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INTRODUCTION

It was not until the Flotation Process was intro-
duced in this S.W. Wisconsin zinc district that the
writer was convinced that some of the talling piles
here could be worked at a profit.

In 1928, the Badger Zinoe Company built a 120 ton
Flotation Plant about two miles north-east of Linden.
It was after the second visit to the plant that the
writer learmed the above company was making a profit
on a 5% zine ore with very little lead and with a low
market price for the finished product, namely $30.00
per ton for a 60% zinc concentrate.

The total mining and milling costs per ton of dirt
( ran of mine ore ), were said to be about $L.7b. Upon
further investigation, it was found that the milling
cost was about one-third if this, namely about 60¢ per
ton of dirt. Now, if this compeny, with their flotation
plant, could make a profit with 5% ore, and & low market
the writer was struck forcibly with the idea that some
of the tailing piles, running as high as 2% zinc, could
also be worked at a profit. True, a 2% tailing pile is
only slightly more that one-third as rich as a 54 run
of mine ore, but the cost of working a tailing pile 1is
also only about one-fifth as much as mining and milling

a 5% ore, as was already pointed out above. Especially



would this idea be more convincing with a higher market,

In order to profitably work a pile assaying 2%, or
slightly lower, a low grade concentrate must be cheaply
made, and a simple, low cost flotation scheme used.

With these two facts in mind, the writer oonducted
various tests on laboratory machines as to the best way
this eould be brought about.

The Badger Zinc Compeny continued to operate for
approximately three years, but due to further drops in
the market price for zine, and increased mining costs,
they were forced to shut down. They operated the wet
mill ( gravity concentration ), and Flotation Plant a8 a
custom mill for a short time, dbut there was not enough
custom ore coming in for continuous operation; so the
plant stood 1dle for about three years. It was then taken
over by the Ploneer Flotation Company, end it was Lfor this
company that the writer did considerable consulting work,
ooupled with a report on "How This Plant Could Operate
as a Custom Mill aided by Low Grade Concentrate from
Nearby Tailing Piles".

It 18 from this above mentioned report thet some of
the following material 1s drawn, but the body of this
thesis is the result of aotual experience, deductions,
and laboratory tests, as the writer practically "grew up”
with flotation in this district.



GENEKRAL GEOLOGY 1

The Wissonsin zinc district embraces an area about
60 miles long north and south, and about 30 miles wide
east and wests It is almost wholly in the southwest
corner of Wisconsin, extending but short distances into
northern Illinois end eastern lowa.

The strata of the district consist of & series of
Silurien and Ordivician limestones, shale, and sendstones,
underlain by Cambrian sandstones and pre-Cambrian erystal-

line rooka,

Silurian Niagara Limestone 50 feet
Mequoketa Shale 160 feet
Galena Limestone 230 feet
Ordivioian Platteville Limestone b6 ZTeet
St. Peter Bandstone 70 feet

Lower Magnesian Limestone 200 feet

Nearly all of the Niagara and Mequoketa formations have
been eroded away. The Platteville, Belmont, and the Sin-
sinawa Mounds in southwest Wisconsin, and the numerous
mounds in northwestern Illinois are all that remain of this
formation in the district.

In the northern part of the distriot, there is an east
and west unbroken ridge. Extending from this ridge there
is a north and south ridge running through the middle of

-3-



the district in a southerly direction for a distance of
gbout 30 miles. The lower part of the Mequoketa Shale
and thne upper part of the Galena Limestone are the form-~
ations exposed on these ridges. The ground from these
two ridges slopes to drainage basins.

The rook formations of the district dip to the

south-southwest, at & slope of about 20 feet per mile.
A seriles of anticlines, synclines, and strustural basins
have been produced by slight compression and folding of
the strata. A north and south lateral pressure prodused
the main east and west axis of most of the basins.

The secondary axis of the basins running north and
gouth was produced by an east and west lateral pressure.
Frequently, one side of these basins will dip more steeply
or show changes in slope. At these points, the ore bodies
usually oecur located in either the lower part of the
Galena formation, or the upper part of the Platteville
formation, or both.

"The Galena formation consists of heavily bedded
dolomites, interbedded with chert beds and nodules and ithin
bedded olay shales. The base of the formation consists of
thin bedded, brown sarbonaceous shales, from 1 to 16 feet
in thickness. These shales are known ag the "oil rook".
The bottom of this shale marks the base of the Galena lime-

gtone formation. A blue clay shale usually occurs immed-



iately below the oil rock. This shale varies from a
few inches to 6 or 7 feet in thickness and 1s known as
the "celay bed". Immediately below the clay bed is the
"glass rock”, a fine, compact limesione, usually gray
or brown in color, whica breaks with a conchoidal
fracture from which characoteristic it derives its name.,
At some places there are shale beds resembling the oil
rock, between the olay bed and the glass rock. At other
pleces fhpre is praotically no oil rock, and at still
other places there 1s no clay bed".

The base of the glass rock)which is the upper part
of the Platteville limestone formation, marks the base
of the ore bearing formations, although there are a few

cases in which ore has been found below the glass rook,

ORE DEPOSITS OF SOUTHWEST WISCONSIK o

"The YWisconsin orebodies f£ill partial openings in
the limestone made by the subsidence of large prism-like
masses in the bottom portion of the limestone., The lime-
stone stratum in whioch the ore ocours is about 150 feet
thiex, (given as 250 feet under Geology of this repors),
and 1s underlaid by a persistent bed of olay shale., It
looks a8 if the limestone might have been dissolved out
for a foot or two above the shale along certain channels

to such an extent that finally a large irregular prism



of limestone detached itself from the solid mass and
fell down a distarnce of perhaps two feet. The result
of this subsidence being that the interior of the prism
is oracked up to a certain extent and certain openings
are made along the top and sides., These openings havse

served for the deposition of the ores.
7 N
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The openings thus formed in the cross-section have
the shape of a rude arch, usually quite flat at the top,
and breaking down in irregular steps along the sides. In
the looal phraseology, the ores deposited in the level at
the top of the arch are called "flats", and those oocuring
along the sides are called "pitoheg". The slightly brok-
en up interior of the prism is called the "eore". See Fig.
1, above.

The mineralization of the prism is irregular, and in
aome cases these prismatic orebodies have been proven to
be of oonaiderable length. (About helf a mile). Their sizes
also vary te the extensiveness of the dissolution of the

lime, or whatever 1t was that osused the subsidence.
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DESCRIPTION OF TAILING PILES

The tailing piles of S.W. Wisconsin ocan be divided
into two distriocts, namely the northern and southern.

In the northern district, with Mifflin as a central
point, there are, at a conservative estimate, & million
tons, One pile alone contains 1 million tons. Another
plle avbout § of a mile away contains 500,000 tons. The
remaining 500,000 tons are scattered within a radius of
about b6 miles in a few piles, ranging in size from 50,000
tons to 160,000 tons.

The southern district is centered around New Diggings.
Here can be found, at a conservative estimate, also 2 mil-
lion tons.

The above mentioned 4 million tons do not include all
the tailings in S.W. Wisconsin districts, but are those
running higher than average in zino.

There is very little differsnce between the talling
piles in the southern end northern districts, all averag-
ing about 1,6% Zn. Some piles rum over 2% Zn while
others run slightly under 1.5% Zn, but on the whole, they
will all average 1.5% Zn.

About 97% of the tailings in the above mentioned piles

will pess a 3/8" screen.
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ORIGIN OF TAILING PILES

The tailing piles are the result of the milling
of an ore composed of galena, sphalerite, marcasite,
and pyrite in a gangue of dolomite, ecalcite, and barite.
The chief ocommereiel minerasl in the original ore is
sphalerite aversging about 8% zinc. Galena is also
recovered, but will average only about 1% Pb in the
original mill feed.

The zino and lead minerals were recovered in a
gravity concentration process of which a 2-Jjig mill is
typical. This type of mill recovered on an average 70%
of the zinec and about 80% of the Pb.

The 30% loss of zinc was found to be distributed
as follows: 10% of the original zinc in fines or sludges,
2% in roock piles ( waste from grizzly over bin ), and
the remaining 18% in the tailing piles. About 75% of
this 18% loss in the tailing piles occurs in the fimne
sand range, nemely between 10 and 80 mesh, which is 37%
of the weight of the tailings.

From several tests, it was found that practically all
minus 65 mesh material oan be considered as slimes, or
sludge, and acocording to Coghill and Anderson, these
slimes will asssay approximately the sameé as the original

ore from whioh these piles originated.



WEIGHT PER CU. FT.; CU. FT. PER TON: SPECIFIC
GRAVITY: % VOIDS: and % MOISTURE

The specific gravity of the heads Just as they come
from the plle is found to be 2.40, but this is the grav-
ity oonsidering these tailings as one solid mass, without
voids; 80 on running a test for % voids on the tailings
(original heads), the voids were found to be 32.5. This
then brings the specific gravity of the original tailings
down to 1l.60

The weight of one cu, ft. of tailings from spedific
gravity computations is found to be 106 lbe. On ochecking
the above figure, a cu. ft. of tailings was actually weigh-
ed and found to be 100 1lbs. in the natural state.

The % moisture on an actual test was found to be b5%.

The following table glives the date under both wet and dry

conditions:
DATA ON HEADS (natural)

Sp. Gr. % Voids \ % Woisture Wt/Cu. Ft.
natural natural natural moist
_;.g'o___l“_sa-g___|___5;0____L_; -

Wt/Cu. Ft. Cu, Ft./Ton Ca. Ft./Ton

dry moist ‘ dry
o0 w0 J_omo

These filgurea agree slosely with those of the ownmers of
these tailing piles, whose figures are 100 lbs per ocu. ft,
or 2,700 1lbs. per ou. yd.
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SCREEN ANALYSIS OF TAILINGS

ZING IRON
Percent (Assay | Percent Assay | Percent
of Totalper- of Total |per- of Total
Produot Weight cent | Zine cent Iron
Composite 100.0 1.88 [100.0 4.60 100.0
Thru 3/8 on
3/16 inch 29,07 |0.96 | 14.8 4.3 27.1
Thra 3/16 on
10 mesh 26,34 0.64 8,9 4.5 2b.7
Thru 10 on
14 mesh 14.52}
Thru 14 on
20 mesh 6.1
Thru 20 on
28 mesh 5,686
Thra 28 on k
38 mesh S35 (12.97 5849 4.63 37.b
Thru 36 on
48 mesh 3436
Thru 48 on
65 mesh 2.@1‘)
minus 65 mesh 7.31 H.49 17.4 6.13 9,7

The sample used for this analysis was representative of

two million tons. The weight of the sample was 31,302 grams
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so0 as to make this anaslysis as representative and
accurate as possible. This agreed olosely with three
other analyses using 1,000 grams for the sample weight.

A typical analysis of a pile lower than the average
in zinoc eontent is as follows:

* After W. C. Trewartha.

Zn 1.3 peraent
S 3.5 percent
Cal 26.6 percent

CaMg(C03)» 77.53 percent

Fe 3.7 percent
510, 1l.8 percent
MgO0 14,3 peroent

In order to be absolutely certsin of the oritical
point, (size at whioh to reject the uneconomical portion),
the minus 10 plus 20 mesh product was assayed, It easayed
a trifle short of 4iparcent zine,

The above table shows that all of the plus 10 mesh
prodwoct could not be profitably conscentrated.

Sinee the minus 10 plus 20 mesh 1s a trifle coarse for
a fine sand table, it is aleo the most valuable portion
of the feed, dut the riffle arrangement of the table

shown on page 26 , makes it unnecessary for finer crushing.
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PROFITABILITY IN TAILING PILES DUE T0
COARSE SAND CONCENTRATION OF ORIGINAL ORE

As can be seen from the screen analysis on pagell,
the Jig 1s an efficient oconcentrator in the coarse sand
range, namely above 10 mesh, but in fine sand concentra-
tion and in concentration of slimes, its efficiency ends;
therefore, the regoverable zino in the talling piles.
Sinoe the coarse tailings run so low in zino, it can be
seen that the high recovery in the coarse range is not
due so much to the mechanicel efficiency of the jig as
to the faet that a maximum unloeking of valuable minersls
from the gangue occurs in the coarse range at about 3/8
inoh and in the fine range again at 65 mesh.

Incidently, this is also the larger size of slimes.
The ressons for this coarse sand conscentration were:

(1) maximum unloecking occurs at 3/8 ineh in the coarse
range; therefore, no unneogssary expense of orushing it
finer, (2) to orush as coarse as possible in order to
avoid produoction of more fines, since before the advent
of flotation there was no efficient method of recovering
these, (3) fine sand concentrates from tables too high in
lime, (4) recovery on tebles no higher than with jigs.
Another very important disadvantage for table soncentr-
ates arises in the grading up proeess. Both Jjig and

table zine oconcentrates must be graded up by removing
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nearly all the marcasite with which both are contaminat-
ed due to the small difference in gravity between
marcasite and sphalerite., The grading up is brought
about by giving the concentrates a slight or skin roast
after whioch the maroasite ean be removed by means of a
magnetic seperator.

Even in grading up a coarse Jjig eoncentrate, there
is approximetely an 8% loss in fines in the roasting
process; therefore, in the roasting of finer ooncentrates
from tables a considerably greater 1loss in fines would
result. Henoe, a table concentrate was looked upon as
an unfavorable produet by ore dbuyers, both from a stand-
point ef high loss of fines in the grading up proocess
and in the high lime content after grading up, because
this lime ocould not be removed. This high lime in table
concentrates exists because the limestone gangus oontam-
inates the 2ino band on a teble deok, and if a reasonable
recovery 1is to be effected, this contamination must .be
left unmelested.

A typicel 2 Jig zine coneentrate will assay on an
average 37% zino and after the removal of the marsasite

this 18 graded up to 59 and 61k zino.
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WHY CHOOSE MINUS 10 MESH AS CRUCIAL SIZE

Most writers who have written adbout S.W. Wisconsgin
tailings were of the opinion that only the minus 20 mesh
material should be considered from a standpoint of ad-
ditional recovery of zine from these tailings. This has
been found to be not quite true for the representative
sample the writer is working on.

After several scresn analyses of a sample representing
approximately two million tons of tailings from the
northexrn distriot, it was found that the minus 10 plus 20
mesh material contained considerable sphalerite, and the
zino assay was almost as high as that of the slimes,
namely over 4%. This material was first examined closely
with a magnifying glasse.

The minus 3/16 inoh plus 10 mesh materisl was then
examined closely, but nothing of much value ceuld be seen
in this range. A subsequent zinc assay proved this fact
for the gince content was found to be very low.

The minus 3/8 inch plus 3/16 inch material showed some
valuable zinc mineral, but not enough for profitable ex-
traotion., About every third handful of this material
picked up at random showed a large plece of pure sphalerite
about 5/16 inoh in size, in addition to a few middlings,
which were found in eaoch handful. As a result,this size

range aasayed nearly 1% zinc.
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The fact that there was not much valuable material
above the 10 mesh screen simplifies the gravity concen-
tration flow sheet in this project in that no orushing
i8 necessary, and the fact that there was valuable
material in the minus 10 plus 20 mesh range complicates
the problem a trifle because this materisl is somewhat
soarse for tabling, thereby ocausing a wide size range of
table feed, namely minus 10 plus 65 mesh, But this
slight complication can be mostly alleviated by using
the type of rirfiling shown in the diagram on page 26,

This projected riffling will allow for a stronger
oross current of water in order to separate the concen-
trate in the coarser size range at the same time afford-
ing protection for the fine concentrate whish otherwise
would be washed into the tailing zone, were it not for
this added riffle protection,

With reference to the screen analysis on page 11, the
minus 10 plus 20 mesh material accounts for 20% of the
total welght of tailings, and slnce this materiel assayed
a8 little more than 4% zine, this size range includes 456%
of the total zino content, Again referring to the screen
analysis on page 11, it o6an be seen that 76% of the total
zine is found in 44% of the total weighi, i.e., in the
minus 10 mesh material.

In the tailings discarded by the average mill in this
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district 20% by weight is usually counsidered as sludge,
but in the talling piles under discussion here, only 7%
of their weight is sludge, the remaining 13% will be
found in what was formerly a sludge pond made while the
mill was in operation, this pond being entirely separate
from the tailing piles., This sludge can alsoc be worked
at a profit {( actually has been done mostly on acocount of
a previous report by the writer), but the recovery is not
a8 high as with regular tailings. The table recovery is
lower and the flotation recovery ie also lowey due to the
oxidized condition of the zinc sulphide.

The recovery of the zinc minerals in the regular
tailing piles is higher because they will have to under-
go additional grinding in a ball mill after which there
will be fresh surfaces exposed, This is the answer to the
exeeptionally high recovery obtained in our laboratory
flotation tests, even though some of the zinc sulphide
minerals were in a slightly oxidized condition.



WET VS DRY SCREENING

The moisture content in the tailings, being about 5%
makes 1t almost compulsory for wet soreening if a reas-
onable efficiency is desired. The original tailings in
the pile being damp, have a tendency to be slightly
lumpy and sticky. It can be readily seen that on screen-
ing them in their natural state the screening capacity
would be low.

Another important reason for wet screening is that
even 1n a dry state the coarse, rejected pieces have
fines clinging to them. These fines can not be removed
by vibration alone, hence a foreceful stream of water
whioh will not only inorease ascreening efficiensy, bdut
will also recover the fines olinging to the coarse re-
Jeoted pieces. These clinging fines, from an actual test
amount to 10% of the weight on the rsjected portion re-
tained on the 3/16 inch and 10 mesh screens. This re-
Jected portion ascounts for 56% of the total weight of
the tallings. Asa an illustration, suppose 1,700 toms per
day are being soreened, them 56% of 1,700 tomns, or 952
tons will be rejected by the 3/16 inch and 10 mesh sore-
ens, and 10% of 962 toms, or 95.2 tons, of valuable fines
will be saved in one days operation due to wet screening

alone.
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TYPE OF SCREENS TO USE

It is proposed to soreen about 1,500 tons of original
tailings dally. This amount is necessary in order to
obtain 100 tons of table concentrates assaying 12-15% Zn.

With a soreen efficiensy of 96%, it was found from
geveral tests that 55.2% of the tallings are rejeoted by
the 3/16™ and 10 mesh («07") screens. (See screen analy-
sis), But to be on the side of safety, 57.56% will be as-
sumed a8 rejected, leaving 42.56% as a safe percentage
passing through the 10 mesh soreen. Thua it can be seen
that slightly more than 600 tons of minus 10 mesh is
table feed whioh will give at least 100 tons of flotat-
ion feed assaying 12-15% Zn.

The proverbial screen in this distriot is the trommel,
but in this case the wrifter finds it more practical to
use the Leahy Vibrator, It is proposed to use two doub-
le~-deock vibrators, namely a 3/16" and .07" soreen in
each. The reason for this 1s to avoid the purchase of
three Leahy vibrators, According to the above tonnage,
each screening unit will handle 350 tons of original tail-
inga. Each 3/16" soreen will reject approximately 30% of
§50 tons, leaving §25 tons for each of the 10 mesh soreens.

Why this particular method of sorsening 1is to be used
oan best be answered by observing the following page of

data sent by the Deister Conscentrator Company.



DATA OF LEAHY NO -~ BLIND SCREEN

Dry Screen

Vet Screen

Saereening Area - - - - - - 5" X 3¢ - 5" X 3!
Percent undersize in feed - 65% - - - - 50%
Tons per hour, under-
size -5/16 - 30
Tons per hour, "" =10 mésh - - - - - 12
Soreening Efficiency - - - 90% =- - -  90%
Life of soreen oloth,
mill days - - = &0 - - - 15
Power oonsumption - == %H --- ¢ HP
Cost per ton of undersize
produced - - +08 ocents +6 oents
TESTS ON LEAHY NO-BLIND SCREEN
Condition of Tong per 24 Hours
Feed Feed Oversize Undersize
Wet 900 510 390
Wet 550 250 200
Dry 1085 365 720
* % ok % %k k k Xk Kk K ¥ ® k ¥ % % k X% * % *k X k % * * *
% T.8. in 4% U.S. .in Percent Sereen
feed Oversize Effioiency Size
b60.4 12.5 86,0 +07" open.
56.8 5.0 86.0 «07" open.
67.9 4.7 97.7 «263" open.
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COMPARISON OF SCREENING COSTS

One Year's Operations - Dry Sereening
Comparisgons of Trommels with Leahy No-Blind Screens

Thirteen Trommels Replaced by Four No-Blind Soreeéns

Trommel No-Blind Soreen
Product - - - -3 meah (.263" opening) S mesh (.263"
opening)
Tons per day each - - 170 - - - - - = 720
Size - = = = - = - 3" dia. X 9' long - 3' X 6!
Sereening area - - 8l aQqe. ft. - - - - 13 8qQ. £t
Power = « = - - - - 3-4 HP ---- $BP

Soreening Costs per Ton Soreened

Trommel _No=-Blind Screen

Power at 1¢ per KW hr, - § 0037 -~ - - $ .00016

Attendance at $7.50 per day.0034 - - - «00038
Maintenence
(Labor and Material) 0101 - - - .0027
$ 0172 - - - § .00323
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AVERAGE TABLE TEST ON QUARTER-SIZE BUTCHART TABLE

ZINC IRON

Percent| Assay Percent|Assay |Percent
of per~ |of feed |per- of feed

PRODUCT welght gent |content |cent content

Feed (minus 10
mesh deslimed) 100.00 3,00 100,00 | 4,52 100,00

Zino Concentrate 16,9 12.8 72.1 8.2 29,2

Iable Tailing 83,1 1.0 2747 4.05 70,9

(The percent of zino feed content and the percent of irom
feed content ocolumns do not quite add up to 100 percent
besoause the welghts were taken to the nearest tenth of a
pound) .

From the above table it can be seen that the zinc ex-
traction for the average table test is 72,1 peraent, The
ratio of concentration is %‘E‘% = lgie - 1l = ;%Lg = 5.9

The reason a higher recovery 1s expecoted on a full sized
table, over that on a quarter-size, is that some valuable
fines ean be recovered which had been washed into the tall-
ing zone on the quarter-size table, and a steady feed(not
easlly attainable in these laboratory tests) will also un-
doubtedly be a large eontributing factor to thia expeoted

inoreased recovery.
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PURPOSE QOF FOREGOING TABLE TEST

Whether or not a profit can be made by working these
South-West Wisconsin tallings depends upon produeing as
cheaply as possible, at least a 10 percent zinec concen-
trate by some method cheaper than all flotation. The
net return for the zine in one ton of these tailings at
the present price would be about one-half the aost it
would take to float them; therefore, the sll flotation
method would be a losing proposition.

Large oapacity congentrating methods susch as sluleing
and Jigging ( was actually tried ), were thought of, dut
everything reverts to tabling, Tables are preferred for
four reasons, nemely: (1) Operating costs are low;

(2) The feed ( fine sand ) to be sent to these tables

is the ideal field for them; (3) Everything is in the
open i1.e., operator ocan tell at a glansce what adjust-
ments are to be mede, and oan make them very quickly
when neceseary for best results, which all practioally
amounts to finger-tip control; and (4) Recovery by tabl-
ing i8 higher in this particular case with the exseption
of flotation,

It has been proven in laboratory testa that a 1b per-
cent zins table concentrate can be mede on a quarter-size
table with a ¥& percent recovery; therefore it is not
expeoting too much to assume a 16 percent oconcentrate

with an 80 percent recovery on a full-size table.
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RESULTS OF LABORATORY TABLE TEST

After the final arrangement of riffling was deoided
upon, a8 shown on page 26 , 48 pounds of deslimed minus
10 mesh feed was passsd over a quarter-size Butohart
table. This feed assayed 3 percent zinec and the result-
ing products wers 8 pounds of 12.8 percent zine cincen-
trate and 40 pounds of tailing assaying 1 percent 2ino.

Two other tests were made as a ocheok., In one case
both concentrate and tailing ren slightly higher in zinec
and Iin the other case, both soncentrate and tailing ran
lower., Since the above figures are the result of an
average test, 1t will be taken as an example.

In these tests the feecd was passed over the ftable

once, and fthe resulting products, namely eonoentrate and
talling were then sampled after the total 48 pounds had
passed over the table. This means the samples were
obtained from the table when it was performing at its
best and at ite woerst, and should be a good average.
Had samples been taken from the eoncentrate and tailing
zones at about the half-way mark, while the table was in
motion, better results would have beeén obtained, namely
higher conoentrate, and lower tailing., But the idea was
not to get results from performances at their best, but
only under good average conditions,

With reference to the table p. 22 a very noticeable
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feature 1s that the iron in the tailings is only about
one-half of 1 peroent lower than the iron in the feed,
and that the iron only doubled itself in concentration,
while the concentration of the zinc was more than
quadrupled. As the writer sees it, there could be two
reasons for the behavior of the iron, namely; part of

the 1iron being in a fine sand state, thereby being washed
into the tailling zone (most of the zinc was in aoarse
sand range), and secondly, that the iron occured as a
middling but in the form of small specks on the delomitic
gangue, whisch of ocourse would themn be found in the tail-
ing zone.

Another noticeable feature was the effect of table speed
on grade of aonscentrate with no appreoiable sffect on the
grade of tailing. At 280 strokes per minute, a 15.Y per-
cent zino cencentrate was produoed, while at 220 sirokes
per minute a 12,8 and a 11l.3 percent zino eoncentrates
were obtained. The assay of the tailings only varied a
few hundredths of 1 percent in each oase, This inorease
in grade may not have besn &l1 due to inoreese in speed,
but other faotors such as condition of feeding may have
had something to do with this also, for the deslimed tail-
ings in these tests were fed to the tables by means of
hand held scoops, resulting in perieds of steady feed,

rashes and lulls.
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RECOMMENDED DECK PLAN OF BUTCHART SAND TABLE
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The above figure is the plan of the deck of one of
the eight Butchart tables whioh will concentrate appro-
ximately 600 tons of minus 10 mesh deslimed material.

It should be noted that every fourth riffle should
extend 24 inches horizontally beyond a diagonal line
through the ends of the remaining shorter riffles. This
is not an original design of the writer, but was bor-
rowed from & photograph left at the Wisconsin Mining
School by a representative of the manufaoturers of But-
chart tables.

The above design was adopted after several different
riffle arrangements had been tried with actual tests, in
order to cope with the wide size range of table feed.
The results from a test with the above plan showed not
only a higher recovery but alse & higher grade ooncent-

rate on a quarter-size table.
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TA3LING OF SLIMES

The laboratory slime tavle test did not turn out quite
as well as expected. The test was made on a quarter-size
Deister slime table with a pool riffle design such as
shown in figure 4 on page 28,

The result was a 15.5 percent zine concentrate and a
1.8 percent tailing, frem a 4.5 percent zine slime feed.
The percent extrasction figures out to be 68 persent.

The weight of the slimes which were fed to the table
was only 10 pounds. (All that was available at that time
gince over 30 pounds saved for this test were destroyed
while laboratory was undergoing repairs, and it takes
150 pounds of tailings to give 10 pounds of slime, because
there are only 7.5 percent of slimes in the tailings) and
the result was that it took nearly all of the 10 pounds
Yo make a good bed and then there was no more feed.

This test is net at all discouraging because two slime
tables in actusl operation in the southern district were
running a 4 percent zinc slime from a sludge pond getiing
a oonocentrate assaying a little better than 18 pereent,
and the tailings assayed 1 pereent zine. This gave ap
extraction of 80 peraent.

Coghill and Andergon made several slime table tests on
a quarter-size Butschart table running a typical South-west
Wisconsin sludge assaying b percent zine, Their results

were even better than the above actual operation results.
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Fig. 4

RECOMMENDED DECK PLAN OF DEISTER SLIME TABLES
DESCRIPTION OF DEISTER SLIME TABLES §

Acaording to several tests, 7 percent of the original
tailings will be slimes., This means that 1005 tons of
minus 80 mesh material will be concentrated on three slimse
tables. A plan of the deok of eaoh table is shown in the
above figure.

The wide tapering dark marks designate pool riffles.
These have a triangular shape, being about three-fourths
of an inch high at the head end and tapering to a feather
edge. The purpose of these riffles is to form a more or
less quiet pool allowing finer concentrates to freely set-

tle, which otherwise would not have this proteotion.
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DAILY OPERATING COSTS OF GRAVITY MILL

Gravity Coneentration Per Ton Total
Purchase of 1,500 tons tailings § 0.10 $ 150,00
Handling and Loading 0.025 37.50

Plus 10 mesh and plus 3/16 inch

reject disposal (900 tons) 0.01% 19,60
Soreening 0.009 13.50
Tabling 0.017 26,50
Table Tailing Disposal ( 500 tons) 0,007 10,560
Water Supply 0,008 12,00
Depreciation 0,008 12,00
011, Grease, Waste, and Repairs 0.003 4,50
Miscellaneous 0.003 4.60
Reserve for Future Expanse 0,007 10,50

Total Gravity M11l Expense 0,20 $300.00

The above "Reserve for Future Expense™ ia to build up
a fund for the moving of the gravity mill for a distance
of £ of a mile, at the end of the firast three years.
Then, not quite two years later, the gravity mill must
be moved twice more at one year intervals. This reserve
fund will be ample to not only defray the moving expense
( three movings ), but also the cest of hauling the 100
tons of gravity mill ooncentrate to the original flotation

plant which will not be moved from ite first looatlion.
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FLOTATION [{iST ON ORIGINAL TAILINGS

(Not Previously Concentrated)

Type of ore - - - - - low grade tails (see following
explanation sheet).

Wt. of sample

-~ - - 2,000 grams

Primary grind - - - Rolls &ll thru 20 mesh

Final grind - - = = All thru 65 mesh
Water - =« - -~ - - - Tap
Pulp density - - - - - Three to one
Temperature - - - - - Room
Machine - - - - - - - Denver Sub A
Reagent To Ball Mill To Conditioner
( 6 min, )
Hp0 1,000 lbe. per ton 5,000 1lbs. (to shale
oell)
Soda Ash o lbs. per ton
Aerofloat 15 1lbs. per ton
Floated 6 min. to remove shale and lead.
( zine eirouit).
Lime 5 1lbs. per ton 2 min.
CuSoy 1.2 1bs. per ton 5 min.
Xanthate ( Sodium ) «10 lbs.
Yermor Pine 0il .15 1bs. per ton

1lst cono. 2 min. 1st mids 4 min, and 2nd mide 8 wmin.
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EXPLANATION OF FOREGOING FLOTATION TEST

The purpose of this test was to try out a more or
less standard flotation schemeé on an exsceedingly low
grade ore ( original tailings just as from the pile).

As can be seen from the results, this scheme worked
almost as well as on a higher grade ore for which it was
developed. Practically a 60% zinec concentrate was obtain-
ed without clsaning. Had this concentrate been cleaned,
even once, 1t would have assayed 62% or more, as this
would have removed some of the iron which ran 2.5%.

The conditioner referred to is the flotation cell
itself, with the air-cook closed and impeller speed about
one-half of the regular flotation spesed. When froth is
removed, the machine is run at full speed with air-cock
open.

The shale referred to is the oll roek, some of which
was not unlocked from the dolomitic gengue, This sShale
oomes off with what little lead there is, in a dirty look-
ing froth in the lead oircuit at the beginning of the
process. Another fast brought out in this teat was that
even in spite of such a large proportion of gangue to such
8 small proportion of zine sulphide, a dispersing agent
such as sodium siliocate was unnegsessary.

These tailings were from & plle kmown as Rule Mine
Tailings, which is a pile the writer worked on, on other

tests.,
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As ocan be seen from the results below, a very impert-
ant point brought out in this test is that there is not
much zinc carbonate in the tallings of this northern
distriot (low assay of flotation tailings). Too muoh of
this carbonate would have made this project a failure,
since Smithsonite, the zino carbonate, cennot be recovered
by flotation, to my knowledge.

This test was oconducted slightly differently from the
main flotation tests in this report. The idea was to

find out the grades of concentrates in different periods.

FLOTATION RESULTS OF LOW GRADE FEED
( NATORAL TAILINGS )

Produot % Zn % ¥eo
Heads 1.60 5.2
Cono. 59.30 849
lat mids 36.30 10.b0
2nd mids 4.8b 15.0
Tails 12 2.02
Shale 74 7.1
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FLOTATION TEST ON AVERAGE FLOTATION FEED

Type of ore Mixture of sand and slime table con-

centrates (13.5 percent zine)

Welght of sample - - - - - = - - - 2,000 grams
Final grind - = « - - - &« = - - All thru 80 mesh
Water R T T Tap
Pulp dengity - - = = = = - - - - - - Four to one
Temperature - - -« =« - = = = - = = - - 4 Room
Machine = - = « - - = & & & - - Denver Sub A
Reagent To Conditioner

Lead and 0Oil Rock Cireuit

iater = - = = - = = ¢ - - - - 8,000 pounds per ton
Lime = « = = = - = - = 4¢ pounds per ton, S5 minutes
Aerofloat (25 percent)- - O.l pounds per ton, 2 minutes

Floated 5 minutes to remove shale and lead

Zine Cirocuit

Lilme = = = = = = - =« =~ = 6 pounds per ton, 7 minutes
Copper sulphate - = - 1.8 pounds per ton, & minutes
Xanthate (sodium ethyl)- 0.16 pounds per ton, 1.6 minutes
Yarmor pine o0il - - - - 0,1 pounds per ton, 0.0 minutes

Rougher froth removed for 4 minutes

Scavenger froth removed for & minutes.



FLOTATION EXPERIMENT NUMBER ONE

Weight | Per- Per- [Peroent of
cent cent |total zine

welght | zino |in feed

Composite 2,000 100 13,53 | 100
Lead froth 56 2.8 7.24 | 144
Cleaner froth 139 6495 64,78 (33,3

rougher froth
Cleaner tglls 210 10.b 60.43 47.0

Scavenger
froth 212 10.6 18,6 [14.5
Rougher and
goavenger
tails L3683 169.1 274 | 3,8

The persent of zinc extraotion is 96.2, (This is in-
cluding that which went over in the lead froth, but this
zino in the lead froth really cannot be considered a total
loas because this froth is run over a table, and the lead
from this table 18 a low grade finished produot, while
this zine which will be in the middling zone of the table
would be returmed to the oirouit. Further, thia pereent
zino in the lead froth was high, aa four subsequent tests
cut this percentage down to an average of 4 percent,
whioch amounts to a zinc content of .sﬁof the total zino)

The pHE of the rougher and soavenger discarded tailings
wea8 10.4 in this test ,
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EXPLANATION, RESULTS, AND DISCUSSION OF THE
FOREGOING LABORATORY FLOTATION TEST NUMBER 1

A sample of 2,000 grams consisting of 1,640 grams of
12.8 percent zinoc sand table oconcentrate and 360 grams of
15 peroent zine slime table concentrate all thru 80 mesh,
was introduced into a 2,000 gram Denver Sub A Laboratory
Flotation machine with 4,000 c.c. of water (4,000 pounds
per ton).

The maohine was turned on at half speed and the pulp
conditioned for five minutes. At the beginning, four
grams of lime (4 pounds per ton) were added, and three
minutes later .1 gram of twenty-five percent aerofloat
(.1 pound per ton). The air cosk was then epened and the
machine speeded up. The froth, which was now removed for
five minutes, had a dirty gray color and eontained a
small amount of lead and considerable oil roeck,

The machine was then retarded, the air cock olosed,
and the following reagents were added: five grams of lime,
four minutes later l.4 grams of copper sulphate, one and
one-half minute after this .1 grem of sodium ethyl xanthate
and one minute after this ,1 gram of yarmor pine oil.

This was all done during a seven minute time interval,. The
air ooock was then opened, the machine speeded up, and the
zinoe rougher froth was removed for foup minutes, This was

saved to be cleaned later. Thls rougher froth consisted
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0of amall light gray bubbles, neither tough not drittle,

At the beginning of this period (scavenger froth
removal), .4 grams of additional copper sulphate were
added. While the maohine was running at full speed, the
froth was being removed with a paddle. About a minute
after the copper sulphate addition, .06 gram of sodium
ethyl xanthate were added, the froth being removed un-
interruptedly. This scavenger froth was removed for
gix minutes more. In practise, this froth would return
to the head end of the zine circuit. The bubbles here
woere lighter in aolor.

The machine was then drained and a sample of the tail-
ings was taken for pH determination, which was found to
be 10.4.

After the machine was cleaned, the rougher froth was
added with additional water (pulp demsity 10 to l). No
additional reagents were added here. The air cock was
opened and this cleaner froth was removed for nearly two
minutea. The bubbles were exceedingly heavily laden
with zine coneentrate and were golden brown in color.
The tailings from this cleaner cell would also go baock
to the head of the zine cirecuit.

On subsequent assays, 1t was found that the cleaning
of this rougher froth was unnecessary, since it asasayed

over 62 percent zinoc.
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FURTHER DISCUSSION OF FLOTATION TESTS

These testa were sonducted so as to conform as nearly
a8 possible to actual plant operating conditions., In
actual operation, there would be a mixture of approximately
1,640 pounds of sand teble concentrate and 360 pounds of
slime table oconcentrate for every ton of flotation feed;
therefore, for every 2,000 gram sample for these tests
there were 1,640 grams of sand table concentrate and 360
grams of slime table concentrate.

The timeing in these tests was proportioned, as though
there were two rougher, one cleaner, and four soavenger
cells in operation.

The high pH (10.4) of the teilings, test number 1, was
not harmful but unnecessary. Just as good results were
later obtained with a lower pH of 9.4, but the amount of
lime used in this test (9 pounds per ton) would have %o be
used in operation, i1f not slightly more, because the water
used in plant operation taken from an o0ld mine shaft would
be slightly more ascidio than the tap water used in thise
test.

In four subsequent tests, the amount of zine carried
over in the lead froth waas about one-half of that oarried
over in test number 1. This was brought about by removing
the lead froth only three minutes ( 2 minutes less) by

adding weaker asrofloat, namely 15 percent, instead of

- 38 -



2b perocent, and by using a smaller amount of aerofloat.

In a total of five flotation tests with a feed consgis-
ting of a mixture of sand and slime table conoentrates
(135 percent zine), &ll thru 80 mesh, an average recovery
of 95.5 percent was obtained. The highest soncentrate
assayed 60.14 percent zine and the lowest ran 63.6 per-
cent zine. From previous experience with laboratory
flotation teste and aotual operation, the writer feels
that the above results can be almost duplicated. In fact
aoctual plant operation has usually proven out better, but
in this case that oould hardly be possible.,

One thing that has been very noticeable is that an ave-
erage flotation feed of about 14 percent zino seems to
glve better all around results for ores in this distriot,
from both a standpoint of recovery and grade of concentrate,

With reference to the table of results from Flotation
Test Number One, 1t should be remembered that the cleaner
ooncentrate and cleaner tailing together make up the rougher
froth. Although it was not necessary to clean the rougher
froth from test number one since it assayed 62 percent, it
was found that the average assay of the rougher froth from
four other tests was 57 percent zine., This shows that 1%
is imperative to send the rougher froth through one oleaner
0cell whioh will then give a cleaner conscenirate averaging

64 percent zino, and the cleaner tailings (average assay
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50 percent zine), of course go baock to the head of the
zine coirouit to recirculate.

In the event an ore should be encountered which con-
tained more lead than that contained in the feed for
these flotation tests, what should be done in order to
reoover all posgsible lead and yet keep 1t praotically
free from zine?

The remedy is to add approximately .6 pounds of zinc
sulphate and .2 pounds of sodium or potassium oyanide
for every ton of ore. These two reagents should be add-
ed to the ball mill, and together they will act as zine
and iron depressants in the lead aircuit,

A complete eanalysis of & mixture of flotatiorn eonceén-
trates from Wisconsin jig concentrates and teble aoncen-

trates follows:,

Zn 62.83% Cu None
Pb 0.76 Bi n
Fe 2.40 As n
ca 0.21 Sb "
Cal 0.15 Co "
g0 0.82 Ni n
S10s 0.34 Al n
S 42.61 Mn "
Insol (inel.S10p) 0.49 v n
c1 "
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Flow Sheet for Proposed
Flotation Plant
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FLOTATION REAGENTS

Two of the noticable fects on observing the
Flotation Flow sheet, pageg) , are the large amount of
lime used, and that lime is also used to neutralize the
water Instead of the usual soda ash (NapCogz).

In the past it was thought that if lime were used
for neutralizing water before the removal of lead
sulphide, it would interfere with the flotation of
galena, but several laboratory tests were made with ores
ocontalning gelena, and it was found thet lime did not
interfere, This is quite an advantage for this project
8ince lime ie much cheaper than soda ash,

This small item alone involves a saving of approx-
imately 8¢ per ton for flotation reagents. This idea of
using lime instead of soda ash originated after the study
of "Flotation Reagents™ in a pamphlet obtained from the
Denver Equipment Company , from which a small amount of
this data is drawn. Queting from the above pamphlet,
nTime interferes with the flotation of galene in the
presence of ethyl xanthate, thiocarbanilid, or 25% aero-
float. In the above laboratory tests 25% aerofloat was
used both as the frother and collector in the lead
circuit.

The large amount of lime is necessary to obtain a

pH of 9.6 in the zine flotation tailing. This required



high lime, in the writer's opinion, is necessary because
of the presence of marcasite, some of which is in a
slightly oxidized state, causing formation of HoSoy
after the addition of water. Were it not for the high
lime content of the tailings themselves, still more lime
would have to be added in the zine eireuit.

That the dolomitic limestone in the tailings
furnishes additional alkalinity can be proved by the
fact that one operator in the district attempting the
flotation of sludge without any previous concentration
out his lime bill almost in half on the addition of high
lime tailings. Lime is used for two reasons, namely,
t0 furnish the necessary alkelinity in beth the lead and
zinc circuits, and to depress the marcasite in the zine
oircuit,

The 16% aerofloat added to the bzall mill acts as a
frother and a collector in the lead oircuit. In this
cireuit the lead and o¢1] roek are removed in the form of
a dirty froth.

Copper sulphate ig known as a reactivating agent
and is added in the oonditioner before the zine circuit.
It precipitates films of sopper sulphide on the zino
minerals and thus makes them amenable to flotation.

Sodium ethyl xanthate i1s used as the collector in
the zino oiroult. It is the cheapest xanthate, and it
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is found to be Just as effective as the more expensive
xanthates, such as amyl and pentasol. The xanthate is
added in the first flotationm oell, because this gives
it sufficient time to aoct, and besides, if it were
added soomer it would be apt to colleot more marcasite
than the small amount which it alresdy does.

Pine o011, the frother for the zinc eircult is also
added to the first zinec 6ell., It is unnecessary to sdd
i1t sooner because 1t acts fast, It seems &s though
most operators prefer oresylioc acid as a frother, but
in laboratory tests, and in actual opération, the writer
found it to be less effective than pine oil, and further
pine 01l is considerably cheaper, and much more pleasant
to handle.

It can be noted that the reagents shosen are not
only effestive but the cheapest in thelr respective
class., This 18 a decided advantage because the idea he-

hind this project is low operating costs.
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FLOTATION PLANT OPERATION

With reference to the flow sheet of the proposed
flotation plant, it is seen that the leed froth from the
lead oells is not oleaned or filtered. The amount of
lead even in flotation feed from run of mine ores is so
small ( mostly removed in the gravity mill ), that 4t
does not warrant this extra expenditure.

This lead froth, eontaining considerable oil rock and
gsome iron, is very dirty and assays about 15 percent
iron and 2.6 percent lead. The usual practise which was
insugurated by the first flotation plant in this district
is to run this lead froth over a table, thereby grading
it up to 60 percent or more, whish is then a saleabls
product, The tailings from this table are then sent
back to the first lead cell to recireulate.

Another notioceable feature is that no thickener for
the cleaner zine froth before going to the Pilter is need-
ed. This was found unnecessary from actual practise.

The first flotation plant in the distriet used nine
rougher zine cells and one cleaner, the froth from all
nine rougher cells going to the one cleaner. The feed to
the 2zine eircuit was not conditioned, but went from the
oclassifier to the first zine ocell direct, This arrange-

ment worked well for & freah run of mine ore, but about a
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year ago, while this same plant was running some sludge
with fair success, the writer suggested a quick and in-
expensive change. This was to use a small thickener as
a oconditioner which worked well by keeping the pulp
level fairly low, and a second change was to use the
first four zinc cells as roughers, and the last five as
scavengers. This change resulted in a slight inorease
in recovery and a higher grade of oconcentrate.

The conditioner was used to give the slightly oxid-
ized zinc mineral more time to be acted upon by the re-
agenta, By using the first four zinc cells as roughers,
they out down the load in the cleaner cell, besides
glving 1t a muoch higher grade froth to work on.

The pulp density in the zine cirocuit gives the besat
results at a four to one ratio, with a pH of the tailings
at 9.b.

Although a total of nine cells for the zine cirouit are
shown on the flow sheet, laboratory tests have shown that
a 95 percent recovery and a 64 percent zine aoncentrate
ean be obtained in & time interval of 10 minutes. Aceord-
ing to the manufacturers a pulp of this density would take
on an average of about two minutes per cell for oirsulation;
therefore, i1t is the writers' opinion that this plant could
operate with seven zinoe cells, inoluding one cleaner, It

1s recommended to use the first two cells as roughers
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( since almost 80 percent of the total zine in the feed
would be removed hers ), and the last four cells as
scavengers, leaving the one remaining cell as the
cleaner,

In the laboratory flotation test desoribed on another
page, the lead and 01l roock froth assayed 7.24 peroent
zinoe., This was the highest zinc assay of all the five
laboratory flotation tests made. This was because the
lead and o0il rook froth was remeved for five full minutes
whioh was teo long, 1In later tests this time was eut to
three minutes resulting in a 4 percent zine assay. The
amount of this lead and oil roek froth, hewever, is ao
small that even if it assays 4 percent zine, this amounts
to only 0.6 of 1 percent of the total zine in the feed.

In order to ocut down this amount of zinec going over
with the lead froth, the writer recommends only two lead
ocelle in actual practise, which will be equivalent to
almost four minutes of time, This will be ample time to
remove practically all of the lead, and from experiencse
it is known that the zine agsay of this lead and eil rook
froth will not be mere than 2 peroent in aotual plant

operation.
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DAILY OPERATION COSTS FOR FLOTATION
OF 100 TONS OF TABLE CONCENTRATES

Labor and Superintendence $ 36,00
Power 25,00
Depreciation and Amortization 2750
Property Insurance 1.00
Workman's Compensation Insurance 1.00
Repairs and Replacements 3,00
Property Tax «50
Inocome Tax 15.00
Flotation Reagents 29.00
0il, Grease, and Waste +50
Balls and Liners ( Wear ) 2,00
Miscellaneous Supplies 1.00

Disposal of Concentrates including

Truecking and Trimming Cars 12,00
Assaying 3,00
Freight on Concentrate o4 .00
0ffioce Expense 1.00
Miscelleneous 3.50

Total $216.00
It 1s 0 be understood that the above costs are for
100 tons of flotation feed whioch makes the flotation
cost per ton of original tailing $196/1,500 tons, or $.1433
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DISCUSSION AND RESULTS OF ONE DAYS' OPERATION

By means of a sgoraper system, 1,500 tons of tailings
wlll be elevated into a 50 ton hopper. This hopper will
then feed two double-deck vibrating soreens wihaich will
rejeot 58 pereent (870 tons), letting 42 percent (630 tons)
pass through.

These 630 tons of minus 10 mesah material will then go
to a mechanieal oclasgifier, The fine sand from the class-
ifier will then be the feed to the eight sand tables,
amounting to 520 tons, while the overflow from the oclass-
ifier oontaining the slime (110 tons) will go to a large
oone, or small thickener, It is assumed that about 5 tons
of slimes will be lost in the overflow from the thickener
or cone, leaving 105 tons of thickened slimes as the feed
to three slime tablesa.

The 520 tons of feed to the eight sand tables assay
2.97 percent zine. Assuming an 80 percent extractien
(whioh is more of & faet than en assumption), the result-
ing product from the sand tables will be 82,3 tons of 15
percent zinc concentrate.

The 105 tone of feed ({(4.49 perocent zine) to the slime
tables will give 19,5 tons of 18 percent zine conoentrate.

The feed to the flotation plant will then consist of

101.8 tons with an average assay of 16,59 percent zinc.
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With a 93 percent recovery (actually is 95 percent but

wlll be considered 93 percent as a safety factor), the

finished product from the flotation plant will be 23.8

tons of 62 percent zine concentrate. With a 60 percent

conoentrate valued at $34.00, a 62 percent aoncentrate
will be given a bonus of $L.50 per ton; so the daily re-
turn will be 23.8 X 35,50 = $844.90. The total daily ex-
pense will be 1,500 X ,3433 = $515.00. The net daily re-
turn at present price 1s $329.90.

It should not be forgottern that 870 tons rejected by
the 3/16 inch and 10 mesh (.07 inoh), will make an excel-
lent produst for road surfacing, bringing in additional
income. Another small source of income would bs the table
tailings (600 tons daily), which should be in demand for
agricultural lime, being the ideal size namely, minus 10
plus 65 mesh,

A brief summary of the above discussion for one days'
operation 1s as follows:

Sale of 23,8 tonms 62% zine concentrate @ 35.50% $844,90
Gravity mill expemse 1,500 tons @ $0.20=$300.00
Flotation plant expense $215 daily

equivalent to $0.1433 per ton of

original 1,500 teons = 215,00
Total Expense 516.00
Net Daily Income $329,90
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MAXIMUM CAPITAL INVESTMENT FOR THIS PROJECT

The gravity concentration plant will not cost more
than §15,000.00. This will include eleven tables, two
double-deck vibrating screens, scraper system for hand-
ling tailings at piles, conveyor belt system for moving
tailings from piles, pumping equipment, power install-
ation (obtained from electric high line), elevators for
tailing and concentrate, mechanical classifier, and the
shelter or building.

The maximum co8t for the flotation plant will not be
over $35,000,00, including the building. This figure
wes arrived at after ocarefully checking costs given Dby
the Denver Equipment Company, of Denver, Colorado.

So for a maximum investment of $50,000.00, a net aver-
age return of at least §200.00 a day can be expected for
200 days per year for 6.5 years.

The present set-up is even better than that, As an
inducement for someone to begin a project such as this,
the owners of one and oné-half million tones of these tail-
ings offer to throw in nearly a thousand tons of high
grade ore which was cleaned up after the mines were shut
down. The returne from this ore alone would be over
$5,000.00.

Sufficient water for both gravity and flotation plants
can be readlly obtained from the old shaft near the ome

millionr ton pile.
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AGRICULTURAL LIMESTONE AND ITS CONNECTION
WITH THIS PROJEGT

Acoording to present indications, it appears that
approximately 500 tons of dolomitic limestone will be
produced daily by tabling 600 tons of minus 10 mesh
tailings. Thies, according to various agriocultural
bulletins is the most desired and effesctive sizse.

The term magnesium limestone 1s applied to one
that oontaina both carbonate of lime and oarbonsate of
magnesla. The term dolomitio limestone is also applied
to the same material, The value of this limestone for
agrioultural use is usually considsered as equal to that
of ordinary limestone, that is, one containing 88% of
lime and magnesia ocarbonates would be equal in value to
an ordinary limestone centaining 85% of oarbonate of
lime.6

With reference to pagel2 , the Cang(003)2 runs
77.6% but on tabling this materiel, most of the Zn, Fe,
and S will be remoyved, henoe the CaMg(003)2 would be
graded up to at least 80%.

Since the table tailings almost approach the true
agrioultural lime in size and content, tney should be
in considerable demand, especially if they would be sold
for 25¢ per ton. But since this added inocome would be
small and uncertain, it will not be considered as an ad-

ditional souree of profit in this venturs.
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IMPORTANCE OF SAMPLING

In view of the faet that a projest of this kxind
requires a considerable initial investment, the method
and oasrefullness of sampling capnot be stressed too
strongly.

A sample oconsisting of several tons used throughout
these tests was obtained from several test pits in
different parts of each pile. Five pilles are repres-
ented in this large sample, and the amount of sample
from each pile was in proportion to the size of the
plle.

None of the test pits were over four feet deep,
but this is considered on the s8ide of safety in that
operators and former workers, alike, claim that the
lower values of the larger plles ere near the surface
and that deeper down In the piles the tailings will
agsay higher in zino. Different spots on the pile
are also rioher in zine even neasr the surface.

It is said that in the early formation of fwo of
theae piles some of the night shifta were very inef-
ficient andsome mornings on the ocheckup it was dif-
fiocult to distinguish between conoentrate and tailing.
The latter statement may be somewhat exaggerated, but
that the night ahifts were frequently asleep on the

Job seems to be the general opinion.
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In obtaining the above samples aare was taken not to
dig these pits in the risher parts of the piles, nor at
places where talling elevators were formerly located.

For a more truly representetive sample, it would be
adviseable to use one of the methods in use in the Tri-
State Field, which involves churn drilling. In this
method a heavy casing is kept not over twenty-four inches
in advance of the drill bit. No water is used in order
to avoid losing valuable fines. To remove the dry tail-
ings from the inside of the ocasing, a tool similar to ths
horn-socket fishing tool is attached to the end of a sink-
ing bar and werked up and down inside the oasing, paock-
ing the dry tailings into the socket tool. The dry tail-
ings pack well and oan thén be raised to the surface and

removed by pounding on the sooket.7
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CONCLUSION

All the doubtful points as to the sucsess of this
project have been practically taken care of in this
report.

One logical question whioh could still be asked 1is,
"Is the sample from which these tests were made a re-
presentative one?" As was mentioned before, this sample
cameé from various test pits near the surface of the sev-
eral piles and should be on the side of safety, since it
1s almoat a faot that the tailings are richer in zinc
deeper down in the piles. Further, the writer checked
Vhe assays of this sample with several spout sample as-
gsays made while the formation of some of these Bame piles
was 1n progress.

Another logical question is, "If this project looks
so good, why didn't someone try it beforet"™ During the
long depression, it is reasonable to assume that no one
cared to sink $60,000.00 into 2 waste product, and before
the depression, small and large operators allke were
sucocassful in locating small ore bodies; so why bother
with tailing piles?

Since the depression, only a few people besides the
writer have thought about it, eand these few who would
like to begin this project according to the writers'

scheme, cannot raise the necessary capital.

- 55 =



Acocording to the figures on another page, & net daily
profit of $330.00 can be obtained when the market price
for a 60 percent zine concentrate is $34.00 per ton,
which ia lower than the average.

Most of the flotation operating costs were obtaired
from actual operating conditionas, and the freight charge
on the flotation concentrates was obtained from the
Vinegar Hill Zino Company of Platteville, Wisconsin,

Some of the operating costs in the gravity mill were
agsumed, but moat of these could be chscked by data fur-
nished by various manufacturing companies.

On the whole, the writer feels that all operating
costs are figured sufficiently high to allow for any pos-
8ible contingency, which may ocour.

A Qquiok chesk-up on recovery 1s as follows: 76.8 per=-
cent of the zine is recovered in the soreerning operation,
80 percent in the gravity mill, and 95 percent will be ag-
suned as the flotation reocovery, although it actually was
higher, This gives an everage recovery of 56.7 percent.

A rapid oheck-up on this whole projest for finding the
minimum ineome per ton of natural tailings is to take 50
percent of the zino ocontent and multiply this by D2 percent
of the E., St. Louis pri¢e per pound.

A B%1ll shorter ocheck, giving the same pesults as sbove

is to move the deoimal point of the assay of natural
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tailings one place to the right, This gives the reasover-
able pounds of zino per ton of tailings, then multiply
this by 52 percent of the E. St. Louis price per pound.

The minimum net profit per day can then be found by
deducting $0.34 from the above minimum income per ton
figure.

A8 &an example, these tailings assayed 1,88 peroent
zine. By moving the deoimal point one place to the right
glves 18,8 pounds reooverable zine. If the E. St. Louis
price in b6 ocents per pound, 52 percent of this ia 2.6 aents.
18.8 X $0.026 = $0.4888. $0.4688 minus $0.3433 = $0.1455
as a minimum profit per ton of natural tailings at this
price.,

As an after-thought, it would be strongly advisable to
have a set of high speed rollas handy shortly after this
project is started, Bo as to divert the rejeot from the
3/16 inch soreen or the reject from the 10 mesh, or both,
when these aforementioned rich spots are enoountered.
These spote oan be sasily recognized when encountered, be-
cause of the larger amount of pure piéces of coarse
sphalerite,

The writer is willing to wager that there will be at
least 200 days of this ooarse rejeot milling whioh means
only about 600 tons of tailinge daily neéd be handled in-
stead of 1,500, with an inorease of at least $70 daily
profit even after oonsidering the added cost of crushing.
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