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TINGIA, A NEW GENUS OF FOSSII. PLANTS FROM
THE PERMIAN OF CHINA,

Pr ] minary note.
By T.G. HALLE.
(With one text-figure and two plates)

In June 1869 v. KicHTHOFEN collected s small number of fossi
plants in the coal-bearing deposits at ponn-hsi-hu (£ #Ri) in Shengking,.
The fossils were described by Scaexk {v. RicHrEOFEN::China, vol. 4,
p. Z11), who remarked that the flora was mainly characterized by a
Taeniopteris and a Pterophyllum, both, according to him, exclusively
Permian types. |

The form referred to Pterophyllum has proved to be of considerable
interest, though it was represented by only one rather fragmentary specimen.
It was described by Scmexnxk (l.c., p.214; pl.44, figs.4,6) as a new spaciés,
P. carbonicum. (In the explanation of SCHENE's plate 44 the name is
given as P, carbonarium.) The preservation of the type-specimen left much
{0 be desired, and ScEENK was evidentlv far from sure that it was really a
Pterophyllum. He compares the plant also with the genus Noeggerathia
and concludes his description by saying that the preservation was not suf-
ficiently good to permit him to decide whether the specimen represents a
pinnate frond or a branch.

Later on ScaeNk seems to have re-examined the material and arrived
at a different opinion, for in the copy of his work which he presented to the
‘late Prof. A G. NarHorsT and which is kept in the palaeobotanical
department of the State Museum of Natural History at Stockholm, thers isa
pencil note in SCHENE’s own hand substituting Cordaites sp. for Ptle.
rophyllum carbonicum. 1 find that ZEmLLER! has already mentioned
& similar correction in the copy received by bim from ScEENE.

Better specimens, which it has now been possible to identify with this
form, were later obtained from different localities in the Permian of China.
Thisnew material, and finally a re-examination of the type-specimen in Berlin,
has convinced me that SCHENK’s critical atiitude towards his own deter-

1. B. Zemixs. Note sur la flore honilltre do Chanti. Arnales dos Minee,
1901, p.25.
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mination was justified. Pterophyllum carbonicum, however, belongs
neither to Cordaites nor to Noeggerathia, lut isa distinet generic type
which, in the light of cur present knowledge, seems fo be characteristic of the
Permian of eastsrn Asis.

I have nemed this new genus Tingia in honour of Dr. V. K. Tivg,
Honorary Director of the Geological Survey of China, who has done so much
to further the study of palasobotany in China, not least through organizing
the splendid field work carried out by the geologists of the sarvey. Dr. Tixe
bas & special connection with the present genus, sinos he had collected soine
of the first specimens of it that were examined by the author.

The history of the msterial which finally led to the institution of the new
genns is rather interesting and will be briefly told. In December 1918 1
found on the dumps of the Tong-shan mine in Chilli a single gpecimon of
fossil plant which at first sight strongly recalled Plerophyllum carbomicum
byt had pinnse with the apex dissected into lobes. On a close examination
of Screnx’s figure of the type-gpecimen it was found that in the lowermost
pinna to the right there is in the drawing a slight indication of what might
be similar apical lobes. This feature is very indistinct, however, and appear-
od more probably to be accidental or due to incorrect drawing. A short time
afterwards I had en opportunity of examining, at the Geological Sarvey in
Peking, a collection of Palasozoie plants which had been made in Honan by
Dr. VK. Tmea. Among this material were a couple of specimens which
gruauly resembled the one from Tong-shan, except that the pinnae were lobger.
While the author was travelling in Hunan with Mr, T.C. CHow in the spring
of 1917 for the purpoes of studying ihe fossil-planis of the anthracite field
ef that province, we found rpecimens evidently identieal with the Tong-shan
plant in at least two localities on the Lei-ho (3€{]), in both casse associated
with Gigantopteris nicotianaefolia Scarng. The same new type of plant
bad thus been recognized in & very short time among material from no lees
than three different provinces, and it was evident that it represented a peculisr
type widely distributed in the Upper Palueomic of China. Unfortunately all
specimens of the plant collected before 1919 were lost in September ihat year
through the wreck of the steamer ““Peking” while they were being conveyed
to Stockholm for further examination. |
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Up to that time nothing definite was known of the relation of the new
form to Scaexg’s Plerophylium carbonicum, except the general resem-
blance in habit which was noted in the case of the first specimen found. at
~ Tong-shan. As Scmesk’s type-specimen had been repeatedly examined by
him, it did pot seem probable that it would throw any additional light on the
qnestion.  All the material having been lost, 8 comparison of the new form
with SCHERNK's specimen was not 'possible, but during a visit to Berlin in
January 1922 the author made a careful examination of the type. It was
found that the slight indication of apical lobes in Scmexk’s figure was
correct, while his deseription was wrong. The pinnae are not entire as stat-
ed by him but distinctly lobed or dentate at the truncate apex. Through the
kind assistance of Professor W. Gormax [ was able to obtain photographs
of the type-in natural size and twice snlarged. These photographs which
had to be somewhat retouched will be published, together with a more exten.
sive acgount of the new genus, in 8 memoir on-the Upper Pualaeozoic flora
near Tai-yuan fu now under preparation for the Palaeontologia Sinica. Draw-
ings of these photographs are shown in text-fig. 1.

Fig. 1. ScHmNX's type specimsn of Pterophyllum ocarbonicum {RicaTHorzx: China,
Vol 4. pl. 44 fig. 4).

A. Nataral size. B. Upper parts of two leaves, showing apical lobes, in twice
the pataral aize,



Bulletin of the Geological Suruey of China

While tho type-specimen clearly showed that Pierophyllum carbonicum
must be ramoved from, that genus, it did not give sufficient information on the
morphology of the species or its relation to some other genera. A short time
after the examination of the type.specimen in Berlin, however, the author
had the great pleasure to receive new material of the type first recognized at
the Tong-shan colliery. These new specimens, which had been collected in
the coal-bearing deposits east of Tai-yuan-fu by Dr. E. NoriN, were ob-
viously identical also with Scuexg’s type-specimen of Plerophyllum
carbonicum and made it possible to gain a beifer idea of this species than
before. DBecause of the fragmentary nature of the type-specimen, which is
only just sufficiently well preserved to prove the identity with the new
specimens, the descripiion given below of Tingia carbonica is based chiefly
on the latter.

In the new collection made by Dr. NorIN there were also several
specimens of another fomewhat cimilar species which should evidently be
referred to the same genus. This spscieé,. which will also be deseribed below,
is important because it shows more clearly than Tingia carbonica the
morphological nature of the specimens included in the new genus. A diagno-
gis of the genus and descriptions of the two species known at presont will be
given below.

TINGIA NOV. GEN.

Dorsiventral, frond-like anisophyllous shoots with thick axis. Leaves
u.pparent.‘lyz arranged in four rows, two on the upper and two on ‘the lower
side of the axis. Leaves of the two rows on’ one (the upper?) side smaller,
directed forward at narrow angles to the axis, thoseof the other two rows
{on t.he.lowe'r side?) larger, spread out in one plane and forming & more
open angle {o the axis; each latéral half of the shoot thus provided with two
rows of dissimilar leaves. Leaves of the larger (normal) type varying from
broadly cuneate-obovate to oblong or linear, with entire lateral margins but
more or less deeply lobed at the apex. Several veins entering each leaf,
dichotomizing mostly in the lower part of the leaf, all branches continuing
to the apex.

At present the gonus comprises only two specivs, Tingia carbonica
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(BcmeNK) n. comb, (=Pterophyllum carbonicum Scnesk, the geno-
type) and Tingia crassinervis n. ¢p. The general characters and rels-
tionship of the genus will be discussed after the description of the apecies.

TiNa1a CARBONICA (SCHENK) N, COMB.
Pl. 1, figs. 1-4.
Pterophyllum carbonicum Bcaeng 1883, in v. RicgraoreN: Chinas,
Vol. 4, p. 214; Pl, 44, figs, 4, 5.

Shoot dorsiventral, frond-like, anisophyllous, with rather thick axis (3-8
mm. broad on the impression). Leaves apparently arranged in four rows,
two on the upper, two on the lowsr-side of the rachis. Leaves of the two
rows on one {the lower?) side large, spread out in one place, forming an
angle of (30) 40 60° to the axis, varying on the same shoot in ascending
order from shori cunocate-obovate to oblong-linear, attaining a magimum
length of almost 10 em., their base broad, somewhat obligne. Apex of these
leaves somewhat truncate, dissected through sharp, narrow incisions into a
varying number (mostly 3-5) of irregular, narrow, triangullar to linear,
obtuse lobes which may attain & maximum length of 8-10 mm. and are often
once more dissected at the apex; leaves of the other (upper?) side, smaller,
directed towards the top of the shoot, less markedly truncate, with shorter
ttiangular lobes. | Veins fine, bifureating mostly in the lower part of the leaf,
two or more brancheg entering into each of the larger lobes.

‘The photographs in pl. 1 give a general idea of the great variation in
regard to the shape snd size of the leavesin this gpecies. It is difficult to
-imagine, for instance, that the specimens in fig. 3 and fig. 4 can botk belong
to the samé species. The leaves vary, however, within rather wide limits
even in one and the same specimen, the general rule being that they grow
longer and narrower towards the top of the shoot. While there is a great
difference, for instance, between the leaves in the lower part of fig. 3 and in
the upper part of fig. 1, a greater._femmblanaa is found if the top of fig. 3 is
compared with the base of fig. 1. There is a similar resemblance between
the uppermost leaves of the specimen in fig 1 (not shown in the figure) and
the basal anes of fig. 2, and also between the top of the specimen in fg. 2 and
the large specimen in Big. 4. Thus all the specimens figured in pl. 1 are
doubtless speeifically identical.
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The marked and regnlar variation in size and shape of the leaves in the
same vertical rows, according to their position on the shoot, seems to indicate
that the ghoots were rather short, of limited growth, and were possibly shed
entire,

The disposition of the leaves i3 not so well shown in this speciesas in
Tingia crassinervis and will be more fally discussed in connexion with the -
latter species. In the figures only the two veriical rows of larger leaves,
suggesting pinnae of a compound frond, are seen, but after removing a part
of the matrix which bears the impression of the axis, it was found that other
somewhat smaller leaves, apparently also in two vertical rows, occur on the
other side of the axis.

The preeent specimens were found by Dr. NomIN east of Tai-yuan-fu,
near the village Chen-chia-y4, in the fine section exposed in the Shih-ho-tse
valley. The plant-bearing bed from which they are derived belongs to the
“Lower Shih-ho-tes Series’”” of Dr. Norwv and bas the number 16 in his
general tabalar section of the Upper Pnlaeozoic east of Tai-yuan-ful. Itis

“aboot 150 . above the highest coal.bearing level and 70 m. below the oldest

borizon ‘bed 20) on which Giganfoptieris micofianaefolia has been noted
with certainty; it is possible, however, that the latter species begins much
lower down {in bed 18), or less than 20 m. above thr acrzcn with Tingic
carbonics.—The horizon of the specimen first collected st Lor g-shan is
unknown: all' other specimens collected at the same time om the dump
indicated a level corresponding to the lowermosi part of thé Shih-bo-tse
series or even to the Yush-men-kou Series of Dr. Noms (l.c ).—In Hunan
a3 remarked above, the species was found associated with Giganiopteris
nicotianaefolia.

TINGIA CRASSINERVIS N, 8P,
Pl. 2, figs, 1-3.
Shoot dorsiventral, frond.like, anisophyllous, with very thick axis (at-
taining s breadth on the impression of 10 mm.). Leaves apparently arranged
in foar rows, two on esch side of the axis. Leaves of the two rows on one

i

1 E.Noum'l‘ho!ah Pahmo and eurly Mesozoic sediments of Uentnl Shand.
Buall. Geol. Barv. Chim.h-l. 1922 TL 8.
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(the lower?) side large, spread out in one plane, and forming an angle of 40.
80° to the axis, varying in ascending order from short cuneate-obovate to

oblong-oblanceolate, attaining a length of 10 cm.; their base broad, cbliqus,

decurrent; apex of these leaves broadly obtuse or rounded, dissecicd into s

varying number of irregular lobes. Lobes varying from short semicircular,

only 1-2 nm. long, to oblong with a length of 5-7 mm, spex of the longer lobes
often dissacted into two short gecondary lobes. Vex..s numbenng6 84t the bese

of the leaf, very thick, bifurcating twice or thrice, the first time very near the

base, generally two or more branches passing out into eacl lobe.

The shoots of this species attain a larger size than thowe of Tingia
carbonica. The largest specimen, & part of which is shown in pl. 2, fig. 1,
is broken off at both ends; the preserved portion is 25 cm. long with a
greatest breadth of 13 cm. The, larger leaves, which measurs 9 ¢m. in length
at the top of the specimen, diminish downwards, but even at the lower end
they are nearly 7 cm. loﬁg. In the specimen in pl. 2, fig. 2, which is also
broken off both above and below, the leaves are considerably shorter, or a little
over 4 cm. at the upper end and a little less than 3 cm. at the lower. In all
specimens except a few fragments representing the uppermost part of the shoot,
the leaves diminish in a similar way in length, though not in breadth,
downwards; and it is evident that the specimens with short and broad leaves,
such as the one in fig. 2, represent the basal parts of shoots. A comparison
between the specimens in figs. 1 and 2 uggests that the missing basal part of
the former must have been of considerable length and that the shoots generally

-attained very large dimensions. The regular variation in the size of tbe
leaves according to their place on the shoot, and the fact that no case of
branching has been observed, seem to indicate that the vltimate latoral shoots
were sharply set off, of limited growth and rather frond.like, and were pro-
‘bably shed entiro.

The two rows of smaller leaves are more or Joss distinctly seen in all the
figares in pl. 2. In the largest specimen the matrix bearing the impression
of the axis has been removed at the lower end, and fragmentary impressions
of iwo.smaller leaves are shown on a deeper level. These smaller leaves
appear, on the impression, to be directed towards the top of the shoot, and
almost parallel with the axis, thoogh it is postible that they were not adpressed
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but formed an angle to the plane of ihe larger leaves. In the specimen in
fiig. 2 traces of apparently adpressed smaller leaves are found close to the
axis, but their shape is not shown. All four rows of leaves are more or less
distinetly present in the small fragment in fig. 3.

This specimen evidentily repfeaents the basal part of a shoot, to judge
from the thickness of the axis and the broad leaves shown in the rows on the
right. The corresponding leaves to the left have been slightly deformed and
displaced through pressure so that they appear to be directed more upwards
than in their natural state. The rows of smaller leaves closs to the axis, how-
ever, are yet more adpres.sed and differ from the rows of lateral leaves not only
in size but in direction. In this case the smaller leaves are about half the
length of the larger ones, and more or less the same proportion seems to
prevail also in the other specimens. |

The specimens were found in the same locality, near Chen-chia-yi, as
T. carbonica, but on & higher horizon, Dr. Norix’s plant-bearing bed 20,
belonging to the Upper 8hih-ho-ise series.

In the material of Tingia carbonica which 1 examined somewhat
guperficially in China in 1916-17, and which was afterwards lost, only the
larger leaves on one side of the shoot were observed, apd there was no reason’
then to doubt that the specimens represented pinnate fronds. In most speci.
mens of the present madterial of both species, too, the smaller leaves on the
other side of the axis are invisible if not exposed through special preparation.
Both Tingia carbonica and T'. crassinervis, therefore, generally show a
certain resemblance in habit to pinnate fronds referred to the genera Noeg-
gerathia SterxB. and Plagiozamites Zeux. From' Noeggerathia or
at least its geno-tope, N, 'foliosa Srerys., Tingia differs through the shape
of the leaves, which are !Qnger and narrower and taper less to the base than
the leaflets of Noeggerathia,. From both genera it ix ecasily distinguished
through the deop' apical lobes each of which receives more than one vein.
Both in Noeggerathia and Plagiozamiies the margin of the Jeaflets is fine-
ly dentate or fimbriate, but the teeth are generally small, always narrow,
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rather hair-like or spine-like and receive only one vein each. Moreover, the
venation of Plagiozamites and of Noeggerathia with dissected margin. i
more radiating, so that some veins run out into the lateral margins, even in
the lower half of the leaflets or almost at the base, whereas in Tingia the
veing are more nearly parallel and only the truncate or rounddd apex of the
leaf dissected. The short leaves int the lower part of the Timgia-shoot and
the basal “pinnae of Plagiozamiles are less different in this respect; and
fragmentary specimens may sometimes be dificult to distinguish if the
arrangement of the leaves or Jeaflets is not seen. |

While the specimens of Noeggerathia and Plagiozamites have general-
ly been held to be pinnate fronds, the arrangement of the leaves in four rows
proves that Tingia represenss leaf-bearing shoots. At the same time the
Tingia-shoots bave a very frond-like a.ﬁiaearanee, and the great resemblance
to Noeggerathia and Plagiozamites saggests that the specimens referred to
these geners, too, may actually be shoots rather than fronds. Sewarpi
has already expressed the visw that the segments of Noeggerathia are single
leaves while Ze1LLrs? held both Noeggerathic and Plagiozamites to be
compound fronds, As reasons for his opinion ZgILLER mentioned that in
Plagiozamites Planchardi the segments diminish in size' downwards, that
they are directed more upwards in the upper part of the specimens, and
finally that in some cases there seems to be a terminal segment. The first
two features, however, are found just as well devoloped in T'ingia and, indeed,
" are frequently secn in ultimate shoots with limited growth. Regarding the
occurrence of a terminal segment, it should be remarked that the uppermost
leaf, at the suppression of the growing point in a shoo} with limited growth,
often may be directed npwards and appear as a direct continuation of the axis;
it is therefore very difficult to make out the real structure in specimens preserv-
ed as impressions. The oblique attachment of the supposed pinﬁa.e in Noeg-
gerathia and Plagiozamites rather suggests that they are of the nature of
leaves, and the fructifications assigned to Noeggerathia would also be easier
of interpretation on the assumpt.ibu that the specimens represent shoots. While

1 A. Q. Szwazp, Fossil Plants, vol. 2, 1910, p. 430-31.
2 B. Zeriier, Note sur la flore des. couches permiennes de Tricnbach (Aleace).
Bull. Soc. Géol. France, 3 aér, £.22, 1684, p.176.



10 Bulletin of the Geological Survey of China

the morphological nature of Tingia bas no direct bearing on the question, it
woms to strengthen Sxwarp's interpret?'tion of Noeggerathia, which should
then be extended to the very similar gepus Plagiozamites,

The marked anisophyllous development of the Tingia-shoots is very in-
teresting and may be interpreted in different ways. Ifit represents a modi-
fieation due to reaction to light, it would be natural to assume that the two
rows of smaller Jeaves are placed on the upper side of the shoot, as in this
way the best possible utilization of the light would be secured. In recent
higher plants with a comparable form of anisophylly a similar arrangement
ig the rula_; and the above diagnoses and descriptions have been formulated
according to this interpretation. It is worthy of note, however, that the side
showing the large Jeaves seems to have been slightly concave instead of con-
vex, a8 would be more natural if it faced upwards. The poesibility must
therefore be taken into account that the orientation of the ghoots might be the
reverse to what has here been suppoved. It might be suggested that the
shoots were floating on the surface of the water and the smaller leaves on the
lower side reduced on account of submersion. It is noticeable that the thick
axis of the shoot, expecially in T'. crassinervis, has caused only a very flat
impreasion in the matrix, suggesting that it was of'a very soft texture or per-
haps hollow, as would be natural in a water-plant. There is no direct evidence,
however, that Tingis grew in this way, and for the present it seems more
natural {0 assume that the small leaves were on the upper, the larger on the
lower side.

Finally it may be mentioned that a specimen of a form of Tingia from
the neighbourhood of Tai-yuan-fu seems to be identical with Noeggerathia
acuminifissa Krassgr!, which should thus be transferred to the new
genus, This specimen is of interest as the smaller leaves seem to be divided
down 1o the base into three narrow, linear segments, thus suggesting & form
of heterophylly well known in recent water-plants. This material will be
described and more fully discussed in a later publication on the Upper
Palaeozoic flora of Shansi.

1 F. Krasezg, Die von W.A. Obrutschew in China und Centralasien 1808-04 gesam—
melten fossilon Pilansen, Denkachr. Mat. Nat. Class. K. Akad. d. Wissensch. Wien,
B1.'70, 1900, p.3, pl.1, figs. 8a-7.
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EXPLANATION OF PLATES.
All ﬁguras are in natural size.
PLATE 1.

Tingic carbonica (ScHENK) n. comb.

All the specimens are from the Shih-ho-tse valley, near the village Chen-
chia-yit, east of Tai-yuan-fu (Plant-bearing bed 16 in Dr. NoriN's section).

PLATE 2.
Tingia crassinervis n, $p.

All the specimens are from tne Shih-ho-tse valley, near the village Chen-
chia-yii, east of Tai-yuan-fu (Plant-bearing bed 20 in Dr. Norix’s gection) .









GEOLOGY OFT CHANG, HSING SHAN
TZE KUEL & PA TUNG DISTRIOTS, W. HUPEH.

BrC, Y. Hsier & Y. T. Crao
(with 4 plates & 13 figures)

INTRODUCTION

This report is based upon a reconnaissance furvey carried on during
the autumn of 1924 in the western parts of Hupeh including the districts
I Chang, Hsing Shan, Tze Kuei and Pa Tung. According to our original
plan, the field of observation was to be extended much further toward the
north and south covering also Yuan An, I Tu, Chang Yang, Sze Nan ete, but
the political disturbance of Peking which broke out in October and the con-
sequent movements of troops in many of the western parisof Hupeh have
made travelling in the country exceedingly difficult, if not really dangerous,
and oventually we had to entirely modify our plan and to cover only the four
districts named sbove.

We left Hankow on Oct. 21 on the steamer ‘‘Tung Hu”’ and arrived at
T Chang on Oct. 24 from there our fisld work began. The route of travel
more or less followed the projected line of the Szechuan Hankow Railway which
was a130 the route partly taken by Mr. 8. Noda of the Japanese Geographical
Society many yearsago. Starting from I Chang, we proceded northward
aud after arriving at Lo Jo Ping, a very interesting place for its remarkable
Bilurian fossils, we tcrned wéstward leading townrd a most mountainous
district, the northern part of the Huangling anticline. Afier 5 hard journey
of two weeks, we arrived eventually at Hsing Shan Hsien and from there we
followed the Hsiang Chi valley down to the Yangtze at Tze Kuei. . From the
latter district we proceeded again up the river as far as the boundary line
between Bzechuan and Hupeh. On the retarn we took a boat down the river
and arrived at I Chang on the 28th of November. The entire trip lasted
about one month and & half in which the actual working days comprised,
~ however, not more than five weeks, the rest having been unavoidably wasted
due to incidental delays and to rain.

The writers are greatly indebted to Dr. W. H. Wong and Prof. A. W.
Grabau for their valuable suggestiona and criticisms, To Prof. Grabau we
are also indebted for his determination of the Silurian fossils, bis preliminary
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report is published here as an appendix of this paper. Acknowledgement is
slso due to Mr. T. C. Chow for his identification of .the Jurassic plant
fomeils,

PHYSIOGRAPHY

The region to be deecribed in the following pagesis that mountainons
district of Western Hupeh lying south of Lat. 31° 15’ on both sides of the
Moridian of 111° E. and extending southward as far as the bank of the.
Yangtize River. Physiographically speaking this region is a young to matare-
ly dissected plateau, its elevation, according to our barometric determina-
tion, ranges d.pproxiﬁniely from one thousand to one thousand and five
hundred meters. - The mountain gystem generally runs from morth {o south,
with a slight inclination toward the east, which is precisely in accordance
with the geological structure of the region.

Among the numerous tributaries of the Yangtze, the Huang Pai Ho of
I Chang may be mentioned first. It originates ina great mountainous district
in the north and debouches into Yangtze southeast of I Chang, following a
oourse at first from northwest to sontheast and then from northeast to south-
west. A part of the projected Sze-chuan Hankow Railway line is laid down
in the valley of thisriver. Other tributaries, of which the Hsiang Chi, the
Chih Chi and the Lung Ho are most prominent, flow also in an approximate
north-south course, being more or less parallel to the strike of the rocks across
which the streams are runnipg. The three streams | just mentioned all liv on
the western side of the Huangling anticline and have their water debouching
regpeciively at Hsiang Chi, Tze Kuei and Pa Tung. The watershed between
two of the most prominent tributaries, the Huang Pai Ho and the Hsang
Chi is to be found in the neighbourbood of Chieh Pai Ya; its altitude attains
about one thousand meters. There are of course many other tributaries on
the sovth side of th? Yangtze, but they are outside of oar area.

The guology of the region may be briefly summarized as comprising a
great anticline, the Huangling anticline already mentioned, in the center
of which lie the Pre-Sician schist and gneisses with granitic intrusions and
on its two limbe, a thick sequence of sedimentary rocks ranging in age from

_ Siniap to Tertiary.
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A few remarks will now be made on the relations between the lithologic
characters and the topographic forms, by which these different formations as
horein encountered are beautifully exhibited and which can be easily recogniz-
ed and distinguished in the field. The oldest rocks are gneiss and granite,
and being hard and compact, they are but slightly eroded and therefore
mainiian generally a conspicuous elevation. The Sinian limestone on
account of its high content of silica offers also a great resistence to crosion.
As the limestone is thickly bedded and has well-developed vertical cleavages,
erosion will often result in lofiy peaks of pinnacle shape measuring sometimes
not less than four or five hundred meters in allitude, and thus presenting a
very picturesque landseape., Along the upper part of Huang Iai Ho and in
the vicinity of Liang Ho Kou, magnificent canyons and impa.@hle cliffs
are-to a large extent develaped in this formation. Almost the same topographic
forms but to a far fess degres are found in the lower part of the Ordovician
limestone which because of its siliceous and compact nature is also a rock well
suited for clif-fopming. Consequently, there is not infrequenily to be seen in
the field a very characteristic topography composed of two cliffs separated by
a gentler slops; the former are the limestones of the Sinian and Ordovician
age respectively while the slope between is formed in the Cambrian shale which
has a (hickness of only two hundred meters. The upper part of the Ordovician
limostone, consisting mainly of thin bedded and argillaceous limestone and
with very litlle silica gives, on ihe contrary, & much geniler and milder
topography. Perhaps the softest rocks are to be seen in the. Silurian shales
which, as a rule, offer litile resistence to erosion and consequently form a
very open topography with gentle slope and comparatively low elevation.
The topography of the Lo Jo Ping valley may be cited as the best example.
Ta the upper and upper middle.parts of the Silurian shale, there ars however,

frequently found ledges of quartzitic sandstone and sandy shale which in
most cases may exhibit cliffs of moderate scale.

~ The Wushan limestone, famous for its impassable cliffs and marvellous
canyons can easily be distinguished in the field from the cliffs of the Sinian
limestone by the absence in the former of verlical cleavages and therefore
lessor development of the characteristic “pinnacle fopography’”. The
topography of the Mesozoic sediments show as a rule a gentleslope end rather
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open valley, bat attaing generally a very conspicaous elevation as can be seen
in the hills between Hsiang Chi and Tze Kuei. The Hsiang Chi ceal bearing
series which occupies only a gabordinate part among the Mesozoic sediments,
presents on the other hand, & topography of low elevation. Lying between
high ranges of the Kweichow series and the Tayeh limestone, this rock forms
at Hsiang Chi Valley a long and narrow depression of most contrasting
agpect.

As has already been stated the river systems of this region are developed
more or less in accordance with the underlying geological stroctures. In
other words these streams are consequent rivers. To this general rule, the
Yangize River forms perhaps the only exception, for which & different and
somewhat ccmplicated history has to be looked for. Every one who ever
visits the gorge district of Yangtze will be impressed by the fact that from
I Chang to Pa Tung, this mighty river has developed its course chiefly
perpendicular 16 the strike of the rock and has cut right across the heart of a
huge anticline, with such an energeiic force asis expressed by a series of
precipitous canyons, the beautiful scenery of which has long been noted.

In a recent article on the geology of the gorge district, Prof. J. 8. Lee( 1
has advanced a theory for the interpretation of the gorge development laying
apecial emphasize on thie existence of a Yaotze conglomerate near the village
8in Tan. It is to our regret that our study should have been confined to the
north of the River, and that we were unable to make observations at 8in Tan
or its neighbourhood, so that we are not in a position o make any farther
contributions with solution of this question. More feeently. Mr. C. C Liu and
the senior author, during their fravel in southwestern Hupeh discovered a
Post-Cretaceons Peneplain which has been found to be =0 characteristic and
widespread, that it will certainly throw much light on the physiography in
Central China in general and the development of the Yangtze River in
particnlar. For lack of space here, this subject will not be taken up; a
complete account will howerer be given in a forthcoming report on the geology
of Southwestern Hupeh.

{1} J.8.Lee: Goology of the (Jorge District of the Yangize (From I Chang to
Tzekuei) with Bpecial reference to the deveiopment of the Gorges.
Boll. Geol. Soc. of China Vol. 3, No. 3~4, pp. 351-391.
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Other topographic features in the srea concerned and which deserve
special mentioning here are the deep precipitons gorges or “Hsia” and the
dangerous foaming rapids or *“Tan”’, both of them having long been noted,
especially through the writings of our ancient poets and literatis since they
constitute one of the finest scenic feature of China. The formation of deep
gorges is evidently to be attributed to river erosion, bnt the localization or
distribution of the same is a question of entirely different nature, and to the
minds of geologists, this is chiefly determined by the pbysical nature of the
rocks through which the river has so effectively penatmt.ed.

Between 1 Ché.ng and Pa tung, there are several gorges; among them
three are most noted. These are usually called upper, middle, and lower
gorges respectively. The upper or Wushan gorge begins at Wushan Hsien,
Szechuan Province and ends 30 lis W. of Pa Tung donstituting the longest
and also the most magnificent gorge among the three. The rocks here are
composed mainly of limestone of Carboniferous to Permian age; it is from this
locality that the name of Wushan limestone was derived by Bailey Willis,
The middle gorge lies east of Hsiang Chi; practically it can be separated into
two parts the upper or Mi Tsan gorge and the lower or Niu Kan M Fei
gorge; between them lies an open area of about 30 lis. The Mi Tsan gorge is
considered the most splendid on account of its parrow and precipitions
nature. It is cut in the Wushan limestons while the Niu Kan ‘Ma Fei
gorge, & gorge of less magnificence than the other, is formed in an area of
Sinian limestone. Furiher downward between Nan Tou and I Chang, we
have the lower or I Chang gorge which has a length of about 30 lis and
exhibits cliffs far less precipitous than the other two. It is cut in the gently
inclined Ordovician limestone. Thus the important gorges are all located in
areas ef compact and thickly bedded limestone and not in other rocks such as
ghale or sandstone.

The location of the rapids, on the other hand, is chiefly restricted to the
areas of soft shale and sandstone or more generally where shale and sandstone
occur in alternation. The formation of & rapid may be roughly described as
brought about in the following manner: pebbles and boulders, derived from the
erosion of the mountain blocks, are carried down to tho Yangtze either by the
tributaries or by sliding down some nearby cliffs and ravines. At the outlet of
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s tributary or under some other favorable conditions, these pebbles and boulders
are gradually accumulated and eventually the deposit becomes so thick and
extensive that it checks the currents and thus plays the role of a partial dam
narrowing the channel. The result is that a rushing current is formed in
Ale narrowed part of the channel. With the energetic force of the current
and its destructive ¢ffect on the rocky floor, the rapid forms a most serious
impediment, sometimes oven a grave danger, to the navigation especially to
the boal which goes up the River; in that case men sometimes to the number
of several hundred must be hired in order to overcome the currentand to keep
the boat moving by pulling.

The most favoralle condition for the formation of & rapid is first of all
that the geologinal formations should be of such a soft and easily destructed
nature a¢ to yield a sufficient amount of peblles and boulders. Seccondly,
there must be a ravine or a tributary located nearhy ﬁ'bich affords the path-
way to the pebbles. Consequenily most of the proninent rapids such as Yeh
Tan, Chih Tan and Sin Tan are uSuallyl found near tho outlet of their
respective streams. A formation of soft and hard rocks alternately interbed-
ded such as the shales and sandstones commonly seen in the Patung and the
Kweichow series is especially favoralle for the development of rapids— In
a formation of such nature, the soft layer is likely to be eroded away first and
the overlying hard rock, though sufficient resistant {o stand out for a time,
will eventually be destr&yud in its turn Ly the undermining action of the
car:ent, thus causing the accumulation of peblles and consequently affording
more opportunity for the formation of a rapid.

In the gorge district of the Yangtze, practically all the i portant rapids
seem to be located in the area where sandsiones and shales of the Patung
series, Kweichow series, Sintan shale and also the Pre-Sinian gneiss and
schist ars exposed. We have not seen, however, any important rapides in
the limestone nfca. though such coses may not be entirely lacking. The
explanation of such particular distribution is probably o be found in the rcla-
tions which we have just bricfly di-cussed in the foregoing paragraphs.

Between Pa Tung and I Chang we have- encountered a great number of
rap‘ds, which may now be brieﬁy described. West of Pa Tung city thers are
Niang Niang Tan, Chiang Chun Tsn, Tsin Chu Piso and east of it Heng
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Liang Tan and Yeh Tan all being located in the area of the Patung series.
The last named Yeh Tan is especially famous for its foaming current and has
long been considered by the native beatman as a dangerous spot. Once we
have seen at this place a cargo boat going up the River. Not less than two
hundred laborers were required, all of them working hard, using their utmost
strength in order to pull up the boat, but without success. Dragging and
hauling went on for a long time until one of the two ropes was broken and
the boat would have been entirely swept away except for the other
rope which remained intact. This particular case which we have personally
witnessed shows how serious an jmpediment to transportation the rapids
constitute in the gorge district.

In the neighbourhoc;d of Tze Kuei, tbere is agaiu a series of rapids suchas
Chih Tan, Ao Tan, Siu Shih Tan etc., all located in the area of the Kweichow
formation. East of Tze Kuei, the River cuts info & vast area of lhick-bedded
and compact limestone to form the middle gorge and along this part we have
observed practically no rapids. They reappeared 30 1i eastward at the locality
Sin Tan from which the Sintan shale of Willis was named. This is the
Sintan rapid, its dashing current and fvaming character being considered as
only next to Yeh Tah. From Sin Tan downward we were again in a vast
area of limestone and no rapids were found until the River enters the gneiss
and schist of Pre-Sinian age; thus east of the Niu Kan Ma Fei gorge, there
sre several rapids called Kung Lin-g Tan, Ta Tung Tan, Wu I Tan ete., all of
them developed in the gneiss & schist region. These mpids, though con-
siderable in number, are of far less prominence when compared with thosé
already described. They affect the transportation in the gorge fo a slight
extent only and will usually require only & few men to pull the boat when
going up the River.

STRATIGRAPHY

The classification of the different formationsin the I Chang district mainly
follows the nomenclature of Prof. J. S. Lee(!) who has contiributed so much to
the elucidation of the geology of the district concerned. In some cases,

(1) J. 8, Lee, Up. cit.
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however, new names are proposed for those formations which are not exposed
within the area of his traverss. In descending order, the different formations,
as embodied in this paper are as follows: — |

XI  Tunghu series........ ..coovviveeiiiiiien civeneiennns Tertiary
Unconformity
X  Kweichow series........ ...ccc.cooviiin e Cretaceous
Disconformity
' -Upper coal series............. . Lias
IX Hsiangehi aeries% .
Lower coal serjes...... .... ... Rhaetic
Disconformity
VIII Patung series..............coooeviiiiiniiinninnns ... Triassic
Disconformity
Tayeh limestone. ............ Upper Permian
VII Wushan limestoneg X Upper Permian
Yanghsiu limesbone-§ Disconformity
' Lower Viséen
Disconformity
Shaomao formation
VI Sintan formation % Lojoping series Lower Silurian
Lungma shiale :
Disconformity
V  Neichiashan formation.............................. Middle Ordovician
IV  Ichang limesione.... ..............c.......... ...... Cambrian? to
Ordovician
III  Shipai shale........ ..o Lower Cambrian
Tongying limestone _
3 ' % . Sinian
Nantou Series
Unconformity
1 Granite, goeiss, schist............. Pre-Sinian

I. PRE-SINIAN.

Wa crossed the Pre-Sinian crystalline rocks twice in the field, once along
the Yangizs river from Nan Tou to Kun lin Tan, the other along the projected
tha.ﬁhan railway from Wu Tu Ho to Liang Ho Kou. The rocks exposed
along the former routs have heen carefully described by Prof. J. 8. Lee and
thus need not be noted here. Along the latter route, the pre-Siniah rocks
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cover even a larger area, but during our reconnaissance in the field we had
not enoagh tims for a dstailed examination and hence we can give only a
vory brief account of them here,

From Wu Tu Ho to Liang HoKou, the crystalline rocks have the same
general characters as those albng the Yangtze valley but their distribution
appears to be more irregular and complex. Under the magnificent Sinian
system at Wu Tu Ho, the same light greyish granite of a rather coarse
texture is again met with but its area soems to be rather limited. From here
westward, passing' through . different intermediate gradations, the granite
becomes rapidly changed to a typical gneiss with conspicuous banded structure
and lenticular bodies of red feldspars and dark minerals. This 'gneiss_ covers
‘8 wide area along our route, It first appears mid-way between Wu Tu Ho
and Yapg Chia Hsiao Miso and thence extends for a long distance westward
until in the vieinity of Chiehi Pai Ya it is replaced by tho crystallive schist.
The prevailing type of the latter is a kind of hornblende schist but mica
achist is also frequently met with, Krom here westward to Liang Ho Kou,
hoswever, schist is not the sole typé of crystalline rocks along the line of our
roule, but gneiss also occurs in alternation. Among the fallen blocks lying
sside the road gneissoid rocks with mosaic of round sand grains were
frequently observed. A little west of Liang Ho Kou, a porphyritic granite
with phenocrysts of red feldspars appears immediately below the magnificent
Sinian system. |
All along the route, minor igneous intrusions are seattered here and there
the most common of which are doleritic dykes.

" The genelic order of the three iypes of rocks has been fully diseussed by
Prof. 1ee, and our gbservations coincide to o large extent with his conclusion.
Thus the alternation of the schist and gueiss west of Chiech Pai Ya tesembles
stronzly the variation in composition of sedimentary rocks. The round sand
grains included within the gneissoid rocks form anotber indisputable fact of
o sedimentary origin. The inlrusion of the granite at a laler date must
certainly be responsible for the production of the gneiss at the contact,

The age of these old sedimeniary crystalline rocks ie not guite clear at

piasent.' Buj it scems rather safe to regard them as Post-Taishan and
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[1. Six1AN SysTEM.

Above the Pre.Sinian metamorphic rocks lies unconformably the well
strafiflod Sinian formation. The contact between them can best be seen on
the northern bauk of the Yangtze river a little distance below tho entrance of
the Wiukan gorge. 1lere the highly inclined crystalline schist presents a
fairly lovel plane which i barely followcd by the basal conglomerate of the
Naotou series. Going upw:@rards, the pebbles gradually decrcase in size and
the rock is traunsformed to & coarse sandstone. Tho pebbles are almost
-enlirely made up of quartz and granite, apparenily derived from the old
metamorphic series. The contact of the Sinian limestone with the overlying
Shipai shale has not yet been actually seen in the field, though it is bighly
probable that there exists a disconformity.

Prof. Lee classified the Sinian rocks under three district formations, the
Nantou series, the Toushantou series and the Tongying limestone, The
latter two formations, however, though ihey differ to some extent in
lithological characters, have ‘no well-defined boundaries and it is sometimes
extrewely diflicult to distinguish gne from the other; hence we propose to
unile them into one formation, and the name Tongying limestone is here used
to include all the Sinian rocks above the Nantou tillite.

~aniou serics: 'The Nantou _series is typically developed in the
vicinity of Nan Tou village. It lies unconformally above the Pre-Sinian
crystalline rocks and is followed probably disconformably by the Tongying
limestone. Ifs bacal layer as exposed along the Yangtze valley is a thin lasal
conglomerato and its top bed is characterized Ly the farous glacial tillite, the
remaining part being entirely made np by' red and white coarse sandstones.

The tillite is very characteristic and can be eesily recognized in the field.
It is a greenish clay-rock containing subangular and variously arranged
boulders of different dimensions. Upon the best preserved of them are seen
numerous striae in various directions which -have apparently resulted from the
polishing and scratching during the movement of the ice. Among the
different kinds of rock the boulders of siliceous limestones are particularly to
be noted. Since we know that in the I Chang district the tillite either lies
directly upon the Pre.Sinian crystalline rocks or is separated from them Uy a
geries of coarse sandsiones and there is nowhere to be seanp A liestone
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formation intervening between them, it appears thai the limestone boulders
either repfeseqt the residual erosion products of a former limestone bed or what
is most probable, are derived from a remote source. Further systematic survey
of the northwestern part of Hupeh will certainly settle this problem. In any
case however, there must have besn an extensive erosion before the deposition
of the Tongying limestone and censequently a disconformity is infered below it,

According to the measarement of Prof. Lee in the village Nan Tou, the
total thickness of the Nantou series is about 80 m. and the thickness of the
tillite alone is 35 m. On the western limb of the I-Iuangling anticline, the
Nantou tillite is again well exposed with-probably the. same thickness along
the northern bank of the Yangt:ze river a little distance below the entrance of
the lower Niukan gorge. At Liang Ho Kou about 100 li north of Xun Lin
Tan, the Nantou series was seen to censist only of 8 m. of tillite which is
followed directly by the slaty limestone. Although the actual contact between
the tillite and the underlying granite is not observable, yet the 2 or 3 feet of
covered interval leaves no doubt as to the ahsence of the thick Nantou
sandstone. This shows that the Nantou series becomes gradually thinuner
and thinner towards the north and may completely wedge out still farther
in that direction. | '

Tongying limestone: We crossed the Tongying limestone four times
in the field: 1 from Ma Hui Ping to WaTo Ho, 2 from Liang Ho Kou to
Huang Chia Tai, 3 in the Tongying gorge, and 4 in the lower part of the
Niukan gorge. 1In all these places it holds its normal characters and retains
probably the same thickness.

The lower part of the Tongying limestone is composed of dark slaty
limestones and sometimes purple caicareous slates. They are well stratified
and prezent the apliearance of a pile of boards. In one of the slaty limestones
in' the lower part of the formation discoid nodules, already noted by
Blackwelder,(1) were frequently met with. These thin bedded slates and
limestones become more calcareous upwards and finally change into the
massive siliceous limestone without marked line of demarkation. And thus
although the lithological eharacters differ, somewhat between the upper and
lower division, no attempt was made to separate them as distinet formationss

(1) Willis & Blackwelder: Resesrch in Chins Vol. 1, Pt. I, pp. 269,
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The upper part or the upper three-fourth of the Tongying limestons is all
composed of not well stratified massive limestones. They are brittle and
siliceous, sometimes carrying thin bands of flint They are commonly light
greyish in color but the fallen blocks lying upon ithe river-beds are usually
weathered te a whitish tint. On account bf their massive character, they
usually form vertical cliffs thousands of feet in heignt. ~ The imperfect
stratification and the cliff-lorming babit are characters which can he easily -
recognized even at a distance.

The total thickness of the Tongying limestone as exposed along the route
from Ma Hui Ping to Wu Tu Ho was estimated at 600 to 650 m.

Although we found no fossils in this mighty limestone series, yet its
Sinian age has beon fully proved by Prof. Lee and others who found a
Redlichia fauna in the overlying Shipai shale and several well-preserved
specimens of Collenia in the lower part of the Tongying limestone at different

localities along the Yangtze river, the latter being the index fossil of the Sinian
gystem in China. '

II1. SErPAT SHALE,

This Lower Cambrian shale escaped altogether the keen observation of
Willisand Blackwelder. They really saw it within the Ichang gorge, but
they erroneusely regarded it as equivalent to the Sintan shale. In mapping
Hupeh, Noda just.iﬁablf corrected the observation of Willis and Blackwelder,
but he again offered no contribution as {6 its stmtigmphic position. Later
- studies by the University party under the direction of Prof. J. 8. Lee assisted
by Y. T. Chao have shown for the first time that it is fo be correlated with the
Manto shale of Shantung, by the finding of Redlichia chinensis Walcott in
it.  According to the measurements of Prof. Lee, the Shipai shale is about
200 m. thick at iis type locality, £.¢. Shipai Chi.

Besides the two exposures within the Ichang gorge and the Niukan gorge
along the Yangtze river which have been carefully deseribed by Prof. Lee, we
further crossed this sbale twice along our route leading from I Chang through
'Wu Tu Ho to Hsing Shan Hsien. '

On the eastern limb of the Huangling anticline at Ma Hui Ping, about 80
li north of T Chang, the thickness of the Shipai shale is reduced to only 85 m.
It consists entirely of yellowish green easily fissile shales. Only upon the
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valley bottom in the neighbourhood, did we see a small piece ot pisolitic
limestone the original source of which is still rather doubtful.

On the western limb of the Huangling anticline at Huang Chis Tai about
100 li forther west, the Shipai ghale is again exposed. Here it appears to be
much thicker, amounting to about 160 m., but iz still thinner than that at
Shipai Chi. The lower part iz composed of greyish shales usually weathered
to thin flakes which are scaitered upon the slope. The middle part consists
of greenish yellow shale carrying frequent intercalations of hard caleareous
layers. The upper part is mainly made up of yellowish and greenish sandy
shales, which torm cliffs. The shaly layers are sometimes micaceous. So far
no other fossils except an unidentifiable Eoorthis were found in this formation.

The considerable reduction of the Shipai shale towards the north as well
as the aheenco of any recognizable limestone interealations which are so
extensively developed at Shipai Chi suggests that the Shipai shale marks a
transgression of the Lower Cambrian sea from the south to ihe north. If such
is the case, a complete thinning out of tbe Shipai shale further north and its
extensive development towards the south may be predicted.

IV. Tcmane LimestoNe,

This limestone forms apparently a large'/part of the Kisinling limestone
of Willis and Blackwelder and is esseniially equivalent to the Pingshanpa
limestone of Noda. Prof. Lee estimated its thickness at from 1250 to 1680 m.
According to onr measurement from Huang Chia Tai to Hunng Lang Ping,
it is about 1100 m. Henes, the Ichang limestone must be well above 1000 m.

The contact of the Ichang limestone with the subjacent Shipai shale
exhibils alternating beds of coral and Girvanells limestone, greenish shale,
pisolitic limestone and thin bedded limestone (fig. 2). The cerals and
Girvanella are extremely abundant and some of the limestone layers are
entirely made up by them. Above tnis basal division ltes & mighty &equence
of massive and thin bedded limestones in alternation Small black flint
nodules are sometimes present in them. The weak Jayers between the massive
limestones are frequen ‘ly twisted into a series of minor_ folds. Towards the
upper part, the limestone brcomes more massive,

Although the lchang limestone is of an enormous thickness, yet its
resistance to the agency of weathering seems to havo been less than that of the
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'.I‘ongying apd the Wushan limestones, and consequently the hills uisde up by
lt. are commonly less rugged and more moderate than the latter two formations.
Since the Shipai shale is too thin to influence the topography fo any marked
degroe, it generally ¢onstitutes the same range with the Tongying limestone.
It. can be, however, easily distinguished from the latler by its marked
stralificatfiii and the. more or less gentle slope formed by the Shipai shale
below the limestone. .
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N Eqs_,s_'_i_l__f from the Ichang limestone and their bearing to its age:
The fossiliferous beds so far discovered in the Ichang limestone are all con-
fined to its top and basal layers, no fossils whatsoever having yet been ;hhunnd
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from the middle part except a Cryptozoa-like limestone which waa found mid-
way between Lien Shan Po and Ma Hui Ping.

The upper fosviliferous zone occurs only 4 meters below the top of the
Ichang limestone. The rock is & kind of pure grey limestone sometimes

-erystalline. The upper bed is characterized by Proterocamer;)ceﬁis, the
middle by Orthis, and the lower by Eccyliopteris. The total thickness of
this fossiliferous limestone seems to be no less than 50 m.

This fossiliferous zone is of a rather wide distribution in the Gorge dis-
triet, having been found at Lo Jo Ping, Chi Tsao Pa, Huang Lang Ping and
Kien Yang Ping and indeed in every place where the upper bed of the Ichang
limestone is exposed. The fossiliferous layer discovered by Prof. Lee at Nan
Tsin Kuan represents essentially this ked, or at least a part of it. A little
west of Lo Jo Ping, we obtained the following species of fossils from it:

Batostomella antigua Yabe
Proterocameroceras matheus Grabau
Orthis (several species)
Eccyliopteris sp.

Proterocameroceras matheui stands out mostly in relief upon the
weathered surface of the limestone. The annulations around its outer shell
are almost entirely destroyed in the weathered specimens but can be clearly
seen by etching them out in the laboratory. The species was first described
by Prof. Grabau from the Lower Ordovician of North Chibli ¢nd more
recently was again found by Mr. Weimann Hsu in the Lunshan limestone of
the Nanking hills. It is the specimen from the latter locality with which our
shell completely agrees. Associated with P, matheui is Batostomells
antigua Yabe.

The orthoid shells occur abundantly in & compact semicrystaliine lime-
stone & fow meters below the Protesgcameroceras bed. But the limestone
is too dénse to yield good specimens,

The age represented by this meager fauna is Lower Ordovician.

At the very base of the Ichang limestone, there are 14 m. of alternating
beds of coral and pisolitic limestones; 40 m. higher up, another thin coral
limestone also occurs. The coral limestone is almost entirely made up of the
remaios of Archmocyathine and Girvavella, cemehted by an argillaceous
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lime.mud in which fragments of trilobites are frequently observed. Free
checks and segments of trilobitez were also frequently met with in the thin
limestone intercalations, but so far no identifiable specimens were secured.

The Archzocyathine and Girvanella occur, a2 a rule, in the same bed
of limestone, but they are distinctly distributed into two different layers.
Most commonly the Girvanella abounds in the lower, while the Archmo-
cythinre occur in the upper part. |

The Girvanella belongs to a species widely distributed in south China.
It was first described by Yabe from the Lunsban limestone of Kidngsu who
introduced the name Girvanella sinensis. In mapping Hupeh, Noda also
obtained it from an oolitic limestone at Lin Chia Ho, Hsing Shan Hsien. Its
geological age was regarded, at that time, as Ordoviciar.

The corals collected include perhape several genera all of which belong
to the family of Archmocyathin®. Tho most common species among them is
a kind of Spirocyathus, providonally named as Spirocyathus hupehensss
Chao.(sp. nov.). The species is characterized by its cylindrical form,
numerovs dissepiments and strongly thickened sépta which are, as a rule very
regular in the middle part of the intervallum but become greatly perforated
and irregular towards the walls particularly the outer one where they become
warped and broken into an imBrieating nets-work, In form our species is not
unlike Spirocyathus atlanticus Billings but can be easily distinguished
from the latter by the more regular septa, ' |

Ther arises the question, what is the age of the Archsocyathine lime-
stone or the lower part of the JIchang limestone. Yabe assigned an
Ordovician age to Girvanella sinensis but he at the same time identified the
corals collected by Noda as Coscinacyathus cf. cancellatus Bornemann of
the Lower Cambrian of Sardinia. Now we are quite confident that Noda’s
collection was derived from the same Archsocyathing limestone at the base of
the Ichang limestone and we are equally confident that the_GirvuieHa. obtain-
ed from the colitic limestone at Liu Chia Ho by Noda is also derived from
thisbed. The conflicting conclusion arrived at by Dr. Yabe is then due to
ar inadequate, knowledge of the stratigraphic position of the fossils
concerned.
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Tt hae b>n well known that Archmocyathins have a world-wide dis-
tribution. They have been reported from Scotland, Sardinia, Indis, Australia,
Siberia, and several parts of N. America. In these places, they are all re-
ferrad io the Lower Cambrian or the Olenellus zone. It is to be noted that
the limestone at Mingan Island in which Archeocyathus_minganensis
occurs, hags been recently proved to be of Ordovician(l) instead of Upper
Cambrian as has been held by some, and that Archaeocyathus chihliense
Grabau also comes from the Lower Ordovician of Chihli. Moreover, in most
of these places if not all, very little is known about the detailed succession of
the Archmocyathinm limestone with the overlying and underlying rocks.
And Prof. Grabay iz now inclined to believe that more detailed study of the
stratigraphy of the above-mentionsd places may prove that the Archeocyathines
limestone all belohg to the Lower Ordovician instesd of Lower Cambrian
from which they are .separafed by a profound disconformity. But our field
observations seem to afford little support to his view.

' In Sardinia and Australia, the Lower Cambrian is immediately followed
by the Archeocyathine limestone. In Hupeh, the Archmocyathins limestone
also occurs directly above the Lower Cambrian shale which carries a
Redlichia fauna. Tho genern represented by our Chinese Arehsmocyathinms
seem to be essentially the same as those of Sardinia and Australia. Farther
careful study may show that some of them are closely related if not specifical-
ly identical. Thus both on a siratigraphic and faunal ground, the reef
limestone in Hupeh is to be correlated with that of Sardinia and Australia.

The contact between the Archeocyathinm limestone and tbe Shipai shale
ag revealed in the section at Huang Chia Tai (fig. 2) shows not the -slightest
trace of disconformity or hiatus. Moreover, intercalated with the Archmo-
eyathinme Iin}esbone are still several thin layers of greenish shales and pisolitic

limestones whick differ in no way lithologically from those of the Shipai shale.
Fragments of trilobites are frequenily observed in the lime.matrix of the
Archeccyathine limestone and are sometimes very abundant in the thin
bedded limestones intercalated within the Archsocyathins limestone.

(1) Grabau A. W: Ordovician Foesils of North China; Pal. Sinica, Ser. B, Vol 1 Fas.
" 1;pp. 15.
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The absence of any evidence of erosion, the contintity of the lithological
characters and the presence of abundant fragments of irilobites suggest that
the lower part of the Ichang limestone or at leagt the Archmocyathine
limestone still belongs to Cambrian. The enormous thickness of the Ichang
limestone also favors this suggestion. The only objection to itis the lack of
any fossil evidence abdve the Archmocyathing bed. We know, in N, China,
Yunnan and India, the Middle and Upper. Cambrian is characterized by a
wonderful namber of trilobites and here moreover the extensive Archaocyathinm
fauna of Ichang iz abseni. If the Ichang limestone really represents a con-
tinnous deposit during Cambro-Ordovician time, trilobite remains will certain.
ly be present somewhere in the lower part above the Archmocyathinm zone.
But the fact that in spite of repeatedly careful sea.fching in the field, nothing
has been obtained from it is worthy to be noted. This however, can be
explained either by our present inadequate knowledge about the faunal
succession of the Ichang limestone or by the presence of s disconformity not
far above the Archmocyathins limestone. Al any rate, we must consider this
question as unsettled and its final solution has to wait for further detailed
examination of our field geologists.

V. Nrrcaiasgan ForMATION,

The Neichiashan formation lies concordantly above the Ichang limestone
and is followed directly by the graptolite shale of the Sintan formafion. Its-
thickness was estimated at about 100 meters,.

The whole formation is composed principally of an aliernation of green-
ish caleareous shales and slabby earthy limestones. In the upper part, limes-
tones are the dominent type of rocks while towards the lower part shales are
prevalent. At the very top of the formation just helow the Graptolite shale
there is a thin limestone several meters thick which particularly abounds in
Orthoceras chinense Foord. Not far below the top of the formation, there is
also frequently seen a thin layer of purple dense caleilutyte which is closely
crowded with remains of {rilobites. - They are, however, mostly represented by
free cheeks, segments and occasionally pygidium, glabella being-exceedingly
rare if not entirely absent. In sbout the middle part Triplecia polot which
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was more recently made a new genus Yangizeella by Kolarova and other
characteristic species occur in great nungbers in the shaly intercalations.

R=EH RESMNEZRXUMAE N
Fig. 3. Section of the Neichinshan formation, W. of Lo Jo Ping

13 & & % K #lchang limestone: 1. Eccyliopteris bed, 2 Orthis bed, 3. Proteroca-

meroceros bed 45 X & I B Neichiashan formation: 4. Yellowish green earthy

limestone and calearious shales in alternation with abundant Yangizeella & other,

5. Yellowish green earthy limestone with thin intercalations of yellowish shials, upper

bed abounds in Orthoceras chinense. 6. # & K 4 Lungma shale. :

The road leading from Huang Chia Chang through Fen Hsiang Chang to
Lo Jo Ping coincides approximately with the contact between the Neichiashan
formation and the Sintan shale. On account of the thin bedded character of
the former, the limestones are exteﬁsivaly used for paving the road. On these
stone pavements, particularly on those in the street of Fen Heiang Chang,
horn-shaped Orthoceras occur in great numbers and tbeir sections present
even a more attractive sight to travellers.  These are well known to the local
people as Pagoda stones. On the western limb of the Huangling anticline,
the same condition occur es Huang lang Ping is reached. Hence the
approach of any occurrence of Neichiachan formation in the vicinity of s
certain place is almost infallibly announced by the stone pavements on the-
way. :

The Neichiashsn formation is rather uniform and percistent in western
Hupeh and whereever it occurs it contains the same species of foasils.

(1) Kolarova: The generic status of Triplecia poloi; Bull. Geol. Soc. of China, Vol 4,
No. 3-4.
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The collections made at Chu Pao 8han, Lo Jo Ping and elsewhere along

the road leadmg from the former to the latter include the following species:
Orthoceras chinense Foord
Discoceras eurasiaticum Frech
Cyrtoceras sp.
Orthoceras sp.
Cycloceras sp.
Vaginoceras sp.
Endocers sp
Orthis calligramma Dalm.
Dalmanella ct. testudinariac Dalm.
Dalmanella (several species)
Clitambonites giraldii Martelli
Yangtzeella poloi (Martelli)
Eccyliopteris sinensss Frech
Asaphus sp.

As discussed by previous authors, the Neichiashan formation is late
Middle or early Upper Ordovician in age. Jiis equivaleni essentinlly to ihe
Machiakou limestone or the Actinoceras limestone of North China but belongs
to a different faunal province. -

The Neichiashan formation is widely distributed in Central China. It
was first found in Tringlingshan in S8outhern Shensi whence Martelli describ-
ed most of the brachiopods in the list above given. - Willis and Blackwelder
again found it at Hsu Chia Pa in the upper reaches of the Tahing Ho. The
fossiliferons bed discovered in the Tafan() limestone in Southeastern Hupeh
also belongs here. Further systematic survey of 8. China will certainly
find it in many other places.

VI SINTAN SHALE

Above the Neichiashan formation without 'any evidence of erosion or
discordance of dip comes the Sintan shale. A disconformity, however, is in-
ferred between them and is evident, since the former belongs to late Mlddle
Ordovician and the latter to Lower Silurian.

(1) C.Y. Hsich Stratigraphy of S. E. Hupeh, Bull. Geol. Soc. of China Vol.III,
No. 2, p. 91.
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Having failed to find any reliable fossils in the Sintan shale, Willis and
Biackwelder assigned it a Siluro-Devonian age on account of its intermediate
position beiween the Ordovician Hsuchiapa transition zome and the
Carboniferous Wushan limestone. During recent years, our kmowledge on
the Silurian stratigraphy of Central China has been greatly improved. In
1925 Messrs C. C. Liu and C. Y. Hsieh{l) found an Encrinurus bed in the
middle part of their Fuchi shale in Southeastern Hupeh. The same bed was
also found by Mr. C. C. Wang in Kiangsi. In 1924 Prof. J. 8. Tee, Y. T.
Chao and others discovered a Graptolite zone at the base of the Sinian shale in
its type locality, Sin Tan. In mapping the I Chang district, we even dis-
covered several far more richly fossiliferous beds in about the upper part of
the Sintan shale at Lo Jo Ping which vield a fauna of about 50 species. Since
the lithological characters and accordingly the faunas of the Sintan shale
differ from place to place, it seems desirable to describe the oocurreﬁce
separately.

In Lo Jo Ping and its vicinity.

On the eastern limb of the Huangling anticline the Sintan shale is
completely eroded away or else it is buried under the Tunghu series at the
entrance of the Iehang gorge. From I Chang northward, it first appears at
Cbu Pao Shan a little south of Huang Chia Chang about 40 1i north of -Tung
Hu Hsien (Ichang), but there again only the lower part is preserved and it
is unconformably overlaid by the basal conglomerate of the Tunghu sandstone
series. Still farther norf.h, higher beds appear in succession until at Lo Jo
Ping where the whole sequence is completely exposed. Lo Jo Ping is situated
about 70 1i north of Tung.Hu Hsien. To the east, rises the magnificent
Wushan limestone crowned .with whitish peaks; to the west, the Ichang
limestone constitutes a mighty group of high hills; while beiween the two
the Sintan shale is depressed into a broad valley. At Sha Mao Shan 5 or 6
li north of Lo Jo Fing, the Sintan shale 'is beautifully exposed (fig. 4).
Aloug this section its thickness was estimadted at 780 meters. _

‘Both frem its lithological character and fossil contents, the Sintan
shale as revealed in this section allows of a three-fold subdivision. In ascend-

ing order, they are:

{1) C. Y. Heieh. Op. Cit.
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Lungma shale: This is a shale series about 400 meters thick. The
basal layer is a black Graptolite shale only 7 meters in thickness. Iiscontact
with the underlying Orthoceras limestone.can barely be seen in the 8ha Mao
Shan section. Above the Orthoceras limestone without ai:ny indication of
erosion interval is a yallowiéh unfosgiliferons shale, only a few inches thick.
A little higher up, the shale becomes gradually dark-colored and Graptolites
begin to make their appearance. In the upper middle pert of these 7 meters
of Graptolite shale, the color becomes blackest and the Graptolites are also
most abundant. Still upwards in the sequence, the black color gradually fades
away and the black ahale changes insensibly into deep g reen shale, and at the
same time the Graptolites disappear. Despite the slight thickness of this black
ghale, it i8 a8 yet very persistent in distribution. It has been found along
the slopes of the hill Chu Pac Shan, Huang Chia Chang and_ indeed all along
the road leading from the latter place through Fen Hsiang Chang to Lo
Jo Ping.

Above the black shale at the base is a shale series about 390 meters thick.
When the shales are fresh such as those -exposed on the vertical banks of river
valleys, they appear to be massive and clive green. But wnen they are long
subject to the agency of weathering, they are of a light color and are usually
crumbled to thin flakes scattered here and there upon the slopes. In the
upper 40 meters of this green shale series, there are two thin intercalations of
massive yellowish green shale carrying a Trilobite and Graptoliie fauna. These
two fossilifercus beds, however, change insensibly into the ordinary green
shales and no boundary whatever can be drawn between ther.

 The sbsence of any boundaries in lithological character between the
different members of this formation and the occurrence of Graptolites even in
its upper part suggest that all these shales are to be classified under the
same formation 3. e. Lungms shale.

_Loj_oping'series: This divisio'h consists of alternating beds of calca-
reous shales, sandy shales and thin limestones. Itis separatéd from the highest
fossiliferous bed of the Lungma shale by 25 meters of unfossiliferous yellowish
green shale. The basal member of the series is an aliernating bed of thin
limestones and shales carrying calcareous nodules, andthe rest is composed



Hsieh & Chao: Geology of I Chang & neighbouring disiricts 37

mainly of yellowish shales, sandy shales and caleareous shales with a bed of
groy puare limestone 4 meters thick attop. Fossils are present practically in
every layer. The fotal thickness is estimated at 62 meters.

Shamao formation: This constituts the upper 320 meters of the Slatan
shale. The lower and middle part of the series is composed principally of
greenish shales and sandy shales. The upper part comprises ' mostly sandy
layers and sandstones forming prominent bluffs. T he uppermost layer is a

bed of greenish yellow soft shale which is capped by the cliff-forming Wushan
limestone. |

Possils fromy), e Lungma spgle. The fossilifercus layers are mainly
confined to the base and upper part of the formation, no fossils whatever
having yet been found in the middle 350 meters of the green shale above the
basal Graptolite zone,

In the black shale at the base of the formation, Grapolites are present
pratically in every layer. The richust bed, however, scems to be confined to
its middle part where the shale is also the blackest. The most abundant
gpecies belong ‘to Diplograptide. A species of Lingula, though not
abundant, was also detected at several places. In lithological character and
stratigraphic position, this black shale corresponds undoubtedly to that exposed
at Sin Tan. But sofar we found only an imperfect specimen of Monograpius
which is so abundant in Sin Tan(1) is a noteworthy fact.

The three lots of fossils collected at Chu Pao Shan, Huang Chia Chang
and Fen Hsiang'Chang combined yield the following species according io the
preliminary determination of Mr. Y, C. Sun:

Lingula ep.

Petalograpius palmeus (Barrande)

Orthograptus vesiculosus Nicholson var: sinensts Sun.
Climacograptus hsiehs Sun

Monograptus crenularts Lapworth

Mesagraptus chaot Sun

Diplograpius sp.

(1) LeeJ.8. Guol. ot the Gorge District etc.; Bull. Geol. Soc. Ohina Vol. III, No.
34, pp. 508 |
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_ 1n the upper part of the formation, two other fossiliferous bedsalso occur.
The lower bed is about 357 meters above the base. Itisa kind of greenish
hard shale only 2 meters thick. Its boundaries with the underlying and
overlying shales are not distinguisble and the fossiliferous shale passes
insensibly into the unfossiliferous ones. Fossils seem not be abundant, but
whenever they occur they mostly differ ‘speciﬁcally. The most characteristic
and common species ‘is the snb-spheerically shaped Favosites nucleolatus
Grabau which often appears as small round balls scattered upon the surface
of the slopes. TUpon the weathered surface of a small piece of green shale,
beautifully preserved Graptolities of a bright brownish color are also rather
abundant. According to the preliminary identification of Prof. Grabau, the
fossils collected from this bed comprise the following species (Loc. 824) :

Graptozoa
Monograptus marri Pern.
Monograptus sp.
Climacograptus cf. scalaris His.
Cephalograpius cometa (Geinitz)
Anthozoa
Enterolasma sp.
Favosites nucleolatus Grabau
Heliolites interstinctus var. yangizeensis Grabau?
Brachiopoda
Glassia obovata Sow.
Stropheodenta? sp.
Cephalopoda.
Dawsonoceras sp.
' Trilobita
Encrmurus (Coronocephalus) rex Graban

Proetus latilimbatus Grabau
Bronteus cf. partschi Barr.

Crintoidea
Crinoidal stems (coiled)
The upper fossiliferous bed is separated from the lower by 15 meters of
yellowish green shale and is 25 meters below the top of the Lungma forma-
tion. Tt is a massive yellow shale only 1 meter thick and has, like the lower
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bed, no well defined boundaries. Although the two fossiliferous beds are
only 15 metery apart, yet the faunas have very few elements in common.
Moreover, some of the species bave a distinct Ordovician affinity. The follow-

ing is a list of species supplied by Prof. Grabau (l.oe. 825):

Anthozon
Enterolasma sp.

Trilobita
Encrinurus (Coronocephailus) rex Grabau
Harpes veneulosa Cord var. sinensis Grabau
Illaenus asaphoides Grabau

Acidaspis octospinosa Grabau
Brachiopoda
Dalmanella testudinaria Dalm.
T'riplecia cf. grayiz Davidson
Fossils from the Lojoping series: The Lojoping series yields fossils
in every layer. They occur not only in well-preserved condition but also as
result of weathering, scattered in great numbers as individuals upon the slopes.
The predominent type of fossils are corals represented both by compound and
simple forms.
Although the Lojoping series is fossilifercus throughout, yet every bed
_ hag its peculiar species which is not known both above and below. On a
palzontological point of view, it is divided conveniently into three fossilifer-

ous zones as follows:

{ Grey pure limestone.....c..cveevveenens 4m.
Uppor Cystiphyllumbd: | Yelowish salesndy und alareos
Yellowish shale (826 C)}.......cc..uce « 1l4m.
Middle-Pselophyllum bed: Yellowish shale carrying caleareous
concretions (826 B)...... U 10m.
Lower-Halysites bed: YaHoWi$h shale and thin limestones in-
tercaiated (S26 A)...e..ocveeeees 10m.

The lowest fossiliferous zone or the Halysiles bed is characterized
by the great abundance of compound corals such as Halysites, Favosites
and -Heliolites. In the Pselophyllum bed, the compound corals gradually
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decrease in namber, while the horn-shaped corals Pselophyllum zaphrenti-
forme Gr., cylindrical Plat yphyllum, disc-like Palzocyclus, single shells of
Glassia obovaia var. magna Gr. and Trochonema depressa Gr. and others
occur in great abundance.  The characteristic Pentamerus borealis Eichw.
loca)ly known as Ying Tzs Tsuai or *‘*bheak of eagle’’ also makes its appear-
rance and survives even to the very beginning of the Shamao formation. In
the Cystiphyllum bed, foesils seern to be confined mainly to its lower part.
Among the many species collected the genera Cystiphylium, Strinklandinia
and Conchidium may be particnlarly noted. In this bed, the remarkable
Pentamerus borealis, also occurs in large numbers but the horn-shaped
Pselophyllum, coiled Trochonema and smooth shelled Glassia which are so
aboodant it the Pselophyllum bed disappear completely.

All the fossils collected from these beds, when combined, yield the follow-
ing species according to the determination of Prof. A. W. Grabau:

- Anthozoa.
Palaeocyclus fletcheri B, & H.
Pselophyllum zaphrentiforme Grabau
Cyathophyllum chaoi Grabau
Platyphyllum minor Grabau
Cystiphyllum cf. placidum Barr.
Microplasma poilou Grabau
Halysites cf. cratus Eth.
Halysites hupehensss Grabau
Favosites gotlandicus Lam.
Favosites tachlowilzensis Barr.
Favosites tachlowilzensis Barr. var. lentiformis Grabau
Heliolstes bohemicus Wentzel
Heliolites megastomus
Heliolites intersisnctus var. yangizeensis Grabau
Heliolites decipiens M'Coy.’

Brachiopoda
Pentamerus borealis Fichwald
Conchidium tenuiplicatus Grabau
Glassia obovata Sow. var. magna Graban



Hsish & Chao: Geology of I Chang & neighbouring districts 4

Strincklandinia transversa Grabau
Stropheodonta sp.
Gastropoda
Trochonema depressa Grabau
_ Pelocypoda
Orthonota antelonga Graban
Cephalopods .
Orthoceras sp.
- Crinoidea
Crinoidal stems (straight)
At Wu Lung Kuan about 8 li southeast of Lo Jo Ping, another section
was taken and collections were made (fig. 5). Here the Lojoping series has

N
Wu Lung Nuan

Fig. 5. Bection of the Lojoping series at Wu Lang Kuan, Lo Jo
Ping, 701i N. of T Chaung. | |

1-3 Longma shale: 1 yellowish green shale, 2 mamive yellowish shale with Encrinurus,
3 yellowish green shale, -7 Lojoping series: 4 thin limestones and shales carrying calcarecns
nodnles, full of Aalysites, Favosites ete., 5 yollowish calcareous shale with s layer of coral
_l.imestone at top, full of small Peniemerus, 6 yollowish ca'careous shale with very abundant
large. Peniamerous, the latter often arranged into layers, 7 grey dense limestone with remains
.of brachiopods. 8. Yeliowish shale (Shamao formation).

apperently the same succession as that at Sha Mao -Shan. The fossils
collected, however, t‘hqggg_,i'n large messure still corresponding to those
collected at the latter locality, differ markedly in relative numbers. Thus at
Shs Mao Shan the simple coral Pselophyllum and the small brachiopod
Glassia occur in great abundance, but at Wu Long Kuan they are extremsly
rare, their place being taken by Peniamerus borealis. This characteristic
species appears immediately above the basal Halyssies bed, but there the
shells remain always small, not exceeding one inch in height. Higher up in
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the seq::¢nce, the shells gradually increase in size until in the upper part of
the series they attain a height of more than two inches. As in the section at
Sha Mao Shan, the lower part (Loc. 826') is characterized by Halysites,
Favosites, and Heliolites, the upper part (Loc, 826"") by Cystiphylium and
others. The following is a combined list of the species collected from these
beds supplied by Prof. Grabau:
Anthozoa

Palaeocyclus fletcheri E, & H.

Pselophylium zaphrentiforme Grabau

Cystiphyllum cf. placidum Barr.

Halysites cf. cratus Eth,

Halysites hupehensis Grabau

Fagosites gotlandicus Lam.

Favosttes tachlowitzensis Barr.

Heliolites interstinctus Linné

Heliol tes bohemicus Wentzel

Brachiopoda

Pentamerus borealis Eichwald

Pentamerus cf. esthonus Fichwald

Conchiddum tenuiplicatus Graban

Dalmanella eleganiula (Dalm.)

Glassia obovata Dav. var. magna Grabau

Fossils from the Shamao fo%ma’t-ion: Two lots of fossils were collect-

ed from the Jower part of the Shamac formation. An anaivsis of the fauna
from these two beds has led to interesting resulis. Home eléments of the fauna
at the base of the formation such as Penfamerus and Conchidium are still
survivers of the underlying Lojoping series, while others such as Corono-
cephalus and Proetus are apparently new invaders from the old Silurian
sea at the end of the Lungma epoch. In the higher beds the fauna becomes
quite pure; the relic forms of the Lojoping sea become extinct and some new
elements which have never been known to occur in the lower beds begin to
appear. This seems to suggest that at the end of the Lojoping epoch, a part
of the old Coronovcephalus fauna together with some new elements again

invaded in, resulting in the mingling of fauna at the base of the Shamao
formation.
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In the greeﬁish shiles above the top limestone of the Lojoping series a
small csllection was made which com;;rises the following species (Loc. 827 A,
B): |

Anthozoa
Enterolasma sp.
Brachiopoda
Pentamerus borealis Eichwald
Conchidium tenuiplicatus Grabau
Trilobita
Enerinurus {Coronocephalus) rex Grabau

After 35 meters of unfossiliferous yellowish and greenish shale, another
collection was made from a greenish saﬁdy shale (Loc. 827 C.)about 74 meters
above the base of the Shamao formation. The following is a list of the species
supplied by Prof. Grabau:

Anthozoa
Enterolasma sp.

Brachiopoda
Dalmanella sp.
Stropheodonta shinnsiienensis (Kayser)
Nucleospira pisiformis Hall
Retzia sp. (cf. Rhynchonella borealis var. sinensis
Kayser)
Trilobita

Encrinurus (Coronocephalus) rex Grabau
Proetus latilimbatus Grabau

24 meters higher up, fossils were also detected in a dark green sandy
shale, but so far no identifiable specimens were obtained. From this bed
upwards, no attempt was made to look for fossils, -though it is not doubted
that they may be expected in any of the upper layers.

In Huang Lang Ping and Kieu Yang Ping.

Huang Lang Ping'and Xieu Yang Ping are hoth located on the western
limb of the Huanglin anticline. The Sintan shale exposed in these two
localities has essentially the same characters as that at Sin Tan but is marked-
ly different from that at Lo Jo Ping by the absence of those richly fossiliferous
limestones and shales in the middle part of the formation.
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The black ghale at the base of the Lungma shale is again exposed a little
north of Huang Lang Ping. At Kieu Yang Ping, it is mostly covered. by
debris but the blackish color of the soil near the top of the Neichiashan forma.-
tion i conspicuous enough to warrant ita presence. So far a3 can be deter-
mined at Hueng Lang Ping, its thickness, lithological character and relation
with the overlying green shales seem 10 differ in no way from that at Lo Jo
Ping as previously described. |

Overlying the black shale is.a'thick series of green ehales which constitute
the lower half of the Sintar formation. Higher up in the sequence, instead
of a limestone and shale series with animal remaing, comes a division of barren
shales and sandy layers. At Huang Lang Ping, the middle part of Sintan
shale is in fault contact with the Tayeh limestone, itsupper part being con-
cealed. At Kieu Yang Ping, the upper part is mainly composed of sandstones
~--with shaly intercalations upon which lies a thick bed of whitish quarizite
which is finallv followed dieconformably by the cliff-forming Wushan
limestone,

No fossils whatever have aa ye! been found in the beds above the basml
Graptolite shale. Although the Coromocephalus horizons may -possibly
be found semewhere in the middle part of the formation when that is. more
carefully examined in future, yet the complete absence here of the rich fauna
of the Lojoping series seems to be unqnestionable. The marked change in
lithological character and the complete absence of the rich fauna within no
great distance suggest that the Lojoping sea was probably mainly confined to
that part of the geosyncline now forming the eastern limb of the Huanglin
anticline.

Age and correlation

Von Richthofen! desoribed a Silurian section at Kiau Tschang Pa in
the southern foothills of Taingling Shan in the border region between northern
Bzechuan, southwestern Shensi and southern Kansu, with which our section

‘at Lo Jo Ping is to be compared. The succession there is more ‘complete and
the rocks are mainly limestones with shaly intercalations. The upper series

1. Richtholen von. China, Vol. 11, pp. 507-600,
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or the Chaotien limestone as revised by Prof. Gl‘ﬂnui containg many species
of brachiopods among which Strophomena -shomnsiienensis Kayser and
Nucleospira pisiformis Hall are worthy of special mention. The middle
gories or the Chienshui limestone abounds in corals both compound and simple
among which, Heliolites interstinctus Linné, H. depeciens M'Coy, and
the charactoristic genera Halysites, Platyphyllum and Cystiphyllum may
be noted. The lower series or the Huangpayi formation contains seversl
species of brachipods and corals but no Graptolites. ‘The presence of
Strophomena shinnsienensis and Nucleospira pisiformis in the Shamao
formation and the great abundance of the corals Halysiies, Favosites,
Heliolites (H. interstinctus, H. depeciens), Platyphyllum, Cystiphylium
etc. in the Lojoping series suggest that these two formations in Lo Jo Ping
are 1o bo correlated with the Chaotien limestone and the Chienshui limestone
in Tsingling respectively. The inconsistence in fauna between the Huangpayi
formation and the Lungma shale cannot, however, affect their correlation,
since it is & well known fact that sediments deposited under a different facies
differ also in their fauna. The Huangpayi formation is composed of red
limestones alternating with shaly layers and thus must have been deposited
at some distance from the shore. The Lungma chale, on the other band,
consists of black and green shales carrying a Graptolite fauna and represents
deposits of ancient delips. This marked difference in the condition of
sedimentation explsins the entire distinctiveness of their faupa. On the
contrary in similar condition of deposit and probably equivalent with the
Lungma shale in the Yangtze valley is the Graptolite shale in Shi Tien? south
of Yung Chang Fu, Yunnan, both of them Being referred to the zone of
Monograptus sedgwicki and underlaid by the Orthoceras limestone
probebly of the same age.

In the Fuchi shale in southeastern Hupeh which has a thickness of no
less than 1000 meters, the Coronocephalus bod was found by Mesers. Hsieh
& Liu in its Jower part. In the Yaishan shale of Kiangsi which amounts to
a thickness of about 2500 meters according to Mr. C. C. Wang, the fossiliferous

1. Grabsn, A. W. Stratigraphy of China. pp. 180-182,
2. Q@mabau, A, W.ibidem pp, 123
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bed was, on the other hand, found 300 meters below the top _The most
characteristic species among the collections from these two places are
Coronocephalus rexz, Proetus latilimbatus and Spirifer hsieki. The
former {wo species are also present in the upper beds of the Longma ghale and
in the lower part of the Shamao formation. On gtratigraphic evidence, the
Fuchi shale of Yanghsin and the Yaishan formation of Kiangsi can be
undoubtedly correlated with the Sintan shale of Ishang. Evidences are in
favour of correlating the Coronocephalus bed in the Yaishan formation with
the Shamao formation of 1o Jo Ping, thongh it is not denied that the
Coronocephalus bed in the Fuchi shale may represent another horizon and
is most probably contemporaneous with the upper pari of the Lungma shale,

The great development of the limestones in the Silurian of Kian Tchang
Pa and the absence of the ealcareous beds in southeastern Hupeh might
suggest that the Lower Siturian sea entered the Tsingling region by way of
the Himalayan geosyncline anq.thenoe sent & long enbayment northeastward
to western Hupeh where it is now occupied by the eastern limb of the
Huanglin anticline.

All the fossils abtained from the Sintan shale are either specifically
identical with those from the Lower Silurian of Europe or very closely related
to them. Hence the whole Sintan shale is referred to the Lower Silurian or
Niagaran.

VII. WosgaN LLMESTONE

The Sintan shale is directly followed by the magnificent Washan
limestone. At Lo Jo Ping, the upper bed of the Sintan shale is a kind of soft
yollowish shale. At Kien Yang Ping and Sin Tan it is a thick bed of white
quartzite. In the latter place, hiowever, traces of carbonaceous shale were
observed ahove the quartzite and local coal seams were said to be present. No
phjrsica.l breaks whatever have as yet been found between these two formations
but on a palmontological ground thers really exists a great disconformity.
The hiatus includes the whole part of Devonian, Upper Silurian and a great
part of Lower 'Carboniferous, equaling in magnitnde nearly to the pre.
Carboniferous disconformity in North China.

The total thickness of the Wushan limestone amounts to no less than 1800
m. and a twofold subdivision is conveniently admitted. The upper Wushan or
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the Tayeh limestone is composed preva.ilin'g-ly of thin bedded caleilutyte alter-
nating with shaly intercalations in the lower part. The Lower, Wushan or the
Yanghsin limestene constituts another unit, being massive and cherty
thronghout the whole formation. The division line between these two
limestones is very sharp. The even surfacd decorated with abundant flint
nodules of the lower limestone is abruptly followed by the calearcous shales
and thin limestones of the Tayeh limestone. So far as can be confirmed in
the gorge district, these characters are very peculiar and persistent and ean
be easily recognized in the field.
In Lo Jo Ping
Yanghsin limestone: In the geological map of the Ichang district by
Mr. Noda, only Sintan sbale iz represented in those places east of Fen
'Hsiang Chang and Lo Jo Ping. -According to our survey however, above the
Sintan shale there really exists a magnificent chert limestone rising into wild
ridges. This forms a great barrier between Yusn An and Lo Jo Ping on
account of which the travellers from the latter to the former have to turn a-
round either to the south or to the north. The limestone is ‘massive and
cherty, carrying local coal seams in.the lower part, which are extensively min-
ed by the natives for household purposes.
From the scattered blocks on the top of the hill at Ta Ti Yai, 15 1i east
of Lo Jo Ping, the following species of fussils were collected:
Fusulinella tsoveral species)
Lonsdaleia chinensis Girty
The entire absence of the Neichiashan formation, Sinta.n shale, and
Woushan limestone in the exit of the Ichang gorge at Nan Tsin Kuan and the
gradial appearance of them below the basal conglomerate of the Tunghu
series towards the north suggest that they were eroded away by a great river
system possibly the a;cient Yaﬁgtze after the uplifting of the Huanglin
anticline. This might lead one to think that the present Yangtze river must
have ifs origin at least before the deposition of the Tunghu series.
From Ta Hsia Kou to Kien Yang Ping.
Ta Hsia Kou is situated on the western bank of the Hsiangehi valley.
On the east comes a branch river from Liang Ho Kou which cuts through
the western limb of the Huanglin anticline and along both sides of which jthe
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mighty sequence of Palaeozoic rocks
is completely exposed. Above the
Sintan shale at Kieu Yang Ping
rises rapidly the mighty Wushan
limestone which swells even to a
greater height towards the west until
Ta Hsia Kou where it dives along
its dip slope beneath the Hsiangehi
valley,. Along this section, the
whole Wushan limestone is estimat.

- ed at 1800 meters (Fig. 6).
Yanghsin limestone: In this
section, the Yanghsin limestone lies
disconformably above the quartzitic
sandstone of the Sintan shale and
amounts to a thicknese of 500 meters.
Black flints seem not to be abundant
in the upper and lower part of the.
formation and they mbstly assume

Lower Yanghsin limestone, 3 Upper Yanghsin limestone.

the form ot irregular nodules or
lenses scattered here and there in
the limestones. About 200 m. above
the base, there is & division of thin
bedded limestones in which black

Profile Section of the Wishan limestore from Ta Hsia Kou to Kien Yang Ping,

Wushan limestone. 2

#£ A~ B XA wmp ERB®RBRLAKEBEMNBE
4 Tayeh limestone. 5 Hsiangchi conl geries,

m. <« © . flints are extremely abundant and
g'ﬁ' are generally disposed into thin
'_T;: layers along their bedding plane,
a,: On the other or the southern side of
% the river, there appears a weak bed

below the thin-bedded limastone's,
weathered to 8 local gap. As to

1.

whether it represents a line of dis-

conformity or local weakness we did
pot bave time to confirm it, on account of the inaccessibility of the river.
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Among the fallen blocks scattered here and there ﬁpon the river-bed in
the lower part of the formation, loose pieces of black shale’ containing fossils
were found. From their present position they are most probably derived
frora that division of the limestone ranging from L00 . above the base to
200 m. The lithological character of these carbonaceous rocks probably
indicates the existence of local coal seams in the lower part. |

The whole chert limestone seems to be fossiliferous throughout. When-
ever a good bedding plane is exposed, fossils are bound to exist. But owing
to the massive, cherty and cliff-forming character, collection is rendered very
diffieult in the field.

At the very base of the limestone a liitle west of Kieu Yang Ping, a
small collection was made which contains the following species {Loc. 534):

Fusulinella sp.
Syringopora sp.
Michelinia favositoides Girty.

From ths loose pieces of black shale lying beside the lower part of the
section, & single individual of Producius was also obtained:

Productus grandicostatus Chao
In the fallen limestone blocks about 220 m. above the bage, we ohtained
the following species of fossils (Loe. 836):
Neoschwagerina sp.
Amplegus sp.
 Productus cf. waageni Rothpletz
Productus cf. punctatus Martin.

In some of the limestone blocks lying not much over 100 m. below the
top of the formation, Neoschwagerina was also detected. But from here
upwards, 1o remains of foraminifera have so far boen observed.

At Miao Ping about mid-way between Ta Hsia Kou and Kieu Yang Ping,
the top bed of the formation yields the following three species:

Oldhamina of. decipiens (Koninck)
Productus gratiosus Wasgen.
Reticularia waageni L’oczy.

Tayeh limestone: The Tayeh limestone succeeds conformsbly upon

the even surface of the Yanghsin limestore. But the sudden change of the

lithological character from a massive cherty limestone to a thin bedded cal-
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cilutyte and shaleg and the abrupt extinction of the Lytfonia fauna together
with the appearance of an entirely new one suggest that there must have
been at ledst a sudden change of the condition of deposition at the end of the
Yanghsinian or the Middle Permian time. The enormous thickness .of the
Tayeh limestone, being no léss than 1300 meters in thickness and yot
reprasenting only a part of the Permian period, would also suggest that it was
formed at a rapid rate involving a peculiar mode of deposition which is not
readily explained from the available data so far known at present.

The upper part of the Tayeh limestone is composed of thin bedded marly
limestones or calcilutyte which change gradually downwards into laminated
limestones with shaly intercalations characterized by local foliations. The
lower part consists mainly of alternating beds of thin shaly limestenes and
yellowish shales. About 30 m. above the base at Miao Ping, a layer of
greyish shale only a few inches thick yields the impressions of & concentrical-
ly wrinkled pelecypod:

Pseudomonotis chaoi Grabau
From Kuan Tu Kou to Wushan Gorge

In the geological map of the Yangtze gorges by "Wiltist& Blackwelder
‘both Sintan shale and Kisinling limestone are represented at Nan Mo Yuan
about 40 Ii west of Pa Tung Hsien. = These authors also gave a proﬁle of that
place in the text.2 This, however, is a great mistake, no strata older than
the Wushan limestone being exposed there. The structure between Kuan Tu
Kou and Nan Mo Yuan is & small anticline in the center of which the upper
part of the Yanghsin limestone is exposed, just “as i3"refjgesented by the
beautiful profile section given by Richthofen3. What was taken to be the
Sinten shale is apparently the basal shaly division of the Tayeh limestone
exposed just beside the village of Nan Mo Yuen.

Yanghsin limestone: Along this section, the Yanghsin limestone is
onIy exposed in the center of the anticline and is mainly confined to that part
of the gorge from Huo Yen Shih to Nan Mo Yuan. At the former place,
the black flints in the limestones are extremely abundant and are all disposed

1. Willis and Blackwelder: Research in China, Vol. I,PL XXX VI.
2 Willis and Blackwelder: ibidem, p. 287, fig. 61.
3. Richthofen: China, Vol. 111, P1. T.
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into distinct layers at cloge intervals. These features are very characteristic

in the the field and have attracted the aitention of perhaps every tourist.
The name of the village Huo Yen Shih or ‘‘fire-stone’’ really originated
from this characteristic {eature of the limestone,

In the top bed of the chert limesione just below the foot of Nan Mo Yuan,
S small collection was made which contains: |

Lyttonia richthofeni (Kayser)
Productus gratiosus Waagen
Productus yangizeensis Chao
Productus abichi Waagen

Marginifera lopingensis (Kayser)
Martinia sp.

Pseudomonotis kazanensis Golookinsky
Aviculopecten sp.

Naticopsis klurensis Wasgen

Entalis sp.

Some distance below this bed at & native coal-pit on the southern bank of
the river, some specimens of Neoschwagerina were also cbiained from the
fallen blocks.

Tayeh limestone: The Tayeh limestone is completely exposed in the
lower entrance of the Paling Hsia or the lower Wusl.an gorge between Kuan.
Ta Kou and Huo Yen Shih, West of Nan Mo Yuan tha strike of the strata
coincides approximately with the course of the Yangtze river and thus the gorge
from the latter to Leng Shui Chi is entirely made up by the élightly undulat.
ing beds of the Tayeh limestone. |

The Tayeh limestone exposed in these places exhibits its normal cha-
racters but for lack of time no attempt was made to confirm the fossiliferous
boed at the base of the formation.

Age and correlation.

The fossils so far obiained from the lower partof the Yanghsin lime-
stone such as Fusulinella, Lonsdaleta chinensis, Michelinia favositoides
etc. have more recently also been found in the Chihsia limestone of the
Nanking hills. Thus the correlation of the lower part of the Yanghsin
limestone in the gorge district with the Chihsia limestone in the lower
Yangtze admits of no question.



52 Bulletin of the Geological Survey of China

According to the determination of the corals collected from the Chihsis
limestone at Nanking and from the lower part of the Wushan limestone at Sin
Tan by Froch, both of them were referred to the Lower Garbbniferous or Viséen.

The fossils eollected from the top layer of the formation on the other
hand, indicate essentially the horizon of the Middle Preductus limestone of
Salt Range or Middle Permian, both being characterized by a Lyffonia and
Oldhamina fauna. The presence of Neoschwagering in the limestone
blocks 100 m. or more below the top and the presence of the meager fauna with

appareﬁtly a Permian affinity about 220 m. above tho base suggest that that
division of the chert limestone should be still referred io Permian, most probab.
ly Lower Permian.

Since the lower part of the Yanghsin limestone is Visben and the upper
part i3 Permian, there must exist a great hiatus between the two. It is,
however, strange to say that in spite of repeated search in the field no dis-
cordance whatever has as yet been found.

Now Viséen rocks in China have been reported from Sinkiang, Kansu,
Yuonan and Eweichow. In all these places, they are characterized by the
index fossil Productus giganteus Martin and other typicdl Viseen species,
But so far as we know, no such species have ever been found in the Chihsia
limestone which is characterized principally by a great abundance of corals.
1f the identification of the Chihsia corals by Frech were liable to otner in-
terpretation and the Chihsia limestone were really to belong to a higher
horizon, then this- would agree quite well with the observed fact in the field,
viz, the Yanghsin limestone represents a continuous dépbsit from Permo-Car-
boniferous to Middle Permian. This, however, is nothibg more thana mere
personal sﬁggestion and is based soly upon the marked uniformity of the
lithological character of the Yanghsin limestone. At any rate, before a careful
study of the coral fauna of the Chihsia limestone in the Yangtze valley, it
seems advisable to follow Frech in regarding the lowsr 200 m. or less of the
Yanghsin limestone as Viséen and the upper 300 m. or more as Permian,
with a marked disconformity between the two.

The Wushan limestone is widely distributed in the Yangtze valley.
Towards the east, however, a coal series often .appears to intervene between
the Tayeh and the Yanghsin limestones. Thus at Yang Hsin Hsien in
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soatheastern Hupeh, the Tayeh and Yanghsin limestones are separated in the
middle by the Tanshanwan coal series and the thickness of these two limestones
is also considerably reduced. Further east in the lower Yangtze the succession
is mostly incomplete, different members of the Wushan limestone scattering
here and there in different localities. Thus in the Nanking region, only the
coral division or the Chihsia limestone remains, while in other places the
Lyttonia bed occurs.

From these facts, it may be inferred that the late Palzozoic sea transgress-
ed from the southwest. Hence in the deeper waters, such as in the upper
Yangize, the mighty Wushan limestone no less than 1300 m. thick was
deposited ; whereas in the more shallow waters, such as in the lower Yangtze
where the sea was very likely subject to temporary advance and retreat, only
a single bed or more of a small thickness were formed, -overlapping upon the
different older formations:

VIII. PaTuNg SERIES

The Patung series is best developed at Pa Tung Hsien whence it derives
its name. Itis composed prineipally of purple shales and grey limestones,
-reaching a thickness of no less than 800 meters.

Distribution of the Patung series and its explanaiion: Just at the
foot of the city, the contact between the Patung series and the Wushan lime-
stone can barely be seen. The upper few meters of the Wushan limestone are
somewhat abnormal, being yellow, earthy, and porous instead of grey, pure,
and dense. It is immediately succeeded by a few meters of yellow shale
which is then followed by a thick series of purple shale. The upper surface
of the Wushan limestone shows no irregularities due to erosion, nor did we
sea any discordance of dip between them. A disconformity, however, is
mferred from the following considerations.

In the Hsiangehi valley 23 1i east of Tze Kwei Hsien, the Patung series
is mostly absent. Only at one place on the left bank of the Hsiangchi river
below Pei Ma Tan, did we see a little outcrop of purple shales lying beneath
the coal serivs. West of Tze Kwei, it first crops out in the anticlinal axis at
Sha Chen Shi on both sides of the Yangtze river, and then the outerop
broadens along the northern limb of the anticline on the righf bank towards
the west until Pa Tung Hsien where it gets its full exposure. The distance
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between the latter and Ksiangchi is approximately 40 miles, Richthofen
apparently reported the same formation at Kwang Yuan Hsien, Szechuan,
250 miles further west; but the rocks there are mainly limestones of various
colors, lying unconformably upon the folded Sintan shale and followed again
by the Rhwmtic coal series. This irregularity in the distribution of the
Patung series may be interprated in two ways. 1. The Patung series was only
sparingly deposited along the Hsiangehi valley 3. €. the sea retreated after
the deposition of the great Wushan limestone and then after a certain interval
of exposure, & second marine transgression entered from the soutbwest which
caused the formation of the thick Patung series in the earlier invaded regions
such as at Pa Tung Hsien and Kwang Yuan Hsien, but only thin purple
shales or none along the shore line last invaded such as in the Hsiangchi
valley. 2. The Patung series was deposited in the Hsiangehi valley same a8

in Pa Tung Hsien but was again mostly eroded away before the deposition of
the Hsiangehi coal series. '

Becanse of the limited extent of our observations we are not in a position
to say definitely which interpretation is nearer to the truth. But the marked
difference in the lithological characters between the Patung series and the
Wushan limesione seems to indicate an interruption of the condition of deposi-
tion, and the abrupt change .in character of the upper beds of the Wushan
lmestone suggests exposure and solution or disintegration. Moreover, the
complete absence of the Patung series in the southeastern Hupeh and other
parts of ‘the same province east of I Chang points to the fact, that the old
shore line of the Triassic sea is to be loeated not far west of the border between
the present western mountainous plateau and the central plain of Huapeh.
Ali these consideration are in favor of the first interpretation, But at the
same time, it i3 not denied that the rapid increass of 4he/ thickness of the
Petung series from Hsiangchi to Sha Chen Shi within so short a distance
which can hardly be explained merely by an ordinary transgression might
argue for a subsequent erosion before the deposition'of_,;.the Hslangehi series.
At any rate, the break at the base of the Patung series seoms to be wide-
spreﬁd, while that on the top is only local though the latter may be very
profound along the Hsiangehi valley. This extensive erosion before the
deposition of the Hsisngehi series along the Hsiangehi valley might suggest
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that the Huanglin anticline was first uplifted at the end of the Patung
series, '

Fig. 7 Proflle of the Patung series from Pa Tang Haicn to the opposite bank of the Yengtze river.
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and shale intercalated, 6 purple shale, 7 covered interval with a thin bed of grey !i_mbstonc at jthp middle.

limestone with soft caleareons layers, 4 grey compact limestone with abundant fq?winj‘ferim, 5 grey limestone,
8 Hpeiangehi series.

1 Tayeh limestone. 27 Putung serieat 2 purple shale with thin intercalations of green shale, 3 grey
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Section at Pa Tung Hsien: The succession of the Patung series can
“best be studied on the opposite side of Pa Tung Hsien (fig. 7). The lower
part of the series consists of about 230 meters of bright purple shales with
thin intercalations of green’sha.le at intervals of one or half meter. Eastof
the city of Pa Tung Hsien, these strata are mainly exposed on the northern
bauk of the Yangtze river, the southern bank being entirely formed by the
smooth dip slopes of the Wushan limestone. West of the city, however, they
crop out on both sidesof the river and farther west, higher beds appear in
succession. But there the sirata are subject to local deformations and are
thus not sulsable for the study of stratigraphy.

The middle part is-composed of thin bedded grey limestones and cal-
careous shales interbedded about 300 meters thick. The former is prevalent
in the lower, and the latter in the upper part. The limestones are dense and
sometimes crystalline. Crinoidal stems are occasionally present. In about
the middle of this division or 390 meters above the base of the series, there
is & bed of limestone one foot thick which contains abundant Spiriferinag and
some remarkable, though not well preserved, pelecypods. The fossils all
appear in crose.zections and the rock is too demse to yield good specimens.
This fossiliferous bed was again found at Pei Ta Sze about 15 i below Pa
Tung Hsien.

The upper part is composed of 250 metérs of purple shales with thin
intercalations of greon shale which are, after a certain covered interval,
finally capped by the Hsiangchi coal series. In this covered space, a grey
marly limestone is often observable beneath the debris. The succession of

this division, however, is well exposed ai the foot of the viljlage Yeh Tan, 25
i west of Tze Kwei Hgien. |

Section at Yeh Tan: The structure at Yeh Tan is a close anticline
upon the axis of which sinks the Yangize river. Along a small valley just
beside Yeh Tan, the upper part of the Patung series and ifs relation with the
overlying Hsiangehi series can be studied to the minutest detail (fig. 8). On
the northern side of the Rapids, highly inclined beds of.purple shales with
thin bright green shale intercalations erop out conspicuously and upon these
lie about 55 meters of grey limestones and calcareous shales which are then
gucceeded by the basal sandstone of the Hsiangehicoal series without any
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FAR ABH AN
Fig. 8. Profile Section at Yeh Tan

1~4. Patung series:1. parple shale with thin green shale intercglations, 2. green

shale, 3. grey liriestone, 4 green shale sandy at soms layer, carrying

calcareons nodnles. 58 Lower Hsiangchi coal series: 5. green coarse sandstone,

6. covered native coal-pits. 7-8 Upper Hsiangchi coal series: 7. gresnish white

quartzitic sandstone and conglomerate, 8. coverad native coarl-pits.
evidence of erosion or discordance of dip. These thick purple shales correspond
apparently to the upper purple shales in the section of Pa Tung Heien and the
grey limestones and shales represent ihe covered interval ai the top. The
grey limestones and-caleareous shales in the middle part of the Patung series
may be exposed in the center of the anticlinal axis but there they are buried
under the water. At Sha Chen Shih about 7 lieast of Yeh Tan, however,
‘an isolated hillock or island standing at the mouth of a branch river is most
probably made up by these limestones. From there westward, the Patung
anticline gradually dives beneath the river and loses its appearrance.

On the way leading from Yeh Tan to Shih Men, a grey limestone with
occasional interealations of green shale often crops out beneath the Hsiangehi
coal series on the northern bank of the Yangtze. In position, it corresponds
apparently to the top bed of the Patung series as exposed at Yeh Tan. In
this limestone, doubtful remains of - foraminifera and cross-sections of
brachiopods were detected.

Fossils from the Patung series: The fossils collected by Willis and
Blackwelder from the middle part of the Patung series at Taning Ho were
studied by Girty who reported them to be Permian in age. But this learved
author remarked that owing to the imperfect character of the fossils availahle
to him, his assignment to that period was only prqvisional, and that it might
be transformed to a later age without conflicting of evidences. Now in the.

course of our investigation, the Mesczoic age of the Patung series seems to be
fully es‘ablished.
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From our fuller understanding of the geological successions in the
gorge district in recent years, one might already predict the Mesozoic
age of that sequence of strata which was made known by the previous
investigators to lie above the thick Wushan limestone and below the Rhaetic
conl series.. A preliminary analysis of the fauna collected by us also points
to the same thing, The spiriferinas are probably new species but have
apparently no affinity with those common in the Permian strata. The
pelecypc;ds too bear no resemblance to Palmozoic genera. Moreover, we have
assigned the magnificent Tayeh limestone no less than 1300 meters in
thickness, to the Upper Permian. It does not seem reasonable to assign such
great thickness to the Upper Permian of South China as would be given it, if
we still placed the Patung series within the Upper Permian. On these con-
siderations, we would seem to be fully justified in refering the Patung series to
Triassic.

IX. HsiaNGCHY SERIES.

The Hsiangehi series iz widely distributed in the Hsing Shan, Tze Kwei -
and Pa Tung distriets. By a closer study in the field, it can be conveniently
divided into two coal series separated in the middle by a thick sandstone-
conglomerate bed. Along the Hsiangchi valley, the relation between thess
iwo coal series is not quite clear. Only on the north of Yen Kuai Tze and on
the opposite side of Ta Hsia Kou, the middle sandstons-conglomerate bed is
more or less distinguishable. West of Tze Kwei, however, the relation is well
ropresented. Thus at Teng Tze Shih along the YangizeRiver, the basal sandstone
and the middle sandstone-conglomerate beds form two ridges, while the coal
series are depressed into valleys. At Yeh Tan(fig. 8)only the basal sandstone
and middle sandstone-conglomerate beds are exposed, but the existence of a
coal series both above and below the latter can be determined by a consideration
of the distribution of the native pite. At Shih Men, the relation between them
ig gtill clearer, Her_e the middle sandstone-conglomerate bed forms a conspi-
cuous bluff along the northern bank of the Yangtze River. But the Lower coal
series becomes so thin as to reach a thickness of only a few meters, a fact
which is not observed in any of the other localities.

Lower Hsiangchi: coal series: The 'deer Hgiangehi coal series is
separated from the 'underlying Tayeh limestone or from the Patung series by a
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Hsiangchi River

&

it e : .
TN v A

S g e S Ne
L '

LA B e /
g 7 [ & - T 2 F e

BAE FRIBERBRTEREESER
Fig. 9. Profile Section of Lower Haiangchi Coal Series at Yu Chia Ho, 5
li 8. of Ta Hsis Kon
1, Sandstona base not exposed. 2. Yellowish green sandy shale with a layer of sandstone at top.
3. Dark grey shale, sandy at some layers. 4. Sandstone full of Podozamites. 5. Greyish green shale
with a coal seam at top. 6. Greyish green shale with abundant well-preserved plant fossila,
7. Massive sandy Bhale with a bed of coal at upper part. 8. Mussive grey sandstons shaly in

lower part.
grey soft sandstone 20 to 30 m. in thickness. Above the latter lies an alterna.

ting bed of black shale, greenish shale, sandy shale and sandstone carrying
coal seams (fig. 9). This coal-bearing bed varies considerably in thickness at
different places. It is more fully developed along the Hsiangehi valley and
amounts to a thickness of perhaps not much over 20 meters. It contains many
coal seams and forms the main coal series there. Plant fossils are sbundant at
some horizons and are well preservéd.

The Hsiangchi river flows dpproximattly along the contact line betweep
the Tayeh limestone and the Lower Hsiangchi coal series. And thus the latter
crops ont sometimes ;:m the west side of the valley and sometimes on the east
or is buried beneath the Hsiangchi valley.

At Shih Men the Lower coal series is reduced to only a fow meters as
_previously mentioned (fig. 10) and the upper coal series becomes the main
_coal series there.

Middle sandstone-conglomerate: In the restricted sense, this bed is
really a coarse sandstone. It is hard and quartfitic, usnally white in color, but
sometimes stained with a greenish tint, At Teng Tze Shih a littlo west of Tze
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1. Patung series. 2.5 Hsiangchi series: 2. greyish eoarse soft sandstone, 3. greyand black
shale, 4 white quartzitic sandstone and conglomerate, 5. green sandstones with thin beds of
black shales and coal seama, 6§, Kweichow series.

Kwei Hsien, the upper layer is a kind of greyish soft sandstons. Its thickness
is estimated at 20 to 30 meters. The pebbles are usually confined to the middle
part of the sandstone and have apparently no definite plan in their distribution.
Sometimes they are accumulated toget.hef in great numbers, causing the
formation of a very conspicuous local conglomerate such as is the case at Shih
Men. In other caces, they are comparatively rare and are zcattered only here
and there as isolated pebbles in the sandstope. Still in other cases, they have
accumulated into irreguiat lenses.

The pebbles are almost entirely made up by black flint apparently derived
from the flint nodules of the Yanghsin limestone. They are all well rounded
and uniform in size generally one inch in diaweter and are cemented by a
white arensceous matrix. All these indicate long expostre to-the action of
river erosion before depositibn.

Upper Hsiangchi coal series: The Upper coal series is estimated to be
200 meters thick, It is composed mainly of green sandstone and green sandy
shale with thin intercalations of black shale carrying sometimes coal seams,
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the sandsione being far more predominent than the others In the black layers
in the Jower part -f the series, a kind of thin shelled Cyrena associated with
not well preserved plant fossils is fraquently observed. _

Fossils from the Hsiangchi series: Plant fossils are very a.bundant,
and well preserved in the coal-bearing layers of the Lower coal series along
the Hsiangebi valley The fossils collected by Pumpelly and Richthofen,
described by Schenk and Newberry are appareitly- mostly derived from these
beds. But at the date of Pumpelly and Richthofen, no detailed succession of
the coal series was made and it is quite possible that some of their fossils were
obtained from the Uppor coal geries.

On the vicinity of Yu Chia Ho on the western bank of the Hsiangehi
river, the yellowish greeh sandy shale and sandstone of the Lower coal series
yielded the following species according to the preliminary determination of
Mr. T. C. Chow:

Podozamites lanceolatus (Lindl. & Hutt.) Schimp.
Dictyophyllum nilssoni (Brougn.) Gopp.
Cladophlebis sp.

Pterophylium sp.

Taeniopteris tenuinervis Brauns

Sphenozamites sp.

In the lower part of the Upper Hsiangchi coal series, plant remasins and
fresh water bivalves were found associated together in the black shales. The
fossils are not abundant but are of wide distribution. Whenever the Uppet
coal series is exposed, they are obtained ati - their expected positions. In the,
three lots of collections made at Teng Tze Shib, on the opposite side of Sha
Chen Shil, and at ShihMen, a kind of small Cyreng is never missing and it
is probably to be regarded as the index fossil of the Upper coal series. The
three collections when combined yield the following species:

' ' Cyrena hsiangchiensis (sp. nov.)
Podozamites lanceolatus (Lindl . & Hutt.) Schimp.
Plerophyllum acquale (Brongn.) Nath.
Phoenicopsis sp.
Taeniopteris tenuinervis Brauns,
Dictyophyllum nilssoni (Brongn.) G3pp.
Cladophlebis cf. denticulata (Brongn.)
Sphenopteris sp.
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This flora has apparently still many species in common with that of the
Lower coal series  But in it have appeared some new elements which have
never been found in the lower horizons. Since the Lower coal series is unqgues-
tionally Rhaetic and the Upper coal series is separated from it by a thick

sandstone-conglomerate, it seems desirable to refer it to Lias instead of classing
it still as Rhaetic

X. KwrICHOW BERIE:

Overlying the Hxiangehi coal series without discordance of dip is the
Kweichow series. A disconformity, however, is infered and is evident, if
the Upper Hsiangehi coal series really belongs to Lias as we now suppose.

The Kweichow series is separated from the subjacent Hsiangehi series
by » bed of coarse greyish yellow sandstone about 30 meters thick. Along
the slopes below this sandstone, loose pieces of sandstone carrying black
fiut pebbles were frequently met with, The pebbles remain comparatively
small, being not much over the size of an amgygdaloid and are cemented
by a greyish yellow arenaceous matrix. On account of their lithologiced
characters and position, they cannot be derived from the middle sandstone-
conglomerate bed within the Hsiangehi series and are most probably derived
from the basal sandstone of the Kweichow series, But we did not confirm
this derivation in the field.

The Kweichow series oceupies & large area in the Tze Kwei disirict.
Its distribution defines approximately the boundary of the Kweichow basin.
On the way leading from Pei Ma Tan to Tze Kwei Hsien, the Kweichow
series is well exposed (fig. 12). Along this seetion, its preserved thickness
was estimated at about 3600 meters

. The lower 200 meters of the sequence are composed mainly of yellowish
green shales, sandy 'shales and sandstones in dlternation. Fresh water
" molluges are rather abundant in several borizons.

1300 mef:érs higher up, alteruating beds of green sandstones and purple
shales with thin intercalations of Jgreen shalo become the domipent iypes
of rock. As a rule, the sandstones ﬁnd shales are rather uniform in thickness,
giving the gradually rising topography a picturesque aspect, Small Cyrenas
are also present in sowne parts but their number seems to be greatly reduced.
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The next 1000 meters consist principally of thick beds of green sand.
stones arid purple shales in alternation, forming a waving topography. In
lithological character.the rocks are essentinlly the same as those of the
subjacent division, buk their beds are considerably thicker.

The 1000 meters at the top of the Kweichow formation are composed
mainly of thin bedded purple hard shales and green sandstones, the latter
being more predominent. In the green sandstones, flat pebbles of purple
of shale are sometimes accumnulated into jrregular lenses.

Fossils from the Kweichow series: The fossils of the Kwaichow
series are wainly confined fo its lower 1500 meters and are particularly
abundant in the yellowish green sandstones and shales near the base of the
series. From the fallen blocks of a kind of yellowish green sandstone lying
upon the western bank. of the Hsiangchi valley a litile north of Ta Hsia
Kou, we obtained the following species of fossils:

Unio cremeri Frech
Unio chaot Grabau
Unio johon-béhmi Frech
Cyrena kweichowensis Grabau
Essentially the same fauna was agaizi obtained from a yellowish zreen
sandstone block lying upen the bank of the Yangtze River at Shih Men, Pa
Tung Hsien:
Unio cremert Frech
Unio chagi Grabau
Mycetopus mengyinensis Grabau
A little south of Ta Hsia Kou, a layer of yellowish green shale i:rops
oot on the right bank of a small valley. In this shale, s kind of
small cyrenas, Cyrena tahsiasense Chao (sp nov.) is extremely abundant
and » piece of rock is often croweded by hundreds of them along the
bedding plave. The shell is well preservea and is of a bright yellow color.
In a layer of greenish sandy shale expesed ‘on the western bank of
the Hsiangehi river below Yen Knai Tze, wo obtained the following two
species:
Cyrena kwetchowensis Graban
Cyrena yangtzeensts Chao (sp. nov.)
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About 100 meters above the base, there is a layer of purple shale

carrying calcareous concretioms which are almost entirely made up by the
shells of C'yrena hupehensis Grabau.

Tn a greenish shale exposed in the vicinity af Ping S8hih Kou about
30 li north of Ta Hsia Kou, small shells of Cyrena hsiehi Chao (sp nov.)
associated with plant remains were also obtained.

About 1500 mseters above the base, fragmentary shells of bivalves were
also detected iu the calcareous concretions within the purple shales, but so
- far no identifiable specimens were obtained.

The fauna from the Kweichow series was ﬁrsbljr studied by Frech and
more recently by Grabau, both of whom assigned it to a Wealden age Now
the succession of the Kweichow series is better known and fossils are seen to
be present continuously even 1500 meters above the bage. Thue the Wealden
age of at least the lower 1500 meters of the Kweichow series seems to admit
of no qoestion. Sioce the lithological characters of the Upper part of the
series differ in no way from those helow, it seems quite certain that the upper
part of the Kweichow geries still belongs Cretaceous, if not Wealden.

XI TuNeBU SERIES.

The Tunghu series is confined soley to those low hill regions east of the

I Chang gorge. It lies unconformably upon different members of the Paleozoic
rocks,

The basal member is a bed of conspicuous conglomerate more than 100
meters thick. The pebbles are rather large, well rounded, mostly made up
by black flint, granite etc. and firmly cemenied by an arenaceous matrix.
On the way leading from Hsiao Chi Ta to Chu Pao Shan, it is extensively
exposed and form= wall-like cliffs along the river Chang Chiso Chi.

Above thig conglomerate is a mighty series of white and reddish coarse
sandstones conglomeratic at different horzong,

Since no fossils have so far been obtained from this series, it is not
possible at present to assign a definite age to it. But on & lithnlogical basis,
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the Tunghu series can hardly be correlated even with the upper part of the
Kweichow series. Since the former bas an average dip angle of ten degrees
towards the east, it seems ptébable that the deposition of the Tunghu series is
prior to the last disturbance of the Gorge district. If the latest folding of the
strata there correspond to the Miocene and Oligocene period of Orogenie dis-
turbance in the Himalayas. it seem vreferable to assign an early Tertiary age

to the Tunghu series.
| GEOLOGICAL STRUCTURES

As our obtervation was limited to the four districts mentioned namely
Ichang, Tze Kuei, Hsing Shan and Pa Tung, it is not possible Tor us to
discuss thoroughly at the present time the geological structure of Western
Hupeh as a whote.

Within the region studied, the geological structure seems to be rather
simple and may be briefly stated as consisting of two anticlines, i.e. the
Huangling anticline and the Patung anticline and one syncline i.e. the Tze
Kusi syncline. Faulting 1is unimpo_gtant‘if not entirely absent; the only
fault we have observed is thgt oblique fault found northeast of Huang Lung
Ping in the Hsing 8han district, where as a result of dislocation, a part of the
Ta Yeh limestone is in direct contact with the Sintan shale. The following
isla brief description of the three major structures just mentioned. |

The Huangling anticline:—The Huangling anticline is a structure
first observed hy Pumpelly and afterward named as such by Willis and
Blackwelder. lis position is just between the cities T-chang and Tze Kuei and
its axis running from N. N. E, to 8. 8. W. with a piteh towards the southwest.
At its central core we have an extensive mass of Pre-¢inian gneiss aud. schist
with granitic intrusions and on its two limbsa mighty sequence of sedimentary
rocks, the age of which has been determined to vary from Palmozoic to
Mesozoic. The outcrop of the western limb is especially noted Jor its complete
deve]opment- of the stratigraphic column; from Sinian to Crefaceous: ull
exposed within only ‘a short distance of about 60 Ji. The easturn limb and
especially that part lying  the vicinity of 1 Ohaﬁg presents, on the other
hand, a very incomplete stratigraphic series and the youngest member here
exposed i the Ordovician limestone, the rest being entirely covered by the red
sandstone formation of probably Tertiary sge. At the noithern part of ihe
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eastorn limb, for instance near Huang Chia Chan*‘ and No Jo Ping, 70.90 li
north of I-Chang, formations younger than Ordovician like the Sintan shales
and Wushan limestones are abundanily exposed due to the removal here of the
Tertiary sediments. East of the Wushau limestone which forms here a
precipitious cliff and in the distriet of Yuan An Hsien, bituminous coal mines
are reported to exist, which. fact probably indicates the presence of the
Hsiangchi coal bearing series. Thus it is evident that there is probably no
unequal stratigraphic developmenf; between the eastern and the western limbs
of the anticline as would seem to be the case apparently, the irregularity being
chiefly due to the unequal covering by the Tertiary cediments. It iz still

uncertain whether the Kweichow series will be found further east. Judging
from our present knowledge we are rather inclined to believe that this in-
teresting formation which iz so well developed on the western limb, probably
will not retain its extension toward the east. This is oneof the many problems
perding further researches. |

There is another structural difference between the eastern and the western
limbs of the anticline. The eastern limb is characterized by very gentle dip
angles varying from four or five degrees to as much as twenty degrees; while on
the western limb, a steep dip from twenty to fifty degress prevails. In other
words, this well known anticline is an asymmetrical one. Consequently the
outerops on the two lnbs present also a very different aspect. The eastern
limb, being rrentler in dip and again complicated sometimes hy local undulat-
ing folds, occupies a more extensive area, for instance the Ordovician
limestone west of [-Chang have an outcrop area not less than fifty or sixty li
in length. On the contrary, the western limb with its steep inclination
occupies as a rule a limitéd_ spacs; thus from Kung Ling Tan to Hsiang Chi
a distance of only 80 li a complete section from the Sinian formations to
Hsiang Chi coal series is beautifally exposed.

The Teze Kuei syncline: —From Hsiang Chi to Sha Cheng Chi the
strata form a great syncline with the city of Tze Kuei located just at the
center. Tt axis rums approximately from N. N. W. to 8. 8. E. being
parallel to » part of the valley Chih Chi. 1t forms a symmetrical syneline
having a dip of 40°-60°. The Kweichow formation oceupies the central part
while the Hsiang Chi coal series, Patung series, etc, fringes the two Iimhé of



Hisieh & Chao: Geology of I Chang & neighbouring districts 89

the syncline. The outeropson the north and the south sides of the Yangtss
have both a tendency to be connected to each other and thus to form a closed
hgsin,

The Pa Tung Anticline:—A fow 1i west of Tze Kuei the strata turp
gradually from the north-south strike to a east-west direction, and form in the
vicinity of Pa Tang an anticline. The oldest rock exposed iz Wushan

limestone which forms a central core of the anticline. The Yangté.e River

here coincides approximately with the anticlinal axis so that to the north of
the River the strata dip toward the north but on the other side toward the
south. The strate generally maintain a rather steep inclination; the dip
angle reaches 70° to veriical and 55° may be taken asan average. Gentler
dips sometimes nearing horizontality are not absolutely lacking, in fact at some
loealities they are rather common as for instance in the Hsiang Chi coal series
and a part of the Pa Tung series.. Such irregularities are considered to be
local features of no general importance, Therefore the Patung anticline may
be described as a closed and more or less symmetrical structare.

' ECONOMIC GEOQLOGY

Within the region surveyed mineral deposits are only sparingly represent-
ed. For lack of time, the'abandoned Wu Tze Shan lead mine located near
Kin Yang Ping in Hsing Shan district bas not been visited by us. Coaj
Ideposit coustitates almost the only important mineral resources within our
region of travel, of which two distinct coal fislds namely (1) the Hsiang Chi
coel field and (2) the Yeh Tan-Pa Tung coal eld may be briefly describeds
as follows: |

1) The Hsiang Chi cosl fiield:— This field exfends from north
of Hsing Shan at Hsiang Tan as far as Hsiang Chi and Yao Wan, the latter
1lies on the south side of the Yangtze. In general, the coal series runs ap-
proximately in a porth-south direction; but between Hsiang Tan and Hsing
Shan, it diverges a liitle, being from W. 8. W. to E. S. E. forming a crescent-
shaped curve. From Hsing Shan to Hsiang Chi by the way of Ta Hsia Kon,
the strike is more or less_parallel with the Haiang Chi valley, that is, appro-
ximsiely in 8 north-south direction, from which small divergences can still
be obsérved, for instance, north of Ta Hsia Kou ‘it strikes a little east while
south of it a little west froin the norma} dirsction,
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The northern part of the field including that of Hsing Shan and Hsiang
Tan produces a small quantity of coal enongh only to support the local
demand. East of Hsing shan, the coal series forms a closed anticline with a
littls part of the Ta-ysh limestone at its center which divides the field into
two distinet parts. This local disturbance not only steepens the dip, making
mining inconvenient, but also metamorphosed the coal into a kind of semi-
anthracite and therefore deteriorates its quality to a great extent.

* The most extonsively worked field is to be found in that part starting from
northeast of Ta Hsia Kou to as faras Hsiang Chi; here the coal series crosses
the Yangtze and reappeared at Yao Wan and Yuan Chia Tsun on the south
side of the River, still maintaining an approximate course from north to
south.

The entire length of the coal series from Hsiang Tan to Yuan Chia Tsun
has been estimated at asbout one hundred 1i which forms the western lirab of
tbe Huanyling anticline and the eastern limb of the Tze Kuei syncline. We
do not know what becomes of the coal series towards the north of Hsiang Tan
or south of Yuan Chia Tsun, for we have not been there personally. Judging
from the struciural ‘relations, it may be inferred that the coal series of
Hsiang Tan may extend much farther northwest while that of Yao Wan and
Yuan Chia Tsun may perhaps be connected with the Yeh Tan and Pa Tung
field to form the south end of the Tze -Kuei basin (Fig. 13). As the existence
of the lafter structure is still a question, the correctness of the above inference,
" therefore, waits still to be proved by observed facts.

The coal series here has a total thickness of about 250 meters; its detailed
stratigraphy has already been given in the foregoing pages snd will not be
repeated here. Coal seams numbering not less than 13 are said to exist in
this series and according to Mr. Hsiang Pi Kali, the manager of the Cheng Ta
Coal mine, their thickness and superposition are approximately as follows :

Intervening
Name of Seam ! Thickness (in feet) | Distance . Remarks Geological age
I (in_feet)
Sha Mei 4 in. to 3 ft. ,[ These two scams are Upper coal
! generally located on sories .
20 highar siope being above| (Lias)

a layer of conglomerate

¥Yeh Cut Pan 5. (at YaChiaHo) |
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Hung Hui | Variable 5 ft. being
mazimnm
m!
Mr Wei Shib Variable i
. aboatd . | .
San Mo 6-7 in. | gcod ‘coal
: 12
Cheng Mo 7in. ! Coal of best qaality
15 ' Lower coal
Ta Tan Few inches to 4 or Rather low in calorific | series of Bhaetic
5 tt. power age
153
Hsing Tish Tan | variable i
157
Yo Chi Tz 5 ft. { These two constitnte
the principal seams
120 worked in the Hsiang
Chi coal field.
Ta Chi Tza 5 i,
I Dbout 100
Chou Chi Tzn | Not yet penstra | Lying generally below
{ ! the present river bottom
| | &haa rarely been worked
|

According to Mr. Hsiang, all the seams tabulated above have been more
or lees extensively worked by the local miners; their _ﬂ)i_c_lmess as well as
stratigraphical position constitute such & variable and complicate matter that
the figure just listed can only be taken as an approximate information.
Because of the unsanitary and dangerous conditions of most of the mining
tunuoels we were not able to make underground surveying ourgelves in order to
verify or correct what we have just listed ; therefore we can only accept this
information in its present form. Mr. Hsiang also stated that the mining
tunnels located near the river side can only r-ach as far a3 the seam Hung
Huei; to mine topmost two seams, the Sha Mei and Yab Chi Pan, it is
necessary to open new tunnels on a "higher slope. 'i‘-his fact evidently
indicates the existance of certain compact ‘rock which may form as an
obstacle for the further progress of mining. Our field observation agrees
with this statement as we bave found the two higher seams are located
above a layer of conglomerate which is both compact and persistent. - Accord-
ing to our stratigrapbical and paleontological evidences this conglomerate
forms a dividin?li;:e | between tha ﬁpper and the lower coal series, and con-
-sequently we consider the two higher seams to belong to the fermer, of Liassic
age, while referring the rest to the latfer, of Rhastic age.

From Ta Hsia Kou to Hsiang Chi with a distance of fortytive li there are
sltogether seven mines(Fig. 18), all of them being worked after native methods
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and provided with no machinery, They have their mining claims laid out
in such a fashion that at present no more empty space is left. The following
table gives the names and approximate productions of these different mines:

Name of Mines Approximate monthly production
Tien Sun Mining Co. Receuntly organized, ndt yet producing
Cheng Ming ,, _ 500-600 tons '
Kwei Hsing ,, do

Tz Cheng ,, 200 tons

Yuen Ho ,, do

Cheng Ta ,, 600 tons

Kwei Yuan ,, Not yet producing.

Besides the above mentioned mines there are two more companies, ihe
Ta Hsing Mining Co. at Yao Wan and another one {the name of which is not
known to us) at Yuan Chia Tsun, both of them have only been recently
organized and, therefore have not yet reaching a productive stage.

The present total coal production of the Hsiang Chi field may be roughly
estimated at about two thousand tons & month, this inchiding however only
the Jarger and actually prodweing mines. If we are to consider also the small
mines, like those of Hsing Shan and Hsiang Tan, another thousand tons per
month may be added. Assuming that all mines, both produciﬁg and non-
producing at the present time, be worked to their full capacity, the maximum
total production may be as much as 5000 tons -monthly or 60,000 tons
snnually.

The coal produced is exclusively of the bitumihous kind and is quite
fitted for use in steamers in the upper Yangtze district. The price at I Chang
or Sha Shih is $24.00 per ton for lump coal and $14.00 for powdered coal.
For purposes of transportation, the mining companies here are geﬁerally
provided with their own boats yunning directly from the mines to I Chang.
These boats are of two sizes, the larger ones having a capactly of 50 to 80
tons while the smaller ones cafr_y only'two tons, River transporifation may
be carried on through the whole year but at-a very different rate of speed; it
generally takes two days for a trip to I Chang during winter or autumn, “but
much less, say half a day in the summer season. ‘[_'he. cost of transportation
ususlly amounts to about 6 or 7 dollars per ton, while the cost of mining
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requires op average of five or six dollars. The total cost for the mining and
marketing of & ton of coal, therefore,.requires abount $13 to §14. Taking this
figure into consideration and assuming a price of $24.00 at I-Chang, it will
make a net profit of arround ten dollars per tou, which is certainly a very
profitable business indeed.

The Yeh Tan-Pa Tung coal fields:—From Yeh Tan to Pa Tung, the
geological struciure forms a very closed anticline, on its northern limb,
the Hsiang Chi coal series is exposed. In the vicinity of Yeh Tan, the coal
geries is found on both sides of the river, lying underneath Kweichow forma. |
tion and owverlying the Patung series. It can also be separated into two
divisions, namely an upper and a lower coal series. At Yeh Tan the seams
principally worked belong to the lower coal series, although the upper series is
also oceasionally mined, but at Shih Men, 15 1li to the west of Yeh Tan, the
important coal seam appears to be of Liassic age, 1. . belonging to the upper
coal series.

The coal is a semi-anthracite of inferior quality. It has not only =
smaller number of seams,but also muoch reduced thickness, as the work-
able seams here attein generally not more than a foot. The reason for such
a deterioration both in quality and quantity is probebly to be attributed
to the closed nature of the Pa Tung anticline.

The coal produced is chiefly in the powdered form, which after being
mixed with ceriain parts of Huang Tu or yellow leam, is modelled into a
coai bricks measuring about 3''x 1" x0.6”’ in dimension. These coal brick.
are the principal domestic fuel used along the I Chang-Pa Tung districts
For every 10,000 pieces of such briéks, a price of $ 13.00 at the mine and
$ 25.00 to $ 30.00 in I Chang is charged. |

There is practically no_modern mining organization within this district,
all the small mines now existing are worked in a very primitive way
and they are almost exclusively owned by the local people. It is extremely
difficult t~ get any exact information on their real output, as they. are so
seattered in disiribution, and at present we must content ourselves with the
rough estimate which may be put at about two thousand tons per month,

On the way leading from Shih Men to Pa 'fung, outerops of a coaml -
series are exposed on the northern bank of the River, and. most of them
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have been worked rather extensively by. the natives. As to the southern
bank, becauss of the gradual broadening of the Pa Tung anticline, older
rocks like the Pa Tung series and the Ta Yeh Jimesione occupy a domipant
position and no more conl series can be found. Just opposite the cii‘y‘ of
Pa Tung, on the other side of the river, there are 6 or 7 native n::_ines
working an anthracite seam of rather inferiog nquality, the product of which
is mainly used to supply the local domestic demand-

For lack of a detailed survey and of reliable information, especially
regarding the number and the thickness of the coal seams, the coal resources
of the above described coal fields can hardly be determined at the preseﬁt
time. In the following table is given an approximate estimate which is
based upon our rapid recennaissance survey and on indireet inforraation from
the_local miness. _

Length of Thickness Reserve

Conl Fields Digtriet cuterop (meters)  (Tons).

{meters)
Hsiang Chi Hsiang Chi to Ta Hsia Kou 20,000 4.0 31,200,000
Coal Field Yao Wan to Yuan Chia Tsun 10,000 3.0 11,700,000
(Bituminous) V- Ta Hsia Kou to Hsing Shan 20,000 1.0 7,800,000
Yeh Tan—Pa Tung '
coal field Yeh Tan to Pa Tung 25,000 0.5 4,875,000
(semi-anthracite)

'I‘oltal Bituminous 50,700,000
Total Sewni- Anthracite 4,875,000
Grand Total = : 55,675,000

In making the above estimate, the specific gravity of coal was taken as
1.3 and the depth along the dip, at 300 meters, which is already sufficiently
deep for the present native mines; but for modern mines on a grest seals,
this is very low. Therefore a total tonnage of 100,000,000 tons for the
whole field or just double the amount given above may not be considered
too exaggerated. Among the different data lsted-above, the most unreliable
item is the thickness of the coal seams, which according te Mr. Hsiang Pi
Kaimay reach in Hsiang Chi distriet as much -as 10 meters for the aggregated
thickness of all the seams. This figure seerns to be much too high and for
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our purpose an aggregated thickvess of 4 meters for the Hsiang Chi field
was assumed. The. coal seawns at Yao Wan, Hsing Shan, as well as Yeh
Tan-Pa Tung. fields are said to be much i;hinher, sometimes not more than
one meter, 80 that we assumed the much smaller thickness of 3.0, 1.0 & 0.5
meters respectively for these three districts. Of the different fields, the
Hsiang Chi coal field .may bo considered the best, as it contains not only
a larger tonnage but also yields a coal of better quality. The Yeh Tan-
Pa Tung field is much inferior, both in quality and in quantity.

A coal sample taken from Cheng Ta Company’s mine has .he follow-
ing composition: (Analysis made by the Industrial Laboratory, Ministry of
Agrieculture & Commerce),

Volatile Fixed , .  Colorof Property Calorific

Moisture matter carbon ash of Coke Fower Sulphur
178 28.02 58.20 12.00 Light

brown Caking 7540 = 0.138
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SUMMARY OF THE FAUNAS FROM THE SINTAN SHALE.
by
AW, Grabau

ANTHOZOA

_ 1. Halysites cf.. cratus Eth, Jr.

Fenestrules large, longer than wide, quadrangular to polygonal, up fo
14 mm, in length, width not over 5mm. Large autopores nearly circular,
1-8 in each chain, average 4; up to 1.5 mm. in long diameter, and 1.3
in shorter; no spines. Mesopores in short reéntrant spaces giving sausage.
like form, transversely elongate. Tabule interspaces about 3 in 2 mm,,
sometimes 2 in 1 mm. Most abundant (Loc. 826, 826 A, 826’'). Originally
described from Silurian of Australia. Similar forms found in Canada and
in Bohemia.

2. Halysites hupehensis Gr. (8p. nov.)

Non-spinous, fenestrules up to 25 mm. long, by 5 to 15 or more in
width. Chains with 2 to 8 links in some specimens, 7 predominating.
Autopores oval with truncated ends larger than preceding 3. X1 3/4, t0 2.5X2
wm. in diameter, contracted at the ends to 0.5 to 0.75 mm. separated
by elit-like mesopores, which are often ahsent. Gonopores occasionally
present, then fairly large and variously shaped, Tabule arched, complete,
-about 1/2 mm. apart (Loc. 826, 828").

3. Favosites gotlandicus Lam.

Several characleristic fragments of large coralla of this characteristic
Silurian coral occur; corallites average 2 mm. in diameter (Loc. 826, 8264,
826").

4. Favosites nucleolatus Gr. (sp. nov.)

A sfnall subspbeerical to strongly lenticular form, 18-28 mm. in diameter;
corallites varying from 1 to nearly 2 mm. in diameter, margins indented
by rather strong spines; tabuls one-half to three quarters mm, apart (3
interspaces to 2 mm.). Often grows around foreign substances such s crinoid
stems, etc. Related to F. barrandii Pocta but much smaller. Common.
(Loc, 824).
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5. Favosttes iachlowitzensis Barr.

This characteristic Silurian form of Bohemia is reprosented by a large
disc.shaped specimen measuring 5 inches in diameler by less than 1 {/4
inches in thickness, and by another smaller fragment 1 1/2 inches in thick-
ness. These agrée in all escentials with the Bohemian form from Ftage E.
(Loc. 826’ 826 C ?).

8. Favostte$ fachlowilzensis Barr. var. lenfiformis Grabau (var. nov)

This is a common form, It occurs in small disc-shape& masses the
largest scen being 48 mm. in diameter by 16 mm, in vertical height, though
a somewhat mnaller specimen reaches a height of 22 mm. Corallites averaging
1.5 to 2 mm, in diameter, Young ones of various sizes and shapes appear
between the adulte. Base flat or depressed with wrinkled epitheca. Tabule

average 1 mm. apart, but both less & more. (Loc. 826,826 B, 826 C. 827).

7. Heliolites bohemicus Wentzel.

This characteristic Bohemian form from Etags E. is reprosented by a
number of fairly large disc-shaped or subhemisphseric masses. It is readily
distinguished from {he other forms by the closely set corallites with small
areas occupied by interstitial tubules. (Loc. 826'" 8264A, 826).

8. Heliolites megastomus Linn,
i)isc-shaped with flat base 70-80 mm. in basal diameter, by 85-20 mm.
in vertical height, easily: recognized by its large and distant macropores, up
to 2 mm, in diameter (Inc, 826, 826 C.). |
9, Heliolites interstinctus var. yangtzeensis Gr. (var, nov.)
Subhemispheric, with besal epitheca. Maciocorallites somewhat smaller
and-more close set than in typical form. Microcorallites large and less
humeroua; may be disticct 'species (Loc. 826 C, 826).
' 10. Heliolites decipiens McCoy
A single specimen showing the small macrocorallites which are about
0.7 mm. in diameter and separated by equal or greafer distances of small
micropores. (Loc. 826). | '
11. Paleocyclus fletcheri E, & H.
A sthall corallum 20 mm. in diameter and very closely turbinate with
plane of calyx of young at right angles to that of adult. Calyx of moderate
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depth with carinated sep'a. The species was originally described from the
8ilurian of Dudley, England, Several other larger specimens. {Loc. 826,"
826B). _
12. Platyphyllum minor Grabau (sp. nov.)
P1. 111, Fige. 1,2, :

Small forms resembling Calceola but septa much longer; later stages of
larger forms with alar sides sub-parailel and with cardino-counter axis scarcely
increasing. When parallel growth commences the coralium is straight
though slight irregularities occur. Stage at which parallel growth conmences
is variable, hence diameters vary. Never reach the size of F. sinense Lind-
strom from the Silurian of Chautier. Common. (Loc. 826, 826 B, 826C.).

18. Pselophyliuw zaphrentiforme Grabau (sp. nov.)
P1, X11, Figs. 5,6.

A representative of the Bohemian genus with central tabulated area
and with the septa formed of superposed lamellm as in Piychophyllum.
It is soopller than the Bohemian forms from Etage F. and commonly curved
and like s slender Zaphrentis in form. Common. (Loc. 826 B, 826,"* 820).

14. Cyathophyllum chaoi Grabau (sp. nov.)
Pl 111, Fig. 3.

Characterized by subeylindrical form and deep calyx. Strong distant
septa and vesicular dissepiments. Differs from C. prosperum Barr. io the
gmaller number of septa and more abrupt calyx. (Named after Mr. Y., T.
Chao. Loc. 826 B, 826),

15. Cystiphyllum cf. placidum Barr.

A form closely related to, if not identical with this common Bohemian
form of Etage E. Common. {Loc. 826 C, 826, 826, 827).

- 16. Cystiphyllum (Microplasma) pailv Gr. (sp. nov.)

| Pl. ITI, Fig. 4,

A long cylindrica.l form generally not over 20 mm, in diameter, but
specimens 120 mam. long, without change in diameter, known. More regularly
cylindrical than C. gracile Barrande. -Short septal ridges on cysis show it
belongs to genus Microplasma. (Loc, 826 C). Not abundant.

17. Enlerclasma 3sp.

Small specimens referable to this Silurian genus (Loc. 824, 825, 827
A, 827(.)
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GRAPTOZOA
1. Monograptus marri Perner
This Silurian form found in Bohemis and Great Britain, but not before
recorded from China seems to be represented by 2 fragments of polyparies.
The width is about 1.8 mm. and half of this is occupied by the hook. There
are 10 thecae in 10 mm. (Loc. 824).
2, Cephalograptus cometa (Geinitz)
A fragment 10 mm. long & 1.5 mm, in maximum width. (Loc. 824).
3. Climacograptus cf, scalaris His,

A short polypary with short stout virgulla; 11 theca in 10 mm, ; width 1.2
mm. rectangular thecs, horizontal apertural excavations; rare (Loc. 824).

4. Climacograptus sp.
A form with long virgula and oblique outer thecal walls. (Loc. 824}.
BRACHIOPODA
Pentamerus borealts Eichw,

This is a common form ranging in size from young specimens 24 mm,
or less in length to large shells 60 mm, or mors long, There is considerable
variation, as is shown in the following table:

1 2 3 4 5 6 7
Lfength 23.3 23.5 59.5 63.5 60.0 5600 83.8 mm.
Width 18.5 20.8 411.0 38.7 29.5 43.0 225 wm.
Thickness 150 16.0 32.0 33.4 38.0 321 19.3 mno,

Always much compressed under the beak which is flattened vertically
and strongly incurved, The brachial valve is always very shallow becoming
flat to gently concave near the front (Loc. 826, 826°, 827 A, etc.) |

2. Pentamerus cf, esthonus Eichw.

A single broad smooth shell with incipient plications, beak of pedicle
valve rather depressed (Loc. 8267). ”

3. Pentamerus {Conchidium) tenuiplicatus Grabau (sp. nov.)

P1. 111, Figs. 8,9.

Of the type of P. (C.) kinghtii but shorter and transverze with slender
rather sharp & numerous plications and a well-marked false area in the
pedicle valve. Resembles the transverse variety of P. kinghtii Sow;(Fig. 4 pl.
XVIk Davidson) but smaller. Also resembles P. (C) invalidus Barr. from
Etage £ (pl. 20 fig. 9a). Common (826) specimens generally crushed,
mueh crushed in shale (Loe. 827 A, 826 C),
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4. Stricklandinia iransversa Grabau (sp. nov.)
Pl. I11, Fig. 7.

In form like §. lirata but more transverse and with rectangular or
even acute cardinal angles. Surface smooth except for growth lines. Pedicle
valve with narrow hinge area, broad median sinus and slight concavity below
cardinsl angles, giving it a trisnlcate appearance. Brachial valve with linear
area and broad median fold. (L.oc. 848, 826 C),

5. Qlassia obovata. (Bowerby) var. magna Grabau (var. nov.)
| | Pl. 111, Fig, 10-12. '

This characteristic European shell is very abundant, but the specimens
are all larger than the English form (half again as large) and more nearly
of the size of the Bohemian form. It varies from circular to. wider than
high and when robust has a well-marked frontal emargination. The heak
is closely incurved and the shell is smooth, (Loc, 8268, 826 B, 826 C?, 828"},

Measurements give:

Length 19.6 14.8 17.0 mm.
Width 20.3 14,0 17.8 mm,
Thickness - 185 10.0 11,4 mrn.,

8. . obovata (Sowerby)
Small normal form (Loe. 824.).
7. Dalmanella eleganiula (Dalm.,)
A crushed specimen with high area (Loc. 826”').
8. Dalmanella sp.
A crushed valve of a transverse form, (Loe, 827 C),
9. Dalmanella cf. testudinaria Dalm.
Impressions of this Ordovician form with Triplecia grayie in Loc, 825,
10. Retzia sp. (cf; Rhynchonella borealis var. sinensis Kayser)

Small Rhynchonelloids of which one shows the form of Refzia, the
other the bifurcating plication given by Kayser as characteristic for his
Choutien form, (Loc. 827 C). '

11. Nucleospira pisiformis Hall
The form was also recorded by Kayser from the Si_lu'rian of Choutien,
{(Loc. 827 Q). '
12, Stropheodonta of. shinnziinensis (Kayser)

A small Stropheodonta (2 specimens) showing indistinct denticulation
on the hinge line and with the surface charactoers of the form described by
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Kayser from the West Chinese Sflurian (Loc. 827 C). Al:o a younger shell
from same locality.
13. Stropheodonta sp.

A small form nearly flat wilh strong distant striee and many finer ones
between (Loc. 826 ().

_ 14, Triplecia cf. grayie Davidson
An impression of a left valve of this Upper Ordovician form, or one
very close to it. (Loc. 825).

PELECYPODA.
1. . Orthonota antelonga Gr. (sp. nov.)

Somewhat smaller but of same typo as tho form from northern Kiangsi,
(Loc. 826 C).

GASTROPODA
l. Trochonema depressa Grabau (sp. nov.)
Pl, 111, Fig. 13.

A moderate sized form with the spire unusually low for {his genus,
with two strong anpgulations; the intervening area, as well as the shoulder
concave; umbilicus wide, margined by strong angulations. Common (Loc,
826 B, 828.).

CEPHALOPODA,
1. Orthoceras sp.

Smal! slender form with sub.marginal siphuncle. Septa 2 mm. apart

or a little less, moderately concave (Loc. 828),
2. Dawsonoceras sp.

A fragment with the annulations close together, averaging 0.8 mm. apart .
and faint. (Loc, 824). .
| | CRINOIDEA.

1. COrinoid stems.
Straight & coiled.
TRILOBITA.

1. Coronocephalus rex Grabau

Pygidia of small individuals of this or rclated species. (Loc. 827 A, 827
C, 824), '

2. Proetus latilimbatus Gr.
Pygidia and a few cranidia of small individuvals (Loe. 827, 827 C, 824)
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3. Harpes ¢f. veneulosus Cord. var, simensis Gr. (var. nov.)
PL. 111, Fig. 14

A number of cranidia of large size showing the characteristic marking

of the cephalic limb of this Bohemian species. (Loc. 825). Also one young.
4. Acidaspis octospinosa Gr. (sp nov.)

A transverse pygidium with 8 spines, 2 median of modcrate fength, next
outward a somewhat longer on each side, then a large one outside of these,
and a simnaller one at outer margin on each side; axial portion projecting
forward but not well defined (Loc. 825).

5. Acidaspis sp.

Another pygidinm apparently with 10 spines, the mediau two shoriest
and united at their bases. (Loc. 325).

6. Bronteus cf. partschi Barr,

A small form represented by several pygidia and a crapidium, and
having the essential character of this species of Etage E. of the Bohemian
Silurien.  The wedian pleural ridge of the pygidial limb is undivided, broad-
enihg gradually backwards. The axis is short, triangular and characterized
by one or more pits on each side of the raised center. (Loc. 824).

7. Iligenus asaphoides Graban (sp. nov.) |
PL I1I, Figs. 15,16,

A form resembling I. spifiensis of the Himalavan Ordovician, The
central part of the head is almost identical with that form but the free cheek
is very much broader and the axis of the pygidium is less distinetly demarka-
ted. (Loc., 825),

Summary.

Anthozoa 17 species & var. 8 new,
Graplozoa 4 . ” —
Brachiopoda 14 v 3 new,
Pelecypoda 1 . 1,
Gastropoda 1 . L,
Cepbalopoda 2 ' —
Crinoidea 1 ' —
Trilobite 7 - 5

Total 47 species & var. 18 new,
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PISTRIBUTION OF FOSSILS IN SINTAN SHALE

(Lojoping, 80 1i N. of Tung Hu Hsien or Ichang)
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SIT.URIAN FOSSILS FROM 1.0 JO PING, I CHANG.

Figs. 1-2.

Fig, 3.
Fig. 4.
Figs. 5-6.

Fig. 7.

Figs. 8-9.

Figs. 10-12.

Fig. 18.

Fig. 14.

Figs, 15-16,

( All figures ars in natural size)
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Platyphyllum minor, Grabeu,

1, a median-sized specimen; 2, a large individusi, Lojoping
series (Loc; 826 B),

Cyathophyllum chaoi, Grabau,

Lojoping series (Loc. 826),

Microplasma patlou, Grabau,

Cystiphyllun bed, Lojoping series (Loc. 826 C).

Pselophyllum zaphrentiforme, Gro.bau.

Pselophyllum bed, Lojoping series (Lo¢. §26 B).

Strincklandinia transversa, Grabau.

A large pedicie valve from the Cystiphylium bed, Lojoping
geries (Loc. 826 C).

Conchidium tenuiplicatus, Grabau,

8, top view; O, pedicle and 9b, bottom views of another in-
dividual. Cystiphyllum bed, Lojoping series(Loc. 826 C).

Glassia obovaia Sow. var. magna, Grabau,

10a pedicle view, 10b side view; 1la brachial view, 11b side
view; 12a pedicle view, 12b bottom view. Pselophyllum
bed, Lojoping series (L.oc. 826 B).

Trochonema depressa, Graban,

13a top view, 13b umbilical view. Pselophyllum bed, Lojoping
geries (Loc. 826 B). - - |

Harpes vereulosa Curd var, sinensis, Grabau,

A cranidium from the upper Trilobite bed in the Lungma shale,

~ Sha Mao Shan, Lo Je Ping (Loe. 825).

Illenus asaphoides, Grabau.

15, glabella; 16, pygidium. Uppor Trilobite bed, Lungma

‘shale (Loc. 825).
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GEOLOGIC STRUCTCRE AND PHYSIOGRAPHIC HISTORY
OF THE YANGTZE VALLEY BELOW WU SHAN

(With 8 Plates)

By ".. F. Yrr & C. _Y. Hs=ien

INTRODUCTION

Begun by the reconnaissance survey of Raphael Pumpelly in 1863
the geological sindy of tbe Yangize provinces has occupied probably many
more geologixts than those whose names(1 are nere given. The more important
works were contributed by von Richthofen and the geo[ogists of the Tokyo
Geographical Society, However students of geology, who read their works
and visit the fislds, all realize that much revision is still necessary.

Bince its establishment, the National Geological Survey of China
devoted much attention to the geology of North China, and syslematic field
research was not extended far to the Yangtze region until 1919. In that
year & new era was opened in the study of the Yangtze geology. 1In stead of
limited observation and sectional recconnaissance, gystematic mapping work
by provinces was planned and carried out. Each province is taken charge
by two or three geologiste and to be surved by 24 to 30 monthe of field work.
In 1919 Messrs. C. C. Liu & J. C. Chao began their Seld work in Kiangsn
and finished in 1923. Anbui is bring surveyed since 1923 by Messrs. L. F.
Yih & C. Li, and Hupeh, since the same year by Messrs. C. Y. Hsieh, C. C.
Liu & Y. T. Chao. Mr. C, C. Wang made two journeys in western Kiangsi
in 1918 and 1924 respectively. . :

In the Spring of 1924 Prof. J. 8. Lee with a group of students of
the Peking Goverrmment University made an excursion in the gorge distriet
near I Chang and contributed a great deal to our knowledge of the geology of

1) R. Pumpelly 1863-64
F. von Richthofen 1868-72
L. v. Loezy 1877-80
B. Wiltis & E. Blackweldar, 1903-04
E. 1°, Abendanon 1904
Y. I1shu & L. Sagimoto 1908-1911
8. Noda IS8T
V. K. Ting 1917



88 Bulletin of the Geological Survey of China

Hupeb. In the meaniime Dr. Grabau together with his students, Messrs.
Sun, Chao, & Tien in the Survey, siudied the fossils collected back by the
above mentioned field geologists, which study of course throws much light on
the stratigraphy of ths Yangtze region.

'The memoir on the geology and mineral resources of Kiangsu toge-
ther with four sheets of geological maps have been published by the Survey
1924, TReports as regards the stratigraphy of other provinces have also been
published successively either in the bulletin of the Geological Society or in the
bulletin of the Sur‘vey and part of the stratigraphicai date. has heen used by
Dr. Grabau in his ‘‘Stratigraphy of China’’, part I, published also by the
Survey in 1924,

It seems now desirable to bring fogether the field observations and
make a preliminary study from the structural and physiographical points of
view, although surveys in the Yangize provinces are not yet complete axcépt
in Kiangsu,

The writers are much obliged to Dr. W, H, Wong and Prof, A, W,
Grabau for their reading over the meanuseript and making suggestive
criticisms, and also to our colleagunes who rendered us assistance, we shall
oxpress thanks, |

STRATIGRAPHIC CORRELATION

To facilitate comparison a correlation table of .the stratigraphy in
the Yangtze provinces and a few words of explanation are here given. More
detailed descriptions of the principal sections have been published else-
where(! or will be reserved for future papers.

1). C.C. Wang:—On the Geology and Coal Resources ol the districts of Chi An, An Fu,
and Yung Hs‘sin in Kiangsi. Bull. Nat, Geol, Sur. China, No. 2. pp. 81-86,
C. Y. Hsieh & C, C. Lin.—S8tratigrapby of 8. E. Hupeh. Bull. Geol. S8oc, China, Vol.
3, p. U1,
L. F. Yih & Q. Li:—Geology of the Cosl Fialds of Hsuang Cheng and Chin Haien,
Anhui, Buil. Nat. Geol. 8arv. China, No. 8. pp. 13-20.

C. C. Lin & J. C. Chao:—Geology snd Mineral Resources of Kiangm. Mem. Nat. Geol,
Suarv. China, No. 4. 1524,

A. W, Graban:—Stratigraphy of China, pt. I. Nat. Zaol, Surv. China 1824,

J. 8. Lee:~—Feology of the Gorge District of the Yangtze from I-Change to Tzekuei......
......... Ball. Geol. Hoc. China, Vol. 3, pp. 830-3%2,

C. Y. Hsieh & Y. T. Chao:—A Study of Silurian Section at Lo Jo Ping, 'W. Hupeh and

The Mesaezoic Stratigraphy of the Yangtze Gorges. Bull, Geol. 8oc. China, Vol. 4. vp.
89-52.
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—@Geologic Structure & Physiography of Yangize Valley

-Yih & Haieh

Tocation of Bection | Between 1 Uhang Northern Hupeh [Southeastern Hupeh Nortlhieastern Southern Anhui Southern Kilangsu
: and Wu Shaa W. ’ . Kiangsi :
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Ordovician Nuichiushan Chinshan Tafun limestone Wushilunen Chenchiashan Lunshan Limestone
sories 111m, limestone 400m. . limestone 450m. licneatone 2200-Fm.
Ichang lime- Pingpa
stone 1350-1680m. | limeatone 1500m.
Canbrisn Shipai shale 200m. [Chinchispien
. . _shale (7) .
Binian T&ngying Limestone Shangchisoshan  |[Tabungling
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Authority J. 8. Lee, C. Y. Haieh|C. Y. Haieh, C. C. ™ |C. Y. Hsieh and C. C. Wang L. F. Yih and C. Li. Qmw% Liyond J, C.
ao. .

and Y. T. Chao.
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Correlation Table of the Geclogical Oolumns of the A.vhﬂ.mﬁa Valley, By C. Y. Hsieh and L. F. Yih.
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The Tahungling (KHt¥) serios of 8. Anhui consists of purplish and
greenish shaly sandstones in the upper part and grey shales in the lower.
The sandstones are partly schistose, while the shales are locally phyllitic.
Richthofen assumed the lower part to be pre-Cambrian and the upper pert to
be lower Palwozoic. Now Messrs. Yih & Y consider the two paris to be of
one series because the transitional part is composed of both sandstone and shale
and it is bardly possible to draw a division line between. Since the lower
part is an incompetant member and can easily subject to intense crumbling
and folding, therefore the contrast between a complicately folded lower part
and the comparatively regular upper part does not mean an unconformity.

By comparing the deseriptions and the band specimen, the Shan.
chisoshan (_EM#1ll) formation of Kiangsi is the same as the Tahunglin
series. The former lies conformably under the Wushimen (@41 4) limestone,
of which the upper part bears some undoubtedly Ordovician fossils, while in
its lower part a Trilobite of probably Cambrian age was found. BSo far no
fossils have been found in the lower formation and we tentatively classify it
into the pre-Cambrian or the Sinian. The phyllite mentioned in the third
column may be a part of the pre.Cambrian series. Its relation to the older
rocks was not observed.

1t is well undersiood that in the Yangtze provinces there are two
coal-bearing formations, the Permo-Carboniferons and the Rhatic—Jurassic.
In reality the basal part of the Lower Carboniferous limestone sometimes
carries several bitaminous coal seams of lenticnlar sthe, for instance, in 8.E.
and 8.W. Hupeh, in the latter part they are the priﬁcipnl geams 8o far being
worked. The next older ecal sories is entirely Permian, which seems o be
thinning out toward I Chang; for in the Wushan limestone near I Chang
only at the base of its upper division were seen some shaly beds. On the
other hand below the Permian coal seriee is nsually developed 8 succession of
cherty limestone of the middle Permian age, i. 6., the Choutang (%73%) and
Koofeng (M) limestone of Anhui and the middle Wushan limestones of W.
Hupeh, which show characters similar to those of the Lower Carboniferous
limestone. They can hardly be distinguished, unless fossils are found. TFor
this reason, the Yangsing (i} #)limestone in N. and 8.E, Hupeh may in part
correspond to the middle Wushan limestone.
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GEOLOGIC STRUCTURE

ARCHEAN AND ALGONKIAN AREAS

Four separate areas of older rocks are known io occur in the Yangize
Yalley below Wu Shan viz,1° Huanglin(35#) near I Chang, 2° Tung-Pai—
Huai-Yang range ($#) - #28814%),3° Chu Chow (&) along the Tsin-Pu
railroad, and4® Hai Chow (##) in N.E. Kiangsu (Pl. I).

Whether the first two areas are actually connected is not known,
for the upper part of the Han Shui (XK) valley has not yet been explored,
Between the second and the third, the region is largelj occupied by the Ho-Fei
(&%) plain in which remain s few isolated hills of porphyry or of Tertiary
red sandstone. The third and the fourth are separated by the lake basin of
Hun Che Hu (ZEEH). Most probably the last three areas form the inter-
cepted segments of an otherwise continuous range.

The rocks are gneisses, schista and phyllites occasionally intercalated
with quartzite. _The direction of schistosity and bedding plane can be clearly
recognized. In the gorges above I Chang, the schistosity and bedding plane
trend N. by E. and 8. by W. Between Chi Shui (J§K) and An Lo (XH)
on the east of Han Shui, they trend N.W. and 8.E. Ib the vicinity of Ta i
Hu Hsien (-ki##8), Anhui the main trend suddenly changes toward N E.
which direction runs continuously onward until to the coast of Hai Chow.

PALXEOZOIC AND MESOZOIC AREAS

Lying to the South of those Archean and Algonkian areas are
Palmozoic and Mesozoic rocks, of which the structures are quite complicated.
On the whole folding plays an important role. In this paper we are going to
present only the general trend of the axes of folding instead of desoribing the
details of the folds, for this, we believe, will bring out much better the
geolugical structure of the regions in question.

It must be borne in mind that a part of the Cenoroic rocks has also
undergone tilting and faulting, but this is not the same deformation that first
affected the Mesozic and Palmozoic strata. For this soason only the structural
directions of the Mesozoie and Palmozoic formatinns sre plotied on the map,
while those of the younger rocks are excluded.
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Western Hupeh:—In the vieinity of Chien 8su Hsien (F%:$E) the
trend of the axes of folding is N E, by E. and S.W. by W.. Further noth-east,
it turns to N. by E. and 8. by W., In the districts of Lai Feng, Yen Fen and
En Ssu (ZEM. 5, B 4E), the axial direction is N.N.E, and 8.8 W. Going
north-eastward, it bends toward N. E. by E. In the districtsa of Wu Feng
end Hao Feng (i M, E8%) and to the north of the latter district in the lower
course of Ching Chiang ({§iL) it becomes E. by S. and W. by N.

East of Han Shut and North of Yanyize :—From Hsiang Yang
(¥E8B) to Chi Shui (Hi7K) the direction of the axes of folding is N.'W, by W;
and S.E. by E. After passing the eastern border of Hupeh and entering
into Anhui, the strata along the Yangtze generally striks N.E. and S.W,
By comparing these changes of strike with those that happened in the
Archsean areas it soon becomes clear that the changes in both paris are almost
everywhere parallel.

Broadly considered the structures of both west and east of Han Shui,
form a syncline which is, however, much obscured by the younger sediments.

- South-eastern Hupeh and Northern Kiangsi:-=In S.E. Hupeh
the structure has been complicated to some extent by the igneocus intrusions in
the Ta Yeh and Yang Sing (kif.B#) districts. Nevertheless it can stil:
be recognized that the principal trend of the axes from Pu Chi (#¥) to Wu
Yueh (3X) changes from S,W. by W. and N.E, by E. to E. by N. and
W. by S. From Hsiu Shoi to Te An (/K. f8%) in N.W. Kiangsi, the
main axes of folding trend from E. by N. and W. by S. to E. by 8. and W.
by N.

Between 8.E, & S,W. Hupeh lies a lake district and the intervening
gtructure is buried under younger deposits. Judging by the outcrops of the
nearer ends of both regions, the direction of the axis of folding seems to
change from W. by N. and E. by 8. in the western side to 8.W. by W. and
N.E. by E. on the eastern side. There is therefore probably an arch-like-
structure convexmg to the south and in a broa.d way parallel to the bend of
the Yangtze river, nort.h of Tung Ting lake [HEEW) .

| South of Yangtze below- Kiukiang (JLIL):—In T'ung Liu and
Chiu Pu (M3, k) the strata strike E. by N. and W. by 8. Further south
the mian axial direction varies from E, by S, ja.nd W_. by N, to N.E, by E,
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From Wuhu (i) through Nanking (#5{) to T’an Tu(#}4#) the axial trend
along the Yangtze river generally changes trom N.E. by E. and 8.W. by W.
to E. by N. and W. by 8. From T’an Tu to Chang Chow (##), the strats
gfrike N.W. and 8, E.

CONCLUSION REGARDING THE FOLDS

Thus though the structural data are very scatiered as shown by the
map, they can give fairly well a general view of the structore of the Yaﬁgtze
provinees. Irrespective of the geographical divisions and the geological
formations except the Cenozoic, the axial trend of the folds swings from one
direction to another in rather a continuous and regular way. There are in
fact many complicated features in the field especially in 8.E. Hupeh and 8.
Anhui. There local complications are largely due to the heterogeneous
nature of the rock formations in different parts of the region and also to the
igneous intrusions and later earth movements. For convenience we date this
movement as Early Tertiary, Further discussions are reserved to the last
chapter of this paper.

The abrupt bending of the Tung-Pai-—Huai-Yang range or the so-call-
ed “‘arc of Huoshan’’$ has long been recognized. This chang of direction is not
only brought out by the topographic form of the range, but also shown by the
strike of the schistosity of the rocks and the bedding of the less metamorphosed
strata intercalated therein, Further more it is also in fall agreement with
the direction of fulding axes of the néighbouring' gsedimentary formations.

Regarding the last relation there are two explanations: I° ihe closely
parallel structure was produced by the Early' Tertiary folding which all rock
formations had undergone although ‘the schistosity and other metamorphic
effects of the older rocks must have been developed in much older times. 2°
The abrupt bending of the Tung-Pai—Huai-Yang range was produced early by
the pre-Cambrian earth fnovements that affected this general region. By the
Ordovician and Silurian up-warping$ the land was elevated in such a shape
that its southern margin—the Tong-Pai—Huai-Yang range--was Icur#ed just
like its bending structure and this land-mergin remained so through all the

§ V. K. Ting: Geol, of the Yangtze Estuary pp. 36-39, 1919, Shanghai.
§§ See Physiog Hist. in this paper.’
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later geological periods or the elevated land was originally irregular in shape
and was afterwards eo eroded that its southern margin curved according to the
geological structure. Then the sediments in the Yangtze geosyncline were
folded during the Early Tertiary time in accordance with the curved margin
of the old land to produce the parallel structure of to-day. However it is more
likely that if at the very beginning of the Early Tertiary foiding the relative
positions of the three land-masses—the Gobia en the North, the Tibetia on the
west, and the Cathysia on the southeast-——were actually as the palmographic
map$ shows; the direction of folds and mountain chains of to-day in their
intervenning geosynclines might be mechanically effected by the three
elements and reasonably produced as such and the abrupt bending of the
Tung-Pai—Huai-Yang range might be produced in the same way by the same
mechanieal influence.

PHYSIOGRAPHIC HISTORY
PALAECZOIC

The more remote the time we trace back, the more obscure the
physiographic history will be because the physiographic features of the old
cycles have been largely destroyed by the erosion of younger cycles, For the
sake of better understanding we sghall, however, start the physiographic history
of the Yangtze provinces by noting their geography in Palasozoic time.

8o far as can be inferred from the distirbution of varions sediments
and faunas there was, in the early part of Cambrian, 8 north-cast and south-
west geosyncline at the front of the Cathaysian old land. This was gradual-
ly submerged by the sea(l without there being any marked geological difference
north and south of the Tung-Pai-—Huai-Yang Range. Coming to the Ordovi.
cian period we percsive s faunal difference frora which we may infor that the
site of the present Tung Pai—Huai Yang Range (iSHi B 111JE) began to be
elevated and the degree of upheaval was at least enough to influence the
faunal distribution, if it was not actually a land.(2 Duoring the Bilurian time,
the Yangize regions were changed into & shallow sea and the Tung Pai-Huai.

§ Grabau: Loe. cit. Plate IV.

B. Willis: Research in China, Vol. 11, Piate 6.
I. Grabau: Stratigraphy of China Pt. I, p. 28.
2. Ihid. . 242 '
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Yang range was the svuthern margin of a land-mass.(¥ As no Devonian
record has so far been found in the Yangtze valley, these regions probably all
stood a3 a land during that period until the Lower Carboniferous time when
the land was again submerged by the sea,(# axcept the site of the Tung-Pai-
Huai.Yang range remaining as the southern margin of the northerh land-
mass. From Upper Carboniferous to Lower Permian, and from Middle
Permiian to the Triassic, the region had eswventially the same history( as in
the Devonian and Lower Carboniferous periods respectively.

Now, -the southern margin of the old land, 7. e., the Tung-Pai—
Huai-Yang range is worthy of more extended notice. In N.E. Hupeh theold
land is surrounded by the low hills of Tertiary deposits. In Wang Shih
Chiang and Fu Chih Kou (#1117, % #0) the rocks occuring nearest to the
Archesan area are Permian limestones. South of Chien Shan Hsien (FFil1%E),
Anhui the Archman rocks are separated from the hilly region of Permian
limestone by a bad land of red clay, 10 miles wide. South-west to the Chu
Chow (M) Archenn area occur the parallel ranges of Permian limesione of
northern Ho Hsien, Han Shan, and Tsao Hsien (%%, 411, 8%%:). The rocks
dip to the nor{;]j west in the northern part of Ho Hsien and the north-eastern
part of Tsao Hsien where occur repeated strike faults. Along the fault zone
hot springs are frequently preserit At Chu Chow the lower Carboniferous
limestone lies’ upon the Algonkian schists. What may be inferred from ali
these observations is that since this part of land had been the transitional zone
from ap old land to a geosyncline, the overlaping condition of the sediments
toward the land mass and dislocation of the formations due to the later folding
process seem to have been cdpnmon along this belt. However if such fault
had once any scarp, it was eutirely removed away by later erosion and cover-
ed by subsequent debo;sits.

MESOZOIC
During the Permo-Triassic interval the Yangtze valley below 8in

T'an was emerged from the sea. The latier retreated southwestward so tha
in the Triassic formation marine deposits gradually disappear toward the

8. Graban:—Loc. cit. p. 116,
4. 1bid. p. 220,
5. Ibid. plate 4.
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east and thick continental sediments take their place. 'fn the Jura-Cretaceous
formations the sediments are all of continental origin. Thas the Yangtze
valley during a great part of Mesozoic era stood as a land. This change of
geographic condition may be the result of & warping moverent, by which the
down-warped portions become local geosynclinal basins and received the thick
cantinental deposits brought down from the neighbouring land-masses.

EOCENE AND EARLY OLIGOCENE

Probably beginning from late Cretaceous and during a great part of
Early Tertiary, 2 movement of folding took place; the present configuration
of the principal mountains and rivers of the Yangtze provinces is due to the
Barly Tertiary folding.

All the mountains of the Vangtze valley may be classed under one
category, 1. e., folded mountains, either anticlinal or synclinal or rsanoclinal.
And even the abrupt bending of the Tung-Pai—HuahYang range may be
produced by the same movement.

The Han Shui at least below Hsiang Yang and the Yangtze below I
Chang have their courses parallcl to the direction of the axes of folding. The
term, subsequent river, can not be applied to these rivers in striet aceordance
with the definition. As they were probably developed in the curved synclinal
basin which possibly inclined slightly to the east, they may be-ealled longitu-
dinal consequent rivers ahd they in fact form one continuous river from-the
genetic point of view. It is true that studied in detail these rivers do not lie
entirely in synclines and do not everywhere run parallel to the strike of the
rock formations. These irregu]ariﬁes ‘may be the result of subsequent
read justm ent.

Ahove I Chang occurs the Huang-Lin anticline across which the
Yangtze river maintains an eastward course in entrenched meandering gorges.
With reference to the p.resent cycle of erosion that part of Yangize may be
called an antecedent(l or better perhaps a rejuvenated river. Itis hardly
conceivable that in the preceding cycle there already existed a mighty river
running eastward and antedating the period of folding. - 1t is also impossible
to suggest that this part of the river is superimposed on the peneplane (to be

1) Willis:—Res. China, Vol. I, pt. L. p. 838.
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mentioned below) so it has no connection with the structure just like the
rivers of the eastern North America, viz., Potomac, Susquehé.nna, Delaware,
ec. because in the present case there has been found no slightest deposit
which is likely to have occurred on the peneplane unless to suppose the
river was consequently developed on the warped peneplane. However the
last assumption bas the necessity of excluding the existence of any old
drainage on the peneplane before warping, which seems unreasonable.
Therefore we consider that when the Huang-Lin Anticline began to rise,
there might have come into existence a consequent stream running eastward
down the initial slope and that this by headward erosion captured the
drainage on the other side of the anticline, The Yangtze river above I

Chang might have originated in this manner.

LATE OLIGOCENE AND FARLY MiOCENE

The folded mountain mass of S. W. Hupeh varies from 1700-2000
meters in height above sea level. The even sky-line of the mountain tops is
clearly observed especially in Wu Feng(F%)and Hao Feng Hsien (% ¥5).
It serves a perfect evidence for the existence of an elevated peneplane in such
a folded region, Messrs. Hsieh and Liu called that stage of srosion the O-
Hsi (89g) stage (Pl. II, PL. III fig. 1} and named that cycle of erosion the
O-Hsi epoch, _

According to the order of geological and physiographical events the
time of completion of the peneplané must be considered as late Oligocens
or Early Miocene age. 1t is reasonable to Suf)pose that erosion kept up with
and continued after mountain-making and finally produced a peneplane.

In N, Kiangsi and 8. Anhui so far no evidence of the existence of a
peneplane is observed, while in Kiangsu Mr, Liu thought that the more or
less equal altitude of the bigh mountaing of that province may be an
indication of former peneplanation, However, we all believe that there is no
reason to suppose the O.Hsi 'peneplan'e to be of very loeal extension, It
might not be so perfect everywhere and was again destroyed during the next
cyele of erosion in other parts of the Yangtze valley.

~* At the end of the O-Hsi epoch the Yangize River was probably a
sluggish meandering stream on this peneplane.
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LATE MIOCENE & PLIOCENE

In the high mountains of 8, W, Huopeh there exisi intermontane
low-lands or basins in which are sometimes found the tilted purple sandstones
and congiomera.bas. Their height varies from 500 tn 1000 meters above sea.
The largest basin has a length of 20 miles and & width of more than 1 mile,
The best examples ars the Tai Ping Chen (&ZFEK) basin south-east of Ho
Feng Hsien and ttiose occupied by Ssu Nan (#iH) and Lai-Feng (2K%.)
cities, Messrs, Hsieh and Liu called them Shanyuan stage (intermontane
basin stage (IJERY) (PL III, fig. 2, Pl, IV, PL. V, fig, 1). Thus after the
formation of the peneplane the land was again uplifted, warped and perhaps
partly dissected. Brond valleys thus resulted to form the local basins which
afterwards received the sediments now represented By the red sandstones,

The relative order of the formation of the intermontans, mature
valleys and the deposition of red sandstone becomes a key to the correlation
of the physiographic stages in other parts of the Yangize valley.

In Nan Lin (WB5#) and Hsuan Cheng (ER) districts south of the
Yangtze river, there are low hilly regions of red clay and gravels(1 uncon-
formably overlying the tilted red sundstone (Chishan sandstone FRIIAF) that
is 50 coramonly seen along the river below I Chang., In the hilly countries
sometimes stand groups of mountains and isolated nobs constituted by the
Silurian quartzose sandstone, They aré residual mountains on a maturely
eroded Jand-surface on which were laid down the new deposits. Similar
topography was seen in the southernmost Anhui and in Kiangsu, This is
nothing but the topography of the Shanyuan stage. This epoch was there-
fore so long tha‘_a'(l) a peneplanéd area was elevated and the old drainage
was rejuvenated, (2) mature valleys ﬁere formed, (3) fluvial deposits were
laid dowa in the mature basins, (4) the new deposits were tilted or slightly
faulted by less pronounced movement, and (5) further erosion deposited the
still younger gravels and clay.

1. L F.Yih: Geol of the Coal Fields of Chin Hsien and Hsuan Cheng, Anhui, Ball.
Geol, Sury. Chin, No. 6, pp. 18-30, 1824,
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QUARTERNARY

Noxt to the Shanyuan (|ljJf) epoch is the gorge-cutiing period,
Accorling to the observations of Messrs, Hsieh and Liu, the intermontane
basing are now being cut by entreuched meandering gorges of varying depths,
which they called gorge stage, Corresponding o this are the tamous Yang-
tz0 gorges above I Chang. (P, V. fig. 2, PL VI, fig. 1.)

| Througmgauf the whole region of South Kiangsu no single canyon is
present, In south Anhui however there are incised meandering rivers (P,
VI fig, 2.) on both slopes of the watershede between the Yangtze Valley and
Buichow (##) basin and on the southeastern part of the former basin is the
border range of Anhui and Chekiang, Cuatting through this range is the
entrenched mesndering river of Sin An Chiang (FFEIL), 3. e., the head
water of Chien Tang Chiang (ZEi¥iL).

An explanation is needed to account for the gorge topography so
common above I Chang though absent bolow that place, These gorges appear
to have been formed as the result of the steady and continuous uplift of
the land and the downward cuiting of the existing rivers. If tbis is the case,
the south-western part of the Yangtze valley was undergoing up-warping,
while its lower part on the contrary was subject to down-warping., Different
phases of earth movement thus caused the different types in topography.

"It is a well known fact that along the Yangtze River below I Chang
there are so many lakes, great and small; some have been drained and others,
silted up, They have no relation with the local geological structure and are
not all ox-bow lakes, but can be explained only as the relics of a drowned river,
The period of drowning was the time of down-warping. In that stage the
Yangtze river below I Chang was probably an estuary like the Hudson River
of to-day below Albany in New York State, The submergence of the
Kiangsu coast(! seems o have taken place during the same period, this
explaining equally well the absence of deep valleys in that province,

The period of down.warping and 'drowning appear {0 have been
somewhat laler than ihe formation of the red deposits, sand, clay and gravels.
This is suggested by the distribution of the lakes, On both banks of the

1. V. K. Ting: Geolngy of Yangtze Estuary below Wuhn, pp. 87-48, Shanghai. 1919
C. 0. Liv: Geology of Kiangsu pp. 25-26, Mem. Geol. Burv. Chins, Ser. A No. 4, 1924,
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Yangtze in the vicinity of Anking (&B#), Kuei Chih ({§#h), etc. the lakes
usually extend into the hills and among the torraces of the red deposits, this
showing that before the occupation of the region by the water bodles the red
deposits were first dissected to some extent.

On the both sides of the lower Yangtze valley there are basalt buttes, (1
It is deserved to discuse at some length that what makes the relative order of
the drowning and the basalt eruption. Unquestionably this is a problem
of the stratigraphic age of the basalt flow, It is natural to assume that all
the basalt exposurss were formerly part of one flow(2 because they oceur elose
together in a same region. The underlying strata correspond to the younger
red deposits, (3 What lies apon the basalt way not observed in 8. Kiangsu,
but was seen in Lin Yen Shan (B%i), N. of the River by Dr, Andersson
snd Mr. Tung. It was regarded by the former as a local developmont of
loess and was named loam by the latter,

The loess in north China seems to decrease gradually in thickness
-and in occurrence toward the low latitude, Tt is already far less often seen in
Shantungt, It may be present somewhere in northern Anhui and northern
Kiangsu; but its occurrence near,or in theYangtze valazis alwayd questionable,

The writer (Yih) was strongly impressed by the sharp distinction
made by Dr. Ting in his geological map( between the Tatung conglomergte
on the South of Tang Chi (#B#) and the loess on the north of the city, so he
paid “special attention to this difference during his survey last Spring and |
followed it up with Mr. Li to the town of Tung Pa (i) in the district of
Kao Sheng(#{H), Kiangsu. We found that the red deposits (called Nanling
formation by Yih & Li®6) are extensively developed in the vicinity of Lang
Chi city, Going nerthward the same formation mostly becomes yellowish,
The difference in color is most probably the result of hydration of the red
sediments, 7 The same kind of change is very common in the superficial

C. C. Liu: hxmtpw
2. J. G. Andersson: Cenozoie of N. Chinsa, pp. 18-19, Mem Ser. A, No. 38, Geol. Surv.
Ching, 1923,
Ibid. pp. 15 & 21.
H. C. T'an: Comniunication to the writers,
V. K. Ting: Loe. cit. Plate one. -
Yih & Li: Loc. eit. .
G, P. Merrill: Roclk Weathering, pp. 248-44,

bbbl o
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part of the red deposits in southern Anhui. Further evidence is also furnijsh-
od by the agricultural condition in both parts of the region, since this forma-
tion is generally less productive everywhere than is the alluvinm. Mr, Liun
who has worked extensively in Kiangsu also doubts whether there is any true
loess although he obtained no positive evidence against its existence, Mr.
Tung once showed to the writer a specimen from Lin Yen Shan, which did
not look like a true loess,

Therefore we are of the opinion that the loam overlying the basalt in
Lin Yen Shan is a weathered part of the red deposits and the basalt eruption
is a sub.stage of the Shanyuan epoch, When the fluvial deposits were in
the making, basalt flows also came in, During the next period all the
depocits were downwarped and partly drowned. - _

Finally white the region of western Hupeh was contintously up-
lifted and gorges were being vigorously cut, the lower Yangize valley was also
slightly elevated, - Then the water retreated and its remnant formed the
lakes of to-day.

At present the entire course of the Iong meandering river below
I Chang is bounded on both banks either by rockformations or by the terraces
of the red deposits, Ii is evidently a less mature valley than its preceding
(1hJF) stage. The change of the stage of development, viz, the interruption
of the erosion cycle, is the effect of the last up-warping. Now even in the
high water season only the lake basins and the alluvial valleys in the dissected
red beds are inudated, but water has never transgressed over the terraces or
hills of the red formation, which stand usually 20 m. and more in height
above the river channel (Plate VII & VIII),

According to the study of Mr. J. 8. Lee,{! the Yangize River divert
ed its flow in the Mid-Tertiary time. This conclusion was based on the
occurrence of the Yaotze Conglomerate at Sin T’an because the pebbles of this
formation were said to be brought there only possibly by a flow running
from east to west, As this deposit 6ccurs_ in the gorges, it was appa.fently
formed during the gorge-cutting period, i. e, thd.Q,ua.ntarnary period accord-
ing to the general physiographic h'story here outlined. Most probebly it was

1) J.- S- Ideea Op. cit- pp. 382‘391.
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the time of drowning of the lower Yanglze when the river flow might bring
the detrital material up the estuary for some distance during the high tide
and & grest part of the same material could hardly be bronght back during
the ebb(! and therefore set down to form the local deposit, which explanation
can sgree very well with the general history of the region, and it can also
account for the source of the pebbles just as good as the diversion of flow
assumed by Mr. Lee.

To sum up the preceding discussions on the fectonic and physio-
graphic history of the Yangtze valley below Wu Shan, here follows a correla-
tion table,

DATE OF FOLDING AND CORRELATION
OF PHYSIOGRAPHIC HISTORY

From the above description on the geologic structures two facts
become obvious, viz,, the directions of the folding axes in the Yangize
geosyncline have been most probably controlied by the existence of the neigh-
bouring old-lands and the latt-r in turn have been deformed to some extent
by the same folding process. Now the guestion is when the folding took
place, Again in the section of physiography the sequence of events was
described under different geologic periods. Then the question arises again
how they are dated; especially the latter part of the physiographic history
needs more explanation. Siuce phygiographic features are largely the facial
expression of geologic structures and the elucidation of structural and phy-
siographical problems usually rely upon each other’s support, we are going
to discuss here the date of folding together with the date of the physiographic
events,

By stratigraphical evidence we only can say that in the region under
discussion all the formations ranging from Lower Cambrian to Lower
(retaceous in age have been conformabl y folded, In other words the orogenic-
movement began in late Cretaceons or entirely falls within post-Cretaceous
time, Howevera movement of warping has occured duﬁng the Permo-Triassic
interval. Owing to this movement, the eastern part of Hupéh and the lower

1) For inflrence of ticles on rivers and éffect of tides on transportation,see Geikie—Text
Book of Gev'osy, 18u8 edition p. 308 & p. 45).
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Yangtse valiey were gently upwarped and the Triassic sea retreated south-
westward and consequently the Triassic sedimenis are absent in the elevated
aress, Local basins, e.g., the Kuei-Chou basin (§§) of Hupeh, the Red
Basin of Szechuan, ete were thereby formed and received the Jura-Cretaceous
deposits, of which the charactérs and thickness vary in detail m differcnt
localities. Anyhow the Permo-Triassic movement was ‘not a pronounced
folding process. Oiherwise there must be marked discordance between the
Jura-Cretaceous strata and the older formations, which has never been obsery-
ed in the Yangtse valley below Wu- Shan,

The end of the post-Cretacsous folding must be dated much earlier
than the formation of the Tunghu series (a series of conglomerate and sand-
stone in E, Hupeh equivalent to the Chishan sandstone in Anhui and the
purple sandstone & Ch’ishan sandstone in Kiangsu). The fact that the
Tunghnu sandstone lies in various erosional basins and valleys which swere
carved out of an elevated, peneplaned land is quite clear and definite among
the physiographic features in this region. Unfortunately so far no fossils
bave been yhet found from this formation though it has been well established
by the recent observers on the structural and ‘lithological evidences(l as a
separate group of deposits younger than the Kueichou series. This may be
further proved by the observation of Willis and Blackwelder2. They saw
all the Palmozoic and Mesozoic formations have been metamorphosed at the
immediato southern flank of the Tsing Lin Shan, but not the Shi-chuan.
sandstone. The latter is no doubt the same sandstone that is here named
under the Tunghu series though it has been regarded as Jurassic by the two
geologists. _ "

After the close of the folding process and before the deposition of the
Tunghu series successively took place the compietion of the O- Hsi peneplane,
its elevation, and dissection. Apparently there should he an interval of time
long enough to allow the accomplishment of these events. |

1} J. 8. Lee:— Geology of Yangtze Gorge. Bull. Geol. Soc. China, vol. 8, 1424, pp. 382-89,
C. Y. Hsiel; & Y. T. Chao:~—Geol. of I Chang, Heing Shan eic. Bull. Geol. Sur.
China. No. 7, pp. 13-86, i .
Formerly the Tunghn series at I Chang was regarded a8 a “recurrence of the K'unichou
series”. 8ee R. Willis;=Res. m Ching vol. 1, pt., L p. 286, E. Q. Abendanon:—Struct.
Geol. of the middle Yangtse (orges. Jour. Geol. Chicago, vol. XV, p. 606; 1908, & S,
Noda: Geog. Research in China, vol. 2, Geol. map of NE. Hupeh.

2) Willis:—Rea, China, vol. I pt. I, p. 300 ' .
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Among the previous workers on. the structaral and physiographical
problems of Yangtze valley, B. Willis & E . Abendanon are to be first
remembered. The. following conclusions are reached by the-former geologist.

“So far as our own observations go the date of folding in the middle Yangtze
provinces is later than the highest beds in the K’uichou series, that is post Triaasic,
as the strata appear to be conformable from the Carboniferous up. The conclusion is
not final, however, since our observations are incomplete and are in spparent contradie
tion with those of vou Richthofén in the Red Basin of 8zachuan at Kuang~-ynan-hsien
(Kwang-yuen-haien) 250 miles, 400, km., further west. He observed an obvious
unconformity at the horizon beneath the Permo-Mmomiq, at which we observed
apparent conformity of bedding in repeated exposures and over a wide area” (1

The K’uichou series of Willis is now known to represent the
‘Priassic. Juressic, and Lower Cretaceous formations. The lower limit for the
date of folding las therefore o be set further up that is post-Cretaceous
instead of post-Triassic. As to the ‘‘obvious unconformity’’ observed by
Richthofen(2 and Loczy(3 we can not help thinking that it is doubtful. If we
compare his descriptions of t'ie various geological sections(* with our recent
observations, the Silurian formation (h), Permo-Carboniferous cherty limestone
(f}, Pérmian coal-bearing series (e), and Permian thin.-bedded limestone(A)
which he described from the northern border of Szechuan all seem to occur
just as completely in the middle Yangtze valley, It can hardly be understood
why there is a structural unconformity, but no stratigraphical break, There-
fore Richthofen’s unconformity is most probably a fauli contact in such a
dislocated zone where his section was made. Abendanon’s conelusion can he
obtained from the following quotations{f: —

“Formerly 1 have already observed that the anticlines which in Red Basin
strike almost NNE-SSW, are bent round in the north aud east loward the NE, ENE,
& E. To explain thia, I assumed the Red Basin had been forcibly pressed up against
the old mountsin ranges of Kuenlun and Teing-ling-shan trending in almost equétorial
direction. The trends in thees border ranges of the Red Basin do not therefore con-
form to the normal in the basin itself” (p. 588). '

1) 1Ibid. p. 205,

2) China veol. 11, p. 603. )

3) Loczy:—Reise des Szecheny, vol. I, profiltafel 11 & p, 685.
4) China vol. IT, pp. 598-808.

5) Abendanon;=op. cit.



108 Bullstin of the Geplogical Survey of Chine

“The tolds of the Bed Besin of Sei-chuan are of Iater date than the K'ni-chou
tormation’ (p. 589).

“The deviation of the anticline of Pa~tung, which in general traita has an
equatorial direction, to a meridional one, the ocdnvex side of the bend turned toward
the NE. * * * * Thisdevistion mnst have been caused by the powertul
antidive of Nan—t'ou * * *  This fact shows, firstly, the capacity of
resistance gf the anticline of Nan-t'ou which resigtance would seem to me impossible,
it a great fanlt really existed. And,mdly,_thnttbooriginoﬂhemﬁoﬁmo!ﬂnn—
¢t’ou must date belore the fglding of the Red Basin™ (p. 599).

Accordingly there are two episodes of folding in the middle Yangtze
region, viz., the first one bringing up the Nan-t'on anticline (called Huangling
anticline in this paper) which is of the same age as the Kuen-lun and Tsing-
ling-shan, i. e,, Hercynian and the second building up the Pa-tung anticline
and other folds, which is of Hymalayan age.(!

As we can understand from the previous works, the European
geologiss and geographers who have been working in the mountain systems
of central Asia and southwestern China commonly assumed that the old
systern of Kuen Lun and Tsing Ling Shan has a W-E trend, while the
Hymalayan system represenrted in Chiuva hax a meridional direction.(? Thus
they seem to take as granted a constant relationship between the age of moun-
tain systems and the general trend of their ranges. Such a relationship is,
however, not necessary While the direciion of application of the orogenic
force is constant during a definite poriod in a definite region, the folding axes
may quite well take various directions owing to .Qhe resisiance of old lands or
to other local causes, - For example, the aedmmnts ina geosynclme bounded
- around by blocks of old lands may have their axes of folding parallel to the -
margin of the respective neighbouring old lands. By looking at the map of
continental stricture of Asia(d and the palmogeographical maps of - Asis,
particalarly those showing the Permo-Mesozoic conditions, this possibility will
be more readily recognized.

1) See “The Alps of Chiness Tibet & their geog. rclations by J. W, Gregory. Geol. Jour.
London, 1913 and the relerences given there.
2) Dr. W. H. Wong is of the same opinion. See Liis summary (in Chinese) on the study of
' thie Mountain Systems in_ Asia & Ohtina in “Science’ published by the Science Saciety .
in China, 1924,

3) Research in Ching, val. 11, pl. 8.
1) Palneog Mape of Asis by A. W. Grabaug, Geol. Surv Chml. 1925,
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The Nan.Ton ares might have been-gently uplifted with its eastern
sorrounding countries by the Permo-Triassic epirogenic movement; but it was
not necessarily & fold at that time, Furthermore the evidences(l by which
Dr. Abendanon proved the Nan-Tou area to be a land-ridge during pre-Upper-
Carboniferous time and also to be part of a dividing line during the Upper
K’ui-chon time are not confirmed by the recent observations.

From the preceding discussions we hope to have brought out the fact
that there aré no Hercynian folds in the middle and lower Yangtze regions.
All tho Palsmozoic and Mesozoic formations seem to have been folded by only
one post-Cretaceous movement. Whether the latter is somewhat earlier
than the Hymalayan episode or exactly Hymalayan remains $o be further
discussed. : | |

In view of the impossibility of making direct comparizon between
the latest tectonic history of the Hymalayan mountains and that of the Yang-
tze valley, some comparable means can be sought only from the regions
adjoining the Yangtze and where the Tertiary history is hetter known.

Starting northward from Pukow by the Tientsin-Pukow railway
there is firstly a maturely eroded landsurface in the south of Huai -He (),
of which & small part is a billy region of moderate height and the rest is
alluvial plain; the former is constituted by various.geological formations and
of various structures Between Pen Pu (#ifi) and Li Kuo Yeh (FHR) the
country shows & still more advanced stage. " The hills are more subdued except
the group in Shu Hsien and Hsiao Hsien (JBEE.HEE), which is relatively
higher and more extensive, From Tung Shan Hsien (§i§ilJ¥E)to Li Kuo Yeh
the railroad lies almost on & plane surface levelled over a geries of limestones
with fairly steep inclination. This proves that the land bas in a great part
reached the stage of pensplane, but has largely been buried under the alluvium ;
and the hills and mountains are simply the remnants of erosion. This adv-
anced mature landsurface can be traced in fact southwestward as far as Ho
Foi Hsien (&) in N. Anhui and Hsin Yang ({#%3) in 8. Honan and
castward as far as the Tung Hai Hsien (W) coast in Kiangsu. The

1) op. cit. pp. 811-612,
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peneplaned surface extends further northward from Li Kuo Yeh; but becomes
valleys and intermontane low lands such as the Ssu-Shui (JWsK), Yi-Bhui
" {¥k), Hsin-Tai (Fixk), Meng-Yin (Epe), and Wen-Ho (&) valleys in
Shantung. (1

The important bearing of these peneplaned areas lies in the fact that
they are post-Eocene in age, for they bave bevelled ecrosg the post-Eocene
fault’ scarps and the very broad folds of the Eocene deposits.¢ On the same
maturely eroded landsurface were laid down the younger Tertiary sediments;
the Hipparion-bearing red clay of early Pliocene in SBhantung and the Pukow
sandstone, the C *i.shan sandstone and the Yuhuatai formation in the vieinity
of Pu Chen (#§3%), Shu Chien ({838), Ho Fei, otc..

‘After the persona} observation of Mr. C. C. Lin in Hupeh he regarded
the Pukow & Ch’i-shan sandstones and the Tunghu series as contamporaneous
deposits. The ressonable correlation of the Yuhuatai formation in the

vicinity of Nanking with the red clay formation in $he Yangtze valley has been
stated in the foregoing chapter. By comparing the lithological characters and
geological mode of occurrence, the red clay of the Yangtze valley can be said
identical with the Hipparion clay of Shantung and Chihli; but 19 equivalents
of the Tunghu series have been found in Shanhing. Then the basement, the
advanced uig.t.ure landsurface in the North of the Yangtze, can only be corre.
lated to the erosional basin stage of the Shanyuan epoch in the South of the
River, and it is, in consequence, somewhat later than the age of the O-Hsi
peneplane.

Tbus the foregoing discussion leads us to the conclusion that the
‘movement of folding of the Yangtze provinces ﬁight have begun early in late
Cretaceous, but accomplished its main work during the early Tertisry, Eocene
or inclnding a part of Oligocene. Therefore its age is somewhat earlier than
the Hymahjan. After the folding was the completion of the O-Hasi penep]ﬁ.na-
tion, whereas in Shantung only a very gently warping occurred during the
eorrespdndihg pé?lﬁﬂ‘f::vhich resulted in the formation and migration of the

1) Nanking-Weihni Geol. Sheet (1:1,000,000) in press, Geol. Surv. China will show the
fact precisely. :

2} H.C, Tan:—New Research on the Mesozoic & Tertla.ry Geol in Shantung, Bull Geol,
Sarv, China, No.6 pt. 2. 1923, Geol, Sections & pp. 127-135.
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lato-Crethooous and Eocene depoéits.(l Next were the elevation and the
dissection of the Yangtze peneplaned areas, which corresponds to the faulting
and advanced mature erosion in the northern province. Afterwards both
regions were locally covered by the purple sandy und clayey deposits. The
latter were equally slightly tilted hy late Tertiary movements and followed by
accumulation of the. early Pliocene claj’s. The rest of the tectonic and
physiographic events stated in the previous chapters must fall within the
Pleistocene period, which also agrees with the general experience that the
Plio-Pleistocene warping was really » mountain-making process and has
establiched the present topographic relief of eastern Asia. (2

In closing we should mention that we are not going to correlate the
physiographic stages distinguished here with those established by Willis in
Shansi and Chihli and modified by J. G. Andersson,3and also those adopted by
Deprat(4 and commented by J. Coggin Brown{5 in Yunnan and even those
recently discovered in Mongolia by C. P. Berkey and F. K. Morris, (6 88 We
believe that the general sequeices of events are all similar and correlable
each other.in a very broad way; but will not agree exactly, since the time
~ of beginning and end of the earth movements and of the erosion cycles and the
‘amount of relief brought up by different movements, etc. must be too variable
in different parts of the continent. Exact relationships will be definitely
understood only when enough data in proportion to the area covered become
~ available.

1) H.C. Tan:—op. cit.
2) Res. in China, vol. I1, pp. 96-98.
. M. Deprat:—8uor l'importance des movements epirogeniques recents dans 1"Ame
sud-orientale. - Comptes rendus, t. 152, p.-1527, 1911. :
8) L. £. Yih;—Geology of Hni Shan, Mem, eal. SBurv. No. 1. pp. 65-77.
4) M. Deprat:—Biude que du Yunnan oriental. Mem. du Serv. Geol. de 1’Indu Chine,
Vol. 1, Fasc. 1, Pp. 860-357. ) ’
5) Records geol. Surv. Indis, vol. XLIV, pt. 2, pp. 1168-122, 1814,
.6) Berkey & Morris;—The Peneplains of Mongolia, Novit, Ne. 180, Am. Mua, Nat. Hist.
N.Y.
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EXPLANATION OF
PLATE II.




Panoramic view from Chl Shu Hsia (#¥), Pa Tung (W) district, showing the
structure of the Sze Ty Ho (M) & the elevated & dissected peneplane. The hill
at the middle of the picture is fo-med of Ordovician limestone while the valleys on
both sides are Iocated in the zones of the Silorian soft shales. The high tops forming
the dis'ant sky-line are formed of Wushan limestone. The Ordovician limestone forms
here the ceniral core of the structure. The uniform elevation & the even landscape
of these hills suzgest clearly the existence of a peneplane. On the ri'ght corner of this
picture is shown the valley of Sze Tu Ho. Its deep canyons & precipitous walls have
rendered the travelling here extremely difficult. Looking E. (Photo by Hsieh & Liu).

WAE AR TRHANESAGZ 2R B ZBNUBSRMERY, GRMZAL KN LES.
RFEFLIORAADe. B2, FROERAFE. EMLEETENZON. RUEFEE
ZOFEANE WZAA. DEKN. REMRTEEZ. HRAR GHDE).
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Fig. 1.

A general view of the Ohsi stage (SEHEN), i, ¢., the stage of peneplanation
which is characterized by the even sky-line in the background. The eleva-
tion of this peneplane in W. Hupeh varies between 1700-2000 meters. The
maturely dissected hills with a flat depression shown in the foreground
is a typical view of the Shanyuan stage (UK ¥). Looking E. from Shih Ma
Ling (FEM), N. of Sze Nan (J§Hi). (Photo by Hsieh & Liu).

. BEBNEFEZEE. R ZAER, ONTRINE. EEERA. GEEIERE—

FLEZ-TARAY. BERBRIMEANZ RN K 2HE QURAZHE BRI
B FETH IR ©3 0 0 e (U TNER) .

. The red basin of Y:n Chia T'u (J8%TE) south of I Chang (X §),a basin of

Shanyuan _stage. Looking N.E. (Photo by Hsieh & Liu).
FEEREEE AR MURTEZ -~ WML ().
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Fig. 1.

Fig. a.

The famous Chih Pi or “Red Cliff" (#}5%) on the outside of the city of
Hwang Kang (¥#&). The section consists of alternating beds of red
sandstone and shale (Tunghu series) dipping S. W. about 35 degrees. Look-
ing N. W. (Photo by C. Y. Hsieh & C. C. Liu).’

KR ZRRE. BHEFHASERIEZEM(NER) L. SSAMHGER. &
WPELE (HRRHERE)

The even toped ridge behind the trees with a steep solpe on one side is form-
ed of purple sandstone and shale (Ch'’ishan sandstone) dipping gently to-
ward. S. E. Its surrounding mountains are formed of pre-Cambrian shaly
sandstones. It is the N. W. part of the Hui-Chow rad basinl corresponding to
the Shanyman Yasin of Hupeh, Taken at Yen Chiao (i), Hsia Ning Hsien
(k%) . Anhui. Looking E. (Photo by L. F. Yih). :

. BAZAETL. FRODERIUEGRUMNAR. KEKHGE. tREL. MAREN

BEERMAEZOZELMME. AP ZWEZHRET E(EEMET RRREW).
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Fig. 1.

Fig. 2.

FXPLANATION OF PLATE V

A cfose view of the topography in the basin of the Shanyuan stage. Rolling
hills with rounded top and gentle slope frequently intervened here & there
by flat valleys & basing at different elevations are the characteristic features
of this stage. Two intermontane valleys or basins are shown here; one in
the foreground 500 n: high & the other 1000 m. high near the upper middle
part of this picture. Looking 5. W. from the north of Ki Sin Chang (#L.23)
in Sze Nan district. (Photo by Hsleb & Liu).

IRHEE R 2 E k. BORETERZA L, MAFEARE £, BN
BB IRR. EPAHLR=, —SRANZIAE. BNSENST2R. X—IARE
29, BH—-F2R. RALEHIHACRMME. (N

A view showing the contrast between the gorge stage & Shanyuan stage, the
former is iljustrated by u\ deep canyon & the latter, by the rolling and round-
ed hills shown on the top of this picture. All the rocks here are Tayeh
limestone with a dip varying from 20-50 degrees. Among the rolling hills
there can be seen clearly from the picture a plain having an elevation of
about 600 m. - This plain indicates the remnant of a former local erosional
pl.aln and forms therefore one of the sub-stages in the Shanyean epoch. As
the canyon hers is cutting into the Shanywan surface the development of the
former apparently marks onc of the recent physiographic events of the
region. Looking S. E. from P:i Lin Tou (G#5) north of Sze Nan. (Photo
by Hsieh & Liu), ' '

SET 2 e DL B2 R HEME IS, RECBERALFEZE. WkH

—R, BATWAR, NENPEZIN, BUNERZGY BREZSHK, CRALNE
ZHE, TRRAIER, B RaRE s NEE. SRAESSEANEE. (N

W)






EXPLANATION OF
PLATE VI.




Fig. &

Fig. 2.

Qorge of Tsing Chiang or Chang Tang Ho ai a little distance east of Tiu
Chiu (XEE) in Chang Yang district (RM). The high picturesque mounntain
in the background is formed principally of Tayeh limestone. Laoking
East. (Photo by Hsieb & Liu).

. RERRSHAEZRIBE WheED. RiknaRERR. BRSNS

A view of interlocking mountain spurs and narrow valleys, the typical
topography of vouthful dissection of the highest water-shed between the
south of Yangtse and the Hui-Chow basin. The valley at the middle of this
picture leads to the village of Shang Jo Keng ( +3£3X) from Chu Ken Ling
($iM). Looking S. (Photo by L. F. Yih).

BRLAXBARPDZKE. DRAIHRAGHZE. ANENNZA kA, XPeDIR
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Fig. 2
#-N

« (ravel, sand & clay deposits at Yang Shan Chi (¥£iliih), 3 1i east of Tatuag

(kil), Anhui. Gravels not well sorted. Inclination of the gravel boeds may
be initial. (Photo by L. F. Yih).

< KARZRKE. PURZELTBTFREMN. AL b Z0A. WAEE. TRy ks o

£ KRBTy Z N A S B (KA.

. Showing the youthful dissection of the red clay deposits’S. W. of Hung Kan

Hsu (20947, Ni Feng Haien, (r®#) Kiangsi. (Photo by C. C. Wang)
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A distent panoramic view showing the youthful dissection of the red clay deposits in
the border region between Chin Hsien & Hsuan Cheng (B AWR). In the background
& the near foreground are red clay bills or terraces. In the middle is an alluvial
valle,v‘. The deposits lie upon the maturely dissected landsurface of the Shanyuan
stage. Looking w. (Photo by L_F. Yih).
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URMIATHERIUM INTERMEDIUM. (SCHLOSSER)
BY

A. B. BoHLix

Syn. Pseudobos intermedius ScHLosagr?
Chilinotherium tingi WiManN?

In 1922 a curious animal from the Chinese Hipparion-fauna was men-
tioned” under the name Chilinotherium tingi. This animal has now been
recognized as a cavicorne very closely related to Urmidiherium polaki RopLER
from Marﬁgha3’ and identical with Fseudobos intermedius? from China,

The remains consist of a great number of more er less complete skulls,
some of them with the lower jaw adhering, a fragment of about the sams
extension as the Maraghian fossil, several fragments of upper and lower jaws
with teeth and finally a perfect ntlas.?

The most striking feature of the skull is the large common born-base,
which extends from the posterior ends of the nasal bones almost to thie upper

edge uf the supraoccipital, The parietal Lone is perhaps reduced to a narrow
strip as in the case of the cow (Fig. 1),

Fig. 1, Urmiatherium intermedium Lateral view of female () eranium, 34 na®giza.

-,

1) RcrArosser, Die foasilon ﬁﬁugathiere Chinas., Abh. d. K. bayer. Akad. d. Wiss. I1. Cl.
XX 11, Bd 1. Abth. Miinchen 1604,

2y G. AxDERSsON ni. fl., Inssmiandet av ostasiatiska fossila diggdjur. Prof. J. G. AxpERs-
soNa vétensk. arb. 1 Ohina, Yimer H. 2, 1922, Stockholm 1422,

3) Robrer, Urmiath. polaki, Denkschr. d. Kais. Akad. d. Wiss. Mat.— nat. Cl. Bd. LV],
Wien 1889, ' :

4) Lately akelaton bhones, which probably belong to this epecies have also heen found,
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Such horn-bases do not elsewhere occur among the eavicornes of this
period, and this explains why this speciespas well'ag Urmiatherium polaki,
has been grouped with the Sivutheriinae, the only group of Artiodaciyls,
where anything like this exists.

Further, the basis cranii shows a strange developmeni, On some of the
skulls, probably those of females and young animals, the basioceipital is of
fairly ordinary shape (Fig, 2} ; on most of the skulls this bone is very thick
with an inferior and a posterior surface forming an obtuse or even a right
angle with one another. Probably the different development of the besis

eranii has some relation to a- different development of the horns in animals
of different sex or age.

Fig. 2.  Urmiatherium intermedivm ’slatal view of female (1) cranium, 3§ nat. size.

The teeth are extraordinarily high as is shown by the followiug table:?

P, P, P, M, M, M, e P2 pt oMb oM oMB
length 11 17 287 88 12 13 13 22 29 28 mm.
bresdth 9 10 142 15 10 12 15 21 * 25 29 mm.
height 12+ 16+ 41 41 184 194 104 25+ 86+ 41 mm.

The lower teeth agres completely in shape and magnitude with those of
Pseudobos intermedins. The unworn specimen, which I have seen,? of
upper molars is quite different and surely does not belong to this species, It
is much lower and the enamel surface has quite a different structure,

I have changed the name Chilinotherium to Urmiatherium, because the
Chiness species is almost identical with Urmiatherinm polaki from Maragha..

1} These measuremants are not from the individual figured in fig. I and 2.
2) Professor ScuLossER of Munich has kindly sent me a collection of Chinese antelope
teach for comparison.’
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Only the size and some unessential details in the structure of the cranium
are different; the massive horn-base, the development of the basioccipital, the
form of the supraoceipital etc. are common to both species.

The teeth of Urmiatherium polaki are unknown, but probably some
teeth described by WEeITHOFeRY as Antilope n. g. mazimus belong to it.
ScHLosseR” put them in the genus Ireudobos. They are a great deal larger
than the teeth of Pseudnbos interwnedius, which agrees with the fact that
the skull fromn Maragha is larger than-that from China.

- The relation of the genus Urmiatherium to other genera is not yet quite
clear, The skuall shows a strong rvesemblance to Criotherium argalioides
ScHLosSER? from Samos but is not identical. The horns, for instance, are
of different shape and their place on the skull is different, As the teeth of
the two genera are very similar o one another, there is no doubi that they
‘are related, but I think about in the same degree as Bubalis and Connochaeles

1) RoprEm v. WeitH., Die Wiederk, d. Fauna v. Maragha. Denkschr. d. kais. Akad. d.
Wisa, Mat.—aat. Ol Bd LVII, Wien 1890, .

2) Foasile Siagethiere Chinas.

3) KRenwnaser, Die fossilen Cavie. von Samos. Beitr. zu Pal. u. Geol. Ontere.~Ung. u. d.
Orienty. Bd XV1T, Wien 1403,



