which contain plant remainse. From the

shale a single species of lammellibranch

(
4
E
(5 7ery soft micaceous sandy coaly-shale
(
(
(
( CP f 19 has been Tound.
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4., Thin-bedded siliceous shale
with yellow parting layers,

3¢ Thick-bedded dark gray lime-

(
(
(
. S
Permian. ( stone containing much horn-
- ’ ( stone.

(

(

(

2¢ Thin-bedded light gray and
splintery limestone with
yellow shaly layerse. The
limestone atrata show wavy
plication. |

l. Limestone traversed by a
network of calcite-veinse.
The thickness from 2 to 6 is about 800 ft, from 1 to
7 is about 1600 fte.
In the hills near WVei-yuen-ko, about 9 K.li. below
Ki-tshon-hsien, Richthofen‘observed a series of limestone
which is lithologically similar to the beds 2 to 6 described

1)

above.  In this limestone he found a rich Peraminiferal

fauna including the following species:-

CP a 25, CP a 28, CP a 4, CP a 30,to CP a 35.



Kiang-sie

To the south of the Mong-shan, near Lo-ping-hsien

eanareainmnti:

(lat. 29°N. long. 117° 10'E.), in the¥asin of—the noal
mezserey, Richthofen observed the following sequence and
collected an important fauna:
7« Red and yellow sandstone - - - - about 50 ft.
B« Soft argillaceous limestone with
a band of hard limestone which
yields marine fossils = = =« = = - - - - 10 fte.
5. Dark gray sandy shale (Shieferton ),
perfectly and thinly stratified
with indeterminable plant remains

and a seam of bad coal = = = = - - - 240 fto.

4, Light gray firm argillaceous
limestone rich in marine organic

)

)

remainge. )

)
3« Black marly shale with marine ) 100 ft.

fossilse. g

2. Dark sandy shale. )
l. The main coal seam - = = = = = -« - = 10 ft.

S~

The fossils mentioned below are dérived from &, 4
and 3 of the above sequence;

CPh 2, CPe 3 toCPes6, CPf 20, CPf 21,

CPb 39, CPb 21, CP b 40, CP b 31, CP b 58

to CP b 78, CP d 15, CP g 25, CP a 36, CP d 16,

The lower Yang-tze valléeve

On the northern slope of the Pu-ki-shan, near Kiu-

(o)
li-tswan, Ning-kwo-hsien, (lat. 30 °5'N. long. 118° 53'E.)

Richthofen observed the following sequence of 1r~oc>k.<3:-—",‘L
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i

5 A series of yellow sandstone.

4. Coal bearing shale contalning
Ammonitese. The coal is workede

3¢ Massive PFusulina limestonee
2¢ Sandstone seriese

l. ¥~sgive limestone containing
coal bearing shales.

- To the east of Nan-king, on the southern bank of the
Yang-tze, a stéep hill rises to an altitude of about 1200
ft above the river level. (about lat. 32° 15'N. long. 119°
10'E.) On the top of this hill, a single 0old tree stands
alofte Hence the hill is popularly known as the "Single-
tree-hill". The proper name of this hill is Hsi-hsia-shan.

Richthofen describes the Hsi-hsia-shan as a comnressed syn-

| 2
cline formed by a sequence of the following r'oczlcsaxz-”3

(see section No.4L)
Be LOESSe

7. White quartz sandstone cemented by
white spongy material and inter-
stratified with conglomerate which
contains well-rounded quartz pebblese
The sandstone contains reed-like plant
remaing = = = = = = =« <« - - v 1500 fto

6. Thin-bedded marly sandstone and sandy
marl of red and yellow colour - - =
about 100 ft.

( 5« Alternating beds of fossiliferous

( dark gray limestone and marly .

( shale which becomes sandy towards

( the upper part of the series. The
Lower \( black shale is sometimes coaly and
arboniferouso ( contains traces of plant remains.

s (

( 4. Dark gray, hard, splintery, thick=-

( bedded limestone with lenticles of
(

" . ]
firestone" and inclusions of siliceous



Lower
Carboniferous
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sponge. The strata are bituminous;
yellowish in colour and semicry-

stalline in texture. Fossils occur

in abundance in the upper part of the
series. The following are among the
identified species = = = = = =@ = = 250 fte

CPp g 18, CP g 12, CP g 21, CP g 286,
CP g 27, CP 4 10o

Black and brown sandstone and con-
glomerate containing pebbles of

quartze.

Interbedded soft quartz sandstone and
soft, mottled shalee

Variegated soft shale with the admixture
of manganiferous shaly-ironstonee.

To the south of Pa-hwei-miau (lat. 32° 10'N. long.

119O 15'E.) and north of Tang-shui, Richthofen observed a

synclinal hill

(Be

S}
.

N
(]

Carboniferouse.

W
.
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consisting of the following strata;,

Coal bearing series of Pa~hweli-miau.
This series is not involved in the syncline.

Hard thick-bedded quartzitee.

Gray limestone containing lenticles of

black "firestone" and laminated sili-

ceous intercalations with weathered and
gilicified fossilse.

(Richthofen remarks that this series is
indisputably identical with the Lower
Carboniferous limestone of the Hsi-hsia-shan)

Quartzite and quartz sandstone striking
E - W and dipping 60 N.

Dark gray-green crumbly shale.

Quartzite which probably forms the
bulk of the hill.

Immediately to the east of the city of Nan-king, the

hill of Tshung-shan forms a consplcous escarpment on its
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northwestern flanke. The city wall runs along the lower
part of this scarpe In this hill Richthofen found a series
of coarse-grained sandstone and conglomerate dipping per-
sistently towards the S.E., These are overlain by yellowish
cellular sandstone and black shalee The shale is full of
fucoidal-like plant remainse. Overlying the shaly strata
are égain sandstone and conglomerate containing large peb-
bles of quartze. Further S.E. after a long interuption of
observation, Richthofen found, in a deep ditch, the expos-,
ure of red sandstone and coarse red conglomerate with well-
rounded pebbles of quartz, porphyry and limestone which is
finally buried by the 1oess?4(dbmpare Kingsmill's obser-
vation p )57)

Similar sandstone and conglomer:~te are exposed in the
hills lying between Pa-hwei-miau and Tung-yang, west of the
Tshung-shane To the east of the Tshung-shan, red sandstone
and conglomerate also occur, overlying a yellow limestone;
the former continue to run towards east and are once more
exposed at the Hsi-hsia-shan where they are underlain by the
Lower Carboniferous limestone. Richthofen, therefore,
assigns th%s& sandstone and conglomerate to the Upper
Carboniferous.

In the lateral valley separating the Ts®hu-shan from
the Kau-li-shan, west of Cheng-kiang, Richthofen noted the

s
following sequence:- (see sectiongg )



5 Limestone which is in the neigh-
bourhood of the valley directly
overlain by coal, tlhe latter in
turn mbur-ied under the loess.

N

4, Coal bearing series of sandy and
shaly strata forming the undula-
tory hilly country lying on the
south of the Tshu-shan - - - about 400 ft.

P Yo Ve Wean ¥an ¥

(This series admits further subdivision
(as follows.

(

(f« Dark sand and carbonaceous shale
with a seam of coal.

(0]
)

Brown sandstone with plant remains.

(Interruption of observation)

Q
.

Black siliceous shale unfossiliferouse.

~

(Permain.) (Interruption of observation)

o
®

Very impure fine-grained sandstone
with intercalated limestone. Fire-
stone occurs in the lower part of the
series. Productus and other brach-
iopods, Fenestella, corals, etce.

have been found.

]
°

Well-bedded limestone containing
firestone. The upper part of the
limestone is a red variety of

splintery nature, in which are found
crinoidal stems and abundant Fusulina
together with CP b 91, CP b 92, CP g 28,
This series is divisible into two
sub-series: -
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1fainly limestone - - - - - ? - - 800 ft.
Civefreley
~ Shaly strata with big‘}ensas of
firestone - = = = = = = = - = =1000 ft.

o
L)

0o
N

Quartz sandstone and conglomerate with
yellow, brown, and white quartz pebbles.
(Richthofen remarks that this formation

is almost identical with the coarse sandstone
and conglomerate of the iIsi-hia-shane Its
thickness is very variable: On the west of
the valley it forms high peaks, attaining

a thickness of &% 800 ft. while to the



east of a narrow in the wvalley, it
‘is much thinners)

l. Granite with large porphyritic

The whole of the above sequence strikes E N E and dips

30° S S Ee« Towards the East the strike changes into & - .

About 4 K.M,.

felspars. It weathers to a blackish

colour. (Intrusion).

east of Lung-tan, on the flank of the Lun-

shan, the quartzite (2) is found to rest on a graptolitic

slate. (see p

129 Je

Che-kiange

At Kiai-kou (lat. 29° 45'N. long. 118% 45'E.), on the

divide between the province of Che-kiang and Kiang-si,

Richthofen observed .a large anticline in which he was able

to make out the following sequencet-

e

4.

e

2e
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Quartz Porphyry traversing a
gsandstone.

Quartzitic sandastone.

tuartzose and quartzitic slates
(Schiefer) partly black and

partly yellow, green or white. The
lamellae of the slate are separated
by scaly and talcy soft layers.

A series of interbedded calcareous
and siliceous rockse The calcareous
rock is generally a crystalline
bituminous limestone of grayish
colour and fine texture; the sil-
iceous rock conslists of the follow=-
ing:=-

ce Thin-bedded quartzite and other
siliceous rocks.

)
)
b. White slate. The surface of the )

individual layers are )

800 fte.

19/



often marked by long straight
lines, probably due to organic
remainse.

ae. Exceedingly fine black
siliceous slate
In these strata, coaly substance 800 fte
often occurs. The ngrrew black
siliceous slate is strongly
bituminous with thin seams of
extremely impure coal which is
used in the district for lime-
burning.

(Note  These rocks seem to bear

certain lithological resemblance

to the WOulmwmeasures" of Britain)

1. Timestone.

In the neighbourhood of the lake of Si-hu, outside

the city of Hang-chou (lat. 30° 10'N. long. 120° E.),
Richthofen followed a sequence of rocks from N.E. to S.',.
He describes it as follows:- (see seotion)vaq7)'2L

4, Red quartz porphyry and its tuffse.

3¢ Quartzite-like brown sandstone.
2e¢ Limestonee
l. Coarse-grained hard sandstone.

In the lake of Tai-hu, on the northern border of the
province of Che-kiang, a limestone island stands between
the sandstone hills of Si-tung-ting and Tung-tung-tinge.
This limestone is charged with yellow-brown earthy material
and crystals of calcite. Only 250 ft of it is seen above
the water. Richthofen says that the total thickness Of
the limestone cannot be more than 800 ft. It contains

abundant organic remainse. In the material collected by



Richthofén, Schwager identified the following foraminifeia,
CP a 8, CP a 13, CP a 37.

Besides the Protozoa there occurs many species of
crinoids, corals and gastropods. Unfortunately they have
not been described.

Tiessen remarks that this fossiliferous limestone and
the sandstone exposed in the Tung-tung-ting and the Si-tung-
ting are identical with those occufring in the neighbourhood
of the Si-=hu.

Northern Chinsae

As already stated in the general remarks, the lithol-
ogical nature of the upper palaeozoic rocks and their
general stratigraphical relation with other systems are ess-
entially similar over the whole area of northern Chinae. The
only exception to this rule is met in the northwestern
corner of the country, viz.,the Nan-shan region, where
massive marine formations yielding WMiddle Carboniferous and
Upper Carboniferous faunas such as Spirifer mosquensis,
Productus semireticulatus, Fusulina cylindrica, Schwagerina
princeps, Doliolina verbeeki, Productus caneriniformis, etc,
have been founde. According to Futterer the "Doliolina
formation" alone forms the bulk of the demenow mountains
near the lake Ku-=-ku-nor.

Elsewhere in Northern China, the Carboniferous-Per-

mian period is at least partially represented by the Shan-

sian

-
‘.



systeme The following\records of observations will suffice
to show the extensign of this system.
Ho-nan
In the Ja-mei-sen colliery, northern Ho-nan, Reid

makes out the following sequence of the so-called coal

measures:(cbib2%>

Alluvium
Red and yellow clays)

) = = - - - & - 250 fte
Conglomerate )

Arenaceous clays and shales)
) = = = 90 fto
Yellow and brown sandstone )

(Shales and sandstones — = = = = = = 250 fte

(

(MRin coal seams8 =~ = = = = = o - _ . 18 fte

(

(Sshales and sandstones - = - - - - - 250 fte
"Coal measures" (

(Flinty limestones = - = = = = = - = 30 fte

{Brown and yellow sandstone with bands

of iron ore = = = =« « @ w o - o o . 80 fte

PN

"Carboniferous limestone - - - - - = 2000 ft.
This section is believed to be fairly typical over the whole
area of northern Ho-nan. The lowest member in the sequence,
i.e., the "darboniferous limestone" is not true carbonifer-
ous limestone, but is so called by the miners because it
underlies the "coal measures". From the information furn-
ished by Richthofen and others, the writer judges it to be

the Sinisian limestone which we have already dealt with.
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Shan-=sie

The Shansian system is excellently developed in the
province of Shan-si. It occurs igkéxtensive shegt forming
the upper part of the plateaus, being upthrust by mighty
faultse Natural profile showing the succession of the rocks
is often seen along the wall-like edges of the plateause.
Different geologists genera2lly agree in describing the se-
quence of the strata, but their deduction of age is not
always the same.

Approac™ing the Tai-hung-shan, the southeastern edge of
the Shan-si plateau, from the plain of Hwai-king-fu,
Richthofen travelled across the complete succession of the
rocks belonging to the Shansian system between Yu-tai and
the small temple of Kwan-wang-miau. He describes it as

follows:- (see sectionlﬂa30)q3

4, Unstratified sandstone.

(93
°

Variegated sandstone containing
anthracite seamse.

0o
.

Tal-yang~- series. Alternating

beds of limestones, shales and
sandstones, and in places being ®
capred by a black limestone. Near
Hsiau-kou, (40 1lis north of Yu-tai)
the black limestone contains corals
Spirifers, Orthoceras, Crinoids and
Fusulina.

Shansian.)

L

(Richthofen compares this variable
gseries with the similar rocks which
he found in the Po-shan coal field
in Shan—tung.)
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( 1. VYery thick limestone, parti-lly
(sinisian.) dolonitized. This is well exposed
( on the edge of the plateau.
. T :

The series (4) 1n§gbove sequence is sometimes called by
Richthofen the "plateau sandstone" or the "plateau-schicten"
It attains a considerable thickness.

Between Tali- yman-fu and Wen-shui-hsien, the exposure

oot . tpoaed ¢
of the Shansian rocks 8 almost oontlnuous@wAWillis and
L
Blackwelder divides the whole system into two series as
folrewsy- BT

Upper. Reddish sandstone with. subordinate
sandy shalee

Lower. Soft shale of various colours, con-

taining coal seams and resting dir-
ectly upon the Sinisian limestone.

Immediately north of YSn-yi-ssi half way between Ling-
shi-hsien and Ho-chou, from a local bituminous lirestone
interbedded with shales,Blackwelder collected the following
speciest:=-

CP b 79, CP b 80, and Ostracoda indt.

Near the hills of Hou~yu-koo, west of Tai-yuan-fu,
Leprince-Ringuet collected the following species from a
highly fossiliferous limestone.-

CP 81 to CP 84, CP b 83%.
A rich flora has been collected from the Shansian coal

measurese. The exact localities and horizons which yield the

flore are not known. It includes the species CP z 3 to

CP z 27



N.T.Williams describes the general succession of the

Shansian coal measures as follows:-

e

1.

155

Yellow-brown sandstone clay and

shales. This series is oftem denuded
away; At Tze-chou where it is partially
preserved its thickness reaches 1000 fte

Shales and red sandstone - - - =100 to 300 fte.

Coal seam, persistent over a
large area = = - = = = = = - - - 12 to 30 fte.

Sandstones and shales capped by a
layer of fire-clay - = = = « - = 200 to 300 ft

Flinty limestone containing abundant
brachiopods and resting upon- a- sand-
stone = = = - - - - - - - - . . - 10 to 15 ft.

According to Williams, coal seams sometimes occur below

the flinty limestone. It is significant that this section

is almost strictly comparable with that given by Reid in

northern Ho-nan (see P G4 )

Chi-=-li.
%%

!
In the iTing-shan district, northwest of Tang-heien

(1at. 38° 40'N. long.115°E.), there are three isolated

areas of the Shansian rocks lying in a large syncline:

(1) In the NWing-shan coal field, the productive measures
)

consist of variegated shales and sandstone, As a rule, the

higher beds are more sandy than the lower ones which contain

coal seams. (2) In the Tien-huaz and Yau-tou coal fields, the

coal measures are so deeply dissected by the Tai-shan-ho

that the underlying Sinician limestone is exposeds (3) At

l'i-cheng, the Shansian coal measures zre preserved in a



sharp trough or basin. The nature of the rocks is essen-
tially the same as in the Ning-shan coal fieid.

In the Wang-ping coal fielgf about 20 miles west of
Peking, F.N.Drake makes out the succession of the rocks
belonging to the Shansian coal measures as follows:-

I« Sandstong = = = = = =@ @ -« = = o -~ thicke.

M. Principally sandstone interstratified
with thin clay shales and some coal - -400 ft.

Ge Shaly sandstone and clay shales - - = 200 fte
F'e Massgsive green sandstone - = - = - - ~ 50N ft.

Ee Principally shale with thin-bedded

sandstone = = = =~ - =« -« o - - - o o . 500 ft.
De Chert conglomerate and grit - - - - - 25 fte .
D to C. Carboniferous clay shale - - - - 50 ft.
Ce COBL = = = = = = = = = =« = = = = =~ « 35 fte
Be Carboniferous clay shale with a

little sandstone - = = = = =« - = - ~a 280 ft.
Ae Limestone = = = - - = = = = =~ =« - - - 2000 ft.

Drake remarks that the conglomerate bed D and the limestone
A are the best guide for locating the coal seam C in the
underground workings. The limestone A is undoubtedly the
Siniéian limestone.

Shan-tunggn

In $he Shan-tung the Shansian coal measures occur on
the downthrow side of large normal faultse They generally
rests;unconformably upon the Sinisian limestone, and passes
- upward into a massive red sandstone with interbedded lava

which is believed by Richthofen to be of Permain age.
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In the vicinity of Yen-chuang, Near Sin—tai—hsien; the
productive measures occupy a large part of the plain east of
the Wen-hoe The upper part of the series consists of quartzose
sandstone and yellow shale with interbedded lava and tuffe.

The lowef part of the series is generally composed of yellow,
gray, black shales with subordinate amount of sandstone.
Several coal seams occur near the base of the series.
Associating with the coal seams there is a layer of black
bituminous limestone which yields marine fossils, such as
CP b 44, CP b 46, CP 86, CP 85. According to Blackwelder
the total thickness of the Shansian coal measure in this die-
trict may exceed 2000 ftqu’
In the Po-shan and the Hei-~shan coal fields, Richthofen
collected a marine fauna out of which Frech has determined
the following species:-lbj’ng
Ck b 83, CP b 87, CP b8, CPb 38, CP b 3, CP b 56,
CPb6l, CPb 90, CP c 16, CP ¢ 17, CP ¢ 18.
According to Richthofen, there are several marine bands which
either form the lower part of the productive measures or
immed%ately underlieﬁ them.uﬁ%? does not state that f+om
whet horizon or horizons,the fauna was obtained.
Elsewhere in Shan-tung, the nature of the Shansian
rocks is essentially the same as in the Po-éhan coal fielde

(111) Correlation.

In eastern Yun-nan, the different stages of the carbon-

iferous and the Permain formations have been carefully com-

pared by Deprat with the equivalent developement in the



other parts of the worlde Further discussion on the age of
the rocks seems to be unnecessary. Llsevhere in China, the
classification of the upper palaeozoic rocks has not been
definitely established. Figrall éﬁat we know, four stages
seem to be distinguishable (a) Lower Carboniferous
(b) Upper Carboniferous (c) Lower Permian (d) Upper Permian
Granting this tentative classification, we now proceed to
seek for the representatives of each stage.

(a) Lower Carboniferous.

In northwestern Yun-nan, the Young-tichang-fou fauna

(p (79 ) is regarded by Deprat as comparable with the lower

carboniferous of eastern Yun-nsasne

In Central Hu-nan, the presence of the Lower Carbonif-

erous formation is indicated by the Lo-shi-kiao fauna (p 199 )

In northern Su-chuan, the thick marine formation with
Brachiopods and a coal seam (p 10 ) suggests its carbonif-
erous age; but definite correlation is impossible without
further datae.

In the gorge district of the Yang-tze, the massive "u-

shan limestone yields fossils at several horizons. (p I%2)
The fossils are described by Girty who concludes that the
collective fauna is related to that of the Salt range of
India and the Gschelstufe of Russiaj; following this view,
Blackwelder assigns the whole of the Vu-shan limestone
(about 4000 ft trick) to the Upper Carboniferouse. At the

base of the same limestone, Richthofen collected a fauna

24

(p [D) ) which according to Frech? indicates Lower



Carboniferous age. Thus there is a conflict of opinione
Considering both from palaeontological and strati-
graphical point of view, the writer finds himself in favour
of Frech's opinion, i.e., to regard the base of the Wu-shan

limestone as Lower Carboniferous. None of the forms men-
tioned by Girty is typically Upper Carboniferous, on the

other hand the species liichelinia favosa and other corals

are well-known Lower Carboniferous forms in Europe. liore-
over only a few feet of shale intervene between the base of
the Tu-shan limestone and the next fossiliferous horizon below
it; the latter is either of ILower Carboniferous age or older.
(see p 159 ) Thereforé’in the absence of an unconformity

at the base of the Wu-~shan formation, it is difficult to
regard the lower part of the Vu-shan limestone as apprec-

iably younger than the Lower Carboniferouse.

In the Hsi-hsia-shan, the dark gray limestone (4)

(p (8] ) contains a fauna which undoubtedly belongs to the
Lower Carboniferous as pointed out by Freche. This limestqne
formation is of great siratigraphical importance, for the
correlation of the Palaeozoic S;g:ﬁﬁ in the Lower Yang-tze
valley is largely based on their rélative stratigraphical
positioﬁ with respect to this fossiliferous formation.

0f 4 MArin@ fovmation
The exposure/in the Kiai-kou district (p 19) ) shows

the presence of a peculiar group of rocks which may represent

a facies of the carboniferous feumetion in S.E.Bhina.



The hornstone bearing limestones of the Ta-hua-shan,
the Tung-kwan-shan, and the Hsiau-hua-shan, southern An—hwei;
(p (99 ) with sponges, corals, brachiopods and crinoids, are
believed by Richthofen to be belongiag to the Lower Carbon-
iferous. Although these limestones are petrographically
.dissimilar to that of the Hsi-hsia-shan limestone, Richthofen
thinks that the dissimilarity is to be regarded as repre-
senting varieties of the Lower Carboniferous limestone in the
lower Yang-tze valley, rather than characterizing different
groups of rocks. Méreover, the said limestones are overlain

and underlain by coarse deposits both in the case of Hsi-

hsia~-shan and the other districts in An-hweie.

(b) Upper Carboniferouse

In the Hsi-hsia-shan section, the sandstone and conglom-

erate (7) (see p IZV] ) is regarded by Tiessen as Upper

Carboniferous on account of the fact that similar rocks are

o 12
overlain by the Fusulina limestone in the Tshu-shan7(p|QC) )

The latter is correlated by Frech with the Productug lime-

stone of the Salt kangee.

The conglomerate of the Ishung-shan and the adjoining

hill ranges (p,k?ﬂ ) near Nan-king is according to Richthofen
the sametggggfg%g;ate a6 exposed in the Hsi-hsia-shane Since
we have assigned the conglomerate of the Hsi-hsia-shan to the
Upper Carboniferous, we ma& also regard the Tshung-shan con-

glomerate as Upper Carboniferous.

The Fusulina bearing limestone of the Tai-hu and the
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Hang-tshou districts (p le_ ) are identical as pointed out
by Tiessen. They contain no firestones, and are disting-
uished from the Fusulina limestone occurring in the Nan-king
district by the fact that they are distinctly bituminous,
that they contain thick parting beds; and that they include
layers of indented plates. (einander verzahnte Schicht-
flgcken) Ahd since their thickness is considerably less
than the Fusulina limestone of the Nan-king district,
Richthofen thinks that the Fusulina bearing limestone of the
Hang-tshou district is not identical with the Fusulina lime-
stone of the Nan-king district, but admits that they are most
probably equivalent in part. Having scarcely any reason to
suppose that the Fusulina béaring limestone of Hang-tshou
represents the upper stage of the Fusulina limestone of Nan-
king, he considers the former as equivalent to the lower part
of the lattegfa Comparing the fauna cont:.ined by the PFusulins
bearing limestone of Hang-tshou with that of Upper Caiponif—
erous of eastern Yun-nan, the writer is oonfident'%gtpfé:;%
them in an equivalent position because of the presence of
Fusulina brevicula and Schwagerina princeps in both of the

faunase

The Lo-ping fauna (p 1% &) has given rise to difBerent

opinions as regards the age of its containing rock. The
8 .
fauna has been described by Kayser who regards it as Upper

Carboniferous; Frech, however, places it in the Permi'an2é7

(Obere Palaodyas); Loczy correlates it with the lioscovian or
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Middle Carboniferous; ,Filiegel concludes that it represents
younger Upper Carboniferous. Deprat correlates it with the
Uralian or the Upper Carboniferous of eastern Yun-nane. It
should be noted that among the 55 species described by Kayser
a number of Brachiopods, Bryozoa, and corals also occur in
the Upper Carboniferous of eastern Yun-nane. The Upper Carbor
iferous fauna in Yun-nan is decidedly foramihiferal, while
the Lo-ping fauna is predominantly molluscane Fliegel
considers the Lo-ping fauna as slightly older than that of
Padang, Sumatrggs This correlation would place the Lo-ping
coal bearing series in a somewhat equivalent position to the
Lower Productus limestone of India. The presence of Strop-
halosia, Richthofenia, Lyttonia, (=Leptodus KAYS.) etc., is
in favour of this views Further, the fauna has certain
affinity to the Artirskian; therefore it cannot be much older
than the Lower Permiane. Thus the writer is led to agree with
Fliegel in regarding the Lo-ping coal bearing series as the
uppermost stage of the Upper Carboniferous.

The Yarkele fauna (p P7q ) probably was not obtained frm
from a singlexzéﬁgé%or it indicates different ages. The
species Spirifer planoconvexus and Septopora biserialis occur
in the permo-carboniferous of Nebraska and Illinois; Camar-
ophoria ranges from Uralian to Artinskian in the Ural region;
but the polypora appears in the Lower Carboniferous of
Belgiume Some of the other species are present in the iddle

Productus limestone of the Salt Range. The presence of this

fauna on the eastern Tibetan border proves it conclusively
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that the present upland in western China was under the world-
wide Carboniferous and Permo~Carboniferous sea.

Finally we have the great Shansian productive measures
to deal with (pp 1494 -:\q<1) Since Frech announced the
opinion that the fauna derived from the Po-shan and Hei-shan
coal fields (p 144 ) Shan-tung, indicatee Lower Carboniferous
ang%lt has been generally believed that the Gafbenifefevsibaaﬂk}vvc
coal bearing rocks in that province-are of Lower Carbonif-
erous age. After studying the fauna collected bf illis and
Blackwelder (p 194 ), Girty concludes that it is comparable
with that of the Pennsylvanlan of North 8Bmericaj; and hence
he assigns the %égﬁgzééeproductlve measures ofA§§;;£;;§LCh;na
to the Upper Car'bonif'erou:ta:5 Recently a papégﬂaealing with
the Brachiopods found in the Carbonlferous rocks in Shan=tung
has been published by$Sakdhayd whok taiﬁgﬁggicﬁvgjoplnlon k2o
whoteoezte; he even doubts the authority of Frech's specific
determination, stating that the figures and photographs |
given by Frech show that the material collected by Richthofen
is too fragmentary to permit an accurate determinatione.
Sakahaya says that he has obtaiﬁed two species from a black
limestone 1 to 3 m thick namely Productus ¢f semiretienlatus
var. hermosanus GIRTY and Productus (marginifera) typicus
var. septentrionalis TSCHERNe The latter occurs in the
uppermost bed of the Carboniferous in Russia. This fact to-

3ob
gether with the occurrence of Fusulina 1eadﬁggiaﬁ§ia to ad»-mkwblé

vagee the opinion that the black limestone probably representd

the highest horizon of the carboniferous formation in
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Shan-tunge This black limestone appears to be the same lime-
stone 1ayer‘from which Willis and Blackwelder made their col-
lectionﬁ: It is uncertain as to whether the fauna described
by Frech is derived from the same horizon; judging from the
fact that carboniferous limestones do not attain great devel-
opment in Shan-tung, an@t that they are generally found near
the base of the coal bearing series, the fossiliferous
horizons cannot be separated by 6onsiderable thickness of
rocks even if there are several horizons which yield marine
organismse In attempting to remove this apparent palaeon-
tological conflict, Yabgqguggests that there may be an un-
conformity between the Lower and the Upper Carboniferous
in Shan-tung; but his suggestion is not borne out by facts.

The fauna pollected by Leprince-Ringuet in Shan-si
(p 196 ) was studied by Douville who failed to arrive at any
definite conclusion as regards the age of the containing rock
But he suggests that it appears to represent Westphalian or
possibly a somewhat earlier stageo

The evidence furnished by the flora (p |qb ) derived
from the Shansian productive measures is still more sur-
prisinge. Zeillzg[says that the species Taeniopteris mul-
tinervis is only known in the Permain in Europe, and it never
occurs in the Stephanian. (&he other fbrms generally indicate
the upper stage of the Steﬁhanian or the Lower stage of the
Autunian:)

Taking the mean of the different cases mentioned above ¢
st M Polarayere b @»»u{wj rovka w N Uin & L“"“""""’u"’ todiw}intnuaoung

/{Pe writer tentutively ﬁegands the Shansian productive
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measures as,ranging from the uppermost darboniferous to the
lowest Permian, viz., representing the permo-darboniferous
periode.
(¢) Lower Permian.
In the previous paragraph, we have already determined
the agevof the Shansian productive measures in northern China
to be.permovoarboniferous. Following this determination, a

part of the upper Shansglian system i.e., the barren sandstones

and shales (pp 1961499 ) may be tentatively rsferred to the
LoWer Pertmian.

In the Tchu-shan section, (p G0 ) Richthofen mentions

a mighty series of PFusulina limestone (3) overlying quartz
sandstone and conglomerate; the latter overlies the Lower
Carboniferous limestone of the Hsi-hia-~shane. On account of
the presence of Productus limeatus and Lonsdaleia waageni,
Waagen compares the Fusulina limestone (3) with the Zech-
stein, while Frech correlates it with the productus lime-
stone of the Salt Range chiefly because of the presence of
Productus indicug'(:7 Richthofen thinks that the lower part of
the Fusulina limestone is equivalent to the Fusulina bearing
limestone of Hang—tshoﬁ.whioh we have already palaeontolog-
ically determined to be of t&re Upper Carboniferous eage.

If Richthofen's suggestion ia a oorredt one, the upper part of
the Fusulina limestone (3) would necessarily belong to the
Lower Permian in the absence of an unconformity between the

upper part and the lower part of the same limestone. This

agrees with Frech's correlation, Vaagen's comparison with
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the Zechstein rather suggests the Upper or Middle Permian
age of the limestone. Since Richthofen does not stste the
definite horizons from which the fossils were obtained, we
are unable to determine what portion of the Fusulina lime-

stone (3) belongs to the Lower Permdan.

The coal bearing series (4) of the Pu-ki-shan (p |86 )

yields a cephalopod fauna which, according to Frech, is com=-
parable with the Artinskian of Russiae. It seems to the writer
that the general succession of the rocks in the Pu-ki-shan

is comparable with that of the Tshu=shan except the upper-
most series. If this comparison does hold, the coal bear-

ing series (4) of the Pu-ki-shan would be probably equiv-
"alent to the coal bearing series (4) of th‘i Tshu-shane In

the previous paragraph, we have determineé&gﬁé Fusulina lime-

o Portialin bleng & W
stone tm—®e either entirely, Lower Permain er—pariially-be-

loanging—+te—the—tower-Rormians If Frech's correlation of the
coal bearing series with the Artinskian is correct, and if
the comparison suggested here by the writer holds, the whole
of the coal bearing series (4) and the upper part of the
Fusulina limestone (5) both in the Pu-ki-shan and the Tshu-

Permian
shan would be the Lower /representatives.

The Foraminiferal limestone of Shi-hwei-yau an? Ki-

tshon~hsien = (pprey-lss) yield Schwagerina verbecki,Texastria

conica, Schwagerina craticulifera, which are also found in
the “iddle Permian of eastern Yun-nan. Here again we meet: -

the difficulty of finding the exact horizons from which these

fossils were collected. However it seems justifiable to



assume that thece Protozoa are derived from the limestone

‘gseries below the series (4) in the Shl—hwel-yan sectlon,
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accoriingly we may regard the limestone belov, seme horizon

in the limestone(3) as the Lower Permaine
fossil
In the Ewang-shi-kang section (p |¢3 ), the/plant

penstdst obtained by Richthofen from the coal bearing series
(3) is, according to Schenk, related to Rhabdocarpus
ovoideus which occurs in the Rothliegende. Hence Schenk
believes that the series (3) is of Lower Permain age.

The Yun-nan-yi faunae. (p (79 ) occurs in association

with small polypiers. (Favositidae and multiporidae) Douville
compares this fauna with that of the Productus limestone of

Indo-China and the Permian of Russia, principally because of

the presence of StenOpora; The fauna of Ngan-tsboung-po
(p 179 ) is likewise compared by Douville with that of the
Productus limestone of Indo-China.
(d) Upper Permaine
The plant remains (such as Cordaites, Stigmaria,
Calamltes) that have been obtained from the upper part of

which contains lava flows
the Shansian system in Shan-tung /indicate ‘that their con-

taining rock cannot be much younger than the youngest vpal-
aeozoic; and we have already determined that the lower part
of the Shansian system ranges from the Permo-Carboniferous
to the Lower Permian. Hence the writer is inclined to place
the uppermost part of the Shansian system in the Upper Per-

mian, but does not preclude the possibility that it may



range upwards into the Permo-Trias and downwards into the
Lower Permaine. This'correlation is corroggted by the fact
that volcanic eruption was also fully active in eastern
Yun-nan in the Upper Permian timee.

The upper most part of the Shansian system in the

provinces of Shan-si and Chi*li may represent the upper Per-

main; but the writer is unable to produce any evidence and
he regards this correlation as a mere suggestione

In the Hwang-shi-kang section (p 1943 ) we have bedded

porphyry, phorphyritic tuff and sandstones attaining a thick-
being underlain by
ness of 4000 ft,/and-eweriying sandstone and coal bearing
rocks which we have regarded as Lower Permian. From thq M*HM“‘W"(,
atber—fa:g;we-detenmkae sthat these volcanic rocks and their
interbedded sandstones and shales cannot be older, than the
Lower Permian; and they do not seem to be 'esozoic deposits
for volcanic activity is not recorded in the lesozoic rocks
elsewhere in the middle Yang-tze valley; certainly they can-

not be younger than the lesozoic. Therefore we may regard

the volcanic series and the interbedded deposits as Upper
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