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THE APATITE DEPOSIT
AT TUNGHATHSIEN, KTANGSU.

(Suncmary)
BY
C. C. Lw

Location—The deposit is located on the south -side of Chu Shan
(F@ 1), south of Tunghai. At its west end, there is the Chao Ho (river)
{# ), which runs down 18 li to a seaport, called Hsin Pu Cheng
(FhgR). Steamships may be placed at anchor there at high tide.

Geology~—The Chu hill is composed of gneissic rocks of the Archuan
system. It is partly of dome-structare. Aside fromx the northern part, the
rocks at the hillside belong to.schists of a later age. The ore lies right
underneath this schist series. A fault oceurs in the middle part of the mapped
region. This accounts for the fact that the straia on the northwest side of
the fault dip toward northeast, while those on the southeast side dip towurd
the south,

 OUree—The phosphate ore is fornd together with the mangunes ore.

The former occurs as apatite, Ca,(CLEF)}(PO,);. Tt is a replacement

deposit, in which the ascending hot wuater Lias taken into solution a part-nf.
the limestone and has deposited in its place the mineral aputite. The
manganese ore occurs largely in the form of pyrolusite, MnQ,. Tts origin

is apparently due to the weathering of hornblende and atgite in the schist
series, with the resulting formation of manganese peroxide. In the course of
time, this substance is dissolved in the underground water and redeposited
in the present form.

The high grade apatite containg more than 49% of P,0,, which is
comparable with the best ore produced in Canada. The commercial grade
ia said to contain 33 %, according to the specification of the buvers.

Mineral Industry—There i only one mining company in operation.

It is called Chin Ping Company (88RZ8). Up to the present time (1019)
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it hus produced 6,000 twops of ore, of which 2,000 tons have been sold, while
the raniaining 4,000 tons are still in store. The price i8 39 Yens per ton.
There is 8 narrow gavge railway connecting the East and West Mines and

the river front.
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THE LATE PALZEOZOIC AND EARLY
MESQZOIC SEDIMENTS OF CENTRAL SHANSI

BY

E. Norix.
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THE LATE PALAOZOIC AND EARLY
MESOZOIC SEDIMENTS CF CENTRAL SHANSI
BY

‘E. Norin,

INTRODUCTION

In the beginning of 1921 Prof. E.T. Nystrim of Shansi University,
Taiyuanfu, proposed to Dr. J.G. Andersson of Peking, o scheme of cotiperation
with regard to my geclogical work in central Shansi, and on the proposition
of Dr. Andersson it was decided that a consideruble part of the year in
question should be devoted to a stratigraphical. investigation of the.lower part
of the socalled Shansi formation, whereby I should use the Nystrim Institute
as headquarters. Dr Andersson then transferred to me information regarding
a number of localities in different parts of the provinee, where fossii plants

had been found by his Chinese assistants.

The most valuable of these for my work was a locality containing a
Gigantopteris flora, which was discovered in June 1919 by Messrs Yao (1)
-~ and Ch'ang () at the village Ch’en Chia Yi (%5 ) in the valley Shih
Ho Tse (FHA&F) not far from Taiyuanfu in an eastern direction. - In this
" valley the Permo-Triassic sediments are laid bare in a vory fine and complete
section. The abundance of fossils in these rocks caused me to start here a
systematic search of the whole sedimentary series, for the purpose of finding
fossil-bearing horizons;_ |

Thanks mainly to the very willing assistance given by the
~ inhabitants of Ch’en Chia Yii, the rosult has been the accumulation of large
‘fossil collections from not less than 15 different horizons from this

section alons,

According to the same method the work has béen carried on in the
western marginal hills of the Taiyuan basin.. In the valley Yueh Men Kou
(%) a complete section comprising more than 1000 meters of sediments
belonging to the lower part of the socalled Shansi formation is to be found.
My attention to this section was first directed by Prof. E.T :Nystrom

in February 1920.
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For the. purpose of expert Qetermination of the marine fossils found
bv me, Dr A.W’ Grabau the well.known expert on Palaozoic faunas and
Palzontologist to the Geological Survey of China hes kindly promised to work
out the material and to place fossil 1i%s at my disposal. The Geological
Survey has also promised to send back io Shansi a labelled collection of these
marine fossils which will be presented to Shansi University.

To satisfy the interests repfesented by Dr. J. G. Andersson, collections
- of fossil plants belonging to 27 different levels within the Carboniferous,
Permian and Lower Triassic are to be forwarded to the Swedish State Musetm
of Natural History and will be worked out and determined by the Director of
the Depariment of Fossil Plants in that Museum, Prof. Dr. Th. Halle.
As in the case of the fossil invertobrates it has been arranged that a labelled,

represeptati_ve collection of these plant fossils shall be presented to Shausi
University.

During the year 1921 the financial support for my work has been

farnished by Dr. J. G. Andersson, Dr. & Mrs. Edwenhjelm and Prof. E.T.
Nystrom. '

TECTONIC FEATURES

The surface distribution of rock within the northern parts of western
Shansi is determined by two main systems of tectonic lines: ‘an older,
trending N.N.E-8.8.W. and a younger, which cuts across the former, aud
- sirikes N.E.-5.W. Along both of tbese, great dislocations have taken place
in post-Jurassic time. By the first of these lines the area in question has
been split up into a number of iand—strips of which each has come to form a
- more or less independent tectonic element. Plate I, fig. 1, shows a section
through the ﬁagion between the Yellow River and the Taiynan basin
along latitude 38°.

These tectonic units are bere represented by the Mesozoic Lin-Hsien
(58 %) plateau; he Archwan Mo Erh Tung (3£ B #%) horst; and the
Mesozoic Kao Li Shan (% # i) plateau.

At a time probably simultaneous with the later phase of the
epeirogenetic movements, which have caused the upheaval of the Mo Lrh
Tang block, followed the formation of a number of large depressions, one
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of which was the Taiyusn basin. These sabsidences have taken place along
faunlt-lines running in a N.E. to 8. W. direction.

The Taiyuan plain has a length of about 130 km. in & direetion
N.E.-8.W. Its width varies; in the north it amounts to about 33 km., in
the south to 75 km. It forms an almost horizontal surface with an altitude
above the sea of 800 meters. Towards the N.E. it is limited by a margin
of low hills, built up by Permo-Triassic and Carboniferous sediments with &
western dip. These hills gradually become higher towards the east and
culminate in a continuous range composed of Ordovician limeswne. Behind
these, still farther east, we find a Triassic sandstone plateau with more or less
horizontal strata.

- Towards the S.E. the plain is bordered by a high plateau-country
which descends to the basin in anh abrupt and rather straight escarpment.

In the N.W., from the Fen Ho (& W) gorge to the Fen Yang
{(#¢ BB) indentation, the border is formed by the Kao Li Shan plateau, the
horizontal strata of which have in many places, at the escarpment, been bent
down towards the plain, in connection with the subsidence of the latter.

At the Fen Yang indentation, the sosthern part of the platean
referred to, has sunk along an east-west faultline, as 2 result of which the
escarpment makes a sharp turn towards the west and ‘continues in that
direction for 25 km. It then continues towards the soutn but has now lost
its precipitous character. |

The Kao Li Shan platean consists of a flat, concave “Scholle”
of sediments belonging to the late Palmozoic and lower Triassic. In its
marginal parts and in the escarpment towards the Taiyuan basin, we find the
outerop of its foundation, namely the Ordovician limestone. On the west it

borders the Archwan rocks of the Mo Erh Tung borst, with a broad zone
of disturbance.

In connection with the dislocation which has occurred within this
zone, syenitic rocks rich in alkall nave been pressed up  In the ﬁeigh'ﬁdufh‘gba
of the contact-surface between the Ordovician limestone and the pliable lowe:
Carboniferous sediments, they have been intruded in the marginal zone of the
Kao Li Shan plateav, partly in the form of laceoliths. |
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The sedimentary complex which constituies the Kao Li Shan plateau
can be divided into three well.defined sadimentary rormations namely.

)

3)

The oldest: the dark, coal-bearing Serics (the Tuehwicnkou coal
series) * is built up of black argillaccous shales, dark grey
calcareous shales, coal seams and light-coloured quartz-sandstones
rich in knolin, interbedded with dark marine limestones and
caleareous shales, often of inconsiderable tliickness. The
complex includes the interval from the Lower Carbouiferous to
the Permo-Carboniferous.  1ts thickness amounts to about 200
meters (Lo T'o Po Kou (BYEE3kNE).

The light-colowred sevies (the lower Shilihotse Series) composed
almost entirely of sediments of light colour: greyish, greenish
and yellowish claystones nuu argillacecus shales; light grey or
vellowish guartz sandstone. There are é, few, very thin coal
seams in the lower-most part of the series. Marine sediments
are missing. This probably belongs to the Lower Permian.
The thickness is akout 130 meters (Shihhotse Valley).

The Chocolate-coloured Series (The upper .Sl\ti'h'h.otsc Series and
the Shihch’ienfeng Series). Composed mainly of redbrown or
chocolate colourod probably turgite-bearing, sandy marls and.
claystones which are interbedded with white or chocolate-coloured
quartzitic sandstones. This series probably belongs to the

Upper Permian and Lower Triassic. Thickness more than 800
mefers. '

THE CARBONIFEROUS FORMATION
DESCRIPTION OF SECTIONS

A very fine and unbroken section through the coal bearing series is to
be found in the valley Yueh Men Kou, 30 li (15 Km.) west of Taiyuanfu

»

This, as shiown beyond, cunnists really of two distinct eeries ceparated by a dis-

conformity and pronounced hiatus. To the lower division, of late Dinantian age, tie
Survey has applied the name Taiyuan reries; to the upper, of Permo-Carboniferous
age, it has restricted the name Shansi series, (Editor)
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(P1. 1, section 2). This valley cuts through the Ordovician limestone of the
escarpment which forms the margin of the platean, in a narrow winding
canyon. The coal-bearing sediments are seen to’ form outcrops above the
edges of this valley.

About 5 1i from the mouth of this canyon a narrow road is -cut
in the precipitous slope and this pafh leads to the coal-mines at
Lo T'0 Po Kou.

If we follow the canyon westwards three mcre li, the valley bottom
rises to the level of the upper surface of the Ordovician, und we enter a broader
valley with gentle inclines, which are lined by nearly horizontal layers of coal
seams and lightcoloured sandstones.

Here we -find on the southern slope some sulphur works, the raw.
material for which is taken from the lowermost part of the coal series in the
form of pyrite concretions and pyrite-impregnated, calcareous shale,

In the bottom of the valley, 12 1i from the Taiynan plain, lies the coal
mine, Tung Ta Yao (JEKZZ), and on the valley slope above this the village
Hsieh Tao (3} ). The sedimenis lie on the whole horizontally, but in
some places they assume a dip westward of varying amounts caused by minor
faults. Numerous small gulleys open out into the main valley and as their
sides are often precipitous, beautiful sections can easily be obtained.

The oldest sediments of the coal series however, are seldom accessible,
partly ‘because of earth.covering, partly because of sliding along the
Ordovician surface.. A tolerably complete section of these older strata has
been obtained in the valley Pan Kou (B 3%), 50 li N.W. of Hsieh Tao.
See fig. 1; Pl II. division Pan Kou. |

'On the Ordovician limestone, the strongly eroded surface of which is
sparsely covered by the common iron ore nodules embedded in dark shale,
follow:

1) - Dark shales with indistinet plant fragments about 10.0 Meters
2) Dark grey marine limestone (A.,) 1.6 M

3) Dark shale with concretions of pyrites' and
sphero-siderite and containing two seams, each 10
centimetres thick, of shaley pyritic coal 3.2 M.
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4) Marine, dark grey limestone with pyritic coneretions

(*‘Pankou Limestone’’) fossil-bearing '(A,) 1.5 Meters
5) Black shale _ 1.5 M
6) Marine, black limestone (A,) - 05 M
7) Black shale with a thin coal-seam 4.3 M.

8) Marine, greyish blue limestone with pyritic
~ coneretions (A,) 1.2 M.

The marine levels 6) and 8) are again met with at Yueh Men Kou.
In a northern tributary valley to this, Mao Erh Kou (£ 5 i%), we have taken
the section fig 2, A & B, page 8 nects which immediately connects with the
one sbove. See also the columpar section Fl. II. division Mao Erh Xou.

The succession of strata is as follows:

8) Marine, greyish blue limestone, identical with the
Pan-kon No. 8 horizon. On weathered surfaces i*

shows fragments of Crinoidea 1.25 M.
9) Black, easily cleavable sandy shale 1.5 M.
10) Black limestone 0.2 M.

1) Black thin cleavable argillaceous shale with prints
of plant roots 0.5 M.

12) Fine, sandy, hard dark-grey clay slate which
upwards merges into black shale; a few scattered

plant fragments have been found 50 M
"13) Grey m‘.ndstohe, merging into sandy dark-grey slate,
with some thin banks of dark-grey limestone 50 M.
14) Coal seam 0.1 M.
=157 ~Massive dark.grey limestone 0.3 M.
16) Dark shale 0.5 M.
17) Coarsegrained, yellowish white quartz-sandstone
with layers of black sandy shale 1.5- M.
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18) Dark shale 0.5 Maeters
' 19) Coal-seam 0.15 M,

90) Light quartz-sandstone. black clay sbale which in
its upper part contains pebbles up to 1 ft. in size of

black iron-impregnated limestone 3.0 M.
21) Coa)-seam 0.6 M.
22) ' Black clay-sbale 0-0.1 M.

28) Marine, blue-black lirpestone, with lenses and layers
of black flint; strongly corroded and therefore of
varying thickness 0.3-0.6 M.

24) Dark slate 1.0 M.

25) Grey sandstone with banks of sandy slate; in the
upper shaley pert containing a coarse, rather
gcattered conglomerate with oval boulders up to 1 M.
in size of dark-grey limestone 40 M.

26) Sandy, grey-black slate, containing in the upper
part concretions of sphero-siderite (Iron-ore) 1.7 M.

27) Grey quartz-sax1ds£0ne, in its uppermost parts with |

layers of sandy slate. 6.0 M.
28) Black, plant-bearing, argillacecus shale. Plant |

bearing horizon, No. 1. _ 0.7 M.
29) Dark grey, partly sandy, slate with banks of

sandstone ) 7.5 M.

30) Dark slate, with layers containing lenses of greyish
black limestone, up to 1 M. in size. In the middle
of this bank a continuous layer of the same
limestone, which at a certain distance dissolves into _
lenses. 8.0 M.

81) Grey-blue, calcareous clay-stone and shale 4.0 M.
32) Coal-sesra 0.2 M.



33)
34)
35)
36)
37)
38)
39)
40)
41)
42)

43)
44)
43)

46) -

47)
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Greyish black, grainy limestone

Black shale

Coal-seam

Dark shale

Dense blue-black limestone, containing flint

Dark blue-grey slate (sandy)

Dark, argillaceous shale

Coal-seam

W’hité quertz-sandstone with layers of shale

Black, argillaceous shale with banks of bluish-grey

_ calcareous shale, about .

In its Jower part plant-bearing; horizon No. 4.
Coal-seam
Dark, calecareous shale

Murine, blue-black limestone ‘‘Misokou limes-
tone”” (B)

Black argillaceous shale

Marine, black limestone ‘‘Macerhkon Limestone’ (C)

13

0.5 Moeters
0.5 M.
0.2 M.
0.1 M.
0.2 M,
25 M.
5.0 = M.
1.0 M.
1.7 M.
8.0 M.
0.5 M.
0.5 M.
50 M.
60 M.
8.0 = M.

The strata have, in Mac Erh Kou, a slight dip towards ‘the north.

A short distance up the Yueh Men Kou valley the layers have loéa.lly
a dip of 10° towards N.W. The Spirifer-limestones cut the valley-bottom
some 300 M. below the coal-mine Tung Ta Yao. The sequence of strata at

this point is shown in section. Fig. 3; also in columnar section Pl. II,

division Tung Ta Yao.
45 A) | Black limestone with Spirifer bisulcatus observed 1.4 M,

B) ‘Black, marine, caleareous shale

46)

45 A and B=‘‘Miackou Limestone'’ (B)

Dark shale_,' in its lower parts containing a
conglomerate of rusty limestone and small nodules

of iron ore

1.0 M.

7.6 M.



14 Bulletin of the Geological Surcey of China

it i
e, e —— = §m
SR AT !

“Villey bottom A

Dip af S1rata 10" towerds NV + R A58

Fig. 3. 8ection at Tung Ta Yao, 30 li W. of Taiyuanfu, showing upper part of Lower
Carboniferouns, and lower part of Permo-Carboniferons in contact.

B SEXx%RE +=6KKX
R Wz E=-RERREREAT

47) Blue-black 'mestone ‘‘Maocerhkou limestone’’ (C) 8.0 Meters

48) Black clay-shale, at the bottom of which are found
numerous pebbles of limestome, flint and iron ore 5.6 M.

49) Coal-seam . 04 M.

50) Marine limestone and shale {calcareous) ‘‘Hsiehtao
Limestone’’ {D) ' 2.35 M.

51) Black shale, with bottom-conglomerate of
iron-impregnated limestone and ore-concretions

52) Coal-sean 0.5 M
53) Greyish white, quartzy sandstone partly cross-bedded

with chaired trunk-fragments 15.0 iM
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54) Sandy, grey-black clay-shale

Black shale 8.0 Metgps
55) Coal-seam 0:4 M,
56) Black, argillaceous shale - 6.0 M,
57) Marine, .dark grey limestone with scattered Fusulinas

“Tungtayao Limestone’” (F) 3.2 M,

Below and above there are layers of conglomerate.

58) Black, argillaceous shale 3.0 M.
59) Coal-seam 0.55 M.,
60) Black clay-shale, in the upper layers thh numercus

prinis of root-fibres 2.0 M.
61) Coal seam, with thin, shaley interheddings 2.0 M.

62) White quartz-sandstone, upwards merging into
sandy shale very rich in plant fossils (Flora No. 6.) 2.0 M.
A very fine section through the uppermost part of the coal series and
the sediments that form the tranmtlon to ‘the Shihhotse series has been
obtained in the tnbutary va.lley Lo T’0 Po Kou at the coal mine Lo T’o Po
Yao (see general section Pl. II, and Fig. 4).

The Fusulina-bearing limestone (Nb 57 in above section) is here
again met with in the same succession of strata as at Tung Ta Yao, but is
strongly rusted and disintegrated.

On the limestone follows
58) Black ﬁ.rgillaoeous sha. 3.0 M
59) B]fwk calcareous sandstone 1.6 M.
60) Coal-seam 1.0 M.

61) I.ayef of Iron Band Ore which quickly wedges out
Black argillaceous shale with prints of root fibres 1.3 M.

62) Coal seam 0.25 M.

63) Black argillaceous shale; dark blue-grey caleareous
claystone; black argillaceous shale 356 M
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64) Coal seam 1.6 Meters
65) Black argillaceous shale with a layer of blue-grey

calcareous shale 7 M
66) Coal seam 0.5 M.
67) Black clay-shale _ 1.5 M.
68) Dark sandstone with Jayers of shale | 1.5 M,

| 69) Black argillaceous shale 1.0 M

70) Coal-seam _ 1.6 M.
?1) Black, argillaceous shale, with layers and lenses of

Iron band and concretions of sphero-siderite | 1.4 M,
72) Gray, calcamo.us claystcne 03 M.
73) Greyish black, grainy limestone . 0.3
74) Bandstone with layers of shale 26 M.
75). Black shale with rusty nodules of limestone 26 M.
76) DBluegrey, calcareous shale with thin layers of

massive, grainy, dark-ghey. limestone 20 M.
™ ‘White sandstone ' 30 M.
78) Black shgle | 0.7 M
79) White sandstone 15 M.
80) Bluegrey, mlmceous claystone 0.5 M
81) } Whits qnartz__-éandstone . 9.0 M.
82) Micaceous, grey clayitone 15 M
83) Black clay-shale, upwards micaceons 12 M
84)  Blue-grey claystone | _ 0.8 M.
85) White quaTtz-sandstone 9.0 M.
86) Sendy .dark shale; grey-blue claystone; dark

argillaceous shale ' 20 M
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87). Shaley sandstone 0.7 Meters
88) Black, argillaceous spale; dark-grey claystone 1.0 M.
89) Light sandstone ' 1.3 M.

90) Black, argillaceous shale with numerous _
plant-remains 1.5 M.

91) Greenish grey, claystone, with some sandy layers,
plant-bearing (Annularia) 55 M.
The sediments from stratum No. 77 upwards do not belong to the
genuine coal-bearing series; owing to reasons given further below they are to
be considered as being of Permian age and belong to the lower part of the
Shibhotse series. |

2. The above-described section along Yueh Men Kou may be
considered to give a rather typical image of the sequence of the Carboniferous
sediments along the eastern escarpment of the Kao Li Shan platean. Thus
we find tha{ a profile taken in the valley Pan Kou, 35 li W.N.W, of Hsieh
Tav, is almost identical with the corresponding profile in Yueh Men Kou, not

ouly as regards the petrographic character of the sediments, but also with
regard to the thicknesses.

Eséentially different conditions, especially in tbe upper half of the
coa] series, are met with in the N.E. marginal hills of the Taiyuan basin.
For the sake of comparison we give below a section taken in the valley Nan

Yao Kou (WER) 34 E. of Kuan Men Ch'ien (wﬂﬁ]). This latter place
is situated 15 li E.8.E. of Taiyuanfu. (see fig. 5 page 16)

The thicknesses of strata in the upper half of the coal series are as
follows: From below:

1a) Marine, massive limestone, (N°.I) 0.9 Meters
1b) Marine, black caleareous shale with Fusulina 0.4 M.
2)  Grey-blu caleareous shale (continental?) 06 M
3). Marine, massive dark-blue limestone (N°. II) 28 M.

4a) Caleareous, argillaceous shale, flat cleavage,
containing a very rich horizon of well-preserved _
plani fossils—plani-bearing hed No. 3. 34 M.
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4b) Rather sandy, argillawous shale with sandstone
banks and banks of plant-bearing, grev, calcareous

shale 6.9 Meters
5) White quartz-sandstone 38 M.
6) Plant-beuring srgillnceons shale with sandy layers 1.8 M.
7) While quartz-sandstons 25 M.
8) Sandy, blue-grey, plant-bearing argillaceous shale 0.5 M.
9) Coal seam 0.1 M.
10) White quartz-sandstone with lenses and boulders up
to mare than 1 M. in size of marine greyish
blue limestone 3.2 M.
11) Black argillaceous, shale with layers of sandstone 1.0 M.
12)  Marine, dark greyblue limestone with strongly
eroded surface and therefore varying thickness
(N°. T1I) 1-3.0 = M.
13) Black calcareous, argillaceous shale 15.3.0 M.
14) Bluegrey, calcareous, argillaceous shales, containing
plant-fragments and some marine fossils. 1.5 M.
15) Black plant-bearing argillaceous shale. 0.3 M.
16) Seam of soft coal. : 0.5 M.
17) Marine, massive limestone, biueblack, containing
crinoids and . corasls similar to the Hsiehtao
limestone. (N®. IV) 27 M.
18} Black clay-shale with coal seam 1.3 M.
19) Medium-grained, white quariz-sandstone 8.0 M.
20)a Argillaceous sandstone with layers of shale, mnasses
of silicified wood, locality No 4 b; merges upwards
in dark clayshale ¢; uppermost a coa} seam 51 M.

21) Kusntikou Limestone (N°. V) 45 M.
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22) Black clay-shale with nodules of iron-bhand and rusty
limestone, uppermost a plant-bearing argillacoous

shale; plant-bearing horizon No. 5 3.0 Meters
23) White quartz-sandstone (Peitsakou Sandstone?)
' with a thickness of more than 15,0 M.
THE MARINE SEDIMENTS

In the Yuehmenkou series marine sediments occur in sowmg ten
horizons, separated from one another by continental deposits. Probably there
has existed originally an even greater number than these, but some of them
may have been ercded wmay more or less completely, before the younger
sediments were laid down. In certain cases they may have been removed by
metasomatosis. Their marine character is shown by the presence of marine
fossils and flint. In a few cases fossils have not been found (Mao Erh Kou
section, fig. 2, strata No. 23 and 37) but the contents of black flint suggests
their marine origin. In a few other cases neither fossils nor flint have been
found and therefore these horizons may be -puL&own as dubious. (section fig.
2, strata nr. 15 and 38.)

In the lower Carboniferous shales there occur a few horizons
containing very coarse conglomerates of limestone. One of these enters into
the layer No. 25 in the Mao Erh Kou section. We find there lenses of
greyblack limestone up to 1 M. in size, and iron-ore concretions embedded ia
dark sandy slate. It is remarkable that in this conglomerate Archwan
material is absent, although a comparatively thick sandstoné bank, composed
of Archean material, enters into the composition of the roof. Some metres
higher up in the same section ‘We meet another similar conglomerate, but here
there is also an opportunity to observe how, in - the plane of sedimentation, a
continuons limestone bank wedges out within a short distance. In its place
occur large isolated limeslone lenses which evidently from the beginning
formed a continaous layer. There is reason to suspect that the limestone
material in these intra-forroational conglomerates has been subjected to little
or no transportation and that their position in-the sedimentary series is about
the same as the limestone horizon of which they.are the remnants.
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Characteristic for most of the marine calcareous sediments is their
content of iron sulphide. This appears macroscopically in the shape of
¢oneretions of pyrites and pyritized fossils. On the weathering of these rocks
this is recognized through ibe abundant formation of limonite. The content
of pyrites is specially high in the borizons of marine calcareous shale which
often occur in the limestones.

These pyritic shale-layers are often inarked by an unusual abundance
of fossils. Nothing in the appearance of the pyrites indicates a secondary
formation through infiltration, but it is probable that the iron sulphide in a
very fine state of division has been precipitated simultaneously with the
deposition of ecalcareous sediments,' and that later on a wolecular
re—arra'ngement and transition to crystallized pyrites bas taken place.

It is not impbmible that part of the iron ores existing in the coal
series has in a secondary meanner originated from these wmarine sediments.
The fact is that only seldom do we find in one and the same section within
the coal series all the marine horizons whbich we know should exist
there. In their places occur more or less considerable layers of iron ore
“‘conglomerate”; these ores occur in the form of lenses or round balls up to
head-gjze of argillaceous sphero-siderite with the common concentric structure
and often a cavity in their centers; together with these occur iron-band, and
p}rﬁfic, rusty Jimestone.

Similar formations thougl: of smaller thickness are also to be found
alinost without exception in the roof of the marine limestones and are
apparently intimately connected with their foundation. In this latter case

the conglomerate often coniains numerous #Hint-balls of the same kind as
those which occcur in the limestones. |

This question is illustrated to a certain extent by the Upper
Carboniferous marine horizon which occurs below the main coal seams. This
limestone has been observed only in Yueh Men Kou and even there it is very
erratic in its occurrence, as it disuppears sometimes entirely. In the best state
of preservation we find it at the coalmine Tung Ta Yao. The marine bank
consists of a lower ‘horizon of very pyritic caleareous shale and an upper ons
of blue-black flinty limestone (see Fig. 2 Page 8). In the roof there exists a
-seattered conglomerate of argillaceous iron ore, flint and limestone.
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About 400 M. downwards in the valley in a tributary gulley, called
Mao Erh Kou (£ 5 i#%).we find again the same limestone bank. It is
hers strongly fissured, forming a breccia of more or less altered, rusty, soft
limestone and argillaceous limonite. The underlying, marine, calcareous
shale has been ¢hanged to a soft, shaley rust-brown mass of limonite mixed

with clay, in which the contours of pyritized brachiopods cah sometimes
ba noticed,

A further distance of some hundred meters estwards in the Mao Erh
Kou section, the Upper Carboniferous marine horizons are entirely lacking in
the outcrop and their place is taken by a bank about 1 M. thick, of
sphero-siderite and lenses of iron bend, embedded in rusty shale. In this
case it is probable that the disappearance of marine sediments and the

accumulation of the iron ore are in some manner connected with each other.

Tt seems highly probable that at least part of these ore formations

originate from the primary content of pyrite in the sediments and especially
in the marine shales,

Through oxidation progesses, the sedimentary pyrite has been
transformed to sulphate of iron, and part of this has through still more
advanced oxidation, become hydrate of iron; another part has heen converted
‘to carbonate of iron by meeting with the calecareous sediments.

The gvpsum present in fissures in the Ordovician limestone may have
originated from sulphate solutions formed by the above mentioned chemical
* reactions within the Carboniferous.

To facilitate the distinction of the different marine horizons of the
coal series, I have named each one after theﬂ locality where it occurs well
‘exposed an& where the fossils are especiaﬂy abundant. Arranged.in order
from younger to older they are designated for the region west of Taiyuanfu

F. The Tungtayao Limestone
(disconformity)

The Hsichtao Limestone

The Maoerhkou Limestone

Tho Miaokou Limestone

The Pankou Limestones. (1-4)

>R OD
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Here are not ineluded the inconsiderable marine horizons which
appear in the lower part of the series between the Miaokou and Pankou
limestones for the reason that no marine fossils have been found in them.

Of the horizons enumerated above, B., C., D. & F. bave been
observed in ome and the same section (fig. 7) at the coal-mine Tung-Ta-Yao
in Yueh Men Kou. In the Mao Erh Kou section (fig. 2) we find A. 4.,
B., C. and D. and in the valley Pan-Kou, about 5 }i from its junction with
Fen-Ho, the horizons A.1-4, B. and C. Conmquently'no doubt should exist
regarding thé relative position of the horizons B., C., D. & F.

East of Taiyuanfu the following series has been noted in descending

order.
(Disconformity)
Hor. V. The Kuantikou limestone
Hor. IV. The Shiheh’iwakon limestone
_ {Disconformity)
Hor. III. The Kuanménkou limestone
Hor. TI. The Nanyaokou limestone
Hor. 1. The Ch’ientaokou limestone
The Kuantikou horizon, has been dbselrved enly in the eastern
marginal hills of the Taiyuan basin, and seems to be absent in the

Kao-Li-Shan platean. Its stratigraphical conditions are ilustrated by the
Kuan-Men-Ch’ien section, fig. 5. and the columnar section fig. Sa.

The roof of the Kuantikod limestone is formed by a thick sandstone
borizon which is possibly identical with the one that forms the base of the
Upper Carboniferous sediments. {The Peitsakou sandstone, see Pl. I1.)

In the Kuan-Men-Ch'ien section occur, below the Kuantikou
limestone, four str&mgly' corroded, marine horizons, marked in the section
I-IV. Of these the horizon IV. is very rtich in corals and fragments of
crinoids: it may be identical with the Hulshiao Umesfonc in the Western
Hills, or may be above it.

The horizon I contains in its upper, shaly park masses of Fusulina
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The stratigraphical conditions and faunas seem to indicate that, of the
mixed marine-vontinenial complex I-V in the Kuan-Men-Ch'ien section, only
one member, No. TII may correspond to the complex A.D in the sections from
the Western Hills, namely to the Pankou limestone (A). No. IV may
correspond to D, but the others are present only in their respective sections.

Should a closer examination confirm tha® the Kuanmench'ien
horizon IV is aquivalent to the Hsiehtao }imestope, or above it, then the
Kuantikou limestone becomes the youngest amongbét”;ohe Lower Carboniferous
marine horizons in the Taiyuan region.

FORMATIONS OF THE WESTERN SECTIONS.
A. PANKOU LIMESTONES.

These appear in the lowermost part of the coal-series and are
separated from the Ordovician limestone by a complex, 10 to 20 M. thick of
pyritic, grey clay- stones or black urgillaceous shale containing plant-fragments
and streaks of coal.

In Pan-Kon (#F &) (see fig. 1), the valley after which these
limestones have been named, they are four in number. Reckoned from the
younger to the older they are:

A 4. A PP PPN 1.2 Metres
A B O T eereneaetianeareaan 0.5 M.
A 2 (horizon of Griffithides quadrinoduvs) Coll. 30....... 2.5 M
A L et eerrreereararanaes e 18 M

These limestones are separated from one another by black, pyritic,
plant-bearing, argillaceous shales, containing some seams of shaly coal about
10 cm. thick. All four limestones are fossiliferous, but the fossils are very
- scarce,

The fossils found in horizon A 2 have been determined by Dr. A.W.
Grabau who has supplied the following preliminary list )

1) Frequency is expressed by: rr-very rare; r-rare; re-moderately frequent; c-common;
CC-Very ¢ominon.
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Coll. 30
Brachiopoda:
Dalmanella sp.
Schizophoria sp.
Enteletes lamarcki IMischer

Chonetes sulcatus Grabau

Productus cf. pustulosus (ir.termediate between pustulosus &
< punctatus)

Productus sp.

Spirifer bisaleatus {rc)
Spirifer pankouensis Gr. (rc)
Reticularia sp.

Martinia sp.

Spiriferina willisi Gr. (r)

Gastropoda:
Loxonerna? sp.
Trilobua:
Griﬁithides quadrinodus Gr. (c)

The Pankou limestones are, in spite of their inconsiderable thickness,
rather constant horizons and when the conditions of stratification are not
too disturbed by tectonic movement they are msually. found in their expected
place. |

In Yueh Men Kou two horizous appear, probably A 3 & A 4, with
the same thicknesses as in Pankou, and at Chin Szu temple 45 li 8.W. of
Taiyuan, three horizons have been foumd.

B. MIAOKOU LIMESTONE

In the Western marginal hills at the Taiyuan basin this is the oldest
in a series of three ratber thick marine horizons B., C. and D. in the middle
part of the coal series. (see general section 2, Pl II and the section
fig. 6,7 & 8).
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From the Pankou limestones it is separated by a complex built up
mainly of continental sandstones with banks of plant-bearing, argilluceous
shales, coal-seams and strongly eroded and thin marine horizons of limestone,
often wedging out, and coarse conglomerates of marine limestone.

'The Miaokou limestone has been studied at the. following localities:

1) In Miao Kou, a western tributary to Pan Kou, draining into
the latter about 6 li from its junction with the Fen Ho. (see sketch-map,
fig. 1 (Sect 6). |

2) In Mao Erh Kou, a northern tributary to Yueh Men Kon,
draining into the latter about 1 li from coal-mine Tung Ta Yao.

3) At the coal-mine Hsi-Yao-Tung-Yao (76 28 W) in Pei Taa
Kou, (it & ) a tributary to the valley Liu Tse Yu (M -F B}) draining
into the Tai-Yuan plain 8 ki S.W. Chin Szit (¥ 3F) temple. This temple
i situated 45 li 8. W. of Taiyuanfu. (Sect 8)

1. MIAO KOU
(See Section Fig. 6)

The limestone. which has been named after this valley is here
underlaid by brownish black, plant-bearing, argiliaceous shale, which in iis
tarn forms the roof of a seam of anthracitic coal about 1 M. thick. The roof
of the marine bank is formed of black, argill. shale; the boundary i8 marked
by a conglomerate of small pebbles of marine limestone and concretions of
sphero-siderité. The layers lie almost horizontally.

In the Miaokou limestone the following components can be
distinguished from above:
Stratam No. 2. Black, flat-cleaved calcareous shale
fossiliferous 6.5 M,

Stratum No. 1. Blue-black, massive limestone; in
the lower levels more shaley, fossiliferous {Coll. 31)
Horizon of Reticuloria obscura : 5.1 M.
The fossils found in the lower part of stratum No. 1 (Coll. 31) have
been determined by Dr. A.W. Grabau who has supplied the following list:
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Anthozoa

Lophophyllum ¢arbonaria Gr. (r)
Lopholasma acanthiseptum Gr. (r)

Bryozoa
Fenestella ap.

Brachiopoda

Dalmanella sp.

Chonetes nystromi Gr. (c)
Chonetes pankouensis Gr. (r)
Orthothetes, 2 species

Productus taivuanfuensis Gr. (¢)
Productus punctatus Martin (re)
Productus sp.

Spirifer bisulcatus Sow. (¢)
Spirifer pankouensis Gr. (r)
Reticularia obscura Gr. (c)
Reticularia sp.

Camarophoria (?) striatoplicata Gr. (rr)

Pelecypoda
Aviculopecten norini Gr. (r)
Acanthopecten shansiense Gr. (r)
Gastropoda
| .Euphemus orbygnii (Portlock) (r)

Cyclonema carbonaria (Cox) (r)
Spherodoms cf. mediale (Meek & Worthen) (r)

2. MAO ERH KOU

- The Miaokou limestone is found at Tung Ta Yao {(see section,
fig. 7) and in Mao Erh Kou. Its thickness at these localities is about 5 M.
It consists here also of:
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Novin— Palwozoic and Mesozoic of Shansi

Stratumn No. 2, Black, flat-cleaved calcareous shale
with rusty weathering;
Horizon of Clonetes nystromi and  Orthothetes
taiyuanfuensis

Stratum No. i, Massive, blue-black {imestone with
Spirifer bisulcatus and Productus

Fusulina sp.

Fenestella sp. (¢)
Pinnatopora sp. {c)
Polypora sp. {r)

Bracliopode

Lingula longa Gr. ()

Chonetes nystrime Gr. (c)
Orthothetes tatynanfiensis Gr. (cc)
Productus taiyuanfuensis Gr. (¢}
Productus punctatus (re)
Productus ef. pustulosus (r)
Productus cf. cora (r)

Productus sp.

Productus cf. semireticulatus (r)
Marginifera sp.

Spirifer bisuleatus (re)
Reticularia rotundata Gr. (r)
Aulacorhynchus sp.

Dielasma. sp.

fossiliferous (Coll.

31
1 M.
4 M.

The rock is ccmposed of black argillaceous shale which in jts
lower part contains a scattered conglomerate of small pebbles of marine,
fossiliferous limestone. In Mao Erh Kou, in the ealeareous shale horizon,
stratum No. 2, the collection 41 has been taken, in which Dr. A.W. Grabau

has found the following species:
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Meekella cf. striatocostatus (r)
Hustedtia bella Gr. (c)
Camarotoechia sp.

Pelecypoda

Aviculopecten-norini Gr. {r)
Aviculopecten alternatostriata Gr. (r)
Acanthipecten shansiensis Gr. (r)
Aviculopecten sp
Entolium obtusum Gr. (r)
Sphenotus macrosuleatus Gr. (r)
Sphenotus sp.
Leiopteria minor Gr. (r)
Trilobita
| Griffithides quadrinodus Gr. {rc)
Phillipsia cf kansuense Leczy. (r)

3. PEI TSA KOU

. The oldest of the inarine sedimenis in section fig. 8, taken at the
coal mine Hsi-Yao-Tung-Yao in the valley Pei Tsa Kou, belongs probably to
the same marine transgression which bas formed the Misokou limestone.
The thickness of the marine bank is here abont 12 M. being thus considerably
more than at Miao Kou and Yueh Men Kou. In is underlaid by black,
argillaceous shale which in its turn is underlaid by a thick scam of anthracitic
coal, Most of the coal taken from the mines along Pei Tsa Koun and in the
main valley Liu Tse Yu is mined from this seam. The stratification is
slightly un‘dula’i_.ing.

The Misokou limestone has here the following structure. From
above:

Stratam No. 7. Marine, blue-black _. to grey-blue
limestone with flint lenses 1.55 Meters

Stratum No. 6. /Marins l?lack caleareous shal_e_ 0.3 M.

Stratum No. 5. Limestone same as No. 7 - 0R M
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Stratum No 4. Strongly cleaved and shaly bluish-
black limestone with banks of black pyritic
calcarecus shale rich in fossils. Coll. 33, Horizon of

Chonetes nystrimi and Orthothetek taiyuanfucnsis 2,75 M.
Stratum No. 3. Limestone same as No. 7. 1.8 M.
Stratumn No. 2. Limestone same as No. 7 with

banks of marine, black calcareous shale 2.65 M.

Stratum No. 1. Limestone same as No. 7 2.50 M.

" Total Meters 12.20

The fossile of Coll. 33 gathered in Stratum No. £ (‘‘Pyrite Shale
Horizon’' ) have been determined by Dr. A.W. Grabau who has furnished the
following list:

Brachiopo&a

Dalmanella sp.

Chonetes nystrﬁi}zi Gr. (ec)
Orthothetes ta-iyt-mnfufensis Gr. (r)
Orthothetes sp. (several) _
Productus taiyuanfuensis Gr. (cc)
Productus punctatus (Martin) (r)
Productus cf pustuloéus

Productus sp.

Marginifera lopingensis Kayser (r)
Reticularia rotundata Gr. (¢)
Spirifer bisulcatus (r)

Spirifér pankouensis Gr. (rc)
Athyris vasculosus Grabau
Meekella cf. striato-costata {c)
I-ilfs‘t-;ediia' chi%sigensis Grabau (r)

Camarotoechia sp..
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Pelecypoda

Aviculopecten alternatostriata Gr. (r)
Aviculopecten sp.

Entolium obtusum Grabau
Parallelodon (?) shansiensis Gr.
Pseudomonotus duplicostatus Gr. (r)
Myalina obscura Gr. (r)

Allorisma sp.

Cypricardella sp.

Gastropoda

Mourlonis sp.

C. THE MAOERHKOU LIMESTONE
(Re stratification see fig. 6.7 & 8 and general section, Plate IL.)

This limestone is named after the small trii)ﬁtary valley Mao Erh
Kou which frem the north drains into Yueh Men Kou about 2 1i below Tung
Ta Yao coal-mine. The same horizon re-appears at Miao Kou (Pankou) and
in Pei Kou (near Chin Szii).

Its thickness in Miao Kou amounts to 5.1 M. in Mao Erh Kou to
8.2 M. and in Pei Tsa Kou to 4 M,

In these three localities it i3 separated from the Miaokou limestone
below by a 6 to 8 m. thick plant-bearing bank of black argillaceous shale
which at Pei Tsa Kou also containg a workable coal-seam.

The upper surface of this limestone is strongly corroded; in the lower
layers of the superimposed plant-bearing shaleeg scattered conglomerate of
marine limestone and coneretions of sphero-siderite occurs,

1. In Mao E‘rh Kou the marine bank has the following character;
from above:

7) Massive. blue-black Jimestone with Spirifer bisuleatus 21 M,
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6) Black calecarecus shale rich in fossils (Coll. 42) 0.5 M.
Horizon of Productus perundosus and
Camptonectes? pustulatosiriala
5) Limestone same as 6 0.7 M.
4) Black, argillaceous shale, no fossils found 0.2 M.
3) Limestone same as 7 rich in Productrs 2.0 M.
2) Black calcareous shale, no fossils found 0.05 M.
1; Blue-black limestone same as 7 2.65 M.

Total 8.20 M.

The fossils found in forizon No, 6 (Coll. 42) bave been determined
by Dr. A,W. Grabau who has supplied the following list:

Brachiopoda:
Lingula sp.
Chonetes mesolobiformis Gr. (r)
Chonetes sp.
Productus cf. semireticulatus
Productus perundosus Gr. (r)
Reticularia rotundata Gr. (1) |
Athyris vasculosus Gr. (¢)
Camarotoechia ¢f. pleurodon ‘(r)
Pelecypoda:
Aviculopecten alternatostriata Gr. (e)
Entolium obtusum Gr. (r)
Camptonectes (7) pustalatostriata Gr. (r)

2. In Pei Tsa Kou some fossils have been collected in a horizon of
calcareous shale in the lower part of the Maoerhkou limestone (0.4 M.
from its base) (Coll. 34) (see section No. 8) Dr. A.W. Grabau has found
here the following species: |
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Brachiopoda:

Chonetes sp.

Productus (Marginifera) lopingensis Kayser
Productus sp.

Marginifera sp.

D. HSIEHTAO LIMESTONE

Among the Lowér Carboniferpus marine horizons occurring in the
Western marginal hills of the Taiyuan basin, the Hsiehtao limeston is, as far
as I know the youngest.

From the limestone next in succession downwards (the Maoerh su
- limestone) it is separated by a complex, 6 to 13 M thick, of plant-bear ng
c]ay sediments and sandstones.

In Miao Kou {Pankou), along “Yueh Men Kou and in Xuan Men
Kou (7), the Hsiehtac limesione is underlaid by a seam about 1.- M. thick
of anthracitic coal; this seam is absent in Pei Tsa Kou.

The Hsiehtao limestone is succeeded by the thick Peitsakou
sandstone which forms the foundation of the Upper Carboniferous sediments.
(See general section Pl. II, and fig. 3 & 8).

The surface of the limestone in question is usually strongly corroded
and consequently of varying thickness; between 2 & 8 M. but it is seldom
entirely ahsent. When encountered in the field-work it is rather easily
recognised by the abundance of corals and frb.gments of crinoids which it
contains, which appear specialy distinet on wéa,thered surfaces.

The Hsiehtao limestone has been found at the following localities:
In the Miao Kou section; in Yueh Men Kou and some of its tributary valleys;
along Pei Tsa Kou; and at Shang Pai Ch’iian (E B JR) in the eastern
margin of the Mo Erh Tung (3 §3 i) horst, 120 li W. of Taiyuanfu;

t"is 86 possible that it is identical with Limestone IV. in the Kuan
Men Ch'ien section (fig. 5).
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1. PEI TSA KOU

The structure of the marine bank is shown by the section, fig. :8,

taken at the coal-mine /{si-1ao-Tung-Yao. We find from above downwards;
Stratum No. 8 Grey-blue, marine limestone, massive 0.4 M.
Straturm No. 2 Black calcareous shale - 03 M.

Stratum No. 1 Limestone same as No. 3 (Coll. 35)
Horizon of Pinnatophyllum noring 18 M

The fossils collected in the lower part of stratum No. 1 (Coll. 35)
have been determined by Dr. A. W. Grabau who has supplied the

following list:
Anthozoa
Pinnatophyllum norint Gr. (c)
Brachiopoda

Spirifer bisulcatus (re)

Productus cf. taiyuanfuensis Gr. (1)
Productus sp.

Reticularia sp.

Pelebypoda
___Conocardium carditiforme Gr. {r)

2. MIAO KOU

The Hsiehtao limestone has here a thickness of 1.8 M..and appears

as a thoroughly massive limestone without intercalations of shale. (see section,
fig. 6.

From the upper part of this bank originates collection 39, of these
fossils Dr. Grabau has furnished the following list.
Anthozoa

- Lophophyllum acanthiseptum Gr. (?)
Pinnatophylium norini Gr. (1)
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Brachiopoda

Chonetes bilobus Gr. (1)

Orthothetes sp

Spirifer bisuleatus (r)

Spirifering willisi Gr. (r)

Reticularia perplexa (Me Cliesuy) (e)
Athyris vasculosus Gr. ‘(_ ¢ '
Productus taiyuanfuensis Gr. (1)

Productus (Marginifera) lopingensis K. (c¢)
Productus scabrienins { Mart.) (r)

Gastropoda

Naticopsis hemistiiata Gr. (r)
Straparollus sp.
Euphemus sp.

3. TUNG TA YAO (YUEH MEN KOU)

The marine bank has liere the following structure: see section, fig. 7.
From above: ' '

Layer No. 8. Rusty limestone with strongly corroded
surface containing numerous crinoid-fragments 0.20 M.

Layer No.. 7. Black calcareous shale containing
scatterod pebbles of flint of nut-size rich in fossils

(Coll. 39) 0.3 M.
Layer No. 6. Blue-black limestone with corals and
crinoids 0.1 M.
Layer No. 5. Dark brown loose clay 0.02 M.
Layer No. 4. Hard black calcareous shale with
‘scattered marine fossils 0.25 M.
Layer No. 3. Blue-black limestone with numerous
corals and erinoid fragments 0.7 M.
Layer No. 2. Maﬁne, black, caleareous shale 0.3 M.

Layer No. 1. Blue-black limestone like No. 3 0.5 M.
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Collection 39 from layer No. 7 has been examined by Dr. Graleu
who has found the following species:

Anthozoa

Lophophyllum acanthiseptum Gr. (¢)

Pinnatophyllum norini Gr. (rc)

Lopholasma carbonaria Gr. (c)
Brachiopoda

Chonetes nystromi Gr. (rc)

Spirifer bishleatus (c)

Spirifer sp. .

Reticularia sfp.
Athyris vasculosa Gr. (r)
Productus taiyuanfuensis. Gr. (rc)

Pelecypoda
fcanthipecten shansiensis Gr. (r)
Echinodermaia

Crinoid stems

E. TUNGTAYAO LIMESTONE (see section fig. 3 and P II)

This Upper Carboniferous marine horizon is the youngest marine
formation within the Palsozoic seriex in Central Shaensi. 1t has only been
found along Yueh Men Kou and its immediate neighbourhood. In Miso
Kou {Pankou) and in Pei Tsa Kou, iron-ore conglomerates oceur at the
corresponding level. At the coal mine Tung Ta Yao (in Yueh Men Kou)
after which this limestone has been named, its thickness is 3.4 M. Subjacent to
it occurs black, coaly, argillaceous shale (14 M.) separated from the limestone
-above by a coarse limestone conglomerate. The shale in its turn is underlain
by the Peitsakou seridstone.

The roof of the Tungtayao limestone is formed of a complex,
about 25 M. thick, built up of black clay sediments and thick seams of
bituminous coal,
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The marine bank st .Tung Ta Yao has the following composition:
From above

4. Massive, blue-grey limestone with Fusuling and
Crinoid stems 1.5 M,

8. Loose, black, argillaceous shale 0.62 M.

2. Grey-black, pyritic calcareous shale which upwards
becomes more like limestone, fossiliferous, Coll. 40; 1.7 M.

1. Conglomerate consisting of pebbles up to 10 cm. in
size of light grey-blue, fossiliferous limestone with
matrix of black, argillaceous shale, Total 3.4 M.

The fossils found in Strafum No. 2: Coll. 40 have been determined
by Dr. A.W. Grabau with the following result:

Brachiopoda

Ogbiculoideﬁ. 8p.

Enteletes cf keyseri (r)

Chonetes tungtayaoensis Gr. (cc)
Productus subcostatus Gr. (rc)
Productus pustulosus Mart. (c)
Spiriferina cristata var. octoplicata Sow.

FORMATIONS OF THE EASTERN REGION
HORIZON V, THE KUANTIKOU LIMESTONE

This horizon is the youngest marine one in the coal series wn the
Eastern Marginal Halls of the Taiynan plain. The stratigraphical conditions
are illustrated by the Kuan Men Ch'ien ssction, fig. 5.

As pointed out above, the relation of the Kuantikon limestone to
the marine horizons in the West i8 not yet definitively known. From the
determinations of the fauna of this limestone by Dr, Grabeu it is proved that
it belongs to the same general division as the marine horizons B-D.
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The Kuantikou limestone has been found in & similar development
along a rather large stretch at the Kastern hills; it is generally very abundant
in fossils. The name is taken from a fossil locality at the village Kuan T1
Kou situated at a distance of 10 )i east of Taiyuanfu.

The marine bank has here the following composition: From above:
: ¥
6. Rusty limestone with strongly corroded surface, about 0.3 M.

5. Black dalcarecus shale, turning bright yellow by

w-eatﬁering, rich in fossils 1.3 M.
4. Rusty limestone often wedging out 0.1 M.
3. Black argillaceous shale with bright yellow weather-

ing, rich in fossils (Collection 37) _ 0.65 M.
2.  Massive, black, argillaceous iimestone with bright

yellow weathering (Collection 37.) 1.1 M.
1. Bright yellow clay-stone | 0.5 M.

Total 3.95 M.

Subjacent to these marine sediments we find black plant-bearing,
argillaceous shale (Sphenophyllum, Annularia, Cordaites and others). In the
boundary between this and the marine claystone there occurs a thin coal-seam.

Coll. 37 which has been taken from the siraia No. 2 and 3 has been
examined by Dr. A.W. Grabau who has supplied the followind list of fossils:

Anthozoa

Lopholasma carbonaria Gr. (c¢)
Lophophyllum acanthiseptum Gr. (cc)
Pinnatophyllum sp.

- Brachiopoda
Chonetes_nystlﬁmi Gr. (ce)
Chonetes sp.

Orthotetes sp. (several, including probably O. taiyuanfuensis)
Productus taiyuanfuensis Gr. (ec)’
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Productas (Marginifera) lopingense K. (1)
Productus echidniforme Gr. (¢)
Marginifera-cf. longispina (r)

Spirifer bisulcatus (oc)

Spiriferina willisi Gr. (re)

‘Reticularia rotundata Gr. (r)
Aulacorhynchus sp. (c¢)

Athyris vasculoaa Gr. (cc)

Pelecypoda

Aviculopecten irregulare Gr. (r)
Aviculopecten concentrica Gr. (r)
Acanthipecten shansiensis (c) -
Pecten (?) kuantikouensis Gr. (r)
Entolium obtusum Gr. (r)
Pterinea (?) nodostriata Gr. (r)

Horizon IV, The Shihch’iwakou limestone (the name from the
valley Shih-ch’i-wa-kou, & northern tributary of Kuan-Mé&n-Kou, 1 li east of
Kuan-Men-Ch’jen). (Collection No. 43.) This horizon may be subdivided
into:

IV, (the upper part) grainy limestone with a few thin
shaly levels. The limestone is mainly buill up of

crinoid fragments; besides these there occur a fow
scattered corals and brachiopods. Thickness 0.2-0.5 M.

IV,. Massive blue-black limestone containing corals and
brachiopods. The corals seem to be rather common,
especially in the middle part of the limestone bank.
Among the brachiopods Spir. bisulcatus seems to
be the most frequent. Thickness 2.5 M.
The following specieé from this horizon have been determined by
Dr. Grabau | |
1. Lophophyllum pendulum Gr.
2. Pinnatophyllum ef norini Gr.
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Productus costatus (typical)

3

4, Spirifer bisculeatus Sow.
5. Spirifer pankouensis Gr.
6

Phillipsia sp.

This and the overlying Kuantikou limestone appear both to be higher
than the Hsiehtao limestone horizon of the sections west of Taiyuanfu. A
marked disconformity separates these limestones from those next below

in this section.

Horizon III. The Kuanmenkou limestone. (Collection No. 44.)

The name is taken from the valley Kuan-Men-Kou, 15 li ES-E
of Taiyonanfu.

This hofizon shows the following subdivision:

II1,.

111,.

II1,.

1I1,.

Greyish-blue mudstone with . brachiopods (mainly
Productoids) and a few scattered plant remains.
Thickness up to

Black calcareo-argillaceous shale

Yellowish, weathered, grainy limestone with
abundant crinoid fragments. A few shaly leaves
are interbedded.

Bluish-black, massive, flinty limestone (Coll. 44.)

" Bluish black flinty limestone, pdrﬂy shaly. Iam

not quite sure that there is not a disconformity

between the strata 111, and III;-,. The boundary

plane is strongly corroded and the thickness of the
complex IIT;-, varies between 1.5 and 3 m. It
may also be possible that the horizon III, is not
marine. Yet the transition between this and III;
is continuous and a sharp boundary line can not be
drawn.

(From above)

1.5 M.

1.5-3 M.
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In the stratum III, corals are rather common and also Spir.
bisulcatus. But on the whole this limestone is poor in fossils, and in the
ghaly levels very few have heen found.

The fellowing fauna has been determined by Dr. Grabau.
Pinnatophyllum ef. norini Gr.
Chonetes nystrom, Gr.
Enteletes lamarcki Fisch.
Pro__ductus cf. costatus
P. taiyuanfuensis Gr.
Spirifer bisuleatus Sow.
Spirifer pankouensis Gr.
Spiriferina willisi Gr.
‘This is the fauna of the Pdl)kou limestone of tne western sections,
as shown especially by the presence of Enteletes lamarchi. If this is the

Pankou limestone, then the disconformity above it cuts out all the formations
above this horizons which are found in the western sections.

Horizon II. The Nanyaokou limestone, named from the valiey
Nan-yao-kou, a northern tributary to Kuan-Men-
Kou. No fossils have been collectod. Thickness 2.8 M.

Horizon I.  The Ch'ientaokow limestone, named after the
main valley Ch'ien-Tao-Kou.

I,. Greyish-black, grainy limesione with abundant
Fusulings. In the more shaly levels a few other
fossils have been found. Coll. 46. Thickness 0.4 M.

I,. Greyish-black to bluish-black massive limestone in |
which fossils are very scarce. Thickness 0.9 M.
“The horizon 1T is separated from horizon I by a bank of greyish

blue mudstone and shale, 0.6 m. in thickness, in which only a few plant
fragments, but no marine fossils have been found.
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The following fauna has besn determined from the Ch'ientackou
limestone (Hor. I) by Dr. Grabau,
Fusalina sp. very abundant
Productus taiyuanfuensis Gr.
Plearonautilus? pernodosus Gr.

This horizon appears to be lower than anything seen in the. western
sections, '

COMMENTS ON THE FOSSIL LISTS
. v
A. W. GraBaU

The Pankou limestone of L.oc. 30 is on the whole distinet from the
others, although it belongs to the same general division as the majority of
the horizons (except that of Loc. 40 The Tungtayao limestone). Its most
distinctive species are Griffithides quadrinoduvs Grabau (c) and Enteleles
lamarck: Fisch (r). The presence of Spirifer bisulcatus which is common
in the higher beds, shows its relationship to them. Spirifer pankouense is
another charaeteristic form tﬁough not wholly restricted to it. This horizon
is again seen in the Kusnmenkou limestone of the eastern sections where it is
underiain by lower limesténes not found west of Taiyuanfua.

Colleetions 31,33;37 and 4} have many species in common,
especially Chonetes 'nystréimi Grabau. But horizon 41 is especially
:characterized by Oﬂhom.taiyy&nfuen&s Gr. being the horizon par excellence
of this fossil (Orthotetes' faiyuanfuensis bed). Productus punclatus is another
species common in. collections 31 & 41. The very charcteristic Reticularia
obseura Gr. is however conﬁped to horizon 31, and this is believed to be below
the'others, as is indeed shown'in the sections.

Horizon of Coll. 42 (fig. 7; stratum C. 8.) is also colsely related, all
the species found in.it occurring in one or the other of the three horizons
(83,37 & 41) except:
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Camptonectes (?) pustulatostristus Gr.
Chonetes mesolobiformis Gr.
Productus pormidoéns Gr.

These three spocies are so far only known from this horizon (42).

8o far as the few fossils found in horizon €, fig. 8, (Coll. 34,) are
concerned, that horizon may be equivalent to C. 6. mentioned above,

The Tungtayao limestons, Coll. 40, is higher than all the others,
Its distinctive speciea ars:

Chonetes tungiayaoensis, Gr. Enteletes kayseri, Waagen, and
Productus pustulosus, which 18 most typically developed here. No Spirifer
bisuleatus is found hers.

The linw_stones A-D and I.V apparently reperesent late Lower
Carboniferous or earliest middle Carboniferous.’ They may perbaps best be
regarded a8 iransition from Vieeen io Moscovian, without being as yet true
Moscovian. They are characterized by Spirifer bisulcatus. The Tungtayao:
limestone is Permo-Carboniferous, i. e. Artinskian. Spirifer bisulcatus is
absent from this horizon. '

THE SANDSTONES

The most important sandstone-formations within the Yuehmenkou
coal-geries in the Western Hills are found as follows ( se general section, PL. I1.)

1) DBetween the Pankou limoestones and the Miaokou limestones
(The Chinszu sandstons complez). '

2) In the base of the Upper Carboniferous sediments (the
Peitsakou sandstone)

3) In the basd of the Permian sediments (the Lot’opo sandstone
complex)

1. The Chinszu Sandstone complex is the name I have given to a
zone mainly built up of sandy sediments, which appear in the roof of the
Pankou limestones., It has been identified in Pankou, along Yueh Men Kou,
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along Pei ‘Tsa Kou and at several other Jocalities in the western hills.
A sandstone complex probably corresponding to this occurs also in the lower
part of the coal-series in the hills east of the Taiyuan plain.

In Mao Erh Kou this sandstone zone is built up- of qﬁartzose, grey
sandstone with banks of black, plant-bearing argillaceous shales, coal seamns,
strongly eroded thin banks of marine limestone, often wedging out, and coarse

limestone conglomerates.

The sandstones are often darkér coloured than these existing in the
higher levels of the coal-series, and are probably richer in argillaceous and
calcareous material than these

@. The Peitsakou Sandstone is the thickest, and most constant
bomogenous sandstone formation within the Carboniferous series. Its
thickness amounts to 15-25 M. In the western hills it probably occurs
everywhere forming the roof of the Hsiehtao limestone. 1t is probably also
identical with the thick sandstone-bank which at Kuan Men Ch’ien and Kusn
Ti Kou is superimnposed on the Kuantikou limestone.

The Peitsakou sandstone may be considered as a basal formation of
the Permo-Carboniferous sediments. « It consists usually of rather pure white
quartz sandstone consisting of grey water-worn quariz, more or less strongly
weathered feldspar, sericite. dark minerals, probabiy mostly ore.grains, and, in
_varying quantity, a white flour-like substance of kaolinic character
©ross-bedding is common, likewise gravel-layers with- pebbles up to the size of
an egg; these pebbles consist mainly of Archean material: pegnatite-quartz,
red feldspar, ‘brown and black porphyries, crystalline schists and sometimes
aiso yellow or black flint.

Charred trunk-fragments and prints of Lepidedendron sp:. are
often found.

-Clajr-material is very scarce within the main mass of the sandstone
but more frequent in the higher layers.

8. The Lotopo Sandstone Complez. By this name I have designated
a zone of light-coloured sandstones about 35 M. thick with hanks of
clay-sediments, which occurs in the uppermost part of the’ Yuehmenkon
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series. It has been observed in a state ot fine deveiopment alorg Pankou and
Yueh Men Kou and the tributaries of these. With the coal-series, as well as
with the Lower Permisn- sediments it is .intimately connected through
transitions.. This sandstone zone contains, beside the black argillaceous shales
characteristic for the coal-series, also sediments of a new type which is foreign
to the coal-series but charecteristic for the Permian Shihhi)tsa series, namely
light-coloured, greyish green and grey argillaceous shales and clay-stones.
The Lotopo sandstone ean therefore in a ceriain sense be considered as a
transiticn-zone between the Carboniferous coal-series and the coal-fres Permian
Shihhotse series.

THE CONTINENTAL CLAY SEDIMENTS
AND THEIR PLANT-BEARING BEDS

The shales are partly black or greyish black, pyritic alum shales,
partly black argillaceous shales. Interbedded with these and especially in
the argillac;aous shales, beds are often found of greyish blue, dense, calcareous
claystones or marl.

A shaley zone, speciully rich in pyrites, occurs in the. lowermost part
of the coal-series just below the Pankou limestones and also interbedded
within these, The pyrite occurs partly as impregnation in black shale, partly
in the form of nodules of varying size in greyish calcareous claystones.
At Yueh Men Kou this horizon is mined and the pyrites used for the
production of sulphur.

‘Apart from this, alum-shales occur in several horizons within the
Lower Carboniferous but only comparatively seldom  their percentage of
sulphide of iron is large enough to make them workable. These alum.shales
often show salty crusts, probably ferric sulphate, especially in winter and after
prolonged drought, when they are visible in the joints or bedding-planes
in the eseafpments., |

The black, argillaceous shales are here and there rich in plant
fragments. but nnfortunately these are most often ill preserved. The richest
finds have been made in the sandy shale-levels which form ths roof of the
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sandstones, or in sandy layers embedded in the shales. The main mass of
pure shale seems generally o be poor in fossils. Levels with root- -prinis are
not infrequently met with. These seem to be most frequent in those beds of
argillaceous shale which immediately underlie the coal-seams.

In the Carboniferqy =sexies six rich, plant-bearing horizons have
been found ai the following localities:

1} Mao Erh Kou, section fig. 2, stretum No. 28

2) Mao Erh Kou, section fig. 2, stratum No. 48

3) Kuan Men Ch’'ien, section fig, 5. stratum No. 4 b.
4) Xuan Men Ch’ien, section ﬁg. 5, stratum No. 20
5} Kuan Men Ch’ien, section fig. 5, stratum No. 22
6) Tung Ta Yao, section fig. 3. stratam No. 62

The flora of loc No. 2 found at Mao Erh Kou, occurs in a horizon of
sandy, sargillaceous shale, which is subjacent to the Miaokon limestone.
The plant-romains belong mainly to Cordaites, Neuropteris (probably
N. schlehani) and Lepidodendron; rootprints are commeon,

Loc No. $, Kuan Men Ch’ien. Plant-remains eccur very abundantly
in s Hal-eleaving, caleareous, argillaceous, black shale upon which ig

supenmpomi an argillaceous  sandstone. Among others occur. Neuropleris
cf. schlehant.

Loc. Ne. 4, The horizon No. 20 in the Kuan Men Ch’ien section.
Here we find large trunk fragments of silicified wood embedded in argiilaceous
sandstone or sandy, grey-black, argiliaceous shale.

Loc. No. 6, Tung Ta Yao, section fig. 3, horizop No. 62; Black
argillaceous shale forming the roof of a white qua.rtz-mndstone rich in kaolin.
The shale conteins a flors composed of only few species mainly Cordastes and
Anmularia, the latter often completely covering the bedding surfsces.

The same horizon, also plant-bearing, has been fourd at Hsiao Nan
Kou (4 ¥ 3B) at the village Sai-Chuang (¢ A) 30 li W. Taiyuanfu. This
locelity was first discovered by Mr. Yao in 1919, and was iransferred io me
by Dr. J. G. Andersson. " The black, argillaceous shale, here also abundant
in Annularia, is succeeded by dark brown-grey ciaystons, containing
Neuropteris cf. flexuosa, Lepidodendron and trunk fragments of Calamites.
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THE COAL SEAMS,

A glance at the general secstion, pl. II, will show that the coal-seams
occur throughout the Yuehmenkon series. In the -section referred, fo the
larger workable seams have been marked I to XIL Beside these there are
‘especially in the lower pert of the series, a number of seams measuring in
outcrops only 10 or some tens of cm. The thickest coal seams which possibly
repreaent: the time of maximum coal-formation, occur in the upper part of the
coal-saries and are of Permo-Carboniferous age.

Nothing can be said of the chemical character of.the coal in the
various seams, as anslyse of samples have not yet been made. However, it
bas been found thst most of the bituminous coal is taken from the large
Permo-Cabonifrerous seams VIII. to XII; and probably all anthracite which
is mined in the Taiyuan district originates from the Lower Carboniferous
Taiyuan coal horizon, especially from seams ITI, IV and V.

The Jargest mines of Bituminous Coal are Fu Ho. Yac (i & %) 4
li W. of Taiyuanfu; Tung Ta Yao (¥ Kk %) and Lo T’o Po Yao in Yueh
Men Kou, 30 and 25 li respectively W. of Taiynanfu, These mines are sunk
in the Upper Carboniferous seam which here in puterops show a thickness of
84 to 2 M. Inside the mines greater thickness is found; acoording to
information received the seams that are mined at Tung Ta Yao (see fig. 3)
measure: the lower one 5.5 M., the upper 2.5 M. |

Bituminous coal occurs however also in the Lower Carboniferous.
In the Eastern hills at Taiyuan where most of the Upper Carboniferous
sediments are eroded away, & very good bituminous coal is mined at Lu Chia
Wan (BB % ) at the upper end of the Shih Ho Tse valley, 15 li E. of
Taiyusnfu. This cosl is taken from a seam subjacent to the Kuantikou
limestono.

The largest Anthracite mines are situated aiong the valley Tiu Tse
Yii which drains into the Taiyuan plain, 6 li. S. W. of the Chin Szii temple;
and in the upper triliutaries of this valley, namely Chung Tsa Kou (¢ &
i%) and Pei Tsa Kou. (3t & 1) | |

The dip is here undulating and the strike is generslly N. or N.E.



Norin— Palzozic and Mesozoic of Shanss 53

Much anthracite is taken from seams below the Misokou limestone
{see section, fig. 8), corresponding in the Yueh Men Kou, section Pl. 2, to
the seam No. ITI. Part is taken from seam IV which appears in the complex
of argillaceous shale which separates the Miaokou and Macerhkou limestones.
Also this seam contains anihrecitic coal.  Its thickness in outerops is at the
mine Hsi Yao Tung Yao 0.3 M.

Another considersble anthracite mine is Chi Sheng Yao (% & %)
situated in the upper part of valley Hung Yai Wan (£[5E¥8) 25 1i W.B.'W. of
Tefyusnfu. The seam mined hers occurs in the argillaceous shales subjacent
to the Hsiehtao limestons (seam V).

Concerning tho coai area in the plane of straification it seems that
generaily those seams which are subjacent to the marine limesiones have. a
wider extension than those upon which gquartz-ssandstone is superimposed.

The anthracitic coal-horizon No. IIT in the general section, Pl. II,
has been observed all along the eastern escarpment of the Kao Li Shan
plateaa from Chin Szii temple in the south to‘the Fen Ho gorge in the north,
Its thickness in outorop usually amounts io 1 M.  Sample of coal from this
horizon taken at s small mine south of village Pei Tao Tsun, 20 H W. of
Taiyuan city, hss been analysed by Prof. E.T. Nysirdm; it proved to be a
fairly good anthracite; containing 4.4 % ash.

The seam No. IV. shown in section, fig. 8, is encountered only in
Pei Tsa Kou and is absent in Yueh Men Kou and Pan kou.

The seam No. V, occurring just below the-Hsiehtao litnestons, has
been traced along a distance of some 40 li from Miao Kou, (Pankou)-to Hung
Yai Wan valley with a thickness of $ to 1 M. 'This horizon has not been
found in outcrops in Pei Tsa Kou. It is not improbable that to this complex
of snthracitic coal-seams belong also those large anthracite-seams in the
Ping-Ting (#)) mining region in eastorn Shansi. At Yang Cb’uan (E3R)
90 1i N.W. of Ping Ting Heien the anthracites are, in the same manner &s in
the Taiyuan region, connected with a series of marine limestone, occurring in
the middle part of the coal-series. Whether these marine sediments include
the same horizons as those at the Taiyuan basin is however not yet settled.
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The Yueh Men Kou section, Pl. II, shows that in most cases the
coal-seams are intimately ccnnected with the marine horizons and generally
appear immediately below these, being separated from them sometimes by &
thin, sometimes by a thick horizon of black, often plant-bea¥ifig afgillaceous
sediments. The roof of the coal seams is however soinetimes formed of quartz
sendstones, often very rich in kaolin which gives them a characteristic
yellowish white color and easily disintegrating structure.

Out of twelve observed Lower Carboniferous cosl-seams, nine are

succeeded by limestones, whereas three are subjacent to quartz-sandstone.

The intimate connection between the coal-seams and the marine
sediments indicates that the material which has formed the coal-seams has
been accnmnulated in basins in close proximity to the sea. If we now examine
more closely the change in lithological character as we proéeed from below up-
wardg within a certain part of the straiigraphical sequence, we find in most
cases a regular change in the following manner:

i) Quartz-sandstone, often cross-bedded

2) Black, argillacsous shale; not seldom containing plant-remains
3) Greyish blue, celeareons shale

4) Black, argillaceous shale

5) Coal-seam

6) Black, argillaceous shale with plant-remains

7) Marine limestone

8} Bla.ck. argillaceous shala

9) uartz-sandstona, same as 1.

The frequent occurrende of marine sediments as intercalations in contin-
ental deposits and the variation of petrographic character of sediments in a
direction perpendicuiar io the plane of sedimentation shows that the region in
question has been subjected to rhytmic subsidences with accompanying n:;i_nor'
transgressions of the sea. Parts of these invaded areas may possibly, in ‘the
course of continued sedimentation, have been separated from {he sea, and the
continente! sediments have accumulated until, through s renewed subsidence
and a renewed transgression, the same cycle bas been repeated. The coal-seams
may have been swarpps situated within a low-lying shore-district or \h.goons in
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which large quantities of rotting plant-remains bave accumulated and after-
wards, through an invasion of the sea, been saved from annihilation.

AGE AND SUB-DIVISION OF THE YUEHMENKOU COAL SERIES

The time Qf formation of the oldest sedimenis of the Yuehmenkou series
is determined by the age of the waarine fauna which has been found in the
Pankou limesione. - This has according to determinations of Dr. A, W,
Grabau, been found to belong to Younger Lower Carboniferous (see above
page 48). N

Tt is more difficult to obiain an exact age-determination of the younger
sediments of the coal series, because of the fact that fossil-bearing, marine
horizons have not been found in the uppermost part of the formation. Tbe
sandstone complex which enters into the uppermost part of the Yuehmenkou
saries (the Lot’opo ;nndstones) contains beside the black argiliaceous shales
characteristic for the coal series, also sediments of a new type which is foreign
to the coal series, but characteristic for the Permian Shihhotse series, namely
light-colourod greenish-grey claystones and argillaceous shales. This zone
can therefore, in a certain sense, be considered as a transition zone between the
proper coal series and the younger light-coloured, conl-free series.

In the roof of the Lot'opo sandstone complex there appears in the greenish
grey claystones a - very typical flora characterized specially by masses of
Anndaria, Taeniojsferia (probably T. muitinerva) and more sparsely Callipte-
ris sp. 'These last two species show that the clay sediments in ciueé.tion belong
to Lower Permian {Rothliegende). Any visible disconformity between these
claystones and the underlyxng sandstone complex does not exist, and the transi-
tion seems to be cont.inuqus: Thé‘Ilot’opo sandstones belong probably to old-
est Permian or Parmo-Carboniferous. |

The youngest marine horizon of the Yush Men Kou series within tha
“region dealt with in thie essay, is the Tungtayao limestone, which appears
immediately below the large complex of coal seams which in Central Shansi
probable represenis the iime of maximum coal formation. The limestone
belongs according to Dr. Grabau to Early Permo-Carboniferoue.

Through comparison with the stratigrapbical conditions which obtaln in
other parts of werstorn Shansi in the neighbourhood of the coal seams which
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represent there the maximum coal formation, it is highly probable that this
period of maximum coal deposition falls in the Permo-Carboniferous.

In the general section, Pl. II, a tentative subdivision of the Yuehmen-
kou coal-series has been made.

The Permo-Carboniferous is separated from the Permian by a diséonfor-
mity. The proofs of its existence are given below, page 54-55, and is
revealed by a comparison of the Permo-Carboniferous boundary zone, in the
scetions in P). IT & III. In the eastern hills at the Taiyuan plain almost the
entire Upper Carboniferous is missing. The Rothliegende-sedj.ments; rest on a
sandstone-horizon, probably equivalent to the Tungtayso sandstone.

A considersble disconformity is supposed to exist between the Hsiehtao
limestone (D) and the Tubngtayac limestone (F) and it is also assumed that
this disconformity indicates the hiatus between the Lower and the Upper Car-
boniferous. The Lot’opuyao sandstone may in that case be considered as
forming the base of the Upper Carboniferous sediments.

In case future research should reveal that the Kuantikou limesione (E)
is younger than the Hsiehtao limestone (D) which seems very probable, then
the existente of this disconformity is proved.

A third, considerable disconformity is prbably too be _looked for in the
boundary zone between the Pankou limestone (A }) and the Miaokou Jime-
stone (B). Iis existence is made probable by appearance of traces of denuda
tion (the Chenszu sandstone complex and its limestone-conglomerates) .

THE PERMO-TRIASSIC FORMATION
THE PERMO-CARBONIFEROUS BOUNDARY ZONE

~ The thick complex of sandstones which appears in the upper part of the
Lot’opo section, forms the base of a formation about 250 M. thick, oo_niposed
mainly of greyish green, yellow green, and, in the highest levels, yellow
claystones, and sandy shales, interbedded with light-coloured quartzose sand-
stones. Marine sediments and coal seams are absent, As a rule coaly sodi-
ments are scarce and sare complei;eljyv missing in the uppermost part of the
formaiion.
I have called this sedimentary formation the Shihhotse series using the
pame of the valley Shih Ho Tse, 9 1i East of Taiyuanfu, where these sediments
are laid Lare in a very handsome section. (P, I. sec. 3, PL. II & II1.)
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Against the coalbearing series below it is well defined through the Lot'o-
po sandstones. It has the nature of & uniform complex. The transition to
the Triassic chocolate coloured marl sandstone formation above is continuous.

This complex- of light-coloured sedimentary rocks is in such s sharp
contrast to the Yushmenkou series with their black argillaceous shales,
coal seams and keolin-bearing sandstones, and on the other hand to the
Triassic formation red brown targite-bearing rocks, that it is difficult to avoid
conclusion that these light-coloured sediments have been formed during dif-
ferent climatic conditions, as will be discossed later on,

The same siraligraphical conditions existing in the Lo T"o Po profile are
also apparent in the Permo-Carboniferous transition zone is other places along
the escarpment which borders the Taiyuan plain in the West.

Obeervations have been taken from the Fen Ho gorge in the north
to the town Chiaoc Ch’eng (%) in the southwest, viz. along a distance of
60 km. Everywhere we find the large Permo-Carboniferous coal seam superced.-
ed by a thick mandstone formation which merges upwards into the light-

coloured clay sediments of the Shihhotse series. The stratification further.
to 8. W, is not known.

Quite different conditions age met with in the eastern marginal hiils
bordering upon the Taiyuan bagin. Here we find that almost the whole of
the Upper Carboniferous complex is inissmg and that Permian -light-colqtmad_
claystones with Rothliegende flora are underlaid by a thick Carboniferous
sandsione probably equivalent to the Tungtayao sndstone (Yuehmenkou
Stratum No. 53) separated from this by banks of black argillaceous shales
which in some places are filled by conglomerate.layers. ‘The marine Tungta-
yao limestone, the large bituminous coal ssam and the entire thick Lot’opo
sandstone complex are missing, -

The stratigraphical conditions are shown in the Shih Ho Tse section,
Plate 111 | | |

If we now contemplate the Shih Ho Tse section we find the following

succession.
1) The white quariz-sandstons above the Kuantikou linestone (see
gection fig. 5; page 16 ) possibiy identical with the Lot'opuyso mndstone,



58 Bulletin of the Geological Survey of China

merges upwards into a sandy shale with layers filled by sphiero-siderite

concrefions, Then follows:

2} Black argillaceous shale of varying thickness, here and there filled

by round sphero-siderite concretions—and lenses and banks (quickly

wedging out) of iron band, which cause the argillaceous shale sometifnes
to Yook like conglomerate shale.

The upper horizons assume the nature of black shale, where foreign

matter does not occur. This merges into:
3) Greenish-grey, calearecus claystone with a flora characterized by
masses of Annularie, Taeniopteris, (Probably 7. muliinerva) and more
sparsely Caliipterts, What is most striking in this profile is the absence
of sandstone material in the base of the Callipteris-zone. It seems quite
improbable that if the thick ILot’opo sandstones had once occurred
here but then been eroded away, vemnants of thess sbould not be found
here in the form of conglomerates in place of the removed sandstone. The
fact is that not a trace of those sandstones is to be found here. The onlj
explapation of this is that the Lot’opo sandstone has never besn deposited
in this locality.

The masses of sphero-siderite and iron band that enter into the underlying
black shale complex may be remnants of the Upper Carboniferous Tungtayao
limestone. | |

. We are thereby lod to the conclusion that during the youngest Upper
Carboniferous, in a time before sedimentation of the Lot’opo sandsiones
commenced, epoirogenetic movements took place. By these the strip of land
bordering the Taiyuan basin in the- east has been raised more than the
country west thereof.

THE SHHIHOTSE SERIES
DESCRIPTION OF SECTIONS

-In the valley Shih Ho Tse we find the first outcrops at the village Ch’en
Chia Yi, 9 li East of Taiyusnfu (see fig. 1). These consist of Triassic
sandstones and redbrown marls with a dip of 30° W.  If we follow the valley
eastwards, we nofice that the sediments assume a more and more horizontal
position; and at the upper end the dip is scarcely more than the inclination
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of the bottom of the valley. Larger faulis are absent; smaller subsidences
with a throw of 10.20 M. ccour in a few places.

The illustration, Pl. I, sec. 3, on the scale of 1:7500, shows a section
through Shih Ho Tse from the village Ch'en Chis Yu eastwards ascending the
valley. The lithologic character of the sediments is shown in the columnar
section Pl III. The thicknesses of the scdimentary strata have been taken
at the bottom of the valley.

The Permo-Carboniferous trunsition zone has, as we have stated, the com-
position of black argillaceous shale, the lower levels of which are filled by
concretions of sphero-siderite and layers of iron-band .............c.coeins 8 M.

“his shale is succeeded by

.2) Light grey green claystone, containing a very characteristic flora
(Annularia, Taewiopteris, Callipteris—Flora No. 10).......ccoveeeen. 3.5 M.
In the boundary zone between the dark shale and the light coloured claystones
we find in several localities pebbles up to 1 M. in size of iron-impregnated,
argillaceous limestone.

3) Light grey, porous, argillaceous limestone with banks of iron-band

......... 1.8 M.
4) Black argillaceous shale aboat 1.0 M.
5) ‘Thin coal seam (often wedging out) 0—0.2 M.
6) Yellowish white sandsione about 4.0 M. -
7) Light-colored claystones merging upwards into dark marls 3.7 M.
8) Black argillaceous shale LM
9) Light-coloured, sandy and micaceous shale 1.6 M.
10) White micaceous, argillaceous sandstone 1.5 M.
1) Light-colored claystones or marls 3.6 M..
12) . Light-colored, argillaceous sandstone 1.5 M.
18) Light grey claystone 1.0 M.
14) Black coaly a.rgillacéou:-; shales 0.5 M.
15) Light grey plant-bearing claystone 0.5 M.
16) Black argillacaous shale 0.3 M.
17) Layer of soft coal 0-—0.1 M.

18) Light-coloured argillaceous sandstone (fine-grained) 1.0 M.
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19)

20)
21)
22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)

33)
34)

35)
36)

37)

38)
89)
30)
41)
42)
43)
44)
45)

46)
47)
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Light-coloured claystones or merls which upwards become

darker 1.0 M.
Fine-grained argillaceous micaceous sandstone 1.2 M.
Light grey claystone 0.4_-M.
Fine-grained, greyish green sandstone 1.0 M.
Light grey claysione 1,5 M.
Dark grey argillaceous shale _ 0.5 M,
Light grey, micaceous claystone 13 M.
Fine-grained, light-coleured sandsione : 1.0 M.
Light grey clay stone 0.5 M.
Light and dark marls interbedded 52 M.
Yellow grey greywacke sandstone 3.2 M.
Sandy dark shale; plant-bearing horizon No. 13 1.0 M.
Sandstone same as 29) T.OM.
Dark micaceous sandy shale, dark grey marl (dense) with
scattered grains of sericite 2.0 M.
Light grey, calcareous claystone; blus grey shale 1.0 M.
Dark grey, dense marl; thin layer of dark, plant.bearing

ehale 1.3
Fine-gmined, micaceous, grey sandstone 1.5M.
Light grey claysione. Black, plant bearing shale 0.8 M.
Sandy shale; dark grey claystone 1.0 M.
Ldght-soloured mndsiotie _ 0.6 M.
Bandy shale, dark, argillnosous 1.2 M,
Durk grey marl 06 M.
Fine-grained, green-grey sandstone rich in quarts 2.2 M.
Sandy and oalcareous shale : 1.0 M.
Dark, yellowish grey marl plant-bearing horizon No. 14 6.5 M.
Fine-grained, black shale, light grey claystone 1.0 M,
Grey sandstons with banks of light grey claysione and sandy

shale 20.0 M.

S&ndir, grey green shale; plant-bearing horizon No. 15a 1.0 M,
Greenish grey to yellowish grey claystene; plant bearing
horizon No 15b. 5.0 M.
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49)
50)
51)

52)

53)

54)

60)
61)
62)
63)
64)

65y
66)

67)
68)
69)
70)

71).

72)
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Grey fine-grained ‘sandstone with prints of iree trunks 0.5 M.
Laminated, argillaceous sandstone 1.0 M.
Greenish yellow claystone 2.0 M.
Yellowish grey sandstone 6.0 M.

Yellow claysione with two banks of reddish brown claystone 8.5 M.
Fine-greined, yellow, argillaceous sandstone eontaining in its
lower, mere clayey, parts'a p?ant-bearing iayer horizon No. 16 1.5 M,
Yellowish grey, micéeeous, solid mari, plant bearing horizon
No. 17 0.5 M.
Violet, micaceous marl or claystone 6.0 M.
Yellow-grey claystone, uppermost a thin bank of blue-grey

shale 1.0 M.
Reddish brown marl 7.0 M.
Yellow grey solid marl; plant bearing horizon No. 18 2.0 M.

Chocolate -coloured, micaceous claystone or marl in the |

bottom containing some banks of yellowish grey solid marl 9.0 M.

Datk greyish green claystone 0.2M.
{irey green sandstone 2.5 M.
Light yellowish grey claystone 1.0 M.
Chocolate-coloured marl] or claysione 20.0 M.
Interbedded bands of about 1 M. each of yellow-green and

chocolate-coloured claystones T.OM.
Yellow c]aystone with brown spots 1.5 M,

Bﬁght yellow (chrome yellow) sandsione with some bands of
greenish yellow crossbedded claystone (Tower Gigantopteris.

_sandstone) 2.8 M.

Yellow green claystone; plant-bearing, horizen No. 19 0.45 M.

Sandy, yellowish gre n . laystone 1.25 M.

Interbedded yellow-green and chocolate-coloured claystones 4.0 M.
Whitish grey, solid m?.ai;l; plaut-bearing horizon No, 20 1.0 M.
Greyish green claystones With some thin chocolte-coioured

layers | | 23. oM.
Coarse, grey-green sandstone 0.6 M.
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73) Grey-green claystones partly sndy with some thin bands of
red-brown claystone o 510 M.
28 m. from the bottom of this we find in grey green claystone
plant-bearing level, No. 21
74) Chrome yellow (light) sandstone 2.0 M.
75) Greyish green claystones with bands of red-browu claystones 7.5 M.
In a grey-green claystone in its upper part plant-bearing
‘horizon No. 22
76) Light chrome yellow, soft sandstone with layers of gravel
(Upper Gigantopteris-sandstone) 4.0 M.

I we now contemplate the corresponding sedimentary formation in
the Western marginal hills bordering upon the Taiyuan basin, we find there
on the whole a similar suecession of sediments.

Light-coloured, greenish yellow, greyish green and blue-green clay-
stones and often sandy argillaceous shales, interbedded with inconsistant bands
of light-coloured greywacke-sandstones which are often intersected by sbarply
wedging out layers of gravel. As in Shih Ho Tse the clay sediments are
rich in well-preserved piant remains Tn the bottom of the series we find
egain the characteristic Cullipteris flora, and the uppermost part of the series -
is also here represented by the same complex of chrome-yeilow sandstones and
light coloured claystones with Giganiopteris flora as in the eastern section.

A section through the sediments is taken through the northern slope
of Yuelt Men Kou between Tung Ta Yao in the bottom of the valley and the
village Hsieh Tao (# i) on the crest of the slope. The sediments lie here
-almost perfectly horizonially.  Along a distance of 1.5 Km. the strata descend
westwards about 50 M. The sequence of sedimentation is shown in section PL.
No. II Hsieh Tao division.

| The strata that build up the hill Pt. 1390 (the highest part of the
section) belong to the lower part of the Gigantopteris zone. This zone is
found completoly developed in the terrace, Pt. 1490, from which & section is
given in PL II division Pt. 1490. |

The thickness of the Shihhotse series calculated from the bottom
of the Callipteris Zone to the wuppermost part of the upper Giganfopteris
sandstone i8 in Bhih Ho Tse about 280 M. in the profile at Hsieh Tao
250-260 M.
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SUB-DIVISION OF THE SHIHHOTSE SERIES.

according to the chemical charaster of the weathering products that
have given material to the Shihhotse series. this may conveniently be
divided in two parts
1) The Lower Shihhotes series _

eompomd almost entirely by light-coloured sediments
2) The Upper Shihhotse series

in which the chocolate-coloured sediments form an important ingred-
tent.

The lower Bhihhotse series is formed, as mentioned, mainly of
argillaceous sediments with grey, green and yellow colouring in different shades,
interbedded with light-colotired sandstones of varying grain. A characteristic
feature is the frequent interbedding of coarser and finer material. The sand-
stones, which often show cross-bedding, merge into sandy shales and these in
their turn into solid claystones or solid marls, -which often lack distinct strati-
fication. This variation is repeated throughout the whole series. A charact-
eristic feature is furthermore the variation of the sediments along the sarface of
deposition. Even a quite thick bank of sandstone dissolves within a short
distance intp several thinner layers which are interbedded by sandy argillaceous
material and soon wedge out completely. The compact bands of c]aystone are

also soon split up by sandy strata and perhaps ultimately merge into a massive
banded sandstone.

The sandstones are coloured light grey,. yellowish or greyish green.
The most important mineral ingredients are: Quartz and felspar but dark
minerals enter sometimes rather abundantly. Some bands, .perhﬂ.ps the major-
ity of them contain.also kaolin-like substances. The size of grain varies
considerably, often within the same bank. Crosshbedding is common, even if it
does not seem to be the rule. Often they contain quickly thinning-out layers
of gravel with round pebbles which often reach the size of a hen’s egg. These
pebbles consist always of Archean rock material; the most trequent is waterworn
pegmatite quariz, red fresh fe]spar, red and dark porphynes, dark metamorph-
omed schists, gneiss and, more scarce, yellow or black, dint;



84 Bulletin of the Geological Survey of China

In view of the floras found in the lower Shihhotse series this can
be divided into two main zones: one lower characterired by plants belonging
to the Callipteris family (floras No. 10-14) and one upper, in which species of
Callipteris have not been observed by me. The former zone may be equivalent
to Rothliegende,

To form a conslusion regarding the climate during which these sed-
iments have been formed, we can state the following. :

1} The abundance in the sediments of kaolin-like weathering-products (light-
coloured argillaceous shales)

2} The absence of hydrated compounds of iron

3) The manner of preservation of the fossil plants

These facts taken together indicate a humid, and a relatively cold
climate at the time of deposition of these sediments.

This composition, uniform in regard to chemical weathering products,
is maintained by the Permian sediments until a distance of 120-180 M. from
the bottom of the Callipteris zone. - _

In the succeeding sediments, the Upper Shihhotse series, » new
element enters which hefore was completely absent, namely bands of redbrown
and chocolate-coloured marls and claystones. These probably turgite bearing
Bediments are first found as inconsiderable, quickly thinning-out layers in the
light-coloured claystones of the Upper Shibhotse series.  In the higher levels
they increase in thickness and number, until at last in the Shihch'ienfeng series
they become the main part of the sedimenta.

These conditions are illustrated by the Shih Ho Tse profile P1. IIT
and a section through the mountain, point 1725, Shih Ch'ien Feng Shan, in
the Western hills P1, II.

In the lowest part of the checolate-coloured series or rather in the
transition zone between the light-coloured and chocolate-coloured series enters a
zone, 60-100 M. in thickness, composed of chrome-yellow soft sandstones and
yellow and dark-green clay sediments.

In these latier ones are interbedded scattered thin bands of chocolate-
coloured argillaceous material. © The light-coloured shales contain a flora of
partly Mesozoic character especially characterized by plants, belonging to the
Gigantopteris family. This zone with its charscteristic fiora will be called
hereafter the Gigantopteris zone
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Through the characteristic colour of the sediments and their position
on the boundary between the light-coloured and chocolate-coloured geries, the
Gigantopteris zone becomes one of the most readily traced leading lévels within
the socalled Shansi formation (Willis).

Wii;h, on the whole similar sedimentary composition, this zone has
also been found at Hsieh Tao, (£} i) at Shang Pai Ch’uan, 120 li west of
Taiyuantu, at Niu Chia Mo (2 % #%) in the western marginal border zone of
the Mo Erh Tung horst, 70 li E.S.E. of Lin Hsien (B ¥&), at Hsing Hsien
(| EE) 350 )i N.W. of Taiyuan; at Fen Ho (3 ) 15 i N.W. of Lao
Fang Tsun 180 1i W.N.W. of Taiyuanfu.

THE SHIHCH’ IENFENG SERIES

Description of Sections,

The above name has been given to a series of clay sediments and sand-
stones in the roof of the Shihhotse series characterized by their chocolate-
brown or dark red colour and 'm'ain]y. arid weathering products. The narae is
chosen from the peak Shih Ch’ien Feng Sbhan (1720 M. aliitude above sea-level)
situated within the Kao Li Shan Plateau, 50 1 (25 km.) W. of Taiyuanfu.
(8ee Pl. T section 2).

In the southern slope of this peak which is in some places very precip-
ituus, the lower and middle part of the formation in question are well exposed.
A ocontinuous profile has been obtained from the Ginkgo-sandstone to the

-Gigentopteris zone, which latter crops out in the valley-boitom below the
gouth slope. :

The sediments lie almost horizontally, Between point 1490 and point
1790, a distence of 5. 5 km.. the strata descend towards west 100 Meters (see
Pl 1; fig.2).

The Upper Gigantopteris sandstone, which has here a thickness of 10
- M. is superimposed by:
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1) Greenish yellow claystones with bands of chocolste-coloured

claystone 8.6 M.
2) White sandstone, uppermost with some red-brown layers 3.0M,
3) Choocolate-coloured .chysl;one or marl 8.0 M.
4) Argillaceous sandstone with red spots, eross-bedded 4.5M,
5) Chocolate coloured, partly sandy marl or claystone 6.0 M,
6} White sandstone 3.0 M,

7) Chocolate-coloured, sandy mar] with small sandstone bands 33.0 M.
8) White sandstone with layers of coarse gravel; in the upper

levels with red-brown, argillaceous layers 7.0 M,
9) Light yellow-green claystone, in the upper levels greyish

black and containing plant{ fragments 3.5 M..
10) Chocolate-coloured sandy marl and clay stone 26.0 M.
11) Yellowish green claystone; white sandstone 2.5 M.
12) Red-brown, sandy marl and claystone 6.0 M.
13) Greenish yellow claystone with scattered plant fragments 0.5 M.
14) White mandstone (“The Ginkgo sandstone’) 8.5 M.

Towards W. the sedimenis descend slowly, and at village Kuan T'o
14 km. W.8.W. of Shih Ch’ien Feng Shan, the Ginkgo-sandstone crops out
in the bottom of the wvalley T'ai Ch’tian Ho which drains towards the north
(seo Fig.1). On the east slope of this valley one finds & very fine section through
the middle part of the shihch’ienfeng series.
The stratigraphic sequence is illustrated by the profile, Pl. II; the
Kuan T'o division. The following thicknesses have been measured :
Stratum No. |
13} Yellowish green claystone with thin bands of fine-grained
yellowish green sandstone; in the upper part with plant

bearing horizon No. 27. _ 2.5 M.
14) Fine.grained, yellowish green sandstone, partly crossbedded,
 *The Ginkgo sandstone” 6.0 M.
15) Yellowish green clayshonés with plant remains and some
thin sandstone bands 4.0 M.
16) Interbedded yellow and chocolate-coloured claystones 2.0 M.

17) Dark grey-green sandstone 1.0 M.
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18) Finely interbedded red-brown and vellowist: grey argillaccous

shale 7.0 M.
19) Medium-grained, light-coloured, brown-red sandstone with

white stripes, rich in silica L& M,
20) Dark chocolate-coloured argillaceous shale 0.2 M.
21) Lighteoloured, grey-green, argillaceous shale often wedging-

oltt ' about 0.1 M.
22) Yellowish, white, soft sandstone with lavers of Archan
: gravel 5.0 M.
23) Chocolate-coloured, deuse claystone - 1.0 M.

24) Yellowish white, soft quariz-sandstone with gravel layers 8.0 M-
25) Interbedding between grey-white, sandy claystone and

choeolate-coloured claystone 1.5 M.
26) Chocolate-coloured, fine-grained argillaceous shale 6.0 M.
27) Chocolate-coloured, soft medium-grained sandstone, 1.7 M.
28) Chocolate-coloured, partly sendy argillaceous shale with

gtripes of chalcedony 34 M.

23) Chocolate-coloured, soft sandsione with gravel layers and
bands of shale; in the upper parts with layers of chalcedony 3.4 M.

30) Chocolate-coloured claystone with chalcedony balls* 3.4 M.,
31) White sandstone, in the lower part speckled with red spots 2.3 M.
32) Chocolate-coloured, argillaceous shale 2.0 M.
33) Dense, grey-white sandstone : - 0.3 M.
34) Choeolate-coloured argillaceous shale 0.8 M.

35) Light greyish green, feldspathic, suall-grained sandstone 7.5 M.
36) Chocolate-coloured argillaceons shales with some interbedded

. sandstone-banks 25.0 M,
37) Chocolatecoloured, crossbedded fine-grained sandstone, = 4.5 M.
38) Red-brown argillaceous shale, merging upwards into light

redbrown marl _ 3.4 M.
39) Gypsum breccia 1.6 M,
40) Light red-brown sandstone, small grained 7.0 M.

41) Chocolate-coloured claystone, merging upwards into light
red-brown marl, uppermost & bank of Gypsum-breceia =~ 2.7 M,

#* The field work has proved that in Central Shami the chalcedony-bearing layers (m,
28-30) are no lonee formations but found in an hurizon of regional dietribution aiways situnted
near the border between the probably humid and Iateritic sediments of the Gigantopteri~-Ginkgo
Zowe and the arid gypsiferous marl gone, '
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Fig. 10. Croes bedding observed in the lower part of the Triaseic Sandstone Zone.
8. Chocolate-colored argillaceons shale,
b. White sandstane, eross bedded, -
¢. Fine-grained reddish sandstone, croas bedded,
d. Horizontally stratified, fine-grained aandstone.
Fig. 11. Cross bedding observed in the KuanTo section (atratum Xo. 443
42) Fine grained, light reddish-grey sandstone, bedded 1.0 M.
43) Chocolate- coloured argillaceous shale, light red:brown mari,
light-coloured breccia - 2.0 M.
44) Well-stratified, reddish grey sandstome partly with cross
bedding (Fig. 11) . B.0M.
45) Chocolate-coloured, argillaceous shale, light red-brown marl,
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46) Sandstone, same as 44) _ 7.5 M,
47) Chocolate-coloured clay-sediments with scattered bands of
light-red sandstone; gypsum-breccia 6.0 M.
48) Light red-brown, gypsiferous marl 1.5 M.
49) Argillaceous, chocolate-coloured sandstone 2.0 M.

50) Light red-brown clay-sediments with a few sandy layers ~ 12.0 M.
51) Light red-brown sandstone with shale bands, partly eross-

bedded 2.0 M,
62) Light red-brown marl, upwards merging into chocolate-
coloured claystone and argillaceous shale 7.2 M.

653) Fine grained, light red-brown and pink, distinetly bedded
sandstones, pactly with cross-bedding, with thin bands
of chocolate-coloured, argillaceous shales more than 10.0 M.

SUB-DIVISION -AND LITHOLOGICAl. CHARACTER

According to the above section the Shibch'ienfeng sersies can be
divided in

1) The Ginkgo- zone comprising the sedimentary division which
oceurs between ihe. upper Gigantopleris sandstone and the Ginkgo sandstone -
(Horizon'Nb. 14). This rone is mainly bnilt up‘of chocolate-coloured, more
or less sandy argillaceous shales and claystones, interbedded with white or
yellawish sandstones and plant-bearing yellowish green and dark green
claystones and argllla.eeons shales, ‘Homogeneous, chocolate-coloured sand-
stones are mlsSmg Its thlckness is about 120 Meters.

2) The Gypsz ferous Marl-Zone, comprising layers 19 to 52 in the
Kuan T'o section, is built up almost exclusively of stron«ly coloured sediments.
The main mass consists of chocolate-brown, argillaceous shales and claystones,
often of marly character, gypsiferous light brown-red marls, chocolate-coloured,
eagily disintegrated, é.rgillb.ceous qusriz-sandstones and bands of greyisk white
or light reddish, fine-grained to small-grained, compact sandstones. Plant-
bearing, light-coloured sediments are missing. Thickness about 150 Moters.



70 Budletin of the Geological Survey of China

3) The Sundstone Zone, is built up exclusively of plainly stratified
and often cross-brdded sandy material and, more subordinate clay-sediments
of red-brown colours in different tints.  Gypsiferous sediments have not
been observed, nor have lightcoloured plant-beaing clay sediments been found.
Thickness more than 300 Metres.

1. The Ginkgo Zome is, with regard to lithologic composition
similar to the Gigantopteris zone, but with one modification, namely that in
the foriner the red-col‘oured sediments predominate. Both these zone form
together a iransition between the older Permian sediments and the Triassic
red series.

The light-coloured sandsiones and the light plant-bearing sediments
of the Ginkgo-zone are intimately connected with each other; the latter
generally oceur immediately below the sandstones in question. Next to these
banks of claystones or argillaceous shales the gandstones are coloured pure white,
yellowish or light greyish green, but in the higher levels we find that there
sometimes enter layers of chocolate-coloured, sandy material which quiekly
wodge out. Cross-bedding is sometimes observed.

The light-coloured claystones contain plant fragments; thess are usu-
ally very fragmental and scattered, but are seldom entirely absent. A very
rich flora, with well-preserved plant-fossils, has been found in layer No. 13 at
Kuan.-T'o. The shaley levels contain a flors characterized by masses of large-
leaved Ginkgophytes and Taeniopleris. The fossils are often coated with a
silvery skin of sericiteTegarser trunk-fragments are not infrequently changed
into jet.

Within the Ginkgo-zone gypsiferous sediments and typical marls have
not been observed with any degree of certainty. The absence of homogenecus
red-brown or chocolate-coloured sandstones is also renmrkab_le.

2. The Qypsi ferowe- Marl-Zone entirely Jacks sediments of the Permian
type. The light-coloured sandstones occurring here in some horizons have
probably all been formed through a re-deposition of the unhomogen ous sedi-
mentary material once deposited, whereby the red-brown clay-siudge has been
separated out and- the light coloured quariz-felspar sand has been left behind.
This process of separation can sometimes be followed step by step. The
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surfaces of stratification in these light-coloured sandstones are often wholly
covered by chocolate-coloured, thin scales of clay. - Tt is probable that these
clay scales have originally formed a continuous thin elay-skm on the sandstone
and this skin has, when exposed to sun-heat, dried up and become curled-
. _ :

The sandstones of the marl.zone are generally of dark chocolate-brown
colour, small to medium-grained with easily disintegrating structure, de-
pending on the often considerable admixture of clay. - *“They contain very often
layers of gravel and are not seldom cross-bedded. The pebbles in the gravel
congist of Arch@n material:  Pegmatite-quartz, porphyries, metamorphous
Bahista; gneisses and also not infrequently black or yellow flint.

The thicker ones of these sandstone bands tecome, at higher lovels,
often distinetly stratified with alternating more sandy and more clayey layers.
In these horizons cross bedding is common.

The chocolate-coloured, argillaceous sandstone bands merge often
without distinet boundary into sandy argillaceous shale.

In the sandstone, stratumn 44, we find that, where redeposition has not
taken place, the colour is light red-brown, wherees the re-depoéitad formation
shows a frequent bedding with light grey sand-layers separated by thin skins
of chocolate-coloured argillaceous shale. The sandstone is often diagonally
bedded.

The chocolate-coloured, argillaceous sandstone bands merge often
without distinet boundary into very fine sandy, argillaceous shales. In the
lower part of the marl-zone these latter ones are sometimes intercalated by
siliceous layers. The silica sometimes forms a thin layer, often thinning out,
sometimes it forms round concretions of goodshape.

 The gypsiferous marls enteriﬁg in the upper part of the marl-zone are
distinguished by their light brown-red colour from the older, non-gypsiferous
marl horizons. The largest content of gypsum is usually found in the upper
part of the marl banks in the form of & bisccia ofien 1 M. thick, consisting of
round or angular marl-fragments cemented together by bluish white, crystalline
gypsum and caleite. The roof of the gypsum bands is formed of red sandstone
(see profile, Pl. 2). |
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In the Kuan-To profile five such gypsiferous horizons of considerable
size have been found. All of them show similar conditions of stratification.
Oun a re-depogited, light red-coloured, solid sandstone (1) follows.

2) Chocolate-coloured, argiliaceous shale or elaystune
3) Light brownish red marl.

4) Gypsiferous breccia,

5) Sandslone same as 1).

3. The Sandstonc Zonc is built up mainly of fine-grained, brown-red
sandstones often with shin intercalations of choeolate coloured, argillaceous
shale. Marls and gypsiferous sediments have not been ohserved.

The sandstones show usually distinct stratification with alternating
lighter and darker layers. They are often easily cleft along the bedding planes.
Hc e these surfaces also are often covered by thin scales of argillaceous shale
of the same kind as those above-mentioned (page 48.). Cross bedding is
very common. Gravel layers occur soﬁletimes, especially in the lower levels of
the sand banks. The gravel consists of Archaan material, It has often been
observed that in the lowsr levels of the sandstons bands, as in the sandstones
of the marl-zone, the clay and sand-material is not distinetly separated, but
forme. together an argillacaou.s sandstone of more or less uniform colour. 1In
. tae higher levels the sandstone, on the contrary, becomes plainly bedded and
striped, its colour becomes lighter; a large part of the argillaceous component
has beon washed away aud appears as ‘intercalations of clay-shale. Cross
bedding is also very common in these re-deposited and often very finegrained-
upper horizons of the sandstone. Examples of this kind of cross bedding
are given in figs. 9a & b.

The sandstones often merge into very finegrained chocolate-coloured,
argillaceous shales; in these are often observed well developed ripple-marks.

Genuine argillaceous shale occurs generally superimposed on the sand-
stone, forming banks which seldom exceed % M. in thickness. These clay—
shales are usnally coloured dark chocolate-brown, thin-bedded, and cleave
easily in thin, elastic sheets. The bedding-planes are often covered by sericite
scales. In spite of diligen£ seareh no fossils have been found, neither here,
nor anywhere else within the sandstone-zone or marl-zone.
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PLANY BEARING BEDS IN THE PERMO-TRIASSIC FORMATION

Within the Shihhotse and Shihch’ienfeng series altogether twenty
very rich, plant-bearing horizons have been found; (see general'profile, Pl. II
and T1I.) Most ‘of the extensive collections made at these localities are to be
banded over to the Swedish Musum of Natural History and will be described
later on by Prof. 1. Halle.

The lithological character of the plant-bearing beds is shown in the
description of the section.

Most abundant in plant-fossils are the greenish and yellowish, argil-
laceous shales and marls of the Shihhotae series.

With regard to the Shihch’ienfeng series, plant fossils have been
found only in the light coloured clay sediments in the lower part of the series
(within the Ginkgo-zone), whoreas in the chucolate-coloured and reddish sed-
iments no fossils 6f any kind have been observed.

The lowermost part of the Shihhotse series contains a very rich flora
The following tentative list of fossils, found at theloc. No. 7-14,PLII &
I1I aiws to give a crude idea of the composition of this flora. In the list here

given species are enumerated which show the gretest similarity to the fossils
found.

Odontopteris ¢f suberenulata
Pterophyllum sp. (large-leavad)
Cordaites sp,

Taeniopteris ¢f multinervis
Callipteris sp.

Annularia sp..

Sphenophyllum cf. emarginatun
Sphenophyllum cf. oblongifolia
Sphenophyllum cf. thoni
8phenophyllum sp. (large-leaved)
Pecopteris sp.

Sphenopteris sp.
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Apart from this is found also a very large-leaved Cycadae with un-
divided leaves and nurncrous species unknown to me,

The occurrence of Taeniopteris and Callipteris shows that this part
of the Shihhotse series belongs to Lower Permian (Rothliegende).

The youngest flora found, characterized by plants belonging to the
Callipteris family is flora No. 14. In the younger ones Callipteris species
have not been observed by me.

As pointed out sbove, these Lower Permian sediment wilth their
characteristic flora are found both in the eastern and western marginal hills at
the Taiyuan basin.

During the field work I have got the impression that the sediments
in the Ilsieh Tao profile as a rule are more sandy than the oorrespohding for-
mations in the east. This may also be & cause of certain differences in compos-
ition between the floras in the east and west. In the Shih Ho Tse profile are
found fifteen very rich plant-bearing horizons, which are rather evenly distrib-
uted over the entire series. Of these floras only two have been found in Hsieh
Tao, the rest diifer more or less. In the first named profile appear in sev-
eral horizons dark-grey and light grey, solid marls or calcareous claystones,
which have not been found at Hsieh Tao. These marlsiones are often very -
rich in fossils and contain floras which are sften dissimilar 1n composition to
those which appear in the more sandy sediments (probably originated nearer
the shore) in the sirata underlying and superimposed in relation to the marls.
Especially striking is the abundance of Annularia in the caleareous layers; in
the sandy claystones however dnnularia is only sparsely found.

If we compars in the Shih Ho Tse and Hsien Tao sections the sedim-
entary gumplex which i3 nearest to and undetlying the Gigantopteris sand-
stone, we find considerable dissimilarities. In Shih Ho Tse appears underlying
the sandstone in question a complex about 60 M. thick of mainly choeolate-
coloured, marly clay sediments without distinet étrutjﬁca.tion with a few banks
of light yellow, solid marls. These latier contain floras rich in species of An-
wularie and Pierophyllum (plant-bearing layer No. 17 and 18 PL 1II). This
complex rests on a light-coloured fine-grained sandstone which.in its turn is
underlaid by sandy shale containing a very characteristic flora (No. 16).
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In the corresponding zone at Hsieh Tao we find the following
seguence;

From below:

1) Grey-greén claystone, plant-bearing. Flora No. 23 S M.
2) Light-coloured sandstone TM.
3) Sandy light-coloured shales with thin sandstone bands 7M.
4) Light-coloured clay stones with a few chocolate-coloured lavers 10 M,
5) Blue grey, unstratificd marl withw few nodules of jet 6 M.
6) Light-coloured shales, partly sandy 10M.
7) Gravelly sandstone 2 M.

8) Greyish green claystones and sandy shales with quickly
wedging-out sandy layers 30 M.
10 M. from the bottain of this we have a plant-bearing leéel;
flora No. 25 '

9) Chrome-yellow sandstone bands and yellow c]aysﬁones
belonging to the lower part of the (iigantopteris zope.

The characteristic floras rich in Picrophylium and Annularia in the
chocolate-coloured marl complex at Shih Ho Tse (Floras No. 17 & 15) has
not been found and probably does not exist at Hsieh Tao. In its place we
find here a quite different flora (Lawer No. §; flora No. 25) and in the sandy
shales we find abundantly silicified wood. At point 1390 above Lo T’0 Po
the surfaces of deposition of these lalter sandy shales are laid bare by erosion
and form a piateaﬁ. The surface of this level ground is sprinkled with lumps-
up-to + M. in size of silicified wood. Probably this is the origin of the name
Shih Shu Yen (f #§ £) ‘“The Stone Tree Cliff”’ given to this locality hy the
local people. This silicified wood does not show annual rings.

'The conditions in this special case show that the appearance of
different floras in homotaxial zones eust and west of the Taiyuan basin
probably is caused by different conditions of life. In the east there existed a
lake with not inconsiderable depth, bordered to the west by mud-ﬂb.ts; the lake
and the flast possessing different floral life,
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The flora, most important from a stratigraphical point-of-view, i the
(igantopteria flora appeari g in the uppermost part of the Shibhotss series.
Within the Gigantopteris zone which is about 100 M. thick, five plant-bearing
horizons have been found. In relation to each otber, the Horss in these
horizons are more or less different, but all of them are characterized by the
presence of plants belonging to the family Gigardopteris.

Beside three or four gpecies belonging to this family we find amongst
others algo .Lunularia marvime (common) and a large-leaved species of Baiera
(rare). None of these species have been found in the sediments sv:bjacent to
the Gigantopteris zone.

Regarding the age and the occurrence of the Gigantopteris flora in
southern and middle China I quote accordidg to J. Depxet® following:

“Quant au Gigantoptéria nicotianaefolia et a 1’ Annularia‘‘mazima’’,
leur présence ne fournissait aucune indication precise, V'attribution que Schenk
avait faite au Hoailler du gisement de Lui-pa-kou ( Hou-.Na.n), le seul o ces
deux espices fussent connues, ayant été plus d’une fois contestée..................

La seule conclusion admissible consistait 4 ranger ces gisements au
voisinage immediat de la limite enire la série paléozoique et la série secondaire,

c'est & dire vere le sommet du Permien ou s la base du Trias

J'ai donc ete plus satisfait que surpris lorsque j’ai uppris ultérieurement
que les observations de M. Counillon le conduisaient precisement a ranger la
bande charbonbuse de Tou-tza Mi-len entre les grés rouge de Lou-nan qui
reposent sur des calcaires d’age permien inférieur. et les calcaires 4 Trachjrcems
de Koufi-tien -.qni sont situés a la base du Trias supéricur. Des condition‘ex
géologiques générales conduisent d’ailleurs M. Lantenois & regarder cette zone
charbonneuse comme triassique pluiot que comme permien’’.

- In analogy to the conditions in Yunnan and Hunan it may be as-
gumed that also in Shansi the Gigantoptaris-bearihg sediments belong to the
transition between Permian and Triassic. '

1) J. Deprat et H. Mansuy: Etode Geologigee du Yunnan Oriental. Vol. L. fase. 1. p.
1856 (Mem. Berv. Geol. de 1’Indochine) Hanoi, Haiphong 1912,
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It is to be noted that 10 Shansi the appearance of the Gigantopieris
flora which s a flora of partly Mesozoic chavacter coincides with the enirance of
sediments of a new weathering type, namely chocolate-coloured clay-sediments;
these have in all probsbility been formed during climatic and- geographical

conditions entirely different to those prevailing when the older Permian light-
eoloured clayslones were deposited.

Within the Shihch’ienfeng series only one horizon rich in plant-
remsins has been found. {Flora No. 17, Pl. 11.) This occurs in the uppermost
part of the Ginkgo series and bas been described above. 1ts flora is characterized
by large-leaved Ginkgophytes, which occur very abundantly.

THE GEOLOGICAL CHARACTER OF THE PERMO-TRIASSIC

SEDIMENTS

In early Permian {ime the sea receded defimitively from this part of
China. In the entire Shibhotse series and the Shiheh’ienfeng series no
certain marine sediments are present (see Pi. II.)

The sediments of the Shibhotse sereis have the nature of fresh water
deposits, laid down in closed basins with drainage to the sea. |

Concerning .the nature of the mainly Triassic Shihch’jenfeng series it
is difficult to arrive at any definite conclugion. -All the plaﬁt-bearing horizons
are, a8 mentioned, bound to the ligh-coloured clay sediments immediately below
tﬁe wh.ite sandstones and occur 0n1"y in the lower part of the series. It is
however probable that these are of another origin than the chocolate-coloured

sediments. These latter are exceedingly poor in foseils and in spite of diligent
searching no eertain oxggnic remains have been found.

However, if we contemplate the sequence of sedimentation within the
trapsition zone between the Shihhotse series and the Shibch’ienfeng series,

we may arrive at a certain opinion regarding the development of sediment-
ation. |
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The first traces of chocolate-coloured sediments appear in the lower
part of the Upper Shihhotseseries in the shape of quickly out-wedging
layers and thin bands of fine-grained and argillaceous material in the light
coloured clay-stbnes. But they do not seem to occur together with the more
sandy sediments. Higher up in the series the chocolato-coloured sediments
assume & more and more important role. They have still the form of chocolate-
coloured claystones with a few .bands.of red-brown marl; their roof and founda-
tion is still composad of white or yellowish white énndstones, from which they
are separated by thinner or thicker bands of light coloured claystone and
sandy, argillaceous shale.

In a few cases we have observed in this claystone-marl complex a very
distinct lamination caused by | frequent alternation of differently coloured
material, which gives to the rock a superficial ressemblance to the glaciai
laminated clay. A very fine example of this is found in the claystone bank
No. 18 in the Kuan T'0 profile. We see there a very regular alternation of
greenish yellow and chocolate-coloured zones, whereby one dark and one light
coloured stripe form together one layer. The thickness of each zone is rather
equal and about 2-3 cm. [Each layer begins with dense, red-brown clay-
stone, which with ac absolutely sharp line borders upon the foundation. The
red-brown zone becomes upwards more sandy and merges without sharp
boundary line into sandy greenish yellow claysione; this in its turn changes to

- dense, greenish-yellow claystone ,which form the foundation to the succeeding
red-brown zone. Sometimes there are 20 or 30 such layers which are repeated
in a regular succession. Below and above this complex we find yellowish
claysiones and sandy shales associated with thick bands of white sandstone.

It is possible that this chocolate coloured material has been carried by
rivers from a distant origin, whereby only the finest ooze has been kepti
suspended, partly perhaps in colloidal condition, but finally been deposited
in enclosed basins with more or less stagnant water. This seems to be the
only way to explain the accumulation of chocolate-coloured claystones and
caleareous marls which in Shibhotee are immediately underlying the lower

Gigantopteris sandstone, but. which are missing in the same horizon at Hsieh
Tao.
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Also in the lower part of the marl-coﬁ:plax the conditions are largely
the same, but ulready here sandy probably turgite-bearing material begins to
enter in the shape of sandy marls and scattered chocolate-coloured sand layers
in the white sandstones.

The sediments: of the Gigantopteris and Ginkgo zones, that is to say,
the sediments which appear in the transition between Permian and Triassic,
have in common with the main mass of the Permian sediments the eharacter
of fresh water formations, deposited in lakes with drainage to the sea.

Probably in early Triassic time a thorough geographical revolution
took place whereby these regions, forinerly possessing outward drainage, lost
this character and became perhaps embodied in the marginal zone of a desert
region. | |

The chamcteristic red-brown and chocolate-hrown colour of the sed-
iments may be caused by presence of the iro‘n-hydroxide targite which is

typical for the sub-tropical semi-deserts.

The sandstone division of the Shihch’ienfeng series with ils masses
of sand often with cross-bedding may possioly be interpreted as representing
a later stage of the sanding up of the undrained basin.

It is one and the same formation which bas supplied the original
material as well to the Shihch’ienfeng series. as to the Shihhotse series and
the coal series, namely rocks mainly be]ong_ing to the Archean: porphyries,
metamorphous schists and gneisses penetrated by pegmatites. The chemieal
transformation which this miaterial hes afterwards undergone by the chemical

weathering depends upon the climatic conditions prevailing at that time.

The regional changes of the climate which occurred at the end of
the Palaeozoic era and which here and there resulted in glaciation is thus
possibly the cause of the accummulation of weathering produets rich in silicates

of alumina which we find in the older Permian sediments.

On the othe hand, the abundant occurrence of arid weathering
products in the sediments of the Shihch’ienfeng seriés (which as we have seen
are built up of the same Archean material ss the Shihhotse series) shows that
in late Permian and Triassic time the chemical weathering. proceeded a}ong
other lines than hitherto.
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The material which enters into these sediments is probably formed
during a dry and warm climate  This gains additional interest from the fact
that the appearance of this new type of weathering is accompanied by the

occurrance of a new flora with partly Mesozoic character . the (igantopteris-
flora.
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GEOLOGY CF TZU-CH’UAN
PO-SHAN COAL FIELD, SHANTUNG.
(Summary)

BY

d. C. T'ax

- INTRODUCTION

The coal field is situated in the north-central part of Shaniung, and
ciivided by faults into three divisions, viz. Tzu-Po coal field proper, Hei shan
coal ﬁeld, and Hsi Ho coal field, the first being by far greater than other two
combined. Tt is distant about 120 km. from Tsi‘- nan and 300 km. from Tsing-
tao; the Shantung Railway passes the northern end of the fleld and has a
Lranch line from Changtien running into this coal field.

| The Tzu-Po coal field proper is depressed to a plain st the north,

surrounded by mountains and hills on the eastern, soutliern and western sides,

and separated by a mountain range from the Hei shan and Hsi Ho coal fields,

which are also enclosed by mountains on all sides. The main river is called

Hsiao Fu Ho, and it receives all the minor streams running out frore adjacent

mountains, and meanders northward through the fertile plain with varying
widths and of shallow depth. |
STRATIGRAPHY

The basal member of the formations is the Ordovician limestone upon

which lie the Carb&ﬁ‘iferous, Permian and Mesozoic strata wilh not less than
1400 m. of total thickness.

1. OrvoviciaNn Limestone—Only the uppermost part was olserved,
the limestone is mostly pure and can be utilized for preparing lime. This for-
mation is disconformably covered by the Palaeozoic Coal Reries, the interval
form the Silurian to the lower Carboniferous baing unrepresented

2. Parnarozoit Cosn SErTES.—This formation was named by Bai-
"1e'y Willis the Po-Shan Series, and divided by Dr. . Solgar into four divisions.
According to the lithalogical character, howsver, the present author groups it
into three parts, viz. Lower, Middle and Upper. The total thickness is from
203-284 meters. Three good exposures which were carefully measured show

the variations of the thickness of the three divisions.
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Hung Shan Ta-K'uei Shan  Hei Shan

Upper division 101.6 m. 142 m. 112.5 m.
-Middle division 102.7 m. 113 m. 78.5 m.
Lower division 28.2 m, 29 m. 12 m.

a) The Lower Division consists chiefly of clay, clayey shale and at
top T'usalina limesione of about 4 meters in thickness. It occasionally eontains
thin coal seam.

b) The Middle Division ig composed of shales and sandstones and all

the important coal seams. It contains in the middle portion a bed of limestone
1.5 wiEters thick, which includes an abundance of Productus, Spirifer and

Crinoid remains and subdivides the Middle division into two portions. Tn the
shales near the coal seams there are many plant fossils, of which Annularia,
Sigillaria, Calamites, Lepz’dodend;'on, Neuropteris and Callipteris are the pre.
vailing types, | |

¢) The Upper Division comprisés variegated clayey shale and sand-
stone, without coal seam, Lut with intrusive sheets of diabase along the bedding
planes.

Owing to the presence of Fusulina in the lower part and on the ba-
sis of the plant remains so far determined the coal series here dealt with can
be safely referred to the Carboniferous in the wider sense. But from the
examination of the Carboniferous fauna by Dr. A, W. Grabau, the Palacozoic
coal series of northern China mostly comnprises two groups of formation; one
helonging to the late Lower Carboniferous; the other to the Permo-Carbonifer-
ous, i.e., the Upper Carbouiferons and the Permian; there exists a great
hiatus between them and the Middle Carboniferous isunrepresented.

In this region the Lower Division containing the Fusulina limestone
and the lower portion of the Middle Division eontaining the Productus lime-
‘stone seem to correspond to the T'aiyiian l'ormation of Shansi, which is re-
garded as late Lower Carboniferous by Dr. Grabau who has made a study on
the fauna included in it. 8o I propose to restrict the name Poshan Formation
to the Lower Division and the lower portion of the Middle Division, which
may be referred to the Lower Carboniferous, and to name the uppér portion of
-the Middle Division and the Upper Division the Jlungshan Formation one part
of which may be late Upper Carboniferous and the other part perhaps Per-

“mian.
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5. Quanrz08E Sanpsront.—This ¢n.isisis of white coarse liard qu-
artzose sandstoune, greenish hard sanddstone being found in the uppermost
and lowermost parts.  This formation follows the Permo-Carbonifarous coal
series comformably and underlies the Jurassic coal series at a considerabls
deptb.  Iis age may be regarded as Permiau and its apf)roximat.e thickness
amouuts to 290 ineters.

4. Rep Sanpsrose,—This formation i8 largely composed of deep.red
loose_-textured sandstone. The part in contact with the underlying quartzose
sandslone includes brown and yellowish-gray clay and clayey shale, interbedded
with greenish sandstone, and the purt near the Mesozoie coal series frequently
contains thin yollow-greenish sandstone. On account of is stratigraphic po-
sition, it may be considered the first member of the Mesozoic. Tle total
thickness is estimated to be about 680 meters.

5. Mrsozorc Coar Series.—This series consists mosily of sandstones
aud shales and oceasionally of conglomerate in the upper part, with non-produ-
ctive coal and plant beds. One part of the white sandstone contained is con-
verted through metamorphism by the gabbro into pure ¢uarizite, which can be
utilized as the essential material of the glass work at Po.Shan. The thickness
is estimated to be about 160 meters.

6. Lep aNp GREEN SaNpsToNE.—This formation rests conformably
upon the Mesoroic coal series and is the last member of the consolidated
sedimentary formations occurring in this field. 1t is composed of red, green,
brown, violet and greyish yeliow sandstone, becoming conglomeratic in the part
in contact with the underlying coal series and metamorphosed into quartzite
in coniact with the igneoys iutrusib:}s. On account of its having undergone
erosion the thickness is undeterminable,

7. Rip Cray, (or Hung t’u Formation) .—This formation is dif-
ferentiated from loess and named the Red Clay by Dr.J. . Andersson who
found the corresponding formation in Honan, in which he obtained many
maminals of Pliocena age, such as Aceratherium, Rhinoceras, Tragoceras,
Hipparion, etc. This indicates beyond doubt that the Red Clay is of late
Tertiary age. It. consists mostily of red clay alternating with thin conglomerate
or containing pebbles scattered through it. In the lowermost partion there
exists a layer of conglomerate of about "o__ne meter in thickness. The thickness
of this formation varies from 5 to 15 meters. This clay is disconformable

with the overlying loess and unconformable with the underlying formations.
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8. Lorss (or Huang-t'u Formation).-—This is correlated with the
typical loess which is well developed in northern China. It exhibits vertical
cleavage and includes many shells of land-water animals. Dr. Andersson
found wany mammals of Pleistocene age in the loess, such as Eleplas and
Rhinoceras, etc, indicating that the formation is of early Quaternary age.
The loess here frequently contains pebbles'armnged in Jayers. Its thickness

is variable and often less than 10 meters in this region

IGNEOUS ROCKS.

The weslern part of this field is much diversified by igneous rocks
which iuvade into the sedimentary strata forminz mostly laceoliths. These
project above the plain forming numerous hills in the region. The igneous rocks
wera also found in the eastern part, but most of them constitute sheets along
the bedding plancs. They are either intrusive or extrusive; the former comp-
rising three types: (iabbro, Andesite and Diabase. Only Basalt is found in
the latter.

a) Gabbro occurs in the vicinity of K’'un Lun Shan and San T'ai
Shan, forming laceoliths in the Mesozoie coal series and also in contact with
the red sandstone and the red-green sandstone. It is made up principally of
plagiocluse and augite. IHypersthene, hornblende, Liotite and magnetite are also
found us accessories, 1ho hypersihene possessing polychroism, reddish when the
vibrations are ml'kwtldECL1mé70rtim} axis and greenish when the vibrat-
ious are parailel fo it.

b) Andesite occurs at Huan Shan and Ming Shan, included in the
red and green sandstone, constituting laccoliths and partly branching from
the main body to forn: dykes. Tt is porphyritic; the phenoerysts are plagio-
clase and hernblende, the former being idiomorphic and large in erystal the
latter often in corroded shape mostly altered. Anugite is occasionslly found
but of very little amount. The ground-mass consists of plagioclase of a fine-
ly granular texture. '

¢) Diabase forms intrusive sheets in the upper and middie parts of
the Palaeozoic coal series. The sheets are six in number and 1-4 meters in
thickness at Hung Shan, but only one sheet of about 8 meters in thickness
was met with at Ta K'uei Shan. The essential constituenis are plagioclase
and augite. Hornblende is sometimes present, forming elongated crystals, or
is allotriomorphic, green or brownish yellow in color and with slight poly-
shroism. Magnetite is also found, |
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The youngest of the sedimentary formations which were invaded by
gabbro and andesite is the red and green sandstone, and therefore the age of
the igneous rocks is vounger than that of this sandstone, and there seems to
be little doubt that the diabase is contemporaneous with the gabbro and ande-
site on account of the nearness of their position and the circumstance of their
generation. From structural considerations most of the igneous rocks in
Northerﬁ Shantung are believed to be of Middle Jurassic Age and this seems
also o be true of the igneous rocks here dealt with.

d) Basalt is extrusive, occurring in the vicinity of Ching Shan and
covering the red-green sandstone. Under the mieroscope the phenocrysts are
constituted by olivine and the ground-mass is made up of plagioclase and
augite. Magnetite is frequently associated with the latte mineral.

STRUCTURE

The structure of this coal fieid is very simple. There are no com-
plicated folds whereas the faults are actually apparent.

On examining the chronological sequence, it is evident that one dis-
conformity exists between the Ordovician and the Carboniferous, while another
geems to occur between the red sandstone and the Mesozoic coal series. If the
separation of the Palreozoic coal series into Poshan and Hangshan series prove
to be correct there would be also a disconformity between the two divisions.
During the periods of exposure of the lands, however, 1o potent movement af-
fected the strata; for they were not markedly folded or dislocated. Conscyjuenitly
there-are no true unconformities, but only disconformities. At the close of the
Mesczoic the. strata of this region were folded and faulted.

In the Tzi Po coal field proper, the direction of dip of the strata is
generally north—wesﬂ, sometimes to the north or to the we:t with the angle of
dip 10 °-30°. Occasionally it is 4° or 42° and the strata may even be horiz-
onts]. In the vicinity of Hung Shan, the strata form a shallow syncline
connecting with a low anticline. They are up-lifted at Hung Shan and Ta
K’uei Shan and depressed in the environs of the Ta Huang Ti coal mine.
In the Hei Shan and Hsi Ho coal fields the direction of dip of the sirata is
generally to the north, north-west and north-east with the dipping angle 5°-20°,
and occasionally, 10° whereas at some other localities the sirata may also be
horizontal. | -
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There are four prominent faults which divide the fiald into different
parts: (1) That separating the Tzu Po coal field from the Chang Ch’iu coal
tield is a horizontal displacement running south-northward; (2) that separating
of "Iz Po coal field from the Hei Shan and Ilsi Ilo fields is a normal fault,
running from south-west to north-east, the Ordovician limestone forming the
upthrow side and the coal series the downthrow side; (3) that dividing the
Hei Shan and Hsi Ho fields is » normal fault, running from north-west to
southeasti the dislocation being not violent; finally (4) that developed at the
northern end of the Tzl Po coal field is also a small horizontal fault, effecting
a discontinaity in the coal scrios.

COAL SEAMS.

The cosl seams known fo the Chinese miners are named ‘Upper 8
seams’ and ‘lower § seams’, according to the irformation received at the Ta
Ituang Ti coal mine (then worked by Japanese} 13 seams have been met
with, but the seains usually worked at present are only nine in number, ran-
ging from about 1 foot to 7.2 feet, the total thickness being about 8 meters in
average. The tables I, 11, and IIT are given to show the names and thickness

of the coal seams, and the interval betwecn them.

QUANTITY AND QUALITY OF THE COAL.

The determination of the coal reserve depends in part on the length
aud thickness of the coal. seams and in part on the structure of the coal fieid.
The structure is generally simple and the inclination of the strata is compara-
tvely gentle; so the part of the coal seam, which Jies above a depth of 500
melers from the surface can be economically worked out. But the part of the
coal 'seam; above the level of 60 fneters below the surface was mostly worked
by native pits and must not be taken into account while one part of the seam
must be left for the support of the roof, This has been taken into account,
and hence the resources here estimated can be actually worked out. The esti-

mate of the coal reserves in different fields is as follows:

Tz Po tield 410,356,800 tong.
Hei Shan field . 61,446,000 tons
Hsi Ho field 25,166,400 tous

The total 496,969,200 tons
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The coal in the Tzu Po field proper is bituminous, but mostly non-
coking, and that in the Hei Shan and Hsi Ho fields is bituminous and mgs-
tly coking with the exception of those parts near the faults. The analyses of
the coal in different fields are given in the IV and V tables.

MINING INDUSTRY.*

Formerly the natives worked those mines by the old method. The
Germans appropr.iat'ed the northern part of Tzu Po tield proper in 1897,
entered into mining operation, and established the Shantung Mining Company
(Schantung Bergbau Gesellschaft). With the fall of Tsingtao in 1915 the
Jé.panese wrested the establishment from their hands and worked the mines
continually to the present time. The average production is about 1500 tons
per day. Lately the native miners have ;.ttempt.ed to reform their old method,
and to adopt the new system of mining, but at preéent the mines worked by
machine are more than 30 in number and the total daily ocutput is not less

than 1000 tons. Most of the coal worked out is transported to Tsingtao, the
remainder chiefly to Tsinan.

*in 1H9, when thig repeft wue made.



Bulletin of the Geological Survey of China

38

1 o | J | WB98 @A | W43 94 Y P a 0 o v !

-oNUIOA) "ON TIOL} rON WIOJ) |-0QB WO |.OGS WO} [ON WOoIf FON UL0lf [FON t10d) ‘oN woaj [oN wodp FoN woay [ON wod) o
W0 WL MIg| 399 "3 90 "1 91 yeg | W8l RIReH We| WO WL __9:35
e 6T HLe 3 80 e KR LRt HeE | N Yee | NEL ' RN CH T wwm L ILAR

_ - -

WIBOH 1] | WIS {3 | WEas 1[16 | LBy (1] . UrBas ") 7 [WIBOS *({}Q | LIBOS "TI3Q | UKIBAE “UIF | UIWDE ‘DI | UIEAG PUL| OUIS [ )

o] .WMH_ a0 § ._om_.._ 10 5 h% 10 q .c_z fUBSg UL LIUBS UYL 1o g o |20 7 ON |40 P 'ON |20 (f ON |20 O "ON (0 H .ozm 10 ¥ oN NUBN

“(ouiws 100 [ Bubnpp B 0 §WDIs 003 3y Bianoyg)
CTIT U1V L

uw )iy i ug 3 uw,) ue ey

,s.w WO ISR -.::m-&:a:.: ~IYs-ID -._Ew-__.um”_ ue 42RO 5

14 0T-2-¢ wrodJ 11 L -#], W0} wicay "} oy RINDOW Jou %], WOy wody 1§ ag 1B
NeEEL | WELYE WO gyeves | weTeYr hgodd IR €5 98 B
" e 4 FE1 ¢ "y 0g T

UB, 1-(Uys-0VIS ]| W A-UIGs-RL Fua]-ni & -M”ﬂ....___m.ﬁﬂ ue 3-qiE-N .hﬁ"“”m.w%mﬁ .ﬂ.ﬁmﬂuw% uu g nz-yd EYeelHNg

T Tue e

OBISH WG]
*}) OE-F-8
EIRhta s

ARRIER A

TRy
DI IO
"1} 031-03

B Fo

uu j
“UIYs-OHIB ]

*(sp12yf 100 OFF WEH PUD WS O] UL SULDIS 1DOI 2y} burmoyg)

(1L O paweu) Jooy asauLLy

11 H'1dV.L
wsa-s | T Juey-vi()
!u - - k.
. E%.—M:.w_u ,Mv.__“ JJWIND0R 10U | 21wanodu tou | wmioxj -y
RIS | R T 1
. um, Jeys u® )-ygrys |y 3-ipnis-tn g
Butst-nix -guvny-8f, -Auvnij-oBISH | 10 wip-owy

uw )

A0 g 3B
wouj 9§ gf -2t jou
A 9

Suey-v1yH

(v 3-1ys-1 Y

[ealdluy
§ 03 BHU M,
duisg-u g, SluepN

_ T&a.i ppyf 1003 o nz] fo pand _s.s_ﬁ:% 9Y) UL SWDIS 002 Y} HrIN0YS)

I WI4V.L



83

T an-—Tsuchuan-Poshan Coal Field
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‘GEOLOGICAL MAP OF THE TZO-CHUAN-PO-SHAN COAL FIELDS. SHANTUNG
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GENERALIZED SECTION OF THE FORMATIONS OF TZ2U-CHU’AN AND PO-SHAN

od Clay

Conglamerste and red clay

Red sandstone with green, yellow, violet, brown, gray
sandstone

Red conglomeratic sasndstone

Trisesic
(1

Yeilowish-green clayey shale, black clayey and sandy shalee
Yellowish-green asndatone
Yeliowian-green sandstone, black ehale and white sandstone

Yellowish-green thin~bedded sandstone

Deep-red sandstone

Brown, d,:mn:awmh gray clay, ciayey shale and greenish

| Permo-
i Carboni-

Huangshan S
Formation :

"{ White quartzose sandstone’ (ghit)

Greenish hard sandstone

Greenish hard sandstone

_ clny,l clayey shate, sandstone, Limestone and green heavy rock

Red cla ey shale and sandstone; green, yellow, brown c]syey
le and disbase sheeta

Sandstone, clayey shale and coal seains

S;ﬁdatone. bl;o.k ghale, limeetone and coal seams

Actinoceras/limestone



COAL SERIES AT HUNG SHAN

SECTION OF THE
B e T !
Quarte. p—— r o
Permian B:;Bd_ o e White qua~tsose sandstone {grit)
stone = i .
=== Yellowish-green clayey shale
e Diabase aheets,' white-gray eandstone and yellowish-green sand-
stobe
Yellow sandatone
f:_'_:__ _‘: = Violet, brown and gray clsyey shale
U;a‘:' 101.6m | Yellowiah-green sandstone
3 Violet, brown, gray clayey shale and diabase gheets
E Violet, brown, gray clayey shale with yellow and browo micaceous
£ sandstope )
& .
g Yellow. hard sandstone, violet, brown and gray clayey shale
E Yeliow, white sandstone, violet and gray clayey shale
&
2 Yellow coarse sandstone, partially conglomerstic
Yellow loose aandstone, greenish-black and violet clayey shale
with coal seamn
Ton Yellow sandstone and ferruginous hard samdstone
Yellow locee samdstone and clayey sandstone
Mﬁ‘.’ffe 102.7m |Gray loosp sundstone and yellow hard sandatone
Biack-gray shale interpedded with yellow sandstone containing
- coal seams
''''' s . [Productua limestone
o Variegated clayey sandstone
‘|Greenish-black thin-bedded shale with coal seams
3 e —————e Black-green shale and diabase sheets
= Greenish-black shale interbedded with sandstone
g y Greénish-gray hard sandstone
. Black shale containing coal seams
E .
B Fasulina limestone
Pl 'Yellowish-green, gray clay, reddish-yellow eandstone and blaex
Lower clayey shale _ )
Part 28.2 m [Red, brown and yellow clay with vne seam of impure limestone
[Variegated clay-and heavy rock .
- Red-brown and yellowish-white clay
davi. | Tainan o s e o
Ocnil‘o; " Lime- FoorTrcs Actinocerss limestone j
stone Tyl '
- X n i




SECTION OF THE COAL SERIES AT HE!I SHAN

| Quarte-
Permian S&- White quartsose sandstone {grit)
itohe
Brown, yellow sad g;een clayey shale
Green sandetone with trace of plant foasils
Yeliow and white-gray sandstone
Brown, yellow and ¢ een clayey shale
Green sandstone
Ugﬁf 112.5m | Brown, yellow and green clsyey shale
% | Green sandstone
=
;o" Brown, yellow and green ciayey shale,
2 Green hard clay
-
E‘ " |Green and yellow shally sandstone
o .
' Green, yellow sandatone and brown, yellow, green
clayey shale
Greenish sandetone
Black eandy shale with conl seams
| Black clayey shale
Middie Dark-yellow sandatone
Part - Yellowish sandy ahale with coal seams
Productus limestone _
- Gray sandy shale with coal seams
g .
g Yellow-gray sandstone
é' Gray, yellow, green, reddish clayey shale,black shale and gray- |
a ' yellow sandstone, with coal seama.
o
-E Lower Fusulina limestone
Part Brown, yellow and gray clayey shale and clay
Ordovi Teinan
10V1- | Lime-- Actinoceras limestone
cian stone _




SECTION OF THE COAL SERIES AT TA K'UE) SHAN

: risote B
Permain |3 o MM L T MR White quartzose sandstone (grit)
S Green clayey shale and gray sandstone
— _:_ e Yallowisl;-gmen shally sandstone
= Brown, yellow and green ciayey shele
— ' Greett gandatone
Brown. yellow ana green clayey shale
e Green sandstone
T T WV TT v e .
a?.ﬁ PIIILLLCTL N 142 ma | Diabase sheet
et Greenigh sandstone
Dark-green ciayey shale
g Brown, green, yellow and black ciayey shale
g
=
&
Green sandstone
E Brown, yellow and green clayey shale
EJ 1, FIgy Ly I
g e L2 AT Green hard clay
= = Brown, yellow and green clayey shale
= e Green sandstone
— = Brown, yellow and green clayey shale
= Yellowish-green esandstone and black clayey shale, with
cos! seams '
Green shally sandstone and black clagey shale, with coal BEAINS
Yeliowish eandstone
.... e Yellowish shally sandstone and biack clagey shale, with coal
[ seams
Lgfft“’ St 113 m
et e s | Yellow sandstone
R Black clayey shale with coal seams
II . Yellow sandsione
Productos limestone
o o v e o e Clayey shale and yellow sandstone with coal seams
:§ ) :-.-‘:_. .' = -.': ........
E Yellow md white-gray sandstone
= F}mlay, gmen-gray shale and black shale, with coal seams
g anhna limestone
2 SecE Gray clay |
1130::':' - _____ __ : _—. 2¢ m | Yellow and gray sandstone
ke e Brown, red, yellow and gray claye\y shale and clay
g;“"“; l’rlunn;:m o Actinoceras limeetone
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THE MANGANESE DEPOSITS AT HSI HU TS'UN,
CHANG PING HSIEN, CHIHLI.S

BY

V. XK. TING

LOCATION AND COMMUNICATION.

The Hsi Hu T¢'un manganese deposit is situated on the hill called
'Tieh Kuang Liang about one kilometer west of Hsi Hu Ts'un, Ch’ang P'ing
Hsien. The mountain is about 150 meters above the surrounding plain.

12 Wk R HANS [T 1 There are two routes
EQEP ] ﬂ‘IH‘!“.. N
TREHSINULT “nt“i?%i %ﬁ%ﬁ-ﬁﬂlﬂlﬂ!lﬁ w’---"__.“s!.n:ltiuﬂ from HSI Hu Tsiun. tO the
Scah "1 400,00 au k

railroad: (a) One is via Ming.
1Ling to Ch’ang-P’'ing or Nan.
Kou, a distance about 40 li.
But belween the village and

" ..i'-i}. §
lun:l_,tlllﬁ

3 8 - /
\o} cunnamunnsa;g "
nuu m:u Xt jl?

v.u‘ao FANG S AHOU TBUR
Y :

;ﬁ ‘ P ? .ll!ﬂ ‘llll
r., !

difficulty.

Ming-Ling lies the mountain
Hsi-Ta- An- Ling making it
difficult for the pack animals to
cross. Further improvement of
the road might eliminate this

(b) The other is via Hsing - Shou - Ts'un to Sha - Ho, a distance
of about 60 li. and this is the one now in use.

From the mines to

the cart station, a distance of 30 li, only donkeys can be used. Supposing
that each donkey can cover the distance back and forth three times in two days
and each time it can carry 180 catties and that each donkey costs 50 cents per
day, for one ton of the ore, the transport by donkeys alone will cost $ 2. 50.
The rest 30 li covered by cart costs about $ 1.50 per ton. Thus undor the
present conditions the transportation form the mine to the railroad station will
cost, $ 4.00. |

§ This paper is translated by P. L. Yuan,
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GEOLOGY AND ORE DEPOSIT.

From north of Hsing-Shou-Ts'un to south of Hsia-Chuang the moun.
tains all consist of Pre-Cambrian cherty limestone. Farther porth there are
granite and other igneous rocks. But small bodies of the sedimentary cherty

limestone often occur isolated in the igneous mass. The Tieh-Kuang-Liang
is one of them.

The northern part of the hill is composed of granite. The top of the
bill is of cherty limestone, together with interbedded sandstone and silicified
limestone. The cherty limestone oceurs in the northern part dipping 30°-90°
at first towards N.E., but changing towards S. W. in the south, The sand-
stone and silicified limestone are in the southern part, dipping 30° N. E.

Between these two beds there is a fanlt. 1t is in this fault zone that

an intrusion of trachyte-porphyry occurs.

The intrusive body is very irregular, and the mang  se ore ocours
in rthe-limestone near the contact. The minerals are Pyrolusit. (MnO,),
Manganite (MnO(0H)), Rhodonite (MnS8iO;), Rhodochrosite (MnCOy),
and a little Psilomelane (H,MnO,.). . Rhodochrosite is very impure and
much mixed with limestone. Psilomelsne occurs in cavities and is of small
guantity. Rhedonite and Pyrolusite are often mixed; when weathered they
have the appearance of Psilomelane. The shape of the ore body is very
irregular as shown in the geological map. Since the outcrop has been well
excavated, plie contact with country rock is very clear.

From what has been ssid, it is evident that the origin of the deposit
is due to the intrusion of trachyte-porphyry. The calcium is replaced by
manganese, and calcite is changed into Rbodochrosite (MnCO,). When the
latter is oxidized, the final product of oxide of manganese (Pyrolusite) is -
formed. 'The -silicon in the limestone forms, with manganese, Rhodonite,
and water circulating in the rock forms Psilomelane.

The results from 3 testing pits are:

I. In the northwest corner (which section is shown in Fig. 1) the
dip of limestone is 90° and that of sandstone. a little more than 20° towards
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N and N1, The ore body i8 separated by igenous rock. The latter is found
alsu. further west where no ore is visible,

II-I11. NE of Tieh-Kuaug-Liang, _
the ore body, about 100 m. long, occurs at

SSE

the contact between limestone and sand.
stene and is cut of by the trachyte por-
phyry. The dip of the limestone is 80°
SW and that of sandstone 20° NE (Figs.
2 & 3). The ore body runs SE ward
continuously up to the top of he hill, but
the ox1de is mixed with the carbonate and

quite impure. Its shape is very irregular,

making it diffieult 10 estimhate the available

quantity.
& B} m% IV. This l"a the SE end of the dep-
SECTION XX, osit and isseparated from the latter by an
e N R AR igheous body. The limestone dips more
Py S;a/f i‘és:_}‘ gentlj' ihan elsewbere, buat in the opposite
Limaslona 2. Sandsfone direction from the sandstone. (Fig 4)
2w ja £ L 5 A% ~ Since the ore is a mixture of

3'0’%0‘/“"/"”}""5”] "Oxide Ryodonite, Rhiodochrosite 2nd Pyrolus-
ite, Psilomelane, it is almost '
iinpossble to know iis average
guality.  Its irregular shape
also wakes the quantity difficalt
to estimate, Further careful
samlping and detailed analyses

are both necessary.

My observation of this B &dl=%

deposit was made during an ' SECTION I,
. . . - st I _
afternoon trip, lasting a little ?‘_i}e . :;‘ﬁ

less than two hours. I wish - ,
to take this opportanity to record 7 7 pmpefone - Orlthoclase-porphyry ~Oxide
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my obligation to Messrs. T. H. Tai, and K. H. Chen. The geological and
the general map were besed on Mr. Tai's topographical sketches, and Mr. Chenr
helped me to draw the sections. |

B &d=% - .
ION. HBe-%

SEcTiO m. SECTION I.

— &t \NR M -2t N R
' Scale’: 80 - Scale’: 80

ERE , R & “ A, BRrRr 3 A émpg kR
Limastone = Sandslone ° Carbonale '~ Limesfone ~ Orthocloseporphyry
s 4 ik ¢ BME kB

© Carbonale "Oxide

_' Oxiale






Mathieu— Geologie de la region de Shi Mun Jai o7

NOTE SUR LA GEOLOGIE DE LA REGION DE SHI MUN JAI,

PAR

F.F. MATHIEU,

1a cité de Shi Mun Jai (Hsih-Mer.-Chai) est située A environ 19
kilomatres au Nord de Chinwangtao sur la7bordure Est du bassin houiller de
Lin Kisng. L’étude de ce bassin houiller a fait Pobjet d’un intéressant travail
de MM. Yih et Liu paru en 1919 dans le Balletin of the Geological Survey of
China.* An cours de plusisurs voyages dans ces régions j’eus 'opportunité d’_én
faire I’étnde rapide et de découvrir quelques niveaux fossiliféres Jont I'étude
par lo Professeur Grabau pour la faune O:dovicienne et par moi-méme pour
la flore Permo-Houillére permettent de compléter la documentation.

STRATIGRAPHIE. —

Abstraction faite du loess et des alluvions, 1’échelle stratigraphique de
cette région comprend du haut en bas les séries suivantes:

Roches éruptives post-primaires.
Terrain bouiller Stephano-Permien.
Ordevicien,

Cambrien (?)

Archéen,

- Je passerai rapidement en revue cos différentes formations.

ROCHES ERUPTIVES POST-PRIMAIRES, —

A une époque oorreépondant' probablement su début du Tertiaire, les
formations primaires antérieurement plissées par les mouvements hercyniens,
furent bouleversées par d’'importantes venues éruptives qui modifidrent consid-
érablement le relief et la tectonique de ces régions, activement érodées depuis
la fin des temps primaires, Ces én;ptions se manisfestont dans la région de
Shi Mun Jai sons les formes suivantes:

* Bulletin of the Geologica!l Survey of China. Number 1. July 1919. Pages 6 and 7. Texte
anglais ance une carte géolngique.
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s} - Massif de Ta Hai Shan. La partie médiane du bagsin Permo-
Houiller diaparait sous 'important massif éruptif de Ta Hai Shan que MM.
Yih et Lin considérent comme étant intrusif plutét que comme une nappe d’ep-
anchement; les nappes intrusives et les dykes dont il sera question plus loin
ne seraient dans ce cas que des apophyses et des épiphyses issues du pseudo-
laccolith principal. ILes specimens prélevés sur les afﬂeureménts ontrent
un polymorphisme remarquable comprenant surtouf des roches de types por-
phyroides, diabasiques et andésitiques. Nul doute que I’étude pétrographique
de ce massif aménerait des conclusions intéressantes pour la théorie des

magmas composites.

b} Nappes intrusives.—Il existe plusieurs nappes intrusives dans
la serie houilldre et le caleaire ordovicien: ces intrusions probablement en
rapport avec le massif préeédent ont produit un méfamorphisme de contact et
post-éruptif d’intensités variables.

Un sondage effectué dang les couches houilléres de Hsin Yeh a recoupé
4 partir de la profondeur de 321 pieds la série suivante; dont nous donnons

la coupe géologique dressée d’aprés les carottes recueillies au cours du sondage:

1) Toit schisteux. _

2) Charben.—Une analyse effectuée sur la pulpe recueillie
su cours du sondage donne 16.55 mat. vo-
latiles et 36.15 de carbone fixe.

3) Grés argileux noir, charbonneux, devenant de plus en

- plus argileux vers le bas; caractéres de mur, Stigmaria
ficotdes,

4) Schiste silicoux, noir-mat, finement grenu, i débris

végétaux.

5) BSchiste charbonneux. L’analyse de la pulpe donne 7.80 de
matiéres volatiles et 13.90 de carbone fixe.

6) Andésite augitique porphyroide.
7) Diabase 4 labrador.
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L’étude pétrographique des roches 6 & 7 a &ié faite par le Professeur
Morris de Puniversité de Peiyang dans ure remarquable étude dont la public-
ation sera une importante contribution & la connaissance des nappes composites.
L’andésite porphyroide plus récente a pénétré les fissures de la diabase englobant
complétement quelques xénolythes de cette roche; au contact des roches séd-
imentaires le mélamorphisme s’est manifesté par une distillation partielle du
charbon amenant une forte réduction de la temeur en matidres volatiles et
transformation de certaines pellicules charbonneuses des empreintes végétales

en une sorte de graphite finement grenu; il y a en en plus apport de culeite,
pyrite et magnétile. *

J’ai pu observer quelques nappes intrusives ou filons-couches dans les
caleaires ordoviciens; les roches éruptives sont toujours trép fortement altfrées
aux affleurements pour qu’on puisse en donner une détermination certaine: la
réaction métamorphique sur le caleaire encaissant est toujours tras faible.

e} Dykes-—Les dykes, assez fréquents, sont dans la plupart des
cas constitués d’un porphyre quartzifére.

Sur le flane Est du bassin houiller on peut voir 1'un de ces dykes, Spais

de quelques métres, traversar le ecalcaire Ordovicien et continuer dans le Terrain -
Houiller.

Au Sud-Ouest de Liu Kiang, la colline Wang Chwang, formée de
caleaire dolomitique, est traversée par un dyke fortement redressé de porphyre
quartzifére rose, dirigé Nord-Est dont la réaction métamorphique sur les roches
encaissantes s‘est manifestée sous les aspects suivants: |

-1y _Siliciﬁ_u...ion partielle ou .totale, marmorisation et rubéfaction
des bancs situés au Nord-Ouest de ce dyke.

2) Formation de nodules et lits irréguliers de chert.

3) En quelques points le caleaire renferme des cristaux de trémolite

et certains joints sont remplis sur de faibles longueurs d’une asbeste siliceuse
trémolitique. |

* 11 existe an sidge de me, dans le bassin de Kaiping, une importante série de dykes
éruptifa qui produisirent sur le ebarbon et les roches sédnnentalres encaiegante’ un
métamorphisme similaire & celui des nappes de Hain Yeh,
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Toutes ces venues éruptives que ’on peut considérer cornme résultant
de la différentiation d’un magma complexe, ont fortement affecté le bassin de
Liu Kiang dont le charbon semi-anthracitique renfermant en moyenne de 7 a
10 % de matiéres volatiles présente souvent une structure colomnaire caractérisant
le métamorphisme du charbon au contact des roches éruptives.

TERRAIN PERMO-HOUILLER DE LIU KIANG.—

ILe terrain houiller de Liu Kiang est constitué d’une alternance
irréguliére de grés, psammite et schiste, la roche dominante étant un grés
grossier 4 ciment kaolineux: il existe 2 horizons caractéristiques de grés dur
perfois quartzitique renfermanant quelques lits peu épais de poudingues: ce
sont les grés de Yun Shan et de Nan Shan * de MM. Yih et Liu.

Parmi les 10 couches reconnues aux environs de Liu Kiang ou la
série est compléte, deux seulement, dénommées No & et No 5 soni susceptibles

~d’exploitation et fournissent un charbon semi-anthracitique & baute teneur
en cendres.

Dans son ensemble, le bassin de Liu Kiang est plissé en un gynclinal
plat dirigé Nord-Sud, dont la partie médiane et la poinie Nord ont été forteemnt
affectées par les venues éruptives pé)st-primairas: il existe de nombreuses failles
dont ’une I;ura.it suivre pamilélement ia limite Est du massif éruptif de Ta
Hai Shan. Au Nord, la tectonique est compliquée par de multiples failles, et
I'on voit apparaiire un conglomérat qui n’existe pas ailleurs et Gue je ne suis
pas éloigné de considérer comme &tant I’équivalent du poudingue de Wer. Ho,
d’age Tertiaire, qui, d’appés Bailey Willis, jalonue souvent les failles de la
région de Sin Tai (Shantung):, le pea de temps dont j'ai pu disposer ne m'a
pas permis de sclutionner le probléme.

| Ces consideration, jointe_s‘ﬁ d’autres, me font admettre que les grandes
venues éruptives de Tai Hai Shan ont dd se produire au début de I’époque
Tertiaire.
~ Jai recueitli sur le terril de Liu Kiang et dans les carottes d’un sonnage
effectué & Hsin Yeb les fossiles suivants:

Neuropteris flexuosas

Neuropteris sp: grande pinnule rectangulaire isolée; probablement

pinnule anormale de l’espéce précédents.

* Bulletin of the geological SBurvey of China, No I, Jaly 1419. Page 7. Texte anglais
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Cyclopterts.

Pecopteris (Asterctheca) : échantillon fruetifié trds mal conservé,

sppartenant au groupe des cyathoides,

Annularia stellata, var. mucronala.

Callipteridium (2).

Sphenophyllum emarginatum.

Cordaites principalis.

Poacordaites sp.

Samaropsis ¢f fluidans.

Stigmaria ficoides.

J'ai en outre recueilli un fragment foftement abimé qui pourrait étre,
par sa forme, V'extrémité d'une feuille de Taeniopteris multinervis (Weiss); la
nervure médiane est bien marqués, mais I'altération ayant fait disparaitre les
nervures secondaires, la détermination spécifique reste douteuse.

‘D’une maniére générale, les fossiles sont rares, mal conservés et
fragmentaires; il faut y voir sans doute un effet du métamurphisme.

La présence de Neuropteris flexuosa, Annularia stellata, Sphenophyllum
emarginatum, Cordaites principalis permet de rapprocher cette flore de cello
de Kaiping, de Pen Shi Hu, du Shantung (pro parte) et de considérer ce bassin
comme étant lui aussi d’age Permo-Houiller; la plupart des especes oni été
recueillies dans les cotiches médianes et inférieures du bassin: il est vraisemblale
que les horizons les pius élevés fourniraient une flore plutét Permienne, comme
c’est le cas pour la flore de Tangchiachwang dans le bassin de Kaiping, ol les
‘nouveaux puits en creusement ont recoupé les couches supérieures avec flore
netternent Permienne. -

ORDOVICEN.—

Le caleaire Ordovicien forme le substratum sur lequel repose le terrain
houniller de Liu Kiang; sur le flanc Est du bassin les couches calcaires sont
dans leur ensemble inclinées de 12 4 30 degrés Ouest. '

L’étude stratigraphique m’a permis de subdiviser 1'Ordovicien de Shi
Mun Jai en trois assises différentites par PPensemble de leur caracidre lithologi-
‘ques; les fossiles recueillis dans les assises 1 & 3 appar_tiennent, d’aprés le
Professeur Grabau* qui en a fat I'dtude, & 1'Ordovicien inférieur non encore

‘signalé en Chine.

# A.W.Grabu Ordavician fossils from Northern China, Paleontologia Sinica, series B voll,
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a) Assise supérieure de Liang Chia Chan.—Cette agsise supérieure
est constituée d’une imaportante série de calcaires bien stratifiés en bancs peu
épais dont la base est visible prs de la- muraille Sud de Shi Mun Jai, ol
quelques petites carriéres permetteni_;' d’observer le contact d’un caleaire
congloméroide et de calcaires feuillotés avec les caleschistes du sommet de
Passise sous-jacente.

Le banc de conglomérat est recouvert de caleaire gris & grain fin,
zonaire, montrant aux sffleurements une patine jaune-créme; quelques minus-
cules noyaux de chert noir sont alignés suivant les zones dont la structure ast
soulignée par une inégale altération météorique; ces banecs inférieurs fournissent _
un caleaire tres pur, ainsi ‘qu-’il résulte d’analyses concordantes (1) effectuées
sur trois échantillons différents, donnant la moyenne suivanie:

CaCO, 93,03
MgC0, 1,44
Si0, 6,06

A1,0,—Fe,0, 1,28
Je n’ai recueilli dans ces carridres que quelques débris d’ Orthoceras (),
sndéterminables spécifiquement.
La partie moyenne de 1'assise affleure dans la cité méme de Shi Mun
Jai et sur la route de Shi Mun Jai a Liu Kiang; c’est un caleaire gris, plus ou
moins dolomitique, bien stratifié et renfermant quelques intercalations de
conglomérat caleaire. |
Les horizons supérieurs sont visibles sur la colline de Liang Chia
Chan, au Nord de Shi Mun Jai, et sont également constitues d’un caleaire gris,
plus ou moing do]omitiqué, avec rares noyaux de chert noir.
J'ai localisd, vers lo sommet de cette assise, le niveau fossilifére Fg
(Voir coupe): les specimens recueiilis ont été examinds par le Professeur
Grabau, qui a déterminé les espices suivantes:
(G ASTROPODA
1. Ophileta plana Grabau
2. Hormotoma docquiert Grabau
'EPHALOPODA
8.  Cameroceras styl’ “wmis Grabau
4. Piloceras platyventrum Grabau

(1) Analyses de M. Sun, Chimiste de la K.M.A.
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Cette faunule indique 1'Ordoricien intérieur.

La puissance totale de cette assise déterminée par un survey rapide est
d’environ 275 maétres. _

b) Assize moyenne de Shi Mun Joi.—L’assise moyenne sous-jacente
a celle de Liang Chia Chan est bien visible prés de la muraille Sud ef le long
du zentier allant de Shi Mun Jai & Pei Lin Tze.

(Gette assise comprend du baut en bas:

1) Caleschistes et schistes bien stratifiés, jaunes, gris, ou
violacés. Puissanae totale environ 80 metres.

2) Celeaires compacts et calcaires congloméroides, gris ou
“brun-reugentres; les conglomérats particuliérement %-
sants sont coustitués de galets de calecaire brun ayant
généralement la forme d’un eilipsoide aplati réunis .dans
un ciment grossiérement grenu, surtous formé de calcaire
spathique grisétre. Le diamétre des galets dépasse rarement
3 centimdtres, Puissance environ 4,50 métres.

3) (alcaire feuilleté, parfois argileux, i grain moyen ou fin,
pas@nt souvent & un véritable calcilutite, Puissance 16
métres. -

4) Schiste brun-chocolat, esleschiste, psammite caleareux, al-
ternance de minces lits de schistes silicoux micacés bruns et
de lits de caleaire siliceunx gris. Puissance 21 métres.

~ 5) Caleaire gris, grbssiérament grenu, massif vers le haut,
feuilleté, & grains plus fins vers le bas.  Puiseance 4,50
métres. |

6) Schistes et psammites caleareux gris ou bruns avec minces
intercalations de caleaire gris et de calcaire congloméroide
brunitre. Puissance 13 métres.

Plusieurs dykes, fortement altérés, en conformité avec les couches, -
sont visiﬁlea le long de la coupe.
~ Aucun fossile n’a &6 recusilli dans cette assise, dont les nombreux

changements de facies ixtho]oglque contrastent avec l’umformnté des autres
asgises.
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¢}  Assise inférieure de Pei Lin Tze.—Non loin du coin Sud-Edt des
murs de Shi Mun Jai on peut voir le terme inférieur de 1’assise précédente
reposant sur des bancs épais de calcaire gris oolithique. Cette roche, particul-
iérement intéressante est constituée d'un grand nombre d’oolithes sphéroidaux
a surface généralement patinée noire, cimentés dans une macse gfisa finement
grenue. Le diamdtre des oolithes vario de '+ millimétre &4 8 millimétres

exceptionnellement, avec une moyenne comprise dans la plupart des cas entre
+ et 1 millimétre,

La puissence de cet horizon dépesse 20 métres; vers le Sud, le
caractére oolithique s'atténue, les oolithes deviennent rares et la roche semble
passer latéralement & un ealcaire dolomitique gris.

Une analyse effectuée sur un échantillon moyen du ealcaire oolithique
typique a donné les résultats suivants:

CaCO, 94,25
MgCO, 4,64
8i0, 1,12

A»lsOs_FesOs - 1,16

Prég de Pei-Lin Tze, le calcaire oolithique bien stratifié on bancs di-
rigés Nord-Sud, repose sur une épaisse formation de caleaire finement grenu,
gris foncé ou noir-bleuatre, SOnOTe, 8 cassure esquilleuse, trés légérement siliceux
et dolomitique. Quelques horzions de calcaire congloméroide sont visilles dans
les carridres ouvertes pour 1’exploitation de la chaux.

J'ai pu localiser dans cette assise les horizons fossiliféres ¥, ot ., qui
d’aprés le Professeur Grabau, renferment les esplees suivanies:
ANTHOZOA :
1.  Archzocyathus chihliense Graban
G ASTROPODA:
2. Ophileta squamosa Grabau; 3. Fusispira sp
CEPHALOPODA® _
4. Protocameroceras  mathieui Grabau; 5. Chihlioceras nathani
Grabau
6. Chihlioceras chingwangtaoense Grabau; 77 Piloceras platyven-
tremv-Grabau
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L' ensemble de l'amsise inférieure de Pei Lin Tze est visible avee
certitude sur une puissance d’environ 100 métres.
CAMBRIEN,—?

Je n’ai pu observer le ocontact des calcaires inférieurs avec les roches
sous-jacentes: schistes bigarrés, Guartzite et conglomerat. que MM. Yih et Liu
~ considérent comme étant du Cambrien inférieur; cette déterminatien demande
i éire vérifiée par des arguments paléontologiques.

ARCHEEN, ~—

Le substratum Archéen est visible en plusieurs endroits, le long du
chemin de fer Chinwangtao-Liukiang et aux environs de ces derniers villages;
¢’est un complexe de granite rose 4 orthose, granite 4 biotite, gneiss et pegmatite
rosée. Prés de Chinwangtao et le long de la cite de Peitaiho on trouve dans
¢e complexe, outre les intrusions de pegmatite et de granite a biotite, des veines
irrégulidres, peu épaisses de syénite.

TECTONIQUE-LAACUNES STRATIGRAPHIRUES, —

Le peu de temps dont j’ai pu disposer ne m's pas permis de pousser
bien loin V'étude de la Tectonique.

Dans l’ensemble, le Permo-Houiller forme un bassin synclinal embo-
itant sans discordance angulsire apparente le bassin ordovicien. Le calcaire du.
flanc Est présente des variations fréquenies d'inclinaison résultant de l’existanée_
de plis peu accentués en forme de chaise: un palier de faible pente étant in-
tercaié entre deux trongons 3 pente plus forte; ce type de pli parait assex
fréquent dans I'Ordovicien de I'Est du Chihli. Prs de Pei Lin Tze, los
couches caleaires de ’assise intérieure, dirigées Nord-Sud, subissent une
inflexion trés nette les orientant Nord-Ouest.

 J'ai pa.flé plus haut des failles du terrain Permo-Houiller qui par-
aissent surtout en rapport avec les grandes venues éruptives post- primaires.
| L'sxamer de I’échelle stratigraphique permet de conclure & Pexistence
de nombreuses lacunes relativement aux séries normales des régions voisines.
Ces lacunes comprennent notamment:

 8) Assise inférieure du bassin houiller.—Je n'ai observé aucun
affleurement de cette assise 3 niveaux marins et a calcaires A .crinoides,
particulidrment bien représentée dans le bassin de Kaiping od elle comprend le
caleaire de Tangshan, dont la faune présente des affinités Dinantiennes..
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b) Assise supérieure de L'Ordovicien.—On n'a pas jusqu’ici lo
calis¢ la faune a Actinoceros.

¢) Pré-Cambrien.—Comme Je foni remarquer MM. Yih et Liu, tout
le Pré-Cambrien manque, 4 moins toutefois qu’il ne soit représenté par la faible
épaisseur de quartzite et de conglomerat que ces auteurs classent dans le Camb-
rien inférieur. Dans la région de Lanchow, entre Ch!i'ngwangta.o et Kaiping,
on retrouve I’Ordovicien typique et le. Cambrion avec leurs faunes bien caract-
érisées: ces formations reposent sur une forte épaisseur de roches Pré-
Cambriennes que je subdivise en deux séries correspondant aux termes de la
classification de Bailey-Willis,

1) Pré-Cambrien supérieur.—('e systéme comprend de haut en
bas:
Calcaire noir bréchoide veiné de caleite.
Calcaire feuilleté & graing trés fins, multicolore, rose, brun,
vert, jaune; pseudo—calcair; lithographique,
Schistes vert et violacé: grés feuilleté.
Quartzite blanc ou rose; Liréches quarizeuses.
Argilite ronge avec intercalations peu épaisses de caleaire
siliceux gris.
Calcaire siliceux blanc ou rosé veiné de cherts bigarrés;
bancs de cherts.

2) Pré-Cambrien inférieur.—Tes couches précédentes reposent
sur. une épaisse formation de quartzite et d’arkose grossidre
appartenant au Systeme de Nan Kou, 4 la base duguel on
trouve parfois un conglomérat dont les &léments roulés sont
dérivés des roches Archéennes; en quelques points, ce
conglomérat est constitué presqu’exclusivement de fragmentas,
A peine arrondis, de minerai de fer du type stabirite, réunis
par un ciment grenu, greso-feldspathigue.

Cet ensemble correspond exactement au Systéme de Hu To de Bailey-
Willis. Etant donné limportance de cette série, il est difficile de croire
qu’eile ait 6 complétement enlovée, dans la région de Shi Mun Jai, 'par
V'érosion anié-Primaire; il est plus simple d’admettre que la ligne du rivage
(marine ou lacustre) Pre-Cambrienne devait passer entre Lanchow et Ching-
wangiao et peut étre est elle représentée par le conglomérat inférieur de MM
Yih et Liu.
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ON THE STRATIGRAPHY OF PAO TE CHOU,
N. W. SHANSI.
Y
C. C, Waxe
Pao T8 (% €8) city is situated in N. W, Shansi on the left side of
Yellow River opposite to Fu Ku (ff 2+) city in Shensi on the right side of the
river. Consequently, it occupies an important geographical position. Al the
hills in the district visited are thickly covered with loess, under which the
strata dip generally towards the west. Between the Ordovician limmestone on the
east and the lower Meeozoic sediments on the west, lies a narrow bhelt of alter-
nating marine and continental deposits of late Palxozoic age. These deposits,
being easily eroded, are generally exposed only in the bottoms of deep ravines.
Thus, throughout the extent of nearly one hnndred li including the localities
of T’ien Ch'iso, (X #§) Chang Chia Kou (& # ¥&) and P’a Lou Kou,
(M B &) only a few valleys are observed which cut into the bed rock, all
the others being limiied to the loess. Two of the rocky valleyé have been
studied; 1. along P'a Los-Kow, and 2. along Chang Chia Kou. As I intend
to make a comparison between the strata which occur here and the Upper
Palaozoic or Mesozoi¢ sediments siudied by E. Norin! in Taiyuan, central
Shansi, only post-Ordovician formations will be treated in this paper.

1. Secriox oF P’a Lou Kou,

P’a Lou Kou i 90 li south of Pao Té city. Here all the strata along
the valley are well exposed, dipping with a gentle angle of about 10°
towards the west, any faulting or folding which may bave affected them, being
scarcely visible. By all means P'a Lou Kou is the most suitable valley for
studying the siratigraphy of the Pao Té Chou region, hence a detailed section
bas been taken as shown in Pl. II. In the lowest part of the alternating mar-
ine and continental sediments, which rest directly upon the Ordovician lime-
stone, the iron-omheai'ing layers often occur, as in other coal fields of

Shansi, such as, for example, the famous iron producing region of Ping-Yii-Lu.
Tzai. In P’a Lou Kou, the iron-ore-bearing red and blue shales have a total
thicknees of 7 or 8 M. with, however, very poor ore of hematite of lenticular

I8, honn The late Palsecoroic and earlv Mesozoic sediments of centrsl Shansi in the
prasent bnlletm
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shape. Above these follow ghales, and a foew beds of sandstone followed by more
shale, the whole having a thlcknesa of more than 40 M. Then follow the
marine fossil-bearing limestonss which include four horizons as follows:
The lowest limestone horizon is about 2 M. thick and crope out very near
the village of P’a Lou Kou. From it a few species of Brachiopeda were
collected. Then follows a shale nearly 1 M. thick with plant 1mpress10ns
which is covered by the second limestone horizon. The latter with a
thickness of about 1.5 M. is comparatively rich in marine fossils and this I
have called the P’aloukon limestone. The fossils collected from this limestone
and determined by Dr. A.W. Grabau inclade the following species:

Brachiopoda

* Enteletes lamarcki Fischer

t Chonetes nystromi Grabau

t Orthothetes crenistria Phillips

t Productus punctatus (Martin)
Productus scrabicalas (Martin)

*t Spirifer bisuleatus Sowerhy

$ Spirifer pankouensis Grabau
Reticularia lineata (Martin)

* Bpiriferina willisi.Grabau

Gastropoda _

Loxonema? m.echenyu Loczy

{ Spheerodoms cf. mediale M & W.
Macrocheilina kreitneri Loczy

The species marked by -an asterisk ( * ) also occur in the Pankou
limestone at the base of the Taiynan series in central Shansi’ and those marked
with a dagger ( t ) in the Miaokou limestone of central Shansi. The latter is
probably the equivalent of the Paloukou limestone. After another interval of
shale follows the valuable bitaminous coal Seam from 36 ft. to 40 ft. in thick-
nees, its outorop being indicated by the important native pits which are worked
everywhere. Upon the coal seam lies the Paotechou limestone 10 M. thick
(Fig. 1. p. 111.). This is an argillaceous limestone of which the lower part

10b. Cit. p. 26-35.
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soems to be s little sandy, while the upper is purer and very rich in marine
fossils. B8till higher up, above two thin beds of shale with plant impressions
and coal, & marine fosil-bearing black shale appears. It hasa thicknees of
more than 10 M. snd contains & gr_eat' many limestone nodules arranged in
separated layers. Near its upper portion it is interbedded with a thin layer of
limestone. Both in the black shale and in the limestone nodules marine fossils
are atundant; and often well preserved.

All the strata described above have a total thickness of about 100 M.
and they represent the whole of the Carboniferous series here observed. Accord-
ing to fossils determined by Dr. Grabau those beds below the coal belong to
the Taiyuan series of late Lower or early Middle Carboniferous age, while the
beds above the coal belong to the Shansi series (restricted) of Permo-Carboni-
ferous age. The precise age of the coal is not yet determined.

These alternating marine and continental deposits are succeeded by
what i8 here named ‘‘Transitional formation’’, in which the marine fossils
are abeent. This formation is also marked by its predominant yellow tint.
It is exposed between the villages of P’a Lou Kou and Liu Chis P'o (] & #)
and i3 160 M. or more in thickness. Its lower part consists of black shales,
coal seams, and white sandstones, while its upper part is composed of green or
yellow shales and greenish sandstones. Fossil plant are abundant, having been
found at four horizons in this series. The collections from these beds have all
been sent to Sweden to be determined by Dr. Haile of the Ricksmuseum in
Stockholm. Until these fossils are definitely determined, a Permian age is
provisionally assigned to these beds. The lowest bed of this transitional
formation which lies directly upon the upper marine member of the Shansi
series, is a conglomeratic sandstone, or sumetimes a conglomerate with a
thickness of more than 10 M. The higher members gradually change into red
or green shales. There are also a few limestone nodules in some part of the
formation, as well as some coals in its lower portion. These coal seams are,
howsver, not thick enough to be workable in the neighbovrhood of P’a Lou
Kou, though'they"aré tommonly mined to the east of Pao T4 city.

Above the transitional formation follow the red shales which are well
exposed in the vicinity of Nan Ho Kou (# . i) and constitute what I
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propose to call the ‘“‘Husung (&) #2) series”’§. The sandstones in this series
are generally thinly bedded with green, white, or reddish colors, and sometimes
conglomeratic. Besides red shales referred to above, a few thin layers of green
or black shales occasionally crop out, and these bear remains of fossil planis.
There are five borizons, in which fossil plants were collected. The lowest bed
from which only two pieces of plant tossils ‘were obtained, lies within the
conglomeratic sandstones in the bottom of the series. The second crops out at
Hei T°u Kou, (I# X #8) south of the village Nan Ho Kou; the third at
Ch’ien Hsi Tzu, {# & F) west of the village; the fourth in its 3. W. valley;
and the fifth in the valley, 6 }i west of Nan Ho Kou. Al the collections from
these horizions have likewise been sent to Sweden for determination. The
whole series has at least a tota.l-*thick:ness of 300 M. and may belong to the
Triassic, though it is more probably of Permian age. It often bears gypsum at
other localities in Shansi, indicating semi-arid conditions during its deposi-
tion. In the distriet visited, however, gypsum has not been found. Owing to
its essential composition the shale usually forms the gentle rolling red hills,
80 that it may generally be readily distinguisbed from other formations.

Lying on the Husung series is a formation, of which the principal
ingredient is sandstone and to which has been given in 1917 the name ‘““Matou
sandstone’” from Ma Tou Kuan, (§§ 3 ), Ta Ning, (kX %), S.W
Shansi, where the rock is typically exposed. The lower part of the formation
comprises white or red sandstonss sometimes cross-bedded, while the upper pert
consists of reddish or greyish sandstone composed of plagioclage, miea, and
guartz, constituting essentially an arkose. All the sandstones are interbedded
with thin red shales. So far as our present knowledge goes, no fossils are
found in them. As in the northern Shensi province this formation seems
1o be covered byé. coal series of possibly Jurassic age, hence it may probably
still be Triassic.

2. SecrionN aT Crana CHia Kou, -

About 20 li north of P’a Lou Kou, 4ies-Chang Chia Kou, which is
about 70 li from Pao Té city. In this valley only the alternating rwurine and
contjgental beds are exposed as shown in fig. (Eig. 2. p. 112.). The marine

2 The Geology of PingoYii-Lu-Tzai, 8,E, Shansi, to be pninted in Bull, Geol, Bui'y. No. 6.
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fossil-bearing horizons are also four in number. The lowest one exposed in
the valley bottom, south of the village of Chang Chia Kou, bears some fossils
which ean easily be collected, and is called Changchiakou limestone. - It is
underlaid by a coal seam nearly one foot thick. Stratigraphieally it is separated
by about 20- M. from the P'aloukou limestone, west of the village. Between
them are interbedded shales and white sandstones. The fossils found in the
Changchiakou limestone, according to Dr. Grabaun’s determinations, are:
Anthozoa
t Lopholasma carbonaria Graban
+ Lophocarinophyllum acenthiseptum (+raban
Brachiopoda
* Enteleies lamarckii Fischer
t Chonetes nystromi Grabau
t Orthotetes crenistria Phillips
t Productus taiyuanfuensis (iraban
P. punctatus var. elegans McCoy
Productus serabiculus (Martin)
Productus cora d’Ord.
Productus semireticulatus (Martin)
*{ Spirifer bisulcatus Sow.
*}{ Spirifer pankouensis Grabau
* Spiriferina willisi Grabau
Atbyris orientalis Grabau
Camarophoria changehianense Grabau
Trilobita
* Griffithiides quadrinodus Grabau
Phillipsia kansuensis Loczy

This horizon is correlated with the Pauokou limestons of ocentral
Shansai.

Upon the Paloukou limestone follow the shale and the coal seam seen
in- fig. 2, but they have been increased in thickness to sbout 10 M. and
20 M. respectively. : They are in turn covered by the Paotechou limestone,
from which a large collection has been made. After a thin coal seam and

* Found in the Pankou !imeato.ne, central Shanei
t Found in the Miaokou limestone, central Shansi
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shale, the uppermost marine fossil-bearing shale appears at about 50 M. east
of T'u Mén Tsun (% ™ #F), and this is called the T'umén shale. It has
sn interbedded limeetone of Lft. thick in a discontinuous hyer, from which a
few fomsils have been collected. Above the marine shale the conglomeratic
sandstone of the transitional formation is shown. The following is & pre-
liminary list of the species found in the Paotechou ilimestone according to Dr
Grabau’s determination.
Foraminifera
Fusulina sp.
Brachiopoda _
Enteletes kayseri Waagen
Enteletes laeviusculum Waagen
Enteletes paotechouensis Grabau
Orthothetes crenistria Phillips
Q. crenistria var. senilis Phillips
Chonetes ¢f. pseudovariolata Nikitin
Aulacorhynchus paotechouensis Grabau
P. cora var. rarispina Grabau
Meekella kayseri Jaeckel
Spiriferina chuchuani Grabau
Spiriferina. cristata var. octoplicata (Sowerby)
Pelscypodc
Myalina cf. ampla M « H.
Entolium sp.
Aviculopecten 8p.
Gaatropoda

Bellerophon anderssoni Grabau
Cephalopoda
Huanghoceras simplicostatum: Grabau
Remsleocsras subquadrangularis Grabau
Temnocheilus asiaticus Grabau
Metacoceras sp. _
“The fossils found in the T'umen shale include the following spacies
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Brachiopoda
Orthothetes crenistria Phillips
Productus semireticulatus (Martin)
Productus subcostatus Waagen
Productus cera &’'Orb.
P. cora var. rarispina Grabau
Productus pustulosus (Martin)
Athyris royssi var. orientalis Grabau
Pugnax sp
Pelecypoda
Pseudomonotis mathieui Grabau
Pssudomonotis sp.
Allorisma sp.
- Schizodus sp.
Glastropoda
Bellerophon calamitoides Grabau
Euphemus wongi Grabau
Gyronema? altispiralis Grabau
Mourlonia ¢f. propinqua Mansuy
Soleniscus sycumoides Mansay
Solenisous of. braevis White
Soleniscus sp.
Sphzrodoma subglobosa (irabau
‘Aclisina sp.
Meekospira sp. ' _
Naticopsis cf. ventricosa Norw. (. Pratte
Naticopsis sp. '
Cephalopoda |
Orthoceras sp
Remeleoceras subquardrangularis G:a.bb,u
These horizons are, from Dr, Graban’s conciusion, provisionally corre-
lated with the Loping horizon of Kiangsi, and are regardel as of Permo-
Carkoniferons age. The Tumen shale is believed fo be the approximate correla-
tive of the Tungiayao limestone of Mr. Norin's sections in central Shausi.
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Explanation of plate I1

Late Palwozoic and. Early Mesozoic strata of Pao Té Chou Secticn
along P'aloukou, 90 1i 8. of Pao Té eity. |

Ordovician limestone.

Iron-bearing red shale.

Blue compact czlcareous shale, sometimes bearing iron

Blue and black shale (with plant prints).

White sandstone.

Bluish shale (plant prints).

‘White brown coarsa sandstone.

Black shale and coal.

Grey sandstone.

Black and blue shales with coal.

Black limestonie (Chanchiakou limestone} .

Black, bluish shale with plant prinis, and coal at its upper pert.

Grey to black limestone (P'sloukou limestone).

Black shale with plant pﬁnts.

Bluish calearecus shale with plant prints.

Bituminous coal with intercalations of thin black shales.

Sha]y limestone rich in marine fauna and with black shale in its

lower part (Paotéchou limestone).

18 Black shale with plant prints.

19 Coal seam.

20 Caleareous black shale containing numerous limestone nodules,
interbedded with a thin layer of massive limestone; all rich in
fossils (T’umen shale)} with traces of coal in its uppermost part.

21 White conglomeratic sandstone.

22 Black shale containing limestone nodules with » thin intercalation
of grey sandatone and with a coal seam at its uppermost part.

23 White sandstone.

24 Black shale.

26 White gray sandstone.
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26 Black shale and calcareous greenish shale interbedded by layers of
green sandstone, rich in plant fossils

27 Whiie sandstone.

28 Green shale.

29 Greenish sandstone.

30 Greenish sandy plant-bearing shale containing s few limestone
nodules, with green sandstones.

31 Green sandsione.

32 Green shale varied by a litile spotied red shale.

33 Green sandstone with traces of argillaceous material.

34 Red and green shale.

35 Green sandstone.

36 Red and green shale.

38 White green and grey sandsione,

37 Green shale.

29 Grey sandstone.

40 Red and green shale.

41 Green conglomeratic sandstone interbedded by a green, red shale
containing poor plant fossils.

- 42 Red shale interbedded by thin layers of green sandstone, Plaut
foseils found in its uppermost part.

43 White green conglomeraiic sandstone.
44  A. red, yellow, and black shales.
B. yellow greenish weathered sandstone.
C. yellow, red, green, and black shales with a plant-bearing bed
in the _uppér pari. |

D. red shale and red sandy shale interbedded with thin green
red sandstones.

E. green shale bearing plant fossils in its lower part and inter-
bedded with thin green sandstone.

F. red shale and gandstone with green or grey shales.

45 Green to white conglomeratic sandstone.
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46  A. red shale with thin layers of red sandstone.
" Bi-groén weathered sandstono parted with thin red shales.
C. red shale.
D. white sandstdne, alternately red shale, sandstone, containing
a very thin layer of plant-bearing black shale in the middle
part. | -
47 White to red sandstone {(sometimes cressbedded) and red shale.
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LACUSTRINE MOLLUSCA FROM EOCENE DEPOSITS IN
CHINA.

BY
Nus Hi, Opaxer

During one of his scientific expeditions in the service of the Geolog-
ical Survey of China, Dr. J. G. Andersson detected at Yuan-Chii Hsien, S,
Shansi, & deposit with lacustrine shells beneath the Loess. As the identifica-
tion of the shells was of great interest both from a pal:zontological peint of
view, and for the purpose of determining the age of the layer, Dr. Andersson
sent a collection of specimens from the locality in question to the Geological
Survey of Sweden for the purpose of having them identified.

Prof. Gronwall turned the material over to me, with the raquest that
I undertake the preparation of the fossils, By washing the red ‘‘clay’’ in
water it was dissociated into an impalpable powder and the fossils were all
broken up into small fragrents, impossible of identification. This method
therefore did not give any practical results, and the only way of preparing the
fossils seemed to be by means of mechanical treatment with instruments, a
labour which was performed at the Buresu of the Geological Survey. This
preparation accompiished, the collection was returned to me for description by
the Director, Dr. Gavelin.

The collections consisted of samples from strata of two different types,
one being-a grayish marly limestone, the other a hardened clay of a chocolate
colour. On first inspection, they seemed to -contain somewhat different
faunas, for in the gray limestone there occurred a great many speoimens of
Planorbis and several of Physa. The latier were not found in the red clay,
which on the contrary offered a quantity of mussels, seemingly small
Untonids, but no Physae and a scanty representation of Planorbis.

Nearly all of the fossils were in a rather bad state of preservation
gince they had been subject to pressure and hence were distorted and frag-
mentary. In considering this fact I feared there was but liitle chance to
identify the Mollusca, the more so as theiy had a rather old gppea.ranee and
one quite different from that of the recanf fauna or tha.t &escnbed from the
latest. geologml deposits of Pltg:eaqand/ Post-Phoem( age. -
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Some of the more satisfactorily preserved specimens of Planorbis,
which appearcd to be of an unusual size, suggested a method of vroceduro
which proved successful in the other cases as well.

The large Planorbis referred to seemed to be most like the polygyrous
species which today are restricted w the neotropical region. A comparison
with the fossil spéeics; described and illustrated by Sandberger (1870-75)
showed that the specios in question was very similar to [’ pscndammonius
from the upper Eocene of France and western Germany, where this form is
one of the leading index fossils of the limnic deposits of the “Lutetian’

The identification was verified by a comparison with two specimens
of the typical species in the collections of the Zoiipakeontological department
of the Swedish State Museum which were kindly placed at my disposal by
I’'rof. G. Holm.

Among the remaining forms were found several specimens of a
I'hysa, which were relatively -well preserved though compressed and which
seemed to agree with I’i. lamberti described from the Lower Eocene of France
as tigured by Sandberger.

As a result of these determinations the gray mgrly limestone was
assumed to be of Eocene age. Another possibility had however to be reckoned
with, namely that the formation in question is younger and that its {fossils
might be the relicts of an Eocene fanna which had presisted in China some
time after its extinction in Europe.

~ The question as to which of these interpretations is the most reason-
able, becomes of great importance for the solution of the problem, and on this
account it appears necessary to take into consideration the youngest geological
deposits known from China. |

It is a well established fact that there are no marine deposits younger
than Triassic in China, while terrestrial deposit fill the gap to the base of the
Cretacoous, after which there is an unrepresented interval until we come to
the Pliocene. It was during this 1nterval that the extensive erosion which
has produced the present rock topogmphy of the region took plaoe, and the
rock-disintegration which furr_nahed. the material, of which the Pleistocene
loess and river deposits consist. It is generally held that the climate of
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eastern Asia was mild and moist quring the Tertiary, and this was probably
more arked in the early Tertiary, when the seas had their greatest extent.

From a geological point of view thus nothir;g speaks against the
assumption that the present layers represent an Focene horizon.

Nothing more is, however. known about the stratigraphy of these
deposits than that they lie underneath the Loess. The age of this latter
formation i8 well determined by the fossil mollusks found in it, which,
according to the investigations of Hilber, Andrew, Sturany and Schlosser (cf.
the latter author 1406) scarcely differ from the recent mollusks of China. I
this respect the Loess presents the same problem as the Loess of Europe, and
like that it must be regarded as of Pleistocene age.

In the strata benearth the Loess, which contain land mollusks, v.
Loczy, bas determined & fauna similar to that of the Siwalik formation, the
gimilarity being indicated by the occurence of Steganodon insignis. In
associstion with this form there were found fresh-water shells (Bithynia,
Limnsa, Planorbis, Succinea, Cyclophorus?, Loczy 1893, p. 823; 1899, p.
17, 213) “‘of recent character’” {p. 823). The Mollusea of the Siwalik fauna
-are for the most part alse identical with recent forms (cf. Falconer, 1868, p.
383) and in the opinon of Faleoner indicate an age ‘‘of the older Pliocene——
at latest’’.

In 1906 Schlosser described in detail the mollusks collected and
previously noted by v. Loczy, and found them to belong to the fellowing
genera and species: Limnza merzbacheri n. sp., L. aff. ovatus Mill., L. aff,
pereger Mill., Planorbis (Gyranlus) keideli n. sp., P. (G.) karkaraéusis .
8p., Volvata piscinalis Mill,, Bythinia () cholnokyi n. sp. Vivipara
(Paludina) angularis Mill., together with some specimens of undetermined
Heliz and Pupa. Schlosser considers the Mollusea mentioned to be of Middle
or Upper Pliocene age.

In addition to the Mollusca described by Schlogser, others bave been
refermd to at various times in the literature, ard these references have all been
sﬁmmed up by that author. From his list it appears that the Pliocene and
Poat-Pliocene land-and fresh-water Mollusea are all nearly related to, and in
sorue cases identical with the present fauns of China.
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The Mollusea which are doscribed in this paper are on the contrary
very different from the living forms of China, a circnmstance which favours
the assumption that they are of Eocene age.

As before noted, older Tertiary deposits have not previously been
known with certainty from China,., but there are indications of their oceur-
rences elsewhere. Thus Abendanon (1907) who has described the stratigraphy
of the so.called Red Dasin (‘‘Roter Becken’') of Szechuan recognizes seven
stages. Of these the fifth from below is referred to the Rhetic. The sixth
stage is a shell marl (‘‘Muschel Mergel”) and above it follows the Tth and
uppermost horizon which he describes as, ‘‘eine Formation von rund 2000
M. Miichtigkeit, bestohend aus wechsellagernden Biinken und Schichten von
rotbraunen eisenschiissigen Tonsteinen und hellfarbigen Sandsteinen, welch
lotztere grisstenteils dolischen Bildungen angehdren’’. He further adds:

“‘Diese ganze, mehr als 5000 M michiige Sedimentdecke ist sehr arm
an Fossilien und die welche ich gefunden habe, waren meist sehr s_chlécht'
erhglten”.

With reference to the age of ihese formations, the author says:
“Fest steht nur das rhiitische Alter der Sandsteinformation’’. And further:
“Die Etage 6 scheint zu der Kreideformation zu gehiiren, und endlich ist 7
zur Kreide, eventuell zum Tertiir zu rechnen’

~ According to Frech (1911) horizon 6 is to be correlated with the
Wealden, and thus the red series should be referred to the upper Cretaceous or
the older Tertiary (p. 225).

 Taken all together it seoms that the straligrapbic conditions of China
are quite in harmony with the view here maintained namely that the new
fossiliferous formation discovered by Dr. Andersson is of Eocene age

The question, however, now arises, whether the occurence of a west-
European Eocene mollugk fauna in China is in agreement with our knowledge
of the faunistical relation between the two distriots so far remote from each
other.

In comsidering this question it may first be remembered that the
recent palzarctic fauna contains species which have a continuouns distribution
throughout the region, thus being circampolar; among the mollusks, illustra-
tions are offernd by _C;on-ulus Julvus, Margaritana, “Acenthinule harpa and
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others. Of the Earopesn Helicid groups, Tricliia, Gonostoma sud Fruticicela
‘are represented in the recent fauna of China. A similar disiribation in Pre-
Quaternary time therefore might not be unlikely,

~ To this may be added the fact that the present Chinese fauna coniains
elements which show relationship to other distant paris of the world. Wit_h
respéct to the Mollusca it is ¢nfer alie characterized by the ﬁresenee of a genus
of river mussel, Mycetopoda 4’Orbigny, with twelve endemic species (cf. Cooke
1895, p. 317). Besides these the goanus comprises one species from Siam and
one from Assam (ef. Simpson 1900, Solenaia), This genus is also at home
In 8. America from where v. Thering (1910) records fiftaen species. Witk
reference to its remarkable distribution v. Thering (p. 117) says: ‘‘Simpson
hat meines Erachtens einen schweren Fehler begangen, indem er die ostin-
dischen Arfen der Gattung nicht nur in ein anderes Genus, Solenaia Conr.
versetzt, sondern dieses auch noch in einer ganz anderen Familis, der der
Unioniden, unterbringt, statt sie bei den Mutsliden zu belassen, zu denen sie
offenhar gehtren. Ebenso wie Fischer kann ich der ausfiihrlichen Dar-
stellung der indochinesischen Arten von Heude keinerlei konchologische
Char.ctere entn:ahmen, welche eine Trennung in zwei Gattungen oder auch
nur in Untergattungen rechtfertizen kinnten. Sichere Entscheidung kann
nur das Studium des Tieres und seiner Larve bringen. Letztore ist unbe.
ka_'nnt,' sowohl fiir die siidamerikanischen, als fiir die siidasiatischen Arten-
Das Tier aber stimmt nach Heudes Beschreibung mit jenem der siidameri-
kanischen Arien iiberein. Wenn daher auch -die Frage zunéchst noch als
eine offene gelten mwuss, so sind wir doch bis dahin gendtigt, Solenaia mit
Mycetopode zu versinigen”,

Furthermore, there exists in China a genus of the fanﬁly Helicinide,
Heudeia, which, according to Cooke (1895, p. 318) is “a remarkable and
quite peculiar form of Helicina with internal plicze, perhaps akin to the
Central American Ceres’’,

. In addition to the pecularities of the modern Chinese fauna .men- -
tloned we ﬁnd not only an Indian element, especially observable in southern
China, but also indications of direct relationship to European Tertiary forms.
Thus Nouwnayr (of. Loczy. 1899, p. 215) states that the mollusk fauna in the
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fresh waters of China is closely related to that of the younger Tertiary of
Furope. In the conchylia of Tali-fu Lake, he. says, “liegt uns eine ganz
normale Fauna der Paludinen Schichten vor, ja man kann sagen, dass der
‘See von Tali-fu das letzte jener Siisswasserbecken der Plioceenzeit darstellt,
das ‘sich und seing Bevolkerung ‘wunderbar in die heutige Periode heriiber-
g._;;erattet hat'!. * |

If there still exists a real European Tertiary relict fauna in China,
this circumstance offers undoubted(y-the best proof of a former continuous
distribution throughout the jEura.siah continent, and suggests that such
connection ‘may have existed in Eocene time too.

A uniform character of the Tertiary fauna of the Eurasian area has
been assumed also by many other authors; I restrict myself to a citation of
the statement by v. Thering (1910, p. 426): ‘‘Das europiisch-asiatische
Faunengebiet hatte in fewissem Sinne wihrend des ilteren Tertiirs einen
einheitlichen Character, aber es bestanden offenbar auch damals schon zoGgeo-
graphische Provinzen’’. And further: ‘‘Leider wissen wir zur Zeit fagt nichts
von der tertifiren Geschichte der Landschnecken von Asien, und doch kénnen
wir nicht daran zweifeln; dass Asien die Wiege der Heliciden wie auch der
Clausilien war. Europa bildete im Ebeéin einen Teill dieses Entwicklungs-
gebietes, abar auch nach Zentralamerika hin verbreiteten sich schon damals
asiatische Typen von Pulmonaten nnd Deckelschnecken, wie das aus den
Befunden von Dall beziiglich des Oligociing von Jamaika hervorgeht”’

The survey given above supports our view as to the Eocene age of the
Mollusea sent by Prof. Andersson, and the following study of the material
- will give the complete verificatian of this assumﬁtion aud farnish occasion to
enfe_r into discussions of some questions of interest not only from the view-
point to Palséontology, but alsc of our knowledge of the recent faunas and
their relations and origin

*The poeaibi]ity that this represents a case of faunal paralellism, developed under similar
physical eonditions must not be overlooked, (Editor) '



ERRATA: According to the usage of the Survey, the specific names shall
be written with small letters, By an oversight the specific names
in the headlines in this paper are printed with large capitals, whereas
it shond be uniformally in small capitals. Other minor errors also
oceur for which the -aul;hor is not responsible, because he has wnot

the opportunity of proof-reading himself. —Editor.
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NOTES ON THE SPECIES.
GASTROPODA
Pr.anorsis Psgupammontus Schlotheim.

INCL. VAR. LEYMERIEI DERFTAYFES,

Plate I, figs, |-4, textfigure 1,

Among the rather abundant fragments of this species found in the
gray as well as in the red formation there were two specimens with a com-
paratively well-preserved shell which allowed of identiﬁca.tion'by comparison
with two European Tertiary specimens from the collections of the Zodpale-
ontological department of the Swedish State Museum. One of these (Plate I,
fiz. 1) shows a nearly perfect upper surface, while the other (ibid fig. 2) shows
the under side. Both are in perfect agreement with the Chinese specimens.
The latter (Plate I, figs. 3, 4) were exposed in a similar manner and thus made

~

l

Fignre 1. Apical whorls of Planorbis pseudammonius Sehiot X 7.

possible a comparison in all respects. The specimens showing the upper side
exhibited a close agreement with regard to the slowly widening whorls, and the
stronger dilatation of the ultimate one as well as the apiqai depression; besidesb
that, the lines of growth run in a similar manner and are similarly marked.-
The large Chinese specimen, which, if complete, would measure 28 mm. in
diameter and have 7 whorls, is much depressed and crushed, and thus does
not show the details so distinetly, but some other smaller specimens exhibit
them here and there, and they are in s full agreement with the French
'examples. _

As to the specimens in which the under side is exposed, they also
show a marked similarity with the European forms in their coiling and in the
character of their whorls the breadth of which as well as the sculpture with
fine lines of growth, is very similar, so that here too the identity of the
Chinese and European form is easily established.
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In a few specimens of the Chinese form, fine and regular spiral
siri= were seen in the apieal whorls, but they did not appoar more distally,
and the last whorl was quite smooth. . In quite a similar manner this sculp-
ture may occasionally be present also in the French specimens. This has
been noted by Sandberger, who considers those forms described as P. leymnerici
Deshayes, a variety of P. pseudammonius. This corresponding sculpture of
the shells in the two districts so remote from each other, is further evidence
of the similarity of these faunas and strengthens the identification of the
species.

Pr.aNoRBIS SPARNACENSIE Deshayes,

(Plate 1, figa. 7, 7a),

One specimen rather well preserved and measaring 5§ mm. in
diameter was obtained from the gray marly limestone. It agrees very well
with the figure given by Sandberger (Pl. IX, fig. 11) in being but little
concave above and presenting distinet -spiral lines of irregular strength. This
sculpture is represented in our Pl. I. fig. 7a. The whorls are 4 in number.

Pravorsis CHERTIERT Deshayes

{Plate 1, fig. 8, text-ilg. 2)

Figure 2. Apical whorls of P, chertieri Desh, X 7.

Two specimens of this species are present in the collection. They are
easily distinguished from the other by the depressed whols, recalling the recent
P, fontanus, and because they have an obtuse keel in the periphery as well as
a relatively small embryonic shell. The shell is of a graylsh colour with a
greasy gleam and in all respects agrees with the description and figures in
Sandberger (Pl. XIIT, fig. 9). The largest specimen measures only 3 mm.
in diameter and consists of 4 whorls, and is probably a juvenile example.
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PrANORBIS SixENSIS 8p. nov.

(Piate I, fige. 12-15, text fig, 3),

Shell depressed, planorboid with the spire depressed in such s
manner that it appears on the umbilical side, giving the shell a sinistral
aspect. Apex papilfform, consisting of 3 whorls, the snbséquent ones again
projecting beyond ‘the apex and 'rsfid}y inereasing. Whorls of the complete
shell at least 6,‘;&19 last one projecting beyond the others especially on ‘the
upper side, this side of the shell thus being more excavated. Sculpture

consisting only of lines of growth irregularly arranged and, visible only in the
last whorls.

Figure 3. Apieal whorls of P, sinensis n, sp. X 7.
The species belongs to the group of Planorbis indicus and P, ezastus.
Of this species a great many shell fragments occur in both the gray
limestone and the red clay. Most of them consist merely of the apical whorls,

but in a few ‘cases also the fourth whor! or a part of the last whorl remains,
which makes possible the identification.

~ No traces of opercula of this spécies were found, apparently in con-
pequence of the delicate structure of these objects.

Pevsa of. LamMBerT™ Deshayes.

(Plate T. figs. 5, 6.)

Two specimens  were prepared from the gray marly limestone, the
largest of which measured 13 mm. in height. Unfortunately the spire was
deficient in both specimens, so that the relation between spire and body
whorl, so important for ihe taxonomy in this very critical genus, could not be
determined. The remaining part of the shell had a produced ovate ghape, and
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it appeared as though only the penultimate whorl was left of the upper ones.
Judging from this, the shell in a aomplete state would show a turrited spire
and on account of its very shallow sutures, would recall that of Ph. of. lamberti
Deshayes (Sandberger Pl. IX, fig. 8), from the Lower Eocene of France.
In any case the shells belong to the narrow forms of Physa and seem to be
most similar to such species as the American Ph. sowerbyana from Jamaica
and, 8. America (ef. Reeve, Coneh. Icon. 19; and Clessin, in Martini &
Chemnitz, Conchylien Cab., Limnsiden).

It is of interest that in the Upper Eocene deposits of France .no
Physa: are known except one mentioned by Sandberger (p. 228) as resem-
bling the small Ph. mediana Fer. from Peru. This is however too small to
enter into consideration in the present ease (cf. Clessin, 1. e. pl. 54, fig. 10}.

EvcuriLus DescriENsiANUM Deshayes.

(Plate I, figs. 9-11)

Opercula of a Bithynia-like shell were present in the gray limetone
and these showed a close resemblance to those of this form as reproduced by
Sandberger (pl. XIII, ‘ﬁg. 8b). Their structure also agreed with the descript-
ion given by this suthor (p. 225), in being calcareous and formed *‘aus
zahlreichen, einen nahezu in der Mitte gelegenen Kern ringfirmig umgebenen
Lagen', which was clearly shown in an example completely prepared.

For a shell exhibiting the characteristics of this species, I s,ught
however in vain, until 1 remembered a small Limnsa-like shell, not previously
fully prepared, and appearing 1o be peculiarly characterized as to its aperture.
This specimen when fully exposed showed an apertural margin which was
broadly expanded and reflected just after the manner characteristic of K.
deschiensianum, a feature of so marked a nature that no mistake as to the
identity was possible ‘The ‘specimen in question was found in the red clay,
which thus shows such a pronounced faunal similarity to the limestone that
they may be assumed to represent only different facies of the same formation,
an opinion verified also by other species.

The ahell," the last whorl of which together with the aperture is the
ouly specimen found, measures 5.5 mm. in height, the aperture occupying
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3.2 mm.. There is no sculpture except fine lines of growth which become
coarser within the umbilicus. The largest of the opercula measured also 3.2
mm. in its greatest dimension.

PELECYPODA

EuvvErRA SINENSIS sp. nov.

(Plate X, figs, 16-22.)

Shell somewhat quadrangularly ovate, with the umbones prominent
and situated at abovt one fourth of the body length from the front end.
Anterior end narrower than the posterior cne, which exceeds a little the

height of the shell at the umbones. Dorsal margin behind the umbones
rather straight, passing into the posterior one by means of 2 more or less
distinct angle; posterior margin but slightly curved and forming an obtuse
angle with the inferior margin, which is evenly though slightly convex.
Surface of the shell sculptured only by fine lines of growth and showing
traces of colour blotches in the shape of small dots rounded or elongated as
stripes and arranged in a radiating direction.

The denticulation is imperfectly shown in the specimens: in the
right valve two parallel lateral teeth were observed in front of the umbones as
well as behind them.

Length of the largest specimen: 4 mm.; height: 3.5; of another
specimen resp. 6.4 and 4.3 mm. These differences are chiefly due to variation
‘in the state of preservation.

Though the specimens of this species in the collection are only -
fragmentary there is no doubt that they belong to a species of Eupera. I have
eompé.red all the specimens with samples of K. perasitica from Egypt, stored
in the collections of the Swedish State Museum, and the similarity is so
striking, that it is very difficult to" trace any points of distinction. The fossil
species as well as the recent ome seem to vary considerably, and the single
difference between them_ seems to be that the fossil one has its frontal end
somewhat shorter than has the Egyptian form,

"The presence of & species of the genus Fupera (Limoiina) in the
deposits in question, where it occurs only in the red clay formation, is a
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remarkable _f;act-, and i8 of interest from a stratigraphical ae well as from &
mlaeontologieé.i and a zoﬁgaogmphiéal point of wiew. According to Sandberger,
forms of this genus are met with only in Upper Cretaceous and Lower Eocene
deposits in Franoce (cf. 1. ¢. p. 208, 141,"165), dnd these species are all refer-
sble to the Sonth American recent Cyclas bahiensis Spix of Brazil or to
Pisidium modioliforme Anton from Brasil bnd Venezuela (p 184). That we
find a new species in China eonsequently proves that the deposits containing it
are in all probability of Edcene age, as the remammg fosgil Mollusca indicate,
and leads us to enquire into. the distribation of tl)e genus in recent times.
This a3 we shall see sapports our view as to the origin of the African genus
Lantstes.

There exist no statements regarding theoocurronceofthegenm
Eupera in a fossil state in Amerioa, but it is not tmlikely that it'is hidden
under other names. White (1883) rapmduees some forms of Spharium
which are very like Eupera, namely §. recticardinale and . Sormosum, beth
described by Meek & Hayden. Theee were found in the Laramie Group of
the Upper Missouri River region, but as no desoription or figures aro given-of
their hinge or coloration, their reference to one or the other genus is wholly
questionable,

Eupera has about the same recent geographical distribution as
Lanistes. 1t has been recorded from South America (Brazil and Venezuela,,
from Central America and the West Indies; in all 12 species are mentioned
by Clessin (1907) from these regions, one of ﬁrhich, E. cubensis Prime, has
also been found in Florida (Sterki 1916). Another North American form,
E. singleyi, was deacnbed by Pilsbry in 1889, and occurs in Texas and
Louisiana; it is nearly related to E. cubensis (Sterki 1916), Thus beoth
North American species show relation to the Iauna of the Wast Indies anw. of
Central and South America. (In 1900 v. Martens described another new
species from Central America, E. pittieri.) Outside of the Neotropical region
the genus has representatives in Africa: E. parasitica of Egypt, k. ferruginea
Krauss in 8. Africa (Clessin 1879) and in Madagascar (Smith 1882); E.
landeroing Germain (1909) occurs in the French Sudan and K. beguarti
Dautzenberg & Germain (1914) in the Belgian Congo.
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The fossil Chinese species seems to occupy a position between the
elongaled Egyptian form E. parasilica and the Central American E. cubensie
or E, pittieri with its sborter form and more elevated posterior portion.

It is probable that the immigration of the genus Eupera into Africa
has proceeded from Syria, as we have assumed was the case with Landstes.
In Eocene time, there existed & more direct connection, it is true, via India
and Madagascar, but this way does mot seem to have been followed either by
Lanistes nor by Eupera, because no species of these genera exist at present in
India. In Madagascar occurs the same species of Fupera which is found in
S. Africa, and this is certainly due to a relatively recent importation of this
species in Madagascar, probably through transportation by water birds or
otherwise. That its occurrence in Madagascar is of a secondary nature is
appafent from the statements made regarding Lanistes (cf. above) as well as
from the fact that another water mollusk of Ethiopian origin has been recorded
from the island, namely Aetheria elliptica. Of this species Germain says
(1907 p. 227): *“Le fait de retrouver 1’Aetheria elliptice dans les régions
tropicales de Madagascar, si pauvre en Acéphales fluviatiles montre qu’il
existe quelques points de contact entre la fauna de cette ile ot celle de 1’Afrique
fquatoriale’’. The species referred to was found at a height of 200 m. above
the sea and 150 km. from the coast, and it was quite similar to specimens
from the Nile, Niger and Congo.

As there is no evidence of a land bridge in Post-Pliocene time which
couid éxplain these occurrences in Madagascar, I think they may be explained
as due to importation, probably by birds, a method of dispersion which is
known to be rather common among the lacustrine Mollusca.

GENERAL PALZAOGEOGRAPHIC SUMMARY

The study of thess few fossils at present known from the Eocene
deposits of China, has given us an idea of an intimate relation pf the fauna of
this region and epoch not only to that c;f Europe but also to the Ethiopiaﬁ and
Nootropical fauna. We have tried to give some explanations of the former
relations, and these assumptions are well supported by numercus facis showing
“& close interconnection of these several parts of the world.
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In order to explain the similarity of the fauna in China and South
America v. Thering (1910) adduces a theory of a direct connection across the
Pacific. He says (p. 426): “‘Nachdem ich in fritherer Zeit namentlich die
Beziehungen Si{idamerikas zur alttertidren antarktischen Landmasse, der
Archinotis, sowie zum afrikanischen Kontinent, der Archhelems verfolgt habe,
bin ich neuerdings darauf aufmerksam geworden ‘dass eine weitere alttertiire
Wanderstrasse von Ostasien nach Zentralamerika fithrte, meine Archigalents,
welche nicht in Beziehung stand zu Nordamerika. Im Miocin wurde diese
Landbriicke zerstirt, wihrend andererseits Stid-und Zentralamerika mitein-
ander in Verbindung traten, sodass die ostasiatischen Einwanderer nach
Siidamerika gelangen konnten, wihrend umgekehrt der siidamerikenischen
Fauna der Zugang nach Ostasien verschlossen blieb’’.

Jehring gives some further examples as proof of his view, and finds
that ““wir sind heute nichi mehr berechtigt, eine europdisch-westindischa
Landbriicke im Sinne Heer’s anzunehmen, deun dem widerspricht, die
Geschichte der marinen Kiistenkonchylien'.

The theory of a land bridge across the Pacific seems, however, 0 be
quite superfluous for the explanation of the peculiar occurrences of related
forms in China and 8. America as well as in Europe. The existence of an
* Archigalenis seems hardly well founded, since it must be admitted that a
migration from Asia to America or vice versa is easily made possidle by means
of the land bridge over Bering Straif, If this way has been followed, we
must, however, expect to find the same or aliied forms in a fossil state in N.
America, but there seems to be no evidenca of this occurrence. In his
“Raeview of the Non-Marine Mollusea’ White (1883) certainly mentions & lot
of Eocene fossils, and the fauna as a whole seems  show a similar composition
to that of Europe on the one ha.hd a.nd that of China on the other, inasmuch as
Planorbis i8 common, together with species of Physa, and there are even very
similar though not identical gpecies. Thus P, pseudamm omus is replaced by
B. utahensis, and P. sparnacensis by P. cirratus. The ‘' Pupa incolasa” men-
tioned by White, whick possesses an expanded edge of the outer and columel-
lar margin and lacks testh and folds in the.aperture is perhaps akin to Euchilus.
There are, however, no specimens of the Lamellibranch Eupera in the Eocene
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deposits of N. America, but very probably such bave existed; in the Laramie
Group dealt with by Whité, some species of Spharium bave been described, the
shape of which recalls strongly that of Eupera (cf. above}. On the other
hand large Unionids are present in the American series in question, which
still remain to be detected in the Eocene of China.

Facts thus seem to support the view that the Eocene fauna has
spread from North America to Europe on the continents which still exist
though these were certainly of different outline and topography, and that we
do not need the supposition of a direct Jand connection.

Since the European and Asiatic continents certainly had a similar
fauna, it seems necessary to assume that, in Eocene time, they formed part of &
climatic region with a circumpolar extent, thus including also North America.
The fact that in the’ Laramie series, the species described differ from the
Asiatic, is apparently due on the one hand to the absence of & comparative
study of the North American and the European Eocene Mollusca, and on the
other to the differentiation in various directions which the faunas of these

areag have undergone, just as they have in later Tertiary and in recent times,
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EXPLANATION OF THE FIGURES.
PLATE L |

Plannsbis pesrlannoning Schlothelm “terrain palustre, Alsace” (Paleozotl. Dep.of
Swed. State Mus). Blightly magnified.

The same, anothier specimen from the under gide, Same locality and magnification,
(Palieozoil. Mus).

The same, marly limestone, Yuan ku, Chinsa, fame magniﬁcati_on.

The same, another specimen from belcw, Loculity and magnification as fix. 3.
Physa cf, lamberti Deshayes, Yuan kii, limestone. Abour 1} times magnified.

The same, another specimen. 8ame locality and magnification.

Planorbis sparnacensis Deshayes. Same locality and magnification,

Sculpture of the preceding. X 25.

Planorbis chertieri Deshayes Bame ]oeality and magnification.

Euchilus deschiensianum Deshayes, Impression of operculum. Gray limestone, X 13.
The same, opercuium. Same locality and maguitication.

The same, last whorl of shell, with apertwre, Red clay- XX 1.

Planorbis sinensis n. sp, Apex and fragment of sequent whorl, gray limestone. X, 11.
The same, a more perfect small specimen, Gray limestone. X 2{,

15. The same, fragment of the last whorl of a large specimen, from exterior (fig, 14}
and interior (ﬁg 15). Bed clay. X 13,

Figa. 16-22, FEupera sinensis . sp. compressd specimens and casts, all from red clay. X 21,
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REPORT ON THE GEOLOGY AND MINERAL RESOURCES
OF 1, TANG,YU OF WESTERN CHIHLI.

(Summary)
By C. 11

In April 1919, the writer was ordered by the Minisiry to make a
general survey on the geology and mineral resources of the wesiern part of
Chihli. The work was started from Lai Hsui Hsien (# 7K H&) and I Hsien
(B ¥&), and continued further on in succession fo Yii Hsien (Bf I¥),
Fu Ping (8 &), Chii Yang (8§ R), T'ang Hsien (& §5), Wan Hsien
(5¢ §8), and Man Chéng (8 ##). The area covered has been estimated
about over 300 1i north and south, and over 160 li from east to west.

The geological formations encountered in the field are classified
a8 follows: —

Grauite

Red sandstone
Carboniferous coal series
Ordovieian limestone
Cambrian formation

Pre-cambrian formation

o BT RV R R

Archaan gneiss

1. The granite with the execption of one or two small bodies occurs
in an extensive ares at the S.E. of Shih Meng T’sun (5 M #). Wherever
the siliceous limestones are in contact with the granite, they are so much altered
into marble that sométimes abundant asbestus is found, attached to them.

2. The red sandstone is the youngest formstion in this district.
At Ta Ch'i Chii (K & Hi) a swall oulerop of this sandstone is very much
weathered and easily to be crushed.

3. The Carboniferons coal series oceurs in two areas; the larger one
is seen at Lung Ch’iian Chen (§f S &&), and the other at Tan Hui P'u
(& K &) extended about two square ti. In this series the rocks commonly
found are gray sandsione, gray and black shales, sandy shale and fire clay.
- The coal in this series is all anthracite, as descrided on page 138.
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4. The Ordovi¢ian limestone occurs st Ling Shan (@ 14}, Chai Tzu
(¥ F) and Shen Shih Chuang (¥t 2 ¥E) ete. It is situated conformably
above the King Lung group. The whole series is about 300 mocters in
thickness.

5. The Cambrian formation occurring at the south of Fan Tai
(¥ &) lies uncomformably above the gneiss. It is composed of red shelc
und reddish sandstone, the composition of which contaius a litile ‘mica and
iron. Besides these, thin bedded limestgnes, oblitic limestones, and wurmkalk
exist in clearly defined Juyers. The total thickness is about 500 meters or
more; as they are found at Sung Tzu Ling (¥ F i), Hei Shib Ling
(B & B), Tang Ho (#F 3), and Tai YU (F ) ete.

6. The pre-Cambridn formation consists of _'the siliceous lincestone and
Llack slate, corresponding to the Nan-k'ou series, but the quarizite is waniing
when the slate lies comformably on the siliceous limestone as it is shown in
the region between Lai Shui and I Hsien. The siliceous limestone has the
thickness of 700-1,000 meters at Chi Feng Ling (& 2 #), Pei K'ou Pu
(4t 1 ), but near Fu Ping and Kong Tzu Tai (B F &) the limeston,
is estimated to -be more than 50 meters in thickness. In this limestone, |
flint often occurs in lenticular or nodular ghapes.

.

7. The gneiss i3 the oldest formation in thig district, the geological age
heing the same as that of the Tai Shan complex. Is outerops may be divided
into twa areas, the one is scattered from the esst of Hsia K'on Tzu (F O F)
passing through the Shang Cheng Yi (i #¢ E§), Chin Po (& 13%), and
Chino Cllia_ Ho (& % ) etc.; and ‘the other from Nan Cheng Ssu
(8 & w) over the area of Ho Ling (8 #), and Nan T’ Ling (¥ # #)
otc. It is very much ‘weathered and soft.  Its composition is of 'quaftz,
felspar and mica. -Pegmatite veins frequently occur in the gneiss.

_ The mineral resources noticed in (his survey are summarized as
fullowing : —
1. The asbestus mincs situaled in I Hsien and Lai Yuan Iision

(K R 8.

The asbestus forma stock-like veins, 17 or 27 to 2’ wide in marble
and -occurs in general at the contact zone befween the siliceous limestone and
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granite. The mining has not been continuously carried on, owing fo the
inconvenience of communication. The only mine in operation bhelongs Yii-
jung Company ($#82H), which is located at Shui Chuan Koun (7K 8 %),
Tai Yuan Hsien.

The ores mined have-to be crushed in order to extract the mineral
from the impurities.

Daily output is about (600 catties maximum and 200 catties min-
imum. The transportation for a distance of 150-190 li from the mine {o the
I-hsien railway station, amounts to 2 cents per catly. The destinations are
Peking and Tientsin.

2. The Ling Shan coal field.

The Ling Sban coal field is situated 40 i N.E. of the oily of
Chii Yang Hsien. The strata of the coal series form a synclinewitl: its axis
towards the E.E.8. and a gentle dip on the both sides of the fold, with dip
angles of about 30° or 40°. In the northern part of Yen Wo (¥ 8), thedip
direction Gbserved is generally to S S.E.; and at Yeh Pei (& db) the dip
forms angles of 20° or 25° towards the S.8. W,

The ares including the above places from north: of Ling S8han Chen
(B i 8R) to south of Kwan Chuavg (§ i), is ofien covered by loess.
The coal seams are seven in number aceording to the experience of the native
minera. The first seam has a thickness of one foot, the second three feet, the
third and fourth are so thin that they cannot supply the mining, the fifth is
five feet, the sixth 2.5 feet and the seventh 5:9 feet. The average of the above
seams may be 4 feet in thickness. The quantity, of coal is estimated at
30,000,000 tons. Many native pits are being worked now, but some have
been given up because of the water trouble. The daily output for the largest
pits is about 15-20 tons and that for the other ones can not be over 30 tons in
total. The coal i5 anthracite.

3. The T’an Hui Pu ceal field.

This coal field is sitnated 60 i N.F. of Fu Ping Hsien. The total
thickness of the coal series is ahout 220 mcters. It lies _ne.:a-rly vertical and the
dip angle is 80° towards N. W. The western part of tho field is marked hy
a normal fault bringing the coal into contaet with the Ordovician. forma-
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tion. From the native pits wa recognise the four coal seams shown as follows:
The first and the thickest seam is about 4 feet, and has the best quality of
anthracite. The second is 2.5 feet and the third four fest; they contain
much sulphur. The fourth is very thin, nearly 1.5 feet, and, being vertical,
can not be easily worked. On account of its small area, which is less than two
square }i on the whole, the coal field can not be worked on large scale, and has
o great prospect in store for the future.
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