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1. Inmobuction

Changsintien is a station cn the Peiping-Hankow railway and is situated
about 20 km 5. W. of Peiping, Further 5. W, for about 15 km is the town
of Tuoli where begins the Tuolsin aerial ropeway for transporting coal and et
the same time it is the terminal station of & branch line of the Peiping-Hankow
raifway from Lisnghsiang. For about 8 kin N. W, of Changsintien is the town
of Tehuichang, a distict fameus for its lime-buming industry.

LU B s e

In the geological map of Western Hills accompanying the Memoir of -

Prof, L. F. Yih published in 1919, the Tuoli-Tshuichang area was enlirely
mapped as Tiaochithan formation. In his study of the Cenozoic deposit of
Northern China, Dr. J. G. Andersson® has noticed i about 1924 an cxeel-
lent section of gravels and purple shales xposed tight inside the station yard at
Changsintien.  From the highly tilted position {dip to 7° or more) and litholo-

®  Received for publication Qat, 1933,
**  Professor st the Nabiogal Univensity of Peling, and Genlogist to Naticoal Geolo.
gical St!n‘cy of China. T
t Andersson, J. G. Easays on the Cencanic of Northern China, Mem. Geof. Sury,
China, Ser. A. No. 3, 1933, p. 148,
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gical character, Dr. Andersson has rightly concluded that these beds belong to
Eocene or at least early Tertiary age. In 1929 Mr. W. C. Pei while travelling
with P. Teilhard and C. C. Young back from Choukoutien found some fossil
mammmal teeth near Wengchuangize whieh seem to confizm the age of the Chang-
sintien deposits as predicted by Dr. Andersson, but mote fossils are needed for
a conclusive determination.

In view of the importance of the early Testiary deposit in this region, a
group of geologists including Y. S, Chi, L. C Chang & T. Li was sent My the
“Geological Survey of China to make detailed mapping of geology and topo-
graphy. The result of this study, unfortunately net yet published indicates a
wide distribution of the gravel beds whick extend towards west as far as to
Tabmichang. :
In the summer of 1932, while in an excursion to tevise the geological
map of Western Hills, Mr. L. C. Lee together with Mr. W. H. King were
sent to Tahuichang and vicinity to complete the sheet. - During this work Mr. -
. Lee found for the first time the molfiusca shell bed at N. W. of Hsiachuang {The
Haiachuang series or K« bed of this report). From the general appearance of the
fossils, the beds in question can not be younger than Cretaceous.

Now in order 1o solve the stratigraphical problem of the region, the
writer together with Messrs. K. Chen and L. C. Lee were sent there for a short
time visit. We spent altogether about a week in the field which lasted from
May 4th to F1th. In this work we not enly establiched 2 definite stratigra-
phical succession for the whole late Mesozoic and early Tertiary beds, but dis-
covered in addition an Estheria fauna which undoubtedly are of lower Cretaceous
age. Besides, we have established two mconformities, one is between the
Lower & Upper Cretaceous (between beds KiK. while the other is between
- the mollusca bed and the Changsiotien- gravel, the latter being most probably
© of Eocene age.  Thus within this limited area of only 200 sq. k. we have &
full development of the Late Mesozoic and Early Tertiary formations which
was found no where else in the region around the Western Hills slope.

In the summes of this year {1933) Prof. H. C.'T"an and Dr. T. H. Yin
of the Geological Survey together with & party of students from the National
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University of Peking including V. Y. Chang, V. C. Juan & C. Y. Wang

went again to this region for collection of mare fossils. Three horizons of
piant fosstls were discovered with twe in the Lashanwen bed {Ks) and one
i the Hstachuang bed (K.  These plant fossils are 1o be desenbed in the aext
article by Mr, C. H. Plan.

At about the same time Mesws, Y, C. Chen & Y. P. Chi of the
Geographical Depariment of Tsinghua University made also some geological
study of the Changsintien Area, with special attention paid en the natyre and
origin of the Changsintien gravel. They found in addition at 8. W, of Chang-
sintien a mollusca fossil bed somewhat similar to that of Shiachuang.

In preparing this paper | have been much benchted from the discussion
with Prof. T an and Mr. K. Chen; besides I have freely used the material con-
taived in the report® submitied by the students of the National Univessity of
Peking as well as the report by Y. C, Chen of the Tsinghva University ; to these
gentlemen, the writer should acknowledge his indebiness,

2. TOPOGRAPHICAL FEATURES

The Changsintien-Tuoli area is-characterized by rolling hills and mature-
ly dissected valleys. It is bordered on the west by the great limestone range of
Maanshan ir the north and the quarizite range of Nantachai and Peitachai in the
south, Teowards east it is truncated by the river Yungtingho whence it gradually
merges into the great plain of Peiping. The area i question occupies therefore
the foothill region of the great Western Hills,

From topographical point of view, the tegion may again be divided into
several dividons. Thus in the north-east it is essentially a platform of Chang-
sintien gravels which has been dissected by two prominent valleys. Consequently,
if one goes from Changsintien to Tahuichang, he will come across two valleys
and thiee parallel ndges with & uniform clevation of 80-90 m above the sea
level {or about 30 m above the adjacent plain). The top of the platform as well
as the valleys ate filled to some extent by yellowish colored toess-like material ;
one of the thost prominent mass of this nature is seen at N, E.. of Leechiayu.

2. This report was chiefly writen by Mr, V. Y. Chang.
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This platform-topography persists westward to a5 far as Tahuichang and from
here onwards the elevation becomes higher and higher until we amive at the Fme-
stone range of Maanshan, which stands about 700 m above sea level. In the
victnity of Tuolt a long spur of rolling hills trending from N. W, 10 5. E. is the
most characteristic feature. These hills present 2 mild aspeet consisting of round-
ed tops and gentle slopes, and with a rather uniférn elevation of H10-130 m
above the sea level (or about 50-60 m ahove the neighboring valley). They are
composed essentially of conglomerate which is rather compact and masgive and are
interbedded frequently with thin layers of sandstone and shale, Onwing to their
comparatively resistant mature, these tocks have escaped from erosion and
form & Tong spur projecting away from the quartzite mass of Peitachai. Be-
tween these two topographic divisions, there occus & wide plain built up by re-
deposited Joess as well as flood plain deposits of the recent rivers, Projecting
oul from this alluvisl plain hete are several isolated low hills or ndges such as
the hill of Chaoyangehan attaining 80-90 m in clevation and the long ridge be-
tween Hsiachuang and Tefuchuang, 120-130 m in elevation. A small hill of
Sinien limestone st east of Lianghsiang station represents the sastern-most ex-
tension of this topographic division. And lastly there is the foothill region
lying between the Maanshan and Peitachai in the west and the Jow hills to the
east ; in this belt a great variety of geological formations such ay Sinian linrestone,
Ordovician limestone, Permo-Carboniferous coal measime, Cretaceous volcanics
etc. are found. It is also in this belt that faulting and thrusting occureed repeat-
edly during the later part of the Mesozoie peviod. -

In summing up the topographic features above deseribed, we may say
that the azea in question is composed of a foothill belt in the west, & gravel plat-
form in the northeast and a2 fong spur of conglomerate and sandstone in the sonth-

west, while between the last two named there aceurs 2 wide alluvial plain with
scattered isolated hills and ridges. ' '

3. STRATIGRAPHY

We shall describe in the present section only the late Mesozoic and
Tertiary stratigraphy as they form the bulk of the region concerned. ~The older
formations as the Sinjan limestone, the Ordovician limestone, the Yangcliatun
coal measure etc. which form continunus outcrops u the foothill belt as well
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as the main range in the west will not be considered. In ascending oxder the

formations may be described as follows:  {Sce also the accompanied columpar
section Pl 1).

1. Tiaochishan formation {or Ki). A sexies of volcanic rocks com-
posed of altemating agglomerate and lava flow is extensively developed nerth-
west of Tahuichang. A sechon taken from Hsinchuang to Houchuang shows

the following succession in descending order:

Sedimentary tocks of the overlying formations.
Somewhat deeply weathemd andesite ... ... |

m
Fresh andesite ... .. I m
Andesite containing numerous pebblm " which

increases in number towards the top ... ... 50 m
Agglomerate ... ., . e 35 m
Andesite with amygda]o:dai ﬁi!mgs v e 30 m
Agglomerste ... ... s e w25 m
Andesite with ¢ g:ecn ash beds .. 60 m
Agglomerate rich in pozpfxynte pebb!a pel’naps '

interbedded with one layer of lava ... ... 160 m
Agglomerate rich i limestone pebbles e e 15 0m
Rhyolte flow ... ... e aee e BOm
Red cay ... e & om
Volcanie breccia with limestone fmgmmts e W0 m

unconformity

Sintan himestone

The volcanic series dips at 20°-30° 10 S. E.  lis total thickness as
can be seen from the above section amounts to 490 m. It Ifes unconformably on
a thrusted mass of Smian limestone ; the evidence for this interpretation is afford-
ed by the presence of limestone pebbles in the basal pant of the agglomerate and

moreover by s apparent overlying posiion ou the Sinian limestone, More de-
" tailed discussion on this contact will be given in later paragraphs,

Anxother noteworthy fact shown in the above section is the presence of a
somewhat &eeply weathered andesite, only about  m thick. This indicates per-
haps an erosion interval between the volcanic series and the next sedimentary beds.
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From its general lithological character, this volcanic:series can roughly
be compared with that of the Tiaochishan formation, typically developed in the
high peaks of the Westera Hills; close comparison must not be rasde without
having a careful petrographical study.

2. Tahuichang Series (Ka}—After perhaps a shight evosion interval
thete occured the deposition of the Tahuichang black shale and sandstons which
lies almost immediately above the volcanic serdes. A section taken at north of
Hainchuang shows the following succession:

1} Altemation of conglomerate & purple shale,
Hsingchuang Series ... ... w?

2) Covered imterval ... ... .. ... .. 0 m

3} Fine grained green sandstope with agglome-
rate pebbles and a thin fayer of purple shale
on top, the whole series is much contorted and
crushed, . ‘

e eee e 8
4} Black shele with Estherie ... ... ... ... 5
5} Greenish yellow sandstone ... ... .. 3
6} Green shale with limestone nodules ... 3
Erosion interval? ..
7) Weathered andesite ... e e X
Bed No. 3 contains frequently 2 great number of mmall concretions or
coatings of datk brown color. This looks in some respect as fish scales but jts
exact pature can not be determined. ‘The sandstone contains also some pebbles
of a conglomenate or agglomenatic rocks derived from the older voleanic
seien,  The contact-of this series with the overlying Hsinchuang eonplomerate
and sandstone is obscured by a covered interval of about 30 m 5o that its relation-
ship cannot be ascertained. On the other hand, in another section observed .
W. of Tahuichang, the black shale series is succeeded by a sequence of yellow
tuffaceons sandstone, sandy shale and purple shale interbedded with several
layers of agglomerate of distinctly volcanic ongin. The whole series measures
about 80 m in thickness. According to the map of Messss. V. Y. Cheng, V. .
C.ham&CY. Wang this was interpreted as @ part of the Hsinchuang sevics,
but-in view of its distinet voleanic origin this sequence seems 1o show more affisity

EBEREBR

I
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with the lower beds rather than with the Flsinchuang series which is a formation
of entitely sedimentary ongin.

In order to explain the above controversy between the two sections
observed, we may assume that there was & recurrence of voleanic actvity after
the black shale phase has heen deposited, and before the deposttion of the Han-
chuang conglomerate and sandstone, past of the upper volcanic rocks had been
eroded away resulting in the direct contact of the Hsinchuang beds with the
black shale as we see at present northeast of Tahuichang. This implies an
- ‘erosion interval or disconformity between the two formations. If this be trae
e can further conclude that the Tahuichang black shale series of only about
20 m in thickness represents merely a sedimentary phase among the great Tiaé-

chishan volcanic epoch, and hath of them must fall together under the same
geological peniod.

L S
R T 8 B - 3 & e
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Fig. 1. Section showing uncopformity between the Heingchusng Seies and the Chang-

sinticn gravel, N. of Hsingchuang, L, Loess; Ee, ©hungsinfien gravel; Ky

Heingchnang Series: b, purple shale; Cgl, conglomerate. o

3. Hsinchvang purple shele and conglomerate (Ks}—This is composed
of purple shale and sandy shale with frequent intercalations of conglomerate the
latter atiains usunlly a moderate bed of sbout 2-4 m in thickness, The lower
middle part is rich in shale while its upper past abounds in conglomerate and
coarte sandstone. The series, especially the shale beds are frequently tlted and
contorted showing consequently a steep dip somelimes neatly vertical., Itis best
devetoped in the vicinity of Hsinchuang where is also shown beautiful unconform-
able zelation with #ts overlying Changsintien gravel {sce fig. 1). The thickness
of exposed part amounts to about 300 m.  According to the map of Chang, Juan
& Wang, the same serier extends southwestward to 25 far as north of Peitzuwer
where it is overlaid unconformably by the Tuoli conglomesate.
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The pebbles in the conglomerate are composed almost exclusively of
igneous rocks among which andesite, porphyrite, eic. predominate they are
evidently derived from the Tiaochishan formation. That these beds are of sedi-
mentary origin is elearly shawn by their perfectly rounded pebbles, the kind of
rock association as well as the nature of the cement. Pebbles of sedimentary
rocks are very rate in the conglomerate, a remarkable fact indicating that during
its formation, the neighbouring hill slopes were largely covered by the Tiacchi-
shan volcanics. -

4. Tuolt conglomerste {KJ-1In the vicinity of Tuoli there exposes a
mighty sequence of thick bedded conglomerate {attaining sometimes 10 m or more
in a single bed) intercalated frequently with thin Jayers of gray and purple shale
in which plant impressions of mestly undeterminable nature are abundant. The
conglomerate is firm and compact containing sub-rounded pebbles of rhyolite,
trachyte and some andesite. Pebbles of sedimentary rock like quartzite and lime-
stone are also found but they are extremely rare. The conglomerate and the
shale are ex a rule highly tilted up to 20°-40" in mclination.

This conglomesste and shale are now called the Tuoli formatiop. It has
a wide distribution towards southeast to as far as Wuchuang W, of Lianghsiang
city, According to the map of Chang, Juan and Wang, this same formation has
been traced northeastward to Hsiacethying where it unconformebly averlies
the Hingchuang shale. The entire thickness of the formation has been estimated
by the same auvthors to be about 500 m.

The ranty of sedimentary pebbles in the Tuoli conglomerate points again
to the conclusion that voleanic rocks of Tiaochishan formation formed at that time
promanent outcrops of the hill slapes towards west.  On the other hand the oc-
casional presence of limestone and quartzite pebbles evidently of Sinian age in-
dicates that the thrusted Sinian mass became already uncovered in some part of the
region during the deposition of the Tuok conglomerate. '

5. The Lushangwen shale and sandstone {Ki.—The Tuoli con-
glometate grades upward into a shale and sandstone series in which only Fve or
six-layers of thin conglomerate are infercalated. Both the shale snd sandsione
show different colors of purple, gray and yellow and are usvally thin to moder-
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ately bedded. Owing to the transitional natwre of the formation both towards
the top and bottom, its upper & lower Himit can only be arbitrarily determined.
According to Cheng, Juan & Wang the detailed succession is as Eollw{s:

0) Purple shale & gray sandstone of Haiachuang
formation ... cer wae ems ae s

1) Purmple, green, gray shale with few layers of
yellow & gray sandstome ... ... ... .. 100 m

2 Conglomemte ... .. L. e o L Sm
3) Yellow sandstone and shale ... ... ... 50 m

4) Purple shale and sandstone with several
intercalations of conglomerate ... ... ... R0

5} ' Puple shale with a thin layer of yellow
sandstone containing an Ongchiopsis flora ... 15 o

The total thickmess is about 250-300 m. The Onychiopsis flora was
found by Chang’s party st a place just west of the village Shangyuss, N. E.
of Tuoli. Iis geological age was considered by H. C. P'an 10 be nearer to
Lower Cretaceous {Wedlden) rather than Upper Crotaceous. But since ‘this
formation is in perfect continuation with the next one which carries some flora

and fauna of probably upper Cretaceous age, so we ate justified to think that

both of them may belong to upper Cretaceous.

6. -The Hsiachuang Series (Ka}—Although conformably overlaid on
the formation just described, this series is composed of most complex rocks of dif-
terent composition in which purple shale, clay, yellow conglomerate, sandstone,
marls, limestones etc. are all present. The calcareous sediments are- especially
abundant in the lower part of the seddes in which, at west of Hsiachuang, fossil
gastropoda and bivalves have been found. Two fossil Tocalities have beoen
located, one lies along the road just west of Hiiachuang, while the other is a
litte towards northwast whete a steep cut is shown, Fig. 2 is a sketch showing
the occurence of these two fousil localities,
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Whether these two fossiliferous beds are identical or not it is difficalt to
ascertain} so far as the succession of rocks is concemed, it appears that they
belong to different horizons although nat widely apart, as their fossil contents
are essentially similar,

At west of Liutaichuang some fossil plants (Podozamites Ianceolatus)
together with an insect-like fossil were found in a paper shale lying probably
sbove the calcarecus bed at Hslachuang. Another fossl horizon evidently
lying also above the bivalve hotizon is a puple shale in which Cypavisidium,
Elatoclodus sp., Pityophgllom have been found, All these fossils indicate
probably an upper Cretaceous age.

L. Fossiliferous beds exposed in & ot NW. of Heiachuang, total thickness 3 m.
1. Grayish while mad with black stveaks; 2, Yellow muck 3, Dark gray mad:
4, Abemation of gy and yellow marls; 5, Yellowish gray shale, thin and
fusile, .
I, Fossiliferons horizon exposed along a irail west of Hsiachusog. |, Fouili-
ferous marl, half o meter thick: 2, Compact limestone; 3, Alternation of yeliow
sandsiote and grayish yellow thin dhale,

~

Fig,

7. Changsintien gravel (Eg).—The Changsintien gravel is widely dis-
tributed between Changsintien and Tahuichang where it forms a moderately dis-
sected platform.  In the vicinity of Msiogchuang, this bed was seen o lie
unconformably un the Hsingchuang conglomerate and purple shale, while near
Hsiaochangkechuang, according to Chang's party this was again seen to lie
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uncopformably on the Hsachuang beds, Therefore it is
younger thin all other formations so far described.

. The gavel s intercalated by several layers of purple
clay and thin lenses of yellow sand. A beautiful section
of a part of the gravel s exposed right ingde the Chang-
sintien station yard bexides the railway track and another
one s pear Wenchuangtze {See Fig. 3 & 4}, Aacan be
. seen from the sections at Jeast three layers of purple clay
rengmg W thickness from 5410 m are intercalated.  In the
section at Changsintien there shows alvo the frequent ocenr-
vence of sand lenses or pockets in the gravel. A distinet
dip amounting to 15° or mere is seen at both sections. ;
Same kind of purple shale is again met with in the valley : P
of Taipingting, E. of Tahuichang. o

The grave! is usually roughly stratified and may be
quite induated ot certein places. The pebbles® are com-
posed eseatially of igneous rocks among which agglomer- -
ate, rhyolite, kachyte, andesite are all tepresented.  Lime-
stone and quartzite of Sirian age are also found though they
are much less in quantly, The swe of pebbles varies
within wide limit, the largest boulder observed has o
diametez of sbout half a meter.

Owing to lack of complete exposure the detailed
stccession i the Chaogsintien gravel is not clear.  Rough-
ly speaking we may divide it into three pars: both the
upper and lower parts are characterized by the presence
- of several fayers of purple clay while the middle one
sccms to almost exclusively consist of gravel. For the
same reason its fotal thickness is also difficult to ascertain,
though an approximate estimate of 100 m or so may be

.. .

sand leuses, Chargsintien Station yard, @ Grawel; ¢, Purple clay: o, Sand; L, Lowss,

Fig. 3. Section of the Changsintien gravel formation showing the interbedded purple clay and

3. A detailed study on the Changsintien gravel with special reference b0 its origin ad
asture of the pebbies will soen be publithed in this bulietin by Y. C. Chen.
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. A piece of fossil mammal was collected by Mr, W. C. Pei near Wen-
chuangtze ; according to the provisional determination of Di. C. C. Young, this
fossil indicates very probably an Eocene age.

8. Red clay, loess and alluviuen.—Distinetly colored red clay probably
of Pliocene age was met with at west of Hsichungtien as well as in the vicinity
of Houlfuyin., Primary loess with basal geavel is abundantly distributed on the
slope all the way from Tahichang to Tungshihfa ; the gravel contains essential iy
limestone pebbles indicating that Ordovician limestone formed then prominent
outerops towards the west.  The wide valleys between the Changsintien platform
and the long spur a1 Tuoli ae all filled by loessic material, probably  the re-
deposited loess, Along many of the recent nver courses alluvial deposits of
sand, silt as well as gravel are found. A Lukouchiae a promment gravel hed

Fig. 4. Changsintien gravel with its intercalated clay beds and sand lemses exposed at
voth of Wengchuangtze, g, Gravel; o, Puiple clay: S, Sand lenses; I,
Leess,

was seen contajning besides Hmestone & quartzite, also abundant pebbles of
volvanic rocks evidently derived from the reworking of the Changsintien gravel as
well as from older voleanic and sedimentary racks {the Hsingehuang conglomerate

for instance). This gravel tepresents no doubt the old alluvial depesit of the
Hungho.

9. lgneows Rock.—A dike of dolerite is found at about half & k.
S. W. of Tahuichang,” The field pecurence indicates clearly that this rock
is intruded into the Changsintien gravel formation and by its contact effect the
"~ later gravel has been much indursted or so to say metamorphosed, Thesefore
the post Eocene age of the introvion seems to be proved beyond donbt. It is
wteresting to note that although dolerite or its related mcks are widely dis.
tibuted in Northem China, conclusive evidence on the date of inbrosion such
as here furnished by the occurrence at Tahuichang is in Fact the first jostance that
has ever been noticed. The outcrop shows 2 leagth of about 100 m and ap
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exposed width of about 5 . According to Chang's patty this dolerite dike
is tracesble much further towards sonthwest for a greater distance.

Under the microscope the dolerite in seen to be made up chiefly of
plagioclase, augite apd tome amount of olivine. AW these minerals are re-
markably fred and not much alteration can be detected, '

4. GEOLOGICAL STRUCTURE

The most importact gaological structure is the Fenghungshan-Nantaichai-
Peitaichat thiust which trends in a N.E.-S.W. direction and ean be traced m
the field for a distance of about 72 ken. Its field character and relationship with
the clder formations will be fully discussed by K. Chen.*

The contact betwaen the Tuok conglomerate and the Sician quartzite at
Siakaukow may he explained by a nommal faplt as the former dips against the
latter,  Amother fault though not yet clearly established seems to occur at south
of Hsiachuang, by which the caleareous bods at Hsiachuang and Chaoyangshan
becames separated and displaced. Tt is evidently & dip fault with the north.
weat block as the upthrow side. ‘ .

Folding is commonly observed and is of different nsture. First of all
we must .aention the intense folding and contortion in the Hiingchuang beds which

scale may be clearly scen on the hill just back of the Tuoli statinn. by the long
epur of the Tuali conglomerate there shows frequent variation of dip directions,
torze of which assume the shape of = flat dome, The same may be said of the
Lushangwen beds in which anticlines and syuclines of smali seale are fe-
quently encountered,  As will be mentioned below, this folding has probably

resulted from a stress due to the granitic intrusion at Fanshan,
5. Date or Tecronic MoveMENT

The exact age of the great Fcaghﬁangshan-?dtaichabNantaicbai
thrust remains still umsettled. From the evidence that limestonc-hearing ag-
glomesate of the Tiaochishan formation fies apparently nbove the thrusted Sinian

4, Paper in preparation.
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mass, it seems well justifed to think thet the thrusting took place prior to
the formation of the volcanic series, b a section at northwest of Tahuichang,
(sce Fig. 5), Sinian block was seen to lic on 20 extremely pressed and contorted
puple shale as 3f the Jatter beds were squeezed and compresses! by the thrsting
wass. I this be trae, theh the thrusting must be yomger then the beds of
purple shale. Now the important question is whether the purple shale beds
belons to Heingchuang i.e. of Cretaceous age or older. Since all the beds
here show a southeasterly dip, and sinee a linle distance towards southcast we
found the typical Tiaachishan voleanics, the purple shale beds therefore could
act be Hsingehuang but belong to some older honzons. Possibly it is the upper
part of the Yangchiatun coal measure o seme lower past of the Hungrlaoling

L o
4]
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Fig. 5. Mimmwms&hnimw&wueweﬁde :
forention, B latter is extremely contorted and somerzed. Expoed in & yalley
N. W. of Tohuichsng, 1, Loess; S, Sisim limestone; Po, Puple shale
probably of Permo Trinsic age.
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rrar e T, s P .
:

sandstone formation.  Should this assumption be true, then we have here & thrut
over 8 senies of Penmo-Carboniferons sediments which, owing 1o intensive stress,
has become extramely contorted and squeezed. It points therefore to the same
conclusion that the development of the thrust antedates the volcanic formation.

Granting the unconformable contact between the volcanic series and
the Sinian mass, Prof. H. C. T an has propozed a different theory in favor of the
younger date of the thrusting. Prof. T"ap thinks that the whole sequence of
Sinien Hmestone as well s the volcanics, the black shale snd the Hsingchusng
conglomerate might have besn thrusted and pushed slong on an older floor
composed of the same Cretaceous seciments, but the Iatter ave entirely covered
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by the thrust w0 that they are not exposed.  He erphasizes the fact that since
the Tuoli conglomerate and jts following strata have been only slightly tlted
while that of the Hiingchuang and older beds stiongly squeezed and folded,
thrusting must have occumed st a time between the two. Although Prof, T an’s
explanation may be good, but in view of the mechanical difficulty for a complex
series of strata of greatly varying hardness to be wvolved in overthrusting, with-
aut disrupturing or dismembering | rather hesitate to accept his theory.,  Further.
more we have not yet been able to observe direct rontact of the Sinian limestone
with its underlying Cretaceous sediments. Pending more evidence I would
believe tentatively that the Hirusting took place before the voleanie series e, of

Pre-lower Cretaceous or upper Jurassic time.  The direction of stress has prob-
ably come from the southesst.

Axother important stractural feature is the intense folding and contortion
observed in the Henchuang conglomerate and piple shale. As the pext
younger bed-the Tuok conglometate—has been only stightly folded, 0 we must
argue that this represents a distinct period of orogenic movement which oceurmed
just between Lower and Upper Cretaceows troe,  ‘The stress has come agamn
from the southeast as can be inferred from the decreasing of intersity of the folding

as we comue towards nopthwest.

Now since the Upper Cretaceous sediments from K to K have besh

also gently folded, 20 we rust assume a third period of tectonic movement taking
place in post-Upper-Cretaceous time. The tread of strata has changed pow
from a northeast to northwest direction, consequently the direction of stress musst
have come from a different direction pe. cither from 8. W. or from N. E.
Now we know that 5. W. of Tuoki in the vicinity of Fanshan Hyien there fes
8 big mass of granite. 1t would then be only nstural to think that the third
penod of tectonic movement was brought about as a result of the gronitic intra-
sion. In order fo prove this theory, we need however more field evidence,

especially as the age of the Fanshan gratiite intrusion has not yet heen dearly
frxed,

The last epoch of tectonic mavement is & geatle warping resulting i
the tilting of the Changsintien gravel. Stuce the latter fies unconformably on
all other formations observed except the red clay, loess and giher younges




528 Bulletin of the Geological Sociely of China

depesits ard since no clear folding has yot heen observed in the Changsintien
gravel, so 2 period of movement different from that of the folding of the Tuol: age
mast be assumed.

The existence of a dip fault south of Hsachuang is yet uncertain.
Should this be tue, then we must assume a Pre-Eocene favlting which affected
only the upper Cretaceous sediments but ot the latter one.

fn summung vp what has been discussed we may tabulate the date of

fectonic movements as follows:

- Geological Age Character of movenent . Direction of stress
Pre-Lower Cretsceous Overthaust From B, E.
Between Lower & Upper Imeme folding From 8, E.

Crelaceous Frem S. W. probebly
Post Upper Cretacoous Gentle folding { brought about by
grandic mbruston.

Post Upper Cretaceous Normel faulting :
Post Eocene Wasping From 5. W,

4. Georocicar. HisTory

Iz order to Hustrate the geological history ofthe region, 1 bave drawn
a series of diagrams to show the successive development of deposition, desudation
apd: tectonic movement in this eegion {(Plate 1H).

In Pi. I, Fig. 1 is shown the thrusting of Sintan tmass on Permo-Car-
boniferous rocks which took place probably at & Pre-fower-Cretaceons tie.

The next event was the ontpouring of volcanic fava, bombs etc. for fhe
formation of the agglomerate beds. The bed Ks which is a sedimentary phase
with the fossil Estheria represents & short period of guiesence which was however .
again succeeded by volcanic eruption. The whole series filled un both the
thrusted mass as well as the older floor. {il}.

Then the volcanic mountain was subjected to a far yeaching denndation
pethaps alfter 2 warping.  Most of the voleanic matedal above bed Ks was
eroded und redeposited on the hill slope to form piedmont gravel, with interbed-
ded shale beds. They formed the Hsingchusng Series. (K3} (Fig. IH).

Fig. IV shows the intense folding of the Hanchuang as well as older
beds due to » siress actng from SE.  On their eroded unface occumed the




Hisich:Note on Geology of Changsintien-Tuoli Area 519

deposition of the Znd piedmont gravel Ko, {the Tucki conglomerate} with material
again «chiefly derived fom the voleanic rocks. "As the volcanic mountain in
the west became gradually lowered down to form 2 rather low and gentle topo-
giaphy, the torrential action on the slope became also Jess active, with the result
that the deposition gradually merged into a shale phase and finally lacustrine con-
dition developed in the midst of the piedmont slope.  This change in sedimenta-
tion may have been due also partly to climatic change though no exact proof
15 yet available {See Fig. V).

_ The next event was the gentle folding in the Ugper Cretaceous sedi-
ments probably brought about by the granitic intrusion at Fangshan. The
direction of stress has come now hrom SW. '

Atter another peried of warping the volcanic mountain in the west was
subjected again to a far reaching denudation tesolting in the formation of a third
piedmont gravel; this is the Changsintien gravel. 1t was deposited on the
truncated surface of the Cretaceous sediiments. The compiete removal of the
volcanic cover in the Western Hill slopes accurred only at the close of the
Changsintien gravel formation, since in the latter beds stll nothing else but
volcanic pebbles enter as important constituents. It was only at the end of the
Eocene time that we have before us in this part of the counlry a topography
somewhat similer to the present one.  The Hills Meanshan and Fenhuangshan
composed respectively of Ordovician Ymestone and Sinian limestone come first
into their existence at this end of the Changsinien gravel fomation. (Fig. VI}.

ln the vickity of Tuoli the geological history has procecded on rather
differently. Here either the Changsintien gravel has never deposited, or it has
been entirely removed by later erosion, so that older sedirents come into view.

The next event was the gentle filting of the Changsintien gravel by a
stress coming agam from SW. Whether this has any relationship with the
granile mtrusion is not ascertained. The dolerite dike was intruded evidently
at a post-Eocene time.

The red clay, besal gravel of-the loess etc. wete deposited at 5 time
when the limestone range to the west has become already uncovered so that in
the gravel, limestone pebbles entered as important censtitvents.







Explanation of
Plate Iil. |
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1.

V.

Vi,

Vi,

Prare Hl,

Sinian block was thnisted on Permo-Carboniferous rocks.

Fompation of Volcanic Series with its interbedded Shale phase (K3} on
the eroded surface of the thrusted mass as well as olded floor.

Denudation of Kz sad K: and the formation of Piedmont gravel (K4
with material chiefly devived from Ki and K.

Intense folding of Ks, Ks and Ki and on their eroded surface tock place
the deposition of second Piedmont gravel {Ki) the Tuoli conglomerate
with material again chiefly derived from the Voleanic zocks.

Piedmont gravel merges gradually into Shale phase and finally into a
Jacustrine phase with the formation of fresh water Emestonz (K.

Further depudation of the Tiaochishan volcanics resulted in the forma~

tion of Changsintien gravel which was depusited on the truncated surface
of Ko-Ke. The thrusted Sirian wmass as well a3 the Ordovician lime-
stone sange became for the fimt time uncovered.

Tilting of Ko, Ks, Ko as well as Eg by a force from 5. W. ‘which was
probably brought.about by the granitic intrusion nest Fangshan Hsien.
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Hypahetiesl diagrams showing suceenive stages of development during the Late Mesozoic
and Early Tertiary tnes.  Tilting and deandation of sirata older than
are ot represented i the diagrams,
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