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The graptolites described in this paper were collected by C. Y. Wang® and H. M. Lee® in
1938 at Jenhochiao, Paoshan®. W Yunnan and all came from the pinkish shale corresponding to
horizon k of the Jenhochiao section as given by Yin and Lu®. They are fairly well-preserved and
are represented by a large number of specimens.

In writing this short paper, the author is indebted to his colleagues Messrs. Wang and Lee
who have furnished him this collection, but special acknowledgment is due to Profs. Y. C. Sun

and H. C. Chang under whose direction this study is made.

1 PREVIOUS WORK

The graptolite-bearing strata of Paoshan was first discovered by J. Coggin Brown in 1912,
later studied by T. H. Yin and C. H. Lu in 1935 and by Y. C. Sun, C. Y. Wang and H. M. Lee in
1938. But the Wenlock form of the graptolites is known in this region for the first time.

The graptolite assemblage of Brown’s collection was studied by Elles® and two horizons
were recognized: the higher horizon represents the base of the zone of Monograptus sedgwicki,
while the lower, the zone of Orthograptus vesicuiosus. Both are of Valentian age.

The graptolite assemblage collected and identified by Yin and Lu indicates the following

horizons:
(k) ................................. zone 35
(J) ................................. zone 33 LuleW age
(l) ................................. zone 22b
(h) ................................. zone 223 Valentian age
(g) ................................. zone 1 7

But by careful study of the section and assemblage, it seems to the author that the k horizon
represents the Wenlock age only.

The Silurian graptolite zones of the Jenhochiao region will be discussed in a separate article.
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The present paper deals only with the forms collected from horizon k which contains the
following species:

(1) Monograptus flexilis Elles

(2) Retiolites (Gothograptus) spinosus (Wood)

(3) Monograptus dubius (Suess)

(4) Monograptus vomerinus var, basilicus Laps.

All these species are preserved in the soft pinkish shale with a thickness of about 8 meters.

2 DESCRIPTION OF THE SPECIES

2.1 Monograptus flexilis Elles

1912. Monograptus flexilis, Elles & Wood, Monogr. Britlsh Graptolites, pt. VI, p. 430, pl. XL 11, figs. 4a~e.

The polypary as a whole is curved, and strongly reflexed proximally. It may reach very long
but the length of 30~40 mm are of more common occurrence. It widens gradually from an initial
breadth of about 0.8 mm to a maximum of about 2 mm at a distance of 15 mm from the proximal
end.

The sicula is very distinct and measures nearly 1.5 mm in length. The apical portion reaches
almost to the level of the aperture of the theca 2. There are 12~10 thecae in 10 mm and of the
hook type which occupies a smaller fraction of the breadth of the polypary. The virgula is very
long and measures even more than 10 mm.

2.2 Retiolites (Gothograptus) spinosus (Wood)
. 1908. Retiolites spinosus Elles & Wood, Monogr. British Graptolites, pt. VI, pl. XXXIV, figs. 16a~c.

The polypary is small and never reaches 20 mm in length and widens rapidly to a maximum
breadth of about 1.8 mm (exclusive of apertural spine) which is then maintained. The reticula are
somewhat coarse and irregular while the clathria are fairly distinct. There are lo thecae in 10 mm,
the apertural margins are undulated and provided with several long, isolated spines bent
downwards.

2.3 Monograptus dubius (Suess)

1910. Monograptus dubius, Elles & Wood, Monogr, British Graptolites, pt. VII, p. 376, pl. XXX VI, figs. 7a~d.

The polypary is within 50 mm in length, straight distally, but with slight ventral curvature in
the proximal portion. It widens gradually to a maximum breadth of more than 2 mm. There are
9~ 10 thecae in 10 with an overlap more than 1/2 of their length and at the inclination of 30~35
degrees.

The sicula has a length of 1.7 mm with its apex reaching approximately to the level of the
2nd thecal aperture.

2.4 Monagraptus vomerinus var. basilicus Lapw
1910, Monograptus vomerinus var. basilicus, Elles & Wood, Monogr. British Graptolites, pt. VI, p. 411, pl. XL, fig. 2.

The polypary is very stout and long which measures nearly 10~80 mm in length. It is



straight distally of slightly curved at the proximal extremity and widens rather rapidly from an
initial breadth of 0.4 mm to a maximum of at least 3 mm and occusionally even more.

All the thecae are short with 8~10 mm and total overlapping. They present various
appearances according to the difference of conditions of preservation. Some seam to have abrupt
sigmoid curvature and the apertural margins are situated within distinct excavations occupying

about 1/2 of the breadth total of the polypary.

3 THE AGE OF HORIZON K

An analysis of the above-mentioned species shows the fact that the horizon k furnishes the
Wenlock fauna and certainly belongs to the zone of Cyrtograpius linnarssoni, i. e. Zone 29 of
Elles and Wood.

Monograptus flexilis is an index fossil belonging to the zone of Cvrtograptus linnarssoni
and usually in association with Monograptus vomerinus var. basilicus and Monograptus dubius.
Monograptus dubius, according to Elles is very abundant both in Wenlock and Lower-Ludlow;
but it can be distinguished by the fact that in the Wenloek Shales it rarely exceeds 40 mm in
length and seldom attains the maximum breadth of 2 mm, while in the Lower Ludlow it reaches
100 mm long, Retiolites spinosus is also one characteristic form in this horizon, while
Monograptus vomerinus var. basilicus is the most abundant fossil of the same zone.

Monograptus flexilis is confined in the zone of. Cyrtograptus linnarssoni while the other
species-Monograptus dubius, Monograptus vomerinus var. basilicus, and Retiolites spinosus
form the characteristic assemblage of that zone only.

Before the discovery of Wenlock Cyrtograptus fauna in Lientan, Kuangtung®, it is generally
considered that there was on Middle Silurian transgression in China, although the transgression
of Lower Silurian is wide-spread in S China. That the Wenlock sea also reached W Yunnan in the

Middle Silurian time is defintely confirmed by the discovery of the Wenlock fauna in the
Jenhochiao region®.

(1941 7T (HUFIRE) B 21 %, F2~4 ], % 257~260 )
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® The index fossil. Cyrtogruptus was found by/ Y.C.Sun from Shihtian,but not from the horizon K of the Jenhochiao region
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Notes on the Occurrence of Wulfenite i& the

Chaopishan Lead-Zinc Deposit, Karashar, Sinkiang

S. H. Sung
(Geological Survey of China)

1 INTRODUCTION

During the short time spent at Chaopishano, Karashar®, southern Sinkiang, for the purpose
of investigating the lead-zinc deposits™, the writer, accompanied by his colleague, S. C. Kwan,
found in the oxidized zone of the lead-zinc deposits abundant small yellowish red tabular crystals
associated with limonite, calcite, and malachite. Through blowpipe tests in the field and
microscopic study in the laboratory, the writer identifies this mineral to be wulfenite. He wishes
to express his gratitude to Dr. H. S. Wang, Director of the Geological Survey of Sinkiang, for his
valuable suggestion regarding the preliminary identification of this mineral.

The mineral, wulfenite, was first found in the Chaopishan lead-zinc deposit of Kuruk tagh®,
about 20 km. South of Pochengtzeo, 40 km. west of Singera, and 30 km. North of Sindi®, and
later also found in Kanchaohu® lead mine in Igerchi tagh®, some 25 km. north of Pochengtze.
Both the Chaopishan and the Kanchaohu mines are located in the Karashar district. These mines
have long been abandoned and are rather remote from the well-communicated human settlements,
such as Hoso®, Karashar, and Toksun® near the South Sinkiang Highway. According to the
writer’s experience, there are two ways to reach these mines: one from Hoso southeastward and
the other from Kumush® southward. It takes about 3 or 4 days to reach there by riding on horses
or camels.

The surveyed area of Chaopishan as well as Kanchaohu is characterized by mature landform
with rather gentle alopes and open valleys. The lead-zinc-bearing quartz veins containing
wulfenite occur commonly on the low-lying rolling hills not more than 20 meters above the
adjacent dry valleys. The elevation of the lead-zinc mine, according to barometer reading, is 1930

meters above the sea level.

*  Received for publication in January. 1946
**  Thanks are due to Dr. K. C. Hsu for his critical reading of the manuscript and labor in preparing it for publication. Sung, S. H.
& S. C. Kwan, 1945. Lead-zinc deposits of Chaopishan, Karashar, Sinkiang (MS)
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2 GEOLOGY

The rocks found in the vicinity of the lead-zinc mine are slightly metamorphosed. They
belong to the Sinian Kuruktagh Series which may be correlated with the Yukkengol Formation®.
They consist chiefly of graygreen slaty shales intercalated with some yellowish shalés, calcareous
sandstone, and crystalline limestone in the lower part, and gray-green calcareous slate
interbedded with some quartzitic sandstone in the upper part. Three diabase sills are found in the
upper part of this series. The strata are strongly folded with a northeast strike, and, in the vicinity
of the mine, they dip 70° north. Faults and thrusts are common in the immediate vicinity of the
mine.

In the Qizil tagh north of Pochengtze, a granite batholith about 50 km, long and 20 km. wide,
is found to have intruded into the Carboniferous shales and limestones, which are intensely
metamorphosed near the contact. At four places in the Qizil tagh area, lead-zinc deposits occur in
the Carboniferous strata around the granite batholith, which is supposed to be genetically related
with the deposits.

Occurrence: In the Chaopishan lead-zinc mine, one of the four quartz veins is found to
contain wulfenite. As seen from the abandoned open-cut, this vein has a width of 3 meters and a
fateral extension of about 50 meters, and cross-cuts the diabase sills and the metamorphosed
sandstones and calcareous shales. Formerly this vein was mined for galena, but forty meters
downward from its outcrop, galena gradually gives way to sphalerite. Sphalerite was not known
to be utilized at that time, which was at least one of the reasons for the abandonment of the mine.
Walfenite is restricted to the uppermost part of the lead-zinc-bearing quartz vein, i. ¢. the
oxidized zone. Wulfenite crystals scatter mostly in the cavities of the honeycombed or cellular
masses of limonite which borders residual remnants of galena. Malachite, manganese oxides, and
covellite are the common associated minerals. The oxidized zone with wulfenite is about 2 to 3
meters thick and is about 20 meters above the present water table.

Minerals: Wulfenite occurs in tetragonal tabular crystals with a width of a little more than 2
mm. and a thickness less than 1 mm. Many of the tabular crystals are as thin as a knife edge. The
crystals are all perfect and clear, translucent with a bright reddish yellow color and an admantine
luster. Optically it is uniaxial negative. Under the blowpipe on charcoal it gives a lead coating
and is decomposed in HCl. Galena is one of the chief ore minerals in the upper part of the main
quartz vein, forming veinlets and pockets. Sphalerite becomes predominant in the lower part of
the vein, occurring in large masses. Pyrite is disseminated in the wall rock but is not abundant in
the vein filling. The vein quartz is white and massive, intimately intergrown with the galena and
sphalerite. Calcite is present in the form of wide veins and is widely distributed in all the lead-
zinc veins. It was probably later than the quartz as it commonly cross-cuts the latter and is not in

close association with the ore minerals. Limonite occurs in the cavities or vugs as yellow ocher
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and botryoidal coatings, often in close association with wulfenite. Malachite occurs as deep
emerald green coatings in the cavities and fissures. Covellite is present only in small amount.
Gypsum commonly occurs in the upper part of the ore vein, forming granular and earthy masses
intermixed with limonite and manganese oxides. In places it forms masses up to a half foot
across.

Of the minerals mentioned above, galena, sphalerite, pyrite, quartz, and calcite are the
primary minerals, while limonite, wulfenite, manganese oxides, malachite and covellite are
evidently supergene. That the wulfenite crystals are found only in the cavities or vugs of the
oxidized vein material clearly indicates its supergene origin. Its association with limonite,
manganese oxides, malachite, and covellite further supports this view. Its intimate contact with

the partially altered galena suggests a genetic relationship between these two minerals.

(qe4s OO OUoUnd 250 0O 279~282 OO



