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INTRODUCTION

During the investigation of the occurrence of manganese deposits in
the Western United States, examining engineere of the Bureau of Mines collected
2-ton samples from five mangenese properties near Golconda, Neve. Extensive
laboratory tests were made to determine the amenability of these ores to
standard ore-dressing methods of concentration.

The Tan Major property, one of those sempled, is situated 12-1/2 miles
south of Golconda, Humboldt County, Nevs. The deposit is described as a 'bed
about 5 feet thick in a thinly bedded shale and dolomite formation., The
sample tested was obtained from the manganese bed, bul the examining engineer
reported: “The mining of an appreciable tonnage at reasonable cost would
perhaps cut in half the grade represented by the sample."

The Black Top claims are 17 miles south of Golcenda, Neve Ore occurs
as a T-foot bed of intermixed menganese oxldes and silicate in quartzite
country rock. Three samples of ore were submitted, one representing massive
vein material and two representing mineralized footwall, The vein ore
(14.6 percent mengenese) was used for ell laboratory work. As the highest-
grade ore was not amenable to mechanicel concentration, work on the lower-
grade, more complex footwall samples (6.4 and 1.9 percent mangenese, re-
spectively) was ccnsidered unnecessary.

Ore from the Black Hawk claim, which 1s separated from the Black Top
property by a smaell gulch, is highly siliceous asnd contains rhodonite, a
menganese sllicate, as the major constituent. The ore occurs as a bed 12 -
to 20 feet thick in a. guartzite host rock. Test work was done on a composite
of the higher-grade ore samples sulmitted. .

The Black Diablo claim is 20 miles south of Golconda, Nev. Ore occurs
in two lenses, each about LOO feet long, which are replacements along one
bed of a series of sedimentary rocks. Wall rock is guartzite end chert.
Laboratory teet work wse cerried out on a sample reprecentative of the ore
body. ‘

The OtLeary deposit, 3/4 mile north of the Black Diablo property,
contalns massive, tough mangsnese oxides that replace sedimentary rock.
Interbedded with the ore are thin beds of silicified shale ond lenses of
Jasper rich in hematite. . Ore dressing waes carried out on a sample representa-
tive of the deposit.

For the sake of clarity and convenience in presenting data, the
description of the ores and dlscussicn of methods of concentration used,
together with the results obtained from laboratory testing, will be divided
into five sections, each pertaining to the treatment of ore from a single
property. '
kois -1l -
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SPECEFICATIONS FOR MANGANESE -ORES

At the begimming of the investigation of mangenese-ore benoficiction
in December 1940, the only product marketable to Metals Reserve Company was
ferro-grade mangenese grade B, the requirements for which are tabulated
below:

Asgsay, percent
In | Fo | Bl0, | F | Alg0; in
min, | max, ! max. | max. ' max. | mex.
i

480V, i Pe0 CELO.L] 0SB0y 1.6

Loater specificeticns wore modified greduslly. As of May 15, 1943,
mangenese products werc accecptable if they contalned over 35 percent man-
genese, less than 3 percent zinc, and less than 1 percent phosphorus. Prices
were based upon material contalning U8 percent manganese » 6.0 percent ira,
and 11 percent silica plus clumina, Premiums were peid for mangenese content
exceeding 48 percent and iron content below 6 percent y penalties being
imposed on products containing less then 48 percent mangencse, more then 6
percent iron, or more than 1l percent silice plus alumins.

Specifications for maerketeble mangsnese further required that 75,0 per-
cent of the product bo coarser than 20-mesh. Therefore, fine material such
as teble and flotation concentretes must be nodulized or sintered, Sintering
further concentrates thc menganese, owing to loss of, oxygen , carbon dioxide,
and other constituesnts durlng the heat trectment. The impuritics, such as
silica, iron, alumina, and phosphorus, also are concentrated by sintering.
Sintering was done to detemine the chemical composition of the final product.
The physical nature of the sinter was not studied, as the comercial
nodulizing or sintering of menganese concentrates is not included as part of
" this project.

After the close of World Wer II, the Metals Reserve Company ceased
purchesing mengenese ores and concentrates. Therefore, the specifications
given here, although correct at the time of the laboratory investigetions,
are no Yonger-in' cffect.
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PART I, - TOM MAJOR PRCPERTY

Nature of the Ore

Physical

The sample of ore from the Tom Major deposit contained pyrolusite and
psilamelane as the principal manganese minerals. Chief impurities were iron,
silica, zinc, and lead very intimately combined with the mangenese oxides.
Most of the menganese oxides were conteminated with particles of calcite and
silicae ranging in size from 200- to 560-mesh, Iron oxide and mongonese
oxides wore intimately associated in a lacelike network so fine in texture
that they could not be liberated by grinding to minus 200-mesh. Hetaerolite
(Zn0.Mngp03) was tentetively identified and appesred to be distributed fairly
unlformly throughout the ore, About one-third of the totel lead content
occurred as taxrnished galena and as cerussite; the remainder of the lead
appeored to be directly associcted with mangenese in some unidentified form.
A very small smount of iron occurred as tarnished pyrite.

Chemical
Chemical znolysis of the Tom Major ore follows:

TABLE 1, - Chaaical anclysis

AB yi_percent

Mn Fe 1 510, | Insol. P AlpOz | Zn | Ba

| -
i
+

k MgO Pb

£
2%.5 j 1040-+—22¢% + 28,2 —10:02T i He] By 5tk Eh 5 !Trace 1.9

Study of the above date showed that the ore-dressing problem consisted
of liberation and rejection of considersble silica and iron together with
lesser cmounts of lime, alumina, end the base metals zinc and lead.

Size Distribution of Manganese

When a sample of ore was crushed to minus 10-mesh end subsequently
sieve-8ized, the follow1ng dlstrlbutlon of mgngenese, iron, and zinc was
obtained:

TABLE 2. - Distribution of mangsnese, iron, and zinc’

[Weight, Assay, percent .| Distribution, peercent

Product percent Mn | Fe Zn. Mn Fe Zn
=10414~meshe vanes | 2944 257 | 945 2.40 33,1 28,1 29,4
-14428-meshsveses | 2246 2548 19T 2.65 2546 22,0 25.0
~28+48-mesheseees | 12.9 2h.6 | 9.9 | 2.65 13 9 128 o dl3
~4&+100-meshaesss | 6.7 (22,6 1100 2.50 6.6 6.7 T4
~1004200-meshesss | 5.8 19,9 | 9,5 i 2.15 5ék 55 5.2
-200-mesh sande.. B2 20,1 | 10W3 S | Bl 3.3 2.9
Sldtueis ¢ s drmsnch, A0l ST s ML b ol bRt | e 0Pl o 16.2
Calculated headss | 100.0 .[22.8 110.0 2.40 1100,0 ! 100.0 .100,0
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The results given in table 2 show that the proportions of manganese,
iron, and zinc in all sized fractlons are nearly constent, and that no
appreciable concentration of mengonese can be obtained by simple sizing.

Methode of Concentration

The physical and chemicel nature of the ore indicated that beneficiation
by ore dressing would be difficult owing to the extremely intimate association
of the minerals that would require extremely fine grinding for liberation,
Investigations carried out in detail included tabling, fatty-acid flotation
of manganese, cationic flotation of silice, magnetic Separation, and various
special procedures such as attempts to remove lead and zinc by sulfidizing and
xanthate flotation. As no encouraging results were obtained, only brief
summaries of the various tests are given in this report.

Tabling of Sized Fractions

A sample of ore was crushed to minus 10-mesh, ground wet to minus 28-mesh
and deslimed. The sands were wet-screened into minus 28-plus 48-mesh, minus
48- plus 100-mesh, minus 100~ plus 200-mesh, and minus 200-mesh fractions.
Each sand fraction was tebled to make a lead concentrate, a manganese con-
centrate, a middling, and a talling. The middlings contained over 40 percent
of the menganese in the orc; therefore, they were combined and reground to
100-mesh to effect further liberation and were then retabled to make a
menganese concentrate, a middling, and a talling. The corresponding pro-
ducts from each sized fraction were combined. Results are given in table 3,

Fd

TABLE %, = Tabling gized fractions

. ’ Distribu-

Welght, Assay, percent tion Mn,

Product percent | Mn Fe | Insol, Zn | Pb |percent
Combined concentratess.sss| 23.2 [33,5 [11.0[| 10.5 L8118, b 34,1
Combined middlingeeeseesee| 10.4 |[25,2 - 24,2 - -~ 16
Canbined tailingeseassaces| 3648 [17.8 | - 34,2 - - 2847
Combined lead concentrate. 042 |27 | 6.0 4,8 | 340201 0.2
Slim.eoclcvcco'.ooonoocaooo 2904 1908 10-5 5500 = =X . 25-5
Calculatod Nead, ssapnsmssn) Lo o2l - 2743 % Lt 100.0

The caubined mangasnese concentrates represented a recovery of 34,1 per-
cent of the manganese in the ore, assayed 33.5 percent mengenese, and would
sinter to plus 35 percent mangsnese, The combined lead concentrate assayed
20.1 percent lead but represented a recovery of only 21 percent. of the lead
in the ore. No clean table tailing was made, and a large portion of the
mangenese was contained in the slime fraction. The results indicated that
the minerels are not sufficiently liberated from one another, even:at minus
100-mesh, for concentration to be effected. i

Flotation of Manganese

Owing to the relative inefficiency of tabling finely'groun&'ore;‘fatty-
acid flotation of manganese was next investigated. Ore was stage-ground to
4015 - b -



minus 65-mesh and deslimed. The sand portion was pulped with Salt Leke City
tap water, and the manganese was floated by using an aqueous emulsion of
oleic acid stablized with Emulsol X-1 as collector-frother. The menganese
concentrate was cleaned twice. The reclesner concentrate assayed 30.2 per=-
cent mangenese and contained only 16.6 percent of the mengsnese in the ore,
and lowest grade tailing product assayed 22,1 percent mangenese. Over 31
percent of the total manganese was contained in the slime fraction. As
preliminary floteticn tests gave no effective concentration of mengenese
minerals, fatty acid flotaticn of ore ground to finer sizes was not investi-
gated, because slime lose would be prohibitive.

Flotation of Silica

Further attempts to beneficiate Tom Major ore included cationic flotation
of siliceous gangue fram ore stage-ground to minus 100-mesh and deslimed.
The mangenese product thus produced assayed 29.4 percent manganese, 10.8
percent iron, 1l.4 percent insoluble, 2.3 percent zinc, and 2.6 percent lead,
and represented & recovery of only 12.6 percent of the total mangenese.
Lowest-grade silica concentrate obtained assayed 18.8 percent mangenese,
indicating lack of liberaticn at sizes treated.

Magnetic Separation

To determine the emenability of Tom Mejor ore to magnetlc sBeparation,
some of the highest-grade mengsnese products obtained by tabling, flotation
of mengenese, and flotation of silica were each treated on a disk-type,
high-intensity magnetic separator. Only emall smounts of lead and insoluble
were rejected, and no significent concentration of any of the minerals was
obtained.

Flotation of Lead and Zinc

Experiments were made to float selectively the lead and zinc minerals
in the ore. The higher xanthates were used as collectors, cnd tests were
mede with both sulfidized and unsulfidized pulps. Although the concentrates
obtained assayed as high as 24 percent lead, the amount of total lead re-
covered was not large enough to justify treatment. No concentration of zinc
was obtained. '

Conclusions

l. The cauplex oxide manganese ore from the Tom Major deposlt was not
amenable to mechanical methods of concentration to yleld either intermediate-
or high-grade marketable products, ow1ng to lack of liberation, even when
fine grinding was amployed. i i

2. The highest-grade concentrate was made by ﬁabling.butzassayed only
33+5 percent manganese and represented only 34.1 percent recovery of the
mangenese. The value of this product is doubtful because of the low recovery
and the objectionably high iron, 21nc, and 1cad content.

3« :The almost constant ratio of iron, zinc, and lead o mangenese in
preoducts obtained, regardless of the ore-dressing method applied, emphasizes
the complexity of the ore.

Lo15 . - 5=



PART II, - BLACK TOP CLAIMS

Nature of the Ore

<Physical'

The vein ore from the Black Top Claims 1s ccmposed of guartzite,
mangenese silicate, and menganese oxide intimately intermixed with one another.
Virtually all of the mengznese-silicate (rhodonite) particles have mangsnese
oxldes assoclated with them as replacement shells or as velnlets along the
fracture planes., The association of the minerals is so intimate that only
part of them are liberated by fine grinding.

Chemical
Chemical analysis of the Black Top vein ore is given in table L.

TABLE 4. - Chemical analysis

; Asgsay, percent
810, Insel, is i A1205 Zn { Ba |Ca0
|
!

14,61 1.5 0 p.e | 86.8 | 0,0%

Mn Je

2.1 | Ni1!0.29!0,1

As may be scen from the above data, the ore-dressing problem involves the
liberation and rejection of siliceous gangue. The presence of considerable
rhodonite prevents production of a low-silica manganese concentrate that
represents a high recovery of manganeses.

Size Distribution of Manganese

A sample of ore was crushed through 10-mesh and wet-scrsened into
sized fractions. The distribution of mangenese in each fraction is shown
in t&ble 5.

-TABLE 5. - Size distribution of manganese

Weight, | Assay, percent | Distribution Mn,

Product percent Mn . . Dpercent
-lo+28-mesho EENE) 66.6 1555 67 all'
~28+48-meShassase | 129 1,7 12.5
-484100-mesheseae 8,0 155 8.2
~1004200-mesh s ee 1 16.1 2 Mgl
-200-mesh sand.e. Tl 13.8 T el
Slim-@--taqco.o-.. 07 lO.ll- ._5
Calculated head.. | 100,0 | 151 : 100,0

As 1s shown in the above table, the amount of primary slime formed by
crushing is small, indicating the hardness of all ore constituents.
Mengenese grade in the various sized fractions is quite uniform, and no
preliminary enrichment by screening and rejecting barren material is possible.

4015 | . <6 a



‘Methods of Concentration

Ae the major porticon of the mengenese occurred as rhodonite in intimate
essociation with siliceous gangue, 1t was evident that little, if any low-
silica mangenese concentrates could be made. A hend-picked specimen of
rhodonite from this ore assayed over 45 percent 510p, Therefore, the ore~
dressing investigation was directed toward rejecticn of quertzite gangue
end thereby -concentrating the mangenese minerals t6 a marketable intermediate-
grade concentrate., As microscopic evidence ‘pointed to the necessity of
extranely fine grinding to liberate mengenese mimerals; ‘concentration methods
enployed were tabling and cationic flotation of silica.

Tabling

To determine the amenability of the Black Top ore to gravity con-
centration, a sample of ore was stage-ground t0 minus 100-mesh and tabled
unsized to make a concentrate, middling, and teiling. Results are shown
in table 6,

TABLE 6. - Tabling

Welght, | Assay, percent |Distribution Mn,

Product percent Mn __pereent
ConcentratCessssse LTe7 28,6 : 51}.6
Mid.dling.-.-.--.-i % Y 55.6 1109 ! i ] 45.2
Teiling and slime. 26,7 € {20 e 20,2
Calculated head...| 100,0 | 14,6 ] ©100.0

Data glven in table 6 show that neither high-grade concentrate nor
low-grade talling was made by tebling minus 100-mesh ore, A similar test
n 200-mesh ore showed no improvement as to grade of concentrate or teiling
obtained. The small amount of mangenese oxide liberated could not be tabled
into a separate product, These experiments, therefore, indicate that the
association of silica with the manganese mineral is so intimate that little
liberation is obtained by even very fine grinding.

Flotation of Silica

As table concentration gave unsatisfactory results ’ an attempt Wa.s made
to beneficiate the ore by floating and rejecting silica., Ore was ground to
minus 100-mesh and deslimed by decantaticn. The sand fraction was pulped
with Salt Lake City tep water in a mechanically agitated laboratory cell,
and lauryl amine hydrochloride was employed as collector and frother to ,
remove successive silica concentrates, A total of O 33 pound of reagent per
ton of original ore was used. Results of cationic flotation of silica are
sumarized in table 7. :

4015 ST



TABLE 7. - Flotetion of silice

G Weight, ;Assay, percent | Distribution Mn,
SPTERTS o Ip‘ercen‘bf ; Mn. , ‘percent
Slirﬂ.elao-o'--.nl---_oouo‘-o 500 ; 1250 - J‘I‘ol
Silica concentrate No. l| 274 - 8.9 P 7 <
Silice concentrate No. 2| 20.4 9.8 13.6
Silica concentrate No. 3! 25,0 35,3 o=
Mengenese tallingeesesss | 22,2 26.1 - 39.6
Calculated headessasesss 100,0 14,7 ; 100,0 -

By cationic flotation of silica, only 39.6 percent of the manganese
was recovered in a product that assayed 26,1 percent manganeses, Rhodenite
occ;urred in both the silica concentrates and the manganese tailing, there-
by contributing to the manganese content of the silica reject and the silica
content of the manganese product. : : i '

Conclusions

l. The mineralogical nature of the manganese occurring in the Black
Top ore is unfavorable to concentration. by ore-dressing methods, Much of
the mengenese is present as silicate and -the remainder as oxide very
intimately associated with silica. Only partial liberation of minerals was
obtained by fine grinding. ' R

2. No high-grade marigenese concentrates were made ,'and. benefication
to produce intermediate-grade products was-not suceessful., Only 34 to 39
percent of the meangenese was recovered at grades of 26 to 28 percent
manganese by gravity and flotation methods.

'PART III. - BIACK HAWK CLAIM

Nature of the Ore

Physical

The Black Hawk ore is an intimate association of black manganese oxides
with manganese.silicate and quartzite and is unusually hard and compact. It
is quite similar to ore froam the Black Top claim described in the preceding
section, Rhodonite, the chief manganese mineral present, is traversed by
veinlets of manganese oxides ranging in thickness from 150- t0 300-mesh.
Black areas in the ore are composed of quartzite intimately associated with
rhodonite, which contains 150- to 1,500-mesh grains of mangenese oxides,

A carefully selected specimen of rhodonite assayed 27.4 percent mengsnese
end 55.6 percent silica. Theoretically pure rhodonite (mo 8105) contains
45,9 percent silica.

Chemical
The chemical znalysis of the Black Hawk ore is given in table 8.

4015 -8 -



TABLE 8, - Chemical analysis

Assay, percent
Mn Fe I Si0p Insol. P Alp0z Zn | Ba | Ca0 | MgO

2h.2 | 1.4 52,2 . | 68,3 0,211 3,6 Nil Nil 0,05

Size Distribution of Menganese

£ sample of Black Hawk ore was crushed through 1O-mesh and subsequently
screen-sized., As with the similar Black Top ore, no segregation of manganese
and gangue was noted, and rhodonite wes evenly distributed throughout the
entire size range. '

Methods of Concentration

A study of the foregoing data indicated that fine grinding would be
necessary to liberate the rhodonite from the siliceous gengue and elso that
the liberation of manganese oxides would require grinding beyond economical
limits. As rhodonite 1s the major manganesc-bearing constituent of the ore,
no high-grade menganese concentrate could be expected; ore dressing was
done to produce an intermediate-grede rhodonite concentrete together with
such manganese oxides as are liberated during grinding. Although preliminary
tabling tests indlicated that a very small amount of plus 40 percent man-
genese concentrate could be made, the separation of rhodenite and quertzite
wes not encouraging, owing to lack of liberation. Cationic flotation of
silica, thercefore, appeared to be the most feasible method of beneficlating
OrSe

Flotation of Silica

A sample of ore was stage-ground to minus 100-mesh and sized into three
products: minus 100~ plus 200-mesh, minus 200-mesh sand, and slime. Silice
was floated from each sized product by using e total of 1l.34% pounds lauryl
amine hydrochloride per ton of original ore. Results ere given in table 9.

TABLE 9, ~ Flotation of silica

Weight, Assay, percent | Distribution Mn,
Combined products percent Mn Si0p | pexrcent
Silica concentrate Nos l.| 8.5 8.5 T wnmn) 3.0
Silica concentrate No. 2. 28.6 16,9 | 62.6 | 20,4
Silica concentrate No, 5.' 2643 A P B e 5 s P l 2546
Mangenese tailingeseesessi 30,6 L 032.9 39,2 } 5150
Calculated hetdesssesnsespl00.0 | 23,6 | 52.9 | 100,0

By cationlec flotation of silica, 51 percent of the menganese was re-
covered in a combined product that assayed 32.9 percent manganese and 39.2
percent silica. The mangancse concentrate assayed higher in mengenese and
lower in silica than the hand-picked specimen, indicating elther a con-
centration of some of the manganese oxides with the rhodonite or that the
hand-picked specimen contained some finely divided silica,

4015 -9 -



Although this test showed that some concentration could be achieved
by flotation of silica, the emount of siliceous gangue that can be liberated
within possible economic grinding limits is small, eand the possibilities
of beneficiation by any'orc~dr3581ng method are limited.

Conslusions

1. The Black Hawk ore, containing the greater part of its mangsnese
as rhodenite, was not emenable to the producticn of highegrade manganese
concentrates by ore-dressing owing to lack of liberation, even when fine
grinding was employed.

2+ By flotation and rejectien of siliceous gangue, 51' percent of the
mangenese in the ore was recovered at a grade of 32.9 percent mangenese.
However, as the degree of beneficlation is limited, the velue of this treat-
ment is doubtful.
PART IV. - BLACK DIABLO CTAIM

Neture of the Ore

Physical

Meangenese in the Black Diablo ore is present es mengenese oxides,
chiefly psilanelane and pyrolusite, intimately associated with siliceous
gangue, The ore may be classified roughly into three types on the basis
of mineral association. Type 1 contains chert fragments and grains of
secondary quartz, ranging in size fram 65- to minus 200-mesh, scattered
uniformly through areas of manganese oxlides. Type 2 contains 150- to
200-mesh inclusions of menganese oxides in secondary quartz that occurs in
velns and as a filling in interstices in the ore. Type 3 is ccamposed of
chert and quertzite fragneats, as coarse as 1 inch, that are virtually
barren of manganese oxide inclusions,

Chemical
The chemlcal analysis .of the ore is glven in table 10,

TABLE 10, - Chemical analysis

Assay, percent
Mn Fe Si02 Insol. P . AloO3

7.0 | gzl k5 o _ 52,0 | 0,052 23

Zn Ca0 s
Nil 158 0,05

Size Distribution of Manganese

A sample of ore was crushed through 10 mesh and subsequently screen-
sizeds Distribution of manganesb and lnsoluble in the various sized fractions
is shown in table 1l.
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TARLE 11, - Size distribution of menganess

EE |Weight, |_Assay, percent | Distribution, percent
.. Product . percent ‘| M1 ‘. Insola.. T Mn ' “TInsol.
: -lo+lii'-meshnc ee s 59.1 ) 58!2 ' B 52-2 i - * 59.8 ‘ : . ol 59-11' T
'=14428-meshaeees| 259 29,2 {. 51,2 P O -
! -28*5-’-!-8-]:165][1 as s e 12 02 29.11' ; '5@6.8' ) fali -9 -! z ll ?9
‘=4B4100-mesheessl 6.6 | 28,6 |--50,8" . 6.5
‘=1004200~mesh .« .T, , ll-.ll :_8.5 o ) S Qi g inod 4.0
=200-mesh sande.; ' Be5 24,8 536 - 7 Bail
R L L i1 et T 1 o Wy g A O T2
'Calculated head.; 100,0 | 27.7 51.8 100,0 . | -100.0,

........

:'The prallminary size~analysis test indicated.no narked ooncentration
of nmangenese 1n eny szzed fractlcn.

" Methods of Comcentraticn .

Preliminary study indicated that scme of the coarse end relatively
barren chert probably could be rejected by caarse gravity methods, but that
producticn of high-grade mangenese concentrates probably would entail
grinding to at least minus 100 mesh, ‘Congequently, the following concen-
tration methods were investigated: : ' ey

e Coﬁﬁined heavy-media separaticn and tabling.
. 2+ Tabling.:

%, Flotation of manganese

Lk, Tabling followed by (a) flotation of Manganese and (b) flotation
of smllca.

_ Each w1ll be alscussed.

Cqmblned Heavy—Media Separatiun and Tabllng

A sample of. ore was crushed “throeugh l-inch and slzed on 5- and 10-mesh
screens, The plus 1O-mesh fractions were treated separately by the sink-
end-float or heavy-media process for the removel of two sink products at
media specific gravities of 3.3 and 2,8. Minus 10-mesh deslimed material
was crushed through 20-mesh and. tabled to-make a concentrate and a tailing
that was reground to minus 48ﬂnesh and retabled.

Results of this ccmbined trewtment are summarlzed in table 12. ;

4015 - 11 -



TABLE 12, - Sink-and-float and tabling

) Welight, '| Assay, percent | Distribution Mn,
_ Product f ercent Mn percent

ConBEd SIlE U0t b el e s vl Tty o 40.5 s 67 .4
Combined sink No. Eu;c;ol-gocanlt-o 25.2 22.5 i 18¢6
-20-mesh table concentratoessceasas| 37 el e S5
-20-mesh talling and B8litiCessavssve 5.0 | 2 ) 242
Primary clITIO s ewawen s o i smesis we Sel L2 el T Pl
Combined float........-...........- 16-6 6-8 oy : h-l
Calculated head.-o-la-nnnnoctooaao- 100,0 27-9 T | 100,0
Combined eink and table concentrate | 75.3 |- 3h.8 1 9I.5
Combined sink No. 1 and , . o —

table concantrate................L 50-1 ! 4006 ! 7209

By heavy-media separation of plus 10-mesh ore and tabling of the minus
10-mesh ground through 20-mesh, 91.5 percent of the menganese was recovered
in a marginal-grade product assaying 34.8 percent manganese, Over T2 per-
cent of the manganese was obtained as a l.LO—percent manganese product that is
marke'table without sm‘bering.

Add.itlonal low-grade reject was made by tabling "bhe c¢cmbined sink No. 2
product ground to minus 100-mesh. Inclusion of this step in the above
procedure resulted in manganese recoveries.of 83,4 and 78.9 percent in
products assaying 39.4 and 40,6 percent manganese, respectively,

To determine whether high-grade manganese concentrate could be made
fran Black Dlablo ore, a sample of sink No, 1 was ground to .minus 100-mesh
and tabled. A concentrate was made that assayed 52.2 percent, but recovery
was too low to warrant the additional treatment.

Tebling

Numerous tabling tests were run on ore ground to 48-, 100-, and 200-mesh
to determine whether higher-grade concentrates could be made with acceptable
recoveries. In one such test, a sample of ore was ground to minus 1+8-—mesh,
sized an 100- and 200-mesh screens, and each sand fraction tabled separately
to meke a concentrate, middling, and tailing. Results are given in table
13 with sinter made fraa table céncentrate shown in table 1k, :

TABLE 13, - Tabling sized fractions

Weight, | __Assay, percent _|Distribution Mn,

percent Mn Inscl | percent
Canbined conecentrate e o i ‘

(to sinter) 34,0 | 47,3 2Eal 57,0
Canbined niddling..s 15.6 | 26,6 it e 1,7
Canbined ta2ilingeess S8BT 1 ALEH 5 | 1145
Slimesysiniss sasstns 27 | - oile HSealt.. | 16.8
Calculated headessess 100,0 b 28.2 51-2 % 100,0
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TABLE 14 - Results of sintering

Assay, perccnt
I T S10p+
Mn | Fe S10p Al203 e Zn | AloCz
Sinter..o.ocollb' ll'9.0’ i 21"'5 = - - i _'
M.R.C. base-price market- i Mex. | Mex, |
ing specificationSieees| 48,0 | 6,0 | = = 140 .7 500 | 1.0
M.R.C, minimum market- Min.' ' , Mex, | Max., !
ing Specifica.“bions spses | 5506 e : 7 ' ™ I 1.0 5'0 : -

By tabling sized fractions of ore ground to minus 48-mesh, 57 percent
of the manganese was recovered in a concentrate that, when sintered, -
assayed 49.0 percent menganese, Tabling finer ground material produced
concentrates as high as 55.8 percent mengenese grade, but with marked decrease
in recovery owing to greater loss. of menganese in the slime fraction.

Flotation of Manganese

A number of flotation tests were made on deslimed and undeslimed cre
pulp to determine the amenability of Black Diablo ore to this method of
concentration., Best results were obtained by floating the manganese from
minus 200-mesh undeslimed ore, using an aquecus emulsicn of oleic acid
stabllized with Emulsol X-1 as collector-frother. By this treatment, 35.8
percent of the mengenese was recovered in a product that, when sintered,
assayed over 48 percent mengenese, As these results ere inferior to those
obtained by coarse gravity methods, no further details are glven.

Combined Tabling and Flotaticn

To eliminate grinding of the entire ore to minus 200-mesh for flotation,
tests were run wherein ore was tabled at 100-mesh and the table concentrate
ground to minus 200-mosh and re-treeted by flotation cf manganese or cationic.
flotation of siliceous gangue. These treatments gave manganese recoveries .
of 56 and 60 percent, respectively, and produced concentrates that assayed
plus 46 percent manganese prior to sintering. As results obtained by these
involved methods are no better than the results of tabling of minus 48-
mesh ore, no further details will be glven.

Saonclusions

l. The Black Diablo ore contains manganese oxides and silica so
intimately associated that producticn of high-grade mengenese concentrates
involves fine grinding for llberation,

2. Coubined heavy media separaticn and tabling recovered 78.9 percent
of the mangenese at 40,6 percent menganese grade, or 83.4 percent of the
manganese at 39.4 percent grade. These products would be marketable without
sintering,

Lo15 = Y5 =



3« Tabling of ore ground to minus 48-mesh recovered 5T percent of
the mangenese in a product that when sintered, assayed 49,0 percent manganese,

b, Involved treatment, including tabling ore ground to minus 100-mesh,
followed by regrinding and re-treatment of table concentrate by flotation .
gave results no betbter than were obtained fram simple tabling.

Be Fatty acid flotation proved ineffective in‘benefiéiating the ore,

PART V. - O'LEARY PROPERTY

Nature of the Ore

Physical

The O'Ledry ore consists of very fine grains of pyrolusite and
psilamelane uniformly distributed throughout a quartzite gangue. In same
instences, manganese oxides have partly replaced the quarzite, so that the
individual gquartz grains appear "smoky." Such portly replaced gquartz grains
tend to float with manganese oxide grains, thus diluting mengsnese flotation
concentrates with gangue.

Chemical

Analysis of a representative head sample on whloh ore dressing was
done is shown In table e

TABLE 15, = Chemical analysis

Assay, percent e
Mn | Fe 2100 dngolysl en B, adiintz Al 5 BE Cao

22,9, | 2. | 55.8 63.4 10,039 | 1.9 | M1 | 1.06 | 0.1

| i

Size Distribution of Manganese

A sample of ore was ground to minus 48-mesh and subsequently screen- -
sized. No concentraticn of mangenese was noted, the tenor of the various
fractions being almost identical.

Methods of Concentration

As the assoclation of mangenese and silica is exceedingly intimate,
it appeared doubtful that any high-grade manganese concentrate could be nade.
Beneficlation of this .ore, therefore, was directed toward meking an inter-
mediate-grade product with a high manganese recovery., Methods tried
included sink-and-float, tabling, and fatty acid flotation.
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Sink-and—float

A sample of ore was crushed through 3/b-inch end screen into 3/4-inch
plus 3-mesh, minus 3~ plus L-mesh, minus 4- plus 6-mesh, end minus 6-mesh
fractions. BEach of the plus b-mesh fractions was treated separately by
sink-and~-float methods at media specific gravities of 3.2 and 2.9.

Only 23 percent of the manganese was recovered by this method of treat-
ment in a product that assayed 33.4 percent mangenese, and no tallings were
made that were sufficiently low grade to be discarded as waste. Therefore,
the sink-and-float process was rejected as a possible treatment methed,
Complete details of this test arc cmitted frem this report.

Tabling Sized Fractions

Sink-and~float results indlcated that finer grinding would be required
to beneficiate OtLeary ore; conseguently, a sample of ore was ground to
minus h8-mesh, deslimed, and sized on 100~ and 200-mesh screens, Kach sand
frection was tabled separately to produce a concentrate, middling, and
tailing. Results are given in table 16.

TABLE 16, - Tabling sized fractions

Welght, | Assay, percent | Idistribution Mn,
Product percent Mn 2100 percent
COnGBn'tI‘a.te.-.--.... 5.2 L]'Ll'uo 15-9 H 1007
Middlingeeossesssosss| Gol z8.6 | 26,8 | 1644
Slimeouolo'cu-.-".' 1-8¢O 20-3 A5 l?.o
Tailing...-......u- 6?-7 17-7 = 55-9
Calcul&'bed. head' L ] lO0.0 El.“‘ B lOO .O
Canbined concent-
rate and middling, | 14.3 40.6 | 22,8 2T ad

By tabling sized fractions of O'Leary ore, cnly 27.l percent of the
total mangenese was recovered in a product that assayed 40,6 percent
mengenese, Tabling ore of various grinds (minus 20- to minus 100-mesh)
showed no Improvement in grade or recovery.

Flotation of Manganese

Fatty acid flotaetion of manganese fram samples of ore ground to minus
65-, 100-, and 200-mesh gave no encouraging results. Typical flotatiocn
cencentrate assayed 23%.5 percent mangenese with a taillng of 19 percent
manganese grade. Poor flotatbn selectivity was due to the nature of the
nanganese-inpregnated siliceous grains, which were floated easily.

Conclusions

l. Intimate essoclation of manganese oxides and siliceous gangue
prohibited beneficiaticn of O!'Leary ore to marketable preducts with appreciable
recovery.
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2. Only 27.1 percent of the mangenese was recovered by tabling
sized fractions of ore in a product that assayed 40.6 percent Mn.

He Do appreciable concentration was achieved by fatty acid flotation
of menganese or by heavy media separation methods.
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