fonomics of the  Abstract

The Indus River has for centuries attrac-
ted the attention of the prospectors and geolo-

mdm Rwer gists because of gold in its alluvials. The
goldwashers are still working along the Indus :
River banks, using primitive methods to ~
Sﬁﬂds extract gold by washing sand and gravel.

Recent studies conducted by the author show
that an experienced goldwasher extracts about

Dr. R. A, Khan 1.05 grains of gold per cubic yard. The high

ahirkheli value minerals left behind in gold tailings are
P scheelite, wuraninite, and cassiterite. An
Dot tmens af Gooli . attempt has been made in this paper to
Prviaae Lmiversit, evaluate their proportions in the heavy fraction

and bulk sands to see whether they can be won
economically as co-products of gold.

Introduction

The alluvial deposits of the river Indus have for many cent.
uries formed a source of placer gold, and a goldwashing industry,
conducted by methods which have changed little over the ages,
remains today the livelihood of many families in the mountain
valley traversed by this great river. Until recent years little precise
information has been available on these activities. :

In 1957, however, radioactive minerals and scheelite were found in
the black sand concentrate prepared by the goldwashers, and publicity
given to these discoveries resulted in many enquiries seeking factual :
data. These stimulated a study of the alluvials with two-fold aim of
reviewing their potentialities for large scale commercial ‘exploitation 1
and of investigating the light which they shed on the geology of the
unexplored crystalline rocks drained by the river. Comprehensive
information on this work is beyond the scope of this publication,
hence the economics of the part of the Indus alluvials between Attock
and Amb is included in this paper. ‘

After emerging from the mountain corfines, the Indus valley ¥
gradually widens downstream from Amb. A great accumulation of q
the alluvial deposits 15 situated in this region, where the valley at
places is from 2 to 23 miles across. - Numerous sand bars here have {
become permanent islands in the river. This area is readily b
accessible both by metalled and fairweather roads and by rail; the
rail head at Haripur being only 12 miles away and that at
Attock on the bank of the river, still closer. Most of the villages
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here are electrified, and cheap cicctric power could be made avadl-
lable for mining. These various factors make a placer mining pro-
ject between Amb and Attock much more attractive, and therefore
this sector of the alluvials has been given most attention.
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Field Sampling and l.aboratory Procedures

Between Attock and Amb many ciosely spaced samples were
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collected. The samples are of three kinds, bulk sample, handpanned
concentrates and goldwashers’ residues. The first untreated mate-
rial has been utilized for size analysis and quantitative mineralogical
study. The goldwashers’ residues, which are highly concentrated,
have formed the main source of material for studying scheelite,
cassiterite, gold, uraninite, and other rare minerals.

For microscopic examination the heavy and light minerals
were separated by bromoform (sp. gravity 2.89) after extraction of
the magnetite by a hand magnet (the amount of magnetite being
weighed), and representative slides of each fraction were prepared
for grain countmg From 200-300 mineral grains per slide were
counted.

The size analyses were conducted on bulk samples and bromo-
form separates, using sieves of 16, 30, 60, 120, and 200 B.S.S. mesh.
According to Wentworth's classification these are designated very
coarse, coarse, medium, fine, very fine, and silt sizes.

Mineralogy

The minerals identified in the non-opaque heavy suites of the
Indus alluvials are garnets, hornblende, augite, diopside, hypersthene,
apatite, epidote, olivine, brookite, zircon, vesuvianite, muscovite,
biotite, phlogopite, cassiterite, scheehte, sillimanite, chlorite, anatase,
topaz, barite, carbonates, corundum, monazite, uranothorite and
leucoxene.

Among the opaque minerals pyrite, magnetite, chalcopyrite,
ilmenite, haematite, limonite, picotite, galena, uraninite and a few other
unidentified species are recorded. Gold is extremely rare and has been
found only in goldwashers’ highly concentrated residues.

1
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are the major constituents of the heavy mineral suites, recorded in
order of abundance.
Size analyses of bromoform separates show that niost ot the

valuable minerals in the alluvials are concentrated i the {ractions of

fine mesh.  Uraninite, gold, monazite, and apaute are confined 1o the
very fine and silt sized grades, while zircon, rutle. schicelite, cussiterite,
corundum, and sillimanite occur not only i these fractions bui aiso in
considerable amount in the fine sized grades.

Economic Geology

The success of a lurge scale nunmg operation o the afluvials
must depend almost wholly on the tenor of gold, uranmite, tnstone,
and scheelite, which arc the only high value minerals present. It has
been shown that average yield ot gold in the samples treated by un

experienced goldwasher is 105 grains per cubic yard, At a price of

£ 12.10s per fine ounce of gold, this equals about 6.4 per cubic yard.
This is, however, the yield from specially sclected beds ot sund, naturally
enriched in heavy minerals.  Since a dredge must work all the alluvium,
without a special selection, the yield by dredging would be very much fess
than that from selective mining.  Even if one assumes that the maenual
operation of the goldwasher is so ineflicient s to lose halt the gold. and
that mechanized working would ke more efficient, 1t must be admitted

that the yield fromdredging, taking allsand and gravel as itcomes, would -

be very much less than od per cubic yard.,  This is well under hall the
poorest recovery obtained from commercial dredging operations  else-
where (¢.g. Gold Coast, New Zealand), According to Skinner’™s Mg
Yearbook an overall recovery of 2-24 grains per cuble yard is necessary
to be profitable.  The minimum overall costs are wo be about s id.
to 1s.4d. per cubic yard treated.

From radiometric and mmecralogical assavs 11 ppears that o ton

of the goldwashers™ f'inal concentrates contains liom 2 to 5 pounds of

uraninite. Assuming that becuause ot high density miost ot the uraninite
is retained in these concentrates, the content of uraninite i the parent
crude sand must be around 1 1200 of this amount, sav around £.G002
per cent, a figure which isin keeping with the radiometric survevs
where the thorium from monazite and the radioactivity of zircon are
taken into account. Taking the current price of uranium oxide at 35s per
pound and assuming that half of this represents the cost of treatmacnt
after mining, then the value of the recoverable uraninite in the
alluvium selected by the goldwasher is only about une penny per cubic
yard. This is the tenor in small local placers speciaily chosen for their
high grade. The tenor in the alluvials considered over all s very much
less than this.
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Similarly the tenors of tinstone and scheelite have been estimated

visually to be around | ounce and 0.02 ounce per cubic yard respectively:

but this estimate based on grain counts is almost certainly much too

high for tinstone. Tinning tests using zinc and hydrochloric acid show

that cassiterite is much less abundant than is indicated by visual
estimates.

Considered overall, therefore, even the small patches of heavy
mineral concentrates, on which the indigenous gold industry is based, have
a mineral value amounting to well under one shilling per cubic yard.
Since the grade of the material which would have to be worked in a
large scale mechanized operation would be much lower than that of
selected patches operated on manually, it is plain that there are no
commercial prospects for any large-scale dredging of the Indus River
placers between Attock and Amb.
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