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INTRODUCTION.

In 1014 the writer of this paper accepted a position in Peking as Mining
Adviser to the Chinese Government. During the first years my work was purcly
technical, devoted to thie examination of coal, iron ore, and other mineral deposits.
At that time I had no expectation of taking up purely scientific research in this
counmiry.

In the early part of 1916 I spent some weeks examining the copper deposits
in S, Shansi.  After having accomplished this task, T intended o return through
Henan by the Lung-Hai railway. When crossing the Yellow River at Yuan-Chii-
Hsien on the Shansi-Honan border, I noticed in the N, Lank of the river, below
the loess, a series of multi-colored clays and marls containing very numerous
fresh-water mollusks. A small collection was hurriedly made, and this material,
proving the existence of richly fossiliferous Cenozoic deposits underneath the
loess, aroused my interest in the siudy of the sections along the Yeliow River and
in other parts of N, China where suitable exposures might be found,

A campaign was started for the purpose of finding mammal remains in the
Cenozoic deposits, with the special aim of locating and identifying the deposits
which had yielded the rich fossil faunas described by Schlosser.

A circular printed in English was sent to missionaries and other foreign
residents all over China, and a shorter circular in Chincse was distributed in’
several thousands of copies by special agents.

A considerable number of missionaries responded willingly to our appeal
and rendered very valuable assistance in locating deposits of fossil mammals.
Amongst these volunieer co-workers, I want to mention Pére Fl, De Preter, of the
Belgian Mission, Sunshutsweize, Eastern Mongolia, and the Rev. A. Bertram
Lewis of the China Inland Mission, Hotsin, South Shansi. These two gentlemen
have been awarded special honours by the Ministry of Agriculture and Commerce
for the assistance thus granted to our palaecontological researches.

A number of Swedish Missionarics have rendered me most valuable
personal assistance.  Amongst them I want to mention Rev. R. Andersson,
Honanfu, EO.S. Bceinhoff and M. Ringberg, Mienchib, Maria Pettersson,
Hsinanhsien, all in Honan, A, Berg, Yincheng, Shansi, and J. Eriksson, Hallong

Osso, Mongolia. Amongst these collaborators I desire to mention in this place
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specially Miss Maria Pettersson, whose energetic assistance in the late fall of 1918,
lead to a series of discoveries which proved that fossil mammal hunting in China
offers rich prospects of reward.

Parallel with these inquiries through missionary channels, we made
extensive inquiries in Chinese druggist shops for the purpose of discovering the
whereabouts of the localities from which the supply of medicine bones was
derived, This line of investigation proved by no means easy to follow, as in most
cases the bones had passed through so many hands that their origin had been lost
sight of, However, some valuable information was gathered, especially in the big
medicine market places from which the retail druggists draw their supply.

The work of collecting in the localities thus discovered was carried on with
the aid of private funds which were supplied from my native countiry, Sweden.
The wotk was prosecuted in close touch with the Geological Survey of China and
with the ready and effective support of the Director Dr. V.K. Ting and the Vice-
director Dr. W.H. Wong, with the stipulations that the material thus brought
together is to be divided between Swedish museums and the Geological Survey of
China, and that the descriptions of all the fossil material are to be published in the
Palzontologia Sinica, issued by the Geological Survey.§

In the beginning of 1919 I opened negotiations with my old friend and
colleague, Professor C. Wiman of the University of Uppsala for the purpose of
obtaining his co-operation in the scientific preparation and description of the
rapidly growing fossil mammal material, With the assistance of some of his
young associates Dr. Wiman began the work of preparing a series of monographs
on the fossil vertebrates collected by us, and I am glad to take this opportunity to
record my appreciation of the enthusiasm and untiring energy with which he has
carried on this tremendous undertaking,

In 1920 The Swedish Parliament voted the sum of §o,000 crowns as a
State contribution to the fossil collecting campaign in China, which had up to that
time been carried on exclusively by means of private funds brought together by
my friend Mr. A, Lagrelius, Head Intendant of the Swedish Court. Through the
good oflices of this gentleman a research committee has been formed in Sweden

for the support of my scientific work, and the first chairman of this committee

§- It gives me & =pecial pleasure to acknowledge at this occasion my deep indebtedness
to Their Excellencies The Miuisters of Agriculture and Commerce, to Mr. T. L. Lin,
Thwe Director of the Department of Mines and to Dr. Ting and Dr. Wong, the
Directors of the Geological Survey, for the unfailing and exceedingly pleasant support
which bzs always been given to my scientific wark.
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was the senior of the Swedish geographic explorers, Admiral Louis Palander of
Vega, whose name is so intimately connected with that of A.E. Nordenskiold, in
their famous exploit, the circumnavigation of Europe and Asia in 1879-1830 on
board the “Vega”,

After the death of Admiral Palander in 1921, His Roya! Highness The
Crownprince of Sweden, himself a profound scholar and enthusiastic student of
the history of Chinese art, graciously consented to act as chairman of my Swedish
Research Committee, and it is under these favorable auspices, that the work has
since been carried on,

Recently there have been two important developments in fossil vertebrate
research in China.

One is the arrival of Dr. Walter Granger, of the American Museum of
Natural History, as chief palacontologist of The Third Asiatic Expedition under
the leadership of Dr. Roy Chapman Andrews. This great scientific enterprise
aims at the exploration during a number of years of a large part of Eastern Asia,
with special reference to the ancestry of Man. In most courteous and pleasant
manner Dr. Andrews has acceded to the desire expressed by Dr. Ting and myself
that a regional division of the field of research be made in order that duplication
of work may be avoided and the most useful co-operation assured. During the
weeks which Dr. Granger spent in Peking in the summer of 1921 before starting
out on his first field expedition, we had much pleasant and instructive intercourse
with him, drawing freely upon his immense store of experience, especially that
concerning the technique of fossil mammal collecting and field preparation, In
return for these courtesies we were happy to be able to place our accumulated
experience concerning local conditions fully at the disposal of the American
Expedition.

My own collecting work has grown to such an extent during the Jast few
years that it became impossible to carry it on in a satisfactory manner together
with my service duties, as I only had the aid of Chinese assistants. Under these
circumstances I asked Dr. Wiman to find for me a young palacontologist willing to
co-operate with me during a number of years in the excavation of vertebrate
deposits.  His choice fell upon Dr. Otto Zdansky, a pupil of Professor Abel in
Vienna, Dr, Zdansky's arrival in Peking coincided with that of Dr. Granger,

‘The arrival in Peking of these two distinguished scientists, both bent upon
an extensive campaign of fossil vertebrate collecting, has made it desiralle to put
together in compreliensive shape, my present knowledge of the Tertiary and
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Pleistocene deposils of N. China. A further reason for the writing of the present
paper is my desire to leave behind a clean table when I start upon the lengthy
journey to W. China which I plan to undertake in the near future,

The present paper is only a summary of the field notes of a geologist, who
has, by force of circumstances, been brought to undertake an extensive campaign
of fossil vertebrate collecting. I an fully prepared to shoulder the resﬁansibility
for deficiencics in the geological field observations, still I feel convinced “that the
palaeontologists, who read this paper in order to gain information about the
youngest fossiliferous deposits of China, will look with leniency upon the pre-
liminary and in some cases probably erroncous fossil determinations which were
often hastily noted down in the fossil quarry, I have felt that some kind of
indication respecting the nature of the fossils is better than nothing, while waiting
for the definite identifications by Dr. Wiman and his associates,

Our knowledge of tlie Cenozoic history of China is still much too imperfect
to allow a full and uniform treatment of the topic. For this reason I have given
this paper the form of a serics of independent essays on different groups of
Cenozoic deposits and fossils. In the closing chapter an atiempt is made to sum
up what we know at present about the Tertiary and Pleistocene history of China.

The reader is advised to consult my paper on the physiography of Northern
China, which will appear as Memoir No, 4. Series A of the Geological Survey.

That physiographic paper dcals primarily with a certain very limited arca,
But in addition to the detailed description of the Chai T'ang valley in Hsi Shan,
W of Pceking, numerous observations from different parts of China have becn

brought together and, as far as possible, have been synchronized with the more
exact stages established in Chai T ang.
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SOME NOTES ON THE NANKING “VOLCANOLES'.

In the third volume of “China”, Richthofen gives on pp. 733-734, a brici
description of what he has named “The Nanking Volcanoes”, a number of low
lills on the north side of the Yangtze river, N.IE. from Nanking,

This description, which refers principally to the hill known as Fang-Shan,
can be summarized as follows:

(1) The hills in questio_n,. Fang-Shan (J5 I}, Ling-Yen-Shan ( 8§4111),
Shuang-Ni-Shan (££40)11), Ta-T'ung-Shan (FEl)), Hsiao-T ung-Shan (/hER
tflj) ete., are volecanic cones (Vulcan-Kegel) built up of doleritic lavas and
lapilli-beds.

(2) The bases of eaclt of these volcanic cones is veiled in a mantle of
lorizontally bedded gravel with pebbles of ¢uartz and quartzitic rocks.

(3) The gravel-beds never contain fragments of the volcanic rocks and no
guartz-pebbles were found in the lapilli-beds, .

(4) Asthe gravels are horizontally bedded and the volcanic masses were
actually seen projecting out of the gravel-beds, the volcances must Le older than
the gravels and the latter deposited round the bases of the voleanic cones,

Another large area of young basic lavas in the southern border-lands of
Mongoliag was described Ly Pumpelly and Richthofen. Concerning the basement
of this Mongolian basalt Richthofen held the very phantastic view that the basalt
locally rests upon the loess, an idea which in this case evidently was derived from
mere general considerations$ § rather than from actual observations.

In Auvgust 1919 when returning from a summer-irip in Mongolia, 1 had
occasion, at Han-Jo-Pa (§5i3F¥5) 40 i N. from Kalgan, to make some olserva-
tions bearing on the interpretation of the basalt lavas, Not only could I prove that
the loess(which 1s certainly post-Pliocene)overlies the basalt, but also found an in-
tercalation of soft, clayey shale with plants (of carly Tertiary age§§§) between the
Lasalt flows, and noticed that in that region the basalt rests upon a remarkable series
of gravel beds with pebbles derived from the trachyte-porphyries of Kalgan§§gs.

f1f.

R, Pumpwetly.  Geol, Researches in China, Mongolia and Japan,  Smithzonian Contr.,
202, s,

Richthofen. China. 11 p. 359-390, footnote.

R. Fiorin. Einige chinesische Tertiiirptlanzen. Svenzk Botanisk Tidskrift. 1620, Bd,
14, H. 2.3, p. 239-243. :

In 1920 I continued my cbrervations in the Kalgzan region and found in the gravels
underlying the basalt some few and poorly preserved plaut-fussils, apparently of
Jurassic age, : .

M2
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When preparing for some weeks fieldwork in the lower Yangtze around
Nanking at New Year's time 1020, I read Richthofen's description of the Nanking
volcanoes. It scemed to me that he might be mistaken in his interpretation of the
gravels, these being not post-basaltic as supposed by Richthofen, but rather older
than the lavas, as in the case N, of Kalgan.

During my stay near Nanking I and my assistant Mr. C. Tung devoted the
2-4 January, 1920 to a brief visit to the Nanking volcanoces, The outcome was that
nearly every statement given by Richthofen proved to be so fundamentally
incorrect, that only the rapidity and limited extent of his visit can explain the
astouding inaccuracy of the observations made by that famous explorer.

The conclusions rcached by myself and Mr, Tung can be summed up as
follows:

(1) The hills in question are (possibly with the single exception of Fang-
Shan) not volcanoes, but (at least the majority of them) miesas, that is table-shaped
remnants of an earlier, much wider extent of basallic lava-flows.

{2) Only the upper part {1/4 - 1/2 of the height above the surrounding
plain) of each hill consists of volcanic material. The lower (and mostly larger)
part is built up of beds of gravel, the pebbles of which, as described by Richthofen,
consist mostly of quartz and quartzitic rocks.

(3) These gravel beds are not always horizontally bedded as stated by
Richthofen. On the contrary they show a dip of 30° or less, mostly to the E.
The overlying volcanic tufis and lavas dip in the same direction, but apparently
the dip of the veolcanic beds is less steep in certain places than that of the gravel,

{4) The quartz gravel often contains blocks of lava which probably must
be interpreted as bombs thrown by the velcano into the still accumulating gravel.

(5) On the other hand, there exist transitional stages between quartz
gravel and volcanic tuff, and quartz pebbles are met with in genuine tuffs and
even in the coarse volcanic breccias.

(6) The volcanic sequence is, as a rule, closed by basaltic lava-flows which
cover the gravel- and tuff-beds,

(7) The loess covers not only the top, but more often al:o the slopes, of
the basalt-hills, which shows that the mountains were carved out by erosion
practically to their present shape before the loess was deposited.

As our observations throw some new light, not only upon these so called
“Volcanoes”, but upon the youngest sedimentary series as well, it has been thought
convenient to publish our ficld notes in spite of their incompleteness,
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It is a pleasure to acknowledge the valuable co-operation of my assistant,
Mr. C.Tung (3§ H%), who made such a satisfactory survey of Ling-Yen-Shan,
by himself, that upon the occasion of our joint visit the following day, I was able
to confirm all of his determinations,

It has long been known that basaltic lavas occur in considerable extent on
the lower Yangtze near Nanking, On the south side of the river, their present
extent is, however, relatively small, In Fou-Shan (§ 1), Li-Shui-Hsien
(1F7KER) Dr. V.K. Ting§ has observed that the basalt lava forms a cap which
rests unconformably upon the younger red sandstone (a Richthofen's Deck-
Sandstein). ,

The same relations, i.e. basalt overlying the red sandstone, were noticed
during our journey by Mr. Tung in Ch'ih-Shan (7% 1ly) in Chi-Jung-Hsien
(4)%58%).

In Chiang-Ning-Hsien there is a very censpicuous mesa-shzaped hill known
as Fang-Shan (Jf M§) and Iying 30 1i S. of Nanking (not to be confounded with
the Fang-Shan in Liu-Ho-Hsien on the N, side of the Yangtze). It has been
studied by Mr. Tung, who reports that the upper part of this table-mountain
consists of basalt, the basement of which cannot be scen as the slopes are covered
by loess.§3§

V.K. Ting also mentions (I. ¢. p. 34) that a range consisting of the hills
Fang-Shan (J5 1), Yachishan (( &%l§) and Wa-Wu-Shan (FER)l}) scems
to be covered by the basalt.

On the north side of the Yang-tze-kiang the basalt is much nore commonly
distributed. In the one to one million geological map which accompanies V. K,
Ting's paper “Geology of the Yaungtze Valley" there are indicated extensive, but
so far, little known, arcas of basalt on the Kiangsu-Anhui border, on Loth sides
of the Tientsin-Pukow railway.

The area examined by Mr. Tung and myself is approximately the same as
that visited by Richthofen, with the diffcrence that we travelled further N. to
I-Shan (4 lJ) at the very border of Anhui province. For the matter of
convenience I give the itinerary of our trip, describing the different hills in the
order of our visit to them (Sce the accompanying map fig. 1.).

§. V. K. Ting. Geology of the Yangize Valley below Wuhu, Whangpoo Conscrvancy
< Board 8. H. L. Ser. [, No. I. Shanghai 1919, p. 20.
£§. Some additional and very important obzervations on this hill made in Dec. 1921 by

n;!y:‘iétlf and Messra C. €. Liu and J. C. Chac are menticned in an appendix to this
chapler,
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\We crossed tlie Yangtze river from Nanking (Hsia Kuan) to Pukow and

began our observations at Pu-Chen. At this place we noticed most of the rocks

described by Richthiefen (China 111, pp. 732-733). The “Deck-Sandstein™ covered
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by locss is beautifully exposed in two big outcrops, one on cach side of the
railway. It is a red, soft, thin-bedded sandstone with characteristic spots of
reddish brown clayey material (clay gails),

Along the railway we found an outcrop of volcanic rock and close to this
place a cut showing the following serics of beds:

(a). A breccia-like conglomerate with limestone-pebbles,
(b). gravel with pebbles of limestone and quartz,
(¢). a soft white sandstone, all in steep dipping beds,

Our route carried us NE-ward to FLin-Ho-Hsien and  from there
northwards to [-Shan, a limestone-hill on the Kiangsu-Anhui border where a small
iron-deposit had Leen reported.  I-Shan consists of limestone with chert-layers
and of numerous «quartzite beds interbedded with the limestone. A small
conspicuous hill S, of I-Shan is built up exclusively of quartzite.

The strike of the I-Shan limestone was in one place staled to Le W 307
S-FE 30° N with very steep dip, In another part of the mountain the limestone
dips S 30° E 57°.

On approaching I-Shan from the south we saw to the west of this
mountain, a low but extensive mesa-nmountain, which, to judge from the typical
shape, is certainiy capped by basalt. We never had an opportunity to visit this
mesa-hill, but our suggestion as to its basaltic nature was strengthened by the fact
that we found basalt in a small hill of rounded conical contour near the SW, side
of I-Shan, There are at least two such conical hills on this side of I-Shan, both
probably consisting of young volcanic rocks, as we found basalt in one hill and
noticed a strongly weathered igncous rock at the base of the other. The same
kind of decomposed rock was also met with in an outerop in a valley between the
two southern ridges of the three which together form I-Shan,

E, of I-Shan we saw an isolated hill which, to judge from its mesd-shape,
is probably capped by a lava-bed.

We had not time enough to undertake a proper survey of the surroundings
of I-Shan, but, as shown above, our cursory observations seem (o indicate that
this mountain forms an isolated remnant of old, strongly dislocated rocks, and that
crosion had already given the mountain approximately its present shape bLeforeat,
or at any rate its lower part, was buried by the young lavas.

From [-Shan we could sec, in the south, Riclithofen's “volcanves”, Fang-

Shan, Ling-Yen-Shan, Hung-Shan ete,, rising above the afluvial plain as charac-
tetistic silhouettcs,
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In order to get the long desired opportunity of siudying these hills we
decided to spend the next night at a small place between Fangshan and
Ling-Yen-Shan,

On our way to this place we passed close to a somewhat irregularly mesa-
shaped hill, Ma-T ou-Shan (J¥ly) and here we were able to make some

observations which at once overthrew Richthofen’s interpretation,

At the SW. corner of the hill we obtained the section shown in fig. 2.

Fig. 2, Section at the S\V. corner of Ma Tou Shan.

(i S I i | R (M 7 Ry

(a). Bedded basalt§ dipping in easterly direction.
(b). Covered by talus,

(c). Reddish (light pink-colorcd) grave] with lava-blocks. Dip 30° in
easterly direction.

(d). Covered.
(e). Grey gravel with lava-blocks. Dip E 20° N 20°,
(f). Basalt-bed with concentric sphaeroidal structure,
(g). Covered.

(h). Dasalt forming the cap of the hill,

§. The lavas observed in these hills represent a nnmber of nearl i
k . » hills o3 3 related ty y
the present purpose are suliciently defined by the collective dgnomiuatios;lpfjsazgllltl.m for
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The interest in this section centres round the almost continuous series ¢-f;
a and h are so distant from this central part of the section, separated frem them
by waste-covered slopes, that there always is a possibility of dislocations and rock-
slides, though there was nothing to indicate such.

But the part ¢ to f of the section is quite sufficient to elucidate the main
facts. Tirst of all there is no doubt that ¢ and ¢ are Richthofen’s quartz-gravels.
The pcbbles consist, as described by Richthofen, mostly of quartz and quartzitic
rocks including also the most siliceous parts of the limestone with chert-layers,
There are also, in smaller number, pebbles of crystalline rocks, of granitic or
dioritic type, but they are so sirongly decomposed that they mostly crumble into
pieces when extricated from the matrix. I am under the impression that the
decomposition of these crystailine rocks had largely taken place before the
formation of the gravels, which seem to be the transported and sorted residuum
from a deeply decomposed rock-ground where the siliceous parts had the best
chance to survive,

A glance at the section will suffice to prove that the gravels are overlaid
by, and consequently older than at least a part of the lavas, There is direct
contact between the grey gravel and the overlying lava-bed {, so there can be no
doubt on that point. Provided that there is no disturbance between a and c, there
seems to be an older lava-bed (or possibly intrusive sill) underlying the gravel,

That these gravel-beds were deposited after the eruptions had begun, is
shown, beyond doubt, by the occurrence of blocks of lava in both gravel-beds.
These lava-blocks are in fact a feature of considerable significance. The gravels
are as a rule rather fine-grained, partly tending fo coarse sand. The pebbles are
mostly quite small, of walnut-size or_less and the maximum observed in this place
i3 of the size of an average apple. The lava-blocks which occur sparcely scattered
through the gravel, attain considerably larger size (at least 30 cm. in length).

Even if the lower specific gravity of the more or less porous lava-blocks
is taken into consideration, it seems tempting to assume that these large-sized
strangers in the quartz-gravels were not transported by running water, as was the
case with the normal pebbles of the gravel, but are genuine volcanic bombs which

were, during the eruptions, flung into the gravels under deposition.

A feature worth noticing is the eastward dip of the bedsa, ¢, eand f, 1
obtained the impression that the dip is steepest in the oldest bed (a) and gradually
diminishes towards the top. That even the big lava-bed, capping the hill might
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have a slight dip to the east, was suggested by the fact that this south-western
part of Ma-T'ou-Shan, when seen from the south exhibited an eastward sloping
contotir.

It is hardly nccessary to point out that my observations were much too
cursory and imperfect to prove beyond doubt this supposed gradumal decrease
of dip which would show that a continuous castward tilting went on conteipora-
neounsly with, and probably genetically connected with the volcanic activitics. It is
worth noticing that, as described below something similar was noticed in Hung-
shang§.

Some few tens of metres S, from the place in Ma-T ou-Shan where the
above observations were made, we found another interesting exposure which is
given in fig. 3 in a schematic sketch drawn from memory.,

N

':-;T'?:a DE A

.’.:_‘f‘.. +++f++.;
B Rz R B g BXT

Gravel/ with lava-S§omébs Tu/f Basall

Fig. 3. Schematic scction showing alternating tuff-beds and lava flows,
Ma Tou Shan.
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In the lower part of the outcrop we again encountered the quariz-pebble

aravel with lapilli blocks. The gravel is overlaid by repeated beds of fine-grained,

distinctly stratilied volcanic tufl alicrnating with thin sheets of fava. The figure

& It llllt']lt be worth entioning that also the basalt mesas Fang-*han and Ch'ih Shan.
on the south side of the Yan: wtze show a slight tilting in BE, direction.
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is not drawn to scale, but the size of the small scctinn can he judged from the

statenients that the lowest Java-sheet is 6 con, the mididie one o cm, and the

uppermost @t least 3o em. in thickness,
The castward dip is in this plice very slight, Tess thun ze,

After having visited Ma-T ou-Shan on the 2nd of Jannary and stated as
deseribed above Richthofen's fundamental misconecption of the structure of these
hills, Mr. Tung and I dectded to spend the fol'owing day in examining Hungslhan,
Fangshan and Ling-Yen-Shan: T went cast to Hungshan, Mr, Tung west (o
Ling-Yen-Shan, and we met in the afternoon in Fang-Shan to compare onr

obzervations and study the Tast pamed hill together.

Hungshan 15, as shown by PL L fig. I, a typical table-mountain, though
in a rather advanced stage of dissection as will be more fully deseribed in the Tater

part of this article.

I visited only the westermmost corner of the hill where I found a beantiful

and most instructive exposure (fig. 33 which required some detmled study,

-
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Tig. 4. Section in the W. corner of Hunygshan
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The section may be be deseribed as follows:

a. Yellow, fine gravel or coarse sand with pebbles from walnut to apple-size,
Maostly quartz-gravel but swne pebbles, all strongly decomposed, consisting of
granitic rocks.

Tlie uppermnst part of this series of gravels consists of coarser gravel with
higeer pehbics.

b. Pink-coloured, mstly fine-grained, beautifully stratified, volcanic tuff with
alternating beds of different coarseness, The coarsest material is in the upper-

most bed, immediately underncath the lava-hed ¢
In this tufl were noticed some small pebbles of quartz,

c. Basalt, the contact towards the underlying tuff shows botryoidal and ropy

forms due 1o snrface codling of the flowing Java,

Lower down in this slope, below the section, is an outcrop of sand with

distinct current-bedding.  In this sand occur some large pebbles (up to 15 cm.
in length).

This sand shows quite a distinct dip castwards, The gravel in the section
(a) also exhibits a dip of 10® E. In the uppermost part of the tuff T could still
trace the castward dip but here it was very slight, less than 59 Though the
obzervations are much too imperfect to allow any far-reaching conclusions, they

apparentiy point in the same dircction as the upward decrease of the eastward
dip noticed in Ma-T ou-Shan as deseribed above.

I will now give some brief noies on Fangshan, Iere the conditions are
so varied and complicate that mueh more time would have been needed to fully
clucidate the interesting architecture of this hill.  The following gives my concep-

tion of the essential features,

Fangshan is the highest of these hills.  Its general shape is shown by the

photograph PL T1 fig. 1, iaken from NE between Fangshan and Hungshan,

In contours it is very different from the others and gives, as mentioned
Ly Richthofen, distinetly the impression of a small volecano with a crater opent 1o
the north, The larger part of the ¢rater is not shown in the photograph, in fact
it forms a shallow depression in which there is a house and some cultivated fields.
But tite picture shows that the northern wall of the conical hill is missing, having
been carried away by crosion,
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In Fangshan, as in the other hills, the lower part consists of quariz-pebbles,
and only the upper part is volcanic material, In fact, on the NE side of
Fangshan I saw the most extensive exposure of these gravels, and, though the
contact was not directly visible, there was hardly any doubt that an outcrop of
volcanic breccia, overlies the gravels.

In another place, on the north side, the contact was clearly visible, The
gravel and sand here showed no stratification, which fact may be attributed to
volcanic disturbances, especially as a distinct fault was seen traversing not only
the sand and gravel but also the overlying volcanic breccia. In this breccia or
. coarse tuff, Jarge Java-bombs {(more than I m. in length) were seen resting
directly upon the gravel.

In the volcanic breccia some few rounded quariz-pebbles were noticed,
The occurrence in this purely volcanic, chaotically accumulated rock, can hardly
be attributed to running water. It seems much more probable that gravel was
exposed in the volcanic vent and that some of this material was torn away
during the eruptions and cjected together with the genuine lapilli material. This
is another striking illustration of the close relationship between the gravel and the
volcanic rocks.

Ling-Yen-Shan, an elongated hill, extending N.-S. PL I, fig. 2, was studied
by Mr. Tung, as already stated, and at the time of our joint visit to this hill on
the 4th of January I had practically only to confirm his observations, Mr. Tung’s
conception of the hill is shown in the section fig. 5. It will suffice for me to add
the following detailed remarks.

R ICE 2
rrtrx v+ 0t bt T s ettt
AR A TN R AN +"',,"4.+++++t e
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Z oﬁ; )Bsaill Vo[ca;fi tuff Gravel Aed sandslone

Fig. 5, General section of Ling Yen Shan (communicated by Mr. C, Tung)
HMAEB R A M ME @O ®RE

An interesting feature of this hill is the appearance of the red sandstone
{Richthofen’s Deck-Sandstein) as the substratum of the gravel and the super-
posed volcanic rocks. In one ravine where I had an opportunity to study it, it
is very loose, nearly sandy in texture and intensely pink-coloured,
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‘ According to Mr. Tung the sandstone dips gently to the north and is
unconformably overlain by gravel,

The gravel is mostly grey-coloured, but in one place where it was scen in
direct contact with the overlying voleanic hreccia, it had assumed a reddish tint.

Intercalations of sand occur but are subordinate. TIart of the gravel is
entirely unconsolidated, another part is hardened to conglomerate. Its pebbles
arc mostly of small size, those of 20 cm. length being rare. Large lava blocks
up to 8 cm. in length were noticed in the gravel. They must be interpreted as
bombs thrown into the gravel during its period of deposition.

In one place I noticed a bed of tuffaceous conglomerate dipping E 27°,
but in this hill the gravel rests for the most part horizontally, according to my
own observations, and the information received from Mr. Tung.

The volcanic beds overlying the gravel are partly developed as tuff, partly
as volcanic breccia. In the former, quartz-pebbles derived from the gravel are
frequent, and even in the coarse breccia I found a couple of small quartz-pebbles.

The basalt in one place on the west side of the mountain exhibits beautiful
columnar structure with vertical colutmns about 10 m. high.

The soil on the top of the hill was named “loam™ by Mr. Tuﬁg, but I am
of the impression that it is only a local development of the loess. Its colour is
more reddish-brown than is usually the case with the loess, and Mr, Tung reports
that he has found small grains of olivine in this soil, iive feet below its surface.
This interesting observation confinns my impression, gained from observation in
many places in northern China, that the material of the loess is, 1o no small
extent, of local origin.

The thickness of the loess at the-top of Ling-Yen-Shan is at least 5 m. and
it is cut by ravines in exactly the same way as the typical loess of the north. A
norticeable feature is that the partial dissection of the basalt mesa had taken place
previous to the deposition of the loess whicl: was laid down upon the hill as we
see it today. . -

81i S. from Ling-Yen-Shan there is a hill called Kua-Fu-Shan (J4 i1 {l}),
in the southern part of which we noticed an ¢xtensive exposure of nearly
vertically columnar basalt. |

This locality is situated at the northern edge of the alluvial plain of the
Yangtze river. Further east there are some other small rounded basalt hills with
beautifyl basalt-columns, in some places vertical, in. others horizontal and in_still
others with a strong bend of the columns,
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The relationship of these bodies of columnar basalt to surrounding
sedimentaries is not known, Possibly they formed the lower part of thick lava
flows; another possibility is that they cooled as intrusive sheets in the red
sandstone (Deck-Sandstein).

The observations given above prove heyond doubt that the whole volcanic
series, tuff, breccias and lava Leds were deposited upon a pre-existing quartz-
gravel formation. On the other hand, the existence in the gravel of lava bombs,

shows that the deposition, or -at any rate the redeposition of the gravel continued
after the volcanic action had begun,

It may be questioned whether we cannot go a step further. At the south
gate of Nanking there is a gravel deposit which in every feature resembles the
great gravel formation on the north side of the river, except that there is no cover
of volcanic rocks in this place. This Nanking gravel contains, sparingly, small
pebbles of agate, these being collected and offered for sale Liccause of their pretty
and fanciful colorbanding. The source of the agate is not known, and the
occurrence has been mentioned here merely as an indication that there might be

in the region some amygda'old lava, older than the Nanking gravel.

In the final article of this series, T will show that the bazalt at the southern
edge of the Mongolian plateau rests upon gravel with pebbles, mostly of porphyry.
Some few, poorly preserved plant fossils seem to show that at least the lowest
part of these gravels is Jurassic. In the case of the Mongolian basalt no tuff
deposits are known, linking up the volcanic series with the older gravel, as is
the case amongst the Nanking “volcanoes”. The basait flows rest directly upon

the gravel, and in one instance a dyke of basalt was scen traversing it.

The age of the Mongoelian basalt is fairly well known from the cccurrence
at ITan Jo Pa of a shale with early Tertiary plants Letween two basalt-beds.

The age of the Kiangsu basalt is not known, neither is that of the under-
lying gravel.

According to Richthofen there occurs at Ch'ing Chou Fu (35 M }f) and

Téng Chou Fu (¢ 4 Hf) in Shantung a basalt, partly forming flows, partly

*volcanic” cones, (China IT p. 209, 212, 217, 228).
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In Manchuria (Fengtien and Kirin) basalt forms immense flows, At
Fushun near Mukden the basalt is overlaid by a thick sedimentary series with

Oligocene plants (sce the concluding article of these essays).

Richthofen described the basalt hills N. of Nanking as * volcanoes ™. 1
have stated above that Fangshan might be the remnant of a volcano, but that,
so far as the others arc concerned there is no foundation for Richthofen's

interpretation,

In PL II, fig. 2, we see Shuang-Nii-Shan, “The Twins ", described by
Richthofen. These two conical hills, alike in shape, evidently helped to influence
Richthofen, in the idea that he was dealing with “ Vulcan-Kegel ”. I had no
time o visit these hills. Richthofen states that more than the lower half of their
slopes shows only quartz-gravel whereas the top consists of basalt. From this
1 judge that they, like the other hiils, form remnants of a once widely-extending
but now largely destroyed basalt-mesa.

The two most typically mesa-shaped hills among the * Nanking volcanoes”’
are Hungshan and Ling-Yen-Shan. In both these hiils the plateau is more or
less deeply incised by ravines, the lobes between which will at a more advanced

stage of erosion, appear as entirely isolated hills of the Shuang-Nii-Shan type.

W

Fig, 6. Contour of dissected basalt mesa. NNW from Ling Yen Shan,
O B %= oo w4 o BN OE
From Ling-Yen-Shan I observed in a direction N 30° W and at a con-
siderable distance, the contour shown in fig. 6. I have no doubt that this is
another, partly dissected basalt-mesa. A\ process of this kind is very graphically
illustrated in W. M. Davis, Physical Geography, p. 220, fig. 141.

Long after the above described observations were made, I found on the
occasion of a visit to the much debated Feng Huang Shan iron ore deposit in
December 1921 an opportunity to make, with Mssrs C. C. Lin and J. C. Chao
of the Geological Survey sone additional observations on the basalt hill Fang
Shan, 30 li south of Nanking. By the kindness of the two gentlemen mentioned
I am able here to reproduce the interesting scctions which they surveyed at my
request,
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The road from Nanking to Feng Huang Shan runs within a distance of
less than 15 li from the beautiful mesa, Fang Shan. At this distance I could
see distinctly some vividly pinkcoloured outcrops at the foot of the hill indicating
that the red * Deck-Sandstein” forms the basement of the hill.

In one of the gullies on the southern slope there could also be scen below
the basalt and above the supposed outcrops of the red sandstone some white strata
which strongly reminded me of the gravel underlying the basalt on the north side
of the Yangtze.

I had no opportunity to visit the hill but asked Mssrs Liu and Chao to
examine the outcrops indicated by me. They have, as a result of their work sent
me a very detailed section from the gully in question, as well as a general section
of the whole hill. These are here reproduced (fig. 7 & 8) and need no further
in{erpretation.

It is at once seen that this Fangshan in its geological structure closely
resembles Ling Yen Shan and the other basalt mesas on the north side of
the river. The only difference seems to be that in the southern Fangshan the
basalt rests directly upon the gravel, whereas in the northern basalt hills there
15 a bed of volcanic tuff between the two. It is by no means improbable that
the tuff will also be found in the same position on the south side of the Yangtze.
At any rate, the interesting observations made in Fangshan seem strongly to
confirm my view that the gravels at the south gate of Nanking, described above,
form part of the sub-basaitic gravel-formation which has now been proved to
occur on both banks of the Yangize river.
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THE EOCENE DEPOSITS OF YUAN CHU HSIEN,
SOUTIHE SITANSL

INTRODUCTION,

In May 1916, I crossed the YeHow River at Yuan Chit city (Jii fif) on
the boundary betwcen Shansi and Honan, In the Northern bank of the river
about 4 1i SW from Ywuan Chil city, I found, bencath loess and gravel, beds of

red-brown and multicolored ciay together with a bed of marly limestone.

In these sediments there occur numerous fresh-water mollusks, and I
realized that I had found a fossiliferous, pre-loessic deposit of noticeable interest.
The circumstances did not allow e to remain at the spot for a more thorough
survey but a small collection of the fossils was made and forwarded for examina-
tion to Dr. N, Hj. Odhner, of Riksmuseum, Stockholm, Sweden.

At the time I sent my material to this expert I was under the impression
that the fossils were most likely of early Pleistocene age, but, to my great and
pleasant surprise, Dr. Odhner reported that the collection was of much higher
interest, being, in fact, the first indication of the occurrence of Eocene deposits
in China. An claborate description of the fossils, under the title * Lacustrine
Mollusca from Eocene Deposits in China ™ was forwarded by Dr. Odhner in
1920, but for several reasons the priniing of this paper has Leen delayed so that
it will appear only in the fourth volume of the Dulletin of the Geological Survey
of China,

In the paper referred to Dr, Odhner has identified 8 species of fresh-water
mollusks, 6 of which are characteristic of the Eocene deposits of I'rance and

Western Germany, whereas the two remaining species are new forms described
by Dr. Odhner.

During my first and rapid visit in 1916 only a single section of a few
meters thickness had been hurriedly cxamined. The extent and the tectonic
features of these Liocens beds, as well as the stratigraphic sequence, remained
cntirely unknown. There was every probability that a much iarger number of
awllusk species remained to be discovered, and the occurrenice in the first smail
material of a tiny fragment of a vertebrate gave some liepe of still more interest-
ing possibilities.
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It was my intention to return to this promising area at the earliest possible
date, but for various reasons I had to wait until 1921 for such an opportunity. I
arrived at Yuan Chit April 2y and steyed there until May 13, devoting this time
principally to the study of the stratigraphy and tectonic of the Focene beds.

In the following pages I will give a brief description of the geological map
of the Focene area surveyed by me on the scale 1:100,000 (map 1).

TOPOGRATIIY.

The Tlocene areaz is situated almost entirely in Yuan Chii Hsien, Shansi
province, on the north side of the Yellow River. An oulcrop of Eocene rocks
was noticed on the south side of the river SS\V from the village Jén Tsun(f£4f),
and, to judge from the topographic conditions, there is no doubt that a narrow
strip of Focene rocks extends from the said village eastwards to a point ap-
proximately south of Yuan Chii city. This small area on the south bank of the
river belongs to Mien Ch’ih Hsien of Honan province. From the Yellow River
the Focene deposits extend northwards a distance of 13 km. to the hills north
of Shang 1"ang Tsun (b %% #f) village. In E-\V direction the width of the
Eocene area is 10-1.4 km.

The region occupied by the soft and easily eroded Eocene sediments forms
a comparatively low and open landscape surrounded by high hills on the North
and West and especially the South where in some distance the niountains rise
to form a dominant range, probably consisting of Ordovician limestone (PL III),

Through the Eocene area flow two convergent rivers which meet at Yuan
Chii city and discharge their water into the Yellow River. Most of the year
these rivers carry very little water, but their pebble-strewn beds lie in marked
valleys which, with their numerous side ravines, deeply dissect a once continuous
and nearly level plateau lying at an altitude of 100-200 meters above the level
of the Yellow River at Yuan Chii city.

A third tributary of the Yellow River lows near the Western edge of the
area mapped, in an equally deep, but much narrower valley,

To sum up this description, the essential topographic feature of the Eocene
area is a plateau-land, situated at an altitude of 100-200 illeters above the Yellow
River and deeply dissected by the river valleys which have cut down into it. The
interior structure of this plateau is shown by the sections adjoined to the map

from which we Icarn that the tilted Eocene beds are overlaid by horizontal layers
of sand, gravel, and loess,
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The largest remnant of the old plateau is situated N of Yuan Chii city,
extending from Hsi P'o (§§ 4%) 7 km. N to the foot of the sandstone hills,

Another relic of this ancient plateau is met with NW from Yuan Chii city,
extending to the limestone hills which form the western boundary of the Focene

area, This region is more dissected and irregular than the one first mentioned,

Again, on the Eastern side of the river valley, extending down from the
north to Yuan Chii city we meet another expanse of the old plateau which is
remarkably uniform to the south of the village Fu Chia Miao (i % J§). E of
this place there extends a comparatively low-lying country which, in topographic
features, very much resembles the Eocene area. At first I thought that the
Eocene beds extend far to the east of this place, but some observations made with
a field-glass seem to indicate that in SE direction from the above mentioned place
we meet outcrops of the same soft beds of the upper Paleozoic, which I have
studied in some detail in the low hills E of Yuan Chii city.

Everywhere to the NW and W of Yuan Chii city there are numerous deep
ravines which have sharply incised the old plateau and which offer splendid
sections through the Eocene beds, In fact these branching ravines are so
numerous that I had time to search only a small number of them and consequently
it is quite possible that intcresting stratigraphic and palacontological discoveries
remain to be made in this iniricate net-work of deeply cut, narrow gulleys,

TECTONIC FEATURES,

It has already been said that the Eocene forms a low-lying area surrounded
by much higher hills in N, W and especially in the S, Evidently the Focene is
a sunken area limited by great fault-lines in the N as well as in the S, In the
E and W the boundaries are niore obscure and difficult of interpretation, as will
be shown in the following pages.

The plump rounded hills which rise to the N of the Focene area consist
of beds of red Pre-Cambrian quartzitic sandstone which is underlaid by amyg-
daloid diabase and porph},-'ries of many varied types. The sandstone dips gently
to the N and, a litile further northwards, just outside the area shown in the map,
I found in 1916, E of the village Hsii Chia Chuang (& %¢ JE) a small arca of
fossiliferous Cambrian.
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On the S side of the Yellow River we meet a wild, deeply dissected
mountainous region, ‘The hills ncarest to the river consist of the Pre-Cambrian
sandstone and lavas described above, but the commanding ridge, which riscs
further south, with lofty jagged peaks, certainly consists of the Ordovician
limestone which I actually observed jo I further down the course of the IHuang

Ho, where the river cuts through the limestone range in a narrow canyoi.

After crossing the river-Led to the T2 of Yuan Chit city we meet in the
steep slope of a low mountain a weli-exposed series of nearly horizontally bedded,
locally variably dipping, grecnish-gruy sandstone and grayish-green or sub-
ordinately dark-colored, crumbling shales, Iromr this series I made a small
collection of plant fossils which I believe to be the Gigantopteris flora, so cha-
racteristic of a certain zone of the uppermost Palacozoic. 1t is evident that this
body of young Palaeozoic beds is bounded on the W by a fault-line dividing it from
the Eocene area, Further N, to the N of the temple Yi Huang Mizo(CE Xt Kd)
there is another fault-line running approximately W-E and separating the young
Palacozoic beds from the eastermnost part of the Eocene area, 1ere the fault
plane is beautifully visible, with strongly disturbed patches of Focene beds hang-

ing on the steep slope of the up-throw Palacozoics.

North of this place the exact boundary of the Eocene is not known, but
as indicated above, it iz fairly weill proved that older rocks, probably young

Palacozoic, meet at no great distance to the castward.

On the Western boundary of the liocene arca tlie conditions are rather
complicate and difficult of explanation. I have studied this boundary only in
three places, near the village Hsiao Mo Tsun (/s Jj% &}) in the N.\W, part of

the area mapped, at Yo Tsun (8 #kf) and further S, at the Yellow River,

Two km. N. of the village Hsiao Mo Tsun I found very hard and fresh
outcrops of a syenitic rock. A short distance further S, in the same river valley,
I observed beds of limestone, mostly dark colored but partly turned into marble,
a process of metamorphism apparently due to the action of the igneous body
nearby. The limestone could be followed for some distance 8., but then near
the N end of the village 11:iao Mo Tsun thiere are dumps of old coal mines. To
the S. of this village, in the 8. bank of the small river valley, there are high cliffs
of Eoceue beds,  In one place furthest NW, I noticed coarse conglomerate dipping
25° IL.; about 2 km, further SIS, I noted 0.5-3 m. thick beds of gray conglome-

rate, alternating with layers of red-brown clay and soft clayey sandstone,
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DBetween this place and the village Yii Tsun, 7 km. further S, the condi-
tions are unknown to me. At the last named village the cast bank of the river
valley consists of Focene beds dipping 27° ESE. On the W side, the hills are
much higher and consist of the Palacozoic coal serics, in the bottom of which
there are one or more beds of Fusulina limestone.  T'his young Palaeozoic rests
in its turn upon a gray thick-bedded, non-fossiliferous limestone, probably of
Ordovician age. All these beds are strongly dislocated.

Some km. further S. at the place where the small river valley opens to-
wards the Yellow River, T made sonie observations which scem to throw light upon

the obscurc relations betwéen the Talacozoic and the Tocene beds, The condi-

/

Palzozotc
Coal series

Limestone
Figy. QFocene conglomerate unconformably overlying the Palacozoic coal-

series and the Ordovician limestone. S, of Tsun Tsun Yi.

tions are c!eaizly shown in fig. 9 and in PL IV, fig 1. which will indicate the
relationship of those rocks better than any description.  The dip of the limestone
is 50° in E direction, The dip of the Focene series, which forms the uppermost
part of the section, is more gentle, 30° SE, Between the limestone and the Eocene
beds is the coal secries, as indicated most clearly by the dumps of old abandoned
coal mines. The dip of the coal series is mostly conformable with that of the
underlying limestone but locali); there is considerable disturbance.

It seems to me impossible to assume a fault-line between the Eocene and
the Palacozoic rocks., More probably the Focene was deposited upon the Palae-
ozoic series, partly at the side of a pre-existing hill of limestone, as indicated
by the fact that in this place the pebbles of the Focenc conglomerate consist
almost exclusively of limestone. This assumption that the Focene deposits were
Jaid down unconformably between hills of the older rocks, also explains the
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insignificant thickness of the coal series in this section. Evidently most of the
coal serics was eroded until the underlying, more resistant limestone was reached.

In other places the Eocene conglomerates contain mostly pebbles of the
Pre-Cambrian red sandstone, a fact which goes far to show that these oldest
members of the geological sequence were locally laid bare by erosion before the
deposition of the Eocene serics.

When all these observations are taken into consideration, it scems highly
probable that alrcady in pre-Tertiary times the arca was dissected by fault-lines
causing a broken topography and exposing different members of the geological
sequence to crosion.

It is possible that the contact between the Eocene beds and the older rocks
along the W boundary of the Focene area, is duce partly to unconformable super-
position and partly to faulting.

Furthermore, it seems possible that the fault-lines along which the large
post-Eocene dislocations have taken place, were in existence already in pre-
Tertiary times, or in other words, that the post-Eocene dislocations have followed
old lines of weakness.

Within the Eocene area the dip is mostly to the SE with an average of
22°  This regular dip refers to an area between Yuan Chii city on the cast, the
Yellow River on the south, Yii Ts'un on the W, and Ting 1'sun to Hsi P'o on the
N. In the arca thus circumseribed the dip is so uniformly to the SE, with angles
varying from 15° to 35° that it is permissible to calculate the approximate
thickness of the Eocene series here remaining,

From Ta Chi Chuang (G Wl JE) in NW to Chai Shang (% [
furthest SE, the distance is 6.5 km. following the direction of the dip. With an
average dip angle of 22°, this would give an aggregate thickness of 2,400 m between
these two points. Nowhere within the Focene series, have I noticed any large
strike-faults which could seriously interfere with this calculation, nevertheless,
the facts upon which this estimate is based are so few, that I would not like to
state at this time that this series has such an immense thickness. Half of the
calculated amonnt may be a fairly safe minimum, so, for the present, we must be
satistied with the statement that the thickness of the Focene series in Yuan Chii
Hsien is more than 1,000 m,

It has been stated above that there are very few indications of faults within
the Eocene series. In fact, the only place where I have actually seen some small
faults is NI from Hao Ch'eng ‘I's’'un. In the NW corper of the Eocene area






Anderazon: Cenozofe of N. Chinn. 31

south of Hsiao Mo Ts'un the dip is to the IZ; in the SW corner, opposite Ho T4
Tsun the dip scemed to be towards the S\W; this observation has to be confirmed
by a visit to the place, as T only saw this locality from a distance through the ficld
glass,

At Tien Ton, 7 k. N from Yuan Chi city, T studied, in a ravine, red
shales with inter-bedded layers of limestone, the whole series dipping 10° S.

3 km, E from this place, at Fu Chia Miao, there were alternating beds of
conglomerate, sandstone and clay dipping 25° in N direction.

I have previously metioned the conditions F, of Iu Ts'un where the Focene
beds are separated from the Palaeozoic rocks by a big fault, in the vicinity of
which the down-thrown Focene is strongly disturbed so that dips changing from
W to E were noted within a small distance,

STRATIGRAFHY.

The sediments which build up the Focene scries are very varied in litholog-

ical character.

Conglomerates play an important role in this series, especially in the lower
part, where they are more or less dominating and mostly coarse, with pebbles of
fist size or even as much as a foot in diameter. In the upper part of the series
the conglomeratic intercalations are less frequent, mostly not so thick and with
peblles of smaller size, It is evident that in the Leginning of the sedimentation
cycle, hill slopes from which pebbles could be washed down, were frequent, while
the streams wefe powerful because of the steep grade, In the course of time, as
the sedimentary series grew to a thickness sufiicient to fill the valleys and cover
the lower hills, the role played Ly the coarse clastics became much reduced,
especially as the lessened grade gave the streams less power of action.

In the bottom of the series is found unstratified clay, mostly red in color,
but often variegated, with irregular, green, branching patches. This clay is inter-
bedded with the conglomerate beds.

In the upper part of the series, the same red-brown clay or shale is found,
sometimes in beds of up to 30 m. in thickness. Interbedded with this clay is a
whitish sand, often exhibiting current bedding. In this sand there are subordinate
layers of conglomerate, and these thin strips of conglomerate often contain some
reinains of vertebrates,
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Interbedded in this series of clay and soft sandstone or sand, there are thin,
regular beds of greenish or bluish-gray, mostly marly limestone. These limestone
layers, which mostly attain a thickness of 30 to 1Co cm, are very conspicuous and
in certzin sections, W and NV from Yuan Chii city, several such regular lime-

stone beds can be scen at varying intervals, one above the other (PL IV, fig 2).

As will Lbe more fully described in the following, these beds of marly
limestonie are the laycrs which offer the best prospect for the fossil hunter.
Nearly all contain the shells of ostracoda and some of them are rich both in

mollusks and fragments of vertebrates.

In a single place, locality 6, NI from Hao Cli'eng T's’un, there is a deposit
resembling a coal bed in the Focene serics. The place is situated about 1 km,
from the village in qucstion in a side valley running NT2,  The “coal bed ™ is best
developed in the W wall of the valley where for a distance of 77 m,, one can
follow a dark-colored bed, half a micter in thickness. A small development of the
same dark-colored bed was also seen in the I¥ wall, close Ly some small disloca-
tions, We were told that the dark substance in this bed would burn but that the
smoke was foul-smelling. The substance was too much weathered to permit an
opinion regarding its original nature. It was rich in gypsum, and in its lower
part some very beautiful gypsum crystals were found. The substratum of the
“coal bed ™ is a yellow, somewhat clayey sand and its roof a bluish-gray plastic
clay. One meter above the dark bed there is a layer with numerous fossils,
amongst which Planorbis pseudammonius is frequent, proving that the * coal bed ™

is simply a local intercalation in the upper part of the Focene series.

FORSTLS.

The mollusks collected by me in 1916 which gave Qdhner the material frcm
which he deduced the locene age of these beds, was found in a section in the N
bank of the Yecllow River below the village Chai Shang (% _I-) and immediately
to the I of locality 1 onmy map.

The mollusk materal forwarded to Odhner came partiy from the wmarly
limestone, partly from the clays. This material has been discussed in detail by
Odhner in his paper entitled * Lacustrine Mollusca from FEocene Deposits in
China ” published in the Bulletin of the Geological Survey of China, The follow-
ing species were identitied or described by Odhner;
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Planorbis pscudanmonius Schloth,

Planorbis psendammonins Schloth var. leymeriei Deshayes.
Pl, sparnacensis Deshayes.

Pi. chertieri Deshayes.

Physa cf. lamberti Deshayes,

Euchilus deschiensianim Deshayes,

Ceratodes sinensis Odhner n. sp.

Eupera sinensis Odhner n. sp.

With the exception of the two last mentioned new species this fauna is
characteristic of the Focene of France and Western Germany and certainly
presents substantial evidence to prove the Eocene age of the beds in question, Tt
is with great pleasure that I record my appreciation of this important discovery
by Dr. N. Hj. Odhner which is certainly one of the most remarkable in recent
stratigraphical research in China. It has given a powerful impetus to a continua-
tion of the work in the field with the result that we now realize the existence of a
well-defined Focene area with a thickness of at least 1.000 meters of Eocene

sediments.

Besides the mollusks determined by Odhner, the first consignment of fossils
also contained spors of Chara, according to the kind communication of Professor
K. A, Gronwall.

The new and much larger lot of fossils from these Tlocene beds, which T
collected with my Chinese assistant Yao, in May 1921, has not yet been carefully
examined, However [ have had an expression of opinions on the mammal mater-
ial from Dr, W. Granger, the well-known expert on Eocene vertebrates, and Dr, O,
Zdansky has given me some preliminary determinations of the lower vertebrates.

I gladly acknowledge my indebtedness to these gentlemen.

As shown in the stratigraphic chapter, the lower part of the Eocene series
consists of conglomerates inter-bedded with red and variegated clays. Practically
no fossils have been found in this lower part, except some few, entirely

insignificant bone fragments,

In the upper part, the sediments are, on the average, more fine grained,
sands with subordinate conglomerate beds, red clay, and intersiratified between
these, thin, regular layers of marly limestone. The red clay is entirely barren, and
in the sand and conglomerate, bone iragments are only rarely miet with, mostly in
a very fragmentary state. The only plage where fossils in some number were found
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in this kind of sediment was at locality 3 near the village Nan P'o (# #%). Here
some comparatively big bones were found, but all very brittle and fragmentary.
According to Dr, Zdansky, most of these bones belong to reptiles, but one piece
cerfainly indicates a mammal,

By far the best sources of fossils are the thin marly beds which are inter-
Ledded in the barren sediments, In many cases these layers of marl contain,
almost exclusively, ostraceda, and, lcss abundantly spors of Chara.

Other marl layers are quite full of mollusks, among which Planorbis
pseudammonins sfands out as a conspicuous giant. With this accumulation of
mollusk shells are found in smaller numbers, and very fragmentary, bones of
vertebrates; these are brown or black in color. soft in texture, and probahly
consist of phosphorite.

Some few fish scales have been identified, but the overwhelming majority
of the vertebrate remains helong to reptiles, among which Dr, Zdansky has

distinguished two species of Trionyr, and some few fragments of a small
crocodile.

Mammnal remains have been met with in the marls only in one section,
locality 1, situated at the Yellow River, close by the place where the first fossils
were found in 1916, The scanty mammal material consists only of a couple of
jaws and some isolated teeth among which Dr. Granger has identified:

An driiodactyl, represented by a fairly complete lower jaw, a molar from the
upper jaw, possibly belonging to the same specimen, and besides this, some isolated
molars, These teeth have a strong resemblance to Ancodon (Ancodus),

A Lemuroid or Insectivore, fragment of a lower jaw, anil a couple of isolated
tecth,

An Insectivore (), a tiny jaw without teeth,

A Rodeut, an incisor,

These fossils were identified from the collection which I brought home in
May 1921, In December the same year Dr. Zdansky visited Yuan Chii Hsien for
fossii collecting in the Focene series.

He carefully explored the locality two li above Jen Tsun on the right bank
of the Yellow River opposite Ho Ti Tsun which T had only seen .from some
distance, but reported 10 Dr. Zdansky as a place worth visiting.
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In a series of bluegreen and chocolate-brown marls dipping 15° towards W.
357 S, Dr. Zdansky found numerous remains of a Rhinocerotid related to Amyno-

don, as well as some few remains of a small mammal species and fragments of
Chelonia and a gastropod (Planorbis).
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SOME VERTEBRATE DEPOSITS IN INNER MONGOLIA.

So far as I know, no systematical scarch for vertcbrate fossils has as yet

been undertaken in Inncr Mongolia.

A brief paper on a small collection of mammal bones said to have come
from Mongolia was published by Lydekker in the Records of the Geological
Survey of India, Vol. XXIV, part 4, 181, However, the whole assembly of
fossils is such that I rather doubt that they come from Mongolia, but instead,
more probably, from those Sino-Mongoiian border-lands which, topographically,
belong decidedly to China proper. Fossils like those in the Lydekker collection
are, for instance, frequently coflected in Northern Shansi, not very far from the
Mongolian border.

During his journey across the Gobi desert from Urga to Kalgan, in 1892
Obrutcheif found S. of the salt lake Erdenc Dabbas, tecth of a Rhinocerid
which was determined Ly Suess as a Rhinoceros or dceratheriumg.  As will
be shown in the following pages, fragments of Rhinoceros and Aceratherinin
teeth have been found in large numbers i certain localities within the arca which
I examined.

In 19106, I commenced, with the support of the Geological Survey, resear-
ches on the Cenozoic deposits of Nerthern China,  After a couple of years of
preparatory work with comparatively meagre returns, I at last, in the late autumn
of 19138, met in the province of Honan with considerable success in the search
for fossil mammals. The rich harvests of such fossils, both of Pliocene and
Pleistocene age which I obtained at that time, encouraged us to continue the
campaign, and I consequently decided 1o carry my investigations into Inner
Mongolia during the following suinmer. In the early spring of 1919 T asked Mr.
F. A, Larson, the well-known expert on Mongolian affairs, to engage for me a
Mongol, who would be able and willing to undertake a reconnaissance trip with
the purposc of discovering what knowledge there might be of fossil bones amongst

£, W, A, Obruwehet!. Central Asia, Northern China and Nan-Shan, St. Peterzboury
1900.  (Russian) Vol I, p. 88-39.
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the local population. A youug Mongol named Haldjinko, was consequently
engaged for the purpose, through the mediation of Mr. Larson, and this Mongol
soon became a very good fossil hunter. A small collection of fossil mammal
remains, mostly the horns of deer, was brought to Peking by Haldjinko in May,
before my departure for Mongoelia, and in spite of the very fragmentary character
of the material, it gave some prospects of success, at the same time proving that
the fossil bones in Mongolia are preserved in a’way very different from those
of China proper. The Mongolian bones are heavy, hard and dark in color. As
later pointed out by Prof, Wiman, they very likely consist of phosphorite, though
it ought to be mentioned that many of them are characterized by ‘remarkable
hardness, possibly indicating a considerable content of silica.

On my arrival in the Hallong-Osso region (115 km N N \V of Kalgan),
in july 1919, Haldjinko took me to a numbher of Tocalitics, where bones had been
found by him, but the material collected was mostly very fragmentary and of little
interest. After a period of small progress, another Mongol collector named Jensen
brought in a lot of fossil bones, among which I discovered the molar of a big
beaver-like rodent, This find gave a powerful impetus to our search. It was
soon learned, that this interesting tooth had been found durihg the digging of a
well at a place called Ertemte, about 35 1i north of Hallong-Osso. Furtherniore
it was icarned that the best deerhorns collected by Haldjinko in the early spring
had come from that locality. New excavations were at once started at Ertemte,
and it soon became clear that a micro-fauna consisting mostly of rodents occurs
in a sandy deposit within a certain layer at a depth of three meters,

The excavations at Iirtemite were continued in the autumn, long after 1
had returned to Peking, under the able and energetic supervision of Rev. Jocl
Eriksson, and quite an extensive collection of the Ertemte micro-fauna was
brought fogether§,

The following year, 1920, I cagerly returned to Mongolia, principally for
the purpose of continuing the scarch for fossil mammials, At the time of miy
arrival in the later part of June, an cxXtensive trench had bheen dug into the
Ertemte deposit under the supervision of Rev. Eriksson, and this gave us a much
clearer understanding of the mode of occurrence of the fossil bones,

[77]
»

Rev. Erikszon, a member of the Swedizh Mongol Mission at Hallong-Oz:co, has in
most able and enthueisatic manner participated in my colleciing campaign in the
Hallong-Osso region. Inm recognition of the distinguished serviecs thus rendered by
him, the Royal Swedish Academy of Selence has awarded him the larger Linné medal
in silver. 1t gives me a special pleazure herewith to acknowledge my gratitude to
Rev. Eriksson,
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Later on a number of test pits were opened in a neighboring place called
Qlan Chorea, and here also a fairly gocd harvest of fossils was oblained. At
Harr Obo, some few 1i north of Ertemte, another interesting locality was found,
where the bones occur in a red clay, the whele thing reminding one very much

of the Hipparion Leds of China proper.

Fossils have also been brought together from a large number of localities
within a radius of 100 to 150 Ii, in all directions round Hallong-Osso, but the
three localitics mentioned are still by far the richest, and alone have made the

research for fossil mammals in Mongolia worth while.

In July 1920, I started northwards from Hallong-Osso into the Gobi
region, to a point some distance north of P'ang Chiang. The hopes for new
harvests of fossil mammals in these more northern regions were not realized,
although we obtained some big leg bones, probably of an elephant, which had
been found in a sand-deposit about hali way between Hallong-Osso and Plang

Cliaug (see below p. .43-40).

During the time which I spent m this excursion at [ang Chiang, my
collector Jensen had undertaken a reconnatssuance trip eastward to the immediate

surroundings of Dolonor, but the outcome was practically negative.

This shows the conditions under which we carried out our investigatjons
for fussil vertebrates in Inmer Mongolia. In the following pages I will give a
brief description of the more important vertebrate localities, principally to amplify
a paper, now i preparation by Dr. A, Séderstrom of Uppsala, on the vertebrate
remains collected by us, A fuller treatiment of this topic, dealing also with the
topography and general geological structure of the region as well as a discussion
of the present and ancient biological and climatic conditions of these regions will
be publisied later when the reports of the zoologists and botanists working on

the recent material which I collected are received.

In the following description of the localities 1 will begin with the group
which 1 consider to be the oldest, and then proceed to the younger deposits.

Most of the names of fos:zil vertebrates mentioned below are only pre-
Iiminary identiications made in the field and are no doubt subject to revision.
Still they will serve to give some idea regarding the composition of the fossil
faunas,
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Harr Obo.

As shown on the map of the Hallong Osso region (Map 11), this place is
situated 3 km. (51i) NNW from the Lrtemte bone locality,  The spot where the
bones were found is situated 3 li west from a rather famous hill called Harr Olo,

at the top of which stands one of those conspicuous Mongol shrines which are
called Obo.

The bone locality is situated on nearly level ground in which there is a
very slight irregular depression, that might mark an intermittent watercourse.  In
this small depression a hole had been dug to obtain water for the herds, and dur-
ing this process the bones were found. The matrix is a red clay not unlike the
Hipparion clay of northern China. In this clay there are numerous calcareous
concretions which are 1 to 3 dm. in length, These concretions often show very
conspicuous, brownish black surfaces, possibly due to a thin coating of manganese
matter. The interior is often hollow, and sometimes contains numerous small
calcite crystals. The fossils are mostly found in these nodules, and it is quite
evident that on the formation of the cavities the fossil remains were often frac-
tured, so that for instance the rhinocerid teeth are broken into narrow sharped-
ged pencils, whicl: are spread over a considerable area within the nodule,

In this locality, was found a considerable portion of a Rhinocerid (Acera-
therium?) skull, as well as numerous big bones, which probably also belong to
this type. Besides these remains of Perissodactyla, there were found some
interesting Artiodactyle teeth, reminding one very wuch of types Lelonging to the
Hipparion fauna.

Harr Obo is the only locality where the red nodule-bearing clay has Leen
found to contain fossils. However this type of deposit is of quite common
vecurrence in the Hallong Osso region.  For instance, at Tabool, 10 li ESE from
Hallong Osso, the red clay is exposed close to Mr. Larson’s house, In a well-
digging between Tabool and Hallong Osso the same deposit has been observed,
in this casc also confaining numerous calcareous nodules, characterized by the
remarkable black surface, At Delato, sonie few 1i W of Hallong Osso, red clay
with nodules was observed in a small river cut. This place will be moere fully
described in a following paragraph.

Amongst the numerous small collections brought me by Mongols, there are
some which scem to indicate the same fauna as that collected at Harr Obo, Four

localities are especially worth mentioning in this connection
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1: Tijelin Gol, 120 li N. from Hallong Osso, From this place 1 have

received fragmentary teeth of Aceratherinm and Hipparion.

[§]

Bonk Tjaggan, 20 1li North from Olan Chorea. Some Rhinocerid
tecth, some fragmentary fliorse tceth, and big leg bones have been
found here.

3: Tjaggan or Ich, which flows to Tjaggan Nor. Numerous fragments

of Aceratherinm teeth,

1; NW ifrom Anguli Nor, 70 i S. to W, from Tabool, at the river Da

Tjin Gol which flows to Tjaggan Nor. Horse and Aceratherium teetl,
some of them fairly perfect. ‘

The teeth and bones collected in these four places have been found washed
out in small water-courses. Consequently we do not know the kind of sediment
in which they were originally imbedded, but it is quite possible that a systematic
scatch in these places would reveal deposits similar to Harr Obo.

Ertemte.

Only 51i SSI of Harr Obo lies a bone deposit which is entirely different
in several respects from that first ment'ioned_ The bones occur in a fine, loose
sand, the bone-bed 1s very rich in freshwater shells, and the vertebrate remains
form a microfauna, astoundingly rich in individuals as in species.

Ertemte is a small hill south-west from Harr Obo. The bone deposit lies
in a slight depression to the east of this hill as shown on the detailed map on the
scale 1: 30,000 (Map IIT). In the map are marked three diggings named A, B
and C, Originally the deposit was discovered during the digging of a well near B.
Souie excavations for fossils were undertaken in 1919 near the points B and A,

In 1920 a big trench (B) was dug through the deposit in approximately
SW_NI direction as shown by the adjoined section, This trench had a length
of 23 meters and a maximum depth of nearly 6 meters, A very large collection
of fossils was made in this trench. Later in the summer a new trench was
opened at C, but here the sand was found to be entirely barren. Then a digging
was made at point A and here again we found in abundance, the same species
as in the trench B,

The sediment in this deposit is a withish, locally rather clayey sand, with
mdistinet stratitfication.  The bottom of the sand was not reached in any of our
diggings, but by the side of the original weil-digging, which was partly refilled
at the time of my first visit, L collected a sample of reddish clay, which may
mdicate that red clay occurs underneath the sand.,
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The sand is almost barren, except a narrow bed at a depth of about 3
meters. This richly fossiliferous layer varies in thickness from 14 to 35 cm,,
as is clearly shown by the section. QOutside of this bone-bed some few fossils
were found in two places, namely freshwater mollusks in clayey sand at the place
warked S2 and several Lig teeth probably of a Bovine, whicl were obtained about
6o cm, above the bone-bed in the SW. part of the section.

The Lone-bed is rather different in appearance from the barren sand
below and above: 'The sand-grains are much coarser and the sediment is partly
gravel-like with pebbles of waterworn bone fragments, It also contains numiercus
small rounded calcareous nodules, several cin. in diameter, Certain parts of the
bone-bed are hardened by calcarcous incrustation so that hard slabs of some size

can be taken out, In other places the bed is rich in soft plastic clayey or marly

substance which often adheres to the fossils, Nearly everywhere are numerous

smmall fresh water shells, mostly gastropods of several different species, but also
a few bivalves, Intermixed with these shells there are numerous bones and teeth,
mostly of very small size. Most of the vertebrate remains in this deposit are of
a clestiut brown color with a lustrous polish on the surface and in a state of
preservation, which can justly be called perfect. The substance in these beautiful

little bones is probably phosphorite as pointed out by Professor Wintan after he
lhad received the first consigmnent from this locality.

Unfortunately these beautifully preserved little bones and teeth oceur in
a pitifully broken state, and it appears as if some unknown force had reduced
the material to an approximately uniform size. For instance, I never found a
single complete Ritinoceros tooth, but only fragments, mostly of small size, The
numerous deer antlers are always more or less broken, skulls of the deer have
never been scen, and jaws, tolerably complete, have been found only in a couple
of instances, Single beautifully preserved deer-teeth are however amongst the
common features of the deposit.  In this conmection it may be worth mentioning
that though the Lones sometimes show sign of having been rolled and worn,
generally every little detail of the pretty teeth stands out in ideal distinctuess,
More complete remains of the smaller-sized rodents, such as entire leg-bones and
Jaws, are commonly found, but of this group we often find only isolated molars
or icisurs,  Very rarely complete juws of the large-sized beaver occur, whereas
numerous complete jaws of small rodents are found. It may be added that not

a single fairly complete skull has ever been found, whereas jaws of the smaller
anjmals are rather common.
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In the above outline of the mode of preseivation, I have indicated some
of the more imporiant groups which are represented in this fanua. 1t ought to
Le added that rodents occur in overwhelming majority, but that some few teeth
and jaws of small carnivores and insectivores have also been found, There is
moreover a great abundance of very tiny boues, which Dr, Soderstrém has iden-
tified as belonging to frogs. In addition there are also found some small bicon-
cave verlebrae which I think belong to fishes, and finally it may be noted that a
few small fragments of Struthiolithus shells have been gathered.

Olan Chorea.

At this place a number of fairly good bone-deposits have been found by
small excavations undertaken by Haldjinko. These localities are indicated on the
detailed map (Map I1I) of Olan Chorea as 1, 2, 3, and 4, these numbers being
given in the order in which the deposits were found.

Olan Chorea 1 is on the NE slope of a small elongated hill consisting of
decomposed Archean rock. On the slope of the hill there is a cover of reil clay
with numerous stones, and it looks as if the bones had come from this stony
clay, though they were actually collected in the washout after the rains. Hence
there was no section where the conditions could be distinctly observed.

In localities 2, 3, and .}, excavations were made, and in two of these holes
sections were measured which are reproduced in the adjacent diagram. The

record of these sections is as follows (from the bottom upwarcds) :

LOCALITY 2.
Thickness
in cm.
a: Tough clay, with numerous nodules in the bottom. 8o-115§

b: Clay and coarse sand passing into gravel. These different
types of sediment occur irregularly mixed with one an-

other. In the sand and gravel bones were found. 70-90
¢: Fine gravel and coarse sand with bcnes, 35-40

Gravel with sandy and clayey irregular intercalations. In

this gravel there also were bones, 45-70
¢: Clay with sand and gravel and clayey sand.  No fossils, 125

LOCALITY 4.

a: Iat tough clay, no bones, 101
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b: Clay with small nodules. 10
Fine gravel with numerous bones. 55
d: Surface-gravel, possibly of much younger age, with few
bones, 6o
Loc. 4. Loe, 2,
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Fig. 11, Sections of localities 2 and 4, Olan Chorea,
Yor detail description see the text,
The black columns indicate the levels which yielded bones,

It was specially noticed that in locality 2 the whole series was grayish-
yellow with a shading in red. ‘The fossils found in Olan Chorea are very much
the same as in Lrtemte, the latter being by far the nmost prolific of these localities.
It is worth mentioning that in Olan Chorea, Leaver tceth are less common than

in Ertemte and that fragments of Struthiolithus shells are far more comnion in
Olan Chorea.

Localities which probably belong to the Ertemte fauna have been recorded
as follows:
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Doshen 10 1i north of Hallong Osso, In this place excavations had been
made for a well. The sediment seems to be a reddish clay with gravel grains and
whitish concretions with irregular surface, 2-3 cm. in diameter. From this
locality I obtained a deer-antler, a rather large carnivore canine, several pieces of
Struthiolithus shells as well as teeth and bones of rodents.

Debato, near Hallong Osso, This locality is in a small river-bed which
has been cut down several meters in a broad valley. Like most of the water-
courses 1n Mongolia this river-bed is dry, except for occasional cloud-bursts, Tts
sides are mostly covered with grass but the water-course is indicated by patches
of sand and gravel in which the bones were found,

In the convex bends of the river-course there are small cliffs, at most four
meters high, of red clay with calcareous concretions.

In some places there are also exposures of sand and firmly cemented, fine
gravel. In the upper part of the water-course a few bone pieces were found in
this gravel.

South of Tabool, 5-6 i, bones were collected at the surface, partly high up
on a valley slope consisting of gravel and sand, partly on level ground amongst
pebbles, probably derived from some gravel deposit.

Olan.

This locality is situated 8o 1i NW. from Hallohg Osso and about 10 i SE.
from Bogda in Gol, a place near the eastern side of the Kalgan-Urga road,

The bone ]o::ality is in a valley facing N 30° E. This valley is filled with
distinctly stratified sand, and in this sand deposit an intricate system of ravines
is cut down to a depth of about 15 meters. This net-work of small ravines or
canyons very much resembles the loess-topography of northern China. Nowhere
else in that part of Mongolia which I visited, did I see ravines cut down to such
depth and extent, and topographically this locality is an entirely unique feature
so far as my observations in Mongolia enable me to judge,

As previously mentioned, the material in this deposit is yellow sand with
very distinct stratification.  Nothing resembling loess was seen there, and it may
be worth mentioning in this connection that I saw no real loess deposits in
Mongolia. It appears that the loess is just as rare or entirely absent on the
Mongelian plateau as it is a dominating feature 2ll over northern China, even
close up to the edge of the plateau itself.
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In the bottom of the Olan sand deposit there are lavers and lenses of
angular gravel. The stratification of the deposit is very distinct, and often
intercalations, probably somewhat clayey, thin as paper sheets, are seen inter-
bedded between Jayers of pure sand. Occasional current-bedding was noticed’
but as a rule, the stratification is regularly horizontal. TIn one spot a singular
phenomenon was observed, namely a zonc with sharp folding of the layers.

Above this zone, as well as underncath it, the bedding was perfectly horizoiital.

In this sand-deposit very large bones have been collected by the local
Mongols on several different occasions, and I have been able to purchase thre»

lots of such bones.  Judging from their size, they appear to helong to an elephant.

At the time of my visit no bones could Le found, hut T was shown the
place where some of them had Dheen collected. It was about half way up from
the bottom of the ravine in perfectly horizontally stratified sand.

The Mongols told me that new bones hecome visible from time to time
after the big stunmer rains.

In the summer of 1919 a Mongol brought me a considerable part of a
Rhinoceros skull which eﬁdently had been found in sand, to judge from the
abundant quantities of sand still attached to the specimen. It was said to have
come from a place called Disek or Diske located 120 li north from Hallong Osso,
In its comparatively modern appearance with little or no mineralization, this
Rhinoceros skull closely resembles the bones from Olan, and I tentatively assign

them to the same geological group.

I have now described all vertebrate localities in Inner Mongolia which I
have visited and examined, Besides the places thus mentioned, I have received
small lots of bones from many other localities which are however, far too little
known to be worth mentioning in this connection.

I will now try to indicate the relative geological age of. these differcnt
deposits. Because of the almost complete lack of natural sections in the gently
undulating Mongolian steppe it is very difficult to determine the relation and age
even between localities situated close together.

Apart from a single communication received from Dr. Wiman eon the
preliminary examination of the LErtemte fauna, I have no other palacontological
evidence than my own preliminary, and in some cases possibly erroneous field
determinations, Under these conditions the reader will understand that the state-
ments given below are to be accepted as merely provisional,
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Iertebrate deposits of the Hellong Osso region.
PLEISTOCENE 3 Olan and Diske, sand with Eiephas and Rhinoceros.
(Ertemtc-_Olan Chorea, sand and gravel with a micro-
fauna: Castor and other rodents, Cervavus, Struthiolithus,

etc. In Ertemte also Amplibians, Fishes, and freshwater
molliusks.

4 Harr Obo, (also Tjel in Gol, Bonk Tjaggan, Tjaggan or
Teh, Anguli Not,):

PLIOCENE AXD

LATE MIOCENE

Red clay with Aceratherium, Hipparion and Artiodacivla
the whole closely resembling the Hipparion fauwna of
LChina proper.

To the youngest group of vertebrate deposits | assign those of Olan and
Diske. In both these cases the hones are found in sand, and the bones themselves
have a very modern appearance with little or no mineralization. I fee] inclined
to refer these two deposits provisionally to the Pleistocene,

The horizon of Harr Obo (together with the probably similar but little
known localities Tjel in Gol, Benk Tjaggan, Tjaggan 6r Ich and Anguli Nor) is
certainly the oldest amongst tbe Mongolian mammal deposits. At Harr Obo the
bones are found in a red clay with calcareous nodules. This red clay is a widely
distributed sediment in the Hallong Osso region, and in the sections Olan Cliorea
2 and 4, the red clay with nodules occurs underneath the clayey gravel and sand
which contains bones of the Ertemte type. From these sections I conclude that
the Harr Obo fauna is sonewhat older than the Iirtemte fauna, still the difference
in age may not be very great, If I am right in assuming that the fossils from
Harr Obo (Tjel in Gol etc.) are species belonging to the Hipparion fauna, the
age of this deposit is of course settied, but it is entirely possible that I am wrong
in my field identifications,

In order to bring out fully the contrast between the Harr Obo macrofauna
and the Ertemte microfauna, it ought to be mentioned that the bones and teeth
from Harr Obo etc. are grayish white, whereas the teeth and bones from Ertemte
etc. are chestnut-brown to nearly black and consist of phosphorite.

Concerning the Ecrtemte fauna I have received a preliminary communica-
tion from Dr. Wiman dated Feb. 11, 1921.. Fe reports that Dr. Saderstrom,
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who was engaged in describing the Frtemte fauna, had identified the following
types which form only 2 small part of the numerous species;

Talpa

Lagomys, numerous
Castor n. sp.

Lepus,

Dipus,

Cervavus,

The last named animal is a primitive deer occurring in the Hipparion
fauna of Honan, and for this reason, Dr. Wiman is evidently inclined to consider
the Beaver fauna of Mongoﬁa as approximately contemporancous with the
Hipparion fauna of northern China. It is to be hoped that the scientific examina-
tion of the fossil material will definitely settle the relation of the Harr Obo fauna
to the Ertemte fauna and of these two Mongolian faunas to the Hipparion fauna
of northern China. At present I can only state that the Ertemte sand must be
somewhat younger than the Harr Obo clay, to judge from the evidence furnished
by the Olan Chorea sections.

Since, as noted above, the fossils in Ertemte, Olan Chorea etc. are always
singularly fragmenlary, it might possibly be said that these deposiis are only
secondary and that the bones have been washed out from some primary deposit.
This is a view I held strongly at the beginning of my field work, but as the
number of localities grew and I was never able to find this hypothetical primary
deposit, I have been forced to believe that the localities of the Ertemte-Olan
Chorea type must be accepted as primary and that the vertebrate remains are
fragmentary from some reason other than redeposition.

As there are palaeontological indications that the Harr Obo and Ertemte
faunas are only slight'y different in age, both approximately corresponding to the
Hipparion fauna, it would be natural to suggest that Harr Obo is the primary
and Ertemte - Olan Chorea the secondary deposit. This is impossible because the
immense masses of small bones constituting the Ertemnte fauna have never been
found with the big Ungulates of the Harr Obo clay. Also, in Harr Obo the
teeth are grayish white, whereas in Ertemte, the vertebrate remains are chestnut-
brown to black phosphorite,

When all facts are taken into consideration it seems at present more reason-
able to interpret Ertenite as a primary deposit,
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Let us now turn to a most fascinating problem, namely the mode of forma-
tion of the Ertemte bone deposit.  When in 1919 I thought that I had identified a
beaver molar in this deposit, an identification which has since been fully confirmed,
I felt, T was facing a palzo-climatic problem of singular interest,

At present the Hallong Osso region is a typical steppe, where trees are
excecdingly scarce, occurring only in small groups in some sheltered rock ravines.
(Onherwise the wiole area is an open rolling grass-land.  There are no permanent
water courses, and the lakes are more or less saline and entirely dry a large part
of the year with a thin crust of sal, which is replaced by water only after vcca-
sional rains

The finding of a fossil beaver, a type indicating forests and water, cerlainly
invites continued research and thoughtful consideration,

The occurrence in the Krtemte deposit of large masses of frog bones is a
further indication of aqueous conditions (I collected two recent species of frogs
and toads in Mongolia, but they are of rare occurrence).

The immense abundance of fresh water shells in the EFrlemte bone bed is
a further evidence of the aqueous nature of this deposit,  Provided I am right in
the determination of certain biconcave vertebrie as belonging to fishes, there is a
very strong combination of facts indicating that the Ertemte sand is a fluviatiie or
lacustrine deposit.

As shown by the detailed map, there 1s nothing in the local topographic
conilitions to indicate a water course, sufficient to lay down a deposit of this kind.
Further down the valley a small internittent stream flows down to Dabsun Nor as
shown on the map, and a slight indication of a water course is still seen at trenches
A and B, But above C there extends an entirely flat plateaun at an altitude of
12-14 meters azbove the datum level of the map where no indication of a water
course can be found,

The topographic environments of the Ertemte deposit are more likely to
indicate a deposition in a bay of a lake (marked approximately by the zero
contour-line).

Under the assumption that the FErtemte bone sand is deposited along the
shore of a lake, I have tried to indicate in the 1: 150,000 map (Map II) the
approximate extent of the ancient Ertenute lake, The dotted line marking the
contour of this Jake is not based upon accurate levellings, and in the very shallow
undulations which are characteristic of this topograpy, the eye of the observer
(even when supported by a good levelling mirror) is liable to make considerable
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mistakes, Still, I thihk that the line in question approximately indicates a con-
tour line passing through the rtemte deposit.  From the map we see that a flat
depression extends 12 km. to the S. and E. of Ertemte, In the deepest part of
this depression we mieet with two small salt lakes, Dabsun Nor near Ertemte and
Burtun Nor in the southernmost part of the depression.

In an effor tto gain new evidence on the interesting problem in question,
I dug two trenches at a place called Darchuei, situated 2 i east from Burtun Nor,
In these trenches I found a few insignificant bone fragments as well as a complete
specimen and some fragments of a bivalve, The stratigraphic conditions in these
trenches are shown by two adjoining figures (f. i2 & 13), which exhibit in the
bottom clay or clayey sand and gravel and above this bottom-layer a sequence of
gravel and sand with distinct stratification and a sharp folding of the layers. It
is difficult to explain how such narrow folds could be formed in a deposit of this
kind. Tt is raiher tempting to think of the lateral pressure which can be executed
by the icc on a frozen lake, but this explanation is merely tentative.§ The bones
and mussels collected in this place were found in the stratified gravel.

The field observations at Ertemte and Darchuei are evidently not sufficient
to sulve the question whether the Ertemte sand is a fluviatile or lacustrine deposit.
It is to be hoped that the examination of the fossil remains, specially the mollusks
will help to illuminate this problem.

From the map it appears that the Olan Chorea, Doshan and Debato deposits
vceur at a somewhat higher level than the Ertmte bune sand. In Olan Chorea,
which is the best known of these deposits, the bones occur in clayey gravels or
sands, mixed with gravel, and in this case, not a single fresh water shell has been
noticed with the bones. The type of deposit seems to indicate that it is formed
on dry ground where soilflow and washouts during the rains my have contributed
to form the deposits.

£, Dr. AL W, Girabau has called my attention to a pogible explanation of these contorted

layers, namely that they represent a subaqueous-gliding deformation (compare
Grabau: Principles of Stratigrapy, page 750 and following). Dr. Grabau has at the
=ame time pointed ont that the orcarrence of these contortions, if they are due to the
process suggested, forms the conclusive proof that the beds in question are of
subrquatic origin.  This would give a further proof of the existence of the ancient
Ertemte lake, which miy palseontological studies, catlined above, have lead me to
believe in tentatively.

At the present moment I hardiy feel inclined to go so far as to congider my few
and imperiect observations on the contortions, sofficient to serve as basis for so far-
reaching a conclusion.  But 1 feel the full strength of Dr. Grabau’s argument and take
this oceasion to express to this distinguizhed colleague and highly esteemed friend my
tieeg obligation for this suggestion, as well as for many others of the same valuable
rind,
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Fig. 12. Contorted layers at Darchuei,
Clay.
Stratified gravel and sand.

Gravel and sand without distinct stratitication.
Humus.

Fig. 13. Contorted layers at Darchuei.

Fine clayey sand with lenses of gravel,
Gravel without distinct stratification.
Clay. :

Stratified gravel.

Stratified sand, partly ochre coloured.
Gravel without distinct stratification.
Humus.

al
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If my interpretations are correct, Olan Chorea forms a drier type of
deposit when compared with the markedly aquatic Ertemte sand. In this connec-
tion it may Le of interest that in Lrtemte, the beaver teeth are much more common
than in Olan Churca, and that in the last named place fragments of ostrich eggs
are much more common than in Ertemte.

If the Frtemte sand was deposited in an ancient lake, it means, as clearly
shown in the map, that the climate of that period was immensely different from
that of the present time, for this region is now characterized by treeless vegetation
and] small residual salt lakes.

When the palacontogists, who are now working on the mollusks and
vertebrates collected at Eriemte, have given their verdict on the question Auziatile
or lacusirine, it will be time to decide, what further field research in the shape of
new trenches and accurate levellings should be undertaken in order dehnitely to

soive the far reaching problems raised by the discovery of the Ertemte deposit.

It has been mentioned above in the description of the sand with Elephas at
Olan that there vccurs a zone with sharp folding of the layers. Above this zone,
as well as unifcfné_éxlh it the Ledding is perfectly regular and horizontal, This
may be tentalivélg.: explained as another case of subaqumus-gli:ﬁng deformation
in the same way as has Leen suggested by Dr. Grabau for similar phenomena in
sand-gravel deposits within the area of the supposed old Ertenite lake (See above
page 50). _

Tf this explanation is valid it proves the limnic origin also of the Olan sand,
which 1 have tentatively interpreted as of Pleistocene age. This again would
prove a watery climate for Inner Mongolia also in Pleistocene time in much the
same way as we have tried to prove it for the Pliocene Ertemte deposit.

The age of the Olan sand is so far a mere guess, and its geological features
are studied only in a very cursory way. No fresh-water shells were noticed in
this deposit and the refercnce to Grabau's way of explaining the contorted beds is

here made only as an observandum to future explorers.
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-ON THE OCCURRENCE OF FOSSIL REMAINS OF
STRUTHIONID.E IN CHINA.

INTRODUCTION.

In a paper “On remains of Struthiolithus chersonensis from Northern
China” in Bulletin of the Museum of Comparative Zoology, Harvard College,
Vol. XXXII No. 7, 1898, C. R. FEastman reported the remarkable discovery of a
fossil bird egg of very large size which had been found in Northern China not far
from the city of Kalgan. A detailed description of the specimen was given and
it was identified with the fossil egg which had Leen found about 1857 in the district
of Cherson in South Russia and described by Brandt under the name Struthio-

lithus chersonensis, 1)

In 1915 another specitmen of Struthiolithus was found in the Province of
Honan and subsequently sold to the American Muscum of Natural History in
New York. A brief note on this specimen is given in the American Museum

Journal, Vol, XVII, No. 6, pp. 421, 1917.

In a paper on “Dragon-Hunting in China”, in “Far Eastern Review",
Nov. 1919, J. G. Andersson reported briefly on the occurrence of Struthiolithus
chersonensis in China, It was mentioned that something like 15 specimens of
these big fossil eggs were known to the writer. Some measurements were given,
proving that the lehgth of these eggs ranges from 173 to 186 millimeters and that
consequently they are considerably larger than the eggs of recent ostriches, The
age of the extinct Chinese ostrich was not delinitely known but it seemed most
probable that the eggs came from the loess.

In two preliminary notes on his fossil excavativns in eastern Kansu,
Pére E. Licent reported the discovery amongst the fossil mammal bones of some
objects, which he at first interpreted as pieces of pottery but in the second note
supposed to be eggs of a big bird. 2)

1). Brandt, A. Uber ein grosses Vogelei ans der Umgegend von Cherson. Bull, de
L’ Acad. Imp. des Sci. §t. Pérersbourg, T. X V111, pp. 158-161, 1373,

2}, La Politique de Pékin, August 29, 1920 (the arficle iz dated July 17), and a second
note dated August 20, 1920. :
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Recently another specimen of Struthiolithus, found in northernmost
Honan, has been described by B. A, Bensley. 1)

These are the scattered notes which have so far appeared ip scientific

literature on one of the most interesting remains of fossi) vertebrates found in
China.

There is no doubt that since most remote times, hundreds of these big
bird eggs have been unearthed by the farmers or washed out by the heavy summer
rains. I have not had opportunity to find out whether there exist any reports on
these eggs in Chinese literature, but it is worth mentioning that there is, in the
Art Museum in the Forbidden City in Peking, a Struthiolithus egg which accord-
ing to the label belonged to Emperor Chien-Lung’s collection.

In the course of the exiensive researches on fossil vertebrate remains,
which have been carried out by me and my Chinese assistants, during the last four
years, we have collected several specimens of Struthiolithus. While on my
journey in Honan, in April and May 1921, I obtained the long-sought oppor-
tunity of examining a number of deposits where Struthiolithus eggs had been
found.

The material collected by me is now in the hands of Dr. C. Wiman of
Uppsala, who, with his associates, will, in due course prepare paleontological
monographs on these collections. In the case of the Struthiolithus remains there
are, however, such numerous field notes and other observations, in addition to the
material in Dr. Wiman’s hands, that I have considered it necessary to put all these
data together in comprehensible shape in order to make it available, not only to
Dr. Wiman, but also to other scientists interested in these remarkable fossils,

It will be seen from the following pages that the question of the age of
the Struthionide remains in China is both obscure and complicated. It is my
hope that this note will help to throw some light upon these problems. When
once the naterial collected by me and by Pére Licent is fully described by Messrs
Wiman and Boule it will be interesting to see how their determinations of the
affinity of these fossils will agree with the conclusions here veached from scat-
tered and imperfect field observations,

1}, “An Eyy of Struthiclithus Chersonensis Brandi”, University of Toronto Studies,
Biological Series, No* 19, Toronto, 1921, )
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STRUTHIOLITHUS SHELLS, CERTAINLY OR PROBARLY
OBTAINED FROM TIIE LOESA.

In the following chapter I have brought together all my own field notes,
as well as the few statements in the scientific literature on Struthiolithus shells
which have certainly or probably been derived from the loess, The localities are
arranged in geographical order beginning with Shantung.

Find 1,

Province: Shantung.

District:  Chang-Chiu-Hsien (32 5§ 3£).

Village:  Sha-Wan-Tsun (3 #} k), situated 16
kilometers south of Tsao Yiian Chuang
(4% [ JE) station of Shantung railway

In this place my collector Yao (§t sjs 1) met a farmer in 1919 who repor-
ted that, 7 years ecarlier, when preparing a terrace for cultivation, he found, at a
depth of 5to 6 ft. below the surface, 4 eggs lying close together and probably indi-
cating an old bird’s nest. Two of the eggs were taken out unbroken and kept for
some time in the man’s house, but, as they were considered of no value, they were
used as stoppers for some pottery vessels containing oil to protect the contents
against the dust. The children of the house sometimes played with these remark-
able stoppers and so they were broken. Consequently we could secure only a
fragment of a shell.

+

This is the story as told, not only by the finder himself, but also by
other villagers to Yao and his guide when they visited the place the 1st of April
1919. The following day I went there accompanied by Mr. S. H, Tsao of the
Shantung Mining Board, Yao, the guide and two soldiers. \We made enquiries in
the most friendly way, but found the situation totally changed. The man who, on
the previous day had told the story of the find and handed to Yao the fragment of
an egg, now denied all knowledge of the thing, When hard pressed he admitted
that he had had the eggs in his house, but said that they had been found many
years ago by his grandfather. Other villagers were also very reserved; they
expressed the opinion that the objects in question were “Dragon eggs”, and it is
probable that they feared that the appearance of foreigners, soldiers, etc. would
lead to measures which might endanger the ground around their family (ombs,
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No further information could be gained and we had to leave the place
after a rapid examination of the locality,

The village Sha Wan Tsun is situated in a small depression surrcunded
by limestone hills, the slopes of which are covered by the usual red clay, probably
of Pliocene age.

The place where the eggs were found is situated on the west side of the

road leading from the north to the village.

The prevalent rock in these hills is the ordinary Ordovician limestone,
but around the terrace in guestion as well as lower down in the slope I noticed a
kind of tuffaceous limestone, mostly whitish but with varieties in rose etc.  This

tuffaccous limestone is probably guite young, most likely of Pliocene age.

7 Ssocale
ipproxlmafa
e 7 2 3 & g7

Fig. | 1. Section a1 Sha Wan Tsun. Sibmap W EN R B B

(a) Tuilaceous limestone. () RGMmy
{b) Conglomerate. (b) {5 5 4
(¢) Redclay. (¢) 41+

(dy Reddish foess, (d) W {8 41 |-

As shown by the adjoined section (fig. 1.4} the tuffaccous limestone was
in one place overlaid by a thin bed of conglomerate or gravel and this is covered
by red clay. ‘i‘he youngest sediment is loess-like, but somewhat reddish in colour.

It was impossible to stale with certainty in which kind of soil the eggs were found,
Find 2,

Provinee: Chihli.
District:  Hsi Ning Haien.
Village: Yao Chia Chuang.
This specimen of Struvhiolithus is of special interest as being the one

through which the occurrence of this remarkable species in China was first made
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known to the scientific world. The egg was brought by Rev. James H, Roberts,
to the U.S.A., and there sold to the musewn of Harvard University, Cambridge,
Mass. It was described by Eastman in an article in the Bulletin of the Museum
of Comparative Zoology, Harvard, Vol. XXXII, No. 7, 1848, and this has been
until recently, our chief source of information on the occurrence of Struthio-
iithus in China,

The circumstances of the tind are recorded Ly Eastman as follows;
“Four or five years ago, a Chinese farmer, while working at the foot of a bank of
earth about six meters high, dug out what ke considered to be a pair of ““dragon’s
cggs”. One was broken, the other entire, and, presuming the latter 1o have some
commercial value, he took it with him to Kalgan, and disposed of it to Rev,
William P, Sprague, one of the American Board missionaries residing there, Rev,
James H. Roberts, a brother missionary who has also spent many years in China,
was present when the egg was sold, and on revisiting this country last spring,
brought the specimen with him on behalf of Mr. Sprague, to be offered for sale to
some scientific institution. Eventually it was purchased for the Museum of

Comparative Zoology, where it is now deposited.

“The Chinese workman who found the egg was well known 1o the ser-
vants of the missionaries as a man living in Yao Kuan Chuang.  This is a smalil
village in the district of Hsi Ning, about fifty miles southsouthwest from Kalgan
by road, but somewhat nearer in a straight line, as that region is very mountainous.
Subsequently Mr. Sprague visited the exact spot where the eggs were dug up, in
company with the man who found them, and thus satistied himself of the
authenticity of the discovery.”

In the correspondence which I have had with Rev. Roberts who is now
retired and living in U.S.A., he has, in a lelter of Feb, 17, 1919, given me sonte
notes on the find, which do not quite agree with those given by Eastman.  Rey,
Roberts’ note runs as follows; “The egg was found in the autumn of the year
183, by Chinese farimers in the district of Hsuan-Hua-Hsien, near the village of
Ch'ing-K'o-Ta, (125 Li) one hundred and twenty five li (or Chinese miles)
south-west of the city of Hsuan-Hua-Fu, and (8) eight 1i northwest of the
market town of Hua-Sao-Ying-Tzu, Said farmers brought it to Kalgan, and
sold it to Rev. W. P. Sprague for (joo) three hundred cash,—equal to about
eighteen cents U.S. gold at that time. The farmers said that the egg, and portions
of another broken one like it, had been dug up, in digging under a bank of clay or
loess, at a depth of (20) twenty feet below the surface.”
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In order to clear up this point I addressed a second letter to Rev,
Roberts who very kindly wrote me a communication dated Oct. 11, 1921 408 So.
Main St. Silver Lane. Conn,

From his letter 1 reproduce the following passages together with a
sketch-map drawn by him to elucidate the situation of the finding place of the egg:

“Yan Kuan Chuang is probably a mistake for Yao Chia Chuang. There
is a little village called Yao Kuan Chuang, but 1 believe that it has no relation to
our present subject, One man, recently reported as still living, is a sure clue to
the locality in which the egg was found, viz,, my former cook, named Chin Ts'un
Te, who lives in the village of Erh-Ma-Fang, (2) two 1i west of the market-
town of Hua-Sao-Ying-Tzu. 7The man who found the egg was his brother-in-law,
a member of the Kalgan (Congregational) Church, who afterward, because of a
dispute regarding a piece of land, became a Roman Catholic. Mr. Charles S,
Heininger, of the Methodist Protestant Mission in Kalgan, wrote to me in a lelter
dated Aug. 27, 1921, that Chin T's’un Te is “at his home in Erh Ma Fang”.

“T was well acquainted with the man who found the egg, though I
cannot recall his name at this time".

UKALGAN

Dusiian HUA HsiEN

YAO CHIA CHUANG }-

a /7 "CHING Ko TA
HSI NING HSIEN |
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Sketch-map 1o show the position of the villages Ch'ing K’o Ta in Hsitan
Hua Hsien and Yao Chia Chuang in Hsi Ning Hsien.

“You will see, by the enclosed map, that the boundary between Hsi
Ning Hsien and Hsiian Hua Hsien (counties) runs up between the villages of
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Ch'ing K'o Ta and Yao Chia Chuang.” T cannot tellon which side of the boundary
the egg was found, but believe it was found nearer to Yao Chia Chuang than to
Ch'ing K'o Ta. (Ch'ing K'o T'a is 125 li from Hsiian Hua Fu (or Hsien) city,
and 8 1i N.W. of Hua-Sao-Ying-Tzu,)

“The egg was found near Yao Chia Chuang, which is near Ching K'o
Ta, the former being 10 Li to the north. The former is under the jurisdiction of

Hsi Ning Hsien, and the latter is under that of Hsiian Hua Hsien”
Find 3.

Province: Chihli.
District:  Ching Hsing Hsien {(J§ |2 25).
Ching Hsing coal mine.

When my collector Yao came to this mine in May 1919 he procured
from a workman a small piece of an ¢gg which had been found about ten days
previously. When discovered, the egg was comiplete, but it had been broken while
being handled by mquisitive people, so that Yao was able to get only this

small fragment.

The find had been made at a spot less than 50 feet from the mouth of
the pit, where excavation had been made in the loess in order to obtain material for
filling in the mine, The egg was found at the very botton: of the loess wall which
is here about ten feet high and consists exclusively of loess with no gravel,

Find 4.
Province: Chihli,

District:  Chii-Yang-Hsien (gfj £} E£).
Village: Kou-An (3 %).

In Sept. 1919, there came to my house in Peking, a curio dealer who
offered for sale a Struthiolithus egg, the biggest I have ever seen, measuring 186
millimeters in length, He stated that it had come from 'I’ai-Ku-Hsien in Shansi,
On the following day he returned with the different information that the egg had
come from K’ou-An in Chii-Yang-Hsien of Chihli province.

These contradictory statements make the whole (uestion of the origin of
this specimen somewhat doubtful, but it is possible that one locality refers to the
place where the egg was found, the other to the home of the man who had acted
as intermediary in the dcal.
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Tt was said that two eggs had been found, washed out by a flood, but
that one of them had become broken,

Find 5.

Province: Shansi,
District:  Wu-T’ai-Hsien (1, 5 8%).
Village: Yang-T"ai-Chuang (3£ & 3E).

In Jan. 1919, a Struthiolithits egg was offered for sale in Peking. The
price was inuch too high, but I was given a chance to take a photograph and some
measurenients of the specimen,

It was siated that the egg had been found at a village called Yang-1ai-
Chuang, 13 Li NW, of Wu-T"ai-Shan, probably counted from the temples on the
summit of that famous mountain.

The surface of the egg was stained by red earth and had calcareous
concretions firmly attached to it in several places,

Find 6.

Province: Shansi,
District:  P'ing-Lu-Hsien (3 Bk £%).
Village:  Liang-Chia-T’an (i7: % {#%).

With the assistance of Rev. A. Derg, a Swedish missionary, in Yiin
Cheng, Shansi, T have obtained two eggs, one complete, one broken.

Concerning the complete egg it was said that it was found in 1911 near
the above village. The find was made onec li east of the village and 1.5 li from
the Yellow River at the depth of one foot below the earth’s surface.

Though originally complete, the second egg was broken during the
transport to Yiin Cheng. Whence it came is not clearly stated but, as both eggs
were brought by the same man, it is likely that they both came from one locality.

Find 7,
Province: Honan.
District:  \Wu-An-Hsien (3 % ).
In this district two Struthiolithus specimens have Leen obtained by a
resident missionary, Rev. Harold M, Clark. One of these specimens has been

described by B, A. Bensley in a paper on “An Egg of Struthiolithus Chersonensis
Brandt”, University of Toronto Studies, Biological Series, No. 19, 1921,



Anderszon: Cenozoic of N. China. 61
In this paper the following statement is made:
r

“Concerning the present specimen, Mr, Clark states that he obtained
it from a native friend who is a travelling collector and dealer in curios  There is
no exact information as to the geological setting.  "Flie egg was originally owned,
and probably obtained, by a mative workman in the village of Chuan Hu, in the
extrene northern part of Honan, near the Pe Chi Li boundary. It was later
borrowed by some rich relatives and taken to a neighbounring village of 1 Cheng,
some ten miles distant, where it was exhibited at fairs. After purchasing the
specimen. Mr, Clark heard of the existence of a very large egg in this village and
was able to establish that it was the one in his possession.”

[t is stated that Mr. Clark also obtained a second specimen but it is not
very clear whether the two eggs were found together.

Another missionary, Rev. G. H. Bruce, living at the same place has, in
the absence of Mr. Clark on furlough, given me the following supplementary
information :

“As far as I can learn the eggs were found in the neighbourhood of 1
Cheng, a market-town about 4o li due north of Wuan (Hsien) city. They are

reported to have been washed out of a loess clay bank by heavy rains.™

From this last communication it seems highly probable that the two eggs
belong to the same find.

Tind &

Province: Honan,

District:  Cheng Chow,

When passing through Cheng-Chow, the junction station of the Kin-Han
and Lung-Hai railways in Honan, in Dec. 1918, | saw, in the home of a
missionary doctor, Mr. A. C. Louthan, a specimen of Struthiolithus and was

courteously given opportunity to take some measurements of this shell.

According to Dr, Louthan’s statement the egg was found not far from
Cheng Chow when sinking a well, Lurther details cn the locality were not
available.
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Find g.

Province: Honan,

District:  Ho Yin Hsien (o] B2 B8).

Village: Han Wang Chéng (18 3° 32).

In May 1922 my colfector Bai bought a complete Struthiolithus egg in

Ho Yin Hsien in Honan.  The village Han Wang Chéng, where the egg had
been obtained, is situated 12 i NE of the district city, and the find was made at a
small place named Mo Ch'i Ling (J§§ Bt 3{) 4 li E of Han Wang Cheng.

Find 10,

Province: Honan,
District:  Ssti-Shui-Hsien (B 7K B§).

An egg of Struthiolithus was bought in 1919 for the Museum of the
Geological Survey, and the man who sold it gave the following statement about
the locality :

“A fossil egg was found at Monshan sometime in June, 5917, and was
sold to Peking. About June 1918 two eggs were again dug out at the south
escarpment of Monshan and about 30 feet underncath the surface, One of the
eggs is now at Chengchow and the other is brought to PeKing, The discovery of
these two eggs was caused by washing away of the soil and consequently the white
part of the shell was seen on the surface of the ground.”

Monshan(§)= {ly) is a hill-range ten li south from Ssii-Shui city,

Iind 11,
[’rovince: Honan.
District:  Kung-Hsten(% 1%).
Village:  Chao-Kou (#j i&).

During a trip on the Yellow River in May 1921, I was told that there
was, in Chao-Kou, a complete “Stone egg”, and during a visit to that settlement
I was courteously shown the egg which had been found about 20 years agc
floating on the Yellow River just below the village,

Chao-Kou is sifuated in a narrow ravine cut down in the loess. This
ravine opens to the north towards the Yellow River. The loess plateau, extending
- on both sides of this ravine, forms a high steep cliff-like river bank, specially on the
up-river side, and it is very likely that the egg had been washed out from this loess
chif, which is constantly being eroded by the swift current of the river.
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The discovery of the egg floating on the surface of the Yellow River
was constdered by the villagers as an omen full of significance. They demanded
100 dollars for the specimen, and when 1 offered a twenticth of that sum, they
politely declined every bargain, pointing out that the cgg was the common property
of the village and that they would use 100 doliars for the ercction of a small temple
in commemoration of the remarkable event.

It is interesting to note that the circumstances of this find are similar to
those of the original specimen of Struthiolithus clersonensis in South Russia. In
that case also the egg was found floating on the surface of a stream.

Find 12,

Province: Honan,

District:  Hsin An Hsien (£ 4 18).

Village:  'T's'ai Chia Chuang (2% % #I).
From a village in this place I bought a perfect Struthiolithus cgg.

The small village referred to is ssituated on the eastern side of a big
ravine running N-S. From this big ravine a small side ravine extends eastward,
and the finding place is on the northern side of the small ravine, 100 meters NI
from the house of the finder, whose name is Liu Ch'ang (%] J£). The man
indicated the exact spot where the egg had been found, in a vertical ¢liff formed
artiticially through excavation of the loess for houschold and agricultural purposes,
Above the spot where the find was made there are 2 meters of gray loess and

below this level about two meters of loess-like but somewhat reddish material,

Two eggs had been found, but one of them was broken during the

excavation,

The complete egg has some typically loess-like incrustations,
Find 13.

Province: Honan,
District:  Hsin An Hsien (§f % B&).
Village:  Hsia Kuo Yu ('F i} #5)-
When staying in Hsin An Hsien in April 1921, T was told of the
2xisience of a “Stone egg” at the village IHsia Kou Yii, which lies 20 li NNE {rom
Hsin An aity, I visited this setilement and collected the following data;
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The village is situated on the northern side of a small vailey, on the
south side of which there is a steep wall of red sandstone.  The northern side is a
more gentle, loess-covered slope. Close by there are loess cliffs, 6 to 7 mieters in

lieight, the lowest part of this loess being somewhat reddish in colour.

Two cggs were found about 10 yecars ago, during excavations for the
crection of a building. The find was made 1010 15 feet below the original earth
surface in a somewhat reddish but otherwise entirely loess-like sediment,  One of
the cggs was broken during excavation, the other was carcfully kept and shown to
me. The price demanded was so high that | left it with the owner after having

taken sonme measurements.,
Find i3,

Province: Honan.
District: Hsin An Hsien (§f % 5%)-
Viilage: Tung Huang Nu Yuan (Y@ ¥ 4 B2)-

Numerous fragments have been forwarded to me of a Struthioiithus cgg
obtained from a village Tung Huang Nt Yian (B & 4 Pg) situated 1511 S. of
Hsin An Hsien city. The find was made in a ravine named Jén Keng Kou
(ff 3T i) located 3 11 S. of the village referred to.

Find 15,

Province: Honan.
Dristrict:  Mien Chih Hsien (i ¥ 13).

A specimen of Struthiolithus is in the possession of the American
Museum of Natural History in New York. Inaletter of Nov. 12th 1919, Dr.
I. A. Lucas, Dircctor of that museum, has kindly given me the foliowing note on
the specimen:  “Our own egg was purchased from Mr. Peter Bahr who spends a
great deal of time in China collecting objects of art, cte.  The information he gave
in regard to the egg is as follows: ‘T'he man who brought it to me, in June
1015, said that it was found by his brother near Mienchih in Honan on the borders
of Shensi Province, and that it was sticking out on the bank of the Yellow River.””
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The statement that the find was made near “Mienchih in Honan on the
borders of Shensi Province” should probably be interpreted as meaning Shansi
instead of Shensi, as Mienchih Hsien is far away from the borders of Shensi
Province, but extends in the north to the Yellow River, at the northern side of
which 1s Yuan Chii Hsien of Shansi Province,

Find 16.

Province: Honan,
District:  Mien Chib Hsien (3% i1 25).
Village:  Feéng Ming Plo (el oy §%).

From this village which is located 22 1i N from Mien Chih city T have
obtained an cgg through the kindness of Rev. M. Ringberg in Mien Chih Hsien.
In April 1921 T had an opportunity to visit the pluce and collect the foliowing data:

The cgg was found two li east fromthat village in an exceedingly narrow
ravine extending N-S and opening towards the Mien Chih plain.  The find was
made in the northernmost part of this ravine, near its upper end at the bottom of
the ravine, 17 meters underneath the level of the ground at the edge of the ravine.
The material is everywhere loess-like but shows vaguely a kind of stralification due
to a variation in color in different levels of the locss. A hed of calcarcous concre-
tions was found at the very bottom of the ravine about 10 meters north of the

finding place, otherwise no concretions were seen in this section,

The sediment in which the discovery was made is loess-like but slightly
multi-colored. Everything gocs to prove that it is genuine loess.  Some land
shells (Helicide) were collected in the same level.

Find 17.

Province: Honan.
District:  Mien Chih Hsien (7§ it 88).
Village:  Kuo Y1 Kou (755 5 i¥%).

In a curio shop in Mien-Chih city 1 bought, in 1921, a broken Struthio-
lithus egg. The owner of the shop gave me information as to the village Kuo Yii
Kou where the egg had been found, Some few days later 1 went to this village
which is 10 li NW from Mien Chih city.
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The discovery was made in 1917 when digging a cave to be used for a
store-room, close by the house in which the finder lives with his family, Two
cggs had been found during this excavation. One occurred in the middie of the
cave four meters below ihe surface. This specimen was complete when in situ,
hut was somewhat broken during the excavation. That is the specimen bought by
nie in Mien Chih city,

Broken picces of another egg had beed noticed by the man in the wall of
the cave, and these fragments were still in situ and were shown fo me.  In this way
I had the pleasure, for the first tinte, of excavating a Struthiolithus egg and of
proving beyond doubt that they cccur in loess, This broken egg was found one
meter insicde the mouth of the cave and about five meters below the surface of the
carth in absolutely typical loess. In this case the egg was broken before burial
as fragments were scatfered in the locss about a foot apart, I also collected

numerous land mollusks around the spot where the excavation was made.
Find 18,

Province: Honan.
District:  Mien Chih Hsien (i 3t 8%).
Viliage:  Yang Shao Tsubh (49 {8 #1).

In a paper under the title “An carly Chinese Culture’ in the Bulletin of
the Geological Survey No. 3, T have described an extensive prehistoric site of
Fueolithic (ype at Yang Shao Tsun in Mien Chilh Hsien of Homan province,
Over an area more than 600 meters in Iength and nearly 500 m. in width the
Tertiary red clay and locally the loess is covered with a culture stratum, 1-3 meters
in thickness which contains stone and bone implements as well as innumerable
fragments of pottery of many varied types.

In the spring of 1922 my collector Pai, when excavating in the culture
stratum for collecting artifacts and pottery, found in one place in the typical ashy
culture soil not less than 83 fragments of Struthiolithus shells, One of these
fragments attains a length of as much as 69 millimeters, but most of them are very
smali, some few have Leen found to fit together, and it is very likely that they ail
belong to one specimen as they were found close together,

This find raises a number of important issues. When questioned, Pai
absolutely maintains that the find was made in the “ashy earth”, the characteristic .
culture stratumi.  Pai is very familiar with the site and its soil, so there is little
probability that he is mistaken in lis statement.
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Under these circumstances is seemis unavoidable to assume that somcone
of the ancient Yang Shao dwellers had the egg in his hands and reduced it to

fragments. Two alternatives have then to be taken into consideration

1) That Struthiolithus still lived when the Yang Shao culture stratum
was formed and that the egg shell fragments are refuse from a successful hunt

for the big eggs,

2} I'hat a fossil Struthiofithus egg had been found by the Tneolithic
man, much in the same way as we mike such finds as the present day.

As has already Leen indicated in some of the local descriptions and witl
be more fully shown i the following, I consider the Struthiolithus ¢ggs to be a

characteristic fossil of the Toess.

With our present imperfect knowledge it is impossible to state the exact
age of the loess, but is seems most probable that it represents the Middle
Pleistocene, that is the period of Palxolithic Man in Western Europe. From the
Palzeolithic to the end of the Neolithic is an immense period of time, and it is
hardly probable that a bird, like the ancient Asiatic Ostrich, survived until the
dawn of historic time, even if we take into consideration that the unbroken
topography of the loess steppe actually still prevailed at the time of the Yang Shao
culture, and that the site confains indubitable remains of a Hfystrix which seenis to

have in more recent time disappeared from this area,

A direct proof that the Yang Shao dweller Landled an already fossil
shell is seen in a loess-like calcareous incrustation upon the outside of two of the
fragments indicating that the shell was probably obtained from the loess which is
commion in the surroundings of the site.

Our 'cxploration of the Yang Shao site has lead to the remarkable
conclusion, that the big ravines surrounding the site have been cut down during a
period later than the formation of the site. This scems to make it less likely that
the Yang Shao dwellers could have comie across a specimen of these c{;gs which are
mostly found in the ravine walls. But as a find of Struthiolithus has heen made
also near Yang Shao T'sun in very shallow depth in the loess, it is by no means
mmprobable that one of these eggs could have been washed out in the shallow water
courscs of the Yang Shao period,

Just as the loess has formed the soil from which grew up the Chinese
culture, so it seems that the index fossil of the loess, the Struthiolithus shells,

have been in the hands of the Chinese from the earliest times.
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I felt much impressed when for the first time I saw in the Art Museum
of the Forbidden City Emperor Chien Lung’s Struthiolithus specimen, but that
find is a discovery of vesterday when compared with the fragments found in the
Yang Shao site, which seem to prove that the Man of those distant days was

musing on those gigantic shells much in the same way as is the case with the
farmer of today,

Under the above numbers 1-18 T have brought together all the finds of
Struthionide cggs in N, China which seem 1o belong to Struthiolithus chersonensis

and which probably are of approximately the same age,

I have not tried to undertake a close study of these specimens which
nave come into my hands on widely different occasions. Those, which have been
bought by me have been shipped to Dr. Wiman in Uppsala with the exception of
one (No. 10) presented to the Museum of the Geological Survey of China and
another handed over to Dr. G, D, Wilder (No. 16). It is expected that the
material of Struthiolithus eggs now in Dr. Wiman’s hands will be earefully
described by him or one of his associates.

In the meantime I will be satisfied to give here some measurements of
the eggs which have passed through my hands. T do this specially because T
have been able to micasure some specimens (finds 5, 8, 17 and 13) which were not
obtainable through purchase but which, thanks to the courtesy of the owners, were
oftered to me for taking of the desired measarements, In the table (p. 69) 1

have alsv included the measurements (No. 2 and 7) which have been published by
Fastman and Bensley.

All in all, T have been able to communicate here measurements of 12
eggs of the.Chinése fossi] ostrich. In a small table (p. 70) T have given the
maxima and minima as well as averages of these measurements together with the
measttrements of the Brandt type specimen from Russia as well as some measure-
ments on eggs of the modern Struthio camelus, It will be seen from this
condensed table that the dimensions of the Chinese Struthiolithus in dimensions
well accord with those of the Russian type specimen, At the same time we see
that all cggs of Struthiolithus are in every measurement bigger than the eggs of
the modern ostrich. Tt thus seems probable that these fossil specimens all belong
to a species somewhat larger than Struthio camelus,
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1 ‘ 1
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]
| Struthiolithus chersoncnsis ‘n - . _ o
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Struthiolithus chersonensis ! | |
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i Struthio camelus. 3 speci- | o —'__"i_ o T
i‘ nin, ! 160 412 ! 400
‘ ‘ . :
- mens measured. [ _'____14 ] |
! I |
aver, I 102 ! 419 i 404
|
u !

In a special column of the table page 69 1 have indicated the mumber
of cggs met with in cach find.  \We infer from this column that in one case four
cggs were found together, in 7 or probably 8 other cases two eggs are reported; in
the remaining 9 cases only a single ¢gg has been made known.  With reference to
this kast-mentioned group it ought to be remembered that in some of these cases
su little is known about circumstances of the finds that possibly in some of these
cases mare than one cgyg might have been upearihed without this fact having come
to my notice,  Consequently it may be safe to say that in about every second find
of these eggs more than a single specimen has been discovered.  This is certainly
a significant circumstance indicating that the finding places in many cases were

nests in which the eggs for sume reason have not been allowed to hateh,

A further conspicuous feature is that nearly all the cggs are complete
when in the soil.  Some few have been broken by careless excavation; only in a

single case (Nou. 17) have we been able to state, that an cgg was in breken state



Andersson: Cenozic of N, Chine., 7l

already in situ. It is certainly a startling fact thar these thin empty shelis have
been able to withstand the pressure of the surrounding locss. 1t scems rather
likely that groups of cggs were buried during dust-storms in the colian sediment
and that this gentle way of deposition accounts for the fact that the cgEs are
nearly always unbroken, It is interesting to note that in all the cases where
Struthionide ¢ggs are found in Phocene deposits of luviatile (or otherwise non-

eolian) nature the eggs are always found as broken fragments,

In the above discussion it has been anticipated that the Struthiolithus
cggs have come from the loess,  Ina column of the table page 69 1 have given
the available data as to the sediment in which the cggs have been found,  In
several cases the sediment is of indifferent nature, reddish Joess or loess-
like clay. But in three localitivs, marked with an § in the column, T have
persomally been able to prove that the eggs were found in loess, Specially
convincing is find 17, where T was able to excavate a broken egg from typical loess,
From these facts I think it safe to assume that Struthiolithus chersoncnsis belungs
to the loess fauna.  As fossil vertebrates are generally very rare in the loess, 1

will go a step further and say that S. chersonensis is the index fossil of the loess,

STRUTHIONID.E-REMAINS HBELONGING TO THE HIPPALRION-FAUNA,
Shaeunst, Pao Te Hsicu,

In a letter of January 11 1921 Dr. Wiman reports an interesting find
amongst the material sent to him from the Hipparion beds at locality 30, 1 ai
Chia Kou (@] % i) in Pao T¢ Hsien, NW Shansi on the Yellow River.  This
region is the most famous of the districts which provide the Chinese medicine
market with “dragon bones” for medical use, The fossii remains of the Hipparion
fauna occur in an excellent state of preservation, and one of my collectors, Chang,
has brouight from the several bone pits, rich consignments of bones which are now
in Dr. Wiman’s hands for examination, Among the specimens was a stab of clay
with some bones slightly visible whiclh, when prepared, proved to be the pelvis of
a big Ostrich bird.”
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As far as hitherto known, no other Struthionide remains have been
obtained from the Pao Te Hsien region in spite of the careful examination of
this arca which has been recently undertaken by Dr. O. Zdansky. Conszequently

1 seems that the species 15 of rare veccurrence.
2. Kansu, Ching Yang Fu.

In “la Po!ilique.dc Pékin” for the 29th of August 1920, there appeared
an article reporting a most interesting paleontological find made by the disting-
uished French naturalist, Pére E. Licent, S, J.

in casternmost Kansu, 45 kilometers north from Ching Yang Fu
(B¢ B HE), at a place called Hsin-Clia-Kou (3¢ %2 i§), Pere Licent discovered
a rich deposit of fossil bones which were excavated by him most carefuliy and

with brilliant result,

The numerous fossil mammals thus uncarthed were designated by Pére
Licent as “unc contribution a P'étude de la fauna quaternaire de ce pays,” thus
indicating his opinion as to the age of these fossils.

He also considers that he found in this place traces of very ecarly Man,
and, amongst other objects, are mentivned “En trois points différents, des débris
de poterie fine, tres dure, mince, non ornée, pris entre les ossements.  Un des
trois gites présentait une cavité de 15 em.”

This communication was written on the 17th of July, when the excava-
tion was only partly completed. On the 2oth of August when the excavation at
Hsin-Chia-Kou was finished, Pére Licent wrote a second report which has been
printed as a separate leatlet, a copy of which has been presented to the writer of
this paper.

In this second communication there is a further note on this supposed
pottery; “Un nouveau fragment, de ce qui semblait étre de la poterie, assez con-
sidérable, a été trouvé an milien des ossements. Le manque de toute trace de
Lord, d'anse et de fond a éveillé les premiers doutes sur la nature de ces débris.
L'acide ehlorhydrique les dissout enticrement.”

In a foot-note he adds the following important remark:

¥

“Coque d'veuis énormes peut-€re.”  From this statement it 1s clear that
Pire Licent had found out the probable nature of these objects, and in a letter to
him of Oct. 18th 1920, I wrote; “I think it very probable that the objects which

you tirst guessed to be pottery are fragments of the shells of Struthiolithus.”
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In June of 1921, when Pére Licent had the collection arranged in his
scientilic laboratory in Tientsin, he most courteously invited me to see it, and it
gave me great pleasure to study, under his guidance, this extensive and admirable
material.  On this occasion two things became clear to me:

i. That the fragments of big bird's eggs are very similar 1o Struthiolithus.
2. That the vast majority of the large fossil mammals in the Licent collec-

tion belongs 1o the Hipparion fauna, Hipparion is numerous and several other
forms are identical with those collected by us in the Hipparion beds of Honan
and Shansi.

In his second report Pére Licent mentions the discovery of another

deposit at Chao Chia Ch’a, He has given geological sections from both these
deposits which are quoted below,

Hsin Chia Kou (¥ % %)

“Terre arable,....... revereeeieh e e IRRUUORRRORRY 12: 131
Terre jaune avee nodules calcareux petits ... JUUUTUURURUPURTRUOE - 1)) R ¢
T'erre sableuse, jaunitre et verditre......... .o.ueee..e. JUUUSRURRRIRRRINORE - 1 R
Terre noire sableuse, .., et ferereranaane e s 5m, 50
Couche de cailloux calcareux, par endroits superticiclletnent noireis,

non éclatés, arrondis, atteignant 25 ¢m . e rereeeean e e 3L 4O
Terre rouge, avec zones d'allure irréguliére tres dures, incrustées de
calcaire: “pai kiao gni” .......o.oiiviee. reenraeeieerees . veane ererae 4m, 7O
Couche A ossements. ..., ..., et reitenaaea USR-S 1 ¢ B
Terre rouge............. et e s E

Chao Chia Ch'a(GHj % £
“Falaise de terre jaune avec terre noire & la basc.
(Hei kiao gni)

............ U TPPRPURT 3.1 1 § B
Sable verdatre, jaunitre, blevatre, ... ... e, T 20,
Cailloux calcareux...... . oo, e iebias aeraeteanneeaaeianes retvearaaaes im, 4o
Terre rouge............... P, e 2L 30
Couche ossifére ., .., ..o feeeerie eveeeaeni e eranaaaes e s .Jit d’ossements

lacunaire sur
un métre de
hauteur.

Terre rouge .,................ —aens it aeraeireraaens eeaned

Gris pourpres, . oo veeennns s et eeraeraeaee vraenens SROPIOR 2
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It is cvident that there is much similarity between these two sections
and I have tried in the adjoined diagram to bring them together, at the same time
indicating the probable geological age of the different layers.

In both his reports Pére Licent states that the bird’s eges are found
“Lintre les ossements.”, or “Au milieu des ossements.”, as the expression is, in the
sccond paper.  These statements, combined with my identification of the big
mammnial bones as belunging to the Hipparion fauna, make it evident that the cgg
shells found by Pére Licent are decidedly different in age from the true Struthio-
lithus chersonensis, which is, as shown above, a fossil of the loess. My rapid
examination of Pére Licent’s aterial only sufficed 1o prove the general similarity
of his shells with Struthiolithus. It remains for the more careful examination
which will be undertaken by Professor M. Boule in Paris, to make clear the
identity of these shell fragments which, to judge from the stratigraphic evidence
may be found more nearly related to the Struthio-like bird, the pelvic bones of
which liave been identified by Professor Wiman from Hipparion beds of Pao-Te-
Hsien in N\ Shaansi.

3. Shansi, Hsiang Ning Hsicn.

(Doubtful whether belonging to this geological group).
In Dec. 1919, my collector Lin made in Southern Shansi in Hsiang
Ning Hsien (85 % 1%) at the place called P'an-1"a0-P'o (8% Bk %), sitvated 2 1i
NE from the district city, an interesting collection which can be described as
follows.§

The collection consists of three different groups of elements:

1. Dig horse teeth and Jlarge leg bones, some of them embedded in gray
reddish loess-like “clay™ with spots of deep, red-brown fat clay.

pd

2. Numcrous fragments of an ostrich egg; some picces seem to have been
incrustated with hard clayey substance after they were broken. The earth
attached (o some of these fragments very much resembles that surrounding the
horse teeth and big bones of group 1.

3. Numecrous small rodent teeth and bones; the carth attached to some of
them is very like that of groups 1 and 2.

{. Locality 34 of our locality register.
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Liu makes the remark that the bones of group 1 were found inside the

cartl, whereas groups 2 and 3 were lying on the surface of the very steep slope.

The sediment mostly resembles a reddish clay but it is not impossible
that it is a reddish variety of the loess,

At present, as thie fossils are not determined, it is not possible to form a
definite opinion as to the significance of this find. As indicated by the finder, it is
pdssible that the egg shell fragiments are younger than the teeth and bones included
in group 1. In this case it is probable that they are idemtical with Struthiolithus
chersonensis and date from the leess period,  On the other hand, it is possible
that all the fossils in this find belong to the Hipparion fauna, in which case these
cgg shell remains may have to be compared, not with Struthiolithus chersonensis,
but with the fragments of egg shells found by Pérc Licent in the Hipparion beds
of Ilastern Kansu.

4. Struthiolithus-Iike shell fragments from Mongolia.

In another of these essays, “Some Vertebrate Deposits In Inner Mon-
golia”, T have described some foszil fragments which have been named, in that

article, “Struthiolithus shells”,

These fossils were found in the Hallong Osso region of Inner Mongolia,
at Frtemte, Olan Chorea. and Doshen. They occur in gravel and sand mixed
with clay (Olan Chorea and Doshen) or fine sand with fresh water mallusks
(Ertemte). The egg shells cccur with a characteristic mammal fauna, the most
remarkable components of which are Cervarus, Castor n, sp, and a number of
small rodents. This fauna is considered to be nearly eontemporancous with the
Hipparion fauna. !

The Struthiolithus-like remains are always broken into small fragments
of some few ¢m. length. There is little doubt that these objects belong to the
sheil of some big bird’s ¢gg, probably a member of the Struthionide. In certain
cases at least, these Mongolian egg shells are thinner than the true Struthiolithus
chersonensis of China proper, and I am under the impression that the Mongolian

specimens belong to a smaller species.
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DEPOSITS OF CALCAREOUS O0ZE AND TUFA AT
TABON ARSHAN, INNER MONGOLIA.

Towards the end of my sojourn in Inner Mongolia in the summer of
1920, I made an excursion from the 12-20 of August to the edge of the Mongolian
plateau 100 km. WSW of Kalgan, in the company of Rev. J. Eriksson of the
Swedish Mongol Mission,

On the 16th we travelled from the Fish-rivc.r (Djaggaste) southward in
order 10 visit a coal mine at Tjaggan QObo. The Mongol who acted as our
guide told us about a famous spring, or better five springs (Tabon Arshan in
Mongol or \Wu-Ko-Chiian (¢, {] J1) in Chinese), which was to be scen close by
the road some five km. before reaching Tjaggan Obo.
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Fig. 17. The spring basin, Tabon Arshan,
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The spring is cnly a few hundred meters from the road along a small
brock descending from some limestene hills. The place where the water flows
out of the gicund is surrounded by a wali, and a small shrine is built behind the
spring.  The spring-basin which is bLuilt of stone blocks is divided into five
compartments approximately as shown in iz, 17 These are “the five springs” in
which the water intermittently bubbles up from the ground, at one time in one,
and the next time in anothier part of the common basin. It is said that the taste
of cach of the five springs 1s different, and in fact T think (hat T noticed that at
least two or possibly three of them yicld waters of different tastes, one being of a
specially palatable, sour refreshing kind. Unforiunately T had no means of testing
the water or bringing a sample, so T am unable (o state the precise nature of this

remarkably pleasant water.

The water from the spring flows away in a small streamlet which joins
the little brook. It was, at the time of our visit, considerably colder than the
water in the brook. Tt may be added that the latter flows at the surface only
for sume tens of meters above the point where it joins the spring water. Higher
up its flow is underground, trickling through the gravel.

From a geological point of view this spot possesses a special interest
hecause of the deposits of calcarcous sediments around and below the spring.
It is partly surrounded by cliffs, 3.0-3.7 m. high which exhibit a whitish,
calcareous ooze (in Swedish kalkgyitja or bleke) with very numerous shells of
small fresh-water mollusks, In most places the ocze shows a rather distinet
stratification, The observed maximum thickness of the ooze is 3.7 m., and

throughout it is rich in mollusk shells.

I.arge masses of the once continuous enze deposit have been removed,
and 1t scems probable that the deposit is dug up by the farmers and carted away
to be used as a fertilizer. But all evidence goes to show that the larger part of
the removal of the ooze-deposit is due to crosion by the little brook which has cut

the c¢liff's shown in the figures and in the map.

It looks as if the spot, where the spring now wells forth, was once buried
beneath several meters of ooze as indicated in fig. 19. When we notice how the
spring is located in thie centre of the upper and broadar part of the coze deposit, it
may weli b2 questionad whether there is not somz gen:tic connection between the
spring and the formation of the o3ze. Very likely the smll area occupied by the

ouze deposit once formead a pool fed partly or lurgely by the spring and teaming
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with mollusks. At the hottom of this pool the coze was formed in evergrowing
layers. The real connection of the spring water with the deposition of the
caltareous mud will evidently not become understood until we know the
composition of the former. It is needless to paint out that my rapid and
superficial survey of this rather unexpected deposit is by no means adequate to
snlve the problem of its origin regarding which we can at present only form

vaguc conjectures,

T

Fig. 19. Scction through the coze deposit of Tabon Arshan.

-l AEY IR AR TR Y |

(r) Rook-floor. (r) E®Gh
(s) Spring. (s)
(o) Qoze. (o) M AEkiE

(¢} Original surface of voze-deposit.  (¢) KSR TEM T

If T am right in the assumption that the place once formed a pool of
nearly stagnant water fed by the spring, and that later the brook has gained in
imporilance as an eroding factor, it seems likely that these lozal changes of condi-
tions may be due to a change of climate which will be better understood when the

material of the molluscan fauna has been closely studied.

Des'des the calcarcous coze there is another lime deposit of recent date,
namely tufa, which is best developed on the north side of the brook where it
makes a bend surrounded by a narrow tongue of the ooze deposit.

The calcareous tufa is hard, whitish grey in colour, ofien of botryoidal
structure or with contours which clearly indicate the embedded plant remains,
The plants collected ‘n this tufa are ratter poorly preserved, only some few leaves
seum 1o offir a chance for a specific determination.  Besides the plants there are a
number of gastropod shells, probably Helicid land-shelis, which are excellently
pressived.

I had no time to follow the extent of the tufa deposit towards the siope
of the limastonz hill on the NV but very likely it extends some distance uphill in

that direciion,
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A priori, it seems nost Lkely that the twa adjacent deposits of
calcareous mitter, the odze and the tufa, are approximuately contemporancous, in
which case the ooze represents the subaqueous deposit in a nearly stagnant pool,
wlicreas the tufa is formed by lime-charged water trickling down from the nearby

Limiestone hills.

It is to be hoped that these interesting probiums will be more fully
elucidated by the examination of the wollusks and plams collected from these

deposits.

While expressing my regret for the superficial nature of my examination
of this interesting Iucality, I want to thank my gtm(l cullip;mion and friend Rev, .[.
Eriksson who with my collector Liu, made the whole collecton from the tufa,

while I, in the meantime, devoted my time exclusively to the voze,
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SOME PEAT-BOGS IN THE PERKING PLAIN,

So far as known peat is of comparatively rare occurrence in Clhina.

In certain parts of Yunnan peat deposits are numerous and utilized as a
lucal source for the production of fuel.d

From southern Manchuria Richthofen reports the occurrence of peat-
bogs which are in certain places worked Ly the local population.§§

These are the only notes which T have been able to find abont the
occurrences of peat in China.  In the semi-arid region of Northern China deposits
of this kind could hard!y be expected, and the discovery of a numiber of veritable
peat-bogs in the open Peking plain and the existence of a noticeable lecal peat
industry unknown to mining circles in the immediate vicinity of the capital is
something of a surprise,

Several years ago one of my private assistanis, Chen, told me about the
existence of what he named grass coal (#% 4§) in San e Hsien (Z ] §z), 70
li I, of Pcking. e also brought me a speciman of typical peat.

I'ressure of other work prevented me from visiting the place until in
May 1922 when Chen Lrought in a most remarkable find, namely the casily
recognizable skull of a water buffale which had Leen found in one of the three
peat-deposits reported to occur in Saun Ho Hsien and the adjacent Chi Hsien
(4] ).

While the oceurrence of peat in the dry Peking plain is an unexpected
and remarkable phenomenon, the finding of remains of a water buffalo, an animal
chiaracteristic of the watery region of sowlicrn and central China is a truly
astounding discovery,

During the period from the 11-13 of May 1922 I made with Chen a
motorcar trip to the peat-deposits, and my observations on this journey will be
brictly deseribed in the following.

From Peking we travelled to Tungchow on the geod motor read, croszed
the Yiin Liang Ho (3§ tit {5]) and then continued the journey on country roads,

very linde i formwor tratie, Qur rente was wi the tue e open plain which

A Levdres hwde coosgigue of minicre des provinees chincises vobsines du Tenkin,
Farrair des Annales dez Mines, Qet.—Nov., Tl P4
4. Richtbhclen, China 11 P 110,
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at this period of the year, near the clse of the rainless scason, presents a very
arid appearance, this beingraccentuated in some places on crossing smail areas
of dune sand.

When appreaching San o city the mouniains on e north become
more distinetly visible. The actual distance from the city 1o the ncarest hijl-
ranges is stated by Chen to be about 301

The peat deposit first wisited by us is at Pu L Ting (1 i 760,
7 li. 8 from San Ho city. It is sitnated in a slight depressiom of an
estimatcd depth of 2-3 meters.,

The peat was dug in nifmerous pits, and the area whare excavatons had
been in progress has a lengihh of 300 meters.  Outside this arca two isolated pits

were seen, otte further north, another 1o thic cast.
As shown by the section (see below) the thickness of the peat in this
place is 1,23 meters with an overburden of 2,95 nieters of ooze and loess-like suil,
The peat has been worked during the Iast 15 yeavs as a local supply of
fucl. The excavation is made in rectangular open pits, and the work is carried
on only from carly spring to the beginning of the summer rains, when thie pits are
tlooded and mostly entirely demolished.

On PL VI is shown how the pits lie close together Jorming in fact a
nearly continuous trench, I the foreground of the piclure are the wastcheaps of
the removed over-burden and in the buck-ground the stacks in which the peat is
piled up for drying. These piles are made in a size that they represent a dolar’s
worth of dried peat. 1 could not make out the exact weight of such a pile bun
was told that it is more thin thousand chin or Chinese cautics {Ovo kg, ) 1 believe
that this hgure is considerably exaggerated.

At the time of our visit there were 12 pits working, and [ was told that
more than a hundred men were occupied in this industry,  The peat is sold to
consumers within a racdius of not more than 4o-350 li.

As shown by the scctions, the thickness of the peat in this locality is
considerably greater than at the two other places to be described below,  But i is
stated by all parties even the workmen at Pa Lao Ting, that the peat here is of an
inferior quality when compared with that of the two vilier localitics,

Pu Lao Ting, the locality alveady described, is situated yo L Lo of
Peking and 5 11 S. of San Ho city.
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The second place is located 20 I E. of San Ho city, and the nearest
village is Wu Pai Hu (FL ¢y Fi). The peat deposit 15 2 1i S. of this village.

The peat is here found in entirely level ground, without any such
depression as was noticed in Pu Lao Ting.

In some places there is a single scam, 62 emy, thick but in others there
are two thin scuns, cach of 20 an. thickness separaiced by a parting of 30 em. This
is the section reproduced in the diagram fig. 20, The overburden is 1.8 m thick.

T'his deposiy was known and worked wiore than 13 years ago, before
operations were began in Pu Lao Fing.  The peat 1s dug in parallel trenches,
In spite of the dry scason the work was much hampered by water.  The produc-
ton 1s here very small occupying only about twenty mien.

The third peai beality is situated 20 K. E.of Wa Pai Hu and is located
in Chi Hsien (£ 05), 25 11 WSW {rom the district city.  The name of the place
is Mu Chuang T2 (2 iF f-).

In this place alzo the peat deposit is in the level plain without any
indication of a depression.  The peat area is heve comparatively very large, about
210 E-Wand 2} in N-8 dircction.  Over this arca there are very nunierous
working places, according to local information about 100 pits.  As there are 7-8
worknun for cach pit, that would make 7-8c0 men cecupied in this industry,
This 1s the earliest known of the three peat deposits and is said to have been
discovered more than a hundred years ago.

The thickness of the peat is 30-70 cim. with an overburden of 2.85-4.6
meters of sand, loess and lower down voze.§

Where the overburden s m too hicavy, the peat is excavated in the
same way as at Pu fao Ting, Open pits, of rectangular shape gx7 meters are
dug with complete removal of the overburden.  When the peat in such a pit is
cxbausted, the pit is filled with the overburden from a new pit opened nearby.

Where the overburden is too thick, another method of working is
preferred. .\ narrow veriical shaft is sunk down to the peat.  From the bottom
of this shaft short tunneis are driven inw the peat Led,

In addition to the three places here mentioned, I was told that peat also
cecurs i Pling Ku Hsion (48 43 §5) at a place numed Kao Tsun (35 #) 810 8,
of the district civy. 1 did net visit this place.

A duark il probably comp osed fargely of nicroscopic plant remains, which in these
secttves Grder- and overiivs the peat, iz bere nansed voze, which is, as fuar as I konow the
nearest Engiish word for gyrpr that i3 in Swedish the exact expression for this kind of
organiv seiituent which is & comon eccurrence in Seandinavian peat-bogs.

iy
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In fig. 20 are given sections from the differen: peat-localities mentioned
above. 1 shall describe these sectinns in some detail,
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1. Pu Lao Ting.

Inferior peat or ooze with intermixture of peat
Peat
Dark ouze with a few visible macroscopic plant remains
{(zample at 20 cm, from the bottom of the hed)
Dark ooze with freshwater shells (sample 10 em. from the bottom)
Yellowish grey, somewhat clayvey soil. Tn the lowest part numerous

freshwater shells.
IT. Wu Pai Hu.

Lower peat-bed, bottom not visible, thickness (according to the
workmen)

Grey ooze

Upper peat

Dark ooze

Yellowish grey ooze with 2 few freshwater shells

Ioose-hke 51l

I11. Mo Chuang Tzu,
Section a,

Grey ooze (sample) thickness not known
Peat (sample) '
Qurze, in the lower part dark, in the upper fight grey and somewhat
samdy.
Loess-like soil.
Section L,
Grey voze, thickness unknown
et
Grey ouze
Dark ooze

!.U& 25.hke o JEI_
Section ¢.

Dark coze with freshwater shells, thickness not visible
Pea

m. 0.10

m. 020

m, 048

m, 0,50
0.40
0.30
2.30

m, 0.50
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3. Dark coze m. 0.50
4. Loess-like soil 3.00
5. Sand 1.10

A review of these sections will show that in their cssential features the
three peat-deposits exhibit the samie stratigraphic scquence, the peat-bed is both
over-and underlaid by the organic deposit which is here named coze and which is
considered as indicaling more watery conditions than the peat.  The details of the
floral and hydrological development of these peat-bogs will not be known until the
samples collccted by me have been carefully examined by the pakeo-liotanists.

In all the scctions the peat 1s covered by a bed of loess-like, sometimes
clayey, sometimes sandy soil.  In the scction I11 c. this locss-like soil is covered
by a bed of real sand, ‘

This overburden of loess-like and sandy material covering the peat and
adjacent subaqueous deposits is certainly a washout irom the hill-ranges in the
north of the peat-localitics. The formation of this cover can be explained either
as indicating a change of climate which closed the peat formation and caused
clastic sediments to be spread out over the subaquecus deposits, or as the result of
Man's activity who has cut away the virginal forests, thus causing the summer-
rains to assume torrential effects, which were unknown as long as the
woods covered ilie hills and gave shelter to the swamps whiclh occupicd the most
watery places of the plain.

The latter explanation, ascribing the covering of the peat with Iness-like
clastics to changes worked by Man, may be considered as the more likely as shown
by the following description of the vetrebrate remains and artifacts found in

these deposils,

When I now proceed 1o mention the vertebrate remains and human
artifacts found in these deposits, I can only present a very general report. A
considerable collection of vertcbrates has been made, together with a small series
of artifacts, but neither of these has been sufficiently studied to permit a definite
statemeznt, and this must he postponed until the several specialists have worked up
the material. In fact, this note has been prepared merely to give the details of
the field survey that these may serve in guiding the specialists in their laboratory

worlk,
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Vertcbrate remains have been found only in the first peat locality,
Pa La> Tinz, where they are very comaon and oceur in same cases in the
uppermast part of the peat-layer, but mostly in the botlom layer of tlie big ooze
bed immediately above the peat.  Among the considerable material collected, the
following tycs could be recognized in the field: smali artiodaciyla, probably deer,
catile?, pig, deg, and bones of farge fishes. ‘The most remarkable of the mammal
finds is a nearly complete and very easily recegnized skall of a water buffaio,
This skull was found in 1921 in a pit which is now Targe’y filled, but it was clearly
stated that the skull came from the “hei tu”, the ooze, immediately above the
peat. The significance of this find will be discussed, after we have considered

the artifacts.

The principal archxeolog’eal finds are as follows:

1. Arrow or small lance Dead of deer antler, found in the ooze,
immediately alove the peat.

2. Threc-edged arrow point of bronze, with very long tang of iron
(common type among Chincse antiquities).

3. Hcavy harprcn-like instrument of iron.

(2) and(3) were found in the eoze immed ately above the peat.

4. Heavy broad, socketed celt of iron, nearly, but not quite sym-
metrical.  Prolably transversely hafied. Entirely different from the modern
carpenter’s Pun (Andersson:  An carly Chinese Culture PL TV, fig. 3) A similar
bt smaller type is known i bronze,  Found in the upper part of the coze.

3 & 6. Chisci? and hook of iron. -In the ooze.

7-10. Tiat arrow po'nt; two other objects, possibly arrow points; one
knife, all iron, Al these objects found in the locss-like top-layer.

1, S
S

mple wheel-made grey bowl,  In the ooze.
12, Small pottery urn, 8 cm. h'gh. Found in the ooze, about 2 feet
alove the peat.

The discovery was made four years ago, the urn at that time being
fi'led with cash, a'l of wli'ch have been lost.

13. DPottery plate with zigzag patiern upen the rint. In the loess-lLike
top laver.

Several of these art'facts (7-10 and 13) were found in the loess-like
top-layer of the seetion. They are of little consequence for the determination o
the age of the poat-depesic.
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All the rest of the artifacts were derived from the ooze, mostly from its
bottom layer, clase above the peat,

These artifacts cannot be older than the Han dynasty as several of them
(2-6) are entircly or parily ade of iron.  Accerding to the statement given in
Mr. I1. C. Chang’s Lapidarium Sinicumg, iron was first known in China in the
last few centuries of the Chou dynasty, but not unti! the Han dynasty did it come
into relatively common use.

When discussing the micaning of this conclusion, it is neccssary to
remember that the ooze was probably formed in a pond, and hat it was originally
probably of such Isuse consizstency that heavy objects, like metal things, could sink
through the bed down (o its boltom.  Dut even with this reservation, 1 think it
fa'rly safe to consider that the coze deposit which covers the peat was formed in
historical time, probably not carlier than the Han dynasty. Regarding the age of
the peat-bed itsclf we have no direct evidence, Lut very likely there is nn great
break in time between the peat and the overlying ovze,

Let us now return to the remarkable find of a water-buffalo skull.  The
waier-buffalo 15 a characteristic of the limnic area of southern China, including
the Yangtze provinces, and its remains seemn utterly out of place in the dry and
dusty Peking plain. \When first the discovery was made known to me by my
collector Chen, I presumed that the specimen was of considerable antiquity and
referab’e to a wild race of the water-buffalo which had lived in the North China
plain under a climate widely different from the prezent. But the fact, clearly
established by our later visit at the spot, that iron objects occur in the same bed
where the skull was found, seems to prove that the skull is also of rather modern
age. Probably some of the other mammal remains (pig, dog, cattle?) belong to
domesticated races, and then it iz quite likely that ihe water-buffalo too was
brought there by Man. Granted that the water-buffalo was domesticated, it is still
hardly probable that it could have thriven in the Peking plain under present
conditions.  Tts occurrence, connected with the deposits of peat and ooze which

all point to watery conditions, might indicate some change of climate in historical
time. These problems will be much mare fully elucidated when the samples of
the different sediments as well as the vertebrate remains have been fully examined
and described.

The two othier peat deposits, at Wu Pai Hu and Mo Chuang Tzu, have

yielded nn vertelrate rama’n:. At the last named place have Leen found four

§  Memoir of the Geolosical Survey,  Serle= B, No. 2,
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polished stone aves and chisels, representing three difierent types which are welj
known from our collections of stone implements found in northern China,  They
are reparted to have Leen found in the loess-l'ke material which forms the over-
burden of the peat. Three of these tools were discovered in one place, 8 fcet
below the surface. The fourth find, a small stone chisel, was obtained in another

part of the deposits, 13 feet beneath the surface.

I am at a loss to bring the occurrence of these implements in the loess-
like top-layer at Mo Chuang Tzu into accord with the pumerous finds of iron
instruments and poattery of relatively modern type m the ooze at Pu Lao Ting.
The persistence in the sequence of beds in the three peat arcas and the uniform
type of the peat in all these places make it probable that the peat is in all places of
approximately the same age. It is then startlng to find stone implements high
above the peat in Mo Chuang Tzu and iron instrumenis close above the peat in

I'a Lao Ting,

Further research is needed to clear up this conflict of evidence,
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EVIEW OFF THE CENOZOIC DEPOSITS
OlF NORTHERN CHINA.

INTRODUCTION.

The statements in existing litermure about Cuiozoie deposits in N,
China, are exceedingly scarce.  Apart from the plant-bearing beds of I'ushun in
Fengtien, the age of which has Leen determined Ty Russian and Japanese
scientists to be early Tertiary, there is practically one deposit which entirely

dominates the old geological descriptions, namely the loess,

This remarkable sediment which plays such an unparalle’ed role in the
physiographic aspect of N. China, was well described, as to its distribution and
physical propertics in Richthofen's classical work “China”. Tle ingetions
explanation of 1he origin of the luess advanced by this grand old man, the nestor
of geological research in China, is ecertainly cne of his most masterly and
memorable achievenients,  Apart from this, Richihofen did surprisingly little to
clear up the age and stratigraphic relationship of the loess, and the rescarch
recently carried out by the present writer as made it perfoctly clear that a very
considerable part of what passes as loess in Richthofen's volumes is in fact the

Hipparion beds belonging to the transition period between Miceene and Dliceene,

Regarding many oiher features referring to Cenozoic geology Richi-
hofen was entirely in the_dark, as for insiance, in the case of the fatally misinter-
preted Nanking “volcanocs™ aud the fantastic idea that the Licss was a substratum

of the basalt at the S. edge of the Mongol'an plateau.

Loczy went somewhbat further than Richthofen, in  stratigraphic
recognition of the Cenozoic sediments, especially with reference to the existence

of a Tertiary series which hie properly distinguished from the locss.

The work of Bailey Will's marks a tremenduus forward step especially
in physiography. But in other respects his treatment of the Cenozole deposits is
just as inadequate and lacking in stratigraphic and pakeontelugical faucts, as his

description of the older geological systems is penetrating and illustrative,

In 1503 Schlosser published his masterly treatize on the fossil manunals of

China. His material was of a very peculiar origin, it eonsizicd of medicine benes
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bought in driggists’ shops in some of the treaty ports.  Because of this strange
source of supply, Schlosser's work, admirable as a profound analysis of a defec-
tive material, throws very imperfect light on the distribution and sequence of
Tertiary and Pleistocene beds in China and is indeced in some parts quite
misleading.

In the general introduction to this volume 1 have related the circum-
stances which, in 1916, carricd me into the field of Cenozoic rescarch. Since then
I have been able to study a considerable number of illustrative sections in the
Tertiary and Dleisiocene deposits of N. China and Inncr Mengolia.  As explained
more fuily in the general intreduction, 3 have thought it des’rable o cempile it
the present time a comprehensive summary of my knowledge of the Cenozoic
deposits of N. China. The references given to literature are by force of cir-
cunmstances much less complete than I should desire. 1 hope to be able to
overcome this deficieney in the much more complele treatment of the Cenozoic
history of N. China which I intend to prepare after my return from the journey

to NW China which T am now going to undertake.
EOQCEXNE.

‘Fhie single Focene area as yet known in China, that of Yian Chit Hsien
in S. Shansi, bas Leen fully described in a preceeding chapter of this paper and 1t
will be sufficient to give here the following Lrief summary.

The Eocene area of Yuan Chii Hsien is a low-lying expanse of land
surrounded by mountains on the N)\W and 8. The extent of the Focene arca is
14-16 ks, in N-S and 10-14 ki in WA direcion,  The Eocenc area is limited
Ly faults on the N. and S, parily so on the K. and possibly also on the W, but in
one place aling the W, boundary the Eocene beds have been vbserved unconform-
ablv overlying the Ordovician limestone.

Within the Locene deposits there is a rather uniform dip SE with an
average of 2200 In the N\, N and L. portions of the Focene area the beds
dip in many varying directions.  Very few faults, and these only of minor size,
have been observed within the Focene, and 1 scems probable that the aggregate
thickness of the whole serivs exceeds 1,000 m,

In tie Taver pari of thie Fecene serivs there are numerous thick beds of
coarse conglomerate alicrnaung with red or variegated clavs.  This part of the
series is practically unfossiliferous with the exception of a few bone fraginenrs

which have been wbserved in sandy beds of mcre or less conglumeratic type.
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In the upper part of the series the conglomerates are less coarse and
interbedded with white sand and red clay, Tnterstratilicd Inthis series are thin

layers of marly liniestone genera'ly not more than a mcter in thickngss.

A few bones have been found in the sands and conglomerates, but the
chiei source of fossils are the thin marl beds which contain spore cases of
Chara, numerons Ostracoda. and the following molusks determined by Dr,
N. Hj. Qdhner:

Planorbis pseudanunonius Schioth,
" " o car, leyiterici Deshayes.

Pl sparnacensis Deshayes.

Pl chertieri Deshayes.

Physa cf. lamberti Deshayes.

LEuchilus deschicnsionm Deshayes.

Ceratodes sinensis Odhner n, sp.

Lupera sinensis Odhner n. sp.

With these mllusks there are nuinerous fragments of virtebrates, some
of these have been identified as the remains of fiskes, Lut the large muajority
represent turtles of the genus Trionyr,  Besides these there are also some
fragments of a small crecodile, Seme few mammal rema’ns have also been
found, mamely: An Aduvnodontid, an Artiodaceyl (cncoden?), a Lenroid or

Insectivove, and a Rodeni.
FUSHUN SERIES,
{Oliyocene).

FENGTIEN PROVINCE, FUSHUN, In S Manchuria, Fenglien
provinee, 6o li E from Mukden, lies the Fushun coul licld containing a scam of
exceptional thickness, forming a vast supply of good steam coal Tts age was
determined as-older Tertiary in 1006 by Palibin’s identilication of a number of
typical early Tertiary plamss.

The geological features of the Fushun coal field are deserilicd Ly Inouye
m the following wordsgs:

oW, Palibin, Fossile Pllizen anws den Kolilenlavern von Fre-chuncin der =lificken
Mandschurdd.  Verh. Kaie luse Miner, Ges Ser. 20 Bk #6 50 Potershare,

>r

§8. 'The Coal Resgurees of the World, Wol. 1, p. 263-249, Turcnto 1010,
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“The coal-ield is a hilly platean, abruptly sink'ng by cliffs to the Hun-ho,
which bounds the field on the north.  To the south it is bordercd Ly a somewhat
stee]y mountain range, which is intersccted Ly the tributaries of the Hun-ho.  1he
coal-field is divided into an eastern and a westarn section by a central highland,
where thie strata have been much contorted and bent almost at right angles, so
that it was formerly supposed that a great fault occurred there, with a horizontal

Jisplacement of 2 joo fect.

The basement complex is granite gneiss, on which the tuff, considered as
lower Cambrian, has been deposited.  In the eastern part of the coal field, red and
green tuffs with porphyrite sheets cover the gueiss unconformably. Toefaceous
sandstone and shale lic on it and run from north-west (o south-cast, forming a
syncline. These, together with red and green tuffs, are considered to be Mesozoic
of unknown age. The Tertiary formation, in which the coal-seams are interbedded,
was deposited on the “graben” running from east to west, in the gneiss and older
formations, and generally dips N. 30°. By fossils discovered in the shale, the
formation has been proved to Belong to the Miocene. It may be divided into the
lower and the main coni-bearing series.  The Jower coal-bearing series consists of
tufaceous sandstone, conglomerate and shale, in which two coalseams are inter-
bedded. The serics may be followed from the eastern corner of the coal-field
westward to the east of Yang-pai-pao station, Farther westwards it is found in
small areas to the south of Yang-pai-pao and Cli'ien-chin-chiai siaticns,  Generaily
the strike s west-norili-west and the dip N. N, [5. 30°—0°.  The serics reappears
on the east of the Ku-cli'éng-tzu-ho, bending northward with the river, where it is
covered byfalluvium,  The main coal-Learing scries consists of shale with a thick
coal-ream but no sandstone.  The shale overlying the coal is very thick, being
about 2,3c0 feet, measured by outcrops.  The series attains full development ut
the middle of the field and no outerop is found at the eastern corner,  Basalt
forms the soathern pari of the field, occurring as sheets, especially between the
lower and the main coal-bearing series or in the lower coal-bearing series.  The
etivets of contact metamorphism are seen in the shale and ceal-zeams in the lower
voa-bearing series, which it oficn ¢overs, but not in the main coal-Uearing series.
Thus wowill Le seen tiet the intrasion of the Lasait was fater than the depositivn
of the lower, and Lefore the deposition of tlie main coal-Learing series.  The
steke of the fuination is nearly cast-west, dip N. 257-43°. Faults are very
frequentdy mer with but there is none large (nough 1o make mining difficult, A

broad fold is found beiween Yang-pai-pao and Lao-hu-rai, by which the strata
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seem to have been shifted about 2 joo fect, as above stated,  The formation forins
a menocline dipping northward, Luu to Loth sides it Lends northwards, from which
fact we caninfer that lateral pressurc actud from south to north. The dip angle
is stecp at the north or near the onterups, but southwards it becomes gradually

lewer, beity nearly 25-.7

In the lower coal-Learing serivs there are two scams of less importance,
whereas the miain ream with a maximum thickness of 200 feut, Jies in the upper
coal-bearing serivs,

Judging from loouye’s deseription it seems evident that the hasalt
cecurring in the lower coal series is intrusive for it i3 stated that the coal is ofien

cut and metamorphesed by basali,

As mentioaed above, Palibin gave the fiest list of fossil plunts from the
locality, namely :
Osmunda toreii
Carpinus rprandis
Asprdiven conf, meyeri
Juglans acnatinaia
Seqguota langsdorfi
Piunera ungeri
Givptosirabus wngeri
Fagyres ferondo
Popriiug glandwlifera
Dr. Floring, of the Rik:ninseum, Stockhohn, who has recently undertaken
a critical study of the Fushun flora considers that Sequeia langsderfi, Glyptostrobus
ungeri, Fayus feronic, and Popuins ylandulifcra, are reliable determinations, but
that the rest are too poorly preserved to be identitied with caaniy.
In the Chinese Mining Magagiue, published in Dairen, No. 18, 1911, p.
1-30 is a deseription of the Fushun coal ficid, in which there are, in addition to
Palibin’s list, entmerated two othier coilections of fossii plants from Fushun,
(e collection was identified by Yokoiama, and contains the following
SpPECies :

3. Palecontologia Sinica Ser. A, Vol 1, faseicle 1, 1922,



0y Mewnir of the Geological Surrey of China

Oskiunda sp.

Thuya of. borealis Hr.
Parvotia cf . pricsting Eit,
(Jiercus ;.

Nalty sp.

Seyuaia of. disticha Hr,

Sequola of . lungsdorfi Hi

The other tist whose author 1s not mentioned comprises the follhwing

genera

Aphenaniia
Styrax
Ginkyn

Alrus (3
Tiiia ( )
iburnuen (5

According 1o Ilerin's opinion these lists ought to be accepted with much

reservation,

In 1910 Mr. T, O Chu, of the Geological Survey of China, upon the
recinst of the prosont writor made a eollection in Fushun which has been carefuliy
studicd by Dr. Florin who gives the following fist of the Fushun flora as far as 1t

1= known to hims.

fovgodiune Laulfussi Heer.

S Dyyoplerites sp.

Osinnda Hgnitni (Giebely Stur,
Sequoia fanysdorfii {(Lrongn,) Heer.
Giyptostrobus curopacis (Brongn.) Ung.
Popuivs yimdudifera Heer,

Y duglaus sp,

cfr. Curpines grandes Ung,

Alnns kefersteinit Ung.

2 Convins macquarrii (Forb.y Heer,
Phyopiaian dewalued Sap. e Mar.
Fugus feronte Ung.

cir. Zeikora ungeri Kovats,

cfr Punar longissinnun Ung.

cfr. Viburnuit nordenskisldi Heer.
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These species are kuoan 1 oecur in the

. . . . gz
Upper Cretaceni~ o Plocene of Furope, N, @ ‘jfj
America and the Artic region, The Fushun ora 5%
iz by Palibin and Florin considered us of (Miga- _.f\-;"‘\
Cene Lo, f\j‘;\\\
CHAHAR ADMINISTETIVE AZE1. On e
the borderlands betveen Chib't poovinee  and "’
Fnner Mongola, in Chang I'ai Ilsien of he ,Jz
Chahar administrative arca 1 found in 19149 at ?“
the very edge of the Mongohan Lasalt plateau a (\'. ”
plant-bearing  deposit intercalated  Letween the l“ L(,:E
hasalt tlows. )‘ L”\‘: g
Defore I go to deseribe in detatl tles occur- '\\\ Cag
rence of old Tertiary plants it 1s desirable to give W\ 2
the broad outlines of the geology of that regiom, \\\ 'a:
As already deseribed by Riclthofen, the ‘\_\_\ 0}
surroundings of Kalgan are hills of trachyie - C\\\ ::‘
porphyry.  The geolegical features letween \ R

P

Kalgan and the cdge of the baealt-platean go 4

‘/
furtlicr north at Han Jo Prais shown in w schema- / - ITT
tic way by fig. 21, In the pordicrnmost part of ‘/_‘f"' [E
Kalgan ciiy the trachyvte iz underlaid by agglomer- V‘}
atic gravels, and such beds, partly real tuffs, /1
apparently overiying the trachyie, also cocur in \)i o
the low hills alonz tie vo@l northwards o {lan ‘-;:f IL.‘.»:
Jo Pa. } =
Further north, near Han Jo Pa, we meet £

»n
i

withh horizontally bedded gravel with porphyry

R
pebbles, and these gravel beds in their turn are gfg?.i’-'
overlaid by the basalt, ?E!:’

In NI direction from I{aun Jo P'a, there are "il
helow the basalt-cliffs two small caal deposits in '
the parphyry gravei at a place numed tan Yao
Kou (R%i8). |

Also in westerly direction from Han Jo Pa,
in Wan Chuoan Hsicn, there is a conl deposit = i

interbedded in the porphyry gravel This
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coaltield is situated 8-10 i N to W from Wan Chuan city.  Its extent in N-S
direction is about 4 Hand in K-\W 2z l, To fig. 22 is shown a section throtgh the
southern, relatively narrow part of tic lield. The gravel 15 evidently laid down

upont a pre-existing topography of porphyry-hilis,
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Porphyry Crevel etlh sans Coal-series
an/cfa:"r

55 4 86 7% 0¥ 2 B B Kt B
IMig. 22. Coal-Learing gravels.  Wan Chuan Hsien,

The prevalent sediment is gravel of varying coarsencess, still there were
hardly seen any pebbles bigger than fist-size.  Mostly the gravel is leose but
Lically somewhat consolidated, so that it deserves the name conglumerate,  in the
gravel there are lenses of sand or loose sandstone, whitish yellow i color,

In the gravel there are numerous old shaits; and round these are found
picees of a nearly black, thinbedded shale contamning very numerous but mostly
nndeierminable plant remmains, as well as a grey, partly somewhat consolidated
clay in which a few determinable plants were noticed,  Amongst these T have with
some donbt identiticd Podoramites and Prerophylium, which indicate the Jurassic
age of the deposit.

Because of the rapid change of ditferent kinds of sediment it is difficult
o ascertain the true position of ilie beds, but in most cases they are nearly
horizontal.  In a part of the field T noticed a N dip of 15-20°,

The coal seems to veeur in the lowest part of the gravel deposit, where
the gravet is white or vellbwish in eolor. Indlie upper part of the gravel-deposit
a redddish color prevails,

in the western hills of Peking there cceurs a furmation of porphyry
conglomwerate (the Thiao Chi Shan forimation) with plants of Jurassic age, This

conglonterate ix consolidated 1o @ hard rock and its beds are strongly tilted. In
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Hsuan Hua Hsien there also eccurs a porphyry conglomerate, or rather gravel in
part, which is also in sume places sl'ghtly tilted§,  Because of the Jurassic plants
common to them both the Tiao Chi Shan conglomerate of Hsi Shan and the gravel
heds N and NW of Kalgan must e considered as nearly contemporancous in spite
of the former being consolidatad and tilted, in striking contrast to the loose

structure of the mostly horizontal beds of the fatter.

After having traced the geological affinities of the big porphyry-gravel
formation, which forms the basement of the basalt, let us now return to this latter
rock. Fig. 23 shows the hasalt cliff as scen in westerly direction from the edge
of the basalt platean at Han Jo P'a. (a), (b) and (d) of the higure ave different
spurs of the basalt, (a) being the nearest and (d) the one most distant from Han
Jo Fra, the whole situated N of Wan Chuoan Hsien, (¢) is a detached block
of basalt which has slipped down as the erosion wore away the lovse gravel which
forms the basement of the basalt. In fact, the gravel slopes below the basalt cliff
are all covercd with basalt debris and also with fairly large mzsses of hasalt

which have slipped down as a consequence of the rapid crosion of the gravel.

A AN

[ | 2y
& &% sAE
Gravel Basalf

BitsrBwu 2 RGER
Fig. 23. The basalt-cliff as scen in W. direction from lHan Jo Pa.

On the occasion of an excursion to the area shown by figure 23 I noticed
31i N of Hsin Kai K'ou (§i#11) a rather singular feature, nwmnely a dyke of
basali only a mecter broad which could be followed for a considerable distance,
extending through the unconsolidated gravel,

Tn all the places s far mentioned, the basalt rests upon the porphyry

. im - . ; T i v o] Vo] rae
gravel but in a place NE fram 1Tan Jo Pla and ehout 4 B Fofroan the coal locality

L. F. Yilr. The Geolozy of - shan. Mem e . Survey of Chiva, Ser. A, Noo 1 1udy,
Paze 27 and following.

8.
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T'an Yao Kou above mentioned the basait was scen directly overlyng some old
steeply dipping folded rocks as shown by fig. 24,
/—4
2 ,’o'o o+ 41—%
srad ~—
TSI ST T e /, . Q/
/ .

g 97
/% 3. t-t ik ,V\. l!i T ﬂ\.
Ancient foldsd rocks, .ora.iaéf:, .‘-'r(/:eao
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Fig. 24, Basalt overlying ancient folded rocks, NI from Han Jo Pa.

When staying at Han Jo P'a I was told of the eccurrence of a “coal
inine™ in the clili of the Lasalt plateaun itzelf.  The coal bocality is in a ravine called
Ta Ching Kou (-k:JEi%) near west from the village Hun Jo P
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Fig 23, The Ta Ching Kou “coal mine’. Han Jo ia

‘Lhe loeal conditions are shown by fig. 25 A tunncl harl Leen driven in
iruitess ciort o find the reported eonl (probably some surface indication of the
davk =ha'c miontoned belsw had givan caure 1o the whole mining enterprise).
Near the mouth of that tunnel, wir'ch was ) langer accessikle, there was a small
fcap o f vaste rock, Lrought eut fram the wuneeiing, which consisted of a

dark-brown, very s3it shale. In this rock I male qaite a satizfactory collection
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of plant fossils, evidently Tertiary, but unferiunately 1ke soft shale had a fatal
property that when drying up, it crumbicd inty paper-thin sheets which fell imo
small fragments hefore the slightest touch. Only o fow plant specinens preserved
in more resistant rock could e saved. These few plint romains have been
examined by I'r, R, Florin of the Riksmuscum, Stockholn, who has published o
small note on them$. Ie ideniifies the follawing tyvpes: Dinus sp., Complonia
anderssonti n, sp.. Carpinus sp., Phyllites sp. The imateriad 1s mmsuflicicnt to settle
the age of the depasit but Florin expresses the tentative oplni:n that the tlora i<
probably Middle Fertiary.

As shown by fig. 25 there are outerops of basale Loth above and below
the tunnel from which the plant Learing shale was derived, There seems then to
be ns doubt that the shale is an intercalation betsveen twa basalt Hows,  In fig. 26

I have tried to give my conception of the strat’graph’'c cond’tivus of this locality.

Fig. 26. Ideal section at Ta Chinz Kou, Han Jo Pra.  {EFARIEE @
1. Gravel. IBEEY;
2. Lower basalt. j{,‘]}ﬁz; Fost
3. Plant-bearing shale. % EiZ ¥
4. Upper Lasalt. ¥ iyr ki
N. SHANSI, FAN CHI HSIEN (g T5). A dhied locality for Terdi-
ary plant learing Deds in association with Lasait-flows was found in 1920 by Mr.
T. C. Wang of the Geolagical Survey. The Ixcality is sitvated 1 1i No of Shan
Yang Kou (HIPfi%), a village 62 1 NI of Fan Chaih city. The stratigraphic
cond tions are show in fig. 27, which was commun‘caled Dy Mr. Wang who has
alzo given the following additional notes,
The plant remains were foumd ina Lad of light grey cliy ahout 8 .
thick  In all directions this ¢l soon parns inty dne white sand-teas inwhich the

fossils are obscure,  Under this liorizon is ba-alr at Shan Yang Koy, or gneiss ot

syven-l Detani-Lo Tilekrde 1vlo, Bl 14

. II Fiorin. Ehage chinesische tertidrgilans o
H. 2.3, p 239241,
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Chiang T'at Pei (#%{77%) 10 i N of Shan Yang Kou, The fossiliferous clay is
overlaid by black shale or coal, about nne meter thick, above which there is another
bed of bacalt.
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Iig. 27, Section at Shan Yang Kou coal m'ne. (Commun’eated by My, T.C. Wang).

l“ Till‘l}igfu IIIJEEEI ('Pﬁzl f?j‘! 4*?{{!314

1. Basalt. 43yt
. White to grey tme sandstone, locally passing into clay, in which

thc fossils were found. j;}':kg},j RIZ ()
3. Black shale and coal.  iyi '"})(ii{}'f

4 Dasali, & dtyr
The fossils found in the clay are cones of a conifer as well as numerous
leaves of dicotyledonous plants which have not so far teen closely examined,
In October 1922 I paid a flying visil to Shan Yang Keou and was then
able to add some observations to those communicated by Mr, Wang. Tig. 28
gives my interpretation of the conditions round the viilage Shan Yang Kou.

Wang's locality is at the spot marked “coal mine™ in my scction.

RY- P70 .S/""IJG' A”tflf g :\-T-?.—‘?:_*———-R é,
AL ’%\/ﬁ?@?ﬁ\f‘i’n \ff:}/\r& AN
|g =X Ecetion at Shan Yang Kou village, NEatSkits

4. Archaan rocks, KRN
booand d, Sand and clay. B4 J iyt
o Dasall. FR4E
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From this place the small brook flows down to the village Shan Yang
Kou where it tumbles down, by a vertical fall of about twenty meters, info a
narrow ravine in which the substratum of the basalt series is beautifully exposed.
In the bottom of this gulley there are outcrops of steeply dipping Archzan rocks,
gneiss and amphibolite. Detween this Archean substratum and tlic basalt there is
a series, 10-12 meters thick of stratified plant-bearing beds. The lowest of these
beds is conglomeratic, Above the conglomerate follows sand with several thin
layers of lignitic wood fraginents.  Such thin lignitic wood splinters also occur in
great number all through the sand.

Above the sand are thinbedded clayey layers rich in scales of mica, The
uppermost member of the sedimentary series, immediately underneath the basalt,
is a hard, slightly violet claystone which is probably somewhat metamorphosed by
the basalt. Except the named splinters of lignite, no fossils were found in these
beds,

Three dykes of basalt, each about a meter in thickness, traverse the
Archean as well as the sedimentary beds. A horizontal dyke, less than a meter
thick, was seen, forming for some distance a regular intrusive sheet in the sand.

Above the basal sedimentary series is a flow of basalt about 15-20 meters
thick. Tt is covered by a second sedimentary bed, to which the plant bearing beds
described by Mr. Wang scein to belong, These sediments are well developed in
some _places, but apparently not continuous, there being barren areas were the
lowest and the second basalt flow are in immediate conlact,

The basalt with associated sedimentaries has a slight but distinet dip to
the south.

The few plant remains so far found in the plant bearing beds of Han Jo
P'a and Shan Yang Kou are not sufficient to prove those deposits to be contempor-
aneous with the richly fossiliferous beds of Fushun. But the connection of all
these sedimentaries with basalt may serve as a reason for grouping them together
provisionally as the Fushun series.

THE LU TZU KOU BEDS.

During the survey of the Pao Te Hsicn area in NW Shansi with special
reference to the rich Hipparion deposits, which was undertaken by Dr. O, Zdansky
in the early part of 1922, this scientist made the interesting discovery of a series
underlying the Hipparion clay, but still apparently belonging to the Younger
Tertiary.
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The series has been named the Lu Tzl Kou (JXT-{f) series from the
valley in which it is best developed. This locality is situated in the NW corner of
the area surveyed by Dr. Zdansky, and the reader is referred for details to the
map and text of Dr, Zdansky's paper.§

The beds in question rest upon the Carboniferous series which forms the
basement rock of the region. In one place the Lu T2 Kou beds are overlaid by
typical Hipparion clay with the characteristic fossiis of this deposit.

The bedding of the Lu Tzii Kou series is horizontal, The maximum
thickness is 25-30 meters,

5 900 69,000 5000 0 j000
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Fig. 29, Section of the Lu Tzd Kou beds at San T’a Kou.
(Communicated by Dr. O. Zdansky)
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The variety of sediments represented in this series is shown in fig. 29.

while the following note will explain the details (in ascending order):
I: Carboniferous beds.
II: 6.5m, Quartz gravel with some bone fragments and teeth of mammals.

III: 2.3m, Greenish yellow marl and marly limestone with fishbones and
mollusks.

IV: 4.5m. Yellow sand with cross-bedding. Contained the lower jaw of a
Rhinocerid.

V: 1.3m., OGreenish white stratified marl with mammal bones and mollusks.

VI: More than 4 meters. Reddish loess-like material with bone fragments,
parls of a Rhinocerid tooth,

Beds 11-V form the Lu Tz Kou series. \Whether VI belongs to the
Hipparion series or to the loessis not clear. Asalready stated, typical fossiliferous
Hipparion clay has been found in another place overlying the Lu Tzh Kou series.

§&. O deSkf' .Fundorte der Hipparion Fauna um Pao Te Heien in NW Shansl. Bulletin
of the Geological Survey of China. No. 5.
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The age of these beds will be better known when the mollusks, fishtones,
mammals remains and plant fragments have been examined,

The occurrence of an Equid molar proves according to Dr. Zdansky that
the series belongs to the younger Tertiary. As the Hipparion beds represent the
transition from Miocene to Pliocene, the Lu Tz Kou beds could eventually be
supposed to represent the Miocene, but there are some facts at hand which indicate
that they are in age nearly related to the Hipparion beds.

THE HIPPARION BEDS.

In order to make the reader acquainted with these beds which contain
the richest and best preserved fossil mammal fauna of Northern China it is
advisable to begin with a summary of the report furnished by Dr. O. Zdansky on
the farnqus bone deposits of Pao Te Hsien in NW Shansi at the Yellow River.
These deposits are by far the richest of the Hipparion localities, the beds are
beautifully exposed in mumerous ravines, and Dr. Zdansky has surveyed this
region with an accuracy which has not its equal in our exploration of the
other Hipparion areas.

Hipparion clays are widely distributed in this part of N\V Shansi and
the adjacent part of Shensi, But only in three areas, Chi Chia Kou (R#&iR) in
Pao Te Hsien, Nan Shah Wa (7 §J¥8) in Ho Ch'ii Hsien (F[RYZE) of Shansi
province and Wu Lan Kou (Fiji%) in Fu Ku Hsien (ff438%) of Shensi are
there bone accumulations in these clays which are otherwise entirely barren.

Chi Chia Kou is the most extensive and richest of these localities. The
bone carrying area has here an extension of 4,800 m. from N. to S. and 4,000 m.
from W. to E.

The Chi Chia Kou region is a plateau land dissected by an intricate
system of ravines, in the boftom of which the substratum of the Hipparion clay is
almost everywhere visible. The basement rcck is formed by the Carboniferous
coal series in nearly horizontal beds, The basal layer of the Hipparion series is a
conglomerate bed, at most 4 meters thick with gray matrix. Above this basal
conglomerate rests the red Hipparion clay with a maximum thickness of 65 meters.
In the clay there are interbedded gravel beds of little persistence and occasionally
also lenses of sand. - In certain horizons there are also irregular lime concretions
in the clay, Round the fossil mammal bones are seen infiltrations of lime,
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In the 635 meters of red, mostly entirely barren clay there is a well
defined bone-carrying horizon 25 meters above the bottom and 35 meters underneath
the top of the deposit, The bone layer is mostly less than a meter thick and so
nearly horizontal that there is not more than 5 meters variarion of altitude of the
bone bed throughout the whole Chi Chia Kon area.  In the bone horizon there are

not bones everywhere, but rather pockets or nests rich in bones separated by some
meters of barren clay.
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Fig. 30. Section of the Hipparion beds.

HEEZREBNEIRAERMNEH
A. at Chi Chia Kou and Nan Sha Wa. SREIZRKIWE
B, at WulLanKou. T 1§ {8

(Communicated by Dr, O, Zdansky $#REFFFFIERTEE).
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Dr. Zdansky has given the following provisional list of the vertebrates
found in the Chi Chia Kou area:

PERISSODACTYLA :
Hipparion richthofeni, Sch),
Teleoceras 4 species
Aceratherium
Sinotherium lagrelii, Ringstrom§
Anchitherium

ARTIODADTYLA:
Some deer of different size

Many antelopes
Chilinotheritom tingii Wiman§$
Sus 2 species

CARNIVORA:
Hyana

Some Viverride

Felide

Machairodus

2Arctocyon or Hyaenarctos
Mustelide 2 species

PROBOSCIDEA |
Mastodon
Stegodon
Elephas

RODENTIA
Castorid
Rodent of squirrel-size

AVES:
Struthionid

REPTILIA:
Emydid -
Tesiudinid

% A new type of Rhinorerolide, related to Aceratherivin, as well as to Elacsmotherium, T. J.
Ringstrom, Sinotherium lagrelii, a new fossil Rhinocerotid from Shansi, Chins. Boll
Geol. Survey. No. 5.

7. A rew member of the Giraffide,
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The Hipparion deposits of Nan Sha Wa and Wu Lan Kuo are smaller
in extent but otherwise very similar to that of Chi Chia Kou as shown by the
colummnar sections fig. 0.

According to Dr. Wiman and Dr, Zdansky the Hipparion fauna indicates
steppe conditions, but the occurrence of Giraffine and Suidz points to the existence
of groups of trees and of water pools spread over this steppe.  As the clays are
mostiy barren over wide areas and rich in mammals only in the three areas men-
tioned, it might be inferred that in the otherwise very dry steppe there were locally
oases with trees, water pools and occasionally also sheet floods after the rains, It
seems as if these genial conditions prevailed only during a short, well defined
period, This explanation suggested by Dr, Zdansky seems to conform well with
all the facts above reported.

The other area, where we have found the Hipparion fauna well
represented, in fact the first place where, in the autumn of 1918, we had an
oppottunity to study this fauna is Hsin An Hsicn in Honan about 100 i west of
Loyang. The Hipparion beds are best developed within some twenty li N, and E.
of the district city. This region consists of rounded hills built up of Hipparion
beds as shown by fig, 37. In the valleys between these hills there is a considerable
deposit of loess, The post-Hipparion geology of the area is more fully explained
in the description to the figure referred to.

No detailed survey, like that of Chi Chia Kou has been undertaken in
Hsin An Hsien, and consequently I ani not able to give exact figures, but from
rapid estimatles it seems likely that the thickness of the Hipparion beds is here
somewhat more than the 65 meters found by Dr. Zdansky in Chi Chia Kou.

A remarkable feature of the Honan beds which distinguishes them from
those of Chi Chia Kou, is the great variety of sediments. Figures 31 and 3z
explain this feature better than any description,

The clay is sometines uniformly red but in many other cases variegated;

and one common type with whitish irregular spots is appropriately named by the
Chinese “chicken manure earth”.

In the section shown in fig. 31 there are extensive deposits of whitish
chalky limestone.
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Layers of sand and gravel are common.
Another characteristic feature is the fre-
quence of lime concretions of the irregular
type which has originally been described as a
characteristic of the loess and named “Loess-
Piippchen”, These concretions often form
definite levels in the clay, each concretion
standing with the long axis of the irregular
body in vertical position. They are some-
times small and scattered in the clay; in
other instances they have grown into fair
sized, irregularly branching bodies which
form a more of less complete network; the
last stage of development being the more
massive growth of this network, thereby
forming a solid limestone bed, Such
intercalations of fairly hard limestone,
sometimes inclosing numerous pebbles, is
quite a common fealure, Lime-concretions
are common ground the mammal bones
occurring in the sarne manner as in the case
of the deposits of Chi Chia Kou in Shansi,

The fossil bones seem to occur more
irregularly than is the case in the Chi Chia
Kou area. At any rate we have not been
able to trace a regular bone level, but the
bones seem to form accumulations scattered
very sparingly through the deposit. One
of the most important localities of the Hsin
An area is Shang Yin Kou ( k:FIif) Loc. 12
of our field-record, where a bone bed, a few
meters in length gave a very fine harvest,
The bones were less well preserved than is
the case in Chi Chia Kou, and their surface
was somewhat blackish, probably from
weathering of a comparatively recent date,
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Fig. 32. Section of the Hipparion beds at Tung Yang Chen close by
the railway 15 li E of Hsin An city. Thickness of the figured series 25-30 m.
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a. Distinctly stratified beds of clay, fine sand and marl?

b. Variegated red and grey-green clay with irregular veins of gypsum (?)
c. Coarse gravel,

d. loess-like clay.

¢. Loess-like clay with irregular lime concretions (“Loess-Piippchen’).

f.

Reddish clay with fairly regularly reoccurring (every 0,3 m.) beds of small
“Loess-Piippchen” and small pebbles.

g. Clay much like (f) but with bigger and more numerous Loess-Piippchen,
h.  Strongly redcolored clay.

1.  Loess.

The whole series except (i) is supposed to belong to the Hipparion
series.  Poorly preserved bones of the type of the Hipparion fauna were found
close by this seciion in the same beds.

The locality (No. 12) which yielded a rich variety of species is in clay.
Only about two li from this spot there is another important locality (No. 35)

where the dominant species was Cervavus, the best skulls of which have come

from this place. This Cercarus accumulation was found in a lense of red sand

interbedded in the ordinary red clay.



Anderaon: Cenozisof N, Chira, 113

In Mien Chih Hsien, 100 l WV, of Hsin An Hsien we have studied another
area of Hipparion clay. Here the beds are very regular with parallel limestone
bands as shown by fig. 33. In this place the Lones are perfectly white and hard,
in preservation favourably competing with Pao 1'e Hsien, but the material obtained
is not large,
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Tig. 33. Section through the Hipparion beds at Lan Kou, Mien Chih
Hsien (lLoc. 20 of our register), Red clay with limestone bands (overlaid by loess).
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The vertebrates found in the Honan localities are mostly of the same
types as those already enumerated from Chi Chia Kou. 7The Rhinoceroses seem
to be less numerous in Honan thar in the Pao Te Hsien region. A feature of the
Honan Hipparion fauna to which there is no parallel in Pao Te Hsien is the
presence of one or probably two species of Priuates belonging to or nearly related
to the genus Cynocephaius. Of these Primates we have found in all three
specimens, a nearly complete skull, a lower, and an upper jaw. The two first
mentioned specimens represent a smaller form, The last nmamed specimen,
representing a fairly large-sized species, was found in Hsin An Hsien together
with Hipparion, Ruminantia, Hyaenictis and a small molar of an Elephas, all
according to determinations made by Dr. Zdansky.

Two very rich deposits of a young Tertiary fauna have been discovered
and excavated by Pére E, Licent in Ching Yang Fu of E. Kansu. The Rev.
Pére had the kindpess to invite me to see his beautiful collection in Tientsin in
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June 1921 and during this rapid examination I recognized Hipparion in the
material and obtained the itnpression that the Rhinoceride and some other species
are of the types found in the Hipparion fauna of Shansi and Honan. Fuller
notes together with Pére Licent’s sections, are given above (page 72-76) in the
chapter on the remains of Struthionida:.

In addition to the areas here mentioned we have made collections from
red clay similar to the undoubted Hipparion clay in many other places, in Shan-
tung, Chihli, Shansi and Honan. With respect to those places where Hipparion
has not been identified, there remains a certain doubt as to the age of the deposits.
As I have more fully explained in the final paragraphs on the Chou Kou Tien
deposit, there are some indications pointing to the wide distribution of red loess-like
or partly more Hipparion-clay like sediments with a fauna containing a true
horse, Lquus, probably of Upper Pliocene age. But with the exception of the
rich Chou Kou Tien cave deposit, these beds are vecy little known. Not until Dr,
Wiman has prepared definite lists of the mammals contained in each of our
numerous localities will it be possible to form a definite opinion on this point,

THE CHOU KOU TIEN CAVE DEPOSIT.

In the summer of 1925 we discovered at Chou Kou Tien, the terminus
of the Liu Li Ho-Chou Kou Tien branch line of the Kin-Han railway, 70 1i SW
from Peking a richly fossiliferous deposit filling a cave-like cavity in the Ordovician
limestone, This deposit was surveyed and excavated by Dr. O. Zdansky who
has furnished me with the following summary of his detailed report.

The bone deposit is in a valley named Lao Niu Kou (4:{§%), 300 m,
NNW from the railway station house, Here, in a nearly vertical limestone wall
about 6 meters above the bottom of the quarry, the limestone is replaced by loamy
and sandy deposits which form the filling of a foriner cave which was exposed by
the working of the quarry. Higher up there follows again limestone forming the
roof of the former cave. From the eastern lower corner of the visible mass of
cave-sediment a narrow pipe extends downwards as far as can be seen, filled with
a very hard yellowish sandstone containing the same kind of mammal bones as
those occurring in the main deposit nearby.
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Certain observations indicate that the main room of the former cave is
about as deep as the pipe, being only hidden by a thin wall of limestone,

In two sections A and B the thickness of the strata has been measured

(counted from the top to the bottom). Their dip is very gentle, being on an
average N 18° E 7°.

Section A. Section B,
8. Breccia of angular pieces of lime- g.
stone without stratification. Con-
tains landshells and bone-remains,

‘The same as 8 in section A.
80 cm. red sand, stratified,

7. 16 cm, loam, top brown, bottom

. ligt amy '
7. 8o cm. lightred, loamy sand with yellow.

intercalations of sandstone. ILand-
shells, 6. 15 cm. red sandstone,

i

6. 33 cm. brown Joam, with brown 30 cm. red, stratified sand, partly

bands. Boundary towards 7 not hardened,
quite distinct. 4. 6 cm, light-yellow loam.
5. 21 cm, dark-brown laminated loam, 3. Like A No. 3.
4. 6.5 cm, light yellow loam. 2, 17 com. light yellow, sandy loam
3. 4.5 cm, dark-brown loam. with many bones.
2. 15 cm. light yellow, sandy loam 1, Like A No, 1.

with plenty of bones.

1. Yellowish sandstone. Thickness
unknown, Contains many fossils,
fragments of limestone and sta-
lactites.

The fossils occur in the whole series, the larger species being confined to
strala 1, 2 and 3; only the micro-fauna is distribuled through the entire series, '
Of the larger animals mostly lower jaws and jsolated teeth are found but no skulls;
large limb-bones, vertebre, fragments of deer antlers and countless splinters of
bones are also found. The microfauna is mostly represented by an immense
number of limb bones of fwo small rodents, of which also lower jaws are found,

Remains of T'alpa are scarce, as well 25 those of another Insectivore and of small
Birds.
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Of large animals there are a species of Equus, a Riinocerid, numerous
Artiodactyla, including a pig, a deer with a remarkably thickened lower jaw and
a number of smaller Risninants which have so far not been closely examined. A
large Bouine is casily distinguished. Of Carnivores there are a Machairodus,
similar to the M. horribilis Schlosser, a rather sinall Bear and an animal of the
size of a fox.

The red sand and the breccia at the top of the deposit contain two kinds
of land shells, one of them very common and probably identical with a species
still living in the same region.

The cave might have been inhabited by some large Carnivore which
brought its prey into it. The scarcity of intact limb-bones may be due to the
circumstance that the brute crushed them to get the marrow. The rodents may
have lived in the cave.

To judge from the presence of a true horse and the absence of Hipparion

is seems likely that this fauna is younger than the Hipparion fauna and possibly of
Upper Pliocene age.

At the present stage of our explorations, the Chou Kou Tien fauna
stands alone as a richly fossiliferous, probably young Pliocene deposit, But it
may be justificd to question whether there are not deposits, less rich in fossils,

which for general geological considerations may be supposed to be approximately
of the same age,

In this connection I recall a deposit in Huai Lai Hsien (J§i3(8%) of
Northern Chihli, where I found in 1918 an Artiodactyl, probably a deer with

conspicuously thickened jaw like that described by Dr. Zdansky as characteristic
of a deer in the Chou Kou Tien fauna.

The locality, a village named Hu Lu Tao (FHEES) is situated 18 km,
WNW from Huai Lai city. 2.5 li F from this village in a very narrow ravine,
numerous bones had been found, among them the characteristically thickened jaw
of an Artiodactyl already mentioned. The ravine is about 20 meters deep and its
walls consist all through of typical loess without any intermixture of gravel. The
find was made in this typically loess-like material at the very bottom of the ravine,

It is of course premature to say that this find is contemporaneous with
the Chou Kou Tien cave deposit. The mode of occurrence and the lithological
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character are just as different as ihey possibly could be. The only similarities
between the two finds is that they contain two Artiodactyla which certainly are
nearly allied and possibly may be identical.

A general consideration of the preblems unavoidably leads to the assump-
tion that at the time when the Chou Kou Tien cave deposit was .formcd, deposits
must have been forming in the open plain which are lithologically very different
from the cave deposit. In a succeeding chapter on the lcess T will show how the
early explorers, such as Richthofen and Willis, included all kinds of sediments in
the term loess, and that our mammal collections have proved that a very large part
of what earlier authors named loess, can now be definitely assigned to the Hipparion
clay with a well defined fauna of the loess. Petrologically it is often very difficult
to distinguish between these two sediments as there exist in fact widely distributed
deposits which form a kind of petrological transition between the genuine deep red
Hipparion clays and the typical greyish-yellow loess. It is quite possible that
deposits which chronologically link the Early Pliocene Hipparion clay with the
Pleistocene loess, are to be found amongst these more or less loess-like clays. In
fact, we have found in Northern Chihli, Shantung, Honan and Shansi small
faunas in such loess-like clays. These faunas mostly consist of Artiodactyla and
their relationship to the genuine Hipparion beds has not yet been properly ¢lucid-
ated. Itis to be hoped that Dr, Wiman’s researches on these collections will fully
reveal to what extent we have amongst them time-equivalents 1o the Chou Kou
Tien cave deposit and to the Hu Lu Tao loess-like deposit described above.

THE SAN MEN SFERIES,

In many places where the basement of the loess is exposed, it is found to
consist of gravel deposits which occasionally attain the thickness of 10 meters or
more, Gravel is also found intercalated in the loess in its lower part and in higher
levels, specially near hill slopes from where the coarse detritus was washed down,
Bailey Willis has graphically depicted the interaction between eolian and fluviatile
forces in the formation of the loess or huang t'u, the former depositing the typical
loess, the latter the intercalations of gravel. It scems that in the beginning of the
loess period the fuviatile forces were stiil preponderant and resulted in vast
gravel-accumulations, whereas later o the eolian forces became dominant with the
result that the loess deposition became nearly continuous,
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In the Yellow river valley these sub-loess gravels are widely distributed
and of unusual thickness. Here they also have in two localities been found to
contain abundantly freshwater mollusks, that is a fauna fundamentally different
from that of the Joess. Consequently I have considered it necessary to distinguish
these sub-loess gravels and sands of the Yellow river valley as a special series
which has been named the San AMen series from the type locality which was
discovered by Dr. V, K. Ting.
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Fig. 34. Section at the San Men rapids. =P-4:KEEE
(Communicated by Dr V. K. Ting). ($& T 3I05eE%)
In 1917 T undertook a survey of the Yellow River from Tung Kuan
(at the Honan-Shensi border) to Shen Hsien and noticed in many places these
deposits of gravel, sand and even clay underneath the loess, At Shen Hsien some
few fragments of big mussels were seen in these beds but they were much too
imperfect to be determined.

In August 1918 Dr. V, K. Ting studied the surroundings of the San
Men rapids in the Yellow River on the Shansi-Honan border. At a place about g
li above San Men he discovered the interesting section reproduced in fig. 34. In
the lowest series there are numerous big bivalves, a collection 6f which was made
by Dr. Ting, These bivalves were later forwarded for determination to Dr, Wm
H. Dall of the Smithsonian Institution, Washington, who has kindly communicated
the following note on these specimens:
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“There are three species, all near to but not exactly like species now living
in China. e have not specimens of the living species enough to determine the
limit of variation but the differences are such as (o suggest that the fossil forms
are the ancestors of the living ones and probally of early Pleistocene age.

The species are as follows:
Quadrula near O, spurius Heude,
Quadrula near Q. offinis Heude,
Cuneopsis near C. capitatus Heude.”

In May 1921, when surveying the Eocene area of Yuan Chit Hsien I
was shown some very big mussels which were said to have been found near Ho
Ti (see map .1) in the bank of the Yellow river, The locality is shown in text-
figure 35 as well as in Plate VII. The details of the section can be described as
follows:

LR
.

Yeltoor River

»
-

Fig. 35. Section in the bank of the Yellow River. Near Ho Ti Tsun,
Yian Chiit Hsien, S, Shansi.
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(a) Coarse Focene conglomerate with pebbles of limestone.
the beds dip SE 3o°. 17 meters

(b) Coarse gravel 2

o
-
=

(¢) Gravel and sand mixed with gravel, In this hard packed
mass there are numerous freshivater musscls, some of them of
unusual size. Many of the big shells werc seen standing
edgewise in nearly vertical positien. 2

(d) Interstratified beds of loess and gravel, about 20

L RS

The mussels have not yet been specifically determifined, but from memory
1 would think that one or two of the species are identical with those determined
by Dr. Dall form the San Men collection. There is also a much smaller type, and
an elongate shell (Unionid) of more than 26 cm. length. In the mussel bed
there was also found a small fragment of a mammal bone. Some tens of meters
from the mussel locality I saw in the sandy gravel a very big bone fragment, 60.5
cm. in length and 20 ¢m, in diam. To judge from the size it most likely belonged
to a Proboscidean.

After I had studied this section at Ho T, I surveyed the course of the
Yellow River from Yuan Cliii to the Kin-Han railway bridge, a distance of 300 li.
In several places I found considerable gravel beds underneath the loess, but in
none of these localities there were shells in the gravel. Some mammal bones were
found, but they are very scarce and fragmentary and little can be said at present
about the vertebrates contained in those beds.

In SW Shansi there flows a considerable tributfary to the Yellow River,
the Fen Ho. Trom some information at my disposal it scems that also in this
river valley there are thick deposits of sand underncath the loess, Rev. Bertram
Lewis of the Ho Ching mission station has kindly collected some fossil bones
from this area. Thesc specimens are now in the museum of the Geological
Survey and consist of the scapula, fragment of a jaw and fragment of a molar, all
belonging to an Elephas, In August 1918 Dr. Ting visited this area and exami-
ned the locality where the said mammal remains had been found. They come
from a village Pei Li, some 25 li NE from Ho Ching city. There is a section
showing 30 meters thickness of indistinctly stratified sand underneath 10 meters of

loess. The fossils were found in the uppermost part of the sand, close underneath
the contact to the loess (fig. 36).
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Fig. 36. Section at Pei Li, Ho Ching Hsien, Shansi.
| (Communicated by Dr, V. K. Ting).
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It appears from the notes given above that so far the fauna of the sands
and gravel underneath the loess is very imperfectly known and little can at present
be said about the age of the San Men series.

As stated above, Dr. Dail considered the mollusks from the San Men
section to be of early Pleistocene age and this well conforms with the age which |
would from general geological considerations ascribe to these beds.

THE LOESS.

The physical properties, as well as the geographical range and top!)gra-
phical distribution of the loess have been graphically depicted by Richthofen, and
Bailey Willis has added some important observations, especially on the interstrati-
fication of gravel with the loess.

In many respects the loess still remains an enigma of Cenozoic geology
in northern China, and it is my intention at a later occasion to deal more fully
with the problems connected with this deposit. At present it will suffice to add
some remarks on the following topics:

The mode of occurrence of the loess.

The relationship of the loess to underlying eediments.

The origin of the material constituting the loess.

The vertebrates contained in the loess.

The age of the loess, and

The climatic conditions under which the loess was formed.
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In order to make the mode of occurrence of the loess belter understood
it will be appropriate to describe some typical areas where this deposit has been
closely studied by us.

Every passenger, coming E
south on the Kin-Han line frem ! T
Peking must have noticed a high P&

. . .a
Joess cliff bordering the Huang — ... ¢ B
Ho on the south side, at the b T::N
. . Q ‘Hogs
place where the river is crossed H 3 m R
on the Jong railway bridge. 5+
From this point the loess cliff 7 K
runs almost uninterruptedly up o -
the river for a distance of 200 li § &
until the hilly land is reached. B H
In N-8 direction the loess plateau & g 3
. . ul ~aN
is not very broad, forming in ag\\ N Y ¥
N
fact a mantle on the northern -HIQ % §§ .§ in
: R
slope of a low rock range runn- e :(é;b .?‘*;:- §-_ |
ing W-E not far south from the | Injl alg §\E § E.m
Yellow River and named Mon VA % “st 8 &
N NS o
Shan. Towards the river the VH ¥ Q &5y % B
loess plateau everywhere forms §§?‘E§E '2, ﬁ
a steep cliff indented be num- % =33 |
berless ravines. The height of W '% =
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perhaps in some places as much 'F‘: i
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the thickness of the loess. Ju N - &
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In several places I have \%\b 8B
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noticed stratified gravel and sand Q 3?5% 3 =
underneath the loess, these de- = = SR
posits very likely belonging to ’: r"\’
the San Men series. If this E
interpretation is  correct, it i
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follows that the whole series above the gravel is loess in spite of the fact that
the lower part is reddish in color with indications of stratification in the shape
of a distinct horizontal color-banding. Only the upper part of the deposit has

the yellowish grey color of the typical loess and shiows no sign of stratification,
Plate VIII shows sceneries from this Joess region.

Further west in Honan, in Hsin An Hsien, I have studied another
instructive loess area, the main features of which are shown by fig. 37. Here the
loess occurs as a valley deposit, filling the valleys which were cut in pre-loess time
into the plateau of Hipparion beds. These valley fillings are now much eroded by
streams which have in most instances followed the pre-loess valleys and often cut
down through the total thickness of the loess until the Hipparion beds have
become exposed in the bottoms of the valleys. Here the loess is everywhere of
the typical yellowish grey color.

In Mien Chih Hsien, about 100 i further west, much the same conditions
prevail. Here too the loess is a valley deposit filling pre-loess ravines cut down
into the Pliocene clays. The modern cycle of vertical erosion which has largely
removed the once continuous Joess fillings in the valleys hias in most cases reopened
the pre-loess ravines. The loess is typically yellowish grey in color. It sometimes
occurs also on the top of the plateau, but there only with a thickness of a few
meters, whereas in the ravines the rapidly changing thickness of the loess may
Jocally attain 30-40 meters.

In the Pzo Te Hsien area of N\V Shansi, which has been studied in
much detail by Dr. O. Zdansky, the loess, with a thickness of 40 meters, forms a
cover over the Hipparion c]éy. As shown by Dr. Zdansky's section (fig. 38) the
loess here forms a plateau deposit, but it has been noticed by Zdansky that here
too the loess was deposited upon a pre-loess topography cut down into the
Hipparion clays, and in this case also the old valley topography has been reopened
by the post-loess erosion. Dr. Zdansky remarks that in this area the contact
between the Hipparion clay and the overlying loess is perfectly sharp and that

there is no difficulty in distinguishing one deposit from the other.

Early writers, specially Richthofen, described the loess as a deposit of
locally very great thickness, 1,500 feet and more. As far as our observations in
the eastern provinces of northern China, Shantung, Chihli, Shansi and Honan go,
this enormous thickness has not been confirmed, 50-60 meters being in fact the
greatest thickness observed for the undoubted genuine loess.
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This difference in opinion as to the thickness of the loess of northern

Chira is partly due to the fact that we now
know that much of what was des’gned by
Richthofen as loess, are in reality much
older deposits belonging to different Terti-
ary epochs, above all the period of the
Hipparion fauna.

The loess was practically the only
Cenozoic deposit known to Richthofen and
Bailey Willis, and in several cases when
passing by seclions described by those
authors I have been able to determine thta
the lower part of the series exposed is not
the genuine loess but much older, Tertiary
deposits, mostly the Hipparion clays, In
order to illustrate the fundamental change
of opinion brought about by the identifica-
tion of the Tertiary clays as entirely distinct
from the loess, it is serviceable to recall
that Richthofen described the limestone
concretions (Loess-Pippchen) as a specially
characteristic feature of the loess. Ioess-
Piippchen, originally known from the loess
deposits of Germany, certainly are of
common occurrence in the Chinese loess, but
as a matter of fact there are few places
where [ can prove beyond doubt that the
sediment containing these calcareous con-
cretions is undoubted loess, whereas there
are numerous places known with typical
Loess-Piippchen in reddish clay containing
the Hipparion fauna.

Inmany scctions there is a well marked
boundary line between the overlying grey
loess and the underiying red Hipparion clay,
and in such cases it is easy to distinguish
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between the two sediments especially when mammal fossils are present to confirm
the conclusions drawn from petrological and geological considerations, But in
many other localities the sediment is more indifferent so that it can be called a
loess-like clay or reddish, somewhat clayey loess. As fossils are very rare, it is
often impossible in such instances to decide the age and nature of the deposit.
Under these circunstances it is hardly possible at present to tell how much of
Richthofen’s loess is the genuine thing and how much belongs to older, mostly
Tertiary sediments. Tllustrative in this respect is Dr. Zdansky's careful survey
of the Chi Chia Kou region in Pao Te Hsien, NW Shansi, where 65 meters of
Hipparion clay is overlain by 40 meters of loess (see fig. 38).

It has already been pointed out that sediments are abundant which seem

to be of intermediary types between the typical Hipparion clay and the typical
loess.

In the final passage of the chapler on the Chou Kou Tien deposit it was
indicated that probably many of these intermediary sediments are of transi-
tionary nature, not only in petrological character but also in age. Otherwise
expressed, I presume, that continued palaeontological research on our collections
of fossil mammals will prove the existence, between the early Pliocene Hipparion
clay and the Pleistocene loess, of loess-like clays with a late Pliocenc fauna.

These considerations have lead me to depart, at least to some extent,
from the explanation given by Richthofen for the origin of the loess. According
to that author, the material which formed the loess was brought by aerial forces
from the desert and steppe arcas of Central Asia. I admit that this might be the
case, at least to a considerable extent. In the small area of Inner Mongolia which
I visited in 1920, I hardly saw any true loess, and in these borderlands the loess
seems to be just as common in the dissected area of China proper close up to the
edge of the Mongolian plateau as it appears to be rare or entirely absent upon the
plateau itself. It is evident that the absence of the loess on tlie plateau can be
accounted for in accordance with Richthofen’s views by assuming that the winds
swept the vast plateau clean from the loess material and deposited it in the
dissected and consequently more sheltered terrains of China proper.

But the fact, established in an overwhelming series of cases that there
exist almost everywhere in the loess-areas transitionary stages between the
Hipparion clays and the loess, points fo some relationship between these two
sediments which are of such widely different age,
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To judge from the composition of the rich mammal fauna of the Hip-
parion clay it becomes increasingly apparent that it was laid down under steppe
conditions, much as was the case with the loess according to Richthofen's explana-
tion. If I am right inmy assumption that there are also late Pliocene sediments
of steppe origin, it scems likely that in Late Tertiary and most of Pleistocene times
steppe conditions prevailed in northern China, probably interrupted by.a period of
much mere abundant rainfall, as shown by the vertical erosion of the Fen Ho
stage and the stratified sands and gravels (San Men series) underneath the loess.

The Hipparion “clays” are not a real clay in the strict sence of word but
probably the somewhat resorted residuum from the Jong continued weathering of
a rock-surface consisting largely of limestones. It can hardly be considered
merely an accident that the Flipparion arcas are within or immediately bordering

upon regions of extensive limestone deposits.

It seems as if these residual clays were resorted and deposited repeatedly,
and this sclective resorting process resulted in washing away the fincst clayey
material which the rivers mostly carried out {o the sca. The residuum gradually
assumed the character of a sandy loam, In Middle Pleistocene time, the region
became more decidedly arid with the consequence that aerial forces became
dominant and assorted and redeposited the loam according to the laws of
winddiift deposition. This may be regarded as a tentative explanation of the
transition Jfrom the Hipparion clay to the typical loess: a series of redeposi-
tions of largely local material continued during a long space of time which
extended from carly Pliocene to Middle Pleistocene. By this interpretétion Ido
not deny the correciness of Richthofen's idea that the loess was largely derived
from the interior of this continent. It has mnerely been my desire to call attention
to the fact that such transitionary stages exist and that consequently the loess
might be partly of local origin.

Fossils of the loess. The commonest animal remains in the loess are
land shells, mostly Helicida. These shells must be collected with special care in
order to insure immunity from intermixture of recent sheils which are by the rains
washed down upon tle locss cliffs and left there under conditions which would
easily deceive the less wary observer. My series of caretully collected loess-shells

are in the hands of my malacologist collaborator, Dr. N. Hj. Qdhner, who will in
due time report on th:m.
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Of mammals from the loess so far very little is known and the few
notes existing are partly misleading. The mammal fauna of the loess is very
poor, both in individuals and specics. Nearly in all cases only single individuals
are found very sparingly scaltered in the immense volume of the loess deposits,
There exist no localities where mammal bones can be regularly excavated, as is the
case with the Hipparion clay, but the student is limited to occasional finds made
by the local population.

The most common mammal remains in the lcess are tusks and molars of
an Elephas, which according to Dr, Zdansky may possibly be Elephas namadicus,
which was originally found in the Pleistocene alluvium of the Narbada valley of
India, where is occurs together with two species of Hippopotamus, and several
other mammals, The reappearance of this Indian species in the North China loess
would be very surprising, especially in view of Richthofen's eolian theory.
However, Dr. Zdansky's provisional determination has to be tested by a much
closer study of the specimens. -At any rate, it is beyond doubt that the common
loess elephant is not the Mammoth as has formerly been suggested.

Among the numerous isolated finds whiclh have been made in loess-like

material the following species can with fair safety be assigned to the loess:
Rhinoceros offinis simus, Ovis? sp., Hyena sp., Ursus sp., A skull of a Castorid
also was obtained form undoubted loess, and this is another find which tends to
weaken Richihofen's eolian theory. The same applies to a recently found Swus sp,

Only in a single case, have we ever come across what deserves the name
of a small bone accumulation in the loess. This was in SE Shansi, in Yuan Chii
Hsien, and the locality has been studied by Dr. Zdansky who has communicated
the section fig. 39. In this place were found: Hyena, Equus, Cervus and a
turtle. ‘The deer, a forest animal, and the turtle, a water animal, are furtiher
finds which hardly agree with Richthofen’s eoiian theory.

Lastly we have to mention a fossil which seems to conform better
with the said theory, namely the egg shells of an Ostrich, a bird described under
the name Struthiolithus (for details see my article on Struthionide remains, in this
series of essays). The modern ostrich is a steppe bird, and the mere mode of
occurrence of these unbroken shells, often two or more together, seems to indicate
that the rests were occasionally covered by a wind-drift deposit which prevented
the eggs from maturing and preserved the shells in an unbroken state,
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Fig. 39. Section at Yuan Chii Hsien, Shansi. (Communicated by Dr, O. Zdansky)
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\Vith our present, very imperfect knowledge it is impossible to give a
definite opinion on the climatic conditions of the loess formation. The geological
and topographic evidence is strongly in favour of Richthofen’s eolian theory but

the fossil discoveries are of conflicting nature,
A

Furthermore, the age of the loess is not well settled. The fauna is
decidedly of a Pleistocene type, and, assuming that Dall is right in dating the
mussels of the sub-loess San Men beds as early Pleistocene, it will follow that the
loess is of Middle Pleistocene age, It would then indicate an arid equivalent of

the Pleistocene Ice Age.
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Recently we have made a find which might eventually prove to be a cave
facies of the loess. It is a cave deposit in the Western hills of Peking. The
sediment is a loess-like loam in which there have been found the following species:
Rhinoceros, Ursus, Sus, Artiodactyle and some few bird remains, The correl-

ation of this deposit with the loess is apparently so far based upon only very -
slender evidence.

POST-LOESS DEPOSITS.

Redeposited loess. In many valleys within the loess areas there are
deposits of Joess interstratified with gravel and occurring under such conditions
that they must evidently be regarded as representing later redepositions derived
from the genuine loess. They are wvalley deposits of very limited extent with
rapid and irregular changes of the stratiﬁcation,- Thick beds of gravel suddenly
appear, and the gravel component of these deposits is far more abundant than is
the case in the genuine loess. FEverything goes to show that in the formation of
these secondary loess-gravel beds water action hzs been the dominant factor and
that the wind has played only a very subordinate role, I call these deposits
Redeposited I.oess in order to distinguish them from the genuine Primary Loess.

Only in Northern Chihli and in Joho have fossils been found in these
beds. Most common among these are the antlers of a big deer and skulls of a
bighorn sheep, with horn cores thicker than those of any living species. Horns
and also part of the skull of a Bos sp. have also been found. A beautiful skull of
Rhinoceros antiquitatis bought. from a medicine shop in Chao Yang Hsien, Joho,

might have come from the redeposited loess, or else from the old primary loess.

The Chi Ku Shan deposit. A peculiar small bone deposit occurring at
Chou Kou Tien, 70 li SW from Peking, was described by me in Geografiska
Annaler, Stockholm 1919, page 265-268.

It is a pillar of red clay, 5.5 meters high, the base of which is surrounded
by the Ordovician limestone. The pillar stands in the midst of a limestone quarry,
and there is no doubt that the clay mass originally formed the filling of a small
ca-vity in the limestone which has been largely removed, leaving the clay mass in
the shape of an isolated piilar.

In this clay-pillar numerous bones have been found, namely birds,
Redentia, probably two species; Carnivora, a smaller and a bigger form,
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Another deposit of the same type was found by us in 1922 at Hui Ya
(# K%) in Wan P'ing Hsien near Peking, Here were found the same small
animals that occur in the Chi Ku Shan deposit but in addition to them there were
also some rather beautifully preserved remains of small 4rtiodactyla.

Until the fossil bones obtained from these two deposits have been
scientifically examined, there is no means of settling their age. The slight
mineralization seems to indicate, that they are comparatively young and they have
consequently been classified here amongst the post-loess deposits.

Cave-finds. In some caves of the Western Hills of Peking we have
obtained small mammal faunas whick probably are of post-loess age. Little is to
be said about these collections until they have been closely examined, However, I
want to mention a remarkable type which has been met with in two or three of
these caves, namely a Hysiricid of unusual size§. Mostly only isolated incisors
have been found, but on one occasion one of my collectors brought home part of
a lower jaw with the incisor and the first molar. A comparison with two skulls
which I had collected in Anhui of the modern Hystrixv subcristata, proved that the
subfossil jaw is considerably bigger. I am also under the impression that the
Peking sub-fossil Hystricid was a much larger species than the IHysirix, remains
of which are not seldom found in the Aeneolithic site of Yang Shao in Honan.

In modern times Hystricide are not known with certainty north of the
Yangtze valley (the reported occurrence of a porcupine in the C’hin Ling Shan
range, S, of Sianfu in S. Shensi, has not yet been confirmed by specimens)§§, In
Honan, where Hystrix seems to have been common in Aeneolithic time, we failed
to locate the living animals.

The finds of a Hystricid in the vicinity of Peking means a tremendous
former extension of this mammal group towards the north, In modern times
Hystricide occur only in the humid area of southern China, and it is quite likely
that the examination of our finds of sub-fossil Hysiricide in Honan and near
Peikng will throw interesting light upon the question of changes of climate in the
most recent geological past,

1. A, de Carle Sowerby who heard of this find daring a visit to my home in Peking hes
made a communiestion on the matter in Journal of toe North China Branch of the
Royal Asiatic Society Yol, LI, 1922, p. 3.

#{. Filkchner mentions (Wissenschaftliche Ergebnisse der Expedition Filchrer nach China
und Tibet, 1903-1903, Band 11, p. 47) the occurrence of **Stachelschweina'’ in Kansn, 60
Ji W.of Lanchonfu, but in the volume describing the mammals collected by him there is

no mentionipg of a Hysirix, so the statement may not have been corrcborated by tha
scquirement of specimens, .
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Peat-bogs. The youngest mammal bearing deposits known to me are
the peat-bogs in San Ho Hsien and Yih Hsien E. of Peking (see p. 84-92).
To judge from the archmological finds occurring together with the mammal
bones it scems most probable that these peat-bogs were formed in historical times.

EARLY MAN.

Very little is known about the occurrence of anthropomorphic Apes or
of Pleistocene Man in Nortliern China.

In his classical monograph on the medicine bones, Sclhilosser describes
under the denomination ?Anthropoide g. n. ¢t sp. ind. a posterior molar-M3-of
considerable interest3.

The tooth is strongly fossilized, and some reddish clay was seen adhering
to it. The last named fact is considered by Schlosser as indicating that the
specimen came from the Tertiary clay, not from the loess.

“Die Zusammensetzung, der Umriss, und die Beschaffenheit der Wurzeln
sind entschieden Mensch-ahnlich, bei Anthropomorphenzihnen divergiren schon
die Wurzeln viel stirker, allein der Erhaltungszustand scheint doch fiir ein relativ
hohes Alter, Tertidr, zu sprechen und es ist demnach doch gewagt, diesen Zahn der
Gattung Homo zuzurechnen, so lange die an sich ja sehr wahrscheinliche Existenz
des Teiiiirmenschen noch nicht sicher gestellt ist, Wir miissen daher doch auch
die Moglichkeit in Betracht ziehen, dass dieser Zahn einem neuen Anthropoiden-
Genus angehort, welches allerdings im Zahnbau dem Menschen viel naher kime,
als alle bisher bekannten Anthropomorphen.

“Eine weitere Moglichkeit wire allenfalls auch die, dass der vorliegende
Zahn wirklich von einem Menschen stammt und etwa auf sccundirer Lagerstatte
in oberflichlich aufgelockerten Tertiirschichten begraben wurde, Allein es ist
sehr die Frage, ob ein Zahn von etwa pleistocdnem Alter unter solchen Umstinden
so stark fossilisirt werden und einen solchen Erhaltungszustand annchmen kdnnte,
dass man ihn von Zahnen von wirklich tertiZrem Alter nicht mehr unterscheiden
konnte, wie das hier der Fall ist. Aber selbst, wenn diese Mdglichkeit wirklich
eintreten konnte, so missten wir doch diesem Zahn ein sehr hohes Alter,

§. Bchlosser. Die foasilen Shugethiere Chinas, 1803, Page 20-21.
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mindestens Altpleistocin zuerkennen, denn es ist absolut ausgeschlossen, dass ein

recenter oder selbst prahistorischer Zahn sich unter diesen Umstinden so gewaltig
verandern wiirde.

“Ein sehr hohes Alier ist demnach fiir diesen Zahn auf jeden Fall sicher
gestellt, nur lsst sich nicht entscheiden, ob es sich um Altpleistocan oder bereits
um Tertidr handelt, ja selbst die Moglichkeit, dass wir es nicht mit einem
Menschen~, sondern mit einem Anthropoidenzahn zu thun haben, erscheint
keineswegs vollstindig ausgeschlossen. Allein eine definitive Losung dieser
Rathsel ist wenigstens vorliufig nicht zu erzielen,

“Der Zweck dieser Mitheilung ist es, spatere Forscher, denen es vielleicht
vergdnnt ist, in China Ausgrabungen vorzunchmen, darauf aufmerksam zu
machen, dass dort entweder ein neuer fossiler Anthropoide oder der Tertiarmensch
oder doch ein alipleistociner Mensch zu finden sein diirfte.”

H. Matsumoto described in 1915 some fossil mammals obtained from
Honan province, among which was a human sacrum considered to exhibit certain
f ] D
primitive features. The specimen is described by him as follows*:

“As compared with the majority of human sacra, the remarkable featuret
of the present specimen are that the diminution in size from the first towards the
last sacral vertebra is very gradual and the curvature is very feeble, A recens
human sacrum is mostly much more curved, the second sacral vertebra being much
more retired backwards than the first, The center of the first sacral vertebra of
the present specimen is shorter and narrower than that of the majority of recent
human sacra, while the same of the fifth sacral vertebra of the former is longer
and wider than that of the Jatter. In these characteristics, the specimen reminds
us of Honto neanderthalensis, more or less approaching a Simian sacrum,”

“As human corpses are buried in earth, one may be anxious whether the
present specimen might have originated in such a way. But, the present specimen
is almost similar to the vertebra of Elephas aff. primigenius above referred to, in
the state of preservation and in the degree of fossilisation, being, like the latter,
attached by a quantity of loess. Iam inclined to think that the present specimen
represents a Pleistocene man, who was contemporaneous with the extinct elephant,
The appearance of the weathered surfaces of the present specimen resembles that
of the vertebrae of the La Chapelle man, as judged from Boule’s photographs”,

* H. Matsumote. On some fossil Mammals from Ho-nan, China.

Science Reports of the Tohoku Imperial University. Second Beries,
Yol. 111, No: 1. 1915.
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There is nothing to prove that the different mammal bones described by
Matsumoto from Honan actually came from one and the same locality. But they
are said all to have come from the loess and are considered as forming together a
fauna, as shown by the following quotation:

“All the specimens included in tlie present paper are very feebly or
scarcely fossilised, being obtained from loess, Among the eight species, five are
extinct and three living. 1t is therefore very probable, that the fauna of Honan
represented by these species belongs to Younger Pleistocene,

“During Tertiary and early Pleistocene, China, as well as Japan, was
almost entirely occupied by a fauna of the southern, i. e. Oriental, type; but
afterwards by that of the northern, i. e. Palzarctic, type. The fauna of Honan
evidently belongs to the Palzarctic type, being closely allied with the Pleistocene
fauna of Europe, A comparison of the particular species of the fauna of Honan
with those similar or closely allied with, from Europe is made as fo'lows:

Honan Pleistocene of Europe
Elephas aft. primigenius. F. primigenius
Equus leptostylus. “F. cfr. stenonis” of Boule
Sus aff. scrofa. S. scrofa, foss.
Ceruvus hortulorum, (C. perrieri; Pliocene)
Elaphurus davidianus. ‘
Bos primigenius. B. primigenius
Bison exiguus. B. priscus
Homo sp. Homo neanderthalensis

“Almost all species of the Fauna of Honan have European representa-
tives, except Elaphurus, which is characteristic of North China and Japan. The
fauna of Honan appears to be by no means related to that of India.”

“As to particular species, the following results may be more or less
noticeable.”

“A large horse form the Pleistocene of China, Equus leptostylus, is
characterised by the combination of the very slender anterior inner pillar, as in
Pliocene horses, and a certain type of the folding of enamel, as in typical
Pleistocene and Holocene large horses, of an upper premolar.”

“«Cervus hortuloriin and Elaphurus davidianus, which are living in
North China, occur in the Pleistocene of the same land; especially, the latter
species is recorded also from Pleistocene of Japan.”
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“Bison exiguus from the Pleistocene of China is distinguished from
European B. priscus chiefly by the smaller size.”

“A race of man, who reminds us of Homo neanderthalensis in the feebly
curved sacrum, probably dwelt in the Pleistocene of China.”

As Dr. Davidson Black has at his disposal more material of recent and
prehistoric human skeletons from China than any other scientist ever had, 1 asked
him kindly to give his opinion concerning the sacrum described by Matsumoto,

In reply Dr. Black had the kindness to put at my disposal the following interesting
communication:

“During the last two years a considerable amount of human material of
ZEneolithic age has been collected by the Geological Survey from the Sha Kuo
T’un cave in Fengtien and from the great Yang Shao Tsun deposit in Honan,
Of the dozen or more sacra excavated in Sha Kuo T’un five are sufficiently well
preserved to be compared in detail with the sacrum described by Matsumoto and
from the Yang Shao deposit nine well preserved sacra are similarly available.
This material has been studied in comparison with modern European and modern
North China sacra and will be described in detail subsequently, Tt is of interest,
however, at this time to note that specimens have been found as wellin the
A neolithic material as in the modern North China series that clozely resemble the
sacrum described by Matsumoto in all the features noted by him, So close is this
correspondence that no doubt can remain as to the identity of the specimen
described by Matsumoto with a type of sacrum frequently found among the
inhabitants of North China since Zneolithic times.”

From Dr. Black's note it seems as if the evidence brought forward by
Matsumoto to show the similarity of the Honan sacrum to that of Home
neanderthalensis is hardly convincing. Tf it could be proved that the Honan
sacrum had actually been found together with Elephas aff. primigenius etc, then
the occurrence of Palzolithic Man in China had been proved by means of geolo-
gical facts, Now there seems hardly to be any anatomical evidence to prove
the assumed relation to an extinct human race.

During our researches in N. China we have never come acrcss any
human skeletal remains carrying the mark of geological antiquity. One of the
few indications, and a very uncertain and isolated one, of the occurrence in these
regions of Palzolithic Man is the find in Northern Chihli (Hsuan Hua Hsien) of
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a Jaurel-leaf point of the type which is considered characteristic of the Solutrean
culture stage of the Old Stone Age of Western Europe.?)

This implement which is shown in P, IX, fig. 1.is broken at in both ends.
The length in its present state is 243 mun. (when complete it must have been
about 320 mm, long), greatest width 78 mm. The material is a reddish grey
felsite-like rock. It is coarsely chipped with some smailer retouches along the
edges, much in the manner typical of the Solutrean pointe en feuille de lourier.
Most of the French Solutrean flints of this type seem to have been considerably
smaller, 161-18 mm. long, and even less than that. But if I am not mistaken,
one of eleven very large Solutrean laurel-leaf points found at Volgu attained the
length of 340 mm.?), and an implernent of the same type and assigned by
Montelius to the same period, found on the west coast of Sweden is 300 mm, in
length.*) These European implements of Solutrean age are mostly made of flint,
but is seems quite possible that a dense felsite-like rock could have been used by
Solutrean Man here in China where flint is not at hand,

These comparisons go to prove that the felsite blade from Northern
China may very well be of Solutrean age. But it is very far from being proved
that this is the case. From the flint and obsidian quarries of Northern America
W. H. Holmes has described numerous blades of types similar to the Solutrean
pointes en feuille de laurier.4) According to such bigh authorities as Holmes,
Hrdlicka and Wissler, America was peopled by Mongolian offshoots which crossed
Bering Strait in a time so late that those tribes already had acquired a Neolithic
culture, If this conclusion is correct, it goes without saying that the American
laurel-leaf like implements are of comparatively recent date. Holmes seems to
think that the quarries from which these blades were obtained continued o be
worked also in post-Columbian time “until the encroachments of Europeans drove
the natives from the general region or substituted other materials for the anciently
indispensable flint.”*

It ought also to be mentioned that Peet has described from Italy a
number of “Palzolithic survivals” into Neolithic time including almond shaped
and willow-leaf shaped lance-heads (?) reminding one of Chellean types of the
Palxolithic.%)

1.) Déchelette. Mapael d’ Archéelogie, 1, P. 138-139,

1) Osborn. Men of the old Stone Age, P, 339., fie. 169 (No, 130).

3.) Lﬁlonztelius. De mandelformiga flintverktygens alder. Antikvarisk Tidskrift. Del, 20,
g. 24. 19113,

4.} Holmes, Handbook-of Aboriginal American Antiqnities. Part. I. Fig. 61 and 92. 1919.

5.) T. E Peet, The Stone and Bronze Ages in Italy and Sicily, P, 177-184, 1909,
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The specimen here in question was bought from a village man. Later
on one of my Chinese assistants visited the place and was shown the exact spot
where the implement was said to have been found. However he failed to find at
that spot any further evidence of ancient human habitation, so the finding is so
far an isolated one.

In a region é.djacent to the one where this big laurel-leaf point had been
found, in Wan Chuan Hsien (#{2:5§) W. of Kalgan I personally collected in
1920 a small beautifully worked implement of a yellowish-brown flintlike stone,
The specimen is shown in PL IX, fig. 2. Its length is 27 mm. It is elaborately
worked by chipping off long narrow flakes and shows a rounded cutting edge. In
shape it comes most closely to the “grattoir caréné” of the Aurignacian Period
(compare Osborn, Men of The Old Stone Age, p. 309), but the size is smaller
than what seems to be the average with flints of this type.

The circumstances of the find hardly indicate a prehistoric age for this
object. One of my Chinese collectors had found in 1919 at the spot in question a
complete human skeleton buried in sitting contracted position, The skeleton was
handed to Dr Black for examination and is, according to his statement, of an
entirely modern type.

In 1920 I visited the place in order to examine the local conditions. In
a meters distance from the finding place of the skeleton and in about the same
same depth below the present earth surface, I found in redeposited loess with
occasional pebbles this beautifully chipped little flint, In the same bed were found
also some pieces of modern glazed pottery and even a small fragment (tea-cup ?)
of simple white and blue porcelain. It goes without saying that the deposit is
of quite recent date, but a flint, like the one here in question, is nearly unde-
structible and might have been secondarily washed into this modern loess-like
deposit from some older site,

A persistent search undertaken in 1922 on the slopes round this place
. gave only some few raw flakes of the same yellowish brown flint-like stone but no
chipped instrurients or other signs of an ancient site,

The only possible use for such a flint-like stone in modern time would, as
far as my experience goes, be in a tinder-box such as are still in use in out-of-the-
way places in many parts of China. However, the flints for firemaking are simply
raw flakes but not chipped stones of the perfect workmanship exhibited by the
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specimen here in question. To judge from the shape, our specimen is more
likely a real implement of some antiquity. '

The big laurel leaf point from Hsuan Hua Hsien and this small chipped
flint from Wan Chuan Hsien are the only indications and very uncertain oncs of
the possible occurrence of late Palrolithic Man in these regions. Not only are
there no unquestionable traces of Palzolithic Man so far known in N. China, but
the true Neolithic seems also to be missing, as far as our researches have gone.
Large numbers of stone implements have been made known through the investiga-
tions of Torii and myself, but my detailed examination of the Sha Kuo I’un cave
deposit in Fengtien and the large Yang Shao site in Honan has proved that these
deposits are not really Neolithic, but Lelong to a considerably more advanced
Aineolithic culture, to which 1 have assigned the local term The Yang Shao

culture.

A preliminary review of the Yang Shao culture has been given by me in
a paper “An Early Chinese Culture”, Bulletin of the Geological Survey No. 5, and
for the present purpose it will suffise to sum up the main features as follows:

The type locality, Yang Shao Tsun, is located in the open plain in Mien
Chih Hsien of Honan province. The deposit is of unusual dimensions, g6o
meters in N-S and 480 meters in E-\V direction. In the northern part the culture
stratum is not fully continuous, but in the southern half, or more, nearly every

square meter is occupied by a culture deposit 1-5 meters thick,

The furniture occurring in this deposit is rich in polished stone imple-
ments, greenstone axes, rectangular knives, slate arrow points, sling stones,
spinning whorls and flat stone rings (armlets or pendants)., There are also
artifacts made of bone, such as beautiful sewing needles and awls, and others

made of deer horns and mussel shells.

The vast majority of the human products are ceramic fragments. The
coarse pottery, represented by a large and very varied number of types, exhibits
striking affinities to bronzes of early Chinese dynasties, and in several other
respects there are also such similarities to things Chinese that I have not hesitated

to name this site a monument of an early Chinese culture.

Intermixed with these stone implements of a Neolithic type and with
coarse pottery clearly aflied to the “Ting” and “Li”, two well known Chinese
bronze tripods, there occurs sparcely and mostly in small fragments a very fine



138 Memowr of the Geological Survey of China

pottery ware with polished surface and paintings in black, white and red upon the
mostly red, but sometimes dark-grey surface of the ware. This polychrome
pottery shows remarkable similarity to polychrome wares of Aineolithic age which
have been found in numerous places in the Near East and Furope (Russian
Turkestan, S\W Russia, W. Persia, Babylonia, Greece and Italy). The affinities
between these two, geographically widely separated groups of polychrome pottery
are so striking that we must accept as a working hypothesis for continued research
the possibility that a migration of art designs (and probably also other cultural
and racial features) might have taken place from the Near to the Far East.

No metal object has ever been found during our excavations in the
Yang Shao sites, but, because of the rich variety and in part beautiful finish of the
ceramics, coupled with the striking affinity to early bronzes and other Chinese
things, I consider it inadvisable to name this culture Neolithic but prefer to
include it in the Eneolithic period, the transition from the late Noelithic to the
early metal ages.

Besides the type locality, Yang Shao, several other sites of the same
culture have been studied by us in Honan. To this stage I have also tentatively
referred the Sha Kuo T'un cave deposit in Chin Hsi Hsien of Fengtien province,
Recently my palvontological collaborator Dr, O. Zdansky from his survey of the
Pao Te Hsien area of NW Shansi has brought home a small collection which
conclusively proves the existence of the Yang Shao people in that region also.
When all these facts are taken into consideration, we may be justified in assuming
that the Yang Slao culture extended all over the eastern part of northern China

from central Honan to the Mongolian border-lands and from the Yellow Sea to
the Shensi-Shansi border.

Besides the sites above mentioned, which have been studied by us in the
fild and where a more or less complete Eneolithic furniture has been gathered, I
have in 1y collections thousands of stone implements bought from the country
population in various parts of the area mentioned. These polished stone artifacts
could very well be of Neolithic age, but they so perfectly agree with the stone
implements actually found in the Yang Shao sites, that I feel inclined to consider
them or at any rate the greater bulk of them to belong to the Yang Shao cuiture.

In addition to this evidence obtained through my researches, we have the
vast material from S, Manchuria and E. Mongolia made known by Torii’s

investigations, This comprises stone and bone implements identical with those
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found by us and also pottery, partly of types familiar to me. It is possible that
some of Torii's material refers to another racial group, Lut our find of the Sha
Kuo T’un cave, actually within the region studied by Torii, makes it more probable
that his material also belongs to the Yang Shao culture. He sometunes names
his finds Neolithic, but in other cases he mentions facts intended to prove that
some stone implements were contemporaneous with early Chinese dynasties, The
real affinities of Torii’s finds are not very clear, but is seems to me most likely that
the larger part of his material is approximately contemporaneous with the Yang
Shao culture,

I have above brought together a large number of facts which tend to
show that there is all over northeastern China abundant evidence of a culture of
Aneolithic age showing apparent affinity, not only to early historical Chinese
times, but also to the Western World.

In striking contrast to this abundance of .Eneolithic material stands the
absence of finds from earlier periods. My laurel-leaf point and “grattoir caréné”
are both too uncertain and isolated facts to be interpreted as proof of Palwolithic
Man. From the earlier part of the Neolithic I know at present not a single
undisputable specimen.

Negative evidence 1s always exceedingly uncertain. But as things stand
for the moment, the absence of Paleolithic and early Neolithic finds is remarkable,
specially as our research has been systematically conducted in that direction. We
have explored several tens of caves in Chihli, Shansi, Honan, Shantung and
Fengtien. One (Sha Kuo T'un) yielded an interesting Eneolithic furniture
together with numerous remains of Man of that time; several others contained
Pleistocene mammal faunas of noticeable interest {compare p. 12¢-130). But in

none have there been found traces of Early Man.

In a masterly lecture on “The Anthropology of Asiatic Peoples” delivered
before the Joint Conference of the China Medical Missionary Association and the
Nationa! Medical Association of China in Peking, February 1920, the eminent
anthropologist Dr, A. Hrdlicka, made a statement which practically predicted the
condition of things which has become evident through our researches in 1921 and
1922. Dr, Hrdlicka spoke as follows:

“The reasons for the apparent paradox of the presence of pre-human
and possibly very early human forms over doubtless large regions of southern
Asia, and the absence or scarcity of early man over the vast area of the central
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and northern portions of eastern Asia, can mean only one thing, and that is, that
the earlier spread of the stock into these territories was hindered by something
very potential,”

Some few days after Dr. Hrdlicka had delivered his lecture, I had the
pleasure of receiving him in my home together with Dr. Davidson Black. At
this occasion I called the attention of the two anthropologists to the great import-
ance, from a geologist’s point of view, of Dr. Hrdlicka’s statement and the possible
way of explaining the striking anthropological fact brought forward by him in the
light of geclogical data accumulated during our researches. I pointed out that,
according o our finds of fossil mammals in the loess, this deposit is probably of
Middle Pleistocene age, and, according to Richthofen, an arid steppe deposit,
Consequently these arid conditions of northern China were approximately contem-
poraneous with the development of Palmolithic Man in Europe, and it seemed
worthy of consideration that the steppe-desert conditions of N. China during a
large part of the Pleistocene time might have retarded the immigration of Man

into that area.

Dr. Hrdlicka remarked that this way of explaining the absence of
Palxolithic Man from N, China was entirely new to him and worth thoughtful

consideration,

It was with some surprise, that I later read in the reprint of his lecture
in the Anatomical Supplement to the “China Medical Journal”, July 1920, the
following passage which did not occur in his spoken lecture and which dealt
with the obstacle preventing the disiribution of Man into the central and northern
portions of eastern Asia:

“Whether this was climate, or other cause, it is as yet too early to say;
but climatic conditions, such as a possible semi-desert area over what are now the
loess regions of China, should, it would seem, receive the first consideration.”

That Dr. Hrdlicka after our conversation inserted my suggestion in his
manuscript without mentioning its origin, might be due simply to the fact that he
did not want to burden his paper with footnotes. In a private letter of Nov. I,
1921 he has duly acknowledged my contribution to his written treatise.

The question once brought up by me in the conversation with Mssrs
Hrdlicka and Black, whether the arid loess climate delayed the appearence of Man
in N, China has become more and more acute for me as our researches progressed
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during the last two years, the outstanding achievement of which is the manifesta-
tion of the wide-spread and far advanced Yang Shao culture.

A feature of the Yang Shao site, not yet mentioned in this paper is the
remarkable fact, that the ravines which dissect the area to a depth of 40 meters
were cut down after the culture deposit was formed. The matter is somewhat
more fully treated in my paper “An Early Chinese Culture”.

Consequently, the Yang Shao people lived upon the unbroken loess
plain, which has here been dissected enly during the last four or five thousand
years. How far these conclusions can be extended to embrace in a general way
the characteristic ravine topography of N. China, will become ihe object of future
research. Premature conclusions of a too far reaching nature are certainly
undesirable,

As mentioned in the chapter on remains of Struthionide, fragments of a
Struthiolithus egg have been found in the Yang Shao site. It would be tempting
to explain this fact as the proof that the loess steppe climate still prevailed at that
time. But I have mentioned that very likely the Struthiolithus shell was fossil
already when it was found and broken by the Yang Shao Man.

In some details the fauna of the Yang Shao period seems to have been
different from the present one in those tracts. [ispecially noticable are the
repeated finds of jaws and teeth of a Hystriv, a mammal which, as far as we
could discover, has now disappeared from the Yang Shao region. But Hystrix
would rather indicate a more moist climate than the modern one, to judge from
the fact that at present Hystricide do occur only in the watery region of the
Yangtze valley and further south.

The abundance of charcoal fragments in the ashy earth of the Yang
Shao culture bed indicates that the old village was surrounded by forest or at any
rate a bush vegetation, and the repeated finds of antlers (partly worked to tools)
and even complete skeletons of deer, a forest animal trend in the same direction,

To watery conditions also point the occasional finds of fragments of

turtles and of fish boxes in the culture stratum.

To sum up these facts, it is most likely that many changes had taken
place affer the loess steppe climate gave way and before Aneolithic Man with his
polished greenstone axe cut his firewood in the forests of the Honan plain,
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All we can say at present is that we know of no undisputed proof of
Palzolithic or early Neolithic Man in N. China, and that the extent and wide
distribution of the Yang Shao culture forms a remarkable contrast to the lack of
evidence from earlier times.

However, it is my hope that some day a fortunate find wiil nullify Ds
Hrdlicka’s and my own speculations, and in this spirit I close this volume and
start out for continued field research.
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ADDENDUNM.

IECERT RESEARCH IN KANSU AND SHANTUNG.

Different parts of the previous paper have been written at widely
different times. The chapter on the “ Nanking volcanoes’ was prepared in
January 1920. Those on the Yuan Chi Eocene, the Mongolian vertebrate

deposils and Struthiolithus date from the summer of 1921. The rest was written
in the course of 1922,

Because of the unintermittent pursuit of our fieldwork some of the
chapters have already become somewhat antiquated before they have appeared in
print. Our recent reconnaissance in Shantung has proved that there are much
wider areas of the older Tertiary than we formerly dared to believe. The new
facts from Kansu brought home by the earthquake-expedition are also of great
promise. In the following pages I give a very brief summary of these new facts.
For details the reader is referred to Mr, Hsieh’s paper on the geology of Kansu
and to the paper by the present author and Mr. T"an on the geology of the Meng
Yin and Lai Wu valleys in Shantung. Both these papers will be published in the
Bulletin of the Geological Survey.

In addition to the description of the new Eocene areas in the provinces
named, it has been found necessary to mention also the younger Mesozoic beds
which in those two provinces are closely related geologically to the older Tertiary.
Furthermore, these recent researches have thrown so much light upon tectonic
problems that it was advisable to delineate some general features of the younger
Mesozoic and Tertiary history of Northern China,

On the 16 of December 1920 an earthquake of unusual intensity swept
through N, China, In the epicentral area, in Kansu, the destruction was
formidable, In certain districts the landscape was radically changed, Numerous
landslides occurred in the loess-masses and whole willages were annihilated.
The number of people killed was estimated at 150,000 individuals,

In the spring of the following year a government commission including
three geologists, Dr. Wong Wen-Hao, Mr. \Wang Lieh and Mr. L. Y. Hsieh, was
sent to examine the conditions in the devastated areas. The geological work of
Dr. Wong and Mr Hsieh has enormously increased our general knowledge of the
geology of Kansu, especially with regard to the Mesozoic and Older Tertiary,
From Mr. Hsieh’s paper on the Red Beds of Kansu we learn the following : -
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In different regions of Kansu, in the eastern part of the province, as well
as in the valleys of the Siningho and Tatungho and finally also in the distant NW
between Nanshan and Peishan there occurs a series consisting largely of red shales
and sandstone; these beds are for the most part tilted but locally are distinctly
folded, This is the Kweite formation of Lozcy, who, upon very slender evidence,

interpreted it as of Pliocene age.

In SE Kansu, the Pingliang-Kingyangfu area (and also in adjacent
darts of Shensi) fishes of the genus Lycoptera and other types have been found
in these beds. This part of the series is evidently of Jurassic age,

In Ku Yuan Hsien a limestone bed was found in these “Red Beds”
containing abundant shells and opercula of a small gastropod which I recognized
as probably identical with a species of the Yuan Chii Eocene (S, Shansi),
described in an earlier chapter of this paper. This identification has been fully
confirmed by my recent observations in Shantung where “the Ku Yuan gastropod”
is the index fossil of the richly fossiliferous Eocene beds. Evidently, in the Ku
Yuan section at least, there is also an Focene series included in the Red beds,
These Eocene sediments are distinctly folded as shown by the section fig. 40 which
Mr. Hsieh has kindly put at my disposal,

Zhin oo’ Forsr/iferous
o Syasum  lemeslons

Seodod Sandtlons

A

Fig 40. Section at Szekoutze, NE. of Kuoyiian Kansu, $#REA 5T AHE
A. Red Beds consisting of shale and sandstone alternately bedded. Dip

to NEE. 40°-~50°. HHNMZHAHNRE
B. Red sandstone, massive and coarse grained. (T {aHIN B

C. Paleozoic sediments, _f-i Bisf4

The details of the recent reconnaissance in Shantung by Mr, T'an and
myself are told in our joint paper “The Geology of the Meng Yin and Lai Wu
valleys in Shantung”, The main features of our results are as follows:

1: The Lai Wu valley furthest NE,, the Meng Yin valley in the middle and
the Fei Hsien valley (not visited by us but known from Mr. T'an’s earlier survey)
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are three asymmetrically built grabens occupied Ly a series of regularly northeast-
wards tilted sedimentary systems of the following sequence:

Focene, approximate thickness, .. oo veanann oo meters
The Meng Yin series ( Cretaceous—Jurassic J....ooooveeennivannes foo ,,
Red Sandstone (Trias?) . e eeeereraanns 7o0
The Permo-Carboniferous coal-series.. ... _..ooviiiieies cevennn 250,
Ordovician lImestone | ... ... ..ccovvririmiiiiiiceniiin 850
Cambrian beds.............c...coci i e 80,
Proterozoic limestone., ... ... 50
Archean o -
Total of post-Archaan sediments.,.... ........... ererveeeenn 4.330 meters,

2: ‘The age of the two youngest of these systewns, the Meng Yin Series and
the Eocene was unknown before our visit.

In the Meng Yin series which consists of sandy, greenish grey shales,
were found remains of a Dinosaur, fairly complete specimens of furtles and fishes,
freshicater mollusks, fossii wood and impressions of ferns. This system is
evidently of young Mcsozoic age, either Jurassic or Cretaceous,

Above the Meng Yin series follows without visible unconformity a series
of very variable petrological character, red sand and clay with interbedded gravel
and conglomerate, variegated marls, limestones of wnany varieties including
-wPlatten-Kaik™ and ealcareous paper shale. In this sesies were found several
. species of freshwater-and probably also of land-mollusks, remains of Trionyyx,
teeth of lizards and teeth, jaws and isolated bones of at least six species of
mamnals, including according to determinations made by Dr. O, Zdansky, a
Phenacodontid or primitive Hyracotheriine, an Anchitheriine, possibly Mesohippus,
Anchilophus, a Creodont or primitive Canid.

The age of this system is evidently Eocene. The very common occur-
rence of the “Ku Yuan gastropod” links it with the above mentioned beds of Ku
Yuan in Kansu and also with the Focene of Yuan Chii.Hsien in Shansi. Spore
cases of Chara are found both in Shantung and in- Yuan Chii Hsien,

3: The faults bordering these grabens, represent dislocations with a down-

throw of more than 4.000 meters, They are of post-Focene age.

These observations permit far-reaching conclusions, for the full under-
standing of which it will be necessary to review briefly the Mesozoic history of
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Hsi Shan of Peking as described in Mr. L. F. Yih's monograph on that region*,
According to this author there is in Hsi Shan the following Mesozoic record (in
descending order) :

The Tiao Chi Shan Series: Shales, conglomerates (mostly with
porphyry pebbles) and porphyritic Java sheets, The series contains the following
plant fossils, Podozamites, Elatides, Nilsonia, 1500 m.

Unconformity: FEarth movements and erosion,

The Chin Lung Shan series. Green and violet shales, sandstone and
conglomerate. No fossils, 500-850 m.

The Men T’ou Kon Coal Scries. Grey sandstones and shales, often of
dark colour with Podozaniites lanceolatus, Ctenozamites Broioniana, Pterophylivm,
Elatides cylindrica, Araucarias, Baiera angustiloba, Csekanowskia rigida, Asplenium
whitbyensis, Cladophlebis remota, Thyrsopteris.

To judge from the plant fossils, the whole of this series is of Jurassic
age, still it ought to be kept in mind that the number of plants so far known from
the uppermost system, the Tiao Chi Shan series, is smail and that consequently the
question of the age of this series remains open to some extent.

Below the Tiao Chi Shan formation there is in Hsi Shan a marked
unconformity, In sowe places this series rests upon the Chiu Lung Shan series,
in others upon the oolitic fimestones of Cambrian age and in still other localities
upon the pre-Cambrian siliceous limestone, It is apparent that considerable
earth-movements and subsequent erosion took place after the formation of the
Chiu Lung Shan series and before the deposition of the Tiao Chi Shan beds. In
fact it seems that the last named series is only slightly tilted and that it has, so to
speak, sealed up the principal tectonic movements of Hsi Shan.

As described above (p. 9g9-101) in greater detail there occur in Hsuan
Huan Hsien and near Kalgan conglomerates and unconsolidated gravels which are
only slightly tilted or practically horizontal. In these gravels I have with some
doubt identified Podozamites and Pterophyllum, These conglomerate and gravel
beds, which contain mostly porphyry pebbles, overlie unconformably the strongly
dislocated older rocks in which also the Jurassic coal series (Men T’ou Kou series)
is included.

* Mem, Geol. S8urvey of China. Ser, A. No. 1. 1920,
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From these facts it appears, that in N. Chihli earth-movements on a
large scale took place in middle Jurassic time. This period is also marked by
intensive volcanic activity. In the Jurassic coal serics and the Chiu Lung Shan
scries of the Chai T'ang basin there are porphyry laccoliths)intruded, and
extrusive porphyries are known from several areas. Thereagain, the pebbles of
the Tiao Chi Shan conglomerates consist mostly of porphyry,

Speaking of tle igneous activity of the Mesozoic time, it may be
pertinent to mention the diorites which occur in Honan, Shantung and the Yang-
tze valley and which have won much fame as carriers of the important iron ore
deposits of the so called Yangtze type (Tayeh and Feng Huang Shan in the
Yangtze valley, Chin Ling Chen in Shantung, Hung Shan in Honan), These
diorites form laccoliths, mostly in the Ordovician limestone (Shantung, Honan)
while the Palzozoic coal series and the red sandstone (T'rias ?) are probably also
affected by them. During our journey in Shantung, Mr. T’an and I made an
interesting observation concerning these intrusives near Hsin T’ai city, where we
found pebbles of the diorite in the Eocene beds, proving the pre-Focene age of the
intrusive. This makes it probable that these diorites, which are such a conspicuous
feature of the geological structure of Central and Northern China also fall within

tlie Mesozoic period of earth-movements and igneous activity.

Through the observations in Hsi Shan of Peking, noted above, as well as
those in Hsuan Hua Hsien and near Kalgan, it had become the settled opinion of
the Geological Survey including myself that in poriern Chilili the principal
earth-movex;‘lents had taken place during Jurassic time. The only younger
movement we knew of is a slight warping of very latec Pliocene or early Pleistocene
age which caused the catting of the canyons of the Hun Ho and its tributaries.
This warping is so gentle that it became expressed only in the physiographic
aspect of the area but not, as far as we have observed, in its tectonic structure.

During the spring of 1921, when mapping the Focene of S. Shansi, I
observed features (See map 1 and p. 27-31) which proved that in this region
there had been a much later period of tectonic movements, The Focene beds,
with a thickness of at least one thousand meters rest in a deep graben bounded by
rocks of Proterozoic and Palkeozoic age. The faults are post-Focene and their
throw may be roughly estimated at something like ten thousand feet..

This post-Eocene graben of S. Shansi could possibly be a locatl pheno-
menon without far-reaching consequences, but in my discussions with Dr. Wong in
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connection with his carthquake-researches, I have expressed the opinion that the
big graben-faults bounding the course of the Yellow river on the Shansi-Honan
border and extending to the south of Sianfu in Shensi are all post-Eocene.  This
is not yet settled, but I consider it only a matter of time to prove that it is the
case,

It is needless to say that the recent obser vations in Shantung have added
tremendously to the weight of the results obtained in S. Saanst. In Shantung a
whole system of grabens with a throw estimated by My T'an at something like
14.000 feet is proved to be post-ILecene, and these fault-lines are so closely related
tectonically to the whole system of block-faulting in Shantung that there is good
reason for believing that all this faulting is later than the Focene.

At this point it may be well to extend the discussion by asking: how
much of the faulting in N. China in generalis of post-Eocene age. Some of the
faults in N. Chihli are clearly much older, as for instance the big strike-faults in
the Hsuan Lung iron ore field where the dislocated series, including probably
also the Jurassic coal series, is unconionmably overlaid by the Tiao Chi Shan
conglomerate which is only slightly tilted. [ think it very probable that most of

the faulting in Hsi Shan also belongs to the Jurassic period of tectonic movements,

But on the other hand it is quite possible that we have LFocene faults
quite close to the capital, and is not impossible that there may be sunken Eocene

beds within one or two hundred meters beneath Peking.

All geologists travelling on the Kin-Han railway probably have noticed
the remarkable sections exhibited in the yard of the Chang Sin Tien station about
30 i from Peking. These distinct and exterisive sections exhibit a serics of
slightly tilted sediments: gravel interbedded with red and variegated clays. The
series has considerable similarity to the Pliocene beds of Honan and I have
formerly tentatively included them in the Pliocene deposits.

However, there was one fact which T could not harmonize with this
determination, namely that these beds at Chang Sin Tien are distinctly tilted,
whereas the Pliocene beds elsewhere are always undisturbed. After having seen
the Eocene of Shantung, I have come to think that these beds at Chang Sin Tien
are mostly likely not Pliocene but Eocene in age. In fact, as shown by our
seclions, all the features of these beds near Peking and those of the Shantung
Eocene, agree closely even to the detail that they are hoth gently tilted,
(Fig. 41 & 42).
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If the Chang Sin Tien beds are Eocene, then it is possible that it was
Yocene red clay which was struck in hundred meters depth in the deep-boring in
the Peking Union Medical College compound (Yii Wang Fu).

If these conjectures regarding the beds at Chang Sin Tien are correct,
then the Peking plain must be a sunken area which in post-Focene time was cut
off by big faults running along the base of the present mountains. This interpret-
ation of the major faults as being of comparatively modern age, would make it
easier to understand the apparent location of thermal springs, such as the Tang-
shan hot springs, along these fault lines,

These are speculziions which we must leave to the future to prove or
refute. However, from the observations in S. Shansi and Shantung we may
consider it well established that considerable areas of N. China underwent block-
faulting of enormous throw in post-Eocene time.

The observations made.by Dr. \Wong and Mr Hsieh in Kansu during the
earthquake expedition of 1921 are of the greatest significance in this connection.
They proved the existence over very large areas of the so called red beds which
represent the Younger Mesozoic and the Focene. Fishes of young Mesozoic age
are known from a number of localities, while in at least one section, that of Ku
Yuan, we have been able to prove the Eocene age of a part of the series. The
section established by the two explorers at Ku Yuan shows that considerable
tectonic movements including folding have taken place within this Mesozoic-
Tocene series,  (Fig. 40).

It is a significant fact that central Kansu, the principal earthquake area
of China, is also a region where especially strong tectonic movements of geologic-
ally recent date have been recorded.

According to Mr T’an there is in Shantung a large area, which we have
not yet fully explored where a series of geological formations, including beds
which he now considers as Focene, form a gentle syncline of very wide extent,
It may further be added that, according to Inouye, the Oligocene coal and plant-
bearing beds at Fushun in Fengtien are folded. (Comp. p. 96-97).

‘These observations in Kansu, Shantung and Fengtien lead us to infer
that the post-Eocene earth-movements were characterized not only by faulting
on a very large scale scale but locally also by folding.

So far we have only been able to prove that the tectonic movements hiere
described are post-Ilocene. There are however excellent means for determining
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their age in a much more definite way, These are furnished Ly the carly Pliocene
Hipparion fauna which is known from Shansi, Honan, Sheusi and eastern Kansu.

This fauna occurs in Leds of red clay or occasionally red sands aggrega-

ting only some tens of meters in thickness, These deposits are everywhere emtrely

undisturbed or have a hardly perceptible inclination which is probably the initial
dip of deposition.

In Honan the horizontal Hipparion-beds overlic strongly tilted pre-
Cambrian or Palzozoic systems (Fig. 37).

From the undisturbed position of the Hipparion-beds, it is evident that

the earth-movements here described though post-Eocenie, are nevertheless
pre-Pliocene.

The study of the Hipparion-deposits has further revealed a fundamental
fact, namely that that these early Pliocene beds were laid down upon an carth-
surfacé which in its essential features is identical with the present topography.
The only great physiographic development which has taken place since the deposi-
tion of the Hipparion-beds is the cutting of the canyons of the Fen Ho-Hun Ho
type.

These features of the Hipparion beds give us a much fuller understand-
ing of the radical tectonic and physiographic changes which have taken place in
Northern China during Oligocene and Miocene times,

It becomes evident:

1. That the earth-movements, which possibly had their inception in Focene time
(the “Wen-Ho conclomerate”) and locally continued into the Miocene (the
Fushun coal series), had their maximum development in the Oligocene.

2. That following the Oligocene block-fauiting and locally folding, a radical re-
adjustment of the topography took place under the influence of degrading
forces, and this to such extent that, at the end of Miocene, the broad features
of the modern topography were already in existence, Evidently this period
of erosion falls mainly in the Miocene,

\We have now become cognizant of two periods of geodynamic activity,
one during the Jurassic, the other during Oligocene time. \We have also seen that
the former period of earth-movements coincided with a time of intense and varied
igneous activity (diorite-léccoliths, intrusions and extrusions of porphyries).
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It is interesting to note that there exists a similar volcanic counterpart
to the Oligocene period of geotectonic activity.

In Fengtien, Chahar and N, Shansi there are cxtensive basalt-sheets
connected with plantbearing beds which have been identified as Oligocene
(Fushun) or in a more general way middle Tertiary (Han Jo P'a). It is not
proved, but most probable that the very large areas of basalt in Kiangsu, Anhui,
Shantung and Kirin are of approximately the same age.

Basalt-eruptions and tectonic movements seem to be characteristic of the
Oligocene period just as porphyry intrusions and extrusions accompanied by
geodynamic processes were characteristic of Jurassie time,

Preceding, between and after these two periods of endegenetic activity
the earth-crust in this part of the world seems to have been comparatively station-
ary and exogenetic processes prevailed,



Table I: Younger Mesozoic and Tertiary Hist

ory of Northern China.

Sedimentary record

Voleanie anfvity

Tectonic movements

PLIOCENE

MIOCENE

OLIGOCENE

Upper: Chon Kou Tien cave depasit,

Lower: Hipparion beds.

Plant benring beds of Fengtien,
Chahar and N, Shansi,

Basalt eruptions in Kirin, Chabar,
Shansi, Shantung, Anhui, Kiangsu,

Block-faulting in many regions,
Folding in Kansw, Shantung and
Fengtien.

EOCENE

Conglomerate, red shale, red clay
and sand, marl and limestone with
freshwater mollusks, reptiles and
mammals, Bhantung, 8. Shansi,
Kansu,

CRETACEQUS-
JURASSIC.

Meng Yin Sevies, Shantung: Sandy
shale) w. plants, freshwater mol-
lusks, dinosanr, turtles and fishes,
Fish Series, Joho, Shantung, Shensi,
Kansu: Sandstone and shale with
Lyeaptera ctes

Mentonkon eoal Serien with Jurassie
florn,  Shansi, Chihli, Slmm‘\‘um oty

Porphyries with asoeinted voleanic
ngglomoerates and tuifs,
Diorite Inceoliths,

Folding and fandting in Isishan (of
Peking) and probably many other
regions,




Table II: The Cenozoic Deposits of Northern China.

Upper Redeposited Loess and gravel in N, Uhihll with Ovis, Cervus, Bos.
Middle . DPrimary (l‘nrguly eolinn) Loess with Struthiolithus chersonensia and Elephas ¢fr namadieus,
PLEISTOCENE Ovis?, Cervns, Sus, Rguna, Ilpena, Tisus, Cagarid, turtle.
San-Men seriess Wluvintile gravel, sand and elay in the Yellow River valley, with frag-
fower mentary mamum! renming and  freshwater hivalves: Quadrala efr. apurius, Qu. efr. aflinia,
Cuncopsia cfr. capitalua,
Upper . 0'[-"ff'fl"1’03"t aof (_VLOH-“[\"mt-’l'iun, Okl Drrsus, .l'[_:/('n(r,,. Machairodus, Rhinogerid, Equua, Sus,
. ' Cerrid, Boving and othier Artiodactda, Telpe, Rodeats {2 sp), bird.
PLIQCENE —
Leneey Hipparion Clays of Shansi, Honan, Shensi and Kansu; red and vaviegated elays with lime
T Pliosene | carbonate eoneretions and geavel beds:  Cynavephalus?, Muchairodus, Felidw, Areteeyon or Hymnare-
oy tos, Mustelidie, Viverridee, Huena, Mastoton, Stegodon Elephas, Teleceorns, Sinotherivm  Lagrelii,
Upper | dceratherium, Anehitheriiin, 1lippcion vichthofend, Sus 2 sp,  Antelopes, Cervaris, Deery Givaflidee
MIOCENE Miaeene | (Chitinotherium Tingll ), Castorid, Strnthio, Fudid, Testudinid,
. (‘nrd‘ beareng wseries of  Fe=Shan unl 8hib .\[en"("lm in ‘1 t\ngt!cn The planthearing
provinee: tuffaceons sandstone, conglomerate and shate (740 m.) with thiek deposits of Fong
Fushun | conl seams:  Osmande Hgwitum,  Sequoin Taagsdorff,  Glyptostrobus curopivita, tien, Chohar and
Populus glanduditera, dAlnws befersteint, Deypleibany dewdlgai, Fagus Feronke, Shansi, here do-
OLIGOCENE Zellbova, ungert cle. twrxlu-(l, u-ll orenr
g . - . " , in conneetion with
Soft shale of Han Jo Pa in southernmost. Chalae with Pinas, Comp- bosalthody and
Series tonda eenederssont, Carpinus?, Phyllites, may hooapproxi-
Sanditone, shale, ety and coal at Sua Yoo Kow, Fan-Chih. Hsien, mudely eontem-
N . N . . IR LHESIE RN
Shansi, with undetermined plant-fos-ils, !
Yuren- Conglomerates, red wad eariegated el ved and white send, ety medane with Chara,
« il + 1 O
Chii Ostracada, Planoibis paandammoniug, Pl sparaneepsds, Pl cheptierd, Pl winensis, Phosa ef e, lmbhertiy
! ) ) f
Prchilna  deschensionim,  Fupera ainendls M=o nwmerous but fragiientury pertebpate vening:
EOCENE . , s . o # ) )
Peloostei, Testndinata  (Teionyx), Lowertilin, Crocaditin and  somo Menmals { Phenneodontid o
primitive Hyracotheriine, Anchitheriine, pussility dfesohippua, dAnehilophus, dmpnodontid, Apeadon?,
Sevies Rodent, Creodnnt or primitive Ornid, Lamnnid or Insectivore) .
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