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Treatment of an Arizona Gold Ore.

This thesis is a description of experiments pre~
formed to determine éhe best scheme of treatment of a
gold ore. |

Description of Ore.

The ore is a well weathered rock, and is chiefly
gilica with streaks of iron oxide and alumine with & small
amount of copper. The copper is to & large extent present
as carbonate although there is a very-small amount of
sulphide of copper. The ore is clayey in nature indicat-
ing difficulty in filtration. Our samplé comes from &
depth of shout 10 feet below the surface.

Chemical Composition;

Insoluble - =~ - - = = - - - 82.5%

Alumina X - - - - - - - - 1.85%

Ferric Oxide - - - = - - - 15,957

falcium oxide ~ - - - - - - 0.24 )

Magnesium oxide - - - - - ~ trace

sulphur trioxide - - - ~ - - 0.01% |
Copper - = = = = = - =~ = 0.90 ,

Silver - - - = = - - - - 0.00135 - -0.,4 Oz.per ton

GOld = =~ = = = = = = = =~ - §.0034"; -1,00 Oz.per ton
Total -~ = ~ = - - - - = 25T

Acidity:

There is no soluble acid in the ore, the latent
acidity is equal to 0.6 1b of "a0 per ton of ore. This
was determined from samples of 50 grams.,

The gdla énﬁ gsilver velues are reported in ounces

troy per avoirdupois ton of 2000 pounds.



The assay of original ore:
Silver - - - - - - -~ 0.40 Oz,
Gold - - = = - - - = 1.00 Oz.

Gold values of the ore so far exceed the silver
values that in all the following experiments no notice
was taken of the effect of the various operations on the
gilver content.

Perculation Tests:

A few tests were made to determine the rate of
perculation of water thru ore crushed thru 30, 40, éo,
and 80 mesh respectively. A gléss tube, three-fourths
inches in diemeter was filled to & depth of three inches
with sized ore and a volume of water egqual to that of the

ore. The time was taken for the water to perculate thru

the ore.
hr. min, sec.
30 mesh required - - O 0 25
40 " n 0 5 23
60 " " 0 37 30
80 " " 1 30 0

The rate of perculation on the other sizes was not
determined because the time increased so greatly with the
fineness of the ore that it scemed impracticable to use

ordinary perculation in these finer sizes.

-



Sereen Analysis.

Ob ject:

The object of this experiment is to determine whether
on crushing the gold values enter the coarse or the fine.
This information would aid in the mechanical preparation of
the ore for any solution process.

WMethod: .

A sample of 500 grams of ore was crushed until it passed
& 30 mesh (0.41 m m.) screen. Then the ore was placed on &
nest of screens consisting of 40, 60, 80, 100, and 150 mesh.,
The material remaining on each screen also that thru 150

mesh was weighed and assayed. The results of the experiment

are given in Table To. 1.

Table 1«
&8ss,
wt Oz.per?zon. % of_ total] total
Taterial greams gold[silver wh. T gold |silver
Raw ore : 500 1.00 1 0.40 100 ———
fhru30 on 40mesn
41 mem," 0.,31mm. 66 Q.68 -- 13.2 8.9 ——-
- TnrudU oncUmesh
T.0,31m120 m.m 122 0,80 | =-- 24,4 19.5 - -—
Thru60 on 80mesh _
" 20m.m" O0.1l5m.m 107 0.80 —— 24.4 17.0 -
Thru80 onlOOmesh
" 0,15 0.12mm 70 1.08 -- 14,0 15,1 ——
ThrulC08nl150 mesh
" 0,12mm".08 m.m 93 1.28 - 18,6 24.0 -
"Thru 150 mesh
34 1.68 -— 6.8 11.40 ——
Loss by difference 8 —— - 1.6 4.00 =




The nminerals in the ore which are soft and therefore e
easily crushed asre the limonite, the oxidized copper minerals,
the clayey material, and it is probable that fhe gold may
exist to the greatest extent in one or all of those minerals.
It would he interesting to assay the ore on 60 and thru 150
mesh for iron and for corper to see if there is a large
difference in the iron and copper contents of these sizes
as is shown in the case of the gold.

Concentration Tests.
Ob ject: |

The object of this experiment is to determine whether
- concentration can be utilized to better the extraction,
to lessen the cyanide consumption or lower the cost of
crushing.

(1) By concentration it may be possible to remove
some of thé congtituents deteimental to the cyanide process,

(2) It may be that all the ore is guited to the cyasnide
progess, but that the heavy minerals may he more efficiently
treated by finer grinding and longer contact which more
expensive scheme may not be necessary for the lightef

portion of. the oreQ

Method:
Ore (1100 grems thru 60 mesh)s-37.8 assay tons
Pan
1 .
Concentrafe tailihg
wt.250 gm.— 8.6 B.t. -22.8% Wt.770 gm.- 26.5 A.T & 70%
Assay--2,16 0z. Au . Assay-- 0.32 0z, Au

A



The results of this experiment are as follows:

The ratio ofconcentration is 4.4 to 1. The ore
produced a fich concentrate heing 2.16 times as high
in gold as original ere and a relatively low grade in |
tailing. The loss due to sliming was fairly large.
Two experiments along th s line were not taken up
thoroughly.

Amalgamation Tests.
Object:

™he object of thnis expériment is to determine the
extraction by amalgamation followed by & solution treat-
ment of the amalgamation tailing.

"Tethod:

A series of experiments were carried out on ore crushed
thru 60, 100, 150 and 200 mesh, and upon the concentrate
and tailing ohtained from paning 60 mesh ore. For the
first tests 5 A.T. of ore in each case was made into &
pulp in & 500 c.c. flask., Fifteen to seventy-five grams
of mercury were added in each case, and the flask was
sheken by means of a vannerlfrom one to three hours. A
silver plated amalgamating plate 3 1/2 feet Y5 feet was
also tried using & sample of 100 and 150 mesh ore, the
ore in each case being run dver plate four times, The
results were very satisfactory.

| From the above experiments it seens that the gold is
in a coarse condition, and by using long enough plates and

proper care practically all of the gold could be obtained.

—B



The tailing if necessary could be cyanided to recover

Amalgamation Tests (continued)

remaining values.

A1l experiments indicate that it is necessary to

cruéh the ore fine for efficient action of sqlution

upon the
speed of
The fact
that for

This ore

ore., As the solution is a surface effect, and the

solution #s proportional to the surface exposed.

that the gold is in a

solution process fine

slimes badly, and the

coarse condition indicates
grinding should be used.

slimes carry considerable

values in gold which would be an important factor to con-

gider in

milling.

The results of the experiments on amalgamation are

given in Table II.
Table II.
' imt. of| assay of A
3ereen Amt.of “fethod Hg in tails in ay {3 xtract-
me sh ore A.T. used granms. Oz.per ton, |"ion of a,
60 IR T shaken In'l 15 : [0.40 B 70 ‘
' ' vottle
00 B i 15 0.14" 86
100 5 " 20 0.20 80
100 15 4 tines - 6.16 84
over plate
snake in
100 10 bottle 30 0.14 86
100 10 " 40 0.14 86
100 6 " 256 0.14 86




Teble II. (continued)
arnt,of | assay of 4
Scereen Amt. of ethod Hg in | tails ir Aw .t extract-
mesh ore A.T. uged grems | Oz.per ton | ion of Auj
150 5 shaken in 30 0.12 88
bottle
150 5 " 15 0.24 76 -
150 15 4 times — 0.08 92
over plate
150 10 shalken in 75 0.14 86
bottle
200 5 " 50 0.22 78
[tails fronm
60 mesh 3 " 40 0.16 50
b 3
N 5 " 30 0.10 68.9
n Heads from
“1 60 mesh 3 1 30 0,82 90
s I 5 " 35 0,16 92.5
* Taild@ from concentration test page 5 assayed 0.32 oz. ju,

# Heads from concentration test page 5 assayed 2.16 Ouz. Au,

The tailing from the last 150 mesh, tails from 60

mesh and Heads from 60 mesh were cyanided, and the results

are given in Table IIT.

"



Table LII.

Cyanidation of Tailing from Amalgamation.

.- by ¥ T ES
AN N R I HE
2140 S syf | ¢ o4 2 S
i L RS P SRR EE ) P A B N
A DS Sl S-S ER N M P AT FAEY A IR
W& [Zoalsw>lsw @ [T K Ps3lss f|F T3 8| 3
agads
100 6 4 | 11.7 18.2 |75 [1.2 | 24 |.10 [54.5
" 6 4 | 20.1 16.0 | 66.5[1.0 | 24 | .10 (27.5
" 1 8 9.9 6.0 |75 [1.0 |24 |.10 |54.5
" 1 8 | 10.8 4.8 } 60 (1.1 | 24|.12 |25.0
" 1 ] 8 | 10.3 2.8 |35 {1.0 | 24 |.18 |18.2
n 1 8 8.6 5.4 | 67.5]1.2 | 24 | .12 |25.0
Talls ,
100 | 6 4 7.5 21.0 | 87.5]|2.0 | 24 | .08 |50
100 6 4 | 10:5 21.0 | 87.5]|1.2 | 24 | .04 |80
" 1 81 6.5 6.1 | 76.2(3.7 | 24 | .08 |50
1] 8 8.7 | 4.5 | 56.2]1.5 | 24 | .08 |20
" 1 | 8| 7.5 | 5.8 |72.5|2,0 |24 .08 |20
- s
150 1 8 7.9 5.6 | 70.0|2.6 | 24 | .06 | 42.8

The sanmple for concentratfion was crushed thru 60

mesh.

The concentrate and tails were crushed thru 100 and

150 before oyaniding.



Cyanidation by Percolation.
Ohject:
These experiments were to determine whether the ore
could be cyanided without agitation.
Method: |
The ore was crushed thru the mesh as given in the
following Table. Ve used varying strengths of solutiong,

amounts of solution and time.

Table IV.
L | < \
: “ \‘;f g“: - g - s f f
2 2 clp s TR RS IR E: oo F z
¢ ryfss|e.l< [Pz | s FrsE| L Es “ sl Twy
N S I f:f N AT B4 ] I To sl S &
R A R N ER TR EA S S S PR R P AciNe 57
A siw|3 sedT|x o, [FL3815337|Fs |ef o i
30 2 1.5 2.6 2.7 90 2.0 4 .68 32
30 6 2.0 | 2.6 4,0 33 2,4 4 .80 20
30 {10 5.0 2.6 |41.0 82 2.4 4 .81 19
60 6 2.0 2.6 111.0 91,5|3,1 8 .80 20
60 4 5.0 5,3 |18.4 92 545 8 .06 44
60 |[10 5.0 2.5 | 49.0 98 2.7 8 .14 86
100 (10 2.0 2,1 {17.0 85 3.0 8 72 28
100 2 1.5 243 2.8 93 2.6 | 12| .92 8
100 |10 3,0 5.2 | 29.4 98 2.4 12| .62 38
1001 6 2.0} 3.0 ] 11.5 95,7 3.2 12| .68 38

The ore on standing four and eight days formed
Prussien Blue, The large KCE consumption and the poor
extraction shows the impossibility of treating the ore
by this method.

--91-‘




Cyanide Tests.,

- ObJect:

The ohject of these experiments is to determine

whether it is possible to cyanide the ore direct.
Method:

The ore was crushed thru the mesh as given in the
tables and put into an agitator with varying amounts of
solution, strength of solution varying from # 1b. to 10 1lbs.
of XCN per ton of ore and the time varying from 15 to 48 hours,

The agitation was carried out in a battery of 12
agitators. The agitators were made of grape Juice bottle
from whieh the bottom had been removed. The air was
admitted thru the neck of the bottles. Considerable
difficulty was encountered due to the lack of constant
air pressure.

‘The irregularities in the following experiments
may be due to the following causes:

1. Poor and irregular agitation.
2. Loss of ore due to spattering caused by fluctuat-
~ ing air pressure.
3. Gold in & coarse condition would effect the solution
speed as well as the sampleing of the coarser ore.
4, Copper content of ore being 0.9 5 and mostly as
malachite would consume cyenide.

The tesults of the experiments are found in the tables
5, 6, 7 and 8, :

~10=



Tshle V.

60 2 14 Se1 745 93.9 5.5 | 24 | .14 | 86
60 4 |4 6+2 | 15.8 98.5 8.2 24 16 | 84
60 6 |4 8.3 | 23.2 96.7 7.4 | 24 | .08 | 92
60 8 |4 5.1 | 29.9 93.5 6.8 | 24 | .10 | 90
60 2 4 5.1 7.5 93.9 8,9 48 .40 60
60 4 4 4.4 15.1 94.5 10.3 48 .40 60
60 6 |4 3.7 | 23,3 97.0 | 11.2 | 48 | .50 | 50
60 6 |4 12.0 | 15.6 65.0 3.4 | 15 | .52 | 48
60 8 |4 11.5 | 24,0 75.0 4.6 | 15 | .40 | 60
60 10 |4 12.5 | 27.0 67.5 5.6 | 15 | .28 | 72
60 1 |2 7.4 0.5 25.0 7.3 | 24 | .64 | 36
60 1 |4 11.5 0.7 17.5 7.8 | 24 | .64 | 36
60 2 |4 642 6.8 85.0 | 11.6 | 48 | .46 | 54
60 1 |4 6.0 2.2 55,0 [ 12,0 | 48 | .74 | 26
60 0.5/ 4 7.9 0.4 20.0 | 13.0 | 48 | .8@ | 20
KCN consumption is less with weaker solution and
short agitation.

RCN is in some cases nearly &all consumed and this
would cause irregularities in extraction.

Acidity which develops on standing may be due to

oxidation. 4
The copper content of ore is 0.9 ¢ and is present

as malachite.
sonsumption.

This might account for the large XCN

~11-




Table V. (continued)

The extraction grows less with incre&sedrtime
which may be due to irregularities in agitation or great-
er solution of copper causing the gold to precipitate,

The gold is in a coarse condition and with the

irregularities in agitation may account for varying results.

Teble VI.

AN N A N T 8|3
SRR AT N N S PRI O R
A A K A S N R S S A N L
80 2 4 | 6.5 6.70 8%.8 | 4.2 | 24 |.04 | 96
80 4 4 | 9.2 | 14.20 88.0 | 4.2 | 24 |.16 | 84
80 6 4 | 7.2 | 20.4 83.5 | 4.3 | 24 |.08 | 92
80 8 4| 7.5 | 26.7 83.4 | 4.0 | 2¢ |.20 | BO
80 2 4| 7.5 | 16.4 84.4 | 3.5 | 48 |.35 | 65
80 | 4 | 4| 6.2 | 15.4 96.% | 3.4 | 48 |.33 | 67
80 6 4| 3.8 | 22.2 92.5 | 4.5 | 48 | .56 | 44
80 6 4|13.0 | 17.5 n2.8 | 3.2 | 15 |.08 | 92
80 8 4110.3 | 23.0 71.8 | 4.7 | 156 |.20 | 80
80 10 | 4] 17.7 | 27.0 67.5 | 5.0 | 15 |.20 | 80
80 1 21 7.2 0.5 26,0 | 3.2 | 24 |.44 | 56
80 | 1 4l 9.8 1.0 25,0 | 3.2 | 24 |.40 | 60
80 2 4| 6.8 6e6 82.5 | 13,2 | 48 | .28 | 72
so |1 | 4f 5.8 | 2.8 70.0 [12.1 | 48 |.52 | 48|
80 0.5 4| 3.8 1.3 65.0 [11.3 | 48 | .40 | 60




Table VI. (continued)

Ore crushed to 80 mesh gives better extraction
in general than 60 mesh, but shows the same heavy ZCN
consumption.

It seems that all the KCI is used down fo a
certain small amount. - It nmight be remedied by using
dilute solutions for a longer time. This would lessen
the K7 consumption by not dissolving so ruch copper.
The 0,3 % solufion in both 60 and 80 mesh gives good
extraction. It is as good in 15 hours &s in 24 or 48

hours. This is probably due to continued solution
of the malachite with time. Some diffieulty was ex-
perienced in having large enough sumples to assay

which might cause some error.

—1B=



Tehle VII.

. ST > §T .| fé S| OE
A AN [ TS S E I A TE 1 8 N P e P
B N R S H S E R R A
100 | 2 |4 | 8.8 | 5.4 |67.5 | 6.1 | 24 |.80 | 80
100 | 4 |4 |13.8 |13.2 | 82.5 | 7.5 | 24 |.08 | 92
100 | 6 |4 | 7.0 |21.2 |ee2 | 6.4 | 24 |60 | 20
100 | 8 |4 | 6.7 | 28.5 | 89.0 | 4.2 | 24 |.20 | 80
100 | 2 |4 | 4.3 | 7.3 |91.2 | 3.5 | 48 |.2¢4 | 76
100 | 4 |4 | 4.2 |15.7 | 98.0 | 4.2 | 48 |.70 | 30
100 | 6 | 4 4.8 | 23,0 | 96.0 | 3.9 | 48 | .40 60
100 | 6 |4 |12.9 | 16.0 | 67.0 | 4.4 | 16 |.02 | 98
100 | 8 |4 |10.5 | 24.0 | 75.0 | 4.3 | 15 | .28 | 72
100 | 10| 4 |312.8 | 27,0 | 67.5 | 5.2 |15 |.02 | 98
100 | 1 |2 |12.3 | 0.9 | 45,0 | 6.4 | 24 .56 | 44
100 | 1 |4 103 | 1.9 |47.5 | 8.9 [ 24].40 | 60
100 | 2 |4 | 5.0| 7.0 |87.5 l10.2 |48 |.24 | 78
100 | 1 |4 | 4.0 | 3.2 [ 80.0 | 9.4 | 48 |.28 | 72
100 |0.5|4 | 4.0 | 1.3 | 65.0 [11.2 | 48 | .40 | 60

A comparison of 60, 80 and 100 mesh is not possible

due to the fact that the gold is in & coarse condition

and other irregularitieé encountered.

-14a




Table VIII.

£ - 5 T £ H
f:g’ g;f mg_‘ ;ix'g Eflf _”gg é :fEEZ é N E;-i a.é‘t >
NI - g IER M (BRI S PR S s e% . [E3,0 g 2 (g 2>lg o s
SEF [Fie |G |3e T gt [RE5d |sdev oot |2Es u
150 | 2 | 4 4.5 7.5 | 93.7 1 1.8 | 48 | .40 60

150 | 4 4 5.5 | 15.4 | 96.4 LK | 48 | .60] 40
1506 | 4 | 4.25) 22.7| 98.7 | 4.1 | 48 | 10| 90
150 | 6 4 | 313.1 | 14.9]| 62. 4.3 | 15 | .10]| 90
150 | 8 4 |11.3 | 23,0 72. 4.4 | 15 | .06]| 99.4
150 |10 | 4 | 12.0 | 29.0| 72.56| .4 | 15 | .06 99.4
150 |1 4 |11.3 +8 40, 5.2 | 24 | .46 54,
150 {1 4 |11.3 | 1.8 45, 4.8 | 24 | .45] 55
150 |2 4 3.4 | 7.3 91.5 | 6.2 | 48 | .45 { 55
150 |1 4 3.7 | 3.2 80.0 | 5¢5 | 48 | .44 | 58
150 |0.5| 4 4,7 | 0.5 25, 3.8 | 48 (.72 |28

In 150 mesh there is the same heavy XCH consumption.
The gold extraction lessens rather than improves by
longer time of treatment.

All of the experiments were made on 1 A.T. of
ore., The fact that small amounts of pyrite and

marcasite exists in ore might canse some XCN consumption.

~15-



The concentration experiment prowed that it was
possible to concentrate the ore when crushed to 60
mesh in the ratio 4.4 to 1. uAmalgamation of head and
tailing obtained have an extraction of 68.9 %, 92.5 7%
respectively. Then the treatment of both head and
tailing after amalgamation by agitation with a weak
solution of cyanide for & long time could extract the
values down to & certain small arount. The concentra-
tion is not necessary and if used many difficulties
would arise in milling due to loss of values. in slimes.,
The loss of values in slimes could be prevented hy
using settling tanks or filter presses.

The experiments along cyanidation lines alone
by percolation or agitation proved that the ore is not
adapted directly to this treatmént, The gold being in
a coarse condition would require long time for solution
and 0.9 5 conper as melachite would cause an enormous
¥ON eonsumption.

Amalgamation experiments indicated that fine
grinding is essential for good recovery, Ore crushed
to 100 and 150 mesh gave the best extraction., If
necessary the taiiing could be cyanided to recover any
remaining walues, but it is supposed that in practise

conditions for analgamation would be hetter and higher

—] B



extraction obhtained,

The best trectment for the ore seems to be to
crush relatively fine 100 to 150 mesh and amalgamate
over plates and if necessary cyanide the tails using

agitation with dilute solution,
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