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 INPRODUCT ION

For several years the Klukwan deposit near Haines, Alaska, has attracted
mterest as 'a potential source of iron, Limited field and la‘ooratory investi«-
yation: has indicated that the deposit contains a large amount of iron that 1s
covera'ble as high-grade concentrate .

This report summarizes the results of laborstory beneficiation tmtins;
of the Klukwan ore, as represented by six samples sutmitted to the Alaske
iperiment. Station of the Buréau of Mines, Juneau, Alaska, Iron'is present
Q.n the ore as a fine -grained magnetite assoclated with a pyroxenite-type '
f baslc rock, Satisfactory magnetic-separation procedures were developed for

[ tni production of. concentra’ces assaying ‘more than 60 percent Fe and 2 to 4
I detcent T105,

" “Buring the investigation many data were obtained and compiled, but for
convenience and clarity data of secondary importance have been omitted or -
condensed, only the more pertinent test results are discussed in detail,
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LCCATION AND DEUCRII—TIOI\T
The Klukwan magnetic iron deposit 1s situated near the northern boundary
Southeastern Alaska at 59° 26' north latitude and 135° 53' west longitude,
ét Klukwan, an Tndlan village, the paved Haines-Cutoff Highway passes over
;0 Outwash fan of the deposit approximately 1 mile from the lode, Klukwan

i’e:nag miles by highway from Haines, a deep-vater port om the shore of Lymn
a *

¥

"ug The deposit is a very large mass of basic rock which conforms minnral-
cal]_y to a magnetite-enriched pyroxenite, The maximum width of the deposit,
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Figure 1. - Map of Klukwan iron deposit.




as mapped, le approximately 1-1/1+ miles; the length is approximately 3 mileg, |
Erosion has exposed the deposit throughout & vertical range of about 3,000 - —ﬁ?
feet, much of which is precipitous. A sketch of the deposit is shown in :
:E':lgure 1. Information adequate for a dependable grade<tomnage estimate {g
not available, The entire mass of magnetite-bearing rock, as mapped by the
Geologlcal Survey, is estimated to contain at least 13 billion short tons
above the lowest exposures,

Those parts of the deposit that have been examined at close range. indy.
cate that magnetite 1s disseminated uniformly throughout the pyroxenite,
except where magnetite or pyroxenite may be segregated into nearly pure
lenses, The average magnetic iron content of the magnetite lenses is indi.
cated to be about U5 to 50 percent,

It appears probable that the average magnetic iron content of the deposit
will be governed largely by the relative number and size of the magnetite
lenses, but neither of those factors has been determined, One series of chip
samples taken by engineers of the Bureau of Mines across an 800-foot expanse
of uniformly crystallized pyroxenite near the lower end of Canyon 2 (see map,
fiz. 1) averaged approximately 20 percent maghetic iron and 5 percent iron "
contained in silicates, The sampled section appeared to be representative, B
It must be emphaslzed, however, that only small areas of the deposit have o
been examined ox sampled, Most of the outcrop is concealed by overburden or .
is inaccessible because of the precipitous topography; consequently, there is
no asgurance that all parts of the deposit, &s mapped, are comparably
mineralized, , i

The deposit may well be a magmatic differentiation from the predominant}g
dioritic magme that formed the backbone of the mountain chain, The magnetites 7
enriched pyroxenite 1s enclosed within the dlorite, Diorite crops out- within .
the deposit in canyons 4, 5 =nd 6, as shown in figure 1. .

EXPLORATION AND MINING

Some short ~hole diemond-drill exploration has been done by a private
compeny, Conditions for long~hole dismond drilling are favorable; this
method of exploration could be utilized for a comprehensive evaluation of
the deposit at a very low cost per ton of iron<bearing rock,

Location and weasther conditions present no serious problems for year-
round mining and shipping., The character of the deposit is such that large-
scale, low-cost mining methods can be utilized,

THE ORE

i, e RF

Samples

Three of the samples submitted to the laboratory were chip or chahhel
samples from the Klukwan lode; three others were obtained from the large
alluvial fan at the base of the mountain,




e
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; Semple 1 and 2 were l-cubic-yard samples obtained by engineers of the
iifing Division, Bureau of Mines, from pites dug in ‘the outwash (alluvial fan
portion of the deposit, Sample 1 was taken neazl'w;the‘ arex of the fan; sample
yas talken near one side of the fan about half way between the bage and the
'fhpeg, Sample 3 was & composite of three samples obtained by members of the

8ample 6 was a composite of channel samples cut In . Canyon 5 and submitted to
the laboratory by an engineer represénting C. T, Takahashi & Co. - o

v - The approximate locations from which the semples.were tal;.en aré shown
8 on the map of the Klukwan deposit (fig. 1). : ' :

Physical Character o
Petrographic exemination of each of the samples submitted for test‘iz-ig
vealed that, in a broad sense, all are mineralogically similar, There is,

wever, a variation in the relstive amounts of the component minerals,

e type was described as a gneissoid rock that contains hornblende, .altered
kalic feldspar (principally albite), some altered pyrozene, asnd. small to
ace amounts of biotite, epidote, zoisite, and apatite, The second, type is
Vssentially an altered pyroxenite that contains dominantly clinopyroxens
jeugite and pigeonite) with associated megnetite and sphene and varying

ounts of serpentine and chlorite, Minor amounts of caleite and limonite
re identified, .

The higher-grade ores (samples 5 and 6) essentially contain magnetite,
latively small amounts of clinopyrozene (augite and pigeonite), and hom-
giende, with only very small amounts of sphene, epidote, clinozoisite,
Mkalic-caleic: plagioclase, quartz, spinel, and apatite,

. Minute inclusions of magnetite in pyroxene were observed in all samples
8 a form known as g schiller structure, This extremely fine -grained magnet ~

: \‘te Mrobably is not recoverable by ore dressing but represents only a small
Wriion of the magnetite in the ore, ' . '

Microscopic and slzing studles revealed that maximum liberation of re-
OVerable magnetite in the lower grade ore is achieved in the minus ~150-plus -
1 Wesh size renge, The amount of locked magnetite in the. minus-100-plus-
‘50~mesh fraction 1s small but increases to considerasble 1n sizes coarser

*hen 100-mesh, In the higher grade ores, however, the recoverable magnetite
‘%entially is libersted in the minus-i8- Plus-100-mesh size range.

0

g

‘ 'Chemical Character

?t Representative head samples, carefully prepared from the samples sub- -
e
0

ph:nalys_es of the samples are shown in table 1, Semiquantitative gpectro-

-3 -

)

Beological.Survey staff from beds of fine -gréined material near the.outer edge
of the alluvial fan, Samples U and 5 were composites.of chip samples taken by
gureau of Mines ergineers from a section” of the lode.deposit. known as Canyon 5, °

-----

 Two rock types wete noted in the low-grade ores .('éamplesll; 2, 3, 4),

LR

d, were analyzed both chemically and spectrographically, Partial chem-

¢ analyses revealed the presence and approximate quantities of the metals



listed in table 2, Any other elements, if present, are in amounts lowver thauw? -
the minimum detectable by the routine technique employed.v , gy

TABLE 1, - Chemi cal analvqe% ' S w

_ - Assay, pe‘régnt - Ounce per ton

Sauple [ Fe |T10p 8105 © | § ] Cu | Wi T T TV T H?ZE

' 1!!03'01 17."" 2v15 39-3 0.08 1/0 02 0.05 0003 - 0005 Tr&ce Traa; ',{‘
2vuees | 15.6/1,5 [B2.8 .09 1/ ,02 11/.02| 037 - | .02|Trace | Trace

2/5,5 | ,01 |Trace Trace
29 Trace | Trace u“

300-0.0 13.2 107 39-9 03 ~
b.oae.. | 16.812.0 139,711/, 02 03| -
Bueress | 54,0 4,6 | B,61/,00 .025 -
6- epaan 51-9 ""335 6.0 1/ Cg / -
-1/  Less than, g

2/ Mostly wood chips, ¥

| I T B |
1

TABLE 2, - Spectrographic snalyses . = - i
. P
Sample Al CalCu Mg Co Fe Mn N1 |81 T1|V |Mo| Na ¢ &
l.,,'....'...........‘.i A 'rA B A E A D E A DD B} - { i
2.."'0.'.0‘.0'0‘0."0 A A E A F A E F A ; D !E, - - k
3.~vun.uo-usu¢n-oauga B A E B E A E F A D E - C lE
0oto.oloitt.ontltlaol C l“\-, F C - A E - C D E, Wit E iF
)..ooco-oooounnqoionl' c | B F Q E A D ‘ E c D"’ D F' - E Bt
6‘0!.-10'00.0‘.00.0‘.! D E E !D J A !E iy ¢ ! D+ | B - E L
- Legend: ' ' BE
" A - over.10 percent. _ E - 0,01 to 0.1 percent, 1
_B - 5 to 10 percent, F « 0.001 to 0,01 percent,

" C - 1to 5 percent. G - less than 0,001 percent,
D - 0.1 to 1 percent, —_— '

Magnetic iron, megnetite, or recoverable iron assays are empirical
analyses based on the percentage of total iron recovered in a concentrate by
low-intensity wel magnetic separation at a selected grind, Thus, based on
treatment of minue-1CO-mesh ore, samples L and 2 contain approximately 11,8 |
and 9.4 percent magnetic iron, respectively. e

Tests later described show that both the grade of concentrate and the
Yercentage of iron In the talling depend, to a large extent, on the degree
of fineness of the feed, For this reason, all recoveries given in this -
paper have been report;ed in tems of total 1ron rather t.han m,agnetic iren,

' METHODS OF CONCENTRATIOI\T _
Iron ore is a 1cw-pr1ced commodity, Th:ls limits the amount of work th
can be expended on beneficiation and necessitates comparatively simple con~
centration methods,
Crushing and screening often are employed on high-grade ores to prodﬂﬁ

more satisfactory material for furnace consumption, Waghing can be appli"dé
to ores in which gangue is present as fine material ;-eadily separated ok

5396 o - ‘ .



'hd fron minerals, Jigging and, more recently, heavy-medium sink -float proc--'
L, ;ses have been used successfully t0 concentrate ores in which gangue and iron”
1 rerals are separaited relatively coarse sizes, For ores finer then 3/16-1nch
jabling and spiral concentration are considered to be the most applicable of
he various gravi'by treatments,

Flotation methods are metallurgically feasible for the beneficlation of

ome bematite ores, but high reagent and grinding costs have made the process
faconomically unattractive.

_ Magnetic concentration methods are suitable for ores containing magnetite,
Brinding costs are usually high, but magnetic methods often have the advantage. .
pver- flotation in that it is sometimes poesible to concentrate in stages, elim-
Bnating waste in each stage, thus reducing the amount. of material to each
Bucceeding grinding clircuit, -

. The laboratory studies conducted on the Klukwan .samples inéluded prelim-
nary sizing and gravity-concentration tests. DBecause the ore was fine grained,

Bovever, the bulk of the test work was directed toward. dpvelopment of a feasible
lagmetic treatment method, e

Specifications for an 1ron concentrate vary wi.dely, dapending on the pur~
bose for which it is to be used and the pror'ess employed to produce the finished
Betil, For evample, hematite oves containing less than 50 percent Fe are ac~
prteble for blast ~furnace consumption, but specifications imposed upon mag-
fetite ores often require an iron content over 60 percent, The laboratory
Jesting was directed, therefore, toward developing a treatment method to

§roduce & plus-60-percent Fe concentrate..

Although fine magnetite concentrates require sintering or nodulizing
fore use as blast -furnace feed, study of this phase of the problem was
¥ Sidea'"ed to be beyond the scope of this paper, ,
B Similarly the restrictions placed on titenium con'bent of an iron ore vary
th the smelting process to be employed, It is ﬂ‘emerallv held that titani-
et 1o &bove 2 5 to 3.0 percent, It is reported, 'h‘cixiever that ores and
n*erfa containing up to 10 percent Ti0o have been tre\atmd successfully by

£ ost-furnace emelting,d/ In addition, electric furnace methods have been
Veloped to effect direct smelting of titaniferous ores, In this reyport,

€refore, the titania content of the concentrate has teen reported without
attems 1: to evaluate the product .

 Sizing

Semples 1 and 2, as raceived, were screen sized dry, using foundry riddles
“'1 ftandard Tyler sieves to prOduce a series of sized fractions from plus-i-

g8 1o minus-20-mesh, Portions of each of the other samples were roll
'*hed to minus -20-mesh and wet screcned to yield sized products from plus-
“esh to minus -200-mesh, None of the tests showed any marked concentration

- Eﬁxksdale Jelks, Titanium, Its Occurrence, Chemistry, and Technolog :
The ﬁonald Press Co., New York, 1949, pp. h09-h12 '

-5 -



of iron In any sized fraction, The sizing tests on the low-grade ores showeq i
s1light concentration of iron below 100-mesh; on the higher-grade ores slighy. .-
concentration was noted belov i8.-mesh, These results corrotorated the petyy,
graphic reports, which indicated that only partial liberntion ves effecteq
coarser than 100-mesh for the low-grade ores and coarser than 48-mesh fop

the highegtade samples. ’

The results obtained fyom sizing samples 1 and 2 are shown in tables 3 ]
and b4 to emphasize the unifowmity in grade of the various sized fractious, l

TABLE 3. - Screen analysis, sample 1 . |

I Weight- |  Assay, T Distribution,™
Product percent percent Pe _percent Fe = .
Plug-l-inch ssesevsernssserasne 36.& . 17.2 ' 35-6 ——““
Plus-2~inch sasrEgsBNEIUbRN RS 15.2 16‘015' 11".3 1
PIUuB«l~iNCh eevocssevesnssaness 9.0 16-6 ‘ . 805 K
;Plus"'l/aﬂin('}h P REpRISIBOINLERSS 3»0 1711 2.'9 A
Plus l/h-inch tconsaresneesnrny 5.5 l7l2 5‘5 -‘73‘1'
Plus-10-mesh oun.bOlluo!oltlQOQ. 5&1“ 1702 . 503 Ja{i
Plus -20 -mesh A I 5."" ; 1718 505 e
Minus~20»mesh,..o..............; 20 .1 ! 1»9-«-"-2,'-2 , . 22.4 5
Cale, head 'ooconnoauoiLooQi 00 .0 i 17.5 . 100.0 o
. PABLE L4, - Screen analysis, sample 2
. Welght-" |~  Assay, 1 Distribution,
Product . . _percent | percent Fe percent Fe
Plue -4-inch PoesCCANC NI ARSRRIR . llv.BB llaé 3.9
Tlus~2-inch PEEesRNsRIOENNB NSRS 16.26 15.9 16.3
Pl‘l.IS-l-inc'h '...0..--.......'.,... lll-.al 13.5 12.6
~’1.u8-l/2-inch ca.;o.u-ivi;a-q.on 9.01 13.1 7""
Plus-l/h-inch SUBEEVYISEER I LTS 6.1'-)4- 13-6 5-1'"
Plus 10 -mesh eELBREIVCRESOORERN W 8-33 13.5 7!1
Plus -20 -mesh esssbe bR ARSI RO RN | 8.05 13-1" 6.8
Minus-20-mosh seescosvensscncen i 32072 19%7 __!’Q__t,'j
Calc. head scecovesianseee . 100,0 1509 - 100.,0
Sink-Float .

To.determine if either high-grade concentrate or low-grade reject could
be made at rélatively coarse sizes, a series of heavy-liquid sirk-float tests
was conducted on portions of sample 1 crushed to minus<3/Beinch, The medium
used was tetrabromoethane, alene and in mixtures with carbon tetrachloride.
Several medium specific gravities were tried.,

Results were poor. No rejecf,waa ma.de'tha.'b dasasted less than 11,5 P?Ne v
Fo, and no concentrate was made higher than 21,5 percent Fe. ’

‘Table Concentration

To determine the effectiveness of ‘shaking-table concentration; portions o
samples 1 and 2 were ¢rushed to minus-20«mesh end treated, unsized, on & labo
ratory shaking teble. By this method 44 percent of the total iren in sample 1 _

505 .6 -




3 assayed 37.6 percent Fe, Inclusion of the
“able middling increased the {ron recovery to T0 percent; the resulting product
§agsayed 28,7 percent Fe, Treatment of sample 2 ylelded a concentrate assaying
8.1 percent Fe and containing 35 percent of the total ironm, Combined concen-
rete and middling contained 76.5 percent of the total iron st a grads of 22,3
A approximetely 50 percent of the total weight of

gterial treated was rejected as tailing that assayed about 9.0 percent Pe,

f‘as recovered in a concentrate that

The poor results obtained by table-concentration treatment can be attyib-
Biuted to locked particles that concentrated as a niddling product, The grada-
Fijon between mlddling -and tailing was not sharp; hence, the reject product
ss not cleen, One preliminary spiral-concéntration test -gave results that
ere virtyally identical, ' - ‘

Table or spiral concentration could not be considered for use in a com-
reial milling plant excert as a '

TABLE 5, - Low

Low-Intensity Wet Magnetic Separst j.on

¢ Portlons of each sample
[Bhe following tabulated summary,
tensity wet magnetic separator
sults showing. iron ang titania
th the recovery of total irem 1

t0.10, inclusive,

“ware

ground to various sizes,
Fach ground portion was treated
to yield magnetic and non
content of the magnetic r
n these fractions,

-intensity magnetic Separation, sample )

as indicated in

in & low-

megnetic fractions,
ractions, together
. 8rg summarized in tables

———

Grind | Veight - | Assay, percent . Distribution, percent
- (mesh) - ' Product | percent Fe  T10, | Fo T10,
MAUE=20, vsuuy e, | Magnettc 31,38 B85 2.9 7T1.3 ol
' | Nonmeg, 68.62 1. 7.1 1.8 28,7 51:6
. Cele. head| 100,001 17,0f 2.1 _._.100,0 | 100.0
prius~35, ., .00 .. Magnetic 2h .91 kg.5{ 2.9 39.8 33.5
i ' Nonmeg , 15.09 7.1{ 1,9 : 30.2 €65
A Cale, head | 1€0.00 17.6| 2.1 . _100,0 100,0
Pimis=i8, ... ... | Hagnetic 21,22 56.2| 2,85 &7 | B
k. : Nonmag , 78.78 7.2| 1.9 32,3 71.3
Calc, head | 100,00 | 17.6| 2.1 100,0 17100.0
Magnetic 19,68 | 6061 2,4 €8.0 21.8
| Nonmag , 80.32 | 7.0| 2,1 32,0 | 18.2
| Calc, head | 100,00 17.51 2.2 100.0 | 100,0
Magnetic |. 18,80 | 64,3 1.8 — 67.7 15,9
Nonmag , }__queo 7.5. 2,2 22,3 84,1
Calec, head | 100,00 | 17.8{ 2.1 1000 1°100,0
Magnetio hzzi"g:_ﬁf‘v% 6h.5 1 1.7 o 66,8 1k.6
Nommag, | 81,45 |  7.3!2,25 33.2 85.4
Cale, head | _1€0,00 | 17,9 |2.1 __100.0 1 100,0
Magnet 1.c 17,75 | 64,7 1.65 65,3 | 1340
= Nonmag , 83.26 T.h 12,25 34,7 86,4
[Calc, head | 100,00 17.6 i 2,1 100.0 100,0

w1



b

L Rasﬁlts ghown in table 5 indicate that grinding to minus-0% -mesh was rge =
quired to produce a plus-60-percent Fe concentrate from sample 1, This Prodyct
contained 68 percent of the total iron in the sample,

TABLE 6, - Low—-intensity'magnetid separation“sample 2

Grind | Weight - | Assay, percent Distribution, perce_ﬁ
(mesh) Product | percent | Fe | Ti0p Fa Tid,
Minus <20, .4e,v.. | Magnetic | 23,91 11,0] 2.8 eh,2 ¢ W T
.+ | Nonmeg. 76,09 7.2 1,1 35,8 55.6
Calc, headi 100,00 | 15.3| 1.5 i 100.0 | 100,0
Minus=35.asssevs | Magnetic | 17,39 | 52,028 60.6 32,9
. - Nonmeg , 82,61 7.21 1.2 39,k 67.1
Calc, head ! 100,00 | - 15,1 1.5 - 100.0 | 100,0
Hinue~84., .4 0., | Megnetic 15,16 | 60,5, 2,65 60,7 26,7
Nonmag » 8‘!" ush‘ 7 no 1. ) ‘ 39 s "3 73 03
Cale, head | -1C0.,00 ] * 15,1 1.5 100,0 | 100,0
MInus -65, oy ¢ o oo | Magnetic éu.so 62.3 e.ﬁ | 60.9 22,5 o
: Nonmag . .B5.50 911k 39.1 17,5
(i 7 R
o Cale, head w.% 15,1 1.5 WM% -]
Mitus~100, cseas. | Magnetic - 1,00, 64,5 2,1 0 605 1 19,7 rr
Nommag., ' 85,91 6.9 1.k 39.5 | 80.3
Calc, head | 100,00 | 15,0/ 1.5 100,0 | 1C0,0 .
Minus~150,,.,. s | Magnetic 13.01 | 66,31-1.8 57.3. 15,2
‘ Nonmag . sm56i99 TH115 42,7 84.8
Calc, head_i 100,00 ‘ 5.1 1,55 | .100,0 | 100.0 ‘,‘;.;‘
Minus -200, ., .4+, | Magnetic 12,75 | 68,01k 57.3 |- 11.3 “
| Nonmag , 87.25 T.411.6 L2,7 88,7
Calc, heed [ 100,00 | 15.1} 1.5 100,06 [ 100.0

The above results show that the iron content of the gangue remained
approximately the same as in sample 1, Hence, treatment of the lowsr grade
sample 2 resulted in lower percentage recoverles of the total iren, "Plus-
60-percent Fe concentrate was produced with a total iron recovery of 60.7

percent Ly treatment of ore ground to minus-i8-mesh,

k1

5396 i -8 -




TABLE 7. ~ Low-inténg;j;y magnetic sepgratiom sample 3

3 Grind 1 Weight - | Assay, percent Distribution, percent
- {mesh) ! Product ! percent Fe (Til0z Fe T10p
umus.eo.......” Magnetic 13,091 47,0 12,5, he .9 19,3
| ; Nonmag, _86.51 8.311.6 53,1 | 80.7
l Calc. head | 100,00 13.5 11.7 100.0 | 100.0
MEUE =35, eiseee | Megnetic 12,15 | 52,0 2.5 4.6 | 17.8
S ! Nonmag. 87,851 8.2511,6 53,4 | B2.2
5 ' Cale, head | 100,00 | 13,6 1.7 | __ 1000 | 100.0
“Minus<d8, ... ..., | Magnetio 154 55,0125 | . 46,7 | 17.1
S ’ | Nonmag, 88,56 8,211.6 53,3 .1 82.9
, Calc, head |. 100.00 |* 13.6 | 1.7 160,0 | 100.0
.. ) . . <@-¢nw - = =t
MinUS "65 4 eeseass | Magnetic 10,34 1 60.0 | 2.3 4.8 1 13,9
, Nonmag, 89.66 8.2 1,65 54,2 1 36,1
: _ Cale. heed | ' 100.00 C 136 | LT 100,0 { 100,0.
F Winus =100, 440y | Magnetic 10.03 | 62,3 2.0 %6.3 . 116
; . | Nonmag, 89.97 8.05| 1,7 53.7 | 88,4
; Calc, head | 100.00 13.5 1175 . 100,0 ! 100.0
 Minus -150. .. ....| Msguetic 9.60 | 64,7165 4.0 | 9.6
! Nonmeg , 90,40 8.05!1.65 54,0 90,4
: Calc, head |_100.00 | 13,5 |1.65 100,0 | 100,0
“E‘Minus-EOO....... Magnstic * | . 9.7 66,0 1,5 47,3 8.9
i | Nonmeg , 90,29 | 7.9 | 1.65 52,7 .. 91l
B Calc, hesd | _100.00 | 13.5 | 1.65 100.0 | 100.0
Minie-305,...... | Megnetic | 9.29 | €6.2|1.2 45,3 | 6.7
- -] Wonmeg. 90.71| 8,211 4.7 1:.93.3
C _ | Calc. head | 100.00 | 13,6 (1.7 100,0 | 100.0

i Percent Fe,
. toncentrate,

" Wet megnetic separation trestment of the low-grade sample 3 recovered
i 5.8 percent of the total iron in a magnetic concentrate that assayed 60,0
Minus -65-mesh grinding was required to produce 60-percent Fe



TABIE 8, - Low-intensitv magnetic separatiog_, am;@le L

Grind 2 ' o Weign’c- L As sav, percent Dis’cributww; =T
(mesh) ! "Product I percent | Fe | Ti0p ; T Fe T10,
Minus 20,4 ¢.es T Mognstic 26,58 | 42,90 2,7 05.7 67. 2
[ Nonmag. {5 qh‘a 8-1 - 1-? ) “3,4"% 32,8 ,
{ Calc, head | 100,00 17.3] 2. 100,0 : 100,0 -
Minus ")48.0 sesay oi M&gnEtic . 18.69 §708 20'6 ‘ b303 23 09 l
| Nonmag., 81,31 T.71 19 6.7 1. 16,1 |
| Calc. head | 100,007 17.1| 2,0 100,0 T7306,6° |
Minus-éﬁ........i Magnstic 187101 59.8| b . 62.8 | 20,9
| Nonmag , 81,90 - 7.5] 2,0 36.2 79,1
o | Cale, head | 10000} 17.07 2,3 100,0 -1 100,0
Minus ~100, eu .| Magnetic 16 .46 63.6| L.B 62,9 15.0 ‘
- | Nonmag ., 83,541  T7.4].2.0 37.1 85.0 |
- | cale, heaa‘ 100,00] 16.7/ 2.0 100,01 . 100,0° . -
Minus-200,,.vus.! Magnetic 15,72 66,1 L.k - 60.9 1.1
| Nonmag, 84,28 7.9 2,1 39,1 88 .9
' Calc, head | 100, CO! 17,0 2,0 lOO O 100 0

By wet magnetic separation treatmem of semple b ground to minus ~100~

mesh, approximately 63 percent of the total lron was recovered in & concen -
tra'be that asseyad 63.6 percent Fe.. o

TABLE 9, - Iowuintensity magnetie separatiom sam;gle 5

@rind ; - m,ight- | Assay. percent Distribution, percgm,
(mesh) . Product | percent Fe [Ti0p . Fe | Ti0,
Minus 20, veesss. : Magnetic 89,261 60.8 45 | 98,2 | 83.6

' | Nonmag . 10,7k 9451 7.3 1.8 . 16,4 o
| Cale, head 100,00 | 55.2° b7 100,0_ 100.0
Minus-48,,vs. ... | Megnotic 85,06 | 63.6 4,2 | 97.3 | 76.8.
| Nonmag, 1k9k | 10.0.7.2 o 2.7 .1 23,2 |
o Cale, head | 100,001 55.6: 14,6 100.0 | 100,0. .
Minus ~65, e evees | Magnetic 83.51 1 6h,0 b1 96,7 ! TH, T
. Nonmag , 16,49 | 10,9 ' 7.0 3,3 1 85,3 i
Calc, head | 100,00 | 55.2 4.6 L2000 |_300;0. .
Minue=100.,.40., | Magnetic .41 ] 65.6 3.7 | 95.8 64 4
Notmag . 20,59 | 10,9 (7.9 | bo | 356
Cale, head | 100,00 | 53,9 46 | 1000 ' 100,0
Minus <200, ¢vvea. | Magnetic 81.68 65.8 | 3.6 1 96 4. 62.5
Nonmag . 18,32 11,0 | 9,6 3,6 375
Calc, head | 100,001 56,2 |47+ 100,0 ; 100.0 _.

Plus-60«percent Fe concentrate was produced, with a total iron recovery
of 98,2 percent, by magnetic separation treatment of sample 5 ground to minu
20-mesh, Treatment. at finer grinds increased the iron grade to as high as
percent Fe with cnly slight decrease in recovery, Titania content of all co
centrates was high, decreasing slightly with finer grinding,
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- TABLE

10, - Low-intensity magnetic geparation, sample 6

~ Grind Weight - {_Assay, percent ' Distribution, percent
; (mesh) Product | percent Fe | Ti0p | Fe | Ti0p
B finus 204 cessess | Magnetic 8h.351 6001 k3T T 97.1 82,5
4 Nonmeg, = - |__-15.65 9.5 k.9 2:9 17.5
Calc, head | 100,00 : 52,1 4,4 100,0 | 100,0

. LSl e

 Mnus-48,...0.... | Magnetic 80.25 62.61 4,0 96,1 73.0
, Nonmeg . 19,75 10.3 ﬁ.g 3.9 27.0
, Cale, head | 100,00 52,3 . 100,0 100,0

'==d. L ]
inus‘-65. veebnay Magnetic i 78003 6""00 3-7 9505 67 09
' Nonmeg . 21971 10.7| 6.2 4.5 32.1
: Calc, head | 100.00 . 92.3 L.3° 10050 100.0
Minus -100. . v, .| Magnetic 7. 64.7| 3.6 95.3 | 63.5
1 Nonmag . 22,78 10,9) 7.0 b7 36.5
_‘ Calc, head | 100,00 52,4 b4 100.0 100,0
Mms-200..,....| Magnetic 76.59 | 65.7! 3.5 95.1 63.k
Nonmeg . 23.451 1 11.1] 6,6 9 | 3.6
Calc, head.| 100,00 52,91 4.2 100.0 : 100.0

tent Fe,

Thus, the recovery obtainable
Yroportional to the grade of the ore,

Results obtained by wet magnetic separetion of sample 6 were similar to
é\pse obtained by similar treatment of sample 5.
finus -20~mesh recovered 97 percent of the total iron in a concentrate that
ayed 60,0 percent Fe and 4,3 percent Ti0p, Treatment of minus-200-mesh
Meteriol yielded a product assaying 65,7 percent Fe and 3.5 percent TiOp
th an iron recovery of 95 percent,

Treatment of ore ground to

In general, 1t was determined that the iron content of the gangue varies
$light ly 4in various parts of the deposit but appears to average 7 to 10 per-
by wet magnetic separation is roughly

The degree of acsociation of magnetite and gangue also .waries, The fore-
foing tests indicated that minus-65-mesh’ grinding is a requisite for the pro-
Wetion of concentrates assaying over 60 percent Fe for low-grade ores but that

¥8imilar grade of concentrste can be obtained from high-grade ore by treatment
Mier grinding to minus-20-mesh, The tests also showed that , in general, grind.

finer than 100-mesh resulted in an increase in the iron content of the re-
» Probably owing to sliming of a small amount of the magnetite,

The bulk of the titanium apparently is presert as sphene and thus can be
Oved by magnetic separation treatment. A portion of it, however, seems to
8 Inherent part of the magnetite, An inverse ratio appears to exist be~-
®1 the grade of iron and the titania contenmt in the cleaner higher-grade
Centrates, Although the same ratio does not exist for all samples,

ted curves show the same general trend. (See fig, 2.)

by

The Bureau of Mines Intermountain Experiment Station at Salt Lake City
tucted similar tests on a composite of the eight channel samples cut from

- 11 ~-.



Canyon 2 by engineers of the Bureau of Mines. The composite assayed 25,5 pe
cent Fe, Wet magnetic separation of ore ground to minus-48-mesh recovered T
81.6 percent of thée total iron in a concentrate that assayed 61.3 percent Fg --
and 2.5 percent TiO2. . ' o

A study was made of sized fractions of sample 1 to further substantiate
the results obtained by wet magnetic separation treatment. Portions of each
sized fraction obtained from the previously mentioned sizing test were groung
to minus-20-, minus-35-, minus-48-, minus«65-, and minus-i00-mesh. Hach groupgy i
rortion was treated in a low-intensity magnetic separator to yield megnetic .
and non-magnetic products. The results obtained from each sized fraction weye
almost identical, allowing for limitation of aceuracy in grinding, sample
prparation, analytical tecimiques, and the slight difference in iron conteny
of the various fractions, The results indicated that grinding to minus-65.
nesh was required to produce iron concentretes assaying €0 percent Fe; about
67.5 percent of the total iron was recovered in a.60-percent Fe concentrate
It will be noted that these average results are virtually identical to thoaé =
shown in table 5. ' ) :

Coarse, Dry Magnetic Separation

Visual examination of the ore showed certain particles of relatively
course size thet appeared to be composed almost entirely of magnetite grains,

The minus~l~inch plus-1 /2-inch and minus-1 /2-inch plus -1 /h-inch fraction
of sample 2 ore were treated with a hend magnet to concentrate the most high
magnetic perticles, ' The concentyates were sorted visually to select the high#
grade particles, Typical results are shown in table 11, T

TABLE 11, - Hand megnet ~sorting treatment, sample 2, minus -1/2-inch

i ' Weight - | Assay, percent ; Distribution
P roduct _vercent Te vercent Fe
Borted concentrate, consens sovrrse 2,71 ' 58 4 11,7
MLAALINS v eovvovearnnrrnanorans 33.h2 20,6 50.7
T&iling..-.......uu......-... 63487 8u0 :%7;-6
Cale, head.veveesosrsrsocascsns 100,00 13,6 100,0 ..

Phe hand mognet -visual sorting treabment showed that there is only & ¥
small portion of the iron present as large, relatively high-grade particles
The reject, however, assayed only 8,0 percent Fe and contained up to 65 per
of the total weight of the ore, These results indicated that magnetic sepy
tion at relatively coarse sizes could be used as & preliminary concentratlon 1

Combined Dry and Vet Magnetic Separation

A gerdes of tests were run in which screen-sized fractions of ores 1 abh
2 wera treated on a Wetherill-type dry megnetic separator to produce & lowr i
grade concentrate and a clean rejéct, Results of preliminary tests ghowed:
that consistently clean rejects could not be made at sizes above 20-mesh.
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A portion of sample 1 was crushed to & minus-20-mesh end screen sized,

wing 35+, 65~ and 150-mesh standard Tyler sieves, The two coarser fractions
pre treated separately on the Wetherill-type separstor &t the minimum magnetic
ptonsity possible dn the laboratory model. The products of each sized fraction
jore combined, The combined megnetic product (28 percent of total weight) was
yound to pass a 65-mesh screen and added to the original minus ~150-mesh portion
.7 percent of total weight), The combined product was treated on a wet lowe
utensity wagnetic separator to produce & highegrade cokicentrate and a secend

? 'Ject »

Trestment of sample 2 was identical, except that the minus-150-mesh frec-
fton vas not removed, and the entire sample was treated by dry-magnetic separa-

jion., Removal of the fines is preferable, however, since they tend to cling to
feed belt of the separator rather than be removed by the cross belts,

Results of these tests are summarized in tables 12 and 13,

. TABLE 12, - Combined dry and wet masmetic separation, sample 1-°

Weight~- | Assay, percent Distriﬁutio:x,
Product percent Te Ti02 percent Fe
cﬁntrﬁte....ono--u.a-no-.. L W 19.57 62.6 2.65 - ‘67.5
nonm&g. (AN IR NN NN NN TN RN 29092 718 2-1"5 12'2
nOIImag. q.-lﬂ"‘..'.......l'd 0051 7.05 1.30 19.
"'f 'q he&d..,on.... IERETER YRR AY) 500‘00 ' 18,1 . 1.9 10—"0.0

TAELE 13, - Combined drv

and wet _magnetic separation, sample 2

Weight= | Assay, percent Distribution,
Product vercent Fe T402 percent Fe
Dben'bra‘te. IR R R R I 1"“021 6Olh 20"" 58.0
o nonmag.'........;.u..‘-..u. 16-55 7-8 2.2 807
:', nonmﬁgo t--nldtvlaoootoaltolo 69.2’"' 7.1 ’ 100 33.3
: ’ hea’ialtgo.c..gontaq‘c.o.c.; 100.00 ' 1,-'-.8 1.,4- 100.0

hab

4

he same machite,

-13 -

- Vet Magnetig__ﬁgparatiog With Rg Treatment

: Dry magnetic separation of minus-20-mesh ore followed by grinding and re-
?eatment of the magnetic portion in a wet low-intensity magnetic separator
Weovered 67.5 percent of the total iron of sample 1 end 58,0 percent of the
W of sample 2 in concentrates assaying plus-60-percent Fe,
~08ely approach those made by fine grinding and megnetic separation., (See

les 3 and 4,) The combination treatment has the added advantage of reject-
€ 8 large portion of the ore after only & minus-20-mesh grind.

The recoveries

The ore, as mined, would contain some moisture and vould require. drying if
24 TV magnetic separation treatment were to be used. Therefore, investigation
% lade of wet magnetic separation at relatively coarse sizes, followed by
Srinding and re-treatment, The results shown in tables 1k to 19, inclusive,
. obtained by treatment of ore ground to minus-20-mesh in a wet low-intensity
4 rator, regrinding the magnetic portion to minus-65-mesh, and re-treatment



TABLE 1k, - Wet magnetic separation with re-breatment, sample 3

Weight -. Assay,. percent. e
 Product percent | Fe [Ti0p ! P IEBNEE R percent pg
Concentrate,.,.| 19,86 €3.17 2,15 270,021 0.06 Iﬁ.'{ 0.30 67‘:»'7“'“*% :
Regrind tail,..| 8.51 ] 8.,1| k.2 - - - - 3.7
Tail...-....... 71.6?) 7.1" 1.1"5 - T - g - - ‘ 28.6 .
Calc, head..... 100,00 [18,51 1.8 - = o - 1000 -
1/ Less than. ' ‘

TABLE 15, - Vet magnetic separation with re-treatment, sample 2.

Aszay, percent

iVeight - Distribution .
Product percent | Fe |Ti0, P S 8105 v rercent e ' i
Concentrate.,,.| 13.96 62,8 |2,2 | 1/0.02] 0,06 (4,4 | 0,50 10 i
Regrind tail,.. 7.79 1 8.2 13,15 - - - - 4,3
Tallueveeanvees 78,251 T.15/1.3 - - - - 37.3
Calc, head.....l 100,00 (15,0115 | =« - - - 100,00

1/ Less than,

TABLE 16. - Wet magnetic separation with re-treatment, sample 3

Weight - | Assay, percent ‘ , . Distributiom

Product rercent | Fe | TiOp | P 8 6102 V.. percent Fe -

Concentrate....| 9.6762,3] 2,15 1/0,02] 0,02 [3.9 | 0.31 W6 0
Regrind tail,., 3.82 8,3{3.15!. =~ SUUNE T R 2.3
Tail....-.-.n.o 86.51 8.3 1-6 .- had - 53.1‘
C&lc - hea'ﬁ.. oo 100 .00 13 .5 H 1 .7 { - nd { { - 100,0

1/ Less than,

TAELE 17, .~ Wet masgnetic separation with ve-trestment, sample b

Distributiony

Weight ~ "~ 'Assay, percent . L
Product percent | Fo |Ti0p! P S 8102 | VvV percent Fe
Concentrate,...| 16,96 62,51 2,1 .| 1/0.02 | 0,02 | 2,9 | 0,38 1.1
. Regrind tail.., 9.62( 8,21 3.k - - - - 4,6
Tailol.utooolqn 73,”‘2 8.1 1.9 - - - N 3"“.3
Calc, head.....| 100,007 17,3! 2,1 - - - i - ‘ 100,0

1/ Less than,

TAELE 18, ~ Wet magnetic separation with re-treatment, samplé 2

Veight - Agsay, percent Distributic
Product vercent | Fe | TiOp P i 8 Si02 | V percert Fe
Concentrate R 83 -89 6"“00 h’oe l,/o AOE 0 u01 0-55 i 0-31 9702
" Regrind tail...]. 5.37/2.0,0(8.8 - - - - 1,0
Tail,evevesoees | 10 7E] 9,51 7.3 - - t - 18 .
Cale. head,....| 100,00 | 55,2 | 4.8 - - 1 - 100,0 **
Cemb, rougher : . ‘ ] -
concentrate,,| 89.26 {608 45 | - | - ~ | - | 98,2
1/ Less than, '
5396 - 14 -
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Figure 3. - Proposed flowsheet, Klukwan ore,



TABLE 19. - Wet magnetic separation with re-treatment, sample 6

L Vieight - Assay, percent Distribution,
' Product percent | Fe [Ti02 P 8 Si0s ¢ V percent Fe
foncentrate....| T7.53 |6k,0 3.7 0,02 [0.03 10,45 | 0,32 95.3
pegrind tail..,| 6.82 [ 14,0]11.1 - . - - 1.8
Pall, veononnses 1‘5,_61 951 k.9 - - - - 2.9
cale, head.....] 100,00152,11 L L - - - - 100.0
‘Comb, rougher.

. concentrate..| B84,35{60.0] 4,3 - - . - 97.1

V Less than,
5

Wet magnetic separation of ore crushed to minus-20-mesh rejected a greater
hulk of ore as tailing than comparable dry msgnetic treatment, thus further '
fyeducing the amount of rougher concentrate for regrinding., Overall recoveries
"md grades of final concentrates were as good as y and sometimes better than,

g

Ethose obtalned by combined dry-wet magnetic treatment or by wet magnetic

separation of the entire sample ground to minus-65-mesh,

. Since the high-grade ores (ssmples 5 and 6) yielded 60 percent Fe con=-
tentrates by treatment at minus-20-mesh, the re-treatment stage possibly could
{‘Be eliminated if similar high-grade ores were being treated separately,

1 The concentrates made from Klukwan ores are similar to Swedigh ores in
$hat the sulfur and phosphorus content is low, They should, therefore, be

fuitable to electric furnace smelting for the production of low phosphorous
“aelu
2

g ' ' Proposed Flowsheet

# Treatment by wet magnetic separation followed by grinding and re-treatment
P the rougher concentrate could be accomplished by a simple flowsheet such as
Wt showvn in figure 3,

SUMMARY

Al
e

o

’;&PO £

Six samples of ore from the lode and alluvial fan of the Klukwan iron
1% proved to be amenable to beneficiation treatment for the production of
centrates assaying more than 60 percent Fe,

b
M‘ Most satisfactory treatment method appears to be wet magnetic separation
: Ore ground to minus 20-mesh, followed by grinding and re-treatment of the
4 'oher concentrate, By this method, concentrates assaying 62 to 64 percent
lir oTe made with total iron recoveries renging from U5 to 97 percent depending

o0 the grade of the sample treated, These recoveries correspond to
{Beoveries of about 98 percent of the megnetic irem in all tests.

Y}

f&' Titanium oxide content of the concentrstes made from low-grade ores
Lveraged about 2,2 percent, Concentrates from higher-grade samples, however,
" B 8lned up to 4,2 percent Ti0p,
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