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Succession of the Marine Beds

in the Chang Chiu Coal Field of Shantung

BY Y. T. GHAO (i8 ¥ &)

tODUCTION

The tectonic teatures and mining conditions of the €hang Chiu coal
#e1d have been already treated by Dr. J. G. Andersson® who surveyed it in
1919. In the spring vacation of the next vear when the author was still a
student of the Peking National University, he made a short trip to this coal
field. Even at that time, he was greatly struck by the fine and complete
exposures of the lower part of the coal series. Since then its completeness of
successton had long been kept in the writer’s mind and it was only uatil in
- the sprine of 1023, that the writer accompanied by Messers. C. C. Chang &
C. C. Tien visited there again and a section was caretully measured. In
view of the tact that so far no detailed report on the succesion of the marine
beds of the Chang Chiu coal field has yet been published, this brief account
here seems to be not altogether superfluous.

One thing that seems remarkable is the marked - difference in the
relative number and thickness of the marine limestones between the Chang
Chiu and Tsuchuan-Poshan coal field, these two forming essentially one coal
field except that they are separated in the middle by a great fault. According
to Mr. T'an** in Tsu Chuan and Po Shan there are only two marine
limestones, the lower one (Fuswlina limestone} of which ‘is 4 meters thick
-wiike the upper is 1.5 meters. ' In‘ the Chang Chiu-coal tield, on the other
hand, there are 5 marine limestones the lowest of which aloue is more than 10
meters in thickness. It is quite possible that Mr. T'an’s Fusulina limestone
corresponds to mv Hsuchiachuan limestone, but since no material from the
former limestone is accessible to the writer at present, a positive correlation
has to be postponed to a later date.

* - J. G. Andersson: Report on the Chang Chin coal fleld in Shantung; Geol. Surv. China
Bulletin No. 6, pp. 51-61.

¢ H.C, Tan: éI‘he geology of Tsuchuan-Poshan coal field, Shantung; ibidem No. 4.
pp. 81-87. ' :



The section was measured along a small valley a little east of Shang
(_L ®AL), the latter being situated 15'1li S.E.E. of the Ming
(HAokH35) of the Tsingtao-Tsinan railway (/@¥ES%).  Here
the beds are very gently tilted, dipping generally less than 20 degrees to--
wards the southwest. From the Ordovician limestone upwards, the coal

fao Chuan
shui Station

serie$ has the following succession {See Plate in Carboniferous Stratigraphy
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DESCRIPTION OF SECTIONS

of 5. Manchuria):

I.

2
3.
4

h

10.
IT.
12.
13.
14.
I5.
16.
17.
18.
19.
20.

21.

Yellowish shale, variable in thickness vees O-.4 meters
Marly limestoné with iron nodules . — 0.9
Grey and purple shale -~ _— o .. 1.55

Yellowish sandstone and sandy shales, conglomeratic
at parts ., p— .
Purple shale

Marine limestones with a bed of greenish calcareous

. W F o] T 3 v8

- L) L L] " sere 12'7

shale and a sheet of igneouns rock ,, oen . 118
_ {(Hsuthisthuan limestons)

Yéllowish and greenish shale with bands of calcareous
concretiomns

Black shale

eee - -y i nte .y IS '5

L e L] L) b weaa 3 '3

1-8 Penchl sorles.
Yellow sandstone with a thin layer ot black shale 4.7
Dark grey shale with plant remains

e ases 1.7
Sandstone e - oo oons orve - 2.0
Grey shale with a coal seam at middle ,, I.0
Sandstone s wees weoe s - oven e 3.0
Black and grey shales ,,, v eme ees s 20.6

Yellow sandstone e vovs vess e 465

Yellow shale, becoming greyish at lower part ., 6.8
Thin bedded sandstones, shaly at parts rovs 8.5
Fireclay with plant fossils .. — o orn 2.1
" Coal seam weor eme see e e s 24
Yellow sandstone v eees e.s ea . sesa 2.3

Black crinoidal limestone, weathered to a yellowish
color (G)

ouse | e orn e e * eewa 1'23



Y. T. Ghao—Chang Chiu Coal Field

22. Greenish yellow shale, sandy upwards

23. Yellow sandstone ares

L L)

24. Yellowish sandy shale

25. Black shale with abundant plant fossils such as |

Pecopteris, Neuropteris etc.

26. Coal seam

27. Yellowish shaly sandstone

8.7
I.45
2.4

7

ot v o I '8

28. Alternating beds of grey marine limestones and

yellowish sandstones (H} ...

29. Yellowish shaly sandstone

30. Dark grey shale with Annularia and other plant

remains

L L] Anpy il
]

3¥. Grey limestone (K) ..

Ll L] Lo}

32. Fireclay with a coal bed at top

33. Yellow soft sandstone ie aorn
34. Black limestone (L} ... - vous
35. Yellowish greenshale . ..

9-35 Taiyuan Series.

Ll ]

Ll

i

il

Frrry

b

7.0
30.0

2.0
1.0
2.8
38.0
1.02
6.4

From here upwards, the series is followed by a great sequence of al-

ternating beds of sandstones and shales with coal seams {Shansi series),

which is in turned capped by a quartzose sandstone series the same as in the

Poshan-Tsuchuan coal field in the intermediate neighbourhood.™

PEN CHI SERIES—MIDDLE CARBONIFERQUS

This consists ot about 50 meters of shales, sandy shales, sandstones

and a thick bed of limestone but without coal.

Hsuchiachuan limestons: This limestones is well exposed _a.- little south

of Hsu Chia Chuan whence derives its name. It lies about 20 meters above

the QOrdovician limestone and amounts to a thickness of 11-8 .meters. The

detailed succession from top to base is as follows:

Yellowish dense brittle limestone .,
Doleritic sill variable in thickness

Yellowish limestone ., oren vore

. e .

Grey calcareous shale, interfingering with

‘limestone

L LS Ll -y -_re

Ll

2.5 m.
1.2

I.0

.3
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Pale ocher limestone .

sean . e L. '3
Dense massive limestone ... .. s s 5.0
1.8 m.

Fossils seem to be very rare in this limestone, but otherwise the species
50 far collected from it are very characteristic of the Yanghukou limestone-
of Kansr.

Fusulinella sp.

Girtyina quasicylindrica Lee

Spirifer mosguénsis Fischer

Productus gratiosus var. occidentalis Schellwien
Phillipsia cf. kansuensis Loczy.

TAIYUAN SERIES—UPPER CARBONIFEROUS

This is compgpsed of alternating beds of shales, sanc, _.....
stones and limestones, carrying coal seams at different horizons. The total
thickness is about 165 meters. There are 4 marine limestones, each being
designated a capital letter.

Limestone @: This limestone lies about 55 meters above the Penchi
series and is 1.2 meters thick. It is dense and brittle, weathered to a yellow-
ish color and carries abundant crinoidal stems. Fossils seem not to be
abundant and toraminiteras are entirely absent. So far only the following
species have been obtained from this bed :

Spirifer tatyuanensis Chao

Spirifer ct. sirangwayst de Verneuil
Naticopsis sp.

Loxonema sp.

Limestons H: This is composed ot an alternmating bed of thin lime-
stones and sandy shales. It is 'separated from limestones G by I4 meters
of shale and sandstones carrying coal seams and plant fossils; The detailed
succession from top to base is as follows :

Black shale with Producius e

- o 2.5 m.
Sandy shale e ares e oo e »ovs .55 m.
Grey limestone - R on - e .65 m.
Shaly sandstone with limestone lenses ., .. I.I m,
Grey limestone ove o swe eea sems I.07 m,
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Yellow shaly sandstone

-y e any . ‘95 ml
Grey limestone aeve e e se owee .22 m.
6.95 m.

From these beds a typical Taiyuan fauna has been collected:
Schellwienia richthofens Schwager
Schellwienia longissima Koller
Lophophyllum acanthisepéum Grabau
Spirifer sp. indet. (probably Sp. taiyuanensis Chao)
Spirifer fasciger Keyserling
Martinia sp. )
Productus echidniformis Grabau #m Chao
Productus tasyuanfuensis Grabau
Loxonema sp.
Limsstons K: This limestone is separated from limestone G by about
30 meters of yellewish shaly sandstone and a thin bed of dark greyish shale

with plant remains. In descending order, it contains the following mem-

bers: '
Greyish, dense limestone

L - - ety T. m.

Dark grey shale - oo - eese ——e 4 m.
Brown sandy shale .. v ora veve .I4 m,
Wkite sand o v voee voss .3 m.
1.84 m.

All these shaly and sandy beds are richly fossiliferous but the fossils
are mostly iragmentary and crushed. Among the collection the common
forms are: .

Mayginifera longispinus var. oriestalis Chao
Marginiferia pusitla Schellwien
Chonetes sp.

- Hustodsia sp.

Limestons L: This limestone is separated from horizon K by about 40
meters of sandstones and is 1 meter thick. No other reliable fossils except a
small species of Loxosema, have so far been observed., |
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Carboniferous Stratigraphy of S. Manchuria.
" 8Y Y. T. CHAO (] &5 &)
(With 3 figures & 1 plate)
INTRODUCTION

During the recent years, theGeological Survey has unter'taken a detailed
and systematic study ef the coal-bearing {formations in N. China. but com-
of . Manchuria. In order to get more muterial of Fusulinoids for Pref. J. S.
Lee and to correlate the difierent marine beds of the coal-bearing series in
the latter province with those of other parts in N. China, Dr. W. H. Wong,
director of the Survey, sent me to Manchuria in the summer of 1925 for
these purposes. Because of the hot seasown and other inconveniences. only 3
coal fields were visited, including Pen Chi Hu (XA #i#) and Niu Hsin Tai
(%458) not far south fron: Mukden, and Wu Hu Tsui (FLBI#) in the
southern part of the Liaetung peninsula.

From my study in this journey, I have arrived at cenclusions some-
what different from those previousiy arrived at bﬁ; our Japanese collegucs.
Based upoen the occurrence o1 Spsrifer wynnei Waagen in Niu Hsin Tai1 and of
Spirifer niritini Tschernyschew in Yen Tai, and the association of Schwagerina
princeps with several characteristic corals in the Hei-jo coal field, Korea,
which latter have also been found in the marine limestones of Manchuria,
Prof. Hayasaka! concluded that all the marine limestones underlying the
coal-bearing formation in this country represent the Schwagerina stage of
the Uppermost Carboniferous. According to my study, on the other hand,
the marine beds underlying the coal series in Pen Chi Hu and Niu Hsin Tai
are exactly equivalent to the Tangshan limestone iu the Kai Ping coal.basin,
both being characterized by the same cora.._l and foraminifera fauna. Since
the Tangshan limestone is Moscovian in age? because of the presence of
Spirifer mosquensis and many Fusulinoids characteristic of the Miatschova
limestone ot Russia, there scarcely leaves any doubt about the Moscovian
age of the marine beds in the Pen Chi and Niun Hsin Tai coal fields. In these
two districts, the Moscovian is immediately followed by the coal-bearing

Shansi series (1P ;&) of Permo-Carbonifcrous age, with the Taivuan series

1 Hayasaka: Upper Carboniferdus Brachiopeda from the Hon-Kei-Ko Coal Mines, Man-
churia; Palaeczoic Brachiopoda from Japan, Korea and China, p. 135

21 Y. T.Chao: Age of the Taiyuan Series; DBull. Geol. Soc. China, Vol. IV, No. 3—y4, pp.
227 249.
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{XkBIR) ot Upper Carboniferous entirely wanting. Because ot the extensive
development of the Moscovian division in Pen Chi Hu, we propose to call it
the Penchi series (AER).

_ Towards Southern Fengtien, however, the Taiyuan series begins to
appear between the Penchi and Shansi series. Such is the case in Wu Hu Tsui
where the Taiyuan series is well developéd with typical Taiyuan fossils,

1. PER CH] COAL FIELD

The structure ot the Pen Chi coal field is rematkably simple. The strata
strike generally N. 60® E and dip towards 5. S. E. The dip angle varies from
10° to 20%, commonly I15°. Along'the strike nrt far {rom the vutcrop of the
Ordovician limestone, one can unmistakenably see a continuous zone of black
dumps left bv the old native pits. The field is terminated on the west
by a big fault a little west of Hsin Tung Kou (gi{Ri%). and ended on the
northeast by a large igneous intrusion at Ming Sheng Kou (g% ), the
productive area extending for a distance of about 15 li.

. The main drainage is'tai Tze Ho (K F#) which flows arcund the
cgstéi';zl ;r:d southern margins of the coal field. The general topography is
mainly controlled by the lithological characters of the underlying rocks. And
thus the district presents a very regular aspect along the dip direction. The
g&rthern part of the field, which is made up by the coal-bearing series and its
underlying series of shales, sandy shales and limestone intercalations, marks a
belt of very mnderate elevations. The southern part, being occupied mainly
by soft red shales andsandstones, forms a group of lew hills with open valleys.
T.he middle part between them, consisting principally of hard quartzose
sandstones, on the other hand, builds up conspicucus peaks.

_ The Upper Palzeozoic sediments of the Pen ‘Chi coal tield above the
Ordovician limestone amcunt to a thickness of more than 1000 meters. From
the base upwards they can be divided into four series as tollows:—

PENCHI SERIES—MIDDLE €ARBONIFEROUS

This series les disconfcrmably above the Ordovician limestene. It
consists mainly ot shaies, sandstones and limestones but there is no coal. Its
thickness is estimated at about go meters., The succession can best be seen on
a hill ridge just between Hsin Tung Kcu and Ma I Tsun Kou (iEeXHE)
about 12 li northwest ¢f Pen Chi Hsien. From the Ordovician upward, the
following strata appear in succession (fig. 1):— .
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1. Purple shale,changing gradual-
ly into light grey shale .. 5.0 m.
2. Yellowish coarse soft sandstone, '
carrying earthy pebbles ., 4.0 m.
3. Yellowish shales.sandy at some

1

I2Yers .. wee wme w400 m.
4. Grey limestone, with Spirifer

(Loc. 1904) ... w.s onas b m.
5. Yellcwish sandy shale ... .. 4.3 m.

[

6. Grey dense brittle limestone,
upper part marly, carrying
sometimes hematite nodules
(Loc. 1905) .. vave we 1.0 m.
(4-6 Mays limesione)-
7. Yellowish shale ,,,

3

Section of Penchi series between Hsin Tung Kou and Ma Yi Fsun Kou about 12 li northwest of Pen Chi Hsien

e wee 13.0 1m.
8. Light grey semicrystalline
limestone with abundant
Girtyina, Lithostrotion, Cha-
etetes, Spirifer and others ,,, 1.85 m.

(Hssaoyu limesione)

9. Yellowish and greenish'sandy
shales, with intercalations of
sandstones ., vons e 1I.0 m.

to. Light grey, massive, dense

""" - limestone, sometimes full of

crinoidal stems. with Gsrtyina,
Chacteles,Lithostrotion,Spirifer

and others .. ceos we 3.5 m.

S—W ATREEE L = S R R A R T

{Penchi limesiome)

Shansi sesies

11. Light grey sandy shale... .. 5.0 m.
12. Grey coarse soft sandstone ., 7.0 m.

From here upward, it is followed by the

S .
=
M ",/
12
Fig.

Shansi coal series.
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I. Mayi limestone: This name is introduced- for the jower two lime-
stones. The tirst bed is about .6 m. thick and the second layer is approxima-
telv 1 m., the two being separated by 4.3 meters of yellowish sandy shale.
They are only exposed at Ma I Tsur Kou whence derives their. name. It is
separated trom the Ordovician limestone by abont 50 meters ot shale, sandy
shale, sandstone .and conglomerate. The lower May:1 iméstone 1s marly and
secms to contain no cther fossils except a kind of large Spsrifer {Loc. 1904).
The upper Mayi limestone is dense and brittle, marly at the upper part, and
carrics sometimes. iron ore nodules. Foraminiferas seem to be not very
abundant.and other fossils mainly occur as crossssections. From its lower
part, the following species cf fossils are collected (Loc. 1905}:—

Girtyina schellwiens Staff
Spirifer mosquensis? Fischer
Dielasma sp.

II. Hsiaoyu limestone:  The Hsiaoyii limestone is best exposed in a
small gully at Shun Shan Tze (NIl ¥ Loc. 1906 b) at the entrance of
Hsiac Y@t Kou (PPRik) where are located the residence houses of the Pen Chi
Hu Coal and Iron Mines. It is light grey and massive,-becoming. earthy
and shaly at the upper and lower layers. Crinoidal stems are very few.in
number and small, but iforaminiferas are extremely abundant, the whole
timestone being closely crowded with their remains. The measured thickness
is 1:85 m. and it is separated from the Mayi limestone by- 13 meters of
yellowish shale. This bed is again exposed it the Ma I Tsun Kou section
(Loc. 1906) and on the hill top between Hsiao Yii Kot and’ Ming Sheng Kou
(Loc. 1906a). In the former locality, beautitully préserved:Lithostrotion.
Alveolites and Chaetetes which are very characteristic: bf the Tangéhﬁi? lime-
stone in North Chihli have been collected. The fossils so far obtainea from
this bed at the above three localities when combined yigld ¢he .fotlowing
species:

*Neofusulinella bocki Moller
1 Fusulinella sphaeroidea Moller
tGirtyina konnot Ozawa

Girtyéna pankouensis Lee
t4lveslites tangskanense Grabaun
{Lithosirotion katpingense Grabau

$Aléo found in the Tangshan limestone of Chihii:
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{Chaesetes sp.

Reticularia sp. indet.

Producitus sp. indet.

1S pirifer mosquensss? Fischer

HI. Penchi limestone: This is the thickest limestone bed in the

Pen Chi coal field. Just below the black dumps of the ald native pits, this
limestone is exposed at many places. On account of its great thickness and
position, it has been well known to the native miners. The—_limestone_ is
light grey, massive, semicrystalline and 5.5 meters thick. It is separated
from the Hsiaoyii limestone below by 11 to 15 meters or yellowish and
greenish sandy shale, and frcm the coal series above, by a thick bed of
grey coarse sandstone. Crinoidal stems are sometimes very abundant, but
in other cases they appear to be rather rare. As a rile, the crinoidal stems
seem to be more concentrated in the earthy layers. Foraminiferas are
moderately abundant, but other fossils seem to be very rare and the limestone
is too dense to yield good speciniens, Collections are made at three locali-
ties, that is, at a temple just behind the tunnel of the Coal Mine (Loc. 1903}
at Ma I Tsun Kou (Loc. x907) and at a place between Hsiao Yi Kou and
Ming Sheny Kou (Loc. 1907 a}. Taese three collections are essentially alike
and contain the following species of fossils:

Boulionia raws Lee

Bradyina nawtiliformis Moller
{Girtyina cylindrica Fischer

Gertyina paﬁkouensis Lee
tGirtyina konnoi Ozawa
tLithostrotion kaipingense Grabau
Y Multithecopora penchiensis Yoh
YChaetetes sp. '
tSpirifer sp.

SHANSI SERIES~PERMO-CARBONIFEROUS

The Shansi coal series is separated trom the Penchi series below by 7
meters of grey coarse sandstone. The sudden change trom a condition of
frequent marine invasions to that of an extensive coal accumulation seems
to-suggest a disconformity between the two. This idea is fully justified
by a consideration of the fauna and flora which it contains respectively.
Since the marine 10ssils from the lower series have been proved to be
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Moscovian or Middle Carboniferous and the plant fossils from this coal
series have long been known as Stephanian or Permo-Carbonifergus, there
must be an overlapping of the two above the Taiyuan series, which is so
extensively developed in other parts of N. China, but entirely absent here.

The Shansi series here consists of alternating beds of black and grey
shales, sandstones and coa! seams, but without limestones. Its total thick.
ness is estimated as about 170 meters. As many as 18 coal seams are reported
to occur, but the productive seams are mainly confined to its lower and upper
parts, the two being separated by a thick sequence of quartz sandstones and
shales carrying only thin coal seams at different horizons. Its detailed
succession can best be seen trom the columnar section (PL. I}. 1In the carbon-
aceous layers, plant fossils are abundant which have been studied by Schenk,
Zeiller, Yokoyama and more recently by Mathieut. This latter author carefully
analysized the flora and arrived at the conclusion, that it represents Permo.
carboiiiferous and that it may be tentatively correlated with the coal series
above the Tangshan limestone in the Kai Ping coal basin of €hihli.

QUARTZOSE SANDSTONE SERIES—PERMIAN,

The Shansi coal series is immediately followed by about 250 meters of a
sandstone series. It consists mainly of grey, greenish and white quartz
saridstones. In its lower part, intercalations ot yellowish and purple shales
are frequently met with, but towards the upper part only sandstones remain,
About 60 meters above the base there is a layer of hard compact massive
greenish shale, carrying ball-like concretions which have a very characteristic
appearance in the field. Some of the sandstones are exceedingly coarse and
carry sometimes abundant small quartz pebbles, giving rise to the formation
of a local conglomerate. Oaly in rare cases are the sandstones earthy and
micaceops. Owing to its great resistance to the agency of weathering, this.
sandstone series orten forms high peaks.

" This ciuartzose sandstone series is very persistant and wide-spread jn N.
China. It has been generally regarded as Permian in age.
RED SHALE AND SANDSTONE SERIES-—PERMIIAN?

Above the quartzose sandstone series lies conformably a vast sequence
o! red colored rocks, more than 500 meters in thickness. The dominant rock
types are soft red shales, sandy shales and sandstones. The sandy rocks are
mostly micaceous. In about the middle part at a _hill-lock between Pao Chia

1. F.F Mathieu: L'age geologigue du baesin de Pen Chi Hu, Bull. Geol: Sutv. China, No. 6 p.bs
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Wa Tze (MK F) and Yo Chia Tun (jk3di; there is a thick layer of
conglomerate containing large pebbles of sandstones. Near the base of the
series at Tsai Chia Tun (EZZgkRWL) is seen a thick bed of yellowish and purple
easily fissile shales. Owing to the porosity and softness of the rocks, the
present series forms a group of low hill-locks, dissected by bread and open
valleys.

This red sandstone and shale series is also rather wide-spread in N. China
and has Been generally regarded as belonging to the Mesozoic. But since no
unquestionable Triassic fossils have so far been knowan in N. China, it appears
more likely to.belong still to the Permian,

2. RiU HSIN TAI GOAL FIELD.
Niu Hsin 1ai coal field is situated about 40 }i east of Pen Chi Hsien. It

is easily accessible by a branch railway along which the train runs four times
. every day. o

The structure of the coal field is jus. like a chair. Its foreside faces to
the north, while its back-side to the south, with the Ordovician limestone
which surrounds it in the latter direction forming its frames. The dip angle
varies greatly at different localities. As a rule, it increases rapidly towards
the Ordovician limestone. \

The succession of the Pen Chi coal field can be equally applied to Niu
Hsin Tai, though the uppermost part, the red shale and sandstone series,
seems to be here eroded away or else is preserved in the far north. A little
north of Hung Lien Kou (£ %%}, the Penchi and Hsiaoyu limestones are
again exposed.

The Hsiaoyu limestone shows its normal characters and is, as waé the case
in every part of the Pen Chi coal field, extremely abundant in foraminifera re.
mains. The Penchi limestone, on the other hand difiers somewhat: lithologi-
cally-trom that in the Pen Chi coal field. It is dark grey and dense, carrying

.abundant black chert nodules, these latter being entirely absent in Pen Chi
Hsien. According to Prof. J. S. Lee, the foraminitera faunas of these two
limestones are essentially the same as those tound in the Pen Chi coal field,

3. WU HU TsU! GOAL FIELD.
The Wu Hu Tsui (5 %) .coal field is situated about go Ii west of the
Pu Lan Tien station | @) It is surrounded by the sea both on the south
and on the east. The coal-bearing series is mainly confined to the lengthen-
ed table-land which trends in a northwest and southeast direction. This
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table-land branches into two towards the northwest, and rises generally
about 50 meters abave the salt marshes.

The structure of the coal field is controlled mainly by two symclines
which are separated in the middle by an anticline. The eastern syncline ot
the Shihchiatun syncline begins from the northers end of ‘the ‘eastern table-
land a little north of Shih Chia Tun (B#&KHi), gradually decreases in magni-
tude towards the south aad finally disappears in the vicinity of ,Yang Shu
Kou (tE#i%). The western syncline or the Laochunmiao- syncline com-
merces again from the northern end of the western tabie-land at Pu Sa Miac
(¥ g% ) and gets its full development at Lo Chun Miao (E B %) where the
tunnels of the Chen Hsing Mine (JER\VE)) are located. The anticlive be-
tween these two synclines makes its first appearance at Vang Shu Kou and
broadens rapidly tewards the north. Apart from these dominating structures,
the strata are moreever verv likely subject to secondary loldiags which
render the miner’s work very difticulf

‘The lewer part of the coal series'is exposed only at -the toot of San
Lin Shan (ZZ#§il}), the latter locality being rather {fameus to the natives for
the production of iren ore. The ircn-bearing layer is a purple shale about 2
meters thick. It forms the base of the Carbaniterous coal series and is in
direct contact with the Ordovician limestone. The succession from the latter
upwards is as follows (fig. 2) :(—

Fig. 27 Section showing the succession of the Penchi series.southeast
. of Ting Chia Tun, Wu Hu Tsui coal field

HoE THEUNH =R RE RN

1 Purple shale, carrying abundant hematite
nodules

oy e -y hre e ey 2‘0 m
2. Greyish hard clay-rock, with abundant roram.
nifera-like concretions voie . rous s 5.0

3. Variagated .shale

L mo L) - e 12'0
4. Light. grey massive limestone, pute and semicry-
stalline, with very few:smal!l crinoidal srems

_ sore r.3
5. Greenish and.purple shale

e oy seve Fohd 5 0
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6. Grey massive limestone, with flinty bands at the
bedding plane, upper layers carrying crino-
idal stermrs and Spirifer s e sewe - 8.0
(Salin  Mmesione)

#. Yellowish easily fissile shales,,, . e e 100
8. Grey lenticular limestone {Loc. 1923) e even 9
Greyish shale - - o ove a—ve 7.0

(1-9, Penchi series)

10. White quwartz sandstone, weathered to a brown

color .. o rees oo - — soss 2.5

1r. Lower light greyish shale, upper covered.

12. Massive thick limestone with flint bands (Loc.

1924)

From bed No. 10 upward the strata are covered by debris and plough-
ed fields. But the strata from No. 6 upward are well exposed at a clay
quarry between Ting Chia Tun (‘T#EHi) and Wang Chia Tun (F®RWL) from

where we have the following succession (fig. 3) :—

1. Yellowish shale
2. Massive pure crystalline limestone, carrying some-
times hematite nodules: upper part carrying
small crinoidal stems, Spirifer, Chaeletes etc.
(LOC. 1926} e we e swe  owe  ews 7.0 IO
(= bed No. 6 in the foregoing scction) )
3. Yellowish fissile shale, with a greenish sandy layer
about I.z m. thick ir about the middle part. ., 10.0
4. Greyish limestone (Loc. 1917 b) 4 mm _— 9
5. Lower yellowish grey shale, upper covered by clay
debris . s — e ...- o e 24.0
6. Light greyish clay - ~ e e s 5.0

(1-6, Penchs series.)

7. Greyish sandy clay cerrying thin coal seams ., =~ 5.0
8. Massive dark limestone with flint nedules (Loc.
IQTT) mw e e eson ..... o .5
g. Greenish fossiliferous sandy shale .. .. .. .75
10. Greyish shaly limestone ers e sws . oves .45
11. Brown yellow sandstone, fossiliferous. - e JIo
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PENCHI SERIES~MIDDLE CARBONIFEROUS

This series consists of 70 meters of purple shale, yellownish shale and a
thick bed of limestome but without coal. It is well exposed at the toot of
San Lin Shan and its upper part also crops out at the eastern margin of the
table land between Ting Chia Tun and Wang Chia Tun.

Sanlin Hmestone: The thick limestone to which the mame Sanlin
limestone is given is about 25 m. above the Ordovician limestene. It is light
grey, massive, semicrystalline, with abundant tlint bauds, and abeout 8 m.
thick. The upper layers are crineidal and carry here and there cross-sections
ot Spirifers. At the foot of San Lin Shan, have been collected a brachial valve
of a Spirifer which in every respect agrees with Spsrifer mosguensss Fischer and
several not well preserved Fusulincila tests;, while in the section between
Ting Chia Tun and Wang Chia Tun, are cbtained several specimens of Chactefes
exactly the same as those found in the Tangshan limestone of Kai Ping and in
the upper two limestones of the Pen Chi coal hield. Based upon the absence
of coal seams and the evidence furmished by the animal remaims, it appears
preferable to include this limestone to the Penchi series.

5 m. below and 16 m. above the Saplin limestone, there are tweo thin
limestones essentially of the same charactes, but $o far no reliable fossils
except crinoidal stems, have been detected upon them.,

TAIWUAN SERIES—-UPPER CARBONIFEROUS

The series amounts to a thickness of about 100 meters. It may be
con\ eniently divided into an upper and a lower subdivision. _
The lower part of the Taiynan series is well exposed on the vertical
walls of the table land between Ting Chia Tun and Wang Chia Tun (fig. 3).
It consists mainly of‘cherty limestones intercalated with fossiliferous shales
and sandy shales, being underlaid by a thick bed of greyish shale carrying
‘thin coal seams and of lireclays, and overlaid by twe beds of black hernstones
with sandstones and shales between. The total thickness is 42 meters.
Wauhutsui formation; The marine limestones and shales in the middle
part is collectively named as the Wuhutsui formation which may be divided
into two parts. The lower Wuhutsui formation is composed of three beds of
limestones with intercalated fossiliferous shales and sandy shales and is 5.8 m
in thickness. From these beds (foc.- I9IT, 1912} at 4 place betweén Ting Chia
Tun and Wé.ng Chia Tun, the following species of fossils are collected:
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Productus tasyuanfuenis Grabau
Marginifera pusilla Schellwien
Spsrifer taiyuanensis Chao
Naticopsis sp.

Aviculopecien sp. |

Endolsum sp. _

The upper Wuhutsui formatisn is compesed of 6.4 meters of massive _
grey cherty limestone and 5 meters of bluish calcareous shales. It is separat-
ed from the lower formation by 4 meters vf grey shale carrying thin coal
seams. C(rinoidal stems are not abundant and other fossils secem to be very
rare. Notwithstanding repeated thin-sectioning ot the limestone specimens
cbtained from the thick limestone, no Fusulinoids of any kind have so far
been detected.

A little north of Yang Shu Kou, several brachiopods were collected from
scattered limestone blocks aleng the road side. The limestone is of a
dark coler and contains apparently no foraminiferas It appears very pro-
bable that they are derived from the Upper Wuhutsui limestone, though
there is no positive evidence for such an assertion. The brachicpods are:

Marginsfera pussila Schellwien
Productus echidniformis Grabau em. Chao
Productus manchuricus Chao -

The upper Taiyuan series cousists mainly of shales and sandy shales
with & thick coal seam at the lower part and one or two layers of Schwagerina
limestone in about the middle part. This shale series amounts to a thickness

of about 60 meters and is capped on top by a thick bed of soft greyish
sandstone.

Yangshukou lmestens: This lies in about the middle part of the coal
series and is well exposed on top of the table land at Yang Shu Kou. It is
dark, dense, massive and about I m. thick. Round sections of Schwagerina
appear abundantly upon the weathered surface but other fossils appear to
be very rare. So far only two species of foraminiferas have been obtained -
from this bed (Loc. 1919): |

Schwagering moungthensis Lee
Schellwiemia richihofeni Schwager,
A little north ot Yang Shu Kou between Wang Chia Tun and Pai Chia
~Tun (KAL), a layer of limestone also crops out (Loc. 1921). Whether it
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represents another layer of limestone within the coal series or is equivalent to.
the Yangshukou Schwargerina limestone is not quite clear at present, though
the former is most probably the case. It carries a rich foraminifera fauna

which comprises the tollowing species.

Neofusulinella chaoi Lee
Boultonia willisi Lee
Schellwienia ﬁchtkpfeni Schwager
Schellwienia nobilis Lee

Besides these fossil localities above-mentioned, scattered limestone
outcrops containing Fusulinoids occur in many other places, such as, on the
road side west of Ting Chia Tun (Loc. 1915), in a valley bottom east of Pai
Chia Tun (Loc. 1925), on the road side north of Pai Chia Tun (Loc. 1928=?
Loc. 1925) and in the vicinity of Yang Shu Kou (Loc. 1927, 1920}. Al the
material, however, has not yet been carefully studied and hence it is not
possible at present to state definitely about their position and correlations.
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Geology of the Pa Tao Hao coal field
in the Hei Shan district, W. Fengtien.

(Summary)

BY H.C. TAN (T 48 &)
(Wsth 4 plates)
INTRODUGTION.

The coal field in question is situated between the Hei Shan (Muly)
district in Fengtien province and the Fu Hsin (£ 45) district in Jehol. The
main coal mine is near the Pa Tao Hao (A &) station of a branch-line
which starts from the Ta Hu Shan (3TR1N1) station of the main railway
between Peking and Mukden, out of the Shan Hai Kuan. The distance
between Pa Tao Hao and Ta Hu Shan is about 30 kilometers. The geographical
position of the coai mine is about long. E 121%55° lat. 41%55°

This coal field has not been geologically studied before except by Mr.
E. Ahnert, a Russian geologist who in 1921 paid a visit to this field and made
a collection of fossil-plants which have been stndied by Dr. A. Kryshtofovich.
The second geological observation was made by me in the autumn of zg2s. in
company of the American palaeobotanist Mr. Chaney. In October a detailed
survey was carried on by the writer by the instruction of Dr. W. H. Wong,
director of the Survey and upon the request of Mr. C. F. Wang, director o the
Mukden. Mining Bureau under whose auspicés the coa! mining is being

carried on.

STRATIGRAPHY.

There are many gaps in the chromological sequence. The Archaean
gneiss is often immediately overlaid by the Cretaceous beds with a marked
unconformity between them. Only the Sinian (Neo-Proterozoic) quartzite
formation and the supposed Jurassic volcanic lavas are sometimes fcund ir
the interval and none of the formations from the Sinian (Neo-Proterozoic)
limestone up to the lower Jurassic are represented. The Cretaceous deposits
are well developed in this area and play an important role in the steatigraphy
of this region (see cross and columnar sections).

Taishan Complex (Archaean Gneiss): This consists chiefly of gneiss of

coarse schistosity containing small quartz veins. It occurs on the border of



B S W oY % H ORI E R &
CEOLOGICAL MAP OF THE PATAOHAG COAL FIELD IN THE

HEI SHAN DISTRICT, FENGTIEN

& A W 4§ W

SURVEYED BY H. C, TAN.
Scale 1: 60,000 — Z D XN R&
g 7 z 7 ? z

|

g B & B ERIRLIE

F W R MARL B AW WTALE  BYELE  RIE

GRS R s 7 ) e E Ay e & &) W ) e A e m ¥
TUSRAX COMPEX  QUARTZITE rorMATION  KANGTA! FORMATION  LOWER PARTOF MDD FART B UPPER TARTOF  COMCLOMERATE Tomuaron [0ESS

(ARCHAEAN) {NED PROTEROZOID) {JURASSIC 9) H%SHAH SERIES . REISHAN SER EISHAN : 88_
' SINIAN - ACRETACEDUS) (ORE‘&(;EO{%g : HlaRETAC%gg&I‘ES : (‘GRETMEOUS". oyl

(QOATER R

]

N



H. C. Tan—Pa Tao Hao Coal Ficld 21

the coal basin. In the vicinity of T’ai Tzu Hou (¥ F4k) east of the coal
mines the Archaean gneiss is widespread. North and West of the coal field in
a zone passing by Tao Hua Ying Tzu (JkEKF) and Erh Tral (&) itisin
fault contact with the tuff and lava of the Cretaceous formation. THé

Archean gneiss often forms low lands and low-hills and mostly crops out in
ravines,

Neo-Proterozosic  {Sinian): It unconformably overlies the Taishan
complex and is found only at Tou T’ai and Tun T’ai Shan (southwest of Erth
T’ai), on the North West of the coal field. This formation contains white and
gray quartzite with greenish schist at T’ou T’ai; white and gray quartzite and
gray sandstone at Tun T'ai Shan. The quartzite oiften forms cliffs and
conspicuous peaks, though it only occurs in small areas. The age of this
white quartzite may be either Wutai (Eo-Proterozoic) or Sinian (Huto or
Neo-Proterozoic). The latter correlation seems to be more likely in this area.

Kangtas Formaiton (volcanic Lava): This formation is well developed
in the environs of Kang T'ai (§{¥) south east of Pa Tao Hao and forms
.conspicuous hills on the southeast of the same village. It consists chiefly of
brown, purple and violet volcanic andesitic lavas and dark green and violet
tuff. When examined under the microscope, the andesitic lava shows
phenocrysts of idiomorphic and medium sized plagioclase and hypidiomor-
phic greenish horblende in a hypocrystalline ‘ground.mass composed of
feldspar microlites and subordinate glassy matter. On account of their
apparent stratification the lava and tuft are grouped in one formation; no
sedimentary beds are interbedded with them. In the northen part of the
mapped area this formation & lacking and the Archaean gneiss is directly
followed b.v the coal bearing Heishan series, whilein the southeastern part the
Heishan series is underlaid by this formation although without visible
contact. According to its apparent stratigraphic position, this andesitic
lava and tuff formation is provisorily considered as of Jurassic age.

Heishan Serses (Coal Series): According to saperposition and coal
content it may be divided into three parts, (1) The lower part comprises
largely clayey shale, sandstone and conglomerate without coal seams, frum
bottom upward the members are greenish and yellowish clayey shale and
coarse sandstone, greenish and yellowish-gray clayey shale and fine sandstone
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and variegated conglomerate with pebbles from several contimeters to several
decimeters and sometimes even to several mdters in diameter. . At Hao T'un
(#HL) a conglomerate of quartzite pebbles forms some hard beds which look
very much like quartzite strata. Besides quartzite, pebbles of the conglo.
merates are also made of gneisses, sandstones and occasionally volcanic rocks.
This part occurs along the eastern margin of the coal field and is exposed in
~ the vicinities‘of T’ai Tzu Hou and Hao T’un and along the railway west of
Chang Luo T'un (FRWW). According to the width of the outcrop and the
dipping angles of the strata this part amounts to about T0o meters in thick-
ness. (2) The middle part overlies the ]oivér part with a disconformjty
between them. It consists chietly of sandstone, shale, clay and conglomerate
with workable coal seams. The outcrops are very rare owing to extensive
covering of loess and alluvium and only few strata are known in mining
works and local exposures. At Hao T'un in contact with the conglomerate of .
the lower part is the greenish and yellowish clay, at Wei Ch’ eng Tzu (#EbR F)

above the lower part thereis the greenish clayey shale; most of the rock
pieces worked out from the shatts and inclines are gray sandstone and
dark gray and black shale, and those shown in columnar sections through
shafts are sandstone, shale clay and conglomerate with coal seams. This
part is found to occur along the railway, though nearly the whole part
is covered by superficial deposits, and the thicknessis estimated at about
220 meters. (3) The upper part conformably overlies the middle part, but
the contact is covered by superficial deposits. The essential members are
clayey shale and sandstone with thin coal seams and apbarently exposed
along the eastern foaot of the low hills on the west of the coal field. On the
north of Ch’en Pa Tao Hao (m;‘\,‘aﬁ) the strata are {from below upward)
gray and greenish.yellow clayey shale with coarse sandstone and one seam of
dark claye ey shale (about 1o meters thick), conglomerate including pebbles of
gnelss quartzite and volcanic rocks {abofit 6 meters thick) gray and yellow
clayey shale with ‘sandstone (about 5 meters thick), conglomerate {about 3
meters thick) yellow and gray clayev shale ‘and sandstone (abont ro meters
thick), conglomerate with sandstone (about 6 meters thick), and yellow and
gray coarse sandqtone with conglomerate and clayey shale (about 50 meters

thick). In the v1cm:ty of Tai T’un this part contains thin coal seams which
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have been worked, the strata exposed-in ravines are yellowish, greenish and
gray clay and sandstone (about 5 meters thick), conglomerate including
pebbles of gneiss and quartzite (about-3 meters thick), grav and vellowish
clayzy shale with sandstone (about 6 merers thick), conglomerate with sand-
stone (about 4 meters thick), gray, greenish and yellowish clayey shale with
gray-white and gray sandstone (about 6 meters thick), conglomerate (about 10
meters thi¢k), and gray and yellowish sandstone {(about 10 meters thick). In
the environs of Shuang Ching Tzu and Ch’ien Hung Shih Tsao this part is re-
presented by gray, greenish and yellowish clay and sandstone with fine cong-

lomerate. It occurs along the western margin of tne coal field, and is

estimated at about 200 meters in thickness.
As to the age of the Heishan Series, Dr Krishtofovich* mentioned four
species of plants fossils ccllected by Mr. Ahnert probably {rom the middle part

of the series:
Dioonsies kotoi Yokoyama

Ginkgo digitata Brongniart
Phoenicopsis speciosa Heer -
Pityophyllium wordenskividi (Heer) Nathorst

On the basis of these fossiles, Dr Krishtofovich referféd this formation
to the Nican Series of the Russian Maritime province or to the upper division
of Jurassic deposits in the Ussuri region. However, Dr. Krishtofovich himself
has expressed the opinion that the age of the Nican series may well extends to
the Wealden i. e. Lower Cretaceous.

The writer of this report has collected some fossi! pelecypods
from a dark shale below the coal seams in the middle part of the Heishan
series. They were examined by Dr. A. W..Grabau, and some of them were
found to be just the same Corbicula as that I have fommerly collected from
the Yi Hsieh Cretaceous deposits and which have been already described by
Dr. Grabau.** At Tai T'un in the southern part of this field some plant
fossils were found; they are, according to the determination by Mr. T. C.
Chow, Caekanowskhia, Podozamstes, Nageiopsis and Taxodiuwm. In the Ling Yian

district, Jehol, the Czekamowskia occurs in association with fossil fishes***

* XKryshtofovich, A. Remains of Jurassic plants from Pa Tao Hao. Bull, Gedl. Soc, China
Vols 111, No. 2, pp. 105-108, .
**  Grabau, A. W, Cretaceous mollusca from N. China, Bull, Geo!l. Surv. China No. 5, pt.
2, pp. 185-191.
s+ Grabau, A. W. TIbid. p. 154,
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Lycoptera jeholensis considered as Cretaceous and the Nageiopsis is also of
Cretaceous age. So according to fossil content the Heishan series may very
probably belong to the Cretaceous. According to superposition and petro-
gaphical characters it is also proper to assign the Heishan series to this age.
In northern China the known Cretaceous fossiliferous sedimentary deposits
always lie immediately below the tuff-conglomerate,} in the Pa Tao Hao
coal field the Heishan series directly underlies a conglomerate formation
which contains tuff and lava in the upper part and much resembles the
tuff-conglomerate of Shantung. In the Peipiao coal field in Jehol the
Jurassic and Cretaceous coal series occur in association and contains
different rocks from one another, the Jurassic coal series chiefly of hard-
gray sandstone and dark-gray shale with coking bituminous coal, while the
Cretaceous coal series comprises largely clayey shale and thin bedded
sandstone with ligrite or sub-bituminous coal. The Heishan series here
contains clayey shale and thin bedded sandstone with subsbitumineous coal
and lignite, the latter have just the same fuel quality as those contained
in the Cretaceous series in the Peipiao coal field. So the Heishan series can
be well considered as Cretaceous on both the palaecontological and stra-
tigraphical evidence.

Conglomerate Formation (Tuff-conglomerate): This formation overlies the
Heishan series perhaps with a diséonformity between them. It consists
chiefly of conglomerate with tuff, lava and sandstone, and may be divided
into two parts. The lower part contains tuff and volcanic agglomerate as
well as conglomerate and loose sandstone. At Shuang Ching Tzu there are
gray, green and yellow fine tuff and tuff-conglomerate with red and
green clay and loose sandstone; at Chien Hung Shih Tsao the tusf-conglo-
merate also comprise loose sandstone. In general the conglomerate decrease
in coarseness from below upward: at the base the coarse conglomerdfe can-
tains greenish and gré.y sands, in higher horizon the finer and coarser
conglomerates alternate and comprise gray and red sands, fina.liy. the finer
conglomerate predominates with red sands and pebbles of quartzite and
volcanic rocks. On the south of Shih Chia Kou (fF3K#¥) the conglomerate

t Tan, H.C. New research on the Mesozoic and Early Tertiary geology in Shantung.
Bull. Geol, Surv, China, No. 5, Pt. 2, p. 115.
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contains several thin seams of red hard sandstone. The pebbles of the
conglomerate are mostly made of quartzite and gneiss and also often of
sandstone, shale and volcanic rocks. On the southwest of Chu Pa Tao Hao
(S AMREE) large boulders ot gneiss are observed; the pebbles are either
‘rounded or angﬁlar and the larger and smaliler ones are mingled: altogether.
The upper part comprises green, violet purple and brown tuff and lava with
sandstone, clayey shale and thin coal seam. On the west of T’ao Hua Ying
Tzu the green and purple tuff and violetish lava are in fanlt contact with
the Archaean gneiss; there are also thin coal seams which amount to 2 feet
in thickness for each and were worked by natives; on the southeast of the
same village the tuff also comprises thin coal seams. On the hill north of
Luo T'ai (§§%) there occur green, brown and purple tuff and lava with
coarse sandstone, conglomerate and greenish and dark clayey shale, the
pebbles of the conglomerate are at some localities made of quartzite, mostly
angular and form compact beds which look like a quartzite formation. The
tuff contains fragmentary feldspar; quartz and biotite in a glassy matrix.
The lava is -also consequently andesitic in type} it contains phenocrysts of
plagioclase with zonal structure, biotite and hornblende in a hypocry-
stalline matrix composed of minute crystals of feldspar and a subordinate

amount of giassy matter.

Southwest of Erh T’ai (—#) there is a conspicuous hill comi;osed of
violet, green and dark tuff and lava with gray sandstone and conglomerate of -
quartzite pebbles. This formation is widespread in this area and has a
minimum thickness of more than 1500 meters, the upper part having been

partly cut away by faults.

On account of the lack of fossils the age of this formation is not exactly
determinable. According to the superposition and petrographical characters,
it may be correlated to the tuff-conglomerate common in Shantung and other

regions in Northern China and may be of upper Cretaceous age.

Loess and Alluvium: The outcrops of the loess are very rare in this area,
and most of it is covered by the alluvial deposits even in ravines. The alluvium
is widespread a_nd accumulate& on the plains, Jow lands and slope and foot of
the hills. The essential components are secondary loess, soil, sands and

gravels. The thickness is irregular, from 20 to 3o ft. in average. According
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to the sections cut by the shafts of the Pa Tao Hao coal mine the loess and
alluvium amount to about 70 ft. in thickness.

STRUCTURAL GEOLOQY.

A first and the most important igneous and diastrophic movement
occurred in the Jurassic time before the deposition of the Heishan series.
From this first volcanic outbreak the Kantai lava and tuff were formed.
After the deposition of the Heishan series, came a second period of volcanic
activity accompanied by strong erosion resulting in the formation of tuff.
conglomerate. Then there was a period of faulting prebably in the middie
Tertiary time.

The biggest fault in the mapped area is that on the western margin of
the basin striking in the south-north and northwest-southeast direction along
a length of about 1o km. The upthrow side comprises the Taishan complex
and the Sinian quartzite and the downthrow side the upper Cretaceous
conglomerate. A second fault lies along the northern‘margin of this area and
{s about 6 km. long. Its upthrow and downthrow have the same formation as
above stated. Small faults are numerous but only local,

With the exceptions of the local disturbance along the fault lines the
strata are generally inclined to the west, southwest and northwest with the
dipping angles varying between 5 to 30 degrees. At the conspicuous hill
seuthwest of Erh T’ai the upper part of the Cretaceous conglomerate east of
the big fault dips to southwest with angles above 4o degrees, while at the same
locality the Sinian quartzite west of the fault dips to southeast with angles
varyiné from 45 to 78 degrees. At T’ou T’ai the quartzite formation is-inclined
to S.S.E. at angles from 34 to 63 degrees. At T'ao Hua Ying Tzu the upper
part of the conglomerate formation dips to northeast at angles from 40 to 60
degree, On the north of Luo T’ai the tuff, sandstone and shale are inclined
to the south with the dipping angles between 50° and 70%. At P’an Tao Shan
(A& ¥k 1)) the sandstone and shale dip to S. E, E. at 34 degrees. All are local
variations, and no definite folding can be detected.

ECONOMIC QEOLOAY.
Io the Pa Tao Hao coal field the coal seams are-contained in the middle

and upper parts of the Heishan series. The upper part comprises only thin

coal seams; at Tai T’un they are two or three in number and each amount to
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two or three ft. in thickness. The middle part contains workable ceal seams
which have long been worked. According to the sections obtained by the
shafts and borings there are six workable coal seams variable in thickness at
different Jocalities (see sections of shafts). The first seam occurs in the lower-
most portion of tha middle part of the Heishan series. It is otten interruptad
by the proje-.tions of the conglomerate ot the lower part, and contains rock
partings; its thickness is variable, about 6 ft. at west shaft; about 9.5 t. in the
Ist. crosécut excluding partings ; and ahout 6 ft. at east shaft including part-
ings. In the north shaft arnd the 4th shaft the 1st. and 2nd seams are combin-
ed to form ofie seam, amounting to about 2o ft. at the former and about 17 ft.
at the latter with partings. The 2nd. seam is very near from the 1st. seam,
combined with it to form one seam, and also interrupted by the conglmerate, the
thickness is about 5 ft. at the west and east shafts excluding partings. T1he 3cd.
seam is contained in a fine conglomerate and sometimes interrupted by the
coarse conglomerate of the lower part,k‘the thickness is about 4 ft. at the
west shaft and about 8 ff. in the 1st. crosscut excluding parting, only one part
of the seam is found to occur at the east and north shafts. The 4th seam is
not interrupted by the conglomerate and amounts to about 7 ft. in thickness
at the west shaft and more than 6.5 ft. in the 1st. crosscut excluding partings.
The sth seam is found only at the west shaft and about 5 ft. thick. The 6th.
scam is the uppermost of the workable coal seams and found at the 13th boring
hole, the thickness is estimated at about 5 ft.

The thickness and the intervals between the coal seams are given in the

following table:

: Coal seams

1st. seam md seam ard seam 4th seam 5th seam Gth seam |
Thickness |6 ft. to9.5 [3 €, g4 Ett.to 6 L, (6.5 . to 7 |5 ft. to 8 ft. 5 €,
it. (17°-20" {{17’-19° with ft.
with 2nd $.) 1%t seam)
-Intervals »-3-10 £t l13-10 ft. 1eo-114 1. |30 ft. from (300 Tt. from
from ist from znd from 3rd i4th seam 5th seam
rsea.m seam raum

The quality of the Pataohao coal is not good, and varies from sub-
bituminous coal to lignite. But according the conclusion of the analyses of
the coal by the Industrial Laboratory the coal of the 4th scam is somewhat
cokin.. The analyses of the coal in different seams are given as follows:
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Table I.
(by the Industrial Laboratory in 1925)

ot uotare| Volate | Fied T gy | Colomr | Maturs [ | Coniti
ist. feam " 13.06 27.16 40.98 18.80. Iﬁzfv-n Noi::;ok- : . 6056
2nd. seam :1.33 25..80 35;84 26.9§ ” . 5501
3rd. seam| 13.74 23.90 36.02 2334 . . 5570
4th, seam| 09.83 28.33 4B.22 7.62 |Yellowish| Ccking? 0.12 7151

Table 1I.
(by the Ta Hsin Coal Mining Co. in the
Fu Hsin Coal Field 1923}

Coal |Moisture| VOIRtile | conon | asn | Coldur | gy, | Nature | Calorific
Best coall 13.5t 22.99 45.27 7.13 I};E'ff;;:h 0.72 N";‘;"k' 6048
Good coal| 13.65 30.55 | 4:.6: 14.12 Brown '5.69 ' 5797

The estimate of the coal reserve of the coal field depends largely upon
the geologic structure of the field and the reliable thickness of the. workable
coal seams. The structure of the Pa Tao Hao coal field issgenerallv simple,
though the local faults sometimeé occur to atfect the coal seams. The pro-.
jections of the conglomerate of the lower part of the Heishan' series, however,
often cause the discontinuity of the three lower coal seams, and thus reduce
the coal resources. The area under which the coal seams are supposed to occur
amounts to about 8 km, in length, but on account of the discontinuity caused
by the projections of the conglomerate the lower three coal seams are supposed
to have only one half of this figure as the total length. The inclination
of the strata is gentle and the coal seams, above the depth of 300 meters from
the surface are considered as workabie. The width of the workable coal seams
thus calculated is not less than 1,000 meters. The average total thickness of

the known coa! seams is about g meters. The specific gravity is supposed to
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be 1.1. The coal reserve of the Patachaes coal field is thus estimated at about
59,400,000 tons.

It is said that Pa Tao Hao coal field was only ciscovered in 1919 and then
immediately worked by the natives, Shortly after the authorities in Mukden
sent men to establish the Pa Tae Hao Coal Mine in the tield under the
supervision of the Mukden Mining Bureau with a capital of two million dollars
In 1925 the daily output amounts to about 250 tons. At the mine the t;ost
of the coal (lump and dust mixed) is about 7.5 dollars per ton. The coal is
transported bv the Peking Mukden Railway and sold- along the line and in
Mukden.
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Geology of the Pei Piao Coal Field,
Chao Yang distract, Jehol.

(Summary)

By H. C. T’AN (3w
(With one plate)
INTRODUCTION.
This coal field was surveyed by the author im the autumn of 1923.
The map is based on the more detailed one previously surveved by Dr. V. K.~
Ting, but with such modifications as necessitated bv my new observations.
The Pei Piac (jt¥) coal field is situated ninety li north of the Chao Yang
(BABB) city, eastern Jehol. It is conmected with the Peking Mukden railway
by a branch line which joins the main line at the Ching Hsien (s} station.
This branch is to be continued to Chao Yang and thence to Chih Feng (%)
or Hata under the name of Chao-Chih railway. The distance between Pei
Piao and Ching Hsien is about 230 li. The coal mine is now operated by
the Pei Piao mining company with an output of over 100,600 tons per year.
STRATIGRAPHY.
The formations encountered in the mapped arfa are the following

from below upward:

‘Upper volcanic series

Upper coal series (Cretaceous)

Lower coal series \Juraésic)

Lower volcanic series

Sinian quartzite and limestone.

The lower volcanic series contains chiefly tuff, agglomerate and lava.
Its th_icknéss varies from 360 to 500 meters. It seems to be unconformable
with the Simian quartzite and limestone which it dire(.:tly overlies.

The coal bearing formation is chiefly composed of sandstone and shale
with occasional intercalations of comglomerate and has a totai,thickness
of over 1500 meters. It is divided inmto two serics on the basis of the fossiles
and the coal seams. The lower series comtains the principal coal seams
worked by the Pei-Piao coal mining company and has often. yielded plant

fossiles such as Baifcra and Zamites. The coal is of good bituminous quality
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with about 2-4%, moisture, 28-359, volatile matter, and about 50-64%, fixed
carbon. The good coal has less than 109, ash. It is similar to the coal of
Ta Tung in north Shansi which is also of Jurassic age.

The upper coal series contains only thin and irregular seams of rather
bad coal. The author of this repert has found some Corbicsla shells from
a sandstone of this series and also seme fossil insects which are identical
with the Samarura of the Laiyang shale Shantuag- ailready described by Prof.
A. W. Grabau.* On the evidence of these fossiles, Cretacenns age is asigned
to the Upper coal series while the lower coal series is probably to-be considerea
as Jurassic,

There seems to be no sign of unconformity between the upper and lower
ceal series altheugh the existence of a disconformity is probable. The precise
timit is yet to be determined. Owing to the wide covering of the red clay and
the scarceness of rock outcrop, the detailed stratigraphy is as yet imperfectly
worked out.

Above the upper ceal series, comes again a very thick formation of
volcanic materials. Andesitic lava is predominant; it is some times interca-
lated with tuff and onglomerate of green or brown color. This formation
probably corresponas to «he tuif-conglomerate that the author has previously
studied in Shantung.¥*

The age determination of these tormation is only provisory. It is
uncommon to encounter a thick volcanic formation below the Jurassic
elsewhere in North China.

STRUCTURE.

As can be seen from the accompanying geologica!l map, the general
structure of the coal field is rather simple. The strata from the Sinian up to
Cretaceous volcanic formation have a general strike NE-SW dipping to NW.

The coal field is cut by a series of transverse horizontal slips, These
can be detected by the observation of the rock outcrop & well as in the under-

ground mining work. The slip is generally not great. Five of these faults

Grabau, A. W. Cretaceous fossils from Shantung. Bull. Geol., Surv. China, No. 5, Pt. 2.
p- 177.

** Tan H.C, New research on the Mesozoic and early Tertiary in Shantung, Bull, ibid, p-
114 '
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are shown on the geological map. These faults produce mno effect om the
topogarphy. Their age 1s probably ratner young, at least post.Cretaceous.
SOAL SEAMS.

The special aim of the author’s visit to the field was to study the
position of the coal seams, . Those contained in the lower series and as
known by the shatts and borings of the Pei-Piac mining company are discussed
in some details in the Chinese text.

As far as our actual knowledge goes, these exist in the western and
central parts of the coal field three coal seams of sui"ﬁcient thickness for
mining. The upper seams has a thickness of 5-10 feet, the middle 4-30 feet,
and the lower one 4-0 teet. There are some times a fourth worbable seam in the
eastern part of the field. The number of coal seams is much increased if thin
seams are includea thus the boring hole No. 8 alone has encountered not less than
sixteen seams the thickmess of which varies - from 7;1 few inches to over eight feet.
Taking only into account the three main seams and assuming their average
total thickness to be 23-25 feet the authors arrived at an estimate of a little
over 110,000,000 tons as the actual reserve to the depth of 600 metres,

The quality of the Pei Piao coal though not to compare favorably with
the best Palaezoic coal in North China is yet the best of all the ceals in the
Jehol pegions which are as a rule low in carbon and high in moisture as repre-
sented by the Pa Tao Hao coal. The Pei Piao mine is rather favorably situated
as it is not very far from the coast, and coal can be easily - exported
from Ching Wan Tao or the future nort Hu Lu Tao. This is one of the

important coal field recenuy developed in North China and which has a
promising future,



B 4B G o T ot BRSO T 4
GEOLOGICAL MAP OF THE PEI-PIAG COAL IN THE CHAD YANG DISTRICT JOHO.

Geology by H.€. 7an.

Vhfén:a:} | & 53
Sinian $2.2 %

I 3.9 &
EXE. ERY
(emestones

Crelacdous

lower voleanic 5. Lower coal s. R er vBIEEnIC 5.

8.H. 1% #A 4 ok

A%+ 2 M nsshs

Conlour inferval 14 riy matleres.

] 3 'S
r'y L 1

-2 4 B R A

Scale 1:60000

?ln







W. H. Wong—Classification of Chinese Coals 33

Classification ot Chinese Coals"

And a New Nomenclature with Notations
By W.H. WONG (& X )
INTRODUCTION.

The richness of China in coal resources is well known, but so far little
attention seems to have been paid to the differential quality of the various
kinds 6t coal which are almost indifferently used. An attempt is here made
to classify the principal kinds of the Chinese coal in the hope to bring
out their main difference of composition.

No systematic classification based on ultimate analvses i1s yet possible
tar the Chinese cnals becanse very few of them have heen so analysed. Many '
proximate analyses, however, have been nade and are to be found in various
publications, chief among which are the special publication of the XIIth
international geological Congress, and some Japanese reports.? More recently
2 number of analyses have been made by the Chinese Industrial Laboratory?
of the Mimistry of Agriculture and Commerce upon specimens collected by
the members of the Geclogical Survey or obtained otherwise. Analyses have
been also made and published by some provincial Iaboratorieg, for instance that
of Shansi.? Reports have also been published by engineers of some mining
companies.*

- However owing to the lack of standardization of sampling and analy-
sing, the analyses available are widely different 1n accuracy. A very careful
selection has been necessary in order to have figures roughly comparable if not
exactly representative. | |

*  Reproduced from ‘‘Orientai Engineer” April-May 1926 with revision.

1 Report of Japanese geological Survey No. 43. tables of coal analysis published in 1922
PP 135-150 in 1919 pp. 1-4 and in 1924 pp. 1-22 also Jourpal of the Meji College
of Technology in Japaness vol. II No. 7, 1922, pp. 183-187

2 Report of the Indusirial Lahoratory (TIRIMMBARANETE). 1923, coal analyses pp. 1-53,
See also various reports on coal fields in the bulletin of the Geological Survey,

Report of the Shanai anatytical Iaboratory (sUREE LR AR 1015

4 See for instance F. F. Mathieu La géologie et les richesses minérales de la “ Chine, 1923,
which contains tany analyses made in the laboratory of Kailan Mining Admin-
istration. W. A, Shockley Notes on the coal and iron field of S. E. Shansi Trans,

Am, Inst: M. E.Vol XXXIV. 1904, p. 843 containing analyses of Shansi anthra-
cites etc.
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For most of the coals which we are going to classify, volatile matter
and fixed carbon seem to have been relatively well determined. But, except
in a few cases, moisture has often been determined with less care.

The caloriﬁc values of most of the Chinese and some of the Japanese
determinations are far from accurate and sometimes quite misleading. Figures
calculated by Gcutal’s method! seem to be much more satisfactory and will
be only used in the present study.

In the following (Table I) are tabulated analyses of thirty-one Chinese
coals either better known as to their composition or actually worked in compara-
tively larger scales. In making selection from many analyses of a same coal
field often widely different between themselves, only those representative
of the principal. seems actually worked are taken. When several such
analyses are available, their average is given. While special effort has been
made to have the figures as comparable as the available data could afford, it
s however not pretended that any of the classifications thus arrived is to be
considered as definite. On the contrary the exact position of any coal in any
of the classifications is nothing but provisory and evidently subject to
modification when better analysis is available. This preliminary character of
the classifications can not be too much emphasized less there should be

any misunderstanding regarding the commercial value of the ceals here listed.

TABLE I ANALYSES OF PRINCIPAL CHINESE COALS.

‘Province Coal mine Moisture Vol  Fixed Ash  Cal
matter Carbon val,

1. Metropolit: Mentoukou 2.3 6750 7520 1500 7057
2. Chihli Kaiping. 0.6 25.9u 59.78 13.34 7423
3. ’» Chinghsing 0.56 20.20 69.20 g.20 7836
4. ' Lincheng 1.89 30.88 56.64 II.50 7545
5- - Liukiang o.70 6.57 77.37 15.20 7262
6. . Yenli 1.6 I9.00 68350 10.30 7650
2. Jehol Peipiao 3.25 30.50 54.25 IXl.oo 7335
8. ’ Hsinchiu I12.00 35.00 42.50 I10.00 6090

Goutal's formula is P=82C + a4V whete P represents caloritic value, C fixed carbon
and V volatile matter, & is function of V' or volatile matter of pure coal without

‘30:(2. Te 5, 10, 15, 20, 25, 30, 35, 383 and 40% of V,

respectively correspond 145, t30, 117, 109, 103, 98, 904, 85 and 8o of 4, The inter:
mediary values can be found by graphic method. For values of a readity calcnlated
see E, Combeaun, de la houille 1921. p. 63. The method is however not aceurate for
V' higher than 429%

moisture apd ash, V' =
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TABLE 1 (Continued}.
Province Coal mine Moisture Val. Fixed Ash Cal.
matter Carbon val,
1. Fengtien Fushun 6.73 39.34 48.15 5.25 678
10. r Penchihu 0.68 23.95 ©O4.0f 3r.20 77508
I1. » Yentai I.IS I2.00 7120 I4.70 7168
12. . Pataohao 12.65 20.55 41.68 14.32 5369
13. Kirin Changchun 10.80 32.50 45.16. I1I.¥2 6270
14. Heilungkiang  Tangyuan 1.50 32.2I . 58.14 .30 7531
15. . Zalainor 20.93 3635 39.03 3.60 3443(#)
16. Shantung Chunghsing 0.50 27.00 63.50 g.40 7853
17. ‘e Tzechuan 0.5%7 I14.90 74.70° I0:00 7821
18. . Poshap 0.85 18.90 69.80 9.8 9784
19. " Fangtze 2.80 30.70 51.80 1470 6g48
zo. Honan Liuhokou ©0.55 I19.16 7z2.05 8.40 7977
21. »s Chiaotso 0.65 6.70 84.50 8.00 7867
22, v Mienchih g6 32.50 45.40 13.50 6258
23. Shansi Tatung 4-50 30.99  59.45 5.50 7819
24. . Pingting 0.78 6.55 86.35 5.70 7998
25. " Chechou 1.80 9.35 80.80 7.80 7841
26. Kiangsi ‘Pinghsiang 1.35 23.75 6275 11.80 %580
27. . Loping 1.00 45.90 44.00 9.I0  3550(%)
28. Kiangsu Chiawang 1.35 29.54 5r.50 1I7.60 004
2g. Anhoei Shunkenshan 0.85 34.90 54.75 9.50 7385
3o. . Hsuancheng 0.75 26.47 49.77 22.00 bB568
31. Cheking Changhsing 0.94 37.70 49.80 I0.g0 6QI3
On the basis of these analyses, systematic classification may be

attempted. There exist however gquite a number of systems of coal class-
We
shall now successively apply to the Chinese coals the main classifications used

in Europe and America and try to draw such conclusions as they may lead to.

ification. Each of them seems to have its advantage and disadvantage.

At the end a new system of nomenclature and notation will be outlined.

SLASSIFICATIONS BASED ON THE VOLATILE MATTER OR FUEL RATIO ON
MOISTURE AND ASH FREE BASIA.
Classification based on the volatile matter content is algo known as the
Gruner classitication! chiefly used in France and wath greater or lesser
modifications in the other countries of the European continent. The volatile

matter content is calculated in the theoretic value as would contain a dry

1 L.E.Gruner, Ann. des mines Vol. 4 (Ser. 5) pp. 169~207, 1873, See also Chemin et Verdier
La houille et ses derivés p. 27, W, A. Bone, Coal and iis scientific uses 19i8 p.
64; F. Colombier et ch. Lordier, Comhustibles industriels 4th edit. 1921 pp. 3427,
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ashless fuel. More recently Boultcn! proposed a new massification for the
South Wales coals chiefly based on the hydrogen and carbon contents. As
there seems to be some constant relationship between the hydrogen and the
volatile matter, Boulton's main divisions of coal can also be roughty
established with the percentage of the latter. The Table II will show the
volatile matter contents of different Chinese coals calculated on the dry and
ash-less basis and the corrésponding names im the Gruner and Boulton
classifications.

The tuel ratio, being the ratic of the fixed carbor to the volatile
matter, the most commonly used in America as coal classification basis, is
based on the same principle as the Gruner classification though in a different
form, for this ratio is also calculated as if the moisture and ash were non-
existing. The coal classification based on this ratio is chiefly known as
Frazet’s classification® from the name of the author who first applied it tc the
Pensylvanian cnals. The nomenclature of the Chinese coals according to this
classification will be aiso listed in the table II. That there is no important
change in the relative position of the difierent coals in the three classifications
is easily explained by the fact that these classifications are all based on the
same principle in taking account only »f the pure ‘‘coal substance’

As it has been already pointed out by several authors,® Frazer’s
classification is really good only for the coals of higher ratios. His group of
bituminous coals is too comprehensive and thereby loses much of its usefulness.
One subdivision at least might be introduced above and below the fuel ratio
2; Coals with fuel ratio above 2 are generally well coking while others with
fuel ratio below z are as a rule not coking so well. Another one may be added
with the fuel ratio 1.5 as the dividing point; the coals below that point are
rapidly approaching the lignite. These variations are all well represented by
the Gruner classification which appears thus still better adaptable to practical
use than any of the later ones based on the same principie. This classification
is some times called the Regnault-Graner classification as the first scheme was

1 W, S, Boulton, Trans. South Wales Ianst. Eng, Vol. XXI 1900 also Practical coal
mining Vol. I pp. 8791,

2 Persifar Frazer, Trans. Ao Inst. Min. Eng. Vol VI 1877 pp. 430-451 Pensylvanis
Second Geological Survey Report MM, 1879 p' 143.

3 M.R. Campbell The classification of coal, Trans, Am. Inst, Min. Eng, Vel. XXXVI
1906 p. 326,
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W. H. Wong——Classification of Chinese Coals 39

due to Regnault! who first pointed out that the percentage of carbon and
other elements could be used to group coals in such a way as to indicate their
atility for different industrial purposes. It is surprizing to sce that so many
classifications have been later _do_a_gisedjﬁsed on the same principle as, but
" pilering no distinct advantage over, the Regnault-Gruner Classification which
has however an incontestable priority.

The advantage of the fuel ratio is, however, to afford numerical charac-
teristics easy to remember. Thus fuel ratios aboie 8 correspond to anthracites.
Those ranging from 4.5 to 8 are non-coking semi-bituminous or steam coals.
The best coking coals have their ratios ranging from 3 to 4.5 although those
from 3 to 2 are also good for coking. Coals of which the fuel ratio ranges {from
2 to I.5 are gaz coals. Still lower down, we arrive at the splint coals, as they
are called in England, and lignites the clear division between which is not well
established.

There are however some points which seem doubtful in the above classifi-
cations as applied to Chinese coals. For instance, one can not help being surpris
ed at seeing the Pataohao coal placed side by side with the Kaiping and Lincheng
coals which are certainly of a much better quality. It is also unexpected to find
the Mienchih and Changchun coals classified much above the coal of Changhsing
or even above that of Fushun, for they are generally known to be of rather
inferier quality. The -Ta_tung coal is shown as very close to the Lincheng
and Kaiping in this classification; but it has been established® by careful
experimentation that the former is not so well coking as the latter, The Loping
coal constitute an anomaly in these classifications, its fuel ratio is even lower
than the Zalainor 1ighite. One of the chief reasons for these disagreements of
the numcrical characteristics of the coals with their known properties consists
of the fact that all these classitications do not take into account any thing
but the volatile matter and fixed carbon; besides these elements, there
are certainly others in the actual compositioﬁ of the coal which have
influence on its quality.- The moisture especially acquires such an im-
portance in thé low-rariks coals or coals higher in volatile matter content
that it can not be eﬁtirely neglected in a good classification. It is therefore
the general tendency in modern classifications to take the moisture as a con-

1 V. Regnault Ann, des mines Vol. 12 (Ser, 12) 1837, 161-240.

2 C, C: Wang The cold field of Tatung, Shansi, Bull. Geol. Surv, China, 1921 Chinese text
pp. 6o-66
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stituent part of the coal’ on the equal footing with the volatile matter and
the fixed carbon.

CLASBIFICATIONS BASED ON THE YOLATILE MATTER, THE VIXED SARBON
ARD THE MOISTURE CORTENTS GN ASM FREE BASNH.

' There are also different ways to take into account the moisture content
in the coal classification. One of the most successful attemprs was that of
Dowling?! who based his classification on. the “split volatile cario””. The
ratio is expressed by the formula.

Fix. Carb. + }  Voi. Mat,
Moist. + ¢ Vol. Mat.

The volatile matter is here divided into two portions because it
is presumed that only approximately half of the volatile carbon and
hydrogen is available for the production of heat while the other half is
inert and therefore should be placed with the moisture as anti-calorific
material. This ratio has been mostly used for the classification of Canadian
coals and partially adapted by the XII Session of the International Geological
Congress* lor the low carbon coals. The difficulty is then to determine

satisfactorily the ‘‘change-over’’ point when {zsing two different factors in one
classification.

Another way to take the moisture into the fuel ratio is simply to add
the moisture to the volatile matter in the calculation of the fuel ratic. This
will be then represented by the fnllowing formula which we shall call here for

Fix. Carbon
Moist. + Vol, mat.

simplicity the **muisture combined ratio’. 1t has been used by Ashieyt as one
of the characterjstics in his ‘‘use-classificatiorn’’ and will also be applied here
to the Chinese.coals for comparison.

The classification adopted by Campbell* for the coals of the United
States is based on the three components in proximate anddyses: viz, moisture.

1 W. T Thom. Maistore as a compolent of the volatile matter of coal, Traps Am,
Inst Miu, Eng. Vol. LXXX 192y p. 28a.

2 D. B, Dowling, Canada Dept. Mines, Geol. Suryey Branch, Report No. 1o3s,
1909. Pp- 43-45; Coal field s and ccal resources of Canada Can, Geol. Sarvey, Mem. 59, 1315.

3 Caoal resource of the world rgia.

4 G. H. Ashley: A use classification of coal Trans. Amer, Inst. M. M. Eng. Vol
XLIII 1920 p. 786.

s Marins R. Campbeil, The coal fields of the United States, general introduction U,
8. G. 5t prof. pap. 100-A 1922 pp. 8-0.
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W. H. Wong—Classification of Chinese Coals 43

volatile matter and fixed carbon. Coals increase in ranks from sub-bitu.
minous to anthracite as the fixed carbon calculated on the ash free basis

gradually increases.

It is remarkable that the order of the first twelve numbers or so remains
unchanged in the table II, and I1I, but the position of the coals higher in
volatile combustible and moisture vaties rather widely. Especially noticeable
1 the position of the Patachao coal which from No, 17 in the table II 1alls in
the table III to No. 28. Equally remarkable is the change of the Shunkeng-
shan coal from No. 24 to No. 20. The reason has been already pointed out to
prefer the classifications which take into account the moisture content besides
the volatile matter. The three classifications above mentioned all satisfying
that condition, give results which offer no essential difference, and it seems
difficult to decide which classification is better conform to the general pro-

prietiés of the coals in the light of our limited knowledge of the Chinese coals.

In a broad way however, the practical value of the coals is well re.
presented bv these classifications. “The high carbon coals of the Dowling
classification corresponding to Campbell’s low rank semi-bituminous are good
coking coals. Dowling’s bituminous corresponding to Campbell’s high rank
bituminous coals comprise ccals also good for coking but already gradually
passing into coals rich in gas and producing very porous coke. This is the.
same property which Campbell has found with the United States coals as is
well shown by his atlas.

Campbell’s distinction of medium rank and low rank bituminous seems
to afford a better division than Dowling’s low carbon coal. In the absence of
accurate practical tests of the Chinese coals, it is again difficult to formulate
any definite opinion. Much uncertainty is also due to the 'lqc_k of standardization
in the determination of the moisture v&hicfi is greé.tl;variable with the con.

dition of the specimens. "

{t is also to be noticed that the denomination of the Pataohao, Hsinchiu
and Zalainor coals as lignites happens to be in accord with the -classifi;ﬁation of
Collier who proposed the moisture content of 10% as the basis of separation
between bituminous coal and lignite. Campbell made appeal to physical
properties for the distinction between his sub-bituminous and lignite.
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A RNEW NOMENGCLATURE

It is generally admitted that ot all the physical and chemical pro-
perties of coals are well represented by the proximate analyses; theretore any
classification based on such analyses oniy can not be expected to be satis-
factory in all respects.

‘It must be expecially borne in mind that both the volatile matter and
the fixed carbon in a coal analysis are but two vague terms to designate
widely variable and complek components. The volatile matter, tor instance,
comprises gaz and tar the composition and proportion of which may- have
strong influence on the quality of the coal.

However the proximate analvsis constitute always the most convenient
way of getting the first knowledge on coal composition and should used as
such to obtain a Cclassitication useful for practical distinction. This is
evidently the aim ot the different systems of classification above ocutlined

-and applied to the Chinese coals with unequal sunccessful results. All of
these classification try to represent the fuel only as if the ash were
entirely non-existing. The figures or ratio so far used are therefore entirely
theoretical because the coals which they are intended to represent are
always more or less imrpure and sometimes very ashy. :

A practical specimen of coal is composed of the ‘‘coal substance” or
combustible matter which is in turn roughly distingnished as volatile matter
and fixed carbon, the moisture, the ash and a few minor elements of more
accidental nature, as sulphur. The practical value of the fuel depends much,
of course, on the composition of the combustible substance but in a no small
measure also on the content of the other components, chief among which are
moisture and ash. There is always some ash present'in coa's and often to an
impori_:'q._np _é_l.mount. The ash content of the thirty Chinese coals treated in thi:
paper varies from 3.61 to over 20%, with a majority over 10%,. It is therefore
clear that in order to have a practical representation of a coal, two characters
at least must be taken into account: (r) the quality ot the essential part of
the tuel 1.e. the volatile matter, the fixed carbon and the moisture of the pro-
perly air-dried specimens and (2) the relative proportion of the above mentioned
components to the extraneous matter, the ash. The tirst character decides the
rank to which a coal belongs and the second its grade. All the classifications
already mentioned only refer to the rank but none to the grade.
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For practical purpose therefore, a new system of nomenclature or at least
representation which gives at once the rank as well as the grade of coals may
be useful. The question is only how to express these characteristics. For the
reason already explained the ratios taking into account the moisture together
with the volatile hydrocarbon may be used with advantage t~ distinguish the
different ranks of coal. As {o the grade of coal, the ash content is the direct
expression.

In comparing the three ratios used in the Table III it must be borm
mind that there is no direct proportion between these ratios and the prac
quality of the coals. 1n other words, the numerical value of these ratios
no other significance but to indicate the relative order of the coals. It ha:
the éontrary, the inconvenience of giving much more difterence to high-
coals than to the low-rank ones. Thus the split volatile ratio ranges from 10
to over 22 for the anthracites and only from 3.5 to 10 for the bituminous. As
for practical purpose the Jistinction between the difterent varieties of bitu-
minous coal is far more important than between the various kinds of anthracite,
it could be desired to have a contrary distribution in the classification with
the ratios of bituminous coals more differentiated than those of the anthracites.
At that point of view the ratio of the fixed carbon te the volatile matter and
moisture combined or more simply the moisture combined ratio is better than
the split volatile ratio. For this reason this ratic is here adopted for the dis-
tinction of the ranks of coals.

A special name and a corresponding symbol may be given to each of the
ranks thus distinguished. The Table IV shows the suggestéd nomenclature
and its approximate equivalency with other systems of classification.

In this table, three ranks each are distinguised from the anthracites and
the bituminous coals. The latter is called ditumite following the example of
Evans.* Anthracite and bitumite are respectively designated by the symbols
A and B in capital letters. These are followed by small lettets h, m or ],
respectively cotresponding to the high, medium or low rarl  Lignite is
represented by the symbol C. Two intermedikr-y ranks are round to exist
between anthrgcite, and bitumite and between the latter and lignite. These

* W, P. Evans. Some remarks upon coals and their classifications. New Zealand Journ,
of Sc. & Tech. 1924 p. 168
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are respectively called anthracitic bitumite and lignitic bitumite represented
by AB and BC.

This classification seems to especially suit the Chinese coals as it includes
and distinguishes all the principal varieties of anthractie and bituminous which
constitute the most important mineral fuels in China. No subdivision of the
lignite is attempted as this kind of fuel has not much practical importance in
this country. Evan’s classification! seems to be the best existing.

The grade of coal is to be indicated by the ash content; it may be roughly
indicated by a simple index if a definite division is established of the varying
percentage of the ash. For this purpose, Ashley’s scale? may be used with
each grade represented by a figure. Thus we shall have:

Ash percent 0-4 4-8 8-12 12.20 20
Grade index h 2 3 4 5
Grade expression very high high  medium low very low

- According to this system of classification, each coal may be represer :d
by a notation consisting of a symbol combined with an index,

Thus if the analyses of the Table I be accepted as correct, the Kailan
coal would be called low-grade medium-rank bitumite and represented by the
notation Bm,. Likewise the notation of. the Fushun conal would be written as
BC, and called high-grade lignitic bitumite while the Mentoukou coal would be
low-grade medium-rank anthracite Am, The following table shows the
corresponding notations for all the Chinese coals treated in this paper:

TABLE V:
Ceal notations with grade index bhased on ash

Coal Notation Coal Notation Coal Notation
Pingting Ah, Yenli Bh, Peipiao Bl,
Chizotso. Ahy Chunghsing Bm, Shunkengshan  BI,
Liukiang Ah, Penchihu  Bm, Fangtze Bl,
Mentoukou Am, Pinghsiang  Bm, - Changhsing Bi,
Chechou Al Kaiping Bm, Fushun BC,
Chechou Al, Kaiping Bm, Loping BC,
Tzechuan AB, Lincheng Bm, Mienchib BC,
Yentai - AB, Tangyuan Bm, Changchun BCG,
Poshan Bh, Hsuancheng Rm, Hsinchiu BC,
Liuhokou Bh, Tatung Bl, Patachao BC,
Chinghsing Bh, Chiawang Bl, Zalainor C,

1 W.P. Evans op. cit. pp. 200-214,
2 Ashley loc. cit. p. 794



48 Bslletin of the Geological Survey of Chima No, 8

With a little familarity, it will be easy to get a rough but practically
clear enough idea of the general quality of a coal by a glance at its notation.

Another element in the coal composition which has not beer yet tzken
into account is the sulphur content, As this is often of mot negligible
importance, it may be desirable to have it represented in some way in the
coal notation. For this purpose Ashley’s division} can be again followed which
calls very low a sulphur content between 6-0.75%;low 0.75-1.5% medium I.5~.2. 5;
high 2.5-4; and very high 4 upwards. These five grades of sulphur content
may be again respectively designated by figures from I to 5 and indicated on
the upper side of the coa! symboi. Thus a high rank anthracite and medium.

grade coal low in sulphur will be represented by the notation Ahg, It will be

Ahg if it is high in sulphur content.

APPLICATIONS OF THE GOAL ROTATION

The coal notations as above outlined may be useful for various purposes.
They can be used for instance to indicate the different composition of the
successive coal seams of a same basin. If we call I II..these seams of which
the proximate amalyses are known, they may be represented by some formula
Iike the following : '

IAm; + IIAm} + IIIAB? + IVABZ + VBl ...........

Such formulae will be more easily remembered than lengthy tables of
analyses and also make the comparison clearer and easier,

It often happens that in a same coal field, the coal composition is not
only variable from seam to seam but also from place to place for a same seam.
The question is then to represent such variation by different sectiona. In such

case, the coal motatior may be again of much use. Thus we may write 1or .

instance:

Seam Section A Section B Section C
8 { ABg | - aB! AB:
It Amg Am? Am?
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In a similar way, the notations can be conveniently used for showing
the variation of the coal composition in a plan where coal seams are indicated.
The notations of each seam can be simply added on the plan at the exact point
from where specimens have been collected and analysed in the same manner as
the symbols of stratigraphic divisions or strike and dip are added to a
geological map.

In the coal fields where the coal composition varies in a complicated way,
such use of notations may greatly aid to the clear understanding of the rules
governing the varation. In a case like the Chai-tang coal field, west of
Peking, where a great number of varieties exist from purest anthracite to
bituminous coal rich in volatile matter in most puzzling relation one to
another, it is highly desirable that systematic sampling be made and results of
analyses be represented by the notations both in plan and in seetion so that
the variation may be clearly and concretely grasped at a glance, and conclu-
sions may be eventually drawn.

Sometimes the coal composition varies within certain limits even for a
same seam and in a same section, such variation may be again easily shown
by the notation. Thus if a high rank anthracite varies from second to

fourth grade and from very low to medium sulphuric, we shall nave the

. . 1.3
notaticn: Ah; 2-3.

If a coal varies from anthracitic bitumite to high grade bitumite
with the same variation as to the grade and sulphur content as mentioned

above, the notation will be:(AB-Bh)::i. The latter notation may be given dif.

ferent significance from A;-Bhi which imply some definite relation between

the variation of grade and sulphur content and that of the ‘*coal substance.”
‘The same kind of notations may be used also to indicate in a general

and more rough way the variation of coals worked in a given mine. We may
say for instance:

Kailan coal............ (Bm-Bh) 4~
Chinghsing coal........ (Bm-Bh) -
Tzechuancoal.......... {Ah-AB) ,

-Yentai coa.l ............ {Bk-AB) ,-

The underlining in the above formulae may be intended to indicate the
predominant or common variety of coal produced from the respective mine.
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1f it be needed to cxpress the more or less exact proportion between

different varieties of coal produc:d by a given mine, their respective notation

may be then preceded by a proper coefficient. Thus the following formula
70%Bm, + 15%Bm, 4+ 5%Bh,

means that the mine produces 70% of high grade and 15%, of very high grade
medium-rank bitumites with only 5%, of medium-grade high-rank bitumite.
Coals often greatly differ in practical value by their proportion in
Iumps. To express this relation, the lump coal may be represented bya
special sign soch as l?__'ﬁl! and its relative proportion by a percentage coeffici-

ent. Thus the formula

3/4 [Bmp or 22— [Buh

is to indicate a high-grade medium-rank bitumite with three quarters of lumps.

The new system of coal notations is therefore adaptable to many
pﬁrﬁoses. General ccmposition, coking quality, ash percent, sulphur content
and lump proportion,_all can be easily grasped by a rapid glance at these nota-
tions. They have admittedly no pretension to any great accuracy which
is beyond the proximate analyses, and even of the latter the notations give
only a general idea. But accurate apalyses can be only' representative of a
small quantity or a definite sample of coal while the fuel practically extracted
or used in any serious amount is aiwa.ys variable within more or less elastic
limits; for practical purpose therefore notations as suggested in this paper
will givé a sufficient idea of the general quality of the fuels which thejr are to
represent. And they have certainly‘ihe advantge of simplicity and clearness

by which they can be easily written, compared and remembered.
RELATION BEYWEEN THE COMPOSITION OF COALS AND THEIR GEOLOQICAL AQE

Although it is now well established that time is not the only factor in
the complex phenomena of coalification, yet the geological age is certainlv not
without clear relation with the coal ‘composition.” The Table VII will show the

agt of the principal Chinese coals as far as our present knowledge goes.
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TABLE VIl |
The geological age of the principal Chinese coals
Age Coal Notation Moisture?,

Tertiary .. .. .. .. .. .. Zalainor .. .. Ci .. ..20.93
Fushun tv .. BCy L. W 673
Cretaceous .. .. .. .. .. Pataohao .. .. BC, .. ., 12.65

Hsinchiu .. . BCy .. .. 312.00
Changchun .. .. BGCy .. .. 10.80
Jurassic (Lower or middle}.. .. Mienchih .. .. BCi.. .. g.60

Fangtze .. .. Blj.. .. 28
Peipiao e« .. Bly.. .. 3.25

Tatung .. .. Bl .. .. 450
Tangyuan .. .. Bmy .. .. I.30
Penghsiang.. .. Bmy .. .. 1.23
Mentoukow.. .. Amy .. .. 230
Permian (of Central China).. .. Changhsing.. .. Bly.. .. o0.94
Shunkengshan .. Bi* .. .. 0.83
Loping.. .. .. B(y.. .. I.oo

Permo-Carboniferous (North China} Hsuancheng .. Bmy .. .. o075
Chiawang .. .. Bl,.. .. 1.35
Lincheng .. .. Bmy .. .. 1.8¢
Kaiping .. .. Bm, .. .. 0.60
Penchihu .. .. Bmy .. .. ©.68
Chunghsing .. Bmg.. .. 030
Yenli .. .. .. Bhy.. .. 160
Chinghsing.. .. Bhy .. ., 0.56
Livhokou .. .. Bhy .. .. 0.55
Poshan .. .. Bhy.. . 087
Yentai.. .. .. AB,.. .. LIj
Tzechuan .. .. AB; .. .. 057
Chechou .. .. Al .. .. 1.8
Livkiang .. .. Ahy.. .. 070
Chiaotso .. .. Aby .. .. o0b5
Pingting .. .. Ahy.. .. 0.8

From this table the following conclusions can be inferred:

1. Lignite (C) is confined to the Tertiary although the exact age of
the Zalainor formation has not yet been established.

2. Three lignitic bitumites (BC)—Paté.ohao, Hsinchin and Changchun—
belong very probably to the Cretaceous. H. C. Tan was the first to assign the
Cretaceous age to the Patachao coal series in comparison with the similar
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formations which he identified in Shangtung.! It is quite probable that
Hsinchiu and Changchun are of the same age. The Mienchih coal is not well
known and assigned to Jurassic according to the paleobotanical determination
of Mattieu® which is of preliminary nature and seems not to absolutely exclude
the possibility of younger age. We have thus an homogeneous group of lgnitic
bitumiies all of younger Mesozoic age. The case with the Fushun coal is
rather exceptional in that it is younger in age but higher in rank and grade.
This constitutes really an exceptionally favorable case asto the industrial
value of the fuel,

While all the known Cretaceous coals in North China belong to the class
of lignitic bitumite BC, all the lignitic bitumites do not belong to the
Cretaceous. Thus we have the Fushun and Loping coals both represented by
the symbol BC but respectively Tertiary and Permian in age. We know
however no case of BC older than Permian in China.

3. Of course not all propertiesare represented by the simple symbol.
Thus the above mentioned six coals, Patachao, Hsinchin, Changchun, Mienchieh,
Fushun and Loping, although similar in their moisture combined fuel ratio,
shows great diff te in their moisture content. The three first mentioned,
Pataohao, Hsinchiu and Changchun form an homogenous group with (o to 13%,
moisture. They all are Cretaceous. The Mienchih coal closely approaches
them and may be therefore likely of the same age. The Loping and Fushun
constitute two cases different between themselves and from all the others.
The Loping coal although very low in carbon like the younger coals is remark-
able by its low moisture content, a feature which seem to be special to the
Paleaozoic coals. The Fushun coal is younger in age but higher in rank than
the Cretaceous coals and therefore constitutes an exceptionally favorable case
as far as its industrial value is concerned.

4. The Jui’assic coals in China are quite important in reserve -and
comprise different ranks varying widely from medium-rank anthracite to
low-rank bitumite. . Anthracite due to metamorphism is of course of only
local occurrence; the prevalent types of the Jurassic coal are medium-rank and
low-raik bitumites (Bm, Bl.). High rank bitumite of this age is very rare,
if not totally absent.

t H,C. Tan New research in the Mesozoic and early Territary geology in Shangtung, Bull.

Geol. Sury. China No. 4 part II 1923 pp. rrr«tz3° See also his reports on
Patachac and Peipiao coal fields in this same balletin.

2 F. F. Mattieu, op. cit. p. 389.
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Another characteristic of the Jurassic coals is their moisture content. It
#s seldom higher than 7Y, and usually above 29,. Evenin the coals so meta-
morphosed-asto become anthracite, for instance the Mentoukou coé.l, the
moisture is still near or above 2%,. Only in rather exceptional cases such as
in the Pinghsiang and the Tangyuan ccals is the moisture percent below 29,
and then the coal is good for coking. The rule usually holds good for the
different varieties of coal in a same field. Thus in the Tatung and the Chai-
tang basins where occur coals of different qualities, those lower in moisture dre
always bctter coking.

5. There is as a rule, a distinct difference between the Permian coals in
the Yangtze valley and the Permo-Carboniferaus coals of North China. The
former are usually low-carbon coals including low and medium rank bitnumite
(Bl, Bm) and lignitic bitumite (BC.). The low rank bitumite and the lignitic
bitumite are generally not good for coke making, and when medium rank
bitumite it is: often spoiled by too high _snlphur content. This explains the
difficulty of finding coking coals ir the Yéq.gtze valley where it is however so
badly needed for the iron smelting.

6. All ranks from high-rank anthracite to low.rank bitumite are to be
found among the Permo-Carboniferous coals in North China. Among the bitnmi-
tes, high rank (Bh) and medium rank (8m) ones are predominating. The ques-
tion has been asked, ever since Richthofen’s time, how the Permo-Carboniferous
¢oal normally bituminous became anthracite in scme provinces in North China
over wide area without apparent indication of metamorphic action. The varia-
tion is especially remarkable and difficult to explain on the two siopes of the
Taihangshan range; on the east all the fields—Chinghsing, Lincheng, Tzechou
(Yenli), Liuhokou—contain bituminous coals while the vast fields on the west
in eastern Shansi extending from Pinting down t. Chechou are. distinctly
anthracitic. Within the province of Shansi there are also distinct areas of

‘anthracite and 'b_i-tumitious. Suggestion has been made by Narin®* that this
variation may be simply due to the geological age, the anthracite of Shansi
belonging to Carboniferous and the bituminous to Permo-Carboniferous. This
explanation is still to be confirmed by paleontological studies. Although
recent stratigraphical researches** have revealed rather important difference

* E. Norin The -lithological character of the Permian sediments of the Angara series in
Central Shansi N. China, Contr, Nyst. Inst. No, 8, 192¢, P, 20.

#* Several papers published in Bull. Geol, Sury. China No. 2, 3, 4 6, and 7
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of horizons of the workable coal seams in the so-called Permo-Carboniferous
fields in North China, there has been established vet no definite relation
between such difference and the variaticn of the coal compoesition.  The idea
is however interesting and worth while of further investigation. It may be
hoped that with the progress of the detailed stratigraphic work and better
and more extensive coal analyses, some detinite relation betweem the age and
the quality of the coal seams will gradually be brought eut.

Lignitic bitumite is definitely excluded from the Permo-Carboniferous

- goals.

APPENDIX.

In order to show the variation of the coal composition in a same mine
or field, analyses of the principal workable seams of some coal mines are given

in the following table.

Coal Seam Muoisture Vol. mat, Fix. carb. Ash M.C, ratio Notation
Liukiang (2nd seam) o.70 8.86 68.24 28.16 7.0 Al
. (3rd seam) o0.60 7.5z 7772 12.50 Q.4 Am,

- {6th seam) 0.62 2,75 79.99 16,86 23.9 Ah,

Kailar Tangsha.n (sth8.) o062 2949 65.10 478 2.2 Broy

” " {(xith S.) ogo 2260 58.60 18.00 25 Bm,

o Machiakou (gth S.) 1.13 2249 6669 o9.69 28 Bm,

' Dust No.1 o0.50 2606 53.40 2030 20 Bm,

Chinshing {2nd seam) — 24.60 65.310 f7.90 2.6 Bm,
“ (4th seam) o087 1782 49260 580 3.8 Bh,

" (sthseam) 0.26 1810 67.20 1030 3.7 Bh,
Lincheng (15t seam) I.90 3710 54,20 6.80 14 Bl,

" (6th seam) 1.60 3060 55.60 (230 1.7 Bm,

»s (3rd seam) 1.40 2880 35020 1960 17 = Bm,
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"
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1.20
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0.08
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0.58
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31.50
35.00

26.86
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63.28
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16.50
20.00

1.7
.5

2.3
2.1

53
54
5.8

1.4
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