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INTRODUCTION AND 3.lMMARY 

The Lake Shore property, located in the early 1880's, contains copper­
bearing deposits that have been developed by surface excavations, underground 
workings, and churn-drill holes. Intermittent operation of the property 
ended in 1929 with a total recorded production of 280,000 pounds of copper. 

The property is near the foot of the, Slate Mount~ins, which are made up 
mainly of schist, probably the Pinal formatiOn of pre-Cambrian age. In the 
mine area there are a few outcrops of granite, which is exposed over a ,large 
area east of the property'. Other outcropping rocks on the property are lime­
stone, quartzite, and diabase. The limestone and quartzite probably are the 
Mescal and Troy formations of pre-Cambrian and Cambrian a@B, respectively. 

The predominant copper mineral is chrysocolla, a hydrous silicate that 
occurs mainly a.s fracture filling in bedded schist. It is also, the principal 
copper mineral in the shear ~one at the schiet-granite contact and :l,n limestone 
southeast of the main workings. 

Investigation of the Lake Shore property by the Bureau of Mines included 
both topographic and geologic ma.pping, e'~loratory drilling, and metallurgical 
test work. One · diamond-drill hole and five churn-drill holes were c'ompleted 
for a total of 2,872.5 feet. Drilling started January 19 and was completed 
May 13, 1949. ' 

ACKNOWLEDGMENT S 

These investigations were initiated in 1942 when O. M. Bishop, formerly a 
mining engineer of the Bureau of Mines, examined the property with the object 
of determining ore reserves and obtaining samples for metallurgical tests. 
Appreciation is extended to Frank M. Leonard, Jr., one of the owners of the 
property, for accompanying the engineer during the examination, for relating 
the history of the property, and for supplying an assay lMP of the mine 
workings and assay graphs of the churn drill holes. Later in the same year, 
T. C. Denton, also a. former mining engineer of the Burea:u, obtained additional 
samples for metallurgical tests. 

The Bureau wishes to thank Nels P. Peterson of the U. S. Geological 
SUrvey for mapping both the surface and the 1.mderground geology during brief 
visit.? to the property in January and March 1949. 

The investigat,ions made du~ing. t .he Bureau's drilling program were super­
vise,d by J. H. Hedges, Chief, Tucson .Brl;nch, Mining Division, and analytical 
work was by Ray Stiles, under J, Bruce Clemmer, chief, Tucson Branch, Metal­
lurgical Division. Metallurgical tests by :the Bureau in 1942 and 1943 were 
made at the Salt Lake City station' with H. G. Poole in charge ', Clemmer and 
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Carl Rampacek conducted the tests at Tucson in 1949 and prepared the text on 
metallurgical tests. Transit surveys of the surface and underground workings, 
started by the author, were completed by M. H. Berliner, mining engineer of 
the Tucson Branch, Bureau of Mines. 

Acknowledgment is mde to the Indian SerV'ice of the Department of the 
Interior for grading an entry: rood to ' ·the mine and for providing a source 
of domestic and drilling water from a well at the nearby Indian Village of 
Komelik. ' 

" ' " LOCATION AND ACCESSIBILITY 

The Lake Shore mine is in the Papago Indian Reservation and the Casa 
Grande ' minmg district, ' <fila and S:l.lt Elver :Base Line and Meridian, secs. 25 
and 36, T. 10 S. ~ R. 4 'E. ; Pinal"County, Ariz. (fig. 1). It mey ,be reache'a . 
from Casa Grande, a town on the Southern Pacific Railroad and state Higbway 
80, by traveltng southwestward 28.2 miles ,on a well-maintained dirt road and 
thence 2.6 miles 'east on 'a desert rOad to the property. 

PHYSICAL FEATURES AND CLIMATE 

The Lake- Shore mine is on the soutm.r9st piedmont of the Slate Mountains at 
. an altitude of about, 1 ',800 feet. The mountain range trends northwestward and 
~eaches its maximum. altitude of 3,330 feet at 'Prieta Peak, about 2 miles 
north of the mine. 

Vegetation is of the desert variety, 'typical of the lower altitudes of­
southern Arizona. Palo: Verde trees and. :Saguaro cactus are prominent. 

Winters are mild and summers are hot. At Ajo, about 60 miles west of 
the property, the annual mean temperature is 710 , with a range from 170 to 
i150 • The annual precipitation averages about 9.3 inches. 

PROPERTY AND OWNERSHIP 

The Lake Shore pr~perty consists of three patented lode inining claimS: 
the Arizona, Copper Bell, and Isabella (fig '. 2). N. Frank Leonard, But'te " 
Mont., owns 96 percent ·of the stock of the Hidden Treasure Mining Co.; which 
is the holder of the property. 

, . 
There are no buildings or equipment' ,on the ·property. 

msroRY AND 'PRODUCTION 

., , The mine' was 'located early in the 1880 's by Trout and Atchinson. A . 
shaft was sunk, and some drifting was done befote 1884, wfle:n the property~· ' 
was abandoned because of failure of the copper market. In 1905, B. S. Wilson 
rel.ocated the mine and ' s~ipped some ,ore . sorted from the dump. ' In : 1914 'he sold 
the ' property to Frank M. and Charles Leonard e' A Ilew shaft was sunk to the ., 
225-foot level', and development of thC , ore 'body was started 6n three levels. 
In 1917 the Atlas · Development ·Co., Chicago, 11'1. I leased the milie and shipped 
850 tons of ;.2 percent copper ore t6 a smelte'r at Sesco, Ariz. In 1919, 
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Figure I. - Location map, Lake Shore copper project, Pinal County, Ariz. 
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Figure 2. - Surface map, Lake Shore copper deposits, Pinal County, Ariz. 
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after terminating the lease, the Leonards drilled 5 churn drill holes and 
sank two winzes. During this period. 12 tons of 15 percent copper ore in 
'sulfide form was mined from the sc1l1st-granit'e 'c'ontacr zone' on 'the 285~root ' . 

. . 1evel.The··.1s.ati··rep·orted prCi-aU-ctfon wa·s ··'in ·1.929.1 whe'n '~ore:yas trucked from ' 

.:the·" mine dump --to ' Ca:s'a 'Grande :'for ' shi:pn;nt~ . ,. ..... '''---'-'' '-'-'' .... -., - .. '--'" -~, 
,.0, ..... 

.... - . Total produd~}on ·from ·the-·'property. is re:;,rted ~ ·j~-ve··'-been · 280;OO6 -; '. " 
pounds of copper.-

.J .r'!. ~' 

GEOLOGY 
,' ... ' , 

.1 

'.General 

The Slate Mountains · are composed mainly of schist, tent'atively .identified 
as the Final formation of pre-Cambrian age. Biotitc.J.'gr.a.nite has intIiuded the 
schist near the southwest end of the mountain ren@e' It crops out over a 
very stllB,ll .area on the Isabella claim and is ' promiIiently exposed east of the 
Lake Shore proP9rty. Other rock exposures on · the property are ' confined to a 
small area of altered' schist on the Arizona claim and to" limestone , quartZite, 
and diabase on the Isabella claim • . The limestone and ' quartzite are pr.obably 
the Mescal and Troy formations of pre-Cambrian and Cambrian age, respectively. 

Depo'S its 

Copper mineralization is associnted with ' s fault tbat has an average 
strike of about S. no w. and ·a dip, of 600 to "(00 west r (figs. ·3 and 4). 
Granite, probably ail inte'gral ·part· of ·t ·he intrusive mass, f ·orms the blo,ck 
east of the ' fault. 0n the west s.ide · of ... the . fault . is a bed oT highly altered, 
intensely fra.ctured, fine -grained. rock that has been classified us schist. A 
thin bed of'. quartzite is spottily present near the ba'se", af . the schist. Under­
lying the' schist · is an intensely altered mass of rock tentatively .classified 
as andesiti-c , la.va or tuff. Part of . this f 'ormatlion' .can be identified mega­
scopically, as andes ite . Spott.ily present in :the andesite is ~ a very' fine­
grained un'identi:Hed . rock of light .. color and ' s·tonY_ ap:pea.rauce. Of similar 
occurrence and texture is a dark-colored rock ' tentatively: identified as basalt. 
The schist strikes about S. 370 W. and dips 370 to 450 east. South of the 
ma.in shaft, a ; comparatively sinall PodY' of : gr~n·it.e_·: is 'in ' contact, on the west, 
with the fault. 

Copper .mineraliza.ti~ir occurs sparingly tbroughbut~ the bedded .rocks · but 
is concentratedl ma5.nly. , at ·the base 'of the , schist 'tmd iI.n ·the fault "zOne .• " The -. 
planes. of the fault and the planes , bt the bedded roeks." .diverge , to . -farm a 
trough that· plunges to the' southwest at an .angle ~:~.abOat-, 24°. . 

Mineralou 

The following is an a.nalysis of a l~ ... pound sample submitted to the Salt 
Lake City Station for metallurgical testing in 1942. 

'~ ?j Els·i!l'g,· M.· fii., and Heineman, . lLE.S • ., Arizona Meiai- Pr<Xlu.ction: . Univ.ersi~y 
of Ariz. Bull. 140. ," . 
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Oxide 
Insol. 8102 Fe I' CaO ! 8 ,I .cu i Cu* . A120-::{ , Zn I 

49·4 I 17·5 ! 5.1 I ~il . 1 2·3 ! ' 2.15 i 6·5 1 Nili i37 . l 
I I I I 

*Soluble in dilute H2SO4 saturated with sulfur dioxide. 

The late R. E. Head,l/ of the Burea.u of Mines, stated: 

Examination of thin sections prepared from representative 
pieces of the ore indicate that basically two types of copper 
association are represented. In addition to the copper-bearing 
material, there ' appears to be also an indeterminate quantity of 
rock that is virtually free of copper-: . 

In the one type of copper occurrence, the ground mass is 
almost entirely quartzitic. Chrysocolla, the copper silicate, 
occurs in this type of rock as a filling in fractures both in 
the rock itself and in the quartz p~rticles. 

In some of these fracture fillings the chrysocolla occurs 
as masses of hairlike fibers intermixed with calcite and clay­
like material. In addition to this type of association, the 
chrysocolla is also present as a shell or coating on many of 
the quartz particles. In some cases, aggregates, of very small 
quartz particles are cemented together with chrysocolla, which 
occurs as films so thin as to amount to scarcely , more than sta'lns. 

In the other t~e ' of associat ion, the chrysocollo. is dis­
tributed uniformly through the claylike ground mass in the form 

Pb 

Nil 

of minute veinlets and also as fracture fillmgs. This association 
- of chrysocolla with the gangue is very intimate, and examination 

of thin sections" i s·~oweQ. that the individual clay particles were 
ringed ' with copper',carbonate. 

The ore contains' an appreciable quantity of magnetic iron 
oxide, magnetite. 

Subsequent invest·igation of other samples of the l ore in connection with 
metallurgical testing showed the copper to be present mainQy in' the silicate 
form as chrysocolla ' and 'some di'optase. Also present is a yellowish copper 
mineral, which is probably a silicate. A trace of sulfide-copper is present 
mainly as chalcocite. 

A little pyrite and a small amount of native copper were seen in the 
cuttings from the faultzqne at churn-drill hole C'-2. 

3790 

Head, R. E. {deceased" ,Preliminary Microscopic Examinatio~ ,of ' oxidized 
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Figure 3. - Geologic map, J52-foot level, Lake Shore copper deposits, 
Pinal County, Ari z. 
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MINi !'I~G§' {:f~gs. 2;' 3, . ~nd 4) , 

• ¥, 

1" ... '. 

.,' j 

. The -main shaft is ~e-~ti~~i '~~d ' fuily timbered ' futo ~ '1j.':foot ' ~q.~are" '---:: 
hoisting compartment and a 2-1/2-. by 4-foot manway compartment. ' It ,is 235 ' 
feet deep ·and at present is accessible to the water that stands at 221 , feet ~ 

below the 'collar of the shaft. Levels at depths from the surface ·of ,115,. 
152, and '235 feet have been opened from the shaft, whereas the .bottom or , 
285-foot level OOS been developed from two winzes sunk from the .235-foot ' .. " ' 
level. Lineal development on the four levels consists of over 2,700 fleet of' 
drifts and crosscuts. Near the f'ciotwall of the bedded deposit ,are ·two · smar~ 
stapes on 'the 115-foot level and 'two on the l52-foot level (fig~ 3). , Another 
small stope on the 152-foot level is in the schist-granite conta~t zone. 

The Sixty-Five shaft and the "Granite shaft, both inaccessible, .are , . :~"= ,­
situated 130, feetnortbw:est .. and .. 350 feet nonMast , of t~._ ~Jn.:.§~r~"~ .. :-, .~-::::~~ 
respectively. The Sixty-Five shaft, 65 feet deep, has one level at its , 
bottom. The Granite shaft has . two levels - o~e at a depth ,of 45 ,feet and 
the other at its bottom of ·-83 feet ~ About midway betWeen the' two shafts is 
an · open 'cut in the only surface exposure of ore on the property. It ·was , 
the source of several 'cars of are. ,., 

A longitudinal sectlon t 'hrO'ligh the main workings is shown on the ' assay' 
map (fig. 4).' 

In addition to the above workings; there are ' several shallow sMfts 
and pits. , r 

. WORK BY THE BUREAU OF MINES f :~ t· .~ 

" 
Field Work .... - " w- ( .' .. : 

During examination of the mine by the Bureau of Mines in 1942) sampling 
was . confined to the 115 .... and l52-foot levels, . because the lower workings were 
flooded with the water,; Which stood at 228 feet below the . collar off :the , shaft. 
Seven channel samples were cut to duplicate corresponding samples ' that are 
similarly numbered on figure ' 4. ,' In addition, 'six samples, each weighing 25 
to 55 pounds, were cut from six crosscuts. These, also, were channel samples 
and, with the exception of sample '100', were cut from channels that , carry . ' 
sim~lar numbers. Sample 100 represents the material exposed in a section of 
the crosscut 'on the' 115-foot level • . Ana.lyses of the' sampl:es are ShCKrn ' in 
table 1. 

.. 
'. 

" 
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Level 
115· ......•..... 1 

115 .• ' ........... i 
115 ............. ! 
152 .. ~ ...... , ... i 
152 ............ _I 
152 ..•. " •..•.... ~ 
152 ... : ......... ! 

I 
115 .............. ; 
l15 •••..•• ~ ••• ~. ; 
152 ... " .••..... • . j-

152 ......•.. ~ ... i 
I 152 ...•......... . 

. I 

152· ....... · ... · ; 

TABLE 1. - Analyse s of channe 1 sample s 

Saifle 
11 
115 
116 

61 
62 

· 63 
64 

100 
113-116 

25-31 
32-39 
60-63 
78·87 

Width, feet 
5 
5 
5 
5 
5· 

. 5 
5 

' 38 
20 
35 
40 
20 
50 

Percent cop:ger 
. 3.54 

4.39 
1.90 
2.69 
2.;1.8 
2.81 
1.28 
2.69 

· 2.17 
1.90 
2.27 
2.56 
1.74 

A l58-pound sample was made. of the six large samples for metallurgical 
tests o· Later 'in 'the same year four additional samples were taken for metal­
lurgical testing. Each of these represented 50 continuous feet of crosscut 
and ranged in weight from 272 to 619 pounds. They were taken from crosscuts 
at the shaft on the 115- and l52-foot levels and from the first and second 
crosscuts south of the shaft on the 152-foot level. 

Active work on the exploratory project started November 22, 1948. The 
first truck loads of equipment and, supplies, after being assembled and con­
ditioned in Tucson, were hauled to the mine on December 6. While a. complete 
camp to accommodate 25 to 30 men was being built and equipped, work was started 
on rehabilitation of the main shaft. SOOft work consisted of replacing the 
collar and second sets of timbers and making minor repairs to both the hoisting 
and manway compartments. A tripod was plaoed over the shaft, and a hoist was 
installed. Two 2l0-c.f .m. compressors were placed near the shaft, and an air 
line was installed to the site of diamond drill hole D-1. Track was . laid, 
the drill station was drilled and blasted, and the muck was trammed to the 
shatt and hoisted to the surface in buckets. While the diamond drill hole 
was being drilled, the air line and track were advanced, and two more drill 
stations were drilled and blasted. The muck from these stat j,ons was hoisted 
to the surface after diamond drilling was completed. A total ,of about 100 
tons of: broken rock was removed fr0m the mine. 

A transit survey of the surface and underground workings st~rted while 
the camp was being built showed that available maps could be used for laying 
out the drilling program. This work, as completed, included plumbing the 
main shaft, transit surveys of the 115- and 152-foot levels, and topographic 
surveys of the area shown in this report, the Isabella claim, and a 25-acre 
area adjoining the Isabella claim on the east. 

Diamond drilling, consisting of one hole completed at a depth of 203.5 
feet, was started January 19 and completed March 18. A vert ical se ct ion 
through the hole is shown in figure 5, and the assays of samples are given in 
the log of the hole that is appended to this report. Original plans included 
diamond-drilling 6 or 8 holes from underground stations, each designed to 
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Figure 5. - Geologic sections, Lake Shore copper deposits, Pinal County, Ariz. 
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Figure 6. - Assay graphs, old chum drill holes, Lake Shore copper deposits. 
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intersect the fault zone below the water table at interva.ls along the strike 
of the fault. Diamond drilling was terminated upon completion of one hole 
because costs were excessive to both the contractor and the Government. From 
the collar of the hole to the fault zone the rock is :intensely 'fract'tU'e,d, and 
core recovery averaged about 6 percent. In general, after drilling a section 
of the rock the hole would close in as soon as the core barrel was removed. 

Repeated cement jobs on portions of the hole failed, and in these cases 
it was necessary to drive the casing ahead. Attempts to advance the .hole by 
bla st ing also failed. The contractor also tried unsuccessfully to keep the 
hole open and to consolidate the ground ahead of the bit by freezing. This 
operation consisted in using fuel oil cooled by dry ice as the circulating 
medium. Little trouble "'as experienced in penetrating the fault zone , where 
core reoovery averaged 3.6 percent. The diamond drill was operated two 
shifts daily for 6 days a week. Double-tube core barrels 5 and 10 f~et lon,g 
were used. Drilling data for the hole, which was numbered D-l, follow: 

Diamond-drilling data 

I i Stand- Feet : 
Drilled Reamed I Cased , I i I pipe 

Hole lDepth, 'ft·U3-inch) NX j BX j AX BX to NX jAX to BX i BX r AX l Cemented 
i I I ! ' 

' 33.0 ! ~8.oh5r( .01 D-l 203·5 . 11.0 /34 .0 i 94 .0 164 ·5 18.0 146.5 I i 
I i i I I I f I 

Churn drilling, consisting of five holes for a total depth of 2;669 
feet, was started January 13 and completed May 13, 1949. The rock was easy 
to drill, but, being ra,velly, it was generally necessary to carry casing 
close to the bottom of the hole. The drill was operated two or three shifts 
daily, mainly on a two-shift basis, for 6 days a week. 

Pertinent drilling data are given in table 2, and the logs of h~les 
drilled by the Bureau are appended. Assay graphs of four of the ' churn-drill 
holes put down by the owners in 1919 are shown in figure 6. 

Sections through the churn drill holes are shown on figure 7. 

Drill-hole samples for analysis totaled 295, of which 56 were from the 
diamond-drill hole and 239 were from the churn-drill holes. Drill cuttings 
were dried, "'eighed, and reduced in size with a Jones splitter, and core 
samples were weighed and split. One half of each core sample and the , samples 
of drill cuttings were sent to Tucson for analysis. The othe~ haJ,f of the 
core was placed in core boxes, which were stored in the Bureau core house in 
Tucson. Two large samples of muck from the diamond-drill stations also were 

· sent to Tucson for metallurgical tests. 

Three thousand lineal feet of road work was done. This consisted, of 
repairs to existing roads and building new roads to drilling sites but does 
not include 2.6 miles of 20-foot-wide road from the Casa Grande-Ajo road to 
the mine, which was built by the Indian Service of the Interior ' D'epartment. 

All drill holes were capped with a Bureau marker showing project number, 
hole number, and date of completion. 
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Churn­
drill 
hole 

TABLE 2. - Churn-drilling data 

Feet 
1 
!Drilled,bit si~e (inches)1 Cased, pipe si~uinches) 

Depth I 12 I 10 r '8 I 6 I 12 I 10 8 t 6 
Reamed, bit size 
10-12 8-10 

50.0 6.0 C-l ••• 1 590.0 I 250.01115.O!225.01 I 20.01 382.0 

561.0 I 155.0 10500i200.011010011 12 I 205.01 452.51 546.01 20.0 . I 
I I 

671.0 I 250.0 90.01160.0 171.0194.0 321 .°1 67.0 

C -2 ••• 

C -3 .•. 

31.0 , 
! 
I 46.0 I 
! , 

c-4 ... 1 290.0 I 250.01 40.0 1 I 31.0 I 
1 I 

C-5 ••• 1 557.0 .012 0.0 105.0 2 00 155.0 412. 

I 

L 
2,669.0 1.,080.0600.0690.01299.0 412.0 t1,3200511,395.5 1713.0 306.0 . , 83.0 
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Copper Anal~rses 

The Lake Shore samples were a.nalyzed for copper by conventional pro­
cedures. Total copper was determined by the long iodide method, using a 
mixture of hot concentrated hydrochloric, nitric, and sulfuric acid for 
decomposition of the minus 100-mesh samples. Samples that contained 0.5 
percent or more of copper were reassayed for acid-soluble copper with a 
5-percent solution of sulfuric acid saturated with sulfur dio~ide to dissolve 
the copper silicates, oxides, and carbonates. Common practice is to report 
the acid-soluble assay as "oxide II copper, and the difference between the 
total and oxide assays is reported as "sulfide" copper. 

Although such analyses would indicate that many of the Lake Shore 
samples contain 0.5 percent or more of sulfide copper, microscopic examination 
failed to reveal more than a trace of copper sulfides. Furthermore, ~he 
sulfur content of the samples was too small to accouritfor this quant~ty of 
copper. Subsequent examination and microchemical tests on slnk-float , frac­
tions of the Lake Shore ore indicated that. this copper is associated with 
the gangue minerals as minute inclusions of an unidentified copper mineral 
that is somewhat more refractory to"N'ard leaching than chrysocolla. 

, . 

The total and acid-soluble copper contents of samples ;from holes ' drilled 
by the Bureau are shown in the logs. 

Metallurgical Test~/ 

The five samples from an examination of the mine in 19'42 were sup- " 
mittecl to the Salt Lake City Station for metallurgical tests ~ An analySis 
of a l58-pound character sample is shown in .the section on mineralogy: of 
the ore. The analyses of the other samples are given in table 3. The' samples 
from crosscuts Nos. 1 to 3 on the 152-foot level, numbered to 'the .south' from 
the crosscut at the shaft, were identified as Nos. Ar-4.l,· Ar-4.i, and Ar-4.3, 
respectively, and the sample from the ll5-foot level was numbered Ar-4.4'. . , . 

Th8 Salt Lake City metallurgical tests ;revealed that the mineral: 
association in the samples was too intimate for beneficiatio~ by ore-dressing 
methods. Acid leaching of the ore was not '- attractive owing to the presence 
of lime, which caused excessive acid consu~ption. Tests employing the . 
reducing-roast and ammonia-leach process extra.cted as nruch as 86 perc~nt of 
the copper. In these tests, minus 20-mesh material was roasted with coke 
in an atmosphere of natural gas for 1 hour at 5000 to 6000 C. to reduce the 
copper. The samples were then cooled to 1800. C. and quenched in' water. 
Leaching was carried out at 25 percent solids in a combination . air-mechanical 
agitation tank for 4 hours, using a 10 percent solution of amm6nium hydroxide 
and ammonium carbonate in equal parts, containing the equivalent 'of 0.3 pound 
potassium cyanide per ton of ore. The leach residues were ~ilter-washed with 
ammonia. and "Tater. 

E7 Prepared by Carl Rampacek and J~ Bruce · Clemmer, metallurgists, Bureau of 
Mines, Tucson Branch, Metallurgic8,l DiviSion, Tucson', Ariz. 
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TABLE 3. - Analyses of metallurgical samples 

Cu soluble in 
Percent 10'% 'solution 

! f lOx 
A12031 

Oz./ton (24 hr.) 
Sample Insol. S1~ Fe CaO S Znl Pb Cu r Cu~/ MgO Au Ag H2 SO4 NE40H 

4.1 45.7 31.6 
I I ' 

1.33 I Nil 17.1 7·9 .08 Nil i Nil i 1.71 1 1 •60 7 ·9 11.3 Nil Tr. ' 

4.2 62.9 /41.6 5.35 
I 1 I 

9.9 10.6 , Nil ITr. 1.25 Nil iO.7 ! .07, 0.15 1 Nil 1.29 1.28 

4.3 35.4 125.8' 29·2 5.2 <.051 Nil ! Nil 2.18 1.79 3.6 I 11.3 N,n ITr. 1.75 Nil 

4.4 7.25 4.5 <.05! Nil I Nil i 1.6611.59 5.7 I 9.7 Nil I Tr. 1.32 Nil 66.2 I 54.6 
I i .. - -- - -- . - . - . - .. - - - - - --
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Metallurgical test s were made subsequently at the Tucson station on a 
composite sample taken from drill stations 1, 2, and 3 on the 152-foot level. 
Analysis of the sample gave 3.51 percent total copper, 2.96 percent acid­
soluble copper, 8.25 percent iron, 1.73 percent calcium carbonate, 0.04 
percent sulfa,te -sulfur, and 0.01 percent sulfide -sulfur. The copper was 
pres~nt predominately as chrysocolla and dioptase, with only traces of sul­
fides and carbonates. 

Batch flotation of the ore , ground to pass 65 or 200 me'sh made "with con­
ventional sulfide and nonsulfide collecting agents failed to effect separation. 
The tra ce of sulfldes, largely chalcocite, floated readily, but recovery of 
the chr~socolla and ,dioptase was poor, regardless of~he conditions employed. 

Acid lea,ching and leach-precipitation-flotation Of the sample also were 
investigated. The results of a number of bottle leaching tests are summarized 
in table 4. The tests on portions of the ore ground to pass 10, 20, and 
65 mesh' were made at 50 percent solids with different quantities of acid 
and various contact periods. 

The leu ching tests revealed that about 375 pounds of acid, 4.1 times 
the theoretical based on the acid-soluble copper content of the feed, were 
required for a good extraction of copper from the 10, 20, and 65-mesh feeds. 
Although the finer material leached more rapidly, a 24-hour contact was 
essential for an 88 to 90 :percent extraction of the total copper. The acid 
consumed varied from 4.1 to 4.4 pounds per pound of copper extracted. Neither 
longer leaching nor use of more acid materially improved copper extraction. 
Cursory tests on charges of the ore ground to 200 mesh gave slightly higher 
copper extractions but not enough to justify the added cost of finer grinding. 

Although the chrysocolla :in the ore is amenable to leaching, long con­
tact with excessive acid is required to dissolve the 0.5 percent or more of 
copper that is intimately associated with the gangue. Tests were made to 
determine if the refractory copper could be extracted within a reasonable 
period by employing stronger acid solutions. The dry ore was mixed with the 
desired quantity of acid and enough water to give an agglomerated or pasty 
charge containing about 75 percent solids. A 50 percent acid solution proved 
adequate, but more concentrated acid was used in some of the tests. The 
agglomerated charges were permitted to stand at room temperature for various 
lengths of time and then were leached 15 minutes with water to extract the 
solubilized copper. Test-s were made on 10-, 20-, and 65-mesh feeds with 
375 pounds of acid per ton and varying the contac:t period,. from 1 to 24 hours. 
The stagnant leaching of the agglomerated charges gave copper extractions 
almost identical to those of bottle leaching at 50 percent solids, as 
recorded in table 4. 

Although stagnant leaching of the acid-agglomerated charges at room 
temperature failed to improve extraction of the refractory copper, supplemen­
tary tests revealed that moderate heating of the agglomerules expedited 
solution of the copper for an improved recovery. The results of several 
tests on 10-, 20-, and 65-mesh portions of the ore are summarized in table 5. 
The charges were mixed for about 5 minutes with the quantity of acid shown 
and just enough water to form agglomerules. These were heated in a muffle 
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furnace to give a substantially ~y sulfated product, which was subsequently 
leached with water for 15 minute s to extract the copper. For conven ience, 
the sulfated products were leached at 33 percept solids. In other tests, 
however, leaching at 50 percent solids gave equally ,good re sul ts, and it ~eems 
likely that adequate 'leaching could be obtained in even thicker pulps. 

TABLE 4. - Bottle lea9hing of Lake Shore ore . 

Leaching ! 
time, 1 
hr. : 

1 
1 
'1 
1 
1 
1 
1 

1 
2 
4 

1 
4 
8 

12 
24 

1 
4 
8 

12 
24 

1 
4 
8, 

12 
24 

3790 

, 
I I' , 

I j 

! I ! 65 I 

I ~~ I 

I ~§ 

" 

I
, 65 

65 
65 

I 

! 

20 
20 
20 
20 
20 ' 

10 
10 
10 i I 
10 i 
10 ! , 

205 
205 
205 

375 
375 
375 
375 
375 

375 
375 
315 
375 
375 

375 
375 
375 
37,5 
375 

I 
i 

, i 

H2SO4 consumed 
; Lb/lb of 

er extracte'd 
3. 
3.7 
3.4 
3.6 
3 ·7 
3.6 
3.8 

180 3.4 
183 3.3 
195 3.4 

201 3.5 
231 3.8 
239 , 3.8 
247 4.0 
259 4.1 
198 3.6 
232 3.9 
250 4.2 
264 4.3 
275 4.4 

171 
212 
228 
236 
258 

- 12 -

3.4 
3 ·7 
3.8 
3.9 
4.2 

Extract ion, 
percent of 

total co r 
3 .5 
58.7 
75·5 
78.3 
80.9 
82.3 
82.3 

75·5 
78.1 
80.3 

82.3 
87·.3 
88.6 
89.2 
90.0 

, 77.8 
84.3 
84.9 
87.2 
89.7 

72.6 
82 .3 
84.9 
86.0 
88.3 



TABLE 5. - Results of acid-sulfatins tests. 

Sulfatin treatment 
! 

Mesh of ! H2S04 added, copper i , 
feed lb. ton Lb. ton extracted 

10 375 1 0 195 3·7 
10 375 ! 7.5 328 I 

5·7 1 I 
10 375 : 15 352 I 5·9 
10 375 

I 
366 6.1 ' 30 I 

! 20 375 25 i 60 224 4.0 79·5 
20 375 250 : 7·5 344 5.6 87.7 
20 375 250 115 · 364 5.9 87.5 
20 375 250 

1
30 375 6.0 88.6 

65 
I 

375 25 
1
60 233 4.0 83.6 

65 375 75 I 7.5 264 4.2 89.5 
65 375 75 115 300 4.6 92.0 
65 37"5 75 130 318 4.9 92 ~6 '. 

65 375 250 I 351 5.3 94.0 ! 7·5 
65 375 250 i 15 375 5.7 94.0 
65 375 250 ! 30 375 5.8 

. , 
94.2 I 

65 375 400 , 7·5 368 5.6 93·7 
65 375 400 115 375 5.8 92.3 
65 375 400 ! 30 375 5·9 90.6 

65 105 250 15 105 2.9 50~7 
65 155 250 15 155 3.0 ; 72·9 
65 205 250 15 205 3.5 I 84.9 
65 ' 310 250 115 310 4.8 I 92.0 
65 375 250 i15 375 5·7 

r 
94.0 

6~ 410 250 !15 410 6.2 94.3 

The tests demonstrated that moderate heating of an agglomerated or pasty 
char~ converts the copper to the sulfate form, which is amenable to rapid 
leaching with water. Provided enough acid was used, a 7.5- to l5-minute heat 
at temperature s between 750 and 4000 C. permitted good extraction of the 
copper from the 10-, 20-, and 65-mesh feeds. The optimum temperature for 
sulfating the Lake Shore ore appears to be about 2500 C. Although a tempera­
ture of 4000 C. is permissible, a higher temperature dehydrates the sulfate 
a.nd necessitates leaching of the calcine with weak acid. Virtually all of 
the acid employed in the sulfating procedure is consumed. No free acid, or 
only minor quantities, wa.s found in the leach liquors. The moderate heat 
treatment increases solution of the clay and iron minerals in the ore, and 
the acid consumed per pound of · copper dissolved is higher than in bottle 
leaching. The greater consumption of acid, however, is offset by the higher 
extraction of copper and the shorter treatment period ·required. The sulfated 
charges from tests made at 2500 C. were compact and dry, regardless of the 
quantity of ac id Jlsed. The calcines produced at' lower sulfating temperatures 
were slightly moist. No difficulty was experienced in leaching the calcines, 
as they slaked readily upon addition of water, and the copper sulfate dissolved 
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rapidly. The leached residues thickened readily and were much easier to 
filter than those · from the bottle . leaching tests. The mild heat treatment 
apparently dehYdrates the colloidal silica ~nd increases the filtration rate. 

Copper extraction in the acid--sulfating tests decreased with increasing 
coarseness of the feed. Incomplete ext~action of the copper in the 10- and 
20-mesh feeds may be attributed to s·low diffusion . of acid through the particles 
during the short agglomerating and. 'heating periods. Acid-sulfating gave 
somewhat lower extractions on coarse feeds than bottle leaching. As regards 
the time required for comparable copper extractions, however, acid-sulfating 
is superior. The results of several tests by the two procedures are given in 
table 6. 

TABLE 6. - Com arison of acid sulfatin a.nd bottlo leachin of 
10-, 20-, and 5-mesh oro. 

Mesh of 
feed 
10 ..... . 

10 .. . , ... 

i 
I H2 SO4 
1 added, 

Method ' lb. ton 
15-min. acid sulfat- I 375 
ing and l5-min. water I 
leach. I 
8-hour bottle leach. I 375 

20 •••••• l5-min. 
ing and 
leach. 

acid sulfat- I 375 
15-min. water I 

20 ••••.• l2-hour bottle leach. 

65 .••••• !15-min. acid sulfat-
11 ing and 15-min. water 
leach. 

6 .•.•.• '72-hour bottle leach. 

I ::~ 
412 

Hz 804 con sumed 
Lb./lb. of 
copper 
extracted 

5·9 

228 
i 

3.8 

364 
i 
I 5·9 

264 4.3 

375 5·7 

37 .6 " 

i Extraction, 
i percent of 
! total co er 

8 .9 

84.9 

87.5 

87.2 

94.0 

3·.8 

Supplementary tests were made to observe the deportment of the ore 
toward leaching-precipitation-flotation. The results of a typical lea.ch­
float test employing bottle leaching are given in table 7. The are was 
ground in a rod mill to pass 65 mesh and leached for 2 hours at 50 percent 
solids', 205 pounds of sulfuric acid being used. per ton of are . Part of the 
free acid remaining in the pulp was neutralized with hydrated lime, and the 
cement copper was then precipitated with iron nails. After neutralization 
of substantially all the remaining free acid, the cement copper was floated, 
M1nerac A be ing used as the collector. Single -clean ing of the rougher froth 
yielded a cement copper concentr~te that assayed 71.42 percent copper and 
represented a recovery of 73.2 percent. Leach-flotation of 200-mesh portions 
of the are gave almost identical results. Depending on the reagents employed, 
76 to 80 percent of the copper was recovered as a rougher product assaying 35 
to 40 percent copper. Inability to obtain a. higher copper recovery by leach­
flotation can be att~1buted to incomplete dissolution of the refractory copper 
silicate rather than to in~erior flotation of the cement copper. The copper 
content of flotation tailings and of residues from comparable leaching tests 
were almost identical. 
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TABLE 7 .• Bottle leaching·precipitation-flotation of 65-mesh are • 

A'ssay,' 
. , 

1 Distribution, '. ", , .. - . .. -
.. Weight, percent . ~ . - percent 

~oduct percent total c,opper total copper 
Copper , concentrate .•.•..• 3 ;'5 

-I· 
"71.42" 73·2 

Midd1 ing ••• " •••.•.••..• " • 9·3 1.77 t 4.8 
12.8 20;82 i 

78.0 Rougher 'froth ••••.• 0 ••••• : 
. . i 

Tailing.~ .•.•••.••••••••• 87.2 i 0.86 i 22.0 
Com.pos ite •.•••••••••••••. . 100.0 -

! 
3.42 . 

'I 
100.0 

I ! 
, Pounds lJer ton . ,-

. ' .. ' . . \. .. Flotation 
Reagent Leachinp.: Precipitation Conditioner ! Rougher Cleaner 
lf2 004' ....... ; I 206 - - I ,- -

. Ca( OHh~ ••• '0' 0 - 16.0 . , " 24'.0 .. - .. -' '.' -
Minerac A •••.. 

\ 

i 0.2 i - - 1 I - I -
Pine oil ...... 

I I' 0.04 . , 
0.02 - - - , ,. ! I Iron t 

nails i 
i I ! 

Time (min. ) •.• 120 15 30 5 2.5 
, 

5 I 2.5 I i I 

pH .•.....•.•.• , 1.75 2.85 3.40 4.90 4.5 ' I' 5.0 

Other tests were nnde with more acid in the leaching step ' in an effort 
to obte.in more complete extraction of the copper. The tests were not success­
ful. The large q\lan:tity of , free acid 'remaining .in the leached pulp vitiated 
both precipitation and flote.tion of the cement copper. Prohibitive quantities 
of lime were required to neutralize the acid, and the pulps became so con­
taminated witl? salts that flotation of the cement ' copper was incomplete. When 

, neutralizing steps were omitted, precipitation of the copper was incomplete, 
and much iron was dissolved by the free acid. The iron salts and residual 
acid inhibited subsequent flotation of the copper. These and other tests 
demonstrated that excess acid must be a.voided in conventional leach-float 
procedures. 

Precipitation-flotation tests also were' made on acid-sulfated charges. 
The results' of a typical test made on the 65-mesh feed and employing 375 pounds 
of acid per ton for sulfating are given in table 8. The acid-agglomerated 
ore ~.,as heated 15 minutes at 2500 C.' and then leached 15 mlnutes with water 
at 50 percent solids. As the leach pulp was substantially free of acid, the 
neutralizing steps before copper precipitation and flotation were not necessary. 
Single-stage cleaning of the rougher froth yielded a cement ' copper concentrate 
that assayed 69.7 percent copper and represented a recovery of 89.7' percent; 
the rougher concentrate accounted for 90.7 percent of the copper. FlotatiOn 
of the cement was excellent and copper losses in the tailings were due primarily 
to presence -of undissolved silicates. 

Excellent results a.lso were obtained on 'acid-sulfated oharges of the ore 
by preoipitating the copper during the water-leaching step. Simultaneous 
leaching and precipitation gave a somewhat finer and darker-colored cement 
copper than two-stage treatment, but it was readily amenable to flotation. 
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.. TABLE 8. - Precipitation-flotation of acid-sulfated ore. 

IWeight, 
Product ipercent 

I Assay, percent i D istr i but ion, percent I 
I total copper I total copper I ' I 

I 
I 69:70 89.7 I 
I · 0·71 i 1.0 

14 

I 33.35 : 90.7 

Copper concentrate •.. ~. f 4.4 
Middling .• · •.••• · •• • •• ·~1 ~4~.9~~~~ __ ~~~ ____ ~~ ______ ~~~ ______ _ 
R·ougherfroth ••.•.•.•. '1 9.3 I 

; 
0.,5 .9·3 i ! 

! 3. 2 100.0 
Tailing................ 90.7 
Co~posite .•.•..••.•.••• ~1~0~0-.~0--~---------~~~------~-------~~~~-------­

I 

I 
I · 

i I I 
j i Water ; 
!. SUlfating I extract- l 

Rea ent I treatment tion!1 
, 

H2SO4 .............. ; 
I 

Minerec A •••.••••• ! 
Pine oil ••••.••... : 

I 
I 

Temperature, °C. '1' 
Time, minutes •••.• 

J 

H. 11 .............. . 

375 

250 
15 

3.15 

·Pounds EE'r ton 

Pre c ip i- I--o!---::-:-~---';;;";;;'~;;';;"~~~-------
tat ion Conditioner 'Rou 

I 
I 
i 

Iron I 
I 

nails I 

r· 
30 

, 

.15 

0.30 
0.04 0.04 

5 
I 3·5 

1 l5-minute agitation with water at 50 percent solids at room temperature. 

SUmmary and Conclusions of Metallurgical Tests 

The Lake Shore ore is refractory toward leaching. A long contact period. 
with a lar@e excess of acid is necessary to obtain a high copper extraction. 
Acid-sulfating at temperatures between 750 and 4000 C. is superior to conven­
t ional leaching. Ac id -sulfat ing require s more ac id than flood or trickle 
leaching but is offset by the higher copper extraction and the shorter treat­
ment period required. On other less refractory ores, the quantities of acid 
required for acid sulfating and bottle leaching were almost identical. 

The leach liquors from conventional leaching of the Lake Shore ore con­
tain much free acid, whereas, those from acid-sulfateicbal'ges were virtually 
free of acid. In leaching-precipitation or leaching-precipitation-flotatlon 
procedure s, where free acid in the leach liqu·or or ore pulp is object ionable, 
acid sulfating should have merit. 

Flotation of the Lake Shore ore by usual sulfide and nonsulfide collectors 
was ineffect ive . Leach-prec ipitat ion-flotat ion gave good copper recoveries. 
In conjunction with the leach-float procedure, acid-sulfating was superior to 
bottle leaching. When using flood or trickle leaching, the excess acid remain.­
ing in the pulp must be partly neutralized before precipitation and flotation 
of the cement copper. As virtually no free acid remains in the acid-sulfated 
pulps, the neutralizing steps before precipitation and flotation are unneces ·­
sary, thus simplifying the procedure. Simultaneous leaching and precipitation 
of the copper from acid-sulfated charges also ~ve good results. 
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DRll..L-HOLE LOGS 

Locat ion: N. 5391, E. 5119 ... , 
Elevation of collar: 1,664 ft. 
Depth: 203.5 ft. 

Hole D-1 

Dip: -730 

Bearing: N. 80° E. 
Dr.te:. 1/19 to 3/18/49 

., I. P!'!rce.nt copper Oz. /ton J 

Fr!~~t:ag;o_ r Feet I Total ! ~~i~'~l~ AU ' ';' AS !' . ~e~criPtion and remarits 
O ' ·i 11.0 I .11,0 ! .1.4.1.3 . I .. J ~4{3 . 1 , .... , .. ! .... ~ ·Schist. 

11.0 : 16.0 I 5.0 ; .26 ! . I ; Andesite. 
16.0 ; 21.0 · 5.0 , .28 ! ! i Do. 
21.0 I 26.0 ! 5.0 I .25· i ! I , Do. 
26 .O ! 32 .0 '1 6.0 ! . 44 ; I ! : Do . 
3'2.0 : 35.0 I 3.0 I .40 ! I i Do. 
35.0 ! 40.0 : 5.0 : .33 I ' i I Do. 
40.0 i 45·0 i 5.0 i .34 Ii:, Do. 
45.0 i 50.0 I 5.0 ! .. 25 i I Do. 
50.0 i 53.0 I" 3.0 :,: .20 ! ' I Do. 

, 8 "I i ' 53.0 , 5 .0 : 5.0 : .21, Do. 
58.0 I 61. 5 ! 3.5 i .20 :! Do. 
61.5 i 65.5 I 4.0 ! .24 i, Do. 
65.5 , 70.5 1 5.0 j .20 1 I j. Do. 
70.5 ! 75.5 I 5·0 I .17 ! I j' Do. 
75.5 1 78.0 I 2. 5 : .18 1 ii' Do. 
78 .0 ; 81. 5 i 3 ·5 : .17 ! I ' I. Do • 
81.5

1 

86.2 1 4.7 ; .18 I ;. Do. 
86.2 88.2 I 2.0 : .18 ,! Do. 

I ' I 88.2 I 90 .7 ' 2 .5 , ,18 I ' i Do. 
90 ·7 I 94 .6 ! 3 .9 : .28 I Do . 
94.6 1 99.6 1 5.0 ; .14 1 "';. Do. 
99.6 !1 104.9 I 5.3 ! .17 I \'! Do. 

104.9 110.0 i 5.1 ; .17 I ' Do. 
110.01 115.0 1 5.0 , .18 ! i :. j ' Do. 
115.0 1120.0 ; 5.0 ; .. 19! I i Do. 
120.0 i 125.0 ! 5.0 I ~17 I I I Do. 
125.0 1127 ~o ! . . 2.0 I .10 ! I i. ! Do. 
127.0 i 132.0 , ·5·0·· , .17 ! ' i I Do. 
132.0 1137.0 1 . ' 5.0 ! : .13 i I j. I Do. 
137·0 , 140.0 I 3·0 , .. 19 : I' I. Do. 
140.0 t 145.0 5·0 i .19 i . I Do. 
145.0 t 148.3 I 3.3 ] '.19 t ,: 1' . Do. 
148.3 1153.3 5'40 I .22 j' I I. Do. 
153.3 / 155 .7 1 3. i .16 li Do. 
156.7 , 161·7 ! 5.0 , .14

1 

,I ·Do. 
161.7 i 163.7 I 2.0 ! .13 Do. 
163.7 1168.5 1 4.8

1

1 .13 l , Do. 
168.5 i 173.5 5.0 .13 ', I I I' Do. 
173.5 1178.5 5.0 1.45 , 1.20 ) I Shear zone. 
178.5 ! 180.5 , 2.0 ! .46 II .25 I ~ I I Do. 
180.5 , 185.5 i 5.0 .83 .5.7 I: r " 0.1 I; Do. 
185.5 !1

189 •2 I 3·7 •• 89 I' .00 Do. 
189.2 193.5 4.3 68 .42 'I J I Do. 
193.5 [203.5 I 10.0 \ . I . Granite. 
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Hole C-1 

Location: N. 5007, E. 5188 
Elevation of collar: 1,796 ft. 

Depth: 590.0 ft. 
Date: 1/13 to 2/4/49 

I Percent copper ; 
Footage I j Acid- I ·· 

~Fr~om---. ----=T=-o-_;""'W'O~F=-e-e"":"t---l Total soluble i Deseri tion and remarks 
o 20 20.0 i Sand and gravel. 

20 193 ! .173.0 i Weathered granit'e. 
193 195 i 2.0 0.31 i Schist and e1ay. 
195 205 . i 10.0 .33 Schist. 
205 215 i 10.0 .36 
215 225 10.0 .32 

Schist, water table at 211.0 ft. 
Schist. 

225 235 10.0 .31 
235 245 10.0 .27 
245 250 5.0 .34 
250 255 5.0 .26 
255 265 10.0 .36 
265 275 10.0 .41 
275 285 10.0 .39 
285 295 10.0 .27 
295 305 10.0 .35 
305 310 5·0 .39 
310 315 5.0 .42 
315 320 5.0 .43 
320 325 5.0 .61 
325 330 5.0 ·57 
330 335 5·0 ·51 
335 340 5.0 .34 
340 345 5.0 .36 
345 350 5.0 .28 
350 355 5.0 .38 
355 360 5.0 .39 
360 365 5.0 .25 
365 370 5.0 .16 
370 375 5.0 .14 

0.36 
. 29 
• 28 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do • 
Do . 
Do. 

i '<tuartzite and schist. 
I Do. 

Do. 
Do. 

i Do. 
i Contact - schist and 
! Schist and granite. 

375 380 5.0 .10 I 
380 385 5.0 .14 : Do. 

I Granite and schist. 
Do. 

385 550 165.0 1 Granite. 
550 555 5 .0 I Shear zone, clay. 

granite. 

555 590 35 0 I, Granite. 
_ __ ~ ___ .L-__ • ----''---__ -l-__ -l' ______ _ ______ _ 
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Hole C-2 

Locat ion: N. 4813, E. 5098 
El,evat ion of collar: 1,792 ft. _ .. 

: Percent copper I 

. - Depth: 561.0 ft • 
Date: 2/11 to 3/5/49 , 

Foota.ge , . i l Acid- I 
From- I To- : Feet Total i soiuble, Descri ion and reIlBrks 

o 20 20.0 ; ! Sand and gravel. 
20 155 135.0 : ! Weathered granite. 

155 165 10.0 : 0.23 : Schist. 
165 175 10.0 : .22 Do. 
175 185 10.0 ; .22 Do. 
185 195 ' 10.0 i,· .23 Do. 
195 205 10.0 ' .33 Do. 
205 215 10.0 : .32 i Da. 
215 225 ! 10.0 ; .32 I Schist, wat~r table at 220 ft. 
225 235 10.0 ! .31 Schist. 
235 245 10.0 j .48 Do. 
245 255 10.0 : .53 0.06 Do. 
255 260 5.0 : .51 .06 ! Do. 
260 270 10.0 j .62 .06 t _ Do. 
270 280 10.0 1 .46 Do. 

I 

280 290 ·10.0 ! .54 
290 300 , 10.0 1.03 
300 I 305 , 5.0 .57 
305 310 5.0 .50 
310 315 5.0 1 1.25 i 
315 . 320 . i - • 5.0 1 .89 I 
320 325 I 5.0 ; ~90 I 

325 330 5.0 j .91 I 
330 335 ").0 I .80 
335 340 5.0 I .54 I 
340 345 5.0 I .98 " 
345 350 5.0 i .63 
350 355 5.0 1 .62 I 
355 360 5.0 1 ·68 I 
360 365 5.0 i .34 i 
365 370 5.0 I .31 . I 
370 375 5.0 : .29 I 

375 380 5.0 I .26 I 

.06 I 
• 22 ! 
.19. .! 
.15.. .;-

Do • 
Do. 
Do. 
Do~ 

.55 f Da. 

.40 i ... Do. 
~33 ! no. 
.31 . Do. 
.28 Do. 
. 17 
.29 
.19 
. 18 
.21 

Do • 
Do. 
Do • 
Do. 
Do. 
Do. 

Andesite. 
Do. 

380 385 5.0 I .28 I 
385 390 5.0 ! .62 I 0.09 
390 395 5.0 .31 I 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

395 405 10.0 .24! 
405 415 10.0 . .22. · I 
415 425 10.0 I .22 , . . 
425 435 10.0! 0 •• 2

19
6 .. I', . 

435 445 10.0 ! 
445 455 10.0 i .15 
455 460 5.0 I .19 
460 470 10.0 1 .18 
470 480 10.0 i .lC3 
480 490 10.0 I .14 

3790 

I 
I 

i 

i 
i 
i 

Do. 
Do. 
Do. 
Do. 

[ Do. 
i ~uartzite. 
I Do. 
: Do. 
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Hole C-2, Cont'd. 

Percent copper 
Footage I Acid-' 

From- I To- Feet Total! soluble , ,- Description and remarks 
490 1_ 500 10.0 ,- 0.16 ! 
500 : 510 10.0 ! · .16' 'I, 
510 520 10.0 I .23 

I 
520 525 5.0 ; ·51 , I 0.19 

i 

525 530 5.0".79 I, .48 

Andesite. 
, - 'Do. 

Do. 
Shear zone. 

Do. 
Do. 530 535 5·0 .89 j. .63 

535 540 5.0 I' 1.43 ' .91 Shear zo~e. Little pyrite and 

I 
native ,copper. 

540 545 I 5·0 I 1.27 ·57 Shear zone. 
545 547 i 2.0 .74 .28 I Schist. 
547 550 ! 3.0 .72 ~30 Schist and granite. 
550 555 ; & 50 .65 I .27 i Do. 
555 561 ! 6.0 ! i Granite. _J__ _ _ _ .-1 _ _ __ "-1 _ _____ _______ ... _---,-_ 

Hole C-3 

Location: N. 4610, E. 5045 Depth: 671~O , ft. 
Elevation of collar: 1,788 ft. Date: 3/9 to 4/2/49 

Percent COIl r 
Foota e Acid-

From- To- Feet I Total soluble Descri tion and remarks 
0 10 10 ; Band and, gravel. 

10 125 115·0 ! \<leathered granite. 
125 135 10.0 0.33 I Schist. 
135 145 10.0 .22 ! Do. 
145 155 10.0 .31 I Do. 
155 165 10.0 .40 Do. 
165 175 10.0 • 32 ' Do • 
175 185 10.0 .27 ' Do., 
185 195 10.0 .23 Do. 
195 205 10.0 .16 Do. 

I 

205 215 10.0 .10 ' I Do. 
i 

215 225 10.0 .16 ' i : Schist, ~ater table at 225 ft. 
225 235 10.0 .17 ! i Schist. , 
235 245 10.0 • 22 i Do • i I' 245 255 10.0 .17 

I 
Do. ' 

255 265 10.0 • 16 i Do • 
265 275 10.0 .25 : Sch~st, shear - Im.lch Fe oxide. 
275 285 10.0 .25 i SchJ.st. 
285 295 10.0 .27 I Do. 
295 305 10.0 .30 

I 
' Schist, shear - much Fe oxide. 

305 315 10.0 • 32 i I Schist . 
315 325 10.0 • 25 , I Do • 
325 335 10.0 .27 1 : Schist, shear - nru.ch Fe oxide. , 
335 345 10.0 .22 , I I Schist. 
345 355 10.0 • 20 , , Do . 
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Hole C-2 

Location: N. 4813, E. 5098 Depth: 561.0 ~t. 
Elevation of collar: 1,792 ft. Date: 2/11 to 3/5/~9 ' 

1 Percent co~~r I Foota.~ , j Acid-
From- I To- : Feet Total soluble Deseri tion and remarks 

0 20 20.0 ' I Sand and gravel. 
20 155 135.0 : 1 Weathered granite. 

I 

155 165 10.0
1 

0.23 ; Schist. 
165 175 10.0 , . 22 Do • 
175 185 10.0 1 • 22 Do • 
185 195 I lo.0i .23 Do. 
195 205 10.01 .33 i 

Do~ 

205 215 10.0 ! • 32 I Do • 
215 225 10.0 1 -32 I Schist, water table at 220 ft. 
225 235 10.0 i .31 Schist • 
235 245 10.0 : • 48 Do. , 
245 255 10.0 : ·53 0.06 Do. 
255 260 5·0 : .51 .06 Do. 
260 270 10.0 .62 .06 Do. 
270 280 10.0 .46 Do • 
280 290 10.0 .54 • 06 Do. 
290 300 10.0 1.03 .22 Do. 

~~~ . i -305 5.0 .57 ' .19 Do. 
310 5.0 ·50 .15 Do. ' 

310 
I 

315 5.0 1.25 ' .55 Do. 
315 320 ,5·0 t .89 .40 Do. 
320 I 325 5.0 : • 90 ·33 Do • 
325 

, 
330 5.0 1 ·91 • 31 Do • 

330 I 335 5.0 1 .80' .28 Do. 
335 I 340 5.0 1 .54 . .17 Do. 
340 

, 
345 5.0 1 .98 • 29 Do • 

345 350 5. 0 1 .63 .19 ! Do. 
350 355 5.0 1 .62 .18 ! Do. 

I 

355 360 5.0 1 .68 " .21 ! Do. 
360 365 5.0! .34' I Do. 

I I 
365 370 I .31' I 5.0 1 I i Andesite. 
370 375 5·0 I .29 I Do. . 

I 

375 380 5.0 .26 I I Do. 
380 385 5.0 I .28 

, 
Do. I i 

I 

385 390 5.0 J .62 \' 0.09 
I Do. 

390 395 5.0 .31 Do. 
395 405 10.0 .24 I Do. 
405 415 10.0 I .22 ' I Do. 
415 425 10.0 I .22 ' I Do. 
425 435 10.0 ! ' 0.26 I Do. 
435 445 iO.O ! .19 Do. 
445 455 10.0 , .15 Do. 
455 460 I .19 I Do. 5.0 ' 
460 470 10.0 I .18 'I ' , I 

i ~uartzite. 
470 480 

, 
.18 10.0 I Do. 

480 490 10.0 i .14 
I 

1 
Do. 
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From-
490 
500 I 

510 I 
520 I 
525 
530 
535 

540 
545 
547 
550 
555 

Hole C-2, Contrd. 

' p t I ercen cO:QPer 
Footage ", ,, ' " '! 'Acid- .. " 

To- I Feet Total i soluble' 
500 :i· . 10.0 

I '? ' : ,i~-'-"f"" ' 510 "10.0 ' .. - , ' 
I 

! I 

520 I ' 10~0 .23 ! I ! 
525 

, 5.0 i ·51 
530 ! 5·0 ·79 
535 ! 5·0 .89 
540 

i 
5·0 1.43 

545 i 5·0 1.27 
547 i 2.0 I ' .74 
550 : 3.0 ·72 
555 : ~.65 

_ 56~ ___ 6.0 , 

0.19 ! 
1 .48 
i .63 
I .91 

' I 
i 
I 

L 

·57 
.28 
·30 
.,27 

- , , 

Description 
Andesite. 
' ''' 'Do. " , ' , 

Do. 
Shear zone. 

Do. 
Do. 

", . .. 

, , 

and , rema,rks 

Shear zone. Li~tle pyrite and 
native copper. 

Shear zone. 
Schist. 
Schist and granite. 

Do. 
Granite. 

Hole C-3 

Location: N. 4610, E. 5045 
Elevation of collar: 1,788 ft. ~ 

Depth: 671.0 ft. 
Da.te: ,3/9 to 4/2/49 

From-

o I 10 
125 
135 
145 
155 
165 
175 
185 
195 
205 
215 
225 
235 
245 
255 
265 
275 
285 
295 
305 
315 
325 
335 
345 

3790 

I 
I 

I 
I 
I 
I 
I 

1 

I 
I 
I 

Footage 
To-

10 
125 
135 
145 
155 
165 
175 
185 
195 
205 
215 
225 
235 
245 
255 
265 
275 
285 
295 
305 
315 
325 
335 
345 
355 

I 
I 

Feet 
10 

115·0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

I 
I 

I 

I 
I 

Percent copper 
I 

Total 

0.33 
.22 
.31 
.40 I .32 
.27 
.23 
• +.6 
.10 
.16 
.17 
• 22 j' 
.17 
• 16 
.25 
.25 
.27 \' 
• 30 I 
.32 i 
• 25 I 
• 27 I 
• 22 1 

I • 20 , 
1 

Acid-
soluble 1 Description and remarks : 

: Sand and grave 1 " 
!Weathered grani~e. 
'I Schist . 
! Do. 
' ' I Do. ! ' 

Do. ' I 

I Do. 1 . 
Do. I Do. ! , 

I Do. 
I 

: Do. , , 
I Schist, water table 
I Schist. 

I 
' Do • 

Do. 
i Do • 

I 

at 225 ft. 

I Schist, shear - , much Fe oxide. 
, Schist. 

Do. 
Schist, shear - much Fe oxide • 
Schist. 

I Do • 
i Schist, shear - much Fe ' oxide . 
i Schist • 
I Do . 
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Footage 
From- I To.. I 

355 I 365
1 

! 
365 I 375 
375 I 385 ! 

385 , 395 I 
395 I 405 I 
405 ! 415 i 
415 ' 425 " 
425 I 435 
435 ,445 I 
445 455 
455 465 
465 475 
475 485 
485 495 
495 500 
500 510 
510 520 
520 530 
530 540 
540 550 
550 560 
560 570 
570 580 
580 590 
590 600 
600 605 
605 6io 
610 615 
615 620 
620 625 
625 630 
630 635 
635 640 
640 645 
645 650 
650 655 
655 660 
660 671 

3790 

Hole C-3, Cont'd. 

Feet 
10.0 
10.0 
10.0 
10.0 
10.0 I 
10.0 
10.0 ! 
10.0 i 
10.0 I 
10.0 
10.0 I 

I 

10.0 i 
10.0 I 

10.0 
5·0 

10.0 
10.0 
10.0 
10.0 ! 
10.0 ! 
10.0 i 
10.0 : 
10 ~O ; 
10.0 : 
10.0 ! 

Percent copper 
! Acid­

Tota.l i soluble 
0.23 ! 

.20 I 

.25 

.15 I 

.15 . 

.24 I' 

.18 

. 13 

. 12 

.19 

.14 

.12 

. 13 

.15 

.18 

.26 

. 23 

.12 

.15 

.14 

. 13 

.12 

. 10 
. . 14 

. 23 
5.0 ! .20 
5.0 ! .24 
5.0 .20 
5.0 .14 
5.0 .13 . 
5.0 .18 
5·0 .15 
5.0 .14 
5.0 .18 

I 

I 

Schist. 
Do. 
Do. 

Description and remarks 

Schist, shear - much Fe oxide. 
Schist. 

Do. 
Do. 
Do . 
Do . 
Do. 
Do. 
Do. 

I Do. 

Do • 
Do. 

I Do. 

I 
Do. 

. Andesite, shear - much Fe oxide . 
i Andesite. 
I 
I Do. 
I 

I 
I 
I 
I 

I 
I 
j 

I 

Do • 
Do. 
Do • 
Do. 

Andesite, shear - much Fe oxide . 
Andesite. 

Do. 
Do. 
Do. 
Do. 
Do. 

5.0 ; .26 
5 0 i .42 Andesite and granite. 
5:0 'I· .23 Granite and andesite. 

Do. 
Do. 
Do. 
Do. 

11 0 Granite. _~L __ --,--_ __ _ -,--__ 
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Hole c-4 

Location: N. 4795, E. 4900 ' 
Elevation of collar: 1,786·' ft. 

Footage 
From·.1 

0 
10 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
225 
230 
235 
240 
245 
250 
255 
260 
265 
270 

I 
i 

I 
I 
I 
I 

i 
I 
I 

To-
10 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 

I 

I 
i 
I 
i 
I 

I 
I 

I 
I 

j. 

I 
I 
i 

180 
190 
200 
210 
220 ! 
225 I 

I 
230 i 
235 .i 
240 
245 
250 
255 
260 
265 
270 
290 

-. 

Feet 
10.0 
40.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 i 
10.0 I 
10.0 : 
10.0 I 
10.0 
10.0 
10.0 
10.0 
10.0 

5·0 
5·0 
5.0 
5·0 
5·0 
5·0 
5·0 
5·0 
5.0 
5·0 

20.0 

.. Percent , copper 
,. 

Tota.1 

0.35 . 
.33 
.32 
.35 
.30 

1 

.36 

.3'5 

.17 I 

.58 I 
:~~ " 

I 
.23 I 
• 47 
.82 ' 

1.23 
1:50 
1.55 
1.75 
1.02 
1.31 
3.05 ' . 

2.31 'I 1.94 
1.51 
1;54 ' 
1.'75 I 
~6i ' t 

i 

-Acid-
, soluble 

.. 

0.11 

0·52 
. . 76 

• 65 
.90 

1.16 
.66 

1.00 
2.80 
1.95 
1.27 

.96 

.98 
·97 
.36 

1 

! 
... 

Depth: , 290.0 ft. 
Date: 4/15 to 4/19/49 

Description and remarks 
I Sand and gravel. 
! Weathered granite. I Schist. 
, Do. 

I 
i 
! 
! 
I 
: 

I 
I 

I 
I 
I , 
I 
i 
I 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
'Do. 
Do. 
Do. 
Do • 
Do. ' 
Do • 
Do •. 
Do. ' 
Do. 
Do. 

Schist, water table at 225 feet. 
Schist. 

Do. ' 
Do. 
Do. 
Do. 
Do .. 
Do. 

j Schist and quartzite. 
I ~uartzite. 
I 

Hole C-5 

Location: N. 5326, E. 5090 Depth: 557.0 feet 
Elevation of collar: 1,801 ft. Date: 4/20 to 5/13/49 

Percent copper 
Footage 

Tote,l , 
Acid-

From- To- Feet soluble Description and remarks 
0 25 25·0 Sand and gravel. 

25 35 10.0 0.49 ! Schist. 
35 45 I 10.0 .41 I Do. I 45 55 10.0 .40 

I 
Do. 

55 65 10.0 .45 I Do. 
65 75 10.0 .87 I 0.41 I Do. 

I i 
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Footage 
From- ! To-

75 5 
85 95 
95 105 

105 115 
115 125 
125 135 
135 140 
140 145 
145 150 
150 155 
155 160 
160 165 
165 175 
175 185 
185 195 
195 205 
205 215 
215 225 
225 235 
235 245 
245 255 
255 265 
265 275 
275 285 
285 295 
295 305 
305 315 
315 325 
325 335 
335 345 
345 355 
355 365 
365 375 
375 385 
385 395 
395 j 405 
405 415 
415 425 
425 430 
430 435 
435 440 
440 445 
445 450 
450 455 
455 460 
460 465 

3790 

10.0 
10.0 I 
10.0 ! 
10.0 I 
10.0 ,' 
10.0 
5.0 I 
5·0 I 
5·0 I 
5·0 I 
5.0 ; 
5·0 I 

10.0 I 
10.0 I 
10.0 I 
10.0 i 
10.0 I 
10.0 II 

10.0 
10.0 i 
10.0 I 
10.0 : 

I 10.0 i 
10.0 I 
10.0 I 
10.0 : 
10.0 I 
10.0 
ED.O I 
10.0 
10.0 I 
10.0 1 

10.0 I' 

10.0 
10.0 ! 
10.0 I 
10.0 I 
10.0 ! 

5·0 I 
5·0 
5·0 
5.0 
5·0 
5·0 
5.0 
5.0 

Hole C-5 Cont'd. 

Percent copper ' i 
I Acid­

Total : soluble ' 
1.050.52 
1.18 .65 
1.55 . .96 
2.10 1.19 
1.69 1.00 
1.76 1.10 
2.21 1.14 
2.08 . 1.16 
1.87 , 1.13 
2.15 1.41 
1.65 1.39 

·70 .39 
.32 
.26 
.15 
• 15 ! 
.16 I 
.10 I 

8 .! 
.1 ! 

.16 

.10 

.14 

.16 

. 16 

.16 

.15 

. 13 

.18 
• 18 
.20 
.29 
.19 
.23 
.18 
.28 
.20 
.15 
.15 
.26 
.08 
.08 
.95 0.67 
.34 
. 19 

1.88 1.73 
2.61 2.53 

- 23 -

Deseri tion and remarks 
Schist . 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Andesite. 
Do. 
Do. 
Do. 
Do • 
Do. 
Do. 

Andesite • . Water table at' 230 ft. 
Andesite. 

Do. 
Do. 
Do . 
Do. 
Do. 
Do. 
Do . 
Do • 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do • 

Shear zone. 
Do. 



Ho1e-C-5, Cont'd. 
", -

Foota e , ..... p •• -

Feet- To- Feet Descr,i tion and remarks 
5 70 5·0 1.7 1.55 Shear zone.; 

470 475, '5·0 1.'17 1.07 i Do. 
475 480 5.0 1.16 1 1.06 I Do. 
480 485 5.0 1.40 I 1.16 j' : Do. 
485 490 5·0 2.48 2.25 Do. 
490 495 5.0 1.97 1.73 j Do. 
495 500 5·0 • 91 • 73 I . Do • 
500 505 5·0 2.41 ' 1.92 I Do. 
505 I 510 5.0 ·50 .33 ! Do. 
510 , 515 5·0 ·73 ·50 '1 Do • . 
515 I 520 5.0 • 73 .49 I Do • i 

520 525 5.0 .18 I Do. I 

525 530 5.0 1.541 1.26 Do. 
530 i 535 5·0 2.98 i. 2.31 Do. 
535 i 540 5.0 3.06 1 ~ ·51 Do. 
540 I 545 5.0 2.09 . 1.65 Do. 
545 ! 550 5·0 •53 1. .38 Andesite and granite. 

0 5 7.0 Granite. 
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INTRODUCT ION AND ruMMARY 

The Lake Shore property, located in the early 1880' s, contains copper­
bearing deposits that have been developed by surface excavations, underground 
workings, and churn-drill holes. Intermittent operation of the property 
ended in 1929 with a total recorded production of 280,000 pounds of copper. 

The property is near the foot of the Slate Mountains, which are made up 
mainly of schist, probably the Pinal formation of pre-Cambrian age. In the 
mine area there are a few outcrops of granite, which is exposed over a large 
area east of the property. Other outcropping rocks on the property are lime­
stone, quartzite, and diabase. The limestone and quartzite probably are the 
Mescal and Troy formations of pre-Cambrian and Cambrian a~, respectively. 

The predominant copper mineral is chrysocolla, a hydrous silicate that 
occurs mainly as fracture filling in bedded schist. It is also the principal 
copper mineral in the shear zone at the . schist-granite contact and in limestone 
southeast of the main workings. 

Investj.gation of the Lake Shore property by the Bureau of Mines included 
both topographic and geologic mapping, exploratory drilling, and metallurgical 
test work. One diamond-drill hole and five churn-drill holes' were completed 
for a total of 2,872.5 feet. Drilling started January 19 and wa.s completed 
May 13, 1949. . '. 

ACKNOWLEDGMENT S 

These investigations were initiated in 1942 when O. M. Bishop, formerly a 
mining engineer of the Bureau of Mines, examined the property with the object 
of determining ore reserves and o'btaining samples for metallurgical tests. 
Appreciat ion is extended to Frank M. Leonard, Jr., one of the owners of the 
property, for accompanying the engineer during the examination, for relating 
the history of the property, and for supplying an assay map of the mine 
workings and assay graphs of the churn drill holes. Later in the same year, 
T. C. Denton, a.lso a former mining engineer of the Bureau, obtained additional 
samples for metallurgical tests • 

The Bureau wishes to thank Nels P. Peterson of the U. S. Geological 
Survey for mapping both the surface and the underground geology during brief 
visits to the property in January and March 1949. 

The investigations made during the Bureau's drilling program were super­
vised by J. H. Hedges, Chief, Tucson Branch, Mining DiviSion, and analytical 
work was by Ray Stiles, under J. Bruce Clemmer, chief, Tucson Branch, Metal­
lurgical Division. Metallurgical tests by the Bureau in 1942 and 1943 were 
made at the Salt Lake City station with H. G. Poole in charge. Clemmer and 
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Carl Rampacek conducted the tests at Tucson in 1949 and prepared the text on 
metallurgical tests. Transit surveys of the surface and underground workings, 
started by the author, were completed by M. H. Berliner, mining engineer of 
the Tucson Branch, Bureau of Mine s. 

Acknowledgment is made to the Indian Service of the Department of the 
Interior for grading an entry road to the mine and for providing a source 
of domestic and drilling water from a well at the nearby Indian Village of 
Komelik. ' ' , 

LOCATION AND 'ACCESSIBlLITY 

The Lake ~ore mine is in the Papago Indian Reservat ion and the Casa 
Grande mining district, ' Gila ~l.Ild ~lt River Base L,ine and Meridian, secs. 25 
and 36, T. 10 S., R. 4 E., ' Pinal ' CoUnty, Ariz. (fig. 1). It may be reached 
frolll Case. Grande, a town on the 'SbU:thern 'Pacific Railroad and state Highway 
80, by traveling southwestward 28.2 miles on a well-maintained dirt road and 
thence 2.6 miles east on a desert road to' the property. 

PHYSICAL FEATURES AND CLIMATE 

The Lake Shore mine is on the southvrest piedmont of the Slate Mountains at 
an altitude of about 1,800 feet. ~he moUntain range trends northwestward and 
reaches its maximum altitude of 3,330 feet at Prieta ,Peak, about 2 miles 
north, of the mine. 

Vegetation is of the desert ' variety, 'tyPical of the lower altitudes of 
southern Arizona, ' Palo Verde trees a~d Saguaro cactus are prom1rlent.' 

Winters ' are mild and summers are hot. At Ajo, about 60 miles 'west of 
the property, the annual mean temperature 1s 710 , with a range from 17° to 
1150 • The annual precipitation averages about 9.3 inches. 

PROPERTY AND OWNERSHIP 

The Lake Shore property consists ' of Un-ee patented lode mining claims: 
the Arizona, Copper Bell, and Isabella (fig. 2). N. Frank Leonard, Butte, 
Mont., owns 96 percentof' the stock of the Hidden Treasure Mining Co., which 
is the holder of the' property. ' ' 

Tbere 'are no buildings or equipment on the property. 

RI8rORY AND PRODUCTION 

The mitie was located early in the 1880's by Trout and Atchinson ,. A 
shaft was sunk, and some drifting was done before 1884, when 'the property 
was abandoned because of ,fai,lure of the copper market. In 1905, B. S. Wilson 
relocated' t~ mine ano. shipPed some ore sorted from the dump. In 1914 he sold 
the property to Frank ~. ',and Charles Leonard. A new shaft was , sunk to the 
225-foot level, and deve16pme~t of the ore body was started on three levels. 
In 1917 the ~tlas Development Co., Chicago, Ill., leased the mine and shipped 
850 tons of 5.2 percent 'copper ore to e. : gmelter at Sasco, Ariz. In 1919, 
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after terminating the lease, the Leonarda drilled 5 churn drill holes and 
sank two winzes. During this period 12 tons of 15 percent copper ore in 
sulfide form was mined from the schist-granite contact zon~ on the 285-foot 
leve 1. The ;last reported product ion was in 1929, when ore wa a trucked from 
the- mine dump to Casa Grande for ' shipment. 

, Total produc2!">n from the property is reported to have. been 280 "oqo 
pounds of copper.-

GEOLOGY 

General 

The Slate Mountains are composed mainly of schist, tentatively identified 
as the Final forma,t ion of pre-Cambrian age. Biotite granite has intruded the 
schist near the southwest end of the mountain ran@e' It crops out over a 
very sme,ll area on the Isabella clatm and is prominently exposed east of the 
Lake Shore . property. Other rock exposures on the property are confined to a 
small area of altered schist on the Arizona claim and to limestone, quartzite, 
and d:l.aba.se on the Isabella claim. The limestone and quartzite are probably 
the Me scal and Troy formations of pre-Cambrian and Cambrian age, respectively. 

Depos its 

Copper mineralization is. associated with a fault that has an avera@e 
strike of about S. 11° W.and a. dip of 600 to 700 west (figs. 3 and 4). 
Granite, probably an integral part of the intrusive mass, forms the block 
east of the fault. On the west side of the fault is a bed of highly altered, 
intensely fractured, fine -grained rock that has been classified as schist. A 
thin bed of quartzite is spottily present near the base of the schist. Under­
lying the schist is an intensely altered mass of rock tentatively classified 
as andesitic lava or tuff. Part of this format ion can be identified mega­
scopically as andesite. Spottily present in the andesite is a very fine­
grained unidentified rock of light color and stony appearance. Of similar 
occurrence and texture is a dark-colored rock tentatively identified as basalt. 
The schist strikes about S. 370 w. and dips 370 to 450 east. South of the 
ma.in shaft" a comparatively small body of granite is in contact, on the west, 
with the fault. 

Copper mineralization occurs sparingly throughout the bedded rocks but 
is concentrated mainly a.t the base of the schist and in the fault zone. The 
planes of the fault and the planes of the bedded rocks diverge to form a 
trough that plunges· to the southwest at an angle of about 24°. 

MineraloSy 

The following is an a.nalysis of a 15$-pound sample submitted to the Salt 
Lake City Station for metallurgical testing in 1942. 

gj ElSing, M. J.', and Heineman, R.E.S., Ar1zonaMetal Proo.uction: Univers~ty 
of Ariz. Bull. 140. 
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Oxide 
Insol. Cu* A120 Pb 

Nil 2.15 6.5 lUl I 2.3 
i ' I j 

* Soluble saturated with sulfur dioxide. 

The late R. E. Head,l/ of the ' Bureau of Mines, stated: 

Examination of thin sections prepared from representative 
pieces of the ore indicate that basically two types of copper 
association are represented. In addition to the copper-bearing 
material, there appears to be also ' an indeterminate quantity of 
rock that is virtually free of copper. 

In the one type of copper occurrence, the ground mass is 
almost entirely quartzitic. Chrysocolla, the copper silicate, 
occurs in this type of rock as a filling in fractures both in 
the rock itself and in the quartz particles. 

In some of these fracture fillings the chrysocolla occurs 
as masses of hairlike fibers intermixed with calcite and clay­
like material. In addition to this type of association, the 
chrysocolla is also present asa sheli or coating on many of 
the quartz particles. In som.e cases, aggregates of very small 
quartz particles are cemented to~ther with chrysocolla, which 
occurs as films so thin as to amount to scarcely more than stains. 

In the other type of association, the chrysocolla is dis­
tributed uniformly through the claylike ground mass in the form 
of minute veinlets and also as fracture fillings. This association 
of chrysocolla with the gangue is very intimate, and examination 
of thin sections showed that the individual clay particles were 
ringed with copper carbonate. 

The ore contains an appreciable quantity of magnetic ,iron 
oxide, magnetite. 

Subsequent investigation of other samples of the ore in connection with 
metallurgical testing showed the copper to be present mainly in the silicate 
form as chrysocolla and some dioptase. Also present is a yellowish copper 
mineral, which is probably a silicate. A trace of sulfide-copper is present 
mainly as chalcocite. 

A little pyrite and a small amount of native copper were seen in the 
cuttings from the fault zone at churn-driil hole C-2. 
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·. ' " . .............. .. . 

. . .. ... . 
The main shaft is vertical and fully timbered int~ a 4-foot square . 

hoisting compartment and a 2-1/2- by 4-foot manway compartment., It is 235 
feet deep and at present is accessible to the water that stands at 221 feet 
below the collar of the shaft. Levels at depths from the ' surface of 115, ' . 
152, and '2-35 feet have been opened from the shaft, whereas the bottolJl or 
285-foot leyel ha~ been developed from two winzes sunk from the 235'-foot , 
level. LiIieal deveiopmimi'6ri. the 'four ' levels' consists" 0f' over 2,700 .feet of 
drifts and crosscuts. ' Near the footwall of the bedded deposit are two .small 
stopes on the 115-foot level· and two on the 152-foot level (fig. 3). Another 

' small st61"e on the 152-footlevel 1~ in the schist-granite contact zone • . 

The Sixty-Five shaft and the Granite shaft, both inaccessible 1 are 
situate.d .130 .fe.e:t •. nort.hwest and .350 .fee:t, t').Cl~heast yf the main shaft" , .. 
respectively. The Sixty-Fiye shaft, 65 feet deep, 'has one level at its 
bottom . "The Granite shaft has two levels· one at a , depth of 45 feet and 
the other at iisbottom of ,83 feet .. About midway between the two shafts is 
an open cut in ' the only surface exposure 0~ ore on the property. It was 
the source bf several cars of ore. ' . 

A longitudinal section through ·the . main workings is shown on the a,ssay 
map (fig. 4). 

In addtt fonto the above workings, there are, seve'ral shallow shafts 
arid pits. 

WORK ,BY THIl! BUREAU OF MINES. 

Fie'ld Work 

During examination of the ~1ne by 'th6 Bureau of Mines in 1942, sampling 
was confined to the 115- and 1·58-foot levels, ~cause. the lower workings were 
floodeu with the water, which, st ood. at. 228 feet below the · collar of the shaft. 
seve~ channel samples were cut t o · duplicate corresponding samples that are 
stmilarly numbered on figure 4. : In ad~Htioh, six samples, each weighmg 25 
to 55 pounds, were cut from .·siX crosscuts. . These, a18'0', were channel samples 
and, with the exception of sample 100, were cut from channels that carry 
siJ!lilar numbers. Sample 100 represents the material exposed in a section of 
the crosscut on the 115-foot level. Analyses of the samples are shown .in 
·table 1. 
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TABLE 1. - Anallses of chanp.el sam12les 

evel Sam le Width feet Percent CO r 
1.15· ........... _ I 11 .5 3·5 
ll~ ••• ~ •......• ' j 115 5 4.39 
115 .............. I 116 5 1.90 
152' .............. I 61 5 2.69 
152 •••••.•••••.• 1 62 5 2.18 
152 ......•...... 1 63 5 2.8i· 
152 •..•......... ! 64 

. i 5 1.28 . I 
100 38 2~69 115 ..........•.. I 

I 

I 115 ...... · ...... i 113-116 20 2.11 
152;, ••••• • •••••• i 25-31, ! 35 1.90 
152 ............. I 32-39 I 40 2.21 
152 ..•.........• ! 60-63 20 2.56 
152 ............. : 18 -81 ! 

50 1.14 

A l58-pound sample was made of the six: large samples for metalluJ;'gical 
tests. Later in the same year four additional samples were taken for metal­
lurgical testing. Each of these repre~ented 50 continuous feet of crosscut 
and ranged in weight from 272 to 619 pounds. They Were taken from crosscuts 
at the shaft on the 115- and l52-foot levels and from the first and second 
crosscuts south of the shaft on the l52-foot level. 

Active work on the exploratory project started November 22, 1948. The 
first truck loads of equipment and supplies, after being assembled and con­
ditioned in Tucson, were hauled to the mine on December 6. While a complete 
camp to accommodate 25 to 30 men was being built and equipped, work was started 
on rehabilitation of the main shaft. Shaft work consisted of replacing the 
collar and second sets of timbers and making minor repairs to both the hoisting 
and manway compartments. A tripod was placed over the shaft, and a hoist was 
installed. Two 210-c.f.m. compressors were placed near the shaft, and an air 
line was installed to the site of diamond drill hole D-l. Track was laid, 
the drill station was drilled and blasted, and the muck was trammed to the 
shaft and hoisted to the surface in buckets. While the diamond drill hole 
was being drilled, the air line and track were advanced, and two more drill 
stations were drilled and blasted. The muck from these stations was hoisted 
to the surface after diamond drilling was completed. A total of about 100 
tons of broken rock was removed from the mine. 

A transit survey of the surface and underground workings started while 
the camp was being built showed that available maps could be used for laying 
out the drilling program. This work, as completed, included plumbing the 
main shaft, transit surveys of the 115- and l52-foot levels, and topographic 
surveys of the area shown in this report, the Isabella claim, and a 25-acre 
area adjoining the Isabella claim on the east. 

Diamond drilling, consisting of one hole completed at a depth of 203.5 
feet, was started January 19 and completed March 18. A vertical section 
through the hole is shown in figure 5, and the assays of samples are given in 
the log of the hole that is appended to this report. Original plans included 
diamond-drilling 6 or 8 holes from underground stations, each designed to 
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intersect the fault zone below the water table at intervals along the strike 
of the fault. Diamond drilling was terminated upon completion of one' hole 
because costs were excessive to both the contractor and the Government. From 
the collar of the hole to the fault zone the rock is inte~selY if~actured, and 
core recovery averaged about 6 percent. In ' general, after drillin~ a section 
of the rock the hole would close in as soon as the core barrel was removed. 

Repeated cement jobs on portions of the hole failed, and in these cases 
it was necessary to drhre the cas:ing ahead. Attempts to advance the .hole by 
bla,st:ing also failed. The contractor also tried unsuccessfully to keep the 
hole open and to consolidate the ground ahead of the bit by freezing. ;This 
operation consisted in using fuel oil cooled by dry ice as the ' circulet:ing 
medium. Little trouble was experienced in :penetrating the fault ' zone , 'where 
core reoovery averaged 3.6 percent. Th~ diamond drill was operE?-ted two 
shifts daily for 6 days a week. Double~tube core barrels 5 anq 10 feet long 
were used. Drill ing data for the hole, which was numbered D-l, follow: 

Diamond-drilling data 

Feet 

I 
Hole I De 

Reamed 
I Cemented 

D-l 203·5 11.0 33.0 

Churn drilling, conSisting of five ,holes for a total depth of 2,'669 
feet, was started January 13 and completed May 13, 1949. The rock was , easy 
to drill, but, being ra,velly, it was generally necessary to carry casing 
close to the bottom of the hole. The drill was operated two or three shifts 
daily, mainly on a two-shift baSiS, for 6. days a week. ,. 

Pertinent drilling data are given in table 2, and the logs of holes 
drilled by the Bureau are appended. Assay graphs of four of the churn-drill 
holes put down by the owners in 1919 are · shown in figure 6. ' 

Sections through the churn drill holes are .shown on, figure 7. 

Drill-hole samples for analysis totaled 295, of which 56 were from the 
diamond-drill hole and 239 were from the churn-drill hG-les. Drill cutt ':ings 
were dried, weighed, and reduced in size with a Jones splitter, a~d core 
s8,mples were weighed and split. One half' of each core sample .and the samples 
of drill cuttings were sent to Tucson for , ~nalysis. The other h8.1f of :the 
core was pla ced in core boxe s, which were $tored in the Bureali core house in 
Tucson. Two large sample s of muck from: ,the" d iamond'-dr ill, stat ibns also were 
sent to Tucson for metallurgical tests. 

Three thousand lineal feet of road :work was done. This consisted of 
repairs to existing roads and building pew roads to drilling sites but does 
not include 2.6 miles of 20-foot-wide road from the Casa Grande-Ajo road to 
the mine, Which was built by the Indian Service of the Interior Department. 

All drill holes were capped with a Bureau marker showing project number, 
hole number, and date of complet i on. 

3790 - 7 -

J 



TABLE 2. - Churn-drilling data 

- Feet " \ 

Clrurn- - ! 
drill IDrilied, bit size (inches) Cased, pipe size (inches) Reamed, bit size inches) 
hole Depth 12 10 8 6 12 10 I ' 8 6 10-12 8-10 6 - 8 

C -1. ~ • 590.0 I 250.0 1115.01225.0 I 20.0 382 .01 50.0 6.0 -
I I I 

205 .01 
I 

C-2 .•. 561.0 I 155.0 105.01200.0 101.0 12 452.5 546.0 20.0 I 31.0 15·0 

671;0 I 250.0 . 90.01160.0 171.0 194.0 

, i 
C -3 .•• 321.0 1 477.0 I 641.0 67.0 1- 46.0 111.0 

! 
C -4" •• I I 1 290.0 250.0 40.0, . _I 31.0 

1 

' . 
412.51 526.01169.0 

' . -

C-5· •• 557.0 175.6,250.0 105.oi 27.0 155.0 466.0 
2,669.0 p.,080.01600.0 690.0~9.0 412.0 11,320.5 i 1,395·5,1713.0 l306.0 i 83.0 I 126.0 

'--- ---- --~ ~ .~ - -- ~ 
_______ L- l _ _ ______ J _ __ ___ __ _ ____ --------L -- ~----
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Copper Analyses , 

The Lake Shore samples were a.nalyzed for copper ~ by ,convent:ional pro­
cedures. Total copper was determined by the long iodide method" using a 
mixture of hot concentrated hydrochloric, nitric, and sulfur~c acid for 
decomposition of the minus lOO-mesh samples. ' Samples that contained 0.5 
percent or more of copper were reassayed for acid-soluble copper with a 
5-percent solution of sulfuric acid saturated with sulfur aioxide to dissolve 
the copper silicates, oxides, and carbonates. Common practice is to report 

If tt . ,. t 

the acid-soluble assay as oxide copper, and the difference ,between the 
total and oxide assays is reported as: "sulfide ll cop.per. 

Although such analyses would indicate that many of th~ Lake Shore 
samples contain 0.5 percent or more o~ sulf~de copper, microsco~i~ examination 
failed to reveal more than a trace of-copper sulfides • Furthermore, ~he 
sulfur content of the samples was too 'small :to account for this quantity of 
copper. Subsequent examinat ion and niicroche:mical tests on sink-float frac­
tions of the Lake Shore ore indicated that t 'his copper is associated with 
the gangue minerals as minute inclusions of 'an. unidentified copper mineral 
that is somewhat more refractory to'N'ard leaching than chrysocolla'. 

The total and acid-soluble copper contents of samples from ~oles drilled 
by the Bureau are shown in the logs. . 

Metallurgical T~st~/ 
The five samples from an examination 0f the mine in 1942 were sub­

mitted. to the Salt Lake City Station for metallurgical tests • . An analysis 
of a 158-pound cha.ra.cter sample is shown in ,the sect ion on 'mineralogy of 
the ore. The analyses of the other sample~ :are given in table 3. The samples 
from crosscuts Nos. 1 to 3 on the 152-foot 'level, numbered to the south from 
the crosscut at the shaft, were identified , ~s Nos .. Ar-4.1, Ar-4.2; and Ar-4.3, 
respectively, and the sample from the 1+5-fqot . level was numbered Ar-4.4. 

The Salt Lake City metallurgical te sts .revealed that the 'mineral, 
association in the samples was too int~te, for beneficiation by ore-dressing 
methods. Acid leaching of the ore was not :,~ttract ive owing to the presence 
of lime, which caused excessive acid consumption. Tests employing ', the 
reducing-roast and anmlonia-leach process extracted as much as 86 'percent of 
the copper. In these tests, minu's 20-mesh material was ro~sted Vi't.h coke 
in an atmosphere of natural gas for 1 hour at 5000 to 6000 C. to reduce the 
copper. The samples were then cooled to 1860 C. and quenched in water. 
Leaching was carried out at 25 percent solids in a combination air-mechanical 
agitation tank for 4 hours, using a 10 per~~nt solution of ammonium ihydroxide 
and ammonium carbonate in equal parts, cont~ining the equivalent of ,0'.3 pound 
potass:i.um cyanide per ton of ore. The leae~ residues were f .ilter-washed with 
ammonia. a.nd "Tater. 

El Prepared by Carl Rampacek and J. Bruceqlemmer, metallurgists, Bureau of 
Mines, Tucson Branch, Metallurgical DiviSion, Tucson, Ariz. 

, .,.\ 
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." , 

Sample I In soL I S1~ 
~45.7 131.6 

4.2 I 62.9 '41.6 

Fe 

17.1 I 
I 

5·35 

4.3 I· : 35.4 ! 25.8 129·2 

4.4 : I . 66.2 . j 54.6 1 7 ~25 

~I Copper soluble in dilute 

3790 

TABLE 3. - Analyses of metallurgical samples 

Cu soluble in 
Per~ent ." . . J. L 10% 60lu1; ion 

, I - i lOx ! OZ.lton(24 hr.) -
CaO I S Zn! ~b I Cll I CU~/ A1203 ! MgO I Au I Ag H2S04 I NH40H 

7.9 .08 Nil i Nil ! 1.71 11.60 7.9 _ 11.3[Nil ITr. i 1.33 

10.7 .07

1 

0.15 : Nil 1.2911.28 I 9.9 · 10.61 Nil ITr.il.25 
i I I I 5.2 1<.05 Nil I Nil 2.18 [ 1.79 3.6, 11.3 Nil ITr. ! 1.75 

I I . I 
4.5 1<.05! Nil I Nil \1.66_ 1.591.5 .• 7 ' 9.7 Nil ITr'l

l 
1.32 

I I I ~. . r I 

Nil 

- Nil 

Nil 

Nil , 

sulfuric acid saturated with sulfur dioxide. 

- 10 ' -



Meta.llurgical tests were made subsequently at the Tucson ~ation on a 
composite sample taken from drill stations 1, 2, and 3 on the 152-foot level. 
Analysis of the sample gave 3.51 percent total copper, 2.96 percent a9id­
soluble copper, 8.25 percent iron, 1.73 percent calcium carbonate, 0.04 
percent sulfate -sulfur, and 0.01 percent sulfide -sulfur. The' copper was 
present predominately as chrysocolla and d10ptase, with only traces of sul­
fides and carbonates. 

Batch flotat ion of the ore ground to pass 65 or 200 mesh mde with con­
ventional sulfide and nonsulfide collecting agents failed to effect separation. 
The trace of sulfides, largely chalcocite, floated readily, but recovery of 
the chrysocolla and dioptase was poor, regardless of the ' conditions employed. 

Acid leaching and leach-precipitation-flotation of the sample also were 
investigated. The results of a number of bottle leaching tests are summarized 
in table 4. The tests on portions of the ore ground to pass 10, 20, and 
65 mesh' were made at 50 percent solids with different quantities of acid 
and various contact periods. 

The leaching tests revealed that about 375 pounds of acid, 4.1 times 
the theoretical based on the acid-soluble copper content of the feed, were 
required for a good extraction of copper from the 10, 20, and 65-mesh feeds. 
Although the finer material leached more rapidly, a 24-hour contact was 
essential for an 88 to 90 percent extraction of the total copper. The acid 
consumed varied from 4.1 to 4.4 pounds per pound of copper extracted. Neither 
longer leaching nor use of more acid materially improved copper extraction. 
Cursory tests on charges of the ore ground to 200 mesh gave slightly higher 
copper extractions but not enough to justify the added cost of finer grinding. 

Although the chrysocolla jn the ore is amenable to leaching, long con­
tact with excessive acid is required to dissolve the 0.5 percent or more of 
copper that is intimately associated with the gangue. Tests were made to 
determine if the refractory copper could be extracted within a reasonable 
period by employing stronger acid solutions. The dry ore was mixed with the 
desired quantity of acid and enough water to give an agglomerated or pasty 
charge containing about 75 percent solids. A 50 percent acid solution proved 
adequate, but more concentrated acid was used in some of the tests. The 
agglomerated charges were permitted to stand at room temperature for various 
lengths of time and then were leached 15 minutes with water to extract the 
solubilized copper. Tests were made on 10-, 20-, and 65-mesh feeds with 
375 pounds of acid per ton ,and varying the contaqt period from 1 to 24 hours. 
The stagnant leaching of the agglomerated charges gave copper extractions 
almost identical to those of bottle leaching at 50 percent solidS, as 
recorded in table 4. 

Although stagnant leaching of the acid-agglomerated charges at room 
temperature failed to improve extraction of the refractory copper, supplemen­
tary tests revealed that moderate heating of the agglomerules expedited 
solution of the copper for an improved recovery. The results of several 
tests on 10-, 20-, and 65-mesh portions of the ore are summarized in table 5. 
The cha.rges were mixed for about 5 minutes with the quantity of acid shown 
and just enough water to form agglomerules. These were heated in a muffle 
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furnace to give a substant.ially dry sulfated product, which was subsequently 
leached with water for 15 minutes to extract the copper. For convenience, 
the sulfated products we're leac'l)ed at 33 percent solids. In other tests, 
however, leaching at 50 percent solids 'gave equally good results, and it SeE:InS 
likely that adequate leaching could be obtained in even thicker pulps. 

TABLE 4. - Bottle leachins of Lake Shore ore. 

Leaching I 
time, I 

hr. I 

1 , , 

I 
1 I 

1 I , 
I i 

' 1 . I 

i I I 1 
, 
!. , I 

1 I i 
1 I I I 

I , I 
I i 

I ! 
1 I 65 205 180 , 3.4 75·5 I 

2 I 65 205 183 I 
3.3 . I, 78.1 , 

i " 

4 
I 65 205 195 I 3.4 , 80.3 
I 

I ' 
I 

65 
, I 

1 

" 

375 201 I 3.5 I 82.3 I 4· 

I 
65 375 231 I 3.8 I 87.3 

' 8 .65 375 .239 3.8 I 88.6 ! t 
12 65 375 247 4.0 I 89.2 
'24 

I 65 375 259 4.1 90.0 

198 3.6 I' 1 I 20 375 ! 77.8 
4 20 '375 232 . 3·9 84.3 
8 20 I 375 250 4.2 84.9 

12 I 20 I 375 264 4.3 87.2 I 24 I 20 375 275 4.4 89.7 I l ' ! i I i 1 I 10 I 375 171 3.4 I 72.6 . I I I 

4 10 I 375 212 3.7 82.3 "j 
! 

8 10 375 228 3.8 ., 84.9 
12 10 375 236 3·9 86.0 
24 10 375 258 4.2 I 88.3 
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TABLE 5. - Re sult s of ac id -sulfa tins te st s • 

Sulfatin treatment 
, 
I 

Mesh of 1 :82S04 added, 'j Furnace 
feed : lb. ton i tem. °c. 

10 375 25 
10 375 250 
10 375 250 
10 J/5 250 

20 
20 
20 
20 

65 
65 
65 

. ' 65 
65 
65 
65 
65 
65 
65 

375 
375 
375 
375 

375 
375 
375 
375 
375 
375 
375 
375 
375 
375 

105 
155 
205 
310 
375 
410 

I 

i 
.! . 

. I · 
I 

I 

25 
250 
250 
250 

25 
75 
75 
75' 

250 
g50 
250 
400 
400 
400 

250 
250 
250 
250 
250 
250 

I 
I Time, : 
iMino 
i 0 
! 7·5 
i 15 
I 
130 , 
I 
,60 
: 7·5 
115 
130 
J 
I 
i 60 
I '(.5 
! 15 
! 30 
I 7·5 
i 15 
130 
I 7·5 
115 
: 30 

15 
15 
15 

:15 
i15 
f15 

Lb. ton 
195 I 
328 ! 
352 .j 
366 I 

I 224 t 

344 : 
364 .. I 
375 i 

, 
I 

copper I 
extracted , 

3.7 
5·"( 
5.9 
6.1 

4.0 
5.6 
5.9 
6.0 

- I 

I _ 

I 
I 

233 I 
264 i 
300 . I 

318 I 
351 
375 I 
375 
368 
375 

::: I 
155 I 
205 II 

310 
375 I 
410 . I 

4.0 
4.2 
4.6 
4.9 
5.3 
5·7 
5.8 
5.6 
5.8 
5·9 

2.9 
3.0 
3.5 
4.8 
5·7 
6.2 

! 
I 
i 
I • 
i 

I 

" 

I · 

79·5 
87·7 
87 ·5 
88.6 .. 

83.6 
89.5 
92.0 ... 

. 92.6 
94.0 
94.0 
94.2 
93·7 
92.3 
90.6 

50.7 
72·9 
84.9 
92.0 
94.0 
94.3 

The tests demonstrated that moderate heating of an agglomerated .or pasty 
cha.rge converts the copper to the sulfate form, which is amenable to rapid 
leaching with water. Provided enough acid was used, a 7.5- · to 15-minute heat 
at temperature s between 750 and 4000 c. permitted good extraction of the 
copper from the 10-, 20-, and 65-mesh £eeds. The optimum temperature for 
sulfating the Lake Shore ore appears to be about 2500 C. Although a tempera­
ture of 4000 C. is permissible, a higher temperature dehydrates the sulfate 
a.nd necessitates leaching of the calcine with weak acid. Virtually all of 
the acid employed In the sulfating procedure is consumed. No free acid, or 
only minor quantities, was found in the leach liquors. The moderate heat 
treatment increases solution of the clay and iron minerals in the ore, and 
the a.cid .consumed per pound of copper dissolved is higher than in bottle 
lea.ching. The greater . consumption of acid, however, is offset by the higher 
extraction of copper and the shorter treatment pe.riod required. The sulfated 
charges from tests made at 2500 C. were compact and dry, regardless of the 
quantity of acid used. The calcines produced at lOWer sulfating tempera;tures 
were slightly moist. No difficulty was experienced in leaching the calcines, 
as they slaked readily upon addition of water, and the copper sulfate dissolved 
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rapidly. The leached residues thickened readily and were much easier to 
f ·Uter than those . from ,the bottle lea.ching tests. The mild heat trea.tment 
apparently dehydrates -the :tOlloidal silica and increases- :the filt;z:a~iC?~ . . rate. 

• M' • ~ " ." .. . . ' • . ' • , .... • • • • • 

. . ,;: 

Coppel;' extract1'on 'in the" acid-'sulfating tests riecreascd wit'h" increasing 
coarseness o'f ' the feed. ' Incomplete extract ion of the copper in the 10-and 
20':mesh feeds may be ' attribute~ ·to s;lOW'. di;ft'usion of acid thr6~~h . ~~~ part.icles 
during the short agglomerating and heating pe·riods . . Ac1d-su+.fating gave 
somewhat lower extractions on coarse feeds than bottle l eaching. As r e gards 
the time required for comparable copper . extractions, however, acid-sulfating 
is superior. The results of several tests by the two procedure s a.re given in 
table 6. 

TABLE 6. - COInpa;rison of acid sulfatin~ and bottle leaching of 
.10 -, 20-, and 5-me sh ore. 

!!eSO!! consumed 
: Lb./lb. of 

Mesh of I copper 
feed Method Lb. ton extracted 
10 •..•. 'j l5-min. acid sulfat- I 352 5·9 

ing and l5-:min • water I 

l each. I 
10 •••••• 8-hour bottle l each. 375 228 3.8 

. I 

20 •.. e' •• l5-min. ac id sulfat-
j 

375 364 5.9 ! 
ing and l5-min. water I 

I leach. 
20 ••••.• 1 12~hour bottle leach. I 375 264 4.3 

I 

65 .••••• \15-min. acid sulfat- I 375 375 5·7 ! 
I ing and l5-min. water 1 

i leach. . 
.412 . .6 . 6 ••.••• 72-hour bGttle leach. 

84.9 . 

87 .5 

87.2 

94.0 

3.8 

Supplementary tests vere made to observe . the dep.ortment of the ore 
toward leachillg-pre'cipitation-flotation. The results of a typical leach­
float test employing bottle leaching are given in table 1. The ore was 
ground in 'a rod mill to pass 65. nesh and leached for 2 hours at 50 percent 
solids', 205 pounds of sulfuric acid being used per ton of ore . Part of the 
free acid remaining in the pulp was neutralized w.i,th hydrated lime, and tho 
cement coppe-r was then prec:ipitated with iron nails. Atter neutraliZation 

r 

of substantially all the remaining free acid, the cement copper was floated, 
Minerac A be ing used a.s the collector. S1.D.gle-cleaning of the rougher froth 
yielded a cement copper concentrate that assayed 71.42 percent copper and 
represented a recovery ' of 73.2 percent. Leach-'flotat ion of 200·mesh portions 
of the ore gave almOst identical results. Depending on the reagents . employed, 
76 to 80 percent of the copper was recovered ·as. a rougher product assaying 35 
to 40 percent copper. Inability to obtain a higher copper recovery by leach­
flotation can be att~lbuted to incomplete dissolution of the refractory copper 
silicate rather thEin to / interior flotation of the .cement copper. The copper 
content of flotation tailings and of residues from comparable leaching tests 

' were almost identical. 
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TABLE 7. - Bottle leaching-precipitation-flotation of 65-mesh ore. 

.. " , 
, 

-- -Assay, _ -"e o" • 

I Distribution, .... ,. 

. Weight, ' . ""--percent " ' ...... percent · ," . ' 

i Product ,percent total C,opper total copper 
Copper concentrate .• ' •• ' ..... ,~" , -3. 5 .. ' .. ' , .,' . ' ", .. 71.42 " - I-' 73·2"--":-
Middline· .. . - ............. 9·3 '1.77 

' . ' I 4.8 " 

Rougher froth .' ..... tI ...... :'" 12.8 ' I ,"'" ,' . '20.82 ' ' . 

I .78.0 
I 

. :' r 
Tailing.~ .•••.•.•••••••.• 87.2 0.86 I 22.0 • 
Composite ' •. ' .. .. ' .... • ~ . e' •• .; . '100·.0 -.. l'~ .-... ,.- '3 ~'42 I lOO.Q . " 

J 

I 

I 
. . -, .. ......... . Pounds per- ton '" , .. - ... • .:.-- .• 1 

: 

. , 
' - . . . _ .... , '\ ' " ... ,.. .. . .. . . . , . Flotation 

Reagent Leaching Precipitation . Conditioner ! Rougher Cleaner 

H2SO4' ••••• "-1 ,206, -
Ca(OR)2 ••• ~ , ••• -_-,0 16 :0 
Minerac A ••••• \ - -
Pine oil •••••• - -
Time (min.)... 120 
R............ 1.75 

. .- -", .. ' f" "24.0 ' ' " 

Iron 
·nails 
30 
3.40 

I 
1 

I 
0.2 .. 

2·5 
o 

i " - , -' .. . ...:.. - " .. ,: ...... 

i " - ' .. ~ -i I 

t 0.04 
I 

0.0? 1 ,I . 
1 . 
I , 
I I 

- . . . '.. . ~ " ...... ... ' 
, ... , - other' tests were mde -';"ith more acid in the leaching step in an' effort 

to obtain more complete extraction of the copper. The tests were not success­
ful. The large quan~i:ty ,of free.: 'acid .r~lD8.ining .in thft leac'hed pulp vitiated 
both precipitation and. flotation of the cement copper. Prohibitive quantities 
of lime were required to neutralIze the acid, and the pulps became so con­
taminated with salts that flotation of the 'cement copper was incomplete. When 
neutralizing steps. were omitted, precipitation of the copper was incomplete, 
and much iron was dissolved by' the · free acid. The iron salts and res'idual 

, acid -inhibited subsequent' flotation of the copper. These "and other tests 
demonstrated that excess a.cid· must' be avoided. in conventiona·l 'leacli:'floa.t 
procedures. .' r 

, Precipitation-flotation .tests also w'ere "i)lade 'on acid-sulfated . charges. 
The results of a typical test made on the 65-mesh feed and employin's 375 pounds 
of acid. per ton for sulfating are given in ' table $. The acid-agglomerated 
ore ~.,as · he-ated 15 minutes at · 2500 C. and thEm leached 15 minutes wi~h water 
at 50 percent solidS. As the leach pulp was 'substantially 'fre'e of acid, the 
neutralizing steps before copper precipitation and flotation were not necessary. 

, Single-stage cleaning of the rougher froth yieided a cementcopper fconcentrate 
, that assayed 69.7 percent 'copper and repre~ented a ' recovery of 89.7 percent; 
,the "rougher concentrate accounted for 90. 7 per~ent · of 'tl:l<:t copper. Flotat'ion 
of the · cement ' was r excellent and copPer ' losses" in ' the ta1:lings were due primarily 
to presence of undissolved' silicates '. J ,I. 

,Excellent results also were obtained on acid-sutf~ted oharges of the ore 
by precipitating the copper ,during the water-leaqhing step. Simultaneous 
leaching and precipitation gave a somewhat finer and darker~colored cement 
copper than two-stage treatment, but it was readily amenable to flotation. 
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TABLE 8. ~ Precipitation-flotation 'of aeid-sulfated ore. 

I Distribution, percent 
Product r · . I total co er 

Copper concentrate..... • i 9·7 
Middling .•.•.•.•...•••.. ;-1 ~4~.~9_-+1 __ ~~:"::-__ -+~ __ ---..--::-:;1~.0=--__ _ 
Rougher .froth .•••.•.• ' .• , ' 9.3 - I .' ,. ,. 90·7 
Tailing ••••••..•••••.•. ~9~0~.~7 ___ ·~1· ______ ~~~ ____ ~~· ~! __ ~ ____ ~~9~.~3 ______ ___ 
COlllposite ..••.••.••.••• 1100.0 100.0 

I 
Pounds 1'- ton 

! .' , Water 
-! Sulfating I extrac;- I Precipi­

I treatment t ion!.1 I tat ion ~C-on--=-d~i t~io-n .... e...;;r'"""=,R-o-u~""-'~:-----Rea ent 

lt2004· • . • • • . • . . . • . 375 
Minerec A ••••••••• 
Pine oil •••.•.•••• , 

I 
Temperature, °C. 250 
TiDe, lIlinutes..... 15 

H ............ ' ••••• 
1. .-

Iron 
i nails 

0.30 
0.04 0.04 

2·5 5 2.5 
3.5 i 3. .6 

so~id~ at room temperature. 

Summary and Conclusions of Metallurgical Tests 

The Lake Shore ore is refractory toward leaching. A long contact period 
with a large excess of acid is necessary to obtain a high copper extraction. 
Acid-sulfating at temperatures between 750 and 4000 C. is superior to conven­
t ional le·aching. Ac i~ -sulfat ing require s more ac id than flood or tr ickle 
leaching but is offset by the higher copper extraction and the shorter treat­
ment period required. On other less refractory ores, the quantities of acid 
required for acid sulfating and bottle leaching were almost identi~al. 

The leach liquors from conventional leaching o;f the Lake Shore ore con­
tain Imlch free acid, whereas, those from acid-sulfateicharges were virtually 
free of acid. . In leaching-precipitation or leaching-precipitation-flotation 
procedures, where free acid in the leach liquor or ore pulp is objectionable, 
acid sulfating should have merit. 

Flotation of the Lake Shore ore· by usual sulfide and nonsulfide collectors 
was ineffective. Leach-precipitation-flotation f!Ilve good copper recoveries. 
In conjunction with the leach-float procedure, acid-sulfating was superior to 
bottle leaching. When using flood or trickle leaching, the excess acid remain~ 
ing in the pulp must be partly neutralized before precipitation and flotation 
of the cement copper. As virtually no free acid remains in the a.cid-sulfated 
pulps, the neutralizing steps before precipitation and flotation are unneces­
sary, thus simplifying the procedure. Simultaneous leaching and precipitation 
of the copper from acid-sulfated charges also gave good results. 

3790 - 16 -



DRn.L-HOLE LOGS 

Loca.t ion: N. 5391, E. 5119 
Elevation of collar: 1,664 ft. 
Depth: 203.5 ft. ' 

Hole D-1 
, . 

.. ~ - .' . .... 
Dip: -73 0 

J3~aring: N .• 80P E. 
Dute: 1/19 to 3/18/49 

! Percent cOpper I O¥ .Zt?4',·:'f' ,~~ .. '; ".- , 
Foota e ! !Acid- I . I 

From- ': 'To-, Feet ' Total : soluble I Au A ! 
o i 11.0 I 11.0 1',1. t '1.-

1l.0 I 16.0 j 5.0 : .26 i 
16.0 : 21.0 , 5.0 : .28 : 
21.0 1 26.0 1 5.0 1 .25 1 
26 .0 I · 32.0 ; 6.0 i, .44 l ' 
32 .0 : 35.0 I 3.0 ! .40 ; 
35 .0 ; 40.0 , 5.0 : .33 i 
40.0 i 45·0 I 5.0 I .34 I 
45.0 I, 50.0 I 5·0 ; .25 , 

I ' I 

. . 

50.0 ! 53.0 I 3.0 i .20 I 
53.0 I 58.0 : 5.0 : .21 I 

58.0 i 61.5 1 3.5 1 .20 : .. 
61.5 1 . 65.5 \ 4.0 ! .24 i . 
65.5 I 70·5 I 5.0 I .20 I -,' 
70·5 i 75.5 I 5.0 I .17 ! 

I 8 1 8 1 75.5 i 7 .0 i 2.5 ' .1 I 

78 .0 i 8~ .5 : 3 ·5 i .17 i 
81. 5 I 86.2 ; 4 .7 : .18 i 
86.2 88.2 I 2.0 I .18 , 
88.2 1 90·7 ' 2.5 .18 I 
90.7 94.6 1 3.9 ! .28 i 
94.6 I 99.6 ,', 5.0 j .14 '\ 
99.6 ! 104.9 i 5·3 I .17 I ' 

104.9 1 110 .0 i 5·1 ; .17 ' 
110.0 1115.0 I 5.0 ; .18 . 
115.0 1120.0 ; 5.0 ; .19 
120 .0 i '125 ;. 0 :' 5 .0 ; .17 
125.0 i 127·0 I . 2~0 I .10 I 
127.0 1132.0 ! 5.0 i .17 !: 
132.0 i 137.0 I 5.0 i .13 I ' 
137.0 140.0 i 3.0 I .19 
140.0 i 145.0 i 5·0 I .19 !' 
145.0 1148.3 I 3.3 I .19 I ' 
148.3 1153.3 , 5.0 I .22 ' " 153.3 155.7 I 3.4 , .16 
156.7 ! 161.7 i 5.0 I .14 1 
161. 7 1163.7 i 2.0 I .13 i 
163.7 1168.5 I 4.8 ! .13 ! 
168.5 1173.5 1 5.0 I .13 1 

173.5 1178.5 I 5.0 1.45 : 1.20 
1~.5 ! 180.5 : 2.0 ! .46 , .25 

t85:§ I t~§:~ ,I §:~ ! :~~ ! :~6 
189.2 1193.5 4.3 I .68 I .42 
193.5 !203.5 I 10.0 ! ! 

j790 

I , 
. ; 

i ' 

I 
i . 

I · 

i 

I 
I 

! 
I 
i 
I 
i 
! 
I ' 
I 

, ' , 
I 

I 
I 

I-
; 
I 
I· 

, \, 
I 

I 

i 
! I 

I 
I 

) I I 

r I i ! r! 0.1 I 
I ' I 
, 1 ' 

! I i 
- ,17 -

Do • 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. .. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

" 

Shear zone. 
Do. 
Do. 
Do. 
Do. 

Granite. 

,~ 
•• < 

., . r 

,., '1 .... . 



Role C-1 

Location: N. 5007~ E. 5188 
Elevation of collar: 1,796 ft. 

Depth: 590.0 ft. 
Date: 1/13 to 2/4/49 

I Percent copper! 
Footage I ' Acid- I 

------~~~-~----~I I From- ! To- Feet 'Total · soluble ' Descri tion and remarks 
o 

20 
193 
195 
205 
215 
225 
235 
245 
250 
255 
265 
275 
285 
295 
305 
310 
315 
320 
325 
330 
335 
340 
345 
350 
355 
360 
365 
370 
375 
380 
385 
550 
555 

3790 

20 20.0 I ! Sand and gravel. 
193 i 173.0 II I Weathered granite. 
195 2.0 0.31 Schist and clay. 
205 10.0 I .33 Schist. 
215 10.0 I .36 Schist, water table at 211.0 ft. 
225 10.0 I .32 Schist. 
235 10.0 .31 Do. 
245 10.0 .27 Do. 
250 5.0 .34 Do. 
255 5.0 .26 Do. 
265 10.0 .36 Do. 
275 10.0 .41 Do. 
285 10.0 .39 Do. 
295 10.0 .27 Do. 
305 10.0 .35 Do. 
310 5.0 .39 Do. 
315 5.0 .42 . Do. 
320 5.0 .43 Do. 
325 5.0 .61 0.36 Do. 
330 5.0 .57 .29 Do. 
335 5.0 .51 .28 , Do. 
340 5.0 .34 ! ~uartzite and schist. 
345 5.0 .36 I Do. 
350 5.0 .28 I Do. 
355 5.0 .38 I Do. 
360 5.0 .39 ! Do. 
365 5.0 .25 i Contact schist and granite. 
370 5.0 .16 1 Schist and granite. 
375 5.0 .14 i Granite and schist. 
380 5.0 .10 : Do. 
385 5.0 .14 i Do • 
550 165.0 I Granite. 
555 5·0 I Shear zone, clay. 
590 35.0 I Granite. 

+ _ _____ ~ ____ ~~----~1------------------------------
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Hole C-2 

Location: N. 4813, E. 5098 Depth: 561.0 ft. 
Elevation of co~lar: 1,792 ft •. · ." , Date: 2/11 to 3/5/4-9 

: Percent cOE~r 
,Foote.se _ .. . 1 i Acid-. 

From- I 'ro- Feet i Total soluble Deseri t ion and remrks i 

0 20 20.0 . I sand and gravel. 
I 

20 155 135·0 ! I Weathered granite. 
I 

155 165 10.0 ; 0.23 ; Schist. 
165 175 10.0 : .22 Do. 
175 185 10.O i • 22 Do • 
185 195 10.0 1 .23 Do. 
195 205 10.0 1 ·33 Do. 
205 215 10.0 j .32 Do. 
215 225 10.0

1 
.32 Schist, water table at 220 ft. 

225 235 10.0 ! .31 Schist. 
235 245 10.0 : .48 Do. 

I 

245 255 10.0 : .53 0.06 Do. 
255 260 5·0 .51 .06 Do • 
260 270 10.0 . 62 .06 Do • 
270 280 10.0 . 46 Do~ 

280 290 10.0 .54 .06 Do. 
290 300 10.0 1.03 • 22 Do. , .. 

300 . 305 5.0 ; . .'57 • 19 Do • 
305 310 5.0 j ·50 .15 Do. 
310 315 5.0 1 1.25 .55 Do~ 

315 320 5.0 : .89 .40 Do • .. 
320 325 ') o! 

-' I 
.90 .33 Do. 

325 330 5.0 1 .91 . 31 Do • 
330 335 5.0 : .80 .28 Do. 
335 340 5.0 j .54 . 17 Do • 
340 345 5.0 1 .98 

I· 
.29 Do. 

345 350 5.0: .63 . 19 Do • 
350 355 I .62 I .18 Do. 5·0 I 
355 360 5.0 , .68 I .21 Do. 
360 365 5. 0l .34 i Do. I 

365 370 5.0 .31 I I Andesite. 
I 

1· 370 375 5·0 i .29 I Do. I 

375 380 5.0 .26 I I Do. i 

I I 380 385 5.0 I .28 I Do. 
385 390 5·0 .62 0.09 ! Do. 
390 395 5·0 I .31 I Do. 
395 405 10.0 I .24 i Do. 
405 415 10.0 .22 I I Do. 
415 425 10.0 I .22 I. i Do. I i 

425 435 10.0 ! 0.26 I ! 
Do. 

435 445 10.0 I .19 I . Do. 
445 455 10.0 I .15 

I 
I Do. 

455 460 5·0 ! .19 i Do. I 
460 ·470 10.0 i .18 I i Ictuartzite. 

I 

470 480 10.0 i .18' i · Do. 
480 490 10.0 I .14 

i 
! Do. i 
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Hole C-2, Cont'd. 

Percent copper 
Footage "·1 Acid-

From- i To- Feet Tota.l i soluble - Description and . rema.rks 
490 I 500 i 10.0 0.16! 
500 I 510 10 .0 '.16 I ' Andesite. 

Do. 
Do. 510 520 10.0 .23 i I 

520 I 525 5.0 ·51 ,. 0.19 I Shear zone. 
525 ' 530 5.0 .79 .48 I Do. 
530 535 5.0 .89 .63 I Do. 
535 540 5·0 1.43 .91 Shear zone. Little pyrite 

I
I native copper. 

540 545 5·0 1.27 .57 Shear zone. 
545 547 2.0 .74 .28 I Sc hist • 
547 550 3.0 .72 .30 Schist and granite. 
550 555 I 5·0 .65 ,.27 i Do. 
555 561! 6.0 : Granite. 

and 

_--4-. __ -1___ --'-_ ____ -1 ______ L _ _____ _ ------------

Location: N. 4610, E. 5045 
Elevation of collar: 1,788 ft~ 

From-
o 

10 
125 
135 
145 
155 
165 
175 
185 
195 
205 
215 
225 
235 
245 
255 
265 
275 
285 
295 
305 
315 
325 
335 
345 

3790 

Foota e 

10 
125 
135 
145 
155 
165 
175 
185 
195 
205 
215 
225 
235 
245 
255 
265 
275 
285 
295 
305 
315 
325 
335 
345 
355 

Feet 
10 

115·0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

I 
0.33 1 

• 22 I 
.31 
.40 I 
.32 I 
.27 \ 
.23 

:i~ I 
.16 
.17 I 
• 22 I 
.17 I 
• 16 I 

.25 II 

.25 

.27 i 
• 30 I 
.32 i 
.25 I 
2 II ' . 7 

. 22 

.20 

Hole C-3 

- 20 -

Depth: 671~0 ft. 
Date: 3/9 to 4/2/49 

Descri tionand remarks 
: Sand and grave 1. 
IWeathered granite. 
I Schist. 
! Do . 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

. Do. 
I 
'Schist, water table at 225 ft. 
I Schist. 
II' Do • 
. ' Do. 
i Do • 

I
I Schist, shear - much Fe oxide. 
, Schist. 
I ~o • 
i Sch1st, shear - much Fe oxide. 
1 I Schist. 
! Do. 
i Schist, shear - IllUch Fe oxide. 
i Schist • 
i Do. 



Hole C-3 z Contrd. 

I 
Percent cOE~r 

Foota~e i . Acid-
From- I To- I Feet Tota.l soluble Descri tiQn and remarks 

355 3 5 I 10.0 0.23 Schist. 
365 375 i 10.0 .20 Do • . . .. .. 
375 385 10.0 .25 Do. 
385 395 10.0 . 15 I Schist, shear - much Fe oxide • 
395 405 10.0 I .15 I Schist. 
405 415 10.0 I .24 I Do. I 415 425 10.0 ! .18 i Do. 
425 435 10.0 i • 13 

I 

Do • I 
435 445 10.0 i .12 I Do. 
445 455 10.0 i .19 I I Do. 
455 465 10.0 0 .14 I I Do. 
465 475 10.0 : .12 I I Do. i I 
475 485 10.0 0 .13 I I Do. 0 

I 485 495 I I 

Do • 10.0 I . 15 I 

495 500 5.0 ! .18 I I Do. 
.26 i I 

500 510 10.0 I Do. 
510 520 10.0 .23 

I 
I Do. 

520 530 10.0 .12 I Andesite, shear - much Fe oxide. 
530 540 10.0 ! . 15 I i Andesite • 
540 550 10.0 I .14 I i Do. 
550 560 10.0 j • 13 i I Do . 
560 570 10.0 : . 12 I 

I· Do • I 

570' 580 10.0 I .10 I Do. 
580 590 10.0 i .14 

, I Do • . I 
590 600 10.0 I • 23 I I Andesite, shear - much Fe oxide . I 

I 600 605 5.0 ! .20 I Andesite. 
605 610 5.0 .24 I 

! Do. I 

610 615 
I 

5.0 I .20 I I Do. 
615 620 5·0 .14 I Do. 
620 625 5.0 ! . 13 I ! Do • I 625 630 5·0 .18 I I Do • . 
630 635 5·0 .15 I I Do. 
635 640 5·0 .14 I Do. 
640 645 5.0 .18 ! Do. 
645 650 5·0 I .26 I Do. 
650 655 I .42 1 

Andesite and granite. 5.0 I I 
655 660 5·0 I .23 I Granite and andesite. 
660 671 11.~L I Granite. 

I .. -

'0 .. 
o· 

3790 - 21 -



Hole c-4 

Location: N. 4795, E. 4900 
ElevatIon of collar: 1,786 ft~' '. 

~-... ~:' .. "Depth: 290.0 ft . 
. ;~.-~:,.- : : ' Date.: '.4/1.5 ·to ·Jt/19/49 

Footage 
From-

0 ! 
10 
50 
60 

I 
70 I 80 

I 90 
100 i 
110 I 120 

I 130 i 140 I 150 I 

160 j 

I 170 
180 I 
190 I 
200' I 
210 I 
220 ' 
225 
230 
235 . \, 
240 I 

245 ' i 
250 ' 
255 
260 
265 
270 

To- I 
10 I 
50 

I 60 
70 I 

I 

80 I 

90 I 
i 

100 I 110 , 

120 !. 

t 130 ! 

140 I 
150 I 
160 i 

! 170 i 
I 180 

190 I 
. ~~g I' 
220 i 

I 

225 i 
230 i 
235 i 
240 
245 
250 
255 
260 
265 
270 
290 

i 

Feet 
10.0 
40.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 I 
10.0 
10.0 I 
10.0 
10.0 I 
10.0 '1 10.0 
10.0 
10.0 
5·0 
5·0 
5.0 
5.0 
5·0 
5·0 
5.0 
5·0 
5·0 
5.0 

20.0 

. " Percent cOJ)per 
Ac·ia- . 

Total . soluble 

, 
0.35 

.33 . 

.32 . 

.35 . . 

.30 

.36 , 

.35 ( 

.17 

.58 ' 0.11 

.33 

.27 

.23 

.47 

.82 0.52 
1.23 .76 
1.50 .65· 
1.55 . ·90 
1.75 1.16 
1.02 .66 
1.31 . 1.00 

. 3.05 2.80 
2.31 · 1..95 
1.94.. '· 1.27 
1.51 . l .96 
1.54 I" .98 
1.75 ' ·97 

.61 , .1. ~36 

I 

.. 

. . 

.' . 
.. 

Descri~tion and remarks 
I Sand and grave 1 • 
I Weathered' granite. 
i Schist. . 
• ! 

I 
I 
! 
I 
I 

! 
i 
I 
I 
! 
! 
! 
I 

! 
I 
! 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
·Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. . 

Schist, water table at 225 feet. 
Schist. 

Do. 
Do. 
Do. 

I Do. 
Do. 

I I Do. 
i Schist and quartzite. 
i ~uartzite. 
I 

Hole C-5 

Location: N. 5326, E. 5090 . Depth: 557.0 feet 
Elevation of collar.: 1,801 ft. . Date: 4/20 to 5/13/49 

Percent c012~r ! 

Footage 
. Total I Acid- I 

From- To- Feet soluble Description and remarks 
0 25 25.0 Sand and gravel. 

25 35 10.0 0.49 i 
Schist. 

35 45 10.0 .41 I I Do. 
45 55 I 10.0 .40 I 

I 
Do. 

55 65 

I 
10.0 .45 I Do. 

65 75 10.0 .87 I 0.41 i Do. 
l I 
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Hole C-5 Cont'd. 

Footase 
From- ! To- Descri'otion .. and remarks 

75 5 1.05 0.52 Schist. 
85 95 10.0 i 1.18 .65 Do. 
95 105 10.0 I 1.55 .96 Do. 

105 115 10.0 I 2.10 1.19 Do. 
115 125 10.0 i 1.69 1.00 Do. 
125 135 10.0 I 1.76 1.10 Do. 
135 140 5.0 I 2.21 1.14 Do. 
140 145 5.0 I 2.08 - I 1.16 Do. 
145 150 5.0 I 1.87 i 1.13 Do. 

I 150 155 5.0 I 2.15 I 1.41 Do. 
155 160 5.0 I 1.65 - I 1.39 Do. 
160 165 5·0 I ·70 ! .39 Andesite. 

I 
165 175 10.0 I ·32 I Do. 
175 185 10.0 i .26 

I 
Do. 

185 195 10.0 I . 15 Do • 
195 205 10.0 I .15 I Do. 
205 215 10.0 ! .16 I Do. 
215 225 10.0 1 __ .10 I Do. I -, 
225 235 10.0 i .18 ! Andesite. Water table at 230 ft. 
235 245 10.0 I .16 Andesite. 
245 255 10.0 . 10 Do . 
255 265 10.0 I .14 Do. 
265 275 10.0 , .16 Do. 
275 285 10.0 ! .16 Do. 
285 295 10.0 I .16 Do. 
295 305 10.0 I .15 Do. 
305 315 10.0 .13 Do. 
315 325 10.0 .18 Do • 
325 335 1@.0 • 18 Do. 
335 345 10.0 .20 Do. 
345 355 10.0 .29 Do. 
355 365 10.0 .19 Do. 
365 375 10.0 I .23 Do. 
375 385 10.0 I .18 Do. 
385 395 10.0 ! .28 Do. 
395 405 10.0 I .20 Do. 
405 415 10.0 . 15 Do . 
415 425 10.0 .15 Do. 
425 430 5·0 .26 Do. 
430 435 5.0 I .08 Do. 
435 440 5·0 .08 Do. 
440 445 5.0 I ·95 0.67 Do. 
445 450 5·0 .34 Do. 
450 455 5·0 • 19 Do • 
455 460 5·0 I 1.88 1.73 Shear zone. 
460 465 5·0 I 2.61 2·53 Do. 
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Feet- j 

5 r 
470 i 
475 I 
480 
485 I 
490 I 
495 ! 
500 f 
505 
510 , 
515 I 

520 I 
525 I 
530 I 
535 I 
540 I 
545 I 

o I 

3790 

Footage 
To- I 

70 
475 
480 
485 
490 
495 
500 
505 
510 
515 
520 
525 
530 
535 
540 
545 
550 
55 

~ole C-5, .Cont fa. 
.. ' ": . !'Percerit 

Fe,et 
5~0 

5·0 , 
5·0 ! 

I

' 

5·0 I 
5·0 I 

5.0 i 
5·0 i 
5·0 i 
5·0 I' 5·0 
5·0 , 

5·0 " 5·0 
5·0 
5.0 
5.0 
5·0 I 

Total 
. 1.7 

1.171 1.16 
1.40 
2.48 
1.97 

.9l. 
2.41 

.50 

.73 

.73 
, .18

1 

1.54 1' 
2.98 
3.06 ' 
2.09 

• 5~ 

CO et "'" '. 

Acid'· ' I 
soluble ' Descrition 'and re'marks 
1.55 
1.07 
1.06 
1.16 
2.25 
1.73 

.73 
1.92 

.33 
·50 
.49 

i 
I 

i 
! 

I 
" , I ' 
I 

I' 

-Shear zone. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. ' 
Do. 
Do. 

1.26 Do. 
2.31 Do. 

, . 

2.51 Do. : ,_ 
1.65 Do. . 

.38 Andesite and granite • 
Granite. 
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FRANK M. LEONARD, .JR. 
MINING ENGINEER 935 N. Olsen, 

Mr. Roland l(ulchay, 
Cananea, sonora, Mexico. 

Dear J(r. Mul chay : -

Tucson, Ariz. 

It is certainly good news that you are coming to Tucson before long, and even better that Mrs. Hulchay is coming with you. Paco is still with the Highway Department but is generally at home Wednesday, and always over the we~k end from Saturday &f at noon to Monday morning. I am spend~ng.a great deal of ~ time in Sonora, and never know where 1 wlll be at any given time. Our house is at the corner of ~ast Second Street and Olsen Avenue, about four blocks east of the Univer­sity, and we are in the phone book. We will hope to see mu~h of you and your family when in Tucson. 

As to Lake Shore I do not believe it is of any use to make an' effort under present circumstances. When you come I will show you complete maps with assays ana you can teLl exactly what the property is without going there as it has been repeatedly examined by well known engineers. I gave the data to Koehlman of the Inspiration a year or so ago, and Perry turned it down on the theory that a secon~ary deposition could not exist uqder the oxidized ore on account of its co~ position. My having discovered such an ore body and having corroberative testimony from other engineers was entirely dis­regarded. Neither Moehlman nor Perry ever saw the property. It is the future of copper and not the possibilities of the mine under developmet that discourage me. I would like to hang on to it, howver, and when you come will intraduce you to my grandson Charles Bonham Leonard, who may realize on it as he is only ten years old, and the Leonards are a long lived bunch. 

With best regards, 

Yours Sincerely, 





Mex.; 

. I have recently returne' ·t'rom 
Butte, Montana where I had several ahort t lke with . 
r. E. I. Renouard, Jr. at the Ut.Con ina. I ,', 

believe Renou~rd. ' ' 

He suggeeted that he would 
like to have me revlew the maJis ot the Lakeshore 

. Mine, and to visit the property 'if possible l'or him, 
, if. you were agreeabl.e. On Wednesday last as we , 

',' .. :p~J3sed through Tucson I c lIed your residonoe r1th 
, ~. thiS idea in mind . . - , 

~e • . 



935 N. Olsen, 
Tucson, Arizona. 
Feb. 28, 1941. 

Mr. Roland Mulcaay and family, 
Cananea, Sonora, Mexico. 

Dear Mr. ](ulchB3:-

It is a little late to wish you a Happy New 
Year, but anyhow I hope the remaining ten months of it will 
turn out all right. 

I sent you the greeting in time all right as 
you will see by the postmark on the enclosed, but I sent it to 
the wrong place and it has laid right there and did not get 
back till right now. Things in Mex1co may be a little slow, but 
apparently they arrive at last. 

With best regards, 

Sincerely, 



FRANK M. LEONARD, .JR. 
MINING ENGINEER 

935 N. Ol sen Ave , 
Tuc son , Ari zona . 

lLr. R. D. lJIulcl'lay, 
Cananea Coppe r Comv.ny , 
C cn~nea, Sonorn , Mexico. 

Denr Mr . Mulchay :-

Do you still t tLke any int eres t in s eeinb 
L~jke Shore? I f so I c an no.{ e.rr, WlGe a t rip rno s t l..~ny Yf ek end . 
I can not s ee why ,-~nyone should Irish t o nC l~uire a cO llre r d.evel­
Ol)ment .roT,e rty in t ne United Sta tes at t h is t:'ne , but would 
l~n<i a ~v illine; ea r to any propo 8i tion wi th me on the selling 
end. 

Am jus t back frorl two non th~ s ... en t in 1lexi co 
Ci ty where I renewed some old friendships and me;,de some neVI 
connections and was present at an electi on reminiscent of the 
olu scraps in Butte in the days of t ne cOJ.ll,~r 'mI' . I t l ooks to 
ae a s if the C~rdenus government i s about to coll~~'De , so [m 

hopin~ your bosses vill stand pat a 1':' ttle lonLer, but <.tIl sure 
they kno ~J a whole '10 t mo re about it thun I do . 

I had some busin esi.' wi th the l:in8;:' Del' rtx .• ent 
in connection wi th the L L, Bri s c a plac ere , and to I!l~' sur rise 
rec eivBd a wh ole lot bet1.,er treatment th~m I had eZIlected , due 
y>ro bably to the revival of an old friendshi p VIi th 'Enri Clue Or­
tiz •• 

Ho inG t rat you and your f e.mily are well, 
and ,v i th bes t re<.>[~r lS , 

Yours Gin c erely, 



Cl.Ass OF SERVICI! 

This is a full-rate 
Telegram or Cable­
gram unless Irs de­
ferred character is in­
dicated by a suitable 
symbol above or pre­
ceding the addreas. 

BY DIRECT WIRE FROM 

WESTERN 
UNION , 

R. B. WHITE ' NEWCOMB CARLTON .I. C. WILLEVER 
PRESIOENT CHAIRMAN OF THE BOARD FIRST VlcE~PREaIDE.NT 

1223 '" SYMBOLS " 
DL-Day I.ert .. 

NL-Nlaht Lett ... 

LC-DtknedCobl. 

NLT-Cobl. Nlaht LettOT 

'" 
Ship Rodl __ m I' 

;,BE1 28 4 EXTRA NT=TUCSON ARIZ 27 :VIA INSPIRATION ARIZ 28 :iOD 

ROLAND B MULCHAY= 
CARE T E PASCHAL NACO AR·IZ= 

, 

:JUST RETURNED FROM SONORA. IF YOU STILL WISH TO SEE LAKESHORE 
--- -~-

CAN ARRANGE TRIP EITHER FOR THURSDAY OF THIS WEEK OR NEXT 
SUNDAY. REGARDS= 

FRANK M LEONARD. 

833A. , 

THE COMPANY WILL !lATE SUGGESTIONS FROM ITS PATRONS CONCERNING ITS SERVICII 



COPT 
New York City 
120 Btway. 

San ranoisco Salt Lake City, Paohuoa. Mexioo 
1504 Hobart Bldg. 900 Newhouse Bldg Las Cajas. 

UNITED mATES SMEL,JG. REFINING t: IIINING EXPLORATION COIIPABY 

~5 Congress Street 

Mr. Frank M. Leonard, 
3543 Third Street, 
San DIego, Calitornia 

Dear Mr. Leonard:-

Boston, Mass. 

Salt Lake City Utah, MAy 17, 1921 

Your letter ot the 12th was torwarded to me here. As I 
remember the sulphide ore in the dritt trom the winze, was partIally 
oxidized, indioating that you are about on the top ot the sulphides. 
I do not reaall the exaot copper 00 ntent, but think it was about 6~ 
or 8~. It ooourred in bunohes and streaks in th e bottom ot the dritt, 
and was about 5 or 6 teet w1de. The crossout baok to the west trom 
this dritt was all in broken, orushed mineralized limestone, wnioh 
gave strong indioations ot taulting and no replacement. It thfs is 
not oorreot I wish you would put me right in this matter. That 1s my 
me~ory ot it. I shall be glad to give suoh a desoription to anyone in­
terested. 

am ' gla to ear that you and the tUa1.i7 ar .ell and gettIng 
along nioely. I note that you expeot to mov to Berkeley in the tall. 
Only the youngest ot my ohildren will be in the University trom now 
on, as all the others have graduated and . taken their post graduate 
work. I am not sure whether we ahall be in Berkeley during the winter, 
but I would be glad to have you keep me informed ot your address when 
you do move to Berkeley, so that I oan look you up when I am there 

With kinests regards to yourselt and tamily. I remain, 

Very truly yours 

(Si~ed) l.B. Weeks 



DlRECClON . 

SfRVICIOS (CONOMICOS 

Jl'orma.1007 

Para el interior de Ii ~ep6bHr.a, furopa, fstados Uoidos de Norte America. 
Canada, Guatemala, Honduras, Costa Rica, fl Salvador, Cuba, de. 

Sirvase Ud. anotar 1a hora en que rcciba este mensaje. 



ESTADOS UNIDOS MEXICANOS 

CORREOS Y TELEGRAFOS 

TELEGRAMA 

Forma l002 

ftum. _______ De ___________________ el ___ d~e~====~====~d~e~1~9~3==~ 

Reoibido en.LL-____________ -t H . D. IIH. R. ~ I 
Via 11 Nogales Son.4 mayo de 40 ~ n---

21 w 70 ord. pd d 9.55 I 
Sr. -----I~n~g--.~R~o~l~an~d~~n'r~~u~l~chLa-y=-------~==================~ 

. Cananea Copper Co. , 
I 
I 

Will be here until tuesday at san Carlos hotel Can make 

appointment any time after that have mine date with me 

?r ank M Leonard 

Cxgr 10.15 

Todo telegram a debe llevar el sella de la Oficina. 

Lea usted el reverSOi Ie interesa conocer los diferentes servicios que Ie ofrece el Telegrafo. 



... 

Mr. Roland B. Mulchay. 
Inspiration Mining Co. 
Inspiration, Arizona. 

Dear Mr. llulchay:-

935 N. Olsen Ave, 
Tucson, Arizona. 
May 31, 1940 • 

Sorry you did not have time to come up to the house 
today when you passed through. Paco and I are both away most of the time 
but his wife and her mother and young Charles Leonarsd are always here 
and would be glad to see you or your family at any time, and week ends 
we generally manage to get here . 

~ben I told you about the sulphides at Lake Shore, 
now under water , I mentioned a letter I had from F. B. Weeks, who 
came to the mlne several times when these sU1IJhides were in sight . 
Vreeks was at that time at the head of the U. S. S. '& R. exploration 
outfft, and was trying to negotiate with me. You said you would like 
to see this letter, and I am enclosing a copy of it. 

My son could IJrobably go with you to Lake Shore 
any Sunday, and if I am here I \~ill go al nr; . 

With best regards, 

Sincerely, 

;Z flVV;1-ic.. ~. ~1.- ~~ 



COPPER CANYON MINING CO. ) 
F. Sommer Schmidt, Mfg. ) 
Battle lvlountain, Nevada. ) 

Mr. L. R. Whicher 
25 Broad Street 
New Yor~ City, N. Y. 

Dear Sir: 

Battle Mountain Ne. Aug. 3, 1923. 

Lake Shore Preliminary Report 

Following in my preliminary report on the Lake Shore Mine, Ariz. 

Introduction 

The following report is the result of several hours examination of the Lake Shore 

Mine in May 1923. It must be distinctly understood that it does not represent long care-

ful study. It is simply the way I have "sized up" the proposition but my opinion is 

nevertheless a positive one. I think the property offers unusual promise for good grade 

sulfide tonnage. I went through all the workings but I had no maps at the time. I 

doubt whether final detailed examination would change my ideas as to the future possi-

bilitiee in depth. What the property needs is work below the present deepest level 

(265) and have seen enough to take a very positive stand. I dont see how the proposition 

can be turned down on the deal that can be obtained even if it is recommended in a more 

lualified r;ay. 

Location 

Township 10 S Range 4 E in the southwest corner of Pinal county Ariz. - 30 miles 

south vTest of Casa Grande a station on the S.P.R.R. The mine is located on the edge of 

the valley at the base of the foothills about 800 feet above the valley bottom. Very 

gentle grade to the mi ne. High gear all the way in any auto. The road to Casa Grande is 

very good. 

Claims 

3 patented and 30 unpatented lode claims. See ape 

Working Conditions 

Drinking water must be hauled a few miles at present. W t er for engines can be 

obtained from the mine. In the valley bottom there are wells with exceptionally large 

flows which could be used as a source of water for any ultimate reduction ·plant. Work-

ing conditions in general are favorable. 
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Equipment 

Office-laboratory-boarding house- several miners shacks hoist house with hoist-

engine-compressor apparently all ready to go. 

History 

Chas. Leonard of Butte, Mont . and Frank Leonard now in Mexico bought the property 

in 1913. During the war prices they gave lease and bond for ~500,00 for 80% interest to 

representative of the Potter Palmer interests of Chicago. Later the same deal Vias made 

with representatives of the Gerard family former Ambassador to Germany. Both outfits 

asked for extension of lease and bond hen their time was up. Leonard agreed to the 

option contingent on their developing the property but balked on the lease. He was 

through with that business and disgusted. He was right. The Gerard interests represented 

by Cra~ ord drilled 4 churn drill holes. 3 of them ran into the granite footwall·before 

reaching suI ides-while the 4th apparently did the same thing, though it attains a depth 

of 624 ft bePore reaching the granite . The 4th hole is the only one that had any chance. 

The first 3 were impossible. The f[;ct is that this/~ not a drilling proposition. These 

holes h ve hurt the prop~rty. 

The maps hO~'ever show that there is no occasion for this and I regard the 2 oxidised 

zones in hole 4 as very interest ing. During this period many engineers have examined 

the property, and made application for just a deal as I have obtained. It is known 

by me that the following engineers have thought well of the property. Seeley Mudd and 

Wiseman-F.V. Weeks of the U.S. Smelting Co .-Jerolemon-~agma engineers-Kruttschnitt of 

A.S.R.Co.-Bjorge associated with Locke of the Calumet and Hecla geological dept. Phillip 

:ilson of the C&A- Carl Lindberg L.D. Adams of San Francisco and McCracken ~line. No deal 

could be obtained by any of the above better than the one mentioned $500,000 for 80% intenest 

with payments coming early in the operating period. 

Weeks spent 2 months examining the property but could do nothing with the o.ners. 

Mudd has also tried several times to do business and there are others. Personally I have 

my own opinion and formed it be~ore I had any informati0n about this past history--but 

I mention this because these matters naturally should have a bearing •• 

The iLle has been well sampled and the data is in good shape as a result of the 
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work done by these lea"'ing ol1tfits. 

Production 

Shipments have been made from the property probably from its first discovery 

down to 1917. I have no good data as to total production through shipment but I have 

the actual returns for 852 tons 5.30% cu. fhipped in 1917 as a result of leaser-like 

operations. 

Development Work 

Tr,tal 4, 000 ft of underground worle. Levels 65-115-152-225-265 or winze level. 

On vertical main shaft down 225 f~. This shaft is cared though the mine workings are 

accessible through another shaft. Another sha~t 115 ft depth is known as the 65 shaft. 

Another "GrDnite" shaft 85 ft depth. It was clear that practically all present workings 

ere intended to produce shipping ore from the oxidised zone. They were looking for the 

high grade bunches of cuprite and carbonates and with the war prices of copper it was 

attractive from a leasing standpoint. The workings indicate this condition. 

The most interesting development work is inaccessible being t h, 265 or winze 

level ,"here the h. gh grade sulfides were struck. The v,&ter now stands imrnedia ely under 

the 225 ft level. Only a little water VIas encountered. Part of the time they bailed it 

and then pu~ in a small pump. Th~ fact-that tmis level is under water has prevented 

intelligent examination.. The ore has been drifted on for 680 feet 'Id th 4,000 "eet of 

workings above the 265 level-all done b' operators ~ho apparently cared little for 

sulfide possibilities. I reg rd this situaLion as peculiar especially as the sulfides 

encountered on the 265 justified further work. This I have not seen myself but shipments 

of t'le high grade chalcopyrite and bornite and>-covelli te were made averaging l6%-which 

I discuss later. 

I regard the present workings as important insofar af' they disclose the geology 

and block out 660,000 tons 9f 2.08% cu. rom v,'hich the higher grade could be smelted direct 

if there 'ere a s-elter on the job. 

The ITP in shaft is c ved a'"d while I am told ui te de ini tely that it cannot be 

saved I am not so sure about this and 'auld not reft satisfied ith the revious attempt 

so f r Sf' my present knowledge goes. 
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Present Developed Tonnage 

The work ngs in the oxidized zone are deprived a such high grade are as has 

been shipped. I have not sampled the tonnage developed but there are good assay maps 

available and from these I figure a. total of 661,000 tons of 2,08% cu. developed. To 

increase this tonnage rapidly by e);tending these upper v'orkjngs , v,ould apparently be 

easy as the are continues in both directions. It auld not require much leniency to 

figure thiE tonn ge at 1,000,000 tons but I have held the tonnage to the actual extent 

of each level ins.Leed of allowing the whole length of the are exposes on the 152 level 

to go down to the 225 level. I personally believe that this full 680 ft length of are 

on the 152 level could be eafily proven on the 225 giving 1,000,000 tons but the 

fect is . the work has not b en done. Assuming thnt this 680 ft in length yield 1,000,000 

tons ·the 3,000 ft of length of vein exposed one w"'y or anoth r, Vlould figure 4,400,000 

t ens . The grade vould prob bly be higher teet 2,08% ~or an &verage due to the fect that 

considere Ie high gr de was extracted before sampling in arrivingat the 2.08%. From this 

tonnage a cert~in pro ortion of 3%-4%-5% ore could be selected and mined for direct smelt­

ing. Precise figures are impossible at this time. I offer this train of thought for 

consideration bec811se in any case this tonnage Vlould be a very intere.ting item when 

sulfide tonnage is developed. 

These values might be concentrated or filmed and loated are even leached. 

Conc~rning thi~ I do not know but believe it ·ould not take long to definitely decide. 

The character of this are is carbonates silic te and oxides - both red and black. 

Geology 

A 70 ft wide shear zone 3,000 ft long on contact betVleen granite footwall 

and shist hanging wall-is the ['ineral feeder. The limits of the zone laterally are not 

ell defined because in crosscutting the shist but there are always a few tenths percent copper 

present even at considerable distance from the actual vein. I do not think there is a 

orking in the mine that is actually barren. The mineralization also makes into the 

gnnite in dissemina.ted form but of negligible vc:.lue. It -1 S not a disseminated deposit. 

The original conception of the property wa~ that a vein in the shist work 

striking N.E. and dip Jing 60 deg E de~cended to the 225 level TIhere it encountered the 
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granite vhich is dipping 60 deg W. end then r eversed its dip to follow the granite dO'l'.n 

as its foot~all. This intersection with the granite is shown on the 225 level also the 

change in dip. The 265 or winze level tht disclosed the sulfide is b~low the turn and 

proves that the continuation of the vein is on the new dip. I think the explanation is 

that ascending primary ore solutions were flo owing the shear zone upward along the granite 

contact but found a line of least r eRistance- a line of shistosity or original bedding or 

frac uring-forking off end following this upward. There may be more than one of these. 

Drill Hole 4 indicates 2 of them. 

Whether the vein would continue to have granite footwBl1 in depth or actually make 

into the granite I do not know. Also whether the other form tion would continue to be 

shist iF provlematical. There is limestone on the property according to the maps though I 

did not see any and should this powerful vein intersect a limestone there would be no 

doubt be an excellent replacement. 

The surface is covered wi th float. The mine is at the base of the hills. Considerane 

erosion has removed a large part of the original deposit. 

In places the vein is tighter thf'n I V':ould like to see it. I do not regard the 

conditions for secondar enrichment as ideal everywhere in the vein . The oxidized values 

are greater than one ould judge by inspection due to the cuprite being indistinguishable from 

the iron oxide. Again at many places the soft end mineralized conditions re perfect nd 

no duubt the facilities for secondary enrichment.have varied; I 'imagine that such ' 

engineers as have hesitated to recommend the property base their ideas on the ,":uestionahle 

degree of secondary enrichment. This ie one of the most improtant considerations ~ith any 

copper mine end a.t thi s point I take th following definite stf'nd. 

First-There is such B large proportion of thevein that is favorable to secondary 

enrichment that I believe considerable chalcocite ~~d covellite will be found especially 

in connection with fissurings. 

Second-My ho es for the future of t.he mine ae based entirely on high grade primary 

ore - chalcopyrite and bornite etc. If the mine depended upon secondary values as we do in 

many properties I would still think as I do but I believe the rimary o'l'e is high grade ani 

not dependent on enrichment to be valuable for the following reasons. 
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First-There is much cuprite, a brown smear on every crack, which represents the 

oxidation of chalcocite which in turn represents the replacement of primary, sulfide. 

There was an insufficiency of sulfuric acid and ferric sulfate to make a good leaching 

,job, caused by their being no excess pyrite in the primary ore. 

Second The sulfides encountered on the 265 were partly primary and this chalcopyrite 

was high grade. 

The maps show the vein to be 3,000 ft long as ~ exposed b- r surface diggings beyond 

the limite of underground work . I did not check this. Possibly even this does not 

represent the full length. The surfaced showing that appealed so much to me is the one 

shown on the map ac the open cut north of the fault which is also sho~~ on the map. This 

taken in connection with the "grLnite shaft" workings near it indicates a width of 150 ft 

on the map. All of this is north of the fault and has never been developed by any of 

the mine workings though this would be com~\arB tively simple thing to do. 

Some of the maps call the contact a granite-andesite contact. I made no careful 

examination of this formation. It was called shist by my guide and it looked like shist to 

me . The log of Hole 4 calls it shist and it behaves like shist near the vein. 

The question of greatest interest concerns the ' showing on the 265 level in the 

sulfides. This level was first attained by Frank Leonard who found enough 24% sulfide 

ore to make shipment . There was considerable oxidised ore mixed with the sulfide. No 

assay ma.p, of this level is vailable, which arouses suspiCion, Viere it not for corro-

borating evidence. They actually d'd have something sensational at least at times but 

immedietely struck a fault th,t cut off the ore. They had trouble holding the ground, 

and hauling the muck and water twice through the winze. Leonard 'Vias paying the bills 

and the production by shipping did not pay its way . The fact at times averaged 5% and 

then gain 3% w'th boulders running 24% .hich is probably what "hey shipped. They did 

v ry little work. Jerolemon and Weeks I kno to be familiar with this showing. Later 

another winze was sunk by the last le dng outfit. 

Thi s winze also attained a depth of 40 ft below the 225 level. They struck sulfides 

which looked so fav. rat le thl t they decided they had a much bigger thing than they probably 

did h~ve and accordingly decided to churn drill the deposit. The acco~l ts for the 4 drill 

holes. 
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The maps show the location of the drill holes also log of hole 4 which is 

the only important one. I have seen the logs of the first 3 holes but they 

encountered the granite befor e reaching suIfide depth. I take it from the log of 

hole 4 that the second leached and caving zone sho\'m thereon indicates that this 

hole also did not have any sulfides. There are always so e low grade values no 

matter where they drill nor how far from the vein - even in the granite. Having 

done so much drilling myself - here and at the Inspiration and Canada Copper I 

feel (iualified to condem this work as h ving been ill-advised. 

The vein is undoubtedly as claimed 3,000 ft long if not longer. It is 

about 70 ft wide. The mineralization has been thrust into the country rock consider-

able distances. The intensity of the mineralization is good. The gold v lues which 

are negligible in the upper levels increases with depth amounting to several dollars 

per ton in the sulfide at times. The district and geological province is a very 

healthy one for copper mines. These condition~ have more or less favorable bearing 

on the continuation of ore in depth. 

The uestion arises whether the presp.nt oxidized zone m y not represent the 

sarr.e values af the sulfide zone dll if there is no secondary enrichment and the 

values have been held up in the upper 1 vels. I think this is to far-fetched &nd 

I further believe that the f8te of a property that has a strong evidence in its 

favor as this one should not depend upon any very fine-spun geological th;ries. The 

possibilities are too great. One cannot afford to overlook them. 

Recommendations 

Under the terms of the option we ould have ample time to develop before 

making the payments 'rhich are just and proper. 

I would try to save t r e old shaft because its location is good and everything 

in installed. It would be cheaper than a new one and uicker. It would be intended 

only for prospecting and if after the results were satisfactory another larger one 

needed - this shaft would always be handy for air etc. Sink this shaft to 400 ft 

which takes it close to the granite wall. Explore at th; s level for sulfides, if not 

deep enough continue sinking until sufficient depth is attained to develope sulfides. 
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It may be necessa~ to enter the granite and crosscut west to the shist vein. Dont 

stop until sulfides have been found and explored and do it from present shaft if 

possible. Once in the sulfides I would not neglect going north of the fault which 

count~ has a beautiful surface showing and hac never been explored at depth. The 

upper levels already acsure 680 ft of shoot t o be followed in the sulfides. I think 

400 ft depth should be partly sulfide in any case. 

Spend very little money if &ny in the oxidised zone unless there are exceptionally 

high prices for copper metal in which caee it might pay to ship. I recognise the 

possibility of water increasing with depth though for the present I dont consider it 

any item of importance. 

Respectfully submitted . 

(signed) F. SO.M:,IbR SCHMIDT. 
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