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Proceedings of the Tweantieth Annual Meeting
HELD AT KUEIYANG, APRIL 1-3, 1944.
Morning Session of Saturday, April 1.
President Y, C. Suoy, m the chair.

The Twentieth Annual Meeting of the Geological Society of China was called
to order by the President at g am. in the Science Building at Kuciyang., The
President expressed his satisfaction to see a large number of members and guests
attending the meeting and remarked that 1) the number of workers and teachers in
geology should be greatly increased, 2) a close coBperation should be established
between geological institutions, and 3) the importance of pure research works can
never be over-estimated. Addresses of welcome weré given by Messts. T, C, Wu,
Governor of Kucichow, T. H, Chang, representing the Ministry of Education, C. Y.
Yech and Y, H. Ou, both of the Kueichow provincial government. The President’
then called Professor C. Y. Hsich to give a shiorz report on the preparatory arrangements
which fed to the success of the Meeting., Thereafter the Secretary, the Treasurer and
the Editors submitted their reports.

ReporT oF THE SECRETARY

During the past year three Council Meetings were held, the first in July 4,
1943, the second in February 15, 1944 and the third in March 31, 1944. The minutes
were published in exterso in Ti-Chth-Luen-Ping.

Late in December 1043 the Socicty received a letter of goedwill from the
Geological Socicty of America, through Prof. George B. Cressey who came to China
as exchange professor sent by the Uhited States Department of State. An official
reply of our Society, written March 22, 1944, was brought to New York by one of the
Councillogs, Dr. C, C. Young, who remitted it 1o the American Society in May.

) We deplore the death of Mr. H. S. Liu and C. Liu, members, and of Professor
Charles Schuchert, correspondent member, of the Seciety,
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The present corollment of the Seciety is 544 Members, 34 Correspondents, x
Fonorary Member, 104 Associates and 19 Institution Members,

The Council Meeting of July 4, 1043, decided to mnke the movement to the
General Meeting for amendments of Articles 5, g, 14, 17, 18 and 20 of the constitution
of the Society.  (The Presideat then submitted the movemeng to the General Mecting
which unanimously accepted it. For the full statement of these amendments, sce
Ti-Chih-Luea-Ping, Vol. VIII, Nos. 1-6).

The V. K. Ting Memorial Trize will be awarded to Dr. T. K. Huang in
recognition of his contributions on the Peemian stratigraphy, the Chao’s Memorial
Fellowship w Mr. W. Y. Chang for his tcctonic investigations in Kuangsi and
neighbouring pravinces, and the Stidents Fellowship amounting to four thousand
dollars will be shared by ten students of the National Southwestern Associated
University,

T. H. Yy, Secretary.
Report o 7TiE TREASURER

(Fiscal year ended March 17, 1944)
A, Reeeipts:

(1) Balance credit of the It fiscar year 31,989.20
{2} Special donations 152,000.00
5)  Special subsidics S7,99.4.00
() Life membership dues 7,350.00
{5} Institution membership ducs 13,200.00
1w Membership ducs 1,564.00
71 Sales of publicadons ' 7,595.00
{8) lInterest from bank current deposits 22,142.35
Totd 324,134.55
B, Fxpenditures:

(1) Printing cxpenses 15.4,376.20
(2} Drntng pager cxpenses 20,130.80
{3} ‘Transportation 10,720.00
{4) Grological Exhibiion cxpenses 29,962.80
{5) Excursion expenses 9,000.40
() Life membership dues transferred 0 the Society’s Finance Committee  7,350.00
(7} Office expenditures 7983ar
Total 29562151

Total reecipts 32413455

Total expenditure 295,621.5%

Balance credit 28,513.04

T. F. How, Treasurer.
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Revokr oy Tne Eprrons

(A) Bulletin of the Society: Nos, 1-2 and 34 of Volume XXII were issued
in 1943 The proofreading of Nos, 12 of Volume XXUC has been completed and
it will appear soon after the Meeting, Nos. 3-4 will be sent to the press in the near

future, v

{(B) TiChih Luen Ping: ‘The combined numbers 1-6 of Volume VIHI, cdited
by Dr, C. C. Young and Me. C. J. Peng, were issued in March 5gyq. Messes, T. F.
Hou and K. C. Yang took part in the proof-reading. Nos. 12 of volume IX will
soon appear.
C. Y. Lex, ClicfEditor of the Bulletin.

Following the business reports, the ceremonics for the third awarding of the
Ting's Memorial Prize was opened by Professor C. Y. llsich, Chairman of the Ting's
Memorial Prize Committee, who outlined the important contributions of Dr, T, K,
Huang. In the absence of the latter, Dr. T, H, Yin reccived the diploma of rccogni-
tion on his behalf.

The first general meeting was adjourned at 12:00,

Afternoon Session of Saturday, April 1.
Dr. Y. C. Sun, in the chair.

The chairman opened the second session at 1:00 pam. in the lecture room of
the Science Building. The following papers were read:

1. J. 8. Leet ‘Geomechanical sesearch of the Nanling.
2. S. 5. Yoh: A broad outline on the geology of Kucichou,
3. 5. 5. Yoh: The geological structure in the environs of Kueiyang.
4. T. H, Yin, N. Chin & I. W. Shen: Outline of the geology of the Tsunyi-Meitan arca.
5. T. §. Liu: Geology of North Kucichou. v
© 6 'C. 5. Lee: The siatigraphy and structure of northern Sinkiang.
7. C. S. Lec: Structural outline of the Great North-West.

8 L. T. Yeh, C. S. Ho & T. C. Tseng: Develog of Liupanshan,” its statigraphical and
structural control.

9. P. Misch: On thic striicturdl types of E and W Yuhnan,

10. 'W. Y. Chahg: Distribution “of fin and tfungst deposits in “sauth
relation te tectonic pattetns, '

11. K, Chern; Note on the Minstde,

China and their
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The following communications were read by title:

T. K. rHuzu:tg, L. T. Yed & T, C. Tseng: On major teconic forms of China with special
o]

0 palacog b

T. H. Yin, N. Chin & I W. Shen: Structural lines of the Tsunyi-Meitan area,
C. S.'ij & H, H. Lee: The Major structure of the Alashan Range.

P. L. Yuan: The emplacement of tn ores in Kochiv diswict, in Yunnan, in relation to
muor structitres,

Kuota Chan: The Yuchpei Sysiem of the ¥psilon-type structure.
C. C. Chang & C. Y. Jen: Paiacozoic omgenic mavement of eastern Sikang.
W. K. Kuo: The Post-Tertiary orogenesis of Hueili, Sikang.

L. T. Ych: Significance of strsctural asyminetry in geosynciinal areas.

. H. M, Meng: The bearing of tectonic phenomena on Ore-deposition in South China.

S. C. Chang: On thrusts.
Evening Session of Saturday, April 1.
Dr, Y. C. Sun, in the chair,
The chairman openéd the ineefing at 8:00 pm. The following papers were
S. Y. Hsia, S. F. Sheng, K. Y. Yen & Y. T. Cang: Some problems in the geology of Kisngsi.

W. K..Kuo & C. C. Ych: Geology of Hucili and Yenpien districts, Sikang.
C. C. Chang: Geology of Taliangshan b h and Sikang.

The following papers were read by title:

C. S. Kao: Geology of Fukien.
Chingchang Biq & T. L. Hsu: Geology of the Liupanshan region.-
Y. H. Lu & T. S. Kuo: New observations on the geology of the Central Tsinlingshan.

C. H. Lu: Geological reconmaissance in regions on the boundary of Kansu, Tsinghai and
Sikang provinces. )

C. H. lu & M. 5. Chen: A geological section between Suewanpu and Talapel, Chingtaihsien,
s, : .

K. L. Fong: Geology of the copper deposits of Lunan diswicy, Yunpam,

K. C. Tuan; Preliminauy aote on the geology of Shihping and Yuankiang, southern Yunnao.
P. H. Chang: Geology of Yuhsi-Oshan-Hohsi region, Central Yunnan.

P, H. Chang: A grological reconmaissance from Likiang to Wuting, northern Yuanin. -
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Morping Session of Sunday, April 2.
Dr. Y. C. Sun, in the chair,
Dr. Sun opened the meeting ar 8:00 a.m. The following papers were read:

C. C. Tien: On the zoning distribution and the age of metallic ore deposits in Hunan.

C. Y. Hsich: Some problems in the study of bauxitic deposits in Chi:{n.

=

. Misch: On the facies of the Carboniferous of Kunming region with special reference to
the bauxite deposits, :

C. H. Chen & M. T. Li: Tungsten and tin ores of Machiangyvan, Chianghua, Hunan,
T. H. Yin, N. Chin & Y. W. Shen: Manganese deposits of Tsunyi.

T. S. Liu: The manganese deposit of Tuanhsi, Tsunyihsien.

Y. S. Huang & H. Chu: Some ks on the quicksilver deposits in the Hunan and Kncichou
border region.
H. Chu: On the genctic types and metallogenctic cpoch of the quicksilver deposits of Hunan

and Keichou,

K. Chern: On the distribution of better-preserved coal scams in 2 folded ficld,
. €. Chang: Note on the bitumi coal in Kueict province,

S. T. Yen & C, H, Chen: Geology of the coal-ficld of Shuicheng and Weining, Kucichou,

P, C. Yang & P, L. Yii: The geology of the coal-ficlds of Tuyung and Tushan districts,
Kueichau,

W. Y. Chang: A preliminary note on X- and T-shaped joints.

L. P. Wu: Flow line structures in the Huashan granite, castern Kiangsi and its related
dikes and veins.

The following communications were read by title:
.

C. J. Peng: Notes on the Kucichou bauxite deposits, with special reference to their vettical
variation in nature. .

S, T. Yen & J. C. Ma: Grology of the baaxitic depasic of Maomaoying, Piagyueh, Kueickou.
C. H. Chen & M. T. Li: The lead-zinc deposits of Leitzesh Tachsien, Hunan,

Y

T. L Sun: The Manganese deposits of Tsunyi, Kueichou.

H. Chu: Structural control of the cinmabar deposits of Panct Wuchuan, N. Kucichou.
H. C. Wang: A swdy on the coal resources of Hunan pravince.

‘L. H, Chow: ‘The lead-zinc deposits of Fulochang, Loping, Kueichou.
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55. K. C. I’cng]. Experiment on the shstraction of a subsSitute of Canada balsam from native
material, ’

«6. L, T. Ych: Metamorphic geology in the upper Weiha Valley.
Afternoon Session of Sunday, April 2.
Dr. Y. C. Sun, in the chair.

The session was opened by the chairman at 2:00 pm. The following papers
were read:
57. K. Chang: On the mode of occurrence of tin orc of Tachang, Nantan, Kuangsi.
58. K. Chang: Paragenesis of cassiterite and tungsten ores.
P. Misch: Qbservations on Permian and Triassic volcanism of Yunnan.

59
Go. C. C. Chang: A new genetic classification of tungsten deposits in China.
61. C. C. Chang: Genetic classification of antimony ose deposits in China,

_62. W, K. Kuo & C. C. Ych: Note on the granite of Hueili, Sikang and its age.
63. C. S. Lee: The gold deposits of the Alap Mis. *
6L;. C. S. Lee: The iron and coal resources of northern Sinkiang.

63. K. C. Yang & T. C. Ku: On the age of igncous intrusion between Nankiang and Wang-
tsang, N, Szechuan, .

66. C. T. Mai” A brick note on the tngsten and tin deposits of southern Kiangsi.
67.. C.T. Ma: Tungsten deposits of Tachisk Chi and the ¢ of the ore-bearing area.

63. C. H. Ch:mg Genesis and dlassification of Kochiu tin dcpasus, Yunn:m and ‘its bearing on
tin mining amd prospecting.

The following communications were read by title:

69. G. B. Cressey: Natural resources and the future of Asia,

70. H. Y. Ma: Petrology of the Permian volcanic rocks of East and Central Yunnax_}.

7%. P. L. Yuvan: The zine deposits of Laliho in Yunoan.

72. T. H. Chow: The geology of the tin-field of Kochiu.

73 W. W. Xoo: The cstablishment of sale industry and the development of coal higer in
Yipinglang district of Yunpan Province, )

74. C. G Chang: A new obscrvat&m on the gold deposits in southeastern Sikang.
45. C. C. Chang & C, Y. Jen: On the discovery of metamorphosed submarine volcatic rocks
between Yuchsi and Hanyuan diswicts, Sikang, with special £ to their strati

posmon
56. C. C. Chang: On the ‘discovery 'of hematite deposits and- oil-bearing semibituminous coallin
Miconing district, Sx.l\ang

C. C. Chang: Some native copper dcpcsxts in C!maclnan, SxLang
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W. K. Kuo & C. €. Yel: The asbestos deposit of Yuehsi, Sikang.
C.'S. Pien & H. H. Les: Mineral resources og the Province of Ninghsia,

T. K. VHuang & Y. C. Cheng: On spontanesus combustion of Jurassic coal seams along the
‘Tienshan. 7

C. H. Lz & M. S. Chen: On the coal and iron deposits of nprthern Kansy.
M. S. Sco: Mineral resources of Szechuan,
P. F. Chen: Where s t.he_ petroleum of Szechuan?

P. P. Chen: The coalficdd of Peimi Yungeh Central Szech

K. C. Peng: Mineralogical analysts of Jurassic sandstones found in- the environs of
Chungking. .

K. C. Tsao: Middle Triassic (Anisic) salt deposit of Wuchi, Szechuan.

. T. 1. Sun: The siderite deposits of North Szechuan.

C. 5. Kzo: Mineral resources of Fukien.

L. P, Wa: Some prob), ding the and tin deposits in southern Kiangsi.

> .
. C. Shangkuan: Kaolin deposits of Yiikiang, Kiangsi.

Y. H. Lee & C, S. Mo: The tungsten mining industty of T'aishanhsien, Kuangtung.

C. 5. Mo: Joints in the Chiufeng intrusive and their rclation 1o the wolframite-bearing
quartz-veins.

Y. S. We & K. Chow: The gold-placers of Lishantsun, Tsianhsien and Huangpeichiang,
Hinganhsien, Kuangsi.

Y. S. Mu & K. Chow: Gold depdsits of Ti “Ticny: Tienpro and Hsiangtu districts,
Kuangsi. -

P. H. Chang: The pre-Upper-Sinian mineralization of Yunnao.
C. Chen: The titaniferous magnetite deposit of. Panchibhua and Taomakan, Yenpien, Sikang.
H. M. Meng: Galenostibrite, 2 new mineral from Hi hweich Ct k Kuapgsi.

K. C. Liu: Additional notes on the quicksilver deposits on the Hunan-Kucichou border.
Moming Session of Monday, April 3.
Dr. Y. C. Sun, in the chair.

Dr. Sun opened the meeting at 8:00 a.m. The following papers were read:
P, Misch: Observations on the mdrine Triassic of Yunnan and its rclations to the Red Beds.
H. C. Chang: ‘Friassic stratigraphy of Tungchuan,

H, C. Chang: On the boundary line between Permian and Triassic.

Te-You Hsu: On the marine Upper Triassic of Chiz;a.

TeYou Hsu & K. Chen: Resision of the Chingyen Triassic fauna.

W. K. Kuo: Red Beds of Hueili, Sikang.

S. S. Yoh: On a new genus of sugose voral from the Lower Silurian of North Kweichou.
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The following papers were read by title:

H. C. Sze: Discrepancics hetween the chronalegical testimony of fossil plants and animals
with special reference to the stratigraphy of China.

. TeYou Hsu: Middle Triassic ammonoids of Kucichon,

T. H, Yin: Tabulate corals from the Silurian Shitnivlam Lmestonc.

. €. C. Wood: The Silarian stratigraphy of 1 n h

C. C. Yi: Somec Carbonifercus Corals fran northern Sinkiang.

S. 8. Yoh: On the inner structore of 2 new species of Yangroeella,
T. K. Huang: Red Beds of Sinkiang with special reference to the so-called Kucha Formation.

Y. H. 1u: Some microfossils from the Kucha Formation, 8 Sinkiang.

C. C. 1f)lmﬂg & C. Y. Jen: The discosery of fossil insenis in the Mesozoic rocks of Yuchsi,
Sikang.

K. C. Tste: Tenwtive subdivision of Ci in the south part of the Red Basin.

H. C. Wang: On the Weininglan Systzn of sonthwestern China.

. H. C. Wang: Prclitninary obscrvation on the Carbonifercus stratigraphy of Yunoat,

H. C. Wang: Oudine of the Carboniferons stratigraphy of Yunnan.
T. € Tseng: Middle and Upper Carboniferous stratigraphy of western Kansu, -

Kuowm Chan & C. S. Mo: The Cuboniferous coal series of F E Chiichianghsi
Kuangwng.

S. H. Li: On the Palarozoic strata of West Kansu.

. K. K. Chao: Stmtigraphical development in Kuangsi.

C. H. Lu & M, 8. Chen: The stratigraphy and the orogenic movements of northern Rafisu.
C. ). Peng: The Sinian stratigraphy of castern Sikang.

C. 8, Pien & H. H. Lee: The Sinian and Cambrian stratigraphy of the Alashan region.

C. W. Ku: Devonian stratigeaphy of Poshi, E. Yonpan. .

H. C. Szute: Jurmssic coal series of northern Ku:mgtun.g.

5. H. Li: New Observations on the Nanshan Serics,

T. Ho, H. C. Wang & H. Y. Hsu: The coal-hearing strata of Central & Eastern Yunnan.

Afterncon Session of Monday, April 3.
Dr, T. H. Yin, in the chair.

The session was opened at 2:00 pam, in the same lecture room of the Science
2

Building. The following papers were read:

131,

C. S. Lee: On the Recent and Quaterpary glaciation of NWV China,
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C. Liz The Yunyang Basin of Hupch and the development of terraces in its neighbourhood.
C. Sun: Quatermary glaciation in South China.
Y. Hou: Soils of Kueichow,
C. Li: Climate of Kueichou.

. M. Ting: Water resources of Anshun and its neighbourhood.

A EA

C. Hsu: Geoinoxphology of China.

=

C. Hsu: Preliminary studies on the geomorphology of the Nanling region.

7

H. Ku & 7T. C. Wang: Rcport on 2 sclf-potential survey of the lead-zinc mine at
Knangshanchang, Hueitsch.

The following papers were read by title:

T. K. Huang: Opn thie occurrence of Pleistocene glaciation along the northern muargin of
the Tarim Basin.

Y. S. Wu: Notes on Quaternary glaciation in Kuangsi province and its bearing upon
placer gold dc@sits.

Jobn Lee: The climatic changes from the Quaternary Ice Age to the Recent

Y. H. Hsiung: Glacial lakes in the neighbourkocod of Sho ) Opicnhsi Szechuan,
T. Y. H. Ma: Speculations on the Pal: ic orbit of the earth and the velocity of i
revolution.

T. S. Liu: Engineering gedlogy along the progesed railroad between Szechuan and Kucichou.
H. J. Yang: The geologic structure and the geomorphology of N?’)Jxr.h Rueichou.

Y. F. Sze: Geomorphology of the Tsunyi area. v

K. K. Chao: Origin of the Upper Sikiang.

. P, F. Chen: On natural bridges.

Kuotr Chan: Topography of the Upper-Middle Wushui, N Kuangtung.

K. H. Ku & T. C. Wang: Report on a self-potential survey of the .cuppcr mine at T’angtad,
Chiaochiahsien, Yunpan.

K. H. Ku & T. C. Wang: Rcport on a self-potential survey of the copper minc at Losueh,
Chiaochiabsien, Yunnan. :

K. H. Ku & T. C. Wang: Report on a sclf-potential survey of the pyrite mine at Yilo,
Hueitseh, Yunnan.

Three excursions in the vicinity of Kueiyang were organized and effected undat

the guidance of Dr. S. 8, Yoh. For details see Ti Chih Luen Ping.
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On the Inner Structure of a New Species of Yangizeella*
o .
S. S. You
(Geological Survey of Kueichou)
With 1 Plate

A smooth-shelled« brachiopod which occurs very copiously in the middle
" Ordovician Neichiashan formation of the Upper Yangtze had been repeatedly described
as “Tripiecie poloi” by Mareelli in 1gor, Pellizzari in 1913, Weller in 1913, and
Hayasaka in 1g920. It was Kolarova in 1925, who began to doubt the authenticity of
its generic determination and had made a series of polished sections from the beak.
She then found the presence of spondylium in both valves and showed Mactellis
species nor at all related to Triplecia, but sather closely allied to Cliambonites,
Hemipronites and Polytoechia. Based upon the inper structures, she esiablished the
new genus Yangizeella, taking “Triplecia poloi” as the gcn.otypc. Up to the present
only one si)ecies is known®. Twelve years later, when the writer was engaged tc
undertake a general geologic mapping-work in the environs of Kueiyang, he chanced to
detect a great number of Yangizeellalike shells from an impure limestone formation
of middle Ordovician age, near Wutang about 13 km from the east of the city. Thzy
are surprisingly well-praserved, not only for the free individuals, but also for the free
valves with interiors cleaned by nature. They are here and there scattered on the
weathering surface, and can be easily collected by hand-picking. The specimens look
at first really like certain European and American species of Triplecia, in virtue of

*Received for publication in Juae 1944,

1. R. Endo described and figired 2 new species from Shenst under the name of
Yangtieelle reticudata. This cscaped the author’s notice. {See R. Endo: The Canadian and
Ordovician formations and fossils of South Manchuria, U.S, Nat. Mus. Bull 164, p. 50, pl. 36,
Sg. 9, 1932). ’
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their trilobate character of the valves; but on the other hand they have nothing to
do with that genus, if the inner structures are more closely examined. The following
is a short description:—

Exterior (Figs. 13) Outline subquadrate to quadrate, hingeline straight,
litde shorter than the greatest width of the shell; lateral profile biconves, the dorsal
valve having much greater convexity. Anterior commisure uniplicate; veatral sulcus
very deep and well-defined, commencing from the umbonal region. Dorsal fold high
and pronounced throughout, also beginning from the umbonal region. Ventral
juterarea longer than the dorsal, apsacline; beak slightly curved, umbo inflated,
notothyrium open. Surface neatly smooth, marked by cBncentric growth-lines and
distant lamellae, which are crossed by faint and very fine radial ridges, Test fibrous
and impunctate,

Ventral interior (Fig. 4) Delthyrial cavity deep; teeth fuirly strong and highly
projected; dental plates thick, forming a spondylium simplex, which is supported for
nearly its entire length by a short and thick median septum, usually bifurcating at
its end. On both sides of the median septum are decorated a number of slender
radially-arranged low ridges. The posterior portion of the valve is remarkably thickened
by adventitions testaceous substance, so that the median septum as well as the radial
ridges on its both sides almost become buricd, but its anterior border is not influenced
by this adventitious matter.

Dorsal interior (Fig. 5) WNotothyrial cavity deep; socket deep, brachiophore
plates strong. Under the notothyrial cavity produces a papilionaceous muscle platform
with an indented frontal margin, which is bisccted by a median slit and supported
at the back of each self by a lateral seprum. The lateral parts of the muscle-platform
are free and not united with the brachiophore plates, but only attached to the floor
of the notothyrial cavity. A perfect specimen with rather complete papilionaceous
muscle platform has recently been sent to the Nattonal Geological Survey at Pehpei,
Chungking, and is not possible here to be figured. This muscle platform is so fragile that
it is always in broken copdition and rarely completely preserved. The interior surface
of this valve is likewise decorated with a number of radial low ridges. From well-
preserved dorsal interfors, cardinalia for the attuchment of diductors has been noticed:
as a simple linear, more or less thickened ridge between brachiophore plates. The
posterior portion of the valve is also thickencd by the adventitioys matter, bug far
less strong than that of the ventral one,
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Distinguishing features. 'The chief diagnostic characters of Yangtzeelly are its
nearly smooth exterior, Triplecialike outline and profile, ventral spondylium simplex
which is supported by a short thick median septum, dorsal plate musde platform
supported by two primary septa, and finally a typical cardinalia situated between the
brachiophore plates. One of the interesting features is the great amount of adventitions
testaceous substance deposited in the umbonal cavities of -the valves, chiefly in the

- ventral one. ‘The present species differs from the genoholo-type only in the lateral
profile, by having more pronounced sulcus, and much higher dorsal fold, both of
which commence from the umbonal regions, while the internal characters practically
remain the same. But so far the actual form and nature of the spondglium simplex
of the ventral valve and the cardinalia as well as the papilionaceous muscle platform
of the dorsal valve cannot be shown from the polished sections, whereas thesz can be
clearly observed through the discovery of our free valves with interiors cleaned by
natore. This new form will be at present designated as Yangizeella Rueiyangensis
sp. nov,

Remarks., Owing to the presence of cardinaliz and muscle platform supported
by two lateral septa in the dorsal valve, Yungizecile was considered to be the closest
form of Clarkellz by the late Prof. Schuchert, and both of which, according to him,
should be classified under the family Clarkellidae,

Horizon and locafities. ‘This new species occurs in great abundanre in a reddish
grey impure limestone of middle Ordovician age nmear a small town, Wutang, abont
13 km from the east of Kueiyang. Tt is also found in the same {formation on the
northern slope of Machungling about 4km from the southwest of that town. Coll.
S. S. Yoh.
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Fig. 2.
Fig. 3.
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Fig. 5.

Fig. 6.

EXPLANATION OF PLATE 1.

(4l figures are here drawn by Mr. T. H. Chang in natural size)
Doarsal view of the trilobate shell of Yangtzeells Kueiyangensis sp. nov.
Anterior view of the same.
Lateral view of the same.
Ventral interior, showing the spondylium simplex (Sp), the median septum with
bifurcating end (Ms), and the strong teeth (T).
Dorsal interior, showing the fragmentl muscle platform (Mp), supported by two lateral
septa (Ls), Cardinalia (C) betw the brachiopk plates and decp- sockets (S).

Transverse section taken about 7 mm below the beak, showing the different inner structures,
Sp: ventral spondylium simplex, Ms: median septum, Mp: dorsal muscle platform, Ls:
Iateral septa. (here the adventitious matter deposited in the umbonal
is not represented.)

cavitics of the valves

Figs. r—s helang to the same specimen which is the holotype. A‘llr specintens are kept in the

Geological Museum, Provincial Institaie of Scicnce, Kudipang (R B A 2 R 8 i &
R A )



Yokh:—Inner Structure of Yangtzeclla Plate T




EULLETIN OF THE GEOLOGICAL SOCIETY OF CHINA
. VoL. XXIV, Nos. 1-2, PP. 1520: 1 PL., JUNE 1944

A New Stauwrie from Kueichow*
By
T. H. Yiv
" {Geological Survey of China)
With 1 Plate, '

During a trip to northern Kueichow in' 1943, the writer, accompanied by Messts,
N. Chin and I. W. Shen, had the opportunity of securing a rich collection of Silurian
corals from the Shihniulan limestone of the.Meitan district. Among the compound
forms there is one which resembles Sftanria favoss (Linnacus) of Gotand. After a
closer examination of the numerous slices prepared, it displays some constant
differences. from Linnasus’ species and eventually belongs to a new form. As the
genus Staurie remains monotypic for nearly a’ccntury long since it was cstablished
by Edwards and Haime, and that its known distribution is hitherto confined 10 North
Europe, it seems desirable to give a description of the ncw form before the entire
‘coral fauna can be worked out. ’ )

While studying the material from Meitan, the writer found further specimens
of the new form in Mr. S. F. Sheng’s collection from, a neighbouring district. The
following is a list of the known localities: . '

ABroz2. Shihniulan limestone, 1.5 kilometers southwest of Somikung®, Meitan-
hsien;

ABzro. Shihniulan limestone, about one kilometer cast of Hsinglungchang?,

Meitanhsien;
Shirs. Shibnivlan limestone, a small hill to the immediate sowmthwest of

Hunghuoayuan®, Tungtzehsien,

*Received for publication in June 1944,
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Thanks to the works of Koch®, Smith and Ryder*, and Ting®, the mor-
phological characters and the mode of axial increase of Stauria favosa are faitly
well known. This species was originafly described from the Upper Silurian—stage f
of Lindstrtém—of Gotland and subsequently found on the island of Dags*, in the
vicinity of Reval®, and as drifts ar several localities in East Prussia®. Recently
Gouwentak? reported the occurrence of a “Stauree” (==Stauria?) associated with
I;;?;::re} in the Silurian rocks of New Guinea.

The writer has to acknowledge Mr. Sheng for allowing him to study fossils
in his collection. He also highly appreciates the skillful drawings by Mr, W. T.
Chang, which accompany the present paper.
DESCRIPTION.
. Stauria prolifera, sp. nov.
PL 1, Figs. 1-4.
Diagnosis: Corallum  partly phaceloid and  partly cerfoid; corallites 35
milliieters in average diameter, each with sixicen to eighteen major sepk in the

ephebic stage; “Teilungssepten” invariably stouter near the periphery and thinner near
the axis; minor septa short, often not conspicuous.

1. G. v. Koch, 1883. Dic ungeschlechdiche Vermehrung (Theileng und  Koospung)
ciniger Palacozoischen Korallen, Palaeomographica, Bd. 29, p. 329-330, pl. 41, fgs. 12-16; pl. 43,
fig. 30.

2. 8. Smith and T. A. Ryder, 1927. On the structure and development of Stawria favosz
(Linnacus). Ann. Mag, Nar Hist, gth ser., vol. 20, p. 337-343, textfigs. 1, 2; pl, 9, figs. 1-4.

3. T. H. Ting, 1930. Ucber dic Gauung Stawiz unter besonderer Beriicksichiigung der
Kreuzsaushildung. Bull. Geol. Soc. China, vol, 20, p. 49-56, textfigs. 1, 25 pl. 1, figs. 1-4.

4. H. Milne Edwards, 1860. Histoirc naturclle des coralliaires ou polypiers proprement
dits, t. 3, p. 325.

5. E. de Fr 1, 2861, Introduction 3 Pémde des polypiers fossifes, p. 307.

6, W. Weissermel, 18g94. Die Korallen der Silurgeschicbe Ostpreussens und des 6stlichen
Westpreussens.  Zeitschr, d. Deutsch, Geol. Ges,, Bd, 46, p, 61z

4. C. ]. Gouventak, 1939. Do exploratic nmaar gouwd in Nederlandsch Zuidwest Nieww-
Gpinea, Tijdschr. Kon. Nederl. Aardr. Genootsch. Amst. (2) 56, p. 220-235. (Not scen, Fide
Neues-Jahrb. £ Min., Geol. u, Pal,, Referate 3, 1939, Heft 3. p., 404.)
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Description: The corallum is at the same time phaceloid and cerioid, none
of the examined specimens being entizely phaceloid or entirely cerioid. An incom-
plete and rather rapidly expanding corallum (ABroze) measures ahout twenty
centimeters across and the whole colony should originally be much larger as can be
deduced from the fact that the specimen is broken on all sides. The corallites in
close contact with each other have an irregularly polygonal cross section, while the
free rim of certain corallites shows either a sinuous curvature or a more or less
angular outline. Some of the spaces left by the departing corallites appear as fenestrules
of various size and shape, others are irregular and open. Specimens from
Hunghvayvan (Shris) are more phacelrid than those from Meitan (ABroz and
AB210), most of the corallites being either free or just in contact, without assuming
a decided polygonal outline.

The individual corallites when fully developed, have a diameter ranging from
three to four millimeters. In free corallites of oval outine in cross section, the longer

diameter may occasionally attain five millimeters.

The thin and continuous gpitheca (ABroze) shows longitudinal furrows or
septal grooves which seem to be' equal in strength for both series of septa. The
interseptal ridges are low, rounded, and somewhat wider than the septal grooves. The
transversc ornament consists of fine striations, seven or cight in the space of one milli-
meter, and of irregularly spaced faint bourrelets.

Depth of calices unknown,

The four “Teilungssepten™ are longer and stouter than the other major septa.
In mature corallites they meet axially and divide the transverse section into four well
defined quadrants often subequal in size, but sometimies one or two of the quadrants
being markedly smaller. Instead of being dilated at the axial edges, the four septa
show a more or less regular diminution of sirength from the periphery to the axis
and form a kind of patée cross with long limbs, that is, a ctoss with long wedge-shaped
limbs meeting at the asis by their slender edges. “Most of the other major sepia
terminate freely, but some may abut against a limb of the cross, or against a nzighbour,
or may even extend to the axis” The minor septa are very short, being one fourth
to one third of the length of the major; some are entirely merged in the narrow
peripheral stereozone, others rise a little above it

In the ephebic stage there are sixteen to eighteen major septa, including the
four “Teilungssepten.” The numbers nineteen and twenty are rarely mer with,
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while corallites with only fifieen or less are considered as still remaining in the neanic
stage, though some of thém nearly atain full grown size. The distfibution among
the quadrants varies greatly; in general there ase three or four in each quadrant,
occasionally only two, and in some cases as tany as five are seen in ane’of the
quadsants.  Actual examples are shown in the following table:

Corallites a @ c¢c ¢ & f £ g 3

Number of major septa (including the Teilungssepten)

. . 16 17 15 15 47 18 18 16 19
in corallites

Number of metasepta in each of the four quadrants 33 3 2233 23
2 2 3 3 4 58 3 4 4
3 3 4 2 3 25 2 3
4 5 1 4 4 4 3 45

The tabulae are more or less closely and regularly spaced. They slope rapidly
downward near the periphery and remain more or less horizontal in and near the
axial region, | o

Dissepiments are only observed in one of thz four vertical sections so’ far
prepared.  They form a discontinuous row of vesicles convex inward ag the periphery
of one of the four corallites included in that slice {ABrozd-).

The axial increase takes place approximately in the same manner as in Stauria
Jevosa described by Smith and Ryder, as we can see from the accompanying figures,
but ‘the successive stages of development are not followed.

Remar, l'\s' The coral now known under the name of Stauria favosa had already
been described and, figured by Linnaews' prior 10 1758, to whom we also owe the
specific name"' The present generic denomination did not appear until 1850 when
Edwards and "Haime published the fest part of cheir work on British fossil corals,”
In the next year, the same authiors® gave a description and fgures oE the coral un:ies

1. C. Linnaeus, 1745. Corallia baltica, p. 26, fig. 16 (Not seen. Fide G. Lindstrom, on
the *“Corallin baltica™ of Linnaeus, Kongl. Vetensk-Acad. Ferhandl., 1895, no. 9, p. 633.)

2. C, Linnzeus, 1758. System Naturae, Editio decima, refermata, p. 796. {Not seen.
Fide Lindstrém, foc. cit.)

3. H. Milne Edwards and J. Haime, 1850. A Monograph of the British fossll curals, vt,
I Palieontogr. Soc., 1850, p. Ixiv.

4. H. Mile Edwards and J. Haime, 1851. Polypiers fossiles des terrains palozoiquss, p.
316, pl, 1, figs, LId. (Not seen.)
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the name of Stanria astracifffmis!a synouym of S. feyosa; unfortunately their work.
of 1851 is not available here and the writer has to rely on copies of their fgures in
some of the later authors' works'.

The present species is distinguished from S. fazosa by 1) the smaller size of its
corallites, 2) .less numerous major septa, 3) that the four “Teilungssepten” constitute
a kind of . patée cross instead of a cross of more or less quadrate type as in S. favosa,
4) its. shotter minor septa, 5) the usual absence of a conspicuous fossula, and 6) its
more regularly .erranged tabulac. ‘

In the third edition of “A Manual of Palaeontology,” Nicholson produced two
figures of S. favosa, of which one, figure 152, is original and represents a single corallite
enlarged ten times. It deviates by some essential characters from all the figures of
that species accessible to the writer. This corallite is approximately of the same size
as those of S, prolifera and shows sixteen major septa. Its minor septa, unusually
long, attain a length equal to one half or even two thirds of that of the major septa
other than the “Teilungssepten” The last mentioned characteristic prevents us to
consider it as a representative of S, profifera, aithough the size and the number of septa
supggest their close afiinity. The coral represented by Nicholson’s original figure,

therefore, deserves a new specific name.

Stauriz differs in no other way from Coiusnnaria than by the cross formed by
the meeting of the cardinal, counter, and alar septa at the axis. Of all species of
Columnaria, C. quadriseptata Soshkina® from the Upper Ludlow of the western slope
of the Urals marks a step nearer to Stauria, since “only the four septa of the first order,
arranged in the form of a cross, reach the center.” If the four septa went a liule
farther and met axially, it would become a Stauria.

1. F. Roemer, 1876. Lethaea Palaeozoica, Atlas, pl. 10, figs. 3a, 3b.
A. Niche!: in A. Nichol and R. Lydekker’s “'A Manual of Palaeontology™,
third edit., 1889, p. 273, figs. 151, 152,
G. Giirich, 1908. Leitfossilien, Lief. 1, p. 37, pl. 10, figs. &
T, W. Vaughan, in Zittel-Eastman’s trText-book of Palaeontalogy™, vol. 1, 1913

(1927), p- 87, textfig. 120,

2. E. Soshkina, 1937. Corals of the Upper Silurian and Lower Devonian of the eastern

and western slopes of the Urals. Trav. Inst, Paléozool, t. 6, Livr. 4, p. 90, PL-2, figs. 2, 3.
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Fig. 1.

Fig. 2.

Fig. 3.
Fig. 4.
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EXPLANATION OF PLATE I
Stauria prolifera sp. nov.

ANl figures arc approximately cnlarged five times.

Transverse section of a group of corallites {AB1oze-I) from the Middle Silurian Shibniulan
limestone of Somikung {Loc. ABroz), Meitan district. Corallites &, e, and g, early
hystera-neanic stage; ¢ and ¢, late neanic stage; g, d, and §, ealy cphebic stage. Holotype.

Longitudinal. scction of a few corallitess (AB210c-1I) from the Shihniulan limestone of
Hsinglungchang (Loc. ABz10), Meitn district. True median longitudinal section are only
obtained ncar the middle part of the corallites ¢, f, and &, and near the lower end of 4
and . The hystero-corallites 2 and & as well as f and g are offsprings, throngh axial increase,
of the oider corallites at the Jower end of cach group of the just mentioned hystero-corallites.

One of the largest individual corallites (ABso2d-I¥) from Somikung.

A group of four corallites Sh1i5d-T) in the carly hystero-neanic stage from the Shibninlan
limestone of Hunghuayuan (foc. Shris), Tungtze district.
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The Silurian Rugose Corals of Northern

and Eastern Yunnan®
‘ B
H, C. Wane
(National University of Peking)
With 1 Plate.

The material dealt with in this paper was collected by the late Mr. W. Y.
Lin' from Takuvan, Northern Yunnan® and by Professor P. Misch from near the
Lufengtsun Station® of the YunnanIndo-China Railway in 1939; and also by various
xcursions of the Department of Geology of the National University of Peking to
he region of Malung and Kiitsing in 1941 and 1942. The bulk of the material of
{iitsing occurs in 2 limestone layer about 100 m above the base of the Middle Silurian,
r the Malung formation. A single species was found midway from Chitoutsun®
o Malung city, in a thin-bedded Jimestone containing Pseudoproetus and Praccardiun:.
The specimens obtained from near Lufengtsun also came, according to the personal
ommunication of Professor Misch, from the lower part of the Malung formation.
The Tossil horizon at Takuan, northern Yunnan, characterized by Pidophyllum, was
not found in the Silurian sequence of eastern Yunnan, where much work on the
Silurian stratigraphy has been done. In the following the species identified are arranged
tentatively according to their chronological Succession,

1. Sayithokou® , Takuan, northern Yunnan, collected by W. Y. Lin:
Pilophyllum sayiihotnse sp. nov.

2

2. Midway from Chitoutsun to Malung city, collected during an excursion of
the Department of Geology of the University: .

#Reccived for publication in June 1944,
1Mol 20 KB 3. N8 4 BRTEE: . Bumwn.
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Stereoxylodes pscudodianthas (Weissermel) var. sinense var. nov.

3. Near the Lufengtsun Station of the Yunnan-Indo-China Railway, collected
by P. Misch:

Ketophylluns ok, crassoseptatum Wdkd.
4. Yaochiatashan® , Kiitsing, collected by S. I1. Sung, H. Y. Ma, K. Y. Lee and
the author: '

Ketaphyllum equitabudatrem sp, nov.

K. (Dokophylium) cf. lindstroemi Wdkd.

Cystiphyllum concentrictm sp. nov.

Hedstroemophylluny stollepyi Wdkd. var. sinszse var. nov.
Hed. conicum sp, nov.

Hed, gyalophylloides sp. nov.

Ryphophyllum  primacerm sp. nov.

These assemblages show much resemblance to those found in the Gotlandian
System of Gotland and ir the shell facies of the Silurian of England. The lowest
coral horizon, the Yaochiatashan harizen of Kiitsing, characterized by abundant
Hedstracmophyllum and Ketophyllum, is cvidenily comparable with the Lindstroemia-
Stufe of Wedekind, or the lower part of the Middle Gotlandian. Stercoxylodes
psendodianthus, found midway from Chitoutsun to Malung city, is 2 frequent form
1 the upper part of the Wenlock Limestone of England. The Sayiihokou horizon of
northern Yunnan with Piophyllum can evidently be compared with the Piloplhylium-
Stufe of Wedekind, or the Upper Gotlandian.

All these horizons occur in the Majung formation which is the exact equivalent
f the Salopian, or the Middle Silurian of Eurcpe. That the shale facies of the

Silurian of South Ghina begins with Salopian has already been emphasized by Pro-
essor Y. C. Sun. This conception is again confirmed by the study of its rugose
coral faunas.

In acknowledgment, the author should like to esxpress his sincere thanks to
Professor Y. C. Sun for his supervision and valuable suggestions, to Professor P.
Misch, Messrs. W. Y. Lin, S. H. Sung, H. Y. Ma and K. Y, Lec for their generosity
in furnfshing hiin their interesting and valuable material.

1. Bkl
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DESCRIPTION OF SPECIES
Genus Pilopkyllum WrDERIND 1926
Genotype, Pilophyllum keyserlingi Wdkd., 1926

Diracrosis—Subeylindric simple rugosa with a solid or a lonsdaloid mantle zone
of discontinuous scpta; with convex and vesicular tabulac occasionally differentiated
into an axial and periaxial series; and with short and trabeculate minor septa.

Remares—Wedekind - described  Pilophyllum in 1926, considering it as a
descendent of Kodonophyllum, in which the solid mantle zone splits up completely
or incompletely into cysts. In the group of Prophyllum weissermeli Wdkd., the
tabularium is not differentiated, the tabulae are without median notch and the axial
ends of the major septa are enrolled. Through these characters this group differs
from Kyphophyllum Wdkd. which has also a lonsdaloid mantle zone and convex
tabulac. Another group, the group of Piophyllum (Aulacophyllum) munthei, has
undifferentiated flat tabulae, but the tabulac are marked with median notch and the
major septa often reach the epitheca. Though Wedekind considers that Kyphophyllum
and Pilophyllum come from different trends, the former being 2 descendent of
Streptelasma, the latter that of Pholidophyllum, it is not impossible that the three
groups, the group of Pit. weissermeli, the group of Kyphophyllum and the group of
Pil- munthei, represent closely related forms belonging to one and the same trend
of development.

Pilopkyllum sayithoense sp, nov.
Plawe I, fig. 12-h,

Holotype—Cat. No. S4201-2, Department of Geology, Nat. SW Assoc, Univ, Middle
Silurian, Takuan, northern Yunnan, Coll. 'W. Y. Lin.

Dragnosis—Pilophyllum +with major septa nearly reaching the periphery and
nrolled in the axial portion, with a peripheral stereozone, with axial, concave vesicular
abulae, and periaxial outwardly inclined tabellne.

Descrirtion—Corallum cylindric, with thick epitheca, 22 mm in diamefer and
more than 40 mm in length. Within the solid peripheral zone is a lonsdaloid zone,
There are 34 major septa, mostly reaching the periphery. The axial ends of the major
septa are earolled in one direction. In the lonsdaloid. zome the major septa are
occasionally discontinuous, and the minor septa trabeculate. This lonsdaloid zone is
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well delimited by an inner wall and is composed of large, steeply inclined elongate
cysts partly thickened with stereoplasm. The?periaxial zone of outwardly inclined
tabellae has a width equal to that of the mantle zone and abuts against the “inner
wall. There is no distinct boundary between this and the axial series with conves,
close, vesicular tabulae,

) Resparrs—Our form resembles the genotype (Pilophylium keyserlingi} in the
axial enrolling of the major septa and in the vesiculate tabulae, but differs thetefrom
in the lonsdaloid, instead of a solid, mantlé zone. It is probably most closely related
0 Piophyllum progressume Wdkd. which it resembles in every respect in Interseptal
structure. In the well diferentiated tabuladium, it approaches Kyphophyllum
lindstroemi, but the latter has radial major septa and globose instead of cystose
dissepiments,

Genvus Entelophyllum WEDEKIND 1926
. Supeenus Stercoxylodes subg, nov,
- Subgenotype; Cyathophyllum pscudodianthus Weissermel

DJ.\GNDSIS:—C}'HHIIH-C, phacelloid or simple rugosa with long major septa reaching
or nearly rc:\ching,the axis, strongly dilated and sometimes carinate in the peripheral
portion 10 form a stereozone; with numerous suppressed dissepiments and with wabulae
differentiated into an axial and concave periaxial series, ‘

Remargs—Smith and Tremberth described in 1929 Xylodes articularus (based
on Madreporites articulatus Walenburg) and Kodenophyllum truncatum (based on
Madrepora truncatg Linnaseus). A third species, Xylodes psendodianthus, (based on
Cyathophyllum psendodianthus Weissermel) was notified and was considered as forming
a link between the two former species. In ro2y Wedekind established the genus
Entelophyllum under his Family Kyphophyllidae and listed Madreporites articulatus
as B, aticulatum. Hill (1940) recognized the priority of Wedekind’s generic pame
and listed several species of Entelophyllum (E. articulatum, E. psendodianthus and
E. rugosum) in addition to her two new Australian species, However, according to
the diagnosis given by Smith and Tremberth (1929, Xjlodes) and by Hill (1940,
Entelophyllum), Entelophyllum includes. corals with long, thin, typically not meodified
septa and though sometimes carinate, never dilate so as to form a conspicuons
peripheral stereozone. Cyathophyllum pseudodianthus Weissermel with strongly dilated
and carinate sepfa to form a peripheral stereozone is evidently distinct from the
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genotype of Entelophyllum. Here the subgenenc name Stercoxylodes is introduced to
mclude those entelophyllids cHiaracterized by dilated and carinate scpta, and \Velssermel s
species is chosen as the subgenolectotype. Withthis point of view Entelop/z}llum
_assense, Hill (xg40) stands midway between the true Eﬂtelap/xyllum and Srereaxylodc:

Stereoxylodes psendodianthus (Weissermel)
var, sinense var. nov.
Plate I, fig. 2a-b.

Holotype, Cat. No 'S4211-3, Department o Geology, MNat. SW Assoc Umv dedlc
Silurian, Malung, eastern Yunnan, Coll. Univ. excursion. .

Duscnosis—Stercoxylodes pseudodianthus with strongly dilated major septa in
the peripheral stereozone, with very short minor septa and with an interseptal structure
much like that of Entelophyllum articulatum. S

. Descrirrion—Corallum 14 mm in diameter and more than 20 mm in length.
There are 34 major septa nearly reaching the axis. The peripheral stereozone formed
by the lateral contiguity of septa has a width 1/3 that of the radius. The axial ends
of the major septa are attenuated and show an enrolling tendency. The minor septa
are as thick as the major omes, but seldom extend beyond the peripheral zone. In
the lonvn:udmal as well as ip the tansverse seciion the three zones, the outermost
stereozone of contiguous septa and suppressed dlsscplantS, the periaxial zone of fat-
lying tabellae and the axial zone of complete, close and slighdy concave tabulae, are
distinct, . There are 21 tabulae a vertical distance of 6 mm. Another specimen

’ beIongi:ig evidently to the same variety, which is only known by the transverse section,
shows strongly carinate septa.

Reapanxs—This form differs from (Stereoxylodes psendodianthus) only in the
less marked axial structure and in the less concave periasial tabellae. In the conspicuous
peripheral stereozone and the strong dilatation of the septa, and in the indistinctly
differentiated tabularium, it reminds much of the Devonian genus Temmophyllum
Walther.

Genus Kyphophyllum WEDEKIND 1926
Genotype Kyphophyllum lindsiroemi Wedekind 1926

Diacnosis—Simple or composite rugosa with a more or less developed peripheral
cystose zome, with convex tabulae, with complete major septa reaching the axis and
trabeculate minor sv:pta confined to the peripheral pomon
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Renarxs—This genus was established by Wedekind in 3926 as the type genus
of His Kyphophyllidae. The important characters lie in the spinose minor septa, the
cystose peripheral zone and the convex tabulae reminding those of Streptcjasma. On
#his ground Wedekind considered that Kyphophyllidae is a descendent of Streptelasmidae,

Kypkaphyllum primacoum sp. nov.
Plate ¥ fig. 3a-b.

Holotype—Cat, No. Sg221-3, Department of Geology, Nat, Assoc. SW Univ, Middie
Silurian, Yuaochiatashan, Kiitsing, eastera Yunnan. Coll, Department
excursion.

Discnosis—Small conical Kypphophyllum with major septa mostly reaching the
cpitheca, with a narrow cystose peripheral zone only in the distal end, and with
vesicular tabulae in the tabularium.

Descriprion—Conical corallum measuring 13 mm in diameter and 16 mm in
Jength. There are 26 major septa in a section measuring 6 mm and 31 in one measuring
2 mm. A faint cardinal fossula is developed in the proximal cnd, but becomes
obscure in the distal portion. The major septa reach the axis and are slightly enrolled.
In the proximal transverse section the minor septa are extremely short, contiguous
with the major ones to form a peripheral stereczone. Tn the distal end there are 24
rows of peripheral cysts upon which are mounted septal trabeculae (minor septa).
The tabulae are cystose and incomplete, convex in the axial portion, sloping down
peeiaxially, then turning upward again and grading into the peripheral cysts,

Reaarks—It is interesting to pote that this species has a typical Streptelasma-
structure in the proximal portion of the coralium; but a narrow peripheral cystose
zone, in which the major septa may yet be complete but the minor ones are ;pinular,
is developed in the adult stage. With the viewpoint of the development of a peripheral
cystose zone, it is dimorphous and transitional between Strepielasma and Kyphophyllum.
This seetas to be consistent with Wedekind’s opinion thar Kyphophyllum is devcloped
from Streprelasma.

Genus Kfiopb)rllxl;n Wenesianp 1926
Genotype' Ketophyllum stanley-smithi Wedekind 1926

Dusgnosis—Conical or subcylindric simple rugosa usunally with cup-shaped
calyx, with discrete or occasionally contiguons septal spines, with large, steeply inclined
_cysts in the mantle and close, subhorizontal tabulac in the axial zone,
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- Repancg—Wedekind established the genera Kefophyllum and Dokophyllum in
1926 under his family Omphymatidae. According to him the chief difference, between
these two genera lles in that Ketophyllum has a rather wide mantle zone, more or less
contiguous septal spines and ‘a well-deyeloped septal fossula, while Dokophylium has
typically discrete septal spipes, has a tabular fossula in most cases, and may be
d;aphragmatophor However, Kefophyllum conicums and K, cylindricum also show
typxcal discrete septal spines, and K, annulgturg has a distinct tabular fossula. Again,
in the proximal section of K. richteri, the mantle zone is not developed and is therefore
alsg diaphragmatophor. For these reasons the author prefers to consider DoRophyllum
as described by Wedekind as cogeneric with his Kdoplxyllum.

Kelophyllym equitabylmpm sp. pov.
Plate I, fig. 4ab.
Holotype—Cat, No. S4231-2, Department of Geology, Nat. SW Assoc, Univ. Middle
Silugian, Yaochiafashan, Kiitsing, eastern Yunpan, Coll:  Department
excursion.

: DI4GNQSJS;SﬁgbﬂY curved conical or subeylindric Ketophyllum with wide, close,
gquidistang tabulae sloping down in the border parts apd with very large jrregular
cysts in the mantle zone,

Degoprprion—This species is represented by seyeral specimens the largest of
which measyres 74 mm in diameter. The holotype has thick epitheca, zrows of
periphieral cysts jo the proximal, and 35 rows in the distal transverse section. “The
tahulze are complete, horizontal, close, sloping down in the border portions and are
gronped jnto scriés. Therg are 26 tabulae in a vertical distance of 6 mm. The
pg:ip};egal cysts are mounted by numerous small, short, typically discrete spipes. Some-
times one single cyst. may surround nearly one half of the whele periphery,

Resmares—In the irregular form of the peripheral cysts our species resembles
Ketophyllum involutum Wdkd, but the latter has much less tabulae ser at different
distances. “The equidistant disposition of the tabulae is peculiar to and only known
in our new species, ’

Ketophyllum <f. crassoseptatum Wdkd,

DescripTion—This specimen wasvcollectc'd' by Professor P. Misch from near
,I,pfeggt;qn.‘ It js embedded in a block of limestone, thus the external form and the
epithecal .characters are mot available to ‘observation; One transverse section mear the
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calyx was made which reveals mmchl the resemblance to Ketophyllam crassoseptatum
Wdkd. o
Ketophylium (Dokophyllum) cf. Iindstroemi Wdkd.

Descrierion—Corrallum  subcylindric, diameter measuring 21 mm, contracting
suddenly in the proximal end, faintdy annulate, with thick epitheca and a typical cup-
calyx. The cystose mantle zone is half as wide as the radius, composed of highly
arched elongate cysts partly thickened with stercoplasm. The tabulae are complete, -
horizontal, arranged in groups and mounted with septal remains. There are 25
tebulee in a vertical distance of 7 mm. ‘This specimen is only known by the longitudinal
section. ‘The faint apnulate external form, the cupshaped calyx, the wide mantle
zone and the dentate character of the septa of our form lead us to compare it with
Dokophyllum lindstroemi Wdkd,

Genvs Hedstroemophyllum WEDERIND, ' 1926

Genotype, here chosen, Hedstroemophyllum weissermeli Wdkd, 1926

Dragnosis—Elongate, conical simple rugosa with sharp-bordered fupnel-calyx;
interseptal structure cystiphor, .composed of large flat cysts in the axial portion. Septal
spines pumerous, forming radial rows, continvous periodically and cutting throngh
the cysts.

Reaargs—In septal development Hedstroemophyllum is transitional between
CystiphyRBum Lonsdale which has trabecular septal spines never cutting through more
than one cyst and Gyalophyllum Wedekind which has wholly contiguous septal spines
strongly thickened with stercoplasm to form ‘Septalleisten.” Wedekind recognized two
groups of the genus Hedsiroemophyllum, an advanced group of H. aticulum with
Targe, flat central cysts and thus more or less pleonophor, and the primitive ggoup of
H. tenue with central cysts approaching the peripheral ones in size. In 1926 Wedekind
established another genus, Holmophyllum, considering it as a descendent of his
Pholidophyllum- Holmophylium has a septal stucture identical with that of
Hedtroemophyllum; but interseptally, it has rather globose peripheral cysts and distinet
flat tabular plates in the central past, and is therefore typically pleonophor.

Hedstroemophyllum conicam sp. nov.
Plate 1, fig. 5a-b.
Holotype—Cat, No, S4241-3, Department of Geology, Nat. SW Assoc, Univ, Middle
" Silurian, Yaochiatashan, Kiitsing, eastern Yunnman. Coll, Department
excursion, © .
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Dracnosis—Small, annulate, asymmetrically conical Hedstroemophyllum, with
large, flat, pastly thickened central cysts, with radial rows of discontinuons septal spines
which may be partly contiguous near the periphery, and with a central zone free of
septal remains,

Descreerion—This species is represented by several specimens measuring in
average 20 mm in dizmeter and 22 mm in length. The central zone, free of septal
remains, has a width 1/3 to 1/4 that of the lumen and is usually eccentric in position.
In transverse section cut near the calyx the septa are represented by numerous radial
rows, each row being composed of numerous discontinuous, cquisized blunr septal
spines, There dre go-g5 septal rows in sections measuring about 20 mm. in diameter;
the major rows and the minor rows are in most cases discernible from each other.
In the. proximal sections stereoplasmal filling of the interseptal loculi is frequent;
but the contiguous thickening of the septal spines is only confined to the peripheral
portion- The longitndinal section shows a wide central zone of large flac cysts
periodically filled with stereoplasm to form successive Hoors, forming 2 series of cones
imposed one upon another. These cones correspond to the sharp annulations of the
corallum, ‘

Reapamxs—In the wide central zone of large Hat'cysts and in the conical
external form, our species bears a resemblance to Hed, articulatum. In the separate
pointlike septal remains it resembles Hed. weissermeli, but the latter has 2 quite
different interseptal structure. The important character of our species lies in its short
eccentric conical corallom and in the structure of suceessive cones imposed one upon
another, )

Hedstroemophyllum gyalophylloides sp, nov.
’ Plate I, fig. 6Ga-b.

Holotype-—Caf, No. 542513, Department of Geology, Nat, SW. Assoc, Univ, Middle
Silurian, Yaochiatashan, XKiitsing, eastern Yunnan. Coll. Department
excursion,

Diracrosis—Small conical Hedsiroemophyllum in which the structure of successive
ones is distinct and in which the contiguous thickening of ¢he proximal ends of the
epta is almost complete, )

Descrerign—This species is represented by several small specimens measuring
‘013 mm in diameter- In the longitndinal section it gesembles H. conicum in the
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wide' central zone and in the successive cone floors strengthened with stereoplasm, but
the central cysts are-often unusually large and are highly convex, In the transverse’
section there are. often two or three concentric rings of contiguous septa. Each ring
is composed of rather long septal spines entirely contiguous in their proximal, ends but.
separate in the:r inner portion. In the almost complete contiguity of the proximal
portion of the septal’ spines and in the strong stereoplasmal thickening of the central
cysts our species approaches Gyalophyllim Wdkd. and may eventually be considered
as a transitional form between Hedstroemophyllum and Gyalophyllum,

Hed:lraemaphyllmn stolleyi Wdkd. var, sinense var. nov.
Plate I, fig. 7a-b.

Holozypc—Cat_ No. S4261-3, Department of Geology, Nat, SW Assoc, Univ, Middle
SlIurmn, Yaochiatashan, Kiitsing, eastern Yunnan, Coll, Dcpartment
cxdurslou

Dmcnosxs—Curved annulate subeylindric Hedstroemophyllpn: with rather’ Iong,
partly connguous septa; spines, with a central zone free of septa and composed of large
convex cysts periodically thickened with stereoplasm.

DEscmp'rmN——Comllum subcylmdnc, 18 mm in diameter, strongly annu]ate and
modcrately curved. There is 2 narrow peripheral stereozone formed by the contiguous
tiuckemng of the sepral spines. “In the intermediate portion of the lumen the septal
spines are numerous but separate from each other. There are 33 major septa, mostly
complete bur some of them discontinuous, in a section measuring 7 mm in diameter.
The minor septa are typically short, trabeculate, but some may also cut through more
than one cyst. The central zone free of septal remains has a width less than 1/3
that of the lumen.- It is composed of large, horizontally disposed convex tabular
plates which are periodically thickened with stereoplasm.

Resarks—In the external form and in the interseptal structure our variety s
dﬁntlcal with: Hedstrwmoplxyllmn strolleyi Wdkd. It differs therefrom only in the
more compIetc major septal spines and in the periodical thickening GE the central
cyst ﬂoors

Genus Cystiphyllum LoxpspaLe 1829
Genptype Cystiphyllum siluriense Lonsdale 1829

Ducnosts—Simple  cylindric or  subcylindric rugosa in which the vertical
structitres afe” reduced € separate spines and the whole lumen is Glled with vesicolar
eysts, 'which are stéep 'and close in the mantle and flar, large in the central zong, °
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Cystiphyllum concentricum sp. nov.
Plate 1, g, 8a-b.

Holotype—Cat. No, S4271-3, Department of Geology, Nat. SW Assoc. Univ. Middlé
Silurian, Yaochiatashan. Kiitsing, eastern Yunnan, Coll, Department
excursion.

Disenosis—Horn-shaped Cystiphyllum with a wide mantle zone of frstly
conves, then steeply inclined and elongate cysts, and with a narrow tabular zone of
flat, wide-apart tabular plates. Septal remains are entirely absent

Dgscrierion—Corallum  conical, slightly curved, 12 mm in diameter, In the
mantle zone, which has a width 4/5 that of the radius of the corallum, every cyst is
first highly convex upwards, then suddenly siéeply Inchimed towards the axis and much
clongated. Thus in the transverse section the peripheral rings of cysts, corresponding
to the highly convex portion of the cysts, appear in irregular oval sectiops. The
intermediate rings corresponding to the steeply inclined portion often contain cysts
assuming a flat or even a straight outline abutting against each other at acute angles.
‘The narrow central zone is composed of Hatlying, wide-apart irregular tabular plates.

Ressancs—The author has not seen any other Silurian cystiphyllids hitherto
described which can be compared with our new species. The only species comparable
with it is probably the Middle Devonian Cystiphyllum macrocystis Schiter. These
tvo species coincide in their external form, in their inclined, elongate peripheral cysts
and in their very narrow tabular zone. Bur the conspicuous upturning of the upper
portion of the peripheral cysts, which is a prominent feature of our mew species, is
indistinct in C. macrocystis.
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EXPLANATION OF PLATE

Pilophyllum sayiihoense sp. nov.
1a. Transverse section X 3/2. Holotype, Cat. No. Sizo1.
1b. Lonmgitudinal section x 3/2. Holotype, Cat. No. Sjz203.

Stereoxylodes psendodianthus var. sinense var. nov.
2a. ‘Transverse section x 2, Holotype, Cat. No. Sgar11.
2b. Longitudinal section x 2. Holotype, Cat. No, Sg=213.

Ryphophyllum primeevum * sp. nov.
32. Transverse. section x 2. Holotype, Cat. No, Sg2o1,
3b. Longitudinal section x 2. Holotype, Cat. No. S4222,

Ketophyllum  equitabulatum sp. nov.
4a. Transvcrsc section x 2. Holotype, Cat. No. Sg231.
4b. Longitudipal scction x 2. Holorspe. Cat. No. S4233.

Hedstroemophyllum conicum sp. nov.
52, Transverse section x 2. Holotype, Cat. No. S4241.
sb. Longitudinal section x 2. Holotype, Cat, No. Sg243.

Hedstroemophyilum gyalophylloides sp. nov.
6a. Transverse section x 2. Holotype, Car. No, Sgasi.
6b. Tongitudinal section x 2. Holotype, Car. No. Sy252.

Hedstraemophyllum  stolleyi var. sinemse var. nov.
7a. Transverse section x 3. Holotype, Cat, No. Sg261.
5b. Longitudinal .section x 2. Holotype, Cat. No. Sj262.

Cystiphyllum concentricusn sp. nov.
Ba. ‘Transverse section X 3/2. Hu]ntygc, Cat, No. Sg271.
8b. Longimdinal section x 3/2. Holotyps, Cat. No, Si273.
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The Charophyta from the Kucha Formation
neat Kucha, Sinkiang*
L
. Lo YexHao
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"The fossil Charophyta collected by Messrs. T. K. Huang, C. C. Young, Y. C.’
Cheng and T. C. Chow from near Kucha, S Sinkiang, consist of a very large number
of ealcified cogonia and a few fragments of undeterminable vegetative parts. The
fossiliferous horizon belongs to the lower part of the Kucha Formation of MNorin,
which is strongly tilted with a dip angle of about 74°, hence the oogonia were laterally
fattened or else crushed into spheroids, but in the majority of cases they aré preserved
in natural state, giving rise 1o a circular .crosssection along the equator. Moreover,
the degree of calcification of the spiral<cells may differ in the same specics and even
in the same individual, resulting in marked variations both in their shape and in the
nature of the. sutures.

Three types of oogonia are recognized and all of them are described as new
species. Consequently they furnish no precise information concerning the age of that
part of the Kucha Formation in which they occur, Both Norin and Huang are
inclined to consider it as early Tertiary, to which proposition our palacontological
study has not the Jeast objection. For fuller discuss'on on the stratigraphy the reader
is referred to Huang’s contribution,

*Received for publication in Junc 1944,
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DESCRIPTION OF SPECIES
Family Characeae
Genus Chara Vaillant, 1719.
Chara sinkiangensis sp. nov.

PL 1, Figs. 1a-c.

Diacnosis:—QOogonium. large, obovoid in shape, swollen ar the middle, with
the sides converging rapidly from the greatest diameter to the somewhat obtuse base
and gradually to the truncate, slightly depressed and broad apex. Length ranging
from 11250 1o 1280f, breadth g35—ro6olt. Spiralcells showing 89 convolu-
tions, smooth, convex, with the sutures in broad and decp furrows. Width of these
cells uniform, measuring about 130-160f% . Equatorial angle abour 1618°, Tips
of the spiralcells at the apex slightly depressed, giving rise to 2 remarkable rosette.

Revsarks:—Chara sinkiangensis is the wost common type of ocogénium found
in the Kucha Formation, and approximately eight out of every ten specimens examined
belong to it. This species is characterized by its shape and by the truncate, broad
apex. The colour is dark brown or brownish black. Variations are noted in the
degree of calcification: completely caleified portions show convex spirals whereas the
spirals in partially calcified portons appear shightly concave. In most specimens,
however, a partial calcification around the base of the cogdnium is developed, giving
rise to the grooved nature of the spirals and ar the same time the sutures in that regich
are usually situated in distince ridges. This new species is similar to Chara meriani
Unger from the Miocene and OQligocene of Europe in the size and shape, but is
distinguished from the latter by its truncate and very broad apex.

Chara huangt sp. mov.
PL 1, Figs. =22-c.

Disgnosis:—Oogonium  large, elongatedruncate ovoid in  shape, measuring
1000-1020 B in length and $87-898F in width, with sides converging regulasly
from the greatest diameter at mid-height to a pointed, more or less projecting base
and in tun converging very gradudlly, to the sharply truncate apex. Spisalcells
showing 9 convolutions and with an equatorial angle usually from 8° to 10° Widdy
of the spiral-cells about 125-137 k. Apex very abroad, semewhat depressed, possessing
a well-defined rosette,
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Remarxs:—This form is closely allied to the preceding species, but differs
from it in the broader apex, the rather low equatorial angle and the comparatively
small size. The speeies is named after Dr. T. K. Huang,

Chara youngi sp. nov.
Pl I, Figs. 3a-c.

Draenosis:—Oogonium of medium size, measuring about B00-875f in length
and 640-655F. in breadth, clongateellipsoid in shape, tapering towards both
extremities, Spiralcells smooth, showing 89 convolutions, measuring about 103-
125 ¢ in width, Equatorial angle about 14°. Tips pronounced, standing out as a
distinct rosette. Spiral-cells cither convex throughont or slightly concave or else
‘Battened on the lower half portion near the base.

Remarks:—This form somewhat resembles C. Aelicteres Brongniart from
Palacocene to Miocene of Furope and from Kateru intertrappeans of India, but

differs widely from it in the clongated shape and in the much smaller size. This
species is named in honor of Dr. C. C. Young.

REFERENCES

1. Cmaxey, R. W.—The Kucha florz in relation to the physical condition in Central Asia during
the late Tertiary. Hyliningsskrify Tillignad Sven Hedin pa Hans 7o-Arsdag den
19 Febr. Geografiska Anpaler, Arg, 17, Stockholm, 1935.

2. Dowrus, G. B. & Fritel, P. H—Caulogue raisonné des Characées fossiles du Bassin de Paris,
Bull, Soc. Géol. Franmce, sér. g, vol. 19, p. 243-261. 1920,

3. Groves, J. Charophyta: Fossilium Catalogus, I, Plantae, pt. 19, Bedin, 1933.
4

Huaxe, T. K~—On the Red Beds of Sivkiang with special reference to the so-called Kucha
Formation (Manuseripts to be published in this Bulletin),

5. Huans, T. K, Young, C. G, Cheng, Y. C, Chow, T. C, Bien, M. N, & Weng, W, P.—Repori
on the geological investigadion of some oil-fields in Sinkisng, 1943 {manustripts).
6. Psck, R. E—~The North American Trochiliscids—Paladizoic Chacophyta. Journ, of Pal, wvol.
© 8 no. 2. p. 83-119, 1934.

Pecx, R. E—Lower C Rocky M in nonmarine microfossils. 18id. vol. 15, mo. 3.
¢, 285-304, 1941,

7

8. P, J. in Hirmer, M.—Handbuch der Palachoetanik. Bd. ‘I, p. 88-g3.

9. Rao, Sripada K. & Rao, Narayana S. R—The Fossil Charophyta of the Deccan Inter-trappeans
near Rajebmudry (India), ' Pal. Indica, mew ser. vol. 29, mem, 50, 2, p. -4, 1939-



35 Bulletin of the Geological Socicty of Chind

x.a. Rem, . & Groves, J.—The Charophyta of the Lower Headon beds of Hordle clis.” Q. I G.'S.
London. vol, 77. mo. 3, p. 175-192, 1921,
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EXPLANATION OF PLATE I
Cantera Iucida dyawings, all specimens enlarged 32 diameters.
(a, lateral, b, apical and ¢, basal vicws)
1. Chara sinkiangensis sp. nov., Holotype.
2. Chara hnangi sp. nov.,, Holotype.

3« Chare youngi sp. nov., Holotype.

All thewspecimens above described are kept in the Lalb y of Paleontology, Geological
Survey of China.
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Middle and Upper Carboniferous Stratigraphy
of Western Kansu®

By
T. C. Tsexe

(Geological Survey of Chinz)

With 2 DPltes

i. INTRODUCTION

Both Middle and Upper Carboniferous rocks are well developed in Western
Kansu and were investigated by Loczy [rg], Obrutchev [21], Yuan [31, 32], and Sun
[25]. Though the faunas from these rocky have been studied in some detail by Laoczy,
Chao, Lee and others, their siratigraphic succession and the correlation of fossil
horizons found in them in different Iocalities yet remain to be established. In 1g4:-
942, T. K. Huang and party, of which the writer was a member, made reconnaissance
surveys in western Kansu and collected late Carboniferous fossils from a number of
localities. This material, chiefly consisting of brachiopods, is studied by the writer
whose resuly with regard to stratigraphy is summarized in the present paper.

‘The writer takes this opportunity to express his great indebtedness to Dr, T, K.,
Huang under whose supervision the present work is carried out. Thanks are also
due to Messrs, M. N. Bien, C. C. Big and P. Chen for much information and for
assistance in making collections in the field. Acknowledgment should also be made
to Prof. P. L. Yuan and Mr. T, F. Hou for many valuable communications,

#Received for publication in December 1943,
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. DESCRIPTION OF SECTIONS

1. Whuhaashan Section (P, 1, section 1). Wyhuashan® s situated about 3skm
SE of Yiimenhsicn® or sokm W by S of Shangchihchippn® . The succession of
Carboniferous rocks in this hill is, in descending order, as follows,

Supes-formation: Cretaceous or early Tertiary arkosic sandstone alterpating with red shales,
.

and 1 with *Dreil g
Unconformity
Carbonifersus:
4 Shales and sandstones, weathering brown .....coiiiiiiiieniiiiiies .ozIm
3 Grey to brown shales and sandy shales .............0 Cereasresncaraan 33 m

2 Coarse grained; sandy, crinoidallimestone  with  Lophophyllum
{ Lophophylidinm) sp., Eupachycrinus aff. linchengensis Tien, Eup. sp.,
Productus <f. taiynanfuensis  Grabau, Linoproductus cora (d'Ocbigny),
Choristites ¢f. pavlovi {Swckenberg), Ch. narini Chae, Spirifer off, fasciger
{Keyserling), Martiniz sp. {(EKa1-7} cvrrririinnerieresionrancavnrse 2-4 m

1 Laminated pusple elay ,..vivipeiiniiinaiiiias eirisniteaianranannie 28 W
‘Unconformity
Subformation: Nanshan Scri:'.s
Dark green submetamorphic sandstones and shales with quartz yeins,

2. Peiyangho Section (Pl. 1, section 2). The area in which Carboniferous
strata are exposed is a desolate badland near the village of Peiyangho® about 4s5km
SW of Chiayitkuan®. The section can be summarized as follows,

Super-formation: Taihwangkon Series of grey to black shales with sandstone layers,
Carboniferous:
2 Black shale, brown sandstone with very thin coal seams ......covvenauen. fo m

1 Black shale, brown sandstone with coeal scams and 3 fayers of limestone,
conmining Orthothetinae, Chonetes «f. carbonifera Keyserling, Producss
sp., (fK41-8, fKi1-7b, fK41-7a). These layers, each less than xm in
thickness, are scparated from onc another by sandy shales 14-18m in
thickness  ........... Ceeeeeanas fereeareteiere e brareas ey o m

Base covered,

LESD 2 RN L EHe® L AW L ERR
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3, Huangfsaoying Section (Pl. I, section 3). The Carboniferous of
Huangtsaoying' , a small coal mining .district sbout gkm north of Chiaytikuan,

Super-k jon:  Taik kou Series of shales, sand and 1 it d:
with Pecopteris cf. femineaformis (Schlath,) Sterael, Cordaites aff. principalis (Germ.)
H. B. Gein; and Cord sp. (fKqr-16). .
Carboniferauss - -
3 Sandstope, shale. with conglomerate ..vvvecviiaeiinanee. ver

2 Workoble conl seims and  yellowish brown calcarcous shale with
' Linoproductus cora (FRAT-I60).vee casansnnrencasereresnnensens

saas IO M

1 Sandstone interbedding with shale with conglomerate at the base ...... 3 m
Unconformity
Sub-formation: Nanshan -Series, -
Brownish sub phic- sandstone -with quartz veins,

4. Lisokaoshan Section (PL 1, section’ 6). Liackaoshan® is 5 km w by § of
Shantanhsien® . The section is, according to Mr. M. N. Bien, as follows.
Super-formation: Thihuangkou Serles; shale with Ansddariz  sp.  (fK4r-70) and
.quartzitic sapdstene intercalating with coal seams.
Cisbonifercus: i i
Black calcarcons shales snd workable coal seams, with Rhipidomellz sp.,
Chanetes  pygmaes Yotzy, Ch., corbonifera  Keyserling, Productus i
taiyuanfuensis Grabaw, and Marginifera pusille. Schelbvien (fRq1-72) ........ 58 m

Pase not exposed, where the Nanshan Serics together with granpite, is chrust upon the
Carboniferous beds.

5. Sinko Section (Pl I, section 7), The village of Sinho* is some 25km SE
of Shantanhsien, and is wellknown for the numerous coalfields occurring mnearby.
The Carbaniferous sequence observed in the coalfields 35 given, in descending order,
as follows: -

Super-formation: Tajluangkou Series; dstoncs and shales with workable coal seams
and plant fossils including Pecopleris (Asterothecn) orientalis {(Schenk) Potonié, P.
{Piychocarpus) unites Brgn, Sphenophylluns versicillaium  (Schloth) PBrgn., S. sp.
Bowmanites sp. (EK41-52), : *

LW 2 BRI 3 uikes 4% W
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Carboniferouss ™ *
7 Shale with thin ol seam ...iieviiniiiiiiicasie s S

v

6 Shale with thinbedded SINOSOE +vuvnsevresnrserenenneneanseanones G4 @

A F s

5 Brownisk Jimestone with Pg ina palgaris (Schellwicn), P. f.
complicata - (Schellwien), ‘P.- cf. cericalis (Lee), P. valida var. exigua
(Schellwicn), P. sp., Clonetes sp., Marginifera p., Juresamia furesanensie
(Tschernyschew) (fK41-50b, fRar-51, fK11-57) +enennnn rrsrnedertesss I

_ Shale with thin . workable coul ML levnnnieeeniiioeusesremsecaees 6

W

Gray shale with thin-bedded sandstoric ......coveeeiievivrcavenen.. I2m

W

Gny comp:xct Ilmcstonu wu.h small, iusulmmds and Cﬁonem of. pygmaea
Loczy, Prod: of. taiyianfuensis Grabaw, Linoproductns sp. A, Linop.
i« sp. B, Marginifera pusilla Schellwicn, {1 Uncinudns sp. (K41-503, fB41-51,
fR41-54, fK4t-55, K41-57) <.veneanns

1 Thinbedded sandsrope and shale. .

P 1

Base covered.

6. Yanghukou Section (Pl I, scection g). Carboniferous? fossils occur in
abundance pear the native coal mines of Yanghukou' , 2 SN running valley descending
from the Tathuangshan® range toward Tingchfangmiao® in - Shantanhsien. The
locality is some 6okm SE of the latter town and 45Lm from Yungchanghsien® . Unfor-
tunately, no ontcrops of the fossiliferous horizon were observed, the fossils having been
collected in detached fragments or débris by hill slopes. The section is roughly
summarized as follows in descending order:

Super-formation: Taihuangkou Series,
Carboniferous: )
4 Yellow to brown sandstones plternating with grey 2nd black shales con- - .
taining thin scams of anthracitic coal ....iecvivrieennennennransny. 28m
3 Quartzite (similar to 1) ...l seavienns PP 3 Y
2 ‘Thin jmpure greenish gray fossilifcrous limestone (pm'bebly 2 Iaye_rs) 8m

- 1 Whitish quartzite weathering veddish .......i.....0 8m
% Unconformity
Suh-f; ion: Nanshan Scries, sub phic greenish d with quartz veins,

RED 2 KWUL 3 BER 4 EREE ©
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. The fossils coIIected from the limestone are dominated by brachiopads, while
fusulmesP coraIs and molluscs are also ahundmt (ﬂ(ir 45, fR41-453, fK41-45b, fK41-
46). They are: Fusulina quasicylindiica (Lee), Prendofusuling sp., Bashrophylinm

sp. A, B. sp. A var,. B. so. B, B. sp. C, B. so. D, Bradyphyllum bellicostatum Graban,
Rossopfyllym sp. Ay Hapsiphyllum monkouense Grabaw, H. sp. A, Entcletes lamarchi
Fischer,: Streptorhvnchus. sp, Orithotheles sp., Choneles of. semitircularis Chao, CE.
carbonifera Keyserling, Productus gratiosus var. orcidentalis Schellwien, Pr. gruenewaldii
Krotovw. Pr. sn., Linoproductus Yemm!r'nizt; (De Verneuil), Echinoconchus elegans
(MCov), Ech. punctatus (\ﬁrtm), Fek. sv.. Juresania ck. furesanensis {T'schernyschew),
dvonia sp. A. A. sp. B, Buxtonia sp.. Marginifera loczyi Chao, Uncinulus aff. fimorensic
Davidson, Cloristites mosguensis Fischer, Ch. loczyi Fredericks, Ch. yanghuloucnsis
Chao, Ck, sp. A, Ch. sp. B, Brachythyring strangewaysi De Verneuil, Bra. strangrwaysi
var, Iata Chao, Bra. strangwaysi var. longa Chao, Squamudarie orata Chao, Sq. sp. &,
Sq. sp. B, Hustediz remota (Eichwald), Didasme aff. vesicularis De Koninck, Athyris
sp. A, 4. sp. B, Martinia sp., Temnochailus,sp., Nautilus sp., Philipsia Ransuensis
Loczy.

NI. CORRELATION OF THE DIFFERENT SECTIONS

The Middle Carboniferous Yanchukou Series. The fauna of the Yanghukeu
Series ar Yanehukou is éﬂ:gm‘cterized by Fusulina cylindrica, Enteletes lamarcki.
Productus gratiosus var. occidentolis, Morsinifera loczvi, Choristites mosquens, and
Brac/;;ﬂwrt}t‘iz strangeraysi, species freauently found in the Penchi Series of Norh
China, with which it is to be correlared. The Yanrhukou fauna, however. is decidedly
sicher and more varied than the Penchi faura. The simple corals led by species of
Rothraphyllum in the former are not found in the latter, which furnish ;Decies of
Chactetes and Lithostrotion, genera consmicuously absent in our collection, I is thus
seen that the Yanghukou fawna is not identical with the Penchi faupa.

Besides Yanghukou. thé Yarghukou Series is also found at Lichiachuan, Hung-
shanyag, Mokou and Yaokou, according to P. L. Yuan [31, 32].

The Upper. Carboniferons Taiyuan Series. ‘That the horizons with marina
fossils at Wuhuashdn, Liaokaoshan and Sinho belong to the Taivoan Series of North
China is shown by the occurrence in "them of typical Taiyuan species like
Pseudojusuling  vilgaris, Productus taipuanfuensis, ‘Chonetes pygmaea, Marginifera

pusilla, - Choristites paclovi, Ch. norini, etc. The close similarity between the Taiyuan
Series and the coal-bearing series of western Kansu is not only found in the fauna
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but also in lithological characters. In Shansi, the Taiyuan Series is directly preceded
by the Penchi Series and js apparently conformably followed by the Shansi and
Shihhotze Serics, whilst the coal-bearing series in western Kansu is undeslain by the
Yanghukou Series [25] and succeeded by the Taihuangkou Series whose ciaracters
are strikingly similar to those of the Shihhotze Series. Evidéntly, conditions of
sedimentation in Shansi were not different from those in western Kansu along the
northern foot of the Nanshan Range.

C. C. Sun [25] coined the term “Obo Series” for the coalbearing rocks
occurring between the Yanghukou Series and the Taihuangkou Series. It is shown
by the present study thar the Obo Series is nothing but the mrue equivalent of the
‘Taiyuan Series. It appeats therefore convenient to apply this wellknown name to
western Kansu and conscqueatly the creation of a new term. bécomes superfluous, On
the other hand, the Yanghukou Series is conformably succeeded by the Taiyuan Seres
and being lithologically similar to this latter, it can only be distingvished therefrom
by its fauna. Thus a comprehensive Tiame for these two formations seems necessary,
at least for future mapping purposes. Dr. T. K. Huang suggests the name Yenchih-
shan Series® for them, which is accepted in the present contribution,

It is to be noted however that the Taiyuan Series is much better and more
extensively developed than the Yanghukou Series. In many places where the latter
is absent, the Taiyuan Series comes directly upon the PreCarboniferous Nanshan
Series. This is the case az Wuhuashan, ar Huangtsaoying, ar Liaokaoshan and at
many other places (PL. T). Evidently, the Taiynan sea in the Kansu Corridor was
transgressive, and the fact that the thickness and lithological characters of the Taiyuan
beds are different in different sections points to the suggestion that the shoreline of
this sea was fluctuating and lay very close to the already existing “Peishan” mountains
to the north of the Corridor.

V. PALEQCGEOGRAPHY

The coalbearing rocks occursing in the Peishan 1o the north of the Corridor
were found by Yuan [33)], Huang [15] and Sun o belong not to the Carboniferous
but to the Jurassic. They lie unconformably either upon Pre-Cambrian crystalline
racks or upon the Nanshan Series. Though Obrutchev [21] considers the limestanes

1. Yenchihshan % % JIis the old name for Taihuvangshan, a well-defined mountain range
h Sh heicn and Yupgchanghsi
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in his section near Ningyuanpu as Carboniferous, yet they look quite ualike the late
Carboniferous Yenchihshan Series and did not furnish us any determinable fossils

after careful hunting. It thus seems probable that the Yenchihshan sea did not invade
the Peishan region of Kansu. In the Alashan region similar conditions might have

prevailed, since Yuan [33} found Mesozoic and Tertiary continental rocks' resting
directly upon Proterozoic or at least carly Paleozoic gueisses and granites. It is only
when we go eastward into the Alashan Range, that we are again able to find Middie

and Upper Carboniferous marine strata, which however are gradually replaced by

contemporancous " continental deposits toward the north so that at “Yinzechan” and-
“Arbous Oula” Teilhard [28]) actually found them. East of Arbeus Oula, any possible
eccurrence of Carboniferous rocks is masked by the Ordes desert and it is not until
we reach Paotehhsien’ in Shansi and Tsingshuiho® in Suiyuap that the Penchi and
‘Talyuan Series are again to be met with. To the north of these latter places con-
tinental Carboniferous deposits were again found by Sun [23, 24] -upon a floor of
Archaean gneisses.

From the foregoing considerations ir appears sufficiently clear that the shore-
line of the late Carhoniferous Yenchihshan sea was roughly marked by the foor of the
present Peishan, trending in 2 WNW-ESE direction. East of Wuwei (Liangchowfu)
it swept round toward the NE until ncar Arbous Oula whence it crossed the Ordos
to reach Tsingshuiho in Suiyuan near the joth parallel, Thus side by side with
the Yenchihshan sea there occurred a continuous landmass immediately to its north.
This landmass was termed by Huang® [14] the Great Wall Axis while its Ordosian
part was called Ordosia by Grabau [7].

Recent feld studies reveal the presence of marine Carboniferous deposits
immediately east of the Liupanshan, whereas in the region to the west of the latter
range and to the south of Lanchou only gneisses and 'crystalline schists are here and
there to be scen under a thick and extensive cover of red beds and eolian loess. These
crystalling socks, being ar all events older than -the Carboniferous, formed another
landmass which bordered the Yenchihshan sea wo the north. It is termed by Huang
[15] the Lungsi mass. ’

BEE 2 WAk

3. The Great Wall being an arhﬂcml .krur.turc, I wauld propose 1o cb:mge the name of
this important landmass to “Inner Mongolian Axis.”—T. K. Huang.
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During the Upper Casboniferous (and also Permian) there existed: another

importan scaway with a different fauna. It lay to the north of the Grear Wall Axis
and has been termed by Huang [14] the Jisu Honguer sea. Accérding to Yuan [33}
continental Carboniferous rocks occur just north of the Muni-Ula, which thus formed
the southern limit of the Jisu Honguer transgression,

13-

20,
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EXPLANATION OF PLATES

Plate 1. Columnar sections in western Kansu showing the stratigraphy of Middle and Upper Catboni-

ferous,

Plate I1. Paheogeographic map of western Kansu in Middle and Upper Carboniferous time, showing

42-43.

the distribution of kind (blank) and sea (shaded). Numbess are the localities studied:

1. Wuohinshan  Fagls
4. Yanghukou Fn
7. Maopuh R
10. Lichidchman  Ziny
13. Chouniukon  JU%
16. Tahpai Pt
19, Siihtsueizn  HEF

22. Nanshihying HHEZ
25. According 1o C. C.

Sun's  map  without
focality name,

28. Haiyuanhsien Hspiig

1

36. Pactehsfen e
39. Linfenhsien  ESEME

According to P. L.
Yuan without locality
names.

46. Abder Tu

2. Peiyangho 2 ey

5. Sinho B

8. Vaokon ® w

1i. Hongshanyao LR

14, Tachin Kk
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20. Chenikuzn FEFE
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26. Kingfussu SMF
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2%, Yuwanghsien

35. Chingshuiho

38. Obohsien
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45, Pelingmiao
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A Detailed Section of the Gigantopteris Coal-bearing
Formation near Shuicheng, Western Kueichow™
By
C. S. Piex
(Mineral Prospecting Bureaw, N. R. C.)

With 1 Text-figure.

_ The Gigantopteris coal-bearing formation js widely distributed in western
Kueichow. In the Tahopien' coalfield of Shuicheng *, this formation has been
abserved by different investigators like S. 8. ¥oh, C. J. Peng and T. P, Chai. An
almost complete section of it, from the top of the Omeishan basalt to the base of the
Lower Triassic, is measured by the writer near Feichiachai®, a small village situated
about 25 km to the northwest of the city of Shuicheng (Fig. 1). Since Gigamtopteris
is generally known to be confined to certain horizons, the discovery of Giganmtopteris
nicotianacfolia Schenk throughout the whole formation is of some importance and jt

~ I?idn'\!ﬁm,
Tne, OIS Fetd:

#Received for publication in April 1g43.
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seems desirable to give a brief account. The succession of the formation in gquestion
is, in descending _order, as_follows*:
LAY

Super-formation: Lower ‘T'fiassic beds with Oxgrema and Peendomonotis

Disconformity-

o N
Gigantopleris coalbearing formation

58. Reddidf} yellow fire sandy shale .................. rreaas Creaneananany o1 m
57. Coal seam ..... e 20 m
56. Yellow sagdstone and shale with irom CODIICHODS +euvvnececavnanarerens 4.0 m
55. €0l SEAM  .rtriiiinirinaiieiani i edaiasnsearcaariraea e reronn 2 m
54. Thick-bedded green sandstone alternating with pale yellow shale with

Gij is micotianaefolizn Schenk, Rbipidopsis lobata Halle, Pecopteric

sp. Tacniopleris sp. (MIT 176) «.vvvivivieinioinnsrneininesssiraanss I7.0 M
53, Coal SCAM .eouiniriiiiiiii i iiiiiairee e o.X m
52, Green sandstone alternating with pale yellow shale .. 8om
s51. Grey shale with Gigantopteris nicotianaefolia Schenk (I 266) ..vvvvannn 35 m
.50, Green SanASIORE ..ivivineiiiinennanes teaavasnen L T T T IR 50m
49¢ A Coal . seam ........ U S 10 m
48. Grey sandstone and shale with fragments of fossil p-]ams teravenssssrens, 100 I
47. Creenish grey shale . with - Chonetes <f.  substrophomenoides Huang,

Slrtlptarlrydcﬁus <E.  Rayseri Schellwien, Uncinud ? 7s  (Beyrich),

FProductus sp., Martivia (3} sp, Spirifer sp, Acamtbopecten sp., Phillipsi

sp. (UL 260 and T67) "verrierenenencaiierinrracannniaanan evreans 40 m

.46. Yellow sandstone and grey smdy shale ......

45. Coal seam .o.evivunirieriiiciiniinniaas

44 Grey
43. Coal seam

42. Grey shale
41. Coal seam
40. Grey and yellow shale covvveivnvnrieiainnnan.
* 39, Toal SEAM severreremsenaerriiinens
38 Grey clay shale .oovveveinniioiiniriricitiiensierseercorsorsirersen
L 37, €02l SEaIfl eevevvesvsenvararrovnnrstasecsonssraneirsrnsosernsnsnnsss

1. Al die fossils listed Gelow are preliminrily Identifed by the writer hitaself,
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36. Grey cay shale .o.ieeviiiiinonmserevairreririnoiirsrciiiiosoinees 30 M

* 39. Yellow sandstone with cross-| bcddlng R, eeaean 20m
34. Grey shale and whitish grey clay shale 20 m
35. Grey sandy shale altermating with yollow shale™ . 17.0 m
32. o1 m
3%. Whitish grey clay shile .i.venveenvenses 0.5 m

30, Grey sandy shale with fossil wood and with Glguulopla'ﬁ nicofianaefolin

" Sclienk, Protoblechaun wongii Halle, Rhipidopsis Tobata Hallc, Lobatannularia

casifolius Hall, L. kelanenss (Kodaira) Halle, Asterophyllites pingloensis

_ Sze, Sphenophyllum verticillatum (Schloth,) Brgn, Pecopteric hirta Halle,
& P lative Halle, Sphenopteris sp., Taeniopteris sp, (Il 165). cevveneen. s0m
2g. Yellow and frey shale +....iinl'en.. 0. rereere.. ILO M

© 28. Coal seam ..

27. Whitish grey clay shale .cievivvceninnnasnnes

03 m

o7 m
26. Grey sandy shale with fragments of fossil planys Som
25. Coal scam , senge cedacavnasons 0.xm
24, nght grey shale with iron concrcuous seeesertairarascanaapraroananny .o m
33. Grey sandy shﬂc \\nh abundant plnntfosxls Gxguntopttns mmmrmzfubz

Schenk, 'RA Sidopsts batetaides 'K i 187 Kondo, Ilﬂmtdnmdma of.

heianenss (Kodaua) Halle;! L. #ingd: Falle! SphenophyHum’ verticitlatm

(Schloth.) Brga.S. sﬁa,‘ Pecopteris sp. (i 375)  cvswaeauds ‘35 m
22, Yellow smdstunc ahemahng with grey shalc ...... L ;'.,...’ 5o m
z‘x.u Bm\vmsh  grey sh:.\lc wx\h I -cnplm: arcuate. Hialle, z\ud P{ sp. (1111 72) .. 20 m

20, Yellow and grey shalc eeresnesss
I9. Yellow s D d: mth Gi :
18. Grey and yellow  shate B D TR AL LIS 180 m
7. Yel[ow ecarse sandstope with ahundam plant-fossils: Pecopteris enderssonit

Halle, P, (Asterotheca) norinis Halle, andl Sp/wnaglxy[fmn 5. (IIh 170) 20 m
-16. Brown and” )ellow clay shale vuereniiiininnes TR P RNt 4.0 m
15, 'lgeﬂow, grey and ;cdd.xsh grey shale
Iq'. ‘&:al seam .‘......A....'..... . :

a3

Grey 2nd ycllow shale with Gigantop I
batitoides Kawasaki ¢t Konao, Splienby’byl(blm i
Brgn., S, ' sino-coreanuny “Yabe St spyt Plugipzamites’ dblang:ﬁhrw Hallc,
Lot laria sp,;_ ( is sp., 1t ', is sp. (U 175) . .
12, 'Greenish grey | thick- beddcd sandstnb.e With * pale yellokr mdy “shale |
containing fossil \voud eterasieeneirrenraenietaner e eteraerrains ;3-0‘1‘1
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1r. White paper shale .o.oovviiiniiiiiiiiiiians Nareeivmrreasenrerans O m
10. Light yellow sandy shale ...o.onneinniiiiiiiin i
9. White paper shale
8. Yellowish grey sandy shale

7. Coal seam ...cieiiiieiiiganiinianies
6.. Grey_sandstone svith, .f.raemc.qc of fossil plaum
G Ydlawxsh grey shale with G icotianaefoli: Schcnk, Protoblech
swongii Halle, Pecopteric sp. (1L x74) ........................ L 30m

4. Coal seam
3. Light grey clay shale

2. &:How and dull gres. shnlc with pourly proserved plant fossils including
Schenk, 7, sp. (IHi 296) c.ooiiannn. 50 m

I. lcllu\v, bmwn and  grey sandstnuc .

Di: .

Sub-formation: Purple tuffaceous shale of Omeishan basalt.
The total thickness of the mal:benring‘ formation is 327.0 m.

Shihhotze series, most of the fossil plants were* described by d:Hercnt authors from
the Upper Shihhotze series or from its equivalents in China. It is noteworthy that
Gigantopteris nicotianacfolic Schenk occurs in eight horizins of the FPeichiachai
section through a vertical range of 3127 m. dsteraphyllites pingloensis was described
by Sze' from the upper plant bed of the Hoshan formation of Kuangsi and its
presence in the Feichiachai section is of some interest. In China, the genus
Rhipidopsis was only Known from Hoénan® and ‘Shansi® and its occurrence in beds
13 and 23 of the preseut section is :mcther striking feature. The remaining fourteen

It was formerly believed that the Gigantapterss flora is confined to the lower
part of the Lopmgxan or the “Luipakou Coal Series.” In view of the present

1. H. C. Sze: Or tl-u: accurrence of Gxgnnxoplm; flora in Kuangs:. Bull Gco] Soc. China,
vol. 20, no. 1, p. 3840, 1940 .. .... ceeeiee iiran

3. C. H. Pan: Notes on Kawasaki and Komms‘ Rhipidopsis brevicaulis and RhA, Baieroides
of Korea with, description. of similar forms. from Yohsien, Hondn.  #5id., vol. 16, p. 261-268, 1936-37.

3. T. G, Haller -Palacozoic ylants from Central Shonsi, - Pal. Sum:a, ser.=B; wol, 2, fasc, 1,
P. 192, p. 252255, 1927. - .

4. .T. K. Hoang: The Ecmuan furmauons of somhem Chma M:m Geo]. Spev. China,
ser. A, no. 10, p. 62, 1931.
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discovery it appears probable that this flora survived even in latest Lopingian time
at least in some part of SW China, where the Lopingian is predominantly non-marine.

Finally, the writer wishes to take this opportunity to express his gratitude te
Prof. C. Y. Hsich, Chief of the Mineral Prospecting Bureau, National Resources
Commission, for giving him all facilities in carrying out the work in the field. The
writer is also much indebted to Drs. T. K. Huang and T. H. Yin for valuable
suggestion and carcful reading of the manuseript,
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On Tectonic History in Regions East of the
Tibetan Platean from Kansu to Yunman*
By
L. T Yeu
{Geological Survey of China) -

. Witk 2 TPlates

During the recent five years T have joined several field parties in the ‘carrying

out of geological reconnaissances in regions between the valley of the Huangho and
of the Yangtze and in the Sino-Tibetan borderland. ‘This vast territory can be divided
into six major geological units, easily recognizable both in structure and relief. . They,

aies

1) The Central Kansu Basin, which Iies between the T\T:msh:m and the
Tsinlingshan,

2) The Tsinlingshan which divides the drminages of the Huangha and
the Yangtze,

3) The Lungmenshan’, the northern border range of the Szechuan Basin,

4) The Motienling®, which is :iintercalated between ' the Tsmlmgshan
and the Lungmenshan, and is usually nor well differentiated;-

5) The Szechuan Basin,

6) The platcau of northeastern Yunnap,

Last year, when I completed my manuscripts of a report on the structiire of

the Tsinlingshan, it was felt that the origin and cause of the structures still remain

*Reccived for publication in April rg43.
1. HENLG 2, g
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to be deciphered. This has compelled me to make a thorough review of all related
literature that was accessible wo me, and consequently I gathered and coordinated ail
the related data and tried different hypotheses to explain the larger geotectonic features,
The result is the establishment of some imteresting conclusions, which are now
treated here, in 2 much concise form, in the following paragraphs. Befare the text
is going on, I gladly take this occasion fip express my cordial thanks to Dy, T, K,
Huang for his frank criticism,

THE CALEDONIAN MOVEMENT

As scen from the correlation table and the idealized section attached herewith,
marine Silurian rocks of no less than 1,000m in thickness, are widely distributed in
the regions described. The northward transgressive sea ended in the southern part
of the Central Kansu Basin, which was probably an oldland at thar time, to which
we have termed the Kaolan Mass. With the close of the Silurian tIme the seaways
changed considerably; the Devono-Carboniferous rocks, mo Iess than rocoom in
thickness, were then restricted to twa eastwest troughs or geosynclipes, to be called
the Tsinling geosyncline, and the Lungmenshas geosyncline; and the region of the
Platean of Northern Yunnan. Between these geosynclines there lay the Motienling
geanticline and the Szechuan Old Mass, which werc, then, regions emerged and
subjected to erosion. The paleogeographic copfiguration remained essentially the
same from the close of the Caledonian movement till the end of Carboniferous. With
the opening of the Permian period, all the old landmasses from Kansu to Yunnan
subsided, with the resvlr that massive’ marine linestones were extensively deposited,
even more cxtensive than the Silurian rocks.

The contact between the Silurian and younger rocks is usually represented
by a disconformity, with the exception of the Tsinling fegion where an angular
unconformity was observed by Cheo and Huang and myself. As stated above, the
main issue of the Caledonian movement is the formation of two geanticlines and
three geosynclines, which are obviously the outcome of epeirogenic movement, if we
accepr H. Stille’s views. Probably it was the result of large scale crustal tensions, or
of wngential stresses acted at grear depth. Or, it may be regarded as due to radial
adjustment of unbalanced heat energy.

The present state of the earth crust in the described region was probably stdl
quite unstable, and its undationed rclief forms roughly an irregular Sine curve, which
is just the reverse of the ancient Caledonian relief,
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PRINCIPAL DIRECTION OF THE CRUSTAL STRESS

Whenever the very complicated problem of stress is touched upon, we had
better recall the wellknown experiment of B. Willis on folding of strata, whick
postulates that the strata pearer to the applied force are folded cardier. With the
apening of the Triassic period the adjustment of the unbalanced crustal blocks was
initiated and culminated first in the Tsinling geosyncline, with the _result thar that
part of the earth crust was strongly compressed, regionally metamorphosed, and finally
completely emerged. Hence, there were no marine or even continental Triassic rocks
ever deposited in that territory. Toward the south in the Lungmenshan “geosyncline,
the withdrawal of the sea did not take place until at the end of the Triassic time
before”the Anyuanian movement came into play. Further south the existence of the
Anyvanian movement became much obscured and can only be detected by very demiled
mapping work.

Although radial adjustment was then active in the mountainous regions of the
Tsinling, orogenic movements were hardly recorded during the time interval from
the Jurassic to the Cretaccous. Toward the close of the Cretaceous, an orogenic
movement again took place in the Tsinling and north of it, as is revealed by the
unconformable relation between the Mesozoics and its oyerlying Tertié'_;'y Kansu Series,
which was in tumn affected also by folds and posthumous faults along basin margins.
Tn regions soutli of the Tsinling, in the Szechuan Basin, the Cretaceous red beds
were also mnsidéraﬂy- folded, but here we can not define the exact age of the move-
ment because of the absence of younger deposits. In northern Yustian where
stratigraphic unconformities appear to be absent prior to the deposition of the red
beds, the age of the principal orogenic movement is to be ascribed to post-Cretaceous.

‘As summarized above, the withdrawal of the transgressive sea and the folding
of the earth crust all began in the north and -were gradually transmitted southward.
Hence by applying Willis’ experiment we come to the conclusion that the principad
direction of the crustal stress must have been from north to south,

Altiongh no’ distinct orogenic zoning can be made in the regions describied,
yet by stressing more upon the importance of the order of appearance of the'diastrophic
(orogenic or epeirogenic) paroxysms secorded in their respective structural histories
we may regard the Central Kansu Basin, the Motienling Geanticline and the Szechuan
Basin as the Caledonides,” the “Tsinlingshan and Nanshan as the "Variscides, the
Lungmenshan as the Anyuanides, and the northern Yunnan Plateau as the Alpides,
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The Liupanshan of the Central Kansu Basin, though Alpides in its broad sense, is
regarded as the Lunshanides, because it is derived from the Lunshan Movement of
post-Pliocene age, :
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On Minor Structures”
By
i, 5. C. Cuaxe
(Institute of Geology, ‘Academia Sinica)
With 3 Plates,
PREFACE

From field experjence and: data accumnlated in recent.yeard several short papers
on field geology have been written. The present paper embodics only part of the
subject-matter; ind is meant for open discussion. Tt will be noticed that every
subheadmg is treated on its own account, and is independent of one andther.

INDIRECT METHODS OF DETERMINING THE STRIKE
OF BEDDING PLANE

Sedlmemary rccks commonly exhibit more or less conspicuously layered structure.
Tt is sometimes easily recognized in the field from different colors, different textures,
or from different composition of consecutive beds. But sometimes; usually in massive
limestones, the bedding plane is not easily recognizable,” In such cases the strike of
the bedding plane must be determined indirecily. :

1. Where the joints are well developed, thiey are easily mistaken for bedding
planes. On careful examination, we can, however, recognize the joints. ~ Although
they arc arranged in parallellism, they can not, as a rule, be traced along the same
plane for any great distance; but are more or less displaced as they extend. Witk
the bedding plane, this is not the case. Tt can be traced in'a section either from the
top to the bottom, or from the right to the Tefs, according as the beddmg planc stands
verticilly ‘or Is inclined, (PL"T, ﬁg 1)

2. Field experience shows 1hat mud-cracks which occur near by the foot of
a h:ll are sometlmes arra.nged in a certain direction in conunu.xty and patallelism

'Rx:ccu‘cd for pubhcauon in May 1943.
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for a considerable distance, while shorter and displaced ones run across them as shown

in PL 1 fig. 2. In such cases the longer cracks often assume the same direction as
that of the bedding planes,

3. In the limestonefield, small, round depressions are frequently marked by
parallel lines or steps with a suturelibe arrangemenr (PL I, fig. 3). They always
indicate the bedding planes.

4. It is well known that strenms often flow along a fracture; but sometimes
they also follow the contact of lithologically different formations, that 15, roughly
along the strike of a bedding plane (PL I, fig. 4).

5. Roof andfor floor of 4 matural cave in most cases roughly coincide with
the bedding planes.

TRUE AND APPARENT UNCONFORMITIES

About a century ago, Elie de Beaumont wsed, probably for the first time, the
unconformable relation between different formations for determining phases of
mountain-making. This is stll considered as the most importany method. Uncon-
formity as is generally accepted, is a facies symptom which repiesents a folded and
uplifted series of beds sunk after its denudation for a shorter or longer interval, and
then superposed by another younger series of sediments. An erosional Serface and an
intraformational conglomerate, especially an angular contact, are often found between
the folded underlying and the horizontal, or gently dipping overlying strata, if the
Iater sediments were tilted by a subsequent-movement, The first two charactesistic
features in an unconformable contact of two different geological formations are some.
times obscure or even absent; whereas the third—angular contact—often remains
yisible, For, in fact, conspicuous masses of conglomerate spreads only, as a rule, over
some limited area of sharp inclination above the general plane of deposition, while
in extensive flar surfaces of deposition they may be restricied, thin, incopspicuous or
even entirely absent. The erosional surface may nor be clearly visible when the
erosional interval was not long enongh to allow the removal of an appreciable thickness
of beds. In case of absence of intraformational conglomerate and erosional surface,,
unconformity must be detected from other tectonic features.

Similar to unconformity, and sometimes mistaken for it by a begipner of ficld
geology, are two other features: One of them is disharmonic folding and the other
thrust, :
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When a thick series of strata composed of both competent and irfcompetent
beds, is subjected to the same magnitude of compression at the same time,
the incompetent beds are in general more suongly folded than the competent
ones; the two kinds of beds present, therefore, an arrangement of angular contact
with cach other. This phenomenon is called disharmonic folding. From fossil
contents in the successive formations or from comparative stratigraphical studies, we
can definitely ascertain thau both the inzompetent and competent beds, though not
uniformly folded, are in fact of continuous nature as regards their deposition.

When a group of strata is folded under a great magnitude of gompressive stress
or through 2 relatively mild stress operated for a long time, thrusts are, as a rule, the
result. In 2 thrust zone the overthrusting beds often angularly gest, upon the under-
thrusting ones, no maiter the overlying part is of the older or younger age, or both
of them are of the same formation. !

From tlie abiove statements it is clear that angular contact may occur in different
niodés. Every tpe has its own geolo-ncal significance. The first 3t the three mades
mentioned “zbove iiidicates that a long intérupted interval in deposmon Waslrequu'ed
in uplifting and down-sinking btetween the underddying and ..overlying formations;
the second is merely an unequal folding in response to the differant physical characters
of rocks; and the third exhibits only a broken phase of a continuous. folding. These
phenomena liable to cause confusion in the field deserve therefore a _comparative
treatment from the point of view of observation, and at the same time, they must be
definitely separated ‘from ohne aibtliés’ in “order to connote thieir Aiffekéilt origin- For
this purpose the first mode of occurfence of angular’ contact withisa; depositional break
may be des:gnated as true- of T-unconformity, and the last wo as apparent or A-

: unconfonmues
DETERMINATION OF UNCONFORMITY IN CASE OF ABSENCE OF

‘ 'B:ASAL CONGLOMERATE: AND ‘EROSIONAL SURFACE " ~

That a g:roup of flunzontal ot gently” dxppmg strg't:i {ests upon the 'eroded

Edges oEy an older, Eolded senes “is (‘fesxgmtcd' as an unconfcrm&ty‘* ;fhe dtscorﬁmt
relatlon betwecn the two scnes pﬁm vanes from pIace t© })ﬂw. fhey may cross

e J ‘bat the writer, here dxscuﬁes 15 onlar confined to the scduncnmr rocks, Thc relations

WL
fzetWeen s:dunentary series and 1gneous m:!{sses} are Tot taken into consufc wn m 8? 5 p1pcr
il SRR U \u . ;
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cach other in one Jocality at steep angles, or may follow each other with a slight
difference of dip in another locality. In the extreme case the two series may even
appear 1o be ‘conformable. Such a state of affair follows from the consideration that
the intensity of folding, especially in an extensive area, is not everywhere uniform
or equal, but often decreases in a certain direction along which the beds behave
dificrently in different Jocalities in response to a given stress system.

\ .

In a thick seres of sediments it often happens that certain beds (competent)
can transfer stresses and life the weight of overlying rocks better than others (in-
competent), Whert' such a thick series of strata js subject to compression the
incompetent beds' often’ éxperience much 'stronger folding than the competent ones,
and thus an angilar contact will be produced between them,

The angular contact in the fisst case is a true-or ‘T-unconformity and that in
the sccond casc an apparent- or A-unconformity. It js of great importance for
geologists- to dxsm’xguxsh1 these two types, for each has its own geoluglcal significance,

and cach rcpresc.nrs certain different condition vnder which it was produced,
M Lad

Asstated - above ' 'T-unconformity is brought about by the redeposition of a
younger scries on ‘the ‘#bded cdges of an older, folded serics. Consequendly there
will De -an erosional surface between the two sertes, ‘The erosional surface may bc
recognized cither by the

. ‘a, bfa;‘s?;.‘.qg_x)lglomergte of the younger formation, or by the
" b."-iincompletérifolds of the older formiation.,

" Wiicte the erosional surface s not clcarly "ishte the true unconformable relatwn
between the over- and the underlying formations can stilt be positively recognized by
a similar Flrangement. of folds.of both, !aye{hdx}q{]‘rﬂpﬂgﬂj‘, as.shales, -and ;comperent,
as Sandstom’é and; lyz}gston;s, which, spay hapﬁj} jo-occur in the plder formauon.

If an incompetent series has o, competent b“ds above and below we can
:ecogmsc “the. .{&nnconxf’?mm) by the same mtcn?ty h foldmg of the} LI o
beds, even if the i mcom ctent beds are dxscm'dﬂnt to them. When the luwcr compe tent
sock is absent or mvxslble we can, however, determme that the unconformxty is an
apparent one by the completeness of falds of the incompetent layers,

,‘ A good exarﬁple is found at, Lungwangmxao m the westem hills of xKunmmgl
where the Lo“er Cambnan is composed of shales thh Redlichia altcrnated mth
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argillaceous and siliceous, thick-bedded limestones. All these are folded in anticlines
and synclines that affecc both the competent and incompetent beds alike. The massive
Carboniferons limestones rest directly ul-)on the Cambrian beds with an angular
contact. ' There is neither a basal conglomerate nor an erosional surface to be sean
between the two formations. Within a shore distance to the south from Lungwangmiao
the '(famb;ian beds seem to be conformable with the Carboniferous. Basing on the
statements of the foregoing pdragraphs we recognize definitely that the Lower
Cambrian js truly unconformably overlain by the Carboniferous.

EXPLANATION. OF THE ARRANGEMENT OF FRACTURE
CLEAVAGE IN FOLDING

Fracture cleavage has been studied by mdny eminent investigators. The results
of their investigations have been published in sevetal ‘papers. In spitc of the divergent
opinions concerning thie relatiofs of (a) fracture’ cleavage to crystallization, (b)
fractu.re cleavage to pressure and movément and (¢) crystallization to préssure and
movement "one fact is mamtamcd and acccptcd by ‘4l of ‘them, that is, the fracture
cl&vage bears it most cabes 4 closd selavion to-vhe folding when both features are
developed contemporaneously. Cleavages are usually parallel, except under special
local conditions, to rhe axial plane of the associated folds, though the strike and dip
of the bedding plane may be continuously variable in different parts of folding
@1, fig. 5).

‘According to the strain e]lipéoid principle two systemg of fracmre‘;:le:wage should
develop along the two maximum shear planes. Field experience demonstrates,
HdWkier, that this #§ rately the case. In most cases, especially in the strong-
folded regions, only one system of fracture cleavage occuss, that runs parallel to the
axial plane (PL'L, figs. 6 & 7). It is caused by the shearing stress along the A.shear
plane, The ‘Gther along the B«shea': plane is ‘often ohscure.

oo

..+ This phenomenon, simple as it is, is often unexplained. In fact the shearing
s;t{:ss along: the B—sheag;,.rqlane still exists, althoug_h the clcavage 1s not developed
The explanation here, offered js that the_ shearmg stress along the B—shear lane is
spent in the slipping of strata against and over each ather. D o this action” tha
beds are oftenuthickened in.the agial pasgs.of anticlines and synclines and, the §lqu?ensxd:s
- whith -are: often' used :as ciitetin for detecting the: direction, of movemm,t;x;vi_ﬂ', appear
on the bedding planes under favorible conditions, -
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DETERMINATION OF FOLD-LIMBS BY MINOR FEATURES

Anticlines and synclines generally occur in a series, one beside apother
alternatively. Many of them still remain complete, and can be cearly recognized
at a sight.  But, in most cases they are incomplete, being partially removed by different
natural agencies of destruction since they came into existence, In these circumstances
special attention should be paid to the minor features, which are preserved i beds,
in order to interpret cosrecily the form of folds. Such features are either prima%y.
or secondary.

In entering upon detailed ‘consideration of the probler the fundamental fact
should be always kept in view: An anticlide always ehibodies the older rocks in its
inner part; while a syncline, on the other hand, embraces the younger rocks in its
central part, For this reason ome must first of all determine the relative position
or age of a series ol beds either by the fossil contents in them or by the minor
features,, as ripplemarks, mud-cracks, rain-drops, foot-prints and 'curreutbeddmgs.
All these feature indicate the upper side of the beds®. When we find aut some of
them in each bed we can then correctly reconstruct the fold. An example will be
given as follows:

* Figure 1 of Plate II fepresents two limbs of a closed fold. It .may be recon-
structed in two ways; either as an anticline or as a syncline. If one of the above-
meationed features be found on the outside of thie strata, then it would be an anticlisg,
On the contrary, if any one oE the fcatures appeas in tht: mm:r side of the beds

hese series will be 2 synclitie,

Al thcsc features are of primary nature. Thcxc are, furthermore, 5ccpnﬁary
or tectonic omes which have been produced through folding. They are fracture
cleavages, drag folds, slickeusides or polished surfaces and quantz- or cafcit.cveins,
which cross the bedding and are displaced by the folding. These can also afford
some definite hint w a reconstruction of a [old, and will be considered sepamtcly‘

FI chire dmmgh. It is wellknotwn thar fracture “Eefiages aré” 'usually
p:\rallcl cxcq:'t undek spécial local conchuon.s to the axial Hlane of the foldi {On diis
assumption e jinay m.fer with rcfcrencc o PL T Fxg 2, that" the dip- angfé 0£ the

' Lo st

Cr Tt 6 o be mited thit the moldiT6r casts of ‘G suin Peatuires; Helien found, -owill
indicate fhe'lower Hfeagd of ilie uppth sdb af beds, Curdentibediding, .morcover; . is: tor e ffayind
neither on the upper nor on the lower side~The Editor,. -
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fracture cleavages is always steeper than ‘that of the right limb, and gentler than that

of the lefe limb, if the fold is an asymmetrical or overturned anticline toward the left
hand,

Drag folds. ‘These may indicate the top and bottom of a bed on the limb of
a major fold. From field observations we know that the upper beds generally move
over the underying beds toward the antichinal axis. Thus, PL II, Fig. 3 represents
the lefr limb, and Fig. 4 the right limb, of an overturned anticline.

Stickensides. Slickensides or polished surfaces, which appear on the bedding
planes of folded strata, ate often interrupted by “steps” or rough areas. This feature
offers important evidence to show the relative direction of movements of the overlying
and underlying beds. In the direction of motion the polished surface usually, fecl
and look much smoother. Two examples are given below. The slickensides repre-
sented in PL II, figure 5 are exposed on the left hand side 1nd those "represented in
fig. 6 on the nght hand. . Let it be l\nown that the smooth direction of the slickensides
in, the first case shows o downward motmn and that in the second case an upward
motion. It is evident that Pl. T, Fig. 5 repretents the right Lmb’ ‘of an overturned
anticline and Fzg. 6 the lc& limb of an o»mumed syncline, *

'Cross veins. Strata-are sometimes cut across by cracks. and fissures and then
filled by veins. When the. stzaty .are folded the veins are often-step by step displaced,
as shown in PL I, Fig. 7. By the relative displacement of the veins we can determine
thic position of the Timb, to which thé’ beds belong, for the vem,s in the lugher beds

slide with no excepunn toward the anticlinal axis,
i ol

DETERMINATKON OF THE DIRECTION AND. THE PITCH OF FOLD~AXES
i BY THE FRACTURE CLEAVAGE ;AND SLICKENSIDES

Folds appeaf m most cases jn groups. "Their axes sometxmes lie flonzonlzll‘y
But, as 4 rule, more ‘or less inclined. The inclination of ‘the axial l"ne mmsured
from the horizontal is called the pitch. Tn a complete fold' the axis® rises "ori' 'one end,
stretches for a ccrram horizoneal dxgranc/a and ,sinks down ggain on the other end.
Yg};en the: Ifolds are. cm:nplete e cag, directly mepsurg, the du;ectmn aqd pltch of their
ages,, If the folds are incomplete, as is _qsually the case, we may determine tbe ax:al
aﬁpt‘ude by meaﬂshof (he relations of the bedduxg plage to t.he fracture d,eavagc and
shekensxdcs, either_gne or . poth of wl-uch may_ occur in. assocxatmn mth the process
of foldmg~
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From feld observations we understand that the fracture cleavage, especially
in an cxtensive area of regional deformation, is generally parallel to the axial plane
of associated folds originated simultancously with the former. It is evident that the
intersection of the axial plane with the bedding plane shows the direction as well
as the inclination of the axis if the fold is a pitched one. Similardy, the intersection
of the fracture cleavage with the bedding plane can also show the position of the
axis in space. Basing on this relation we can find out the difection and the pitch
of the axis of folding by the method of stercographic: projection as follows (PL. I,
Fig. 1).

Let' the strikes of bedding plane and fracture cleavage be Ny4°E and N68°E
respectively. The former dips at 30° and the latter it 54°, both to southeast. By
the method of stereographic projection draw a line AB through the centre O, repre-
senting thie'strike of the bedding plane given above. P, is a point in the pormal
10 the bedding pline on the sphere, and "OF, representing the dip angle equal to 30°
The great circle AHIB is the trace of the bedding plane on the sphere. Suml.u'ly,
draw a fine COD, the strike, and UP,; the dip angle, of the fracture cleavage. ¢Hb
is the great circle mtcrscctc(j by the planc of the fracture cleavage with, the sphenca[
surface. The two great circles AFHIB 'and CEID intersect each other st two points
[e] and H, His a point on the sphere. Now, the line FOG is the direction (N86°E),
and FH the dip angle (20° to east), of the axis rcqumcd

A‘ ' Shckensxdes occur not only in a Iault zone, but also on beddmg planes along
which shearing movement often occurs during the folding. They are always in the
direction of movement. From field evidence we know that slickensides due to folding
have -the same angles and directidi as the dip of theibedding plave dvhen tHE gxis
of 3 fold is*horizontaly and dHitfthey show différent angles (always ‘dhaller) from the
dxp jangle where the folding axis is somewhar pitched. Based upon these relations
the direction and the pxtch of the axes of foldings may be determined by the method

of stereographic pm]ecl:lon (PL. I, Fig. 2). o

"Asstune’ that AGB (N60°W) reprEscnts the strike; OP the ‘dip angle :{o to
southwest); of the beddfi@ Phane:The greafcirde AHB il race of ie* beddmg
plasie on the sphére. The slickensides medsured on the dame beddmg plane is at' 32°
with the houzouml sifade 4K B4 e lefc hand of”ﬁxé“dxﬁ direction.” ‘The
mtersectmg point of the slickenside on ‘the Sphere must lie' on 'Hhe' grear cu—clc AHB
because the slickenside is on the bedding plane, and furthermore at the point’ S dimte -
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’O’S\equals to 58%, the complementary angle of the slickenside. Thus, LOM s the
projective direction of the slickenside on a horizontal plane. Now, the direction of.
the dip OP and that of the slickenside OS are not in 2 straight line, namely, not i
the same direction. The axis is, therefore, not in a horizontal position. If the axis
is rotated to a horizontal situation, the points P and § should lie in a straight ling,
Thus we rotate the tracing. paper over the Wulfls'Nefz until the points P and § lie
on a great circle CKD. In order to carry the axis to the harizontal position we must
rotate it oveér the areTJ—K\, and then P moves along' PP, to P, - ‘and § along S8, to S:
contemporaneously. P, and S, lie, now, in @ straight Tine COD which is the direction
of the dip and also of the slickenside. The line FOG drawn perpendicular.to COD
is the direction of the axis, being horizontal. Let P, and S, zcturn to their original
positions P and S respectively, then F will move to H because of fl—-l\equal t0 OK;
both of which are complementary angles of "OH. Consequently, FH or OK is the
pitch (22° to southeast), and FOG the direction (S32°E), of the axis reguired.

The determination made by the methods, as mentioned above,’ is correct only
at the locahty where the mcasumments were taken, since the pxtchmg axes do not
always continue downwards intd' “the earth With 'thé same iticlination, but often
undulate, or bend upwards and again downwards at different localities. Again, they
do not always estend in a straight direction, but ‘are sometimes v1rgatcd or zopfamg

Tt is necessary to add that the mer.ﬁods of stereographlc projection, as 'I have
stated above, is applicable only” vihere the fracture cleavage, of the slickensides, oceur
contemporaneously with ,the folding.

The direction and pitch of the ases determined by the methods of: steréographie
projection are sometimes' o5 accurate as those medsured directly in @ compléte fold,
But sometimes a slight diflérence may-also occuts This error is generally caused by
the following facts: 1. The bedding plane is by no means a perfect plape. 2.
The fracture cleavage is in most cases more or less shified from its original position
through the process of weathering and crumbling, so that even though we take
readings in the feld with much attention the error may still occur. This is more
usually the case with the fracture cleavage,

POSTSCRIPT

\While In general slickensides occur at angles different from the dip when the fold js somewhdt
pitched, there is still another case in which slickensides are developed nearly parailel to the strike of
bedding plane, that is, they run neatly horizontally. Such slickensides are occasionally present in the
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arched patt of an asnticline. It 35 well known that an anticline usually presents a more or less broad
crest.  Only in this broad past the upper bed has undergone a shear in the horizontal direction over
against the lower one when a series of beds is folded. Consequently, hori fly lying slickensid
are produced on the bedding plane due to this shearing movement. Thus when we notice hotizontal of
nearly horizontal sfickensides on the bedding plane we may take the measurement of the dip angle
of the bedding plane as the pitch of the folding axis even if no complete fold is ohservable.

EXPLANATION OF PLATES
Plate 1.
Figs. 1-4, Indirect methods determining the strike of bedding plave. Fig. 1. Joints; Fig. 2.
Mud-cracks; Fig. 3. Depression in limestone; Fig. 4. Flow of streams. .
Fig- 5. Pln of a pitch-folding as measured oear Nideggen in Schiefergebirge taken as an
example for ithistrting the relation of frmcture cleavage to the foldings.
Fig. 6. Fracture cleavage in a symmetricdt fo'd.

Fig. 7. TFractore cleavage in an ovéitﬁmed fold.

Plate 1.

Figs. 1-7. Determination of fold-limbs by minor stracture.

Fig 1. A closed folf, o

Fig 2. An d icli i“; ing the relation betw‘eex‘I fracture cleavages and its

finbs. )
Fig. 3. Left limb of an overturned anticline,
Fig. 4. Right limb of an orerturned anticline.
figS. 5 & 6. Avrow indicates the direction of sliding along the bedding plane as revealed in
slickensides. o : .
Fig. 1. Cr.=cracks, sp,=splits with filling displdeed by the folding.
Phte IL .
Flg. 1., Pitch and direction of the axis of a fold determined by the fracture cleavage.,
Fig. 2.+ Pitch and direction of the axis of a fu{d d ined by the | Jickensid
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f. INTRODUCTION

During the geologmal reconnaissance in E Stkang in 19411942 the writers
sbserved an old acxd vo]cagxc serfes, togethertsvnh srelated intrusive rocks, in the south-
castern part of the province, mainly in the valley of the Tatuho (Tungho}'. In x930,
the extrusive rocks of this valley between Tsutati {Anshunchang)® and Chinkouho®
first -récefved  the attention of K. Krejci-Graf, who regards. them as porphyry jbiit
gives no detailed petrographical description [14, p. 42¢]. {&hhough they are grouped
sogether with the true intrusive type under the genesal tesin of granite by H. C, Tan
md C. Y. Lee in their “Atlas for the Geology of Szechuan Province and Eastern
Sikang” [20, sheets 22 & 23], specimens of rhyolite have been found among their
zollection from the same valley by ' C. C. Chang {5, p. 208299]. In his recent
reconnaissance in the same region L. C. Ch'ang erroncously considered this igneous
complex to be exclusively intrusive {7, p. 13-14]. Some parts of the volcanics and
associated intrusive rocks have, in fact, been noticed by those pioneers just mamed,
but it is throngh the weriters’ field work as well as rescarch in the laboratory that they
are known to be products of 2 period of extensive igneous activity, which covered a
fairly large area and gave zisc to various types of mc}.s, oftt:n slightly sheared by
later stress, .

‘The age of the volcanic series and related intrusions has long been 2 matter
of debate. Tan and Lee considered them t6 be Early Testiary; KrejciGraf regarded
them 'as_pre—Penna-Cdrboniferous; and Chang assigned them to post-Jurassic—pre-
Cretaceous. ‘This disagreement is partly dne to misinterpretation of some characters
of the igneous body and partly due to an incomplete knowledge of the nature of the
contact between it and the overlying sediments.” However, the ‘writers believe it to
be. of preSinian age, a fact strongly supported by both stratigraphical and
palacontological evidences. .

The area which forms the subject of this paper is Fulin® and its environs,
Other outcrops will be deferred to a later ‘article. Fulin is a markertown situated
on ap alluvial plain just on the northern side of the Tatuho, where a tribdiary called
Lxushaho comes to join the lamer and the newly buile Loshan-Sichang Highway?

LR GEE): 2 BRFRRNS): 3 N
4. Legendse visited. the same rcglon :md pubhsh:d a preliminary report oa the :geology
thereof [Legeadre et Paul Lemoi Pri logi de la Mission Legendre aw pays
Lolo (Setchounn, Chine), Bull. Soc. Géol. France, 4 sér, 1. 1o p, 397, 1910],

SR/ 6 WHEL T BHEAN
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passes by in a NE-SW direction following the main stream. The volcanic series and
related intrusions are found in a narrow belt from this place west-south-westward to
Laoputzu® (see PL III). The geological features described in the following pages
were observed during a stx-day reconnaissance in this area, working mainly along the
trails on both sides of the Tatuho, Special sections will be devoted to petrography
and npatural history of these rocks; their distribution and correlation with possible
cquivalents in the neighborhood, will also be discussed.

Il. THE STRATIGRAPHICAL SUCCESSION

The geological section of the Fulin area along the northern side of the
Tatuho valley is fairly complete. The different formations observed are arranged
in ascending order as follows:

1. Pre-Sinian Volcanic Series. Reddish and greenish gray rhyolites and subordi shyolitic
sgelomeratic breccia and tuff. A detailed section of this serfes will be given Iater.

T mity

2. Sinjan limestone, Grey dolomitic limestone with chert bands and concentric structures,
A Basal arkese of shyolite and granite fi is locally developed. Thick about 500 m.

Di -
¥

3. Cambro-Ordovician llmeswne and quartzmc sandstore. This formation may be divided into
twvo pany the lower is a i 3: and silicious limestone and the upper a
d: and interbedded shz.ls. From the upper sandstone Cruziana® was found, indicating

an Ordovician age {22, p. 75-80]. Thickness over 200 m.

- U ity (2)

4. Devonian limestone (7). Dark grey partly crystalline limestone with poorly preserved
simple corals and Productellaz? ; upper part unexposed.

* 5, Permian Chihsia Limestone, Dark grey partly crystalline limestone with chert bands and
nodulss, yielding distorted fossils such as foraminiferas and gastropods; about 50 m. 7
6. Permian Omeishan Basalt. Dark green basalt with abundant phenocrysts of ~light grey
feldspar, abont 1.5%0.4 cm in size, showing amygdaloidal structure. Thickness less than 20 m. ik

1 BEF
2. Thaoks are due t¢ Dr, T. H. Yin for his kipduesy in identifying. these fossils,
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7. TRhgetic Hsiangchi Caal Serfes. A. series of black and grey shales and brownish sandstana
with local tosal 1 ic arkose, ini lamites sp* ., and ather plant fragments; n.ere
than 80 m.

From the above description it js probable that the volcanic series is of pre-Sinan- .
age. It seems, however, necessary to be pointed out here thar although the basal
arkose of the Sinian limestone appears to rest unconformably upon the volcanics, their
actual contact is unfortunately obscured by superficial covering®. At any rate, the
arkase itself suffices to prove the existence of an erosion surface between the volcanic
series and the Sinian limestone. In connection with the erosion surface, mention must
be made of the fact that at Sutsunpa®, Papai* and elscwhere the volcanic series and
related intrusive rocks are overlain by the Hsiangchi Coal Series, which has also a basal
conglomeratic arkose about 20 m thick as briefly described before, In view of ifs
material chiefly of subangular fragments of quariz-porphyry and granophyre and
subordinately )imestone and rhyolite, obviously derived from the rocks immediately
below, the arkose must signify a physical break between the igneous complex and the
coal series. But this erosion surface involves a much longer time and has done much
more destructive work as compared with that between the Sinian and the igneous
complex just mentioned. Thus these two surfaces are of similar nature but of quite
different chronological significance.

ll. DETAILED DESCRIPTION OF THE VOLCANIC SUCCESSION

The extrusive rocks are well-developed between Hochangpa® and ‘Tachung®
and to a less estent at Tsaiyangchi” and Laoputzu. As guided by the marked flow
banding of these rocks and their variation in the structure and texture in successive
beds, the time sequence of the eruption may be worked out to a rather accurate degree,
But owing 0 bad exposure and disturbance by later intrusions it is hardly possible
to trace the succession of the volcanic series from base to top. The section observed
from Kuanyinyen® to Tsingkangtsui® s perhaps the most typical, where the volcanics
generally swrike in the direction of ENE-WSW and incline mainly to SE at angles

- 1. The determination was mada on dra{vings of the specimens by Dr. H. C. Sze, to whom
the writers are much indehted, .

. '2. Thearkese is abaut 10 m thick and shows distinct bedded strocture, dipping fo S{3°E at
20°.1t is separated by a talus deposit about 20 m bread from the voleanics the flow banding of which in-
clines to N24°W at high angles, and by an alluvial fan of 70 m wide from the Sinjan limestone which
dips to N65®-35°K at 10°. The latter is cleacly seea to overlie concondantly on the arkose further
up-slope at a shert distance, while the unconformable relation of the volcanic series with the limestona
may bz deduced from their angular contact.

3 HPHER 4 AME 5. REE. 6. J0R TOESR S WFA 0 HIE.
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7,

varying from 35° to 90°. The following beds are observed as one proceeds from
Kuanyinyen east-southeastsvard (see PL II) and most probably represent an ascending

order,
1

2, gPhatk grey rhyolitic agglomeratic treceia. v w0 o

3,
4.
S.

-t

11.

12,

13.

Dark red nodular thyolite with scattered spherulites (ES 330, ES 3302, ES

211 LSRR

Black and dark 1ed glassy rhyolite (ES 328) .. .. .. .
TRhyalitic agglomeratic breceia with fragments chiefly of 3 (ES 328").. .. ..

Dark red thyolite with scattered phenocrysts of feldspar and quartz and frag-
ments of thyolite, showing martked flow structure (ES 326)

Pale greenish grey glassy rhyolite showing pronounced banded structure
(ES 327) et ve vo sn 20 es so e =

04 20 e mo nan o h eFas er et by ee te b ae

Red rhyolite with dull grey thin bands and abundant-irregular pale grey patches
(ES 325) vn vv a0 va vn ve ve me nn 0w on ne wa -

Red shyolite with abundant phenocrysts of feldspar and quartz, skowing faint
flow structure {ES 324) v oo voor oo =

Dark red rhyolitic agglomeratic breccia with plentiful rock fragments.in a
sab-paralle] ammangement (ES 324°) oo ve or v e ve 0o e ao e

Pale greenish grey rhyolite with a few rock fragments of rhyolite and small
phenocrysts of feldspar and guartz (ES 323) ai eu e or ae 4u 00 o0 00 40 00 00 o0 40
Dark red rhyolite with scattered Jarge red rhyolite fragments and abundant
phenocrysts of feldspar and guartz (ES 322) .4 «e ve vo vv oo 00 o0 o0 20 20 2o aa =e
Red thyolitic tuff svith small pherocrysts of feldspar and quartz, containing
abundant fragments of very small size(ES 316, ES 317) wvav v smsn eo oo e

Black rhyolite rich in phenocrysts of subrounded wwhitish feldspar and quartz,
containing a fesw rhyolite fragments (ES 32} e i sv i s sv i se v sn ae ae
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Suppose there is no repetition of beds in the above sectiom, the thickness of
the volcanic series exposed at this particular locality would: then amount to more than
2230 m. While rhyolitic lavas make up a litle over 7395 of the outcrop in linear
measurement, pyroclastic rocks total about 26%. In view of its enormous thickness
estimated, the voleanic series must have a great areal extent and a huge volume.
Furthermore, owing to the abundance of pyroclastic rocks, the deposits observed might

have been heaped up near the orifices, which will probably be discovered by extensive
exploration in the future.

L
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iV. INTRUSIONS

At Tachung the voleanic series is replaced by a red biotite-granophyre, which
Has mucli greater extent than the former, measuring about 3.5%X710 km in dimension,
The changing over from ane to the other is insensible and the junction betvrcen them
is quite jrregular. In spite of this, the marginal flow banding of the g#anophyre,
however local it may be, is suggestive of its younger age than the volcanic series,
although the time interval was by no means long. At places, shyolite xenoliths are
found scattered in this rock, further indicating their time relation as just mentioned.

Near the village of Sutsunpa a grey quartz-porphyry comes to appear in an
jrregular but distinct contact with the granophyre, showing ncither chilled border nor
metamorphic effects. Thence southwestward, although these two intrusions crop out
alternatively, the porphyry is in great excess of the granophyre in extent. At
occasians, the porphyry s found to contain scattered red patches, which are
petrographically like the former but distinguished by their attractive color. Since they
are considered to be fragments of rhydlite, the porphyry scems to be geologically
younger than the xenolith-forming rocks. But judging from the nature of the contact
between these two intrusions as stated immediately above, they are muost likely two
differentiated members of the same parent magma; thus the interval between their
implacement might be so short as to be negligible.

Rocks of dyke phase are small in extent and few in varicty in the area under
study, ‘Apart from a few small bodies of granitic aplite in the volcanic series the dykes
scem to he confined to the granophyre, all having limited size. While the granitic
aplite is lithologieally very like the granophyre, an additional fact indicating the .
younger age of the granophyre than the voleanic series, the dykes in the granophyre
are predominantly of basic composition, including diabase and lamprophyre,

Oswing to their genetic relation with the voleanic series, the determination of
the age of the intrusions seems to be an casy undertaking. As seen at a distance
the ranges of mountains composed of the intrusive rocks along both sides of the
Tatuho River are capped chiefly by the Sinian limestone, in the same mapner as in
the area of the volcanics. Their contact has not heen actually traced owing to
inaccessibility of the steep cliff, with the exception of the Chuansintien® section in
which the Sinian limestone was found to possess a basal conglomerate chiefly of.
pebbles of red granophyre and grey quartz-porphyry. Jt is thus evident that the
intrusions as well as their related volcanics are of pre-Sinian age,

1 S5
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V. STRUCTURAL FEATURES

The igneous complex of the present area seems to form a complicated
anticlinorium with the intrusions as core and the volcanic series lying above the Jatter, .
The flow planes and bedding planes of the volcanic rocks generally strike NWSE
or NE-SW and dip to SW or SE or still NW at various angles from 30° up to go°.
It is pardy unconformably capped by a partially preserved flat anticline composed of
Sinian limestone in the asial part and with the Sinian, Cambro-Ordovician, Devonian
(?) and Permian rocks successively exposed on its eastern limb. In the western part
of this region, further unconformably superimposed on the two structural units just
named, is a roughly N-S wending open syncline composed of the Jurassic coal series,
the erosional interval prior to which has disfignred the western limb of both the
anticlinorium and the gentle anticline. Apart from these structural disturbances there
are two thrasts of considerable magnitude. One is found to the west of the alluvial
plain around Fulin with its thrust plane inclining roughly to SW and bringing the
Cambro-Ordovician rocks to rest on the probable Devonian formation. The other
occurs at Chuansintien and strikes NNE-SSW, rendering the Sinian limestone to overlic
the Jurassic coal series. While the latter is undoubtedly post-Jurassic, the formep
may also have been formed compamtively. recently.

VI. PETROGRAPHY
1. Intrusive rocks,

Biotite-granophyre. ‘This is a gronp of porphyritic rocks in red color with -
varions shades of green and yellow. The conspicuous phenocrysts include qua.rtz.
about 3 mm across, not infrequently showing well-formed—hexagonal pyramids, and
pinkish feldspar up to 4 X rr"mm in size, set in a fine groundmass (ES 331, ES
332, ES 334, ES 336). Dark minerals are very rare, the most common one being
biotite. Under the microscope the greater part of this rock consists of a finc-textured
base of quartz and feldspar, showing pronounced granophyric intergrowth of varying
coarseness (PL. I, Fig. 1). Subspherulitic structure (ES 336) and myrmekitic intez-
growth (ES 331) are also noticed. The myrmekite is very fine and delicate and takes
the wartlike form [18], growing at the expense of potash feldspar, which is usually
bordered by primary plagioclase, The phenocrysts are corroded quartz and slightly
turbid feldspars, which comprise, in the order of abundance, ortheclase, perthite and
dligoclase. * The plagioclase is usually twinned on the albite law, but pericline twinning
is not infrequently noticed. Perthite is a characteristic constityent of this rock. It
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is chiefly the vein type in which fine irregular veinlets of untwinned albite are distributed
throughout the orthoclase in a sub-parallel trend. Tt is probiably of replacement origin,
formed by circulating sodic solutions throygh contraction cracks [3, p. 150-151].
_Flakes of dark green biotite with inclusions of zircon granules are the chief ferro-
- magnesian mineral, but in a small amount. A litde idiomorphic yellowish green
hornblende is occasionally present. Chloritic patches are often moticed, especially in
the neighborhood of biotite. Euhedral and granular epidgte occurs in abundance in
some slices in which the myrmekitic structure is developed. Magnetite and a little
apatite and sphene are scattered in the ground.

QOuartz-porphyry. Tt is a porphyritic rock with sub-round phenocrysts mainly
of quartz, about z mm in diameter, set in a finetextured base. It is usually grey in
color with shades of blue and green. The microscope reveals that the bulk of the rock
consists of a microcrystalline groundmass, often crowded with wisps of sericite and
occasionally exhibiting micrographic iftergrowth (ES 342). While patches of mosaic
quartz and feldspar are noticed in the groundmass in some slices (ES 342, ES 344),
grains of quartz in triangular from occur in a considerable amount in others (ES 346).
Phenocrysts are esseatially corroded and embayed quartz, together with subordinate
orthoclase and a ljttle perthite and acid oligoclase or albite. The quartz ofien shows
strain-shadows and at times are crushed to such an extent as to be broken, or even.
slightly ground, while the fcldspars are usvally decomposed with the production of
sericite. A litle biotite is present, but pardy altered into chlorite, Accessory
minerals are chiefly apatite, zircon and magnetite, -

The red xenolithic patches occasionally found (ES 346) are lithologically similar
to their host in many respects, but differ from the latter in that they contain a large
amount of brown allanite and yellowish green cpidote dn aggregated grains and
crystals and in thar pawches of aggregates of quartz occur sporadically in the
microcrystalline groundmass, which shows flow banding as marked by variation in
grain size. It thus becomes cvident that the parches are most probably fragments
of rhyolite which have undergone epidotization and silicification to a considerable
extent, undoubtedly related to the action of magmatic cmanations from the invading
quartz-porphyry. .

Minor intm:i&ns. Two groups of dyke rocks are secognized, ie., diabase (ES
368) and quartzhornblendelamprophyre (ES 335). The former is a dark green
fine-grained rock with shades of grey and brown, Tt is composed chiefly of lath-
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shaped plagioclase enveloped by ophitic plates of hornblendic pseudomorphs of augite.
The plagioclase shows a few albitelamellae and marked zonal structure; but owing
to deep decomposition it camnor be determihed with certainty. The hornbleade is
plecchroic, with Z=—green, Y=dark yellowish green, X—greenish yellow, and
Z>Y>X, and shows ZAc=ig9°. A noteworthy amount of quartz possibly of
secondary origin - is found occurring interstitially and often well corroded.
Magnetite in well formed skeleton crystals is of frequent occurrence. The
hornblendelamprophyre is a black aphanitic dense rock with a few oval cavities filled
up with dark green material. Microscopic study shows that the rock consists
essentially of tabular and occasiopally square crystals of plagiotlase in sheaflike
grouping and yellowish green chloritic pseudomorphs of idiomorphic hornblende.
The plagioclase is infrequently twinned on the abite law, but often shows zomary
banding, the interior of which is usually much decomposed with the production of
calcite and a little chlorite. Both orthoclase and quartz are frequently met with,
occurring in interstiial grains and in considerable abundance. A litde brownish
green biotite is present, fringed with 2 zome of green chlorite. Granules of iron
ore occur in a large quantity throughout the whole area. As accessory minerals are
fine needles of apatite and a little sphene. The cavities are composed entirely of chloritic
substance,

2. Rocks of the voleanic series

As already described, the preSinian voleanic series is exclusively of rhyolitic
nature, showing great diversity in appearance and structure, even within the limits
of a handspecimen. An examination of more than 8o thin sections shows that their
microscopical features are equally varied but that the variation is confined o a
definite range of crystalline structures and a limited number of mineral constituents.
Merely on the basis of the megascopical and microscopical characters, the voleanics
may be grouped into five catcgorie.s, ie., (1) porphyritic rhyolite, (2) glassy rhyolite;
(3) medular rhyolite; (4) rhyolitic agglomeratic breccia; and (5) rhyolitic tuff; and
will be described separately as follows.

Porphyritic rhyolite. ‘This rthyolite is dull red in color and has a lithoidal
groundmass with scattered small phenocrysts of quartz and red feldspar uwp to
35 and 25 mm long sespectively, showing pronounced flow structure marked
by light red streaks or lamellae abour 1.5 mm wide (ES 319, ES 320). At oceasions,
irregular fragments of rhyolite of small size are found embedded in the reck. A
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modification is a black, dense, semi-vitreous rock, containing much more sub-round
phenocrysts of light grey feldspar and whitish quartz and a few grey shyolite
fragments over 1.2 X 15 cm in dimensions (ES 321). Microscopically, the bulk of
the rock consists of a microcrystalline to cryptocrystalline groundmass, often enclosing
numerons crystallites chiefly of margarites, arranged in sub-parallel rows and sweeping -
around the phenocrysts (PL II, Fig. 1). Superimpose¢ upon the crystallites and
following the direction of flow are bands of closely packed microspherulites. In

some cases, myrmekitedike intergrowths are well developed in the ground (ES 321)

(Pl 1, Fig. 2) in which granules of epidote occur, probably genetically related to the
myrmekitic structure, The phenocrysts include quartz and feldspar. The quartz is
usually corroded and embayed with inlets of groundmass, ofien containing glass-

cavities. Faint wavy extinction is frequently noticed in the quartz, more marked in
farge crystals than in the small omes. The feldspar comprises orthoclase (chiefly
sanidine), perthite, oligoclase and microchine, all having been more or less decom-
posed.  The oligoclase is twinned on the albite law, occasionally having its twinning
lamellae bent. In that slice in which the groundmass shows myrmekite intergrowth
{ES 321), both alkaline feldspar and plagioclase are partly replaced by epidote. The
jerromagnesian miacral is represented by a green bictite, occurring in small flakes

and limited quantity, but chlerite is much common. Gianules of iron ores are
frequently scen. A litde zircon and apatite are also present.

Glassy rhyolite. This is 2 red and greenish grey lithoidal nonporphyridic rock,
sometinres with a few minute phenocrysts of quartz and red feldspas, often showing
banding structure marked by parallel dufl red bands of variable swidth ranging from
a fraciion of one mi¥dmetre o several centimetres or by discontinuous green sireaks
of chloritic substance. Under the microscope the reck is very fne-textured, showing
distinct flow structure due to variation in the grain size and amount of iron oxide
dusts or other dark colored amorphous material, ‘The groundmass is usually
wraversed by micropertitic cracks, indicating that the rock was originally of glassy
nature 2nd that the crystallice stroctuse of the rock in which they occur is dee w
devitrification (PL I, Fig. 1) [1]). The phenocrysts are chiefly rounded and embayed
quartz and subordinately corroded turbid orthoclase, perthite and albite. The guarnz
shows strain-shadows and occasionally contains parallelly - aligned fuid inclusions.
Minute fakes of dark green biotite are of frequemt ceoirremce; a litde dark browa
19 pale brownish green hornblende is also seen, giving Z A c'==16°. Optically positive
chlorite js common, ofen as deccrations cither on the perlitic fissures or How layers.
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A few epidote granules occur interstitially. '\’Viﬁps of sericite derived from feldspar
are frequently noticed in the groundmass. A litde zircon, rutile and magnetite
appear. :

Nodular vhyolize. It is a dull reddish devitrified glassy rhyolite with shades of green
and yellow, showing well developed nodular structure and indistinet flow banding
(ES 330, ES 3303, ES 330b). The ncdules are sporadically distributed in the rock,
seeming independent of the flow structure, and generally assume spherical or
subspherical form, ranging from a few millimeters up to 3.5 cm in diameter.
Triangular and polygonal shapes are also noriced. They are mostly composed of
whitish quartz in the central -portion and red feldspar in the exterior, etther in
roughly concentric arrangement or in irrc_gulér intergrowth and often stained by
chloritic material. In some cases, a single nodule consists of two or more sphercs,
At occasions, red feldspar is the only constituent of the spherilite (PL I, Fig. 3).
The mineral composition and microscopical features of ‘this rock are similar in many
respects to-those of the glassy thyolite described above, but a great diversity in texture
is recognized. It-is essentially a microcrystalline mass, together with patches of
aggregated grains ‘of quartz”and feldspar, indicating “patchy devitrification” [4].
Perlitic cracks are well developed in the matrix, usually encircling mosaic quartz
and turbid orthoclase. The quartz contains parallelly ~aligned crystallites and
shows wavy extinction (Pl I, Fig. 3). Patches of chloritic substance occur in
nbundance, usually decorating the perlitic cracks. Some portions show granophyric
siructure.  Spheralitic structure is fully developed in the groundmass which will be
detailed below. Only a few crystals .of quartz and sanidine and acid oligoclase
occur as phenocrysts; the quartz is well corroded and embayed with inlets of the
groundmass, usvally showing strain-shadows, Flakes of biotite in 2 pale yellowish
green, color are the chief ferromagnesian mineral, but optically positive chlorite is
more cominon, showing strong pleochroism, X==pale green, Z=Y==dark green,
X<Z~=Y. A litde greenish brown hornblende is present. In one slice (ES 3302}
patches of pinkish isotropic allanite occur, exhibiting imperfect cleavages ‘and
moderate refringence. Apatite and iron oxide are the chief accessories,

The spherulitic growths may be divided into two main groups: one developed
in the groundmass and the other in the nodules. The former is of microscopical
dimensions in complete or partial development and distince but irregular form.
They are distributed at random throughout .the matrix, but mostly well developed
along the perlitic cracks (PL. I, Fig. 3), tending to coalesce into quds. The radial feldspar
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fibers which constitute “the spherulites usually form broad Black cross between crossed
nicols owing to splitting into many divergent black arms. Altough the second group
has the same fibrous structure as that of the first one, the growths vary greatly in
structure.  In gencral, the nodules are composed of two layers, 7.e, the inner mosaic
guariz and the outer fibrous feldspar with a continuous outline or divergent branches. .The
teldspar fibers, nearly parallel te which lies the direction of vibration of the fast ray,”
show parallel extinction or very small extinction angles and then may be erystals of
sanidine elopgated along gaxis. Qwing to varable orientation of the fibres, the
extinction of light is quite irregular and so black cross is formed. The fibers do not
uniformly radiate from the center of the spherulite bur end wherever to meer the
area of quartz. The course of the fibers is often interrupted by circular lines so as
to separate the spherulite into concentric . layers, probably marking the original
outline {rom which successive layers of the fibers have grown omt (PL H, Fig. 5).
In somie cases, coscly packed indistincy minute circles appear to dot the area of
feldspar fibers, having lower refringence than that of the latter, which continue,
however, their course without change of direction (PL II, Fig, 5). Tt secrns likely
that they are minute spherulitic bodies, later superimposed by the larger omes. In
other cases, just as the shells of some lithophysae [13, p. 417], the fibers are further
interposed by small pellers of widymite, which differ from the minute spherulites
in their-well defined outline and being not traversed by the fibers (PL I, Fig. 6).
Some spherulites have only one center, while others consist of two or more codlesced
ones se thar the arrangement of the radial fbers shows an undulatory appearance
(PL 11, Fig. 2). In case the nodules are composed cntirely of feldspar, the spherulites
take quite irregular forms, such as hemisphere, sector, etc. The fibers usually occur
in wedgeshaped groups (Pl II, Fig. 7), branching out in such a way that.the parts
of the following branches are more numerous and divergent than the preceding ‘
ones, a phenomenon long recogpized by J. P. Iddings [r3, p. 415]. Owing to the
great variation in orientation of the crystals thus formed, the fibers do not extinguish
uniformly with the production of black cross bersveen crossed micols.

Rhyolitic agglomeratic breceia. This group is next in abundance to the rhyolite
lava and represcated by at least three varicties. The first one is crowded with
angular fragments of glassy rhyolite, black and dark zed o color and varying from
01 to 25 em in diameter (ES 328). Owing to loose cementation, crevices and
cavities may be considetably large. The mawrix is pale greyish green in color and
finetextured, containing a few crystals of quartz and red “feldspar. The second
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variety (ES 324) is a datk red lithoidit and characterized by the sub-parallel arrange-
ment of the enclosed rock fragments, which vary both in size and in form and appear
to have drawn out along the direction of flow. A fairly large amount of phenocrysts,
mainly of red feldspar crystals and quartz grains, occurs. The third = medification
{ES 369) has not been found #z sitre but occurs in the talus deposit near the village
of Laoputzu, copsisting essentially of subangular rock fragments up to 5 cm in
length, ‘embedded in a pale green and finetextured base. The slices show that the
groundmass of all these types is micro- to cryptocrystalline, displaying tortuouns flow
banding and stained by chloritic material and iron oxide. In some cases, numerous
crystallites, chicfly trichites and scopulites, occur in the mass. The enclosed rock
fragments are mainly devitrified “rhyolitic glass as indicated by the perlitic cracks
(PL I, Fig. 3). Minute volcanic lapilli occur also in abundance, showing typical
“ash structure.” Crystals of corroded quartz and orthoclase and a liwde oligaclase
are fequently noticed. Ferromagnesian minerals are very rare, usually represented
by a green biotite and chlorite,

Rhyolitic suff. Megascopically thijs is a red compact fine-textured rock with
plentiful small rock fragments about several millimetres. across and crystals of quartz
and red feldspar, which are distributed at random so as to give rise to a dirty
appearance (ES 361, ES 361a, ES 362). The slices show that the rock is quite
heterogeneous, composed partly of sub-angular rhyolite fragments and partly of
shreds of devitrified glass. The latter vary greatly both in size and in form, but mostly
possess concave outlines, showing the characteristic “ash structure” (Pl II, Fig. 4).
Partly rounded and broken crystals of turbid orthoclase and albite and quartz occur
also in abundance. All these are set in a microcrystalline, occasionally laminated,
matrix heavily charged with dark zed iron dust and wrapped round by the lamination

of  the latter. Mafic mineral is in a negligible amount and represented by a
decolorized biotite,

VIl LATER MODIFICATIONS

From the petrographical description given above, it will ‘be seen thar-the
voleanics and intrusive rocks have undergone various modifications since their “eruption.”
-Among them the most "noticeable changes*fill ‘into two types, mamely, '(r)deuteric
effects vand (2) *mechanical deformation.. They differ greatly ffom *each 'other,” st
only -in-nature but also: chronologically. These alterations are by no means*detectable |
-insall ‘the -rock-types observed-and “have’nor been -equally - developed ~even within *the
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limits of a single handspecimen. The factors governing such variations are chiefly
the physicochemical conditions under which a certain rock or mineral is subjected
to the changes; and will be secq where they come to appear ia the folllowing remarks,
In addition, the process of devitrification may be dealt with under this heading, but
it is confined exclusively to the glassy rhydlites as shown by the microcrystalline
steucture and the formation of crystallites and irregular mosaic of grains of quartz
and feldspar. The most convincing evidence of this is afforded by the preservaiion
of perlitic cracks in the crystalline base of these rocks.

; (1) Deuteric effects. The term “deuteric” of J, . Sederholm J18, p. 143]
used here designates such end-stage changes redefined by R. . Colony [11] as
albitisation, epidetisation and chloritisation. The phenomena are confined mainly
to the biotite-granophyre and subordinately to the rhyolitic lava, but rarely noticed
in the quartz-porphyry. They are manifested by mineralogical changes in the manner
of replacement accompanied by microstructures, Among them albitisation s the
most remarkable and widespread as indicated by myrmekitic structure and perthitic
intergrowth., However, it must be pointed out that although the latter is largely of
the vein type probably formed by replacement, the occurrence of varieties of exsolution
origin in the rocks should not be excluded owing to the fact that the perthite is
occasionally too fine and delicate to be accurately discerned. While chloritisation of
biotite and other ferromagnesian minerals is universal, the formation of epidote from
materials derived during the alieration of the feldspar and mafic minerals or from
some outside source, often accompanied by the myrmekitic intergrowth [2, p. 65], is
only of rare occurrence. Doubtlessly the agents responsible for such modifications are
magmatic emanations; it is a question whether the fluids were derived from a certain
common source or given off respectively from the magmas which produced the various
rocks under discussion. Since these changes are paulopost and the rocks affected
represent two phases of an igneous activity, /.., intrusive and extrusive, with 2 certain
period of interval, the sccond alternative seems prabable.

(2) Mechanical dejormation, Both the volcanic and imrusive rocks have beed
slightly affected by stress of some kind as mentioned before. The cffects thus produced
are mainfy those of strain without yielding as shown by the widespread undulose
extinction of quartz. Besides, some fracture types are also notiled, such as the bending
of plagioclase, the crushing of quartz grains, cte, Moreover the mechanical disturbance
is occasiunall)" accompanied by miveral transformations, which ‘are illustrated by the
formation of sericite and a portion of chlorite and more remarkably, by, saussusitisation
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hd uralitisation of the basic dikerocks. But near the western border of the region
n question, both volcanic and intrusive rocks show more proncunced cataclastic
phenomena; then, at Laoputzu, Anshunchang and eclsewhers their metamorphic
derivatives such as quartz-sericite-schist® , sheared quartz-porphyry, fiaser-granite, etc,
are the predominant types*. The intensity of dynamic disturbance toward the west
is highly significant, most probably suggesting the dislocation of the crust associated
with such a metamorphism [17, p. 322-323] may have taken place somewhere in
that region, ’

VHI, -CORRELATION AND DISTRIBUTION

The extensive outburst and subsequent intrusion which have given rise to
arious rock types of acid nature® in the area of Fulin occurred in the pre-Sinian
ime, In view of the slight metamorphism by which they are affected, this igneous
omplex is apparently incomparable to the crystalline rocks of this age in other parts
of the country. However, such a discrepancy in nature may be appropriately ascribed
to difference in physico-chemical environments once prevailed in” different localities,

‘Thus, relatively intensely metamorphosed types of the igneous complex equivalent to
the slighdy sheared ones occur in some places of the surveyed region due to certain

tectonic conditions as previously mentioned.

Just ke the jgneous complex of the Fulin ares, so the pre-Sinian granite of
the wellknown saciéd mountain of Omeishaf along the western border of the
Szechuan Basin and about zeo km to the east of Fulin, also appears intact so far
as metamorphism is concerned [8, 12, 19, 15]. In addition, the stratigraphy of this
section is quite similar to that of the present region, Thus it becomes natural that
the intrusions of these two localiies may be duly correlated, although extrusive
equivalent is lacking in the Omeishan area,

1. Both ficdd observation and microscopic study show that this tock is 3 metamorphosed
rhyolite. -
2. Petrographical description and comparative study of these rocks will be set forth in

a separate paper.

3. Partial chemical analyses of three specimens representative of the type rocks have been
made by Mr, Y, C. Shang of the Chemical Laboratory of the Survey. Their silica content is given
in the following ‘table:

Sample Rock name Pcrteht::gc weight of SiOs
E} 320 Rhyolite. 7333
ES 331 Granoplyre 7627

r E8380 Quartzeporphyry ! 72.37
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The igneous body composing the famous mountain pass Tahsiangling' about
30 km to the north of Fulin was mapped as a granite intruded into the “Red Beds”
of Cretaccous age by Tan and Lee [z20, sheet 22]*. It is, however; discovered by
the writers that the southern slope of this pass is made up of pinkish rhyolite and
green agglomeratic rhyolite while a reddish coarse-grained biotite granite predominates
in the northern. They do not cxhibit any metamorphic phenomena other than strain-
shadows in quartz, nor the overlying sediments show the least sign of thermal
metamorphism. Owing to its close petrographical similarity and geographical proximity
to the pre-Sinian igncous complex of Fulin, both the exwusive and intrusive rocks of
Tahsiangling may then be assigned to the same age. According to the senior writer's
obscrvation made in 1939, the extrusive quartz-porphyry, thyolite and agglomeratic
lava occurring near Tachiactou®, Yungching®, not far from Tahsiangling, are really
the equivalent of the extrusives of the latter, consequently it may be reasonably
inferred that they came inte being during the pre-Sinian volcanic cpisode instead of
Jurassic or Lower Cretaceous as assumed by C. C. Chang [6, p. 202].

The volcanic series in Luku®, a considerable distance to the south of Eulin,
was discovered hy Y. C. Cheng and his colleagucs in 1939 and considered as of pre-
Permian age [9, p. 1-14], which was recently changed into pre-Middle Devonian [10,
p. 256]. Judging from its geological features and petrographical characters as
described by them and also observed by the writers themselves,) the volcanic serjes
of the said region is probably an equivalent of that dealt with in the present paper.

IX. CONCLUSIONS

1. The contribution of the present work is the establishment of a pre-Sinian
volcanic serics of rhyolitic composition accompanied by genetically sclated biomte-
granophyre and quartz-porphyry and basic dykes® in the area of Fulin, E. Sikang.
So far as the present knowledge goes, it is the oldest of its kind in this country.

n k& - .

2, According to the piosece work of L. von Loczy on this region in 1879, the igncous
mass ‘was an intrwsive body composed chiefly of an amphibole-granite in the sorthern part and
quartz-porphyry in the southern and belonged to theArchacan age [16, p. 680-685, fig. x21],

JILABEE 4B E s Ak

6. It is further obscrved that in addition to the acid rocks so far described  the, igacous

plex also . ins basic and ulwabasic types as occurring at Tsaopapai and clsewhere. For the
convenichce of compamative study and geological mapping, -the, trm ..:‘Fulin Ignmus,::Con?plcx" is
proposed for them,
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2. It is most probable that the preSinian igneous activity under consideration
has covered a fairly larpe area, mainly the southeastern part of Sxk:mg and the border-
land between the latter and the Red Basin of Szechuan

3. Both the volcanic and intrusive rocks have usually been affected by later
dynamic forces, but only the carliest stage of metamorphism has been attained.

4. As evidenced by its immediately overlying arkose, the preSinian igneous
complex has definitely been subjected to a long period of erosion. This erosion surface
may represent the socalled “ep-Archacan interval,” which is of almost universal
nature and has long been recognized in various parts of the country [21, p. 65-82].

5. As the geographical position of the igneous body under question is just®
on the border between the Red Basin of Szechuan and Sikang, it is both geologically
and palaeogeographically of high importance. It is a wellknown fact that most
sediments, i not all, deposited in post-Algonkian times in these two regions differ
‘considerably. The most outstanding difference lies in. the deposition of “Sikang
Series” * in one region and its absence in the other. Such a sudden change in facies
may be, ascribed to an old landmass composed of the pre-Sinian igneous complex, which
served as a barrier so as to render the environments of deposition on one side quite
different from the other. However, the extension of this supposed land cannot be
delimited for the time being and further work is thus desired.

In conclusion, the writers wish to express their gratitude to Dr. Y. C. Cheng
for his constant zealous. direction and helpful snggestions during the preparation of
the paper and his kindness in critically reading the manuscript. Acknowledgment
should also be made to Dr. T. K. Huang for valuable discussions and criticism for
many points of the present work,’
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EXPLANA“ON OF PLATES
Plate 1.

Fig. 1. Gravophgre (ES 334), Tachung, 4ix. Showing micrographic intergrowth of
feldspar (turbid) and quartz (clear). ¥ N.

Fig. 2. Porphyritic thyolite (ES 321), Tsingkangtsni, 41 %, Showing myrmekitic intergrowth,
A erystal of epidote is found in the center of the drawing, XN.

Fig.-3. Nodular rhydlite (ES 330), W of Kuanyinyen, 41 X. Showing the groundmass with
peritic cracks, which enclose partial spherulites and patches of mosaic quartz, The latter contains
crystallites and shows undulose extinction. XN.

Fig. 4. Glassy thyolite (ES 327), Tsingkangtsui, 41x. Showing pmllel flow lines traversed
by a system of curving perlitic cracks. HN.

Fig 5. Sketch of a nodular shyolite with various forms of spherulites, blank spate=matrix,
datted area=feldspar, cress-hatched partion=squartz, from W of Kuanyinyen,

Plate 1.

Fig. 1. Porphyritic rhyolite (ES 320), Tsingkangtsai, 4{x. The cryptocrystalline grovndmass
shows flow structure marked by subparallel crystallites, which sweep around the embedded porphyritic
quartz and feldspar. Between crassed nicols, bands of small spherulites occur along the flow-lines, which
pass throngh the former without interruption. IN.

Fig. 2. Nodulr shyolite (ES 330 a), W of Kunyinyen, 5x. Showing a spherulite with
several centers so 1hat the atrangement of feldspar fibers gives sise to wndulatory appearance. Trends
of minute spherulites {small circle) and perlitic cracks are ako developed. ¥N.

-

Fig. 3. Rhyolitic agglomenatic breceia, (ES 324), Tsingkangtsui, 21%. Showing the sube
perallel of slightly elongated rock-frag, and shreds of glass, The former usually show
perlitic cracks while the Iatter e'dnhlt ‘'ash strocturg™. A few crystals of quartz and feldspar are en-
closed. IN.

Fig. 4. Rhyolitic tuff (ES 316 2), Tsingkangtsni, 27x. Showing typical “‘ash structure™
a$ indicated by convave outlines of shreds of devitrified glass. Crystals of quartz and feldspar are also
embedded in the matrix. ]I N,

Fig. 5. Spierulite compxed of feldspar fiiers traversed by concenttic lines and minute
spherulites (ES 330), from W of Knanginyen. LN,

Fig. 6. Sphemlite made up of feldspar fibets in the exterior portion and mosaic quartz in the
interfor, together with minute pellats of tridymite (ES 330 b), from W of Kuanyinyen. J[N.
¢

Fig, 7. A sector made up of feldspar fibers (ES 330 b), from W of Kuanyinyen. XN.

Plate III.
Geological map of the Fulin area.
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GEOLOGICAL MAP OF THE FULIN AREA
By C.J. Pang & H.Chu (1241) .
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I. INTRODUCTION

The discovery of bauxite from a number of places in Kueichou in, 1941
made by Dr. S. S. Yoh and his colleagues [13] is of economic as well as
scientific significance., In the following year, the writer, in collaboration with
Dr. C. Y. Li, bad an opportunity of making an investigation of the threc
deposits found, namely, Yunwushan', Wangbhi®* and Wangkuaa®. Though a

L

*Received for publication in March 1944.
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preliminary zeport dealing with geological and other details of the deposits was
written by the writer right in the field, some problems have been left nmsolved,
the most interesting and also economically important one being their variation in
quality,

The bauxite, for the most part of inferior quality, shows a great variety
of chemical composition. Moreover, as a result of careful observation of a few
sections in the ficld and dewiled study of a number of specimens and slides in
the labaratory, it is known that variation both in physical and in mineralogiéar
chavacreristics is also remarkable. The variations appear to be much more
pronounced in the vertical direction than in the horizontal and seem furthermore
to bear a relationship to depth.

The purpose of this article is to give a brief account of the nature of ths
deposits, particularly the facts related to their “vertical changes. Althongh the
problem is attacked merely from a scieatific standpoint without any practical
considerations, the present contribution may be, it is hoped, of use for further
exploration and development of the deposits. '

N, THE AGE OF THE BAUXITE DEPOSITS

The bauxite is usually found to rest upon the Lower Ordovician siliceous
dolomite’ , which yields Proterocameroceras. The contact between the Ordavician
and the bauxite is unconformable on account of the uneven surface of the former.
Obviously, the presence of bauxite is in itself also highly suggestive of this
relationship owing to the fact that bauxite deposits represent weathering products
of certain pre-existing rocks as genperally accepted.

The stratigraphy of the Dbauxite-bearing rocks is given in ascending order
as follows:

dolomi,

Subformation; lower Ordovician siliceous with Prater as sp.2 and crinoid
stems. Thickness about 380 m.
Unconformity

Late Lower or early Middle Carboniferous:

B -

1. One amlysis of the dolomite made by Mr. Y. C. Shang, chemist of the Survey,
shows a composition as follows: CaO=32.53, Mg0=20.22, Si0, =T7.38,

2. All fossils are identified by Dr. S. S. Yoh.
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A. Bamite beds:

€3] Fenuﬁueu sandstone and bauxitic shale with a kiyer of hematite at the base.
‘Thickness about 1 m.

{2) Greyish and pinkish bauxite and meitic shale. They are unfossiliferous, but the

uppermast part is a dark brown cart s bauvitic shale, fonally_cantait
ing plant remains too poorly preserved to be ideatified. Thickness varying from
J3to8m

B. Coal Series: A series of variegoted shales, whitish guartzitic sandstone and carbonace-
ous shale, infrequently with two or three thin anthmcitic coal seams. Thickness from
a few centimeters to 2.5 m.

Middle Carboniferous:

'C. Huanglang Limestone: Light grey wellbedded Mmestone with a coml fauma
inclnding Chactetes sp., Zaphrentis sp., Caninia sp. Thickness about 20 m.

Diss formity.

Lower Permian:

D. Chihsia Limestone: Grey well-bedded Iimestone bearing numerous irregular bands of
flint, occasionally with a layer of fertuginons qua.ftzitic sandstone at the tase. In the
limestone the following species ave found: Nankinells inflata, Productus yangtzeensis,
Michelinia cf. microstoma, Tetrapora ele la, T. syringoporoides, Polythecali:

kincasis, Wenzelella sp., Orth hiz cf. mor

It is forther observed that the bauxite layer passes upward without detect-
able physical break but with a transitional bed of carbonacecous bauxitic shale
into the coal series. It may thus be regarded as a part of the latter. Since the
coal series is immediately succeeded by the Huanglung Limestone, it is to be
considered either as early Middle or as late Lower Carboniferous, which is like«
wise the age of the bauxite.

AL MINERALOGICAL AND CHEMICAL CHARACTERISTICS

The bauxite is a light grey and light yellow, fine-grained, compact mass
and looks like lithographic limestone. The finer ore is denser and gives a smooth
feeling, frequentdy showing sub-conchoidal fracture. Both oolitic and pisolitic
strutures characteristic of most bauxites are not common in the present example.
Only the relatively coarse variety often contains some scattered oolites and pisolites.
The diameter of the largest pisolites seen is about 1 cm, while oblites are usually
0.r to 0.15 cm across. Conglomeratic and banded bauxites have also been
noted. A special featnre of some specimens which has hitherto been unrecorded
is the {‘vermicular’” structure, shown by concretion-like masses and patches
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ranging from 2 few millimeters up to 1.8% 1.5%3.5 cm in size (see Fig. 1.

These bodies are translucent, bluish grey or brown and wax-like, and often assume
a tubular form with rather sharp boundary.

Fig. 1. Sketch-diagram of a “‘vermicular’* bawdite (60T)%.
White=matrix.
Cross-hatching =**vermicalar® tubes,

Although varions forms of bauxite as just described have been recognized,
only three kinds are of common accurrence, viz., (1) the coarse *‘vermicular”
and oolitic, {2) the fine “vermicular’ and (3) the fine massive. All these forms
are not only distinguishable morphologically, but also differ more or less from
one another both mineralogically and chemically. Moreover, the quality of the
bauxite is usually reflected by its external form; thus identification of various
forms can often make it possible to estimate its grade.

1. Mineral constituents.

The bauxite is apparently homogeneous in composition, but microscopic
study reveals that it is composed essentially of a dark colored ‘‘amorphous™, mass,
together with a minor amount of crystalline minerals. Awmong the latter the
various species so far recognized are going to be described below.

Diaspore. This is by far the most common form of aluminum hydroxides .
found in the deposits. It is much more abundant in the fine massive ore than
in the “vermicular’ and coarse variety. It is usually irregularly granular and
aboat 0.02 mm across. But crystals are also frequently seen, showing (oro)
face with incomplete (210) cleavages and terminated by uwnit pyramids {r1r).
Partings nearly parallel to (0o1) are distinct and common. It is usuvally bluish
or orange with various shades of green, yellow and grey and shows remarkable
pleochroism, X=colorless, Z=yellowish grey to greyish blue and X<Z. The

1. The numbers and lettar in the parenthesis refer to the specimen collected.
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refringence is moderate but its birefringence is strong. It is optically positive
with 2 large optical angle.

Bockmite? A few dark blue grains and prisms were found, showing
indistinct cleavages parallel to X’ and weak pleochroism with X<{Z. The refring-
ence is as high as diaspore, but the birefringence is much weaker. Judging by
its resemblance in some respects to but differing Ini others from diaspore, this
mineral is probably bochmite. However, it should be admitted thar the deter-
mination is still questionable, since some characteristic features of this mineral
as described by J. de Lapparent [5] have not yet been recognized.

Gibbsite. It is extremely rare. Only a few colorless plates have been
found, giving ZAc" =42° and showing 2 refringence slightly higher than balsam.

Raolinite. The *vermicular’” bauxite, cdarse or fine, usually contains a
large amount of this mineral, whereas the fine massive ore is almost always poor
init. But in any case it is by far the most common crystalline mineral so far
noted. It is found as flakes and sheaves cnclosed in the amorphous base,
distinguished by its low refractive index and birefringence and especially by its
tendency to combine into fan-like or vermicular bunches. It isto be noted that it
frequently shows wavy extinction and occasionally spheralitic structure.

Halloysite. It occurs in itregular patches and makes up the bulk of the
“‘vermicular®® tubes. Aggregated grains of this mineral are also frequently noted
in other forms of the bauxite. It is essentially isotropic with N'=1.546 as deter-
mined by Chaulnes method, but also contains scattered small particles with visible
birefringence. Some pasticles exhibit well dcfined spherulites, giving a black
cross between crossed micols. The identification of this mineral may furthef be
ascertained by its physical properties, such as H& 2.5 and sp. gr.=2.43 and its
translucent character, waxy appearance and sub-conchoidal fracture 4s mentioned
before. Since this mineral is, as a rule, apparently amorphous and isotropic, the
formation of the crystalline structure might be due to internal strain resulted
from conteaction on drying., This may be verified by its less water _cofxtent,
14.28", as given in Table 1V, higher réfractive index [6, p.12] and spherulitic
structure [io, p. 5195 4, p.25] as stated immediatély above. -

1. This amgunt tenders the halloysite to approach to kaolinite, which ordinaril i

7 ly 147
bf water. N %




93 Bulletin of the Geological Society of China

“Zircon. Tt is of common occurrence in many samples and found as minute
grains or occasionally as prisms. It is distinguished by its high refringence and
birefringeace.

Ruatile. This is perhaps the chief titanium-bearing mineral, but only a few
minute grains of it have been detected. It is well marked by its dark red color
and extreme refringence and birefringence.

Sphene. A few dark brown oval grains with extreme bircfringence may
be sphene, but owing to the minute size the determination cannot be made
certaing

Quartz. Only a little quarte is noted occurring in triangular or subangular
grains. It may be identified by its rapid extinction or “quick wink'’ and clear
appearence. .

Pyrite. It was found eply in the samples coming from the top and the
lower portion of the Yunwushan section, where the coal series is well developed:
It is the only mineral other than halloysite which can be recognized with the
naked eye. It usually occurs in minute granules or cubes bur is also found as
nodules with a rim of carbonaceous material.

Limonite. Patches and streaks of limonitic material are not infrequemtly
noted in most slices and the iron content of the bauxite may own its source to
this mineral. )

From an inspection of the above list of mineral association, it will be noted
that diaspore is the preponderant hydroxide of aluminum, while gibbsite and
bochmite () occur only as accessories. The abundance of kaolinite and halloysite
is also a distinguishing feature of the deposits. It calls for special attemtion
that in the ““vermicular’” bauxite there are much, more kaolinite and halloysite
than hydrates of alumina, whereas the reverse is true for the fine massive ore.

2. Chemical composition.

From the analyses of the writer’s collection of 52 samples’ taken from
different localities in the three areas investigated, it is known that they showa
remarkable consanguisity in chemical character, although some constituents usually,

1. Thanks are due fo the Huanghai Chemical Industry ZInstitute for amalysing this set of
samples, -
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vary a little, sometities considerably, in amount. ‘This leads the ‘@tet to believe
that the bauxite deposits must be originated from a common mother rock and
formed by the same processes. For the sake of simplicity, the long lst of
analyses will be left out in the preseat paper; only some chemical characteristics
will be given in the following:

Al,O,. Most samples have a low Al,O, content, averaging to 4% and
varying only a little. But some coming from the lower horizon of the Yunwushan
section contain abont 705 of alumipa.

8i0,. The silica content generally averages to. 35% and may attain to
45%. Of those samples with about 7095 of Al,O,, silica is reduced to 8% or
less.

Fe,(Q,: The bauxite is always poor in iron and orﬁy 1% or less of
Fe, O, has been detected from all the samples: Tt is, however, worthy of notice
that there occurs a layer of hematite with a ferruginous shale at the base of the
deposits as stated before.

H,O0. The combined water of the bauxite is exclusively around 14.5 %.
This is one of the most distinguishing features of the bauxite.

Ti0,. TiO, runs about 2.5%, in most samples, but may be as high as
more than 7%, in those which contain some 70 95 of AlL,O,. It is to be noted that
in many Indian bauxites more titanium oxide accumulates also in the aluminous
portion of a laterite mantle {2, p. 27].

As scen from the above data, the ratio of 2= g’ for most samples analysed
is about 1.5, although they bave the profit of low iron content. It is thus clear
that our bauxite deposits are principally of low grade and that the majority of
them seem to be a bauxitic shale instead of a true bauxite ore suitable for
extraction of aluminum.

A point sworthy of special remarck is that the forms of the bauxite bear 2
relation. to chemical composition as close as to mineralogical character. The
“*vermienlar’’ bauxite has always a SiQ, content more than 30% with only about
40% of Al,O,: But the bauxite of pood quality is mostly fine and free from
“‘yermicular®® tubes. ‘The composition of the coarsely textured and massive
variety is usually like that of the ‘‘vermicular” one.
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3. Mrneralogical and chemical calculations.

Since the bauxite consists maisly of an ‘‘amorphous’ material, it is
interesting and important to inquire into which form of aluminum hydroxide it
would assume in cooformity with its chemical composition. How much
aluminum silicates (kaolinite and halloysite) actually exist in along with the
hydrates of alumina in various forms of the bauxite also entails estimation and
determination. In order to fulfil these objects, calculations of mineralogical
composition from the data of analyses have been made: For the sake of
comparison, analyses -of two samples, representative of the fine “‘vermicular’ and
the finé massive bauxite respectively, have been chosen for the purpose: It isto
be noted that the composition of the fine “vermicular™ - variety is not
diverging far from the average described before. Thus its calculated mineralogical
composition may be considered to be typical.

From the mineralogical study, it has been made known that free silica is
very rare and all SiO, is mearly entirely combined in kaolinite and halloysite.
Since the latter here found has nearly the same water content as kaolinite as already
referred to, they will not be differentiated when the calenlations are made. After
.satisfying the formation of both silicates, the remaining Al,O; and H,O will be
used to form aluminum hydroxide. But by repeated trials it was found that
there is always a little water left: It is quite certain that a part of the “surplus
water’> is to be found in the limonite. Moreover, since ““loss on ignition’’,
indicated in this paper as H.O, includes organic matter prcséut, which is of
common occurrence in some samples, it is only natural that the determined
pescentage of “water’ is slightly higher than the actual combined swater, The
results will be given in Table I.

‘According to the calculations thus made, it is evident that only monohydrate
of alumina, shown as diaspore (or boehmite or both) in the table, conld exist
in the two samples, most likely in others too. This stands in a striking
agreement with the microscopic observations mentioned before, which indicate that
diaspore is the dominmant crystalline hydroxide of aluminum. The aluminum
mdfichydroxide constitutes about 7596 of the bulk of the high grade bausite,
while in the “vermicular” ore it amounts only to some 15%.
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Tapre I. Minerarocical ComposiTioN CALCULATED From CrEMICAL ANALYSES:

Sample : Chemical composition | Alineral constituents calenlated

Fine *'ver- | SiOz e veve e vt ae e oo or oo 37.08 Kaolinite & halloysite es oo a0 vs v s ov oo 7972
micolar” Al:O, - . 43.95 | Diaspore (or bochmite, or bat.h) . 14.64

bauxite from | Fe,O3 - st Fe203 ae s vr oran oo oo ne ve ae ne 0.57
Yunswvushan § TiO. . 297 TlOz 2.97
{N). H.0 (loss on xﬂ'mtxun) . . 093

98 92 1 98.73
Fine massive| Si02 .o ov » ... 832 * Kaolinite & hallogsite ., 17.80
bauxite from! ALO 5 - o 69.42 Dmspore (including boehnnte. if presem) ,. 73.44
Yunwushan, | Fe;05 . . 0.58: I‘BzO;. U VAPPSRV | X1

(042 TiOz o te s aean ae . 1.86 } TiO, .
H,0 (loss on ingition} ... 13.70 | HaO Feft ec e vn o ii s oo e

99.88" . 99.88

As will be noted from the table, the amount of aluminum silicates varies
greatly in the fine ““vermicular’” and the fine massive bauxite, being up to 805
in the former and less than 2095 in the latter. ‘This feature is also quite in
accordance with that shown by thin sections already described.
Iv. RELATION OF SPECIFIC GRAVITY TO THE QUALITY
. OF THE BAUXITE.
- From a study of specific gravity of the bauxite, it is found that it shows
“a close relationship to the quality of the latter. The following is a list of the
specific gravities of a2 series of samples taken from the Yunwushan section,
accompanicd with their respective Si0, and Al, O, contents.

‘TasLe II. RELATIOR OF sp. Gr. To S10, aND AL, O, CoONTENTS.

Sample? 47y N Ny B, Ma
ALOs 43.28 43.95 §0.20 50,00 69.42
Si0x 41.52 37.28 32.62 32.89 8.32
Sp. gt 2.47 256 258 2,69 2.96 -

Accorlling to the ahove table it is certaint that specific gravity of the ’
bauxite increases with its Al,O, content but decreases as 510, increases, Obviously,

1. Tor the form of these samples, please refer to Table V to be given Telow. *
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when Table I is referred to, it must also vary as the proportions of its chief
mineral constituents present, i. e., kaolinite and halloysite and diaspere.” This
could be explained by the fact that specific gravity of these three minerals differs
considerably from one another as will be seen frém the following list:

s .

Halloysite.........cocviininonei2a1

Kaolinite ......ovvivnvnninnt. 2.61

Diaspore .......... [ ¥ |

. Granting that the specific gravity of the ‘‘amorphous™ aluminum ménohydroxide
is equal to that of its crystalline form, diaspore, it is thus clear that a bauxite
with more monochydroxide of aluminum would be definitely heavier than that

which contains a larger amount of kaolinite and halloysite.

In order to verify the above statement, the specific gravity of two samples,
N and M., once used for mineralogical calculation in the preceding section, has
been calculated from the computed percentages of their mineral constituents
(Table II). The results thus obtained are fairly satisfactory. In the operation,
the specific gravity of halloysite was regarded to be equal to that of Laolinite
owing to their approximate similarity in mineralogical characters and that of TiO,
assumed to be represented by rthat of ruiile. The presence of Fe,O, has not
been taken into account because of its negligible percentage. But the calculated
value of the specific gravity is a litile higher than that actually determined.
This difference may be partly due to the fact that the porosity of the specimens
has been neglected: . :

‘FasLe I1I. RevATioN oF sp. GR. To THE PROPORTIONS oF

Mamn CoNsTITUENTS OF THE BAuxiTE.

Sp. gt
Sample Kaolinite & halloysite Diaspore (& boehmite ?)
A B
N 79.12 14.64 ’ 2.77 | 2.56
M. 17.80 344 3.30 | 2.96

1. A« o5p. gr caleulated,
Bes o Sp. gt. determined,
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In conclusion, proportions of SiO. and Al,O, and Hence kaolinite and
halloysite and aluminum monohydroside act as the chief factor governing the
variation of specific gravity of the bauxite. If sufficient data in regard to the
specific gravity of the bauxite are available, some roles of estimation of its
mineralogical composition by specific gravity would possibly be thence derived.
At any rate, specific gravity is a safe indicator of the quahty and its determina-
tion ‘ay be employed as a useful feld test.

V. “VERMICULAR" STRUCTURE OF THE DEPOSITS

Among the various dominant forms of the bauxite as described before, the
““vermicular” type merits special mention not only owing to its unigue occur-
tence but also on account of its bearing on the genetic problem of the deposits.
There are four outstanding features of this type to be noted. (1) The
“vermicular’’ tubes or patches are scattered in the matrix without any distinct
arrangment, but their direction of elongation seems to be- often, if not always,
oblique to the bedding plane. (2) Owing to the variation in nature of the
bauxite, the “‘bauxite-profiles™” of different localitics, even near to one another, usually
differ considerably. In spite of this, there is a common feature of most sections
observed, the “‘vermicular’ structure being mostly well-developed in the upper
portion while the lower part being frequently massive and free from the tubes or

Fig. 2. Showing the fortuous form of a
*vermicular’ tube (60T) produced by its
veining through the matrix. It is to be noted
that relics of the latter set in the tube are
frequentfy crescent-shaped, 50x.

patches, {3) The tvermicular’’ tubes are always found to diverge as tortuous
yeinlets into the matrix and then often contain abundant relics of the latter,
which usually appear conves toward the margins, pointing to the direction to
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which the tubes tend to migrate (Fig: 2). (4) There is a striking contrast in
chemical composition between the tubes and matrix. A tube and its adjacent
matrix have been analysed separately’ and their respective composition is giving
in the following table:

Tasre 1V. Cazeaucar ConpositioN oF “*Veraticurar’> Tuse aNp Marnix,

Sample Si02 ALO, Fe:0s - o0
60, T (matrix)} 34.92 .51.2 1.32 13.76
602T (tube) 4414 . 41.19 1.36 14.28

It is clear from the comparative study thus made that the matrix contains more
Al,O, but less SiO, than the “‘vermicular™ tube. -

Considering these facts together, it is quite obvious that something must
have been carried away into solution from the tubes, A process of leaching like
this is as usual mainly ruled by the percolating water and well-developed in a
certain horizon near the surface, which is often under the influence of descending
meteosic waters. Thus the limitation of the vermicular tubes chiefly to the
upper portion of the bauxite affords a strong indication of the existence of that
process. Forms of the tubes are also suggestive of such a process, for theif
tortuous habit with relics of the matrix must have been produced by percolation
of certain solutions through the matrix.

‘The most convincing evidence bearing on the problem is the chemical
contrast between the two distinct parts as shown in Table IV. This difference
may be due to either removal of A}, O; from or addition of SiO, to the tubes.
But judging from the absence of any sign of downward migration of SiO, and
the local concentration of silicates rather than prevalent silicification, the second
alternative seems o be impossible. On the contrary, as will be seen a moment
later, many analyses show that the A.10. content of the bauxite increases with
depth. It may thus be concluded that the formation of the *‘vefmicular’’ tubes
is due to downward leaching of Al,O. from the matrix. Evidently, this is
analogous to the forming of tubular cavities of some laterites, from which ferric
oxide, instead of alumina, has been carried away into solution.

$. Analyses made by Mr. Y. C. Shang.
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VL. DOWNWARD ENRICHMENT OF ALUMINA

In the preceding, it has been already inferred that the vermicular tubes
of the bauxite must have served as paths for the migration of something
leached downward, which is most probably of Al,O.: Such a view is well
backed by field evidence, for in a section of Yunwushan the writer has observed
that there is a zone of entiched Al, O, near its base as shown in the following table,

TasLe V. ANALYSES oF A SERIES oF SanmeLeEs TAKEN Frod A
SEcTiON oF YUNWUSHAN °

Sample Depth® {m) Characteristics Si0, AlO,4 Fe,0p TiOx HaO

Ovetlying coal series

47, 2.0 Dark brown carhonacecus - 41.582 43.28 2.79 1.53 13.87
banxitic shale with plant
Temains & pyrite nodules,

N 1.0 Browaish  yellow  fine 37.28 43.95 0.57 297 14.35
bauxite showing marked
“vermicular™ structure,

[
Kd

2.5 Light grey fine bauxite 32.62 50.20 0.70 1.80 14.47
with les “*vermicolyr
tubes'’,

My 4.0 Greg fine bauxite with 32.89 50.00 0.35 2.36 13.86
scattered minute *‘vermi-
culat®* patches,

Mz 5.5 Grey fine bauxite with a 3.32 69.42 0.58 1,66 13.70
little carbonaceous ma-
terial & pyrite.

M. 6.5 Subjacent purplish fe- 3320 3608 1606  2.80  12.53
ruginous shale.

3 7.0 Basal kematite layer. 2.90 52.75(% Fe)

From the above table it will be noted that in the upper 5.5, meters of the
section SiO, decreases whereas Al,O; increases steadily with depth, though both
a hange gradually and vary only a little. However, as the lower part is reached,

1. Approximately estimated from the contact of the caal seties with the fayer of 47; dowpward.
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these two constituents suddenly attain their extremities respéctively, thus Al,0,
increasing so much as to form an ore of good quality. This clearly points to the
effect of downward leaching of Al,O; from the surface.

Consequently, the problem will naturally arise as to which agent is res-
ponsible for the process. According to prdogenic processes, the downward migra-
tion of sesquioxides with concurrent concentration of silicic acid at the surface is
the result of leaching in an acid medium produced by percolating water solutions
enriched with CO, and humic acids in a region covered with forest or scrub
[9, p. 449 & p. 452; 11, p. 73-74.] In the present case, since the top part of
the section passes upward into a coal series and itsclf also bears abundant car-
bonaceous material, the original soil moistare must have been acidic so that Al,O,
could be leached out from the mass and finally redeposited in the lower Horizoa.

By experiments, G. A. Thiel has discovered that more alumina would be
leached out from its silicate compounds in the presence of bacteria and sulphates
than that taken into solutions by sterile natural waters. The most active agent
for the reaction, as he believes, is the sulpheric acid generated by the oxidation
of freshly precipitated colloidal iron sulphide by bacterial activity [12, p. 480-
483]. In view of the common occurrence of pyrite nodules in the “cap” of our
section, the downward enrichment of alumina may be explained as well in the
light of this theory. Perhaps, sulphuric acid and humid acid were present
simultaneously and each contributed to the process of silution and removal of
alumina, as is suggested by F. W. Freise [3]. It should be admitted however,
that the supposition thus made is based upon the single section of Yunwushan;
whether the enrichment phenomenon could be encountered elsewhere requires much
careful observation in the future.

It may be pointed out herz that a survey of most literature dealing with
bauxite deposits will indicate that most of them show a downward enrichment,
The outstanding example is the Arkansas bauxite. With this deposit, W. J. |
Mead is of the opinon that the downward sccondary entichment of alumina is
due to the solubility of bausite in suzface solution, thus leaving the kaolin and
hence the silica in a relatively higher percentage ar the surface [7, p. 50]. No
account of the nature of the agents for dissolving the bauxite has been given by
him, Considering the overlying pyrite-bearing lignite of the bauxite, C. H. Behre
Jr. suggests that sulphuric acid aad various orgiai: azids miy hare b::n fastey
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mental in their formation [1]. ‘Accordingly, this scems to be analogous to the
case of the Kueichou bauxite under investigation.

In the discussion of the enrichment of Al, O,, the existence in most sections
of a hasal ferruginous shale and hematite layer underlying the bauxite, which is
extremely poor in irom, is also worthy of consideration. Concerning this fact, a
question may well be raised whether the bauxite originally contained consider-
able iron, which has been leached out and finally redeposited at the base—just
as the case of Al,O,. In view of the similarity in colloidal properties between
these two constituents, Al,Os and Fe,O,, the positive side might be the truth,
but owing to the complicated nature of bauxite formation the argument is never
conclusive.

VI. SUMMARY. .

1. This paper is mainly concerned with the quality of the Kueichou

bauxite in the three areas discovered, #iz., Yunwushan, Wangbi and Wangkuan.

2. The baucxite layer as a basal part of the Lower or early Middle Carboni-
ferous coal series occurs on an erosion surface of the Lower Ordovician siliceous
dolomite and underlies the Chaetetes-bearing Huanglung Limestone.

3. The bauxite is light colored, fine and compact, occasionally showing
pisolitic and oolitic structures. The upper postion of the deposits usually coatains
scattered greyish, translucent “‘verndicular’ tubes and paﬁches essentially of hal-
loysitic composition.

4. Tt is mostly of low grade, usually composed of about 45% of Al,O,
and 35% of SiO,. Against these, its iron content is extremely small, amount-
ing to only r % or less. But the bauxite of the lower portion of a section of
Yunwushan is an exception, containing abont 70% of Al,O; and only 8 9o of Si0,.
The combined water is always around 14.5%5

5:  Microscopic study reveals that the bauxite is composed essentially of
an ‘‘amorphous” mass, enclosing a few crystalline minerals, namely, in order of
abundance, kaolinite, halloysite, diaspore, zircon, limonite, pyrite, bochmite(?),
gibbsite, quartz, rutile and sphene.

6. 'The form of the bauxite is usually a safe indicator of its quality. The

“‘vermicular™ variety is almost always rich in Si0, and heance kaolinite and halloy-
site, whereas the bauxite of high grade found in the Yunwushan section is fine
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and free from the ““vermicular’ tubes. The coarse massive variety shows simi-

larity in composition to the “vermicular” one.

7. Mineralogical calculations from chemical analyses show that the ©‘ver-
micular’” bauxite, most probably also the coarse massive one, comprises about
80 % of kaalinite and halloysite, together with 155 of aluminum monohydroxide
(probably diaspofe or bochmite or both), which is the only possible form of
aluminum hydroxide in the bauxite under consideration. In the fine massive one
which contains about 70% of Al,O,, the monohydroxide "amounts to about 75 %,
but there are only 2056 of kaolinite and halloysite present.

8. Specific gravity of the bauxite varies as its aluminum monohydroxide
content and inversely as the amount of kaolinite and halloysite present. It is
mostly around 2.5, but may attain 2.96 as the monohydroxide of aluminum
increases to about 75%.

9. It is probable that the formation of the ®‘vermicular” structure is
due to downward leaching of Al,O, on the ground that the tortuous tubes, often
oblique to the bedding plane, are mainly confined to the upper portion of the
deposits and contain outward bending relics of matrix, from which they show a
marked chemical contrast, containing more SiO, and less Al,O, than the
matrix;

0. The section of Yunmwushan; where the coal series is comparatively
well-developed, shows downward enrichment of Al O, ; its main body (about 5.5
m thick) is rich in SiO, while the lower portion (about 1 m thick) coatains a
large amount of Al,O,. This may be ascribed to a process of downward Ieach-
ing, in which both sulphuric acid and humic acid are likely instrumental.

In conclusion, the writer wishes to acknowledge his indebtedness to Dr.

C. Y. Li for his kind help in the Geld; to Mr. Y. Hseung for valuable sugges-

tions, especially with regard to the genesis of the bauxite; and to Mr. Y. C. Shang

for undertaking some analyses that bear his name in the paper. Many thanks

are also due to Drs. T. H. Yin and T. K. Huang for .the sympathetic interest

which they have always shown during the progress of the field work and to Dr.
Y. C. Cheng for discussion of many points in the laboratory and for his kindness

in reading through the manuscript. Lastly he is greatly indebted to Dr. S. S.

Yoh for his hospitality and for the identification of all the fossils collected.
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Glacial Features in North-western Kuangsi
By
T. C. Son
(Institute of Geology, Academia Sinica)

With 2 Plates.

Evidence of glaciation has been steadily accumulating in many places through-
out south-western China since the discovery of moraines and ice-sculptured land-
forms in the Lushan area. Two years ago I was fortunate enough to have the
opportunity of accompanying Prof. J. 5. Lee in western Hupei, western Hunan
and the north-eastern part of Kuangsi when he was engaged in making general
observations of the glacial phenomena in these regions. Expericnce gained in
that journey has enabled me to recognize certain striking phenomena in north-
western Kuangsi, including Hochih', Nantan® and Tienao® districts. In the
course of my fieldwork I did not trace them in detail. Nevertheless it will bz
of general interest to note the fact that this large area was also glaciated in
Quaternary times.

1 was first attracted by the fine, tough and whitish gray clays, subangular
pebbles with doubtful ‘striations, and low hills both on the eastern and
western sides of the Hachih valley. Two different facies of the clays were
recognized in the vicinity of the Hochil city. The upper part is a white-gray
tenacious silty clay with angular fragments of silicious rocks, while the lower, a
pure white tough clay. Between them comes in an erosional surface marked by
vellowish brown contorted bands. These deposits ted me to suppose that they
were probably of glacial origin. Further finding of erosional features and
deposits supported this view.

* Recegived for publication in ber 1943.
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GLACIAL EROSION-FEATURES

Straight valley. From Hochih to Nantan along the highway no obvious
glacial features were seen, except for a few rock-basins and ro&i}‘ng hills. The
valley from Nantan city to Chingshankou' (PL. I, Fig. 1) is sinjularly straight,
sunning north-south, about 200 m wide, 5 km long. It traverses the Lower
Carboniferous and Permian limestones. Scratched pebbles have been found at a
place 1 km north of Nantan. To the cast of Chingshank;)u there is another
valley running east-west at an elevation of about 700 m above the sea-level. It
reaches some 250 m in width, 2 km in length. The Lower Permian limestone
underlies the floor which is covered by a thin layer of white tough clay, and
sandstones with shales form a moderate slope on the one side, while limestones
stand precipitously on the other. Thesz two valleys mect together at the Hsiao-
chang village®, 5 km to the north of Nantan. The latter is dominantly U-shaped
with more valleys and some amphitheatrical depressions on the northern side.
Numerous angular and subangular scratched pebbles of greenish gray sandstons
are scattered all over the valley-floor.

A U-shaped villey was found some 50 km west of Luchai®. It extends
southward from Hualiang® village of Yuclihsiang® about 5 km long with a strik-
ingly uniform width of about 700 m (PL II, Fig. 1). This valley runs along
the strike of the Permian limestone; and striated pebbles of a sandstone of distant
origin are found in it. The floor of the valley is rather Hat covered with a
layer of alluvinm, followed in turn by a layer of grayish tenacious clay. These
together with the underlying limestone are dissected by the present stream in the
form of a V-shaped channel. A depression is located mcar the Hualiang village
at the head of this valley. Further narth we come to the boundary between
Kuangsi and Kueichou.

At the southern end of this valley a sudden drop occurs at a point 2 km
to the south of Yueli. -It is cur by a fault running E-W forming a cliff. The
rocks on the down-thrown side are yellowish shales and green sandstones of
Triassic age.

Another U-shaped valley is developed at an elevation of goo m above the
sea level, and situated some 40 km east of the Ticnao district. The valley is

1o Wil 20 S 3 %R 4 fREL 5. T EES.
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rather steaight throughout its whole length with the Pochieh' village standing at
its southern end. It runs nearly along a thrust plane, and reaches about 6 km
in length 6oo m in width. The Triassig shales and saadstones form the walls
of the valley with some tributary valleys coming from the eastern and western
sides in the lower course. Below one of the tributary vafleys occurs a cross-wall
which runs across the main valley. This is succeeded by a second cross-wall
separated by a distance of less than 2 km. About 3 km further below stands a
third cross-wall which is the highest of the three. Al these cross-walls are cut at
both ends. And through one of the dissected gaps runs the present stream. The
other gap hangs high, forming, in fact, a wind-gap. On the upper side of each
cross-wall or ““riegel”” the valley slightly broadens out, forming local basin with
a paternoster arrangement.

This striking U-shaped valley running from north to south suddenly
changes its elevation at the neighbourhood of the Pachich village. Erratic blocks
of hard sandstone up to 1 m across are scattered all over the bottom of the valley. ’
Boulder-clay is found near the two cross-walls, one in the vicinity of the Lichung®
village and the other, 2 km south of that village. Numerous scratched pebbles
were collected in this places One specimen of the scratched pebbles bears the
striations about x foot in length. The same houlder-clay spreads on the valley
side.

A third U-shaped valley which I met with is the Szchots’un® valley, about
50 km NWW of Hochih District or some 10 km SWW of Tachang®. This
valley is located at an elevation of about 600 m above the sea level. It attains
a length of some 2 km and a width of about 300 m. The valley runs straigh?
to the NNW and SSE from the Szehots'un. It is af U-shape with a flat bottom
covered by a layer of boulder-clay, Idere, too, I found scratched pebbles here
and there. Another valley, likewise U-shaped, approximately 400 m wide and
several km long- was observed at a place 7 km 'south-east of Natihsiang®. It
traverses Devonian shales and Permian limestones.- This valley runs pearly NS
joining the Szehots’un valley at a peint 1 km-to “the south of Laochieh® (Pl 1,
Fig. 2). Erratics of .the Triassic sandstone abound in the valley. All of them
came from’ a range which is separated by another parallel valley from that formed
by the Permian limestones. The Boulder-clay forms the hummocky hillocks in
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the vicinity of Fanpots’un’. They rise to a height of about 10 m above the bottom
of the valley. The hillocks are so arranged that they appear to have been originally
continuous, forming an arcuate ridge wikh its convex side facing the south. It runs
across the valley, about r km further north of the Fampo village. These are
however denuded to such 2n extent that their continuation can hardly be traced.
Hillocks of this iype arc most probably remains of end moraines that have

suffered considerable crosion since glacial times.

The fourth U-shaped valley Iies at a place some 40 km to the west of
the Hochih city. It runs from Changlachsiang® to Shuiluts’un® ina NNW direc-
tion about 7 km long and 400-500 m wide (PI. II, Fig. 3). The Devonian
limestones, shales with quartzose sandstones and Permian limestones form the
high cliffs on both sides of the valley: In the middle part of this valley fine
tough clays with bovlders form the hummocky hillocks near the Nahua®, Pochang®
and Powang® villages. Most of them are in elongated forms having a length of
about 30 m, a width of 2¢ m and a height of about 10 m above the valley-
bottom. And they stand with the sfoss side on the NNW and lee on the SSE.
At the southern end of the valley there is an elongated hill of Devonian silicions
shales about 15 m high, 40 m long and 20 m wide. It shows a similar trend
as the above-mentioned hillocks with its steep slope facing the south. Most part
of Changlaohsiang stands on the top of hill. Although I did not find glacial striation
on the rock-surface, the general form of the hillecks together with its smooth
surface suggests a soche mowtonnde. Erratic blocks up to half a meter across
and striated pebbles are not uncommon in this valley. On both sides of the
valley several dry gaps hang high. Circumstantial evidence shows that such
features cannot be due to tectonic or other causes. I am thus led to consider

these paps as spitiways formed in glacial times.

Firn-basins. FElongated and circular depressions occur on the top of the
heights which I have visited. " Some of them are dlrectly conuected w:th the

U-valley; others are more or Icss isolated.

About 20 km nnrlh of the Nantan cuw and 2 km 5outh ofF Mangchang— )
i g-a size of

chen’, . on the top of the mountaii Lhcre is a ‘broad n.epn.sszon attal
about 1.5-km long, 1 km w;de :md morc than 60 m m dcpth Ir'is carved
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out of the Middle Devonian limestones and shales, and lies at an elevation of
about 8eo m above the sea-level. The bottom of this basia is covered with a
layer of brownish boulder-clay which is overlain by a layer of loam. An opening
on the southern sidesof this basin joins a valley running NNE. Striated pebbles
were found in the vicinity.

Some 30 km east of Luchaichen' in the neighbourhood of the Lungsa®
village, near the boundary of Kuangsi and Kueichou, a similar basin was met
with. The bottom of this broad elongated basin is also covered with a layer of
yellow loara, followed dowaward by a layer of temacious reddish browa clay,
occasionally mixed with subangular pebbles of sandstones.

Similar broad depressions were found at several other localities: e.g., one
situated in the vicinity of the Pochieh® village about 35 km ecast of the Tienao
city; another in the neighbourhood of Shangkaots'un® 2 km east of Yuli; and the
third in the environs of K ungmingts'un® 5 km west of Mangchang® at the altitude
of about goo m above the sea level.

Since the Shangkaots un is entirely developed in the limestones it may be
suspected that it is merely a doline. But the Anding of scraiched boulders in it
proves its glacial origin.

Cirgues. Along the highway from Yalinhsiang’ to Chiapanhsiang® at a
point about 2 km north of Chiapan there are two adjacent funnel-shaped depressions
on the western flank of the mountain. They stand at the same clevation of about
goo m above the sea level, and each has a size of 120 m in diameter. Triassic
shales and sandstones surround the funpel with steep walls on all sides except in
the front where each of the depressions has a narrow opening peeping down to
the west. About 30 m below the opening, in each case, a valley extends forward
for not more than half a km. Then they become conflueat running to the west.
A brownish boulder-clay covers the floor, and a low smooth ridge forms a ram-
part across the mouth where striated p::bbles'v.ere foun& ‘These two small rock-+
basins_are divided by 2 sharp sidge (mr:m) of pymmidal shape loommg behmd
and bctween them. Th:sc gave us an 1mpressmn of shrvhtly croded cxrques. )

Geam T . T e T e
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In the neighbourhood of Tatouts'un' some 5 km west of Mangchangchen
there is another funnel shaped depression. It is entirely carved out of Permian
limestones. And it attains a size of 100 m in diameter, and lies at an altitude
of about 800 m above the sca level. A narrow outlet opens to the west. A
precipitous cliff forms the backwall. Below this depression starts a valley to the
west. Because of the fact that this depression occurs in limestones; I am not
yet certain as to whether it may not be a doline.

Piedmont Basins. Several large rock-basins were observed. A remarkable
one is located in the neighbourhood of the Tienao city several km across, with
high mountains surrounding it (PL: II, Fig. 4).. This open rock-basin is developed
at an elevation of 8oo m above the sea level, and leads to three sub-basins. One
of these is situated about 4 km to the north of Tienao, another 3 km to the
west in the vicinity of Chinching® village; and the third about 5 km to the north-
cast in the neighbourhood of Szushants’'un®. Fach of the basins joins the Tienao
depression with a valley running between. A low cross-wall can be traced across
the valley at a place a little to the north of Hueli‘. In the Tienao piedmont
basin moraine was pot found, but instead, we noticed abundant striated pebbles
and large erratic blocks.

Around Natihsiang® some 45 km SWW of Nantan the same type of depres-
sion existed (PL. II, Fig. 5). It also leads to several sub-basins. "The Kengpots’un®
basin lics to the north about 4 km from Natihsiang; the Yangchowts’un” basin
in the west and the Weiwang® basin in the southeast. This piedmont basin is
estimated at about 2 km long and more than 1.3 km wide. In it were also found
erratics and scratched boulders.

MORAINE-DEPOSITS AND SCRATCHED BOULDERS

Moraine-deposits do not occur estensively in this region. But in a few
places, as for example in the vicinity of Fanpots’an®. in the U-shaped valley
of Szehots'un'®, Changlaohsiang, at the mouth of Pingchiaots’'un'® and the
Lamats’un’® basins and in’the straight valley of Hsiaochang'®: These deposits
as a'whole afe characterized by an ‘esceedingly tenacious, brownish and unstratified
clay being chaofically ritxed with® subangilar boulders of different sizes. Above
them liecs a thin layer of yellow or reddish loam.
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Scratched boulders have been found at many places. Generally they
consist of sandstones and hard limestones of different sizes and shapes; and are
scratched in all fashions. The largest boulder reaches about 1 meter across,
while the smaller ones slightly smaller than the kidney. Most of them are slightly,
rounded. Only a few have their edges and corners preserved. They are often
polished, facetted and pitted. The striations are, as a rule, straight, but
occasionally curved, and some in the form of a nail-head. Sometimes they are
arranged in sets on a single face with different directions.

Fine specimens of striated pcbb.lcs and boulders occur abundantly in the
Hsiaochang valley 5 km north of Nantan. They almost exélusively consist of a
hard, greenish, fine-grained sandstone derived from the north-western side.
Becanse of the difficulty of preservation, scratches on the limestone pebbles are
comparatively rare. But scratched limestones do also occur, thongh the scratches
ace usually worn down. The topography of the surrounding country, the general-
1y more or less rounded form of the pebbles and their superior hardmess gave us

strong evidence that these striations could not have originated from landslides or
solifluxion.

Similar specimens were found from Yalinhsiang about 6o km west of

Luchai, from the U-shaped valley of Szehots’un and in the neighbourhood of
Pochieh.

The succession of recent deposits in this region may be represented, in
general terms, by a well log sunk in the neighbourhood of Lahei® village. Stating
in descending order they consist of:

11, Grey arenaceous clay with small pebbIes ve e v ae ve vo veco ss s vr ense e ws oo 1O M
18. Recent river gravels faicly fine in grade s vr er e se or se vt oo ce vise v vese e 03 M

9. Whitish grey cliy with a feiw subangular fragments . «v s sess sssa mere s oe LB M
. 8. Greyish-white, tenacious clay with a few sandy particies »c vovr 0eva o 00

0.3 m
7. Greyish-white tenacious cly with coarse grains of sand «v ve e e w0 we we 0.6 m
6. Whitish grey tough clzy er ee s os 00 10 4o a0 00 o 0.3 m
§. Gravels with Clay « sr se ov an 0o 00 00 ve vn s 0.2 m

4. Reddish-white tough_clay.. .. .
3. Buff saady chy .. .ovvevenen e vn ok es ke se ov ae 9% 20 4o au oy ne an en 3o o (a3 T
2. Datk brown clay with gravels , 0.3 m
1 Brown cliy with SraVEIS 1y ye se seveeves e s e se s st te s arme s an e mey o BT T
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A close examination of layers 1-5 shows that they are probably reworked
boulder-clay. The overlylag whitish clay is apparently of glacial origin.

In connection with the development of the U-shaped valley at Laochieh' it
may be noticed that a terrace is well preserved on both sides of it as shown in
PL I, Fig. 2.

This terrace is covered by a thin layer of brownish yellow loam, followed
by a layer of brownish tenacious clay occasionally mixed with subangular sand-
stone pebbles. We have, however, Iailed to find in them any scratched ones.
The base of the terrace is formed by the Permian limestone. It attains a width
of about 25 m on both sides and a height of more than 40 m above the valley-
bottom. The largest of the sandstone pebbles is about 10 cm in length and width. .
They are derived from the same range as are the scraiched pebbles found in the
bottom of this valley.

Judging from the subangular form of the pebbies of distant origin and
their association with a tough clay one can hardly say that the terrace was formed
by river erosion. This makes me to infer that it was probably sculptured by ice.
However, I failed to find any clear evidence to show thit the terrace and the
valley-bottom were formed at two different stages with 2 long interval of erosion
between them. This question needs further investigation.

From what I saw in the field there appears little diffienity in deducing
the type of glaciers that existed in this region. All of them must be corrie
glaciers which flowed separately from indepeadent firn-basins along the flank of
mountains. Most of the ice sculptured land-forms are situated at anm elevation
of Goo-1,100 m above the sea level.

Finally I should express my gratitude to my teacher Prof. J. 8. Lee for
critically reading the manuscript.




‘Sun:—Glacial Features in megs; ) 113

LITERATURE CITED

Leg, J. S. Quaternary glaciation in the Yangtze Valley, Bull. Grol, Soc. China vol, 13, no, 1, 1933.

, Data Relating to the study of the problam of glaciaton in the Lower Yangize
Valley, Bull. Geof. Soc, China, vol, 13, no. 3, 1934.

, Confitmatery evidence of Pleistacene glactation from the Hoangshas, southern Anbui,
Bull. Geol. Sec. China, vol. s, no. 3, 3936.
,» Quaternary glaciaton in the Lushan area; Monog. Nat. Res. Iast. Geal,, Academia
Sinica, ser. B. vol. 11 (Manuscript).

Ly C and Wu, Y. 5. A prcliminary note on Quatermary glaciation in western Hupch; Bulf, Geol.
Soc. China, vol. 20, mo, 1, 1940.

Tuawrrss, P. T. Outline of Glacial Geology, 1937, published by Thomas Murby & Co.

Woorpainge & Morgan, P. S. The physical basis of phology, L ’s Gran &
Co, London, New York, Toronto.

Wnics®, W. B. The Quaternary Ice Age, 1937, Macmillan & Co.

% SRS R ANE RTAREEE S BRie
TR B A —te

B MR LR ERESALINE (AR

R E TSR LESENS RN

EXPLANATION OF PLATES

Piate 1.
Fig. 1. Sketch showing the Hsiaochang straight valley ia which scmatched boulders and tough-<clay
are found.
Fig. 2. A cross-section in the vicinity of Laochieh, showing the tercace and the form of the
valler-bottom,

Plate 1L
Fig. 1. Sketch of the Yuelifsiang U-shaped valley connecled with the Hualiangts'un firn-basin.

Fig. 2. Sketch showing the connection batween the Laochieh and Szehots'un U-shaped valleys.
the el d 1 %y hiflocks

Fig 3. Sketch of the Changlaohsiang U-shaped valley showing
(h}, spill-ways (s) and the rocke montopnée ().

Fig. 4. Topographical sketch of the Tienno piedmont basin.
Fig, 5. Topozraphical sketch of the environment of the Nati piedmont basin.









Sun:— Glacial Features in Kuangsi PLATE It

Shuitutsun
2 \‘< (&{ﬂ
G~ T N
VY NN . s\
) N { \\'\\\A\
LN

< ‘ R .
I\ﬂ%%n.gkaotsun o moom \@zy/ﬁ\gd/r%\



BULLETIN OF THE GEQLOGICAL SOCIETY OF CHINA
VoL, XX1V, NOS, 1-2, FR. 115-124, 1 PL. JUNE 1944

Preliminary Note on Quaternary Glaciation
in Northeastern Yunnan®
By
W. K. Kuo anp C. C. Yeu
{Mineral Exploration Burean, N. R. C.)
With 1 Plate,
INTRODUCTION

During the last five years, cvidence of Quaternary glaciation has been”
gathered by different geologists from Hupeh, Hunan, Kuangsi, and Sikang. H.
von Wissmann, in his paper on the Pleistocene Glaciation in China, has made
use of the data collected by Handel-Mazzetti and Credner on the glacial pheno-
mena of Yiilungshan' near Lichiang® and Tientsangshan® at Tali® respectively;
but in northeastern Yunnan, no such phenomena have yet been reported. In 1942,
while travelling along the Chinshachiang® in a geological reconnaissance, the
writers sighted some striated pebbles at the foor of 2 mountain called Maocrhshan,®
Lutien”, about 3200m above sea level. On examining these pebbles, we were led
to the belief that the scratching might be due to glaciation. Since then, much
attention was paid to the glaciation problem; and besides glacial deposits, a
variety of glacially sculptured land-forms were also observed. In this short
paper the writers wish to describe only some of the outstanding features which
scem to bear out indisputably their glacial origin. A full unaerstandipg of
glacial phenomena would need a more detailed and extended investigation of the
region than what the writers have been able to do in their last trip.

* Received for publication in April 1944. 1]
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To Prof: C. Y. Hsich, Dircctor of the Mineral Exploration Bureau, the
writers are indebted for his critical reading of the manuscript. The senior writer
is grateful to Prof. J. S. Lec who led him to an initial understanding of the
obscure glacial phenomena at Lushan in 1936, :

GLACIAL TOPOGRAPHY

The region under study is situated between Yungshan' and Chiaochia® in
the drainage area of the Chinshachiang and its main tributary, the Niulan-
chiang®; four physiographic stages have been observed. The first or the oldest
stage, namely the Yoshan®, attains an elevation of 4050 m, probably represent-
ing a monadnock in this region. Below the Yosham, high peaks and ridges of
about 3000 m form an erosional surface of the second stage. The third and the
fourth stages arc expressed by the old, broad valleys and the young, narrow
gorges respectively. The prominent land-forms of glacial origin are restricted to
the mountain-surface of the second stage, though ficn depressions have been also
met with at the top of the Yoshan. So far as the writers’ observations go, no
moraines and erratic blocks occur at an elevation lower than 2600m above sea
Tevel.

U-Shaped wvalleys. The valleys that first struck the vriters as being
impossible to be explained on the basis of stream erosion were observed at the
foot of the Maoerhshan which consists wholly of Permian basalt, dipping south- -
eastward with an angle less than 35°. To the west of the Maoerhshan, the
mountain drops with a precipitous cliff to the Niulanchiang gorge; while on the
eastern side, therc occurs a gentle slope undulating with rolling hills, where
topographical features of glacial origin are present. An excellent view of one of
the U-shaped valleys can be obtained when one ascends the pass from Shan-
sungching® to Tahaitzu® (Fig. 1.) The valley follows, with a bend, the main
slope of the mountain and runs eastward. Its bottom is <omparatively flat with
a meagre stream running slong its lefr side. A sudden Jhange of the slope on
both sides of the valley is often so sharp as to form a shoulder. This valley
divides itself into two small ones in its lower reach where a boss of basalt
standing up in between with a more or less smooth surface and 2 comparatively
steep slope on the sfoss-side suggests the existence of a dissected riegel. The
43
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two small valleys lie on a level a few meters below the main one, and a low
cliff is, therefore, formed at the point of branching. The right valley follows
a straight course while the left one sweeps round the basalt boss, and is dissect-
ed by a stream jnto a gully in its lower part. The foors of these valleys are
covered by a fins clay in which small pieces of rocks and a few striated pebbles
are scattered. Boulders and subangular pebbles are also found around the basalt
boss. Some of them have one or two faces striated. These valleys are uzibutary
to the north-south valley of Shaasungching which too is flat-bottomed.

Anather U-shaped, or in a more accurate semse, fat-bottomed valley was
found about one kilometer to the south of Shansungching (Fig: 2). It runs from
north to south and bends in the lower patt to southwest to join the trunk valley,
coming from Tahaitzu, A small stream dissects a narrow trench imto the flat -
bottom. Low hills with hummocky contour, sot exceeding Som high, stand
on both sides of the U.shaped valley. A tribatary valley, with“a more accentuated
slope, hangs above the main U-shaped one, just at the point of bending. These
phenomena can hardly be accounted for merely by stream erosion. When ex-
amined more closely, the writers found that the floor of the valiey was paved
with a2 fine and soft clay with small rock fragments. Distinctly polished or
striated pebbles have, however, not been found. All the above stated valleys are
developed -in an altitude of 2840 m to 3037 m above sea level.

Close to the Chiaochia district where strikingly U-shaped valleys occur
is sitvated Szushan', a small village standing at an elevation of about 3000 m
above sea level. Here the whole mountain is composed of a weathered and
fine-prained basalt. Apart from 2 few layers of tuffaceous shales interbedded in
the upper part, the whele igneons flow is homogeneous in composition. An
extended plateau marked by rolling hejghts and broad valleys forms the main
topographical features. Near by Szushan, two U-shaped or flat-bottomed valleys
trending E-W have been observed (Fig. 3). The northern one is about 3 km
long, with well developed shoulders on both sides. A subcircular depression
with a rather fat floor. and steep wall, hangs on the nocth bank above the valley.
It might have been a nivation cirque, if not actuslly a small cirque. The southern
valley has a length of about one *third of the northern one. They join
together to form 2 single, broad valley in the lower part. A sluggish meander-
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ing stream runs in the valley, and cats a sharp trench into the flat bottom.
The valley is filled up nearly everywhere by soft clays and muds en which grows
sphagnous moss. Peat or black mud embedded with numerous plant tissues occurs
.in the lower valley, attaining a thickness of 7.5 m atleast. Open pits have been
excavated by the natives for the working of the peat. It suggests that marshes

or pools far the growth of plants prevailed in the valley after the retreat of the
glacier.

Apart from the localities stated above, U-shaped valleys have been also
found in the environs of Sanchjachai' in the district of Yungshan, and lies about
25 km southwest of that city. In this region, the mountains are wholly composed
of basalt, a rather resistant rock to weathering, and consequently the glacial
sculpture is well preserved. The valley of Malukou® is again a broad and flat-
bottomed one in which the floor is covered by fine clays, muds and chunks
of transported rocks. At the bottom of the valley, grass and sphagnous moss are
flourishing. 1In the middle part, a small trench is incised by a iveak stream. A-
pyramidal hill with a rather sharp peak and a smooth face on each side, stands
up to the south of the vally. It might represent a “horn’ in terms of glacial
topography. The whole valley is in the shape of an elongated basin with an
opening towards the northwest, and joins the valley of Kashaitzu®. It is, in
fact, an elongated ficn basin rather than 2 valley.

To the north of Sanchiachai, there is the Kanhaitzu valley following a
nearly east-west direction and with bare rocks on both sides, reprasenting a typi-
cal U-shaped valley. Here and there are scattered fine clays and rock fragments.
Hanging to this valley are tributary valleys leading up to a genile slope on the
higher mountain. . The lowest reach of these valleys mear Sanchiachai lies in an
altitude of more than 2750 m above sea level.

U-shaped valleys, covered by boulder-clays, are, in fact, found all over the
cuesta mountain range east of the Niulanchiang and Chinshachiang. A ser of
less typical ones is met with in the vicinity of Yenmeti*, The valleys are broad
and shallow but high in gradient. Hillocks composed chiefly of striated boulders
and clays stand between them. They are limited to the area above the altitude
of about 3000 m above sea level.
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In northeastern Yunnan, broad valleys of old rivers, which have not yet
been affected by the h=adward cutting of the young streams are commonly found.
But the gradient of these valleys is, as a rule, very low. For the formation of
the non-graded valleys as mentioned above, glaciation scems to be the only
possible esplanation.

Hanging valleys. 1In addition to the hanging valley ncar Shansungching
of which mention is already made, the valleys around Tahaitzu of Lutien are other
examples. They are hung to the Tahaitzu depression which itself obviously formed
a firn-basin, Instances of this kind have been also observed on the northern side
of the Siaohaitzu' basin of Chiaochia but the hanging valleys are of minor size.

Girgues. During the writers’ reconnaissance in northeastern Yunnan, sub-
circular depressions have been frequently met with on the high mountains about
3000 m above sea level. These depressions are called by the natives “Haitzu™ or
lake, though wuswvally only retain litde water. THe problem as to how the
“Haitzn® is formed, is a puzzling one. At all events they can not be excavat-
ed merely by streams. Some of these depressions are probably true cirques.

First of all, mention should be made of the depression of Tahaitzu (Fig.
1) where the writers have first discovered the ecirque-fike topography. The de-
pression lies on the eastern slope of Maoerhshan aad at an altitude of 3000 m
above sea level. This striking basin is of an elliptical shape with its major axis
of sbout 500 m oriented' NS. The walls of the basin are rather steep, and are
usually only 50 m deep except on the western side where the wall extends up to
the lofty pesk of the Chiaotingshan® with an elevation of 3200 m above sea level,
U-shaped and flat-bottomed® valleys originating from the surrounding mountains
suddenly drop into this basin. A minor stream runs down to the basin from
north, and to the southeast a notch is cut through which the stream finds its only
outlet. If not for this outlet, there might have been formed a great lake or
¢“Tahaitze’” as called by the natives. Large boulders and huge chunks of rocks,
sometimes a few meters across, are scattered in and around the basin. They are
always associated with a fine clay. Striated “pebbles have been found on the
eastern side where a small U-shaped velley drops into the basin.

AR 28l
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Along the route from Shansungching to Tanshan®, many small corries
have been observed. They all occur at the heads of the valleys which are
either of a U-shape or in the form of a narrow trench due to subsequent stream
cutting. One of the circular depressions is of funnel shape, with rather stecp
and high walls on all sides cxcept on the east where an opening is preseat,
through which a glacial tongue might have extended down to the U-shaped
valley connected to it (Fig. 5).

Near Anchiaping®, a small village about 15 km south of Yungshan
city, a prominent cirque is carved out in the homogeneous basalt. This quaint
hollow space in the mountain has a diameter estimated at its top of about 300 m
and a depth of over 8o m. A single outlet runs towards the southeastern side
while the other sides are surrounded by precipitous but rather smooth walls.
Opposite to the outlet, stands a high peak of at least 3ro0 m above sea level.
Along the outlet, there is only a meagre stteam which runs to Anchiaping
where it dissects a trench into the valley-floor. Striatéd pebbles were found on
both sides of the valley.

Through the pass to the north of Anchiaping, the writers observed
another depression of a more clongated shape, in which lies the village Tatang®.
It is carved out in the Yangsin Limestone which forms a gentle anticline in this
area. Small U-shaped valleys run into the depression from the south and the
west, where peaks of smooth contour loom high.® In thg southern valley, cut
into the limestone, are scattered basalt boulders of about 2 m across, dn the
surface of which short and long striations arc observable. Sub-ungular pebbles
are also found on the slope, in a Huviatile fan deposit, to the south of the
village. This depression is, in fact, more like a firn basin than a cirque.

Turning now to the District of thiamochia, the writers have found, at
the northern foor of the Yoshim, a circular depression named Mantiensing® at an
altitude of abour 3000 m ahove sea level. It has a broad and flac bowom, and
is bounded on all sides by steep walls of Permian basalt, except in the front
where a precipitous eliff, below the depression, drops down to the deep valley of
Siacho®, a small tributary of the Niulanchiang. As observed from a distance, it
presents the form of a cirque. However, the origin of this depression is still pro-
blematic, since no close examination was made during the writers® hasty journey.
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Firp-basins: Besides the large cirques.described abbve, there are numcFous
minor depressions or Kars developed at the head. of:the valleys or near the''fop
of mountain- ranges. ~These are obviously” the grounds - fivorable for the
accumulation of compacted ice, by which the glaciets were esséntially ‘ nourished.
In fact, the whole area of the flat top of the Yoshan presents a suitable site fos
a huge»snow-Feld. Bven at present, there is always present a temporary saow
field durmg the winter scason. A large part of this mountain is covcrcd with
soft clay and mud om wh,tch grow sphaguuus moss and some Bmmu 5 A plant
which usually grows in hxgh aliitude. Sub-angu!zu- basalt pebbles wn.h om: or
two faces polished, some even finely striated, are scattered on both’ Sldes of a
broad, shallow valley. More than a dozen of small deptessxnns wzth clear Watet‘
in them form marshes and pools. Judging from these and other fresh tnpogra-
phical fcatu]res," it presents the form that t}:e Yoshan was only recently glaciated.

Other topographic features. 1In addition to the above-mentioned features,
small, ellipsoidal mounds of basalt are found in the castern, gentle slope of the
Maoerhshan (Fig. 6). The mounds present -a smooth and- hummocky contour
with 2 steep slope facing west and a gentle one facing east or the direction
along which the glaciers might have flowed. The origin of these mounds is
still uncertain. In all probability, they resulted from glacial sculpt.uring. Other
attractive features are the pyramidal peaks with stcep but ‘:athér smooth slopes
on all sides. They may be compared Wz[h horns of the' A.lps. Tzeiliangtzy®
of Yungshan may be cited as 2 typical representative of these features.

GLACIAL DEPOSIIS

Glacial deposns are not so well developed'in the regmn under (.escnptmn.
Boulder-clays of considerable thickness occur only in the lower reaches of the
valleys, but so far as the writers know, thcy do not extend to_the level below
26oo m in altitnde. Since such deposits as peat and fine clays with boul,dcrs,
have been mentioned in connection with the descupuon -of glacial topography,

no repetition will be made hcrc. ~ Only two localities of notable significance
are dcscnbcd below.

1. Changliangize®, Lutien. The small village Changliangtzd is located
about 3 km:to the east of Shansungching ~where -U-shaped avalleys arel wel)
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daveloped.~ Near by Changlisngrzy, - there occurs a bed of boulder-clay in which
k{as,altvuboglders, are- dominant} pieces of sandstone and a few slabs of tenacious
white. glay are glso present. --The interstices are filled hy. a loose matrix of
reddish sandy .dlag.. None of.ithese materials occurs. in layers or i any;. lamlnalcd
mAnper. - Their arrangement is-entirely tumultudus.

THe slabs and sub-ant’ulnr boulders are obvmusly unassurted with a sfzé
rdngmg "tiom a few cent\meters to several decifneters’ across. Tiu:? are oftcn
rubbed‘:uid polxshcd in’ onc or' two faces. A few are clearly marked by smatmns.
dnc spemmen of ‘the Ltiated ‘boulders is angular in shape, with one of the faces
mote polished ‘anxa' s’c;atcned than the others. Three sets of ‘strize can be fairly
well ‘distingui‘#\‘éd " 'Ofié set runs nearly parallel to the shortér axis of the boulder
and is composed mostly of f:nnt and fine strize. The ofher set, characterized
by Tioad and shallow striae, is in the direction perpeadicular to’ “the preceding
one or parallelito the'longer axis of the boulder. The third set,. being: oblique
10. both, has only a few heavy strize of which two are ““nail-head’’ in shape.
These strjations' canrot be expleined either by landslide or by solifluction, for the
average gradetof the region is onIy five per cent, as shown by a d\.raslcd survey.

* By

2; Low;t R Cﬁmoc/ua. » Boulder-clay has also been met with in the
environs ‘of anu‘ a %mall country market in the foot hxlls on the eastern snde
‘of thc Yoshan The“deposxt haﬁ cr.e'x incised by a, maturc stream lying, ar an
elevation oEs 'r64o m. . Thvoug,h the river excavation, "one ca'l distmamsh the
moraine into two layers. The lower layer is a fine clay, fau-ly well set and
light gray in color; while the. upper one is a tumultuous aggregate of sandy
clay and basalt boulders ranging in size from a few centimeiers to two meters
‘aeross, ‘The upper layer is ift turn covered by loam. Some of the boulders are
well polished and striated. The thickaess of the moraine varies to a considerable
extent. In certain places, it"is over 3o m in thlckness, in othels only & few
sheters. Someum:s a vendkr of this miterial is left on the mountain’ "flanks
as at Y;uchlahan'—rtzu in the wsst and’ Santaoyenliangtzd® in ‘the east. At
Yiuchialiangtzu ‘the 4vriters Have found"a cobible with two opposite faces well
polished. One of these faces is marked by three parallel strize, broad and
iseraight.. With theiaid of a'lehs, wery ‘fine striatiods nearly _paiallel. to the
broad: ones are observablel on: thé: polished face. The cobble under, consideration,
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is anly slightly rounded at the cdg'ég'ana‘c?)rh%fs. It shows all the characteristics
of a glacial boulder..

o

Besides these two localities, boulder clays are also metr with at‘Agc,hiap:
ing and Yenmeti villages on the opposite-flanks of the cuesta mountiin in the
western part of the district of Lutien.

PROBABLE AREA AND TIME OF ﬁLAf;!ATI‘I:ON

In the region studied, it ssems possible that all the mountains above the
aliitude of 3000 m or even some distance below have been iglaciated. The
mount2in ranges on the eastern s;dc of #he Chinshachiang, - from Chigochia in
the south to Yungshan in the north, mlghr, for a period, have bheen wholly
covered by snow and ice (Fig. 73." In his paper an ‘the Cenazoic” Geolog oy of
Yonnan, M. N. Bien by making use of the datwa colléced by Y. L. Wang and C.
C. Biq has suggested a probable. glacial : origin 6% the Tabfiliangtzo® near
Huiche® a5 a cirgue-lake. Accepting Bien’s suggestion, the glaciated arca may
be regzrded as to have extended southward to Huxche, if mot fu:thcr.

The glaciated .region under consideration lies just on theé southeastern
border of Sikang where Pleistocene Glaciation has been worked out from
several mountzins by Handel-Mazzetti and Ward. Consequently the glaciers in
northeastern. Yunnan would e the Iputhward,and/‘edifivard extensions of those
in Sikang, and would paturally fall under the same period as the “Tali-
Glaciation”’. The latter term was first proposed IJy Wzssmann who “also correlatcd
it with the Wiirm Glasiation -of :Europe. »Buf the différenee a hetghtifs too
great, as the elevation of the cirque-like depressions in ‘northédstein Yumnan is
only 3000 m while the snow line «during the *‘Tali-Glaciatinn® amousited to
3900 m as indicated by Wissmann. However, considerable elevation of yestern
China in gost—glacxal times may now be rc«rardea as an indisputable fact. And
it is not improbable that the further west we go towards Tibet the greater is
the amount of eclevation. For this reason, it i4" stifl possible t0 compare the
glaciation -under consideration -with the ‘‘Tali”,.while keeping the possibility
open that it may prove to bc\ equivalent to thc::wI’gr.t‘V;;l;‘ap”leac‘iﬂtion of 1. 8. Lee.
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‘EXPLANATION OF PLATE 1
Fig. L SLelch shm\mg ifie U sbapcd valley, west of Shansungching.
JFig. 2. Sketch shumn« the fiat-hottom valley with 2 miner hanging valley, south of Shansung-
ching, Lutien,

C g o3 Sketch showing the U-shaped valleys of Szushan, Chiaochia.

Fig. 4. Field-sketch showing the sub-cireular depression of Tahaitzu, Lutien, viewed from
east.

Fig, 5. A cirque betwéep Shansungching and Tanshan.

Fig. 6. Smuall mounds withi hummm:Ly con!ou.r, at the eastern slope of Maoerhshan.

Fig.' 7, Map showing the dxstﬂmhun of g!amers in the area b Y gshan and Chiaochia
Yunnan, Stippled area: evid of glaciation found,
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Pleistocene Morainic and Non-Morainic Deposits in the
Taglaq Area, North of Agsu, Sinkiang"
By
T. K. Huane
(Geological Survey of China)
With 5 Plates.
INTRODUCTION

Tn April 1943, while exploring the foothills of the southern Tienshan'
near the prosperous oasis of Agsu-Wensu, I have repeatedly come across a series
of well-preserved morainic deposits aleng the valley of the Terang Darya.
Realizing in the field the significance of the discovery, I made some important
obscrvations on these glacial deposits and, with the aid of my colleagues, mapped
the area concerned in some detail. The results are summarized in a short paper
to be published in “‘Science Record**. In the present contribution a fuller
description of observed facts will he given while an attempt toward the correla-
tion of morainic and non:morainic deposits will also be made. Owing to difficul-
ties in printing, the contour map of the Taglag area on the scale of 1:40,000
is only partially reproduced here®: I take this occasion to tender my thanks to
Dr. Y. C. Cheng and Mr. T. C. Chow for co-operation and valuable assistance
in field work, and especially to Dr. C. C. Young for helpful suggestions
concerning the Cenozoic geology of the Tienshan in general.

* Received for publication in April 1944,

1. For jovestigations in petroleum geology, a field party to Siokiang was crganized in
November 1942 under the ices of the National R s C The bers of the party
were C. C. Young, Y. C. Cheng, M. N. Bien, W. P. Weng, T. C. Chow and myself.

2. Huvang, T. K. & Cheng, ¥. C. On the Occurrence of Ple:sm:ene g!amauun along the
northern margin of the Tarim Basin.

3. The originals of this map are depusxted in the Library of the Geological Survey of Chind:
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The Central Tienshan on the Sino-Soviet frontier fnds its highest
culmination in the Khan Tengri group (highest peak 7200m?), whose southern
slope is covered with numerous snow-fields down to about 4bsom. To the
east, the group is separated from the Khaligtau by the valley of the Muzart
River while to the west it is continued into the Kokshal Range across the
valley of the Aqsu. Between the Muzart and the Aqsu there are numerous
consequent streams romning roughly N-S upon the steep southern slope of the
Tienshan. Fach of these stwreams is fed by nfeés and glaciers, some of which
descend into the main valleys to become true valley glaciers.  The largest of such
streams js the Terang Darya' which gave rise to the irrigation canals of the oasis
of Jam®. The Taglaq® area is situated immediately to the west of this river and
forms a part of the foothill region of the main Tienshan. The village of
Taqlag (spelic Tarlak in the maps of Sir Aurel Stein) is about 2000-2100m
ahove sea-devel and is some 45Km almost due nosth of the city of Wensu.
Geomorphologically, the country between the oasis 6f Aqsu-Wensu® and the high
mountains of the southern ‘Tienshan is characterized by five well-defined units
or belts (Pl. I), which, from south to north, are: the outer gravel plains or
sais®, the fore-ranges, the inner gravel plains, the foothills proper, and the front
ranges. The outer gravel plains are gentle-sloping desert plains covered with
extensive gobi gravels and are cut into prominent terraces by the larger, permanent
streams along which alluvial plains were devcloped and intensively cultivated.
The oasis of Agsu-Wensu with its terraces belong to this category. In fact
the outer gravel plains arc nothing but the marginal portion of the great plain
of the Tarim Basin. The fore-ranges are called Chadan-tau (Tschadan-tau) by
Futterer [3] and Gedber [4]. It is a prominent anticlinal range carved in
Tertiary deposits, clearly visible from the terraces of Wensu. North of the
Chadan-tau we find a narrow but continuous belt of gravelly sais, or inner
gravel plains, extending from Taiterkat to Yaqach-uney for a distance of some
10 Km. Immediately north of the inner gravel plains there risz thé conspicuous
foothills of the Tienshan, which are 2200-3200m above sea-level and are charact-
erized by a topography of mature dissection forming, heré and there, typical
badlands. These “foothills are composed of red beds ranging in age from the

LSBT 2. Mok 3R 4 EDESRLERE.
5. "Sai”" is the Uigur name for a desert of stone or gravel, equivalent to the Chinese edpres-
sion *‘Gobi-tan" -ZEESE
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late Jurassic to late Cretaceous (and probably also Tertjary), while sandstones
belonging to the Jurassic coal measures play also an important rble especially
along the major overthrust to the north. This latter naturally separates the
foothill belr from the high front ranges of Palacozoic schists and slates, which
arc found everywhere to overlic the weaker Mesozoic termain. Being nbdurished
by snow-fields in the very central massif of the Khan Tengri, the Terang Glacicr
descends quickly into the valley of the Terang Darya, which ruas right across
the five belts just mentioned and vanishes beyond Jam, its water being dissipated
amolig the pumerous canals and sandy ficlds of that big oasis. It is along the
valley of the Terang that we fuund _typical moraines at different levels, These
wxll be described presently.

MORAINIC DEPOSITS ALONG THE TERANG DARYA

Morainic deposits are to be met with along the Terang Darya all the way
from Taiterkat up to beyond Noshgey for a distance of over 35Km. Most of
them occur on -high terraces on both sides of the river while some ate peiched an
plateaus or high hills. As a role we may distinguish ‘a higher mogaine, a
middle moraine and a lower morzine, which wiil be dealt with separately.

The kigher moraines. The small plateau of Kok Depsang, occurring
between the valley of Taglag and the valley of the Terang, risés 2300-—2400m'
above sea~level and is some Goom above the stream level of the Terang in
its immediate neighbourhood. Being surrounded by preécipitous cliffs of rted
sandstone and conglomerate, this plateau is capped by a, loose, unstratified
deposit of clays and boulders good outcrops of which are observable liclow the
highest point of the platcau (psint 2376 on Pi. II). There the deposit lies
unconformably on steep-dipping Cretaccous sandstones with an irregular, us-
dolating contact. It is 20-30m in thickness and appears to bz mughly divisible
into two parts. The lower part consists of light grev to greenish white chys,
which, besides being characteristically unstratified, include nuwmerous angular
boulders of differenr size and or}gin. The larger boulders are one fo;‘)t‘ot moze
across and are dcrivv:d from gramite, schist or other metamorphic rqcks of the

1. Al principal clev:mons are de.crmmed by a traosit theodohte and 'e{ened to the mty of
Aqsu #5 datiin, which is 1077 m 5 calodlated fwm severdl moiiths® barometfic readmgs “tecarded by (he
Bisteordlogical Btation at Alfw, o
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Tienshan. In the upper part of the deposit boulders of the same nature
predominate while the clay plays a less important rdle in its constitution. These
boulders frequently reach gigantic size, some of the granitc blocks being 4-sm
across. Since granitic and metamorphic rocks are only to be found in the high
front ranges many miles away, it is clear that no other agency except moving
ice could have transported these ‘erratic’® blocks for such long distances. I am
inclined to consider the lower patt of the deposit as boulder-clay representing the
ground-moraines of an ancicnt glacier while the upper part is to be taken as
lateral or end-moraines dropped on the ground-moraines during the melting of
that glacier. On account of subsequent weathering and erosion however, much
of the origiral morainic topography was destroyed and we see to-day, on the
Kk Depsang plateau, irregularly arranged, smooth and gentle-sloping hills and
hummocks representing the preserved paris of the once widespread moraine
cover. The plateau is now mantled with a soft humus from which the huge
granite blocks here and there emerge.  When spring comes the platean turns
into a flowering verdure, hence its suggestive name Kok Depsang or green
plateau. The plateau is some 2000m long and 8oom broad as measused from
our map.

Moraines identical to those seen on Kok Depsang are to be met with on
a high hill immediately south of the latter, and therefore belong to one and the
same extensive morainic deposit, having been isolated through subsequent stream
erosion: Similar moraines were also found abour 2Em porth of K6k Depsang on
a ridge, forming the southern prolongation of the Shushet-tagh. The highest
morainic dePosits here are 2477m above sea-level, that is, 10om higher than
the highest point on K6k Depsang. .

The middle moraines. Immediately below Kok Depsang morainic deposits
were again met with. DBeing younger in age than the moraines described above,
these deposits are better preserved and have a much wider distribution. Good
examples of them accur near Qizil Dawan where they form long and flat-topped
hills running for many kilometers along the shoulder of the main river valley,
only to be interrupted by gullies cutting across them. To the east these
morainic hifls drop abruptly toward the bottom of the Terang valley, forming
a very steep, but evenly graded, slope (except for its lower part which qujckly
Hattens out into the talweg), usually 4o0-500m in height: To the west. they
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make a similar drop for 5om or so.to meet flat areas or small basins thinly
covered with moraines, beyond which ‘smalter fenticular morainic ridges here and
there occur, abatting upon high rocky hills more to the west. In my opinion
these flai-topped hills represent the lateral moraines of a vanished glacier and
the - lenticular ridges occurring to the west of them are to be considered as
compound lateral moraines of the same.” It is becanse of subsequent weathering
and erosion that the original sharp and high crests of the lateral moraines were
fatteaed out to form to-day, with a fertile humus cover, excellent grazing grounds
for the herds of the few Qirghiz inhabiting the Terang valley. As can be observed
near Qizil Dawan, these morainic deposits are characterized by block-moraines
consisting chiefly of gigantic granite blocks, rarely of gneiss and marble, some of
which reach house-size, being partly butied and partly emerging above the surface
of the soil. Itis important to note that these moraines arc sharply separated
from the moraines on K&k Depsang by steep rocky slopes, the highest points of
the f(_irmcr being still T20-150m lower than the highest points of the latter.

Lateral moraines of similar character are continually to be observed north-
ward from Qizil Dawan ustil below the Shushet-tagh. These invariably occur on
a wide and flat shoulder above the steep western slope of the Terang valley.
North of Shushet-tagh a western tributary of the Terang, the Nostiqey Su, drops
abruply from the platean of Noshqey, about 2400m abave sea-level, into the
‘Terang Darya 550m lower down, thus giving rise to a series of cataracts or cven
waterfalls along the deep canyon cut in the moraines. It is along this canyon
that beautiful exposures of block-moraines as well as boulder-clays can be
observed. Here the lateral moraines appear to merge into the well-stratified
reddish brown loams and clays, a peculiar type of non-morainic deposit on the
plateau of Noshqey to be more fully described later. Further northward, the
samie lateral moraines with characreristic, gigantic granite blocks, continoe for
many kilometers upstream when dense forests of spruce mingled with deep snow
barred our way beyond which our exploration did not extend.

;
‘At 'Cheq Dawan about 3600m to the soutl: of Qizil Dawan the lateral
moraines described above: cnd abruptly at a ¢liff in fed conglomerates, which is
some %oom ‘higher than the ‘flat areds occatring: more to the south., It is in
- thel® dreas thit the lower moraines are found and are to be dealt with’ below.
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i Thus far we have only described moraines found on the western side of
the Terang Darya. Morainic deposits however are extensively developed east of
the river on high terraces and plateaus, especially on the plateau of Ara which
is completely covered with thick deposits. of ground moraines or boulder clay
essentidlly at the same clevation as, and thus to be correlated with, the moraines
near Qizil Dawan. Here however no distinct lateral moraines can be observed.
This may perhaps be explained by the face that the platcau of Ara once played
the réle of the meering place for the Terang Glacier and its tributary which
filled the valley of the Qichiq Terang.

The U-shaped valley. ‘The valley of the Terang is uausually 'deep 4nd
its walls are abnormaily steep. The grade of the walls however is rather
regular, being 4055 on (i average. It is only toward the bomom of the vajley
that the walls rapidly Hatten, resulting in a steep-walled and flat-bottomed
valley, or in other words, a typically U-shaped valley. This latter is alréady
clearly observable below Qizil Dawan and becomes more and more ~ characteristic
as one procceds northwards in the more mountainous paggs of the country.
Morainic deposits plaster almost the whole western wall of the valley wp to the
level of the lateral moraines at Qizil Dawan, whilst the moraines on “thc
eastern wall were partially eroded and gullied, leaving triangular patches between
the gullies. It is probable that most of the moraines found within the U-shaped
valley were laid down by the latest advance of the Terang Glacier.

The lower moraines. South of Cheq Dawan extensive mdiainic dépasits
occur on wide and flat terraces (Pl ) which slope down immedistely into
the Terany Darya. These are icpresented by typical block-meraines ‘forming
prominent crescentic hills arranged at saccessive intervals. The greater, dpssticam
part of each of these crescentic hills is essentially .parallel o the diteciion of
the main valley and rests outwards against rocky siopes, whereas its smaller,
down-siream part runs across the valley and appears convex down-stream. It is
also of interest to note that cach crescentic hill is separated both from the. one
above and the one below by a wide flat plain of ground-moraines, which rises
dbreptly from the River like small plateau. It seems perfectly cleartfthat the
crescentic hills are nothing bat successive terminal .moraines of the Terang
Glacier, while the intervening plateaus would represent the.**Zungenbecken™ left
by that glacier. From Téq Boiney ta Cheg Dawan five or six‘texminal morzines
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weré met with and mapped by us. Some are slender and small, others are very
thick and high, the highest being the one north of Aquash; whose crest is about
100 m higher than the platcan or Zungeabecken on the down-stream side. The
freshness and the admirably well-preserved topogtaphic features of the terminal
moraines testify to their comparatively recent age; indeed these moraines are to
be considered as the youngest secn by us along the Terang Darya: However
young they might be, these moraines had been partially removed by the powerful
Terang Darya, so that what we see to-day are only remnants of terminal
‘moraines which oncé ran completely across the valley. As can be seen near
Agqtash, the erratic blocks in the terminal morzines are derived exclusively from
resistant igmeons and metamorphic rocks of the Tienshan, with granite predominat.
ing. This latter is characterized by whitish feldspars and by the lack of dark
migerals, thus giving rise to a whitish grey appearance of the rock, hence the
suggestive name “Aqtash’’ or white stone. Some of these “white stones” are
8 or rom across and are visible many miles away. At T8q Boiney subsequent
erosion of the Terang Darya and its tributary, the Gao Gilga, is so advanced
that the rock floor of red beds befow the thick morainic deposits is partly exposed.
Here beds of loose, perfectly waterworn gravels occur between the red beds
and the moraines which always directly overlie the gravels. Smooth and facetted
boulders of metamorphosed limsetone with beautifully prescrved glacial striae
are to be found along the ridge of TSq Boiney. Some of them were picked up
by me and arc now kept in the museum of the Geological Survey of China.

Moraines found on the gravel plains. Looking south from the ridge of
'Téq Boiney toward the hills of Taiterkat (the fore-range), one camnot fail to
observe low but continuons gravel terraces on both sides of the Terang Darya
which meanders across narrow alluvial plains bounded by these terrdces. At a
certain distance from the margin of the eastern terraces, say 500-3oom, the
gravel plain is dotted with numerous, small, isolated knolls or mouads arranged
in a characieristic belt perfectly in alignment with the huge lateral moraine
occurring to the east of T6q Boiney on the other side of the River (lower right
corner of Pl II).A These mounds are sometimes of house-size and sometimes
smaller, rising boldly above the geaeral fevel of the gravel plain. A similar
train of mounds occurs on the western tecraces of the River and is likewise in
alignment with the big lateral moraine found to the west of T8q Boiney.
Closer observation shows that each mound consists of a singl.c erratic black of
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granite, schist or marble, half-buried in gravel beds and surrounded by smaller
blocks of similar origin. ‘Thus we have two parallel trains of mounds of erratic
blocks, one occurring on the castern and the other on the western terrace of the
Terang Darya. It is important to note that similar blocks, though less abundant
and not forming the characteristic mounds, are to be met with in the Jareas
bounded by the trains of mounds whereas in arcas outside these latter, on the
open gravel plain, noteven a single erratic block has been found. Thus we
cannot avoid the conclusion that the two trains of mounds represent the lateral
moraines of the Terang Glacier which once descended from T8q Boiney down
to Taiterkat and beyond. After the melting away of the ice stream, these
moraines were rewashed and reworked by the powerful but ever swinging
Terang Darya which planed down, so to speak, most of the morainic eminences
to the level of the gravel plains. The huge erratic Llacke, being immune to
river erosion, remain in place unaffected, and this cxplains the development of
two trains of mounds of erratic blocks.

Detailed observations were made on these partially eroded morainic
deposits at Taiterkat where a prominent terrace some iom or more above
stream-level rises immediately to the wast of the River. Two types of deposit
form this terrace (Pl. V, Fig. 4). The lower deposit is a coarse river-laid
gravel with well-assorted water-worn pebbles. The upper deposit les discon-
formably on the lower and consists of umstratified, slightly consolidated, angular
rock fragments and boulders of different size amd origin cemented by a greyish
clay matrix. Itis a typical boulder-clay, From the terrace of this clay, which
is evidently a terrace of erosion, there rise scattered eminences: or mounds of
erratic blocks ideniical in characters to those described above. It is clear thar
the boulder-clay represents the ground.-moraine of the Teran: Glacier while the
erratic blocks are to be taken as corresponding lateral or end-moraines left by
that retreating glacier. Wz have traced these morzines down o 2 or 3Km
seuth of Taiterkat at an elevation around r4oom, withour finding the terminai
moraines of the maximum advance of the glacier. These are perhaps to be met
with along the River somewhere north of Jam; if so, the L(‘_,Vrlacier must have
descended even considerably below 1jcom. It is significant to note that these
moraines laterally merge into fuviatile or fluvio-glacial deposits.
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GLACIAL. AND INTERGLACIAL EPOCHS

The meraines of K6k Depsang, being the highest in the Taglag area,
were deposited before the formation of the Terang valley. They are therefore
uadoubtedly the oldest moraines observed. It is probable that at the time when
the Terang Glacier deposited these moraines the topography as well as the
drainage pattern in the Taglag area was quite different from the modern one.
We shall call this stage of glaciation the Ké%4 Depsang Stage. The middle
moraines are much lower than the higher oacs and are confived to the Terang
valley (Pl. IV). Thus they are definitely younger than the latter and were formed
at a latter stage to be called here the Cheq Dawan Stage. The lower moraines
of T8q Boiney and Aqtash, being scparated from the middle moraines by steep
rocky slopes, dre again younger than these latter but whether or not they are
younger than the moraines below T8q Boiney and at Thaiterkat is a point worth
consideration. As already described above, the terminal moraines near Aquash are
wonderfully well-preserved, while the lateral moraines occurring south of Tédg
Boiney are so strongly eroded 2s to be almost beyond recognition as such.
Moreover, the well-preserved lateral moraines near Téq Boiney appear to con-
tinue into the eroded lateral moraines below that point. We might assume
therefore that the terminal and lateral moraines of Aqtash and Téq Boiney were
formed in a halted retreating phase of the Terang Glacier which, during its
maximum advance toward the Tarim Basin, laid down the lateral aad ground
moraines met with both north and south of Taiterkat. We propose to name this
maximum advance the Z'aiterfat Stage while the retreating phase might be called
the Aqtash Substage.

Thus we have three distinct stages of morainic deposition corresponding
to three successive advances of the Terang Glacier. The earliest observed is the
K5k Depsang Stage with the formation of block and ground-moraines on Kok
Depsang to be called Moraines I. The second is the Cheq Dawan Stage with
the formation of Moraines II. The third is the Taiterkat Stage which was
immediately followed by a halted retreating phase of the glacier or the Agqtash
Substage. The respective morainic deposits are to be called Moraines III and
Moraines JII'.  Since Moraines I are around 1zsm above Moraiaes I[ with which
they are separated by rocky cliffs, we must assume that coasiderable uplifting
and stream dowa-cutting occuered sabseqazat to the K3k Dipsang Stage. 'This
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period of down-cupring witnessed shrinkage and retreat of the Terang Glacier
towards higher altitudes and may thus bz called the firsz interglacial. ‘Then the
Glacier readvanced during the Cheq Dawan Stage, carrying with it Moraines II.
Subsequently, uplifting and stzeam down-catting agzin took place, while the
Glacier once more retreated mountainwards, This may be cafled the second
interglacial. ‘Then again the Glacier made its third and greatest advance during
the Taiterkat Stage, Jewing terminal and ground-moraines or Moraines III below
Taiterkat at a place less than 1400om above sca-level and oaly some 10Km from
Jam at the northern margin of the Tarim Basin. During the retreating phase
of the third advance, the Glacier halted intermittently at Agrash, giving rise to
the beautiful crescentic wreaths of terminal moraines or Moraines III below
Cheq Dawan. This Agtash Substage was followed by further mountainward
retreat of the Glacier and deposition of river gravels in the Terang valley.
This already bzlongs to post-glacial times.

It is to ' be noted however that the moraines ar Aqtash or Moraines IIT,
being so much better preserved than Moraines 11T, might represent a full
stage of glaciation or the fourth glaciation in  the Terang valley. Indeed,
it is quite possible that after the deposition of Moraines III the recession of the
Terang Glacier did not stop at Aqgtash but procceded further mountainwards for
considerable distance above that point. Then it re-advanced as {ar as Téq Boiney
during the fourth glaciation after which it made its' final recession with the
formatien of Morains III'. If this was true, a third interglacial peried, no
matter how short it might be, must have followed the Taiterkat.Stage or the
third glaciation. Thus we would have four glaciations szparated by interglacial
periods, approximately matching the four well-cstablished glaciations in the Alps.
Whether the Aqtash Stage is to be considered as aa independent glaciation or as
just representing a substage of the Taiterkat, can be determined only by further
critical field studies.

MORAINIC DEPOSITS OUTSIDE THE TERANG VALLEY

Above Yailag two small bur permanent mountain streams, the Soraliq and
the Ppqliig, become confluen: to form the Taqlag Su. Near the junction of the
two streams unstratified clays with huge boulders of Tienshan rocks form high
terraces. Simular bouldes-clay is seen on the terrace near the school house at
Yailag. We consider these boulder-clays as ground-moraines of a glacier which
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once filled up the upper Taqlaq Su and thus might be called the Taglaq Glacier.
Since no morainic deposits were met with on the beautiful terraces of Taqlag,
we must assume that the Taqlaq Glacier descended only as far as Yailag. The
higher terraces on both sides of the Taqlag Su south of Yailaq arc also formed
of boulder-clays, which however are more or less stratified. Moreover the sur-
face of these terraces are not undulating as in the case of morainic deposits but
fiat and even, like ordimary river terraces. We consider these terrace deposits as
fuvio-glacial, representing the outwash apron of the Taqlag Glacier.

Scores of mountain streams similar to the Taglag Su are to be seen on the
southern slope of the Kban Tengri group; some of them are comparable in
dimensions to the Terang Darya. It is most likely that successive stages of
morainic deposition occur in the valleys of these streams and the careful mapping
of them will certainly furnish the clue to the mystery of the nature and. extent
of glaciations in the southern Tienshaa.

NON-MORAINIC DEPOSITS IN THE TAQLAQ AREA

. Quaternary non-morainic deposits forming prominent terraces are extensive-
1y developed outside the Terang valley. As a rule we may distinguish high
and low terraces; the high rerraces frequently develop into real plateaus whose
location and arrangement have nothing to do with the present drainage system
whereas the low terraces are confined to the existing river valleys. These will
be described below.

The high zerraces. -The extensive pastures of Noshqey are underlaid by
non-morainic deposits, good outcrops of which are to be seen along the minija-
ture canyons cut into them by the Noshqey Su and its tribotaries. These
deposits consist of brown and reddish browa sandy loams, fine sands and, at
rare occasions, gravelly beds. They are distincedy stratified and are zem or more
in thickmess. Abundant shells of a small Helix are entombed in the loams. As
stated in the preceding, these deposits merge into lateral moraines of the Cheg
Dawan Stage or Moraines II, parts of which seem even to overlie them. It
might be assumed therefore that the pon-morainic deposits of Noshgey were laid
down by the Noshqey Su at a time when the Terang Glacier occupied the main
‘Terany valley. The Noshgey Su, being dammed up by the hege lateral moraines,
might have formed 1 lake outside these moraines and thus the sandy loams might
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partly represent lake deltas. Lakes of similar origin are to be met with in the
glaciated regions of the modern Karakoram. Being originally a basin, the
Noshqey areca became a plateau, hanging high above the deep valley of the
Terang.

Deposits similar to those of Noshqey occur on the westera shoulder of the
Terang all the way northwards from Noshqey. They were found side by side
with the lateral moraines of the Cheq Dawan Stage. It is most likely that these
deposits were the products of a melt-water stream of the Terang Glacier, flow-
ing between the hilly slopes and the fateral moraines of that glacier.

South of Taglaq there rises the high plateau of Kok Depsang®, some
150m higher than the terraces of Taglag (Pl. II). ‘The surface of this plateau,
though occasionally undulatiog, is, for its greater part, strikingly flar, sloping
almost imperceptibly to the south in which direction it continues for about 6Km
only to be interrupted by one or two gullies catting deep below the level of the
plateau. Brown loams and fine silts underlaid by coarse river gravels with
water-worn pebbles, everywhere cap the plateay, reaching to rom or more in
thickness. The loams have a loessic appearance and, like the Noshgey deposits,
contain shells of Heliz. ‘They are however distinctly stratified and cannot be
considered as colian loess. ‘The gravels, though generally present below the loams,
are sometimes wanting especially-at places nearer to hilly slopes rising above the
plateau. Itis probable that these gravels represent the stream bed of an ancieme
river which flowed past Kok Depsang, southward into the open gravel plains of
that time (Pl IfI, Fig. 1).

Similar high terraces are to be seen in the Shkaznag area to the west of
Kok Depsang. The most prominent and the greatest of them is the terrace of
Shkaznaq which is flanked by two deep valleys whose bottom is 150-zoom below
the surface of the terrace. Standing on a well-chosen commanding point, one
can easily visualize the original plain extending all over these terraces, which then
formed vast sandy or gravelly sais.

The low terraces, These are confined to the existing valleys and are
typically developed along the Taqlaq Su. As a rule we may again distinguish

. 1. This is another Kok Depsing, some 4 Km to the sonthwest of the Kok Depwng already
Alluded 19,
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higher and lower terraces. The higher terraces are less extensive and are only,
some zom higher than the lower onmes. They are almost exclusively formed of
river gravels sometimes closely associated with pseudo-talus fans, Remnants of
them can be abserved from Sergtash to a point where the Taqglaq Su leaves the
foothill belt. Gravel terraces of similar nature also occur at the foot of the
escarpment of Ainaiglig-tagh.

The lower terraces were found along the Taglag Su all the way from
Yailaq to its junction with the Terang Darya, They are some 15m above the
stream-level and are chiefly composed of stratified river gravels, capped by a
stratum of loam less than 2m in thickness. It is this loam which provides a
fertile soil for the Taglag farmers. Indeed the Jow terraces of Taglaq, irrigable
by the Taglaq Su, appear to be the only places in the whole Taglag area
suitable for cultivation. The gravels undeslying the Joam, though generally well
waterworn, are very coarse, sometimes reaching 1m in diameter. I consider these
as re-transported moraines.

The terraces near Yagackeuney. Below Yaqach-uney the Taglag Su and
its western tributary, the Yiirgun Qotan, meet. Above narrow strips of recent
alluvial plains along the streams, there rise two prominent gravel terraces. ‘The
lower terrace is about 12m above stream-level and is to be correlated with the
lower terraces at Taglag (Pl: TI, Fig. 2: 4). ‘The higher terrace is 30m above
stream-level and is the dominasnt feature in the neighbourhood (PL. III, Fig. 2 3).
Southward from Yagach-uney this terrace slopes gently into the open gravel
plain. while to the west it rapidly increases in height toward the foothills where
it appears to split into three terraces (PL. III, Fig. 2: 3, 3" & 2), each being cut in
gravel beds. The firsttersace is clearly continued into the valley of the Taglag
Su (PL 1II, Fig. 23 3) and merges into the higher terraces south of Sergtash
described in a preceding paragraph. The second terrace (Pl. III, Fig. 2: 3'),
is slightly higher and appears to form, as it were, twin terraces with the fist.
However, it does not extend into the valley of the Taglag Su. The third or
the highest terrace (Pl. III, Fig. 2: 2°) is considerably higher -than the lower
ones and is distinctly tilted toward the south. Toward the.upper Yiirgun Qotan
it merges into the terrace of Kok Depsang (Fig. 2t 2°). with ‘which it is thezee
fore contemporandous. Looming high above the third terrace south of Yiirgin
Qotan, - there is still :another terrace (Fig. 27 1) which however is 5o strongly
tilted and subséquefn:ly dissected that its existence becomes- hardly recognizable,
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The successive stages of deposition. Thus we have three distinct types of
river gravels and loams in the Taqlaq area, representing three successive stages
of non-morainic deposition. In the first stage the silts and loams of Noshgey
were formed. This might be appropriately called the Noshgey Stage. To it
belong the gravels and loams on the plateau of K&k Dzpsang and Skhaznmaq.
This stage of deposition was followed by extensive uplifting and stream down-
cotting resulting in the formation of the Taqlag valley in which river gravels
were again deposited. This second stage of deposition might be called the
Yagach-uney Stage to which the tecrace gravels of Yaqach-uney and those south.
of Serqtash belong. Subsequently, uplifting and stream dowa-cutting again took
place and gravels and loams were laid down along the Taglaq valley below the
Yagach-uncy terraces. This is the third_stage of deposition and might be termed
the Taglaq or rather Serqtash’ Stage. Further stream downecutting gave rise to
the Taglaq terraces and to the narrow alluvial plains along the Taglag Su.

CORRELATION OF MORAINIC AND NON-MORAINIC DEPOSITS

As stated in the preceding, the moraines of the Cheq Dawan Stage or
Moraines II laterally merge into the fluviatile and lacustrine deposits of Noshgey.
It appears evident therefore that the Cheq Dawan Stage of glaciation is con-
temporancous with the Noshqey Stage of noa-morainic deposition. The moraines
of the Taiterkat and Agtash Stages or Moraines III and III’ are maturally to
be compared with the terrace gravels found in the Taglag valley. But, since gravel
terraces identical to and having the same height as the terraces of the Sergtash
Stage occur in the Terang valley, we must consider the Sergtash Stage of deposition
as dcfinitely post-glacial. Thus the Taiterkat and Aqtash stages of glaciation are
to be correlated with the Yagach-uney Stage of mon-morainic deposition. ‘

More exact correlation of the morainic and non-morainic deposits canm be
established at Taiterkat where, as a result of Quatersary folding along . the
Chadan-tau anticline, prominent terraces were developed side by side with
moraines of the Taiterkat Stage. As shown:in the field sketch (PL. III, Fig.3),
three terraces occur at Taiterkat. The lower terrace, some rom above the lewel

_uf‘tﬁei Terang Darya; consists of boulder clay above and river gravels below

.

1. Since T have coined the ferm **Taglag Series” for the red beds occurring near Taqlag, it
is better to apply the name Serqtash Stage rather than Taglag Stage to these grm;el deposits. .
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(PL.-V, Fig. 4)= Huge erratic blocks of granite risc high above the surtace of
the terrace, forming here and there jsolated eminences or mounds, It is importaat;
to note that the boulder clay is laterally replaced by river gravels as we go away
from- the Terang valley. Evidently, this lower terrace is an erosion terrace
(Pl III, Fig. 3: 4) and is to be correlated with the tersaces of the Serqrash
Stage in the Taglaq area. The boulder-clay and blockemoraines (Fig. 3: 3°),
being planed down by this terrace, are surely older in age than the gravels
forming.the Serqtash terraces, whose surface is the original surface of deposition
of - these gravels, and are therefore to be corrclated with the older gravels
of the middle terrace; This latter is less than zom above stream level (Fig. 5: 3)
and consists of river gravels with well-assorted waterworn pebbles. It is already
dissected by numerous, though shorg and small, gullies at the mouths of which
beautiful alluvial cones ate developed. It would not be surprising if, in future
field work, moraines are eventvally fourd in these gravels, especially at places
where the middle terrace borders the river valley. I comsider this middle terrace
as centemporanecous with the terrace of the Yaqach-uney Stage while the gravels
forming it aze to be correlated with Moraines I1I. The upper terrace (Fig. 3: 2)
is paturally to be.compared with terraces of the Noshqgey Stage. It is highest
along the axis of the Chadan-tau anticline but becomes lower and lower toward
the north, Toward the south its surface is bent into an arc and slopes rather
steeply into the gravel plain on the southern limb of the anticline. Thus we
cannot avoid the conclusion that the surface of the upper terrace was folded, after
the model of the Chadan-tau anticline, into a fat anticline with a steepencd
soathern limb. ‘That this terrace was actually folded is further shown by a thrust
fault along the left bank of the Terang, which pushed folded gravel beds. apon
younger gravels forming this terrace. The dissection of this upper terrace is
much more advanced than that shown by the middlc one.  Gullics are so numeraus .
and ramifying that they cut the terrace inte long, more or less parallel ridges,
while huge alluvial cones, evidently deposited by temporary streams, invariably
mark the mouths of those small canyons separating the ridges, coalescing -to.
form a miniatare grével piedmont belt (Pl I, Fig. 3¢ F): ~ Abeve -the-upper
werrace there occuts .2 stilLNhighig;; terrace which haweser is 5o Strongly tilied and
dissected that it loses its terrace character altogether and develops into a perfect
dip slope upon the antigliqalj range of Chadantan (Fig. 3:-1)." This slope is
composed of coarse.river gravels lying unconformably on Tertiary fed beds. 'The
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former dip at 10° while the latter at 30° to the north. As is shown in PL IIf,
Fig. 3: 1, these tilted gravels form an anticline which is unconformably superposed
upon a steeper anticline in red beds (Fig. 3: o), resulting in what ¥ call an
anticline-in-anticline structure. It is probable that the gravels on the Chadan-tau
are contemporancous with those forming the high hills upon the terraces near
Yaqach-uney; both are to be correlated with the moraines of the Kok Depsang Stage.

The geological events happened during Quaternary times at the foot of
the Tienshan along the porthern margin of the Tarim Basin may be summarized

in the following table.

In the valley of the Terang Darya
(deposits morainic)
fA) First edvance of Terang Glacier
Kok Depsang Stage: Momines I

(4, ) First Interglacial
Retréat of Terang Ghcier
‘Uplift and stream down-cutting

£B) Second advance of Tarang Glacier
Cheq Dawan Stage: Momaines IL

{B; ) Second Interglacial
Retreat of Terang Glacier
- Uplift and stream down-cutting

(C) Third and greatest advance of Terang
Glacter
“Taiterkat Stage: Moraines Iit
Retreat of Terang Glacfer
{C') Aqtash Substage: Moraines 1I¥’
Halting and further retreat of Terang
Glacier
165 Postghcial
Formation of fhviatile deposits
Uplift and stream down-cutting
Formation of Iow termces

Outside the valley of the Terang Darya

" {deposits non-morainic)
(A) Deposition of gravels on the Chadan-
tau (lower Siyti Pledmont Gravels)?

(A, ) Folding angd tilting along the Chadan-
tan

(B) Noshqey Stage: formation of flaviatile
and fhwio-glacial deposits (upper
Siytt Piedmont Gravels)
(B¢ ) Uplift and slight folding at Taiterkat
Formatjon of high terraces

(C) Yaqach-uney Stage: formation of flu-
viatile and {luvio-glacial deposits

(C') 7 Uplift and stream down-cutting
Formation of middle terraces

{C1 ) Serqtash Stage! formation of fluviatile
deposits
Uplift and stream down-cuiting
Formation of low terraces

ively developed along both the southern and

1, Exly Quaternary gravel dep

'y L

northern foothills of the Tiemshan and are called by me the Siyli Piedmont Gravels (see T. K.
Huang: “Report on grological investigation of some oil-fields in Sidkiang". MSS. October 1943),
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THE DEPRESSION QF SNOW-LINE

Bugged peaks exceeding 400om above sea-level occur some 12Km northe
west of Taqlaq (PI. I). They are probably formed of metamorphic rocks found
just to the north of the great overthrust referred to abave. Immediately belowe
and 5 the southeast of a peak measuring 4475m above sea level (Pl I, uppet
margin), 8 beautiful cirque is developed and is covered with perpetual snow
which exteads from the top of the peak down to the bottom of the cirque. A&
small or rather “‘embryonic’® glacier occupies the bottom of the cirque and issues
just 2 little beyond the rim of the lawer. Rough determination with a transit
theodolite gives the elevation of the tip of this glacier to be 3930m. 'As is the
case with glaciers in the Alps, the lower limit of cirques from which hanging or
cirque glaciers descend, approximately marks the snow-line, we might perhaps he
justified in assuming 393om as the elevation of the snow-line in the Taglaq area,
So far as I know, the snow-line on the southern slope of the Khan Tengri group
has not been determined by previous obseryers. The snow-line of the Bogde-Ola
in the castern Tienshan was given by Merzbacher [13] as 3652m for its northern
and 3937m for its-southern slope. Now, since the Tienshan is a latitudinal
range and since climatic conditions are essentially the same both in the central
and eastern “Tienshan, the elevation of the snow-line in both regions should not
be much different, and consequently it appears quite patural that my gesult
(3930m) agrees so closely with Meszbacher’s (3937m).

Many ancient cirques at present free from snow occur in the Taglaq area.
One of them, developed in Jurassic rocks, is found at the end of the Kuchi
valley north of Yailag. Its “‘mouth™ measures 3021m above sea-level. Another
occurs direcdy below the cirque glacier described above and was also developed
in Jurassic rocks. Its “mourh’ is determined at 3:39m (PL I, upper margin).
If we take the lower limit of these cirques as representing the former snow-line,
this latter would be at 3021-3139m or, to give round numbers, at 3000m.
Since these cirques are wonderfully preserved, it appears probable that they were
the praduct of the latest_glaciation, that is, the glaciation of the Taiterkat Stage.
Thus the depression of the snow-line of the Taiterkat Stage is calculated to be
g3om. Now, considerable uplifting has taken place since the deposition of the
Taiterl.cat moraines, and, basing upon obscrvations on old terraces, the amount
of this uplift might by teken as som, It is therefore clear thar the actual de
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pression of the snow-line was 5om lower than we see it tolday and consequently
this amount is to be added to the estimate just given. In other words, the de-
pression of the snow-line of the Taiterkat St;ge is 98om, or slightly less than
rooom. In his valuable report on ‘“Die Gebirgsgruppe Bogdo-Ola im 8stlichen
Tian-Schan™, Merzbacher [13, p. 221] gives 1165m for the depression in cen-
tral Tienshan and considers’ this: ““ganz sicherlich als ein Minimalwert anzusehen
ist. Es Misst sich aber schon jerzt sagen, dass fiir die grosseren Gletscher des
zentralen Tian-Schan sich noch hohere Werte ergeben werden, ganz besonders
grosse fiir jene des Siidabhanges.” Obrutchev [1s5, p. 278] is also of the opinion
that the depression attains 100o-1200m. It could not be a mere accidental
coincidence that my result agrees well with those of two of the most distinguished
central Asiatic explorers.

DISCUSSION

Traces of former glaciation in the central Tienshan have been reported
by Huntington [7], Merzbacher [r1—13], Grdber [4] and many Russian
investigators.  According to Huntington, two major glacial epochs undoubtedly
occurred in the Tienshan and in the Pamirs while the existence of five successive
epochs is also held possible. It is to be noted thar the differentiation of these
epochs, fascinating though it may scem, is primarily based upon personal
interpretation rather than by direct observation and it appears premature to
establish a correlation between Funtington’s epochs and our stages as clearly
revealed in the Terang valley. A complete description of the observations made
by Merzbacher’s expeditions in the central Tienshan is, so far as I know, not’
yet published, but in a short account [11, p. 35] on the oceurrence of moraines
in the Muzart valley, he makes the following remarks:

*Such beim letzten Pikett Koneschar war das Hawpttal (ca 2100m) dusch Morinenschutt
abgespertt, welcher am rechten Ufer koch hinauf die Bergwinde einhiillt.

“Das die alten Gletscher (Qhusars-gletscher) auch dem Gebirge hinavs in die Ehene
reichten, davon geban ‘nicht nur die Morinengebirge Kunde, welche vor dem Fusse des mach
O zichenden Gebirgestandes Liegen u. von der Expedition im folgendem Jahre auf den wege
entlnz  des Clmlyl.. ~tag ufr.rschnﬂeu worden, sondern auch die ungeheuren Decken,
“Transporthlbcke Jeinschii dngerten Glaziatsc! se e vs e, welche In Machtigheit
von mehreren hundert Metern, mehr als 30 Woerst hinans indie Ebene sich heste nock
erstrecken und dort. teils g&;hlo;sene Plateaus bilden, teils durch Erosion in .':eLestzﬂnge,
kleine Gebi iige zerlegt heinen,™
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In’ anothcr report fr3, p. 2187 he says:

© 4t e on e 1050 daSS die, ¥on mir in einer Entfemung von ca. SOI\m vom Gebugusranda
im Niveau von etwa 1250m aufgeiundenen Granitblacke vielleicht noch nicht einmgl du: ncfstq
Grenze des diluvialea Elses in jener Gegend [Mmrml] bt:'lmdmen."

Evidently, Merzbacher found moraines at a level as low as 1250m, a level ‘still
lower than the lowest morainic deposits below Taiterkat. Since the Muzart valley
is fess than 50Km to the east of the Terang it is most probable that the gtanite
blocks found by him 50Km away from the mountain border belong to Moraines
IIT of the Taiterkat Stdge. Unfortunately, previous obsérvations. including these
of Merzbacher ate rather fragmentary or elsc are confined to the northern slopes
of the Tienshan so that a critical comparison between these observatiois- and
mine in the Taqlaq area is impossible. Moreover, my investigations are confined
o the lower valley of the Terang Darya. It is most likely that further explora-
tion in the uwpper Terang will throw more light on the history.-of ‘Quaternary
glaciation, According to the Taqlaq villagers, an “‘ice mountain’ with a swallow-
tailed bifurcation is to be found in the upper Terang at a point onc full day's
horse-riding from Taqlag. This seems to suggest that the snout of the living
Terang Glacier is Some 6o-70Km north of Taqlaq and thdr this glacier is formed
by the meeting oE two valley glaciers.” Tt will be nor at all surprising if mare
terminal moraines representing still later stages of retreat than the Agtash Stage
occur somewhere helow the snour. Besides derailed mapping in the upper
Terang, 1 suggest that explorations be carried out in all the larger valleys along
the southern slope of the Khan Tengri group, especially in the valleys tributary
to the Agse River and in the Muzart valley. I cherish the belicf that a
comparative study of glacial deposits and landforms around the Khan Tengri
massif will furnish the key to the solution of problems of the Ite Age in the
Tienshan,,

o Concluding, I want to point out an important fact concerning the Terang
Glacier. Deploying upon the plain for a considerable distance, this glacier did
not attain the expanded foot type but remained a typical valley glacier. Compared
thh Jirs length, which was possibly about rooKm dutmv its maximum advance,
lt \vas steikingly, slender, fts width nowhere exceeding 2Km as is shown by the
)ateralr moraines.  Thus the Terang Glacier during the Taiterkag Stage, though
comparable in form -ani sizz to, the Iaglicheck Glagier. of the Tienshan and to
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the giant glaciers of the Karakoram, had p:cuharmcs not found in any exxstmg
glaciers and appeared thercfore to form a separate type, whxch for lack of a
better term, might bé called eéxtended valley glaciers. Whether the Muzart
Glacier, being longer ‘lthan. the Terang, became an ‘expanded foor one is a highly
interesting subject for future investigators to unravel.
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EXPLANATXONT‘OF PLATES
Plate I Sketch map shawino themary depoms of Aqm-Tana.q ar&h
Phte T Map of Taglag area showing Quaternary deposits.
Plate 11

Fig. { Hich terraces of Kk Demsang, SW of Taglag, formed of horjzontal gravele and silt-lorm
capping plateaus carved in red beds.

Fig. 2 Terraces near the mouth of the Yiirown Qotan as seen from Yagach-uney, f-high Rill forwed
of river gravels which dip into the open gobi, 2-tilted terrace formed of tilted river gmarsls
(Noshqey Stage), 2'- platean cor ding to 2, ding to the right into the terraces of
Kok Depsang, 3- terrace of Yaqach-unev (Yagach-uney Stage) extending to the right into *7e
valley of the Taqlag Su, 3, - terrace slightly higher than 3 with swhich it forms, as it we-e,
twin terraces, 4- lowest terraces (Sergtash Stage), S- stream Tevel of Yiirgun Qotan,

Fig. 3 Terraces at Taiterk Q- sand and 3t of the Kucha Formation {Pliocene
and older) forming a rather steep asymmetrical anticline, - thick-bedded conglomerates form-
ing anather anticline but vnconformable on 0, 2- high terraces of river gravels (Noshgey Stars)
cut by ramifying gullies, 3- middle terraces of river gravek (Vagach-uney:Stage) cutby simole
gullies, 4- low terraces of tiver gravels (Serqtash Stage) rising immediately above the Teravg
Darya, 3'- erosion terraces having the same height as 4, characterized by huge ematic blocks
scattered on the surface of the terrace, F- torrential cones and fans,

Notez 1, 2, 3, 4 correspond to 1, 2, 3, 4 In Fig. 2 respectively.
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Pihaté IV Successivé sectiond acrtss flié Ferang valley showihg merzinic deposits of different stages.

Exphlanadon for Fig. 1—Fig. 5: M{-moraines of the Kok Depsang Stage, M2- moraires of the
Cheg Dawan Stage, M2, 3-mozaines of the Che; Dawan and Taiterkat Stages undifferentiated.
M3- moraines df the Taiterkat Stage. M3'- mor‘unes of the Aqtash Snbsmve. 1- fatefal
suoraine, i terminal motdine, 2- haike deposit of Noshyey laterally merging intd' M2, 2°- river
sgravels perched on a high hill veas T3, Bolney (point. 1862 o2 Pl. 1), projably belanging
to the Noshgey Stage, 3- terrace of siver gravels {Yagach-uney Stage),, 4- post-glacial gravel
terraces (Sergtash Stage).

Plte V

Fig.
Fig.
Fig.

Fig.

Fig

1 Seu:mn ACross the Taqlaq vnlley. 2- temace of tiver grave!s and silt-loam {Noshgey Stage),
3- small il capped by gravels Waqac‘n -uney Stage), 4-terrace of river gravels (Serqtash
Stage).

22 3. 4 sama as In Flg. 1, 4~ tertace cut in gravels of 2 formmg “twin terraces™ mth 3
§- recent afluvium, Note fhat the gravels of 2 is distinctly” tiled.

3 Difgmmﬁﬁtic representation of terraces at Taitexkat. For explanation see PI. 11, fig. 3.

4 Lowest terrace at Taiterkat {erosion termce. 3" and 4 in Fig. 3) a- vmteﬁvdm river gravels,
& titl formed of unstratified Boulder- chy, - ermatic b}ocb of gmmte atid - schist tising high
above the erosion surface of the till.

5 Section showing mordine BfSAqfash Stige Ht 104 Hoindy, ' K- Cretaceous red beds, b- ground
moraine, g- basal river gravel (possibly interglacial betseen Moraines IIT and IT').
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