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SAVING GOLD BY MEZANS OF CORDURDYE/
By M. ¥W. von BernewitzE/
PURPOSE O THIS REPOXT

Corduroy is used for savingz gold in amall and large milling plants
throughout the world., Investigations by the Metallurgical Division of the
Bureau of Mines indicate that corduroy blankets, used with or without a
trap or Jjig in the mill classifier circuit, often are effective in concen-
trating gold and sulfides, especially if the gold cdoes not amalgamate
readily and if not enough sulfides are present to warrant the use of a shak-
ing table, flotation cells, or cjanide plant.

Most gold-mining countries include several or many small mines that
produce siliceous ores low in sulfides and gold, which can easily be amal-
gamated or caught in traps or jigs or on corduroy and shaking tables. At
these mines the ore is crushed by stamps or bell mills, and the flow sheets
include plates, flotation cells, and cyaenide treatment, yet probably nearly
as much of the pay minerals may be recovered by the less expensive plant,

A well-known western maker of mine and mill equipment asserts, as the re-
sult of considerable observation of installed plants, that g0ld and other
valuable minersls should be caught as coon as they have been released by a
mill, and recommends jigs to do this. A supplicr of corduroy has informed
us that at some mines this material is belng replaced by Jjigs that catch
gold as fine as 400-mesh. But for the small coperator, inexpensive equip-
ment such as a corduroy table may be better adapted and zive a good recovery
of gold and associgted minerals.

CORDUROY

The corduroy from which wearing apparel is made is unsultable for gold-
saving; that weave has narrow, closely spaced ribs and the fibers or threads
are not cut or free, as they are in milling cordurocy. Figure 1 shows the
material commonly used for milling. Another milling weave has a slightly
wider rib and space between ribs. The high slde of the riv should be laid
toward the pulp flow.

;/ The Bureau of Mines will welcome reprinting of this paper, provided
the following footnote aclnowledgment is used: "Reprinted from Bureau
of Mines Inf, Circ. 708R/.,"

2/ Assistant mining and metallurgieal engineer, Metallurgical Divisict,
Burcau of Mines,
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In the United States the American Cyanamid Co., New York City, sells .
coriuroy direct and throush supply firms to mining companies. Only one
width (28 inches) is handleds For quantities wp to 5 yords the price is
$2 a yard; for more it is $1.50. In Canada, f.o.b. Montrecal or Vancouver,
geles tax pald, Peacock Brothers, Ltds, of Montreal, quote $1.10 per yard .
for 28-inch and $1.35 for 36-inch narrow-ribbed corduroy.

As corduroy is prohably the most efficient blanketing for catching .
gold, other blankcting, canvas, burlap, sacking, cocomat, skins with hair,
and gponge rubber will be discussed only briefly, although these have besn
more or legs satiasfactory and are inexpensive.

CORDUROY TABLES

For the average run of siliceous gold ores containing up to, say, 5§
percent of sulfides, corduroy tables are set at a slope of 1-1/2 inches per
foot; the range is 1-3/8 to 1-7/8 inches., Tables may be built so that the
slope can be altered easily, or they may be hinged for adjustment by means
of a handwheel and worm gear to accommodate pulp flow and permit washing
into & special launder. If copper plates were used at a mine, these may be
removed and the corduroy laid on the tables, which should have the proper
slopa.

In amadl gamating practice the pulp flows over the copper plates as a
serics of gentle, shallow wavos to enable the gold to have contact with the
mercury-coated surfnce: but a heavy flow does not prevent corduroy from .
catching the gold and sulfides. (See fig. 2.) It is necessary, however,
that corduroy be washed frequently so that gold snd sulfldes do not ac-
cunulate to such dgpth that the ribs are buried and the rifflinz action
stops.

Ores containing arsenic, antimony, lead, bismuth, tale, clay, or greph-
ite, or acid mine water (all of which more or less foul mercury-corted
copper plates and prevent amalgamation of gold) need not be considered when
corduroy is used. Ivea if gold be coated it will be caught.

Unclassified and falrly coarse pulp may be run over corduroys

Although gold and rich sulfides caught on corduroy are bulkier than
gold emalgoum from copper plates, end therefore not so easy to handle, a
strip of corduroy may eeslly be folded ond stolen, To provent theft, some
plants enclose their corduroy tables and clean-up cquipment with heavy wire
nettinzg with a locked door. The tubs or tanks in which the corduroy is
washed also should have hinged lids of similar construction.

ORE-TESTING WITE CORDUROY .

The Metallurgical Divicion of the Bureau of Mines introduced the use
of cordiroy in ore testing in 1936 as part of its regular procedurc in
determining nreferred treatment methods for ores from various districts.f/

ijhvis " W}. and Staff of the Ore Testing SeC%ion Pro-ress Regéfts 16,
St i%u;§ g Div131on 6%re Testing Studies Buréau of Mines Rept. of
V8Tl , P. .
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Figure 1.~ Natural slze of corduroy, end and top views.

Pigure 2.- Corduroy tables in the Psringa plant, Kalgoorllie,
Western Australla.
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According to their annual reports, the Ore-Uressing and Metallurgical
Laboratories of the Bureau of Mines, of the Mines and Geology Branch, De-
partment of Mines and Resources, Ottawa, Canada, malze blanket (corduroy)
concentration tests on many z0ld ores received for investigation. These
tests are part of the standard tecting program, vhich also includes amalga-
mation, classification, flotation, and cyanidation. If corduroy recovery 1ls
satisfactory, it is so reported. It ie also recormended that removal of
free gold by Jjigs, traps, blankets, and copper plates be done in the grind-
ing-classifier circuit; elso, that such concentrates be barrel-amalgamated
and reground prior to being returned to the mill circuit. Corduroy has been
tested also to determine whether free gold escapes frow flotation cells,
and, as this has been found to occur, the use of blankets or shaking tables
is recommended for catching any elusive gold.

In reply to an inquiry as to how the corduroy is cleaned thoroughly
after each test so that any gold or sulfide entrepped in it will not salt
the test to follow, C. S. Parsons, chief of the Division of lietallic iinerals,
in Ottawa, replied:

When we are using the blankets, we depend entirely on the
talling assays and calculatc from them and the head samples the
amount of gold retained or the blankets. We have never becn
able to obtain proper checks by washinzg, weighing, and assaying
the product caught on the blanlets.

Ve do not telieve that there is much danger of calting the
tailings obtained from running different ores over the came blan-
ket, as cny material that is held in the blankets after being
thoroughly washed is not likely to pass over into the tallings
when the blanlket is used the second time. Fowever, if we have
to be very particular, we simply use a new picce of corduroy.

We do not think that it is possitle to wash the blankcts
entircly free of 70ld or gold-bearing sulfides, no matter how
carefully the operation is carried out; and then, agein, if
you destroy the blenket and try to weigh all the material that
has been caught on it, it is very difficult to sample this
rroduct, as it carries so much free ¢old.

Tests on the suitability of corduroy ars also made at the school of

mines, Kalgoorlie, Western Auctrelia, where considerable work on mineral
dressing is done for the public.

7226 =
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TLITERATSRE ON CORDUROY "I’

The use or corduroy is mentioned rather casually in descriptions of
milling plants, but it hes received fairly extensive attention in a few

papers, v

In chapter 9, Gravity Concentration iz Gold !’ills, Rose and Newmanﬁ/
give flow sheets and discuss the use of blanketing, which includes blankets, .
canvas, and corduroy. They show tables at Morro Velho, Brazil, where the
ore contalns arsenopyrite, pyrrhotite, and other sulfides with rusty gold;
the tables may be tilted sideways for washinz by en overhead travelins frame
for this op-ration; they show also a continuvsus canves tobdle rnd an ad-
Justable rubber blaniiet strake.

PLANT PRACTICE

The following information has been procured direct and culled from
published articles. Plant practice is describved well ernough to guide ony-
onc who purnoses to use corduroy.

United States
In his review of milling during 1938, Engelmanné/uays:

In treating gold and silver ores, increasing use 1s being
made of combination processes. Installation of traps, riffles, .
blankets, jlgs, unit flotation cells, tables, and other equip-

ment in the bell-mill classifier circuit to recover gold at as

carly o stage as possible continues to replace the old-style

plate amalgemation, whether grinding is carried out in cyanide

solution or in water preparatory to concentration by fl-tation.

A reading of several valuable reports on gold umining in the United Steotes
based upon recent visits to mines by eagineers of the Mining Division of the
Bureau does not reveal many mills that are using corduroy or any type of
clothh, Those mcniioned and wiiose flow sheets are given, are discussed
hereafter, Apperently none were seen in Arizona, Neveda, end New Mexico.

The firm that handles most of the corduroy in this country ctatea that
1t does not know how much is used each year; scme is sold direct and some
to dealers in mining supplies who probably have stocks of the material,

E/ von Bernqwitz, M. W., Corduroy as a Gold-Saver: Eng. and Min. Jour., 4
vols 136, February 1535, pp. 63-67.
American Cyonamid Co., The Use of Corduroy in Gold Ore Treatment: Ore-

dressing Notes 3, March 19)8 pp. 1-U,
Cnloanot E. L., The Use of Cordurcy in Gold ifilling: Canadian Min. Jour.,

vol. 56, May 193, pp. 179-1%2,
5/ Rose, T. K., and Newnan, W. A. C., The Metallurzy of Gold: Griffin's
Metallurgicel Series, Je. Ba Lippinpott Co., Philadelphia, Tth ed., 1937,

D -4,
_6_/ Engelm n, 5. ¥., Orc Corcentratiorn and Gold Milling: Min. and Met., .
vol, January 1979, pp. 131
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Gayfordll statea that blanket strakes, one of the oldest methods for
recovering free gold, are agaln being used extensively; but whereas pre-
viously they generally supplanted amalgemation plates, they now of ten re-
place them. Gayford briefly eplains the use of ‘corduroy, shows a self-
washing blanket tzhle, and gives the cost of labor involved in washing and
changing blenketz as 3 to 5 cents per ton of ore milled.

Jackson and Knaebel;/'said the following in their report on milling:

Blanket tables, consisting of flat, sloping surfaces covered
wlith strips of cordurcy, l.lanket cloth, coco matting, or coarse
woven canvas, are used in many plants. ***, The heavy minerals
including gold, sink to the bottom and are cought in the rif-
fles of the corduroy or between the fibers of the matting or
other umaterial that may be used. ***, Concentrates are washed
from the blankets at short intcrvals.

Blanketa, matting, and riffles hava two rather distinct
fields of usc: In the earlier practice, blenxets were erployed
chiefly as scavengers or guards to catch any gnld not retained
on the plates [copper] or saved on shoking tebles, and they are
still recognized as excellent devices for this purpose. Later,
they became competitors of plate aralgemation ond have directly
replaced the plates in some mills, notabdly on the Rand. Although

. they [blankets] usually do not save as much free gold as plates,
they cost considerably less to opcrate, and where the pulp is
subjected to further treatment, they frequently yleld improved
economic results.

California

Probably a considerable amount of blanketing was used in Califormnia
in the past, but it ie remorted Ly engineers who have spent months in the
State during the past 2 years that little corduroy ls to be seen. One
dealer in the cloth informs us that it supplics six gold producers.

In Mariposa County, tie Osks and Reesc nmine has a UYO-ton Marcy bdball
mill with a jlg in the circult with a classifier. The pulp then flows over
a copper plate, a shaking table, md a corduroy tadle 18 inches by 14 feeot.
The corduroy washinzgs arc panned. The ore is slliccous, according to
F. W, Horton of the Bureau of kines.

_/7Gayford. Ernest, Orc Troatuent as a Factor ia Simrll Gold-Mining Enter-
priscs: Trans. Am. Inst. lin. and Met. Zng., vol. 112, 193%, pp . 561-563,
. y/ Jackson, C. F., ond Knacbel, J. B., Cold Mining ond Milling in the United
States and Canada: Burean of Mines Bnull, 3763, 1932, p. 1N9,
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logan's general reporta/ on mining and metallurgy of the Mother Lode,
California, contains little on the use of corduroy.

At the Montezuma-Apex, Eldorado County, the ore consiats of guartz
and Mariposa slzte. Coarse gold oceurs in places. The plant handles 240
tons per day. About 70 percent of the zold 1s saved by amalgamation (pre-
sumably from trap and corduroy concentrates ground with mercury) and 30
percent in sulfides, which comprise 3 percent of the ore. JFollowing each of
two Marcy btall-mills are six hydraulic traps and then 4~1/2 square feet of
corduroy. The overflow from these tables runs to two Dorr classifiers whose
overflow goes over two lots of 30 square feet of corduroy. JFor periodic
clean-up of classifier free gold 1s another lot of 30 square feet of corduroy.
Concentrates from the traps and corduroy are tabled, barrel-amalgemated, and
the amalgam retorted., ZXlotation recovers the rest of the sulfides.

Idaho

Lorain‘le/ description of Idaho County, Idaho, includes the following
as to the use of corduroy:

Shamrock or New York mine. - The quartz vein contained free gold, py-

. rite, arsenopyrite, and galena. The ore was broken by a jawcrusher snd 5
stamps, which reduced 8 to 10 tons per day throush 35-mesh. The pulp flowed
over two 4- by K-foot copper plates and one Y- by 6-foot corduroy table,
all set at a slope of 1—1/2 inches per foot. The corduroy saved 10 pouuds
of concentrates per ton of orec.

Robinson or Dixie Dike mine. - In a sampling of thig property at the
rate of 40 tons per day the plant had a 2- by U-foot blanket table below
the ball mill and another of similar area for the Dorr classifier overflow.
Flotation cells followed. All concentrates were lightly roasted and cy-
anided.

Montana

In summarizing milling practice in the Tobacco Root Mountains region,
Montana, Lorainll/ said:

9/ Logen, Clarence A,, Mother Lode Gold Belt of California: State Division
of Mires Bull, 10¢, 1934, 2L0 pp. and maps in pocket. (4 flow sheet
glmilar to that showm is to be found in Ernest Gayford's Ore Treatment
ag a Factor in Smell Gold-Mining Enterprises, Trans. Am. Inst. Min. and
Met. Eng., vol. 112, 1935, pp. 549-563,) .

;9/ Lorain, S. H., Gold Mining and Milling in Idaho County, Idaho: Bureau

of Minee Inf. Cire. 7039, 1938, pp. 36 and 54.
}E/ Loraln, S. H., Gold Lode Mining in the Tobacco Root iiountains, Madison
County, Mont. Burenu of Mines Inf. Cire. 6972, 1937, 7% pp.
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Milling practice is simple and generelly uniform, All
plants opirrating in 1936 were using bulk flotation, supplemented
in some instances by plates, blankets, traps, or unit flotation
cells for the recovery of coarse free gold or partly oxidized
sulphides. The only cyanide plant in the reglon was icdle,

One mine in the Virginia City district 1s making a high re-

covery on partl;r oxidized ore by interposing a hydraulic trup
in the ball mill-classifier circuit. In other zoldemining re-

ions an excellent recovery has been obtained on partly oxidized
ore by the use of plates or cordurcy tlarnkets in tho ball mill-
classifier circuit, and additional plates or blankets to treat
the classificer overflow; the sulphides are then recovered by
flotation.

Two examnles of the uce of blanieting in this region will be given:

Goldschmidt, ~ The ore consists of oxidized quartz lenses and stringers
along = beadLAg~p]anc fault in limestone. Ore of lower then rhipping grade,
also dwmp ore, was crushed and milled in a 10-atanp Strcub mill., The pulp
flowed over a 35- by 90-inch copper plate in two scctions followed by two
7%= by 51 inch blankct tables used alternately. The recorery was 83 percent
on $10 to $12 oro vwher 12 to 15 tons daily was being milloed.

Marietta. - Mineralization of the quartz lenses principally free
gold and auriferous pyrite, with somc ~rsenopyritc and Quﬁa. About 1,000
tons per month was millcd ond floated, Tailings from tLu eight cclls pessed
over a 2i-inch by 10-foot blanket table, thence to waste. The pulp is low=
grado, so the blankects catch little wzold. (These dlanicets would act some-
what as a pilot shacing table to determine the loss from flotation,)

Oregon

The White Swen plant, Virtuc district, Oreson, according to Lorainig/.
has a box distributor in circuit with o Dorr simplex classificr and a Marcy
ball mille It feeds a blanket table of six 2-foot-squarec sections, and
there is an auxiliary dlanket table of four 2-foot scetions in reserve.
Concentrates from the blankets were washed and pasced over a Wilfley table
wvhose concentrate was ground and amalgamated in & barrel & hours with lye
and 6 hours with mercury.

This plant handled about 49 tons per day and saved 80 percent from $10
ore.

Canada

According to a list of ssles of corduroy preparea by Peeccock Brothers,
Limited, Montreal, Aistributors of the materisl, about 140 individusals and
companies in Canada have used or are using 1t.

12/ Lorain, S. H., ToTd Mlblng and Milling in Northeastern Ovezon: Bureau
of Mines Inf. Cire. (015, 19338, pp. 26-28.
-
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Several of the descriptions of the use of corduroy in the Dominion .
are taken from & pamphlet giving representative flow sheets of Cenadlan
mills published by the Canadien Mining Manuzal.

British Columbia ’

Congiderable interest and space are being given to the Zeballcs area,
180 miles north of Victoria, Vancouver Island, British Columbia. Native ’
gold sppears to be consistently associated with pyrite, arsenopyrite, galena,
and sphalerite, yet it occurs largely in the quartz and calcite gangue in
close proximity to them rather than within them., At the Privateer mine,
which is in rugged country and has rich poctets of gold-silver ore, according
to MacDonnellll/, careful sampling and testing showed that tle flow sheet
ghould embody vashing, sorting, single-stage crushing, milling in cyanide
golution wvith jig and classifier in closed circuit to 80 percent through
200 mesh, blanketing of classifier overflow as a safety factor, and cyanida-
tion. Jig and blanket concentratcs are ground and amelgemated in a barrel.

Wova Scotia Ores

The gold in Nova Scotla ores occurs both free and intimately associated
with sulfides, chiefly arsenopyrite. Much of the gold is fairly coarge and
crystalline, cspecilally when in white quartz, but when in slate it is
generally in thin plates ond sceles, frequently coated and dlscolored. For
this type of ore, Roac.hlu' suggests the flow sheet of figure 3. It is .
designed to recover, checzply and effectively, the free gold in a form readily
sold to the Ottawa Mint and the auriforous sulfides in a concentrate ac-
ceptable to a custom treatment plant. As shown by the flow sheet, which is
sultable for any mine producing such ore, concentrates arec canght by trap,
Jjig, and blankets of corduroy. The third procesc would catch fine gold and
sulfides that escapc the jig ond should hove o surface of at least 1/U square
foot per ton of orce Corduroy should be washed frequently to prevent
undue losse All the concentrated meterial, including heavy stuff in tae
boot of the classifier, should be ground in a barrel with water, lime, and
mercury and the pulp therefrom flowed through an amalgem trap and then over
a small copper plate. The pulp may then be collected, drained, dried, and
sold if assays show it to be worth shipping.

During 1976, the ore-dressing laboratory of the Mines and Geology Branch,
Department of Mines and Resources, Ottawa, Carada, made some blanket (corduroy)
tests on ore from the Blockhouse area, Nove Scotia. This corsisted of white
quartz with free gold, iron pyrite, arsenopyrite, and chalcopyrite assaying
0.90 ounce of gold and 0,18 ounce of silver per ton. Test 18 included grind-
ing the ore so that §6-1/2 percent passed 200 mesh, the pulp was Tun over
corduroy, and the tailing was floated. The flotation concentrate asssyed

13/ MacDonnell, G. F., The Privateer Mine, Zeballoa: Paper presented at
annual western meeting, Canadian Inst. Min., and Met., Vancouver,
November 9-11, 1938; o Miner, vol. 11, December 1938, pp. cJ)-3b.
14/ Roach, A. G., A Flﬁw—Sheet for Nove Scotia Gold Ores: Canadian Min,
and Met. Bull. 314, June 1938, pp. 228-231. .
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3.68 ounces per ton and the tailing 0.04 nunce, and the calculated géld con—
tent of the blanket concentrate was ll?.ﬂ ouvnces and 1t contained 69.13
percent of the fold. .

Ontario

Porcupine United mine. -~ At the lower end of each Y. by 8-foot copper
plate at thr Porcupine United mine was attached a 42- by U8-inch sheet of
l/g—inch iron upon which corduroy was laid, according to Vary.li/ This was
held down by an iron bar 1/3-inch thick and 2 inches wide resting in notches
cut in the table frame. The slope wes 1-5/8 inches per foot. Torty percent
of the total zold recovery was made on the plates and 35 percent on the
corduroy, which caught fine gold, pyrite, and mercury that escaped the plates.
The corduroy was washed each time the plates were dressed.

The plant hendled 20 to 3 tons per dey of ore consiating of quartz
with mineralized schist, or banded quartz-schist, or stringers of quartz
in schist accompanied by pyrite and visible gold, of which 75 percent is
free and mostly fairly coarse.

Dome mine., - Gold in the ore of the Dome mine, Porcupine district,
Ontario, is so free that 70 percent or more is cought on corduroy tables.
The writer saw these tables in 1935 and noted the gold and sulfides on the
cloth that was belng washed, their grinding in barrels, aund the squeezing
and retorting of the amalgam. en the former mill was burned 10 years ago
copper plates were used. ¥a1115/ describes the present practice as follows
in part:

Each of the 28 tables has an area of 27 square feet and a slope of
1—3/8 inches per foot. The corduroy blankets are backed with chessecloth
and reinforced at the ends with canvas. The; are 28 inches wide and 5 feet
long, thre: to a table, and overlep 3 inches. The rough edge of the material
faces the flow of pulp. A blanket lasts about 90 days and is soaked in
cvaenide solution before being discarced. Two men change =1l the corduroys
every 1-1/2 hours, and a third men weshes them in a tub., When ready to be
removed, they are rolled to prevent the loss of rich matericzl. There are
two 31- by 60-inch amal gamating barrels for the washings., They hold 1 ton
of concentrates and 500 pounds of 1-1/2-inch balls and are run 18 hours.

Then mercury is added, and the barrels are run another 1-1/2 hours. They
are then emptied and the amelgam is cleaned with hot water, squeezed to about
50 percent mercury, and finally retorteds The mill pulp eventually 1s cy-
anided.

15/ Vary, Ronsld A., Amelcemation Practice at Porcupine United Gold Mines,
Ltd.,, Timmins, Ontario: Bureau of Mines Inf, Circ. 6433, 1931, 5 pp.
and 1 flow sheet.

16/ Hall, Jamcs D., Mining end Milling at Dome, Hollinger, and McIntycer
Canadian Min, and Met. Bull. 318, October 1933, pp., 481-L3:.
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Little long Lec mine, ~ The flow sheet of the Little Long Lac plant
shows blanket tables recelving overflow pulp from the ball-mill classifier
and pulp from the tube mill, The table concentrate is treated as usual,
and the table tailing goes from a cone to the mill classifier and to the
classifier that follows the tube mill.

Pickel Crow Mine. - The Pickle Crow flow Sheet shows gold treps in the
two ball-mlll classifier circuits and six blanket tables for each preceding
the primary pulp thickeners. Cyanidation is by countercurrent trecatment.

Quebec

Siscoe mine. - The flow sheet of the Siscoe plant shows the ball-mill
classifier overflow passing to a cone and then to three blanket tables 48
fect long with a full of 1-3/8 inches in 12 inches. The concentrates are
barrel-amal gamated, run over a copper plate, milled and classified, and
the pulp returned to the mnin mlll circuit.

Sullivan Consolidated mine., -~ The flow sheet of the Sulliven Consoli-
dated shows four corduroy tables in parallel, with an area of 240 square
feet, beirz fed from the mill-clasgesifier overflow. Thrae concentrates,
with those from hydrmulic traps, are ground and amalamated.

The Philippines .

Demonstration mine., - Bell's concisze descriptionll/ of the Demonstra-
tion plent near Baguio, Philippine Islands, includes 2 few lines on corduroy,
an? the flow .gheets show where it isg placed.

. There are two circuits, connected at two points, one (250 tons daily)

for oxide ore and one (1”0 tong daily) for sulfide ore. The former is
cyanided end the latter [loated, and the concentrates are shipped to Tacoma,
Wash,

The ores assay 0,28 ounce and 0.354 ounce gold per ton gnd contain a
little silver, copper, lead, zine, and other minersls.

In the oxide grindiug-classifying circuit is a Jig followed by two 5-
by 12-foot tilting corduroy tables. In the sulfide circuit are two unit
flotation cells followed by three 3- by 19-ioot tilting corduroy tables.

In th2 oxide ore are a little refractory sulfide and coated gold, which .

are transferred from the jig and corduroy to the sulfide circult, and from
the sulfide ore most of the free gold is recovered by the unit cells end

corduroy before flotation. =

17/ Bell, George A., Millinz Practice at Demonstration Gold Mines, Ltd.,
Philippine Islands: Am. Inst. Min. and Met. Eng., Mining Technol.,
Tech. Pub. 1017, Jenuary 1939, 7 bpp.
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Milling and cyanidation cost $1.U2 per ton to extract 88 percent of
the gold; milling, flotation, and marketing cost $2.71 per ton to extract
90 percent; and corduroy operation costs 1.05 cents per ton of ore milled.

Replying to a request for further information, Bell stated that the
corduroy tables were bullt by the mill carpenter at a cost of $25 each.
They are 1lined with zinc-coated iron to preveat leaking., A wide-wale cor-
duroy, which has a life of 12 to 18 months, is cut into strips and wedged
down by 1/2- by 2-inch cleats, which act as riffles and aid in collecting
gold. Washing is done on the tables themselves. Every 2 hours the feed is
cut off a table and the slime hosed off, leaving a clean concentrate. The
table is then tilted back and the corduroy taken up and washed down the
table into a screened launder, which leads to the concentrate thickener.,
The tllting feature is important because the zrade of concentrate and re-
covery of gold is greatly affected by the slope, dilution, and volume pass-
ing over a table. The average slope 1s 1 inch per foot and there are 1.1
square feet per ton of solids per 2% hours. The corduroy tables save 70
percent of the fine free gold anrd the concentrates average 4 ounces per ton,
Occasionally, the corduroy is acid-treated to remove lime and slime, and
worn-out material is burned to ash and melted in the clean-up. The cost
of operating corduroy tables is 1,05 cents per ton of ore, 1 cent of which
is for labor.

Additional information on the Demonstration plant is given by 3ell in
the Philippine Mining Year Book, 1939, published by the Chamber of liines of
the Philippine Islands,prepared by Ralph Keeler and others. Two flow sheets
show vhere the blanket tables reccive and discharge the pulp. Final con-
centrates from the corduroy tables and unit flotation cells are thickened,
filtered, partly dried, sacked, pipe-sampled, and shipped to a smelter.

Suyoc Consolidated mine. = According to Weckley and Iversonlg/. ore of
the Suyoc Consolidated, 60 miles north of Baguic, Philippine Islands, assays
0,29 ounce of gold, also some copper pyrite, iron pyrite, sphalerite, and
galena., The plant cgpacity is 250 tons per day. Free gold is caught on
three 70-inch hy 20-foot corduroy tables in the circuit between the ball millsg
and classifiers. The pulp 1is l/h-inch trommel undersize, The corduroy con-
centrate is tabled and the concentrate is ground and amal gamated while the
table tailing is returned to the general circuit. In the circuit for the
combined flotation concentrates, two 18-inch by €-foot corduroy tables follow
a small ball mill, The concentrate is ground and amalgemated and the table
tailing is reground. -

Replying to a request for further information, Weekley stated that the
slope of the tables that treat the minus 6-mesh pulp from the ball-mill dis-
charge is get at 1-1/2 inches per foot. These tables are pivoted at the
upper end so that by means of wedges the slope can be varied from 1 inch to
2-1/2 inches, Other tables fed with 95 minus 200-mesh pulp are set at 1
inch per foot.

18/ Weelrley, C. A., and Iverson, H. G., Suyoc Mill Treats Complex Ores:
Enz. and Min. Jour., vol. 138, Auzust 1937, pp. 415-%17,
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The corduroy is washed off lato o steel tank every 2 hours. Consider- ‘
able pyrite is collected with the gold, but it 1s passed over a half-size
Wilfley table before amalgamation. Teble tailings return to the mill circuit
and gold concentrates are ground in a pan amalgamator of local and satis-
factory design. It ig 3 feet in diameter and is loaded with about a dozen ‘
l-inch steel balls. An eccentric on the shafting gives the pan a motion
gimilar to that of hand panning. A little ceustic soda is used during amal-
gamation, In 1938, 33 percent of the total gold in the ore was caught by
corduroy.

go_sta. Rica

Individual mining operations in Costa Rica, Central America, are small,
according to Benuetl’d/, but the total gold output is considerable. Along
the Cordillera Central the vein filling in general is soft quartz in the
upper levels and sometimes a tough, sticky gray clay with quartz stringers.
Milling methods are simple, with more or lces handwork. Soft ores are
washed in a trommel ahead of the crusher and milled to 40-mesh. Plate
amal gomation is common, followed by corduroy or flotation., Concentrates
often are low in grade, end shipping and smelting costs are high.

Africa

Rand, Transvasl

Plate amalgamation on the Rand has given wey to corduroy, and Prentice?-g/.
han the following to soy:

Corduroy conceantration, followed by barrel amealgamation
of the re-dressed concentrate, effects an average recovery
of B0 percent of the goldé in Rand ores at a cost of 1.4 peunce
(2.8 cents) per ton milled, and mercury consumption is now
only one-tenth of what it was when plate amalgamation was in
genersl use.

On the Rnnd, more than 5# million tons of u-l/e—pennyweight ore 1ls
treeted annually. This ore contains some iron pyrite, with which the gold
is assoclated. ;

A quartz wein in granite is beinz mined at the Reitfontein mine, éng
20 percent of the ¢old has been caught on corduroy, according to Boxall.g_/

19/ Bennett, Evan, Gold Mining in Costa Rica: Eng. and llin. Jour., vol. 110,
January 1939, pp. 56-52. .

20/ Prentice, T. K., The Witwatersrand Gold Mininz Industry and its Metal- .
lurgical Development: Jour, Chem., Met., and Min. Soc. South Africa,
vol. 37, August 1936, p. 30.

21/ Boxall, W. P., The Reitfontein (T.C.L.) Mine, Sabie: Jour. Chem., Met.,
and Min, Soc. South Africa, vol. 39, October 1938, p. 96.

7206 - 17 -




I.C. 7085

The oxidized ore¢ contains 72 percent silica and the pyritic ore 25 percent.
Between the Dominion ball mill and Dorr classifier, vhose product is 60 to

70 percent through 200 mesh, are three corduroy tibles. The washings there-
from are barrcled for 17 hours, when mercury is added; loss is 0,37 ounce perton
crushed. Barrel tuilings pass through a trap and then mix with the concen-
trate from the Geco flotation cells. Concentrates are sold.

Plate amalgamation was unsatisfactory for this ore because of the
action of arsenopyrite. Thiere is no cyanidation at tnis mine.

Vest Africa

According to Hastings,gg/ in an address on February 22, 1939, to the
Chemical, Metallurgical, and Mining Society of South Africa, in Johannesburg,
the metallurgy of the auriferous conglomerate of West Africa is simple.

This "banket" is similar in gppearance to that of the Rand, South Africa,
but it has no sulfides and the pebbles are cemented by sand and granular
hematite, The gold content is extremely fine, In onc of the newer plants,
ball mills are in closed circuit with corduroy tables. t a reduction
treating quartz ore in vhich are carbonaccous minerals and sulfides, the

ore is milled by stamps followed by corduroy and the pulp is reduced further
in ball mills followed by corduroy. The corduroy strakes save 85 percent

of the gold in the ore, vhich 1s higher than the recovery at the Dome mine,
Ontario.

Avstralia and New Zcelana

Considernile corduroy is used in Australia and ordin-ry blanketing
has long been employed in New Zealand.

Western Australia

Corduroy is to be found at mines where oxidized and sufide ores are
milled, also where roasted concentrates are treated.

Lake View & Star. - According to the last annual report of the Lake
View & Star Co., Kalgoorlie, which floated 619,919 tons of sulfotelluride
ore during the year, the onion-sack strzkes collected free gold worth
$102,000 (say, $400,000 at current exchange), from the pulped roasted con-
centrates. This rcpresented 12.U4 percent of the total mill heads., A totil
of 52,675 tons of concentrates was handled last year.

In the milling plant are corduroy tables in the ball mill-classifier
circuilt and in the clascifier-overflow and bowl-clapssifier circuit, These
are known as primary corduroy and secondary corduroy and are 3 feet wide,
The former has a grade of 1 in 8 and a pulp flow of about & tons per square
foot per day, and the others are 1 in 10 with 15 tons per day. A compari-
son with the tables for caolcine, on which onion sacking was used, shows
1—1/3 tons per foot per day. The wide-ribbed material was favored when the
writer visited thc plant in 1933,

22/ Hastings, B. J., West African Mining Conditlons: South African Min. and
Eng. Jour., vol., 50, Mar. Y4, 1939, pp. 11-13,
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Hannan's North, - At this mine the orc is washed, sorted, screened,
crushed, stamped, classified, and tube-milled. The stamp and tube-mill
pulp flows over two grouns of five % by 6~foot cordurcy tables having a
slope of l-l/h inches per foot. The concentrate is ground and amalgamated,
end the ore slime is cyanided by counter current decantation. The plant
treats 3,000 torns &z month.

Ealgurli osre treatment. - This plant treats ores from the Boulder
Perseverance, North Kalgurli (1912) end Enterprise mines, The 3- by 5-foot
corduroy tables are set at 1 in 8 and save gold from the ball mill-classifier
cireult. The flow is gentle and wavelike, similar to pulp from stamps going
over copper plates. This mill treats over 20,000 tons per month.

LAUNDERS LIMED WITH CORDUROY

Launders lined with corduroy ani other fibrous material are used more
or less on dredges and in copper plants to save as much as poscible of the
gold dlscharged in the tallings.

At the Johnson mine, near Octave, southern Yavapai County, Arizona,
the ore consists of guartz and gold-bearing sulfides. The 50-ton plant
includes gold traps, shalting tables, and flotation cells.s In the circuilt
where a trap receives the undersize from the pall-mill screen, the tailing
from the trap goes to a corduroy lsunder. Its talling is tabled and EE?
concentrates are zround and amalgamated with material from the traps. .

TEREATMENT OF CORDUROY CONCENTRATZIS

As the forecgoing descriptions of the use of corduroy give details of
the procedure in the clean-up and production of zold, little need be added
here.

Several methods are employed in the handling of corduroy concentrates:

First, these are washed off the cloth at intervals by rinsing them in
a tight box, tub, or tank with or without a filter bottom. The concentrates
gsoon settle and the water may be siphoned or filtered off,

If they are to be sold, the concentrates shounld be sun-dried or dried
by ertificial heat, a littlc moisturc being left to prevent dustiness. This
material should be mixed, coned, and quartered on a clean floor or cloth to
get a representative sample for assay. The coarsc gold is likely to make :
checek assays difficult.

Arrangements should thon bYe mede to eend the carcfully bagged material i
by express or parccl post to some smelter,.

23/ Metzger, 0. H., Gold ifining and Milling in thc Wickenburg Arcz, Mari-
copa and Yavapal Counties, Arizona: Bureau of liines Inf. Circ. 6991,

1938, pp. 31-32. .
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Unless conditions favor shipping concentrates to a custom plant, it
ig better not to 2o so but to treat them at thc mine, ac is commonly done.
They mey be ground and amalgamated in a barrel (fige 4) or Berdan pan, as
made by equipment manufacturers, or in any available grirding machine, The
barrel ig partly fillcd vith washings and water, with a little lime or lye
and a few grindinz rods or balls., After seversl hours the barrcl is opened,
nercury is added, the door is closed, and amalganation procceds for an hour
or more, Then the barrel is re-opcned and the pulp is thinned with water
and flowed over riffles, whieca catch the smalgam and surplus mercury. The
emalgam is cleared and cithor soucezed throuvgh a cloth and retorted, or the
whole is retocrbcd. The sponge gold may be melted into bars or sent direct
to the mint.

Because the pulp or tailing from an amalgzamating barrel contains small
globules of ~mal gan and morc or less rich particles, it chould not be run
to waste; the moterial moy be setiled nnd dried In a tonk: or dam and then
sold or fcd to the mill or run or puped to mix with the main {low of nill
pulp for re-trecatments Eventually, everything of valwe is reccvered by
such mcansg,

CORDUROY IOR PLATIITUM ORES

In the soctiog on Ore Drassing and Metellurgr of the platinum ores of
Trensveanl, Wagnorg;/ neations and shows the use of cordiroys In the oxi-
dized zone of the dunite deposits the platinum exicts in the metallic state.
After much eyperimentation the flow sheet at the Onverwscht mine had a trap
for metallics below the starps and one below the tube mills. Pulp from the
mill passed over Vilfley tables and the talilings therefrcm over James tables
and corduroy. Metallics from the treps were tabled and the hcads hand-
panned and acld-treated successively with 10 pereent of sulfuric acid and

10 percent nitric acid; the product asszyed 82 percent platinum-group metals.
The other table and corduroy concentrates were treated in lots of 1,000
pounds for 2 heurs in a barrel with nercury, =inec amalgzem, coprer sulfate,
and sulfuric acide Thc dirty wmalgan was rcamalgrmated for 1/2 hour with
sinmilar activabing agents and then treated in eerthenwarc jars with dilute
sulfuric acid to remove iron and zine., The amalzen was retorted and the
sponge panncd, sorted, and acid-treated, giving a product of 70 percent
Platinum-growp metals. This analgemation recovered Y& percent and the vhole
plant 82 to 26 percent.

Cordurny was used in the leandagshock plant between the Dorr thickeners
and flotation cells, Thze corduroy concentrates were tabled and acid-treated,
enc the final product assoyed 60 perccnt platinum-grouvp metols, but mostly
platinum,

At the Potgictersriast plant, o umixlure of oxidized and sulfide ores
wags concentrated by flotation, tabling, and corduroy. Shaling corduroy

24/ Wagner, Percy A., The Platinum Deposits cnd Mines of South Africal
Oliver & Boyd, Edinburgh, Scotland, 1929, pp. 272-284,
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tables followed the tube-mill and stationary corduroy tebles for the tail- .
ing therefrom, and corduroy for the middlings from the recleaner cells for
the Minerals Separation rougher cells. Corduroy metallics were tabled and
the hesds treated with a magnet and acid., The final product assayed 60 per-
cent platinum-grouwp metals,

RUBBER MATTING FOR SAVING GOLD

Rubber mattiurs or sponse rubber is used ot come mines for saving gold.
Ve have a sample of the material but have never seen it in use, It is
about 1/8 inch thick, has a rough surface and many pinholes, and looks as
though it might catch gold; the Denver Equipment Cos. and others recommend
its use.

Onc examle of its use i1s in the 50-ton nlant of the Golden Aachor

mine, Idsho2%/. The ore carrics free gold and silver and in sulfides. The
tailing from a Denver Jig passes to an Alzine classifier, whose overflow

goes over three ll-inch by l2-foot parallel tables covered with rubber matting,
and the tailing from the eixth flotation cell is passed over one rubber-
matting teble of similar size. These tables slope l—l/h inches per foot,

they are cleaned wp every two days, and the concentrates are barrel-amal-
- gamated with those from the jig. These account for 76 percent of the gold
recovered.

Another example of the usa of gyonge rubber is the Mossback mine, near
Oatman, Ariz. The orec consists of brecciated andesite and calclte with
some quartz; the geld 1s in fractured varts of the velnss The small mill
of 1934 had a sponge-rubber mal between the Harding mill and Dorr simplex
classifier, whose ovorflow passcd through s S-inch launder lined with that
material. The mat was washed every 2 hours and the laundoer once a day.
The concentrates were ground in g 3-foot pen and amnlgamated, end accounted
for half of the gold in the ore@ﬂ/. Rubber was not used in the reconstructed
plant.

RECOVERY OF GOLD IN TAILINGS IROM COPPER CRES

Accompenying Engelmann's review of ore concentration and gold milling,
cited, is a picturc of somo of the landers for saving gold from flotation
tallings at the Arthur plant of the Utoah Copver Co. The rccovery plant at
tiae Mogne mill, as in 1035, has been described by Engelnann_lz Ten-ounce
burlap wos found to be the most cconomical materisl to uses There are two

25/ Lorain, S. H., and Davis, W. B., Mining and Milling Methods and Costs
of the Golden Anchor Mining Co., Burglorf, Idcho: Bureou of Mines
Inf., Circ. 7024, June 1338, p. £. '

g§/ Gordner, E. D, Z0ld Mining and lilling in the Black Mountains, Western
Yohave County, Arizona: Burcau of Mines Inf, Circ. 6901, Scptember
1936I P. 35‘

27/ Engelmann, E. ., Recovery of Gold fronm Copper Mill Tailing: Min. and
Met., vol. 1A, Auguet 1935, pp. 331-332. .
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banks of launders set at 3/16 inch per fcot. The fabric, which is slightly
wider than the launder bottem, is held down at each side by bloclks and
wedges. About 2 square feet of burlap is used per tor treated per 24 hours.
Pulp is fed to the launders from a concrete distributing tank arranged so
that any one launder may be cut out of service for cleaning or other reason.

As to the gold, most of it 1ls coated so that it does not respond to
flotatlon or to cyanidation, and 75 percent of it is caught in the first ent
of launders in the first 500 feet. The clesn-up cycle i YO days. Vhen
the flow of pulp is stopped, the burlap is washed carefilly with clear water
to remove some sand and slime, and before it is dry 1t is cut into EB-foot
lengths., These strips are hung on racks in a drying house and are then
burned in a stove, as much as 250 yards in a day. After being screened,
weighed, and sampled, the concentrate and ash are sent to a smelter.

he saving of gold in conper-mill tzilings by cordwroy is practiced

at a number of largze mines and has been found profitable, cspccially in
Canadae

7226 - 17 -



AFTER THIS REPORT HAS SERVED YOUR PURPOSE AND IF YOU HAVE NO FURTHER
NEED FOR IT, PLEASE RETURN IT TO THE BUREAU OF MINES. THE USE OF THIS
MAILING LABEL TO DO SO WILL BE OFFICIAL BUSINESS AND NO POSTAGE STAMPS
WILL BE REQUIRED.

PENALTY FOR PRIVATE USE TO AVOID

UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF MINES

PAYMENT OF POSTAGE, $300

OFF |CIAL BUSINESS

RETURN PENALTY LABEL

THIS LABEL MAY BE U=EO ONLY FOR
RETURNING OFFICIAL PUBLICATIONS,
THEADDRESS MUST NOT BE CHANGED

BUREAU OF MINES,
WASHINGTON, D. C.




