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 BUREAU OF MINES .

1600 EAST FIRST SOUTH STREET o ["gv 18 1951_

SALT LAKE CITY 1, UTAH )
BUREAU OF MINES

November 8; 1951 Denver, Colorada
Memorandum
To: Paul T. Allsman, Bureau of Mines, Denver, Colorado
From: S. R. Zimmerley, Bureau of Mines, Salt Lake City,
' Utah
Subject: 1. Mead manganese property, Johnson County, Wyoming.

2. Summary of test results of Western Manganese Ores.

Yesterday when I was in Denver, you and Mr. McMillan
asked about your letter of October 9 requesting information on
metallurgical tésting on Mead manganese ore from Johnson County,
Wyoming. Upon returning today, George Potter mentioned that
he answered the memorandum on October 12, the memorandum.
being directed to J. H. East, Jr. and from me. Attached is a
copy of the memorandum. In any event, you will note that the
deposit was not considered of sufficient importance in 1942 to
justify metallurgical work and that the sample submitted by
Gunnell, 8 or 9 years ago has been discarded. If you wish to
submit another sample for metallurgical testing, we would be
glad to do the work,

You perhaps will recall that I mentioned an R. I.
giving the summary of results of test work done at Salt Lake on
a large number of manganese ores and I could not remember the
number of the R. I. Itis R. I. 4117, Beneficiation of Western
Manganese Ores, by C. H. Schack and H. G. Poole.  In the
appendix given on page 23 on through to the end of the R. I., is
a key classification group arranged according to types, states,
and districts. The original 100 authors' copies have already
been distributed and fortunately a new batch arrived several days
ago. Two copies are enclosed for your use.

S\P Formr.
' S. R. mmerley .
Copy to: J. H East, Jr.

W. D. McMillan

Enclosure
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Box 4156 _
Washington, D. C.
October 12, 1951

Mr. J. He Bast, Jr.
Executive Officer

. DMA Field Team, Region IV

224 New Customhouse
Denver 2, Colorado

DearlMr. East

Conditions beyond our control have prevented further con-
sideration of the Mead manganese deposit at the present time. Accord-
ingly we wish to drop our application until and.mnless we contact you

further.

Respectgnlly

Geological Engineer
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To J. H. East, Jr., Denver, Colorado
From: i R. Zimmerley
Subject: Mead Manganese Property, Johnson County,

Wyoming

This refers to your memorandum of October 9,
inquiring as to whether or not metallurgical tests were made
on a 150-pound sample of 20.4 percent manganese ore from
the Mead property, Johnson County, Wyoming.

We have checked our files carefully and find that
no tests were made on this sample, and the sample is no
longer available. Apparently the District Engineer did not
deem the deposit promising enough to warrant the expense
of metallurgical testing, as our records indicate that, after
assaying, the ore sample was ordered discarded.






. | UNlTED STATES |
DEPARTMENT OF THE lNTERlOR

BUREAU OF MINES -

1600 EAST FIRST SOUTH STREET .
SALT LAKE CITY 1, UTAH

October 12, 1951

: Memorandum - - - RIS

.- ) :{ g
To: - J. H. East, Jr., Denver, Colorado S 2w Ty

From: S ‘R szmerley o " s “‘\\,

Subjéct:  Mead Manganese Property, Johnson Caunty, -
'~ Wyoming . . ,

Tlns refers to your memorandum of October 9,

' mquumg as to whether or not metallurgical tests were made
. on a 150-pound sample of 20.4 percent manganese ore from =
. the Mead property. Jolmson County, Wyo:mng '

We have checked our fxles carefully and f:nd that
no tests were made on this sample, and the sample is no
longer available. Apparently the District Engineer did not-

" deem the deposit promising enough to warrant the expense
of metallurgical testing, as our records indicate that, after

. assaying, the ore sample was ordered discarded

-8 R_.",',Zimme,‘rley





ngw
E | Ostaber 9, 2951

Y Mq .
Prewy wmmmn

_‘m v ﬂ.m m »

) m rge *, WMM

" m‘tmﬁ’ 3513‘;::;& il M m“ by mz.; S
, A -

Mwm.hmwmu. wA e

' Pluninﬁrawutmw”mm&mm
. mmMmthM,Mtﬁm&Mﬂ

e

WDM o,j V< *
s DMA Subject and Chronological





Demrar 2, Calorads _' |
© Ooteber 2, 195

Qn«.mmum“ .
o "2

' 'VM *. Owymat

s mrmummmmmmw mgn"
MnMMaMMMW” plans
:a{l&tﬁhmmﬁcﬂmw%mcmr,m' |

‘ o mmﬁmbdmwtmwwm‘um -
’,mmammmomoup uw*mmmb%mm '
‘with the preject. If yow do 3% wiil be Bexessiry Lo furnish .
. aceplate ! st &dummmmwm 1y
mﬁmmamx twmam

mﬂu&m mlmhtmc#odhm&em S

Yw fmaiy ms, :

/ ;M/‘, .

P‘I‘A o ’ '
ce: DMA Sub:}oct. and Chron.






4 - \ 515 Gale Street
' : ' Houston 22, Texas
April 17, 1951

Mr. Je. H. East, Jre

Regional Director

Bureau of Mines ‘

224 New Customhouse .

Denver 2, Colorado : o . (

Dear Mr. East

I received your letter dated February 20, 1951, and since that
time have visited the location of the menganese properties. I made
the trip with the purpose of deciding what type equipment would be
needed for the exploration. The weather was very bad, and it now
~ looks as if we maey have a lete spring in that section of the Big Horn.
- Mounteins.

o After,considering the depth and the material to be drilled I em
somevhat skeptical as to whether an auger will give us the desired
samples. I have just about decided that we will have to trench the
deposits and then obtain wall samples. For this purpose I will have
to obtain heavier equipment, including some lerge dozers. I am pres-

ently working on this, and will notify you when I have the required -
equipment, and when weather conditions will allow us to start our in-
vestlgatlon. .

-8incerely -

Thomas.A. Gwynn
Geolowl b






" REGIONAL DIRECTORS
| : OFFICE
UNITED STATES REGION 1v

DEPARTMENT OF THE INTERIOR PR 4 - 1951
BUREAU OF MINES . |

BUREAU OF MINES

DENVER, COLORADO
T -NEW=CUSTOMNAUSE

DENVER 2, COLORADO

b

Mining Division -
Region IV , g

April 4, 1951

Memorandum
Tos DMA Field Team, Region IV
From: Chief, Mining Division

Subject: DMA Docket 422, Wyoming Manganese Company, Thomas A. Gwynn

Mr. M. S. Mead, Jr., 51 South Main Street, Buffalo,
Wyoming, called this morning and talked with Mr. McMillan in
regard to the above docket. Mead is one of the owners of the
manganese claims.

- This deposit was examined by the Bureau of Mines in
1942. Correspondence on this calls it the Mean manganese deposit,
but in the text of the report mention is made of Mead.

Mr Mead states that there is practically no snow on

the deposit at the present and that it could easily be visited
by the end of the month.

P, T. Allsman





o P, 0, Box 4156

 pebruasy 20, 98 .

© s Thomas JL. Gmynn '
- “l’hiﬂmn; 90 co B

= _.ﬁe&r 1‘1‘. G"m“ : >

 We are .in mccipt of 1nstruotions fron the o . .
Opqrating Committee of the Defense Minersls Adninismtion S \{ '
to investigate the property of ‘the Wyoming Mangansse -
" in regard to your rmnt upplication fm' loan -

. ..en tiocka'b D¥A- aZZ.

If. 1s our undorutuw.iug ‘that the ares is oovcrod with o

- anw wntil about May le Will you kindly srrenge to advise

- this office, 224 New Customhouss, Denver, Qolorm, when the
gnov has melted aufficiently that & geolog joal examipation -
can be made, - In the weantime, we will hold your applieation
in abeyance withcut aoticn until rtaoipt of this 1nfomtion

- from yous

sincercly yours, o

P4 &47?'“”‘

7, 5, Bast, .
egiaml Pirector’
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UNITED STATES
DEPARTMENT OF THE INTERIOR
 BUREAU OF MINES

Mining Division , ‘ . 224 NEW CUSTOMHOUSE
Region IV . . DENVER 2, COLORADO

February 27, 1951

Memorandum , ' i).
\ [\

To: Field Team, DMA, Region IV .

From: P, T. Allsman

4 - < J/
Subject: DMA Docket 422, Wyoming Manganese Company, '
- Thomas A «Qu&nﬁw

T

The applicant has requested a loan of' $800,000 for the purpose -
of purchasing the necessary equipment to produce 300,000 tons of metallurgical
grade manganese, This manganese occurs as nodules in‘a clay matrlx over an
area of 500 acres with a reported thickness of 30 feet.

: A dep031§xnamed the Mean,Mhnganese Dep051t in the same general
area was exmained by Frank Gunnell of the Bureau of Mines during 1942,
‘Copies of a War Mineral Memorandum on this deposit are attached, Two
deposits are described, the best one being the northern. depcsit, which is
composed of a noduler unconsolldated bed of manganese ore in an arenaceous
clay gangue, A 150 pound metsllurgical semple from this deposit averaged
20,4 percent Mn, Maximum thickness report was 8 feet, the bed thinning in
all directions, There were not any estimates of tonnage of this deposit.

It is probable that Gwynn!s estimate of available tonnage is over optomistic,

, " Pe To Allsman W/

;,7[;&’
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UNITED STATES
DEPARTMENT OF THE INTERIOR
BUREAU OF MINES

\/T‘ T I\ )
WITINCT LAAVisiOn .
Data Recd, 1600 EAST FIRST SOUTH STREET
SALT LAKE CITY 1, UTAH

P 4o 1ds] February 16, 1951

TTOTA
I. R u.-d C¥ iu:l"‘ W

Denver, Celorado

Memorandum
To:  Paul T, Allsman, Chief, Mining Division, Region IV
From: Chief, Utah-Wyoming Brahch, Mining Division '

Subject: Manganese, Johnson County, Wyomlng ~ your memorandum
- February 13, 1951,

We have checked the files here but have found nothing
that would indicate that the property referred to by Mr, Thomas
A, Gwynn is the same as that held by Norman Mead, However, I
have discussed the area with Art Young, and he believes the
property to be the one he examined with Everett under the Missouri
Basin program, A copy of the report of this examination is probably
included in Everett's Missouri Basin file, Frank Gunnell examined
the Mead property during 1942 and prepared a War linerals Memorandum
at that time, A copy is enclosed, . Art Young concurs with the
tonnage estimate shown in this report,

Other manganese deposits have been reported in the general
area of the Mead property, One owned by A, L, Gheen of Worland,
Wyoming, is located in Washakie County, a short distance from
the Johnson County line, W, E, Young attempted to examine this
property in November 1950, but heavy snow prevented access to the
property,

gzzﬁi;7£>éQu, 1t felgioon

Stephen R, Wilson
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. Mining Division
-~ Reglon IV. -

" February 27, 1951

‘ Momorandum

| To: B Field Tesm, DHA, Region v

. From P, T. Allgmin

f Subjeot. DMA Docket 422 ’. ’vlyeming l%anganesa Company ’.

- - Thc applicant has requested a 1oa.n of 3800,000 for the purposa N

- . of purchasing the necessary squipment to produce 300,000 tong of metellurgical
" grade manganese, This manganese occurs a3 nodules in & clay mtrix over an -
© ares of 500 acres uith & reported thickneaa of 30 feet, :

: A depoait mmed t‘.he Mean Manganese Daposit .‘..n the seme genoral :
. area was exmained by Frank Gunnell ‘of the Buresu of Mines during 1942,
- Coples of a War Mineral Memorandum on this deposit are attached, Two
- deposits are described, the best one being the northern deposit s Which 1s
- -eomposed of a nodular unconsolidated bed of manganese ore in an arenacecus
. clay gangue, A 150 pound metellurgical sample from this deposit averaged
20,4 percent Mn, Maximum thicknese report was 8 feet, the bed thinning in
all directions, There wers not any estimates of tomnage of thiz deposit, =
It is probable that Gwynn's uatimate of available tonnage 13 over opmiatio.

R Cpom Mllamn
CGDMA files -
MeMillan,
I{ow‘
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REGIONAL CinSCion’s
FEICE
: . DEGION IV
k UNITED STATES T3 141951
N DEPARTMENT OF THE INTERIOR
DEFENSE MINERALS ADMINISTRATION ~ BUZEAU OfT MINES
WASHINGTON 25, D. C. ___ DENVER, COLORADO

February 9, 1951

Memorandum .
Tos Mr. J. H. East, Executivé-Officer, Region v
Through: Operating Committee

From: P. R. Bradley, Chief, Manganese-Tungsten-Chrome Branch

Attached find DMA docké‘ 422,/ a proposal of the Wyoming
Manganese Company to operate manggnesg/properties located in
sections 30 and 32, T. 47 N., 83 W.  Neither the Geological Survey
or the Bureau of Mines has sufficient information to determine the
extent of the reserves which may be present in this area or the
feasibility of the present proposal, but there appears to be promise
of an important operation, For these reasons it is recommended that
the property be examined in the field by representatives of the
Geological Survey and the Bureau of Mines to determine the following:

(1) Tonnage and grade of ore reserves.

(2) Character of material in the ground and of washed
nodules.

(3) Feasibility and cost of operations of the character
proposed.

The area is snow-covered until about May 1, but at that
time the owner has indicated his willingness to undertake churn or
auger drilling at his own expense whenever the ground is clear. It
is suggested that the field team take advantage of this and time
their visit so as to coordinate with this exploration. This should
be arranged by communicating directly with Mr. Gwynn.

N \

P. R. Bradley Jr., Chief
Enclosure 2 Manganese-Tungsten-Chrome Branch

/é;/OIaf N. Rove 7
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'WYOMING MANGANESE COMPANY /5 ¢l
POST OPFICE BOX 4156 -~ = -~
WASHINGTON, Ds Co :

January 15, 1951

PROPOSAL BY THE WYOMING MANGANESE COMPANY TO
PRODUCE AND MARKET 300,000 TONS OF MANGANESE:

It is proposed that Wyoming Manganese Company produce 300,000 tons
of manganese ore (40-457Mn), for government atockpiling or other use as dir-
ected by the government, . ,

LOCATION AND EXTENT OF RESERVES

Located in the vicinity of Buffalo, Wyoming, substantial deposits
of Manganese dioxide (MnO,) have been discovered. This body of ore is ap=-
parently of high grade ang is found in large quantity. It occurs in the nod-
ular form within a sandy clay matrix and the body lies within a few inches to
a few feat of the surface, The ore has been studied in ravines cut through

. the area by streams, and additional pits twelve feet deep have been dug and

core holes thirty feet in depth have been sunk to further determine the quan-
tity and the quality of the deposit.

: In the fifteen locations in which the ore was studied it was present
in about equal amounts volumetricly to the surrounding matrix, Thus, by
weight, the ore body is 60% manganese dioxide ore and 407 sandy clay matrix.
In the ten core holes sunk, the ore was found to be at least thirty feet in
thickness, the bit having never left the ore body when drilling ceased at '
thirty feet in each case. In extent, the leases cover the area in which the
outeroppings of ore ocecur, extending well over a mile in length and covering
approximately five hundred acres.

A thirty foot body of ore would contain 24,200,000 cubic yards of

" ore and matrix for the five hundred acres of reserves. By computation with

specific gravities for the materials involved, 60% of this ore (by weight)

is the manganese dioxide ore, Thus there is 2,331l.4 1lbs of ore per yard of
material (the weight of ore and matrix combined being 5,551 1bs per yard}.

By further computation this indicates a reserve of 18,109,940 tons of man-
genese ore available. I recognize the fact that further coring must be done
to determine the extent and uniformity of this ore body. Some ore bodies
will vary in thickneas whereas many remaih quite constant. In this case we
must acéept the random coring and sampling over the entire area as sufficient
evidence that a substantial body of ore does exist. While every core hole
drilled to date has found the ore present in exceas of thirty feet with the
total depth not known, we can realige the immense tonnage available when we
compute that it would only take a body of ore five feet in thickness over an -
area of 250 ecres (half that presently under claim) to give us an ore tonnage

. of 24,331,000 tons, With apparent reserves of this size, the proposal to proéu

duce 300,000 tons of ore is conservative.

GRADE

The next consideration of importance is the grade of ore which can
be delivered., Numerous samples were taken from the various sampling points
and these were assayed by the Van Clieve Laboratories Inc. in Minneapolis,

i Minnesotas These samples ranged from a few pounds in weight to as much as

500 pounds. The report on the ore shows no difficult contamination. Most of

‘the samples showed silica as the only contamination, and the two samples con=-

taining iron had only 0.9% and 1.3% respectively. The ores averaged 63 to
73% manganese dioxide which is 40 to 45% manganese ore, a high grade ore.
Samples of this ore have been submitted to smelters and other users of man-
ganese including Republic Steel with reports from these sources that it is

high grade and satisfactory.

S S

S S —
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the concentration plant to the rail siding in Buffalo, Wyoming, A United

‘1ie within two or three miles of the propertye The gradient is such that the

. in from the mining districts of Colorado or Montana. -

- progress. This is essentially a strip-mining project with very little over- '

éngineers have been consulteds

needed to prepare the ore for shipment.

}_following'larger»equipment will be requireds

e s

-2;\\y//////‘ ‘

~'0f considerable importance in the matter of the quality of the ore
is the fact that only simple inexpensive gravity concentration is necessary to
yield very high concentrates because of the lack of serious contamination.

POWERS{ATERSTRANSPORTATION=ETCs

Energy@A power line extends within approximately two miles of the
proposed location of the concentration plant. Diesel fuel and other petroleum
products can be brought &h by rail from the two oil refineries at Newcastle,
Wyoming, 200 miles awaye. : '

TranSportatibn--Trucks will be used in the fifteen mile haul from

States highway runs within two milea of the proposed location of the concentra-
tion plante From the rail siding in Buffalo, a shorteline railroad (the Wyo=~
ming Railway Company) would connect with the main line of the Burlington RRY,
28 miles distant, ' : ‘

water'supplyh-AdeQuate water is available. One pé:ennial mountain
gtream flows through the middle of the leases and two or three other streams

other streams could be partially diverted, if necessary, th the concentration
sites : :

Manpower-=Several towns in the general area will probably furnish all!
the general manpower needed, although skilled peraonnel will have to be brought
Honsing-ﬂbuﬁing will not be necessary at the project éite-bécause

of the close proximity to Buffalo, Wyoming, where limited housing is available.

RATE OF PRODUCTION

Based on the amount of equipment projected in our plans and the
availability of the ore, it seems within reason that a rate of production of
three hundred tons of ore per day can be attained when production is in full

" 00ST OF PRODUCTION

. The cost of production cannot be determined until after qualified

TYPE OF BENEFICATION

The bénefication process will be simple and will not require elabor- |
ate equipments The ore is rather easily separated from the matrix and an ar-

rangement of jig soreens coupled with a washing plant will be all that is

*" EQUIPMENT TO BE PURCHASED '

‘ _ . Eéuipmbntvneeded wiil not'bé”fuliy détefhined untgl affer a thorOughu
examination by competent mining engineers, but at present it appears that the

‘Bulldozers = 2
Power shoves

' Heavy. trucks = 10

" Pickup trucks = 2 R
‘Concentration plant with jig screens and washing plant
Belt or cable conveyor for ore down hillside from deposit.

' to concentration plant ' ‘ : o

Core drilling outfit for blocking out reserves : .
Tool sheds = 2 (one Guonset hut for truck service & repair}






- SOURCE AND AVAILABILITY OF QUALIFI&D PERSONNEL

Although one or two key men have already been contacted, moet of the
key men necessary for such an operation will have to be brought in from the
| mining areas of Montana and Colorado. It is anticipated that £inding quali-
’fied men in that part of the country will: net be difficult.

f :
i I : S P PP

The preliminary work on these manganese properties has advanced to
the point where we know that considerable ore is available, Wpile additional
investigations are to be conducted, this progrem has advanced to the point
where a formal proposal is considered appropriate. Because of the scarcity
of Manganese and its importance in the national defense program, it appears
adviseble that the development of these properties be expedited. We will re=
il quire help from the government in developing these properties if the manganese
18 to be made available any time in the .near future. While it i3 necessary to
| plan a definite program with experienced mining engineers, it appears that the

sum of approximately $900,000 should be made available to safely equip and
\ operate these propertiee. v

|
!

_ Any euggestions or inquiries regarding the matter here presented will
be welcomed. All correepondence should be mailed to:

Mr. Thomas A. Gwymn
" Post Office Box 4156 -
Washinston. D¢ Co

These ore properties would be operated under: leasee owned by myself {Thomas A.
Gwynn), Riley A. Gwynn, and Edward R, Gwynn, doing business as the Wyoming

Manganese COmpany.

' ’ v 'FRespectfully submitted

Thomas A. Gwynn
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INTRODUCTION

‘ In 19ho Congress appropriated funds to the Bureau of Mines for investi-
'jgating methods and processes whereby high-grade manganese products could be
- made from domestic low-grade- oress .. The. study. of the concentration. of Western
manganese ores by ore- dressing methods was. an.important part of this larﬁer
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,,,,,,,,,,,,,,
...............
.....

.................
......

...........

programs Tor deVe10p1ng 2 large domssuio industry Desorlptions .of the few
domestic plants ‘and their practice .were awailable, as were discuss1on of

tlaboratory testing of a few isolated domestic deposits. Without a backlov

.........

......
.............
-----------

.....

sample was selected Friom the ore - show1nge. Often the sample ‘was submltted

in separate smaller 1ots, ‘each .of which was: representatlve of a spe01flc type
or grade of ore. About 288 lots of ore from 135 deposits were shlpped t6 the .
Bureau s Salt Lake City laboratory for testing. Each lot was carefully
'crushcd coned, and’ quartered ‘and ‘split -into .thoroughly mixcd samples for
individual ore-testing studies.  -A head sample for control. chemical analyeis
was cut from the final’ quarter; and. typical: pecimens of the. various mincra

assoolatlons wcro selccted for microsboPic study Baged on the chemlcal

tory. tests was planned " However,: each ore. vas. tested at,least by. both grav1ty
and flotation methods, Often all orc- aressing methods and combinations of
such methods were tried. No inflexible rules of testing were adherecd to, as
it was necessary that each ore-dressing engincer to whom the study of a
specific ore was assigned assume the initiative in observing and developing
'favorable linos of attach. ‘

“yw

LI ,

The methods ef concentration omployed in’ the laooratory are-as fOllOWS‘
(1) log washing and classiflcatlon or slzrng, “(2) sink-ana-float, (3) Jjigging,
(L) tabling, (5) flotation of manganese ‘minerals, (6) flotation of gangue
constituents, (7) magnetic scparatlons, and ’R) oomblnations of one-or: more
of the foregoing methods. s L EA S SR TR
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The extent of the teet work ‘on . each ore was ‘determined by the. complex1ty'
“of the milling problem and the estimated size of the. specific deposit. . .Thug,

. ‘& few ores were studied continuously over a period of months; whereas the

3testing of othe”s of less 1mportance and complexity was completed in. a few
-dav R 0T
The scope of the program prevented consideration of each ore as & sSpe-
cific research problem; however, the almost complete lack of publishéd useful
data and precedent to follow required that considerable attention be given to
finding a set of general rules of“concentration for manganese ores of various
‘types.. Classifiable as original manganese-milling studies werc the innumer
© able tests-devoted to determining optimm crushing, grinding, classification,
- jigging, tabling, flotation, and magnetic separation: cOnditions. .The observa-
tione and facts resulting from.the testing are discussed later under tbe ‘
hrading "Concentratlon Methods.' : :

The scopc of the program is clear from a study of table l which givcs
the goographic distribution of the 1ndividual orés tested. - Many of the
deposits and groups of most of the deposits warrant individual discussion;

“however, this paper will prcsent only the generalized facts and factors dceter-
g minod by the 1nvestigat10n. :

In- the tables appended to this report are eummarized the results ootainod
'1n the study of 288 lotg of ore from 12 Westcrn States. co

' TABLE l,~+ Geographic distribution of_western mangenese ores4

Location = - L Properties Samples

ArizZONBesereseocaseessresseosacsssosons 3 |- T3
CalifOrnNiBecesseonecsooaneososnsovennes = 19 b2
COLOTBAC. s s vevrvseesnsnnrasnscssnwoased 6 11-

T 3 Yo T P Cok ok
MONLANA ..t s v sveereeronnessonanncassvonss T 16 ‘

 NEeVAAB. et eiernssonenensoassonsnsrnines 30" 65.. .

R oo e’ « D 2 2
Ut8heeeeererrooceonoseonsasossonscennes 43 6l
WaShington. . eeeseroeeeresasssonnnsenass 2 3

B 00 5 T O | 3 D JEEIE
" S0Uth DBKOLA.cseeiveenvosncesansnnsoans e - -2

NeW MOXICO+essssrasonrsssssressasssasas 2 3

’ ' ' 154 288 1.

Ammmmmmmmm’n

~In l9h0 "R, S Dean, formerly aselstant diroctor of the Bureau of Mines,
orgenized a. program for the testing of domestic manganeésc orés. - This report

- covers tho ore-dressing work done &t thé Salt Lake cxperiment station under

_jtho direction'of S, R. Zlmmorlov, chief, oalt Lake City Division, Metallurgi-
-cal Branch. .The ores for.the test work WCTu collected by the- Mining -Branch
: *of the Buroau, which was under ‘the dlrection of E. D. Gardrmr, assieted oy
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P, T. Allsman and his- staff of - mlnlng engineers.” Acknowledgment is made to
them.for thelr cooperat1on An’ obtaining represertatlve samples from the many
dep051ts. Mlcroscopic work:on-the:ores was- done by the late R. E. Head and

. by L. G. Evans, and the .anelytical workiwas by H. E. Peterson, chief chemist,
agsisted by the analytical staff. Acknowledgment 1s made to the following
metallurgists, who performed the many ore- dres51ng tests: .J..V. Batty, H. L.
Gibbe, R, Havens, W. J. Long, K. Dean, G M Potter, W. G Sandell H. D.
onedden, end R. R. Wells. . : R -

o 'IHE PROBLEM i

At the outset of tho investlgaxion, only plus h8 porcent manganese ore:
was acceptable for .the manufacture af : ferromanganese alloy Such ore com-
manded, in the’ open ‘market, $0.50 por.unit of’ containod manganese._ With the
advoent of the Metals Reserve Company stock- plllng program, the price paid was
immediately increased from $0.50 to $O 5 per unlt,. and later was increased
" to $1 per wnit for plus 4B-percent.mangenesc ore. - Moroover, the Metals Reserve
Company scheduleq recognized the . need for- accepting Tower gradc ores and con-
centrates. - It established:two additional -base’ claosificatlons orlglnally ,

. termcd "Low-Grade A" for plus:4k-percent manganese ore, and. "Low=Grade B" for
plus 35-percent ore. The base price.ranged between $O 55 per unit of menganese
for "Low-Grade B" 35-percent ore and $0.80 per unit for "Low-Grade A" orc. As

~ of May 15, 1943, the schedulecs were: simpllfiod By olimonating all ore clagsifi-
cations and placing the specifications on'a-base 6f 48 percent manganesc, 6
percent iron, and 11 nerccnt silica plus alumina.,  Premiums are pald for man-
ganese in excess of 48 percent and .iron content pelow:6. percent and penalties
imposed on products comtaining léss’ than 148 -percent. mangenese; more than 6

- percent iron, and-more-than 1l peroent sillca plus.alumina,- The met effect of
this change was thet in gsneral loyer- grado materials were paid for at a higher
rate than under previous scnedules.... R _""“"':_..

_ In addltion to the chemiceal spec1xicatlons, ar size’ Limit must be met by
all ores, and concentratos. Th¢s spocifiﬂat1®n requirou that the materlal bc

carbon leXide, water, and othor volatllo constltudnts. Concentratlon by
sintering is . particularly important’with mangenesc carbonate ores that could
not mcet 48 percent mangenese specifications without having the chemically
combined carbon-dioxide driven off.. Sintering also. concentratos ‘the nonvola-
tile impurities-such as iron, silica, and alumlna. _

All types of manganoso ore are representcd among the 288 lots tested.
They range in grade from a low of- 4 percént. to a‘ high ‘of h? percent MANganese.:

Mineralogically, the ores.range from:carbonate ores contalnlng rhodochroglto,;'“
menganodolomite, or manganocalcite, through ‘oxide ores ‘containing psilomclang, :. .
'~ pyrolusite, wad, or manganite to silicate ores contalning ‘braunite, bementite, -

and rhodonite, w1th complex mixtures of the thtee typcs of ore being less.
common. ' The principal gangue constitucnts <. gilica as quartz,’ chalcedony, and
chcrt lime as ca101te and limestonesj magncs1um.as dolomlto, iron as hematite,
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ltmonite, and. ocher and alumlna as feldspars and clay - are llkerse com-*
plexly associated with one another: in ‘virtually:all manganese ores. -Other
less common “impurities are. 1ron and other base-metal sulfides, M1ca-wgypsum,
baﬂium, and phosphorus : , . ,

In addition to the w*de variance ln chemical and mlneraloglcal composi-
tion, the ores also -show great-variety in: their.physical natwre and properties.
Thus, in gsome ores the manganese minerals occur as relatively.pure large aggre-
- gates, . whereas in othere the impurities are uniformly and intimately distri-
buted through the manganese mineral as.particles ‘a few.microns in size.- Some
ores. are -goft end friable, others: are hard and tough. Some are: crystalllne,
others are virtvally amorphous in nature. All these factors bear. directly: on
'the concentrstability of manganese ores and make generalized statements, ag’
applied to en individual ore, inconclusive. However, a number of such general-
izations are broadly applicable to an understanding of the problem as related
to speciflc types of ore.

For convenience in generalizing on: the amenabillty of. manganese ores to
ore- dressing methods, the following discussion is divided into sections on
\ollde, carbonato, silicate, and complex ore types.. . ° S o

E Oxide~0res-'“

In general oxide ores contalnlng wad or: mangan‘te a8 the principal man-
ganese.. mineral are not readily amenableito concentration; Wad, by aellnltion,
is a complex mixture of unidentifiable manganése oxides with: lime, clay, and
iron minerals. It is very soft and on'grinding .or handling disintegrates into

. slinmes. that are not. treatable. Manganite is usually crystalline, howevér, the

crystals are needlélike ‘and very friable. .Their. shape makes them very dlff“-
cult to recover by gravity or flotatlon methods of concentration.,

Psilomelane and pyroluslte ores are the most common types, and when the~
association with gangue minerals is simple, ‘they are readily. conééntrated by’
most ore- dressing methods, - Other. factors being equal, higher recoveries are:
. genex ally -Qbtzined on psilomelane ores owing to :the .comparative hardness -and’
toughnoss of this mineral. However, congiderable barium is often: chomically
cenmined w1th this manganese \oxide; . therefore, the grade. of final product: 1s
sometlmos low. .. Ores have been noted in which the manganese.oxide contained -
as much as. 15 percent. chomacally combined barium.. Ores wheréin gyrolusite 1s
the pr1nc1pal oxide manganese mineral -are often easily slimed, but less so -
then wad ores. :This- tendency -may sometimes be utilized if- tho gangue consfit-
ucntes are comparatively hard and tough, in that attrition grinding will
selectively. sllmo the soft manganesc mineral, -and by subsequent - sizing:the
low- grado or barren gangue material can be. rejected Both. psilomelanc and

yrolu51tc ores are dif flcult to concentrate if iron oxides are the chief
ganguc consticuent .as the iron .oxides are chemically allied to manganesc™
ox1des and have many similar pPhysical .properties... Calcite and. gypsum,. also,'
are troublesome if the agsociation is so lntimate as to require fine grinding
for liberation, as tabling is difficult on fine sizos and these gangue.con-
stituents arc readily floated by the same fatty-acid collectors used in -
floating the manganesc ox1aes . - : S
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The prlncinal difficulty in concentratlng the oxide minerals is to prevent
the formation of slimed manganese oxide, which is much more important in this
field than in sulfide-mineral concentration because of thé inherent’ dlfficulty
of obtaining. hlghlv selective flotation coriditions with fatty-arld collectors.
Large middling products are the: rule rather than the exception in- the conceén-
tration of most oxide manganese ores, so most flow sheets must: contain a mid-
dling regrind circuit. It is unusuel to find an ore in which the manganesce
oxides occur as reTattvely pure mineral aggregates; ‘and the gangue constituents
and part¢cularlv silica often are found diffused througiout the manganese
oxides. Those ores having much silica occurring intimately a58001ated with the
mangenese oxide &re. generally not amenable to beneficiation.' Gencrally, thoue
oxide cres that can be concentrated by -gravity methods &lso are’ readily con-
centrated by flotatlon or magnetlc s paratlon. The reverse of thls observation
is not neccssarily true. A A

"Carbonate Ores . -

a

Rhodochr031te is the only manganese carbonatc mlneral that-can be con- S
sidercd of econcmic importance. Manganodolomote manganoca101te, and mangano-
sidcerite all.can be concentrated from the: common gangue constituents but in
thcmselvcs contaln too little. mangancﬂe to mcet mlnlmhm.grade bpeciflcatlons.

Rhodochr051tc ores, being of primary and deep- seatod origin, are not
comnon among the known western deposits.  Only four such deposits of any size
have come to the attention of the Burcau of Mines. In general this type of orc
is roadlly amenable to concentration by flotation methods using fatty-acid
collectors. As the manganese mineral is crystalline and easily clcavaole,
'slimlng is a minor problem; consequently, ‘fine’ grindlng ‘can be employed to
obtain maylmum.libera*won. This is the'chief property’ distlnguisbing rhodc-
chrosite from oxidc manganese ores. Some difficulty 1s introduced whcn much
calcite, limestone,. or dolomite otcurs with the ores; hOWCvor' by careful -
control of flotation conditions good SQParation can gencrally be effected.
Silica as quartz and minor amounts of some metal sulfides are the most common
ganguc constituents.. .In some carbonatec.replacement deposits thé rhodochroulte
mincral contains smell amounts of wnreplaced limestone,’ colomlte, or iron .
carbonatc. . This limits the gradc of the concentrates that-can be made, as suoh
1nmur1tlos may be considered virtually chemically combinea.. Generally, gravity
methods. are not- suitablc Tor the cencentration: of rhodoc chrosite ores. Sink- |
and-float or jigging at coarsc sizes often can be cmplOJCd to rowoct mnch
ganguc before. grinding and thus: effocts. considerable economy: in subsequcnt
trecatment. Leg-washing to disintegrate and discard gougelike, materlals oftcn
found with- rhodochros1+c oraa also maJ be.omploycd tc udvuntagc.‘_ '

' As the thcoretioal comn081tion of rnodcchr031te includes about L8 porcent
mangancsce and 38 percent carbon. diox1dc, ‘sintering is cssentlal._ Bccausc the
concontratlon effect of sintering is &s high as- 35 perccnt “the’ concentracos
going to sintrrtng must be .very low in nofivelatile: impurltieq, as tneso are
like W1Qe concentrated 1n the game proportlon.,f*
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Silicate Ores

Silicate oreé-are of- Very minor importance as a source of manganese,._
although rhodonite ores are-quite oommon. Theoretically, rhodonite containsg
‘about 42 percent menganese;- however, ‘lime and extra silica usually are either
so intimately assoclated with this mineral or so chemically combined as to
préclude their llboration “Thug 3, many selected specimens of rhodonite assay
~as little as 30 percent. minganese. The chemical and phy51cal properties ave_
likewise similar to other silicate minerals, king e separation of these
constituents- impossible. Sintering of rhodonite ores doés not concentrate the
ore, owing to lack of volatile constituents and the fact that the manganese is
already in the lowest: state of oxidation. The high sillca content, up to 45
percent of the- pure mineral 1ikewise precluaes lts use as an ore of manganese.

Braunlte is sometlmes found in meny cherty, 51llceous, manganese oylde
‘6res., -Its behédvior toward: concentration is sim*lar to that of the ox1dee, as
it contalns only about lO percont SlllCu-

A group of oxide' mangano € ores characterized by ‘the lmpregnatlon of ,he t,
-ohalcedony, or opal by psilomclane or pyrolu51te may be classed most conven-
dently as silicate oré.. Such ore i very 4if flcult to conCPntrate 1nto a high-
gradc product: ‘because completc liberation of manganese oxldcs from silice is’
- virtually 1mpossible, énd the ‘concentration of such ores ‘involves the separation
of mineral particles relatlvoly rich in mangenese from those poor in manganecse.
Generally, only a small amount of hlgh grade concentrate can be made from this
" type of cre, the remainder of the manganese coutent oeing dletributed in a,

' la“ge amount of middling and tailing nroducte.'j :

Comgl X Ores ””“"“W

"This rather broad olass1fioatlon inoludee ores: that are comnlex owinp to
the assdciation of mixed oxide, 51lloate and rarbonate manganese minerals or
because of" the, oomplox composition of tho asgociated gangue. A’ common comnlex
ore is one in which the prinnry rhodonite mine f&l is partly or almoet wholly
©oxidized to- pyrolusite Concentration of 'such’ o“os is 1nvariably difficult,
as even if aill the silicate mineral is oxldlzod the silica part of the rhodo-
nite molecule is very intimately and cVenly dlstrlouted “throughout the IANGANCSE,
Generally, concentration of this type ore is the concentration of middling -
particles. . As the degrec: of oxidation of rhodoni te aocreases, concentratlon ‘
bocomes more dliflcult. :

A less’ oommon complex ore ig that featurlng the ox1dation of rhodochros1Lo
orc to oxide manganeeo ore.  All degrees of oxidation are’ p0581b1e, howevcr; ”
this type of ore is usually readlly beno:ic*ated as both the oxide and car- |
bonate monganese minerals are - ca i1y conccntrated., Usudlly, the recovery on '
tris type ore is lower than on’ s1mple ‘carboncte ores, becauso e portion of ‘the
oxide manganese i lost as an nntreatablo glime proau"t Howevcr, when the_;
primary- ore is a very 1ntimate acsociatlon of ganguo and. rhodoohros1te, the’
concentration may be difficult because’ of the very finc grinding required for
liboratlon, wvhich on oxide mlnofals inv&riably leads to large slime lossesd.
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Ores containing oxide, carbonate, dnd silicate minerals of manganese are unusual.
None of this type is included among those tegted; however, the concentration of
such ore probablv would involve problems peculiar to oxidescarbonate ores and
oxide-rhodonite ores.‘ The degree to .which rhodonite or its oxidation ‘preduct

is nresent probably woqu dlctate the ‘extent of success in beneficiating the ore.

In discussing manganese ores whlch owe . thelr complex1ty to the associa-
‘tion of & variety of gangue constltuents with one another, an almost endléss
 number of types might be cons1dered For: the purpose of thls uiscussion, cnly
'the more common groups will be ment;oned : :

res having calcite sillca, dolomlte silice, gypsum<silica, and combina-

tions of these minerals involve concentration difficulties unless liberation
can be obtained at relatively.coarse sizes, so that .gravity concentratlon
metho@s cen ‘be employed. . This is-s0 becauge -a flotation tréatment involves
selective flotétion of, first, the calcite, -dolomite, -or gypsun from manganese
ana then the flotation of mangenese mineral from the siliceous gangue. The’

firgt separation is invarlaoly only partly successful, because depression of
’the nanganese minerals in the Presence of fatiy-acid colledtors s not wholly
successful. A carvonate- gynsnm manganese middling product is always obtained,
“.and over-all mangancse recoveries at acceptable grade are -lowered accordingly.
. A similar ore is one contalnlng a. baritée-silica gangue. -Such ore C&nnOu be .

concentrated by gravity methods, and the 1°lotation n“oblem is’ che same as that
for lime- gypsum-51llcu gangue ores. : : : .
. ‘A common type of complex mangsnese ore is that containing critical amounts
of iron oxides associated with other gangue constituents. The iron oxides can
be so similar in physical naturc and chemical properties as to meke them almost
indistinguishable from manganesc oxide minérals in their bchavior toward ore-
erSolnb methods of c¢oncentration. Except for a flotation method involving the
use .of a complex laboratory procedure and a nymber of costly resgents, magnetic
‘separation is the only method applicable to this separation. Even magnetic
separation is not too successful, as it involves close sizing and treatment at
moderately coarse sizes. By employing a reducing roast to enhance the magnetic
susceptibility of the iron mlnerals, better results are pos81ble, however, such
treatment is expensive. Too often the association between the mangan¢se -and
iron'oxides in the ore is so intimate that llbcrutlon in+o separate par ticles
of tho oxides is not poss;blo.v _ : » ‘ C

Nanganese ores contalning large amounts of such slime-forming constitucnts
as clay, gouge, iron ochre, and wad assolcated with harder gangue minerals
involve gpecial treatment.. A prellminary washing treatment, simulatlng log-
washing, to dlsintcoratc and rc’éct the slime-forming constituents is: always.
‘necessary. This sometimes leads to the lcss of consgiderable oxide mangancse,
if presont in the ore as’ pyrolusitc as this-mineral 1s soft and -friable. Sub-
sequent treatment follows ‘the previously mentioned patterns.  The occurrence of
much slime-forming gangue materials 1s not always a’ handicap, because in most
instances the rejection of a large portion of the ore by a relatively simplc
washing proceéurc makes the subsequcnt prOCcs51ng of the ore' possible “in mich
smu¢le% plant unlts. : .
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e CONCENTRATION METHODS

The foreg01ng discuosion has. centered attention on the amenabillty of
various manganese ores to cencentration. by ore- dressing metho&s. What' follows
will describe the laboratory metliods of: oonoentratlon employed so far .as -they ‘
bear on cbtaining. optlmum recovery and grade of the flqal concentrate in . plant
practice. : . AL

Crushing, Gr ndlng, and. Siz1ng

The formatlon of slimeg durlng the prcparatlon of oxide manganeue ores is

- the most ser*ous problem.ln the treatment of such ores. Not only is manganese
" mineral. as slime not concentratable, but the slime fraction, if- left combined
' with the sand’ fraction, interferes with subsequent gravity, flotation, and

:magnetlc methods of concentrdtion. This is particularly true 'of flotation, as

selectivity 1is 1mpa1red, frothing conditions are poor, and oonsumptlon of.

‘reagents . is increased.. To minimizé this effect, care mist be taken.to ‘prevent
.overgrinding and sllming ‘of “the mineral Dartlvlee. This entails removal of the

manganese particles from the grinding circuit. as soon after liberation ag possi-

ble. Often the grind should be somewhat coarser than that necessary for optimum

liberation to avoid high losses of slime. .A balance has to be struck between

- Jocked mﬂddllng loss and slime loss with manganese ores, ‘wherein a portion cf

the gangue can be liberated at relatively coarse sizes; it is- sometimes .neces-

‘sary to effect.a primary ccncentration before final fine grinding is done. By

this p“occdure ‘the grade off the glime fraction made by,togrlnding concentrates

~ is often high enough so that it.can be mixed with the finished gand concen-

trates before sintering. This prevents ‘most of the loss that would inveriably

. result iAf the ore had b901 ground to the fine size in the initial stage.

o Recommend d plant pvactlce is daw crushlng to a coarse-size iol¢owed by
roll-crushing in closed circvit with dry screens. Grlndlng should be done
preferably with a rod mill 4n .closed circuit with wet screens-or in opcn olr-
cuit with the concentratlng unit, from which coarse middling -Hreducts. ‘can be
returned for regrind, A ball mill hac a greater eendence to overgrind manganese

-ore. than a rod mill -and closed-éircuit drag or special classiflers operating

on hindered settling principles return much high-specific- gravity manganese

‘already liberated to the mill for regring. Large ciroulating loads between the
'rod mill and sizing uvnit should be the rule. However, it is a mistake to

© employ too low a pulp density im the mill or to use toc small rods or too small -
- & rod charge, because these ‘conditions ocntrlbute to attrltlon grlndlné and
giconseqaent formatlon of sllmes.. :

_ The laboratorJ procedure found_most nearly to appvoach optlmum grlndlng
conditions was roll-crushing followed. by ‘careful stage grinding and screening.

+ Fineness of grind was determined by microscopic examinatlon and screen analyses.
.As an example,_aqsumlng that’ 48-mesh was the coarsest size at which .manganese

liberation was obtained, the ore was -rocll-crushed. through 10-me°h and screened
on 48-mesh. The minus lO- plus 4B-mesh fraction was ground for a ‘short period,
undersize was removed by screening, and oversize was returned to.the ball mill.

oAlternate grinding and screening were continued until all of the material passed
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48-mesh. Grinding stages were short and of equal length. Cast-steel ball mills
carrying a ball loed of about 10 kilograms: and rotating at 60 to 70 r.p.m. were
used throughout the investigation. Whenever possible, grinding pulp density .
wag held at.approximately 60. percent -solids.. Screening -was done with-standard
Tyler sieves on wet pulp; standardized wet-screening technique was. adopted 80

, tha reuults could be clusely paralleled in subsequent tests.,

Log Washing and Atbritlon o

D

To oedellciate ores containing manganese, occurrlng as comparatively large
but scattered nodules and stringérs in’d clayllke or' loosely consolidated
. gangue, it is: sometimes possible to remove the gangue by log-washing. - This P
method was c'1mulatec‘1 An -the laborato~y by - tumbllnb . Jarge sample of ore (minus
'1-1/2 inches) in a ball mill without balls until the - gangue was disintegrated.
The material was classified sither hydraulically or by screening, and -the under-
_ size wag discarded. . The oversize lraetlon thus. obtained +is occasionally-high
enough in -grade - to be marketed without further treatment; -more often, however,
“the oversize requires further concentration: by gravity or flotatlon methods.
Log-washing .also may be employed to ‘disintegrate and reject slime«forming
uonutltvqnts, preeence of" Wthh would intorfTere w1th c“abxs;em).c,nt conuentratlon.

) Fo“ ores-in whlcn the mangan se occurs asg a soft, lllable coatlng on hard
gangue particles or hard manganese nocdules are cocated with an easily slimed
‘gangie covering, attrition grinding ‘often e¢ffects separation.: The.ore is ground
- in a ball mill with a-small load of ‘balls, pobbles, or. beiler plate punchings,
and the sand and sllme are ceparated hy screenlng or hydraulle class1flnut10n.

1

Sink and-Float

The ‘sink-and- Iloat or hoavy-meaium Droc gs is recelving increasing at ten-
tion in ore dressing. Fundamentally, it consists of the separation of an orec
into low and high specific-gravity portions by immersion in. a solid-liquid-

. suspension of intermediate.specific gravity. As the operatien usuallJ takes K

place in a semiquicscent suspension, the effect of- the  shape and sizé of the

- mineral. aggrcgates is much less maried than in-jigging. The -separation on a
_specific-gravity basis is-accurate, and by this method mineral aggregates with

very small ‘density difforences can be separated.. The process is. partlcularly

. applicable to coarse material, and close. s121ng is nOu essentlal :

Fov test work in tho laboratorj, an aqueoas suspcnsion of minus 325-mcsh
galena has besn used for the sink-and-float medium, and scparations have becn S
made in mediums ranging from 2.6 to 3.4 specific gravity.: B For the sake of con-
venient handling, laboratory test work was usually conducted on minus 1- 1/2-
inch plus l/° inch and .minus 1/2-inch plus H-mesh. fract{ions. - .-The plus 6-mesh ’
fractions were. ‘treated scparately with a medium: of. such. specific gravity as
would reject a comparatively clean tailing.  The-sink products- somctimes ‘et
markcting specification; othorwise, they were crughed and - combined with the
. original untr eated minus 6—me h portion for further concentration by jigging,

, Atabling, or flotatlon. R : P T e e ; ' iR
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U gigging

Jigging in coarse sizes is being superseded to a large extent by the heavy-
medium process. This latter method of concentration, where applicable, 1s more
" selective, has greater capacity per unit of floor space,. and is not affected by
:such.factors as slze and shape of the ore fragments being treated. However,
Jigging still maintaing certain definite advantages for spe01flc problems. - The
- Jig isvery 'simple to. operate, is relatlvely cheap, and ‘can be installed as
amall flexible individual units. For the small operation or for-use as a glav1—
 ty-concentration unit-as part.of a more oomplex flow-gheet it is an 1deal
" machine. The jig can treat much finer material than the: hHeavy-medium. proceos
. and £ills-the gap between sizes. that. can’ be tabled and those. that can be con-
'7'centrated by sink-and-float. The Jlg also can héndle ores having constluuento
_that tend to dlsintegrate. Such ore’ cannot be treatéd by the heavy~medium
"process, owing to. the rapid contamination of the heavy mediums and thus the
'ucstruvtion of its carefully oontro‘led Spelelb grathy and. 1ts effectlveness

in mallng mlneral separatlono. ' :

Matnrlal as coarse.as l- 1/2 to 3 1ncheq has been handlcd in plant pracULcc'
but for small laboratory jigs best results were obtained on ore crusnod to minug
~.1-inch or finer. The material was screen-sized, and each of the plus 20-mesh

fractions was jigged. Where practicable, each fraction was separated into a
‘finished concentrate, a finiched tailing, and a middling that was crushed and
combinied with the next finer fraction. The final middl ing was. usually crushcd
N and rombined W1th the OV1ginal minus QO-mesn matrrial and treated by tablxng.

Exccllont rcsults can be obta ned'w1th a jig on ores in- wh;ch “the ganguec
- and méngancée minerals are 1i bcratcd dt coarsa sizes; however, a few such ores
cammot be effectively ocneflclauea.' This is‘due to the shape of the particles

o ~being treated. These few.ores tend to crush to platy or lathlike fragmentg

which do-not respond to concentration under the hindered settling conditions

of jig beds. The concentrates from such ores often represent a product nade

» of high-specific- -gravity fragments of- platy shape and relativ ely low-spoc;;;c—
gravity fragments of equidimensional shape. In general, jigging of manganesc
ores does not feature or anticipate the production of a hutch concentrate, as
the feed roquires close sizing owing to low density differential between pro-
ducts. Thus, for jigging an-effort. should be made to make the sizing of the

- ore’ efficltent, otherwlise a con51derable amount of . hatch nroduvt would need to
bc %emizca and re- treated : :

Tabllng

’ mabllng is one.of - the most. cffbctive means of concentratlng mangare ¢ ores;
it was the method most universally apnllcablo‘to western ores. This is so not
f%ecanue other gravity methods of flotation are inapplicable, but because most
of the ores either required grindlng to. obtaln liberation or. contalned gangue
-cqnstltncnts that tended to float with manganeso. "As in long- establlshed table
‘ practlce, ‘best results are. cbtained by using hydrauvlically sized feed, precfor-
4ply in as many(fractlong as possible, each to .be ‘treated on a separate table.
Every effort should be made to table the ore at as coarse a size as possible
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and in the grind to obtain a major portion of the ore in the coarse sizes.
Such practice often entails making large middling fractions for regrinding
and resizing; however, it minimizes the loss of menganese in slimes and fine
sand sizes, Which are fractions that oannot e concentrateu effectively by the
- table. £ L MEL 3 e T L eeealT

ST TEL

- Sz [ B
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In laboratory ‘teste, the’ foregoing faots were. applledrwhenever p0551ble.>
. The ore sample .was stage ground to the size at which some of."the menganese in
" the coarsest particles was liberated. It was then hydraulically sized and
‘tabled. to produce a finished concentrate, a finished tailing, and a middling -
from each fraction. The middlings were resized and retabléd to. scavenge addi-
tlonal manganese before further grinding and re-treatment. Regrinding and.-
resizing of m1dd11ng° was’ contlnuod as necessary, until the middling preduct
had been reduced to a minimum, Slime ‘fractions- were not tabled and, depending

on thelr grade, were elther'comblned with the’ composite final tablé concentrate

for: sintering or dlscardcd as a part of the Iinal combined. tailing product. -

. For convenience in making the 1n1tial table- tests on many ores, 'sCreen-s sized --
rather than hydraulically sized fractions were made .and tabled. However,: the
‘final results obtained were, in general, checked agalnst hydraulically sized -
. material. Comparison of results obtained. by tabling screen-sized, as against

. hvdraul1cally sized, ore conflrmed ofton-statea advantages of employlng hydrau-
lic 5121ng S

- The nrinolpal advantago of tabling over flotation of manganese ores lieg
in the simplicity of the table operation and its greater flexibility in sepa-:
ratlng manganese minerals from complex gangue constituents.. The -separation. is

“based upon the sp001flc gravity of particles. treated, not: upon' the surfacc con-
dition of the particlos or their behavior toward flotation collecting reagents.
Thus, gangue particlcs filmed with thin coats of manganeéo ‘mineral find their
-way into the talllng or middling product by tabling, but-in-flotatiom: would be
concentrated with high-grade manganesc perticlcs. i Similarly; such easily
floated minerals as calcite, gypsum, and dolomite arc effectively rejected on
the table, but not so well by flotation. The most  scrious:disadvantage of |
tabling is the rapid decrease in capacity and selectivity in treating sizes

below 100-mesh and the lack of- applic&blllty in concentratlng porous manganose

particles..

'ith ty-Aoid Flotatlon

The collecting property of fattv acids for manganeSe minerals has long boen

known and is -described abundantly in the liteérature.. The application of flota--

tion to concentration of western cxide manganesc ore is somewhat limited, owing

to the usually greater simplicity and .applicability of tabling. However, a
number of. orcs cannot be effectlively concentrated by tabling. Most rhodochro-
site ores arc in this gvoup,.another 1s that type requiring grinding td fine

- sizes... Flotation may be useful in uraatlng “the flne-clzoa fractions:of nydrau;

‘llCully sized orc rather than employlng tdbllng < It-4is not to e implied-that
true slimes can be concentratecd by flotat10n;~5at~onlv that' sands-bekow 100~

to 200-mesh often are troatod more easily by flotation-then tabling.- Miny :exide

'manganeso ores are very porous cven whcn crushcd and—ground to table sxzes.:
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These- ores cannot be beneficiated effectlvelJ by tabllng because too much man-
ganese m1neral although liverated, finds its way into the table mlddllng or
tailing product. Flotatlon, which acts on & principle of surface filming,
makes no such false segregation, and therefore this type of ore is usually
readlly concentrated by flotatlon. oo :

' For flbtation of manganese minerals in the laboratory, the ore was stage-
ground through 48-mesh or finer. The ground material was deslimed only when ‘
preliminary testing indicated that slime was likely to interfere with subsequent
flotation. When selectivity is poor, hydraulic sizing and separate flotation of
each fraction often improve the results. Both pneumatic and mechanical subaer--
ated cells were employed, and all pulps were made up with Salt Lake City tap
water at 18° C. or above. The pulp densities employed were generally 20 to 25
percent solids, except for clcening operations or where the initial grind wasg
to minus 200-mesh. . Ores containing interfering slime were conditiocned with
sodivm silicate, which acted as a slime dispersant and silica depressant. An
aqueous emlsion of fatty acid (usually 2.5 percent oleic acid stabilized with

. 0.5 percent Emulsol X-1) wag employed as collector and frother; sulfuric acid

was used to maintain the pH of pulp at about 6.5 to 6.8 during flotation. When
removal of calcite, barite, and fluorite was desired, the pulp was first raise

to pH 9.0 to 10.0 by the addition of sodium hydroxide &nd subsequently loworea
to about pH 6. 5 for the manganese flctatlon.

" The considerable amount of tost work done cmploying fatty-acid flota+ion
of manganese has resulted in the formation of rules for obtaining optimum

results by this method of concentration. . Chicf among these aré the following:

Seloctivity and collecting properties: of fatty acids for mangancse minerals arc
best Ina sllghtly acid circuit. Care must be taken when using godium silicate
or zimilar.silica dopressants, as they also: depress the mangancse minerals when
added in even slight excess. Slimes decrease selectivity, consume reagents,

and usuvelly meke the froths voluminous and hard to handle.. When enough sodium

‘silicate is added to disperde the slimes, the manganese mincrals are often diffi-

cult to float without using large amounts of collector. In general, best
results are obtained on deslimed or partly deslimed pulps; in fact, a high con-
centration of undispersed slime in the flotation cell-can virtually prevent.
flotation., Low pulp densities give best. selectivity; however, this same condi-
tion leads to high consumption of rcagent. Adding the fatty acid es an emulsion .
and in stages to. the flotation cells is more efficient and cffective than adding
¥ to the grlnding circuit in a single addition. Howevcr, even when. added as '
an emlsion, & short period of conditioning before flotation is best. Part of
the fatty-acid ccllector can be added to the grinding circuit, thus taking
advantagc of the possibility of conditioning here. . As the fatty acids, if
added in sufficient quantity, will float virtually all the common gangue con-
stituents found in ores, control of the additions of reagent is: ‘imperative. '
It is for this re¢ason that stage addition of the collector (theruby giving a
bottef opportunity for selective filmlng) is recommended as thc best pract;cep
A scparate frother very often will reduce the amount of collector required.

~In this connection, partial saponification of fatty-acid collector by caustic

is not rccommsnded becausc control of saponification, and therefore frothing,
is vcry peor, Also, modification of the colléctor to give it frothing proper-
.tics ig not economlcal as more collcctor met be aducd to obtain the samc
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 result. Often, in this type of flotation, additional frother will result in
floating considerable filmed particles, whereas the addition of more frother-
collector merely starts the gangue minerals to float. The effect of hardness
‘of water in the pulp is definite but, within limits, it Is not marked. The net
effect is slightly higher consumption of .reagents and possibly slightly poorer
celectively. Salt Lake City tap water employed in-the laboratory tedt work is
medium hard. and ordinarily averagés about 150 parts per million CaCOs hardness.
Tests in the laboratory comparing results in tap water as against those in sof't
water showed little difference if proper flotation conditions were maintained.

Cationic. Flotation

. The use of cationic flotation reagents.to float gangue constituents such
as siliceous minerals, gypsum, and barite from menganese oxides is a virtually
new field of concentraticn. The factors governing the applicability of this
.. method cf con@entration'are'outlinéd in. subsequent paragraphs. '

The types of ore best suited to treatment by cationic reagents are medium-
or high-grade ores wherein the gangue to be .floated and rejected is a minor
part of the ore. Hard, compact ores that can be ground te flotation size with-
out forming large slime or very fine sand fractionms are concentrated more easily
than softer, porous ores.. ' S R . B

Slimes in the pulp definitely preclude effective’ flotation, as- their .
presence causes voluminous tough,:watery Trothe virtuwally impossible to handle.
If slime is present, it 1s preferentially floated from the pulp without regerd
to the chiemical composition of -the individual particles of slime. Dispersal

of the slimes with sodium silicate merely dclaye their flocculation and flotation
by cationic reageénts and-docs not permit flotation of semd particles. Slimes
cause high consumpticn .of reagents and the flotation of & ﬁroduet‘that might as
well have been discarded By desliming. It has been found that small additions-
of certain gums (0.0l to 0.1 pound per ton of cre) will flocculate slime parti-
cles into large aggregates casily floated. However, their action is not selec-
tive and; if added in too large an amount, they will also flocculate the sand
particles. Thé simplest solution for the slime prcblem is desliming of the
pulp. The dcleterious effect of slime limits the use of this method; as many
-mangancse ores are easily. slimed, even by agitation in a flotation cell. To
minimize this result, pnegumatic flotation cells having & minimum of moving parts
are to be preferred over. mechanically agitated machines. Also, large volumes

of filnely diepersed air bubbles seem to give optimum flctation and result in
lower consumption of reagents, better froth. conditions, and more rapid'flota-

. tion‘ - R . . . . e e N .

The ore generally, but not always, must be classified into sized fractions
to-obtein best results.. Cationic reagents are not completely selective end, if
added in sufficient quantity, will flcat manganese mineérals in addition to the

gangue constituents. A few compact and hard oxide menganese ores, however, can

be-benefibiated‘without preliminary sizing.

" Pulp density; hydrogen-ion doncentration;'and.conditioning pericds are not
important 4in the use of cationic-reagents. "Although slightly greater selectivity
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ig possible at low pulp dens1ties, particularly on the fine sand fractlons, the
effect is not marked. Cationic reagents float siliceous and other gangue min-
erals over a wide pH range. Because they are effective between pH 3 ard pH 9.5,
the natural pH of the pulp is generally satisfactory. Conditloning periods '
before flotatlion were not found necessary, bécause filming, collection, and

'fruthing almost 1nstantaneously follow‘the addltion of cationlc reagent.__

, Consumptlon of cationlc rcagents depends on the amount .of . gangue 'to be
floated, the amount of &lime in the pulp, &nd the porosity of the mineral parti-
cles, Low-grade ores, porous ores, and slime all contribute to high consumption
of reagents. Some high-grade compact ores can be concentrated effectively with
a fow tenths pound of reegent per ton ‘of ore, whereas lower-grade and porous
orcs,require as much as 3 pounds of reagent per ton of ore. As cationic rezgents
arc relatively expensive, it is clear that every effort should be made to corre-
late grinding and’ flotation studies so as to obtain the optimum combination of
liboration, slime loas, and Uonsumption of rcagents.

Although ‘addition of" the cationic reagent in stagos ig not essential better
results and lower consumpticn of reagents are usu&lly obtalned by such & prac-

.'ticc.' One reason for this may be that, as most cationic reagents have. frothing

propertios and act as both frother and collector, too much frothing may result
from a singlo lump addition of reagent and thus inhibit selectivity. It is also

. pertincnt to restate that the concentration of cationic reagent in the flotation

pulp at any one time definitely controls the selectivity. This effcct is not so
marked during the initial moments of flotation, when censiderable gangue parti-
cles are present.in the pulp, but is very ‘markcd toward the end of the flotation
poriod, At this stage, even & small cxcess of reagent will flocculate the
entire rcmaining pulp and destroy all selectivity. In fact, there appears, to
be a progruss1ve decrease in selectivity as flotation is continued Thus, when

" the rcagent is added in small stages, the first few concentrates may contain

onlv a small percentaga of manganose,_whercas the final concentrates by stegc

. flotation may contdin only slightly less manganese than’ thx pulp remairing in -
‘tho flotation cell.  This cffect is decreased by ‘close sizing of the fraction

being floated, as the finest manganese particles are always the first to be

- filmed and floated with the gangue mlncrals.

Thc uge of pulp conditlonlng reagonts, such ag sodlum ollicate, copper
oulfate, caustic, lime, acid, and-many others, 'sccm to have little, if any,

-effect upon the action of catlonic reagents, except in some ingtances to s‘ow

the collectlon and flotation of mineralg. Additional frothers are necessary
with a few cationic reagents and in most instancos may effect slightly lower

“cationic-rcagent consumption. - However, the advantage thus gained is usually

small and may interferc in the reflotation of middling fractions generally
obtalnod during the latter part of the flotation ‘pericd. '

Sulfide Flotation

Flotation of ‘sulfide minerals from manganesc ores 1s attended by no diffi-
cultiecs. Any of the common collectors and frothers may be: used ‘ag none of the
common mangenese minerals are collectcd by these redgents.
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Magnetic Separation

* This method of concentration can be employed in two ways on many manganese
ores, By giving mBnganese concentrates containing iron oxides a reducing roast
to mal.e the iron minerals susceptible to attraction by a low-intensity magnetic
fLeld, excellent separation of iron from manganese mlnerals is- possible. In
fact, this method is the only reliable one for making the iron- -manganese’ sepa-
ration, However, it is expensive when fine sizes are treat ted, because of the
low ”agacit’es of the magnetic separator (elther wet or dry) on such material
Also, if. dry, it generally is necessary to treat closel"_sized fraCtlons

T Some manganeSe ores can caslly be concentrated by high- 1ntensity magnetlc

_separators However, close sizing is neécessary for good. y'esults and, because
minus 150-mesh material .cannot be cffectively so ccncentrated tabling or flota-
tion is usuallv more effeculve for over-all results. Because of thelr phjs‘cal
nature, a few ores are best treatcd by & combination of tabling and magnetic
separation. Such ore is characterized by the presence of lime carbonate and
silicate minerals, making flotation difficult, and the presence of an appreci-
‘able tortlon of the oxide manganese minerals as. porous aggregates that are not
concenty ratable by tabling. Such ores can be crushed, groand if necesgsary to
-obtain llberatlon, classified into sized fractions, and then first tabled to
recover the nonporous portion. The table middling or tallsng products from
cach fraction can then be treatcd by a magnetic scparator for recovery of tho
porous manganese partjcles that otherwise would have boen lost.

SPECIFIC APPLICATIONS OF LABORATORY PROCEDURES o

As it 18 not feasible to summarize the data obtained irom.the concenuratlon
of 288 lots of ore, the following cxamples from laboratory practicc are given:
mercly to illustrate the methods cmployed and the average results obtainé d,  For
thisg purpose, details of the laboratory test results obtained on five orcs arec
given. These examples employ, singly or in comblnatlon, the various methods of
concentration previously discussed as appllcable to the beneficiation of manga-
nese oreas. .

Rhodochrosite Ore from Utah (Log weshing, Fatty-Acid Flotation)

ManganeSe occurred in this low- grade (15- percent) ore as comparatively
large but scattered stringers of rhodochrosite finely intergrown with pyrite,
quaﬂtz, and unreplaced dolomite, A large sample of minus l- l/h inch ore was
tumbled in a ball mill without balls until the claylike gengue was disinte-
gratcd. It was then screened on 80-mesh and the undersize discarded, The plus
80-mesh” fraction was crushed to minue lO-mesh and stage-ground to minus 100-
mesh, before being pulped with tap water, to’ approximately 50 percent solids
in a mechanically agitated flotation cell. The sulfides were floated with
standard sulfide collectors. A bulk manganese concentrate then was floated,
using fatty-acid emulsion, and a rougher talling was discarded, The rougho#
manganese concentrate was cleaned and recleaned by plotatlon for productwon of
a LlnlShed concentrate.
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Consumption of. reagents results of flotation, and analyses of the sinter
made from the recleaner concenurate are given in table 2. ..

T%BLE 2 - Flotation of low-grade carbonate ore from.Utah

”‘ ConSumption and distribution of reagents»t f’h

‘ﬁbund.per ton of ore ,
o " | Oleic acid | Sodium |Xenthate| Frother | -
Flotation stage emylsion | silicate Z-3 B-23 | HoS0)y
SULL1dCeeesanreceanssscscanaane - , 1.0 0.1 0.05 “t 0.9
Manganese rougher.....L....... 1.0 1.0 R -
Manganese Clener..cessssvsces |. o5 - - - -
: M&pganese recleaner..ceveevess 1.0, 1.0 - .. 0,05 -
' L ' 2.5 3.0 0.1 - .10 .9

Flotation results

Weight,| Weight, | L Distri- | Over-all
' Ipercent| percent S co bution, [distribution,
total [flotation| Assay, percent| percent percent
) . ore’ | feed Mn | Fe |[Insol,] manganese| .manganese
Pyritic concentrate. 2.5 5 l l0.0 25.1| 18.8] . 2.2 - 1.7
Recleaner concen-- | ‘ : 1 ' ’
tratessseesessosssd 31,0 6& 0 133.8] 4.0f 8.7  89.4 68.7
Recleaner tailing... 3.3 - ©6.8:1 9:1f 1.7] 37.2 © 2.5 1.9
Cleaner--tailing.....| 7.1 | 146 | 7.2/ 1.9/ 76.8| k3" 3.3
Rougher tailing.....| 4.6 | - 9.5 h.l 2.1 80.6| = 1,6 1.2
-Calculated flota- ' ' . s
“tion heads.:.v.....| 48.5 100.0 {24.24 4,5{ 28,0| 100.0 | 76.8
Primary minus 80- ' . i o R S
mesh reject.vo.vuin| 5k,5 | © = 1'6.9] 4i3F 63.5] @ - { 23,2
Calculated ore:.....l100,0 [+ - - 15.3) b bl ho2] - - 77 77100,0

uuuuuu

e . : Assey, percent -
S ecwo o ["Wn | Fe|830p | P [AlpOx) 25105 + Alp03
Sin*eréd recleaner concentratel;... 52, 0 5 Ti 7. 9|0 159! 5.1 i = 13-0

Results given invthe: above tablc show*that 89 h ‘percent of the manganese
contained in the fletation feed +¥as récovered in'a recleansr coricontrate that,
whcn sintered met chemical specifications for U8 percent manganese ore.. Thls
recovery represents approximately- FO-percent of the manganese in the orlginal
ore before the claylike gangue’is disintegrated and' fiscarded. As ‘mé¥¢ than
50 percent of -the gangue can beo-rejected by simple and inexpensive log-washing,
costs of -milling this low-gra&e -ope’ should-be -smaklsy -»It-will be noted; that’

- rhodochrosite, ores are normdlly .so.améndble to.fatty-acid’ flotation that the °
usuval dictum of floating the minor constituent may often be disregarded.
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Manganese Ore from California (Fatty-Acid Flotation) o -

This oxide manganese ore. assayed 23,7 percent nﬁnganese. The gangue was
chiefly quartz and rhyolite country rock, with calcite ag a minor constituent.
The manganese wes present as psilomelane, -which contained considerable chemi-
cally combined barium. As the manganese occurred-as %ather thin films and fine
aggregates cementing v1rtually ‘barren quartz and fragments of country rock,
fine grinding was necessary for. liberation. ‘However, the quantity of slimes
produced was relatively small owing- to the hardness of psilomelane; deslimlng
before flctation was unnecessary.

The ore sample vas crushed to minus lO-mesh and stage ground to minug
100-mesh. Ground ore was then pulped, 'without desliming, to approximately 25
percent sollds in a mechanically agitated laboratory flotation cell, and the
menganese cxides were floated with stgge additiocns of &n aqueous emulsion ot
nleic acid stabilized with Emulsol X-1l. The rougher concentrate was cleaned
with small additions .of reagent -

Sodium silicate was used. in both.roughlng -and cleanlng operations as a

silica depressant, and the pH was maintained in the range of 6.5 to 7.0 by '
~additions of sulfuric acid. The cleanér concentrate was sintered. The con-

'sumptlon of reagents and the results are given in table 3. L

iABLE 5 - Fatty- acid flotation of manganese ore from California

Consamp*ion and distr;butlon of reagents:,i'

Pounds per ton of .ore
. SR | Oleic -acid, | --Sodium | Sulfuric
_ Flotation stage y emulsion gilicate acid pH
ROUGNETr e i essosnevrsscasresnsssasnosans 3.5 6,0 0.9 6.7
CLEBNE e savsovscsecrsissnsansssrnssssspe 1.6 1.5 1,2 6.7
Tot8l IrCARONtS. v eeeecevsocosccsonnnonnse | - 5 1

2 -

F1otation results »

e e Weight, .. | -] Distribution,-percent

.. ... .. Product | percent| Mn | SiOp Mn . |- Si0p
- Clcaner concentrate,,eeersenssssae-] . 46.0. [ 41,91 5,67 3l.4 12,4
Cleaner tailing,,pecvvesessersrens | T4 |119.9] 37,01 . 6.2 8.6
Rougher tailing.ssseasescrossronse L6.6 6.41 54,2 12. 4 79.0
Calculated NeadsS, seeyeseerrasensss 100,0 }1'23,71 31,9 100.0 100.0

Results of sintering

_ Assay, percent
: - - " Mn | Fe 51001 P 03| Ba’ ca0
Sintered manganese cleaner concentrate,,.. [19,0{1.1110.1 O.thv h. 8.25]3,1
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By fatty-acid flotation of menganese a satisfactory separation was obtained
between oxide manganese and siliceous gangue. The presence of chemically com-

- bined barium in the manganese mineral served to limit the final grade .of concen-

trate. Over 81 percent of the manganese was recovered in a cleaner concentrate

that assayed 41.9 percent Mn and 8.6 percent SiOs.. As & result of sintering,

the grade was increased to 49 percent Mn and 10.1 percgent SiOg. :

ngh grade Oxlde Manganese Ore from Arizona (Cationic Flotation) '

 This high-grade ore contained peilomelane associated W1th virtually barren
_ guartz gangue. Satisfactory liberation was obtained by grlnding through 65-
.mesh. The ore is mineralogically simple and is ideally suited to flotation of
..silica, Although, after grinding, an appreciable portion of the manganese is
contained in a slime fraction, this fraction is high enough in grade to be com-
bined with the manganese product obtained by flotatlon of silica from ‘the sand

product. The results. are given in table k,
~‘TABLE h - Silica flotatlon from deslimed and. unsized hlgh-grade
ox1de manganege ore from Arizona
B Weight, Agsay, percent Recovery Mn Reagent,

Product percent| ‘' Mn | Si0p . percent |(1b. /ton
Silica concentrate....ceeoeesesse 14.0 9.8} T76.1 3.0 0.5
Manganese t811ing..eeeeeivnooesn. 67.1 45.3| 5.9 78.3 -
SLiMES s senennereessnnonsasecans 18.9 | 37.2] 16.1 18.1 -
Calculattd headsvueereseeeeonsne 100.0 38,71 17.7 - 100.C 0.5
Slimcs'and'manganese tailings... 86.0. | 43.6| 8.1 96 4 -

i When sintcred the combined slime and manganese product assayed plus 50
percent manganese and met the base price mavketlng specifications of the Metals
‘Roservc Company. Selectivity obtained during flotation of the sand fraction
wag excellent. Over 95 percent of the manganese in the sands to Tlotation was
- recovered in the unfloated manganese product, whereas 13 cercent of the silica
wag rejected in the silica concentrate.

Oxide Mangancse Ore from Montana (Sink-and-float, Jigglng,
L Tabllngl Magnetic Separation) .

This ore, assaying 2h 5 percent- manganose, was difficult to concentrate and
required rather elaborate treatment becausc of the mineralogical associations °
and the physical nature of the ore. The gangue comprised silicate and calciunm
minerals irregularly associated with menganese-oxides. Even at fine sizes the
manganesce minerals wore not completely liberated from the gangue, and the prob-
lem became one of . separating high and low manganese- contont varticles. Flota-
tion proved ineffcctlve, owing to’ the high lime concent and the presence of both
.calcite-manganese and silica-mangenese middlings. The_manganese occurrcd as
both hth -density;, relatively high-grade coarse aggregates and as porous fino
particlcm. To-obtain a max1mum recovery, the ore was first treated by sink-and-
float and 1igglng to ‘ recover the coarse manganese aggregates. The reject
products from gravity treatment then were cru shed, ground hydraulically sized,
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and the'plus'loo-mesh fractions driedlfor high-intehsity magnetic separation:

--, and the minus 100-mesh fractions fed to tables. No tailing products were made

by sink-and-float or jigging, and all discard products of these operations
eventually were reduced to minus 1O-mesh., The results obtained are given in
table 5. .

TABLE 5. -'Gravity and magnetic concentration of Montana oxide manganese ore

‘ . . Weight,| Ass aJ, percent|Recovery, percent
Product . . | percent . Mn Mn
Sink- and-;loat CONCENTTBLE. »ssesrness 15.5] . %0.0 . 25.0
Jig concentrates.veeeeereeresaenacons 8.4} - k2.7 14,7
Combined megnetic concentrate.,...... 14,0 b0 \ 23.4
Table CONCENtratEeesesscerecsrsosasss 1.1 42,0 1.9
Combined ta8iling..seevessssesnsonenss 61,2 14.0 35,0
Calculated headBeseeevesccreeesseesssd 100,0 24,5 100.0
Combined gravity and magnetic con- ' R ,
Contrated, eosuoeereseocecieeeaiond 38.8 41.0 65.0

- A compcsite sample of grav1ty and magnetic concentrates was s1ntered with
coke to. glve a product that assayed as follows

Results of s1ntering

< Assay, percent
Mn | Fe|Si0p + AlpOs| P | Zn| S

Sintered combined gravity and magnetié con- : .
Centra_tes........-......................,..- ’48.0 3.0‘ 1.5.9 0.0’-“0.7 -

Using the above method of treatment to remove the mineral as soon as -
liberated, a 65-percent recovery of manganese was obtained in a product that,
when sintered, met basic specifications for 48 percent manganese cre with a
slight silica plus alumina penalty. Even higher recovery is possible if a
lower-grade product is economically desirable. : :

Mengenese Ore from Nevada (Tabling)

The main gangue constituents of the ore were two distinct complex iron
‘silicates. Quartz and calcite occurred in minor amounts. Pyrolusite and psi-
lomelane are the principal manganese mincrals; although some braunite also is
present. ' The compact, greenish, iron silicate containeéd manganese oxides that
~could be liberated at fairly coarse sizes, whereas the soft, brown, iron sili-
cate was intimately Impregnated with manganese minerals, As most of the manga-
nese occurred in medium-size aggregates, the ore vas crushed and stage-ground
to minus 28-mesh and classified into sized fractions. The fractions were
tabled separately to produce concontrates, ‘middlings, and tailings. Each
middling was reground, classified, &nd re-treated with ‘the next finest frac-
tions. Theé slime fraction was not treated. Corresponding products were
combined, and the results arc given in table 6.
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TABLE 6 - Tabling ox1de manganese ore from.Nevada

Weight Agsay, percent Recovery,

. Product ke percent | Mn | Fe |SiOp percent
Combined manganese concentrateBseeseees 26.1 [ L8. 4| 2.4 4.4 46,14
MiGALiNgessesossseonnssassosssoiosssoes 15.6 | 38.3 | L4.7/10.6 22.0 .
TailiNgesesessevornnianosnvosnnrasesnss | 25,5 [10.5]20.2/42.0) . 9.8
SLiMCeeeeoreecoocsoreoscsoccoooonoasvos 32,8.118.1110.1{29.1 21.8
Calculated heads..oeseeveosossoossosess | 100.0 [27.2] 7.3[23.2 100.0
Combined concentratee and middling..... hl 7 uu 6 5 3 6.7] 68, h

After gintering, the combined concentrate and middling product assajed
plus 50 percent manganese and 4.1 percent iron and otherwise met the base-
.price marketing epec1ficaticn cof the Me tals ReserVe Company. : .

' The principal loss of manganese (21 8 percent) was in the slimes. However,
~ this fraction contained a large percentage of the total iron and silica and was
considerably lower in manganese content than the originel ore. On the sand
portion of the ground ore, excellent.geparation was obtained, as 87.4 percent
of the manganese in this fraction was recovered as a high-grade concentrate.
The middling product, although finally ground to minus lﬁO-meeh contained many
locked particles of manganese oxide and iron silicate; hOWever, the high grade
of the coarse send concentrates permitted combining the final lower-grade: mid.-
‘dling to make a composite of acoeptable gradc for sintering..

GENERAL DIS“U“SION AND SUMMARY

Wostern manganese ores vary greatly in mineralogical compos1tion and

- physical- properties.- The present known deposits-are pfedominant oxide ores.
Howevér, except in a few instances, such as in the Butte and Philipsburg dis-
tricts, only surface deposits have been cxplored, and 1t is possible that
important aeep~seated primary rhodochrosite deposlts may be found. Rhodonite
ores and oxide deposets apparently derived from the oxidation of primary sili-
cate ores are. fairly common. o - : 1 e

1
R ST

Virtually all oxide mangancse ores can be oeneficlated to some- extent, 1f
a sufficiently complex treatment method 1s_omployed to take advantage of all
the properties distinguishing the manganese minerals from gangue constituents.
The recovery of mangaencse in high-gradc products on many ores is low., -This
type- o£ ore is not considered amenable to ore-dressing methods. The grade,
phvalcal nature, -and mineralogy of manganese ores arc the factors that deter-
mine the amenability of tho orcs to gpecific methods of concentration. These
factore afford a means of roubhly cla531fy1ng manganeso ores,. '
_ High grade oxide ores (nlus 50 percent menganesc) are reacily concentratcd
' excopt vhen iron oxides ‘are the ‘principal gangue constituent, or when siliceous
' gangue occurs so.finely disseminated in the menganesc m¢neral as tc preclude ,
“ ite liberation within cconomic limits of grinding. High or moderate recoveries
(65 to 90 percent) -are unusual for low-grade orées, since as much as 25 porcent
of the mangancse is gonerally lost as untroatable slime. Exceptions to this
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rulc are ores that are characterized by the occurrence of high-grade but scat-

‘tered nodules of oxide manganeSﬂwin & clay ‘or- logsely consolidated barren gan-
gue. . Bog and wad manganebe ores- canﬁot be-concentrated, owing to. their physical
rature

As a rule, rhodochr081te ores are veadlly concenbratea.v Thig maJ be . -
attributed to the. chemical .and physical nature of -the manganese- ‘mineral, ‘which
makes possible effective separations of manganese ‘and gangue-constituents by
.flotation, even. though fine grinding may have to be -employed. - -Ores containing
considerable calcium, magnesium, or barium’ carbonate minerals are somewhat more
difficult to treat than strictly siliceous’ ores, but proper flotation condi-
tions for effective separation usually can be obtained. Manganocalcite, man-
ganodclom¢te, and mangunosiderite ores cannot be con"entrated to nlgh-grade
manganemo nroducus.

. .Except for braunlte .ores, which are uncommon, silicate maﬂganese ores can-
not be beneficiated effectlvely. Rhodonite 1s similar to the usual siliceous
gangue minerals, and none of the common concentratlon methods are effectlve in

making a separatlon ‘ o

‘ Oxide mangancse ores classed as complex eithe” because of tho varlety of
mangancse Or gangue minerals occurrlng in the ore are usually concentratable
if the manganese minerals can be liberated without the formation of a large
slime fraction. Howevor, lower recovery than on simple ores is general, and a
combination of treatment methods iay have to be employed. »

The properﬁies that diétinguish manganese from-gangue minerals make possi--
ble scparation of these mincrals to some extent by virtually every ore-dressing
method. Some ores are easlly concentrated by 51mplo washing and c¢lassification,
‘others by gravity methods, flotation of mangancse Or gangue minerals, magnetlc
separation, or combinations of these methods. Generdlly, the simplcr the-
treatment method, the better the results. Ores from which the oxide m&nganese
minerals can be. llbcratcd at coarse slzes can be concentrated by the sink- and-
float process or jigging. Those requiring finer grinding are amenableé to
treatment by tabling. The factors that limit the applicability of gravity -

. methods of concentration are principally the difficulty of obtaining liberation
without forming a large unureatablo slims fraction and the porous or platy

nature of some ores, whlch make for unsatisfactorv grav1ty concentration condl-
tions. e ..

Flotatlon mothods cannot bo applied as" extcn51vcly as grav1ty methodo,'
owing largely to the simplicity of tabling. However;j wheni finc grinding is"
necessary, flotation usually gives better Vosults than- tubling. Flotatien™
also can be employed advantagceously on porous ores, which are difficult to ™
 beneficiatc by gravity methods. High-grade manganese ores often are benefi-
ciated best by floating the smell amount of gangue with catlonic roagents. On
rhodochrosite ores, flotation with fatt y acids is proferred over gravity:mcth-
-odq, as fine grinding is usually. nncesaary and Ilotatlon-lnhiblulng mnangancse

. slimes are.not cormonly prcduccq in grind;ng rhodochresite ores. Careful.

centrol of thc flotatlon condltlons, the addition of fatty acid and dopressing
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reagents, pulp conditioning, and.pH: control.are important - to obtain efficient
flotation of oxide manganese minerals. The flotation cf gangue constituents,
with cationic reagents usually requires classification of the ore into sized’
fractions and careful desliming of the flotation’ pulp. Neither fatt y-acid hor
cationic collectors are wholly selective and if added in excess -of requiremeniu
will readily float gangue and manganese minerals indiscriminately.

Magnetic-separation methods will make a manganese oxide-gangue senaration
on mogt ores, but generally not so efficiently as either- gravity or flotativn
methods; Courled with a reducing roast to make the iron oxides more ' suscepti-
ble to magnetic attvactlon, ‘the method is the only feasible means “of - making’ an
iron oxide-manganefé oxlde separation. High-intensity magnetic separation ig,
also suitable as an adjunct to tabling to scavenge liberated porous mangenese’
particles from t&ble middlings and- taillngs. The conditions limiting emplcy -
ment of this method are the necessity for clése sizing and the poor results’
usuvally obtained in treating finely slzed material,

Five specific examples of the ore-dressing procedures employed in the
laboratory and the results obtained are given. These tests embody edch of the
concentration methods applicable to manganese ores end illustrate a few of thc'

more common problems cncountered in beneficiating various types of manganesc
ores., - : ’ T

Of the 288 lots of ore tested, 10h were found amenable to production of
high-grade menganese products and 157 could be beneficlated to mecet low- -gradc
ore specifications elther for direct cmergency use or for siubsequent pyromectal-
lurgical or hydrometallurgical processing. Only 47 ores, owing to their low
-grade and chemical or physical nature, proved unconcentratable by ore-dressing
methods. :

APPENDIX

Summary of Manganese Ore Samples end Tost Results .

Key 1. - Deposit classification

Manganese oxide

‘Mangancse carbonate

Manganese silicate
Mangano-calcite

Iron-manganese oxide

Manganesc oxide-carbonate
Mangancse oxide-silicate
‘Mangancse carbonate-silicate
Man%anese-oxida-carbonate-silicate

. o .-

\OOO\]O\\.JIC‘\NI\)I—‘
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1.
- 2a,
2b.
‘2Coe

3a.

3b.
S
ha,

 Low intensity magnetlé oeparation for iron- removal

4v.

5a.

ob.

5¢.

1726

;Crushlng, grind;ng, and sjzing.;~ K
.Log washing and“attrition grinding. e
Sink-and- float.w Ce
_Jigging. '

2d.

K117

. Key 2. - Ore- dresuing tréatment

N

Table conoéntration.:;

' Fatty adid flotation.
Fuel oil, fatty acid flotatlon.

Cationic flotation. -

High inten31ty magnetlc separ&tion for manganese concentfa*iont,
Sintering or nodulizing Co

‘Roasting for ‘removal of ainc, lead copper, and silver.

Reéuction roast to render lron m&gnetic.,,
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Recovery
.k - |+ ¥n, percent K y -
' Class| Grade | At | At | At __Treatment
State and S - Nearest of Mn, |35-UO} L4 | Lg Sige |
county . Prgpgrty __town { orel/| percent| in itn Mn _|started | fMethodg/
ARTZONA: - . E . - . HE
CochiSe eeeeie Oregon mine Torbstone © 1 |31.6 - - . 1'85.6 1M~mesh 1, 2a, 2d, 5b, 5a.
" DOe evesses " do. do. 1 {u3.h - - 1100.0 - 5a. :
DO. e...sse|Conifact mine" do. 1 {1k.6 - ‘w7 24.9| U8-mesh|1, 24, 5c, Ya, Ba.-
DOe veseess|Comét mine do. "1 ]10.1 1o~ N - Not amenables
Goconino [,...|Valazza 1Long Valley'| ~ 1 4%0.0 . ! = R i "éa | See other samplés of
AR S ' R ' S SN & 1 Valazza ores
Doe cevresef doe" " : do. 1 38;3) - S ,96 ﬁ[ 62—mesh 1, 28, 3c; ‘Ha. -’
e U S Sy b= | = | 9241 “bemesn|1i ze, 2a, 24, 5a:
N d0e i a éo. o 36'?)f toe = | .92,2{1K0-mesh}1; 2, 3c; Sai .
Do. waiviief Cegol. T TR doa 1 :2972 | 95.5{ 83.9| 703 Ug-meshf1, 214, 24 Ha.:
DOe ciaesvs ~ .do. ‘ doe. 1| 84 - - .M9 7. 6~mesn 1,7ee, 2a; 24, Ha.
DO« «osessefConner-Hough. do. 1 {uo.l) - " {100.0| - Ha.. R
R B S ) - 190.0| - ! 1-inch{l. 0o noaer
. ) - - | 97.0i 1-inch|1l, '2a, 5d. * ' _
Doe vseveeof Shroup do. 1 |43.3) - - 99.0| b-meshil, 2¢, 24,723, 5as F
T T o : A4 ‘ = - 98.2|150-mesh|1y 2a, 3¢, Ha. i T
DOe sesesaaf - irnodOe 0w do. . . 1 | 5.5 63.71 59.6} H'f{ 6-meishf1;+2c, 2a, 2d, Ha.
C el . . o . ' s ‘HS 9 hS—mesn 1; 2a, 2d, Ha.
TGila eeveecesrs|[Davis Prop€rty ~ °~ “|Coolidge Daml 1 | 9.2 ' Hbt'aménable."
Doe swsevos Orsen Branch Winkelman '}/ " 1 234 A T T
DOy eivennal T doe ¥ ' doe T 1 |25.8 e = 76.9 734mesh 1, 22, '2¢, 24, Ba, "
Dow weveese] do. doov 1 1 | 26.4 15¢, ka. (Veighted ~
: B C i composite.. used for
_ I s ”féA. =  |test work) H
- e R . P - 59.0 1 .20-mesh}l; 22, 24, 5a... ..
D0. +es+ess|Benningfield do. 1 | 26.0 ST Y 3-moshl1, 2c. 24 23 5o
DOu wrerees do.. do. 1 |33.6 - - gh.0| 3-meshll, 2c, 2a, 24, 5a. .
DOu vwessss - -do.. L "do.: T 0.2 B i . No test work.
1/ See key .l at beginning of table.
2/. ‘See key 2 at beginning of table.
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: N : . Recovery, . . .
3 o N Mn, percent . e e
) . . Grade WOAE AL ‘Treatment.
" State ahd T R Néarcst "Mn, . by | 48 - Size | T .
county - -Propert;/ town . percent Mn Mn | started o Method?—/ .,
ARIZONA (Cont'd )E . : ‘ = . b i S
TGilB. ceeerencnns Swingle Winkelman ~| : 1 -.{19.9 4 - |Not’ ameneble. .
DOy gerweese. [North Stax Group --@o. 184 - 56.3 | -48-moshil; 2a,72d; 5a.”
DOy vrevterse}. . . dO.- . -do. 1 1%2.3 - 87.0 | 20-mesh!l, 2a, 24, 3a, Sa.
S Bo. L snaeenin, Gerommo Group - do. . -1 |29.2 - 87.3| 6-meshjl, 2c," Qa, 2d, 5a.
T : - ’ ' ' a - <= I 1=inchi 2b Da. -
Do.. EREELEEE Gray Claims Globe | 1. 133.0 1874 8.4 _“l"l-inéh 2b l éd 5&.
DOV vevennace |’ do. do. 1 4k -~ 1100.0) - <. 5@. (Meots ‘low-grade A
e : . ; . | 'specifications with-
. " out 5a.) ‘
Greenlev. eseses |Pyrolusite Group Clifton 1 |17.7 Test results similar
T .,,,A.'. et - oo : . - ' el to Iollowing ore.
DO aeeesieee T do,. . do. -1 |14.5 - Ed.1 | 65-meshil, 53., V‘E'a. .
Marlcopa‘.‘._., .sosis Black Queen Claim - |Aguile- 1 2.6 88,5 1:71.8 f‘:28’-—mééh'},?_;'2a , 24, Sa.
DO. .ee..sss [Black Nugget Group ag. 1. .}31.0 - |TO.T7 + 48~mesh| 1, 2a, 2d :’_:5a .
Do Wteehtet . [Sambo Aguila Claim “do. 1. 374 - 1490.3 | 48<mesh’ 1, -’2a, 24, 3a, 5a.
DO., sspess s+ Black Vulture - 1 121.8 - .+ | 28-meshil, ib, 5&.“'
MORBVE. e s eses.. fArtillery Peak Yuma 1 1.0 51,7 26.4 [200-mesh| 1, 2a, 3e, Ser.
DO wevnssasn]| .. do. - .do. 1 |13.5 49.1§ 31.5|200-mesh|l, 2&, 3e, Sa.’
DO, vospsoses . do. “do. . <1150 - - |100-meshil, 3b, Sai .
DOu. vspsssses|. do.. ~ de. 1 |1k.8 - | = |200=m2sh|l, 24, 3b, 3a, 5a.
DO, essrsees~lhrtillery. Peak 1 ' o o
-7 -7 .7 1. (open pit) ; -do. 1.3 Not amenable.
: Do veeiees.s |Artillery Peak S N _
A .| (Priceless group) S da. e 1.5 " Do.
DO iveaann . |Artillery Peak (Man- o e
ganese Ore Co.,
"open pit) do. 6,2 Do.
DO, vereno..s [Artillery Peak (Mu.n- :
ganese Ore Co., N -
Priceless group) do. 1.4 Do.
1726 - 26 -





= @ [ s
© R.I. b7 -
>~ " Recovery -
-Mn, .percent o e
o - Class| Grade | AU At. 1At : Treatment
-State and : _ Nearest: |of - |\ Mn, . p5-40 | 4k 48 . Size | o '
county Property town ore= / percent Mn. |.Mn Mn started Methodg/
ARIZONA® (Cont'd. )] . : N 4 : 1 .
Mohave...... .. . {Chapin Ore Yumsa: 1°]6.2 o I ‘ {Not smenable.
‘Do. w.iiill. Noung Peach Springs| 1. [28.1 -] .- 70.5 | 20-mesh|l, 2a, 24, 5a.
DO, viieere.s . H. Jones Powell- 1 -jek.s 6.7 | - 33.% | l-inch|2a, 1, 2d, 5a. _
De.".:..iiiss R H. Thompson . Parker 1 [33.7 - - 87.7 | U48-meshl|l, 2a, 24, 3a, 5a.
DO. vveerenen © do. do. 1 |29 | o -|Not amenable.
.DO. s.ls. ). Jhdems-Woody Peach Springs| 1 (29.7 | _  |No test work.
S 1 - . : - 63.2: - - 1 3-mesh|l, 2c¢c, 24, 5a.
)1 P G . do. Q0. . 1.l { - - - | 56.9 |L48-meshll, 2a, 2d, 5a.
DO. “vevessss. [Black Warrior - 1 |23.2 - 78.5| -~ 65-meshl|l, %a, Sa. . -
Dow ouieat” A do. - 1 125.0 - |88.0f - 65-mesh|1, 3a, S5a. . -
T DO dveaiaads do. - 1 [3%0.9 - |8L.0| - 20-mesh|l, 4b, 3a, Sa. .
DOy cevnneny - - do. : - 1 13%3,2 - 6.8} - 20-mesh|l, Wb, 5a.
th.u}n..u..BdmdeHi(hu&- B 5 ‘ g o o
s T grade) Tucson " 1. .25.6 - - [76.2 |65-meshll, 2a, 2&,_5&; 5¢c,. ba.
: (Would reguire Ha for
o _ size) : S
Do oo e JZ‘Baboqalvarl (low— . : ’ S .
C o T grade) ‘ do.. 1 2.5 - - | 2.9 | 65-meshll, 3a, 24, 5¢, ha.-
Lo s . , b | "1 {specifications)
Lo s v \ o S S $h3.1.133.01 - 6 -méshrl 2a,.2d, 5a..
Do. ;.,,.,.....Coyotev(high~grade) do. -1 |21.3 ' 52.5‘ 5f - 202-mésn 1, 5&: 531 2
DO.. ssevees.s [Coyote (low-grade) do. 1 f1ke2 r58,5‘ 4?'4 ) ng_zzzi i -22: ?if 93'_‘
Pinalie.iee.o. . (Pomeroy . : Superior 1 !21.0 62.9 | - - 3-mesh l 2a, .2¢y 24, S5b, S5a.
Santa Cruz...... |[San Fernando group Patagonia- 1 (23, E( )-— - 58.8 65—mesh.l, 2a, %a, 5a. = .
- L - - {31, HCL . No test work.
Do. secesaces B do.- do- 52 Y(H:F) ' . - Do,
Do. ...s.i... [Salvador claim do. 1 |2k.6 1 : Do.
DO. veeennann . Ao do. 1 116.3 - - 2.5 1-inch|l, 2b, 24, 5b, 5a.
DO teencenns do. do. 1 {23.0 - - 55.2 | 65-mesh|1, 2a, 3a, 24, 5b 5a.
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! Recovery
. Mn, percent :
. Ciass| Grade At At At . Treatment
State end : Nearest of Mn, [35-40 | Lb 48 Size | - 5, -
y county Property town orel/ percent| Mn | Mn Mn started Method</
ARIZONA (Cont'd.): , - _ .
Yavapaii.eee..... Burmeister mine Mayer 1 132.3 - - 61.0 | 65-mesh|l, 3a, 5a.
g S 100.0 | - - - Sa. -
DQ_. cesesesan do. do. 1 52-8 { - - 95_2 k_mesh l, 20, 25" 2@, 58.-
DOu wevvannes do. do. 1 |7.5 ko2t - | - 20-mesh|l, 24, 3a, 35a.
DOv seevenss ol do. do. 1 |12.9 - ~ 80.4 | L-mesh|l, 2c, 2a, 24, 5a.
YUIA e eeesoneeses S Jo Curtis Bouse 5 119.2 S Not ameneble.
DO. +4ase0ee0« |Sheeptanks mine Vicksburg 1 5.4 Do.
" DO serneeean | do. ‘do. 1 2.8 Do.
DOe tevenes do. do. 1 6.3 Do.
Doe veeen. . do. ~do. 1 5.9 ( ¢ " Do.
‘ . ‘ - - o {56.0 | 48.0 | 48-meshil, 2a, 24, >a.
DO« veesssess |Doyle-Smith - 1 |16.1 j\ g%'u - - 48-mesh li 26, Zdj -
DO. veeeosss. [Spring mine - 1117 6.6 - - l-inch|2a, 1, 2d, da
DOe thevennns do. - 1 {20.6 - 83.1| - 48-meshil, 2a, 24, 5a.
= veieeese.. [Ofchard Parker Dam 1 |10.2 L6.3 | - - 100-mesh|l, 3a, Sa.
CALIFORNIA: \
Alameda.eecee s . IMurphy Mine Livermore 1 (k2.5 - - &85.5 | 4B8-meshll, 2a, 3¢, da.
Tuperial........ |Pacific Coast Mn : _ }
Corp. Midway Wells! 1 :39.3 - - 92.7 3-meshll, 2c, 24, Sa.
DO venen .o do. do. i i35.1 - - 63.0 | 20-meshjl, 24, Sa.

DOu . veeseaess [Turtle Group do. 1 |28.8 - - 181.6 %3-mesh|l, 2c, 24, S5a.
INFO.eevesesss.. |Wingate Wash Shoshone 1 |35.0 - - - - No iest work..
Do. venns .ee do. do. 1 (k3.9 - - - - do.
DOw vovnvens ao. do. 1 154 - - 66.7 | 20-mesh|l, 24, 5a.

DO: ervenenns do. do. 1 8.8 - - 42,0 | 65-mesh|l, 2a, 24, Sa.
DOe wavueeins ao, do. 1 6.6 - - - - | No test work.
DOt vereennns do. do. 1 {12.9 - - 11.1 [OO-mesh|l, 2a, 24, Sa.
MendocinG....... |Thomas Mine Ukiah S |1e.4 55.0| - 35,6 [P00-meshil; 3a, Sa. -
San Bernardino.. [Proctor Croneses
Station 1 j11.4 23.6| - - 65-mesh| 1, 24, 3a, Sa.
1726 - 28 -
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Recovery
_Mn, percent R o
A A _ L Class| Grade | AU At At Treatment
State and Nearest | . of Mn, [35-40| 4k 48 Size
, county. ... |. Property : town orek/ percent | Mn Mr | Mn started _vMethbdg/
.. CALIFORNIA . . S A - : . i S
- (Cont'd.): : TR 1 i : I
San Berparﬁiﬁoﬂ. MgWhippey I : Og;rggé: L |hesh -~ - %gg:g 65-mesh i?.Ba; Sa.,
 DO. wuus.o.nv|Black Magic .- | Baker 1 {350 83.0| - 1 48.3 | L8-mesh|l, 2a, 24, Lb,
Do. ivessns.s| 0 do. ' o dos 1 333 - - - - No test work.
DO pursnnnns . ao. do. 1 [26.5 - | - - - Do.
DO. wevvanasd| - dO. . . .40, 1 k.o - - = R ‘ Do. .
DO+ tevvnnes g0 do. do: 1 |32:2 80.6| - 50.5 [100-mesh|l, 2a, 24, kb,
DO. +ev......|Netional Resources, o : o ) . coo T S
o | Inc. . . . do.- 1 {34.0 | - | - 91.3 | 4B8-mesh 1, 2d, 5a.
DO. +4.uesee.|Lee Kin Ludlow 1 j16.1 56.0 1 2k.9 4.5 [100-meshil, 2a, 3a, 5a.
DOy «vveseess]Big Reef Claims Barstow- 1 ]16:3% Co : | © .- |No testing.
DO venenennn © do. ~ _ do. 1 jah.3 . - - 81.2 | 28-mesh|l, 2c, 2¢, 3a,
Do. Jodeeida) - odo. . do.’ 1 j21.5 e " iNo testing.
DOe covennnen] = do. dc. 1l 131.9 : ' »! o Do
DO. veveeeeiol " do.(Comp.) do. 1 {23.2 - - 88.3 100-mesh|l, 2c, 3a, Sa.
. ' S N e |- - |'6%.0 | 1l-inchil, 2b, 2¢, 2a,
DO+ vevessw..|Haptington + - | Baker 1 1106 T i 50, 5a, |
o S ‘ - - - .2y - 65-meshil, 2a, 3a, 5b, 5
B o O IR « Lo PERRRS o Go. 1 12 - - - 52.5 |- 1l-inchjl, 2b, Z2c, 2a,
E T - o . 5b, ba.
. DO e e eess | Trans~Oceanic Heetor 1 j12.1 82.1| -~ 77.7 65-mesh|l, 2a, 3a, Sa.
San Joaguin.....|Ladd Mine : Tracy 1 j16.3 k8.5 %1 - 39.4 [Q00-mesn{l, 2a, 24, 3a,
- DOy eienienis do. : do. 1 {285 | - | - - - - No.test work.
- DO deeani wdos © do. 11k ,3 0 - - - - ~ Do.
DO eameanes . do. - .do. - Loj27.5 " |60k} - 30.6 | 65-mesh|l, 2a, .2d, 5a.
’ o o C | - | 10.4 P00-mesh|l, 2a, 3c, 24
Do, vienaen . do. - do. 1 {15.3 ‘]}1;2 R - 00-mosh l; 2&,: de 5a:~
DOu wevennn . .| Buckeye Mine - ~ do. 6 |4k.6 - ~ = 1100.0 | @ - Sa. L
v DO¢ vaerennasin] do. T L do. 2 |32.8 - ~ 95.5 100-meshll, 2a, 3c, 5a.
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Recovery -
- B . Mn, percent .. .
....... - B Class| Grade At At At . JFreatment ..

State and Nearest | of ‘Mn, [35-40 | 4k | 48 Size .

county Property town ore}/ percent | Mn. | Ma. | Mn. | started] . Methodg/
CALIFORNIA -~ . : DR - ’ g T '
T (Cont'a.): ~ Lo - o ) L
San Joaquin..... Buckeye Mine Tracy. 2 139.5 -. -~ 98.8 1100-mesh{l, 2a, 3c, Sa.
Do. iilil.l v+ ao. o ao. 2 |36. - | = |85.2 [100-mesh|1; ea, 3c, Sa.
SiskiyoUeseoeonas Maryland Mining Co. |Sawyers 1 |[13.3 HCU ' o
T e i . 15:0 HF | 68.6 | - | - . lOOemeshfl, 50 p&.
Do, ve.suen.. Fort JQnes (Shattuck : » o - e
: Uk 50) " Yreka 25.% r : . . Not treaned separately.
e & i . - - = 544 11/2-inchll, 2¢; 2d: .
DOv wevovenns (bhau‘tuCnbl) dO. l 48:)4‘5 I - - 8;... 142 lIlCh lj 20: 20_’ l}b, 5&-
L S | i ' S PR - 5%.9°1 - 11/2-inch|l, 2c, 2d. ..
Do. ..,.......(Compos¢ﬁe) do. 1 |27.6 o4 g4.8 [L/2-inch l; 2c. 24, bb, Sa.
DOv sessievss] (Barquist) do: 1 |2k.8 547 | = =. [1fe2-inch|l, 2¢, 2d. - . .
COLORADO: " ="' ‘[ =+ - - | B o R
Cnaffee.........| Spartan Salida L 110.1 L . © . -- . |Not amensbie..
DOt vosennans Pershlng do. 1 {25.8 = = 83.2 | .3-meshll, 2¢, 24, 5a.

TDOL cvalelsdl T do. - do. 1 j22.4. 8.5 - 79.7 3-meshil, 2c¢, 24, 5a.-
Custeir.....24%0 .| Victory A& B Westcliff 1 {23.0 68.6 - -.~ | 2-inch|2a,.l, 24, 5a.
Doaglas ... WL Denver Basin S - ‘ é ' I

‘ . 'k (Leonard) " | Franktown 1 111.3 i INot treated. separately.
Denver ..;.L;;::(Buckley Field No. 1)|Denvey - 1 |12k . .Do..
"Do. L. LW (Buckley Field No. 2) do. o4 116.6 - L .+ .Do. .
- . Do. .ile.veasl Composite R 1 j1i.b - - 80.7 h8:meeh<l 32, 2d, Se.
Lake..erenens .o Leadville - Leadville 1 |21.6 - {No. test work.
S Park. ciieiieeee South Park (Mine) - 1 | 6.0 - - 68.9 {1/2-inchi{2a, 1, 2c.
o Do.jg,,...... South Park (Reject) - 1 3.45 - - 58.3 1/a inch 2&, 1, 2c, )a
IDAHO: , R R S :
Bannock...; ..... Lava Manganese Lava Kot - 1 |38.7 J'lO0.0 - | - ... [Without treatment .
‘ Springs - 1\ - 63.0| =~ | 20-meshil, 2d, 5a. S
: A - Zobuk.7o] l-inen|1, 2b.
DO. vveee...d McGregor Cleveland 1 |{20.% - - -150.6 3-mesh 1, 2c, 2a, 2d, Sa.
1726.* -~ 30 -
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Recovery
e L Mn, percent
. N ~: . " | Clags| Grade At At At Treatment
State and - v Nearest | of | Mn, |35-401 L& L8 Size |
county =~ Property . town ora}/'nercent " Mn Mx | Mn | started Method—/
IDAEO (Cont'd@.): | . - T T s . ’

Bannock.........AIdaho Menganese o I - 17€.9 1 - l-inchil, 2a. -
L " | Mining Co. | Cleveland 1} 1 38. 7 L - - 188.1 | 1-inch!l, 2a, 5a.

. Do..;f...3,,. Bot_ﬁpd;lclaimA. . Qo 1 f28 .3 j 79.h Ll 63'5 ié?izﬁ'i: gzi 2c, 24, Sa.

MONTANA: " _ 4 1 o . S . .
uranluc ViwessoojLittle Dandy Philipsburg| . 1 |35.0 - - 68.8 | 48-mesh|{l, 2a, 24, Sa.

" Do. ;,1...;,, Philipsburg- (oxlde) .. do. - 1 ek < ' - - 165:5 {28mesh|l, 24, hb, 5b, -5a.

© DO e .. |Philipsburg . . . do - o ipgo © - | 81.5 1'70.6 100-mesh|l ~3d,_5a, 5a.,

) , (carbonate) , e [ =7 - - - 88.7 11 1/2 ind2b, 1, 33, 3a, Sa.
©DC. Veuier..o|Philipsburg (oxide) do. 1 {23.2 577 - - 3-meshil, 2ct,2a,.5a; S
* *DO. 4v'eeeesv.|Philipsburg (mixed , S D :

- ‘tailings) _ do. 1 {16.8 - 150.3 ! = 28-meshll, 24, 3a, Sa.

DO i [ Philipsourg o T : o e
L (magnetic. tailinga) do. ¥ 116.3 - i52.11 - 35-meshil, 2d, Sa.

DOt "vedaaoaas Philipsburg (slime S e _ e o

o | dump) . do.’ 1 lo7.k 76.8% - 46.9 -] 14 meshil, 24, Sa. -

DOv venenns . .| Philipsburg (Marie) do. 1 (3.1 - 189.1:160.9 ‘| 35-mesh|l, 2a, 2d, Sa.:

Jellersan.... .. |Horsefly .- Wickes 5 134.9 100.0! - ! - 150-mesh!5¢c. Would we€quire Sa

: . : ' ‘to meet size specifi-
o o I " ‘cations. '
Do..:;;;;;... - -do. . .do.. 5 | 34T 100.0 | - - 48-mesh; ~ Do.

Park. ileiiecees.|Irme Mings | Cocke City 2 115.6 ‘ . - |Not ameneble.
 Silver Bow......|Minnie Jane (stock L N S T B
Rt -pile) "~ | Butte. 2 a5 - - . .[8%.2 1100-mesh]l, 3d,.3a, 5.

¥ DO. ssesesss.|Minnie Jane (mine) - do. 2 |16.6 - - 82,9 .1 28-nesh|l;-24, 2a, 3d, 3a, 5a.
.' N ', r o CI & 4 e L . _ - 4 71‘3 — QOQ-mesh_ l, 5d_’ 53, 5&.. o .
" DO. ieeess.s.|Minnie Jane (low- . ) ) T T
' grade) " do. 2 110.8 - |- - - 8.6 | 28-mesh|l, 24, 2a, 34, 3a, Sa.
DO. <vvevees.|Tzarina do. 2] 6.1 169.5} - -7 1100-mesh{l, 34, 3&, Sa.
DO. veennnin do. do. 2 [10.7. | - | 75:3150.2 150-mesh|l, 3d, 3a, 5a.
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Recovery :
> Mn, percent. Lo
o e Grade At At At ~ ' Treatment
State and : " Nearest Mn, 35-40 | Lk 48 | Size NE
couvnty Pronerty town percent Mn Mn Mn started Methodg/
NEVADA :. . . , ‘ : I : _ T
Clark......; .. Three Kids ‘Las Vegas 1 [32.5 - - 66.2 | U8-mesh|l, 2a, 3c, Sa.
“DO. seeveenia|  do. ' do. 1 i25.5 - - 61.3 | 48-méshll, 2a, 3c, 5a.
Do. ... do. a6, 1 [37.1 _ o test work.
Do. “dee.ail do. : do: 1 |26:5 1 Do.
DO+ +esee.eq..|Three Kids Annex ' , .
. (Bradt) do. 1 129.3 - - 66.0 | 48-mesh|l, 2a, 3c, Sa. - .
Do. .ivevs...|Threé'Kids Annex ‘ S . S
' (stock pile)  do: 1 |20.5 S © - |No test work..
DO. «........|AnneX do. 1 |2g:3 =] = 165:5 | kB-meshi{l, 2a, 36, 5a. .
Do.‘..:.... Vlrgin River Dep031c do, 1 12.7 {: 4?.0 - '1é.o 132:2222 i 22; gz: g::
DO. viive.v..|Virgin River .do. 1 fez2.7 S N - 48-mesh!ll, 2&, 2d, 3c, Sa.
DOy sourcsnns Boulder'City do. 1 | 3.8 ’ - i - - INot emenable..
DOY waveiroses do. . do. 1 2.2 © Do.
DO. +veeess..|Pan AmOrlcan (Three . : e e
~} Kids)- : do. ‘1 10,1 Test- work discontinued.
DO. euvs....{Three Kids (low-grade) do.. 1 j10.2 - - i .. . |Not: emenable..
Eureke......i...|Gibelleni (Walker) . [Eureka - 1 133.7 - S5k { 23,4 | 20-mesh{l, 2a, 2d, Sa.
“E1KOs.veivsen..s|Berniing - Cerlin 1 11505 &.8i - 780 | 65-mesh|l, 2a, 24, 3a, S5a.
© DO+ eieeeesssfDarkey Shafter 101 7.7 No test work.
Do vuie e .@7ReedeP@rker Prospect {Tuscarora 1 116.6 Ce- - 17.7 1100-mesnfl, 3a, 2d, )a. nlgh
' - ; o . R B Sl\}).
Humboldt.... .-VlCuOT Lode Winnemucca 1 3.4 “{No test work.».
SDo. Lo do. do. i 7.4 i 5 Do.
DO walvennies . do. . do. 1115 § Do.

DO Ve do. do.” “1%4 0.5 IS b - Do.
DOv vaew. ; do. T do. 1 8.4 - 37.5| - 48-mesh|1l, 2a, 24, Ha. -
Do, wivevnnnn do. do. 1.] 2.5 ‘ ' " |No test workl "~
DOe veveninns do. . do. 1 1.9 . Do.

DOv vraenenns do. - do. 1 1.7 ! Do.. -
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1. Wy
- Recovery
i Mn, percent
: 1Class| Grade At At | At Treatment
S ; S . Nearest of |  Mn, |35-UO| Ul | kg Size | - L
State and county’ 'PrOperty town |orel/{percent | Mn Yn | Mn Istarted } ‘Method2/. -
NEVADA (Cont'd.): : o C ' : N
Huﬂboldt ceswsse TOm Magor Golconda 1 |23.5 Not amenable,
"DOs sessssesel Pink Lady claims Vinnemucca 1 | 7.1 | No test worke
[ 1 TP | "doe “do.. 3 | 9.8 HCL I Not amenable;.“ -
S Ce ‘ _ 14,8 HF - T
 DOe esensesine do. doe 7.1 -Te1 No test work.,,
- ', DO- _vcvoqcio-"BlaCk HaWk . G'Olconda. 7 a 9.8 : Do.
) DO. oqc_-.::'o--u-’. ’ d.o. doe 7 11042 DO. Co
D0e wasssvessl: d.O. ’ ‘40 T 2)4:.'2. ‘I Not amcnables -
~ Do. ,,k...yﬁ.jBlack Top Group do. 9 |1k,6 Doo ~
'.Dooh .o‘:_o’;o’,- LRX] . "' dO‘ ! don 9 109 NO test \JOI‘l".
DOe eavusecasel T dow T a0, 9 | 6,4 : . Do.
DOs esasvreonef O'Leary - ‘do. 1 . |19a.7 26.7 | - - 4g-meshl1, 2a, 24, Ha.
" DOs wevessesel O'Leary (Jasper ' o o : R o
& 7o F lense) : do. 1 | 0.7 No test work.
DO wiereeiesf O'Leary (shale bed) | = do. 1 | BT’ Dow
Doy vieweseens) O'Loary. (chert zone)\ “do. 1 [16.5 . Dol
" DOw eeesssis| Pollard Canyon 1 T , T
L | (composite) |Winnemucca, | 1 |26.6 70.5 | - | 56.3|1/2=inch|1, 2¢, 2a, 24, Ba.
Do seeveseesPollard Canyon (low— SRR o _ ‘ I :
e "1 grade) . | do.” 1 - {25.0 68.3 | - - "3-mesh!l, 2c, 22, 2d; 5a.
'DOe wereesnsese| Pollard Canyon o h T o N N A
- .. | (nigh-grade) “do. ‘174648 - - {100.0| = [|Ba.-
.. Dac .seenensva| Western Alloys - 1 {185 6h.5 | - - - 11, 2a.
S 7-D0e . easessses| Wostern Alloys (wlg , e ’ y E
[ “concts) - DR St 129l - jgeul | - - - o1, 2, ...
- DO. sweessses| Western Alloys (Jlg ' R , _ S
' ' tails) - 1. 1103 4326 | - | = | 28-mésh{l, 2d, . o
Lander seessssqsef Battle Mountain ' 27“9' =  [8045| -46.7/100-mesh|1, 2a, 3&, Sa. -
: - (Black Eagle) Battle Mtn. - g0 1 <] - 20-mesh|1l, Ud, Ha.
D6, wevisesee|Black Bagle - ~|Battle Mtne |~ L 2640~ - |~ 1.~"}.80.4| 65-mcshll, 2a,.3a, Ha. .
Lxfe6 T - 33 -
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Recovery
' " Mn, percent S
. Class| Grade At | At At : Treatment
State and _ Nearest of | Mn, [35-40| Lk L8 Size

county , Property town orey percent Mn Mn Mn started Method?/ -

NEVADA (Cont'd.): : ' ' o
Lender..........|Valmy (Black Rock) | Valmy 1 i37.5 - - 62.0 6-meshl, 2c.

- DO. sevse.se..|Bleck Rock Valmy 1 {22.0 - L4.2 | 29.2 100-mesh|l, 2a, 24, 3c, 5a.
DO veeennane © do. . do. 1 j2z.2 - - 25.8 .[100-meshjl, 2a, 24, 5a.
DO. «vyeesess |Walker Austin 1 130.6 85.4 | - 48.7 | 20-mesh|l, 2a, 24, 5a.
DO. vveees...|Black Bird Battle Mtn. 1 J12.2 63.7 | - .- 48-meshi{l, 24, 3a, Sa.
DO. +eeesesss}Indian Springs Austin 1 (15.1- 59.8 1 - - 20-meshil, 2a, 24, 5a.
Lincoln.........|Culverwéll mine Caliente 1 j28.5 - | - - 70.0 | 65-meshll, 2¢, 24, 5a. .
DOs ssseesees|Bly Valley mine Pioche 5 117.2 Not emenszble.
DO: veseecans - do. do. 5 6.3 Do.
DO. wvevevnes do. do. 5 9.8 : Do.
DOV veesees..|Zero Gap . do. 5 116.7T 76.3 | = - l-inchil, 2b, 2¢, 24, 5b, 5a.

, DO+ sesssees.|Golden Eagle Mines do. 5 5.7 ; . ;Not amenable.

Do. «vee.n...|Caselton Mine do. 2 5.5 i Do.
DO. vvunn . ... |Prince Mine do. 5. 113.4 i Do.
Do. .u.. ««s.|Black Prince . .

o (Wheeler) do. 1 {15.k ! - Do.
Pershing........|Black Diablo. 1 Golconda 1 l27.b - - |60.8 [Q00-mesh!l, 2a, 24, 3c, Sa.
White Pine......|Vietti Shaft Ely _ 1 |35.1 - - 80.0 | 28-meshil, 2a, 24, 5a.

DCe veseesess|Cariglia Shaft do. 1 |27.k - - 75.0 ; 28-meshil, 2a, 24, 5a.

NEW MEXICO: | |
Sierra..........|Lake Valley Dening 1 !115.7 69.9 {57.8: - B/B-inch 1, 2¢, 234, 4b, 5a.

DO vevenens A do. do. 1 ;28.1 - 8.8, - %3-mesh!l, 2c, 2a, 24, 5a.
LUN&.seeosssesq.|Mangenese Valley do. 1 |25.2 .51 - - 20-mesh;l, 4b, 5a.

OREGON : , . . . |
Jackson.........|Tyrell Mine Medford 1 L1 / No test work. .
Baker.,... +e.ee.|Sheep Mountain . 73.6 1 - - 3/8-inch|l, 2a, 2c, 24.

, (Durkee District) Durkes 1 125.0 { 81L.0| - - do, i1, 2a, 2¢c, 24, 5a.

SOUTH AMERICA: - > |

‘ 100.0 - - - S5a.
Chile. sesssesees|Atacame - 1 30.2 i - - 92'5 >00-mesh l, 35, 5&-
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- Recovery
Mn, percent o
: : ‘Grade At At AT Treatment
tate and : Nearest Mn, B9-40 Lk L8 Size : _
: county Property town pesrcent | Mn My | Mn started Methodg/

SOUTH DAKOTA: - ' ) - e
CUSter'e voss ... .| Warneke Custer 1 g - o ) No test work. . .
"Lawrence....:...; Richmond Hill Lead 1 2%.6 1 7%.8 - = 3-meshll, 2¢, 24, 5Sb, Sa.- . - .

UTAH: : o - _ o - : ‘ B _ o ' '
Beaver. .......s. Susie Q'Claim No. 1 |Milford 1 .| 85 [ , A : Not amenable. .

DR Nearnoris11a " . N - - 24k [100-mesh{l, 2a; 24, 5a.
DOv wainse s vinee Steelville Frlsqo l. 28f8" 7 50.9 | - N l-inch|1, 2a, 54, .
Daggett.v......| Harris and Palleson |Menila 141138 3y - - 83.0 l-inch|1l, 2a, Wb, 5a.
AR S PRI I : - - 75.71 - l-inch|l, 2¢c. _
Dof ceeesess.|Daggett-Chiel mine A0 - 1 8.1 _{ _ o 85.0 | '1l-inch l; 20, 24, %a, Sa.
‘Do. ..21' ..... S (e do. 5 1.7 . ’ Not émenable.
Bmery. e, Stack-Snow - 1i113.9 185.0]66.0)55.0 éﬁ-mosh 1, 2z, 3a, 5a.
DO. ..evs...|Black Bird Claim No. - ) . L
1 ’ ' Green River 1 1195 7.9 - 1= 1“O—mpsh'l)-2a,_2d,'5a.
DO. vesenesesihlien Claim Emery 1 !116.5 - 75.7 | 66.9 | 50.0 3-meshl 1, 2a, 20,-2&"5a.,
DO we'enss..1Blackbird Claim Cle,veland 1 113.% - - 37.9 | 48-mesh|1, 2a, 24, 5a.
Do: %.w.vtee.] Red Strike Claim do. 1 [2L.8 HCL 9.9 - | - 1100-mésh|l, 3a, Sa. . High in
1 , . 22,.11» HF} - | - 35.5 | b8-moshil, 2a, 24, 5a. phos- -
o : ) ' I : S L phorous.
Do. ee...| Yellow Jacket Greonriver 1 fO A - 22.8 49,1 | 20-mesh{l, 22, 24, 5a.
. Aaaaian ' ' 1.7 HCY - 3.1 - L8-meshj 1, 2a, 24, Sa. .
Do, veesennn . Séllpuée "do. [fg ‘6 HF | 58.21 - _ 65-mosh| 1, 30, 24, Sa.
DO <anemnser|Codar Mtm. . o | Huntingten 28.1 <{ gl Y P e e
o b ‘ - . phosphorous, but
- can be rtmoved by
E : : T - ~ - leaching. ) -
DO. evevsee..s|Dry Wash Ferron 1 {19.9 58.2 | = - 5/8—inch 1, 2¢, 5a.” _
DO. eesese.s.|Green River Green River 1 125.6 8.6| - - l-irichi 1, 2b.
Grand.....s.....| Sen Rafacl =~ 1 do. 1 ] 39.3 - - 95.0 | 65-meshi 1, 2a, 2&, -5a.-
CoDo. veeeeenn Clyde Claim Cisco - "1 | 34.6 - - 95.6 ! 63-mesh| 1, 3a, 5a.
1726 - 35 -
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....... Recovery:
- : Mn, percent
I : Class| Grade At | At At .. Treatment
‘State and : Nearest of . Mn, 35-40O | L4 48 Size . cL T
county: Property town . orel/ percent | Mn Mn Mn started Methodg/
UTAH (Cont'd.): . ' : ' o -
Iron.eesecess .. |Taylor Property Newcastle- 1-4. l.j" - 1No test work.
Juab...e..e...s.|Black Jack No. 1 o SRR S SR s
o " | (vein) : Levan 1 1°9.3. 33,7 | 13.0f . - 100-mesh{l, 3%a, 24, Sa.
"Do. "Jioe.sss .. |Black Jack No. 2 Ct BRI B A )
‘ (ledge). . @o.. 1 | 6.b 43,9 | - -~ 100-meshil, 3a, 5a.
DO. +eves....|Oxen No. 5GT4 Eureke. R TR e - | 10.6 150-meshil, 24, Sa.: -
AT ere - - | l-inchj2a, 1, 2c, 24, 5a. '
 DOu vereres oree » | Fields Properiy Eureke 1.]22.2 Lbr.5 - - 100-mesh|l, 3a, 5a. . -
DO.. csvoe s oreme » « | MOrgan-Cromar Jericho 1 [25.7 79.4 1 - | 65.6 | 1-inch|2a, 1, 2c, 24, 5a.
DO coveriieaions oo do. - do. - 1--139.3 - | - j100.0 : :61-inch 5b, Sa.- o
e : ) : lor o J1.81.81 = - i 65-mesh|l, 3a, 2&, 5a.
Rt o Go do. 1ogers { - ~ | 42,1 | 1b-mesh[1, 2a, 24, 5a.
DOu. v eerecuamne ], - do. ‘do. 1o desh 8Lk | - 48.9 |: l-inchi2a, 1, 2¢, 24, 5a.
DOs. eoeesensie |Bmpire Mines Co. : S A ' :
(Bleck Jack) Mezmoth 1 |19.2 R .- " |Not amenable. -’
Do. ... 0000 |Huber-Rydelceh - Jericho v 1 |25.1 . | 72.1:!58.9| 45.2 | 25-mesh]|l, 2a, 24, 5a. .
DGu. e . S doe - .- do, 1 i31.5 - | 86.9 |55.2) 44.3 | 35-meshil, 2s, 24, Sa.
~ DO+ .ceveves..|McFarlane | Nephi 1] - Y - |N¢ sample.
Kane...... V.. v.|Black John Mine ' . I : 1, 2b, 2d. (Would
R (Brown Lease) Kanab 1 7.1 - - 61.% l-inch " reguire Sa for
, " SR size specifica-
S | tions.)
Millexrd.-wneeveo.|Drum Mountain : . ’
T e (Steats) Delta 2 133.8 - - 1 96.6 | 10-mesh|l, 2a, 5a. (Four simi- °
o A o . : ' - " lar samples)
. DO. -veveese..|Drum Mountain (Ward o B N . o
Lease) ‘ do. 1 |28.3 - - 63.1 | 65-mesh|l, 2a, 24, Sa. '
DO. veveess..|Drum Mountain S
, (Composite)- do. 2 |22.9 - - |-78.2 | 10-mesh{2a, 1, 3d, 3, S5a.
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Recovery -
) , Mn, percent q
: ] Class] Grade At At ‘At Treatment
State and : Nearest of | Mn, [35-40 4k 48 Size -
county Property town ore}/ percent| Mn Mn Mn | started : MethodZ/
UTAH (Cont'd. ): o : ' T
Millard......... Drum Mountain L » _ ' )
o (Staats) Delta 2 |15.7 - - 70.0 1 1/2-inch|2a, 1, 34, 3a, 5a.)
. ' Tt : . | Treated as 2 compos-
: , “ite assaying:
DO. tuvnn. cees " do. do. 2 i1k.3 - - 70.0 {L 1/2-inchi2a, 1, 34, 3a, 5a.)
' : o : ' 14.9% Mn. )
DO. eennn. e+oo|Drum Mountain (Ward _ - : o
lease) do. 1 28.3 - - 63.1 65-mesh|l, 2a, 24, 5a.
DO cevvncanen “*'do. ao. 2 112.4 - - 55.01 100-mesh;1, 3%a, Sa. (Excep-
: ' ‘ o ticnally high in
‘ " phosphorous . _
DO eeenns . B do. do. 6 34,7 - - 89.6; 3/8-inchil, 2c¢, 2a, 24, 5a.
Do. veeedevo. | Drum Mountain ’ P : o e i
| (Black Jack) . do. i1 I 22,9 80.7 ;72.9 | 70.%| 28-meshil, 2a, 2d, kb, 5a.
Do. ..e.e.v...|Black Jack Mines 4o, 6 115.5. Not samenable. . -
Do. ..........]Neilson-Overson Leamington'z 5-1 0.6 . ~ . |No test work.
Piute........... 1 Blackbird Marysvale | 6 '!14.0° - - 77.8 20-mesh| 1, 2a, 24, 5a.- -
Richiu.ewsudlin. .| Fewcamb Property Laketown 2171 21l.% - - 86.8 " 3-mesh!l, 2¢, 24, 5a..
Y T do.. ‘ do. S 1 20.T - - 85.1 3-meshi{1l, 2c, 2d, 5a.
Salt Lake..... W .|Butterfielda Canyon !Salt Lake 1 |36.8 - 100.0] -~ .- 5by, Ba.
TO0ELE . v s e ss.|Kraner _ 1Eureka 1 {30.9 . |61.8] - - " 3-mesh{l, 2c. -
DO. +ievese...|Empire Mines Tintic 1 (24,6 : " jHo test work.
DO. "vvvsesii..|Black Rock Nos, 1 ‘ : ) : , '
- & 2 : {Jericho - 1 {17.k - 38.1 ¢ 32.7 4L8-mesh1, 2a, 2d, 5a.
DO, v.veiereas.|Wildeat Fairfield 1 {25.7 - 91.6 | l-inch|1l, 2z, 2c, 2d. (Possi-
N : ' S ' ‘bly-need 5a to meet
) -size specifications.
DO. vevrnns «..|Sharp Mines (St. - o o ; _ ' . i
‘ Joer lease) Vernon 1 [29.8 - - 59.2 28-mesh| 1, 2a, 2b, Sa.
1726 - 37 -
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Recovery .
o Mn, percent’
Class| Grade At | At At Treatment
State and = Nearest - | of Mn, |35-40 | 4k ;) 48 Size
county Property town ,ore_J_._/ percent| Mn Mn Mn | started Method_/
UTAH (Cont'd.): . 5 , ' 1. '
Pooele. .. rrin |Oohir Hi1l Mi Ophir 1 lo6.6 { 88.1} - - "| 1l-inch 2a 2d.

ele..... ..., |Ophir Hill Mines phir - - .156.8| 1-inchl2a, 1, ad, Sa.

DO. ve-ve....|Black Crow Vernon 1 1321 1 - 77.0} - | 10-mesh{l, kb, 5a.
Utahewess eeees.. Tintic Standard ‘Dividend 1 'er.s 1889 - ) - 3-mesh{l, 2a," 5a.

" DO hrdivrens do. -do. 1 25.3 { 8.6 153.8 " = 5-meshyl, 2c, 24, Sa.
L ' - : 80.5 - ~ ~[00-mesh|l, 3a,; 5a.

DOw vevinanss do. do. . 5 113.5 N7 Not amenable.

DO: sues’sess. |AETONBUL Elberta - 1 15.4 i : ' Do.
Wasatche veovenss Haun Property Wolf Creek 1 5.5 40,1 137.2 | - 48-mesh|l, 24, 5a.
Weber,,se.0.4... |Payday No. 1 Huntsville 1 [39.5 - - | 94.0 | 20-mesh 1 2a, 2d, Sa..
Utah,.cee.s..... |Ravlings =~ Elberta 1115.3 oy - .f , ' No test work. (Micro-

- 2 : 27.2 gcopic examination
s only.) '
WASHINGTON : )
Clallam......... Barnes Creeh (Lake : . , _
: ‘View) - Lake Crescent] 5 [I11.4 Not amenable..
DO. «evee....|Barnes Creek ' ) o
_ .. (Victory) do. 1 5 |26.0 Do.
DO. vevveo... |Madeline Deposit Hecklesville | 3 |25.7 Do.
 WYOMING: : o :
Albany........ .. {J.B.C. Mining Co. | Rock River 1 |28.7 93.6 | - - 3-mesh|l, 2b, 2a," 2d Sa.
Crook. +++e+ |Cavlkins-McGuckin | Sundance 5 31.6 85.2 - - 20-mesh {2a, 2d Sa..
Washu.kle ceeeosv.|Cheen Nos. 1 & 2 | Tensileep 1 |13.8 ‘30,7 + - - 48-meshil, 2a, 2d, 5a.
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