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Mr. Jay A. Carpenter, Director |
Nevada State Bureau of Mines 1
Reno, Nevada
Dear Sir: |
On October 12, 1942, you requested that the writer
investigate the feasibility of your plan to utilize sodium {
hydrate to treat lead and zine carbonate ores., The enclosed
report is based upon experimental work done by the writer,
under your direction in the laboratories of the Mackay School
of Mines.
Grateful aknowledgment is extended by the writer to
Professor William I, Smythe of the University of Nevada for

his sincere cooperation and help, without whieh the investi-

gation would have been practically impossible.

Reno, Nevada Respectfully submitted,

Foderdl o Fiddollidonnlf

December 20, 1942 | Robert L, Middlekauff
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CONCLUSTONS

Ores containing lead and zinc,slone or together,
in the form of carbonates., are completely soluble in sodium
- hydrate solutions (aqueous solntions).

Failure to dissol¥®e the lead snd/or zine minerszls in
ore is due to two things: Incorrect hydrate strength or dilution
ratios; and attempts to dissolve lead and zinc minerals that are
of such chemicel composition no reaction is posc=ible in the first
,place. For exemple sulfides, they definitly are not soluble in
'sodium hydrate., It would be useless to attempt to treat a SUlflde
‘o with hvérete solution.

Examination of tails from tests thet failed to vield
extraction of lead showed that the lead was present as galena,
For which mineral no claim is made that hyvdrete extraction is
feasable,

The hvdrate treatment results in general in a reduction
in weight of the ore to tail stage. this results in a great
benificiation of the contaired produect in the case of insoluble
constituents. The gross weight of the tail ‘in one cace was less
then one half of the weight of the heads. This meant thet insoluble
minersl percent wes more then doubled by the treatment. :

No generalizstion &s to correct strength hydrate nor
ratio of dilution is possible. For example consider the mineral

R Zineite (Zn0) no consumption of hydrate would result if this
| ,k mineral were tre “tedfﬁvdrate' other than the simple mechanical _

W 5 o loss due to imperfect fikering of the tails. \ ku.quvMJW*" ?rfu(hcm
4 o 'v! = 86°F - et ;.b:dnxf
AN Wy The best temperature is 30°C considering maximum vl & 2
" W s, Solubility in connection with lowest dilution ratio and optimum LE# £
¥ W', hydrate strensth. However it would not be worth the cost to oy
f“J“ ¢J,“‘botherhe 2ting solutions above room temp. 20° C to obtain bhe ideal

W\ L of 30°

\ Hot &olutions are asbsolutely not desirable, They lower
. the solubility of lead and zine as plumbates and zincates. Cold
solnutions (5° or more below 20° C) are not desirable they cause

a decrease in the solubility, of lead and ~ine “i£}s.
= €3

Fortunately the temperature of 200 ¢ is ideal considering
that no special equipmmht is needed and it is a comfortable working
tmeperature for the workman.
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EMPIRICAL METHOD OF CALCULATING HYDRATE CONSUMPTION,

(1) Cealeculate the Pb, Zn, NaOH, and Ne,C04 titres of the
standard HNO3 used for titration. (Note-use HNO3 only for
titrations).

(2) Divide weight of Pb in hydrate sample by the Pb titre
of the 8tandard acid. This will vield the number of cubie

centimeters of ecid consumed by the Pb(OH)2
(3) Do the same as in (2) for Zn.

(L) Ad@ the ec's of std. acid required for Pb to those
required for Zn.

(5) Subtract the total found in (L) from the ec's required
to titrate from a phenolphthalein end point to a methvl red
end point. The difference found will equal the cec's required
to titrete one half of the Na2003.

(6) Double the difference found in (5), multiply by the
Na2003 titre of the std. acid and divide by the weight of
solution taken for analysis x 100 = 4 Na2003 in the hvdrate,.
(7) Subtract the difference found in (5) from the ce's of-
std. ecid required to reach a phenolphthalein end point.

This will give the ce's of std. acid reaquired to react with
the NaOH present in the ssmple. Multiply the number of cec's
found by the NaOH titre of the std.acid. divide bv the weisht

of semple taken for analysis x 100 = the % NaOH in hydrate.




(8) From the weight of NaOH in the head solution subtract
the weight of NaOH found in the pregnant solution (the latter

found from (7) ). This will yvield the total WaOH consumption.

(9) Subtraect the weight of Na2003 in the head solution
from the weight of Na2803 found in the pregnant =solution
(the latter calculeted from (6) ). This will give weicht of

N82003 produced in processing the ore.

(10) Convert the weight of N32003 found in (9) to NeOH.
From the total consumption of NaOH (ecaleulated in (8) )
subtract NaOH equiyalent of ﬁhe,ﬂaZCOB. This will yield
the amount of Na0H consumed by reactions other than the
carbonate reactions. This last figure will inelude loss
in tail, silicate consumption, 2luminate consumption, etec.

of NaOH.

NOTE Steps (9) & (10) in the method of calenlation fail

completely whenever the amount of N82003 present in a test

exceeds the solubility of NachB permissible in given strength
hydrate snlution. This failure occurs in two ways or in a
combination of two ways: First if the NapCO3 in the head solution
is present in a grester smount than to permit a true solution.
Second if the FEZCOB,produced by replacsment of 7nC0, and/or

PbCOB, exceeds that amount that will dissolve in the pregnant solution.
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COMPLETE SAMPLE CHEMICAL CALCULATIONS ON 'HOOSIER' ORE TEST

HIEAD SAMPLE

Standard solution potassium ferocvanide 7n titre

one t.c. = ,00501L9 grams zinc.

14,90 cc's x 005015 g./cc.
.5 gram sample

x 100 = 14,94% Zinc

Standard sol., ILead molvbdate Pb titre = ,00513 g.

16.38 ce's x ,00513 ¢./cc,
.5 gram ssmple

x 100 = 16.82% Lead -

SODTUM HYDRATE HEAD SOLUTION

3tandard HN03 Ca0 titre = ,005 grams

.005 x 2NaOH . .005 x 80.02

~Ca0 56.08 - +00713 grams NaOH
.005 x NapC04 106. :
= e F rams 17a,C0
G0 .005 x 5758 009L5 grams 2C04
X e .O{') X 5‘3 - . N
Ce > 56.08 .00582 grams Zn
0 ?gq = .005 x 207.21= ,018L5 grams Pb

56.08

Standard ecid recuired to reach a phenolphthalein
end point = 1010 cc. totsl to methyl red end pt. = 1040 cec.
1040 - 1010 = 30 ce. for 1/2 the Na, 004 or 60 cc.total

60 cc. x 00945 g.Na,C0a/ce.
10 cc. semple X sp.gr. 1.437

78,9 + 2000 x 100

5~ x 2000-= 78.9 1b Na,CO3/ton

3.95% NachB




1010 ecc. - 30 cc. = 980 cc. std. acid for the WNaOH,

980 cc. x L00713 g ¥a0H/cc. x 2000

T ee S wo T T.I 370 = 07L 1b.7a0H/ton sol.

G8L x 100 =+ 2000

[

L8 .7% NaOH *

To hoo cc. of the L8,7% WaOH. L0O cc. of T,0 added.

Loo cc. of hvirate x ap.er. 1.4379 = 575.2 grams

575.2 grems x 974 = 280.12 grams of drv MaOH f
2000 1
|

280.12 x 100 = 28,75 % Uydrate actual

gtrenoth of hydrate'used in the ore test. 575 1b./ton of sol.
not inelndings the wht., of MaCl or “a2003, NaOH only

|
575.2 + Loo ams. 1,0 2 i
|
|
|
|
PREGNANT HYDRATE SOLUTION }

Specific gravity = 1,343+

38.2 cc. X .00501L9 =.7n/cc. % 100 = 1.426%4 Zine.
10 cc. sample ¥ @p.gr. l.34

727. cc. of pregnant hvdrate recovered from test,

727.cc. x 1.343 x 1.126% 7n
100 g. ore x 1L.9k% Zn

x 100 = 93.2% recovery of Zn.’

L3,6 ce X ;00513 g Pb/ece.
10 cec. X ;.34

x 100 = 1.67% lead

727 cc. x 1.343 x 1.67% Pb

x 100 = 96,96% recovery of Pb
100 ¢. ore x 16.82% Pb

NaQH and Na2003 in pregnant hvdrate.

501 ce of std acid reguired to reach Phenophthalene end nt,
552 cec of std " i " " methvl red noon

10 er sample x 1.343sp.gr. x 1.67%PD
0.013L5(Pb titre of acid)

= 12,17cc.acid to Pb,




10 cc sample x 1.343 x 1.L2% 7n

3 . C .,d t~ .Jl
55585 5 Un/ oo (8ta.Aoid Zn TTtre) - 0278 ¢c Acid to 7

12.17 cec to Pb + 32.78 cc to Zn = Ll ,95 cc total acid

to resct with lead and 7zire hvdroxides.

552 cc. acid to Methv] red end pt.
_5()]” CC . 11 " pheno " 1 1" .

T5I. ce. required for Pb + 7n + 1/2 of the NapCOj
- hh.95 cc, for Pb + Vn

6,05 cc for 1/2 of the MayC0s. |
x _ 2 ‘
12.1 cc for total Na,C04

12,1 x 00945 (NapC04 titre)

x 100 = .851% Na,C0, in preg sol,
10 cc x 1.343 sp.or. -
or .851% x 2000 = 17.02 1lb. NapCO4/ton S°1
501.00 cc required for NaOH + 1/2 of the _T\?a?co3
_6.05 ce 1t " 1/2 n " n
—_— |
L9L .95 ce " " NaOH

L9L,%5 x ,00713 (NMeOH titre)
10 cc x 1.3L3

x 100 = 26.3% NaOH
| or = 526 1b M /ton of sol.

727 cc. pregnant hydrate recovered x 1.3L33 sp.gr.

#

x 26.7% NaOH 256,8L grams NaOH (drvy wt.) recovered
575.2 g. hesd x L8,7% NaOH = 280.6 g ¥a0H in head (dry wt)

280,6 = 256.8

#

23,8 grams NaOH consumed,’ this includes
tail loss, silicates, "carbornates, alnminates. etc.

23.8 + 280.6 x 100 = 8.5% of WaOH in heads lost.

23.8 /100 = X/2000 X = 276 Lbs. dry NeOH consumed/ton ore.




qualitatively tested for lead and zine, with positive regults
for both metals, Fxactly what chemicel reaction occurs was
not determined., The writer believes that the reaction is
probably as follows:

NaQZn(OH)h + Ca(OH)2 = 2NaOH + 2H,0 + CaZn0,
This reaction proposed by the writer parallels one in the
ohemiétry of precious metal ecyanidation. The dbuble cyvanide

gnlt, KZZn(CN)h or NaZZn(CN)h,'reacts'with Ca(OH)é‘this,way:

NaZZn(CN)A + 2Ca(OH)2 = 2NaCN + C&(CN)2‘+ ZHZO + CaZn0,

The suécessful regeneration of thé sodium o&anideksalt depends
on the insolubilitv of the ecalcium ;Enoate formed. The irrever-
8ibility of the reaction depends on the calcium zincate being
precipitated,

" The writer did not feel that it wss within the scope
of this investigation to experiment with the effects of calecium
hvdroxide., There is considerable teqhnical literature available
written about the subject of the solubility of calcium salts.
The explanations given are not entirely satisfactory. The
writer ﬁid-however make & careful study of the proposition to
regenerate NaOH from hydrete solutions barren in lead srd zinc.
It ie enti?elv feagable to regererate hvdrate solutinsns if the
lead and or zine hes been previously removed by electrolysis

or chemical mesns., Care should be used not to introduce an




DATA SUMMARY OF 'HOOSTER!' ORK THEST

!

. ore  |100 gm. 16.82% Pb  1L.94% 7n
Hydrsate | |
on 975.2 g.  O. 0. 28.75% NaOH |
Hydyate 727 co 1.67% 1.42% 26,3 % NeOH
ot f 976.6 g.
Tails(dry) 78. g.  .65% 1.36% S

Treatment

Ore stage pulverized to pass - 100 mesh.

Agitnted with hvdrate in glass bottle (closed)
for 24 hours.

Ratio of Solution to Ore - 9,7 to 1 -weight basig.

Recovery based

on preg. sol. 96;?§%H?P 2§LE%W%§
NaOH Consumption »
érvy weight basis, 276 1b./ ton of ore.’

Remarks: Head sample analysis not in agreement with
7.8, Bur.Mines fte, Salt Teke, Writer used
care in recheckine hies work and came to the
conclusion that semplie received was not
entirely represenative of loft semnled Dbv the
TU. S. Bur.

The excellent recovery gained in this test;
due to suggestions bv Walter Palmer as to
filterirg medium for teilsy and knowledge
“ag to the correct strength hvdrate to use.




'BIN' ORE TEST

wt. 7D %70 #a,00,

%HNaOH
Head ore | 100 g. 7.24% | 32.40% - - - -

Hydrste i | , Z
“sol. on 1 975.2 g. .00 . .00 2.33% - 28.75% |

Pregnant f ? {
sol. off. | 525. g. .68%  2.75% . 3.61% 21,,51% |

H,0 wash. ' 550. g@. .00 .00 | .00 . .00

“ond. Preg. o | | i
sol. off  972.2 g. .29 S 1.24 3.92 ] 11.8L ’

»ATaj_lw e 55. 2. .88 10.78 - ‘ - -

Time of treatment 18 hours

NaOH consumption L90 ibs/ton of ore, 367 Ibf“ﬁéoﬁyﬁbn’ore)
: o to Na,C04 APUTOX. )

Crushed to pass 20 mesh, ~

Recovervy based on pregnant hvirate: 93% lead, 81.8% zinc'’

Remarks: The recoveryv in thig test should have been

greater for the zinc. THe advantsge qained by a berren.

wash with weter was more than off set bv the coarse condition
of the ore. The writer is »f the opinion that at lesst <

90% of the 7ine conld be extracted by grindi-s to - 100 mesh.




P,

ORE, TEST (2nd lot from Symondson of Coodsprings,Vev.)

Wt. Vol. 9%Pb #Zn  Pheno. Heth.red

Head ore 100 - 2,98 24,60 ’

Sol. on 576 LOO .00 .00 | 9L5 952 L& . 2%Na0H
1.3%Na2003

lst. sol.| 834 | 632 .26 2,00 | 145 180 *

off preg,

wator on 375 375 .00 .00 0o 00

{wagh) .

2nd .preec. | 533 L85 .10 .83 -— -

sol,off ,

Tail 57 1.L40 5.9L -- -

Sample of ore stage pnlveriged to pass 100% -100 mesh,

Treatment time 24 hours

Recoverv: Dbrsed on first and second pregnant solutions.

86.3% of the Zinc 89% of the Lead -

NaOH Consumption * impossible to calculate because of the

water washes introdiuced in the test but rot shown in the
above table.

fffective strength of MNaOH used in test. 28,75% NaOH

Remarks: The recovery of lead was almost perfect when
due allowsnce is nade for the lead gulfide present. The
tails vere examined and showed unaltered galena., For which
mineral no cleim is made thet it is the lemst bit soluble
in sodium hvdr-te,
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SOLUBILITY OF LEAD AND ZINC MINERALS IN SODIUM HYDRATE

Tables of lead and zinc minersls,arranged into
groups according to their relative solubility in sodium hy-
drate, are on pages to of this report. The tables are
divided into three main divisions for both lead and zinc
minerals. The first division lists minerals soluble in so-
dium hvdrate. The second division lists minerals of undertain
or cuestionable solubilitv in sodium hyvdrate. The third di-
vision lists minerals of definite insolubility. In general
the tables with a few exceptions contain only minersls found

in Nevada /.

— v . e M e Gt v e emwm A e e WA e S e TR maee e sewe e e e Wl ke e e e

_/ Neveda's Common Minerals: Nev. Bur. Mines, vol. 35, no. 6,
pPp. 90 - 97, Sept. 194l. /
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The term soluble is used only in a practical sense.
The writer prefers to consider as soluble only those minerals
that it would be practical to treat with sodium hydreste from
metallureicsl viewpoint. Prolonged treatment time, or com=-
plicated processes might result in the decomposition of some
of the minerals listed es insoluble, however the profit motive
would exclude such minerals from metallurgical consideration.

The tables are based upon data taken from the liter-
ature and experimental research bv the writer, Artificial and
natural snlfides of lead and zinc were carefully tested for

poscible solubilitv in agqueous solutions of gsodium hydrate. .




Prolonged agitation of solutions, application of heat to
solutions, and extreme fine grinding were all tried. The
hvdrate solution was filtered off in each test and no trace
of either lead or zine found bv the ordinary metallurgical

schemes of esnalvsis, /

T e T T T T S e T T e I )

Upon the results of the foregoing testsg, the writer decided

to definitly piace thé sulfides of lead and zine mineralé

among the insoluble group. B
Experimenﬁal work on chemicallv prevared lead

carbonate vielded some useful information. To one gram of

PbCOB, 20 grams of 50% sodium hydrate were addéd. Only a

trece of the Pb003~diséolv§d. ( This result conild have be

expected. See the PbO -~ Na0 teble, page this report).

A resction however took place between the hvdrate and the

lead carbonate. The red oxide of lead (PbBOb) was formed,

To the mixture twenty cc'c of water wére added, résulting

in the equivalent of a 25% hyvdrate solution. The lead still

refused to dissolve even with application of heat to the

mixture, .The writer decided to try a weaker hydrate solution,.

so to a second one gram portion of PbCO3 , forty grams of

25% hydrate were added., All of the lead carbonate immediately

dissolved upon slight agitetion of the solution.




The solution was evaporsted bv boiling. Tead hvdroxide
began to precipitate when the solution had been evaporated
to about one-fifth of the original volume. T1pon =2ddition
of water,; after the mixture coonled, the lead hydroxide
immediatelv went back into solution.

The foregning experimental results illustrate
whv’the mineral cerrussite (PbCOB) was placed among the
lead minerals soluble in hvdrate. Some authors indicate
the formula of the lead mineral minium as 2Pb0.Pb0,.

This might lead to the deduction/%hat minium is snluble
in hvdrate being mede up in a sense of massicot (Pbo)

snd plattnerite (Pb0,) soluble in hydrate /.

e wmev  mn s e mmh dew e e G et o s emm e meew e e wee G awn  sew e s e meam e

./ Handbook of Chemistry and Physics, pg. 398, 26th. ed.,
Chemical Rubber Publishing Co., 1943,
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The formula for minium may also be written as PbBOh by Simply
re-writing or collecting together the Pb's and the O's in
formula 2Pb0.Pb0O, ; some authors write it as Pb30,. FExperi-
mental work indicates that PbBOh resists dissolntion by hy-
drate solutions. Until the solubility of minium is definitly
established it therefore is much more conservative to place
under the questionable list.

The writer experimentally checked. the solubilities

of metallic lead and metallic zine in hyvdrate solutions.

NS




CONSUMPTION OF SODIUM HYDRATE

The pregnant hvdrate solution removed from the

residual pulp left after




Metallic lead and metellic zine are both soluble in hydréte
solutions. An interesting fact worth noting is their relative
rates of dissoiution. Metallic zinc dissolves with great ra-
pidity, while metallic lead is reletively slowley attacked by
sodium hydrate in aqueous solution. The converse geems to
so in the case of lead and zine carbonates., The lead carbonate
dissolves faster than the zinc.
No satisfactory data concerning the solubility of
the leed and zinc minerals in combination with iron ox» copper
was found by the writer, hence they are listed under questionable
solubility. \
One may state ag a zeneral rule with few exceptions
that the solubilities of the lead and zinc minerals conform

to the following chemical combinations:

Soluble minerals Ingoluble minerals
arsenates antimonides
antimonates arsenides
carbonates selenides

halides sulphides
molvbdates sulpho--~ salts
phosphs tes

silicates

sulphates
tungstates

vanadates




ZINC MINERALS AND COMPOUNDS SOILUBLE IN SODIUM HYDRATE

Adamite
Calamine
Fowlerite
Gehnite
Goslarite
Hemimorphite
Hopeite
Hydroxide
Hydrozincite
Kottigite:
Monheimite
'Smithsenite
Troostite
Willemite
Zine -
Zincite
Zinkosite

ZnBAszogzn(OH)2
(Mn,Zn)O.8102

ZniAlp0) or Zn0.Aly04
2Zn0S10,HL0
3Zn0P,05 .« LH,O

|

27nC043zn(0H), or 7ZnC03.2zn(0H),

Zn(OH)2

ZnB(AsOh)z.SHzo
(Zn,Fe)COB
Zn003
an(Mn)ZSioh
Zn28i0h+ Mn
Zn metallic
Zn0

ZnS0
L




ZINC MINERALS OF QUESTIONABLE SOLUBILITY IN SODIUM HYDRATE

Aurichalcite
Descloizite
Franklinite
Fluosilicate

Tennantite

2(Zn,Cu)COB.3(Zn,Cu)(OH)2
(Fe,Zn,Mn) (FeO,), or Zn0.Fej04
ZnSiF6.6H20

CuBSbSBX(Fe,Zn)éAszs9

ZINC MINFRALS INSOLUBLE IN SODIUM HYDRATHE

Ferrite
Marmatite
Sphalerite
Tetrahedrite

Wurzite

ZnF9203 N\

(Zn,Fe)s

Zns
SCuZS.Z(Cu,Fe,Zn)S.28b283
Zns




LEAD MINERALS SOLUBLE IN SODIUM HYDRATE

Alamosite
Anglesite
Belmontite
Beudantite
Bindheimite
Cerrussite
Cotunnite
Crocoite
Cromfordite
Ecdemite
Hydrocerrussite
Lanarkite
Laurionite
Lead
Leadhillite
Lead Oxide
Litharge
Lithargite
Massicot-
Matlockite

Mendipite

Pb8103
PbSOh
A lead silicate

2PbO.3F6203.2803 Aszos

A hydrous antimonate of Pb

PbCOB
Pb012

b
P CrOh

PbC15.P0CO;

PbAs,0,2PbC1,
2PbC04.Pb(0H) 5
PbgO(SOh) or PbS0,Pb0O
PbC1l,Pb(0H),
Metallic

Pb(0H) ,PbS0, . 2PbC04
PbO

PbO

PbO

PbO

Pb0.PbC1,
2Pb0.PbCl,




LEAD MINERALS SOLUBLE IN SODIUM HYDRATE - Continued

Mimetite. « « ¢« ¢ ¢« ¢ ¢« &« + + « +» 9PD0.3A8,0,..PbCL
. or 275 2
| (PbCl)th(AsOh)B
Paralaurionite. . . . . . . . . . PbClZPb(OH)z
Penfieldite . . . . . . . . . . . Pb0.2PbCl,
Phosgenite . . . . . . . . . .. PbClz.PbCOB
Plattnerite . . . .« « « . + o . . Pb02
Pyromorphite . . . . . . . . . . PbClQ.BPbB(POh)Z
or ; ) .
(PbC1l) Py, (PO
or L0

\ Pb5P301201

Rasplte . .« «. .« « o« v o « 0 v o & PbOWOB or PbWOh.

Stolzite . . . . . .. ... . . PbOWO, or }:*bw.,-voLL

Venadinite . . . . .. . . . . . (PbCL)Pby(VOy)4
Qr?PbO.3V205.PbClz

Wulfenite L LR . . . . » L . prOOL”

LEAD MINERALS OF QUESTIONABLE SOLUBILITY IN SODIUM HYDRATE

Beaverite CuObeO’FQZOB’stBAHZO
Caledonite 2(Pb,Cu)O.SOBH2O
Degecloizite ’ 2(Pb,Cu)O.V?Oh(OH)2

Ganomalite hCaO.éPbO.éSiOZ.H?O




LEAD MINKRALS OF QUESTIONABLE SOLUBILITY IN SODIUM HYDRATE - Continued.

Linarite
Minium
Mottramite
Percylite

Plumbo jarosite

(Pb,0u) 80, . (Pb,Cu) (0H),

'2Pb0.PbO, or Pby0,

2(Pb,Cu)0.V (OH)z,

20),
,0
PbPeg (0MH)4,(50,)

Pb0. 3Fe,04 LS04.6H,0

PbClz.CuO.H

or

LEAD MINERALS INSOLUBLE IN SODIUM HYDRATE

Andorite -
Benjaminite
Boulangerite

Bournonite

Clausthalite
Dufrenosite
Freieslebenite
Galena
Jamesonite
Meneghinite

Naumanite

2PbS.AgS35b,S

(Cu,Ag) ,S.2PbS. 2B1,8,

5PbS~2$b283

2PbS.Cu28.8b283 or

PbCuSbS,
PbSe

épbs.As233
24g,5 . 3PbS 250 5,
PbS -

2PbS.Sb233 or PbZszss
uPbS.SbZS3

AgszSe




REGENRATTON OF HYDRATE SOLUTIONS WITH LIME

Sodium cerbonate accumulates in the hydrate
solutions directly proportional to the emounts of lead
and zine present as carbonates in an ore undergoing treat-
ment. The sodium carbonate has no benefieial action as =a

solvent upon the lead and zinec present in an ore. /
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The addition of lime (CQ?) to regenerate the
sodium hydroxide from hvdrate solutionsgfouled with sodium
carbonateJis pogsgible. The reaction proceeds ss follows:

Ca0 + H,0 + Na2003 = 2NaOH + CaCO3

171b, of Ca0 will yield 1.4+ lbs. of NaOH

The above reaction works out satisfactorily, but trouble can
be expected when lead and zinc sslts are present in a fouled
solution, FExperiments were made on preghant hydrate solution
as Tollows: Tirst lime wes agitated in water, allowed to
settle, then the soluble calcium hydroxide filtered off,
This clear filtered solution of lime water wes added to
s hydrate solution containing l.h%‘Zn, 1.7% Pb 0.9% Na,C04
and 26% NaOH. An immediate precipitate formed, which was

filted off and washed with water. This precipitate was




qualitatively tested for lead and zine, with positive regults
for both metals., Fxectly what chemicel resction occurs was
not determined. The writer believes that the resction is
probably as follows:

Nazzn(OH)h + Ca(OH)2 = 2NaOH + 2H,0 + CaZnO,
This resction proposed by the writer parallels one in the
chemiétry of precious metal cyanidation., The dbuble cyanide

galt, K?Zn(GN)b or Nazzn(CN)h,'reacts'with Ca(OH)é‘this,way:

L1}

Na Zn(CN)h + 2Ca(OH)2

5 2NaCN + Ca(CN), + 2H,0 + CaZn0,

The suécessful regeneration of thé sodium c&anide sait depends
on the insolubility of the ealcium zincate formed. The irrever-
8ibility of the reaction depends on the'calcium zincate being
precipitated.

" The writer did not feel that it wes within the scope
of this investigation to experiment with the effects of caleium
hvdroxide., There is considerable technical literature available
Writtén about the subject of the solubility of ecalecium salts.
The explanations given are not entirely satisfactory. The
writer did'however make & careful study of the proposition to
regenerate NaOH from hydrete solutions barren in lead and zinc.
It is entifely feasable to regererate hvdrate solutinsns if the.
lead and or zinec has been previously removed by electrolysis

or chemicral mesns. Care should be usged not to introduce an




excess of lime above that reaunired to resct with the NaZCOB'
It will then be safe to use the hydrate over sgain to treat
lead and 7zinc ores. Sinee a written discussion of the ressons
“or the writer's last statements would be tono long for this
report reference is given to the fTollowing:
Solubilitv of calecium hvdroxide in wster. (Haslam,
Calingaert, and Tevlor, 1924.); (Bassett., 193L4);
(Shenstone and Cundall, 1883.,}; (Grieve, furd and

Mass, 1933.)3; (Larocque and Maass, 1935.)

Solubility of calcium hydroxide in aqueous salt solutions,
( Cabot, 1897.); (Johnston, and Grove, 1931.);

Solubility of calcium hyvdroxide in aoneous solutions of
aclts. (Meigret, 1905.) :

Solubility of calecium hydroyidg in soueous solutions of
godium hvdroxide. (d'Anselme - Bull. soc. chim. (3), 29,
(38‘» '030); '

Caleium hvdroxide and alkall carbonates and hydroxides.
(Bodlander - 7. angew. Chem. 18, 1138, 1905.)

Calecium carbonate in acueous solutions of salts, (Cameron
and Tobinson, 1907.): (Wells, 1¢18,): (Askew, 1923.)

Calcium carbonete in aqueous solutions of sodium carbonate.
(Pratolongo. 192L,):; {(Burv and Redd, 1933,)

Calcium carbonate in agueouns solutions of sodium hydroxide,
(LeBlanc and Novotny, 1906.); (Wegscheider and Walter, 1907)




SODIUM CARBONATE

Solubility in Water
(Wells and MecAdam, Jr., 1907; Mulder, below 27° and above A4L°,)

Gms. Gms.

t°.1§8 gg%.p§20 Solid Phase te. lggggg%.pgzo S0lid Phase
0 7. Ne,C05.10H 0 34.76 48.98 Na,C03. 7Hp0

5 9.5 " 35.62 50.08 "

1o 12.5 " 35.50 ... "+ Na,004.H,0
15 16.4 " 29.86 50.53 NapC04.Hy0

20 21.5 " 31,80 50.31 "

27.8L4 34.20 " 35.17 L9.63 "

29.33 37.L0 " 36,45 4936 .

30.35 L0.12 " 37.91 L49.11 "

31.45 L43.25 " L1.9k 48,51 "

32,06 L5.64 " L3.94 L7.98 "

32.15 ... " + Na,00410Hy0 60 L6. L "

33.10 ... "o+ NaQGOB.HZO 80 L5.8 "

30.35 43.50 Ne,C05.7Hy0 100 L5.5 "

32,86 46.28 " 105 L5,2 "




ZINC SILICATE DETERMINATION

To determine the amount of zinc silicate in a mixture
of silicate and sulphide ores the following method was proposed

by Buskett_/:

_/Buskett, Evans W,, Simple methods of the assaying of zinc
gilicate: Mining and Fngineering World, pg.255, Feb.,1913.
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To one grem of the ore add 10 cc's of 50% acetiec acid., Boil
lo\minutes and filter. Wash with hot water. To the filtrate
add 10 cc's of hydrochlorie scid and 1 or 2 cc's of bromine
water. Boil until the bromine is expelled. Dilute with cold
water, add from 3 to 7 gms. of ammonium ce¢hloride, 10 cc's of
stronger ammonia and boil. Filter and wash with}hot waters
It will not be necessary to redissolve the iron and there is
generally very little of it. Neutralize with hydrochloriec
acid, add 10 cc's excess, dilute to 300 cc's. heat to boiling

and titrate with a standard solution of potassium ferrocyanide.




EQUILIBRIUM IN THE SYSTEM SODIUM OXIDE, ZINC OXIDE AND WATER
| AT 30°
( Goudriaan, 1919, 1920, )

Gms. per 100 Gms. per 100
gms. sat. sol, gms. sat. sol.

Solid Solid
Nazo Zno Phase Nazo Zn0 Phase
11.8 2.6 Zno 39.L 9.0 Najs0.3H-0
17.4 5.0 " 39.6 7.2 "
23.7 11.3 " 4L0.7 2.0 "
27.3 16.0 " LO.5 1.6 "
7.8 16.5 - "o+ NaZO.Zno.hHQO 40.9 1.1 "
28.0 14.9 " L1.9 0.0 "
30.1 13.2 " 2L.6 12.5 Zno0
31.8 11.7 " - 19,9 15.2 Zn(OH) ,
33.2 11.2 " 13.7 7.2 "
34.7 10.4 " 10.1 b7 "
36.1 10.2 " L.6 1.0 "

39.2 9.7 "o+ NaZO‘BHZO L.5 0.4 Zno




THE TRTATMENT OF LEAD AND ZINC CARBONATE ORES
WITH SODIUM HYDRATE

Strong Hvdrate on finely pulverized ores cansed ore
to ball up and enclose a part in such & manner that the ore was

wetted by the solution.
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INTRODUCTION

Numerous hydrometallurgical schemes have been
proposed, utilizing a wide range of solvents for the extraction

of lead and zinc from their ores.//
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Present practive is however largly confined to the treatment of
caleined zinc ores with sulfuric acid lesching. The direct
treétment of Nevada Lead-7inc carbonate ores with acid is not
feasable,because gf the carbonates consume large amounts of
acid. Roasting with sﬁbsequent acid lemching is not desirable
because of the lack of cheap fuel in Nevada. The sulfiée content
or the carbonate ores is practically nil, therefore it wouid
be necesasary to introdude acid ag a reagent.

godium hydrate offers an interesting solution to
th@ problem eqpeg}gi%eén béemuse this hvdrate will be produced

in connection with the magnesium 1nduqtrv at lLas Vegas, Nev.

The carbonates of lead and zincé are soluble in alkali (sodium hydratéﬁ/]

This report deals primarily with.the treatment of
cerbonate ‘ was the

. zine/ores., The main reason for this A4 because/samples of

ore fedwile) availble for testing were from % Goodsprings Nev

and found to be in general higher in zine content then lead.
C«M-,L@,u(,.b,
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2-2354
Ch.Ab,

P7-3000
Ch.Ab.

6-2982

6-2299
C.E'

The action of HpS on alkaline solutions of 7n salts
L.%, McCay 'T. Amer. Chem. Soc. 30, 376-8 (Mar.)
Zn pptd. as Zn3 from alkaline Solutions is snluble in an excess
of HsaS
2 [}

Ger. 259.234., July 16, 1910, E. Flugger. Production of
Zn0 and Zn8 from Zn lyes by removing the ‘oreign metals & subse
guently ppt. the Zn as oxide,hvdroxide or s:1fide C.f. Ch.Ab 6-2982

Brit., 11,103, May 8, 1911. E. Flugger Zinc oxide #ndgu/¥A</
and sulfide from the pure zincate, 7Zn0 is obtained by pptn.
with H,0 above 80° or by heating to 100° in vacuo the hydrated
ppt obtdined at lower temperatures, while ZnS is obtained by
pptg the soln., with H,S or other sol sulfides and lithopone
by pptg. with BaS in The presence of H580, or a sol. sulfate

by mixing the sulfide ppt. with BaS0y,

c.f. Bh.Ab, 6-2299

Ger. 243,653, Feb. 3, 1910 E4 Flugger

Scrap Zine charged into & closed vessel with a solution of 1 H,0 to
2 NaOH (98%) the amt of NMa®H soln. used is such that the chaaTge is
covered and the product contains 1/2 the NaOH combined as Zincate.
heat to b for about 3 hrs. the resulting zincate sgol is drawn off
mixed with three times the amt of Hp0 already present, in order to
separate the impuridities. To ppt. the %n, the clear filtrate

is poured into 5 times the amt of hot H-0, 2Zn0 sepg. out quickly
and elearly, and being dried &o pure white powder, The remaining
liguor is evapd. and used for the soln of fresh amts of Zn,

A Dictionary of Chem Solubilities Comey & Hattn 1921 pg. 1126

ZnS soluble in NaClO in Alkaline sol.
Reference (Ssdtler, Trans.Am. Electorchem. Soc.
1902, 1. 142

18- 2842 C.A. The electrolysis of Ammoniacal Zn Carbonate Sols.
T.P. Cempbell Trans Am Flectpw chem. Soc.
L6 preprint 1924




'RELATIONSHIP BETWEEN % NeOH.and Normality

% G/liter . Normelity
1 lo.1 252
2 20.41 .51
3 30.95 773
kb 41,71 ) 1.042
5 52,69 . 1.315
6 63.89 1.596
7 75,31 1.879
8 86.95 2.17
9 98,81 2,463
10 110.9 2,765 .
12 1357
1k 161.4
16 188.
18 [ 215.5
20 243.8 6,08
22 273.0
2b 303.1
26 334.0
28 365.8
30 398.4 ’ 9.96
32 L31.7 y |
3l w657 . R
36 500. 4
38 535,8 ~  13.38
Lo ”572.0 TR 14,29
2 087
b 646.1
46 68L4.2
L8 723.1 -
50 762.7 19,06




The system 7inc Oxide - sodium Oxide - water

R. Scholder & G. Hendrich. Zeitschrift fur anorganische und
allgemeine Chem, 241, 76 - 92 (1939) Avédl at Univ Cal at Los Ang

 Univ.Utah, S1t.lLk., Cal Tech Pasedena, Univ of C&l.Berklgy

The isotherms at 20° and 100° for the system Zn0-Na,0-H»0 in a

conc. range 1 - 21 N NaOH were determined. as wehe the isotherms

at 30° and 4L0° for the cone. frange 13 to 20 N NaOH.

Et 20° the stable solid phases are (1) Zn0 between {(Jand 13 'j’N NaOH,
(2) (Zn(OH)3)Na between 13.5 and 19.6 N, (3) (Zn(OH),)Nap

between 19.7 & 20,1 N, (4) a mixture of (Zn(0H) )Na2 and NaOH.H»0
bevond 20,1 N. The soly of 7Zn0 rises, while thg% of "the monosodium
zincate decereases wit incressing NaOH cone. causing a shappg

break in the curve at 13,5 N NaOH

Metaqtable qolld phases with higher solubilities found at 20° were
) ZA#¥ Zn(0H), rhombic,up to 7.2 N NaOH and (2) (zn(OH)3)Na.3H,0

between 7.3 and 13.3 N NaOH. The soly of this second metastable
801id shows a min. in 10 N NaOH.

At 100° the stable e0lid phases are ¥nO and (Zn(0H),)Na, the
latter appearing above & conc. of 19 N NaOH. The 85l of “nO
changes only slightly with temperature,being less at 100°

The isotherms at 30° &L0° were detd., for
The soly. of this salt increases with rlslng temgpratnre for
egual conc. of NaOH

Chem b, 117.7 - (1939) for dope on filtering Alkali sol in the
‘laboratorv if wanted,.




EQUILIBRIUM IN THE SYSTEM SODIUM OXIDE, ZINC OXIDE AND WATER

AT 30°

( Goudriean, 1919, 1920, )

Gms. per 100

@ gl’ﬁs. ga-tc SOlo s

Nazo :

11.8
17.4
23.7
27.3
27.8
28.0
30.1
31.8
33.2
3L.7
36.1
39.2

Solid
7Znd -» Phase

2.6 201 Zno
5,0 0% m
11,3 %/ "
16,0 /2.7 "
16,5 /3.2 "o+ NaQO.ZnO.AHQO
14,9 12 "

13.2 /o . 2Nwﬁ
1147 " 25,8
11.2 " 17,78
10.4 " /3,1

10.2 " 57¢
9.7 " + Ney0.3H,0 $5.83

Gms. per 100

gms. sat, sol.

a0
39.4
39.6
LO.7
LO.5
L0.9
41,9
24,6
19.9
13.7
10.1

L.6

heb

Solid
7n0 Phase
9.0  Na,0.3H,0
7.2 "
2.0 "
1.6 n
1.1 "
0.0 "
el 12,5 710
/6 15,2 zn(oH),
&8 7,2 n
575 L7 "
22 1,0 n
49 0.4 7n0




2:383k
Ch Ab.

7:765°
Ch.Ab.

P-8:23377
Ch.AD,

p-8-1563%

Ch, Ab.

7-1337
Ch. Ab.

7-1338

10-1130
Ch.Ab.

Ger., 217,632, Oct. B, 1908 Edoardo Sanna, Iglesias, Sardimia.
Utlli?lng “lactrolvtlc 7Zinc Sponge by wath e &4t in a NeNO, sol.,
warmirg it while still wgf moist to 100° - 150°, and at thé same
time suogactlnp it to a pressnre of about 1000 kg/so cm., wherebv
the 7n sponge is converted into a dense, metallic 7n, ready for
market. !

P L:14321 Chem Abstracts

Brit., 24,631, Oct. 26, 1909 E. Sanna (same data as above)
Ttaly P5: 3L5 Chem. Ab. ,

Ger,, 282,234, June 29, 1913, Chem Fabrik Griesheim - Elektron
Rendering Flectrolytic Zh Sponge Permanent.

Electrolyte removed by H,0 wash. Sol. if strongly alkaline pass
in CO, gas because Na CO more readily washed out than alkali.
Low temperature and vaou%efﬁmploved with stirring

7n Sponge of 90% ~-98% Zn content

Permanent in air and exceeds Zn dust in activity.

P 9:21937 Chem Ab.

Titration of %Zinc .in Alkaline Solution To the filtrate after
digestion with NH, Cl and NH,OH,heat to boiling,titrate with
K)Fe(CN) Use FeCly in HAc (add a few drops FeCly to glacial HAc)
as an indicator.

Brit.,, 21,014, Sep 22, 1911, ¢C.V. Thierry.

In the recovery of 7n from "blue powder" the powder is washed

with acid in order to remove the oxide coating from the particles

The powder shaken up with H,0 and the required amt. of acid,
preferably HC1 is added. The sol of “nCl, is decanted. and may

%é/fééé#éféd cone. to recover the salt, and the powder after

washing is compressed to a block and may be fused.

NH, on Calamine C(e8o used to regenerate NHA)ZCOB A" ZnNH,

lye has very little coef., of friction and filter readilly
without use of pressure,

Ger. 267,531 April 12, 1912, H.A.Asheroft Separating metals
from zineiferous MELdld ores or other materials, whereby salts of
the contained metals are obtained in solution and the metals
present are pptd. as hydroxides by NH;,OH.

Determination of Zn Silicate in the presence of 7ZnS

See also statement solubility of ZnS:i.OLP in NHAOH.

J.H. Hildebrand end W.G. Bowers J. Am. Chem, Soc. 38-785-8 (1916)

Usueal textbook explanatlon
H,Zn0,+ 20H° = 2H,0 + Zn0,”~  not correct

H,Zn0, + OH” = Hy0 + Hzn0,~  correct

Txcmllent reference to the technical phases of 7n chemistry (RIM)
Part of the alkali is adsorbed, changing the coagulum of Zn(OH)2
to a suspension and part neutralizes the hydroxide, giving the
ecid zincate,
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Bre H. €. 1o0 Je H. Drodford
Decenber 9, 1942 USE OF CAUSTIC S0DA SOLUTIOS OR
CELL LICUOR FOR TREATHNT OF oS

found which gave bost veswlts: (1) of solution, (2) amount of
solution, (3) temperature of solution, (4) treatment time mnd (5) fineness
of ore.

with COp were tried. Only & crude set-up
lytic precipitation, which consisted o
fseter. Mherefore, the resulis are oflf in

£,92.17% of the Zn and 97.5% of the I'b from the ore ean
iz for 2} hours at 2239, with ehlorine plant eell
8 grams per liter TwOF and 153.7 grems per liter

_ at the Pb and Zn in the leech solutions may be sep-

cetreiytically ty precipitating the Pb first et o lower voltage
then used for the Zn. 4 test using & S-volt storege battervas a source of
mmwzwmmwammaumm, gave the
following analysis. Test o, 37.

you2, %P

Pbm‘ . 3.

m ] .86

(5) ™e b end “n in the leach solutions cen be precipiteted by carbone
ating the solutions, The results of the tests indicate that the separation

ﬂiho?baniabythuwunotas@oduwwmn
separation.
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 making any extensive tests on the Goods
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OPFICE OF WaR INFORMAYION

Por Relessse

Iuportant dlsooverios of Mghegrade xine and Jond,oreswets
engivesrs through test drilling et the Yellow Muw mine property in the
Goodeprings dlstriss of Clark County i seuthensbern Neveds, 1% was
mmmaymmywmmmmmm,

One blosk of ore iu estinated to vemtain 36,000 tens of highe
memamme«Mmmwmmmw
mmmmmmmmmmmammmmm‘m
wmmmmn«wmmmwmmmﬂ
Yy Dre R, R Sayers, Direstor of the Buress of Mmes, One of the weus
ples showed Swo percent seper in sddition %o thw sther metals,
sble prespects for developing rnew snd fmportant ore bodies containing
aino and lead to assist the ¥ation in alleviating a eriticel siteabion
with vegard 0 sine, * Dr, Sayers in formed the Seovetery,

Ome of the more recent undertakings in the Buresn's extensive
war ninersls suplorstory program, the Gosdsprings mroject was started in
Eratifying in view of ¥he fast that the enginesrs heve besn working sush
\%WMW&WW;

| "osfortmetely, funds alletbed for this partisuler projest have
been exhausted and no Nurther funds are wvaileble for trassfer within the
Buresu of Mines,” the Direstor advised Sesrstary lokes, “Tharefore, 1%
WAl nessssary to stop work on this project tiw sevond week in Jumary,"
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OFFICE OF WAR INFORMATION
Department of the Interior

For Release

Inrortant discoveries of highegreds sine and lesd,cres=viwo
oritical and essential war materisls-~have besn made by Bureau of Mines
engineers through test drilling at the Yellow Pine mime property in the
GMMmﬂm#memhnumm%m
announced by Sesretary of the Imterior Harold L, Iokes,

One blosk of ore is estimated to contain 35,000 tons of highe
grads zine ore and individual samples from some of the rumerocus teste
holes drilled in the ares have assayed as high as 46 percont sime and
37 pereent lead, sscording to information submitted to Seoretary Ickes
by Drs R, R. Sayers, Director of the Burean of ifines. Ome of the sams
Ples showed two percent copper in addition %0 the other metals,

"Preliminary diamond drilling end ssmpling indicstes faver=
able prospects for developing new and important ore bodies containing
sinc and lead to assist the Nation in alleviating a eriticel situation
with regard to szine, " Dr, Seyers in formed the Seoretary,

One of the more recent undertakings in the Bureau's extensive
war minerals expleratory program, the Goodsprings roject was started in
September, 1942e<less than four months ago=-and the results have been
gnimuuvm&ﬁurutmtthmmmteﬂdagswh
a short $ime, Dr, Sayers said,

"Unfortunately, funds allotted for this partiesular project have
been exhausted and no further funds are available for transfer within the
Bureau of Mines," the Direstor advised Searetary Iokes. “Therefore, it
mmmtoMMNtMammthmﬁan.'
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Determination of the approximate temnage and crade of all the
m!ﬂnﬂ:&uuht&&“ﬂhhﬂm“ﬂﬂl
mm-;mm-rm.mnmmnm
memmmsnvammtamngﬁucmwmm
touammuﬂm

In deseribing the exploratory work in the Coodsprings distriet,
ma-mmcmvwmmmwmmm.
Bmughuunmth»tbmm“whm
mnuhmthug!awhphuu.nunaumhﬂywm.

mrnnurmnmmnummmum
wu-mwmmmmumm-‘mm‘ ¢
peroent lead and 10,4 mroent sino, A similar hole from the 900=Coot level
mnmrw.cm-tummnwu.xmnum
11,7 percent lead., Other drill heles on the 300-foot level revealed a
Mhmm.ﬂﬂdﬂnlﬂm“puulﬂﬂo

Mmmummumw-mmm
& bedy of ore mare than 1,000 fest leng, from 25 to 50 fest wide, and range
mutummsuum.mmum. This is the
mwumummmmcmm-gn.am &
sino, Ceologioal conditioms indicate that its lemgth may extend more them
half & mile, However, additional drilling will be necessary to prove the
sontinuity of the depoeit,

Swmarising the Coodsprings explorstery work to date, Direetor Sayers
mmmtmmhumsmmnmm
liuﬂﬂ.umm.ﬁuhnuﬁhﬂwhmnhuhu“m
oent zine and 37 pervent lesd, 3

"Production in the Goodsprings ares could be stimlated by exploratery
Mnmmuwmm'm.mm Some of the
properties which show promiss are Potosi, Milford WS, 1, ¥ilford S0, 2, Sule
mnmmn.m.»mmm:mm.mwmmm.



At P bnda C)O
«.5.6.8

Q -

) s ’..' .

MINING AND GEOLOGY OF THE GOODSPRINGS DISTRICT _Z;(em /,2

The mines ofthe Goodsptngs district are scattered over an area 18 miles long
and 7 miles wide, 25 miles southwest of Las Vegas in the Spring Mountains.
ipe northern and higher extension forms the prominent range west of Las Vegas.
A few mines, such a; the Yellow #ine in the center of the district, are
readily accessible by road, but many are locate on cliffy slopes hi gh
in the mountains and must be reached by tortuous trails and the ore lowered to
the base of the mountains by aerdal trams.

Mining began in the district im 1856 but the production remained small until
the turn ofthe century. It reached it's peak during the decade from 1910 to
1820, About ome fourth of thz:ninea have accounted for 85%¢ of the production..
In the past two years only 14 of the mines have opperated and most of the
production he come from € mines, namely the Anchor, Argentena, Creen Monster,
Root, Sultan, and Yellow Pine. The gross yield of the district from the 90s
to the present is in excess of $10,000,000, half of which iz to becredited to
the Yellow Pine mine.

The ore deposits of thedistrict imeclude those which have been exploited
for gold, silver, copper, cobalt, molybdemum, vanadium, platinum, palladium,
l-ad, and zine. 'Eho quantity and value of the lead-zinc ores for exceeds
those of the other metals. th 1943 and tho first half of 1944, about

An aue. shepped Lron 4o diadvict
30,000 tons of ore containing 28% sinc and %.51 lead were seld—to—thulstais

In the lead-zinc mines very little timber 1akm_uirod. Some of the
larger stopes have been mines by benching from the tép of the stopes; some
by using square sets purely as a means of extracting the ore and not as
supperts for the backs. GCenerally the square sets were removed after extraction

of the ore and used over again. In the Potopi mine rock walls and fill were
used in the béttoms of the stopes as an aid in extracting the ome from the backs.



Only a very few atopes were timbered to support the country - k. These stopes
are 1n’aro'a.a_ where th+t@goa were in contact with porphyry which weathers
wapidly and sluffs off; locally timber has been required where the stopes
are againat the Bird Sprwma which tends to sleb off. Generally
speeking, despite the intensity of faulting and the general broken nature of
the ground, the cdmtry rock stands indefinitely with no timber.
The zinc- lead ratio of the ores is variable. A few lead mines contain little
or no zinc and a few zinc mines 1little or no lead, but considering the distrite
as a whole, the zinc-lead ratio averages between % and 4 to 1.
The mineralogy is gensrally quite simple. The zinc sulphide im all but
a few deposits is almost completely oxidized to the silicaf-o Calalipe, and
to the carbonates hydrozineite and smithsonite. Galena, the lead sulphide,
is quite common but is locally oxidized to the sulphate an_gl_u;'h, and to the
carbonate Gerussite.
The stratified rocks exposed in the area attain a thickmess of 13,000
feet and range in age from Cambrian to Becent. All iy stems of the Paleosioc
are represented in the 8,500 feet of bds exposed. Of the Paleozoics, limestone
| and dolomite make up more than 7,000 feet. All of the lead-zinc depoesits are
in paleozéic beds older than the Fermian and the vast majority like within a 500
? foot zene of Mississippian steeta.
: The Mesozdic section attains a thickness of over 4.006 feet and isz,made
up dfrgely of sandstone, shale, and conglomerate, with some limestone at the
base. The prominent red and tan sandstone cliffs southwest of Las Vegas
belong to this system.
The Tertiary is represented by tuffs and lava flows.

Although
io the casual observer the ntmmo appears simple, the mion Teveals an

amazing record of folding, thrust faulting, and normal faulting. At some
time between the late Jurassic and middle Tertiary, the bds were folded to
different degrees depending on the massiveness of the bedding. Toward the
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end of the epoch of siwust folding thrust faults began to fora. The Goodsprings
area displays 4 major and many minor thrusts, which genmerally dip west. Near
the end of the epoch of thrusting, sills and dikes o granite porphyry were
intrdded. After the thrusting a few normal faults developed which were
later mineraligzed. These faults were followed by other mormal faults which
are younger than the ore deposits but older than the middle tertiary lavas.

The ore deposite ere iimestone replacements which generally parallel the
bedding. CSome are tabular but many are irregular in outline. Most occur

where fractures have broken the more massive beds. Thrust faults parallel
or nerly parailel to the bedding locally brecciated the rock. Suiphide
solutions rising on the high angie fauits encountered the breccia somes,
spedd out in them and repiaced the breccia and to a certain extent the
unbroken wall :‘oet iater these deposits were oxidiszed with l:lttlo migration
taking ,laee duri.ug or after oxidation as iz evidenced by the uml oeenrmco

comaonly
of sulphide rel,tets. sy golena, mrtwssbeiwebtr-hee-sihsedbessedondirtge
white
w Small bodies of, hydrozineite have been found below some

of the larg: ,‘rc ore bodies and are believed to have been formsed by downward =i
migration of ;}art of the sinc during oxidation. These bodies c: hggmsimite,
hewever, ars_/;‘)relstively emall and few in number.
The IO/S,?; comzon impurities in the ore are lt'ggg_;j&_m@ unreplaced ribs
and blocks | ’{ﬂ,‘_"f_ﬁgﬁ' Locally, as at the Argentena mine, barite is a
common ‘,ﬁ'—'\' alperal.
ut depth the sulphide zome will be encountered is not known from
M and will probably not be known until exploration oxhnd*to
much ﬂ mtor depths than has been attained in any of the mined. The present
am.r!ﬂmntm of zinc sulghide offers mo clues. The highezt mine in hhe
' | disty
5 1s/wit{hin 200 feet of the surface.

4

Qﬁ. the Potosi, containa the largest amount of zinec aulphide, some of which
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Of the mines which ahve operated im recent years the Yellow Pine,

Anchor, and Argentena, have ben selected for brief discussion.

Tthzgiiggmgiggwia the largeat and deepest mine in the district with
27,000 feet of workings on 12 levels reaching a depth of 8CO feet.

> The Yellow Pine has produced 50,000 tons of zinc and 80,000 tons of
iead. Most of the production was during the 20,vears from 1908 to 1928.

The mine workings explore three members of the Missippian Monte Cristo
limestone. The oldest, the Bullion lnnbér, is here a massive gray dolomite.
Overlﬁing the Bullion 13 the é{gg:&ggd which consists of 10 feet of limestone
and dclomite in units a few 1né;es thick separated by thin scams of black
shales Above the Arrowhead is the Yellow Pine member, here consisting of
about 100 feet of thimkbedded limcstone and dolomite. Although the ove
deposits of the mine lie in these three members, the Yellow Pine member has
been ly far the most productive horizon. The f!elxaw Pire1is 1?:;£ombly
overlain by the Bird Spring formationwhich here has 20 feat of eandstone
at it's base, lhe sedimentary rocks are out by dikes and sills of granite
porphyry. The largest porphyry body is a s111 with its base along the
top of the basal Bird Spring sandstone.

In general the Yellow Pim mine reflects the general structure of the
Goodsprings district on a small scale. The sediments strike northest and dip
northweat al an average of 40°. They are broken by thrustes which likewise
dip west but ate flatter than the bedding. Displacement om individual
thrusts is amell and amounts to only a few ccfore of feet.

Brecclation along the thrusts varies -in amount fron plece to phce. Loe:lly
the shearing may be distributed through a zone 20 feet thick and slsevhere the
shears cut cleanly tirough the rock with little or no breccla being present.

Although th: evidence i1s incomclusive, the larger massee of breccia a pear
to be at places where bedding shears and st:eper thrusta branch from the main
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thrusts.

The thrusts are displaced by two syetems of moderately to steeply dipping f
fsults a2long which the movement is beiieved to have been mostly horizontal.
The older of these two systems includes faults trending between northwest
and west-northwest; the younger, or Alice system, includes arcuste faults which
genmerally tremd north, The dispiscement is usualiy but & fe feet although
faults with displacements of as much as 250 feet are pregcent. Both sets
are believed to be premineral as igdicated by the occurrence of galena
in fissures which can be aséigaed to one or the other of the two svestems.
Galena is most common along faults of the Alice system. As & consequence
of an early stage of thrusting and two atages of high angle faulting, the
ground is gemerally briken throughout.

The Yellow Pimm ore bodies are typically ta.bula.lr with the longest dimension
peralleling the strike of the bedding.

Pest records indicate that the zinc content of the ¢rude ares has varied from
£ to 45%. Mo doubt the primary ore bidies were predominently sphalerite and
galena. Subsequent to its deposition the ore has been oxidized to some
wknown depth below the deepest workings in the mine.

Judging by the ore mov showing in the mine, the typicel ore is a friable
agregate of calamine crystais mterm :}3 r%d}r‘?ﬁﬁw.ﬁt‘ crystals
and coated with limonitic material, Betwecen thericher stringers of ore
barren ribs of dclomite which may be se mich =& 10 feet thick hut which
in the richer zomee average leoss tham one foot and comprise less than 209

of the material extracted,
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¥ The Anchor méne, § miles south of Goodsprings, is high in a rugged canyon in

‘the Spring Mountains. The are 13 transferred from the mine to the base of the

mountain by a 2,000 foot aerial tram. A 200 foot inclined shaft leads to the
% principal levels of the mine. |

Since 1908 the production has been over 4,000 tons of zinec and 5,000 tons
of lead. Some of the ore mined during the laat war contained ae high as 40% sinc
but during t.ho‘ pot few years the ove shipped 20% zinc and a few percent lead.
During the past two years the Anchor has been thelargest producer in the district.

The ove bodies lie in the Anchor member of the Monte Cristo iimestonme. This
member upderlics the Bullionmember which is the skdest lowest stratigraphlc
unit encountered inm the Yellow Pine workings. The Anchm? member is largely
a dolomite in the vieinity of the mine. Lentioular pods of cher$ locally make
up from one third to ome half of the beds. A 28 foot cherty unit in the Anehor
with from 5 to 4 feet of very chorw,ba;!s at the top and bottom, is the
key horiszon in the mine. All of the ore has been mined from this gemeral
zone and from the immediately overlying beds.

A geries of low angle thrusts cut the lﬁe workings. Some thrusts are easen-
tially bedding slips but others are steceper or fiatter than the bedding. There
are genile flexures inm the bedding béth along the strike and down the dip.
dhe thrusts are believed to have originated a3 bedding siips which troke into
thrusts at flexures in the bedding. brecciation 1a gemerally greztes in the
cherty units and is possibly due tc the chert lentlls acting as pegs in the
bedding planes, preventing simple slipping. )

The top of the hanging wall stope over the main ore body and the lower end
of the main ore body were in lead ore containing little zine. ‘lhe chief ore
mineral for the mine as a whole, however, is Zargeip= pink hydrozineite.

Pre and nost wmineral normal faults are present. Most of these strike
roughly para.’ ;1 to the bedding, T“hose dipiing west are believed to be
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premineral and a few of thesc vere probebly feeders. Those Qipping east are
post mimeral. ‘he largest known Glsplecement ou any of these faults is 20 feet,
' dear the lower end of the muin ore body, two vest dipping faults have
upsheared galepa along them. The ore in the vicinity of the westcrnmoat‘of
these two faults contailned mostly lead but up dip from the eectern faul£ zine

waa the moet important metal mined.

Tre Awgentﬁna mine is 2.5 miles southwest d Gocdoprings neer the crest of
the aning M;;ﬂt&ﬁns:‘ "s at he Anchor, the ore is lowered to the bese of
the mountains bv an eerial tram but unlike the tnchor, the mine can Le
reached by road,

The we=pa:3 total production from the Argentena is much lea; than many mines
in the district but in recent years it bhas been one of the leading producers
of lead-zine ores. ilost of the developement work has been done 473 the property
since 1928. Approximately 12,000 tons of ore hawve beon éhi,,ed,;abcut one
one fourth fafwhich contained &8% combincd lead and zine and the revainder
1neludink the recent procuction about 23% combined metals, The ainc-lead
ratio varius from %,6 to 1 to 7 to 1.

"he ore bodles at the Argentena 1lie entirely within the Ye.low Pine
dolomite and are largely concentrated in the upper %0 feet of thc‘farlation.
In the Argentena area dips of over 10° are not comuon. j
ihe mine workings and surrounding sres are cut hy a strong.énaatalostng

series of north-south trending tear faulte in the hanging wall of the Xeystone
thrust. Thes The movement on these faulte was almost horizontal , | These
faults ere believed to be premimerel although locally 1t would aRJAEr that
there hos been some post mineral movement 2s well. Underground thc}n breccis
zonesshow many closely spaced shears along meny of Ihieh the dolo.ita fi

the
ground to a flour. In contrast to other mines disuusxed, the breccia nf these

1 \



8.
strong ;é;aa rarely containd ore, slthough the minor feults between the major
breaks %t locally highly minerslized. In contrast to the rocks along the
major bra&?s, these minor {ractures are more open and apparently furnished
easier paa#;ge for the ore asslutions than the major fauult ZOnes.,

Thrusts a;e relatively unimportant and few in oumber in the Argentena workings.
The ore tanéﬁ to make to a large degree aloﬁg the bedding but slso makes along
the high angle faultg,

*pe ore is lérgely calamine with irregular pods of smithsonite and hydrozineite.
Locally an earihw ;anadato, probably descloizite is abundant.

A8 at the lellow Pine apd Anchor min-s the ore cuntalns ribe and boulders
of dolomite. The ore in some of the workings conteins a considerable amount
of barite. Locally the barite ia 50 abundant that the ore can not be profitably

mined bt present hand sorting methode,

cince almost a1 mining in the district is done by leasors, znd wmch of
that by local residents with limited ecapital, littie atteapt s made to bicek
out ore and kmown reserves at any cope lime are small, In the minee which T
have seen, there is only a relatively small amount of high grade ce ip sight,
Locally the low gnde reserves are much larger but do not sdd up to any great
tonnage. With few exceptions the ore bodics that haye been explored in the
district were exposed by erosiocn,

Tre ore controls for the Aistriect as a wiole, nnd even for the mines here
discussed are as yet theories that have not been conclusively proven. The
problem is a di ficuit one but in time, by setting up tbeoriea based upon actusl
observation, und ty eonstant reevuluation of these theories ss more and more
deposits are exemined, 1t is hoped that the ore controle can be worked cut a
and can be applied to aress awey from the msent workings as well as to ground
adjact?at to them.
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Considering thet 'he 74 mines ond numerous prospects are scattered over
& district containing more then 100 squere miles, the job of detailed study
is an encrmous one. However, when one considere the shallowness of exploration
to date, it 1s only reasonabs to ausume that there must be meny times the tonnage

of pust production remaining to be found in the area.



