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INTRODUCTION

A8 a part of the progren of investigation of dcmestic sources of
manganese ore, mining engineers of the Burcau of Mines examined znd obtained
sumples of ore fraw two properties in the vicinity of Battle Mountain, Lander
County, Nev. In sddition, samples fram three cleims in the Carico Lake
region, Lender County, Nev., were subtmitted by private interests. 4s the
oreg were too low in grade to be zcceptable for the direct produeticn of
ferromangenese, their amenability to concentration by ore dressing was
investigated.

Ihe Black Rock property is 18 miles south of Velmy, Nev., and is owned
by Western Alloys, Inc., Szlt Lake City, Utah. The deposit is a replacement
of sedimentary rock by mengenese oxides. Ore oceurs in two main ore bodies
designated as the "upper bunch" and "lower bench", which ocould be mined
Separately. Exsmining engineers obtained samples from each ore body, and
laboratory experiments were made on each sample.

The Black Eagle group of claims is in Londer. County, Nev., about 43 miles
southwest of Battle Mountain. Ore occurs =g = replacement of mangonese
oxides in shale and chert. The 2-ton zemple of ore used for laboratory testing
was taken by a Bureau of Mines examining englneer from an adit that partly
transversed a 28-foot bed of ore. The property i1s controlled by Western
Alloys, Inc.

The Black Bird, Indisn Springs, and Welker (Black Rock) claims are
in the vicinity of Carico Lecke, about 60 miles south of Battle Mountein snd
about 45 miles northwesterly of Austin, Nev. The ore bodles arec small ’
elliptical depcsits in sedimentery rock, H. E. Cootwin ; representing the
Golconda Mining Co., Wirmemucca, Nev,, submitted for testing a sample of ore
taken from « 10- by 25-foob open cut on the Black Bird property., William J.
Walker, Ely, Nev., lessee of the Indian Springs and Walker claims, submitted
scmples of ore fram each property. The Indien Springs sample wes obtained
from shallow exploration pits. The Walker sample was taken fram the face of
a drift on the property. '

During the course of laboratory testing, numerous data were collected and
tabulated. However, for the sake of brevity, meny data of secondary importance
have been cmitted or condensed., For clarity, the report has been divided into
separate sections, esch pertaining to the treatment of ore fram a single
broperty.

4116 s J' -
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SPECIFICATIONS FOR MANGANESE ORES
At the beginning of the investigetion of manganese-ore beneficiation

in December 1940, the only product marketable to Metsls Reserve Campany was
ferro-grade menganese grade B, the reguirements for which are tabulated below:

Asgay, percent :

Mn Fe 5i0z P | Al203 7
min. | max. paXe maX. | maXx. | mwax.
48,01 7.0 10.0 Oad el ©40,,1.3..0

Later specificatlions were modified graduslly. As of May 15, 1943,
mangenese products were acceptable 1f they contained over 35 percent man-
ganese, less then 3 percent zinc, and less than 1 percent phosphorus.
Prices were based upon material containing 48 percent menganese, 6.0 per-
cent ircn, and 1l percent silica plus alumina. Premiums were pald for
menganese content in excess of 48 percent and iron content below 6 percent,
penalties being imposed on products conteining less than 48 percent mengs-
nese, more then & percent iron, or more than 11 percent silica plus wlumina.

Speclfications for marketable manganese further required that 75.0 per-
cent of the product be coarser than 20 mesh. Therefore, fine material such
as table and flotation concentretes must be nodullzed or sintered. Sintering
further coucentrates the manganese owing to the loss of oxygen and other con-
stituents during heat treatment. The Impurities, such as silica, iron,
alumina, barium, and phosphorus, also are concentrated by sintering.
Sintering was dme to determine the chemical camposition of the final product.
The physilcal nature of the sinter was not studied, as the camercial
neodulizing or sintering of manganese concentrates was not included as part
of this project.

After the close of World War II, the Metals Reserve Campany ceased
purchasing manganese ores and concentrates. Therefore, the specifications
given here, although correct at the time of the laboratory investigations,
are no longer in effect. '
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PART I. -~ BLACK ROCK PROPERTY

Nature of the Ores

Physical

The Black Rock ore consisted of massive and tough mangenese oxides that
replaced one or more members of a series of sedimentary rocks. Chief
manganese minerals were psgjﬁgnﬁgjéane‘ and py’;‘%g)&site , although minor quantities
of other mangenese oxides were present. However, most of the ore was com~
posed of mangenese oxides containing innumeveble extremely fine porticles of
gquartz or chort in a remarkably uniform distribution through the monganese
oxides. A minor portion of the ore consisted of falrly large manganese
oxide areas free of nommetallic inclusions, and & small amount of chert was
present 28 particles up to 1/2 inch in diameter that were low in manganese.

" More red ferruginous clay was found in the “upper bench” ore, but in
other respects the two sa;aples were nearly identical.

Chemical

The chemical analyses of the two Black Rock semples are shown in
table 1.

TAELE 1. - Chemical analyses

Assay, percent

Semple Mn | Fe | Si0p | Insol.| P 81505 | 7n | Ba | Ca0
Upper benchesess [22.0 | 247 | 49.6 | 5hkio [ 0,121 5.6 | Wil | 0.2h | 0.7
Lower bench.ssee ;22:2 | 1.5 | 54.8 5649 .1 ..«06 2.0 Nil | 24 | 0.3

Methods of Concentration

‘Beneficiation of Black Rock ore involved the liberation and rejection of
silica. As the ore contained some coarse, relatively barren chert, Jigging
was tried as a means of rejecting a low-grade tailing at coarse sizes.,
Tabling, manganese flotation, and silica flotation also were investigated,
alme and in combination.

Preliminary testing was done on the "upper bench" ore, and only the
more favorable methods of concentration were applied to the "lower bench"
sample. : _

Jigging

Two Jigging tests were made oh unsized and sized frattions® of minus .
plus-10-mesh ore. A very small amount of* 37 percent marigahese tohcentrate
was mpade by Jigging sized ore. In neither. test was.a tailing made that
assayed less than 18 percent manganese. Finer grinding was indicated for
rejection of a low-grade product, and jigging experiments were terminated.

s - . , ..‘“5_



Tabling

Numercus table tests were run with various modifications of procedure,
but best resulis were obtained by tabling unsized minus 100-mesh ore to
produce a concantrate, middilng, and tailing., The middling was retabled to
make & secand zuncentrate and Tinal middling. Results of tabling “upper-
bench" cro are given in table 2 wlth analyses of sinters made from test
producte given in table 3. Results of using identical procedurs on "lower-
bench"” ore are summarized in tables L4 and 5,

TABLE 2. = Tabling "upper bench" ore

Welght, | Assay, percent Distribution Mn,
Product percent M Insol. percent
Comcentrate B Kt e i assccrsnisssei 5-9 h9r2 806_ 8-6
COn e e TS s S e s s s s ovancorass 14.7 he.ol F538 304
R v o ey 27.8 2L 5446 |- 26.9
Taill g e etsascavneonvsatoneossss 23.0 s 85:8 iy
Slﬁﬂe-.oo.ouo---aao-oaua-:oaooouoo 50.6 1902 55:4 26.h
Calculated Hetdesasnssnsosnsnsssne 100,0 22-5 53-T 10040
Cambined concentrates (to sinter 1)| 18.6 46.8 | 12.2 39.0
Combined concentrates and middling | '
(to Sjﬂter 2)'..‘0.'..&700"..... ; 1{'6.]'} i 51!6 57.6 l 65'9

)

TABLE 3. - Results of sintoring

Assay, percent

; 15102 +
Mn Fe | B810p | A1203 | Zu | -P7:!1A1o03
Sinter 1.-.-0--ooctcoaoooan&ennuak52-8 = ll|5 = = - iy
Sinter 2 (calculated). csecsassbsns {35660 = - - - - -
MRC base price marketing e i Max .| Max.
Specﬁfin “ﬁuu.ﬁaouaaului.DOOI#SOO 6.0 = - 5.0 i?a J1E.0
MRC minimum nadieting !I\*_I_l__*j._?_ ‘Max. MeX.
SpOCifiCﬂtiOﬂsoqaooocoaaae:oem.‘5590 - = = Dl fol w0 =

TABLE 4. = Tabling "lower bench" ore

Welght, | Assay, percent [Distribution Mn,

Product percent Mo | Insol, percent
Concentrate 1 (to sinter 1).sescee Xk L5 7 N R 25.2
Concartrate Zeocsenacsennso0avs ot e 1618 5#:6 E 54.0 26.8
Mi&ﬁliﬂgunoaqoo.oo.olco.-ganucs..; 1510 17'9 6#-2 12.4
T&iliﬂg-oocc.o‘ognaop-a--ooooo:-do 29-4 9-6 81-9 ng.O
SlﬁnEOCQtllio.oI'.t.lcnllnlollltti 2765 1800 51.4' 22.6
Calculated headsssiasats vosdibas vad 100.0 21.7 511-.8 100.0
Cambined concentrates (to sinter 2)| 28.3 39.9 | 2k.9 52.0
Combined cancentrates and middling
(to sinter 5)r¢tu...otsltr..0ltr ! u3-5 52-5 j8u5 6“.4

aie -k a



TABLE 5+ - Results of sintering

Assay, percent
] 15102 +
Mu | Fe |S10, | Alp03 | Zn | P |Alo0x
Sinter l.lcnuo'oocud-énooiqoooc- 55.9 - lltE g - B i
Sinter 2 {Qalcul&ted.)o‘o-oqooot 141#.6 - - - - - o
Sinter ] (CalGUlated)anl'-coto‘- 56.2 = - = - = -
MRC base-price marketing . o Max. |MaXe
SPBCifiG&tionSo--.v-o.ccitl.. 48‘0 6.0 - - 5.0!1.0 ll.O
MRC minimum marketing specifi- [Min. 3 Max. Max.
CatimSoq.ooulo.-llllo‘lo.....o 35.0 i =% = 5&0 HiPLe b

The foregoing data show that only 25 to 39 percent of the manganese
in the Black Rock samples was recovered in conoentrates that, when sintered,
assayed over 48 percent mangsnese. However, approximately 65 percent of the
manganese wag recovered in producte that probably would sinter to a market-
able plus 35 percent grade. Tabling at coarser sizes gave high-grade tailings
and low-grade concentrates. : 5

Further elimination of silica was attempted by tabling minus 100-mesh
ore, regrinding concentrate and middling through 200-mesh, and retabling.
Results were not encouraging, partly owing to the inefficiency of tabling fine
material and partly to the large slime loss involved. Only about 20 percent
of the manganese was recovered in a high-manganese, low=-silica concentrate.

Flotation of Manganese

Several tests were run with aqueous emulsions of fatty acid as collectors
for mangenese oxldes. Best results were obtained by grinding a sample of
ore to minus 200-mesh, desliming, and floating deslimed ore with emulsified
olele acld. A recovery of 28 percent of the menganese was mede in a con-
centrate that assayed 40.0 percent menganese and 18,6 percent insoluble. The
poor selectivity was probably due to ready flotation of mangenese oxide-
impregnated gengue. Recovery was limited by the loss of manganese in the
slime fraction. '

Combined Tabling and Menganese Flotation

A series of testswas run combining tabling and flotation of mangsnese
oxides. Ore was ground to minus 100-mesh snd tebled to make a clean tailing,
a middling, end a plus 40 percent manganese concentrate, The latter was
floated with emulsified oleie aclid &s collector for mangenese oxides., The
results were no better than those obtained by simple tabling; 25 percent of
the manganese in "upper-bench" ore was recovered in a concentrate that, when
sintered, assayed 53.7 percent mangenese; 29 percent of the mangsnese in the
"lower-bench" ore was recovered in a product that sintered to 50 percent

manganese grade, = .

4116 -5 =



Combined Tabling and Silica Flotation

Flotation of silica with cationic reagents was tried as a supplement
to tabling in the attempt to relse recovery of mengsnese in high-grade
products, Results showed no improvement over simple tabling; 25 to 30 percent
of the manganese was recovercd in products that, when sintered, assayed plus
50 percent mengenese,

Beneficiation of Slime Fraction . B

Several tests were run to benefliciate the slime fraction obtained when
finc' grinding was employed. Flotation ofmangenese: with.fatty-acid type
collectors showed extremely low mangenese-silica selectlivity. Flotation of
silica with cationic reagent DLT 958 gave better results; 31.8 percent of the
mangenese In the slime was recovercd in a product that assayed 5&.9 percent
Mﬁmeue end 24.6 percent insocluble, This product contained approximatel y
9 percent of the total manganese in the ore and would sinter to plus 35
percent mangenese grade. LI production of a 35 percent mangenese sinter were
planned, flotation of silica from slime might be used to advaniage in con-
Junction with tabling.

Conclusions S

1. Owing to extremely intimate assoclation of manganese oxides and
silica, the Black Rock ores were refractory to concentration by ore dressing.

2. Bcst results werc obtained by simple tabling of minus 100-mesh ore.
Only 25 to 39 percent of the manganese was recovered in concentrates that
sintered to plus 48 percent mengmnese. Approximately 65 percent of the
mengenese was8 recoverced in products that would sinter to plus 35 percent
mangZenescs

5« Attenpts to lmprove recovery of mangsnese in h_Lgh gra.clu products
by treatment of teble concentrates by retabling, flotation of mengsnese, end
flotation of silica were unsuccessiul.

L, TFlotation of silica from table slime recovered 31.8 percent of the
menganese in the fraction treated in a product that would sinter to plus 35
percent manganese.

PART II. - BLACK EAGLE CLAIMS

Nature of the Ore

Physical

The Black Eagle ore was hard end tough and consisted of manganese oxid.c,s,
chiefly psilomelane, intimately associated with the siliceous gangue. The
ore occurred as two types that greded ifram one into the other. Type 1 was
chiefly chert containing velnlets of mengsnese oxides that seldom were
larger thon 200 mesh in width., Type 2 contained numerous fine particles of
chert and silice scattered uniformly through a manganese oxide groundmass,
These inclusions had an average size of about 200 mesh,

L1316 -6 -



Chemical

The chemical analysis of the Black Bagle ore sulmitted for testing is
shown in table 6. : - -

TABLE 6. - Chemical anelysis

Agsay, pereent
Mn Fe | Si0, Insol, 3 AlA0% Ba:' |  £a0
26,0 1.k 50 .6 51.9 0.06 e i { 0.3

Methods of Concentration

Intimate association of mangenese oxides and silics precluded attempts
to bencficiate Black Eagle ore by coarse-gravity methods. Methods of con-
centration studied in. detail were tabling, flotation of mangenese, and cambined
tabling-manganese flotation. Each method will be discussed separately.,

Tablﬁng

Several table tests were run in the attempt to reject silica and thus
beneficiate the ore, Best results were obtained by the following procedure:
A sample of ore was crushed and stage-ground to minus 65-mesh and sized into
three’ fractions: Minus 65- plus 150-mésh, minté 150-mesh sand, snd slime.
The sand-fractions were tablod separately to make a concentrate and tailing,
Results are sshown in table 7. ; 5

TABLE 7. - Tabling

Weight, | Assay, percént’ { Distribution, Mn,

Product percent | Mn Insbl.' |+ .. percent
-65+150-mesh concentrateeesessse| £9.2 | UL.0 1 Bk . | 46,5
-150-mesh sand concentratesesess| 14,0 b, | 21,4 e PG
Slj.m.euoinnoonooo.la-ouoonnl.qc-o 13-8 22-6 )4'2-0 : 12.0
~654150-mesh tallingesscenssosse] 292 G Bt BT o vl BT
'*150-111(-3813. sand tailingnlcot.oino 1_208 | 15-0 75-0 ' ) 6.9 ‘
Calculated head..........-...u. 100,0 25-9 52.0 100.,0
Combined concentrateeescsssessss| 43,2 | 42,1 | 26,1 TO.4
Combined concentrate and slimes.| 57.0 Bl | 3040 82.4

Tebling sized fractlons of mimus 65-mesh ore recovered 70.4 percent of
the manganese in a high-silica concentrate that assayed 42.1 percent men-
genese, or recovered 82.4 percent of the mangenese at 37.l4 percent manganese
grade. Sintering would be required for the products to meet size specifica-
tions and probably would increase menganese grade to 48.0 and 42,5 percent,
respectively. : : Ay .

Tabling of unsized minus 100-mesh ore gave a higher grads concentrate
but with lower recovery. About 65 percent of the manganese was recoverad
in a concentrate that assayed 45.3 percent manganese and 17.6 percent silica.

4116 _ _ ' ¥ I .._ - 7 -



Production of low-silica cuncentrates required regrinding of concentrates
through 200 mesh and retabling. Only 48.6 percent of the manganese was re-
covered in a concentrate that assayed 49 <[ percent manganese and 10.8 percent
insoluble. After sintering, the product assayed JT«1 percent manganese and
84k percent silica. ‘

Flotation of Manganese

Flotation tests were run on deslimed and undeslimed ore at various
grinds. No low-silica products were made by simple flotation of manganese
because of the tendency of manganese oxide-impregnated silica greins to float
with menganese oxide particles, However, a good recovery of high-silica
mengenese concentrate was made by flotation of mengsnese from minus 65-mesh
undeslimed ore using emulsified oleic acid as collector. Results are shown
in table 8,

TABLE 8. - Flotation of mangsnese

Welght, | Assay, percent DistribuﬁiOn Mn,

percent Mn Inscl percent
Cleaner concentrate o A R 50.2 1"2-1 25.2 &).l‘.
Cleaner CONCENErETE 2iessnsbns s l\"-z) 25l 511'-24- Ll-.l
Cleaner ta,iling¢¢.¢.....un.-n 906 7.5 85.2 2-?
Rougher 'tailing..a..u.-u..un _55-9 9.)4' 79-2 12|8
Celculated headissssoasesensanss| 1000 2643 51.6 100.0
Calculated rougher concentratces| 6h.l 3547 36,1 87.2
Reagent consumption, pounds per ton: 1.2 pounds sodivm silicate, 4,2 pounds

oleic acid, 1.0 pound Emulsol X=-1,

Over 80 percent of the mengenese in the ore was recovered in a con-
centrate that assayed 42,1 percent mangsnese and that Probably would sinter
to 48 percent manganese grade. A recovery of 87.2 percent was obtained in a
product that probably would sinter to plus Lo percent manganese, Flotation
of' deslimed ore gave no better results, as the slight increase in selectivity
did not offset the slime loss,,

Grade of concentrate was not Improved, even when 200-mesh grinding was
auployeds Although most of the manganese oxides were liberated fram the
gengue ot this size, the ready response to flotation of scme of the fine
silica limited the grade of concentrate obtained. Repeated cleaning failed
to lower inscluble cantent of flotation concentrate below 22 percent.

Combined Tabling and Manganese Flotation

In an effort to meke a high recovery of manganese in a low-silica con=~
centrate, several combined tabling end manganese flotation tests were runm.
By tabling minus 100-mesh ore and regrinding the table cancentrate for
further treatment by flotation, only 44 percent of the manganese was recovered
in a concentrate that, prior to sintering, assayed 49.5 percent manganese
and 11.9 percent insoluble. Tabling minus 100-mesh ore with flotation of

J16 -8 -



combined reground middling, tailing, and slime recovered 8l.3 percent of the
mengsnese in a concentrate that assayed 41.7 percent manganese, As this
involved method of treatment gave results in no way superior to those
obtained by simple flotation concentration, complete detalls will not be
glven.

Conclusions

1. The Black Eagle ore was readlly emenable to the production of high-
silica menganese concentrates, but intimate association of mengsnese oxides
and gangue limited the recovery obtainable in low-silica products.

2. By flotation of menganese oxides, 80.4 and 87.2 percent of the
mangenese was recovered in products that would sinter to 48 and plus 40 per-
cent mengenese, respectively.

3« Tabling-sized fracticns of minus 65-mesh ore recovered 70.4 percent
of the mengenese in a concentrate that would sinter to 48 percent manganese.
Inclusion of table slime increased the recovery to 82.4 percent; the com-
bined product would sinter to plus 42 percent mangenese.

L, Highest recovery of low-silice mangenese concentrate was obtained
by tabling minus 100-mesh ore followed by regrinding and retebling the table
rougher concentrate. Only 48.6 percent of the manganese was recovered in
a concentrate that, when sintered, assayesd 57.l percent mengenese and 8.4
percent silica.

- PART III. - BLACK BIRD CLAIM

Nature of the Ore

Physical

The Black Bird ore was a highly siliceous, brecciated ore in which
psilamelane was the chief manganese mineral and pyrolusite and other man~
genese oxides were present in minor amounts. The mangsnese oxides occurred
a8 & camenting material on the surface of quartz and chalcedonic fragments.
Although a large proportion of the ceamenting areas were 20 to 65 mesh in
Adlameter, many of them contalned silice inclusions ranging from 65 to 400
meshe The ore was quite porous and loosely consolidated.

Chemical
The chemical analysis of the Black Bird sample is given in table 9.

TABLE 9. - Cheplcal analysis

Assay, percent :
Mn Insol. | 5105 Fe AlnOz 1 “/n, | Ba Cal
12,2 TL8 [ 6740 4,0 14 G0l Tew | Bidel O
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Methods of Cuncentration

Rejoctlan of silica wes required for the beneficlation of Black Bird ore.
In the attempt to remove same barren weste at cosrse glzea, Jigging was tried.
Other treatment methods investigated were tabling, cambined tabling and
flotation, and simple flotation of manganese. These methods will be dis-
cussed under separate headings,

Jdigging

A samplc of ore wes crushed to minus 3-mesh, sized on 6-, 10-, and
20-mesh screens, and the plus 20-meeh fractions were Jigged separately.
Results were poor; the combined concentrate contained only 27 percent of the
mengenese abt 15.6 percent mengenesc grade. The cambined tail was too high
in mengenese content (7.9 percent) for rejection. As finer grinding was
indicated tor liberation, no further jigging tests were made.

Tabling
Best tabling results were obtained by separately tabling sized fractions

of minus 48-mesh ore. Middlings from each fraction were reground and tabled
with the next successive fraction. Results are shown in table 10.

TABLE 10, - Tabling sized fractions

Welght, | Assay, percent |Distribution Mn,
Product percent Mn Insaol, vercent
Combined concentrates. sosevvee e 1605 . 3802 2}4‘-5 ch5
-200-mesh middling and tailing. 287 8okt 82.0 19.7
Combined +200-megh tallinGesees 36,2 5.6 80.9 10.7
Slim&:-............-........u.. 1806 11.9 66.“‘ 1891
Calouloted Hoadessesessessseers | 100.0 | 12,2 68.5 100,0

Tzbling recovered 51.5 percent of the manganese in a concentrete that
assayed 38.2 percent manganese and 24,5 percent insoluble. Sintering would
be required to meet size specifications and probably would increase
nanganese grade to about 4%.5 percent. :

Combined Tabling and Flotation of Menganese

Tabling results showed that nearly 20 percent of the total mEnganess
was conteined In the minus 200-mesh middling and tailing product at = grade
of 8.4 percent manganese. Therefore, an attempt was made to grade up this
product fram the foregoing test by flotation. The mangznese oxides were
floated with an agueous emulsion of oleic acid stablized with Emulsol X-1
as collector and frother., Rcsults of combined tabling and flotation are
summarized in table 1l. Analysis of sinter made from combined concentrates
is given in table 12,
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TABLE 11, - Canbined tabling and flotation

Weight, | Assay, percent | Distribution Mn,
Product percent Mn Si0o percent
Combined teble concentratCessssss l6u5 58.2 21"-5 ity
Flotation cleaner concentratessss 4,8 | 30.5 36,6 12.0
Flotation cleaner ‘l‘ailing....-... 23S 6.8 814'-6 A1 41
Flotation rougher tailingsssessss 21.8 3.7 91.8 6.6
+200-mesh table teilingeessessess 36.2 3.6 | 80.9 10.7
Sljmel.'..‘Il;‘..l...i...t.ll..'. 18l6 lll9 62011' 1801
Calculated heodsvevessesssnsisass 100.0 1262 68.:’) 100,0
Cambined concentrates (to sinter) 21.3 3645 27.2 6345

Reagent consumption, pounds per ton of ore: 1.2 pounds oleic acid, 0.2
pound HEnulsol X-1.

TABLE 12, - Results of sintering

Agsay, percent
5100+
Mo |Fe |8i02 |AloQOz | P Zn | Ca0 |Als03
Sintersesecescsesssescecsnss| 4loll [ 3.6 30,4 | 3.6 [0,02 | 0.6 (1.5 | 34.0
MRC base~-price marketing Max. | MaXx.
pecificatione eesesnss sl iiBul, | 6.0 - - 1.0 2.0 = 11,0
MRC minimum merketing Min. ; Mox. | Maxa|
specificationBessssssses] 55,0 | = - - 150 3,0 | = -

By supplementing tabling with flotation of minus 200-mesh middling
and tailing, en additional 1& percent of the menganese was recovered at 30.5
percent mangsnese grade. The combined table and flotetion concentrates
contained 63.5 percent of the total mangsnese and, when sintered, assayecd
over 40 percent mangsnese. :

Flotation of Manganese

Numerous flotation tests were run with emulsified olelc acid as
collector for mengenese oxlde. DBest results were obtained by floating sized
fractims of ore ground to minus 100-mesh. Approximately 44 percent of the
mangenese was recovered in a product that, when sintered, would assay plus
LO percent manganese. As simple flotation treatment gave resulis Inferior
to those obtained by tabling or combined tabling and flotation, details have
been omitted. '

Canclusicons
1. The low-grade (12.2 percent mengsnese) Black Bird ore was refrac-

tery to beneficiation by ore dressing because of intimate association of
mangenese oxides and siliceous gangue.
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2. By tabling, 51.5 porcens of -the manganese wes recovered in a
concentrate that would sinter to approx;imately 43,5 percent MENLENCEC,

Be SoaVGngmg flotation trc,ament of table middling recovered an addil-
tional 12 percent of the méngenese ot 30,5 per cent-manpanese grades The
cambined tabling and flotation c,oncc.ntratn,s When sintered, assayed Ul.4
percent MAnganes e and contained 65 pcrcent of the J:rIangqnese in the ore.

PART IV, - INDIAN SPRINGS CLATM

Neturc of the Ore

Physical
The prﬁn_cipal menganese mineral in the Indien Springs ore was psilom-
elene, although minor emount of other manganese oxides were identified. The

mangsnese minerals occurred as small fragments uniformly distributed through
a colloidal silica and chalcedony gengue. :

Chemical

The chemlcal enelysis of the Indian Springs sample on which" test work
was conducted is. giv;n in table 13%.

" TABLE 13. - Chamical analysis

et - ;"“-u.s:s'ayJ percent , '
“Mn Fe | 5i0o | Insol, | AloOz | P Zn_4 . Ba | Ca0
1961 [ 1,9 | 6le2 | 6240 1.0 !'0.05 0,04 |Nil. | 1.4

Methods of Concentration

Beneficlation of Indian Springs ore required the liberation and’ rejoc-
tion of siliceous gangue. The sample submitted for testing by the owner
was smell, end therefore the emount of test work was of necessity limited.
However, Doth tabling and manganese flotation was studied in detail and
will be J_‘LSCuSSLd. under separate headings.

Tabling

A sample of orewas crushed through 20 mesh and screened into four sized
fractions. Bach fractlon was tebled to moke & concentrate, middling, and
tailing. ZResults arc shown in table 14, Sinter of test products is given
in table 15. ‘

i @
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TABLE 14, - Tebling sized fractions

Weight, | Assay, percent | Distribution Mn,
Product percent Mn Insol, percent

Combined concentratCesseecss 24,8 5.4 19.7 578
Combined middlingeeesccsces 1.9 20%% STl 2.0
Combined teiling and slime. | 73.3 | 10.7 7642 ho.2
Calculate& head.lo-oqo-coouo :LOO-O 19u5 6.1..8 100.0
Combined concentrate and

middling (to sinter)eecsse 26T 43,6 224 | 59.8

TABLE 15. - Results of sintering

Assay, percent
Mn e S1i0o | AloOz | Zn % 5100441203
Sinterssassessnsniesanns | uit Tk 2055 1a1 Ty | Oslb 24,0
MRC base-price market- - - . Max. | Max. i
ing specificationsS....|48.0 | 6.0 el ~ =~ 130 | 146, K110

By tabling, 59.8 percent of the manganese was recovered in a product
that, when sintered, assayed 49.4 percent mengenese. The reject assayed 10.7
percent nengenese, 1nd.10at1ng that 20-mesh crushing was insufficient for
effective liberation of mengenese minerals. Tabling at finer sizes, however,
gave no additional recovery because of accompanying increased loss of
manganese in slimes,

Flotation of Mangsnese

Best of a series of manganese flotation tests showed a recovery of 51.8
percent of the mangenese in a concentrate that assayed 36.8 percent man-
genese and 29,0 percent insoluble. When sintered, the product assayed 42.k
percent manganese, The low selectivity was probably due to the nature of
the easily floated manganese-silica middling grains, as tabling gave a
concentrate lower in insoluble contente. ‘

Conclusions

1. Intimate association of manganese oxides with gangue limited the
degree to which Indian Springs ore could be beneficiated.

2. Best results were obtained by tabling sized fractions of ore;

598 percent of the manganese- was recovered :Ln a product that sintered to
plus 48 percent manganese,
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PART V, - WALKER (BLACK ROCK) CLAIM

Nature of the Ore

Physical

Psilomelane was the chief ménganese-mineral. present in the Walker ore
and occurred as minute stringers and velalets in chalcedony. Microscopic
examination indicated that grinding to 65-mesh would be necessary to effect
even partlal liberation .of menganese oxides fram gangue.

Chemical -

Y ‘

The chemlcal enalysis of the sample of ore sulmitted fram the Walker
property is given in table 106. .

TABLE 16, - Chemical analysis

. , Assay, percent ‘
Mn - Fe. | 5100 | Insol. | AL~Ox P 9 o3y Ba oo b ah
3046 | 28 11350 38,0 1.7 0406 [: 0,04 | 0,25 | 1.6

The ore was camparatively high grade and possibly would éintér directly
to a marketable plus 35 percent mangsnese product. X :

Methods of Concentration

Microscopic examination indicated that relatively fine grinding would
be required for even partial liberation of mangenese oxides fran the
siliceous groundmass. Therefore, coarse gravity concentration methods were
not tried and only tabling and mengenese flotation methods vere investigated.

Tabling

A sample of ore was crushed to minus 20-mesh, sized on 48-, 100-,
end 200-mesh screens, and deslimed. Each sand fraction was tabled separately
to make a concentrate, middling, and tailing. Results are given in table 17,
with sinters of test products shown in table 18.

TABLE 17. - Tabling sized fractions

Weight, | Assay, percent Distributian Mu,
Product percent Mn !'Insol, percent
Combined cancentrate '

(to sinter l)-.--.oo.ooocoooo- 517 11“?.6 1l:4 48-7
Combined mid.dling......“..u... (e 50.6 58.9 26.9
Slma....-oao-oo.-oo-nclolcc'lcc 1305 22-8 1'['5.)'1' 9-9
Cambined tailing......--.u..... 275 16.5 64-5 lll-.5
Calculated head. sesssvssvsscssss | L00.O 51.0 58.0 100.0
Combined concentrate, middling ’

and slime (to sinter 2)-0--1.: 72-5 56.6 28.1 85.5
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TABLE 18. ~ Results of sintering

Assay, percent
Mo | Fe | SiOn ; Aln03 Zn P | Si0o+4A1003%

SInter lusesssressessea] 55,0 3.3 | 11,0 | 1.2 | Nil. | 0.09 12,0
SINTr 2evescnacocennal B2h 15,0 | 28,3 | 1.9 | Tr. | 407 30,2
MRC base=price market- _ fre .Max. ' Max,

ing specifications...| 48,0 | 6,0 ] = 52 | % A0 11,0 LY
MRC minimm marketing [Min. | | 5 . Max. | Max,

specificationSssessesi35,0 = - | - | )= 20 H el -

Tabling sized fractions of Walker ore recovered only 48.7 percent of the
mangenese in a camparatlively low-silica concentrate. However, 85.5 percent
of the menganese was recovered in a high-silica product that sintered to L2.L
percent manganese grade.

Flotation of Manganese

Numerous flotation tests were run on Walker ore ; best results having
been obtained by the following procedure: A sample of ore was crushed and
ground to minus 65-mesh and deslimed. The deslimed sands were pulped to
approximately 25 percent solids in a mechanical subaerated cell, Pulp was
adjusted to a pH of 9.1 by the addition of.sodium hydroxide, and the
mangenese oxides were floated with an agueous emulsion of kerosene and
oleic acid stabilized with FEaulsol X-30 as collector and frother. The
rougher mangaenese concentrate was cleaned once. Results are given in
table 19. Sinter analysis is shown in table 20.

TABLE 19. - Flotation of manganese

%Weig,ht, Assay, percent |Distribution Mn,
Product percent Mo, | Jdusol, percent

Conceanltratteiness s srevsnde 64,2 k0.3 il l.b
Cleaner tailing.esseeesses 5.7 | 12,8 | 72.0 ﬁ 1.5
Bougher tailing, sessnsvsss 1546 8.2 82,2 4,0
Slime........-.-...-.-.... .16-_5 25-2 }‘{'550 l:})nl
Calonlated hegdecsssnssses | 1000 21«8 38.7 100.0
Combined concentrate and

slime (t0 sinter).eceses 80T Slsd 28.8 ok,5

Reagent consumption, pounds per ton: 2.8 pounds sodium hydroxide, 21.0 pounds
kerosene, 10,5 pounds oleic acid, and l.l pounds Emulsol X-30,
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TABLE 20. - Results of sintering

Assay, percent
M e 5100 | AloOz Zn | 'P  8i0Op+ AloO3
BintEesasuaasyhsssabis | 12,2 | 24 Fog, s 2.0 | | blid 29,4
MRC base~-price market- I Max, | Max.
ing specifications...|48.0 | 6.0 | - A e i 11,0
MRC minimum marketing [Min, Max, | Max.
Sp ecifications.a. xE 5500 = =2 = 5.0 1.0 =

Because of the respwmse to flotation of mengenese-impregnated gangue,
no high~grade concentrate was made by flotation. However, excellent man-
ganese recovery was obtained in @ product that sintered to plus 42 percent
manganese grade, Reagent consumption was excessive, and, therefore, tabling
probably would be the most economic method of treatment.

Conclusions

l. Intimate association of manganese oxides an’d. silica in the Walker
(Black Rock) ore limited the recovery of high-grade concentrates obtainable
by ore-dressing methods of concentration. :

2. Tabling recovered 48.7 percent of the manganese in a concentrate
that sintered to 55 percent mangenese or recovered 85. > percent of the
mangenese in a product that, when sintered, assayed 42.4 percent mengenese,

5« By flotation of manganese oxides, 9445 percent of the manganese
was recovered in a product that sintered to 42.2 percent mangenese, However,
reagent consumption was excessive,

L. The ore possibly would sinter directly to a marketable plus 35
percent menganese product. ’

4116 - 16 -
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