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INTRODU GTION

The Bureau of Mines has been inveetiga.ting deposits of criticel and
essential minerals in the United States since 1939. Many of the mines were
developed. '

A preliminary examination of the Sulten mine was made in January 1945
by the author, who recommended investigation by drifting and crosscutting.
The Bureau conducted a préject at the mine from April to June 1946. Claims
investigated are in sec. 20, T. 25 S., R. 58 E,, Mount Diablo base and me~-
ridian, in southern Clark Cou_nty, Nev., about 7 miles southwest of Good-
springs.

The Sultan mine has been an intermittent producer of zinc-lead-silver
ore since 1910. During World War II, ore was shipped to the Government
stock pile at Jean, Nev., and to the International Smelting & Refining
Co. 's. smelter near Salt Lake City, Uteh. Throughout the past year, ore has
been milled and the concentrates have been shipped to the smelter.

1/ The Bureau of Mines will welcame reprinting of this paper, provided
the following footnote acknowledgment is made; "Reprinted from
: Bureau of Mines Report of Investigations 4119.% .
2/ Mining engineer, Reno Division, Mining Branch, Bureau of Mines, Depart-
ment of the Interior.
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R. I. 41319

The drifts, crosscuts, and raises driven by the Bureau totaled 469
feet. The program was designed to locate faulted segments of an ore body
exposed underground and to test a favorable area for a continuation of an
ore shoot extending from the surface into the upper levels of the mine.
Results obtained from the program were both negatlve and positive. Traces

of mineralization were found.in the former and an ore body was found in
the latter. g

ACKNOWLEDGMENTS

In its program of investigation of mineral deposits, the Bureau of
Mines has as its primary objective the more effective utilization of our
mineral resources to the end that they mske the greatest possible contribu-
tion to national security and economy. It is the policy of the Bureau to
publish the facts developed by these - investigations as soon as practicable
after the conclusion of a projéct. The Mining Branch, Lowell B, Moon,
chicf, conducts preliminary éxaminations, performs the actual investigation,
and prepares the final report. :'The Metallurgical Branch, Oliver C. Ralston,
chief, analyzes samples and performs aenefloiation tests..

With respect to this report,-special acknowledgment is due A. L. Brokaw
and John Reinemmnd of the United' States Geological Survey for geological
meps and data, to Roy Jatobsdh and' Ralph Hemilton, operators of the mine,
for unusually fine cooperation %n all pheses of the project, and to Otto
Schwertz for assistance inh taking samples of mill products. Acknowledgment
is also made to A. C. Johnson, chief, Reno Division, Mining Branch, for his
aid and direction, and to A. C. Rico, acting supervising engincer, and his

staff at the Rare and Precious Metals Experiment Station at Reno for ana-
lytical work on the ore.

OWNERSHIP

The property is owned by Mary E. Robbins of Ontario, Calif., and at
present is operated by Ralph Hamilton and Roy Jacobson of Goodsprings, Nev.,
under a lease between Jacobson and the OWNEr.

HISTORY

- The originel location at the Sultan was mede in 1896, but little devel -
opment was done before 1910, and virtually no ore was produced before 1915,
A dry concentrating mill wes built in 1916 and operated during World War I.
The present operator obtained a lease on the mine.in 1943, and sorted ore
was shipped to the Government ‘stock pile at Jean, Nev., until it closed in
June 1944, at which time shipments were started to the Internastional Smelt-
ing & Refining Co.'s smelter near Salt Lake City, Utah.

In l9k5, & mill in Sandy Valley was leased, and a large proportien of
the mine production has since heen concentrated before shipment to the
smelter. From June 1944 to the present, the Sultan mine has been the larg-
" est producer of 21no-luad ore in the Goodsprings district.
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PHYSICAL FEATURES

The Sulten claims &re on a spur of the Spring Mountdins in an area of
high relief. The altitude of the main working level at the mine is 4 5000
feet. Desert climatic conditions prevail; summers are hot, and the annual
precipitation is slight. Snow is infrequent. Vegetaticn is sparse and is
confined to usual desert growths. = .

Water used at the mine i1s hauled by truck from Goodsprings or Sandy
Valley. Bectiuse of the scarcity of water at the mine, the mill built
there in 1916 was a dry concentrating type.  An abundant supply of water
is available from a well near the present mill in Sandy Velley.

The nearest shipping point and connection with the mein Nevada highway
system is at Jean, a station on the Union Pacific Railroad. A 7.5-mile
paved rcad extends from Jean to Goodsprings. Access t6 the mine fram Good-
springs is over 6.5 miles of graded and 4.5 miles of desert road, a total
of 11 miles, ' : -

Transmitted electric power is available from the Southern Nevads Power
Co.'s lines 3/ mile frém the mill. Telegraph service is available at
Goodsprings, and long-distance telephone service is to.be had at Jean.
Mine and niill employees live at Goodsprings, where hotel accommodations
can normally be obtained. ' ) 3 ; ;

~ MINE WORKINGS AND PLANT
Ore producéd at the Sulten mine hes come from open’ cuts, from stopes’
opened 'by adifs, and from stopes developed by a winze off the mdin adit.
The open cuts are now connected to the adits, and recent surfdce work has

been done by glory-hole methods. Workings explore an arez 200 by 700
feet with a vertical range of 300 feet.

The main items of mine plant are three small cémpressors, gasoline
engine-powered, en alr hoist at the winze statitn, end sundry rock drills,
mine cars, and shop equipment. Near the mine is a sorting plant ¢ontein-
ing bins, trommel, and sorting belt, with gasoline-engine power. A flo-
tation-grevity mill in Sandy Valley has beenh ledased to treat the Sultan
ore. At present, only the gravity section of this mill is in use. Several
trucks owned by the mine operators are used for hauling ore and coricen-
trates and to transport the mine crew to and fram Goodsprings.

. DESCRIPTION OF THE DEPOSIT
Zinc-lead-silver ore oécuis as replacéments of a brecciated and doio-f

mitized limestone believed to be a part of the Bird Springs formation
(Permsylvanian)..i/ This open, porous breccia zone is several hundred feet

3/ Hewett, D. F., Geology end Orc Deposits of the Goodsprings Quadrangle,
Nev., U. S. Geol. Survey Prof. Paper 162, 1931, 172 pp.
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~ thick and has a general trend to the northwest. Ore bodies occur as three
large, poorly defined shoots trending northeast and plunging to the east.
High-angle faults striking northwest cut the breccla zone and appear to cut
the ore bodles, Migretion of the ore minerals hes obscuréd the original
outline of the ore zones and makes it difficult to determine the age of the
faults. Some of the major faults may have offset favorable beds.and later
served as channels for mineralizing solntlons. Other. faults are almost cer-
tainly post-mineral,

Ore minerals now found in the mine are largely carbonates ol zinc and
lead with some residual nodules of lead sulfide. Much of the zinc appeers

to be a secondary type redeposlted from solutlons that leached the primary
ore bodies.

CHARACTER OF THE ORE

Type 1, zinc~-lead. - Zinc-lead ore occurs in high-grade shoots with a
general trend to the northeast and an over-all plunge to the east. The pre-
dominant zinc mineral is hydrozincite, with minor amounts of smithsonite and
celamine., Lead ogcurs as galena, cerussite, and anglesite. The gangue min-
erals are dolomite and celcite, with minor amounts of quartz. Past opera-
tors reported that this ore contained 30 to 60 percent.lead, 6 to 1k percent
zinc, and 10 to 30 ounces of silver per ton. At present there is no large
tonnage of ore with this high lead content,; although smell lenses of nearly
pure lead carbonates are found. A recent sample cut in high-grade ore of
this type contained 40.9 percent zinc, 11.6 percent lead, and 8.45 ounces
of silver per ton. A 50-ton shipment from the same ore body, after hand
sorting, contained 32.8 percent zinc, 9.3 percent lead, and 9.0 ocunces of
silver per ton. Adjacent to the high-grade shoots 1s a larger tonnage of
low-grade ore. Samples cut from this material have contained T.9 to 9.3

percent zine, 2.3 to 5.8 percent lead, and 3 0 to 5.6 ounces of silver per
ton. i

Type 2, zinc ore, ~ Type 2 ore, found in the open pits and in scattered
areas adjacent to the adits, contains very little lead end is composed
almost entirely of hydrozincite and limestone-dclomite breccia. The soft,
fine-grained hydrozincite occurs mainly as a coating on the breccia frag-
ments; however, in the better-grade ore of this type, the fragments have
been replaced by hydrozincite. This ore is belleved to represent. a precip-
itetion of zinc leached from a type 1 ore body. Mine workings have an assay
wall, as the material contains up to 42 percent zinc, 7 percent lead, and 30
ounceg of silver per ton. A large tonnage of this ore sent to the Govern-
ment stock pile at Jean averaged 23.5 percent zinc and 3.9 percent lead.
(Silver was not assayed or pald for.) -The mine operators have teken advan-
‘tage of the soft nature of the hydrozincite by installing a trommel to
"tumble" the ore. This process tends to rub the zinc mineral off the breccia
fragments, which are then discarded as tailings.

1739 A
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MINING METHODS

The Sultan ore bodies have been developed by surface cuts, by adits. .
following ore found on the surface, and by drifts and crosscuts in favorable
areas. In the recent past, the glory-hole method has been used for mining
Scme of the ore bodies exposed in the open cuts. The glory holes were con-
nected with and drawn from the adits below. At present, the large block of
ore below the main adit is developed by a 120-foot winze and three sublevels
off the winze. The original underground stopes were smell, irregular work-
ings following the high-grade ore. Recently, large shrinkage stopes have
been used in mining the ore. Tramming is done by hand, both on the sub-
levels and the main adit. This is a major item of expense, as bulk of re-
cent production has required a tram from the winze station to the sorting
bins, a distance over 1,000 feet, Wherever possible, waste is sorted from
the ore underground and is backfilled in old stopes. Most waste broken in
drifts and raises is trammed to surface dumps. All workings are dry.

The efficient shrinkage-stope method of mining now in use was made
possible by the success of the sorting plant and mill, which remove much of
the waste and make it practical to mine the low-grade ore,

Wall rock in the stopes and country rock in &dits is brecciated dolo-
mite and limestone. This material has a tehdency 4o slough off smgll, an-
gular fragments, particularly when adjacent arcas aré helng blasted down.
The breccia is surprisingly competent in stopes and pillars, end many stopes
have remained open over a period of 20 years or more with no timber support.
Recent development has indicated that the winze is in the heart of the large
ore body below the adit level., If mining is to bg continued in this area,

a new winze or a shaft will soon be necessary, ag the present winze pillar
is not large‘enough to protect the winze if additional ground is gpened.

......

" METALIURGY e *#rrqes=nrss
Ore ficm the Sultan mine is tremmed to a sorting plant, where the mine-
run material 1s segregated into shipping ore, mill ore, and waste. Approx-
imately 15 percent of mine-run ore is discarded g8 wasteg, 1> pcrecent-is -
sorted and screened to shipping grade, and the remajning 70 percent ig,sent
to the mill. The percentage of ore sorted to gath class varies from day to
day. .Provision is made to bypass the sorting plant direct to shipping bins
when mine-run ore is of shivping grade. S

The sorting plant is designod to take advantage of the tendency of ore
to break to a smaller'size than waste, Fines ‘are’ 'screened from the mine-
run ore and sent to the shipping bins. A trommel is uged both as a screen
and as a meéans of knocking and rubbing the soft hydrozincite off coarse
fragments, which are then moved over a sorting belt. Ore is hend-sorted
from the belt, and waste drops to a storage bipg

The mill in Sandy Valley is a combined flotation-gravity type plant,
but only the gravity section is now in use.: Zinc- cad’ concentrates are

1739 ' 2



R, I, 4119

obtained at jigs, tables, and a'slihe—settling tank.. An unusual feature of
this mill is the recovery of zinc concentrates at the tailings end of both

tables and jigs.
centrate that rises to the top of
zincite with a "fluffy" texture,

T the bed.

A unigue zinc ~1g is used to scalp off a coarse zinc con-
This materiel is largely hydro-
Air trepped in the porous mineral gives

it a lower specific gravity than_ the limestone and dolomite gangue. A
similer product is recovered ot the "tailings" end of.the sand table, and
et the slime table zinc-bearing slimes are recovered at the "tailing" end

and sent to a tenk for settling,

. Figures,l, 2, and 3 show the details of

the zinc jlg, the arrangement of the tables, and the mill flow sheet.

Analyses of a set of samples cut in the mill on July ll and 12, 19#6

are listed below.

recovery but that zinc recovery was poor.

These samples show that the mill was making a fair lead
Samples ' cut by.the operators

show that normal mill heads are scmewhat higher in lead 2nd zine, and that
the tailings usually contain less lead, indicating that normal recovery of
both lead and zinc is somewhat better -than that of July ARE

Sulten mill samples, July 11, 1946, except where noted otherwise .

" Silver, .}  Lead, " Zinc,
Location . Number | oz./ton | persent | percent
Mill hea.ds'..o......u..-....-..u-. B 22 e 5'05‘ 2‘3. , 88
Mill tﬂ.ilmgﬂ *vesssesesnssecesvenss 29 1155’ 05 Z'e
Lead jig heads seestecerncasscnsners | 30 345 . 2.2 T+3
'Lead Jlg tailings A s R S e . 1-5 | '6 6'6
Lead jig concentrate .;............. )32 o 1..115.00:) (621 6.8
No, 1 lead Jig concentratel/ «eqyee..| /53 179.90:| .- 68,3 3.1
No. 2 lead jig concantrute_/ Crenges 2754 ek.95 | 58,8 9.3
Zine Jlg neads cssesessvebssengennne 53 l-l"O n6 6.'5
Zine Mg taliinent S8 0 e ee 3!+. 1.%0 N 5.k
Zinc jig top concentrate .......,..; 7.10 2.0 36.6
Zinc jig top concentratel/ savasnren _/52 s o BT TR L 3h 4
Zinc jig bottdm concentrate eeqeesss - 15,90 {. 16,0 27.7
Zinc Jig Bottcm concentrate_/ -2 i g 1/51 . 39801 L22:0 26.3
Coarse table heads cavesecqrsnnenane | 37 - 53 85, 3.0 Qs T
Do. o-on.o-o-oq-.oo.qlcooqqqquqq 38 y 2150 -6 9.5
Coarse table zinc concentrate sesses 39 8435 2.0 372
Coarse table lead concentraté eseses |.. 40 - -19..40 2k 4 10.4
Coarse table cleaned lead concen= ' :
trate L R LR R R R X R R AR j\Ll i L[.5.65 § 51-0 TDO
Slime. ta:ble headﬁ 4evsscssessevsossnasn | 1'1'2 4 5 50 l}.? : l‘l‘l‘io
Slime table teilings TP S P 222001y bl g 10.5
Slime table zinc middlings eeseseess | . 4. AeB0 A decolinsonl 1 AP
Slime teble lead middlings s.eesse.. L5 W I DN 12,7
Slime table lead concentrate sseeees | 46 - 28,05 -1 38,4 L1k, 8
Slime table zinc concentrabtC ecepecss b7 L.75 2.9 23.1
Mill _Slj.mes at pump tedsenanasntgens }"‘8 5915 Fediy 2343
.Mil.l 'slimes at tank yesaccaanqragesa }'}‘9 5-10 Had 22-?
Mill 811mos ShiDPEdL/ wyevassseennns | 1/50 5,30 | 3.2 21.6

1/ Indicates July 12, 1946,
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SAMPLE FRONJ TO | SAMPLE % 0z/ton
NUMBER LENGTH| Pb Zn cd | Ag
4 Vv | 44 12 5.1 |33.1 |0.005 3.30
5 V | 44 1.0 LT |222 | — 3.05
6 V | 465 2.0 0.3| 44 | — 1.00
3 s | 45 | 46 1.0 2.0(10.9 | — 1.70
4 H | 46 |51 5.0 0.2| 6.6 | — | 0.75
17 H | 20 | 235 3.5 0.1 [ 15.7 | — | 3.45
18 H 10.5 [ 12.5 2.0 0.1 |25.6 [0.02| 3.65
19 H | 27 |28 1.0 0.1 |27.8 |0.01 | 5.40
25 V 3 1.2 26.6| 2.8 T [13.95
26 V 8.5 2.5 T |22.5 |0.02]| 2.50
e 27 V 1 1.6 8.8 |[32.9 |0.01 |13.15
=4 28" s | 12 10| 0.4 [43.4 |0.13 |27.90
" 7 e v 22 6 | 18 |27.0 | — | 6.50
< X Spectroscope failed to detect the presence of indium,
H = Horizontal. T = Trace
Ve Vertical.
S = Selected.

Figure b.
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20 Car | O 4 | 4 3 99 | 5.15
4
4.
5

2l Car 4 8.5 S L7 100 3.85
23 Caor 85|13 5 0.3 5.9 LOO
- 24 Car | 13 | 18 04 | 41 125
o S
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 Lead and zinc concentrates arc mixed and sent to the International
‘Smelting & Refining Co.'s smelter at Salt Lake City, Utah. All the above

semples were cut by hand, as there is no automatic sampling equipment at
i the mill . ¢

A mill, now dismantled, which treated ore mined in 1916-19, used dry
gravity methods of concentration. Tailings from this mill are said to con-
‘tain 8 to 20 percent zinc.

In 1942-43, the Bureau of Mines made exhaustive tests on ores fram
the Goodsprings District, including samples from the Sultan. The objective
of the ore-dressing studies was to make a lead concentrate for shipment to
lead smelters and a zinc concentrate acceptable to the Government stock
pile at Jean, Nev., by simple milling methods. The requirements of the
stock pile were a ratlo of zinc to lead of at least 5 to 1 and a combined
percentage of zinc and lead of not less than 17.

On Sultan ores, tabling at 20-mesh recovered a portion of the lead in
a salable concentrate but did not remove enough lead from the high-grade
ores 80 that table tailings would meet the 5 to 1 ratio of zinc to lead
specified. Flotation tests on ore ground to minus 200-mesh produced a lead
concentrate assaying 42.6 percent lead with a recovery of 86.5 percent.
Similar‘tqéts produced a zinc concentrate containing 20.8 percent zinc with
& rccovery of 65.8 percent. However,, zinc flotation was difficult and re-
gquired ﬁoﬁg and numerous conditioning periods and excessive flotation time.

At present, the market for the oiidized type mixed lead-zinc ore and
concentrate produced at the Sultan mine is limited to one lead smelter
near Salt Lake City where the zinc is recovered in a slag fuming plant.

.. WORK BY THE BUREAU OF MINES

In January 1945 the mine was examined by an engineer of the Bureau,
and recomhbngatiqns were made for investigation by drifting end crosscutting.
A, L. Brokaw ané John Reinemund of the United States Geological Survey mapped
the geology of the mine area, and their preliminary report and meps were
helpful in plenning the work. In March 1946 the Bureau solicited bids on
& minimum of 175 feet and a maximum of 475 feet of drifting and crosscutting,
and in April 1946 a contract was let to Lee Krider of Goodsprings, Nev.

The project was designed to test favorable sreas for continuations and
Taulted segments of ore bodies known on the surface and in the mine.

A total of 469 feet of drifts, crosscuts, und raises were advanced
under this contraect. The location of this work is shown on figure 4; fig-
ures 5 to 8 are assay maps showing results of the work. The location of
samples cut in the mine area and their analyses are shown on figure 4.

Work in the area northwest of the third-level winze station was de-

signed to locate possible extensions of the ore body known as the "center
shoot."” A thin high-grade ore shoot was found in this area. Additional
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work now being done by the company will determine whether this is an isolated
ore body w1th only a small tonnago or & narrow portion of a larger shoot.

Work done southeast of the winze on a sublevel above “the third level
wes designed to locate the offset portion of the "east shoot." Although
several smell mineralized zones were in this area, nothing was found that
indicated the presence of a 1arge ore body. Most of the mineralized mate-
rial wes in the gouge of the fault or within a few feet ‘of the fault.

The contractor begon work on April 19, 1946, and completed 469 feet of
drifting, crosscutting, and raising on June 17, l9h6 No timber was re-
‘quired except staging in the raise. ~ Broken rock wus trommed to the third-
level winze 8tation, hoisted to the main adit, and trammed to surface dumps.
Drifts and crosscuts were driven with a mlnimum size of 4.5 by 6 feet, but
the cctual ‘average size of completed workinga was 5 by 6.5 feet. Much
track cleaning wes necessary, because small fragments constently sloughed
off the brecciated dolomite. The total of drifting and erogscutting was
392 feet, and one 7? -foot raise was driven.

The pontractor's records shOW the following data:

" Man shifts worked. o-nncnolls--c-o-o.-...o---ou----ocu 227

' Pounds of* powder used (No. 3 Atlas gelodyn) seeseves. 2,125

© + Feet of fuse used ....;.............................. 5,000
Number of caps used ................................. 950
Gellons OF ‘gaatlInG UNBE P sselier s ti e sr TV Ve s 2,100 °
Number of mine cers trammed (zbout 1, 800 pound each). 1,267

The iollowing 1temﬂ have been cqmputed frem the dbove data:

Feet advance per man Shift secesecscscssssssccaccenns 2.0
Mine cars trammed per foot Of QdVANCE seesesecassvsse 2.7
Pounds of powder used per foot advenced suseceecessoas k.5
Number of caps used per fOOt AAVENCEd s.eesvccsossave 2.0
Gallons of gasoline used per foot advanced .v.eoeee.. e
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