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¢ GOLD CONCENTRATION AT THE AMALGAMATED BANKET AREAS

REDUCTION PLANT

.

By G. Caap Norris (Member)

1
. ABSTRACT

The principal subject of the present paper is a
description of mechanical methods which have been
introduced in place of str. king for the recovery of
free gold at the reductio rlant of Amalgamated
Banket Areas, Ltd, Relevant to gold concentration,
reference is also made to th. mineralogical character-
istics of the banket ore ; tHe general arrangement of
plant ; security aspects;! overall performance of
the plant when straking was practised and as now
operating ; the association of gold with ore minerals
in relation to the necessity for selective regrinding of
such minerals, and alternatives to concentration.

INTRODUCTION

The property of A algamafed Banket

: 'Areas, Ltd., is at Tarkwa, 39 miles by rail

from the modern port; of Takoradi in the
Gold Coast, and includés two of the original
(and in their day prominent) mines located
and worked on the banket lode—Tarkwa
and Abbontiakoon. WHereas the descriptive
term ° banket ’ originated in the Transvaal
and was later applied to the auriferous con-
glomerates of the Gold Coast, it is of interest
that the latter were, in fact, the Sfirst
discovered (in 1877) and. developed, some
seven to eight years before the discovery
and exploitation of the more famous and
extensive Witwatersrand field. )

Two main classes of ore are being received
at the Amalgamated Banket Areas plant for

treatment—deep-mine . unaltered banket, .

anticlinal banket capping at Pepe, which is
mined by opencast methods. The two are
treated in parallel, but practically distinet,
circuits. It is with the treatment of the
underground ore that the present paper is

and lower-grade weatll%xl‘ed ore from a flat

mainly concerned. :

. THE BANKET ORE

The Gold Coast ‘banket’ has been
described in memoirs of the Gold Coast
Geological Survey. Some of the principal
characteristics are briefly mentioned here in
their relevance to the metallurgical problem.

. worked.

The conglomerate is comprised sub.

étantially of ellipsoidal water-worn pebbles 3

of quartz, some clear and glassy, otherg
white and opaque.

an average range of one to three inches iy

length, although smaller and larger pebbles §

are encountered. Distributed through the
pebble interstices are sand grains and smal)
crystals of specular haematite, with minor
amounts of ilmenite and magnetite.
whole has been cemented by silicification

into an extremely hard compact con- §

glomerate superficially resembling the Wit.
watersrand banket. o

The haematite, ranging up to 7 per cent
by weight of the ore, is of primary origi
and persists to the deepest levels (2,500 ft at
Taquah and Abosso Mines, Ltd.) yet
The gold, which is unevenly
distributed through the secondary quartz
matrix, is crystalline and in extremely fine
grains, being rarely visible to the unaided
eye.  Sulphides are so seldom encountered
as, for metallurgical purposes, to be con-
sidered absent. The quartz pebbles are

. substantially barren. There is microscopic

evidence of occasional occurrence of gold in
bhaematite itself, but our investigations
have shown that this is of minor significance
compared with the proportions that obtain
for gold in the pyrite of the Witwatersrand
banket. '

The underground ore treated at the plant
is comprised of banket, banded auriferous
haematite-quartzite, and varying dilutions
of quartzite wall rocks. As received the ore
ranges from 4 to 6 dwt/ton.*

B

FORMER PRACTICE—STRAKING

‘The flow-sheet to which the piant
originally operated is set out in Fig. 1
which includes descriptive data covering

* All assays refer to the ton of 2,000 1b.
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Occasional pebbles of °
amethystine quartz and of pink felsite are §
also present. The pebbles vary in size over |
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Gold concentration at the Amalgamated Banket Areas reduction plant—@G. Chad Norris -
he principal items of equipment. The

riginal layout, it will be noted, included
traking for recovery of free gold, the
nstallation being set in a strake house
15 ft long by 22 ft wide (the central bay of
hich is 70 ft long by 30 ft wide) and in this
vere accommodated the strake washing

oxes. .
The strakes were each 10 ft by 1 ft 6 in
de, arranged in eight banks of sixteen
trakes each. With four primary and four
econdary 8 ft diameter by 6 ft ball-mills

nstalled, one bank of strakes was available’

or the treatment of the discharge from each
all-mill. ‘
As originally operated Pepe weathered
re was also straked, but there have been
hanges in Pepe ore treatment, one of which
as been the discontinuation of straking.
ecovery of gold from the main bulk of this
eathered low-grade ore is now effected by
yanidation only.
| One European and twelve Africans per
\hift were required for supervision and
‘Fhanging and washing of strakes. The
nstallation operated efficiently to recover
2 per cent of the total gold from under-
round ore treated in the plant.

Originally the stored strake concentrates
were reconcentrated on the day shift on the
Wilfley table, from which a deep-cut
toncentrate was removed for working up in
the amalgam barrels. Later amalgamation
was discontinued and a novel procedure was
rdopted, accumulated Wilfley table con-
rentrate being fed to two small flotation
nachines with additions of xanthate and
sine oil. By this means a clean gold con-
sentrate suitable for drying and direct
imelting was floated in a froth of unique
heauty, recoveries closely approximating
those by amalgamation. Such a procedure
as practicable due to the average fineness
f the free gold and to the absence of
ulphide minerals from the original ore.

Set out in Table I is a metallurgical
alance compiled from recorded data for

he nine months of operation immediately
brior to the suspension of milling at this
Mant in March, 1943, under the Concentra-
ion Scheme, a war-time arrangement where-
)y, with the supplies of diesel oil and

fther stores restricted by the emergency -
nd Government action, certain mines

suspended operatiox; in order that the others:

might continue to operate at their normal
rates of production.

This period of operation has been chosen
for present purposes as, during these nine
months, the plant was milling underground
ore only, treatment of Pepe ore having been
suspended. It therefore affords data on
straking and amalgamation comparable
with current concentrating practice, which
is being applied to the whole of the deep
mine ore plus a proportion (15 to 18 per
cent of the total) of low-grade coarse ore
from the Pepe workings. -

| X . S
"THE SECURITY PROBLEM

#2 ’
Metallurgicg.hy the concentrating layout
and operations briefly described yielded
very good results. The snag was the
temptation offered to gold thieves and the
! . - 5
| ETABLE I

METALLURGICAL Bm&ﬂ PRACTISING STBAKING
‘ AND AMALGAMATION

i 3 kS
* . Per
! Weight | Dwt cent
Product per per of
; cent ton total
gold
Ore feed .. 100-0 | 4:417 | 100-0

Recovery by s.traki;g. .
and amalgamation 100-0 2-297 52-0

Recovery by cyanida»
tion e 100-0 1-853 42-0
|
Strake tailing 100-0 2:120 480
Sand to ¢yanidatio 48-6 | 2-730 30-0
Slime to ¢yanidation 51-4 1-543 18-0
Sand residue—total... 48-6 03329 3-6
Slime residue—total 51-4 0-209 ‘2:4
Total residue wee 100-0 0-267 6-0
Total recovery 100-0 4-1560 |- 940
!GB.ADING Awavyses (IM.M.)
!
P Per
Product cent
Sand residue: --100 ... 87-3
—1004-200 ... . .. 14-3
. —200 ... 184
Slime residue: 4100 ...- 55
) —100+200 ... 111
‘ —200 ... 834

i i e
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depressing prison-like conditions for the
operating shift in the locked strake house.
As its name might imply the Gold Coast
has an historical association with the
winning and working of gold which dates
back some centuries before the arrival on
the scene of the European miner. There is
in the country an ancient, widely developed
and skilled guild of African goldsmiths
working under Government licence. Gold
ornament figures prominently among the
insignia of chiefs and in the adornment of
African women and children. International

borders are not so very far distant from

most centres of gold production and the
dense bush and forest preclude close control.
Minor gold occurrences are fairly frequent
apart from the major occurrences being
worked by European enterprise and Africans
still win gold with the traditional calabash
and more recently acquired prospector’s
pan, the adept panners being the women.
Legislation regarding the possession of un-
wrought gold is nothing like so restrictive
as in other comparable fields.

Thus it will be appreciated that there is
probably no other field in Africa in which
the local population in general is so gold
conscious and in which the identity of
illicit gold can be so simply and completely
lost. Analyses of detected thefts of gold at a
majority of ‘the ‘producing mines showed
that over 90 per cent of the surface thefts
and a considerably higher proportion of the
value, were of gold in concentrate. Examina-
tion of the records summadrized in Table I
disclosed that under-recoveries of gold by
straking and amalgamation were reported
in seven of the nine months, two months
only reflecting small over-recoveries. Based
on the head sample assay of the ore entering
the plant the indicated shortage on gold call
over the whole plant for the period was 2-4
per cent of gold received in ore. .

Since the war, losses from plants due to
theft have been reduced to minor propor-
tions by the more thorough organization of
security measures and the exercise of un-
remitting vigilance.  Apart from these
preventive measures the author has felt
that the surer safeguard and the greater
peace of mind would result from modifica-
tions of metallurgical practice by which
high-grade intermediary products in" pro-
cess were kept out of sight and reach of the
potential thief. The problem is not peculiar

[Tan., 19354

to this field, although the complexitje,
which attend it possibly are.

Such then is the background againg
which a variation from the orthodox ang
metallurgically efficient but, in Othey
respects, vulnerable and labour-consumj
practice of straking and amalgamation is to
be viewed. : ‘

PRESENT PRACTICE-—MECHANICAL
CONCENTRATION :

. The alternative adopted was to use
continuous discharge Pan American ]
in the primary mill-classifier circuit and the
comparatively uncommon and, it is to by
feared, neglected Johnson concentrator, iy
the secondary mill-classifier circuit. Boty
are machines of low capital and operati
cost. The savings on labour alone in one
year of operation were sufficient to meet the
cost of installation of jigs and concentrators,
Further, the installation required Has beey
comfortably accommodated with adequate
room for extension in a portion of the
central 70 ft by 30 ft bay of the strake
house. For a similar layout installed ab
tnitio a capital economy in building accom.
modation over that required for straking ig
thus implied.

Fig. 2 shows the original strake installa.
tion in plan and section, and in Fig. 3 the
new jig-Johnson concentrator installation
is set out in plan and section. The unit
illustrated in Fig. 3—i.e. two primary ball.
mills, two jigs, one secondary ball-mill, and
two Johnson concentrators, is treating a
feed of minus 1 inch banket ore at the rate
of 900 tons per 24 hours.

The flow-sheet to which the concentrating
section is now operating is set out in Fig. 4.

The jig and Johnson concentrates dis-
charge via pipes through the concrete floor
to the concentrate storage set in the gold
room below. The concentrates are out of
sight and reach and are never handled. The
jigs and Johnson concentrators operate

. behind a locked door, the machines being

visited periodically during shifts by the
European mill shift bosses. The stored

concentrates from both machines are re-
concentrated on the morning shift by
passage over a Wilfley table, from which s
clean gold concentrate suitable for diredh
smelting is recovered. Wilfley tailings pam
over two strakes each 5 ft by 1 ft 9 in wide
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sutanu vuncenurate, very small in bulk, is
stored in the strong room and twice a
month is separately reconcentrated on the
Wilfley table.

The installation operates smoothly with
the minimum of attention. With the jigs
operating alone and no concentration step
in the secondary mill circuit the recovery

“of free gold into bullion averages 25 per cent
of the gold in ore, the finer gold escaping
to the cyanide plant. With the Johnson
concentrators also operating in the
secondary mill ecircuit, gold recovery is
averaging 47-8 per cent made up as follows ;

Per
cent
Recovery from jigs ... . 250
Recovery from Johnson concentrators
(30-4 per cent of 76 per cent) ... e 228
47-8
TABLE II
METALLURGICAL BALANCE PrACTISING
) CONCENTRATION
Per
Weight | Dwt cent
Product per _per of
cent ton total
gold
Ore feed 100-0 4117 100-0
Recovery by concen-
tration . 100-0 1-967 47-8
Recovery by cyanida-
tion 100-0 2:041 49-6
Concentration tailing 100-0 2:150 522
Sand to cyanidation 444 2-849 307
Blime to cyanidation 55-6 1592 215
Sand residue—total... 444 0-149 1-6
Slime residue—total 558 0-077 10
Total residue 100-0 0-109 26 -
Total recovery, = ... 100:0 | 4-008 974 -
GRADING ANALYSES (L.M.M.)
i Per
Product cent
Sand residue : +100 ., 61-9
- —1004-200 ... . 22-6
—200 ... . ™ 16-56
Blime residue : 100 . 3-9
—1004-200 . 8:3
— 200 e 87-8

¥

the new concentrating installation are set
out in Table II, which is compiled from
ocurrent operating records.* The results in

this Table are more or less directly com- ;

parable with those set out in Table I. There

are qualifications ;: First, the ore feed to the ..

section was comprised of 83-5 per cent of
underground ore averaging 4-554 dwt/ton
and 16:5 per cent of weathered coarse ore
from Pepe averaging 1-906 dwt/ton. The

concentratable gold content of the weathered

ore is low, being of the order 10 to 15 per
cent. Further, only 83 per cent of the ore
milled passed the jigs, the remaining 17 per
cent having been milled in a third primary
ball-mill which is not at the moment in
circuit with the jigs. The product from the
secondary stage of grinding of the 17 per
cent did pass to the Johnson concentrators.

There have been. improvements in
cyanidation practice which, while falling
outside the scope of this paper, are to be
borne in mind when comparing total
recoveries in Tables I and II.

By taking a larger concentrate from the
Wilfley table and working this up by
amalgamation, gold recovery by concentra-
tion no doubt could be improved. Also by
inoreasing the amount of concentrate drawn
from the Johnson concentrators (see Table
II), and rununing the Wilfley table for a
longer period, or by installing a second
Wilfley table, recoveries by concentration
could be raised. In view of the performance -
of the cyanide plant on the current con-
centration tailing neither of these courses
has been considered necessary. It is of
interest to add that the gold call on the

plant is now being regularly and gatis-
factorily met. e

JOHNSON CONCENTRATOR N.H,OO<HEE

The Pan American jigs (36 in by 36 in)
are standard equipment, familiar in dredge.
operation. The Johnson concentrator is
probably less familiar to many members.
This machine was describedt by that doyen
of Rand metallurgists, Mr E. H. Johnson,
by whom- the concentrator was developed.
For convenient reference a drawing of the
machine is included in Fig. 5.

* February and March, 1949

t Concentration and selective regrinding, J.
Chem. Soe. S. Afr., 21th April, 1927, 215.

ey

&

1T

BT e

JoansoX CONCENTRATION

NS
RrecOVERIES UNDER VaryiNg CONDITIO

with I.M.M. sieves, but
West African

||I||\||A|\ll|4
» An explanation of th

are

Gold Corporation’s

e =Cg=nn=wvof Mmabunoﬂ to the B

rtly to
_mgnvs_d.

a second grading

the Tyler series

is used.

ries is necessary,
1 e_wo: 8tandard which

Plant gradings hav

closely approximates

e hitherto been con

the Tyler series.

) 8
4 , 6
Test No / 1 ’ 2 ’ : 4 5 7
| 3 25 30-5 40 34
p.m. ‘e oo b 5
Wﬁ:ﬂmuﬂwmaﬁa in feed e o 3 - 332
_ 448 )
Feed to concenirators— .| 283 324 250 oo 2.81 4-61 326
* Tons per concentrator/24 hr ) 560 4-87 3
Dwt/ton .
2-27
. 4-88 4-70 K .87
Concentrate— 9-04 8 qw 1.95 1-05 075 :..m.m
Tons por 24 b boffeed .. .| 320 oh | 746 | 1204 2005 | Coe
Weight—per cen - .| 948 : 45 1-36 .
Uﬂnm\aod 4 o\eoﬂ om».oom 3.03 2:16 1
Recovery—aw' 8.2
8-8
; 66 48 0-05
malgamation of concentrate— o] 102 10-9 . 0-05 007 .
4 Tailing—dwt/ton -~ : 0-33 0-30 mww 1-31 1-46 0-87
emzsmlai?owo% Mﬁ o ' 270 | 188
Recovery—dwt/ton . . } 0933
.95 99-25 ¢
Concentrator S:m:m.el?&. 968 cwww ommw ewwm w % www
i r cen ST S 2.85 . .45 .
wﬁwﬂmﬁﬁm oo 257 251 1:94 24
Dwt/ton of fee .
Sl 280
ERIES— . N . 356 33:2
Nm%%a.w: J oﬁm.osw ancosS.sg : w.o.n.. 54-1 46-2 429 051 | 04:0
d in fee . . .
(2 W@WWWM~N@EW$0= of ooMoMﬂMgS : 59-2 86-3 91-1 96-3 o
1d in concentr , i 317 .
per cosw m%Bmwmon of concentrate : 2 30-8 39.1 343
(3) By meem 1d in feed 48
per cent go
load.
* Includes circulating loa: TABLE 1V ron Tasts (TADLE 1)
g (TYLER)* OF PRODUCTS YROM JonNsoN CONCENTRAT _
GRADING ANALYSE
6
4 b}
t No ! 2 ’ l\l\llal Per cent
s : j Per cent | Per cent | Per cent Per. cen
-_— Per cen
' . 11-3 10-2
! 11-1 10-2 ; 310
ed . -8 13-0 31. 315
- e + 48mesh ... - %.w 347 mww www 93-6 mm.w
— 484100 mesh .. - 23-3 25-0 36-4 33:1 336 33
—100+200 Bomw - - 250 27-3
o —200 mes
i TR 9.9
N..N -
. 33 2-8 p 12:6
ate-— 21 2-3 . 21-6 15-7 )
e 48 mosh - 175 19-0 16-8 e | 46 418
— 484100 mesh e e e 456 457 4 5 32.1 35-1 42-
—100+200 mesh ., T 348 33-0 3T
—200 mesh ™" ...
.8 10-0
.9 10:0 11 | a0
iling— 4 12-7 10 P 297 & 30
Tailing +4 48 mesh . . WW@ 34:2 30-5 ...w.w— 234 | wc.,_
— 484100 mesh 93.9 25-6 ww..m 32 | 35-1 W 33-2
'~ 100+ 200 mesh ) 356 27-6 R A
—200 mesh e sucted
e ——————
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« 1o Table III the results from a series of
controlled tests, in which conditions of
operation of the Johnson concentrators were
studied, are set out, Rotation was varied

at speeds of 5 and 7 r.p.m. No appreciable..

difference in performance was noted. For

normal operation the slower speed has been

adopted.” The percentage weight of con-
centrate was controlled by varying the
amount of water used in the side sprays.

Gold recovery was found to vary directly

with the amount of concentrate made. A

further variable possible with the machine

operating on finer feeds is the inclination of
the rotary drum. This hag not yet been
studied. ‘

During the period of each of the tests
recorded in Table IIT it is to be noted that
Wilfley table tailings were not being
returned to circuit. Each of the tests was
of about three hours’ duration. Concentrate
recovered from each test wag carefully
riffled down to a sample of approximately
5,000 g, which was amalgamated without
grinding. The concentrate values reported
are built up from the gold recovered in
amalgam plus gold found in the amalgama.-
tion tailing. It will be noted that an
average of 90 per cent of the- gold recovered
in concentrate was amalgamable. More.-
over, the assays of the tailings from
amalgamation reflect but a minor lock-up
of gold in haematite.

The grading analyses of products to and
from the Johnson concentrator are set out
in Table 1V,

There is little doubt that the jigs could be
excluded from the concentrating circuit
and that with the Johnson concentrators
operating alone on the secondary ball-mill
discharge an equally satisfactory overall
recovery of gold from the ore would be
possible.  There would almost certainly
result a build-up in gold content of the rake
product from the primary simplex classifiers
which would almost as surely attract atten.-
tion from the receivers’ metallurgical scouts.
It has been considered advisable to retain
the jigs on their duty of recovering the
coarser fraction of what is, on the average,
very fine free gold.

The operation of the Johnson con-
centrator differs in several respects from
South African practice. As described by
E. H. Johnson, this machine operated in a
single-stage tube-milling circuit, in which

~

the size range of particles in the feed to the
concentrator would be considerable. It
was thus required to handle the total tone$
nage of ore under treatment including the]
-,-circulating load. The operation of this]
" machine on the reduced tonnage and fin gy
sizings of a secondary milling circuit ma o A
be new. Its efficiency on these sizings hasSEE:
been impressive. #

ENCASEMENT OF GOLD IN ORE MINERALS

sy

On the Witwatersrand there is also an'ef
important association of gold enclosed i
pyrite, and concentration of pyrite for.g
separate selective regrinding and exposure
of encased gold in preparation for cyanida. |
tion was an important functiop of the
machine as described by E. H. Johnson
The author’s investigations have not dis."
closed any such intimate association of 73
gold with the haematite of the Gold Coast &
banket. At Amalgamated Banket Areas 4
the first intention was to return Wilfley
table tailings to the primary ball-mill feed, ,
‘but in the light of experience it has been
found sufficient for treatment, requirements -
to return the Wilfley - tailings to the
secondary classifier 8o that haematite
trapped in the concentrating section re.
traverses the secondary stage of classifica-
tion and grinding until size reduction has
progressed to the point at which it escapes
in the secondary classifier overflow.,

The following examination of a repre-
sentative sample of current Johnson con-
centrate illustrates the negligible encase-
ment of gold in haematite :~— .

Johnson concentrate—22.1 o, Au per ton.
“'Grading Analysis (Tyler) :
+ 48: 51 per cent
—~ 484100:16-4 per cent
*—100+4-200 : 28-2 per cont
—200: 50-3 per cent

The concentrate was amalgamated with-
out grinding and yielded :—

By amalgamation : 21-9 oz Au per ton con.
Amalgamation tailing : 4.0 dwt per ton. .

The amalgamation tailing was ground in
the laboratory ball-mill and re-amalgamated

with the following results :—

\ ;

By amalgamation 3:0 dwt Au per T
ton concentrate

Final amalgamation tailing 1.0 dwt per ton.
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TABLE V / . )
2 , . ; TABLE VIII
! TION
Flotation K CYANIDATIOR OF MANTBAIM ORE BY >Mﬂm>w o
inus 200-mes
Product Slime | Feed | Concen- |Middling | Tailing Ground to 908 per cent m
trate tion
' After amalgama
ek 2! N — . LY
Weight—per cent of original ... .. .. 247 763 30-5 33-7 SO Coanided Digaotly 130
iw_mro.,.ﬁvm_. cent of flotation feed - — 100-0 40-5 44-8 147 ‘ To cwwmaw«.—ounl&ﬂa?o:. 8 16 4 _ 8 — 18
Gradings (Tyler)— , B N 027 029
+ 48 per cent - — 01 — — 07 3K Agitation—hours T 31 -029 -029 -029 o.mc 0-08
~ 484100 per cent ... - 01 2.7 09 18 110 A or cent ... o e 0-45 0-12 LI B 98-7
—100+4200 per cent ... .. .. 1-9 29.7 16-6 28.7 689 ¥ . Cyanided at Na %.qmss e e s | 08 003, | 974 976
—200percent .. .. .. .. ..| 980 67:5 825 69-7 194 B Washed Ms_.w.aw percent .. 818
A Total extraction,
Partial Analyses—
Au, dwt/ton e e e 077 110 116 1-15 . .
Fey,04 per cont .., . 10-3 30-1 435 25:2
Magnetics, per cent e e Nil 4-0 5-4 52
Insoluble, per cent 85-0 63-3 47-8 67-1 TABLE IX x
Undetermined, per cent ... ... 47 26 33 2:5 Ar1oN OF ABBO oon OrE BY bcuﬂ»awo
- b NTIAKO
o«%oéa 4o 66-4 per oent minua 200-mesh (Tyler
. After amsalgamation
TABLE VI : Directly 1-67
CYANIDATION OF MANTRAIM ORE BY AGrration 2 1 nwﬂ?ﬂm@@ﬂ?g 685 8 - 16
" Ground to 858 per cent minus 200-mesh (Tyler) = © To cyanidatio 4 8 16 4 20
3 \ e 3 o .
Agitation—hours o6 | 027 026 .wwa o.mmm 0-15
Cyanided Directly After amalgamation \lﬂ.ﬂ%j L4 0-57 013 | 02 06-4 97-3
~ Tq cyanidation—dwt/ton 487 orenr, 1°08 (A) Oi%mﬁwa u%maco dwtfton ... e |t 897 97-7 ™
U7 RN ] . a8 St f . .
Agitation—hours ... .. .| 4 8 16 4 | 8 16 Totel extraction, P eon! o | 045 neol B 08 | o6
‘l\\\\\i\\.\llﬂlllml : 01 ) 97-3
. ‘NaCN, per cen ' . 0-37 . 96-8
(A) Cyanided at NaCN per cont * ... -026 -026 027 -030 -030 1030 _(B) Cyanided %.QHM@ a&mosa mm.wo 033 97-8 90-4
Washed residue, dwt/ton ... ... | 0-88 0-26 010 0-67 0-23 0-12 Washed resle 0 € ver cent
Total extraction, per cent 82:3 949 97-9 86-2 953 975 Total extraction,
(B) Cyenided at NaCN, per cent ... 047 -048 047 061 051 045
‘Washed residue, dwt/ton ... . 0-52 0-22 0:10 c.wc.,v... & 0-17 0:10
Total extraction, per cent 89-3 955 979 938 7 17 985 970 X
TABLE
. ABBONTIAKOON ORE BY AGITATION
* At end of agitation perfod. CYANIDATION OF b minus 200-mesh A.H%_muv
Ground to 74:6 per cen
TABLE VII After maﬂamgﬁm_amo;
CYANIDATION OF MANTRAIM ORE BY AGITATION dod UM.@M%% bm\! e
Ground to 75'1 per cent minus 200-mesh (Tyler) To o%pnm%mﬁwal\&ﬂign I - \l\mm\.. 4 8 ll\lmmll
, — | & e | 026
. Cyanided Directly After amalgamation E 027 027 | . 028 c..wwq 0-13 0-10
To cyanidation—dwt/ton 4-40 1-63 ided at NaCN, per cent 178 0-48 wm.mw 03-3 97-5 ww.wg
ani : . : . :
itati W mwgw& residue, dwt/ton ... '} g 90-8 0-044 | 0:048 | 00851 {r
Agitation—hours 4 8 16 4 8 168 Total extraction, per cent . 0-046 0-045 020 0-22 013 0877
otal CN, per cen . 0-30 : . 976 .
(A) Cyanided nt NaCN, per cent ... 030 031 030 | -028 1029 1025 (B) Cyanided at %wowwms: RS 96-2 05-8
Whashed residue, dwt/ton ... ... | 0-58 0-28 012 -042 010 012 Washed rosic € er cent w7
Total extraction, per cent 86-8 93-8 97-3 905 977 97-3 Total extraction,
(B) Cyanided at NaCN, per cent ... 053 053 052 1050 049 048
Washed rosidue, dwt/ton ... 0:38 0:20 0-10 0-12 0-07 0-08
Total extraction, per cent 91-4 955 877 97.3 98-4 98-9 .




The final tailing from amalgamation was
deslimed and the sand fraction was floated

with Reagent 801 to effect a concentration .

of haematite. The products from flotation
were a concentrate, middling and tailing.

In Table V are set out the percentage
weights of the several products—their
gradings, gold content, and partial analyses.

The magnotics were composed mainly of
metallic iron. The concentration of hae-
matite effected was not of a high order but
sufficient to provide a comparison of the
relationships between the Fe,0, and gold
contents of the several products. The
evidence is that the encasement of gold in
haematite is insignificant. ‘

‘ ALL-SLIMING °  AS AN ALTERNATIVE

. Having described the new concentrating
layout the author is still aware that there are
two schools of thought on the subject of
concentration of gold from banket ores, the
second of which poses the provecative
query ‘ Why bother ?°’

The first argues that by concentration a
high proportion of the total gold is earlier
in the bank, the cyanide plant is relieved
of the duty of dissolution of all but the
finest gold, treatment time in the cyanide
plant may be shortened and as a corollary
less equipment capacity will ‘be required,
and residue washing will not be attended
by the same risks of dissolved gold loss.
These considerations assume greater import-
ance in the plant cyaniding a portion of the
mill product as sand by leaching.

The second school is confined to advocates
of the one-pulp plant, in which grinding is
carried far enough to enable the whole of
the ore to be cyanided by agitation and
filtration or counter-current decantation.
This school argues that with the mill-
classifier circuit suitably arranged the gold
entering the cyanide plant will have been
sufficiently reduced in size for effective
recovery in reasonable time by cyanidation
alone—although it is to be remarked that
this time is likely to be longer than if a
concentration step were included. Further,
the result is a simplified flow-sheet from
which the processes and labour of working
up a gold concentrate are eliminated. Also,
in consequence,sthis type of plant does not
present the temptation of or opportunity

> 4 N

MB. %_o_& theft that are present when the -
andling of & high-grade concentrate, often : ] i 1 T feel
containing visible gold, is a routine shift § A CrEmes vamwa Wuaﬂom_mﬂ”% Norris i8
duty. (In parenthesis one must enter a § that this wmvm g N metallurgical practice
omdame».wamg&sm the classifior sands in this o@@%ﬁaﬁa&ﬂﬂﬂ»oﬂwﬂd@ is concerned, because
type of plant.) on the witwat ‘o rtage
Two ‘all-sliming’ plants have operated with the present and psaMMwMeMwmem ?%«
on the Gold Coast banket with :H”v con- of native labour and, ESM old, attention is
centration step and one continues to B m:.m to the Em%onzwwo%pmm mom concentration
operate, metallurgical extractions being g_.:mw mOo%mMM dwer labour and risk.
commendably high. In Tables VI, VII, -§ Yhich redu is a joint one with the
VIIL, 1X, and X are set out the results §. Since this paper udm Metallurgy, I
from a series of tests conducted on Amal- ¥ ?magsom of %Mp cmwmzmwm if I open my
gamated Banket Areas deep mine banket may Pperiaps discussion with a few notes
ores. These results, . with due allowance for contribution .ao wmocma ecovery here, since
advantages in mpﬁwﬁ. of laboratory emmg.. Ms the mﬂ% ommwh.ﬂmmw ,cou known away from
are to be compared with those from current : WOMﬂ% Africa.
plant operation (Table 1I). The ° After Between 1918 and 1922 the Mmo of MH.WW
- ; T
oty Bamarion 3 tests woro conducted on # gumated plates was displacod by cordurcy
Mgw_mmamao: %Mwm% :munwo not ﬂ%eam to reduce Wﬂoﬂw-cv% quocai @ommoa:m of
. 8 an
pertinent to the present. discussion, but are WMMWWW% oﬂéo Groups went further and
included as being of interest and reflecting dispensed with amalgamation altogether w:
approximate maxima of recoverable free two existing mines and those vaMEMMMMﬂW
mow_.ﬁra change from straking t hanical erected vﬂdwwwﬁﬁmzﬂmmownwmm” Mo%i gold
m straking to mechanical on cyanide
oo=o¢=$§mou§o§m3=m&o%mum@o w_ge %

¢ recovery. . or
was, of course, a governing consideration. 1 The matter of whether a primary recov y
Even so and in view of the fact that in Y

: 118 ot duroy
: of gold in the milling circuit by cor g
current operation the grading of the com- 8%@? or mechanical concentrators 18 So%Wm
bined sand plus slime is averaging 55 to 56 4 while is still a matter of controversy. e
per cent minus 200-mesh I.M.M., Table II 3 plants which do not employ gravity ,MME
would seem to provide whatever further centration in the milling .SSEJ a y
justification might be required of current possible repercussions on residue values um
practice. . the use of one, or possibly a combination o

two, of the following practioes.

ine grinding the whole of the ore a.o.
m@%avwo Mwn omobe E%Em 200 mesh (Tyler) in
ree stages. . )
.:«NUSE. MWHEQ%EM three-stage oﬂpmm_mossom
to ensure that coarse moE, or moy.m obmwmo?
in pyrite, is retained in the milling onmm
until it is in a .Mo:&ﬁo: to be readily
ked by cyaniae. ) .
mzﬁww SEWM%E cyanide solution.
ral practice it appears that a
aowﬂwuwmﬁm of W modest two stage .md:&m..%@
say, better than 75 per cent minus o
mesh, with ample classifier @@po?%. mw.mm
the case of preparing ore for direct cyaniding.
Under these conditions the mﬁm%mo
particle size of quartz leaving the milling
circuit is under § microns (in the E.E%m
200 mesh about 3 microns) and particles

§
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How much gold a tube mill liner holds up
is probably governed more by the type of
liner used. To quote two extremes, a test
on a 9 ft by 10 ft primary ball mill lined with
manganese blocks and without corduroy
in circuit resulted in & recovery of 20 ounces
of gold. On another plant, 5 ft 6 in by
22 ft primary tube mills lined with Osborne
bars and in circuit with corduroys, normally
yield 300 ounces on relining and this can
amount to 900 ounces if the liner is not a
close fit.

I also feel that the final amount of gold
locked up in a classifier depends more on the
time it is in operation between changing or
rakes than on the value of the feed. -

To my mind the main justification of the
use of concentration lies in two directions.

. Firstly, on a mine treating high grade ore,
say, seven dwt and over, or where the milling
plant is loaded beyond its capacity and
grinding is at times adversely affected. In
both cases there can be periods when coarse
or encased gold escapes to the cyanide plant
‘with resultant deterioration in recovery.
Concentration in the milling circuit largely
circumvents this.

Secondly, the removal of concentrates in
the milling circuit enables a reasonably
high extraction of platinum group metals
to be achieved. In the Group which I
represent the net earnings from this source
have totalled £43,000 over the past five
vears. At today’s price for this material
this is equivalent to about 0-30 pence per ton
milled. Over our ten producing mines this
does not, cover the cost of corduroy extrac-
tion, but on about one-third of our mines
it breaks about square—with the additional
safegnard of protecting residue values.

Although the paper by Mr Chad Norris
shows very clearly an appreciable gain in
overall recovery by a change in the con-
centration circuit, I have found it rather
difficult to assess how much the introduction
of jigs and Johnson concentrators have
asgisted in reducing sand and slime residues -
by better than 50 per cent, thus improving
overall recovery from 94-0 to 97-5 per cent.

From Tables I and II it appears that
recovery by ‘‘ straking ”’ was 52-0 per cent,
and fell to 47-8 per cent by jigging and
concentrating in Johnson concentrators.

From the evidence submitted it appears
that the improvement in metallurgical
recovery can mainly be accounted for by :—
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* {a) an improvement in grinding from 51-8
to 55-7 per cent minus 200 mesh
(calculated from Tables I and II)

(b) a reduction in ore value

(¢)

improvements in cyanide practice

{d) possibly to some extent a change in ore.

It will be noted from these two tabulations
that under the new conditions the plus -
100 mesh has decreased by about 6 per cent,
which is not inconsiderable.” In terms of
Witwatersrand ore this tie-up between
coarseness of grind and residue values
would indicate encasement of gold, but the
author has proved that this is not the case
at Amalgamated Banket Areas. It appears,
therefore, that the effect of finer grindings is
to prevent coarse gold escaping to the

cyanide circuit.

This is, however, not entirely borne out by-

the test work on Mantraim and Abbon-
tiakoon ores treated as a single pulp by
agitation, since improved grinding from
66 per cent minus 200 mesh to 75 per cent
minus 200 mesh (and in the case of Mantriam
to 908 per cent) did not increase recovery
unless amalgamation was included in the
tests. The author’s view on this particular
aspect would be appreciated.

In the direction of improving security,
although conditions on the Gold Coast are
for various reasons not so good as on the
Witwatersrand, we are becoming more
conscious of the increasing danger from
theft. On those of our plants which employ
blanket strakes the danger of organized
theft of partially finished material (high
grade concentrate, or amalgam) is obviously
high and requires special precautionary
measures as normally applied to the cyanide
gold recovery section and smelt house.
Against this plants employing direct cyani-
dation expose more low grade concentrates
in the various portions of the milling circuit
where these accumulate and more petty
thieving may result. .

A good many of us on the Rand who
operate plants embodying blanket strakes,
are today turning our attention to forms of
concentration which will both save labour
and reduce the possibility of loss by theft.
There are numerous devices to be investi-
gated, each of which has its advantages and
disadvantages in the following respects :—

(a) capital cost
(b) maintenance cost

LJ8n., 1wV . -

% to the management.
il study

sBU., AUV

L () security Labour
* (d) saving in labour = Jante
: licability to existing plantis
1 A%V MMWS% of W@onmewum conditions 1m the
milling cirouit, i.e. control of moisture
3 (g) efficiency . -
st T itici for placing
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of recovery by amalgamation from, %_&M b0
¥ to 45 per cent will on & ﬂa_w moEwMM d %@pﬂw
3 in a higher residue. In my &roup ¥
< MWMMM%%& oomaﬁo%_m in vEB%M% E;W.MMMMMM |
(4 8 lants in 1936 with a drop in
M.oﬂﬂ%o”ﬁ 60 to 50 per cent. HMHJWM M.MMWMWN
have changed the type o
: Mmoa.w “an a further drop of about 3 per o%bw.
Overall recovery has not suffered wnm L
personally, would not be pertur »M i
amalgamation recovery fell to, say 0 %D
cent, except on a high grade mine 0 g
peculiar metallurgical difficulties. Norri
Although the paper Uum Z..M: m_ﬂww ﬁoomnrm
ims by its title to reier
Mwh%mmoam% of concentration oEEoMmﬂ vw
Amalgamated Banket >~M@m Hmwg,umw mwwwcm
i than this
very much wider scope than e ating
us @ very complete an M.b g
ipti the ore treate
description of the nature o She ore tain an
and the type of plant use in
. i i ost gratifying
extraction which Eﬁmwzvmamwﬁosmw cm..nomE
i light quite 2
of the paper brings to L
few aspects of metallurgy which .@M Mnmm%
lance may appear of less direct inter .
..mmoa example, 1 was v@uao&@z% Eezm%o
with the idea of the application of m&«ﬂ mw:
concentration to the product of the y
ble. .
" I mmo_ that Mr Chad Norris is to be SE:MM
congratulated for his very worthwhile paper.

N. B. Locks (Member): Mr Chad. ZOMMM
is to be congratulated on his Ea.muomﬁz% e
informative paper on the mcdumow mw pmwg
“ concentration at the >B@_m.po$ Dankey
Areas, which was published by the
Institution of Mining and H,\.Hogzﬁm%, s
read to this Society, 1n his absence,

H. E. Cross. .

e e o vy I T v

iticism for it appears that ih
ww””:m““w& with MW% Boemw:cnmsm._ medM.MBow
but with the circumvention of the oEow
gold concentrates, in a .855.% Hmoqm ich
legislation concerning illicit gold tra

i ble fields,
jctive than in other compara
MOMMBWM —Mwmcu the identity of illicit gold can
i mparative ease. .
vaMomwﬁﬁM eo%o Hmbo months when mogwﬁm
,im,m. being practised, the mponwmwwm %mgmmra
.8 per cent of the gold re
H_% mrw mwmonowmso%. based oM pawm%ww 4%%,”
'4.417 dwt per ton, an X
MMEM% per month, would amount ao»_www
ounces fine gold wo_.mbMaF worth £4,
current price of go'd. ) ]
p«m.w%woibm =Wo= the change 1n Bmgﬁww.
ical practice and improvement in cyani n
mwos Mr Chad Norris mgeomd that the _mw_%
. is - ing regula
n the plant is now beng Te
Mﬂ—w %mammmoaoa% met. It megm_umwmmmmmﬂw
o
therefore, that as the result © A
i the rich products
mechanical concentrators, the e D
hich are now out of sight &
Mn% nm,oﬂaaapﬂ thieves, the former Emm om.
2.8 per cent of the gold in M.ME ore delivere
lant was due to theft.
Sm\wc%& absence of data as to the moﬁ
content of the strake concentrate formerly
recovered at Amalgamated Banket Em@mm
it might be of interest to m@m_.%rawm M%%Mom&
ces gold per ton, whic he
MMWoMHM of %3&3 concentrates ocg:u.mm at
the Angelo Plant, East Rand Huno?mmg_.%m
Mines, Ltd., to arrive ab the quantity ow
aoboom_s.peom that s,pm.da_w:w Meo_awm Mﬂﬂ .
th. It would require 2-6 tons .
MﬂwyﬂnmaQ at 143 ounces per tom, to m.pSmmwM
a loss of 28 per cent of the gold delivere !
to the plant. This is a large amount o
concentrate to lose i.i.&o:o mcgg_mmw
month after month, especially from & locke
trake house. However, richer products,
Mzow as Wilfley table oo:.oo:ﬁ@aom, may
have been the object of the er_.m,_éﬂ sg%nwwmmm., )
. 1on concentrates specifically, be >
deNWoMMMMM@ that 90 per cent of the detected
gurface thefts were of gold concentrates.
1 am of the opinion that discrepancies :W
tonnage determinations, assaymg anc
gampling, were probably contributing factors
hortfall. ) .
eo%wwmﬂema?mm. to obtain peace of mind,
Mr Chad Norris was faced with the ESQM.
tive of cyaniding all of the .HE:u without the
concentration step, or ow ubwgaﬁosm %Mﬁm
means to safeguard the concentratoes
MM _WMH. wished to retain ﬁwoam@ov in HM mmmﬂ._
. He chose the latter course,
MMM%MS& the metallurgically eflicient, 5”#
vulnerable strakes, by Pan American Jigs
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voncentrators.  'Thus, the
recovery of gold by concentration declined
from 52-2 per cent to 47-8 per cent.

As the plant is operating to produce sand
and slime for cyanidation, 1 am of the
opinion that by retaining the concentration

, 8tep in his flow-sheet, Mr Chad Norris chose
~ wisely. ™ Had he eliminated the concentra.
tion step entirely, it is probable that he
would have been faced with costs far in
excess of those entailed by its retention, in
an altered form, by additions to the cyanide
plant, for, it may have been necessary to
introduce “ all sliming,” with the installa-
tion of additional thickening and filtering
equipment, to achieve comparable results,

As it was, a considerable labour force
was dispensed with, the savings from which,
alone, were sufficient to redeem the capital
cost of the installation in one year. Further-
more, the results of the laboratory cyanida-
tion tests carried out on Mantraim and
Abbontiakoon ores directly, and after amal-
gamation, disclose that extractions are
slightly in favour of cyanidation after amal-
gamation and, on this basis, the retention
of the concentration step appears justified.

Incidentally, some other interesting points

emerge from the laboratory tests, the results
of which are shown in Tables VI-X in the
paper. The finer grinding of the ores above
66 per cent minus 200 mesh (Tyler) does not
have the marked beneficial effect on the
per cent extraction that one would expect,
The agitation time required for the complete
dissolution of the gold seems to be at least
16 hours; and higher cyanide strengths
also appear to be beneficial. .

The location of the Johnson concentrators
in the secondary circuit at the Amalgamated
Banket Areas is novel. At the three
reduction plants of the Central Mining—
Rand Mines group, in which J. ohnson
concentrators are installed, relatively coarse
pulp from the primary tube mills ig fed to
the machines.

At this point in the discussion it might
be appropriate and of interest to members,
to disclose the results of comparative tests
carried out on four Johnson concentrators,
and a 16 inch by 24 inch Denver mineral
Jig, towards the end of 1937, at the Cason
Plant, East Rand Proprietary Mines, Ltd.

The tests indicated that, when the weight
of concentrates produced by the jig and the
concentrators was 1045 per cent and 10-77

per cent respectively, of the feed, the extrac-
tion by the jig was 42 per cent of the gold
and 35 per cent of the pyrite, compared
with 47 per cent of the gold and 42 per cent
of the pyrite by the concentrators.

The jig concentrate was definitely coarser
than the Johnson concentrate (82 per cent
plus 100 mesh compared with 49 per cent
plus 100 mesh) and of the total gold in the

- jig concentrate, 35 per cent occurred in the
plus 100 mesh portion; whereas only
28 per cent appeared in the plus 100 mesh
portion of the Johnson concentrates. These
facts indicate a favourable selectivity by the
jig in recovering that portion of the gold

and pyrite most in need of intensive

regrinding.

Thus, in using the jigs in the primary
circuit, and the Johnson concentrators in the
secondary circuit, Mr Chad Norris hag
disposed his machines with discernment.-
Other tests carried out at the Cason Plant,
to determine the suitability of the jig to
replace the corduroy strakes over which the
Johnson concentrates
the regrinding circuit, indicated that the
Jig was not as effective ag corduroy for the

‘purpose of collecting free gold in small bulk
for amalgamation.

Although the Johnson concentrator was
originally designed to withdraw the pyritio
portion of the ore for intensive regrinding
to liberate the encased. gold, the concen-
trates recovered by the jigs and-dohnson
concentrators at the Amalgamated Banket
Areas are not reground prior to concentra-
tion on the Wilfley table, although the
Wilfley tailings are reground in the secondary
circuit. Had Mr Chad Norris been faced
with the necessity of installing, and:main-
taining, a separate grinding and classification
circuit to handle the products from the jigs
and concentrators, the additional expendi-
ture that would have been entailed may not
have made the scheme so attractive.

Mr Chad Norris does not supply any
mechanical details of his concentrator lay-
out, so the following brief notes may be of
interest,

As originally installed at the East Rand
wwowamga% Mines, Ltd., the Johnson con-
centrators were direct driven from g line-
shaft by crossed driving belts over the con-
centrator drums. Subsequently, thig method
was modified, and the concentrators were
driven from a lineshaft through bevel gears

pass, before entering -

and pinions fitted to one of the supporting
rollers on each concentrator.

shown that the pinions

i ivi ller does not
he bearings of the driving ro
memmoerm couplings of the gear box mmwmsh_w_ww
Furthermore, it is very simple to alte

are @HOEO ﬂo ra Q, an Q@D wn uc S.ou mvmwg Om ﬁww@ nuw@.ﬂ—ﬂﬂuﬂwu

e

he rollers,
wear takes place on t. :
Mﬁwmwwamgv_m amount of replacement 18
required. _HmO -

affects gold recovery. ¢
. Consolidated EEM Wmom Mi
Ltd., some concentrators
b with independent direct mo
~ through speed reduction gears,

~_the supporting ro
¥ satisfactorily.

2 kata thermometer.

ning time also seriously
gl mmwoombﬁ%. at the
nes & uw.mgeo,
have been equipped
tor drives,
onto one of

llers. They are functioning

At the Cason Plant, the lineshaft has been

i r ig driven

ined, and a reduction gea
MMWNWMW.?% and loose pulleys therefrom.
The concentrator ro

reduction gear by V
has merit in that it 18

ller is &.wén.m..oup the
<oM belts. This method
flexible and any wear.

THE USE OF .Hmm, WET KATA THERMOMETER,

imi i import-
de-sliming or side sprays, are im -

puﬂﬂwn controlling the amount and %_Mmzrw
ness of the oosomzﬁpap%e M.Moom““md Ewa

hnson concentrator. the . ,
MMo mao-mmamsm spray pipes have MM.GM
divided into two sections by means e
plug inserted halfway along the leng
the pipe,
be closely contro

thus
the amount of spray can
e lled over the feed and

discharge sections of the concentrators,
respectively.

The cost of maintenance of & Johnson

concentrator, excluding labour, is approxi-
mately £3 per month.

ON THE WITWATERSRAND

By P. H. Kirro (Visitor)

Published in Journal, July, 1949

* Discussion

J.P qum‘.AgMBg& ;. I am very pleased ]

as published this paper

that the Society h bing his tests on the

by Mr Kitto descri

The kata has been and is d.ﬁm.oaw %Mamp %M
the Witwatersrand because Sma it
suitable instrument m4§5£amﬂu biaining
directly the combined effect o Mma and oir.
movement on an instrument. Ye b s 1
a few respects not a very .mz_gzw_ ins rument

* for use in mines. It 18 bﬂmm ﬂ._ 8 i the

" operations involved in heating W warmnw
convenient. It could ,co.ugwnoqw , .chn
and ways of improving it wwﬁw om\w enta-
g &mozwﬂo& WHH&%Q_MWMM: W@@pgﬁmg

e Dust an Depa ;
MW&%M&HSbE@& Chamber of gsmm. mm%mﬂr
o mgoﬁwmwsmAyw%:am ﬂmpe%% instru-

. o .
Mﬂoum_n_ﬁmw“oﬁowhwmm?:vﬂ considered mca _MMMM
is especially necessary because the

ever,

. the mining side,
. which have low

thermometer has been severely .owm.ao.ﬁmm
bv various authorities. Hrm oasamnwran
cham% directed to the question of w M e
the cooling power of the air .Bapmﬁwm nw
the kata thermometer is a reliable gui le <
the cooling power of the .pma_ on wcamﬂmwwnwmmm.
is stion very little informa
o zzm ”.ﬁma on the 53&@833:& from
tho min that is whether in stopes
kata readings $.6 :wam
i i tput is hig
required for a given ou :
wm“w Mz M«ovom having a .?mw kata nmmx&”_am
all other ooz&ﬁmmﬁ woﬁmmoﬂm o%ﬂ@%wo a8
i imilar. e ques
w__ww MMMHM# the experimental angle .::aom
MNM guidance and with the co-operation o
i fession. . )
gwﬁBmmHMwo_ WMN not tackled 2:m. ncmmfo:m
h rw.m however investigated dr.o _.aa.::ummo
maoo-: the physical side and _E.;gﬂ.m. oﬂc?:
valuable work done by Mr Buist has s

poss



