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Investigation into Jig Performance*

D. J. BATZER,T B.Sc., AR.S.M., ASSOCIATE MEMBER
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SYNOPSIS

i ji described. ]
with a small laboratory Hartz jig are ed. )
moﬂm%”ﬂ: object of the tests was to _:<omcmmn% ncm:zﬁ"mﬁ:\wwﬁ ﬂnnomMMMw Mmomwwo
i i in jig bed current, on .
length and speed of stroke, and in jig ) .
N%m:wnmwgnmm at nw% jig spigot, and on the percentage nmnwnﬁw ﬂwmnmwm%nmmﬁwv
A specimen of natural stanniferous alluvium from the Batang Berjun

as used for the tests. o )
Z%w.wwmﬂm@ma of varying the percentage of cassiterite in the feed, and of removing

the coarsest particles in the feed, were also briefly investigated.

THE TESTS CARRIED OUT FORM PART of a programme m* SOanhmmmmwmﬁ mm
i i i taken to improve the perfor .
investigate what steps might be ance of the
i ji he management of Anglo-Orie
rimary jigs on the dredges under t . 1
wgm_muwv“ Hm\&. Standard reference works o:_ﬁrw mcgmﬂ deal &ﬂmwm Mwmwa
i i d sphalerite and give mu
sively with the recovery of galena an . e
maowamaon relating to the adjustment of and nmmcwa WUSE& wwawme on
i i t recovery of placer cassi .
any properties, but rather little abou 0 r
BHW%SMHQ is “wémnn of the dangers of generalizing on jig vnamﬁawnnm
when so many variables are involved and so B:n% awwa:am ow Hﬁm Hmwamm
i i in relation to the slime content. -
of the material treated, especially in relatior ] Never-
i imitati d, it was considered worth whi
theless, bearing these limitations in mind, j porth while
i i f jig performance with the fairly slime
to investigate the general pattern of jig : .
free an-cmowa:m alluvium which is typical of some of Malaya’s alluvial tin

deposits.

EQUIPMENT

The jig used for the tests was a single-hutch Ewﬁ.N-Qvn Buor_‘%ﬂ MSM?
a plunger and jig bed each 124 sq.in in area (11} in. m@:maw.c . al&m
was driven by a fixed-speed electric motor through a pulley an A e t driv
and a fixed-ratio gear box. By using combinations of pulleys ém a varie M
of diameters the speed of the stroke could be varied in a EMHB er Mu e %u
from a minimum of 50 to a maximum of 257 m_ﬂmowww _% HMA_._MM ,H>Mwﬂmw= Mw tion

lunger movement was simp onic. el
wnwmmwnmﬁnww M%%&mnm the length of stroke to be varied from a minimum
1y i imum of 1} in. ) .

om‘wmmﬁh«mm M%xww:wrn form of an 5<Q8a.3355.§9 stecply mgom_nm
sides terminating in the spigot pipe to minimize retention ﬂm mm_moﬁr FMCM%M
in the hutch and to simplify washing down the inside of the hutch.

Instituti ini ry on 14th May, 1962,
i by the Institution of Mining and Metallurgy on ,
w:MﬁMWMMWMMMMﬁM _Mﬁ Vmoﬁacm? 1962; for discussion at a General Meeting on

1962. .
Nowﬁmmnmmwﬂunwﬂmoa Engineering Department, Anglo-Oricental (Malaya) Ltd., Kuala

Lumpur.
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make-up water was supplied as required to the plunger compartment
above the plunger from a tank maintained at constant head.

TEST PROCEDURE

The tests were run on a batch basis, using 1 cu.ft of material. The normal
experimental procedure of altering one variable only in each succeeding test
was followed.

Before the tests were begun some alluvial material of the same type as
that used in the tests was run over the jig to allow the bed to reach a state
of equilibrium. A certain amount of sand and cassiterite of mesh finer than
the jig screen apparently ‘floats’ in the jig bed indefinitely after the feed
has been discontinued. The equilibrium condition probably varied some-
what from one test to another, but this does not appear to have affected
the general consistency of the results, although it may have contributed
to some of the anomalies and to the scatter of the points on the graphical
representation of the results.

The length and speed of stroke and rate of flow of hutch water were
sct to the required values and then 1 cu.ft of material, well-compacted,
was fed into the jig fced box by hand, as steadily as possible, in the pre-
arranged time of about 6 min, together with a mcasured amount of feed
water from a perforated pipe in the feed box. The jig was run until no
more tailing was discharged.

The volumes of spigot product and tailing were then measured, from
which the proportion by volume of feed reporting in the spigot was calcu-
lated. Both products were then separately washed in a ‘dulang’, after
screening out + 10-mesh material, which contained no free cassiterite, to
produce a rough concentrate. The concentrate was cleaned to about 76 per
cent Sn by hand dressing, this figure being checked on the zinc block.

I'rom tests involving the washing of made-up samples by dulang it has
been established that if a dulang is used by a skilful operator washing

only small quantities of material (about 200 c.c.) at a time, losses in the
range — 14 -+200 mesh will be less than 10 per cent of the free cassiterite.
Accordingly this system of determining the amount of cassiterite was used
and the work was carried out by the same personnel throughout the test
serics. This procedure was regarded as acceptable, since the results were
mainly required to be only comparative in nature.

All the various products were then remixed, the volume check was
measured and the next test on the schedule run.

Definitions

The displacement is in cu.in per sq.ft of jig bed.

Since the jig bed and plunger arcas are both equal to 124 sq.in, the
volume of water displaced by one down stroke of the plunger =17 x 124
cu.in, where / is the length of stroke in inches. The plunger was made of
wood cdged with rubber insertion and was a good fit in the plunger com-
partment; slip has therefore been neglected.

The volume of water displaced per sq.ft of jig bed per stroke

length of stroke x 144 cu.in.

cu.ft per sq.ft of jig be
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The speed is in strokes per min. The intensity of stroke is defined

as the cu.ft displaced in one direction per sq.ft of jig bed per min.

n the jig used for the experiments, expressed in

d, is //12, where [ is the length of stroke in mwmwmm.

If the speed is S strokes per min, the intensity of stroke =5

The displacement i

n:%ﬁw\ww.wﬂ\u%ﬂ::osr as determined by the difference between the spigot

flow and hutch water, is recorded in gal/sq.ft of jig bed per min.
t current may be falling or rising, or zero. .

H*Mmsw B%Qoﬂ of nowéiozg the pulp density of the feed is ox?,mwmmm mm

the percentage by volume of the sand to the total volume of sand n:m,m a.m

water used during the test, instead of the usual ratio of solids to liquids

by weight. e of o
i the cassiterite

ken to be the percentage by weight of the
st from the spi g ht of cassiterite washed

washed from the spigot product to the total weig
from the spigot product and tailing.

Variable factors kept constant o
Throughout the tests the following factors were maintained as close as

possible to the values given below:
Ragging, hematite; size range —
Pulp density about 14 per cent
Feed rate about 0-4 cu.yd/sq.ft/h

ig bed slope 1 in 24 .
WM screen w.m: by }-in holes in mild steel plate

Distance between hole centres 1 in. by } in. staggered

Spigot hole diameter 0-35 in. o
2“@555 size of feed particles }-in ring (except where mﬁmﬂn&. L
The jigging was done through the screen only, as the material is known

to contain no free cassiterite coarser than § in. 1n size.

4 - o L
3-in -+ }-in ring, depth 1; in.

RESULTS

i i i igation into the dependence of
he tests consisted mainly of an investigation 1nto I
Hnmw,%@ of cassiterite by the jig and the dependence of the proportion by
volume of feed reporting at the jig spigot on:
series (a)—displacement and speed of stroke

series (b)—jig bed current. .
A mmSAﬂWmG were carried out to examine the dependence of the factors

mentioned on variation of the value of the feed and the maximum grain size

he feed. . o
o ‘HHron M@m::m of the tests in series (a) are shown graphically in m.u.m. 1. The
value of the feed, after screening to — } in., was about 1} Ib of cassiterite per

presented by a point the position of which corresponds

f in usc¢ during that test. The figures
d speed of stroke in g e of foed

cu.yd. Each test is re

to the displacement an .
to the E% and right of the points are the percentage b
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Fig. 1.—Dependence of recover ] 1
overy and spigot product proport 1
speed of stroke. Fig bed current, 0-5-0-8 waw\hw.o\ﬂmmxomu \Mmmmwwwasgn and

rcporting at the spigot and the percentage recovery of cassiterite in the feed
respectively. The lines of equal intensity of stroke are plotted in Fig. 1 ’
In general, as the displacement is increased at a given speed of mmno.wQ
both the proportion of feed reporting at the spigot and the 8833“
anamew. w_B.:».mq at a given length of stroke both these quantities increase
s the speed is increased. There are some exceptions to the general trend
WmasnEmMW at a speed of 111 strokes/min, The reasons for these mboBm:nm
are .swﬂ nown and they may have no significance beyond indicating
imperfection of experimental technique. On the other hand th
possibly indicate a state of resonance. v
The main conclusion to be derived from Fig. 1 is that the recovery i
essentially constant for a given intensity of stroke.? This is clearly mnmw m

‘ete. See list of references at the end of the paper.
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the line representing an intensity of 3 cu.ft/sq.ft/min is followed from
a jig speed at 50 strokes/ min to one of 257 strokes/min.

In some tests carried out at a given speed at the longest strokes, there
is a slight, but probably significant, falling off in recovery, which may be
due to overloosening of the bed and turbulence.?

At speeds below 100 strokes /min the recovery falls off fairly rapidly at
intensities of stroke of less than 3 cu.ft/sq.ft/min. At speeds above 100
strokes/min the recovery does not start to fall sharply until the intensity
of stroke is less than 2 cu.fr/sq.ft/min. There is presumably no actual
discontinuity, this being an illusion resulting from the absence of tests in
the range 75 to 110 strokes /min.

The relationship between the proportion of feed reporting at the spigot
and intensity of stroke is more complex. For a given intensity of stroke
the proportion of feed reporting at the spigot drops off fairly steadily from
high to low speeds. For example, on the line for an intensity of 3 cu.ft/
sq.ft/min the proportion of feed reporting at the spigot drops from about
12 per cent at 257 strokes/min to 3 per cent at 50 strokes/min for very
little reduction in recovery. It therefore appears that, at least with this
particular material, low speeds give a higher ratio of enrichment than high
speeds for approximately the same recovery. In this respect slow speeds

may be said to be more efficient than high speeds.

In Fig. 2 the recovery of cassiterite has been plotted against the corre-
sponding proportion of feed reporting at the spigot. The recovery rises
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Fig. 2.—Relation between recovery and spigot product proportion at various displace-
ments and speeds. Bed current, 0'5 0-8 gal/sq.ft/min (falling).
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Fig. 3.—Dependence of spigot product proportion on jig bed current.

MMM%m omwwnmw%m mnmrwvﬁ nm:nuwm off at a point where about 7 per cent of

. rts at the spigot. Between percenta f 2}

the points on Fig. 2 show a B ehoagh 1t Jhala be
. good deal of scatter, although i

noted that the two points marked A y e oo

WO and B correspond t i
at 50 strokes /min, illustratin, i ency. e s
. g the higher efficiency at slo
mentioned. When the proportion of feed % Pt vpmtetiorn
e o o eopor ed reporting at the spigot was above
! gave a recovery of less than 95
The results of series (b), at three di ntensiti troke, bre show

- Tk : ifferent intensities of strok

in Fig. 3. The points mroué considerabl ally at the | .

1 : e scatter, especially at the high

intensity of stroke, but nevertheless fall i e distinct which

into three distinct gro hi
merge together for large net upward val fji e e
flow of make-up water is incr . B portion o e vomorting at the
. eased the proport i

mv%mﬂ ao%nnmmnm slowly at first, then B%H.o W»E%W. of feed reporting at the

- nm Mm\annmon recovery is more complex. At the lowest intensity of

ol mcmanmnm.: NM“J&»ZEW s:wr very little or no make-up water, there

n recovery between no hutch wat d
ward bed current of 1-5 i i e o oot
gal/sq.ft/min. With further i i
water the recovery remains fairl i o o A i o
y steady until the net upward ji

current reaches a value in excess of 5 gal/sq.ft/mi R I s

reduction in recovery. With no m: e s b s v shugion,
Ty. no make-up water the jig bed was very sluggi

the short stroke failing to dilate the bed sufficiently in the mmnnﬂm me _Mwm
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downward current to allow a good recovery. At an intensity of 2-8 cu.ft/
sq.ft/min these effects are still present, although to a much lesser degree,
while at the highest intensity used the jig bed current has little effect on
recovery.

The composite screen analysis of the tailing, spigot product and the
concentrates washed from these two products in twelve tests are given in
Table 1. The recovery was somewhat better in the coarse and medium
mesh fractions than in fractions below 100 mesh B.S.S. on the basis used
for measuring in these tests. In general the sets of figures for the two
concentrates follow each other fairly closely, indicating the absence of a
decrease in recovery in the medium ranges.* The small proportion of
cassiterite finer than 200 mesh is not an illusion caused by excessive
losses in washing. Tests on this alluvium, in which the slime was recovered
by pressure filtering, show that there is in fact little free cassiterite in the
200-300-mesh fractions, although probably most of the cassiterite lost in
the dulang tailing consisted of fine-grained mineral, which if it had been
accounted for might have modified the distribution slightly.

A short series of tests was carried out using feeds of varying value. The
variation of value was achieved by taking cassiterite from or adding it
to the standard material in the correct proportion for each mesh fraction.
At the richest value the proportion of cassiterite in the feed was only of the
order of } per cent, so that the overall screen analysis of the feed was
virtually unchanged. In five tests the value of the fecd was varied from
1 Ib/cu.yd to 12 ]b/cu.yd. The recovery did not vary by more than } per
cent above or below 94 per cent and thus within this range of values the
recovery may be said to be independent of the value of the feed.

In all the tests so far described the -+ i-in ring fraction had been

TABLE I
|
! Sand “ Concentrate

Mesh B.S.S. |  Tailing, Spigot | Tailing, _,, Spigot
I . product, ! product,

| e;\a , :T ﬁ %a ﬂw?

+10 | 41-9 4 0-1 i Ni ,d Nil
10/25 ,, 274 ] 88 ! 0-3 ,_ 05
25/52 | 15-2 : 283 : 3-4 ! 48
52/72 75 , 29-9 37-1 484
72/100 ! 45 20-7 334 ! 344
1007120 | 13 , 5-1 ,“ 13-6 J 85,
120/150 | 12 i 45 ” 5.5 ” 19
150/170 0-3 1:0 i 2-4 W 06
170/200 | 03 i 07 23 : 05
200/240 | 0-2 , 0-5 | 1-1 | 0-2
240/300 | 0-1 0-2 W 0-5 | 01
—300 | 0-1 ; 0-2 # 04 i 01

, 1000 ,, 1000 . 100-0

—
=
o
o
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1
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screened out of the materi

Bﬂﬂwﬂ%mﬁ%ﬂ%“%n pr :.:m@ Jigs on operating dredges
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Elemental Constitution of the Black Star Orebodies,
Mount Isa, Queensland, and its Interpretation*

R. L. STANTON,} M.Sc., Ph.D., F.G.S.

553.1:546:553.661.2(943.4)
553.43/4(943.4):553.068

SYNOPSIS

The abundances and abundance relationships of the major constituents of the
Mount Isa lead-zinc and copper ores are examined and discussed, using as principal
examples the Black Star No. 2 lead-zinc orebody and the 650-750 copper orcbody.

The lead-zinc and copper ores are well known to be of sharply different form and
sulphide metal content and correspond closely to the banded pyritic sphalerite-galena
and vein-type chalcopyrite-pyrrhotite-(pyrite) ore types defined by the author in
earlier papers. The host rocks of the lead-zinc ores have been described as highly
ordered, finely bedded dolomitic carbonaccous shales while those of the copper ores
are disordered, variably veined and deformed carbonate-rich rocks known as ‘silica-
dolomite’. Apart from minor to trace quantities, copper and silver-lead-zinc are
segregated completely into the two ore types.

The two host rocks are shown to be constitutionally closely related, indicating
that they were formed at the same time and in esscntially their present relative
positions. It is suggested that the two were deposited in contiguous zoncs of
scdimentation, the silica-dolomite representing the more shoreward ‘limey’
member. The present difference in appearance would seem to be due to differences
in deformational behaviour, in turn probably due to differences in original form of
the carbonate—that of the silica-dolomite more massive and substantially organic
(algal?), that of the shales finely bedded and either inorganic or derived from
different, and far finer, organisms.

The abundances of sulphide sulphur, copper, lead and zinc, and the mineralogy
of the iron, are related to the abundances of carbonate and alumina in the host rocks.
Evidence is presented to show that this is a sedimentary rather than a replacement
phenomenon, but that the source of the metals was a fluctuating one and hence not
the normal trace content of the ocean. Of two possible fluctuating sources--—
erosional and volcanic—the latter is shown to be the more likely on present
evidence. On the basis of such a volcanic-sedimentary origin the segregation of
copper from lead-zinc is regarded as a manifestation of two sub-facies within the
sulphide facies of sedimentation, and of biological activity within them. Not one,
but three depositional processes appear to have opcrated sulphide iron, and the
major concentrations of copper and zinc, were probably deposited as sulphides in
the first place; lead and silver as some other compound - possibly chloride— which
was converted to sulphide on or after deposition; minor copper in the lead-zinc ore
and minor lead-zinc in the copper ore, by a minor process - -probably adsorption—
with later conversion to sulphide.

WiTH BROKEN HILL, THE MOUNT ISA OREBODIES constitute one of the two
major sources of base metals in Australia. They are noteworthy, however,
not only for their size but also for their possession of both copper and
lead-zinc ores, and they stand out from all other deposits in the country
as combined producers of copper, lead, zinc and silver.

*Paper received by the Institution of Mining and Metallurgy on 12th June, 1962,
and published on Ist November, 1962; for discussion at a General Meeting on
20th December, 1962.

+Senior lecturer in Economic Geology, University of New England, New South

Wales.
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