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1. INTRODUCTION

In October of 1933, we were sent by the Geological Survey of China to
investigate the alunite deposits of Luchiang district in central Anhui. We remained
there for eight days, during which a topographical and geological map in the scale
of ! to 20,000 was made. The surveyed area is 7.5 km. long from east to west
and is about 4 km. broad, it includes all localities where alumstone is being worked
or has been exploited.

There are altogether three large alumstone deposits in China, viz., Pingying
in S. E. Chekiang, Luchiang in central Anhui, and Futing in N. E. Fulden. Their
origin as well as geological occurrence are very similar to each other. According to
the present knowledge, the Luchiang deposit is of importance only next to Pingyang,
though in reserve and production the former is far less in amount than the
latter.
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Owing to the absence of K. Chermn, the microscopic study of the rock samples
was chiefly done by Y. C. Cheng and the report is also written by him, hence he
is responsible for any mistakes that may occur in this paper.

The writers are deeply indebted to Prof. C. Y. Hsieh for his valuable
suggestions and criticisms regarding the microscopic study of the alumstone as well
as to the origin of the depésits. Mr. S. Y. Hsiung, chemist to the Survey, has
kindly undertaken the chemical analysis of the specimens and to whom we are
under great oligations,

II. LOCATION AND TOPOGRAPHY

This deposit is situated on the border of a mountainous region about 80 km.
northeast of Huaining, the capital of the province, and 25 km. southeast of the
district city (see Fig. 1). The alunitized beds have an east-west extension about 3
km., i. e., from Shihtsaoling (A H ) to Kuanyinting (BiF¥TH), and a similar ex-
tension in a north-south direction, that is from Kueishan (#&]{]) to Shiachiayuantze
(FREEF). But only a few thin layers are rich enough to serve as ores or
alumstone for the manufacture of alum, It is on the valley slopes closely neigh-
boring such richly alunitized beds that the two well known populous and prosperous
localities, Tafanshan (FZE 1) and Hsiaofanshan (/#11]) which mean large alum
mountain and small alum mountain respectively in the exact sense—have grown
up. In these two towns a greai number of alum-roasting kilns (P1. 1V, Fig. 3) are
present.

The alum produced is first carried by coolies to Chiukow (Bt[). a small
town situated 8 km. north of Tafanshan and along the south bank of Sichiang River
(BWIT), and then it is loaded in the 'small boats and brought either up stream to
Luchiang and other cities or down stream though a water transportation of 70 km.
to the mouth of the river. From here it is further navigated eastward in the Yangtze
River for 60 km. to Wuhu, where the alum is repacked and then distributed to
different ports along the river. According to the informations of the natives.
Sichiang River is navigable for small boats all the year round and for steam boats in
the wet season only, hence the communication facilities of this alum-producing
center is comparatively convenient. A small part of the alum is carried 15 km.
westward from Hsiaofanshan to Luchangho (fE ), and then brought to different

neighboring towns or cities by small boats.
Generally speaking, the region is a maturely dissected mountainous country

of moderate relief, with more or less flat tops, gentle slopes and broad and open
intervening valleys. But in several localities, for instance, in the valley east of
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Pichialao (9 &), this mature landform is further sculptured by canyon-like young
valleys, which are evidently of recent development snd may still grow in the full
speed at present. Hence two physiographic stages at least, can be distinguished
from the landform observed.

The summits of the hills are usually 200 m. or more above the neighboring
flat ground surface, while the highest one, viz., the top of Chuntzeshan (8 Fil1),
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Fig. 1. A map showing the [ocation of Luchiang alumstone deposits

attains a local altitude of 350 meters. As all the rock_strata in this zegion are only
slightly diaturbgd and have a general dip toward west or northwest, the land forms
are consequently more regular, with ridges frequently parallel to the strikes of the



4 Bulletin of Geological Survey of China

beds, and dip slopes and hogbacks are of common occurrence. The drainage
pattern is of a trellis type with subsequent and consequent valleys intersecting each
other at right angles.

Owing to the hard and compact nature of the rocks, the quartzite of the
Jurassic Chuntzeshan formation usually forms hills of higher altitude and steeper
slopes, the tops of which reach a local elevation of 300 meters or more. The
topography of the volcanic series is generally characterized by lower altitude, flater
tops and gentler slopes, but those composed of the silicified variety may attain an
elevation of 200 to 260 meters above the adjacent plain. Small rolling hills with
wide intervening valleys are the characteristic landform for the places where intru-
sive bodies are present,

I, STRATIGRAPHY AND STRUCTURE

Both the stratigraphy and the structure of the Fanshan area is rather simple.
A quartzite series, probably of Jurassic age and having a thickness of about 700
m. is overlain unconformably by a thick and extensive volcanic series, the former
is gently folded while the latter is only tilted or warped. Owing to the absence
of fossils, it is impossible to make a detailed and accurate stratigraphical correlation
with the neighboring region. The formations so far recognized are described as
follows in ascending order.

A. CHUNTZESHAN SERIES

In the south-eastern part of the surveyed area, there exist several rocky and
rugged hills such as Chuntzeshan (see Pl. IlI, Fig. 4), Tienkuangshan (X3i1) and
others, which are composed mainly of a monotonous series of massive quartzite.
The rock is greyish white in color, and is very fine and compact. Sometimes it is
vesy similar to the silicified tutf of the overlying volcanic series that cropped out to
the west of the hills just mentioned, but the latter can be distinguished from the
former by its abundance of vesicles. The basal part of this series is not seen and
therefore its total thickness cannot be measured; the exposed part estimated being
about 700 meters. It is most probably to be correlated with the Tsuhsiatung
quartzite of Nanking! and the uppermost part of Tsaishih formation of Tangtu
district® for the following three reasons:

i C. Y. Hsich, Geology of Chunshan and its Bearing on the Supply of Artcsian Water in
Nanking, Bull, Geol. Soc. China, Vol. VII, No. 2, 1928.
C. Y. Hsieh and others, Notes on the Artesian Wells in Nanking, Bull, Geol. Surv. China,
No. 16, 1931.

2 C. Y. Hsich and cthers: Geolagy of the Iron Deposits of the Lower Yangtze, Mem. Geol.
Surv, China, Ser. A. No 13, 1935 pp.. 8-10 (English)}. '
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1} Its lithological character is very similar to these two formations just
mentioned.

2) As in the case of Tsaishih formation, the Chuntzeshan formation is also
lying unconformably under a volcanic series, probably of Cretaceous age.

3) The hills of the Fanshan area actually constitute the southern limb of the
west extension of the Ningwu synclinel, which formed an elongated and open basin
at the time of Cretaceous volcanic eruption. So the age of the Chuntzechan
formation is most probably the same as that of Tsuhsiatung formation, the Jurassic
age of the latter has been confirmed by paleontological evidence.

Inasmuch as its exact stratigrapbic correlation can not be made with Nanking
area and other localities a new name may be herewith proposed. Thus, this serics
is now called Chuntzeshan formation named after the mountain Chuntzeshan where
it is well developed and represented.

B. VoLcaNic SERIES

This volcanic series occupies a larger part of the area investigated.  As shown
in PL I and PI Il it is evidently lying unconformably upon the Chuntzeshan series.
The directions and angles of the dip of these two series change suddenly along their
contact line.  As in the case of Tangtu, this volcanic formation can be correlated
with the Kienteh formation of Chekiang?, Wuyi formation of Chekiang-Kiangsi-
Fukien border®, and the volcanic series near Nanking that has been studied in great
detail by Messrs. Yih and Yu®. Therefore, it belongs to Cretaceous.

It consists of variegated volcanic rocks® of different composition, ranging from
andesite, andesitic tuff, trachyte, trachytic tuff, breccia, to tulfaceous sandstone, but
the tuff rock being the most abundant variety. Owing to their extensive alteration,
the names of these rocks are usually difficult to determine. This renders microscopic

study of the rock samples a hard task.

1 C. Y. Hsich and others: Geology of the Iron Deposits of the Lower Yangtze, Mem. Geol.
Surv. China, Ser. A, No 13, 1935 p. 13 (English),

2 Liu and Chao: Geology of Weatern.Chekiang, Bull. Geol. Surv. China, Ne. 2, 1927,

3 Wang and Li: Geological Reconnaissance along the Nanking-Nanping Section of the Projected
Railway Line from Nanking to Canton, Bull. Geol. Surv. China, No. 14, 1930,

4 Yih and Yu: The lgneous Geology of Nanking Hills, Mon. Nat. Inst. of Geol., Acad. Sinica,
Ser. B, Val. 1, 1934,

5 Among the specimens collected, 3 of them have a composition similar to rhyolite, but cannot
be determined accurately owing to the extepsive alteration they have undergone.
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In addition to the weathering caused by common atmospheric agents and the
ground-water action, most of the rocks have been extensively altered by hydrothermal
action, which will be discussed in some detail in a later chapter. The degree of
alteration suffered by various rocks often varies with their original lithological
composition; a great many of complicated rocks are thus produced. The silicified
ones are very hard and compact, while those altered by the processes other than
silicification are rather soft and even loose. As to the origin of these alterations, it
may be safely attributed to the hydrothermal effect that produced not long after the
granitic and dioritic,intrusions,

The sequence of this whole formation is not easily traceable so a detailed
columnar section is rather difficult to draw. But based upon what has been observed
in the field ‘and with the help of microscopic study of some specimens, we may
tabulate the general succession in descending order as follows (refer to Pl. 1I).

(24) Greyish white trachytic tuff and trachyte porphyry, upper part
not exposed. 80 m. thick
(23) Altered agglomerate and coarse volcanic breccia of greyish and pinkish
white color, occasionally alunitized and silicified, 50-60 m
(22) Greyish white tuff, trachytic tuff and trachyte ... etc., all being partly
alunitized and silicified, but the alunite content is rather low, 50-60 m
(21) Alumstone bed or alunite-rock of various color—highly alunitized

wifs, trachyte . . . etc. (the sixth alumstone layer). 0-40 m
(20) Purple and white banded trachyte (R. No. 5334), slightly alunitized and
showing distinct fluidal structures. 5-10 m
(19} White silicified tuff, fine and compact, but vesicular, 30-90 m
(18) Altered agglomerate of light color, occasionally alunitized and silici-
fied, I5m*

(17) Alunitized and silicified tuff, trachytic tuff and trachyte, ete., the color
ranges from greyish white to purplish grey, and the alunite content is

rather low. 60 mit
(16) Alunite-rock, chiefly an alunitized trachyte porphyry (ihe fifth alum-
stone layer). 0-5m

(15) Light colored alunitized and silicified tuff, trachyte . . . etc. 100 m%
(14) Alunite-rock—alunitized trachytic tuff and tuff, usually white to light
grey in color (the fourth alumstone layer). 0-8 m
(13) White to light grey alunitized and silicified tuff, trachyte, etc., the
alunite content is very low. 100 mit
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(12} Purple- and greyish-white-laminated tuffaceous sandstone, slightly
alunitized (R. No. 5347). 30m+

(11) Light colored alunitized snd silicified tuff, trachytic tuff . . . ete, 30 m.
(10) Alumstone—alunitized fine tuff, breccia, trachytic tuff, and trachyte
porphyry, etc. (the third alumstone layer). 30-50 m.

(9) Alunitized tuff, trachytic tuff, etc. 100 m.
(8) Purple to greyish white tuffaceous sandstone, slightly alunitized, 40 m.
(7) Alunite-rock—alunitized tuff and tuff sandstone (the second alumstone

layer). 0-5 m.

(6) Purple to greyish white tuffaceous sandstone, slightly alunitized, |
| 40 m:t
(5) White silicified tuff, compact and quartzite-like, but vesicular, often
slightly alunitized, 40mt
(4) Alunite-rock—alunitized trachytic tuff, agglomerate, etc. (the first
alumstone layer). 0-10 m,

(3) White silicified fine tuff, versicular and hard, occasionally alunitized.
220 m,
(2) Trachytic tuff and trachyte porphyry, strongly altered. 100 m.
(1) Andesitic tuff and andesite porphyry. 300 m.

Total thickness of exposure: 1500 m X.

In the above table, the first and second layers, i. e., (1) and (2), crop out to
the east of Luchiawu (@ R); the third one and up to the eighth layer are mainly
found at the hill of Tungshan and their southern extension has been traced as far as
west of Shihtsaoling: the outcrop of the Sth to 14th horizon can ke seen in the
regions between Tafanshan and the summit of Chiaotzeting (B8-F1H); the I5th to
21th stratum crop out from Chiaotzeting westward to Hsiaofanshan; from the- 22th
layer upward, they are chiefly found in the area to the west of Hsiaofanshan.
YWhether or not there is any strike fault in the upper part of this formation so as to
make repetition of the beds is not certain. More detailed investigation of the volcanic
series may be able to settle this problem, |

As shown in the above table, the eruption of lava and pyroclastic rocks
gradually changed- its composition from basic to acid. This corresponds to the
general succession of the Cretaceous volcanic series of south-eastern China =o far
investigated, Based upon this criterion, this formation can be arbitrarily subdivided
into two parts; an upper part consists mainly of fine tuff, trachytic and tuffaceous
sandstone about 1250 meters thick, and a lower one of andesite porphyry and
andesitic tuff, with a thickness of about 300 meters. It is in the upper formation
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that all kinds of alteration with the development of the alunite beds of economic value
are found. While no break has been actually observed between the andesite series:
end the overlying one, there are evidences indicating the existence of at Jeast two
erosion intervals in the lower part of the trachyte-tuff formation.  This conclusion
is evidenced by the presence of small clastic particles of volcanic origin in the two
tuffaceous sandstone beds, No. 7 & No. 12 in the above table and which are to be
interpretated to represent two inter-volcanic periods during which the volcanoes

became temporarily dormant and erosion prevailed.

For the purpose of showing the nature and alteration of the volcanic rocks,
some specimens are described in the next paragraphs, But the more or less alunitized
rocks are treated in the chapter on ‘‘alunite deposits’”.

ALTERED AGGLOMERATE BRECCIA

(No. 5331, Location, nqrth summit of Suantingshan S8TE ili, Point 23 in PL D)

Megascopic characters: A pyroclastic rock composed of a red matrix and
white or red pebbles of volcanic origin,

Microscopic characters: This rock is distinctly clastic under the microscope.
The white pebbles are slightly porphyritic rocks showing a faint trachytic texture,
whose feldspar phenocrysts have been altered largely to kaolin, sericite, quartz and
alunite, embedded in a groundmass consisting of fine secondary quartz grains
and cryptocrystalline feldspar. The red pebbles are essentially similar to the white
ones, but being dusted with abundant small hematite grains. The matrix is a mixed
mass of minute secondary quartz, small cloudy feldspar and a small amount of
alunite scales and prisms, here.and there coated by a film of red iron oxide.

TRACHYTE PORPHYRY

(No. 5341. Loc., western end of the Taichiahang (##{7) valley, P. 26 in PL, |
Sp. Gr.=2.475.)

Megascopic characters: A light grey rock with white lath-shaped feldspar
phenocrysts, reaching a miximum length of 3 mm. They are surrounded by feldspar
of smaller size.

.Microscopic characters: It is an extensively decomposed and altered rock.
The feldspar phenocrysts have mostly been changed into dusty kaolin, sericite,
secondary quertz and-a very small amount of kaolinite and acicular alunite crystals.
Some crystals are comparatively fresh and the mean refractive index of which is
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about 1.54 or a little below 1.54, consequently they may belong either to orthoclases
or to albite and oligoclase. Other minerals are rare. The groundmass consists
chielly of feldspar microlites and a small amount of {ine magnetite grains.

ANDESITIC TUFF
(No. 5342, Loc., Panshihling GHH %), P. 18 PL. I)

Megascopic characters: It is a dark purple, fine, loose and vesicular rock.

Microscopic characters: Under the microscope the rock is slightly clastic.
A few dark-colored small pebbles, with more ferruginous material, are embedded
in the matrix of lighter color. But the mineral compositions of the pebbles
and matrix are essentially the same, as both are composed chiefly of small
feldspar laths that embedded in a mixed dusty mass of red iron oxide, biotite,
muscovite and others. Fine incipient quartz grains are also present, part of them,
at least, serve as {illing material in the minute vesicles. One large feldspar crystal
has been found, being altered entirely to secondary quartz and others. Large
magnetite grains are abundant, most of them are partly decomposed to hematite and
limonite along their borders. The andesitic character of the rock is determined by
megascopic character rather than microscopic.

ANDESITE PORPHYRY
{No. 5250. Loc., Taichiahang (8%47), P. 27 in Pl. [X)

Megascopic characters: A purplish grey porphyritic rock. Phenocrysts and
groundmass are nearly in equal proportion.

Microscopic characters: A groundmass chiefly composed of small plagio
clase laths and also a small amount of minute magnetite grains are embedded with
plagioclase phenocrysts of long prismatic form. As their refractive indices are
slightly higher than 1.54 and their extinction angles +2° to -2° on (001), these
crystals may have the composition of oligoclase to andesine. Both large crystals
of hornblende and that of augite are common, but they are altered mainly to
chlorite and various iron oxides. All forms of magnetite grains, large or small,
fresh or altered, are present in the slide. Few epidote-like minerels have been
found.

SILICIFIED FINE TUFF
(No. 5262. Loc., northern slope of Tung;han (s, P. 2in PL D)

Megascopic characters: A white, compact and vesicular rock scattered by
white spots in certain portions.
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Microscopic characters: This rock is almost entirely composed of fine
incipient quartz grains, here and. there dotted by irregular patches or nests of
amorphous kaolin, Few small alunite scales have also been observed. In some
portions, kaolinite and sericite aggregate eonstitute a rectangular outline; this may
indicate the existence of a feldspar phenocryst in the original rock. Vesicles
are abundant, most of them being left vacant., Several hematite graina, which.
have been partly altered to limonite, are found in the slide.

FERRUGINOUS SILICIFIED FINE TUFF

A poor siliceous iron ore, (No. 5978 Loc., summit of Chiaotzeting, P. 28 in
Pl I See PL VII, Fig. 3)

Megascopic characters: A reddish to black, hard but vesicular rock with
intervening white patches.

Microscopic characters: The rock is composed chiefly of small grains of
hematite, usually aggregated in irregular forms or nests and altered to limonite
along their borders. Among the intervening spaces of the aggregates of hematite
are irregular patches of fine incipient quartz grains. Vesicles are very abundant,
Quartz may be partly coated by limonite and it seems that hematite was formed
later than quariz.

C. ALLuviuM
Its composition ranges from clay in the plain, loam near the foot-hills, to
sandy loam, sand or sand loam and pebbles in alternation on the hill slopes. " It
occupies the flat piedmont plains and valley bottoms, and it is in these places that
the small villages have been grown up.

D. STruCTURE

The structure of this region is very simple; no faulting was observed while
folding plays an important part in the tectonic history. The Jurassic quartzite forma-
tion exhibits a gentle anticline (Pl. 1), whose axis lies in the valley south of Tien-
kuangshan in a ENE-WSW direction. The dip angle of its two limbs never exceeds
30 degrees. The volcanic series is generally tilted or warped toward W to S 70°
W, with dip angles varying from 10°-60°, while 15°-30° being the most common
recorded. Owing to their smaller size, both granitic and dioritic intrusions have
exerted no or little influence on the geological structure. The dioritic intrusion east
of Pochialing was only by chance to meet the axis of the Pre-Cretaceous anticline.
Looking at it in a broad way, we may say that our area is located along the
southern limb of a large syncline!, whose east extension has been traced as far as

1 Mem. Geol. Surv. China Ser. A, No. 13, 1935, Fig. 1.
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Nanking, while its northem limb extended as north as Chachsien and Hohsien

where Late Palaeozoic to Mesozoic formations occur. The simple tectonic

history so far traced out in this area may be tabulated in ascending order
as follows:

(1) Post-Jurassic and Pre-Cretaceous folding—the axis of folding is
ENE-WSW.

(2) Post-Cretaceous (and l:’re:~Quat.ternary)1 folding or warping with its axis
of folding nearly parallel to a north-south direction.

V. INTRUSIVE ROCKS
A. GENERAL CONSIDERATION

Altogether three different kinds of intrusive rocks have been found in this
region, viz. microgranite, porphyritic syenite and diorite porphyry. Both field obser-
vation and theoretical deduction have shown that they were derived perhaps from
the sarme magmatic source, and that their present differences in mineral composition,
extures and characters are but a result produced by magmatic differentiation in
the past. The microgranite crops out in the area between Tongchialing (&K 2) and
Kueishan and occupies a rather large area, being roughly in the form of a boss of
limited extent but with a large part of it covered by alluvium. On the borders of this
body the rock changes gradually into syenite which is slightly porphyritic in texture.
The small outcrop at Tsatunwa (Z W) belongs also to such a typs. The dioritic
bodies are distinctly porphyritic and are situated further away from the central
magmatic body just mentioned, Thus, a gradual variation of rack compeosition

from acid to basic and of textures from equigranular to porphyritic is here clearly
demonstrated.

The microgranite is fresh red in color and consists chiefly of pink orthoclase
and soda-plagioclase crystals with an average length of one mm. Some quartz grains
of smaller size are found. Hornblende crystals and biotite flakes are rare, though
not absent, Pyrite grains are noted in some of the specimens. All these constitute
a fine granular texture. Few large but weathered acid-plagioclase phenocrysts
reaching a maximum length of 6 mm, are embedded in a groundmass exhibiting
granitoid texture, - Hence the neme *‘microgranite’” is proposed for this rock. It
is only slightly altered.

1 At a place about 10 kilometers to the west of Haiaofanshan, a elightly consolidated gravel bad,
probably corresponds to the Tatung gravel of Quaternary age, hae been found: without
doubt it lies unconformably on the volcanic serics, Hence this folding ie possibly a Pre-
Quaternary movement.
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The porphyritic syenite constitutes the peripheries of the above mentioned
intrusive body, and also crops out in the valley of Tsatunwa, It is also fresh red in
color, but contains many large white and deeply sltered acid-piagioclase phenocryts.
Some orihoclase phenocrysts are also present. Theé groundmass of this rock differs
from that of the microgranite by the absence of fine quartz grains and the more abun-
dance of hornblende crystals,

Diorite porphyry usually occurs in small intrusive bodies of irregular shapes,
but very narrow dikes or apophyses being also found. It crops out at Chiaotzeting,
Shihtsaoling, Chunshanyuantze (§5111 EF). Panshihling, Chuntzechan ‘and in the
valleys east of Yangshan (34lJ; see Fig. 2) and Paochialing.( PRE) respectively.
The rock is distinctly porphyritic with phenocrysts and the groundmass nearly in
equal amount. Its color varies from dark brownish red, reddish purple to purplish or
bluish grey according to a slight variation in mineral composition. The phenocrysts
are composed chiefly of plagioclases of acid to intermediate types—ranging from
oligoclase to andesine—and common augite or hornblende, with associated minerals
such as magnetite, zircon and apatite, The groundmass consists of small feldspar,
magnetite, augite, hornblende and others.

These three kinds of rocks are generally extensively altered in the alumstone-
bearing regions, while these found in places far away from the alunite-rocks zre
usually more fresh and retain all of the original characters.. The extremely altered
ones are often very light in color, and also more soft, if not silicified.

Perhaps it is due to the smaller size of the intrusive bodies and the superim-
posed effect of the later alteration, that the influence of contact metamorphism is
‘usually not easily recognizable in the country rocks. Whether or not the formation of
- Chuntzeshan quartzite may be attributed partly to the metamorphie effect of the intru-
sive rocks is not certain, Contact minerals have not yet been found in this region. On
the other hand, similar to the volcanic rocks, these hypabyssal rocks have also been
affected by similar processes of alteration which will be discussed in a later chapter.

B. PETROGRAPHIC DESCRIPTIONS
AUGITE DIORITE PORPHYRY
(No. 5328. Loc., Shihtsaoling, P. 24 in Pl. 1X)

Megascopic characters: A purplishred to grey holocrystalline but porphyritic
rock. The phenocrysts are less abundant than the groundmass and consist chiefly
of slender 1ath-shaped"ieldspar and grains of augite, the former reaching a maximum
length of 1.5 mm. The color becomes greyish and feldspar often changes to white
when deeply weathered.
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Microscopic characters: Among the phenocrysts the lath-shaped plagioclase
in the most abundant constituent. Most of this mineral has been almost entirely
altered to kaolin dusts and fine sericite scales, while others altered only along the
peripheries with their central portions still fresh enough to be determined optically.
From its optical characters,! this mineral is determined to be an oligoclase, having
the composition of Ab;s, Anss. Both Carlsbad and Albite twining are present.
Subordinate to the plagioclase is the short prismatic augite, some gives a positive
optical sign and an extinction angle of 45° on (010). Most probably it is common
augite. |he mineral is somewhat altered along the cracks and bordersy among the
alteration products, iron oxide of various forms is the most abundant one, some
greenish fibrous aggregates, probably uralite, are also present. Slightly altered
magnetite grains and apatite crystals are frequently' met with, Yellowish green
hornblende, often extensively decomposed, and zircon are rather rare.

The groundmass is brownish red in color and consists mainly of feldspar,
augite and magnetite of small size. Quartz grains has never been seen in this slide.

AUGITE DIORITE PORPHYRY
(No. 5352. Loc., Panshihling, P. 25 in PL 1}

Megascopic characters: A porphyritic rock with greyish white to light grey
plagioclase laths and short prismatic augite crystals scattered among a greyish and
reddish purple groundmass. The plagioclase is 1-5 mm. long and 0.5 to 2 mm.
broad and often shows polysynthetic twinning laminae. Phenocrysts and groundmass
are nearly in equal proportion.

Microscopic characters: Under the microscope it is distinctly porphyritic.
The phenocrysts and the groundmass may be described separately as follows.

Phenocrysts: Plagioclase is the most common constituent, usually in the
form of large and long prisms. A great part of the crystals have been cracked and
altered entirely or partly to sericite, amorphous kaolin, ...... etc. Some of them are
fresh enough to exhibit both Carlsbad and Albite twinning and give a positive
optical character and an average refractive index of greater than 1.54, hence they
may belong to the andesine class of plagioclase. Next to the plagioclase is the
light yellow augite, occasionally ghowfng simple twinning and often altered along
the peripheries, partings end crevices. Most probably it is common augite as is

1 Optceally negative, extinction aﬁglc 2° measured on the base and an index of refraction
slightly greater than 1.540.
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indicated by its extinction angle. Magnetite grains and apatite crystals are the
common accessory minerals, while others are rare.

Groundmasa: Similar to No. 5328, it is composed of minute feldspar laths,
augite crystals and magnetite grains.

HORNBLENDE DIORITE PORPHYRY

(No. 5329. Loc., west of Panshihling, P. 19in PL, 1)

Megascopic characters: A preyish purple, compact and porphyritic rock
with light grey lath-shaped feldspar and greenish black long prismatic hornblende as
its phenocrysts. The size of the feldspar is slightly smaller than that of No. 5352,
and a majority of it belongs to the plagioclase as is indicated by the trace of Albite
twinning on the surface.

Microscopic characters: Feldspar is the prevailing phenocryst, which is
often extremely decomposed and altered to sericite and others. The facts that some
fresh crystals have a mean index of refraciion slightly greater than 1.54 and give
positive or negative optical signs suggest that the feldspar belongs to the plagioclase
class ranging from oligoclase to andesine. Slightly decomposed hornblende is very
common., It is distinctly pleochroic, varying from greenish yellow (X), yellowish
green (Y) to yellow (Z). Magnetite is the only important accessory mineral.
The groundmass consists of small feldspar, hornblende and magnetite, all are deeply
altered and decomposed.

HORNBLENDE DIORITE PORPHYRY

(No. 5330. Loc., west of Hochiatayuan (FiggABE), P. 17in PL. D

Megascopic characters: [t is essentially similar to No. 5329, only the feldspar
phenocrysts are much larger, having a maximum length of 5.5 mm.

Microscopic characters: Feldspar is the most abundant mineral in the
phenocrysts, being decomposed largely to a cloudy and turbid mass, occasionally
exhibiting multiple twinning on the surface, and having an average index slightly
greater than or equal to 1.54. It shows a negative optical character, so it is deter-
mined to be an oligoclase.  The prevailing mafic mineral is hornblende, which is
very similar to that in No. 5329, but has altered mostly to chlorite. Among the
accessory minerals, apatite is the predominant element often occurring as inclusions
in the forms of beautiful crosses and slender needles. Zoisite is also present, it
gives an abnormal blue interference color, a biaxial positive optical character and a
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rather small optical angle. The brownish and greyish purple groundmass is com-
posed largely of minute crystals of feldspar, homblende and magnetite,

MICROGRANITE
{No. 5335. Loc., South-west of Tongchialing, P. 20 in FL 1)

Megascopic characters: This rock is slightly porphyritic, with a few pheno-
crysts of white feldspar, about 4-6 mm. long and 2.3 mm. broad, embedded in a
fresh red groundmass displaying a faint granitoid texture, The groundmass consists
chiefly of fresh red orthoclase and perhaps also soda plagisclase crystals with a
mean length of one mm. Some quartz grains of smaller size are present. Hom-
blende and biotite are rather rare, while grains of pyrite are also occassionally
found.

Microscopic characters: The large phenocrysts are extremely altered into
sericite and kaolinite and amorphous kaolin, Minerals that composed the ground-
mass seem to be less altered and exhibit a clear granitoid texture, which is more
clear than when observed magascopically, Clear and fresh quartz grains in allotri-
morphic forms occur as interstitial filling. The feldspar laths are usually extensively
altered and none can be determined accurately by optical means. A great part of
them, at least, are orthoclase as is indicated by a comparison of its refractive index
with that of Canada balsam and quartz; while some crystals which exhibit trace of
multiple twinning and give higher values of index of refraction, may belong to albite
or oligoclase of the plagioclase class. Brownish yellow biotite which shows pleo-
chroic halos and dark green hornblende are present, both being partly altered to
chlorite. Magnetite grains in all stages of alteration and decomposition to hematite
and limonite are found. A small amount of tourmaline showing a blue t¢ green color
is present, it shows a negative uniaxial optical character. Zircon and apatite may
occassionally make their appearance.

PORPHYRITIC SYENITE
(No. 5337, Loc., Tsatunwa, P. 23in PL. D)

Megascopic characters: It is a fresh red porphyritic rock with greyish white
or red feldspar and greenish horblende as phenocrysts, which are less in amount
than the groundmass. Feldspar crystals are generally 1-3 mm, in length and 0.5-1
mm. broad. Quartz grains are absent.

Microacopic characters: As compared with No. 5335, the following three
things are worthy to mention:
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(1) Quartz is absent.
(2) Feldspar has been extensively weathered and altered that makes
accurate optical determination impossible. But as in the case of
No. 5335, o large part of it may belong to orthoclase, and a small
part of it may be acid-plagioclase.
{3) Hornblende and Magnetite are more abundant.
Thus, this rock may be properly named as porphyritic syenite or porphyritic horn-
blende syenite.

PORPHYRITIC SYENITE
(No. 5338. Loc., Kueishan, Tatanshan, P. 22 in PL I)

It ie essentially similar to Ne. 5337, but its phenocrysts are much larger and
more altered.
V. THE ALUNITE DEPOSIT

A. FiELD CHARACTERS

The most pure and high-grade alunite ore in this region as can be recognized
from microscopic study as well as chemical analysis is collected from the Tsoupaokun
(BRE(IL) quarry (point 4 in Plate 11, see also Fig. 2) of Tafanshan. It is whitish
gray in color, and fine and compact but massive in character. The iractured surface
is subconchoidal and comparatively even. It looks very like a light grey siliceous
limestone. The superior hardness—being greater than that of a knife edge—is due
to its high silica content as a result of silicification process. Between the cross
nicols it is seen to be composed of nearly 2/3 of small scale, and irregular
fragments, of alunite, which are usually mingled with a considerable amount of
minute quartz grains.

Those less pure and less alunitized ones are also whitish grey in color and
often locally purplish tinted, but the subconchoidal fractures are seldom present. The
appearance, texture and hardness vary greatly, consequently no generality can be
obtained. Some of them may be comparatively soft and tuffaceous, or even very
similar to a tuffaceous sandstone, while others may be very hard and quartzite-like,
Some are very fine and compact, often with abundant small vesicle-like holes,
while others may be distinctly porphyritic in texture but rarely vesicular, still a few
is compact and fine-grained and characterized by the presence of numerous visible
alunite crystals or scales, Such great variation is obviously due to the different
degrees of alunitization and silicification as well as the differences of the original

rocks.
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Although the alunitized beds are widely distributed, only a few layers are rich
enough to deserve the name of ‘‘alunite ore’’. Actually only six important alunite-rock
layers have been discovered and quarried by the natives.! The first one located on
the eastern slope of Tungshan (PL IiI, Fig. 3), is a richly alunitized tuff rock and is
trending NNW-SSE with a dip angle of 40° to WSW, and having en average thick-
ness of 4 meters, and a minimum length of 320 meters. [t is underlain by a thick series
of silicified and poorly alunitized tuff (No. 5262), and overlain by a thin layer of
alunitized agglomerate (No. 5347) and then by greyish to purplish white fine tuff and
tuffaceous sandstone, which are occasionally alunitized, The natives classify this layer
as low-grade ore, but it is undoubtedly of medium- or high-grade according to the
microscopic study of the specimens collected (No. 5628 and others). Even the
overlying agglomerate is proved to be also composed of a considerable amount of
alunite so that it may be served as a useful ore. © The second one occurs on the top
of the same hill and is embedded among a series of purplish and greyish white
tuffaceous  sandstone, it is poorer in alunite and is stratigraphically higher than
the first one. It is only a few meters thick and has a longitudinal extension of
about 150 meters.  The third alunite-rock layer situated on the ridge and slope
just west of the Tafanshan town is the most important and richest ore in this
region. It is a combination of alunitized and silicified fine tulf, trachytic mff and
trachyte, which dip towards west to west-south-west with angle of 40° to 80°.
The thickness is more than 50 meters for the whole sequence and 9 to 10.5
meters for the better ores, while the length is more than 700 meters. Both below
and above this layer is the slightly alunitized variegated tuff or trachytic tuff. The
famous quarries that are prosperous either in the past or at present, such as Kuniupei
(#H4Y), Chutzetan (35 F8%), Kuokunghua (B]24#). Tsoupaokun (P, 11, Fig. 3).
Kueimenkuan (S2fYBR), Yeimenkun (§5f93L), and Tutang (rf:ﬁ). are all located
along this horizon, The fourth one occurs on the north-south ridge north of Chiao-
tzeting and dips toward S 80° W with an angle of 30° or more and are embedded
among a poorly alunitized tuff of light grey color, It is actually an united body of
richly alunitized tuff and trachytic tuff (No. 5689 and others), with an average thick-
ness of 8 to 10 meters and a longitudinal extension of 500 meters, The quarries
under the name of Yangshan (3(l]), Liutseitang (I2%4¥) and Yantzewu (FEFE) all
exploit the alunite ore belonging to this layer. The fifth one crops out at Hwashan
(fE1ls; PL 111, Fig. 5) and dips toward S 45°-60°. W with a dip angle of 35°. I is
a low-grade alunite ore, actually an alunitized trachyte porphyry (5333 and others)
and has a mean thickness of 1.5 m and an approximate length of 300 meters. The

1 Al the names of the quarries and places mentioned below are shown in P 1l and Fig. 2,
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alunite-rock in the abandoned quarry south of Chiactzeting may be the south-eastern
extension of this layer. The sixth alumstone layer appears in the vicinity of Hsiao-
fanshan town, being the longest and thickest one, though not the best, in the
surveyed area, It is a combination of two parallel beds 600 to 1200 m. long.-
with dip angles of 15-35° toward 5 60°-80°W, the characters of which are very
similar to that of the third layer. The total thickness ranges from 30 to 60 meters,
but that of the valuable ore is only 5 or 6 meters. The well known quarries
of Hsiaofanshan such as Hsiaolungching (/MEFk), Tienwutang (KB4, PL IV,
Fig. 1) and Hsiaolungkou (211} are all located along this bed; the ore produced
from these three localities are either of medium-grade or of high-grade. Besides
the workable alunite-rock beds just mentioned, there are still some small layers or
veins that have been exploited by the local residents, but they are not important

Fig. 3. A section showing the occurrence of alumstone in the Volcanic Series, Yangs

1. Light grey slightly alunitized tuff. 2 White alunitized tuff, the medium-rank alumsi

3. Greyish white richly alunitized trachytic tuff, the high-rank alunite-rock. 4. Greyish white
slightly alunitized trachytic tff. 5. Surlace covering—clay & rock fragments, i. Joint.

enough to be stated here. Furthermore, as a result of microscopic study of the
specimens, the authors have found that those collected from a place about 300 m.
north'of Shiachiayuantze (No. 5350 and others) and 600 m. north pf Shihtsaoling,
(No. 5345) the rocks are alunitized and silicified porphyritic trachyte and tuff respec-
tively and contains a percentage of alunite as high as 40%; consequently they may
serve as ore for the manufacture of alum. Thus, with more detailed investigation
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it is possible that more valuable alumstone layers or veins may be discovered in this

region.
The alunite-rock layers or beds previously mentioned show usually irregular

thicknesses; they may locally thin out, or to form pockets of great dimension.

S80W NE0'B
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Fig. 4. A section across Tsoupaokun Quarry to show the succession of alunite deposits,

The following description of some sections across_the alunite deposit serves to
show the nature and form of replacement in the alunite formation.
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- A west-cast section that taken from the northern part of Yanshan quarry is
reproduced in Figure 3. In this section it evidently shows that although the alunite-
rock is more or less in the form of a layer and is parallel to the bedding of the country
rock, its boundary lines are by no means sharp and straight as a common sedimentary

“stratum should be, but generally showing undulating or even very irregular margins
which is especially marked for the upper border. Such an irregular sheet is a typical
form of replacement deposit, while the more sinuous shape of its upper brink may
be due to the fact that the overlying country rock is more soluble and hence easier to
be replaced than the underlying stratum. Both the country rock and the alunite-
rock are seen to be cut across by three sets of joint, the first dips to west with an
inclination of 80°, the second inclines’ toward NE with a dip angle of 40-50° and
the third one dips to SE at an angle of 45°. Undoubtedly they are not tensional
joints produced as a result of cooling, very likely they are the products of lateral
compression or twisting acted on the rock when the latter has already well

consolidated.

Another section cut across the famous Tsoupaokun quarry (PL 1II, Figs. 1 &
2) nearly in an east-west direction (Fig. 4) shows the succession of a thick series of
alunite-rock. From the top to the bottorh, the characters of the various layers are
stated in the following:

No. of the Thickness % of alunite
layer (refer to No. .Of the Ch Rock determined
Figure 4) specimen aracters micro-
scopically
a Grey silicified tuff, shightly 5 m+ lessthan 20%
alunitized
b No. 5949 Greyish white richly aluni- Z2m 40% *
tized silicified tuff
c Pinkish grey tuff, slightly 3m lessthan 20%
alunitized
d No. 4960 White & pinkish white al- 3m 40% %
unitized and silicified tuff
e Pinkish tinted white aluni- 18 m 28%
tized silicified tuff
f No. 4965 Greyish white slightly aluni- 0.6 m 10% —

tized silicified with alunite
scales
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No. of the
layer (refer to
Figure 4)

Bulletin of Geological Survey of China

Thickness % of alunite

No. of the Rock determined
specimen Characters micro-
scopically

No. 4964 White alunitized and silici 0.9 m 30% +
fied tuff with prominent
acicular alunite crystals

No. 4972 Greyish white richly alunitiz- 1.5 m 50% +
ed trachytic tuff showing
fluidal structure

No. 4971 Greyish white alupitized and 1.5 m 30% +
silicified trachyte

No. 4970 Purplish white alunitized 2m 40% *
trachyte porpbyry, slight-
ly silicified

No. 4966 Pinkish white alumitized and 4 m 40% *

& 4968 silicified tuff

No. 4962 Pinkish white alunitized and 1.2-2m 50% —

silicified trachytic tuff

No. 4963 Greyish white alunitized and 0-1,15m, 30% £
silicified trachytic tuff

No. 4969 QGreyish white richly alunitiz- 1.3-2m 50%
ed silicified fine tuff

No. 4967 Greyish white richly alunitiz- 1.2 m 40% X
ed silicified vole. breccia

No. 4961 Pinkish tinted greyish white 5m+ 60% .t
richly alunitized fine tuff,
also silicified
Greyish white alunitized sili- I0m — 40%!2
cified tuff (almost entirely
covered by rock fragments)
No. 4973 Purplish tinted white aluni- 10 m 40% X
& others tized and silicified, volcanic
breccia or agglomerate.

1 Samples not collacted, it is a medium-grade ore according to the oral information of the work-
men in the quarry,
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B. STUDY OF THE SPECIMENS

During the present investigation nesrly 200 specimens of the alunitized rock
have been collected by the writers. - With a view to determine the angin and the
nature of the deposit and to find out the mutual relationships .between. the different
types so that a subdivision may be made according to their respective mineral com-
position, most of these samples are subjected to careful and systematic microscopic

and chemical study, the resuls of which are to be described in the following sections.

(1) MICROSCOPIC STUDY
a. Advanced résumé

In the following paragraphs, the features of an individual alunite and the
occurrence of alunite crystals in the rocks as well as their mode of replacement are
stated first, then follows the classification of the alunitized rocks that based on the
degree of alunitization and the nature ‘of the original rocks.

In the thin slides of alunite-rocks, the alunite occurs mostly in micro-crystal-
line form, while only a few of it appears as phanero-crystalline constituent. Seven
forms can be distinguished for their outer shapes, viz., long and narrow prisms
(Plate VI, Figure [; PL VIII, Fig. 4), fine needles (Plate VI, Fig. 2; P1, Vil}, Fig.
1) irfegu_lar fragments (Plate VII, Fig. 4), short prisms or prismatic plates (Plate
V111, Fig. 4), masses with fracture or cleavage lines (Plate V1, Figs. 3 & 4), large

spinning-spindle-like body aggregated by small acicular crystals (Plate VI, Fig. 2)
and fine scales {Plates VIII, Fig. 5; PL. V, Fig. 3).

The optical character can be detected from all the forms except some extreme
minute scales or irregular fragments. But those occur in the forms of prismatic
plates, and spindle-shaped aggregates are especially favorable for such a study.
Most of the prisms are elongated and developed along the vertical ¢ axis. Under
the plane-polgrized light, the alunite is colorless and non-pleochroic; with rather
high relief and fairly perfect cleavagé cracks parallel to the direction of elongation,
i, e.,the c axis. Partings running in the direction parallel to ¢ are occasionally seen.
It shows en interference coler ranging from upper first order to yellow colorof the
second between the cross nicols. Uniaxial positive figure can be obtained from
thos_e sections which give interference color of greyish yellow to bright yellow of
first order. The refractive indices of the large crysials lie between 1.59 and 1.565.
The biggest crystal so far observed in the collected samples is 3.5 mm. long and 1.5
mm. wide. Magascopically, the larger crystals exhibit a pinkish white color and
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a pearly luster and a hardness about 4, while the specific gravity of the purest
specimen js 2.76.

Three types may be distinguished for the occurrence of the alunite crystals
in the rocks. The first one is named as disseminated type. (Plate V, Fig. ‘3. PL
VIII, Fig. 5). In such a case the alunite usually occurs as smal] irregular fragments
and scales which mingle freely with other micro-crystalline or cryptocrystalline
constituents. The alunite is rarely aggregated. The disseminated nature of the
alunite crystals may be explained by the relative compactness and the comparative
homogeneity of the original rock which enable the crystallization to begin at many
points in the rock.

The second one may be called decussate type (Pl V, Fig. 4; Pl VIII,
Figs. 1, 2 & 3). In rocks possessing this special feature, the alunite appears as
needles or long laths of considerable size embedded at different direction in a fine
groundmass of other minerals. Such a phenomenon may be probably due to the
fact that the ascending solutions are rich in alunite substance so that larger but
less crystals are formed. Furthermore, the rock might be less homogeneous
than in the above case, so that crystallization began only at certain portions of the
rock where the original mineral composition or other conditions were favorable for
the formation of alunite.

Aggregated type comes as the third type. In this division, the alunite
crystals are often aggregated in certain portions of a rock, and on the basis of their
shapes of aggregation as well as their nature of formation this type may again be
divided into several different kinds, Thus some alunite crystals are filling up the
fissures in the original rock to form a narrow but rather regular vein (Plate VII,
Figs. 1 & 2), while others may crystallize and cluster along the contact between
pebbles and matrix or between the different fragmental elements of a clastic
rock to form irregular elongated bands (Plate V, Fig. 4). In both cases
they generaly grow in the direciion of the fissures or contact lines, as there
the space is less limited for their full development; but the small ones often grow
at random. Sometimes, alunite may replace feldspar phenocrysts thus resulting
in rectangular clustered forms (P, V, Fig. 2; Pl. VI, Fig. 2; Pl. VI, Figs,
3 & 4). In still other case the crystals may form irregular parches (Pl. V, Fig.
3) or bands as a resultof indefinite replacement in certain portions of the
matrix where it has been found to be more easily replaced as compard with other

portions,
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Regarding to their nature of replacement and filling, five forms may be
recognized, The first one is “the phenocryst type” (PL-V, Figs. | & 2; Pl. VI,
Figs. 3 & 4; PL. VI, Fig. 2; & others). Inasmuch as the phenocrysts in the acid
volcanic rocks and intrusive rocks in this region are chiefly orthoclase, which
contains a considerable amount of potassium and aluminum-—both are essential to the
process of alunitization—it is natura! that they are more apt to be replaced by the
alunite miperal than the groundmass. . Such is the case in porphyritic rocks as
trachyte, trachytic tuff and diorite porphyry. The second form is the '‘general-
" replacement type’’ (Pl, V, Fig. 3. PL. VIII, Figs. 1, 3 & 5), in which the original
rock is mostly a fine tuff, which is thoroughly replaced by alunitizing solution
due to their more homogeneous character, and the alunite thus produced often
belongs either to the disseminated type or to the decussate type pre_viously men-
tioned. ‘‘Matrix-replacement type'’ (Pl V, Fig. 4) comes as the third form. Such
is what one often observes in the clastic rocks, in which the matrix is usually less
compact and more soluble than the fragments or pebbles and consequently more
apt to be soaked by solution and more easily to be alunitized. The fourth and fifth
forms are “fissure filling type™ (Pl VI, Figs. 1 & 2; and others) and *'vesicle-
filling type'' (PL VIII, Fig. 2) respectively, which are self understood to need
further explanations. Alunite that belongs to these two types are much less in
amount, and the processes for their formation are far less important as compared
with that of the replacement types, The ‘‘fissure-filling type’’ may represent a
product of second alunitization as rocks that have alunitized by replacement are
often seen to be cut through by veinlets of this type.

When considering the specimens as a whole, the alunitized rocks can be
classified into four categories as according to their degree of alunitization and the
nature of the original rocks. They will be discussed briefly one after another in
the following paragraphs.

The first divisioh is a slightly alunitized rock, in which the rock stll
retains most of its original characters and consequently can not be regarded
as an alum-ore, . though some of it may possess an alunite content as high as
33%. It is more dull in luster than the original rock and often silicified, As
regards the original rocks, five different kinds have.been observed. Diorite and
trachyte are often extensively altered with their phenocrysts and groundmass partly
replaced by alunite scales and plates. Fine tuff or trachytic tuff are seen to be
composed c_hiéfly of a fine cryptocrystal_liné feldspar-like substance also with a small
amount of minute quartz grains and alunite scales, these three constituents are
generally mingled together. Tuffaceous sandstone or coarse-grained tuff mre
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distinctly clastic under the microscope, the fragments are altered chiefly into
sericite end dusty kaolin; it is along the contact line of the fragments that small
slunite crystals are frequently met with. In all these rocks hematite grains are
always present, but thej.r differ greatly in their relative amount.

The second type is a more alunitized rock as compared with the foregoing
one and usually contains more than 40% of alunite so that it may. serve as a
fairly good ore for the manufacture of alum. The original rock is evidently a
trachyte which often shows a porphyritic texture, but the typical trachytic texture
has never been seen probably due to its advanced alteration. The phenocrysts
are mainly feldspar, which is replaced chiefly by various forms of alunite, and to
a less degree by minute grains of secondary quartz. Some extensively decomposed
hornblende-like long prisms are present. Among the groundmass, elunite and
secondary quartz predominate, and a considerable amount of strongly altered
microcrystalline to cryptocrystalline feldspar is also found, but it is usually much
less alunitized than the feldspar phenocfy‘sts. Red -and yellow iron oxides are
locally met with and vesicles, that partly filled up by alunite or hematite, are of
common occurrence. Fissure filling by veins of quartz, alunite and red hematite
is commonly observed.

The third type is ar alunitized fine tuff or trachytic tuff. They contain about
40%-50% of alunits and hence constituting a good ore. Fine tuft consists of
extreme fine altered feldspar, secondary quartz and alunite, the latier may be very
small, being either disseminated or aggregated. The trachytic tuff is essentially
similar to the finé tulf, but may océasionally contain some small rock fragments and
a few alumttzed feldspar phenocrysts; two specimens even exhibit a clear fluidal
structure. Both might be fissured and then filled up by alupite, guartz end others
as in the above case.

Alunitized clastic roacks including tuff, breccia and agglometate constitute the
fourth group. Their alunite content is 4055 or more and they are fairly good for
alum-making, The clasnc nature is very evident even seen by the naked eye. The
clastic constituents vary from rounded pebbles 5 cm. or so in diameter and subangular
fragments of smal]er size to minute grains or even fine duste. It is always true that
the matrix contains more alumite laths and scales than the fragments—this fact has
already been mentioned and explained in the foregoing paragraph. Between the
clastic- elements and along the contact between the matrix and fragments there are
usually better developed laths and large ageregates of alunite crystals. Besides the
alunite, secondary quartz grains and dusty feldspar-like small minerals- are present
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in the matrix. Whenever they exhibit a porphyritic texture, the phenocrysts are
often more alunitized than their respective groundmass. Hematite in the forms of
perticles and dusts occurs in variable quantity in the matrix as well as in the clastic
constituents, but it often seems to be more abundant in the former. Veinlets of
alunite and red iron oxide are often seen,

In studying the samples of these four types justed stated, two things are notice-
able and interesting. Firstly, hematite grains or crystals ere often seen to be altered
into a milky white or greyish yellow amorphous substance which often constitutes a
rhombohedral lattice and may or may not still include a few red hematite particles. It
is believed that such material may be a certain kind of iron sulfate that formed by
the attacking of a sulfate-bearing solution,—the same solution that accounted for
the cause of alunitization in this region,—to the decomposed hematite crystals or
grains, as milky white amorphous substance is actually seen to be associated with
altered pyrite in thin slide of the specimen No. 5332 and decomposed hematite
often displays such a rhombobedral frame-work. Secondly, the surface of the
alunite is always water clear, while the neighboring fine feldspar-like mineral is
constantly dusted with amorphous kaolin, This reveals the fact that the alunite is
stable in nature and do not subject to change by weathering.

The fifth type is a richly alunitized rock—so far only one specimen is
obtained—which is actually an extremely alunitized fine tuff, containing 60% or
more of alunite. It is composed of homogeneously but exceedingly fine scale or
irregular fragments of alunite with only a small amount of quartz, the former is often
disseminated and seldom aggregated. Red iron oxides are rather rare.

Al the important facts and results that obtained from the microscopic study
of the samples have been fully mentioned in the above, while the deductions gained
from such a study that may recast the possible way and condition of alunitization
will be discussed in a later section. The detailed descriptions of the samples micro-
scopically as well as megascopically run in the following paragraphs.

B. DeTaiLep DESCrIPTION
DIVISION 1. SLIGHTLY ALUNITIZED ROCK
ALUNITIZED AND SILICIFIED TUFF

(No. 4960. Loc., Tsoupaokun d,! Tafanshan, point 4 in PL L. Sp. Gr.=2.59)

Megascopic characters: A white and_pinkish white tuffaceous but compact
rock, partly tinted with red iron oxide and usually showing veiscular structure.

1 See Fig._ 4,
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Microscopic characters: Under the microscope, the clastic nature of the
rock is rather clear and the slide is seen to be covered thickly by amorphous
kaolin dusts and partly by hematite particles and grains. The fine clastic elements
are closely joined together, with or without a small amount of minute matrix, and
their individual boundaries are not very sharp as a result of strong alteration.© Now
the rock as a whole is composed mainly of very fine grains of cryptocrystalline
nature, probably feldspar, which exhibit both low refringence and birefringence;
but patches of fine quartz grains. of secondary origin are also frequently met
with. Alunite crystals of minute size are also found, being less common than
quartz. It is concluded by microscopic study that the original rock is a
vesicular tuffaceous rock of light color which was silicified and alunitized by
certain silica- and sullate-bearing solution—which may also carry a small amount
of patassium and aluminium—and resulted in the present condition.

ALUNITIZED AND SILICIFIED TRACHYTE
(No. 4971. Loc., Tsoupaokun i, Tafanshan, p. 4 in Plate I. Sp. Gr.=2.53)

Megascopic characters: A greyish white compact rock, with small vesicles
on the surface. It is slightly porphyritic in texture, as shown by the presence of
several white short prismatic crystals of altered feldspar.

Microscopic characters: The rock is only locally porphyritic due to the
presence of lath-shaped feldspar crystals, which, owing to their extensive alteration
into amorphous kaolin and alunite scales and prisms can only be recognized by
their crystailine outlines under the plane polarized light. Besides these porphyritic
portions, the rock is distinctly felsitic and consists chiefly of a2 mixed mass of
cryptocrystalline to microcrystalline feldspar, minute secondary quartz grains and
alunite, the last one nearly occupies 1/3 of the total area and usually occurs in
the forms of small needles, plates and irregular fragments. The slide is generally
covered by kaolin except where alunite is more predominant and nearly forms an
aggmgate of its own. Limonite that derived from other iron-bearing minerals is also
present and serves as coating material in some portions.

ALTERED TRACHYTE
No. 5334. Loc,, in the valley to the northeast of Hsiaofanshan,
point 14 in Plate [.)

Megascopic charactera: A pinkish and greyish white vesicular rock, show-
ing a distinct fliudal structure.,
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Microacopic characters: It is a felsitic rock composed almost entirely of
fine quartz grains end altered feldspar, the surface of the latter is usually dusted
with amorphous kaolin. If a considerable amount of the quartz is primary, it
may be called a rhyolite rather than trachyte, but the discrimination between the
secondary quartz and the primary one is very difficult in this slide. Hematite grains
are locally present and sometimes may form a layer more or ’;less parallel to
the direction.of flow, Vesicles are found and occasionally filled up by red iron
oxide and kaolinite crystals. A very small amount of alunite scale is present.

ALTERED TRACHYTE {CONTAINING A DARK GREY XENOLITH)

No. 5332. Loc., in the valley to the northeast of Hsiaofanshan,
P. 14in PL L)

Megascopic characters: A compact rock consists of two different portions,
the one (No. 5334) is pinkish and greyish white in color, vesicular in structure,
and showing distinct fliudal bands, while the other is dark grey containing white
rectangular phenocrysts, probably altered feldspar, and abundant disseminated
small pyrite grains. Perhaps the latter is a xzenolith that contained in the former. »

Microscopic characters:

(a) Dark grey rock: Itis a slightly porphyritic rock with few undetermin-
able altered feldspar crystals embedded in a groundmass composed of minute grains
of quartz and feldspar; with the exception of quartz, all are somewhat clouded by a
thin layer of kaolin dusts. Pyrite grains of various size are very abundant and
scattered throughout the rock. Some of them have been partly decomposed into a
milky white amorphous substance with several minute grains of pyrite still remain-
ing unchanged. Such amorphous material more or less exhibit-a faint lattice work,
which would remind one the similar phenomena observed in slides of the specimens
Nos. 4963, 4969, 4974, 5347, 5333 and 5339, but there the lattice texture is usually
more clear and often with three sets of lines intersecting at 60° with each other and
constructing a rhombohedron-like form, furthérmore, hematite and limonite instead
of pyrite are preséent. Lhe vesicles are entirely or partly filled by bended vermi-
cular kaolinite crystals.

As has already been stated in the foregoing description of No. 5339, such a
milky white or greyish yellow amorphous substance is most probably a certain kind
of iron sulfate, which is formed either from pyrite or from iron oxides during the
processes of alunitization.
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(b) Pinkish and greyish white rock:—It is similar to No. 5334. Greyish
white bands are composed chiefly of fine grains of quartz and a small amount
of feldspar, they may be the alteration products of the devitrified glass. The red
bands consist of similar material but are usually covered by grains of red hemiatite,
which is accompanied by a milky white substance, probably iron sulfate, whose
rhombohedron-like lattice-work is discernible under the reflected light. Some
vesicles are occasionally filled up by well formed kaolinite crystals and hematite
grains. T he slide is generally coated by a cloudy layer of amorphous kaolin.

ALUNITIZED DIORITE PORPHYRY
(No. 4974. Loc., in the valley to the north of Chiaotzeting, P. 8
in Pl. I. See Pl. VI, Figs. 3 & 4.)

Megascopic characters: It is ‘a purplish grey rock with white feldspar
phenocrysts embedded in a purplish groundmass. The surface is here and there
scattered by many brownish yellow spots.

Microscopic characters: It is a porphyritic rock whose texture can be
clearly detected by plane-polarized light. The groundmass is composed chiefly of
fine grains of minerals of low refringence and. birefringence, probably feldspar,
being somewhat clouded by net-work of amorphous kaolin and other altered
minerals. But alunite also constitutes a considerable part of it. The phenocerysts
are predominantly feldspar crystals, which have been changed mainly to kaolin and
alunite, and to a less degree to quartz and sericite, hence the characteristics of a
feldspar mineral are almost entirely lost, only its rectangular crystalline outline is
still remained. Brownish yellow opaque grains of various size are very abundant,
the larger ones are just clear enough to be detected by reflected light, being com-
posed of a brownish yellow frame work with intervening yellowish white substance;
it is likely that they may be limonite-like materials derived from hematite or
magnetite, .

STRONGLY ALTERED TRACHYTE PORPHYRY"
{No. 5333, Loc., Hwashan, N. E. of Hsiaofanshan, P. 13in PL. )

Megascopic characters: A reddish white rock with white rectangular
phenocrysts.

Microscopic characters: It is a porphyritic rock whose groundmass is com-
posed of secondary quartz, kaolinite, kaolin dusts, hematite grains and other undeter-
minable substance, the former three are e#iclently. derived from some pre-existing
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material. The phenocrysts are rather abundant and consist largely of feldspar
crystals and to a less extent of hornblende-like mineral. But they have been almost
entirely altered to other minerals of smaller size and only their crystalline outline
can still be clearly seen. The alteration products of feldspar are chiefly vermicular
kaolinite and sericite, \whije quartz, high-birefringent-chlorite and alunite also
constitute a considerable part of them. Hornblende-like mineral is usually changed
to. chlorite and others. Few quartz grains of rather large size are present, they
may be of primary origin. Several extremely decomposed ferruginous minerals
are found, being coated by milky white iron sulfate. Whenever fissures are present
in the groundmass, they are always seen to be filled «up by small kaolinite

crystals.

SLIGHTLY ALUNITIZED TUFFACEOQUS SANDSTONE

(No. 5347. Loc., northwest of Tsoupackun, Tafanshan., P, 7 in
Pl L Sp. Gr.=2.37)

Megascopic characters: A purple- and white-banded tuffaceous sandstone,
which is not very compact and is slightly alunitized.

Microscopic characters: Originally it must be a medium-grained rock com-
posed chiefly of small fragments of volcanic origin, but later on, the clastic elements
were usually altered to fine sericite scales, small crystals of kaolinite, and few other
cryptocrystalline or amorphous substances. The initial boundaries between the
various fragments can still be discerned by the reflected light, and it is along the
contact line that alunite crystals and hematite grains are often met with. White
iron sulfate is also present in certain portions of the slide.

DIVISION 2. ALUNITIZED TRACHYTE
ALUNITIZED TRACHYTE PORPHYRY, SLIGHTLY SILICIFIED
(No. 4970. Loc., Tsoupackun j, Tafanshan, P. 4 in Pl I Sp. Gr.=2.59)

Megascopic characters: A purplish to pinkish white, vesicular but compact
rock, Many white phenocrysts are present.

Microscopic characters: Porphyritic texture is very distinct.

a) Groundmass—It consists of a predorhinant quantity of fine quartz grains
and a less amount of minute prismatic alunite crystals. They are usually dotted
with numerous hematite grains and scattered by amorphous limonite and kaolin on
the surface, probably the latter two are alteration products. Vesicles are not
uncommon, short prismatic alunite crystals are often seen to be grown on their edges
and projected toward the open space in the center.
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b) Phenocrysts—The phenocrysts are chiefly feldspar. Though still posseas-
ing the crystalline outline of a feldspar crystal, yet it has been entirely changed to
other minerals of much smaller size. The alteration products are composed mainly
of alunite and to a less degree of quartz. The surface is rather clear and is free
from the coating of cloudy dusts. Such a contradictory phenomenon as compared
with the groundmass manifests two facts, (1) both alunitization and silicification are
later than the formation of hematite hence the latter may be a primary mineral of
the.original unaltered rock, and (2) originally, the groundmass contains a rich
amount of ferruginous material, while the phenocrysts are almost entirely free from
iron content,

ALUNITIZED AND SILICIFIED TRACHYTE PORPHYRY

(No. 5350, Loc., north of Shiachiayuantze, P. 12 in PL. |, Sp. Gr.=2.605)

Megascopic characters: It is a purplish white compact rock with white lath-
shaped phenocrysts, probably feldspar. Vesicles are locally present.

Microscopic characters: The volcanic origin of the focks is shown by the
presence of numerous vesicles and the extreme fineness of the groundmass. Iis
porphyritic nature is clearly indicated by the crystalline outline of feldspar phenocrysts
under the reflected light, But when the slide is examined between cross nicols,
feldspar is seen to be largely altered to acicular alunite crystal and quartz, that
embedded in a groundmass composed of similar mineral constituents but of smaller
size, hence the contact between the phenocrysts and the groundmass can hardly
be seen. Few extremely decomposed homblende-like long prismatic minerals
are also found, they are altered mainly to chlorite and are replaced partly by small
quartz grains. Hematite grains in all stages of alteration are frequently met with.
Vesicles are not rare, being chiefly filled up by small quartz grains, and to a much
less degree by kaolinite crystals. The slide is usually covered by amorphous kaolin
and occasionally cut through by veinlets of fine quartz grains. By approximate
estimate, alunite occupies nearly one half of the whole srea of the slide, so this
specimen may serve as a workable ore of alum.,

ALUNITIZED TRACHYTE PORPHYRY

(No. 5630. Loc., Tutang, Tafanshan, P. 6 in PL I,
Sp. Gr. = 2.75.}

Megascopic characters: It is a light grey, compact and fine grained rock,
being partly red tinted.
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Nicroscopic characters: It belongs to phenocryst-replacement as well as fissure-
filling type of the alunite rock; the groundmass is replaced by alunite to a less degree
than phenocrysts. The rock is slightly porphyritic under the microscope, only with
few large phenocrysts embedded in the minute grains of the groundmass, Among the
phenocrysts, lath-shaped feldspar predominates, which has been replaced mainly by
alunite crystals and occasionally by quartz grains; 2 or 3 individuals of thoroughly
decomposed hornblende-like mineral and some quartz grains are also found. The
groundmass is composed of minute grains of guartz-like mineral and alunite, which
are evidently of secondary origin. It is locally covered by aggregates of hematite
grains or limonite and cut through by veinlets composed of alunite crystals and
hematite grains, the latter is probably formed after the former, Thus, two stages
of alunitization can be distinguished in this slide, the first one accounts for the general
alunitization of the whole rock while the other is only a subordinate process much
later in time than the former—it' came into existence after the alunitized rock had
been fractured by many erevics, ‘Alunite occupies nearly half of the total area of

the slide.

DIVISION 3, ALUNITIZED FINE TUFF & TRACHYTIC TUFF
ALUNITIZED & SILICIFIED FINE TUFF
(No. 4964, Loc., Tsoupaokung, Tafanshan, P. 4 in PL 1.
S5p.Gr. = 2.51. See PL. VI, Fiz. 2,)

scopic characters: A white compact rock which contains many pinkish
-shaped and pearly minerals (alunite). Vesicles are locally present.

Microscopic characters: Ths rock is almost entirely composed of minute
grains of quartz and feldspar-like minerals, with many large acicular alunite crystals
scattered among them. The slide is locally coated by a thin film of kaclin,

Several patches of greyish white amorphous substance, probably iron sulfate,
have been seen under the reflected light, they are occasionally accompanied by small
hematite grains.

Description of Alunite:

a) Natural size: from a tenth of a mm. to 2 or 3 mm. in length.
b) Shape: acicular or needle-shaped, occasionally scaly

¢) Color: pinkish white to greyish white

d) Luster: pearly

e) Hardness:<C knife edge, 4—



34 Bulletin of Geological Survey of China

f) Index of refraction: 1.59—1.565

g) Polarized light: Colorless; relief moderate; no pleochroism, cleavage I to
the elongation of the crystal.

h) Crossed nicols: paralleled extinction; negative elongation; moderate
birefringence, interference color usually yellow of the second order.

i) Convergent light: Uniaxial, + character.

ALUNITIZED AND SILICIFIED FINE. TUFF
{No. 5345. Loc., north of Shihtsacling, P. 11 in PL. L.
Sp. Gr. = 2,49, See PL VIII, Fig. 1)

Megascopic characters: It is a yellowish white quartzite-like fine rock.
Vesicles, which are usually partly filled by hematite grains, are very abundant.

Microscopic characters: The volcanic origin of the rock is shown by the
sbundence of small vesicles, which are entirely or partly filled by iron oxide now
usually in the form of limonite. Numerous acicular alunite are scattered among a
mixture of microcrystalline quartz and also scaly alunite. All are of secondary
origin, Alunite crystals occupy nearly half of the total area of the slide, and con-
sequently the rock may serve as an ore for alum. Limonite coating in the form of
dusts are only locally met with,

ALUNITIZED FINE TUFF
(No. 5629. Loc., Yangshan, P. 9in PL I. Sp. Gr. = 2.62.)

Megascopic characters: It is a greyish white hard and dense rock. Patches
of red iron oxide are present in certain parts.

Microscopic characters: It is similar to No. 5628 and belongs to the
disseminated type of alunite-rock.  Alunite, usually in the form of minute short
prism, mingles thoroughly with small quartz-like grains. The slide is locally covered
by red hematite grains. Alunite crystals occupy half of the total area of the slide,
hence this rock is an ore of high-grade.

ALUNITIZED TRACHYTIC TUFF
(No. 4972 Loc., Tsoupaokun h, Tafanshan, P. 4 in PL L. Sp. Gr. = 2.75)
Megascopic characters: A greyish white compact rock.

Microscopic characters: ltisa felsitic but somewhat clastic rock, being com-
posed pastly of minute grains of quartz and some feldspar-like mineral, which is
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generally coated by yellowish and whitish amorphous dusty particles, The whitish
aprticles may be kaolin, while the yellowish ones are somewhat like limonite—
posssibly derived from hematite or other ferruginous minerals. But there are certain
clear portions in the slide where fins alunite scales and crystals, in the forms of
aggregated irregular patches and fissure-filling veins, are present; this mineral
occupies more than half of the whole area. The supposed iron sulfate is seen in
certain portions. Few magnetite grains are present, they are only slightly altered
on the margins. The rock exhibits an original flow structure under the plane
polarized light.

ALUNITIZED TRACHYTIC TUFF
(No. 5632. Loc., Tienwutang, Hsiaofanshan, P. 5, Pl 1. Sp. Gr.=2.59)

Megascopic characters: It is a purplish white fine rock, being slightly
vesicular and comparatively soft, Purplish red bands or patches are present,

Microscopic characters: It belongs to the disseminnated-type as well as
general-replacement type of the alunite-rock and is slightly porphyritic. Phenocrysts
are very scant, and consist chiefly of long prismatic and cloudy minerals, probably
extremely decomposed and altered feldspar. Sometimes they are dotted by small
hematite grains. The groundmass is composed of a mixture of small alunite
crystals and quartz grains, the former is more abundant and occasionally aggregated,
It is frequently cut through by small veinlets of alunite needles or prisms and locally
covered by hematite grains, Thus, here again two periods of alunitization can be
discriminated as in the case of No. 5630. Quartz grains and keolinite scales of
considerable size are seen to be present in some vague space. The volcanic origin
of the rock is very evident, as is shown by the fluidal structure still preserved and the
abundance of vesicles. It is also slightly clastic in structure in certain parts.

DIVISION 4, ALUNITIZED TUFF, BRECCIA AND AGGLOMERATE

ALUNITIZED AND SILICIFIED TUFF

(No. 4959, Loc., Tsoupaokun b, Tafanshan, P, 4in PL, L
Sp. Gr. 2.59. See PL VI, Fig. 1; Pl VIIi, Fig. 5)

Megascopic characters: . A greyish white, compact but tuffaceous rock, which
exhibits vesicular structure in certain portions,

Microscopic charactets; The fragmental structure of the rock is rather clearly
shown the under microscope. The matrix is much more in amount than the
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fragments. Originally, the clastic particles are composed chielly of feldspar, but all
have been changed to fine scales, needles or laths of alunite and fine granular quartz,
the latter only occupies a very small part of the alteration products. The fine
grains between the fragments are seen to be composed mainly of minute scales of
alunite and fine quartz grains, all being mingled together freely. But along several
fracture lines, alunite scales are particularly sbundant, and they give a general
direction of optical orientation and also a similar order of interference color. Alunite
occupies about half of the whole area of the side, and its maximum length is 0.35
mm. Some grains of a certain ferruginous mineral, now largely in the form of iron
sulfate, so supposed, with disseminating limonite powders on the surface, are present.

ALUNITIZED TUFF
{No. 5531. Loc., Hsiaolungkou, Hsiaofanshan, P. 16 in PL. 1 Sp. Gr.=2.61)

Megascopic characters; It is a greyish white compact clastic rock.

Microscopic characters: The rock is of clastic origin and consists of small
rock grains and very fine cement. It is covered by hematite grains in certain part.
The cement is usually replaced by alunite crystals and with more clear surface,
while the rock grains are composed of minute cryptocrystalline substance and only
occasionally replaced by alunite, and their surface is_freqﬁently coated by cloudy
dusts of amorphous kaolin, Vesicles are infrequently met with; wherever present,
they are almost always filled up by alunite and only incidently by quartz. Alunite
occupies nearly half of the total area of the slide.

ALUNITIZED VOLCANIC BRECCIA
(No. 4967, Loc., Tsoupaockou, Tatanshan, P, 4in Pi, 1.
Sp. Gr.=2.61. See PL. V Fig. 4 and Pl. VIII, Fig, 4)

Megascopic characters: A greyish white, compact but c¢lastic rock with
several greenish grey small pebbles,

Microscopic characters: It is distinctly clastic in structure and consists mainly
of alunite crystals of secondary origin. Decomposed magnetite and hematite grains
—the latter being altered partly to amorphous iron sulfate—are cor_n'mon in certain
portions. The longest crystal of alunite so far measured is 1.6 mm. long.

ALUNITIZED & SILICIFIED AGGLOMERATE OR BRECCIA

(No. 4973, Loc., Tsoupackun r, Tafanshan, P. 4 in Pl. I. Sp. Gr.=2.53.
See PL. VI, Figs. 1 & 2)

Megascopic characters: A clastic rock composed of red matrix and white

pebbles.
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Microscopic characters: Pebbles are very cloudy due to the covering of dusty
kaolin developed from the feldsbar, and consist principally of fine grains of quartz
and feldspar with a small amount of alunite crystals scattered among them. They
are slightly porphyritic in nature, being shown by the presence of many altered
rectangular feldspar phenocrysts, which have been changed mainly to fine alurite,
quartz grains, dusty kaolin and others. Red hematite grains, though not absent, are
only rarely met with. So-called red matrix is composed of a predominant quantity of
alunite crystals and a subordinate amount of quartz and other fine mineral grains, the
surface of the former two components is almost entirely free from any trace of
amorphous kaolin but being densely covered by numerous red hematite granules.
Some narrow veinlets consist mainly of small alunite crystals, lying perpendicular
to the vein walls, are seen to cut through either pebbles or the matrix that has
been previously alunitized. The alunite that contained in these small veinlets may
represent another stage of alunitization, which is unimportant and later in time as
compared with the first one. Sometimes, hematite grains are also found in the
veinlets; whenever present, they are usually not abundant and only adhere to the
sides of the veins or tend to fill the crevices between the alunite crystals. Most
probably, they were formed later than the alunite in the veinlets, By approximate
estimation, alunite occupies one third to one half of the whole area of the slide.

ALUNITIZED AGGLOMERATE

(No. 5346, Loc., eastern slope of Tungshan, P. I in PL L. Sp. Gr. =2.615.
See P1, VI, Fig, 4; PL. V, Figs,. 2& 1.)

Megascopic characters: It is a pink and greyish white rock with red and
yellow trachyte pebbles.

Microscopic characters: The rock fragments are slightly porphyritic in nature
whose feldspar phenocrysts have been altered chiefly to alunite which occurs in the
forms of scales and irregular fragments, and to a less extent to sericite scales, quartz
grains and kaolinite crystals. The groundmass consists of similar constituents of
smaller size, but of different proportion, and is uniformly dotted by abundant hematite
grains, which altered partly to limonite and amorphous iron sulfate, and dusted with
cloudy kaolin. Alunite seems to be more abundant in the matrix. Veinlets com-
posed of small hematite grains—occasionally containing some alunite—are rather
common and cut through both pebbles and the matrix that have already been en-
tirely or partly replaced by alunite; in some cases an alunite crystal is actually seen to
be cut across by such veinlets. Nearly half of the area of the slide is occupied by
the slunite mineral.
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DIVISION 5. RICHLY ALUNITIZED ROCK
RICHLY ALUNITIZED & SLICHTLY SILICIFIED FELSITE OF FINE TUFF

(No. 4961 Loc., Tsoupaokun p, Tafanshan, P. 4 in PL I. Sp. Gr.=2.76.
See Pl, V, Fig. 3)

Megascopic characters: A pinkish white, hard and compact rock showing
sub-conchoidal fracture.

Microscopic characters; A felsitic rock almost entirely composed of alunite
crystals and quartz, the former being more abundant. A small amount of minute
feldspar-like mineral whose surface is‘*usually coated by cloudy kaolin dusts
is also present. The alunite forming minute grain and short prismatic crystal, is
disseminated throughout the rock mass, but locally it may aggregate along certain
directions and form irregular bands and patches, This rock serves as an excellent
ore for the manufacturing of alum, as alunite occupies two thirds or more of the total

area of the slide.

(2) CueEmicaL CoMPOSITION
(By S. Y. Hsiung)

Twenty-four samples of alunitized rock! and alumstone were chosen for
analysis. The powdered alunite (100 mesh) was fused with sodium carbonate, and
the silica, ferric oxide, alumina, calcium oxide and sulfur trioxide were determined by
procedures recommended by Hillebrand and Lundell? (1), (2), (3), (), (5). As the
arnount of iron in the sample is small in comparison with that of alumina, it was
precipitated with cupferron after the purosulfate fusion of the 'combined oxides’’,
leaving alumina determined by difference. Potash and soda were determined toge-
ther by J. Lawrence Smith's method as chlorides from another sample and then
separated by perchloric acid (6). Combined water (H,0+ ) was obtained by sub-
traction of the hygroscopic water (H,07)(?) from the total, which was conveniently
determined as follows:

1 Here the name “'alunitized rock’' is arbitrarily restricted to the rock, that containg a certain
amount of alunite but has not yetbeen used by the native people for alum-manufacturing.
2 Literature Cited,
Numbers refer to pages on “*Applied analysis, Hillebrand Lundell™.
Ny 219, 707-110.
{2) 722.726,
(3) 730, 734.737, 704-705, 102-111,
(4) 744, 497500, |
(5) 575.578, 880, 811,
(6) 78B8-792, 534,
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About 0.5g. of alunite was mixed well in a weighed porcelain crucible with
3g. of pure sodium tungstate (8). Ignition was started gently, and then the tem-
perature was increased gradually until the: mixture formed a clear fusion (about
600°C). After cooling in a desiccator, the crucible was weighed, and the loss in
weight represented the total water. This procedure was found to be just as satisfec-
tory as that given in Hillebrand and Lundell (9).

The percentage of pure alunite with formula K;0.3A1,0,.450,.6H,0 wes
calculated on the basis of potash. The results of analyses are listed in Table 1,

The Luchiang alumstone as shown by analysis is always high in silica, 45%
being the average, this is due to the fact that silicification is the most importa'nt
process of alteration in Fanshan area. Calcium oxide is seldom more than 0.2%.
Magnesia, pbosphorous pentacxide, etc. are considered to be negligible and are not
determined. There is always excess of alumina, sullur trioxide, and water aver
potash to form pure alunite, except those in ““Tsoupackun '’ and "‘East of Yang-
shan'', in which the amount of potash is the least. Some samples are quite rich in
sodium content, Thus, the alunite that occurs in the rock is by no means a pure
potassic mineral, and consequantly the % of alunite actually present in the samples
must be greater than that calculated on the basis of a pure alunite mineral,

(3) SpeciFic GRAVITY

The specific gravity of the thirty-one pieces of rock specimens was deter-
mined by the writers, among these samples, 24 pieces are alunitized rocks—aoften also
silicified—and the other seven are altered extrusive rocks. While the valué of the
specific gravity of alunite mineral given in the various text books varies from
2.58-2.68, the figure for the alunitized rocks here determined ranges from 2.485-
2.77. This variation is obviously due to their difference in the alunite content and
their heterogeneous nature of the original rock from which the alunite has been
formed by alteration.

The specific gravity thus determined is listed in Table 2, The approximate
amount of alunite present in the different rocks as estimated microscopically-and their
respective % of alunite determined by chemical analysis are also listed in their
proper positions. The overestimate of the amount of alunite in the rocks by the
microscopic study as compared with the values obtained by chemical analysis may
be attributed to the fact that the Na;O molecule has not been considered -in the

(7) 687-689.

(8) Foot-notae, 657.
(9) 697.
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Table 2. Specific Gravity of the Alunite-rock

Relative .
Alcccssion alvuzli'teoif.n A’l?.l:ifte
Yariety Specilic No. of the slide deter- Remark
Gravity  Rock - d mined b
Specmen csh}'nate mine E ¥
P micro-  Analysisl
scopically
Tuffaceous Sandstone 2.34  No. 5343 trace Tuantsinzling, Point 10 in
Trachytic Tuff 2.37  No. 5253 Nil* Taichiahang, Point7inPL |
Tuffaceous sandstone 2.37  No. 5347 trace
- v 2.39 No. 5348 trace Tungshan, P. 3in PL L.
Silicified Tuft, elightly Alun, 2.395 No. 4965 <!/10 ‘less than Teoupaokun f, Tafanshan.
1%

Trachytic Tuff 2.47  No. 5256 Nil Taichiahang.
Trachyte Porphyry 2.475 No. 5341 trace Taichiahang, P. 26 in PL. 1
Alun, & Silic, Tuff 2.485 No. 5974 1/4% 8.W. of Chiaotzeting,
Alun. & Silic, Vesicular Tuff 2.49 lo. 5345 T>1/3 N. of Shihtsacling.
Alun, & Silic, Trachytic Tulf 2.49 No. 4963 1/3X 2418 Tsoupackun m, Tafanshan.
Silicified Tuff 249 No. 5802 Mil 5.W. of Pichialao.
Alun. & Silic, Fine Tuif 2.51 No, 4964 1/3£ 2119 Tsoupackun g, Tafanshan.
Alun. & Silic. Agglomerate 2.53  No.4973 1/3.1f} 30.08 Tsoupackun r, Fafanshan.
Almitized & Sile. Trachyte 2.53  Na. 4971 /3 32.89 Tsoupackun i, Tafanshan.
Alunitized Trachytic Tuff 2.575 No. 4866 >1/3 29.99 . Tsoupaockun k,, Tafanshan.
Alunitized Trachyte 2.58 No. 4968 13 26.12  Tsoupaokun k;, Tafanshan,
Alun, Trachyte Porphyry 2.58 No. 4970 <1f2 26.47 Teoupaokun j, Tafansghan.
Alun. & Silic, Tuif 2.59 No. 4960 1/3+ 3518 Teoupackun d, Tafanshan.
Alun. & Silic. Tuff 2.59 No. 4959 1/2 19.872 Tsoupackun b, Tafanshan.
Alun. Trachytie Tuff 2.59  No. 4962 1/3.1/2 3421 Tsoupaokun ], Tafanshan.
Alun. & Silie. Trachyte Porphyry 2.605 No. 5350 1/2 Point 22 in P1, 1,
Alun. & Silic, Fine Tuff 2,605 No. 4969 1/2 43.18  Tsoupaokun n, Tafanshan
Alunitized Tulf 2.61 No. 5631 «C1f2 3403 Point 16in PL L.
Alun. Volcanic Breceia 2.61  No. 4967 <1f2 28.32 Tsoupaokun o, Tafanshan
Alunitized Agglomerate 2.615 No. 5346 >1/3 2893  Tungshan, Py, in PL 1
Alunitized Trachyte Porphyry 2.615 No. 5634 <12 2911 Pysin PL L.
Alunitized Fine Tuff 2.62 Nao, 5629 172 36.76  Yangshan, Pyin PL L.
Alunitized Trachyte Porphyry 2.65 No. 5630 172 34.56 Tutang, Pg in PL L.
Alunitized Trachyte Tuff 266 No. 5628 V2 33.59 Tungshan Py in PL 1.
Alunitized Trachytic Tulf 2.75 No. 4972 =12 47.49  Tsoupaockun h, Tafanshan.
Richly Alun. Fine Tuft- 2,76 No. 4961 2{3 53.29 Tsoupackun p, Tafanshan.

calculation, while as a matter of fact the partial replacement of potash by soda in

alunite is a common phenomenon.

Disregarding the small exceptions that may

exist, three general rules can thus be obtained from this table: (1) The a}lunitized

rock that has a higher alunite-content often possesses a greater specific gravity if
the content of heavy minerals is rather small and the accompanied altered minerzls

are lighter than alunite, while the porosity of the different rocks is being assumed

*  There may be one or two crystals of alunite if not entirely absent.

1 The % of alunite is computed according to the chemical formula, K20.3A1,0,.450;.6H,, but
actually potassium is partly replaced by sodium, hence the % of alunite will be much higher

if N4O is included.

2 Thie specimen has a N3O content ag high as 3.22, so that the %, of alunite will be raised

to 35.91 if N2O is included.
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to vary only within a certain limit. (2) The alunitized tuff, trachytic tuff and
trachyte porphyry are heavier than their respective unaltered or less altered ones.
(3) The more porous the rock is, the smaller the value of its specific gravity.
Thus the most porous tuffaceous sandstone is the lightest rock in the table,

The specific gravity of the last specimen in the table approaches the value of
a pure alunite since this sample has the highest alunite content and an abundant
amount of quartz the latter is only slightly lighter than alunite.

C. REserVE aNp Economic VALUE oF THE DeprosiT

As shown by their field occurrence the alumstone beds are more or less
persistent downward in the dip direction to a certain depth but their thickness may
vary to some extent. In the present estimate of ore reserve, the level of the
adjacent plain which is about 25 meters lower than the Fanshantamiao ( {1}k %)
is taken as the lowest limit of the ore sheets. It is believed that above this level,
the ore is surely present and which can be economically extracted by the native
method. The alumstone which has an alunite content above 30% is now mined by
the native people, while those having a content between 30% and 25% .although
still workable, have not yet been exploited. The former may be called high- and
medium-grade ore and the latter low-grade ore; the reserves of these two classes
are to be calculated. separately. Based on ‘these principles the tonnage of the
alumstone and the pure potassic alunite may be estimated as follows:

1) The first layer is a medium-grade ore, which has an average thickness of
four meters, minimum length of 320 meters, an average specific gravity of 2.64 and
a dip angle of 40°. The alunitized agglomerate which has an alunite content of -
28.93% ( No. 4967) and occurs just above the medium-grade alumstone is not
included, because it is only 0.4 m thick and is not very long.  The ore crops out on
a slope 120 m higher than the plain, consequently its extension along the dip direc-
tion down to that depth is calculated to be 180 m. The reserve of the alunite rock
is estimated. as follows:

4 x 320 x 180 x 2.64=608,256 metric tons

The alunite content is 33.59% (No. 5628), therefore the reserve of pure
alunite is:

608,256 x .34=206,807.04 metric tons

2) The second layer is 2 m. thick and 150 m. long, the dip angle of which is
40° to 45°, lts southern end has a local elevation (above the plain) of 190 m. and
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its northern end 70 m; hence the vertical extension measured on the inclined surfa_ce
of the layer is 200 meters. The alunite content and specific gravity are assumed
to be the same as that of the first one. Then the total tonnage is:

Alunite rqck 2 x 150 x 200 x 2.64 = 158,400 metric tons
Pure alunite 158,400 x 0.34=53,856

3) The alumstone of better quality of the third layer includes subdivisicn d,
h. i, 1, n, p, r and q of Tsoupaokun quarry, with a thickness of 28.5 metersand a

mean alunite content of 38.34%. These values are obtained from the following
calculations:

Thickness: 2(d) +1.5(h)+1.5() + 1 T5(n) + 1.75(0) + 5(p) + 5(q) + 10(r) =

28.5 m.
% of alunite for h: 47.49 % of alunite for d: 35.18
1: 34.21 i:32.89
n: 43,18 r: 30.08
p: 53.29 qi 35.00

Average % of alunite: (2x0.3518+41.5%0.4749+1.5 x 0.3289 + |.75
x0.3421 + 1.75 x 0.4318 + 5 % 0.5329 + 5 x 0.3008
+10x%0.35)+ 28.5=0.3834. or 38.34%

But the average thickness may be reduced to 15 meters and alunite content to 35%
for the whole length of 700 meters. Its dip angle is 60° and the mean specific
gravity is 2.70. Its outcrop has a mean local elevation of 130 m. and the extension
measured on the inclined surface of the layer is 150 meters. The reserve will ke:

Alunite rock 15 x 700 x 150 x 2.7 =4,252,500 metric tons
Pure alunite: 4,188,800 x0.35=1,488,375

If the low-grade alunite-rock is also included, the thickness of this layers
will be inuch more; as measured at Tsoupackun quarry (Fig. 4) it is' 56.2 meters
with an alunite content of 34.57%. These two values are obtained by the following
calculations:

Thickness and alunite % of various horizons: d, 2m, 35.18%; e, 18 m,
28%; b, 1.5m, 47.49%: i, 1.5 m, 32.89%;3, 2 m, 26.47%; k, 4 m,
28%: 1, 1.75m, 34.21%: n, 1.75 m, 43.18%; o, 1.2 m, 28.32%;
p. 5 m, 53.29%; q, 10 m, 35%, and r, 5 m, 30.08%.

Total thickness: 56,2 m
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Average % of slunite: (2x0.3518+18x0.28 + 1.5 x 0.4749 + 1.5 x 0.3289
+2x0.2647 + 4 x 0.28 + 1.75 x 0.3421 + 1.75
x0.4318+1.2x0.28324+5%0,5329 + 10x 0,35 +5
x 0.3008) =+ 56.2=0.3457 or 34.57%

But the thickness and alunite content for the whole layer may be reduced to 40 m.
and 30% respectively. The average specific gravity is 2,68, while both the length
and the width measuring on the inclined plane remain the same as in the aktove
case. The total tonnage of this layer will be:

Alunite rock: 40 x 700 x 150 x 2.68=11,256,000 metric tons
Pure alunite: 11,256,000 x 0.3 = 3,376,800
4) The medium- to high-grade ore of the fourth layer is 8 meters thick and’
500 meters long, it has a dip angle of 32°, an alunite content of 37% (the % of
No. 5619 is 36.76%) and a specific gravity of 2.61., Its southern end has a local
elevation of 250 m. and that of the northern end 110 m; consequeﬁtly the average

extension measured on the inclined plane is 320 meters. The total tonnage is:
Alunite rock: 8 x 500 x 320 % 2,61 =13,340,800 metric tons
Pure alunite: 3,340,800 x 0.37=1,236,096
The low-grade ore at Yangshan is 3 meters thick, with an alunite content of
26.56% (No. 5621) and a specilic gravity 2.6, The thickness and the alunite

content may be reduced to 1.5 m and 26% for the whole layer. Other conditions
are same as the good ores. Then the reserve for the poor ore is as follows:

Alunite rock: 1.9x% 500 x320x 2.6=624,000 metric tons
Pure alunite: 624,000 % 0.26 = 162,240

5) The fifth layer is 1.5 m. thick and 300 meters long, having a dip angle
of 35° and a specilic gravity of 2.6, The alunite content is assumed to be 30%.
It has an average local elevation of 75 meters and the extension measured on the
inclined surface is 120 meters, Then the tonnage will be:

Alunite rock: 1.5 x300x 120 x 2.6=140,400 metric tons
Pure alunite: 140,400 x 0.3=42,120
6) The alunite rock of better quality of the sixth layer is 5 meters thick, and
1200 m. long, the average dip angle is 18°, specific gravity 2.65 and the alunite

content 32%. The outcrop has an average local elevation of 100 m. and the
extension on the ihelined surface of the layer is 330 m, Thus the reserve amounts to:
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Alunite rock:  5x 1200 x 330 x 2.65=35,247,000 metric tons
Pure alunite: 5,247,000 x 0.32= 1,679,040

If the low-grade ore is included in this layer, it has an average thickness of
40 meters' and a length of 900 meters. The alunite content is reduced to 28%.
But the specific gravity and the extension along the dip direction are still the same
as in the above case, Then the total tonnage will be:

Alunite rock 40 x 900 x 330 x 2.65=31,482,000 metric tons
Purt_e alunite 31,482,000x0.28=8,814,960

RESERVE OF THE ALUNITE ROCK AND PURE ALUNITE IN
THE LUCHIANG DISTIRCT

) Alunite Rock > 25% alunite Pure Alunite

No. of Layer Metaic Ton Metric Ton
1st. 608,256 206,807
2nd. 158,400 53,856
3rd. (high grade ore) 4,252,500 1,488,375
3rd. (low grade ore) 7.003,500 1,888,425
4th, 3,340,800 1,236,096
Low grade ore at Yangshan 624,000 162,240
5th. 140,400 42,120
€th, {high grade ore) 5,247,000 1,679,040
6th. (low grade ore) 26,235,000 7,135,920
Grand Total 47,609,856 13,892,879

Therefore, the total reserve of pure alunite that can be extracted from the
alunite rock containing more than 25% alunite amounts to 13,802,879 metric tons,
in which 4,664,174 tons are obtained from the high grade ore containing more
than 30% of alunite. The deposit was discovered about 40) years ago, and
the amount of pure alunite already taken away may be assumed to be 1,000,000
tons, so that the net reserve is about 12,892,879 tons, or in round number nearly
13 million tons. The potash content in alunite as calculated from its chemical
formula is 11.4%, condequently it will yield about one and a half million tons of
potash theoretically. According to the experience of the alum manufacturers
of Fanshan, every 100 catties of rich alumstone will yield 25 catties of alum
as maximum or to say in round number about 20%. I we take 33.3% as the
average yicld ofalum from pure potassium-alunite, a total of about four million tons
of pure alum may be produced from the entire deposit and this will in turn worth
50 to 200 millions dollars. The quantity of alum produced would be nearly
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doubled if the roasted and dehydrated alunite should be extracted with acidified

water containing 10% of H,SO, instead of pure water.!

According to the microscopic study of the specimens collected, rocks located
far away from the alumstone layers may contain elunite up to 30% or so (as
No. 5350, 5345, 5979 and others), hence new alumstone layers rich enough for the
manufacture of alum may be discovered or the present known alumstone beds
may be extended when more detailed investigation of this area is made,

V1. ORIGIN OF THE DEPOSIT AND
A STUDY. OF THE ALTERATION OF THE ROCKS

As has already been stated in the foregoing chapters, both volcanic and
intrusive rocks have undergone five kinds of alteration, namely, silicification,
alunitization, kaolinization, sericitization and the introduction of iron in the form of
hematite. They are indicated by the presence of quartz, alunite, kaolinite, sericite and
hematite respectively, which are obviously of secondary origin? as shown by their
mode of occurrence as well as microscopic textures. Especially important are the
processes of silicification and alunitization; the microfelsitic aggregate of quartz forms
the most eminent feature in practically ell thin slides of the altered rocks studied,
while alunite occurring in any forms makes also a conspicuous appearance in the
thin sections. Certain rock even has a silica content as high as 89.74% and another
one may contain pure potassic alunite up to 53.29%. Kaolinite, sericite and hematite
are common in all rock samples, though seldom abundant. In a few exceptional
cases the iron content is extraordinarily high so as to form a poor iron ore. The
fact that the tuff rock in the region from Luchiawa and Shihtsaoling westward to
Hsisofanshan is much more altered than the rocks of other localities testifies the
hypothesis that the more soft and easily permeable rocks are more susceptible to
such kind of alteration.,

The relative order of crystallization of the different altered minerals can be
detected in several thin slides of the rocks stuﬂied. Quartz was crystallized either
simultaneously with or a liitle earlier than the alunite, which was followed by kaolinite
and sericite while hematite was the latest one formed. Two stages of alunitization
have been recognized microscopically, the first one is represented by a general
alunitization of the rocks with the formation of workable alumstone beds, while the
second one is manifested by small veinlets of alunite often accompanied _by hematite

1 The method for the manufacturing of alum in the Fanshan area will be bricfly stated in-a
later chapter,

2 Of coarse there are primary quartz and hematite in certain rocks.
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or quartz; this process is evidently not important and may be even later than
kaolinization. But the time intervals between the various stages of crystallization
seem to be very short, as is indicated by the close association and intimate
relationships between those altered minerals. Thus it;may ke safely concluded that

these five processes of alteration have been produced by the same agent and perhaps
under the similar conditions.

Now let us consider the origin of the alunite mineral, the result of which may
serve as a key to solve the questions of the other altered minerals. Alunite is
usually known as a secondary mineral in aluminous rocks altered by cold sulfated
solutions or it is produced by sulphurcus’solutions or vapors affecting feldspathic
rock with or without the addition of potassium and aluminum and at a rather low
temperature. The solution is most probably introduced along certain lines of
weakness in the rocks. But where and how did the sulphurous vapor or solution
or the sulphate water come from in the Fanshan area?

There are altogether three hypotheses! explaining the possible sources of

sulphuric acid or sulphate ions in the solution that is essential for the formation of
alunite.

The first hypothesis is that the alunitization was effected by sulfated meteoric
waters percolating downward from masses of oxidizing sulphides, chiefly pyrite.
Although small pyrite grains often parily altered into a milky white to yellowish
white amorphous substance, probably a certain kind of iron sulfate, have been
abundantly found in a dark grey ignous rock. forming xenolith in a pinkish
and greyish white banded trachyte (No. 5332), the outcrop of such a rock has
not yet been met with. In the microgranite there occurs only two or three small,
tresh pyrite grains. In all other rocks we have never found any trace of pyrite
minerals. Hence the possibility of the sulphuric acid being derived from the
oxidation of pyrite can perhaps be excluded in the present case.

The second hypothesis is that the sulphur dioxide that emitted from the
fumaroles or craters in the time of ancient volcanic eruption may be ozidized to
sulfuric acid and then acted ui::on K-Al-bearing mineral in the lava or tuff previously
formed to produce alunite. If such was the case, we should expect to find alunite

1 Ses: A.B.S Buttler and H. S. Gale: Alunite, a newly Discovered Deposit near Marysvale,
Utah. Bull, 511, U,8.G.S. 1912
B. P. L. Ransome: Ceology and Ore Depasits of Goldfield, Nevada, Prof, Paper 66,
U.8.G.5. 1905 pp. 129-133,
C. W. Cross & A.C. Spencer: Geology of Rioc Mountain, Colorade. 2ith Annual
Rept. U. 5. G. 5. 1909, pt. 2, pp. 92-94, and others.
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a more common mineral constituent in the volcanic rock than experience indicates,
and only the volcanic rock itself, should be alunitized immediately safter its forma-
tion; and furlhermore, there should be some trace of pyrite or other sulfur-containing
minerals in the volcanic rocks. But all the facts are just contrary to such supposi-
tions. [t is obvious that this suggestion fails to explain the origin of alunite in the

area in discussion.

The third hypothesis is that the sulfur dioxide carried in the hot solution
emanated from some intrusive body below might be oxidized to sulfuric acid on its
way upward to the surface and affected certain potassium-aluminum-rock to form the
mineral alunite. From the facts that both intrusive! and extrusive rocks are aluni-
tized, and that richly alunitized beds are usually closely related to the intrusive
body, the -central part of which containing frequently some pyrite grains, suggest that
the intrusive magma was the most probable source of sulfate solution which came
up immediately or not long after the instrusion. Similar conclusion was reached by
Mr. L. F. Yih in his study on the alunite deposit in Pingyang district, southeastern
Chekiang?. Alunite is also found in some abundance in northem Tangtu district,
Anhui, in certain volcanic rocks not very far from the contact with the dioritic
intrusion®. Therefore, the writers dare to conclude that the alunitization of the acid
lava is simply a phase of alteration produced by the igneous after effect of the acid
intrusion.

Whether there were any alumina or potash in the sulfate-hearing solutions is
not certain. As shown by the microscopic study of rock specimen No. 4967 there
exist evidently two kinds of feldspars, one of which, an orthoclase with polassium,
has been almost entirely changed to alunite; the other one, probably a plagioclase
containing sodium and calcium is largely altered to keolin and sericite, in which no
or litttle alunite can be found. This fact indicates that there was but little amount
of potash and alumina in the sulfate-bearing solutions, so that minerals lacking of

potassium such as plagioclase could not be easily replaced by alunite during the stage
of alunitization.

Since all the intrusive rocks are porphyritic in texture and usually medium-
grained, they belong to the hypabyssal class and consequently formed under a
fairly high temperature and pressure. The _condiﬁon for the formation of alunite
must be at much shallow depth, though the exact values have never been delinitely
determined.

| But the intrusive rocks are usually lees alunitized
2 Mem. Nat. Res. Int. of Geol. Ne. XI1. _
3 Mem. Geol. Surv. China, Series A, No 13, pp. 16-18, 42.43, 45, (English text)
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It seemed that the process of slunitization was carried on under a compara-
tively static condition, as the feldspar phenocrysts that were replaced partly or
wholly by either alunite or quartz, usually still retained their crystalline outline,
and, furthermore, nearly all the original textures in the volcanic rocks have been
preserved by the alumstone.

While both silicification and sericitization can be produced under various
conditions, and hematite and kaoclinite may be formed under widely variant
circumstances it is evident that in the Fanshan area they are all of hydrothermal
origin and were formed perhaps under the same conditions as that of alunite. The
reasons have already been given in the above and will not be-repeated.

In a word, the alteration of the rocks in the vicinity of Fanshan is essentially
the result of hydrothermal action following the granitic and dioritic intrusions.
As indicated by the presence of kaolinite and the occasional association of fine
sericite scales together with the hypabyssal nature of 1he intrusions, a mesothermal to
epithermal origin of the ascending solution may possibly be assumed. Such a
condition is very similar to that of Tangtu, Kiukiang and Nanking Area, but
there the process of alunitization is less important or even absent and the formation
of iron deposits was the most important task accomplished. In the area under
discussion only alunitization, without the formation of iron deposits in workable
size formed the sole prominent alteration.

In summarizing up all the facts obtained from field and microscopic studies,
the following events may be recognized: (1) Successive layers of lava were poured
out, with several intervals of quiescence during which the lava lost most of their
heat and partly eroded by exogenic agents. (2) The next avent was the intrusion
of a granitic magma whose margins differentiated into a porphyritic rock with
accompanied dikes or irregular forms of diorite porphyry intruding ‘both the
volcanic formation and ‘the older rocks. The intrusive as well as the country
rock became fissured as a result of readjustment of the rocks due to cooling and
contraction. (3) Along the fissures hot solutions derived from the same magmatic
source as the intrusive rock rose successively and interruptedly and usually intro-
duced into the more soft, loose and easily soaked tuffaceous heds'.l Replacement
between the sblutions;-a'ﬂd the country rocks made the appearance of secondary
quartz, alunite, kaolinite, sericite, hematite and other minerals in the country rocks.
The rocks were thus silicified, and a few rock layers were richly alunitized and then
changed to alumstone beds of irregular thickness. After the process had been carried
on for a certain period of time, fissuring and filling up by alunite, hematite and
also silica through the .already altered vock took place, which account for the
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formation of small veinlets of alunite of the second generation and the iron ore.
The solution was highly heated and probably under considerable pressure at
the time of starting its journey upward, but as it passed into the cooler overlying
rock and at a time when alunite deposit began to be formed both the temperature
and the pressure were greatly reduced, so that the deposits in question belongs even-
tually to mesothermal or epithermal type.

VIi. ALUM INDUSTRY

According to the informations of the native people, the alunite-rock of the
Fanshan region began to be exploited at the beginning of Ming Dynasty. Later
on, the two well-known towns, Tafanshan and Hsiaofanshan were grown up and
become now the only important alum-producing center in Anhui.

The only use of the stone at present and in the past is in the manufacture
of alum, which is used for purifying the drinking water and constituting one of
the common household necessities in China since long azo. It was told that the
alum industry was very flourishing in the past and many people have made their
fortune in this business. But now it is in a- period of depression. Many quarries
have been abandoned and many kilns stopped working so that hundreds of
workmen became unemployed in the last few years. At present, there: are altogether
seven quarries under working and twenty local dealers, each possessing one or
more kilns in the neighbourhood of the two towns mentioned above. The capital
of a dealer varies from four hundred to four or five thousand dollars and most of the
kilns work only four or five months in a year.

The method for the manufacture of alum may be briefly stated here.
The rock pieces taken from the guarries are at first roasted in the kilns—usually
thousands of catties at a time, the exact number is fixed by the size of the kilns—to
red hot by straws for three or four days, the burned stones are then crushed
into small pieces and transferred into the pits that have been previously dug into
the ground surface. A definite quantity of water is added into the pits for every
ten days and ten times will be usually enough. “Then the pits should' be covered by
earthy material —the waste or residue that comes from the alum-dissolving kettle is
best suited—for fifty or sixty_days until a soft and plastic mass is resulted. Such white
powders are boiled with a proper quantity of pure water in the large iron kettles
so that all the soluble substance may be extracted. The insoluble material left on
the filtering cloth is called residue or waste, which may or may not be further
extracted, while the greenish yellow filtrate, i. e., the clear solution, is then infused
into large earthern jars for evaporation and precipitation. After four or five days
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large and beautiful isometric alum crystals are obtained on the bottoms and
walls of the jars. It is then packed in the barrels made of bamboo and are ready
for the market, each barrel containing 150 catties of alum. On the average, one
picul i. e. one hundred catties of alumstone will produce twenty or more catties
of alum.

As was told by the local dealers the average annual production of alum is
30,000 to 40,000 barrels i. e., 2679 tons to 3571 tons, with a value of about 120,000
to 160,000 dollars. Part of the alum is first brought to Wuhu and then shipped to
other ports, The amount of alum that exported from Wubu from 1924-1933, as
was recorded by the Chinese Maritime Customs Returns is as follows:

Piculs Tons Piculs Tons
1924 3,011 179.2 1929 2,486 147.9
1925 1,655 98.5 1930 7,365 438.4
1926 2,865 170.5 1931 6,332 376.7
1927 1,773 105.5 1932 40 2.4
1928 1,902 113.2 1933 115 6.8

The sudden drop of the alum export at Wuhu in 1932 and 1933 is probably
due to the conflict between the alum-producers of Fanshan and the alum-purchasing
companies in Wiihu.



Aknff?fd"n%:‘ 'yt explarfed

NWRZFME
Explorted sluwie beds

un pbusent pup
e

WENF

|- Bk
Plate I

o

il

b
DEPOSITS,

rap
SR TAECRR 7o (ko and L uchiang

L
AL

Scade 1. sq000
]

A

Moo e LB
~Z2 ARR%

o ¢

!
GEOLOGICAL

.............

/onpoy o WEEY
B,

i )
= = g ! s N T R -
RS RN T - l e e s e s T P 1
LT AT P ¥ CaNSCS , e ;
> , BN B AN 43 ? » 5
. s - y . N . Ny A AT
- o, . A B Pl N A g i 3 hdld
0 7 - ™y Yo W b N
. ' a -2 S - e A . _. . )
- . "y, B Ao )= 77 h¥- 3 - ’
R . A ; — (Yo s
/ " A ra | i 5 4 A .. T .

&. ’
i

|
i
I W
©y T
T Tol uchanghe

&

18

IHNXRER
Dedober

44

Jury

L

e eleval

is gssmmed fo be roro

SBGXUSHAR ROET.

Conforr intarel 35 mefers.




Section AL -

e AFE  RTE UK WK MRE gl Platell
5 ;f.w Scale  1: 20000 /ﬁé‘zaofansbaa ﬁc/:;a/aa C/ﬁaoifzefm_g 7afaafﬁan Tzfngsban Zuc/;zawa sb?nyuanfze VIEE
90 i ! ; éfasom
‘ ' 1 f 722
,I._I. ~ i - C ' L | . gl 3 = — -7 00
5% r_,-atmm " B R L S e SRR S e L T T 50

L7

Section CP

. TRB F38 ITBE .
NRLW Scale 1:20000 laichiahang Chuntzeshan [ uny{‘ancf:ung J‘g4 3
i
, 0 400 8a0m. : 1 259m.
;’ggm: . : ' ' ~_ A i 355
RA0 - | et | 250
200 - l - =3 ——— A fgg
50 1 PR A S PR e = S
£0 - A L F L 3 - > - B T e T e T T e T e L e i e T U e L A SN T e e N N 50
g - + P oo - E——X 3 A A 0y 0 - = - = - . - a
e RALXEZE R
Jurassrc Crefaceovs Volcanw Ser/es Recent
OO Ko~ e & A A X = =X i ZAZ -] LAY g Vv"_ + + + ) IR
A BLEE o ] o fg%% == EnR Hlstss ol RO o S M letate ol
Quartzite Andesitic tuff & Trachytic tuff Silicified tuff, Alumsione TuHaceous Alunitized tuff, Altered Alluvium Diorite Microgranite Syenite
Andesite porphyry & trachyte occ, alunitized bed standstone, trachytic tuff, agglomerate porphyry porphyry
BRE BRELE o aERs BEE s U™ s mEDD MEEN BWLES  SEST
g L% - ’ unihze f - 1¢ e -
BENRE SREDH (EpgaiR) EEKRE  BRERE
AT A A RS EELE
(%R 1CRE R R

P g



Explanation of

Plate 1II

_53'



Fig. 1.
R
Fig, 2.
==

Fig. 3.

B=H
Fig. 4.

-]
Fig. 5.

B

PLATE Il 8=

Tsoupackun quarry, west of Tafanshan. Looking west.

KEUBRAN,

Another view of Tsoupackun quarry, looking northwest,
ABUNRRKELEHAZ AR,

A distant view of Tungshan (T.), Chiaotzeting (C.), and Tsoupaokun
quarry (1. P.) and the northern part of Tafanshan town. Looking west.
HIETFESNREAZUELBZERMNER,

Chuntzeshan, a hill composed of Jurassic quartzite, as seen from the
northern slope of Tienkuanshan.

PENPY T F 2

Abandoned quarries (Q) near Huashan, E. of Hsiaofanshan. Notice the
maturely dissected topography.

EINEHE B2 SR M (Q). TR HIE.
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Tienwutang quarry, N. of Hsiaofanshan.

A RURBER B0 ZWRIR,

An abandoned quarry near Hsiaofanshan.

AEMMEAR R ZR BRI

A part of Hsiaofanshan town, looking south.

from the alunite-roasting kilns.
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PLATE V &%

Alunitized agglomerate from the eastern slope of Tungshan, x 27, parallel
nicols. Only a portion of the pebble is shown here. Feldspar phenocrysts
{white and rectangular) and groundmass partly replaced by fine alunite
scales (white scales) are cut across by a veinlet composed of alunite (white)

and hematite (black).

Emges BTEERETEA=LE, BEXFamliks, Brg
We—8 BAKR(BE. EHFE) RER RSB BBE8N (B
), B RER RN SRR R 2 AR % .

. Ditto., x42, parallel nicols, A feldspar phenocryst (in the center)

already replaced by fine scales {white) of alunite is further cut through
by a veinlet composed of hematite (black) and alunite (white).
Flk, BFEEE FTHRANT2E, —RARS (EEZHH), BEES
R RABE. XAVET RFBH A 52 ABRTE L,

Richly alunitized fine tuff from Tsoupackun, Tafanshan. x 42, cross
nicols, showing a tuffaceous rock a greater part of which is replaced by
fine scales of alunite (white). Notice the irregular white patches aggregat-
ed by the alunite scales.

BLERE 2R RS, EEEAS TRAEF 1, EAiipa Ak

Wi, BR—EREATANBRATREE (B 6) RBZR HER
BAEE A SZE,

Alunitized volcanic breccia from Tsoupaokun, Tafanshan. x 27, parallel
nicols. Showing the replacement of a clastic rock by alunite. The black
portion on the left is a pebble, being only slightly alunitized. The grey
portion on the right is the matrix, which is largely replaced by acicular and
scaly alunite (white). Notice the abundance of- alunite needle and pris-
matic plates along the contact between these two parts.

B LKIIBERE, 7 BES Tick=+ i, ABUGHHE, K
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PLATE VI 857585

Alunitized and silicified tuff. Tsoupackun, Tafanshan. x 42, parallel
nicols. A portion of the fragmentary elements is shown here. The
rectangular feldspar phenocryst is replaced partly by alunite, which occurs

in the form of long and narrow prisms. Note the clusters of fine quartz
and scaly alunite in the matrix.

8RS CERSE. FTRASETHAN+ZM . 3R A RBLERTN.
ERABZ—% HyTHBEEFHZRY HERENRSR KREAN
BHEREZHEAHESR. BAASATRZEEMEBALHA.
Alunitized and silicified fine tuff, from Tsoupaokun, Tafanshan. x 42
cross nicols. A large spinning-spindle-shaped crystal and many acicular
crystals of alunite are embedded in a fine groundmass, which consists
chiefly of microcrystalline quartz. This large -c.rysta]. is an aggregated
body of many acicular akmi_te; all having a general optical orientation.
BE(L Ry (CABEEIR 2, BERRES T oA+ =5, BERAABUE
BRI, ERATBHAR A%, $AFANES, KER—KEY
REAS, HhER SR, BARBEHIRASRBEAHTR, BF
B—ZXP%,

Alunitized diorite porphyry, x 42, paralle] nicols. _In the valley just east
of Yangshan. A large feldspar phenocryst has been entirely replaced by
alunite, which occurs in large massive form with fractures in the central
part and irregular fragments or fine scales on the borders.

BHHNEYE. PHEEASE FHRANF=E. EXHERLBESS.—
ERBRLEZREHEAGHR. WhERMmR% AL WEANF
B 2 ANRTE.

Ditto, cross nicols. The position of view is slightly changed.

FlLE. BZBAEE T2, B 2B, nEs R,
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PLATE VIl #48%

Alunitized and silicified breccia or agglomerate from Tsoupackun, Tafan-
shan.  x 42, cross nicols. The curved fracture in the lower part of this
photo is the contact line between a pebble and the matrix. The portion
situated above this line is the pebble, which is a porphyritic rock being
mainly replaced by alunite scales and further cut through by two veinlets
(V.) composed of alunite (white) and hematite (black).

B Ry ftzABESAEE, BXRESA Fiickm+248, S5RA
KE R, RFRZARTREREEARZAFHR. H kLo
REM, AP BNHEARTRE, WAV A & TSR 2 AR
(V.) B4,

Same rock as in Fig. 1. x 42, parallel nicols. A part of the rock frag-
ment is shown here. The rock already alunitized is further traversed by
veinlets of alunite and hematite.

Bk BPRTREASTIE BBAZNBEEBE, BH~® R
Wz, ELBL MABRLE R TR A R ZAEIES.
Ferruginous silicified fine tulf (a poor siliceous iron ore) from Chiaotze-
ting, x 42, parallel nicols. Showing the clusters of microcrystalline quartz
traversed by irregular veinleis of hematite (black). Vesicles (V.) are
abundant.

SRS LAR RS (LS ERR), PHEXS THIRNE=F. &%
HEBTH. SUERZOEBHE. SRR HRRRARE. K1
(V.) &%

Alunitized agglomerate from the eastern slope of Tangshan, x 42, parallel
nicols. Only a portion ce)ﬁr' the pebble is shown here. The rectangular
feldspar phenocryst is replaced by numerous irregular fragments of alunite.
Bl f QLR BHREREY 8% EAELEE
BE AR N REA.
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PLATE VIl @A
Alunitized and silicified fine twff from north of Shihtsaoling, x 42, cross

nicols. Numerous alunite crystals are embedded in a groundmass com-
posed chiefly of fine quartz.

SRS LZHERE AXREETHRARE, REXRATYH
At ZEBAMEHRVER BT EE . RES MG AR,
Silicified tuff, slightly alunitized. x42, cross nicols. Tsoupaokun,
Tafanshan, Few needle-shaped alunite crystals are embedded in a
groundmass composed of fine quartz, hematite and others. Note the
vesicle on the upper right corner being partly filled by alunite. Both quartz

and alunite are secondary minerals,

B RBLZ6y L EIKE, BEXEAES PN E, EXFA%
WU ——#HREO R THORRTBRSHRZERR. B2A
EEE-Fil. BRE-SEHEOMRE. MRZHBAREX 28
RERE .

Alunitized and silicified tulf from Tsoupaokun, Tafanshan. x 42, cross
nicols. Alunite needles and laths are scattered in a groundmass composed
chiefly of quartz.

BURGZERE, HEEES PRl +248, #ERa gk
it BB RZNBLHAGE BETEEN, %85d058/5
HALATIR. |

Alunitized volcanic breceia from Tsoupagkun, Tafanshan. x 42, cross
nicols. A pebble of porphyritic nature is shown here. The tabular
feldspar phenocryst in the center is altered mainly to alunite, either in the
form of short plates, or long and narrow prisms. The groundmass is com-
posed of abundant microcrystalline quartz but a small amount of alunite,
BUAXKILARY, EXRBBTIHRANES2E, ABIKTE, B+
RRBT—HREN, PRERTEEAKESR. BL2EBEHAN &
BABNREN, RREBER. TEREEMEELER. HARE
Ak, BREERES,

Alunitized and silicified tuff from Tsoupackun, x42, cross nicols. A
portion of the matrix is shown here. It is composed of microcrystalline
quartz with disseminations of scaly alunite.

BURSLZERE EXRESRF., ERRa R8sy,
RABARZ—I5 GRS ST HRER RS,
Alunitized and silicified fine tuff from Kuniupei, Tafanshan. x42, cross
nicols. Alunite (white) occurs in massive forms.

BARSAZMRE XS, AXEER THIAE+2E. BRRaXE0
HLLESAE. R KRR E SR,
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I. INTRODUCTION

In e previous paper, King and Hsiao® determined the optimum conditions for
the extraction of alum from Pingyang alumstone containing 74.70% of pure alunite.
It is shown also that by the addition of K;50,, the yield of alum can be increased
from 50.30% to 73.70%. Because of the ease with which alum can be purified
and the consequent elimination of the impurities which are present in the original
alumstone, pure alumina can therefore be prepared by the thermal decomposition
of alum. Owing to the wide difference in the decomposition temperatures of
Al; (SO,); end K,S0,, Al, (SO4); can be easily splitted into Al,O; and SO, at a
certain definite temperature without effecting K.S0, to any extent at all. Furthermore,
with such a great solubility difference between these two compounds toward water,
K:80, can be separated from the calcined AL;O; and K5O, mixture at ease where
ALO, remains behind as a pure but insoluble product.

With these common and well established facts on hand, it looks as if the
thérmal decomposition of alum which is obtainable from alumstone§ with the subse-

§ The ore rescrve of alumstone at Pingyang, Chekiang, was tormerly estimated by Yih of Acade-
mia Sinica and recently reestimated by Chern of The National Geological Survey of China.
Chern's figures are as follows: Rich ore 235,723,750 tons and poor ore at 317,028,074 tons.
Assuming the percentage of elunite present in the alumstone to be 60 and 30 for the good and
poor ore tespectively, a total production of alum of 174 million tons is possible and from which
abont 10 million tons of aluminum and 18 million tone of potassium oxide can be theorectically
extracted. Another deposit of alumstone at Luchiang, Anhwei is recently estiamted by
Cheng and Chem of the Survay to be about one tenth of the Pingyang deposit.. Yih's report
is published in Memoir No, X! of the National Research Institute of Geology of Academia
Sinica while the reports on Luchiang Alunite to be referred to Meém. Geol. Surv. China, Ser.
A, No. 13, pp. 154.162, 1935, and in this bulletin.
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quent production of both pure AlLO; and K:80, is 3 promising field for investiga-
tion,
_ 1l. PREVIOUS INVESTIGATION

Cameron?! patented a process for decomposing alum at 750°C." while Tilley?
prefered the temperatures ranging from 800-1000°C. Bumnt Alum is prepared by
Hirota’® in a similar manner. The elimination of water of crystallization isinvestigated
by Hertwig® who pointed out that at 100°C. about 10 mols of water in the alum can
be driven off and at 120°C., even for 12 hours, 5 mols of water are still remaining.
The last traces of water are always present and difficult to drive away even the
temperature is raised to 280°C. The present paper presents the behavior of alum

at elevated temperatures leading toward its thermal decomposition to alumina, K,50,
and SO;.

11I. SOURCE OF MATERIAL

Potash alum obtained on the market is usually contaminated with impurities.
Recrystallization is therefore necessary to secure a pure sample, it is to be noted
that pure alum should be used in industrial scale as well for the production of pure
alumina. The employment of recrystallized alum for present study is not at all for
theorectical viewpoint, but it is proposed to use pure alum wherein impurities can be
eantirely eliminated and to ensure the production of pure alumina in commercial scale.
To purify alum at a starting point will be much easier than in later stages. The
analysis of the purified alum is shown in Table 1.

Table . Composition of Purified Alum

Constituents AlLO, K.O SO, H.O Summation
Analysed Value 10.60% 10.05%  33.70% 45.59% 99.94%
Calculatgd Value 10.74% 9.93% 33.75% 45.58% 100,00%

1V, EFFECT OF TEMPERATURE ON THE EXTENT OF ALUM DECOMPOSITION

On gradual heating from 105°C to elevated temperatures up to 950°C.,
the alum will first evolve the water of crystallization then the decomposition of
AL(8QO.). The K,SO, which has a much higher decompasition temperature about
950-1000°C will still remain as K,50, without any splitting up. into K:O and SO,.
In order to ascertain the degree of decomposition which can be indicated by the total
loss on heating at different temperatures the following experiments are carried out:

}. Total Lass on heating and the loss of water and 50,

2. Rate of Decomposition at different temperatures

3. Temperature and time relationship on Decomposition
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EXPERIMENT AL

(1) Total loss on heating and the Loss of waler and SOy:—

2.5 grams of powdered alum are weighed intoa 10 cc. platinum. crucible and
calcined in a vertical electric tube furnace at' a controlled temperature from
150-950°C. / The temperature interval bemng either 50° or 100°C. At
105°C, the determination is made in & double-jacketed oven containing a
constant bodmg mixture of glycerine and water. Constant weight is attained
at each temperature except at 550, 600 and 650°C at which the constant weight
is very tedious to attain as the increment at each weighing is considerably
small. The figures given in Table ] are the average of several runs.

Table il

Total Loss and the Loss of H:0 and 50; of Alum.on Heating
Temp. Total Loss Loss of Water Loss of SO, Time of Heating

105°C 27.77% 27.77% 0 40 hrs
150°C 44,78 44.78 0 5 '
200°C 45.21 45.21 0 5 *
300°C 45.50 45.50 0 5 *
400°C 45.59 45.59 4} 5 **
500°C - 45.71 45.59 0.12% 8
550°C 46.23 45.59 0.64* 1z -
600°C 53.01 45.59 7.42* 30
650°C 58.69 45.59 13.10* [
700°C 70.47 45.59 24,88 18 -
750°C 70.48 45.59 24.89 7
800°C 70.48 45.59 24,89 3.5+
900°C’ 70.50 45.59 24.91 3
950°C 70.79 45.59 25.20 2

*Constant weight is not attained at these temperatures

It is quite evident that the water of crystallization is very difficult to drive
away and it is quite impossi'b!ef' at 105°C which is commoﬁly employed to determine
this water. The fusibility of alum at low temperatures is responsible for this
phenomenon because the alum powder melts to a fused mass and thus inhibits the
evolution of water freely to the surrounding air. Between 550-650°C SO, starts to
evolve at very slow rate. I the heating at this temperature is prolonged considerably,
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it is quite probable that ail the Al; (SO,):. at least a large part, can be decomposed.
From 750°C. and on, the evolution of SO; becomes much faster and at 950°C a
slight decomposition of K;SO; is indicated by the slight loss of SO, that by
calculation should belong to the potassium salt.

Since the estimation by difference is more or less unreliable, direct determina-
tion of the SO, remaining in the alum after calcination will be served as a check. SO,
is not expected to set free at temperatures below 300°C, consequently calcined
samples above 300°C are only required for analysis. Table Il gives the data
showing the SO, remaining in the original sample. The theorectical values given in
the table lI serve the purpose for comparison.

Table Ifl. Direct Determination of SO; Remaining

Temperature SO; Remaining Theorectical Value Loss of SO,
300°C 60.30% 62.02% 1.72%*
400 61.95 Anhydrous Alum 62.02 0.07
500 61.52 Al; (80,);. K80, 62.02 0.50
550 61.07 as basis 62.02 0.95
700 29.10 28.99 0.1
750 29.11 Decomposed Alum 28.99 0.2
800 29.10 ALO:.K,SO, 28.99 0.1
850 29.05 as basis 28.99 -0.06
900 29.04 28.99 -0.05
950 28.47 28.99 0.52**

*Last traces of water are still remaining.

**This definitely indicates that potassium sulphate begins to decompose at
950°C.

Fig. 1. Represents the graphical presentation of the experimental results of
Tables 11 and 1I1..

(2) Rate of Decomposition at different temperatures:

2.5 grams of the powdered alum are calcined at different required temperatures.
The interval being either 50° or 100°C. The calcined mass is weighed
periodically (at either quarter, half, full or several hours depends upon the con-
ditions) weighed until a constant weight is attained. ' The experimental data
occupies considerable space therefore a graph showing the rate of decomposition
of alum is more instructive and clear (Fig. 2). The duration of heating is
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sometimes extended to 30 or 40 hours but most of the experiments are carried
out under 20 hours. The maximum hours of heating on the X-axis of the graph
is limited only to 18 hours.
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(3) Temperature and Time Relationship on Decomposition:

From Fig. 1and Table Il and 1, it is evident that the sulphur trioxide begins
to evolve at 550 C, but at this temperature the rate of avolution is so slow that
a constant weight cannot be attained even after a proloﬁged heating up to 30
hours, However, the rate increases remarkably at 700 C, at which, a constant
weight can be reached within 15 hours, To determine this relationship
samples of 2.5 g_rains heated u't"temperatures ranging from 700-950 in 50
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intervals are carefully investigated. The experimental data are given in Table
1V and Fig. 3.
Table IV. Temperature—Time Relationship
* Temperatures "C 700 750 800 850 900 950
Time duration in howrs 15 2.5 2.5 1 /2 1/4
1000 ~
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V. PRODUCTS OBTAINABLE FROM THE THERMALLY DECOMPOSED ALUM

It is definitely shown in the above that the alum under the conditions
mentioned is possible to produce calcined alumina and water soluble potassium
sulphate. In order to show the purity of products obtained, analytical examination
is further carried .out to acertain their constituents,

EXPERIMENT AL

(1) Purity of Alumina: about 0.10 gram of the sample is fused with potassium
pyrosulphate in a quartz crucible. When fusion is complete the ‘mass is dis-
solved in hot water and filtered if necessary. Large amount than 0.10 gram
will yeild voluminous precipatate of colloidal nature which is very troublesome
in subsequent filtering and washing. From the filtrate aluminum is precipatated
as hydroxide. Redissolving and reprecipatation is considered not necessary
in this case. The aluminum hydroxide is then ignited and finally weighed as
aluminum oxide. '

Table V. Purity of Alumina

_ 1 2 3 Avernge
Weight of sample taken  0.1000  0.1000  0.1000 0.10gr.
Purity of Alumina in% 99.69% 99.82% 99.74% 99.75%

(2) Purity of Potassium Sulphate Recovered: Potassium sulphate is recovered from
the water extract of the calcined alum by crystallization. The carefully dried
salt is analysed for potassium -and sulphur trioxide in the usual analytical

procedure.
Table VI, Purity of Potassium Sulphate
5Q0s K.0 Total
K:80, Crystallized 45.70% 53.90% 99.48%
K.SO, Recrystallized 45.85_% 53.95% 99.80%
Theorectically 45.94% 54.06% 100.00%

V1. DISCUSSION

In view of the enormous deposit of alumstone occurring in China and scar-
city of bauxite so far known, it is of great importance to investigate the alumstone as
the raw material of aluminum resources rather than potash. Among the many
methods® existing for the winning of aluminum oxide or alumina from alumstone,
the thermal decomposition of alum extracted from alunite seems to be the best and



72 Bulletin of Geological Survey of China

easiest process and probably the most economical one as well. It involves merely
heating the alumstone to a cirtain degree that the subsequent extraction with
sulphuric acid§ to produce alum is possible. The yield of alum can be increased
by the addition of potassium sulphate as indicated by a previous experiment. It is
therefore with proper control in the heating and extraction, the maximum yield of
pure alum will be much higher than the generally expected value of 174 million tons
from Pingyang deposit alone. When working from alum to alumina, the
purified alum from the start is much desired and thus insures a pure product
at the final state. Since the process is so simple, the initial investment will
undoubtedly be low. The other known method of importance is the ammonia
method. This not only creates trouble in precipatation, and the washing and filtering
of colloidal aluminum hydroxide, but requires also ammonia which is not yet pro-
duced in China and the investment to produce such a product is very expensive.
The formation of a mixture of potassium and ammonium sulphate gives probably the
use of fertilizer only while the pure potassium sulphate from thermal decomposition
can be employed for various purposes. Many other methods have either been
patented or proposed, but all of them requires very high temperature other than
900°C or the employment of other chemicals and complicated processes.

Considering from various angles to solve this problem industrially, the pro-
cess of thermal decomposition is without doubt the best solution. It employs a low
temperature of about 850°C for both the thermal decomposition of alumstone and
alum, needs very cheap chemical that is sulphuric acid alone (the potassium sulphate
is produced in the process) and requires very simple apparatus such as muffle
furnaces and settling, extraction and crystallization pans which can be made of

wood.

However, the abnormal property of expansions during calcination must be
carefully investigated. A study in a more enlarged scale of experimentation to
ascertain its possible elirr;ination, is deemed necessary. This is .chiefly due to the
considerable quantity of water of crystallization, and its Jow fusion point so the mass
will expand to several times its original volume. This defect can be solved by

crushing the fused mass at about 600°C before subjecting to 850°C.

VIL. SUMMARY

Potash alum is subject_ea to thermal decomposition from 105 to 950°C at
intervals of either 50 or 1_00°C.- The wa;_ter of crystallization can be quantitatively

8 Recent communication with Prof. Tsai of Yl:nchin.g University that the effect of extractioﬁ
with higher concentration of sulphuric acid up to 259 will-be increased.
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expelled at 300-500°C. and 400°C seems to be the most favorable and safeworking
condition. Sulphur trioxide liberates at 550°C but 850°C. is the most convenient and
efficient temperature to decompose alum. The products obtained are quite pure:
Alumina 99.75% and Potassium sulphate 99.80%. A discussion is given as to
probability of the thermal decomposition process as applied industrially since it
involves the simplest in the working procedures as compared to the other processes
known so far.

Acknowledgement:—The authors are indebted to Prof. C. H. Kao of Tsing
Hua University for his valuable suggestions on ‘analytical procedure.
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I. INTRODUCTION

The cassiterite-arsenopyrite deposits  described in this paper are all situated
along the Chungshui, a main tributary of the Siang River; they are located at some
160 li south of Hengyang or 660 li from Changsha, the capital of Hunan. Politically
these deposits belong to Changning and Kweiyang districts. Though they have
been mined long ago, no systematic study has yet been made except a preliminary
report! published by the Geolbgicai Survey of Hunan, The writers visited the

1 C.C.Tien: Reporis on the tin & arsenic deposits of Tanshanwo, Taishunlung and Hsiang-
hueling, Hunan’". Bull. Geol. Surv..Hunan, Ne. 11, 1931,
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deposits during 1932 and had the privilege of making, for the first time, & detailed
microscopic examination of the ores and rocks. The detailed description of the
mining and metallurgical treatment of the ore is given in the Chinese text.

II. PHYSIOGRAPHY

Going southward from the city of Hengyang for some 130 1i to the village of
Hengtou, which is about 25 ki from the cassiterite-arsenopyrite deposits, we found
on the way numerous low ridges and isolated hills from several tens to hundred
metres high above the valleys. Between these ridges there often occurs a flat
farming country sometimes 4 or 51i in width. All these features seem to indicate a
topography of advanced maturity. But from Hengtou southwestward to the mining
district, there rises a bold range with steep slopes about 200-350 metres in height
above the plain. On arriving at the summit of the range a strange feature is met
with, for the summit itself is again a gentle rolling. country representing an erosion
surface of late maturity (Pl. 11, figs. 1, 2).. Hence, from Hengyang to the tin and
arsenic mines the physiographic development as shown on the route may be
distinguished- into two stages: 1. Remains of an old advanced mature surface about
200-400 m. high above the Chungshui river. Its erosion seems to have been com-
pleted before Focene. 2. The region was then uplifted and river erosion rejuven-
ated by which'a new level also marked by mature surface was finally reached.
The beginning of this second erosion cycle was probably during middle or late
Tertiary, possibly after the deposition of the Eocene sandstone and shales. Con-
sequently, the Eocene beds is bevelled by the new mature surface. The old mature
land in the vicinity of the mines is maibly constituted of Carboniferous limestone,

in which sink holes and underground streams abounds, often forming a curious
drainage system.

Ill. GENERAL GEOLOGY

The geological formations in the vicinity of the Peicheng]_ung mine as
recognised by Mr. C. C. Tien, Geologist of the Hunan Geological Survey, are
given in ascending order as below:—

1. _Hsikuanshan limestone.........Upper Devonian

2. Wanloshan limestone .........

} Carboniferous

3. Tseishui sandstone ......eu ...

As to the geoldg_ical structure Mr. Tien considered that the Hsikuanshan
limestone formed a syncline between Peichenglung and Fengmuchiang and an
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Fig. 1. Generalized geological map of the Changning and Kuciyang cassiterite-
- arsenopyrite deposits, Hunen.
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anticline between the former and Tanshanwo, making the Wanrloshan limestone and
Tseishui sandstone successively exposed along the east limb of the anticline.
From the writers’ observation, however, the syncline between Peichenglung and
Fengmuchiang seems to be situated farther west than that shown in Mr. Tien's
map and is mainly constituted of white sandstone and black shale {Fig. 2) probably
belonging to the Tseishui series. Its underlying limestone is, thus, most probably
the Wanloshan formation. It seems that in the vicinity of Peichenglung there is
really no Hsikuanshan limestone, all belong to the Wanloshan formation. The
latter often contains numerous flint nodules arranged parallel to the bedding plane
and is fossiliferous with corals and brachiapods usually exposed on its weathered
surface, [t is extensively exposed southward to Chuanyenf)ei and Taoshihhu and
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Fig. 2 Geological section from Peichenglung to the Fengmuchiang Scale 1:10000
1. Carboniferous limestone
2. Carboniferous sandstone & shale
3. Granite

profoundly metamorphosed jnto marble at its contact with granite along the
Fengmuchiang stream. The Tseishui series, though widely distributed on the west
of Peichenglung, is largely covered by alluvium, only a litile sandstone and shale
can be seen,

50 li south from Peichenglung is the Tashunlung mine where Mr. Tien
recognised two Carboniferous formations, the Wanloshan limestone and the
Tzemenchiao series, the contact of which was supposed to be an overthrust. The
writers are, however, unable to realize such an overthrust and preler to include all
the formations under the Tzemenchiao series.

Owing to the intense metamorphism and complicated structure at Peicheng-
lung and Tashunglung any detailed classification of the rock formations seems to be
extremely difficult, unless b}f-exceptibnally careful study. Such names as Wanlo-
shan limestone, Tzeishui series and Tzemenchiao limestone etc. are, therefore, not
adopted in this paper, all formations being groi.iped together under the general
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name of Carbonilerous system. The geological features are much similar to the tin
deposits of Malay Peninsula, the world famous tin-producing centre, where the
ores are also mostly found in Permo-Carboniferous limestone.

IV. PETROGRAPHY
THE GRANITE OF FENGMUCHIANG

Granite is abundantly exposed along the Fengmuchiang stream, west of
Peichenglung.

Megascopic characters. Two types of granite may be distinguished; one is
even and fine-grained and the other is rather coarse. In the latter the felspar
crystals are sometimes 2 cm. long with well development of cleavage faces, the
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Fig. 3. A section from the Puli mine to the Fengmuchiang stream, showing the topographic
feature of an old advanced maturity.

larger grains of quartz being commonly 1 em. in diameter, The color of felspars is
white, Biotite often finer than both felspar and quartz is also easily recognised in
the hand-specimens. The latter two minerals make up the greater part of the
granite while the former one is only sparsely distributed.

Microscopic characters. Under microscope the {elspars are composed of
both potash- and soda-varieties and usually profoundly altered to kaolin and to minute
flakes of mica, - The potash variety is orthoclase sometimes in distinct Carlsbad
wins. The soda felspar occurs nearly in equal amount as the orthoclase or still
more. lts repeated-twin lines are often visible when it is fresh. It probably
belongs to albite with its medium index (Nm) about 1.53. lis differentiation from
orthoclase will be more difficult when its twinning appearance is lost due to deep
alteration. The mean index of the latter is, however, about 1.525 and is therefore
much lower than that of the former.

Mr. C. C. Tien found some granite containing a notable amount of arsenopy,
rite, cassiterite, pyrite and chalcopyrite at Tsaochiachung, west of the Fengmuchieng-
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THE GraNITE OF WukuneLing (P, 11, Fig. 3)

Megascopic character: Though this rock belongs to the same intrusion as
the Fengmuchiang granite, its porphyritic texture is more prominant with two
generations of felspar, the fine grained one and the phenocrysts, the latter is 2-4 cm.
in length. Biotite is much more abundant than in the Fengmuchiang granite, but
quartz is less,

Microscopic character: The decomposition of the felspar gives rise to much
kaolin and a little sericite. Orthoclase seems more plentiful than albite. Biotite is
sometimes altered to chlorite. One remarkable feature is the presence of fluorite

which occurs in great amount and exhibits very low negative relief under microscope.

In comparison with the Fengmuchiang granite it is obvious that in the
present rock, biotite is more abundant with a greater amount of orthoclase and
fluorite while guartz is only sparsely represented.

The granites from Wukungling and Fengmuchiang have been analysed by
the junior author and their compositions are as follows:

Fengmuchiang granite Wukungling granite
Fer Cent Mol. prop. Per cent Mel. prop.
Si02 75.51 1.258 7. 1.195
TiO, 0.07 0.001 0.03 0
ALQ, i3.32 0.130 13.12 0.128
Fe,Os 0.16 0.001 0.22 0.0014
FeO 1.29 0.018 2.60 0.036
MnO 0.02 0 0.50 0
MgO 0.02 0 0.18 0.0045
Ca0 0.61 0.01 1.63 0.029
‘NagO 5.16 0.083 5.20 0.084
K0 422 0.045 5.68 0.060
P,0 0.06 0 0.09 0.60t
H,0 0.40 0.021 0.41 0.022
F 0.02 0:001
5 0.02 0 0.06 0.002
100.86 100.975
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The standard mineral compositions of the norms calculated from the above
table are as below:—

[
Fengmuchiang granite | Wukungling granite
|
Per cent : Per cent
Quartz 27.66 20.60
Orthoclase 25.02 33.36
Albite 43.492 35.63
Anorthite 0.556
Acmite 0.46
NapO 8i0y (in pyroxene) 1.83
Diopside 2.228 5.99
Hyperthene 0.92 1.78
Fluorite 0.07
Pyrite .12
Magnetite 0.23
Apatite 0.34
limenite 0.15
100.256 100.28
i
The magma characters as inferred from the norms are;—
Class 1 Order 4 Range | Subrange 3
Q K0 -NayO' 7
' (Fem >_—) < > J TGO ) (Na o <_> 5)
|[Fengmuchiang|  96.782 3766 3.1 9.38._7 422 5.3
granite 7452 T | 69.088<5""7 =T 5.16 <35
Wukungling | 89.69 .7 2070 3.1 X7 5.68 5. 3
granite 1059 2T 689 <57 01 2033
Persalane Britannare Liparase Liparose
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It is evident that the Fengmuchiang and Wukungling granites belong not only
to the same class and to the same order but also to the same subrange liparose in
magmatic divisions,

DovLomiTic MARBLE

In the vicinity of Peichenglung and Tashunlung mines the Carboniferous
limestone has mostly been transformed into & dolomitic marble which often exhibits
curiously weathered appearance and is usvally used, by the natives, as a guide to
prospecting. In fact, important tin and arsenic deposits show nearly in every case
‘intimate relation with dolomitization. From a microscopic examination of the ores
and rocks it is concluded that the dolomite is commonly replaced by ore and sili-
cate minerals. The process of dolomitization seems, th::refore, to have taken place
prior to the introduction of the ore solution in the Carboniferous limestone. As
dolomite is particularly susceptible to ore solutions, the ore bodies are, thus,
often deposited in the dolomite marble.

The analyses of the dolomite and calcite marbles from the Peichenglung
mine by the chemical laboratory of the Geological Survey are given below:~—

E Dolomite marble Calcite marble
li (M } @
Inscluble matter | 0.45 ! 0.66 0.54
R0y 0.16 ‘ - D3
CaO 31.25 J| 31.06 50.82
MgO ; 21.03 j 21.58 427
Cos E .23 j| 46.30 44.09

Note: 50% of the insoluble matter is SiQ,, the rest being Fegos and others,

V. THE ORE DEPQSITS

Form ofF THE Ore BobiEs

The cassiterite-arsenopyrite deposits ‘are all in the form of pipes and are
Jocated in the metamorphosed limestone near its contact with the Fengmuchiang
and Wukungling granite intrusion. The important mines consist of Peichenglung,
Chuanyenpei, Taoshihhu, Tashunlung and Puli etc.
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ln the Peichenglung mine which is worked for both cassiterite and arseno-
pyrite, the main ore body is not in a typical pipe form but elliptical or rectangular in
cross section. The minor axis ranges from | to 3 ft. and the major one from 1 to
20 ft. When the ore body swells, special ore shoots often occur. The pipe is
generally inclined from southwest o northeast and connected with two branches
both circular in cross section, but only one foot or four inches in diameter. South
of the main pipe there is a small one the cross section of which is also elliptical
and its minor axis is only three inches and major axis five inches. - lts upper portion
as mined before is, however, reported to have been 5 to 10 £. in dimensions.
Besides, there is a sphalerite vein in the neighborhood of the main pipe, but as it
has been abandoned long ago its detalled form is not known.

Eight li southeastward from Peichenglung is the Chuanyenpei mine working
only for arsenopyrite. The ore body has a roughly circular cross-section with
varying ‘diameters of 5 inches to | ft. But in its upper portion a swelled ére shoot
10 fr. in diameter was met with.

The Taoshibhu cassiterite-arsenopyrite mine situated two li southeast from
Chuanyenpei, was abandoned long ago, but judging from the space left in the shaft
the ore body seems to be in an irregularly elliptical cross-section with axes at seme
ten ft. 30 li south from Taoshibhu there is a third cassiterite-arsenopyrite mine
called Tashunlung. The ore bedy inclined to north by east is also elliptical in cross-
section. Two swelled ore shoots were mined before, one from 10 to 20 f. in
" transversal dimensions and the other from 7 to 10. The lower portion of the ore
body is divided into three branches, all elliptical in cross-section. One is from
"6 inches to 2 ft. in transverse axes, the second from 1 to 3 ft. and the third from 8
inches to 3 fi.

The Puli arsenopyrite mine is about three li east from Tashunlung. The
cross-section of the ore body is elliptical at one and three ft. in dimensions. There
is a branch whose cross-section is circular at about | ft. in diameter.

Near the Puli mine there oceurs, in addition, a sphalerite vein about one foot
in width and in the vicinity of Tashunlung some hematite bodies containing scattered
cassiterite grains, the latter are also worked by the miners.

In conclusion we may say that the cross-section of the main ore bodies is
usually elliptical, that of the branches, if any, being commonly circular {Pl. IV,
figs. 1, 2, PL VI, fig. 2, & PL VII, fig. 1). They are all frequently crooked and
sometimes expanded or reduced. in transversal dimensions. The known depth of
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the ore body as mined in Peichenglung is more than one hundred metres without

notable diminution both in volume and in quality, but the enlarged ore shoots seem
to be often at shallow depths.

MINERALOGY
THE Ore MINERALS
I. From the Peichenglung pipe

The .Peichenglung pipe is composed chiefly of arsenopyrite, cassiterite and
chalcopyrite, which make about 90% of the total. The arsenopyrite alone amount
to about 50% of the whole, The three minerals usually constitute banded (Pl V,
Fig. 1) or orbicular structure with outermost zone of arsenopyrite and central zone
of chalcopyrite. Such structure probably results from rhythmic deposition and
metasomatism of the country rock. Besides the three principal minerals, there are
some stannite, bornite, sphalerite, enargite, and tennantite; these minerals éxce‘_pt
bornite can only be recognised under microscope.

Arsenopyrite: Examination ‘of the hand specimens shows that arsenopyrite
occurs both in fine-grained masses and in individual idiomorphic crystals, The
latter are prismatic often 4 or 5 mm in length and scattered in other ore or gangue
minerals. The massive arsenopyrite may be sometimes up to several ten catties in
weight. . Under microscope, however, the fine-grained masses show. also distinct
crystal outline with rhombic sections especially common.

The arsenopyrite is the earliest ore mineral formed, and frequently it shows
ragged outline (PL. VI, fig. 3) when in contact with cassiterite and chalcopyrite,
suggesting its replacement by the others.

Cassiterite: The grains of cassiterite are usually so fine that they can not be
distinguished from-one another unless examined under microscope. There is only
one hand-specimen in which the cassiterite crystals are well developed at about 3 to
4 mm. in dimensions. The color is commonly brown and rarely black brown, and
under microscope it shows sometimes irregular zqnal distribution (Pl X, fig. 1).
Cracks are abundant and prismatic cleavages are often distinct. In polished
sections the cassiterite generally shows a bad polish and often occurs as residual
grains enclosed in stannite or chalcopyrite, indicating that their deposition is later
than cassiterite. The latter occurs frequently in broad bands alternating
with arsenopyrite and chalcopyrite. Though cassiterite is much' less in amount.
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than arsenopyrite, it attracts the special attention of the miners, because the price of
tin is much higher than arsenic,

Pyrite: Pyrite occurs only in small quantity and its genetic relation with both
arsenopyrite and cassiterite is not clear, as no mutual contact among them is
observed. It is, however, certainly earlier than chalcopyrite and is usually replaced
by the latter.

Chalcopyrite: It generally occurs in massive form without crystal outline and
shows under microscope a weak anisotrbpism and sometime repeated twinning
under crossed nicols., lts deposition may be distinguished into three epoches but
the first epoch is more important than the other two. In the chalcopyrite of the first
generation, there . occur sometimes sphalerite veinlets or gashes, or the latter
mineral includes the residual grains of the former, all suggesting that chalcopyrite is
replaced by sphalerite. More commonly is the occurrence of numerous stannite
veinlets or gashes in the chalcopyrite (Pl VIII, fig. ‘2), usually arranged along
certain directions. This is much like graphic intergrowth of contemporaneous
deposition, although it is believed that replacement of chalcopyrite by stannite is a
meore probable explanation. The process of replacement seems to have started at
various points in the chalcopyrite during the same time. Larger gashes of stannite
are also sometimes surrounded by chalcopyrite, constituting centrifugal replacement
(Pl VI, Fig. 1).

Certain larger stannite sections frequently contain along their cleavage planes
blades of chalcopyrite suggesting probably an exolution texture qf grating type (Pl
VI, fig. 3). In this case the deposition of chalcopyrite must be simultaneous with
that of stannite and is therefore later than the chalcopyrite of the first generation: in
other word, it constitutes the second stage chalcopyrite.

Some chalcopyrite gashes (Pl. 1X, fig, 1) or blades are also contained in
bornite commonly near the cracks (PL VIIL Fig. 4) of the latter mineral, a feature
suggesting replacement of bornite by chalcopyrite. If this is the case, this chalcopy-
rite here must be the latest one formed: it is the chalcopyrite of the third generation.

In conclusion we may say that the deposition of chalcopyrite is divided into
three periods which are occasionally overlapping; its main load was however pre-
cipitated during the first period.

Sphalerite: Generzlly in massive form and is only found in 2 few hand-
specimens. It is easily distinguis_héd under the microscope from stannite by its gray
color, isotropic character, and yellow brown powder, and usually replaced by the
veinlets and gashes of the latter (P1. VII, Fig. 4).

Stannite: It is massive and shows intimate association with chalcopyrite as
previously mentioned. In the case of exsolution texture (Pl. VIII, fig. 3) the
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included blades of chalcopyrite are generally arranged in three directions, two
intersecting at right angle probab_ly along the cubic cleavages of the stannite, and
.the third one obliquely cutting the preceding two along its twinning lines.

Enargite: This mineral shows under the microscope a strong anisotropism
of greenish blue and copper pink. Repeated twinning lines are sometimes visible.
Aggregates of anhedral grains common. The contacts between enargite and bomijte
usually show mutual boundary, but the latter also occurs along the contact between
enargite and arsenopyrite, indicating that bornite replaces enargite, the contact zone
being taken for conducting solution.

Tennanite: ' In grayish white color. Isotropic under crossed nicols, Nega-
tive to all reagents as suggested by C. M. Farnham except HNO, fume. Sometimes
found along the contact between enargite and bornite, which may indicate tennantite
later than enargite or even later than bornite.

Bornite: Generally occurring in massive form or as veinlets and gashes in
chalcopyrite (PL. VIII, fig. 4). FEasily recognised in hand specimens by its tarnish-
ed purple to greenish blue color.” It replaces chalcopyrite of the second generation
and is itself replaced by the same mineral of the third generation.

if the above mentioned ore minerals are arranged in the order of abundance,
we have (1) arsenopyrite {most abundant) (2) chalcopyrite {(3) cassiterite (4) stannite
(5) bornite (6) sphalerite {7) enargite (8) tennantite {9) pyrite. But the order
of deposition is as follows:—

Table 1.

The paragenesis of the ore minerals from the Peichenglung mine.

Early Late

Pyrite . . - .. .,
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2. From the Liutzelung hypothermal sphalerite vein

About one li southeast from the Peichenglung mine is the abandoned
Liutzelung sphalerite vein. Some specimens collected by the writers from an old
shaft show the following ore minerals under the microscope:

Arsenopyrite: It is also the earliest mineral in the ore, but only sparingly
disseminated in the vein or country rock.

Pyrrhotite: It is massive and shows a strong anisotropism of creamy and
reddish brown under crossed nicols. Often traversed with numerous cracks,
which have partly filled with pyrite or truncated by sphalerite. _ The pyrrhotite is,
thus, earlier than both pyrite and sphalerite. The cracks -are probably due to
contraction and may indicate - deposition under colloidal state. It also occurs,
however, as dots in sphalerite in unmixing texture and is, therefore, overlapping
with the latter. Occasionally arsenopyrite residual grains are included in pyrrhotite
due to the replacement of the former by the latter. Sometimes the latter replaces the
former from centre outward, establishing the centrifugal replacement.

Pyrite: It is later than pyrrhotite which sometimes includes pyrite veinlets.
It is partly earlier and partly later than sphalerite for both residual grains and
veinlets of pyrite occur in the latter. Its deposition seems to be long and repeated.

Sphalerite: This is the most abundant mineral in the ore. It commonly
contains numerous dots and rods of p}rrhotite and chalcopyrite, constituting exolution
texture. Such dots and reds usually have a great tendency to be arranged in parallel
directions probably following cleavage or twinning line of sphalerite,

Chalcopyrite: It is massive and mainly later than sphalerite, but may be
partly overlapping with the latter as mentioned before.

The order of the Liutzelung ore minerals arranged in abundance is (13}
sphalerite (2) pyrite (3) pyrrhotite (4) arsenopyrite (5) chalcopyrite, and their succes-
sion in deposition is shown below:—

Table Il
"~ Early Late
Arsenopyrite . . . . . -
Pyrthotite . . . . . .
Pytite, . . ... ...
Sphalerite . . . ... -
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3. From the Chuanyenpei pipe

The ore minerals consist of arsenopyrite, chalcopyrite, tennantite, sphalerite,
and pyrite, but all occur in small quantity only except arsenopyrite which is the sole
mineral mined.

Arsenopyrite: This makes about 80% of the total ore minerals and generally
occurs in aggregated masses of fine crystals associated with a little gangue mineral,
It usually shows abundant shattered fractures which have been filled in either by

chalcopyrite or by gangue minerals (Pl. IX, Fig. 2); they are, thus, all later than
arsenopyrite.

Pyrite: It is only discovered under microscope in a few crystals commonly
dissected with the veinlets of gangue minerals, Its génetic relation with arsenopyrite
is not clear. Sometimes occurring as residual grains in chaﬂcopyrite or as veinlets
dissecting the latter. ' Its deposition is, thus, long and partly earlier and partly later
than that of the chalcopyrite.

Chalcopyrite; Though scanty in most hand specimens, it may be in notable
amount in certain specimens. Both chalcopyrite and pyrite seem to have been
broken after their deposition and filled in afterwards with gangue minerals. During
the formation of the ore, therefore, two epoches of disturbance have been registered:
one is after the deposition of arsenopyrite, and the other after that of chalcopyrite
and pyrite.

Sphalerite: Sphalerite only occurs in small gashes as a guest mineral in
chalcopyrite. It distinctly replaces chalcopyrite and is itself replaced by tennantite.

Tennantite: It occurs as veinlets in chalcopyrite or in sphalerite and thus

replaces both.

The succession of the above ore minerals is shown in the following table;—

Table 1lI.
Early Late
Arsenopynite . . . . .
Pyrite . .....
Chalcopyrite . . . . .
Sphalerite ... ...
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The order in abundance iz (1) arsenopyrite (2) chalcopyrite (3) pyrite (4)
sphalerite and (5) tennantite.

4. From the Taoshihhu pipe

As the Taoshihhu mine was abandoned, all the specimens have been collected

from the wastes of the former operation and consist of the following minerals.

Arsenopyrite: Generally the arsenopyrite occurs as aggregates of crystals in
rude bands and often shows on its polished surface a great many cracks, which have
mostly been filled in with gangue minerals. Rhombic section of crystals is not
uncommon.

Cassiterite: It is usually in crystals or fine grains in bands. Its genetic
relation with arsenopyrite is indistinct, but it is earlier than pyrite as its residual
grains are often included in the latter. Showing weak anisotropism under crossed
nicols. Internal reflection is obscure.

Pyrite: It commonly occurs as residual grains in pyrrhotite (PL IX, fig. 3)
or chalcopyrite and is therefore earlier than both.

Pyrthotite: It is massive or forms islands in chalcopyrite (PL. IX, fig. 3),
indicating that it is replaced by the latter {(Pl, IX, fig. 4).

Chalcopyrite: This is an abundant mineral next to arsenopyrite. Sometimes
dissected by the prismatic crystals of silicate minerals (Pl XII, figs. 2, 3) eor
replaced by sphalerite along its contact with pyrrhotite.

Sphalerite: It occurs only in a few gashes in chalcopyrite or pyrrhotite and
can not be recognised unless under microscope.

The paragenesis of the ore minerals mentioned is (1) arsenopyrite (the
earliest) (2) cassiterite (3) pyrite (4) ﬁyrthotite (5) chalcopyrite and (6) sphalerite,
The sequence in quantity is (1) arsenopyrite {most abundant) (2} éhal'u;:opyrite
(3) cassiterite (4) pyrite (5) pyrrhotite and (6) sphalerite.

The above mentioned four pipes helblng to the Changning district, while the
rest to be described belong to the Keiyang district.
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5. From the Tashunlong pipe

Arsenopyrite: This constitutes the most abundant component of the ore. It
generally occurs as aggregates of crystals or sometimes as residual grains in pyrite
or other minerals. It is commonly fractured and filled in by pyrite and chalcopyrite.
lts replacement by the latter two minerals is also not uncommonly observed.

Cassiterite: It is usually in crystals and replaces arsenopyrite, sometimes
invading the latter along its cracks. As cassiterite is scarcely in contact with pyrite,
their genetic relation’is not clear though the former may be earlier than the latter.

Pyrite: This mineral is not present in large quantity but may abundantly
accumulate in certain portions of the ore. Being often deeply replaced by other
later minerals, it rarely preserves its crystal outline and sometimes occurs as residual
grains in sphalerite or chalcopyrite.

Chalcopyrite;: It is earlier than sphalerite and is replaced by it in most
specimens, but always later than pyrite.

Sphalerite; It occurs in massive form and is easily recognised even with
naked eyes. [t usually contains numerots dots and rods of chalcopyrite in unmix-
ing texture of mottled type (Pl. X; Fig. 1). Gashes of chalcopyrite of replace-
ment origin are, however, also found in some sphalerite sections. The deposition
of chalcopyrite, thus, began before the earliest sphalerite, continued in overlapping
with the latter,"and closed after its latest development,

Bornite: It commonly occurs as veinlets in chalcopyrite, and distinctly
replaces it (PL. X, fig. 2). On a small scale it also replaces sphalerite.

Chalcocite: It shows isotropic character in bluish white color which suggests
the presence of a considerable amount of covellite in solid solution. Both HNQ,
and FeCl; give rise etching cleavages or cracks on polished surface. It usually
replaces bornite and some sphalerite. . The process of replacement of the former is
performed either from the margin toward the centre in centripetal replacement or
dissected by irregular veinlets. The chalcocite is probably of a supergene origin and
occurs only in & small quantity.

If the ore minerals are arranged in abundance, the order iz (1) arsenopyrite
(2) chalcopyrite (3) sphalerite (4) cassiterite (5) pyrite (6) bornite (7) chalcocite.

Their auccession in deposition is shown as below:;—
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Table IV.

The succession of the ore minerals from the Tashunlung mine

Hypogene Supergene
Early Late

6. From the Puli pipe

Only arsenopyrite is known to the miners, but cassiterite is also discovered
under microscope.

Arsenopyrite: It ia the most abundant mineral in ore and mostly occurs in
ager.oates of crystals. It sometimes shows cracks filled in with pyrite (PL. V, fig. 3)
and sphalerite.

Cassiterite: Itis present only in a few crystals and often replaces arsenopyrite,

Pyrite: It generally occurs as residual grains in chalcopyrite and sometimes
also a few veinlets in sphalerite. Its development, thus, consists of two epoches,

one covering its main deposition before the chalcopyrite, and the other after the
sphalerite.

Chalcopyrite: It is massive and is distinctly replaced by sphalerite (Pl X,
Fig. 4), pyrrhotite, and stannite.

Stannite: Only occurring as a few gashes in chalcopyrite and sphalerite, It
is, therefore, later than both.

Sphalerite: It is abundant in the ore and. chiefly occurs as coarse crystals
with distinct cleavage faces. Fine grains are, however, also present. Numerous
dots and rods of chalcopyrite and pyrrhotite are generally included in the sphalerite,
constituting an exsolution texture of mottled type.
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The order of deposition of the ore minerals is as follows:—
Table V.

Paragenesis

Early Late

Arsenopyrite , . . . . | —

Cassiterite . . . . . .

7. From the hypothermal sphalerite vein in the neigeborhood of the Puli mine

This vein was discovered by the Puli mine during exploitation of arsenopyrite
and is composed of the following minerals:

Sphalerite: It constitutes more than 9% of the total quantity of the mineral

components in the vein. In hand specimens its color is black.

Pyrrhotite: It occurs as a few gashes in sphalerite and is only recognizable
under microscope. It may be a little later than sphalerite though no replacement
between them is observed.

Pyrite: Occurring as a few grains or veinlets in sphalerite, it is at least partly
later than the sphalente.

Chalcopyrite: It is present as a few rods in sphalerite and is apparently of
]ater origin.

Stannite: 1t also occurs in a few gashes and is later than sphalerite.

8. From the hematite bodies near the Tashunlung mine

The form of the ore bodies is very irregular much like contact metamorphic
deposits. They. are composed mainly of hematite in more than 80% of the total
mineral components, Besides, there are some cassiterite, pyrite and arsenopyrite.
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THE GANGUE MINERALS
1. From the Peichenglung pipe

Two periods of development may be distinguished in the gangue minerals.
One period was accomplished after arsenopyrite and cassiterite and closed before the
deposition of chalcopyrite, while the other began after chalcopyrite. Most gangue
minerals belong to the 2nd. period and only one or two species to the first. It is
obvious that the silicates are usually later than the sulphides in the pipe.

Chondrodite: It occurs as tablet crystals in great amount. Multiple twinning
on (00]) distinct, Colorless in thin section. Nm = 1.622 . Interference color
gives rise red of the 2nd. order (birefringence about 0.032)., In a section parallel to
(010) or normal to Z, X A twinning lamella = 30°. Biaxial positive property is
indicated in some sections .1 to one optic axis, Optic angle is large.

The mineral usually cuts the colored zones of cassiterite (Pl XI, fig. |) and
is sometimes dissected by chalcopyrite which is occasionally developed along the
cracks of the chondrodite. Some crystals of lithia mica are aleo developed in the
chondrodite. It is, thus, later than cassiterite and earlier than both chalcopyrite and
lithia mica.

Diopside: Occurring either as large radiated prismatic crystals (Pl. V, fig.
2) or as minute prisms. Color greenish gray. Hardness = 5. Nm = 1.69. (110)
cleavage distinct, Z A C = 38", Biaxial and positive as shown in some section
normal to one optic axis.

The chemical composition is:—

Moisture 0.27%
Loss on ignition 2.65%
S10, 49.37%
Fe,O, 1.32%
AlQO, 4.07%
CaO 23,15%
MgO 19.53%
Total 100.36%

The 4 per cent alumina meay be derived from antigorite, an altered product
of diopside, or it may indicate that the diopside is an alumina-bearing variety.

Needles of dipyrite are sometimes contained in the diopside and thus replace
it. The diopside is further replaced by lLithia mica.
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Tremolite: Generally in white prisms or minute fibres sometimes radiated.
Some basal sections show distinct prismatic cleayages intersecting in two directions
at about 124", Nm = 1.6]. Z A C = 18", The maximum interference color
gives rise yellow of the 2nd. order, Optic axis interference figure shows clearly
- biaxial positive character and large optic angle,

Tremolite prisms usually dissect chalcopyite (Pl. XI, Flg 2) and _include

numerous dipyrite needles. The tremolite is therefore later than chalcopyrite and
earlier than dipyrite.

Dipyrite: Crystals fibrous and radiated. The color in hand-specimens is
generally white or sometimes greenish. Colorless in thin section. Refringence low
and negative. No = 1.53 approximately. Negative elongation. Parallel ex-
tinction. Interference color yellowish white of the lst. order. Optically uniaxial
and negative, but the fibres usually so fine that no distinct interference figure is
observed, Chemical test indicates chiorine.

Dipyrite needles are sometimes replaced by minute crystals of lithia mica.
Their development usually follows the cleavages of calcite or dolomite, exhibiting a
grating appearance under crossed nicols. Where the metasomatic process has been
accomplished, the whole mass of carbonate may entirely be altered into needles of
dipyrite and then often in radiafed spherulite aggregates, Another process of -
development consists of transformation of carbonate into' a dirty earthy mass
before the generation of transparent dipyrite needles.

Lithia mica: It occurs as minute crystals either in chondrondite or in the
veinlets of dipyrite. ‘Opitically biaxial and negative. Optic angle moderate. It
may be muscovite, but the crystals are too few for detailed identification,

Antigorite: Generally in large prismatic crystals (Pl, VI, Fig. 1) sometimes
radiated and pseudomorphic after diopside. Color greenish white, ' Hardness = 2,
Nearly .col_orless in thin secﬁtibn. (010) and (_00?) cleavages both distinct. Positive
elopgation. Nm = 1.56. In a section parallel to optic plane or (010), which
gives rise blue interference color of the 2nd. order, X is shown to be normal to (001)
cleavage. - The exceptionally stronger birefringencs observed is perhaps due to the
excessive thickness of the section. Biaxial negative character is well shown in

some section normal to the acute bisectrix or parallel to (001). 2V is small,
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The chemical composition is:—

SiO, 54.19%
ALO, 4.86%
Fe;O, 1.65%
CaO 4.31%
Mg(c)) 25.02%
Nag

ROl 0.48%
H,0 (moisture) 0.25%
Loss on ignition - 9.69%

The higher silica content is supposed to be from some scapolite mixed with
the crystals of antigorite.

Thuringite: Cleavage distinct, Positive elongation. Pleochroism: Z = Y=
dark green, and X = nearly colorles. Interference color: white in the Ist. order.
Optically biaxial and negative. Optic angle moderate.

Serpentine: It is generally massive in serpentinisation of the fibres of prob-
ably of tremolite?

Aragonite: It is probably a supergene mineral. Refringence notally differ-
ent in different directions. -Birefringence extreme. {—) 2V small.

The paragenesis of the gangue minerals is much more obscure than that of
the ore minerals, for they usually develop separately without mutual contact.” There
are, however, certain minerals whose genetic relations are distinct. A general idea
of the succession of the gangue minerals is shown in the following table.

Table VI

‘The paragenesis of the gangue minerals from the Peichenglung Mine

Eariy Late

Cagsiterite

Chondrodite .
Diopside | ._......_.

Chalcopyrite —.

Tremolite -——

Dipyrite i
Lithium mica | —.—.
Antigorite ——
Thuringite ......_.

Serpentine
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In the above table the cassiterite and chalcopyrite, though not the gangue
minerals, are inserted for denoting the paragenetic relation between the gangue and
the ore minerals,

2. From the Chuanyenpei pipe

Vesuvianite: Generally occurring as a few prismatic crystals. Color brown.
Brownish in thin section. Cleavage indistinct and parallel to elongation. No = 1.715.
Negative elongation. Interference color is yellowish in the first order. Optically
negative and uniaxial as inferred from some uncentered optic interference figure..

It usually include wollastonite prisms, which is probably the result of
replacement.

Mizzonite: QOceurring in prismatic crystals and sometimes in great quantity.
Color greenish white. Colorless in thin section. (100} and (110) cleavages distinct
(Pl. XI, Fig. 3). Negative uniaxial character easily recognised in some basal
sections.

The chemical composition is as below:—

$i0, 36.26%
ALO, 34.02%
FegO. 0.99%
CaO 19.80%
Na;O 6.98%
CO, 3.30%
Cl 1.45%

102.80%

The composition may be written as May, Mes, according to Winchell’s tablel.
The mizzonite is distinetly replaced by both salite and horblende, with salite crystals
- sometimes developed in mizzonite. The contacts of the mizzonite prisms are usually
filled in by chalcopyrite (Pl. XlI, Fig. 1), indicating probably replacement origin.

Grossularite: In hand-specimens it ‘is easily recognised as pinkish brown
crystals. Hardness high. Colorless to brownish in thin section. Cracks abundant.
Exhibits anomalous double refraction. Nm = 1.755. Dodehedral twinning common..
Interference color is white in the Ist. order. Optically biaxial and positive. Optic
angle large.

The cracks of grossularite are usually invaded by gashes of diopside or filled
in by quartz, '

1 A.N. Winchell; Elements of optical mineralogy, Part. 11 1927, p. 346,
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Quartz: It generally occurs without crystal outline. Positive uniaxial
character is exhibited in some sections.

Certain quartz grains replace albite and are distinctly dissected by diopside
or salite,

Diopside: Colorless in thin section. Interference color reddish yellow in
the 2nd. order (0.03). ZAC=38". Nm a little less than 1.70. Positive elonga-
tion. Prismatic cleavages distinct. Optic plane parsallel to elongation. Optically
positive and biaxial. 2V large.

The diopside often includes grains of dipyrite and is replaced by them.

Albite: Crystals prismatic., Albite twinning indistinct due to alteration.
Nm<(quartz. Exhibits positive and biaxial optic properties. Optic angle is large.

Wollastonite: It occurs in white radiated fibres. The cracks perpendicular
to elongation or (100) cleavage, are abundant. Nm.=1.62. Optic plane perpendi-
cular to (100) cleavage or elongation. Two directions of cleavage are observed in
a section parallel to the optic plane, in which the interference color gives rise
yellow of the 1st, order. XA C=34". Optically negative and biaxial as indicated in
some section nearly perpendicular to one optic axis.

In some specimens the wollastonite seems to be replaced by gashes of
diopside while in others it -dissects salite and truncates grains of dipyrite. Its
development is, thus, in two periods, one before diopside and other after salite and
dipyrite.

Hornblende: It occurs only in a few short prisms or grains. Basal
sections show distinctly two directions of prismatic cleavage. Pleochroism dark
green and yellowish green,

Andesine: They are generally in prismatic crystals. Its mean index is
higher than that of the Canada balsam. Optically positive and biaxial. 2V large.
It is sometime replaced by salite or hornblende. '

Salite; Basal sections show distinctly two directions of prismatic cleavage
intersecting at about 92°. ' Maximum interference color gives rise green in the 2nd.

order. Nm=1.72. ZA110=45". (+) 2V large.

This mineral may be either salite or augite. But, judging from its well defined
extinction or less dispersion, it is determined to be salite.

Big crystal of salite usually contains veinlets of chalcopyrite and ‘is itself
dissected by the grains of dipyrite.
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Dipyrite: It occurs in massive grains containing a notable amount of inclu-
sions probably of carbonaceous matter. Nm=1.55. Interference color is white

gray in the Ist. order. Interference figure is generally too faint for detailed
identification. Chemical test indicates the presence cf chlorine.

Apatite: It occurs only in a few crystals.

Antigorite: It occurs only in a few tabular .cryst_als. Positive elongation.}
Optic plane is parallel to the cleavage. Optically negative and biaxial.

Aragonité: [t occurs as veinlets in grossularite or other minerals and is
probably supergens in origin. Negative biaxial optic property easily recognised.
Optic angle small.

The succession of the above minerals is outlined in the following table,
although the paragenesis of some is not yet quite clear.

Table VIL

The paragenesis of the gangue minerals from the Chanyenpei mine.

- Hypogene | Supergene
Early Late

Veauvianite
Mizzonite
Grossularite
Apatite
Albite

L Andesine
Quartz
Wollastonite
Diopeide
Salite _
Dipyrite
Homblende
Chalcopyrite
Antigorite

Aragonite




Wang ¢ Hsiung:—Cassiterite- Arsenopyrite Pipes in Hunan 9
3. From the Taoshikhu pipe

Mizzonite: Partly altered to sericité. Cleavages distinct. Birefringence is
a little above 0.025. Optically negative and uniaxial.

The mizzonite sometimes replaces arsenopyrite by projecting gashes into the
Jatter and is dissected by numerous veinlets of fluorite.

Fluorite; It generally occurs in white or reddish grains. Octahedral cleav-
ages distinct. Negative relief. Isotropic.

The veinlets of fluorite in mizzonite are sometime transected by hornblende
crystals, The last named mineral may also develop along the cracks of the first.
Fe-Tourmaline often contains abundant residual grains of fluorite or develops along
the contacts of the fluorite crystals, Both hornblende and Fe-tourmaline are, thus,
later than fluorite. In some specimens veins of quartz and fluorite are included in
chalcopyrite, and they are thus later than chalcopyrite. There are therefore two
periods of fluorite formation, one before Fe-tourmaline and the other after chalcopy-
rite.

Fe-Tourmaline: They occur in long prismatic erystals, Pleochroism:
Z =blue; X =pale viclet gray. Absorption: Z>X. At the opposite ends of the
vertical axis, blue colors are often distributed in zones. Interference color is in the
third order. Optically negative and uniaxial.

Garnet: Color ranges from brown to greenish, showing distinct optic anoma-
lies. Dodecahedral twinning common. Cracks abundant. Most probably belongs
to grossularite. Usually it contains fluorite residual grains and along its cracks
diopside is sometimes developed.

Apatite: The grains of apatite in the thin slides are generally too few for
detailed identification, The refringence is high and birefringence very weak.
Chemical test indicate the presence of phosphorous.

Diopside: It occurs in long prismatic crystals or grains. Color green.
Prismatic cleavages distinct.. ZAC=39". Optically positive and biaxial.

Chalcopyrite usually forms veinlets along the cleavages or fractures of
diopside.

Salite: It is also in green color, but the extinction angle between Z and C is
increased to about 45° instead of 39°. (+) 2V large.

Hornblende: It occurs m radigted prismatic crystals. (110} cleavages distinctly
intersect at about 124° as shown_ir_x some basal sections. The pleochroic formula,
Z =greenish blue, Y'=bluish green, and X =yellow. The absorption is X<Y<Z:
Nm=168.  ZAG=25°, (=) 2V =large. Partly altered to chlorite.
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Tremolite: Crystals prismatic or fibrous. Pleochroism is greenish yellow
and green. From this point, the mineral seems to belong to actinolite, As shown
in the following chemical analysis it contains a great amount of Al,O, and is, thus,
also intimately related to pargasite, The ferric oxide content is, however, insuffici-
ent either for actinolite or for pargasite and the latter is optically positive according
to Prof. A. N. Winchell. The specific gravity of the tremolite is about 3.
'Prismatic cleavages intersecting at about 124° as shown by some basal sections, are
distinct. Nm=1.62. ZAC=18°. Maximum interference color gives rise green
of the 2nd. order (0.025). In a section perpendicular to X, the interference color is
_jrel]ow in the 1Ist. order {(0.011) Positive elongation. Optic plane is parallel to
cleavage or elongation. By some section perpendicular to one optic axis it is
proved to be positive and biaxial. Optic angle large.

The chemical composition is;:—

Moisture 0.76%
Loss on ignition 0.67% .
Si0, 50.47%
F6303 ] . I 7 %
AL O, 14.53 %
CaO 10.97%
MgO 20.57%

Total 99.14%

The prismatic crystals of tremolite usually constitute skeletons in chalcopyrite
(PL. X1, Fig. 2) or dissect pyrite and sphalerite in various directions, but when in
contact with arsenopyrite, they do not show any metasomatic action probably due to
selective replacement. Taking arsenopyrite as a nucleus, the tremolite prisms
may sometimes form radiating crystals from it. They are also distributed in a
ground mass of fluorite or dipyrite.

Muscovite: It occurs as minute crystals in veins in dipyrite. (=) 2V=
moderate.

Quartz: A great amount of quartz grains occurs only in one hand-specimen.
Positive uniaxial character is distinct.

Spinel: Occurring only in a few grains. The color is yellow. High relief.
Isotropic.

Dipyrite: ltis generally massive. Refringence is a litile higher than that of
‘the balsam. Interference color is reddish yellow in the 1st. order.

Lithia mica: There are two varieties of lithia mica. One occurs in short
prisms or in anhedra. (001) cleavage distinct. Basal pseudohexagonal plates
common. The pleochroism: X=colorless, and Z =greenish. (=) 2V=0. The
acute bisectrix X ia nearly normal to (001), Chemical test indicates lithium.
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Another variety may be protolithionite. Nm=1.59. Pleochroism: Z=green,
Y =greenish white, and X =yellow. Birefringence is strong. .(-—) 2V =gmall.
Chemical test shows the presence of lithium. Lithia mica crystals usually transect
chalcopyrite (Pl. XU, kg, 3).

Lithium tourmaline: It occurs only in a few grains, As associated with
lithia mica, it is believed to be also a lithium variety, though further confirmation is
necessary. Marked pleochrism: Z=blue, and X =colorless. The absorption is
Z>X, Interference color gives rise blue of the 2nd. order. Optically uniaxial and
negative. It is pacbably later than Lithia mica,

Antigorite: Crystals prismatic. Cleavages distinct. Positive elongation.
Birefringence weak. It is generally altered from hornblende, diopside, and salite.

Chlerite: It is massive and chiefly as an alteration product of amphibole
and pyroxene. Birelringence is nearly zero.

The succession of the minersls mentioned is enumerated as below:—

Table VIII

The paragensis of the gangue minerals from the Taoshihhu mine,

Early  Late

- Mizzonite
Fluorite
Fe-tourmaline
Garnet

. Apatite

Dibpside

Salite

Hornblende

Chalcopyrite

Muscovite

Quartz - -

Spinel _

Dipyrite L

Tremolile ;.-.--

Lithia mica

Lithium tourmaline

Antigorite

Chlorite —
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The ore mineral chalcopyrite is here inserted for showing the genetic relation

between ore and gangue minerals.

4. From the Tashunlung pipe

There are only two gangue minerals recognised.

[.ithium tourmaline: it occurs in fine needles sometimes radiated. Pleochroic

formula: Z = bluish, and X = colorless. The absorption is Z > X. No=1.638.

The chemical composition 1s:—

H,O- 0.37%
H.O+ 8.78%
510, 26.37%
Fe,O, 8.55%
AlO,; 35.51%
CaO 2.65%
MgO 6.16%
Na,O 5.64%
Li;O 0.20%
B,O, 7.47%
Total 100.00%

The optic properties of the mineral show essentially a lithium tourmaline
though its Li;O content is only 0.20 per cent.
Fluorite: They generally form white or purplish crystals. Octahedral

cleavages are distinct,

5. From the Puli pipe

Quartz: [t occurs in hypidiomorphic crystals, Often contains a great amount
of opaque inclusions sometimes arranged in certain definite directions. Positive
uniaxial character is easily recognised.

Scheelite: [t occurs only in a few white pyramidal crystals. No, >>1.77.
Birefringence is about 0.016. Optically positive and uniaxial. Chemical test
indicates tungsten.

Fluorite: They form greenish crystals. Semetimes with abundant inclu-
sions, and their cleavage is distinet.

Mica: Generaly in short flakes. Pleoc¢hioic colors are greenish and

)2V =0,

colorless. (
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Chlorite: It occurs in fine’ fibres. Positive elongation. Birefringence is
about 0.004. Optically negative and biaxial. Optic angle small. Optic plane
paralle] to elongation.

The succession of the above minerals:—
(1) Quartz (the earliest) (2) Scheelite (3) fluorite (4) mica (5) Chlorite (the
latest).

A summarized table showing the distribution of minerals is the

cassiterite-arsenopyrite pipes in southern Hunan.
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V1. PROCESS OF FORMATION OF THE CASSITERITE-ARSENOPYRITE PIPES

From a critical study of the pipes just dcscnbed it is obvious that the earlier
minerals such as arsenopyrite and cassiterite, usually form the outer zones, and from
these inwards chalcopyrite and silicate minerals gradually take their importance. The
outer zones of the pipes seem, thus, to have been developed first and are, then,
followed by chalcopyrite and silicates of the inner zone. The detailed processes of
formation of these pipes are of course difficult to determine, but from the well
arranged concentric growth of their mineral constituents and the definite order of
crystallization from outside to inside, it may be suggested that diffusion phenomena
has played an important part in their formation. The ore solution presumablly
under high temperature and pressure has injected into the limestone along fissures
etc. By diffusion, this solution gradually worked outwards and as soon as it
reached suitable position, the outer zone marked by cassiterite and arsenopyrite
minerals- all having a higher melting point was formed first. This zone reacted
then as an obstacle for any further spreading or diffusion of the solution and when
temperature gradually lowered down, minerals like chalcopyrite ete. will naturally
be concentrated in the central portion of the pipe. Thus, although the spreading of
the solution was in a centrifugal way i. e. from inside to outside, the actual growth
of minerals was in fact according to a centripetal direction i. e. from the periphery
working gradually backward towards the center. ' In view of the ‘presence of vugs
in some of the ore bodies and the frequent swelling and contraction of the pipes, it
is believed that the physical nature of the country rock including rock openings etec.
should be the main cause for the localization of the .pipes, The rock opening does
not necessary to be long and continuous, since under the excessive pneumatolytic
pressure of the ore solution, it may inject initially through a small opening or bssure
but may make the room for itself on its way upwards. The mode of injection is
therefore well comparable to the formation of a volcanic neck. During the forma-

tion of the pipes, replacement and filling may have both taken place, but the former
seems to be more important.

VIl DISCUSSION ON THE POSITION OF THE PIPES IN THE CLASSIFICATION
' OF ORE DEPOSITS

The tin-arsenic deposits showing a cylindrical form is widely distributed in
S. W. China as well as its neighbouring countries. This mineralized belt has been
traced from Hunan southwestward through Kuangsi, Yunnan, Burma, Siam and
l#stly to Malay Peninsula, Though much geological work has been done in the
last named region, no attention seems to have been paid on the. classification of the
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pipes. According to Prof. W, Lindgren! such pipes are provisionally classified
under his hypothermal deposits, while in other textbooks of economic geology,
definite conclusion on this problem is usually not given. In fact, the cassiterite-
arsenopyrite pipes in Hunan are usually intimately associated with the typical hypo-
thermal sphalerite veins and are sometimes located far distant from the granite-
limestone contact. It would thus seem reasonable that the pipes should have been
included in the hypothermal deposits. On the other hand, the gangue minerals in
the pipes such as wollastonite, diopside, tremolite etc. are more common in contact
metamorphic deposits than in hypothermal type. Further, the orbicular structure
formed by pipe-like arrangement of minerals is also more characteristic to the former
type. In view .of these points, the pipes would belong to the contact metamorphic
deposit. But, the silicates in the contact deposits are generally earlier than the
sulphides, while the gangue minerals in the pipes are often later than the ore min-
erals such as arsenopyrite, chalcopyrite etc. In addition, in contact deposits gangue
mwinerals do not commonly replace sulphides, while in the pipes the chalcopyrite is
" frequently replaced by the gangue minerals. All of these indicate that the cassiterite-
arsenopyrite pipe forms really a special and unique type in mineral deposits, being
unfitted to be classified either under hypothermal or under contact types. It seems
desirable therefore to propose a new class of deposits the ' ‘tin-arsenic pipes’” to be
inserted between the hypothermal and the contact metamorphic divisions.

{ W. Lindgren: Mineral depaoaits, fourth edition, 1933, pp. 658.
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PLATE il
Bt LI EELTHE LR

View of an old erosion surface of advanced maturity, north of Peichenglung.

HHLAFEEHME

Another view of the mature erosion surface, south of the Puli Mine.

HANEENBEERBRRBTHZX
View of Wukungling and Leihsingling, S. W. of the Tashunlung Mine.

JIREHO 2R

View of the Carboniferous metamorphosed limestone at the Chuanyenpei Mine,
PLATE 1il

KRERARBH 28 - W EHELRE 2 TR

View showing the native method of washing cassitite ore, Tashunglung Mine.

bR AR K
View of the ore roasting furnace of the Peichenglung Mine.

FHLAHR2R

Panoramic view of the Puli Mine.

REAR Rz R

View of the arsenic furnace of the Tashunlung Mine.
PLATE IV

FERBHEEN T LR

Cross section of a cassiterite-arsenopyrite pipe, from the Peichenglung Mine,
natural size,

ARG IRE ST (k)

Vertical section of the same pipe as in Fiz. 1.
PLATE V.

SR 2 RS (bt Hiegt)

Banded structure of the cassiterite-arsenopyrite ore, natural size, from the
Peichenglung Mine,

BB 2SR A S (ERR)
Radiated crystals of diopside in the ore, natural size, from the same mine as in

Fig_. 1.
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PLATE VI
REGtR T 2R D (L & i)

Prismatic crystals of antigorite in the cassiterite-arsenopyrite ore, Peichenglung
Mine. Natural size.

PRGN (LR %)

Vertical section of another cassiterite-arsenopyrite pipe, (33 of natural size, from
the same mine as in fig. 1.)

- PLATE VI
TR SR BR R RE (LX)

Cross section of the same pipe as in Pl VI, Fig. 2.

EROEPZHRAIERE @R
A tourmaline vein from the cassiterite-arsenopyrite deposits of Taoshihhu,
showing the original fissure for introduction of ore solution, natural size.

W HSA TR ZIRR Gkt S3E)

Replacement of arsenopyrite by cassiterite irom the Peichenglung Mine, x 110.

P B 7 SR K R SRR R Z KR (L) | |
Replacement of chalcopyrite by sphalerite which is again replaced by stannite.
From the same mine as in Fig. 3. x 120,

PLATE VIll
R R BRI O SRR Z IR (LR &)

Replacement of chalcopyrite by stannite from centre outwards, .constituting the
so called centrifugal replacement. From the Peichenglung Mine x 110.

¥ S 2 FREHIE (L)
Replacement veinlets of stannite in chalcopyrite, resembling an intergrowth
texture from the same mine, x 210.

W SR R WP 2 T RA S LR R

Exsolution texture of Chalcopyrite in stannite. From the sanie mine as above.

x 210.
SRR — D 2 K SN R =R et 2R (i 8D

Replacement of the Ist. generation Chalcopyrite by veinlets of bornite which is
in turn replaced by Chalcopyrite of the 3rd. generation. From t__ __._: mine as
in Fig. 3, x 100, '
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PLATE IX
PESRIK B S KRR R 2R (LR )

The third generation chalcopyrite in bornite. From the same mine as in P1, VIII,

Fig. 4, x 100.
FErp iy ARG AR IRE)

Veinlets of gangue mineral in arsenopyrite, Chuanyenpei Mine, x 100.

TR K 2R R R KR K R 2R @A)

Residual grains of pyrite in pyrrhotite and pyrrhotite islands in chalcopyrite,
Taoshihhu Mine, x 100.

HE S N RmTR KR (EEED

Replacement of pyrrhotite by chalcopyrite. From the same mine as above

x 100.
PLATE X

TPITR B 3 SRR 2L L 2k Y MR 2 AR A B ORI
Unmixing texture of chalcopyrite & pyrrhotite in sphalerite from the Tashunlung
Mine, x 100. |

SRR R HE IR AR Z AR CANRER)

Replacement of chalcopyrite by bornite from the same mine, x 100,

FRP R Z WHERIR (5 FIAR)

A pyrite vein in arsenopyrite, Puli Mine, x 100.

HRE RO RN R IRE EFHRR)
Replacement of chalcopyrite by sphalerite along its contact with arsenopyrite.
From the same mine as in Fig. 3, x .100.

PLATE X1
BAHSTT B A B Z MR (L)

Zonal distribution of the colors in cassiterite from the Peichenglung Mine, x 45,

RARBE BN AR LR ZER Lk

Replacement of chalcopyrite by tremolite prisms. From the same mine, x 45,

BABN S KB 2 e E (1)

A basal section .of mi.zzor:itg: from the Chuanyenpei Mine, x 38.
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PLATE Xl
L WPAE SO R R BB KD (IRE)

Mizzonite replaced by chalcopyrite along its crystal contacts and cracks from
the Chuanyenpei Mine, x 11.

2. BANGERKRE BT

Tremolite replacing chalcopyrite, Taoshihhu Mine, x 45.

3. RERESERGEoRTRIME (EHaR)

Chalcopyrite dissected by lithia mica crystals; from the same mine as in Fig.

2, x 45,
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