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THE HSI-K'UANG-SHAN ANTIMONY MINING FIELDS,
HSIN-HUA DISTRICT, HUNAN,
BY
['. R. TEGENGREN.

INTRODUCTION.

China’s predominating position among the Antimony producing coun-
tries of the World is already a well established fact, and it is, likewise, well
known: that the bulk of the country’s supply comes from Hunan Province,
although besides there are productive areas also in several other Provinces

sach as Kuangsi, Kweichow and Yunnan.

Among the Hunan Antimony fields the following are the most import-
ant: Hsi-IK’uang-Shan (88861, Pan-Hei (BR), Lung-Shan (§Ely!,
Wu-Hsi (B388) and Chiang-Hsi-Lung (#EZIE), of which the Hsi-K'uang-
Shau field is by far the largest as well as regards resources and productibn,-
in faet it is the biggest known antimony deposit and the largest producer of
the GGlobe,

During a journey in the winter 1915-16, initiated by Mr. V. K. Ting,
Director of the Geological Sarvey, and undertaken by order of His ILxcel-
lency The Minister of Agriculture and Commerce, to some of the Southern
Provinees, an opportunity was afforded to me to study in some detail this
gigantic and interesting deposit. In the field work, especially in the survey
which had to be executed under very unfavourable weather conditions, [
was most skilfully and indefatigably assisted by my countryman and com-
panion Mr. C. I'. Erikson. The data on mihing and smelting are largely
collected by my Chinese asgistant Mr. W. P. Lo. To these two gentlemen 1
herewith acknowledge my obligation.

SITUATION AND TOPOGRAPHY.

The deposits are situated (Plate I) in the very centre of Hunan at a
latitude of 27°48’ and a longitude of about 4°33" W of Peking and at an
altitude of abont 700 metres aboyve sealevel. Their sifuation (see sketcl:



2 Bulletin of the Geological Survey of China

map) near {o the watershed betweenrthe upper part of the Tze-Kiang ($#iL),
emptying into the Hsiapg-Kiang not far from its outlet in the Tﬁig-Ting
lake, and the Lien-Shui (¥}, & tributary to Hsiang-Kiang, ent.e;ing the
main river at Hsiang-Tan (##ill), offers two possibilities of water trﬁnaporta-
tion down to Chang-Sha viz. 1) along the Tza-Kiaﬁg and up the' Hesiang-
Kiang, a distance of about 350 kilometres, taking 7 days to cover by/boat in
the summer and 14 days during.th'e dry seéson; 2) along the L;ien’-Shui
(B85k) and Hsiang-Kiang (#8IL), a distarice of 200 kilometres, that can be
covered in five days and 10 days respectively according to season. Before
reaching the former waterway a distance of 15 kilometres from the mines to
the Tze river has to be covered by land to the village of Ping:Shui-Kiang
(%AKIL), the path descending gradually to the named river; in case of the
other way the distance to Lan-T*ien-Shih (§HE) is 28 kilometres.

As is shown by a glanee at the map and photographs (Plates IT, III) the
country exhibits a very rugged surface, innnmerable hills and ridges project-
ing above deep valleys, The great features of the landseape have a general
trend of NE-SW, following the strike of the sedimentary formations.

The climate is humid; rains and fog, and in the winter even snow-
storms, are frequent, and the temperature often sinks below zéro, whereas

the summers are very hot.

The region round the mines is not very populous, in fact there are only
a couple of farmer’s villages \gi?ithin a distance of 10 kilometres from the
mines. Cultivated areas are rather.scarce, most of the hills are overgrown
by thorny bushes and it is, furthermore, striking that areas being formerly
terraced ricefields have years ago been abandoned.

It may, thus, be said that the soil at present supports a very small
population, und if not for its mineral wealth the region would be rather
desolate. But owing to the expansion of the mining industry within the
last few years & number of. villages have grown up like mushrooms in the
vicinity of tha mines for the accomodation of the mining people, as well as
the merchants, shopkeepers and grocers who provide the former with the
necessities of life and means of pleasure. The villages at Hsi-K’uang-Sbah,
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extending almost continuously for the whole length of the deposit, now
shelter 2 population more numerous thar that of the district capital itself.
The present population is said to exceed 100.000 souls (though this figure
may be largely exaggerated), assembled from ali the surrounding districts:
An-Hui (%fE), Pao-King (P¢%F) and Hsin-Hsiang (#a#$). These villages
have been allowed to grow without the slightest general plan, and hovels
have clustered pell-mell on the ore hills themselves, ‘among the mines. The
sanitary conditions are beyond deseription - there being no scavenging system
waste-of every kind is allowed to accumulate indefinitely amywhere.

GEOLOGY OF THE MINING REGION.

The bedrock is built up exclusively of sedimentary rocks, ranging in
age from probably Silurian up to Carboniferous.§ The sequence of sirata is
made clear by the cross section on the geological map, the only clear one
that can be obtained in the neighibourhood. The thickness of the different

gtrata as can be measured from this section is as follows:

neties
Qandstone Whi_te', and dark shale (often coalbearing) > 20
Limestone dark grey alternatingly massive and thin bedded

(often containing fossils) 230
- Limestone richly fossiliferous carrying nodules of oolitic hematite 1
Limestone dark grey mostly dense & massive | 40
Thin bedded argillaceous limestone, yellowish grey 120
Slate, hard and quartzeous 20
Quartzitic sandstone, Stibnite bearing >50
Total ~481

The lower limit of the quartzitic sandstone is nowhere exposed but from
observations during the journey it seems probable that this rock rests on
dark gray, sometimes bitwminous, sandstone and slate of probably early
Palagozoic or possibly pre-Cambrian age.

¢ The fossils found in the limestoue lrage not yet been determined.
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The uppermost series of the section (sandstone and shale) is again
overjain by limestone which is followed by the red strata of probably ineso-
zoic age.

The original horizontal position of these strata has been disturbed both
by folding and faulting. |

The chief folding axis, as is evidenced by the map, runs NNE-SSW;
along this the strata have been compressed into a series of anti-and cynclines
the slopes of which dip some 20-30°. But besides this regular tilting of the
strata also a doming has taken place which is most likely due to the intrusion
of igneous laccolithie masses at deeper levels. The tectonical conditions are
further complicated by faulting, although the lines of disturbance cannot be
followed in detail owing to the obscuring soil. The chief line is, howevex,
well marked. Along the whole extension of the hill ranges of Hsi-K'uang-
Shan and T’an-Chia.Ch’ung (FE{#KM) and from there traceable also across
the limestone areas separating this deposit from Chi.Li-Kiang (-EZEHL) .it
can be followed further along the whole length of the last named ridge.
This fault-line is indicated by the steep escarpments on the western side of
the hill ranges, (see the Plate V), by the limestone breccia found almost
everywhere at the foot of the antimouny ridge, and by the occurrence of the |
limestone down in this valley where otherwise the quartzitic sandstone or
shale ‘ought to be met with. The character of this fault, whether itisa
normal one or a thrust, cannot be determined on account of the very fault-
line being mostly obscured by soil. It is likewise not possible to estimate
the extent of the displacement; ite vertical component, however, may be
somewhere about a hundred metres. Several minor dislocations seem to
have taken place west of the main line splitting up the limestone areas there
into many detached blocks, as can be noted by the extremely irregular and
rapidly changing strike and dip. |

- THE ANTIMONY DEPOSITS.

~ The deposits may be divided into four groups or ranges viz. (cfr the
map Plate IV.)

1) The Hsi-K’uang-Shan ridge (Plates II, V') with the mining sec-
tions of Ou-Chia-Ch’ung (Ek#M), T'u-Tze-T'ung (RFHF), Hsi-K’uang-
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Shan proper (E&3#KlI), and T’ao-T’ang (PHE), together with its southern
extension comprising the sections of T’an-Chia-Ch’ung (&) and Ch’ang-

Lung-Chieh (B#R).
2) The two isolated hillceks of Mao-Chia-T’un (EHKK).

3} The. Ch’i-Li-K}ang (A-BL) ridge (Plate II) with its extensions
Huang-Chia-Lung (% #M) and Shang-Lien-Hsi ( LNEER).

4) Kiang-Ch’ung ({L#F) embracing outcrops exposed in three different
river gullys. |

The mineral association :—The primary ore mineral} is, as forasI have
found, exclusively stibnite, occurring perily as prismatic or acicular crystals,
(Plate V1) partly as pure crystalline masses; associated minerals are almost
entirely lacking. Quartz, often in beautiful druses of amall clear prismatic
‘crystals, ie the only gangue matter, and in fact other minerals are so rare
that only in one place, at the southernmost end‘of the Ch’i-Li-Kiang ridge
called Shang-Lien-Hsi, I have found some pyrites impregnating the dark
brecciated siliclous rocks which occurs there, and in the limestone breeccia
aloug;the big fault line West of Ch’i-Li-Kiang occasionally some small
patclies of cinnabar occur in the calspar cement of the breccia. IHerewith
the list of the mineral association of this deposit is exhausted. Gold has so
far not been proved.

On the other hand, secondary antimony minerals are frequent, especially
in Ch'ang-Lung-Chieli. These oxidised masses, have not been examined,
~ but probably several of the oxides, as valentinite and cervantite {Plate V1)
are represented. Generally they occur as white dr yellowish porous masses,
or as beautiful pseundomorphoses after stibnite; real crystals have not been’
observed. o

" The occurrence and distribution of the ore:-—The occurrence of antimony
aa‘_h.iready mentioned, is practically confined to the quartzitie layer represent-
ing the oldest strata of the- series exposed in tlig_ neighbourhood and whicl
is probably of Silurian or Devonian.age. This quartzitic is exhibited only
in s’on_a,e'a.nticlines where denudation has effected deep sections. Such deep
denudation is met: 1) where parts of these anticlines have been left standing -
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while the adjacent country has sunk by faulting, or 2) where brooks flow-
ing across such anticlines have cut their erosion channels down to this level,
The latter case is represented by Kiang-Ch’ung; all other deposits are of the
former type.

Within the guartzitic sandstone layer which, as stated above, seems to
attain a thickness exceeding 50 metres, the ore is rather irregularly scattered.
The sirncture of the rock is often distinetly fractured and brecciated, pro-
bably owing to the tensile stresses produced in the course of folding, and of
the same origin are probably also the big caverns found at T’ac-T’ang and
in the northwestern corner of Ch’i-Li-Kiang. According to Mr, Lo’s estima-
tion the former cave has a length of about 180 metres extending parallel to
the ridge; its width is about 40 metres and height 5 metres; the other cave
has upproximately similar dimensions. The cavern at T’ao-T’ang was said
to bave been highly mineralised and clad with crystals of stibnite and quartz;
now', Liowever, most of the ore had been removed. A further indication of
the fractured condition of this quartzitie Iayer. in the anticline is that the cave
lgsaid to have been crowded with loose boulders, which evidently by jointsand
cracks'\had been separated from the roof and then fallen down. Irom these
the ore could be won even without blasting.

This breaking into pieces of the brittle quartzeous layer is, of course,
partly due to the bending along the anticlinal saddle, but partly it must also
be ascribed to the faunlting.

Such rock strata intersecied by eracks and joints, with numerous open
spaces and cavities, and moyeover covered with an impermeable roof of tough
shale easily vielding to tensile stresses without breaking, obviously afforded
an excellent receptacle for the deposition of minerals from ascending solution.
Antimony and silica eompounds were infiltrated and precipitated, aud it
seers as if upon the whole the ore shoots were most abundant underneath
the dome shaped vaults formed by the cross folding, which have been refer-
red to nbove. Asis seen on the plan compared with the length and cross
sections, Hsi-K uang-Shan proper, the richest part of the ridge forms such a
capola; another less mineralized one is formad by Clv'i-Li-Kiang and a third

one whicliis still very imperfectly known, by the Kiang-Ch’ung field.
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Cbewring solutionus, may have influenced the depowtion: of tiie antimony. Some
layers look compact and therefore, apart from some, in.pregnation with
minute needles of stibnite, ure mostly barren, whereas in uiore brocciated ones
a rieh mineralisation has frequently taken place, giving rise to irregular
veinlets, veins, and lenticular bodies of almost pure stibnite, the largest of
whiclh § was mcagsared to be more than .75 wetres thick {(ihe wheale thick-
neds was not exposed) with a length exceeding & metres and < breadth of 3.5
metres.  DBodies of this magnitade, of course, are rare, Lt in many mines
there are seen worki ng fuces with several irregular ore bands of 10-50 centi-
tnetres in thickness, separated by ouly a few decimetres of barren rack, or

rock gpotted with =mall bunches of stibnite crystale,

The mines very often have several levels separated by barren or too lean
rock, of a couple of metres in thickness, which indicates the. existence of so
to speak several ore-bearing horizons in the quartzitic layers, evidently lue

to differences in composition or plivsical properties of the rock.

To what extent metasomatic processes involving the removal of rock in
solution may liave participated in the formation of these deposits, enlarging
the cracks and openings, is difficalt to state, but in view of the very hard
and silictous composition of the invaded rock it seems hardly yprobable that a
considerable replacement could have tuken place, the miore =0 since on the
contrary there has been a deposition of siliea accompanying the antimony
compounds.’

It i¢ remarkable, as indicated above, that very few other metals anddn
almost negligible proportions have accompanied the antimony componnds,
 Comaplete émalyses of the ore itself are wanting, but from a few partial ones
and from the composition of the *‘ erude’ or concentrated sulphide the fact
13 equally well elucidated. With the exception of iron (about .5%) none

of the other constitutuents exceeds .1% §§ Arsenic, lead, and copper, consider-

§ Worked by the Cliun-Fu-T ung (sSES) Company.

1o Schieller, W. R. Notes on Chinese Antimony Ores Crude and Ilegulus. sl Soc, Cliom,
Ind, March 31, 1913,
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ed as lowering the quality, (and the percentage of which is generally not
ailowed to exceed: for Arsenic .25% and for lead and copper .75%) are
present in much smaller amounts, the percentage of Arsenic seliom amounts
to .1% and lead and copper a3 #ell as zine, generally making up only .05%

The questioh as to what may be the average tenor of antimony in the
whole quartzitic bed cannot be answered accurately, as too few data are
available on which to base such a calculation. However, a rough estimate
may be better than nothing.

As stated below the figure 104,000 tons may be aéceptéd as an expression
for the quantities of metallic antimony up {0 1915 extracted from the Hsi-
K’uwang-Shan ridge. This figure, however, does not represent the total
guantity of metal contained in the rock mined out. Firstly it is easy to
observe that very considerable quantities of antimony are still contained in
the waste rock, thrown on the dumps from which now hundreds of miners
ave recovering the metal by cobbing and washing, and secondly gress losses
are suffered in the smelteries where very little care is taken to prevent the
fumes from escaping. In estimating the losses only to 20% we get a total
quantity of 124,000 tons of metsllic antimony contained in the mined rock.
In further putting the percentage of picked ore from the rock blasted at 30 %
(containing 55% antimony) which by no means seems too bold an assump-
,tidn, sinee only the richest parts have been attacked,§ we get a total quantity
of about 700,000 tons of mined rock. Hence it can be compﬁted that the total
perceniage of antimony in the rock mined would -have been about 18%. But
this is evidently not the actual percentage of the deposit, since only the rich
veins have been followed and as a little barren rock as possible taken out.
What is the exact pfopbrtion between the poor rock left and the rich veins
mined out can of course not be estimated, but judging from the honeycomb
like'appearance of the whole hill ridge, I could hardly put the former at less
than 1/3 of the latter, from which it follows that the Antimony tenor of the
ove bearing quartzitic sandstone of the Hsi.K’uang-Shan range is at least 6%.

§ From the data- concernfhg the labour contract system in use it can be gathered that, as the
price paid for 1 ton of ore is equal to that paid for 1.87 tons of rock, the percentage of ore
would be as high as 73%;.
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The Chi-Li-Kiang ridge is comperstively much poorer; the Kiang-
Ch’ung deposit, as already' mentioned, is very little known so far, but it
mjght be taken for granted that also this occurrence, although probably richer
than Chi-Li-Kiang, does not reach quite the phenomenal concentration of
Hsi-K uang-Shan.

At last some remarks may be added regarding the correlation of this
antimony field with other stibnite deposits of China as well as of foreign
.countries,

In the firet named respect it is striking to note that the group of deposits
described above under the common heading of the Hsi-K’uang-Shan mining
field is so far the only known depesit of this nature in—China,§ all other
occurrences being well-defined veins, along certain tectonic lines. Their
country rock also seems to belong to an older series than the quartzitic sand-
stone. These fissures, thus appearing in deeper sections of the crust, may
perhaps be taken as representing such vents by which the Hsi-K’uang-Shan
deposit was supplied with the antimony solutions from below. On the other
hand the Hsi-K’uang-Shan antimony deposits strongly resemble the Quick-
silver occurrences of Northeastern Xueichow and Southeastern Szechuan,
which also are confined to similar brecciated anticlines, although the miner-
alization here has been less abundant. Also genetically there is evidently in
this case, as has frequently been ascertained with regard to deposits in foreign
countries, an intimate connection between the stibnite and cinnabar deposits,
the former mineral accompanying the latter at, for example, Wan-Shan-
Ch’ang (#1B), and Ta-Tung-La (F3EM) quicksilver mines, and on the
other hand, tla.s mentioned above, cinnabar has been found at Hsi-K'uang-
Shan. ~ Furthermore a transition to the gold veins is exemplified by the
Wu-Hsi antimony occurrencs,§§ where gold is won from the waste rock,
from which the antimony ore has been picked out.

To determine the geolgical age of the mineralization as well as to decide
from what igneous magma the mineral solutions may have originated and,

§ Perhaps though the Fan-Ching-Shan (J##ll) deposit NW of TungJen. Kueicow, may
be of & similar type. '

1) Beport by A. 8. Wheler.
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further, what genetic relationship there may exist to the lead and tin deposits
of South China, is at present not possible. These problems require for their
solution a thorough and detailed geological survey of large areas of the
Southern Provinces, which remains yet to be undertaken. However a few
observations and suggestions may be added. It is a conspicuous geological
feature of the regions traversed by us during our journey that igneous rocks
ure extremely scarce, in fact almost wanting. The only existing notes on the
occurrence of such rocks in the yicinity of the antimony deposits are obser-
vations by A. S. Wheler§ about granite in An-Hua district and the discovery
by Mr. Lo of a granite body between Hsi-K’uang-Shan and Pab-King. As
to the age of these rocks, however, practically nothing is known and satill less
of the role they may have played in the formation of the mineral deposits in
question. However, it seems very likely that the mineralization is connect-
ed to tectonic movements and igneous activity of the Tertiary.

Sinece I have not had access to original literature dealing with antimony
deposits in foreign countries, detailed comparison is here impossible, but
from brief descriptions in text books on ore deposits, Hsi-K’uang-Shan seems
to expose a close resemblance to the deposit at Djebel Hamimat in Algeria,
although the latter contains more oxides, and moreover to certain occurrences
in the ** Rheinische Schiefergebirge’’ and United States of America.

The extent and ore resources of the individual deposits.—The dimensions
of the ore bearing quartzitic sandstone areas exposed at the different groups
of mining fields are as follows . —

Length metres Max. Width metres Area sq. metres

Hsi-K'uvang-Shan range 2100 300 408.000
Mao-Chia-T’un range. 20 20

Ch’i-Li-Kiang range 1880 530 623.600
Kiang-Cli’ung range 850 250 40.000

Based upon the above figures, the percentage of metal as calculated above, and .
the thickness of the ore bearing layers the following deductioris can be made:

If the ore beafing stratum in the Hei-K’uang-Shan range, the actual
thickness of which at least in some places, exceeds 50 metres, is taken as

¢ The metalliferous mines of Hunan. Far Enstern Review. - September 1915,
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only 20 metres the total quantity of rock (specific gravity taken as 3), would
be: 3 x 408,000 x 20=24,480,000 tons. This quantity of rock, if its tenor
is put at 6%, would thus contain not less than 1,300,000 tons ofsthe pure
metal, corresponding to nearly 3,000,000 tons of ore of 557% grade. Of the
total resources, only some what more than 100,000 tons of antimony, equal
to alout 200,000 tons of ore, have been removed, leaving a quantity of more
than 1,300,000 tons of metal for future exploitation.

But very likely the above ﬁgﬁres do not represent the total supplies of
this profusely riclr deposit. There is no reason why the strata should not, in
some directions at least, extend beyond the present limits of the outerop-of
the quartzitic formation. To the West the formation, it is true, is discon-
tinued by a faultline the throw of which may reacli some hundred
metres, und at the end, towards N and 8, it seems to become less mineralized,
- but there seems, on the other hand, to be no reason for doubting the con-
tinuity towards the East in the direction of the dip, (see the cross section)
for a couple of hundred metres at least. If this were proved to be true, very
considerable resources are to be found East of Hsi-K’uang-Shan to & maxim-
um depth not exceeding 20 metres. Tuking a length of only 1,500 metres, a
horizontal width of 200 metres, and a thickness of 10 metres of the layer,
this would make up a total tonnage of 3,000,000 containing probably 150,
000 tons of antimony, the tenor taken as 5%.

A1 Kiang-Ch’ung the deposit could be easily opened up by shallow
workings on a length of 900 metres and a width of 250 metres, covering an
area of more than 200,000 sq. metres. As to this fleld, as well as Ch’i-Li-
Kiang, it is better to refrain from attempts to estimate the tonnage of
resources, since Ch’i-Li-Kiang seems evidently too poor altogether and Kiang-
Ch’ung is by far too little known, a}thqugh the prospect bere seems much
better than at Ch'i-Li-Kiang.

" HISTORICAL AND STATISTICAL DATA,

Hsi-K'uang-Shan proper is said to dhave been worked at the end of the
~ Ming and the beginning of the Ching Dynasty in the 16th-17th century.
It was, however, believed to be a tin deposit and therefore it was given the
name JIsl-K'uang-Shan, or Tin mining hill, which name it still retaine.
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After that time it was, for reasons not known, abandoned, and work was not
resumed until in 1895 when its proper nature of any antimony deposit had
been discovered. For the first fow years the output remained very insig-
nificant, attaining_p‘_gly some hundred toms, but at the beginning of this
century it was largely increased and soon surpaeesed the production of any
other country, as has already been mentioned in the introduction.

Soon after the mining operations were st_g.rfed, also smelting plants for
*“crude ”’ antimony were established, and a hrge part of the ore output was
treated in these and shipped out as crude. Finally, about two years ago,
she then Mei-Hsiang (3#) now Hsin.Hua-Ch’ang ($%#E) Compeany,
after an agreement with the Hua-Ch’ang Company (B 2% ) of Chang-Sha
(holding the monopoly of the Herrenschmidt smelting method) had been

- reached, started to produce regulus from oxidized ore, and last year the
Kung-Yi (234%) Company followed the example,

Gradually the mining extended from Hsi-K’uang-Shan proper both N
and 8 comprising T’ao-T’ang, T'u-Tze-T’ang and Ou-Chia-Ch’ung, as well
88 T’an-Chia-Ch'ung and Ch’ang-Lung-Chieh. On account of the antimony
boom due to the World’s war the much poorer deposits of Ch’i-Li-Kiang,
with Huang-Chia-Lung and Shang.Lien-Chi were taken up, as well as the
. very little exposed field of Kiang-Ch'ung.

.As belonging to the histoi'y of mining at this place it may, morever, be
mentioned that the very lean iron ore from.the seam mentioned above was
mined and smelted until quite recently, only a couple of years ago when all
attention was turned to the antimony.

" Unfortunately there exists no accurate statistics relating to the output,
and only rough approximations, either based on the Customs returns for the
Hunan exports or on estimates of the larger mining compaﬁies can be
attempted. 1 have tried to estimate the production during 1913, the last
year of normal conditions on the antimony market, before these were upset
by the World War, and have arrived at the figure 9,000-10,000 tons, ex-
pressed as pure metal. But, as already mentioned, the ontput has since
been largely incressed, not only at this deposit but at all antimony mines of
China. Mr. A. S. Wheler, who visited this field in February 1915, gives
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the monthly production as about 1,000 tons of crude only, outside of the
amount shipped as ore and the regulus which was then produced by one
smeltery. At the time of our stay at the mines, the daily output was stated
to be: at the Hsi-K’uang-Shan fields 50 tons of crude (of which more than
80 % originated from Hsi-K'uang-Shan proper, T’ao-T’ang and Chang-Lung-
Chieh), and 7 tons of regulus, now turned out by two smelteries. To this
is to be added the output from the Ch’i-Li-Kiang and Kiang-Ch'ung fields
amounting to 5 and 1 tons respectively. These figures correspond to a monthly
production of about 1,700 tons of crude and 200 tons of regulus for all the
smelteries together; besides, as already stated, also ore is shipped from the
mines to the Chang-8ha smelteries, These figures represent all the direct
data existing on the production of the Hsi-K'uang-Shan mines. They may,
bowever, to some extent be supplemented by Tables I.1II and the diagram,$§
giving the exports of different Hunan ports and of the whole country. These
customs ﬁgﬁres probably come very near to the actual production since the
quantities consumed within the country for pewter-ware and other alloys are
almost negligible. As, moreover, most of the other Hunan fields have been
taken up during the last few years the export figures from this province may
generally be accepted as fairly well indicatiug the Hsi-K'uang-Shan output,
which safely can be estimated at about 90 % of the total.

I have furthermore, based on these data, ventuved an estimate of the
total quantities of antimony hitherto extracted from the Hsi-K’uang-Shan
deposit and concentrated, the result in the following table:

Total output of <
1) 2) 2)  Amount of Antimony
Ore “Crude’  Regulus metal contained in
tons tons tons the ore, crude and
regulus,
1895-1901 ? ? ? 7,300
1902-1909 22,900 38,100 —_ 39,300
1910-1914 19,200 50,100 8,300 57,800
Total 104,200

§ The exports of “crude” and “regulus’ ere recorded separately for Chang-Sha only; for all
other ports only the total of these two items is given. Hence I have not been able to com-
pile similar diagrars for the Province and the whoie country, as for the Chang-Sha port.

1) Ore shipped to Chang-Sha. . '
2) Part of this “crude” and regulus has been produced at Chang-Sha from Hsi-K’uang-Shan ore.



14 Bulletin of the Geological Survey of China

In the above total are not included some ‘‘ash’* or *‘refuse’ (slag
obtained from the crude smelting) which from tiine to time has been sold to
foreign firms,; these quantities may increase the total by 3000 to 4000 tons.

Thus the aggregate production of this deposit during the past up to 1315
may be estimated at more than 105,000 tons of pure antimony corresponding
to about 200,000 tons of ore of 55% grade. This quantity is probably un-
surpassed by any other antimony mine in the World. | -

To further illustrate the enormous importance of this deposit for the
whole antimony trade of the World I adjoin the following table of the
World’s production, as far as figures have been available to me; most of
them have been taken from the ‘‘Mineral Industry’’,

Antimony Production of the World in 1913

Ore Metal §
metr, tons metr, tons

China 25,000 13,800
France 17,036 6,390
Austria ) 1,270
Hungary ) 11,017 1,038
Mezxico ? 2,340
United States — 1,949 §§
Italy - 1,822 70
Algeria 582 —_
Japan _ ? 19
Bolivia - 62 —
Portugal 19 _ '
New South Wales o 37 §88

Total 56,808 : 25,649

4 Total of regunlus and antimony contents in ores, crude, ash ec.

§6 Contained in bard lead obtaiped from smeliing antimonial lead ore. Basides 2,508 tons of .
antimony were recovered from old metal, scrap, dross &e:

$64 Includiog also ore.
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Some antimony is also produced in Serbia and Asia Minor. Asisshown
by this table China’s share (13,800 tons) in the World’s production (23,
600 tons,) was nothing less than 54%. Tothe country’s production Hunan -
contributed about 11,500 tons or 83% out of which 9,000.10,000 tons (or
between 80 and 90%) come from ]Isi-I{’Llang-Slnan. Thus this antimony
deposit alone supplied nearly 40 % of the whole World’s production before
the war, and. by the rapid expansion in the last twe years its share in the
World’s outpur of this metal has probably further mereased, not only
absolutely but also relatively.

THE MINING COMPANIES.

The general principle maintained with regard to the ownership of
mineral depwsits sceing to huve been that such property in the main belongs
to the land owner, although some rights of taxhtion are admitted to the local
and Provincial authorities. Nearly all the mining rights rest on this prin-
ciple, established by old tradition, and few of the mining companies there-
fore, liave applied for or obtained any license or concession from the Proviueial
Government, or even any kind of authorization from the District Magistrate,
The big companies and those companies which have been working here for a
larger number of yenr's possess the ground themselves, wheress the smaller
workers lease their mining area by the year, at prices which in eourse of
late years have been enormously increased, although I am not able to give
any figures since those obtained are evidently gross exaggerations.

Mining areas are very vaguely defined and in course of the operations
often underground communication between workings pertaining to different
owners has been established, rendering it extremely difficult to decide how
much of the workings belong to one concern and how much to anouner.
Disputes therefore are frequent and, in ofder to settle these, the Kuan-
K’uang-Chit (‘B # /5 ), a branch office of the Provinecial Mining Bureau, was
established here seven years ago. To what extent this office has been able
to perform its difficult task T am not able to juage, but in laying hands on
some forfeifed mining areas situated within the richest part of the range,
without a single dollar’s ontlay, it is certaiﬁly making great profit.
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According to information obtained from the companies no taxes are
levied on the mining products before they reach Chang-Sha.

Tlere dre more than eighty mining companies (including the Govern-
ment Bareau) working in these mining fields; the principal concerns are
enumerated below:

Hyi-Kvang-Shaw.

Kuan-K’uang-Chii (B % B

Ch’ou-Fu-Tang B 78 %

San-Yi (= 2)

Ling-Fu Company (R B 2 7

China Company (XB 2 A

Chin-Sheng-T’ai (& £ )
Cl'i-Li-Kiug,

Kai-Yuan Company (BH 35 2 #)

LinChi (ERA A
Kiang-Cl'uny.

Fua-TTua Company (X %= 2D 3D

Fuarthermore there are the following smelting companies, of which
some are private, treating ores from their own mines, wuereas others are

*“customs ’’ works producing crude for the mining companies at charge of

30 tiao per ton crude.

Hsin-Hua-Ch’ang (FH#E) formerly Mei-Hsiung (34¥)

Kung-Yi _ n 2
Ch’ang-Ho-Fa (BFE
Yi-Fu (& &
Hsiang-Yii (# 38)
Tsu-Shen . (' 3
Yuan-Hua-Cl’eng  (JR{ERR)
Chi-Ch’eng g R
Mei-Chi _ (£ &)

Jd'he mining companies recently established an oganisation called the
Antimony Association, -the chief object of of which js probably the upkeep
of a common police force n\unbering 100 men. The Association levies

a tribute of 60 cash for every picul of ore shipped, corresponding to
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$ 66 per ton, thus rendering a total annual sum of some 20,000 dollwrs. The,
Association wes eaid to pay 10,000 tiao or $6,600 to the police yamen, to

which the local merchants also contribute besides, The Kuan Kuang Chii,

however, is exempt from the above tax.

THE MINING METHODS.

The technical side of the mining at Hsi-K'uang-Sha exhibits no char-
acteristic features; it is the same ancient method, or perhaps rather absence
of method, that for centuries has been practised everywhere within the coun-
try, resulting in wbat has Leen alrendy accurately termed by various
writers as ragged holes, rabbit warrens, honercombs, &c. Owing to the
thickness and extent of some of the ore bodies, or the abundauee of veins
within certain spaces, the workings here occasionally reach considerable
dimensions of some metres in height connecting with winding drifts and
inclined shafts. No timber support is used and no heed is taken to leave
sufficient pillars, and hence it frequently happens that workings collapse.

The tools used are of the simplest possible description. Of the drill
steel 95% is said to be imported from Japan and 59 from Germany, in the
form of angular barg, which are hammered to the required. chigel shape. The
price paid for the steel at the mines is;

for Japanese 800 cash per catty==%$ .66 per kilogram
for German we o, ,, , =8 .83 ,, .

Muilets are made of native wrought iron fyom the vicinty, and sold at
only 350 cush per catty—-$ .58 per kilogram,

The mines are very little molest by water. Thanks to the favourable
position of the mines, as well as regards surface as underground water, no
special pumping appliances are necessary. In spite of the abundant rains,
the inflow of water can easily be mastered by carrying in buckets only.

The 011iy eiplosive used is native ganpowder, which all the mining
cowpanies formerly used to buy in common from the local market, but the
latter nowadays, owing to the expansion of the mining, beihg unable to
supply the necessary quantities, most of the large . companies at present
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purchase all their powder from Shanghai. The only form of fuse used ie
thin tissue paper, rolled in threads with a core of gunpowder, and measuring
wbout half a metre in length. Kerosene Jamps are made of bamboeo sections,

The companies—as isthe general rule in China—do not engage their
workmen themselves but leave this to oue or several headmen, who
are paid at a fixed rate either according to the amount of ore or rock produced
or according to the number of workmen engaged by them. According to the

information collected by Mr Lo the following svstenis are practised:

1. Tihe headinan is paid by the weight of the ore produced, and re-
ceives from the company 800 cash per picul of picked ore (=$8 80
per ten). Out of this he is supposed to pay to the workmen 60%,
retaining 40 % out of which, however, Lie has to provide the miners
with gunpon-’d'er, fuses, and oil for the Tamps, wlhereas-the miners

use their own tools.

2. The headman is paid by the volame of rock mined, and receives
120-160 tino (according to the tenor of the rock) perevery5x3x 5
Chinese {eet=125 cubic feet or 4.6 cubic metres, correspunding to
abont $6.50 per ton of rock. Other conditions are as stated under
13.

.3.  The headman is prid per capita of workers, receiving 700 cash or
$.40 per day of 12 hours for each workinan.

The first two systems are practised in the richer mines, while in the

proorer .ones the third one is generally used.

The blasted rock is sorted in the mine and only ore pieces considered
ricly enough are carried up to the surface, where they are cobbed and picked
again rendering ore ol 40-60% grade; thie waste stiil containing considerable
quantities of the metal. These waste heaps now :zlready have attained an
enormous size, containing certainly hundreds of thousands of tons. The
right of recovering antimony ore from these is leased on tribute by the mine
owners to hundreds of coolies, who treat it by favther cobbing and hand
jigging until a product, of nearly the sime antimony percentage as the lumyp
ore, is cbtained, consisting of -grains about 3-10 n_ﬁllimetres in diameter.
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Although statistics hevé never beenr collected the number of workmen
engaged in the mining work miay safelv be estimated in all the fields alto-
gether to exceed 10,000.

TRANSPORT AND MARKET.

As already stated the mining products ave teansported (by two.
different ways) to the provincial capital Chang-Sha, which is the chief centre
for the Chinese antimony refining industry and the antimeny trade. To the
rivers the metal i= carried hy coolies, then it is packed in wooden boxes and
taken by river bouis to Chang-Sha. Part of the ore is being converted into
crude in the numerous smelteries therepurt of the crude is transformed into
regulns in the Hua-Ch’ang Company’s (FEHZRA®) Works. Again part of

the vuw products are carried to Hankow and refined theve.

The Fua-Chung Company just.ment.icmet! Liolds a Government dMono-
poiy for making regulus, recently detined as f{oillows: The said Company
posstsses the sole right to produce regulux within a circular area around
Chm_\g-Slm with a radius of 100 Chinese Ii (37.6 kilometres?. Within this
arca thus no other enterprise is allowed to produce regulus by any method
whatsoever; outside the said avea, however, regulus may be produced by other

concerng, but not by the Herrenschmidt method.

This unfortunate monoply, now in force gince about 9 years, has lad
the most unfavourable influence on the sound development of the antimony
indastry. It is casy to understand that it would be much more profitable to
abandon the crude smelting entirely and produce regulus directly. As
it is now, however, regulus smelteries have not been established at the chief
mines until the last 'years and certainly these enterprises have to pay & heavy
fee to the holders of the monopoly, which may perhaps be gathered from

their declaratiou that it pays better to make erude,

The present war in Eorope Dhas caused a great boowg in antimony, the
price being quintipled and even more and certainly the Chinese antimony
. producers have earned large profits during the last two years. But very
much of the profit has probabl_\' also gone to Japan, which is now, according

to the Customs statiaties, the lareest 111_1}'91' of the metal.
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To what extent the prices of the raw materials and labour have risen in’
relation to the sale products is shown by the subsequent table, chiefly com-
piled by Mr. Lo. The figures, however must not be considered as absolutely
correct, but stall they give a fair idea of the matter,

Contparative table showing the cost of raw materials, lahour «ad transportation,

as well as the warket value of the antimony products in 19712 «nid 1916,

Raw materials and labour: 1912 1916
Cost of production of 1 ton of are $ 112 $ 200
Cost of labour daily $ 0.18 $ 047

(200 casly) (700 cash)
Cost of coal for furnaces per ton $§ 3 $ 12
Cost of transportation to Chang-Sha per ton §  6.67 $ 27

Market products, sale price:

Ore delivered at Chang-Sha per ton $ 20 $ 328
Crude antimony at Chung-Sha per ton $ 166 $ 533
Regulug at Chang-Sha per ton - $ 16708
Ash (Slag from crude smelteries containing  _

20-25 % 8h) delivered at Hei-Kuang-Shan § 2 . ¢ 53

SUMMARY AND CONCLUSION.

From the facts and considerations set forth in the forvegoing it is easy to
conceive what extremnely valuable natural vesources China possesses in the
Hsi-K’nang-Shan antimony deposits, being guite nnique in the World with
regard to quality as well os quantity, Very large ptofits have already, been
gained by the owners and workers since the exploitation being; indeed, with -
the possible exception of some lead and tin mines, these ave the only Chinese
metalliferous mining enterprises where such a favourable result lhas been
obtained. But on the other hand we have the losses incurred by mismanage-
_ mént, indolence and ignorance, by lack of methedical . mining plan, muking
the ore 'unnecegsarily expensive and caus'ing the frequent collapse and
inaccessibility of rich portions of the ore-bearing stratum, by absence of any
gystematic dressing of the ore, by.the crude and wasteful smelting method,

¢ Haiang-Ping (¥ ) consisting of 6 mace § candareens or nearly equal 1o 2 d.ollar.
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and last but not least by the monopolyzation of the smelting methods.
It may be questioned whether the potential losses indicated above are not
more than sufficient to counterbalance what has been won.

The general lines along with the future improvements ought to le
etfected in order to, at least partly, make good the blunders of the past and
to enable the Chinese nation to reap the full benefit from this natural treasure
can be indicated thus: centralisation, consolidation, organisatiom, and the

adoption of technical improvements,

The rudimentary organisation already existing in the so called “‘Anti-
mony association’’ should be extended, the numerous Mining Companies
now operating separately without taking the least heed of the common inter-
ests should be united into one under a joint techmnical and economical
management. The mining should be carried on according to a systemautic
plan, enabling the_feeovery and utilization not only of the rieh shoots but of
the whole mass of stibnite bearing rock; concentrating plants should be
erected to treat the poor ore and modern regulus smelteries should, after tle
cancellation of the monopoly, repluce the present ineflicient crude smelting
plants. The output should be regulated according to the demand for the

metal, and the transportation and trade reorgunised.
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ON HISTORICAL RECORDS OF

EARTHQUAKES IN KANSU.
By W, H. Woxg,
1t was originally intended to translate the complete list® of earthquake records as well
ax thiz paper into Englieh, hut just as thix was geing to the press, Dr. Wong wrate fromn
Kansu that he sliould like to make the list niore complete by the new material collected by
him hefore publishing it. Hence only the Chinese version which was already printed is insert-
ed in this number. The paper itself however contuins so many interesting facts and ideas

thst I consider it advisable to publish it at once. The author wiil no donbt reserve his new
material for a future paper.

V. K. Tinc.

INTRODUCTION.

Ever since the beginning of history the Chinese records have been paying
considerable attention to the occurrence of earthquakes™in China. Whilst
many of the earlier and even the later notices seem to be mixed up with
various superstitions, there is no reason tn doubt most of the facts recorded,
because firstly, earthquakes, being a phenomenon felt by every one, could
not have been manufactured, secondly, it was always regarded as a serious
r"nlnm‘ity bringing discredit to the rulers of thé'countfy, therefore no body
would have dared to record an earthquake when none had occurred. For

these reasons the Chinese records deserve careful study by all students of
seismology.

In fact much has already leen done by foreigners. Besides the works of
Biot, Gaubil, Omori, Parl::_er and Milne, the most complete study on earth-
quakes in China is the “*Catalogue des Tremblements de Terre, signalés en
Chine d’apres les sources chinoises’, compiled by a Chinese Jesuit Father
Huang, and supplimented and discussed jointly by Tobar and Gauthier.
" The material on which this catalogue was based, was quite extensive, but the
part on Kansu was much less complete because few of the district records,
which are most vaiuable were accessible to the authors. Consequently in

.

» The list is attached at the end of the Chinese version of this paper.
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comparison with the other provinces the occurrences in Kansu contained in
the catalogue arve far from being exhaustive, especially with regard to the
medern period.  In the new Geography of K:msh(‘ﬂ"ﬁﬁﬁﬁ]published a
few vears before Father 1Tuang’s catalogue, there are no less than 75 earth-
quakes, most of which quite destructive. not noted in the latter. In the
present paper an atiempt will be made to combine the two list: and to discuss

the possible conelusions that may be drawn from the new material.
FREQUENCY.

It we neglect the question of infensity, and consider only the frequency,

we have the 240 eases 1n the comnbined list distributed in time as in table 1.

TABLILY 1.

Centipies Number of eavthqualke years.
Vil B.C .._ . .. .. .. .. 1
Vi1 ' 0
VI O |
V T
v A |
- N ¢
11 ce o e ee 8
1 T, e ee e e e 3
[ ADO oL . 2
H 1
I |
v PP {1
v O B
VI R |
ViF -
VI T 1
IX e e
X T T
XI O ¢

XII |
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XIIr  A.Dooo oo oo 0 o o1
- XIV 4
XV T
X1V b e e e oiwe . 29
XVII - &
XVill S £
Xx ~ , .. .. . .. 03
XX O

If we except the 6 centuries previous to 200 B.C. during which time the
records were obviously defective, we have then from 200 B.C. to 1900 A.D.
21 centuries with 235 years in which earthquakes pecurred. That is on the
average 11 years in a century. On the other hand if we only take the period
between 1400 A.D. and 1900; we will have 25 earthquake years in a century.
It seoms also that earthquakes were more frequent between the 2nd and the

6th century A.D. and since the 14th century A.D. with a comparatively quiet
period hetween. This apparent periodieity is similar to the one emphasized
by Tobar and Gauthier, According to these authors earthquake records i
China indicate three periods. The first period lasted from the beginning of
the Christian éra to 633 A.D. during which time there were 413 occurr-
ences. ‘The 2nd period lasted from 634 A.D. to 1266 A.D. where only 375
were mentioned. The 3rd period is from 1267 A.D. to the end of 19th
century with 2935 records. In othgr words they believe that there is an
alternating period of 600 years each, and at present we fre supposed to be
entering upon a comparatively quiet phase. Applying this method to Kansn
provinee we find:

TABLE 2.
1st period 2nd period 3rd period
(1-633) (634-1266) {1267-1899)
18 33 148

This seems to confirm the hypothesis of periodicity-of earthquake occurr-
ences. The confirmation is however more apparent than real, for in studying
the earthquake records there are two dieturbing factors which must be taken
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jnto account. Firstly, the completenesa of a record depends largely on the
importance of the locality, hence we find more earthquakes are recorded in
capitals and important cities than in others. Secondly, it depends on the
political condition at that time. For example in the 13th century only one
earthquake was recorded for Kansu. This is obviously due to the fact that
northern China was then occupied by the Tungus and the Mongols who cared
nothing about earthquakes or histogical records. In order to make this clear,
we shall divide the records, not according to centuries, but according to
Chinese dynasties. '

TABLE 3.
Dapasty - No of years FEarthquake gears.
Chou 1122 B.C.-247 B.C. 876 1
Ts’in 246 B.C.-207 B.C. 40 0
Han 206 B.C.-220 A.D. 426 13
Three Kingdoms 221-264 A.D. 44 4
Tsin 265-419 A.D. 155 19
Nanpeichao 420-580 A.D. 171 15
Sui 581-617 A.D. 37 3
T'ang 618-906 A.D. 289 11
Wutai 907-939 A.D. 53 0
Northern Sung 960-1126 A.D. 167 11
Southern-Sung 1127-1263 A.D. 137 4
Yiian 1264--1367 A.D. 104 25
Ming 1368-1643 A.D. - 276 64
Te'ing 1644-1912 269 69

From this we can see that in the more disturbed dynasties fewer earth-
quakes were recorded. The exception to this rule is from 265 to 580 when
even more earthquakes occurred than in the glorious T’ang dynasty. No
clear periodicity can however be proved and it is a significant fact that from
‘the 13th century onward when the historical records have become undoubtedly
wore complete, the distribution of e&rthﬁuakes in time became remarkably

even and constant. Take this period and group the number of earthquakes
in divisions. of 10 years we have table 4,
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TABLE 4.
Period emj:;:r} u{g:l‘es Period ca;}}r!f.qu?;&
14th Century  1301-1310 3 17th Century 16011610 3
1311.1320 4 1611-1620 3
1321.1830 4 1621-1630 5
1331-1340 T 1631-1640 5
1341-1850 1 1641-1650 4
1851-1360 3 1651-1660 4
1361-1870 - 0 1661-1670 2
1371-1380 3 1671-1680 6
1381-1390 1 16811690 P)
1391.1400 0 1691-1700 1
15th Century 14011410 2 18th Century 1701.1710 :
1411-1420 0 17111720 3
1421-1430, 0 1721.1730 2
1481-1440 0 1731-1740 3
1441-1450 2 1741-1750 2
14511460 0 1751-1760 1
1461-1470 1 1761-1770 3
1471-1480 2 1771-1780 0
1481-1490 2 1781-1790 1
1491-1500 3 ©1791-1800 0
16th Century 1501-1510 2 19th Century 1801-1810 1
1511-1520 1 1811.1820 3
1521.1530 5 1821-1830 1
15311540 1 18311840 0
1541-1550 4 1841-1850 2
1551-1560 6 1851-1860 3
1561.1570 4 1861.1870 2
1571.1580 2 1871-1880 8
1381-1590 2 1881-1890 7
1591-1600 4 1891-1900 6
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From this it is seen that the distribution in time iz extremely irregular
and no periodicity of any kind can be attributed to it. The general frequency
is undoubtedly very high for Kansu, the greatest figure being 7-out 10. We
have tuken the year as a unit for the sake of convenience, but if the number
of actual shocks be considered the f‘requen'cy is certainly greater, for example,
from 1879 to 1803 no less than 30 earthquakes were recorded, averaging
thus 2 shocks per yeer.

Next let us consider the distribution from the point of view of space
taking the district as our unit by udding new datu to the Father Huang's table.

TABLE 5.

District ea.r??z;tgkcs District cm'f}::’}??ékcs
Kaolan (Lanchow) 13 P’ingliang 8
Titao _ 14 Chingning 3
Taoho (Hochow) 7 Lungté 1
Chingytian 3  Kuyiian 6
Hungshui 1 Hsiho 9
Chingch'uan (Chingchow) 2 Lint’an (Taochow) o
Céhngywan 22 Minghsien (Minchow) 3
Lingtai 5  Wuta (Chiehchow) 8
‘Lunghsi (Kungeh’ang) 19 ‘Wénhsien 6
Tinghsi (Anting) 2  Ch’énhsien 6
Huining 3  T’ienshui (Ch’ingchow) )
‘Chuanglang 1 Ch’ingan 11
T’ungwei _ 13  -Chk’ingshui 2
 Waushan (Ningyiian) 6  Lihsien 9
Fuch’iang 5 Huihsien 2
Changhsien 1 Liangtang 1
Ch’ingyang 7 Hsining - 19
Huanhsien 6 Nienpo _ 1
Hoshui 1 Wawei (Liangchow) 11
Chénning 1 .Yungch’ang _
Ninghsia 27 Chénfan
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District . ﬁNhggm Disirict . mi}:‘;ﬁ bes
Lingwu (Lingchow) 7 Changyeh (Kanchow) 10
Clhiungwei | 3  Shantan 2
P’inglo 1 Chiuch’ian (Suchow) 4
Chéojung |

It is seen that Kaolan (Lanchow), Titao, Chényijah', Lunghsi
(Kungeh’ang), T'angwei, T'ienshui (Ch'ingchow), Ch’ingan, Ninghsia,
Hsining, and Wuwet have all a frequency above 10; whilst Taoho
{ Hochow), P’ingliang, Wushan, Hsiho, Wutu (Chiehchow), Wénhsien,
Ch*énhsien, Lihsien, Ch’ingyang, Huanhsien, Lingwu (Lingchow) and
Changyeh have all a frequency above 5. It seems that from the districts of
T’ienshui and Ch’ingan to those of Titao and Kaolan (Lanchow) there is a
belt_ of the greatest frequency corresponding to the mountain range of Lung-
shan. To the south we have the districts of Hsiho, Lihsien, Ch’énhsien,
Weénbsien aud Wuta (Chiehchow). To its north are the districts of P’ing-
liang, Kuyiian, Chényian and Ch’ingvang with Ninghsia further north. In
the west Hsining, Wuwei and Changyeh (Kansu) form other centres.

INTENSITY.

Moniessus de Ballore maintains that the frequency of earthquakesin a
given district may be tuken to represent its seismicity, because historical
records do not as a rule indicate the intensity of an earthquake with suflicient
aceuracy as to enable us to make scientific comparisons and by adopting the
above supposition the problem is considerably simplified. It is however
doubtful whether there is any real correspohdence between frequency and
intensity. That there is a close relation between the two is of course obvious;
the question is rather how far they correspond. Another difficulty is that in
historical records slight shocks are often omitted, especially in regions of no
geographical importance or where destructive earthquakes are too frequent. It
seems to me that if we rely entirely on frequency, quite erroneous conciusions
may result. - Whilst it is difficult to form a reliable judgemen.t of the intensity
of earthquakes from the: Kansu records, an aitempt is here made to differen-
tiate the more obvious facts into different classes.
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1. \When the record simp.y mentions that an earthquake occurred in
certain place without any further information, it is usually of a kind that
was felt by everybody bui not sufficiently destructive to cause much damage,
consequently its intensity probably corresponds to 4 in the Rossi-Forel scale.
Care has to be taken however in the case of important cities and y.rovineial
capitals to which more attention is generally paid by the records. This
accounts for the usually larger frequency of all the prefectures in comparison
with the districts.

2. When it is mentioned that ‘‘ground was broken and water poured
out”, its intensity is usually above 7 in the Rossi-Forel seale. Bat if only
out flowing of water is mentioned without indicating any damage to property
or life, the locality may not necessarily be within the epicentral area.

L3

3. Landslide is often mentioned either in connection with earthquakes
or by itself. In the former case it indicates of course a fairly high seale of
intensity though the earthquake may not necessarily reach the destructive
scale. In the latter case of course no con¢lusion can be drawn.

4. Strange noises sometimes like thunder, or stormy wind, or the fire of
a cannon are often mentioned together with an earthquake. In the case of
Kansu 37 mentions are made. No doubt omigsions must have been fairly
frequent as in destructive earthquakes the damage of property and life often
overshadows all the other phenomena. Tt is interesting to notice also that in
most cases of the earthquakes where noises are recorded _.damage to property
and life or change in topography is not mentioned

-

5. The best indication of intensity is of course the destruction it causes.
When it is said that cily walls, houses, or pulaces were desiroyed, and men
and animal killed in considerable numbers, there can be no doubt that the
earthquake was above 9 or 10 ii; its intensity and that the locality in question
must have been within the epicentral area. All these earthquakes can be
safely classed as destructive. |

In the Kansu records 68 earthquakes agree with the above definition,
‘and it is interesting to consider their distribntion both in space and in time

-apart from the other and less destructive occurrences.
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TABLE 6.
Centuries datftztfé%:}tqﬁt};es.
VIII B.C.. .0
Vi1 ., . .0
V1 . .0
v . .0
v .0
I ., ..0
1i ..8
A.D.. .0
11 ., cod
111 )
v . .1
v . 1
S ..3
Vi N L1
VIl . .2
IX .2
X 1
X1 ., 1
XI1 , .2
N11L . .1
NAY N ..3
NV . .4
XVI . )
XVID . 14
XV ,, ev vr e e .5
XIiN P ¢

Compare this with the first table we at once. realize that the uneven
distribution seen in table 1 had disappearedyand fhat the great increase after
the 16th century must evidently be due to the more complete records of
modern times. Take the table as it is the number of destructive earthquakes
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amounts to three per century, but if only the modern period, say from 14th
century onward, is taken, then we have 44 destructive earthquakes in 6
centuries, i. e, 7 per century.

Applying the method used by Tobar and Gauthier in dividing the frequ-
ency Into three period (sec table 2) we have;-

TABLE 7. |
First Pertod Second Period Third Period
(1-633) (634-1266) {1267-1899)
10 9 33

Obviously no definite periodicity can be seen.

Again dividing the time according fo the Chinese dynasties:

TABLE 8.
Dynasty ea-ﬁ'tﬁ(:&z Z?cha-; ;.9 :Z?tilgu(ielfij ;{C);:;G

Chou 1122 B.C.-247 B.C. 8§76 0
Ts’in 246 B.C.-207 B.C. 40 0
Han 206 B.C.-220 A.D. 1% 6
Three Kingdoms 221-264 A.D. 44 U
Tsin 265-419 A.D. ' 135 2
North and South Dynasties

420-580 A.D. 171 2
Sui 581-617 A D. 37 2
T’ang 618-906 A.D. 289 4
Five Dynasties 907-959 A.D. 53 0
Northern Sung 960-1126 A.D. 167 4
-Southern Sung 1{27-1263 A.D. 137 1
Yiian 1264-1367 A.D. 104 2
Ming 1368-1643 A.D. (- 21
Ts’ing 1644-1912 A.D. 269 20

Compare this with table 3 we see clearly that intensity and frequency are
by no means the same thing. For example from 265 to 580 A. D. earth-
quakes were very frequent but very few were destructive whilst in the Hau,
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the T’ang, and the Sung dynasties the number recorded is by no means
large yet nearly half of them ‘come under our classification. It is also to be
- noted that the number of destructive earthquakes in the Ming and the Ts’ing
dynasties which consisted of nearly an equal number of years, is practically
cqual. This tends to prove, in the case of Kansu at least, that the distribu-
tion in time of earthquakes is on the whole even and continuous.

The geographical distribution of destructive earthquakes is retabulated
in table 9.

TABLE 9.

No of No of
Dhsirict destructive District destruciive
earthgnales, earthquales.

Lunghsi (Kungeli'ung
ete.) 11 Tinhsi (Anting) 1

Wuatu (Chiehchow inelu-

ding Weénlsien.) T Chungwei 3
Watwei ( Liungchmﬁ‘) 4 Chuanglang 3
Changyeh (Kanchow) 2 Minghsien (Mingchow) 1
Hsining 5 Lint’an {Taochow’) 4 ()
T’ienshui (Ch’ingchow) 8 Shantan 1
Holisi 2 Chiuchriian (Suchow) 1
Lingwu (Lingchow) 4 Lungté 1
Chényiian | 2 Chingning 2
Chénning 1 Ch’unghsin 1
Lingtai 2 Chinyiian 3
Yentzu {( Huamatzn) 2 T’ungwei 1
Ninghsia 11 P’inglo i
Huanhsien 3 Fuch'’iang 1
Ch'ingyang 5 Wushan (Ningyiian) 1
P’ingliang 4 Lihsien 1
Chénjung 9 Kaolan (Lanchow) 3
Kuyiian 3 Hsilo 1
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Owing to the difference in detail, it js difficult to find out some general -
rule about distribution. Broadly speaking however, 5 regions may be recog-
nized which at one time or another have formed epicentral areas.

1. The region of Wutu including -the districts of Wuth, Weénhsien,
Chénhsien etc.

2. The region of Lunghsi, including the districts of T'ienshui, Lint’an
and Kaolan ete. '

8. The region of Chingyiian, including the districts of P’ingliang,
Chényiian, Kuyiian and Ch’ingyang etc.

4. The region of Ninghsia including the districts' of P’inglo, Ninghsia,
Lingwu, Yentzu and Chungwei etc.

5. The region of Hsining.

6. The region of Wuwei, including the districts of Wuwei, Changyeh
and Chiuch’ian.

For the last two regioms the records are unfortunately incomplete,

In table 10 an attempt is made to represent in a graphical from the
distribution of destructive earthquakes in Kansu both in space and in time.
The numbers represent dates and those in brackets indicate the number of
years “heiween the snceessive earthquakes, It seems also that in eastern
K&N}nere has been a more or less regular migration of epicerrtral ares in a
north and south direction. This is more evident after the 17th century since
which time the records have become more complete. For example since the
great earthquake at Hsiho in 1632 the epicentrum shifted to the north but
returned 20 years later to the south and.we bave the destructive earthquake
of Wutu (Chiehchow) in 1656. Since that time the epicentrum migraﬁed to
the north again, but 24 years later Wautu was agein destructively affected by
the earthquake of 1676. The same process of migration seems to have taken:
place since, and it was only in 1718, 30 years later, that the southern area
consisting of T’ienshui, Tungwei etc. was attacked. The next destructive
earthquake was in Ninghsia showing the movement nortbward and, 47 years
after, the great earthquake of Fuch’iang took place in 1765. From that
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date to 1854 there seemed to be a period of quiescence lasting for a time
ionger than usval. Whether this comparative absence of earthquakes was
real or due to the incompleteness of the records is difficult fo judge. In 1834
however a destructive earthquake broke out in Wushan in the south followed
by the one in Chungwei in the north. In 1879 occurred the terrible
earthquake of Wuta and Weénhsien the destructiveness of which was suid to
be desastrous. After this the epicentfum again migrated northward with
earthquakes more or less severe occurring in succession in the districts of
IIsiho. Lihsien, T’ienshui, Kaolan, Chingyilian and Lingwu. The 1920
earthquake oceurred in the southern area and is 32 years after that of T’ien-
shuai in 1888, If we suppose that the migratory movement is a periodic one
oscillating-from the south to the north and back again the above data seem
to indicate that 30 years formed on the average a complete period. It is not
maintained of course that the data at hand are sufficiently accurate to establish
the theory, but the suggestion that the epicentrum has been migrating is
tentatively put forth to explain the curious fact that the éarthquakes in Kansn

alternatively ocecur in the northern and the southern areas with apparent
regularity.

AFTER-SHOCKS.

It is well known that after a big destructive earthquuke the earth’s crust
often seems to have lost temporurily its stability, and shocks may be felt
more or less continuously for sometime. These after-shocks may be quite
serious and do considerable damage to life and property. Consequen.tly the
study of its nature is not only of purely scientific interest but may help the
inhabitants of the atiected area to predict and be prepared for the consequence,

Gienerally speaking, after-shocks may be divided into two classes. The
first class consists of shocks which become weaker and with longer interval
each titue, just as after the passing of a big wave the water oscillates to and
fro until 1t gradually comes to rest. In the second class ‘the after-shocks
nﬁty not regularly diminish in intensity nor in frequency; small shocks have
havdly died awny when greater pnes come agdin and bring further destruction.
It seems sometimes that once _the_ earth’s crust has lost its equilibrium, one

disturbance causes another and these continwe with irregular interval anc
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variable intensity until a temporary state of equilibrimh iz again established.
1f we want to offer a theoritieal explanation of the difference between these
two classes nf-phenﬂména, it seems that the first kind of earthquake may
be broilg}xt about by forces which may be considered as independent of the
ﬁtructurq of the crust in the epicen.tral area. The,al-le'ged effect of atmospheric
pressure, if tme, may be one of these forces, but more likely such forces have
‘tl‘l'eir"?rigiﬁ it the azcension of. the liquid magma which may-and may not
cause volecanic eruption. Im the second class the cause of the shocks is
probably structuzal and the forces are identical with those which have caused
strain in cert,ai-n areas.. When this strain has passed the critical point, the
whole crust suddenly gives away witheut any need of further forces from
without, and once given away, the process of readjustinent would continue
until it is temporarily complete. Of course there is no clear and sharp line
to be drawn between these two classes,as voleanic action or ascension of ignel
ous magma often chooses their point of attack in places of structural weakness,
and the actmospheric cause would only be effectre where there is a preéxistent
tendancy to movement in the earth strueture. Still, in the more typical

cases, it is possible to make a practical differentiation without much difficulty.

The earthquakes of Japan and their after-shocks so ably studied by
Omori seem to belong to the first class mentioned above. For example, in
the earthquakes occurred in the first year of Ansei and that of the 24th vear:
of Meishi, the after-shocks became fewer and less intense as the time went on
and their average mode of ‘promulgation maj* be represented by a hypderbolic
carve. The 300 earthquakes occurred in Italy from 1319 to 1920 stidied by
Cancanni are similar in nature; only 30% of them do not conform to this
rule.

Of the earthquakes in Kansu only 30 about which the records are more
or lesy detailed to enable us to make any study. Tn some cases continuons
shocks may be felt in a given area not only for days or months but even for
years. For example, in 143°A. D. ther'e_ were earthquakes for 180 days; in
the year 180 more than 80 shocks were felt in Chiuch'iian in about 6 months;
in the T'ienshui earthquake in 995, that of Lingwu in 1474, that of Ning-
hsia in 1495, and that of Lunghsi (Kungceh’ang’ "in 1604 more thun 10
shocks were felt in one month, But the longest known earthqual-es «ire those |
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of Chiuch'iian and Wutn. The former began in 1609 and continued till
1617, and the latter lasted from 1875 to the autumn of 1881. Another
interesting phenomenon is that during the time when safter-shocks were still
continuing; the epicentrum gradually migrates so that one area comes after
another in succesgion before the earthquake is completely died away in the
whole region. The most clear case is that of 1875 which began on the 12th
of the 5th moon. The worst area was the districts of Wutu and Wénhsien
where more than 10,000 people were killed, and after-shocks continued to be
felt until the middle of the next year. In the two years following the districts
of Lihsien and Hasiho were successivelly affected. Its mode .of promulgation
18 represented in table 11. Other examples are those of 1361, 1568, 1608,
1623, 1654, 1676, 1709, 1738 and 1765.

The conclusion to be drawn from these admittedly incomplete data =eems
to be that the earthquakes in Kansu belong to the 2nd class, i. ., their causes
are usually internal and tectonic in origin. It is hoped that some of the
gheories tentatively put forward in this paper may have a chance to be icsted
more conclusively by the facts to be collected about the recent earthquake
the study of which has just been entrusted to the writer by the Chinese

overnment,
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TZU-CHIN-SHAN, AN ALKALI-SYENITE
AREA IN WESTERN SHANSI, NORTHERN
CHINA. (PRELIMINARY NOTES)

By ERIK NoRIN

I have much pleasure in weleoming this interesting paper by Mr. Norin of the
University of Stockholm, Sweden, who came out to China at the invitation of Praf E. T,
Nystrém of the Shansi University to study the Archaean rocks of that province.

V. K. Ting.
INTRODUCTION.

At 110°51’East and 38°14’North in Westernmost Shansi, 20 kilometres
N.N.W. of Lin-Hsien (g ¥) town, we find a mountain T:u-Chin-Shan
($4:l1) ‘or the Purple Gold Mountain. It torms a small isolated mountain
groilp which in numerous peaks rises alone and unexpectedly from the
surrounding vast Mesozoic sandstone plateau. Already at a distance of
several stages it can be observed and is bound to cause attention. This area
is composed of alkali-syenitic rocks, which in the form of a laccolite have
been intruded at shallow depth below an old land surface. The laccolite bas
formed a ‘‘reservoir’’ to a superimposed volecano of which part of the crater
pipe and its rocks are still preserved, and in the shape of a neck form the
second highest peak of the mountain.

To give an idea of the geological milieu in which these eruptives appear,
it should be necessary lightly to touch upon the general geology ot Western
Shansi.

- The regions studied by me stretches from Huang-Ho-in the west to the
Taiyuan basin in the east and is limyited in the north and south by the
parallels 38°20" and 37°40’ respectively. The greatest part of this area
forms a platean land, furroughed by numerous long valleys and deep
ravines; the loftiest point of this platean does not exceed 2200 m. altitude-
It is built up_by'the so-called Shan‘si-Fbrmé.tion, an extensive series of strata
of largely continental sediments which extend over the whole eastern and
central China; towards the west they continue in and across Shensi and
Kangu. = They should be equivalent to the Angara-series, which has such a
vast distribution in Central Asia and Siberia.
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In westorn Shansi it is mainly composed of red and greenish grey
sandstones and . greywackes; more subordinete is claysiate. They are not
seldom stroggly impregnated with lime. The sedimentation of the series
covers a large time-interval; the deeper levels belong probably to Permian
or Permo-Carboniferous; the upper may be of Jurassic age. This formation
merges downwards, without marked frontier, into a series of interbedded,
marine and continental, ecoal-bearing sediments, which according to
Richthofen and Willia belong to the Carboniferous.

The stratification is generally horizontal; exceptional conditionaare found
along the marginal zone of a huge Archean horst, which cuts through the
plateau; also along faultlines traversing the area in question. The dip of
these dislocated strata is usually 10°—20°, sometirhes more; the direction of
dip is generally outwards from the central zone represented by the
above-mentioned horst.

This late Paleozvic and Mesozoic sequence has, in all places where
observation has been pdssible, been found to rest upon slightly undulating
Cambro-Ordovician limesione. Below this at several places in Western
Shansi we find a very thick series of Algonkian conglomeratic sandstones
with embedded brown-red micaceous clay-slates, often strongly dislocated.
This last formation is penetrated by diabases, which also, in .the'sha.pe of beds
of amygdaloid rocks, have in one locality been observed to cover the
Precambrian land surface. They are covered by and enter into the
bottom-conglomerate of the Cambrian guartzite. ‘The above Precambrian
formation is younger than the ‘“Wu-T’ai!’ series of Bailey Willis because it
rests upon an ‘‘Augen’’ granite which penetrates the Wu-T'ai schists.

~ Topographically as well as geologically in sharp contrast to the plateau
land the above mentioned horst cuts through the Shansi formation in a
direction N.N.E.-8.8.W. in the middle between Huang-Ho and Tai-Yuan-Fu
(ZFR¥F). Its width, taken between the two largest fault systems, is about
50 km. The horst stretches, ‘albeit with interruptions, from Fen-Chou-Fu
(M) in the South to Ning-Wu-Fu (MEAF) in the North, and vises in
many high peaks. The highest point within my field of operations is
Mo-Erh-Tung (BIRH) with an altitude of about 2850 m. above ‘the sea.
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The horst forms a partly afforested, sparsely populated territory, built up by
Precamibrian quartzites, sandstones, slates, veined gneisses, gneiss-granites
and granites and scattered residues of Cambrian sediments, which latter
mostly have a very flat northerly dip. The Precambrian rocks have generally
a N.N.E. strike; this direction is also followed by the marginal faults of the
horst. The vertical amount of displacement along the extension of the horst
is not always the same. The greatest throw seems to lie near 37°50° N. where
its minimum figure ia 1600 m, plus the thicknese of the Sinian limestone.

Toward-s__l_\"NE. the horst sinke slowly and continuously and disappears
ultimately SE. of the town Lan-Hsien (I %§) below o roof of Cambrian
and "younger sediments. - Further North, in the direction of Ning-Wn-Fu, it
reappears above the plateau. In the Western marginal zone between the
horst and the Shansi-formation the foundation of the lutter has been wrenched
upwards and appears now as a mountain ridge of considerable sititude
running" parallel to the horst. At the eastern marginal zone the Cambro-
Ordovican rocks, which bere rest immediately on gueiss-granite, have become
steeply raised and in many places pressed into isoclinal folds.

Igneous rocks accomrpany these- dislocations only in the Eastern _
marginal zone of the horst and are here present only at the section where the _
displacement assumed its largest figure. They occur partly as broad,
dyke-like bodies in Cambro-Ordovician limestone, partly as laccolites intruded
between the Ordovician limestone and Carboniferons claystones and schists,
They are accompanied by tingihite veins, which shows that at least part of
the igneous rocks belong to the alkali-family,

~ In the field work several circumstances have been encountered which
 indicate that the formation of this horst has originated through warping of
the strip of countfy between the main faultlines. For example we find that
in the sedimentary formations equivalent strata appear at approximately the
same absolute altilude abt both sides of the horst. Furthermore we .may
observe at several Jocalities within the horst that the Precambrian land surface
slopes slightly towards the north, whereas outside the horst the same surface
‘dips to East or West. Both these ?ac_ts can be explained by an unequal
upheaval of the horst block in comparison to the more stable border-land;;
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but does not exclude the theory that the horst has been left standing when
the horder land subsided.

Concerning the time of formation of the horst I cannot at present give
exact information. There is much to say for the theory that it has been
formed at a relatively late period. The youngest sediments observed within
the raised territory are of Cambrian age; the contact between Ordovician
and Carboniferous is not developed along the marginal zone of the horet
differently to the condit_ioné prevailing within the plateau land; furthermore,
when we approach from E.or W. the margin of the horst, we do not find
any change in the facies of sedimentation of the Mesozoic series. It has
already been nointed out, that the rocks of the Shansi formation on each side
of the horst dip away from it, a condition which can be interpreted as ‘“drag”’
of the adjoining strata, when the middle block was lifted up. Already these
facts indicate that the dislocation has taken place in Mesozoic or post-Mesozoic
age. Other circumstances point in the same direction.

The igneous rocks which appear in the eastern margin of the Archean
region are in such a striking manner connecfed with the faultlines which
limit the horst, that we cannot avoié the theory that their intrusion has
taken place in connection with the forming of the horst. Tinguaites,
pertaining to this igneous series, occar in the form of intrusive sheets in
-sediments of early Mesozoic age, which therefore is an approgimative lower
time limit of these intrueions. Also those alkali-spenitic tocks which
westwards, in the middle of the plateau land, build tdp Tau-Chin.Bhan
(see above) are of Mesozoic or posi-Mesoioic' sge. It 18 possible that both
these eruptive areas belong to the same epoch of eruption. | |

THE ALKALINE ROCKS OF TZU-CHIN-SHAN

The igueous rocks belonging to M-thn-Sﬁan which have been laid
bare, occupy a triangular area of approximately 15 sq. km. Its largest
dimension in length is nearly 8 km. and arranged NW. to SE. Iis
highest peak reaches 1850 m. above sea-level (measured with aneroid).
The accompanying sketch-map gives an idea of the distribution of rocks
and the morphology of the area. (Pl. VIII)
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During the field-work I have been induced tc consider this igneous body
as a laccolitic intrusion in the sediments; ihis laceolite has become, through
denudation, partly uncovered and ressembles now a large lenticular body of
igneous rocks resting on, a sedimentary base which gently slopes towards
SW. An interesting detail is the remnants of a volcanic neck containing lava
material. This has evidently been the pipe of a voleano lying on the old
land surface. To judge from the vesicular and porous nature of this lava,

this land surface cannot have been situated very high above the present one.

The igneous rocks found within Tzu-Chin-Shan have in a preliminary
way been divided in the following groups: trachy-andesite, augite-syenite,
intermediary nepheline-syenites and nepheline-aegirine-syenite.  This
order of classification indicates also the sequence of eruption. The oldest of
these rocks, viz. the trachy-andesite takes in certain sense & special position
in relation to the younger. Through its high tenure of plagioclase it
approaches the rocks of the alkali-lime-family, whereas the augite-syenite
and the nepheline-syenites are typical alkaline rocks. Nor is the trachy-
andesite s0 intimately associated with the syenites as these are connected
with each others. The augite-syenite and the nephelinitic syenites must be
considered as representing stages in a continuous process of differentiation,
in which the nepheline-aegirine-syenite is the final preduct.

All ‘he igneous rocks are usually quite fresh; the weathering has seldom
penetrated deeply., The trachy-undesite is the only one of the rocks which
shows a more far-reaching secondary transformation and this has here, at
least partly, been caused by hydro-thermal action. This is indicated by an
impregnation of opal which often accompanies the new mineral formations
in thia rock.

After the solidification the rocks have not” been subiected io any
considerable pressure.. Only in the tinguaitic dykes we find occasionally
that large nepheline individuals have disihtegrated into & coarse aggregate of
fragments; this can very well have been caused through tension within the
rock dufing or shortly after its solidification. However, some of the rocks
show 'dist_inct traces of having been ; during their intrusion and erystallization,
subjected to a considerable, one-sided pressure, which -bas given the rcek g
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protoclastic structure. This is specially marked in the trachy':-andeaite which
sometimes has a thoroughly gneissic appearance, but occurs also in the
intermediary nepheline-gyenites.

THE TRACHY-ANDESITE

The trachy-andesite is. exclusively associated with the peripheric parts of
the area; its contact with the sedimentary surroundings is well exposed along
the western margin. Along the northern and eastern boundary the
sedimentary rocks are visible in several places in the bottom of valleys which
have been cut down through the igneous body. In the south the contact bas
nowhere been found on account of a covering of loess. Everywhere along the
eastern and northern margin where the contact has been studied, the
trachy-andesite resta on red-brown slate or a slaty series in the sandstone.

This basal foundation dips ofien inwards under a flat angle of dip; but often
it appears as if the sediments at the introsion of magma have been strongly |
dislocated, broken up into blocks which have been pushed together and now
dip in various directions and with different angles, The slates are strongly
metamorphosed and impregnated with epidote; the levels rich in lime contain -
numerous nests of iron ore.

Along the western margin of the area the conditions are different. The
trachy-andesite adjoins here with vertical contact the sedimentary formation.
The contact is an intrusive one, The sandstone rests horizontally or has &
very gentle dii) fowards E.: it attains here a much greater height than
‘elsewhere along the botndary. In the east the contact plane lies at an
altitude of about 1400 m. in the west the sandstone forms, on the contrary,
the western slope of the mountain , and attains up to 1600 m, |

In the neighbourhood of the eruptive boundary line appear in the
sandstone sééera-l'_srq_all_ dykes of trachy-andesite having a strike parallel to
the main contact-lihe. A vertical dyke, 7 m. wide, running NW. to SE.,
occurs 2 km. west of theNW _cortter -of the igneous area. Further south
about 2 km. WNW. of the v'illage Niu-Chia-Yen-Tsun outside; Tzu-Chin-
Shan., there occura in the bottoma of a valley a large outcrop of trachy-
| andesite; the rocks of the sedimentary formation are not exposed at this place,
Probably this outcrop constitutes part of a large dyke. |
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The trachy-andesite resembles in hand specimens s grey, medium-
grained monzonite with closely distributed white idiomorphous feldspars and
small black prisms of bi-silicates. Against the contact of the basal schists
and sandstones it becomes more plainly porphyric and finxion-structured.
Protoclastic streaks occur in several places, especially in the eastern and
southern parts of the area, where the rock often assumes the appearance of a
highly schistose gneiss. The similarity is emphasised by a frequent
far-reaching decomposition of the mineral components and new formation of

epidote and pyritic minerals. At a mieroscopic examination we found the
following mineral association :

Phenocrysts of andesine, alkali-feldspar, a green hornblende, pyroxene
(?), sphene, spatite, and oxygenated ore minerals, in a holocrystalline,
fine-grained to compact groundmass of oligoclase, alkali feldspar, opaque ore
grains and a little quartz, furthérmore secondary imineral products:
abundant epidote, chlorite, quartz, opal and pyritic minerals. “The
phenocrysts dominate distinetly in relation to the groundmass. (Pl. 1X fig. 1)

The most important mineral is & basic andesine (AbsgAnss) and this
gives also the rock its characteristic appeamnce' in hand specimens, It
occurs as clearcut, white, rectangular prisms, like thick plates along (0 1 0)
and with the surfaces (0 0 1) and (-1 0 1) often well developed. Tiuy
seldom exceed 2 to 3 m/m in length, at a width about half of this. It is
twinued according to the Albite and Karlsbad.laws, but alzo not seldom
according to the Pericline law. Primary mineral enelosures are rare. Zonar
structure is not marked in the main bedy, but much developed nearer to the
contact.

The alkali feldspar is sabordinate. It is largely e perthitic polassium-
sodium-feldspar in rectangular plates, but also spomdichlly crystals up to'1
cm. in size of sanidine-like orthoclase often with rounded edges aud with a
refused marginal zone. It carries numerous enclosed crystals of plagiocluse
and green hornblende. |

Hornblende enters rather sparsely in the shape of long, slender, greenish
black prisns delimited by the surfaces (110) snd (010). They show in
the microscope clearcut, transverse sections but often wedge-like longitudinal
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sections and are always surrounded by a sometimes thin, sometimes wider.,
opacite-like marginal zone. It is symmetrical hornblende; the elasticity z
which lies nearest to the c-axis forms with it the angle c:z=28°. The
absorption scale is:

D SR, wine-yellow
Foreriiiiaiiaaninnn dark green-yellow
T leaf-green

therefore z>y>x. Probably it belongs to the part of ‘the amphibole
group, which is rich in alkali and ferrie iron. The hornblende, especially in
the contact type, is transformed into én aggregate of chlorite, epidote and a
little quartz. Part of t{hese pseudomorphoses bhave however not the
crystallographic contour of hornblende; they originated probably from some
pyroxene.

To the phenocrysts we must also count the sphenes entering often in
microscopic crystals with long rhomboedric section: and weak, but plainly
observable pleochroisi,

Apatite oceurs in hexagonal prisms of various sizes.
These phenocryst-like minerals form the main part of the rock and lie,

as has been mentioned before, fluidally arranged in a hypidiomorphous, very
fine-grained groundmass, compdsed of an acid plagioclase potassium feldspar
and a little quartz, which latter probably is secondary. Coloured, primary
bi-silicates are lacking, but rounded grains of some oxygenated metal abound.
In the groundmass we find irreguiar cavities and fissures, filled by secondary,
- coarge-crystalline epidote, fibrous chlorite, rock-crystal, and in most cases an
isotropic mineral, evidently opal. Of secondary nature is probably also the
- pyrites, with which the rock is impregnated

The microscopic examination has shown that we have liere 2 hypabyssie
rock, pbor in dark minerals, and characterized by the mineral combination :
andesine & alkali feldspur. The existence of potassium—sddiﬁm-fe]dspar
and alkali-amphibole indieates that the rock belongs to the alkali family.
According to the association of millel‘-f-l_ls, the rock in a preliminary way may
be classified as a trachy-andesite, although this name does not correspond to
the geologig-d:tl 'positimi of this rock,
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THE AUGITE SYENITE.

The augite-syenite is the most interesting rock in the massif, because
with this is connected a number of types varying from alkali lamprophyre
to pure nepheline syenite. |

Contrary to the trachy-andesite the augite-syenite iz & rock of abyssic
character, nepheline-bearing and pdor in lime. A glance at the sketch-map
shows its distribution. It occupies the central part of the region and is
" surrounded on all sides by trachy-andesite, except in the 8.W. where it
borders on the sedimentary rocks. THe contact between the augite-syenite and
the trachy-andesite is on the whole well exposed. A study of the contact
has shown, that apy more considerable age-difference between the rocks
scarcely exists; at all events the interior of the trachy-andesite had not
completély solidified, when the augite-sye'nite magma was intruded. Along
the entire contact line the frontier is more or less indistinct; sometimes the
transition is completely gradual.

At the N.W. part of the contact line we notice that the trachy-andesite
"which is here less porphyric borders on a very fine-grained facies of the
augite-syenite. The contact itself is indistinet. If we follow the contact-line
eastwards up towards point 1760, we find similar conditions there. The
marginal rock is a fluxion-structured, plainly hybridic rock. In the
southern part of the contaet line the conditions are slightly different in the
wmanner that the augite-syenite there, without evident change in structure,
merges into inhomogeneous transition-rocks.

There is scarcely any doubt that the augite-syenite magma has been
intruded after the trachy-andesite and at a time when the latter had largely
solidified. This is indicated already by the occurence,of the rock and the
fine-grained structure which the augite-syenite at several places assumes
- {owards the contact and is moreover corroborated by the fact that an aplitic-
facies of the augite-syenite occasionally is seen to penetrate as veins into the
trachy-andesite. On thie other hand the difference in age cannot be very
congiderable because along the contact line we often observe fluxion-structure
in the adjoining rocks; and this, combined with the noted absence of
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eruptive breccia and sharp fragments and the scarcity of apophysic veins,
elucidates the fact that the solidification of the trachy-andesite was not
completed,'when the other magms became intruded.

In typicai’ develdpment the augite-syenite is a fine-grained to medium-
grained rock, rich in dark min;rals; it shows a glossy surface with peculiar
bluish lustre. The bi-silicates appear as small bluish black prisms in a
white scintillating mass of feldspar. The microscopic examination reveals a
rock of hypidibmorphous, grainy structure built up of alkali-feldspar,
nepheline, aegirine-augite, alkali-amphibole, titanite, opaque ore-minerals,
apatite, and secondary zeolitic products (Pl. IX. fig. 2.)

The feldspar is anorthoclase and albite, ofte?(m a3 long uneven
prisms without crystallographic contour. Anortboclase predominates. It is
usually strongly turbid. Perthitic structure is rare and even under sirong
magnification the feldspar is homogeneous. Its nature of being anorthoclase
ia proved by following characteristics: A refraction slightly lower than the
albite, small axial angle and optically negative character. The axial plane
is perpendicular to M. Incomplete and cloudy extinction and anomalous
refringence colours; in sections perpendicular to the optcially negative, acute
bissectrix we obtain against the P-cleavage an angle of extinction of 8° to 10°,
In sections nearly parallel with M we get 62 to 8°. |

The albite is fresh and glass-clear and with even extinction; in
composition it varies between albite and oligoclase-albite. Twinning
according to the Karlshad-law is common; polysynthetic twinning, on the
confrary, has not been observed.

Nepheline occurs as rounded individuals; often as pocket-like
indentations in the felspar, more rarely as plainly idiomorphous erystals.
Quantitatively it is subordinate; it is to a large extent transformed to zeclitic
products. To these belong possibly an isotropic, glass-like mineral which
comparatively frequently occurs as small, irregular, independent grains with
very low refraction. It may be analcime or a sodslitic mineral. Absence
of plain cleavage does not allow closer determination.

Pyrovene.” This is largely idiomorphous in relation to the other
minerals; it is developed in broad strongly coloured prisms, in the
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composition varying between aegirine-augite and aegirine-bearing augite
which latter often forms the lighter coloured central zone of zomary-built
individuals. In the aegirine augite we have nearest to the c-axis the optical
elasticity x, with the angle ¢: x=40° to 42°. The absorption.colours are x
olivegreeﬁ ;y light olive green ;2 light greenish yellow with X>y>z.

The other dark bi-silicate is probably a barkevikitic amphibol: which
enters partly grown together with pyroxene; partly in independent strongly
corroded individuals. In relation to the pyroxene it is subordinate, but is
never missing. It is & symmetical hornblende; the angle of extinciion e:
z=10°—14°. The absorption order is x hobey yellow, y brown yellow
(somewhat greenish) and z blue-green, almost opaque. z>y>x. The axial
figure and refringence is uncertain, because of the stroug self-colour of the
mineral. Already through the placing of the axial plane, the angle of
extinction and the absorption order, we can put the mineral amongst the
barkevititic amphiboles.

Splen# gecurs abundantly. It seems that some of the sphene individuals
are idivmorphous, though more or less strongly corroded and have crystallized
out at a relatively early stage of the consolidation of the rock. Others are
allotriomorphous and contain enclosuires of pyroxéne, apatite and ore-grains,
We have also observed cases when from larger, irregular sphene individuals
there issue branches wedged in between the feldspars.

Apatite enters sparsely.

The crystallization% of”tﬂé"m;gma has commenced with segregation of -
apatite and an oxygeunated ore mineral; after this has followed amphibole,
pyroxene and sphene more or less simultaneously. - The amphibole has
partly been resorbed, but later again segregated and is sometires noticed as
a marginal zone round the pyroxene,

The crystallization of the sphene covers a large interval which overlaps
downwards the béginning of crystallizatioh of feidspar. The nepheline is
usually somewhat older than the feldspar.

The augite-yehite sometimes contains fragments of a medium-grained,
more femi¢ augile-syenite, probably en earlier consolidated local development
of the main type, and which has been again broken up. In the 8.E. part of
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the region at the small temple about 1 km. S.E. of point 1830 we find a very
light-coloured, nephelinitic, medium-grained syenite facies. These light and
dark types of syenite which, witliout change in structure, have developed
from the main type by elimination or accumulation of the coloured 'bi-silicates,
are to be considered as one uf the first stages at the splitting-up of the augite.
syenite magma. A further advanced differentiation has resulted in alkali-
lamprophyres and light dykerocks with pegmalitic habitus; these can be

considered as representing the “Gang-Gqfolge” of augite-sycnile.

Rocls with lamprophyric character occur either as a ‘‘paste’” in a
fissured, partly completely brecciated augite syenite, partly as dykes of
varying, mostly inconsiderable thickness within the ynassif. They have also
been observed in the sedimentary rocks outside the W. frontier of the massif.
A specimen representative in the matter of occurrence and appééii’tmee, has
been examined. Tt isin hand speeimen a greyish black, mediumgrained,
heavy roek, rich in dark mica. The mineral association isas follows:
pyroxene, biotite, an oxygenated ore mineral, a little fcldspar as paste and
accessorily apatite. The structure is hypidiomorphous grainy with a

tendeney to parallel arrangement of the elements.

Pyeocene forms the main mass; it is coarsely idiomorphous and developed
in short, licht olive-green prisms, usually zonary built, with a weakly
coloured central zone and a marginal zone richer in aegirine. In the augitic
parts we find often agglomerates of ervstallographically arranged, hair-like
microlites. The angle of extinction is varving depending on the tenure of
aegirine. Nearest the c-axis we have most often the elusticity z. In a
homogenous individual which seems to represent ﬁ_he type, we obtained

‘¢: z=40°. In others it varied between 35° and 47°. The optical nxes
emerging on (001) and (100) are about equally dispersed. From this can

‘be concluded that the pyroxene is an augite, rich in diopside.

The percentage of aegirine is evi&ently small. The p'leochroism 18
rather strong with z and y light ol_ive-greén, x straw-yellow, 227y >x.

Biotite enters abundantly; it is the component which has crystallized last,
and encloses therefor the other minerals or is infiltrated between them. The
pleochreism is strong with x golden yellow. v and z deep brown. The axial
angie rather near 0° ' '
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The feldspar forms like the biotite a ‘‘paste’ between the pyroXeng; part.
of the feldspar is acid plagioclase, part alkali feldspar; —

Rounded grains of an oxygenated ore mineral enters abundantly enclosed.
in the other minerale. Apatite is relatively scarce. Sphene has not been
observed.

The augite syenito is also traversed by dykes of a rock rick in feldspar of
pegmatitic appearance. It has not yet been microscopically examined and
its mineral composition is therefor not known. It is pure white on the.whole,
mainly built up of feldspar with scattered, long-prismatic pyro.xeue. It
contains in great quantity large well-developed crystals of « uui-b-rown,

‘gphene-like mineral. |
THE INTERMEDIARY NEPHELINE-SYENITES.

The coarse syenites which are rich in nepheline oceur in numerous types
of which one is & chemically and structurally fully developed nepheline-
aegirine syenite; the others are transitioh-tjpee between this and the
medium-grained augite.syenites, and originating through a more or less
advanced differentiation of the original magma. For these transitional rocks
I have used the term intermediary nepheline-syenites. Characteristic for these
rocks is their coarse grain, their usually light colour, high tenure of nephelihe
and their ixista.bility. Few of these types occur with any degree what-so-ever .
of uniformity‘ over large surfaces; and at almost.every outerop we find a rich
variety of rocks. This variation is caused not only by an increase or
diminishing of the dark minerals, but is also induced by a variation in the
structural develop'm;ant of the rock. Thus the grain varies between coarsely .
medium-graine& to large.grnined; the sequence of crystallization is not
constant in the sense that in certain types, for example the ones rich in
pyroxene, the dark minerals have on the whole been segregated earlier, in
the felsparic rocks mainly later than the feldspar and nepheline. Between
these two latter minerals t,he order of crystallization is also not constant; in
the more basic rocks the nepheline seems .a,s a rule to have crystallized earlier
than the feldspar; in the nephéline-aegir'ine syenites |ater. Besides, in one of
the intermediary types we .observe micropegmatitic intergrowth Detween
nepheline and feldspar which must be interpreted in the sense that both
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minerals have crystallized simultaneously. This 1nccnstancy in the order
of crystallization induces in the rock structaral changes; thus porphyric
types are not uncommon, where sometimes the feldspar appears porphyric and
sometimes the pyroxene. Protoclastic structure occurs frequently, usually in
the types which are more approaching dykes.

The intermédiary syenites occur as mighty nodules or “Schlieten”’ like
formations in the augite-ayenite, with which they are either 1) connected by
“Schlieren’’-contacts or transitions, or 2) adjoin with them through a
differently structured marginal zove, which often contains more or less
completely resorbed fragments of the sidestone, or are 3) separated by
distinct eruptive breceia.

These rocks do not represent ihdependent'eruptions but may be considered
as differentiation-products from the augite-syenitic magma; they seem often
to exist ““in’situ’, sometimes they bhave intruded from a deeper lying source
where reactions of separation have taken place to a large degree. It is
remarkable that at the present surface we find nowhere the fully developed
nepheline-syenite directly connected with these transition-rocks. Everything
indicates that it has been, through - dislocations, pressed up from lower
levels against the roof of the laccolite. Jf we therefor consider the
intermediary nepheline-syenites as the uttermost branches of a differentiation
centre situated in  the interior of the laccolite, then this breach in the
consanguinity of the rocks may be explained,

Amongst this maltitude of rocks I have for closer study chosen one type
which through its wider distribution, its preferably dyke.like occurrence and
a certain constancy in its macroscopic properties justifies the choosing of
this a9 a representative type of the intefmediary nephelinitic syenites,

1t is a slightly ﬁrotoclaatiq coarse-grained rock with a peculiar, oolitical
structure which is caused by the arrangement of the daerk minerals around
and within the feldspar. By the weathering this rock is disintegrated in a
gz:avel of fragments, the size of peas, which consist of__ rounded grains of
minerals, which cover the hill slopes and through its light colour are sharply
distinguished from the surroundings. This type is best studied along the
main valley which from the pass W. of point 1830 runs towards N.W. Here
we find a whole range of greater or smaller syenite well exposed. |
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The examined type shows the following mineral association: alkali
feldspar, nepheline, aegirine-augite, biotite, magnesia-epipel, sphéne, iron
ore, pyritic minerals and apatite and the secondsry minerals natrolite and
analcime. |

The feldspar, which is the dominating mineral bas usually light blue-gray
colour and occurs as isomeric often rounded individuals with overlapping
marginal zones. They reach a size of 1 cm. or more; it is mainly potassium
sodium feldspar developed as anorthoclase and krypto-perthite but mnot
infrequently also pure pofassium feldspar. Twinning is not observed in the
microscopic slides examined. Its crystallization covers a rather wide interval
which seems to stretch upwards into and over the pyroxene-periéd. whereas
part of the same feldspar represents the last solidified residue of the magma.
Thus the central parts of the feldspar are generally free from enclosed dark
minerals which on the other hand, in the shape of connected stripes traverse
its peripheric parts. Finally we find abundantly. a strange micropegmatitic
intergrowth of nepheline in feldspar; certain individuals consist of a compact
eutectic mixture of both minerals, in othera the structure is more scattered.
Tt is now out of question that we see here a structure which has originated in
crystallization of a nepheline-feldspar-lux which has been composed of both
these minerals in eutectic proportions and which has itself been produced by
resorption of earlier segregated nepheline and feldspar. This is all the more
probable as remctions of resorption-as we shall find below-have to a large
extent taken place daring the solidification of the rock. _

Nepheline entets largely but subordinate to the feldspar. Its main mass
occurs ag large crystals scattered within the feldspar and often showing sharp
crystallographic definition. Elsewhere it occurs together with the dark
minerals as rounded grains. A not inconsiderable quantity enters in the
above-mentioned crystallographically arranged intergrowth with feldspar.
This latter nepheline' fraction is in colour light jade.green or colourless:
sometimes reddish brown; the larger free nepheline crystals are colourless or
brick.red, Usually the nepheline i_s' fresh and glass-clear. However there
occur.individuals which have been thoroughly transformed into parallel-
fibrous aggregates of natrolite in which the crystallographic contour and the
éiea.va.ge along (0001) of the nepheline are plainly visible. The nepheline
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which is grown together with the feldspar seems to be especially subjected to
easy decomposition, In this case also the feldspar seems to have given
material to the secondary mineral formations in which besides natrolite also
younger analcime forms a main constituent.

The characteristic dark bi-silicate ia an aegirine-augite developed in broad

prisme or individuals without crystallograpbic contcur, with luscious green
colour in through light. Pleochroism is strong with

> SUPPP bright leaf-green
Foroiinreenn coeens yellowish green
Zoiriieiirninenines greenish yellow

therefor x2>y>2

Nearest the longitudinal axis we ‘have the largest elasticity x with the

angls ¢:x=30°—36°. The tenure of aegirine is therefor not very high.
Zonar structure exists.

The pyroxene ie universally strongly corroded, the resorbed material has
in many cases re-crystallized in situ, forming an sggregate of bhiotite, spinel
and an oxydic mineral, probably magnetite, and often enclosing small
residues of aegirine.augite. Thus we find strongly corroded slender pyroxene
prisms of which one half consists of aegirine augite, the other of the above
mentioned mineral associations; other individuals are completely transformed
and consist occasionally of one complete biotite individual on ‘which the
spinel and ore grains seem to have grown. This reaction is remarkable in
the sense that the forming of spinel is theoretically improbable if one only
considers the relation base® sesqui-oxide in the pyroxene; furthermore, at

the forming of biotite, an excess of silica ought’to be obtained. The
procedure can scarcely be explained otherwise than by the nepheline of
the magma having also -part.icipated in the reaction.

The contents of biotife ia.l.lneven]y distributed and seems to depend on
the quantity of pyroxene; ‘where the latter is abundant the biotite is
subordinate; when* it js scarce the biotite predim-oné.t.es. It 38 almost
universally accompanied bby spinel and ma_.gnetif.e grains. Probably the
biotite has'to greater part originated from a new formation at the resorption
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of pyroxene. The biotite appears as sallotriomorphous grains or surrounds
not seldom the pyroxene as an irregular marginal zone. The axial angle is

small (about 15°) its optical character is aegative; pleochroism strong:

> SU light smioke-g.ey to greyish green

) 2T bright brown-red

Z e opaque or deep greyish green.
2>y >X

Spinel occurs in rounded isotropic grains, seldom with plain crystal-
lographié ‘contour. The refraction is very high. It is violet in colour,
often zonary built with an outer grey.green marginal zone. Optically it
coincides most nearly with magnesia-spinel (pleonast).

Sphene enters abundantly; it is usually idiomorphous and then often in
macroscopic, wax-yellow crystals with long-rhomboédric setion and belongs
then to the earliest segregated minerals. Not infrequently it is allotriomor-
phous and includes then pyroxene and ore grains.

Apatite enters sparsely and is developed in hexagonal prisms,

One of the most interesting features of this rock type is evidently its
* unusual structural development. Of this we may gain an impression by the
microphotograph, Plate X. fig. 1. Macroscopically the structure is specially
striking in the light-coloured types, which appear as if they were built up
by close.lying, rounded or oval feldspar individuals cj_f pea-size pasted
together by dark minerals. Sometimes they show a r(iui_lqded rhomboédrie,
longitudinal section and the rock becomes then not unlike a nepheline
rhomb-porphyry.

The structure is caused by the fact that the dark minerals are arranged
in continuous, fluidal, often _straighf sireaks which proceed to a certain
extent independently of the contour lines of the feldspar individuals; they |
often follow the frontier between two feldspars but as often as not they
penetrate the marginal parts of the feldspars. These streaks of dark minerals
meet not infrequently with sharp angles and form often, but not always,'
closed compartments within which the dark minerals are missihg or occur
only sporadically. The compartments show often a tendency to assume
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rhombic shape (see Plate). Though the feldspar under the microscope
appears thoroughly continuous from the centre to the raargin, without any
unconformity which could be interpreted as ‘‘ Anwachszone”, yet its
occurrence and the distribution of the enclosures indicate that a difference of -
age exists between centre and marginal zone,

I have tried to interprete the phenomenon in the sense that in the
magma at an early period have been segregated nepheline, pyroxene and
numerous porphyric crystals of feldspar, which all of them at a later stage
under dMferent conditions have been unstable and thereby partly been
resorbed. These resorption-phenomenons are specially marked with the
pyroxene. Afterwards feldspar has again separated out and formed an
optically uniformly arranged ‘‘ Anwachszone’’ round the older feldspar
phenocrysts, thereby enclosing the older dark minerals which have
accumulated round these phenocrysts, and filling up the interstices. The
not infrequent micropegmatitic intergrowth between nepheline and feldspar
is interesting; through its nature as eutecticum this combination ought to
represent the last residue of the magma. It should then be expected that it
would occur as an infiltration between the other minerals. This is-as has
been pointed out in the description of minerale-not the case. Probably we
have here.a case of resorption and.re-crystallization of nepheline feldspar
material.

This micropegmatitic structure occurs however sometimes also in the
often natrow nephelinitic pegmatitic veing which intersect this rock. The
eutectic structure can there be noticed even with the naked eye. These veing
are genetically connected with the syenite and' are probably to be interpreted
a8 ¢ontraction fissures in the solidifying rock, which have been filled up with
the residual liquid. |

THE NEPHELINE-AEGIRINE-SYENITE

Typically and fully developed nepheline-aegirine-syenite occurs within a
small area in a vailey immediately west of Point 1830 Ta-Tu-Shar (KAil).
Its geological occurrence indicates that it is only & small outerop of a ]arger
mass existing at greater depths. On the surface it forms a small ridge which
in a W, and N.W, direction is separated from the sedimentary area by
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eruptive breccias. In the East it adjoins the rock, to which it has also
delivered material; its southern frontier is hidden by a covering of earth, but
I have the impression that also here a brecciated zone exists. The roof, now
removed by erosion, was sandstone. This type has probably originated by .
differentiation at a deeper level within the laccolitic body, -and afterwards by’
tectonic movements forced upwards and solidified in contact with the
sedimentary roof,

Against the roof which now has been eroded away, the syenite shows a
typical cooling contact with gradually diminishing grain. The typical coarse
nepheline-gsyenite which is found in the bottom of the valley, is imperceptibly
transformed to medium—grained nepheline syenite porpbyry with large
rounded phenocerysts of nepheline and thin plates of potassium feldspar; at
higher levels the phenocrysts mostly disappear _except. a- few sporadic
specimens; the darker minerals become more fr;aquent and we find a
small-grained nephelinitic rock of aplitic appearance. Uppermost probably
just below the now removed covering of sediments is found a sugar-grained,
dark grey-green, tinguaitic rock with solitary phenocrysts of potassium
feldspar and red-brown nepheline. |

The main coarse type of nepheline aegirine syenite is an often miarolitic
rock with large reflecting prisms of pearl-grey feldspar, rounded crystals of
greasy-looking redbrown nepheline which gives the rock a strange spotted
appearance. Dark bi-silicates occur sparsely and are frequently accumalated
to larger pitch-dark crystal aggregates of high lustre,

The weathering surface has the appearance so characteristic for nepheline
rocks of having the nepheline crystals corroded largely away and leaving
round cavities large as hazel nuts.

Apart from marginal facies the grain differs in size even within the
main type inside certain limits, The thus-formed medium-grained varieties
are in all other respects quite similar to the main type, intd which they
gradually merge, |

The coarse type shows the following mineral association » alkali feldspar,
nepheline, aegirine, biotite and apatite and small quentities of secondary
minerals, mainly natrolite. sphene has not been observed. Undoubtedly
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this list will be enlarged when a larger number of slides from different parts
of the massif will be examined. At all events the minerals above enumerated

are the characteristic ones for the rock in question,

The feldspur iz ortnoclase with sanidine character and potasgium-sodium-
Jfeldspar developed either as anorthoclase or krypto-perthite. Of these the
potassium-feldspar uccurs partly porphyric in large idiomorphous plates
elongated along tbé__c&x_aﬁ__-diagonal, partiy allotriomorphous. Anorthoclase
is abundant and shows génerally a_tendency tp idiomerphous development.
It is often twinned according to the Karlsbad-law sometimes according to the
Bavenoe rule, It is mostly optically homogenous; but sometimes a partial
separation has taken .place and resulted in the feldspar assuming erypto-
perthitic structure. The optical characteristics are as follows:

The axial angle is small; it is optically negative; the axial plane
- perpendicular to (0 10). In sections nearly parallel to (U 1 0) it shows a
positive obtuse bissectrix. The angle of extinctioh was 6°—8°. A section
along P shows the same angle io be 0°—2°, and perpendicular to the acute
negative bissectrix 4°—5°, which observations indicate that an orthoclase
rich in sodium is the feldspar present.

Nepheline is abundantly present in rounded individuals which not
- infrequently reach the size of 1 em., coloured mostly brown-red, sometimes
colourless. This is the constituent of the rock which' was the last to
crystallize and is therefor allotriomorphous and has sometimes the appearance
of a connected mesostasis (paste) which fills the interstices between the
other minerals. However, it may be possible that nepheline has segregated
even at an earlier stage. In the feldspar occur scattered small fragments of
a mineral which has been completely changed to natrolite from a substance
which poasibly has been, nepheline.

The nepheline is on the whole thoroughly fresh and glasslike. Trans-
- formation into natrolite is seldom seen.

The pyrozene, judging from the optical properties, seems to be a
tolerably pure aegirine (c: x=0°—8°). Generally it occurs in ragged and
patched individuals without crystal-contour, enclosing or adjoining single
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feldspar individuals. Sometimes however it is developed as larger, often
strongly corroded prisms. which idiosmorphously adjoin the feldspars.

Partly grown togetner with aegirine, partly in independent allotrio-
morphous individuals, a8 daerk mica is found, sparsely but constantly, with
strong pleochroism (Y brown red, Z black-brown Y The dark aggregates of
bi-silicates contain often a mica of another kind. It is a mica of the
second order with small axia),.arfg)e (2e estimated 1o about 15°) The foils of
cleavage show slight or non-existent pleochroism. The colour smoky grey to
light grey green; it has often zonar structure with light brown layers,

Apatite enters only gparsely as small prisms.

The ahove mentioned minerals have through the process of crystallization
given the rock a hypidiomorphous, porphyrie structure. Regarding the
succession, we see here as in most other nepheline syenites, an . overlapping
of the different mineral fractions over each other. Apart from the apatite
which was segregated at an early stage, the crystallization has begun with
segregation of orthoclase, which is largely porphyric and idiomorphous.
The nepheline has erystallized at a relatively late stage and is allotrio-
morphous in relation to the feldspar. 1t is already pointed out thai part of
the aegirine occurs in large prismatic individuals which, while maintaining
the crystallographic contour, aajoin and penetrate into the feldspar. The
megirines however lack as a rule the crystallographic contour and ave
squeezed in between the feldspars.

Part of the above-mentioned dark aggregates formed of aegirine and
miea may be interpreted as m inrolitic cavities which during the pneumatolytic
stage of the solidification have been filled. This applies specially to the
aggregates in which the segirine is accompanied by above mentioned light

mica, which has not been observed elsewhere.

The association uf the dyke-rocks of the nepheline syenites is exceedingly
rich buth as regards types and dyke-bodies. Melanocratic varjeties belonging
to these have not been ascertained with any degree of certainty. The
leucocratic types are all the more frequent, e\'en__a_s' rocks with pegmatitic
characteristics. The connection between these aykefrocka and the youngest
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eruptives of the laccolite is clearly revealed by their geological occurence.
As can be seen by the sketch map, where only a few of the larger dykes are
- shown out of the iunumerable present, they radiate from the ventral region
of the waassif, represented by the neck. This arrangement is striking and
can be plainly observed from the top of Ta-Tu-Shan, from where the dykes
in the neighbouring hills appear as prominent walls or are marked in
contrast to the side rock through different colour. They also penetrate the
sedirnentary formations where they occur either as vertical veins or intrusive
sheets. They are younger than the crater breccia. Their way of-radiating
from a common centre would indicate that they have issued from a' fixed
point situated at inconsiderable depth.

Patrographically we may distinguish amongst the dyke rocks several
types of which the most important are:

1) Fine gr;ained to dense light-coloured tinguaites, free of phenocrysts.
2) Ditto with phenocrysts of sanidine.

3) Ditto with phenocrysts of nepheline and sanidine.

4) Ditto with phenocrysts of leucite.

5) Leucite svenite porphyry.

8) Finegrained dark dyke rocks of tinguaitic character.

7) Syenite pegmalites of several different types.

Of these we have only examined cldsely two petrographically important
types, viz. Nepheline bearing tinguaite and leucite bearing tinguaite,
representing the differentiation of the nepheline syenite into dyke rocks
rich in sodium and such rich in potassium.

The " nepheline-bearing tinguaile is a green to greyish green tinguaite
with abundant phenocrysts of glass-clear sanidine and dark greasy-looking
nepheline, in a small.grained holo-crystalline groundinass composed of
alkali feldspar, mnepheline and aegirine. Leucite is not present. The
nepheline phenocrysts have through tension within the rock, probably at its
congolidation, usually disintegrated in a coarse erystal aggregate. Sometimes
they are largely changed to a bright yellow cancrinite. The pyrozene is a
fairly pnre segirine. It occurs partly as large prismatic individuals without
crystallographic contovr partly as thin prismns, more seldom -as slender
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needles. These surround in a fluidal manner to phenocrysts, but apart from
this they are also distributed thronghout the groundmass without visible
order.

Leucrte-tinguaite-porphyry occurs in two different types, the one carrying,
in 1 blue green to grey-greeu, fine-grained groundmass, up to 3 em. large,
often brighit red phenoérysts of rounded or plainly octagonal section. The
other carries, in a leaden grev groundmass of smallish grain, large grey
smoothfaced icositetrahedrons of pseudo-leucite, which can be easily removed
from the groundmass. This latter type ought perhaps rather to be called
leucite-syenite-porphyry.

The first-named typical lencite-tinguaite-porphyry is in hand specimens
strikingly similar to a coarse-porphyric eudialyte-bearing tinguaite. It is
however possible to observe even with a magnifying glass that the phenoerysis
are not homogeneous, but consist of two components, one coloured and one
non-coloured.  They ure sharply defined against the groundmass and
perfectly free of enclosed minerals of the gioundmass. Their nature of
being pseudomorphoses of leucite is evident because they consist of a mosaci
of glassclear nepheline and orthoelase. A part from these we find in most cases
a largd quantity of an isotropic mineral of \’ery.low refraction. A distinet
system of cleavage is not developed. It has a tendency tfo occur in the
central parts of the pseudomorphoses and form there often a large connected
mass which penetrates as a wedge between the orthoclasé-nepheline mosaic
components. Without chemical examination it is clearly impossible to
indicate the chemical nature of this mineral. Leucite psendomorphoses from
other localities have many times beens found to contain considerable guantities
of analeime. As an analogy we wmmy be justified to presnme.that the

observed mineral is analcime.

Pseudo-lencite is the only mineral which oceurs as phenverysts.  The.
ordinary phenocrvsts of tinguaite, potassium feldspar and nepheline are
missing,

The groundmass is Tiolo-crystalline, and consists of a panidiomorphous
aggregate of clear alkali feldspar and nepheline, iraversed by a network of
fine aegirine needles, whieh have a tendency to accumulate to large felt.like
masses.
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Pegmatites belonging to the nephelinie syenite occur abundantly. Also

these can be classified in two groups, acid and basic. The former are pure
white, cutting through the nepleline syenite in dykes np to one metre wide,
and are often strongly weathered. A typical development is the following:
the main msass is built up of white, glass-clear feldspar crystallized in thin
idiomorphous plates, The sharply defined interstices between these are
filled by blue-violet fluorspar and oxygenated iron-ore. In other types we
_have additionally pyroxene or amphibole and these form a transition to
certain facies of the coarse nepheline syenite. The basic pegmatite veins are
generally narrower; they are built up of long slender prisms of pyroxene
which, as a dense crystal zone, grow out from the sides of the veins to their
centre. These central parts are filled by younger feldspar.

THE VOLCANIC NECK.

In the panorama on Plate VIII we see on the left.-hand side Ta-Tu-Shan,
point 1830 on the map. Developed in sieep rocks with numerous cavés it
rises above the low mountain slopé towards the west. Ta-Tu-Shan represents
the central part of the neck. On a wide circumference the surrounding
syenite rocks are strongly brecciated, and intruding gases angd solutions have
caused an often far-reaching decomposition of the fragmental rocks and
filled the crevices with newly formed minerals: Fluorspar, caleite and iron
nre. A decided boundary between the real voleanic neck and the breceiated
side-stone can not be traced; the limit depicted on the sketch-map includes
also this brecciated and proﬁylitized marginal zone within the region of the
neck. This border zome has been marked by special easy erosion. Thus
the eastern limit of the crater-breccia is marked by a deep valley coming
from the north, In the same manner we find that the northern and southern
breceia zones are eroded to valleys.

When we approach the neck from the outside, we first of all encounter a

zone sometimes narrower, sometimes wider, within which the rocks as
mentioned are strongly brecciated without the lava material having entered

into them. Towards the wore central part of the neck eruptive material
begins to enter the breccia, filling up the fissures and cementing the fragments

to & very solid and -tough rock. - The fragments are ‘here in a better state of
preservation,
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The central part of the neck consists also of eruptive breccia, in which
here aud there the lava material predominates, The cementing wmatrix is
rather differently developed in different locations. Usually it has the
character of a hyp-abyssie, light-coloured, reldspanic rock. But on the
northern and eastern slopes of Ta-Tu-Shan it has ofien the appearance of a
very porous vesicular, sanidine-porphyric trachyte.

The neck and its brecciated neighbourhood is penetrated by swarms of
tinguaitic dykes which run through the area in question in all directions.

Many of these continue also outside the breccia into the syenites, but mostly
they are bound to the neck.

The study of the petrography of this syenite body has led to results
which may be summarized as tollows:

All the rocks belong to the alkali-family. The earliest intrusion which
appears as a trachy-andesite is, compared with the younger eruptives,
remarkable through its high contents of lime, which has led to abundant
forming of plagioclase. Its low tenure of coloured bi-silicates indicate that
it is poor in magnesia and iron. A chemiecal analysia will probably
characterize it as a rock of monzonitic compositioh.’ Possibly this rock is a
hyp-abyssic facies of the deep-seated primary rock of which the augite
syenite has been formed through differentiation. |

Contrary to the trcahy‘andesi'te the succeeding augite-syenitic magma
was poorer in silica and richer in alkalis and magnesia, which latter
component together with almost all the lime, sesqui-oxides and 4 little alksali

was mainly instrwnental in forming pyroxene. Lime-sodium-feldspar is
missing.: Both rocks however are rich in sphene.

The petrological connection between these types will probably be
elucidated by a study of the igneous rocks rich in alkali which oceur in the
Eastern marginal zone of the Mo-Erh-Tung horst. Amongst these we
find abyssic erﬁpiivé's probably of monzonitic composition accd:npapied
amongst others by a hypabyssic rock, which in hand specimens strikingly
reminds us of the above-mentioned rock which was called trachy-andesite.
~ Nepheline syenites are not observed here, but all the same we find bere
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dykes of tinguaite, indicating that also in this igneoues body alkali rocks are
present.

The process of ditferentiation within the augile syenite magma is easier
to follow. Towards the basic. pole the differentistion has resulted in
lamprophyric roeks rich in magunesia and lime poor in alkalis and free
of sphene. |

The intermediary nepheline sycnite, whicli has possibly segregated from
the augite syenite, is poorer in silica and dark bi-silicates than the mother
rock. The tenure of alkali i relatively larger, which has found expression
partly in more abundant prouuction of nepheline, partly it has augmented
the *aegirine molecules of the pyroxene. The tenure of sphene is about
unchanged. This rock is no constant type, but probably a stage fixed
through intervening solidification.

A differentiation which has been carried still farther has led to a stage
in which the relation of R0 to R.0 has reached a minimum, whereas the
relation R.0 to Si 0, approaches its maximum if we assume the auigte
syenite to be the mother rock. The differentiation has resulted in a

nepheline syenite entirely built up by minerals rich in alkali.

Also within the nepheline syenite magma processes of differentiation
have been active which have led to a partial separation of the alkali metals.
This parting reveals itself in a development of sodium-predominant and
potassium-predominant rocks represented by wnepheline-bearing and
leucite-bearing tinguaités,

In the petrographic series whicl is formed by alkali lamprophyre, augite
Syi»’nibe,_interlxle(liall'ﬁ' nepheline syenite and nepheline aegirine syenite the
pyréxene suffers a regulair change consisting of an increase of the. tenure of
aegirine, This gains u.n'ex'pression in & chapge of angle of extinetion and
pleochroism. The following summary elucidates this:

¢:x Pleochroismn

Alkali lamprophyre 50° in light olive green colours zFy>x
Angite syenite 40° in olive green colour Xy >z
Interm. neph. syenite 35° in luscious green X >y L

Neph. aeg. syenite 4> in dark green colour X >V >
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' THE COAL
FIELD OF TATUNG, SHANSL.

{Sammary)

By C. C. WanNg
EXTENSION OF THE FIELD

The coal field extends from west of Ta-Tung (K i) city south-west
ward along a distance of more than 200 li (120 km.) as far as surveyed; it
is known however that coal formation still occurs 100 )i further south west
tiil So-Hsien. The width of thie field is about 100 I,

STRATIGRAPHY
The stratigraphic sequence represented in this field is as follows:

1. Archaean greiss; South of Chi-Feng-Chan and north of Ching-Tzu-
Yao the archaean gneies forms barrier hills between ‘the coal field and the
alluvia! plaing. This barrier of gueiss is only interrupted near O-Mao-Kuo
and Kou-Chiian.

2. Cambrign ved shale: Man-T’o shale lies directly'upoh the gnetss,

The shale is inferbedded with thin limestone. The total thickness is about
100 m. (see fig 1 chinese text)

3.. Cambrian lwmestone: Conglomeratic limestone is interbedded with

oolitic limestone. The total thickness is about 260 m. (fig 1)

4. Pc'r:)e.o-an'borzi.fga'oezs coal series: This series about 200 m. thick lies
directly on the Cambrian formation. The Ordovician limestone so weil
developed in other”“ps:r;ts'of the Northern China is here .totally absent, The
lower part of the coul series contains limestone beds with fossil fusulina and
corals, - Coal seams occur in the upper part of the series (fig 1,2,3,); plant
fossil as Pecopteris, Annularia, Spheimphyllum have been found., North of
the village T’o;Ping, this series is rapidly thinning out ndrth-we.st—ward;
near Ching-Tzu-Yao, the Jurassic formation comes in direct contact with
the Cambrian limestone and still further with the gneiss. This is explained
by a pre-Jurassic unconformity.
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The existence of this Paleozoic coal series was ignored by Von
Richthofen; it was first discovered by the author in 1917.

5. Triassic shale and sandstone: The shale is nsually red, the eolor of
sandstone varies from red to green, gray or white. For the whole formation
the red color is predominant (fig 2,4). The total thickness varies from less
than 100 m. south west of Kou-Chiian to more than 350 m. in the region
of Yao-Tzt-Tou and Chang-Chia-Pu

6.  Lower Jurassic coal series: This series consists mostly of gray or white
sandstone and bive or green and black shales (fig 2,5,6,7,8,). The sandy
shale near the coal seams contains Baiera, Podozamites, Asplenium, Dichsonia,
Pterophylum (?) all well known Jurassic plant fossils. From Mei-Yii-Kou
to Ya-Yai the total thickness increases from 260 to 4830 m.; but from
Tou-Yao-Kou north-ward it decreases until near Li-Chilan where the whole
series i only represented by thin sandstone and shale.

7. Upper Juvassic red sandstone: The lower Jurassic coal series is
covered by a formation of red or green sandstone and shale. No fossil hag
been found. It is identified as upper jurassic by comparison with the
Chiu-Lung-Shan series (ie. the violet and green series) in the Western Hills
‘of Peking studied by L. F. Yih*. Hills of this formation has generally a
rounded form.

8. Buasalt: Outerops north of To-Tzu-Yao and Kou-Chia-P’o. In a
section visible at Hou-Yao.Tzu, the basalt is in contact will a limestone

(fig 9). This limestone probably belongs to Cambrian. The contact is
believed to be an igneous one.

9. C’onglomémtc} The largest occurrence i8 to be seen north of
Kou-Chia-P’o and Hsin-Tsun. This conglomerate lies unformably above all
the older formations (fig 10,11) ; pebbles of basalt are numerous.

STRUCTURAL GEOLOGY.

The Cambrian formation dips rather steeply toward north west. The
dip angle gradually decreases from the older to the younger formations i. e.
from the border to the center of the coal basin; the Triassic sandstone and

§ L. F. Yih Geology of Hsi-Shan or the Western Hiils of Peking Mem. Geol-8urv.
Series A No. 1.
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the Jurassic coal series have generally a morth west dip of .10-30°. In
Wan-Chia-Tsui region, the strata are almost horizontal. At Tuan-Chia-Kou,
Tu-Chia-Kou, Tiso-Lo-8in, Kuo-Chia-Pu ete. the Jurassic coal series and
thé red sandstone dip gently toward the loess region south eust of Tso-Yiin-
district. North west of Tso-Yin extends a gneiss range which must be
separated from the coal field by a great fault line. The south east border
seems also to be limited by fault. South east of Pai-T’0-Tsun there are two
faults: one running from north to south with a horizontal displacemend of
about 1,500 m., the other running ih a NE-8W direction (fig 9). Between
these faults the strata are strongly disturbed. Disturbance is also observed
between Mei-Yii-Kou and T’o-Ping where the dip angle is steeper than usual
aud sometimes turned towards south east.

COAL RESOURCES.

As stated above, there are two -coal series. The lower series. Permo-
Carboniferous in age, has only one coal seam between Kou-Chuan and
0-Mao-Kou with a thickness of 5-8 feet. But near T’0-Ping it is reduced to
almost nothing but some black shale. South-west-ward from G-Mao-Kou two
other seams may be worked below the one above referred to. Conditions of
occurrence of these three seams may be summavized as follows:

Thickness of rock

Thickness of coal .
separating the

Thickness of—coal

Local name only together with soam from the
interbedded rocke.
_ upper one,
Te’ang-tan 3-4 feet 6-8 feet
Hoang-ho 2 feet 4-F feet 80 feet
Sgii-ssii 5 _feet- 8-10 feet 40 feet

The upper coal series, lower Jurassic in age, contains at Tou-Yao-Kou,
Ta-Kou, Tien-Shang ete. three coal seams:

- Thickness of coal Thickness of separating
Local name
seam - | rock
Hsiong-tsieh 1-4  feet
Tsong-tsieh 36  feet 40-110 feet

Ti-tsieh - 3-4" feet 20-50 feet
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At Pai-T’o-Tsun a fourth seam is worked with u thickness of 8-30 feet,
this is locally called Ta-Yao seam. All the coal seams become generally
thicker and thicker south-west-ward from .Pﬂ;i-T’O-TSll.n. The upper three
seams attain each 7-10 feet at Ssii-Lao-Kou, Hu-Chia-Wan, Chin-Chia-Shan,
Shao-Chia-Kou ete. The same thickness may be also encountered at
Wan-Chia-Tsui, Ma-Ying-Wa cte, The figures stated above can be only.
tnken as general rule, there are of course many local variations or accidents.

Of the particular facilities for working of the Ta-Tung coal field, we
- may chiefly mention: the horizontality of the coal series which makes the
coal seams never too decp for mining, the solidness of roof and tloor, and the

quality of ceal easily mined in great pieces.

The coal reserve is calculated as follows:

Average .
Area thickiess Sp. gravity Probale reservé
Lower series 388 sq. 1i 2 m. 1.8 252,000,000 tons
Upper series 650 aq. I
8B, W, Mei-Yii-Kou . 5 m. 1.3 1,056,000,000 tons
Upper series 72 sq. 1 -
N. E. of Mei-Yii-Kou 2 m. 1.8 46,000,000 tons
Total : 1,354,000,000 tons

Taking 354 millions as already extracted by old native mines, it remains
still a considerable reserve of 1,000 million tons,

QUALITY OF THE COAL.

The coal is bituminous with an average moisture above 3% and volatile
matter. above 20:%. The eaking quality 'varies from seam to sedm and
according to different parts of one and the same seam. Analysis together
with the result of coke making experiments by M. H. Li are given in details

in the Chinese version,
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GEOLOGY OF YHE
LEI-YANG COAL FIELD, HUNAN.
(Summatky)

By T. O. Cuu
INTRODUCTION

A large coal field exists in the upper Siang valley at the east of Lei-yang
district exténding eastward into An-jen and southward into Yung-hsien
districts. This field -was surveyed in 1917 by the author together with
Mr. C. Y. Shieh. The following is a summary of the main geological
features of part of this fleld which has been studied by the uuthor and as
represented in the accompanying map. -

STRATIGRAPHY

Five principal divisions are distinguished ; they are in ascending order:

1. Carboniferous limestone-This is a thick formation commonly encounteved
in Hunan. Many quarries between the districts An-jen and Lei-yang
are working the limestone for the purpose of lime burning and road
building. Fusulina fossils have been collected near Tung-hu. This

formation forms a E-W range to the south of which extends .he coal
field.

2. Mangoniferous and ferruginouvs sandstone-This series immediately overlies
the carboniferous limestone and extends from Tiu'g-shui-p’u,Lao-hu-wo
to south of Tang-ho-chiian. As a rule the lower part is more mangani-
ferous while the npper part is more vich in iron. The manganiferous
rock is typically dark colored with the manganese content ranging from
10-50 %. The ore seam is about 10 cm. thick. The iron bearing
sandstone is lisually red and thick bedded. The jron content is
generally low but sometimes workable. Best ore is obtained from near
Lao-hu-wo and smelted in the native furnaces situated between
Lao-hu-wo and Tung-hn. The total thickness of the whole series is not
less than 800-900 m.
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3. Permian coal series-Three principal parts may be distinguished in this
series:

a. The lower pa.. 18 constituted by a quartzic sandstone which overlies
conformably the ferruginous sandstone and conuasting with it by
its hardness. .Outntops are visible at N. of Kao-ma-tou, S. of
Tang-shui—chilan, Yian-fa-ch’ung and Shui—chi-ch’ung. fotal
thickness is about 300 m.

b. The middle part consists of alternating sandstones and shales with

thin calcareous intercalations. The dark colored shale contains

plant remains.

¢. The upper part consists mostly of shales and several coal seams.
Iive coal seams are worked by numerous native pits in the syncline
passing by Yia-shui-lung, Pan-chiao and Nan-chuang. The same
numnber of coal seams is ohserved in the area extending from
Tan-pan-chiao to Shui-chi-ch’ung. The average thickness is
approximately as follows from below upward:
iniercalating rock 40 24 100 60 3U-30
coal 8§ 6 T 4 2-3

All the Hve seams are anthracite. Tlhre lower three seams are

qualitively as well as quantitatively more valuable than the upper
ones.

The total thickuess of b. and c¢. combined. is roughly extimated at
1200-1700 m. -The geological age of the coal bearing series is Permiau
according to Dr. Halle who was about the same time in the field for
palaeobonical researches. |

4. Posi-Permian (?) shale and thin Timestone-This is a thick formation
unconformably overlving the Permian coal series. It is strongly folded
between San-tu and Nan-chiuang and clearly unconformable between the
latter village and ._"I‘a-ehin-tang.. Light green shale p‘redomiﬁates with
intercalations of thin limestone, slate and sandstone. No fossil has
been found. The post-Permian age is merely inferred from its position
oceurring south of the coal series which is as a whole dipping southward.
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It is however not impossible that this series is of much older age (as
would indicate the stronger folding etn.) and appears only here by
fauiting of great throw,

5. Red sondstone with couplomeratic beds probably of Tertiary age.
STRUCTURE

Broadly speaking the coal series has a E-W strike in the principal area
from Liao-li-ch’ung to 8. of Tang-ho-chilan., From Liao-li-ch’ung the
strike turns to N-S with a markable thinning of the coal series.

The coul field is limited to the south by the possible fault above
mentioned which brought up the greenish shale formation. To the north
and west it is bounded by the manganiferous and ferrugincus sandstone.
However the coel series reappears to the west of Lan-pan-chiao, Yiian-fa-
¢h'ung and Shui-chi-ch’ung; this is probably caused by a fault line passing
by the named villages.

When more details of the coal ‘field structure are taken into considera-
tion, it will be seen that the strata are folded into a succession of synclines
and anticlines. From Tang-ho-chitan to Kao-ma-tou and Hou-chieh-hsien
there are three synclines (see section A B) of which the two deepest are
situated near Yii-shui-lung and Kao-ma-tou where therefore the coal seams
are most completely repreéented. To the west the folds are reawced to only
one syncline and one anticline as may be seen from section C. D. Still
further west the section E F shows foldings still more genﬂe and simple..

Between Liao-li-ch’ung and Ta-chiu-tang and further southward there
seeme to be also an anclinal folding complicated by other kinds of
disturbance.

In the area west of Lan-pan-chiao and Shui-chi-ch’ung the coal series
forms also an anticline of N-S trend.

The existence of the anticlinal foldings within the coal bearing area has
of course the effect of decreasing the quantitative bearing of the anthracite
which is very good in quality and largely used in Huran,
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