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INTRODUCTION AND SUMMARY

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
meinly of schist, probably the Pinal formation of pre-Cambrian age. In the
mine ares 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 age, 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.

Investigation of the Lake Shore preperty 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 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 map of the mine
workings and assay graphs of the churn drill holes. ILater in the same year,
T. C. Denton, also 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 Mines.

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 ACCESSIBILITY

The Lake Shore mine is in the Papago Indian Reservation and the Casa
Grande mining district, Gila and Salt River Base Line and Meridian, secs. 25
and 36, T. 10 S., R. 4 E., Pinal County, Ariz. (fig. 1). It may be reached
from Casa Grande, a town on the Southern Pacific Railroad and State Highway
80, by traveling southwestward 28.2 miles on a well-meintained dirt rosd and
thence 2.6 miles east on & desert road to the property.

PHEYSICAL FEATURES AND CLIMATE

The Lake Shore mine is on the soutlwest piledmont of the Slate Mountains at
an altitude of about 1,800 feet. The 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 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 71°, with a range from 17° to
1150, The annueal precipitation averages about 9.3 inches.

PROPERTY AND -OWNERSHIP

‘The Lake Shore property consists of three patented lode mining claims:
the Arizone, Copper Bell, and Isabella (fig. 2).  N. Frank Leonard, Butte,
Mont., owns 96 percent of the stock of the Hidden Treasure Mining Co., which
is the holder of the property. o

There are no buildings or equipment on thc property.
HISTORY AND PRODUCTION

The mine was located early -in the 1880's by Trout and Atchinson. A
shaft was sunk, and some drifting was done before 183k, when the property
was abandoned because of failure of the copper market. In 1905, B. S. Wilson
relocated the mine and shipped some ore sorted from the dump. In 1914 he sold
the property to Frank M. and Charles Leonard. A new shaft was sunk to the
225-foot level, and development of the ore body was started on three levels.
In 1917 the Atlas Development Co., Chicago, Ill., leased the mine and shipped
850 tons of 5.2 percent copper ore to a smelter at Sasco, 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.






after terminating the lease, the Leonards drilled 5 churn drill holes and
sank two winzes. During this periocd 12 tons of 15 percent copper ore in
sulfide form was mined from the schist-granite contact zone on the 285-foot
level. The last reported production was in 1929, when ore was trucked from
the mine dump to Casa Grande for shipment.

Total producayon from the property is reported to have been 280,000
pounds of copper .~

GEOLOGY
General

The Slate Mountains are composed mainly of schist, tentatively identified
as the Tinal formation of pre-Cembrian age. Biotite granite has intruded the
schist near the southwest end of the mountain range. It crops out over a
very smell arca on the Isebella claim 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, qQuartzitc,
and diabase on the Isabella claim. The limestone and quartzite are probably
the Mescal and Troy formations of pre-Cambrian and Cambrian age, respectively.

Degosits

Copper mineralizetion is associated with a fault that has an average
strike of sbout S. 11° W. and a dip of 60° to 70° west (figs. 3 and 4).
Granite, probebly an integral part of the intrusive mass, forms the block
east of the fault. On the west side of the fault is & 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 formation can be identified mega-
scopically as andesite. Spottily present in the eandesite 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. 37° W. and dips 370 to h5° east. South of the
main sheft, 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 at 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°.

Mineralogy

The foliowing is an analysis of a 158-pound sample submitted to the Salt
Lake City Station for metallurgical testing in 1942.

———

2/ Elsing, M. J., and Heineman, R.E.S., Arizona Metal Production: University
of Ariz. Bull. 14Q. .
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Oxide

Insol. 8102 | Fe Ca0 S | Cu Cor | Ri20s Tm ] Th
b9 1371 ] 17.5( 5.1 | Nil| 2.3] 2.5 6.5 | Nill Wil

¥Soluble in dilute HpS0l saturated with sulfur dioxide.
The late R. E. EEad,Q/ 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 quentity 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 as a shell or coating on many of
the quartz particles. In some cases, aggregates of very small
qQuartz particles are cemented together with chrysocolla, which
occurs as films so thin as to amount to scarcely more then 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 intimete, 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 commnection 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 & small amount of native copper were seen in the
cuttings from the fault zone at churn-drill hole C-2.

gjf Head, R. E. (deceased), Preliminary Microscopic Examination of ‘oxidized
ore from the Leke .Shore Mines, Arizona: August 1942.
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MINE WORKINGS (figs. 2, 3, and 4)

The mein shaft is vertical and fully timbered into a L-foot square
hoisting compartment and a 2-1/2- by 4-foot manway compartment. It is 235
feet deep &nd at present is accessible to the water that stands at 221 feet
below the collar of the shaft. Levels st depths from the surface of 115,
152, and 235 feet have been opened from the shaft, whereas the bottom or
285-foot level has been developed from two winzes sunk from the 235-foot
level. Lineal development on the four levels comsists of 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 (fig4.3). Another
small stope on the 152-foot level is in the schist-granite contact zone.

The Sixty-Five shaft and the Granite shaft, both inaccessible,. are
situated 130 feet northwest and 350 feet northeast ¢f the main shaft,
espactively. The Sixty-Five shaft, 65 feet deep, has one level at its
tottom. The Grasnite shaft has two levels - one 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 surfece exposure of ore on the property. It was
the source of several cars of ore.

A longitudinal secction through the main workings is shown on the assay
map (fig. 4).

In eddition to the above workings, there are scveral shallow shafts
and pits.

WORK BY THE BUREAU OF MINES
Field Work

During examination of the mine by the Bureau of Mines in 1942, sampling
was confined to the 115- and 152-foot levels, because the lower workings were
flocded with the water, which stood at 228 feet below the collar of the shaft.
Seven channel semples were cut to duplicate corresponding samples that are
similerly numbered on figure 4. In eddition, 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
similar numbers. Sample 100 represents the meterial exposed in e section of
the crosscut on the 115-foot level. Analyses of the samples are shown in
table 1. ~
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TABLE 1. - Analyses of channel samples

Level ! Sample Width, feet i Percent copper
115....‘o.-...‘--’ 11 ‘ S 5 ) 3»5“-
11500 encnencnnal 115 5 N 4.39
1150 ececccas onn 116 5 g 1.90
1520 ceccncenanse 61 5 ; 2.69
152cccsceecennes 62 5 i 2.18
1520ceiiecncnassl 63 5 | 2.81
1524 eenneeenseal 6L 5 L 1.28
11500ccceanceeas; 100 38 | 2.69
1150 eeeteanensas 113-116 20 [ 2.17
152ceecesnnennes 25-31 35 ? 1.90
1524ceecenecceeei 32-39 4o : 2.27
1520 0eeiesanessl 60-63 20 g 2.56
152c.ceacsecessal 78-87 P 50 ! 1.74

A 158-pound sample was made of the six large samples for metallurgical
tests. 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 152-foot levels and from the first and second
crosscuts south of the shaft on the 152-foot level.

Active work on the exploretory 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 & 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 meking minor repairs to both the hoisting
and manway compertments. 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 eir
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 tao 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 workingé,sta;ted 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 topogrephic
surveys of the area shown in this report, the Isabella claim, and & 25-acre
area eadjoining 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 verticel section
through the hole is shown in figure 5, and the assays of samples are given in
the log of the hole that is appendel to this report. Original plans included
diamond-drilling 6 or 8 holes from underground stations, each designed to

3790 -6 -



Shaft

_____Erwieft
1800 — = ; S=o oM, 1800 ——
- AN
\\
Andesite N
1700 — \ s 1700 —
152 level}. oI pantinYy
1600 —— 1600 ——
1500 — 1500 —
1400 — 1400 —
SECTION THROUGH D.D.HOLE D-I
USBM.
Hole C-5 EI 1802 1300 —
Coords N5326-£5090
1800 31T, I -
N /’
\\ Schist ;
S \ -
1700 Andesite N é/
u:.‘.;......-. ,.--...--.--::,/ Granite
N /7
\\ //
1600 — Water Table \ .‘_--.--..:/ —_—
e
AN I/
AN //
1500 — /7 —
N 84°E ——— /77
/7!
/ //
/ -
1400 — 7y
/7
A/
Fault zone / //
PR ault zone —y J—
1300 ) AN,
y
/ 1557
/ /

SECTION A-A'

Figure 5. - Geologic sections,

Old hole

S 66°E

T—

SECTION B-8'

100 400

FEET

Lake Shore copper deposits, Pinal County, Ariz.






No. |
EL.1IBO3

50’

100’

150’

200'

250°

300

350'

AR AR R A A R

©00 0 0 00000000~ O ==000C000 OO0OCO 000000 O O O O 00004

GRNNAPONNNRN —ON—SD © ON D DBO—

000 — N ===—"N_bN D NNBBRINNNN—NUNNWERWW= = D =0 00-=-""

OO® N = NAWL—OW~NN O NN—N—

50

No.2

1799 EL

so° |

100

150°

200'

250’

300'

350"

100

No.3

17

50'

100"

150'

200"

0000000 0 2
~o-oRk-= 0

— -
PARO O NODOHON O

250’

UL

Hm"Z H
h

-

(=]

oo
o o

300’

®~ N

|

s
-

N

o

~

oo

1.09 350"

[T T

00 O
NN O
O® ©

0.2%

22Z

400

T T

OOOO0000 000 0 O O 000000000

0000

T T

150

C

)= |

FEET

Figure 6. - Assay graphs, old churn drill holes, Lake

OORRRORO R Mo = = - OO DN

pppoooooool
~ D
RaZos!

YL,

2208

No.4
ELITOI

50'

100"

150'

200

SO BROM U U — O BABN—LION

250"

Zon

300

o
o
o

350

NL®O,

0.83 400’

500"

550’

600’

680"

RERRRRRRRRRRRRRRRRRRRRR RN AR RN

cooo0o000

|

1.
41

2

0.
.24
.80
31
a7
.38
.78
32
a7
53
.62
.37

o

0.
0.
.22
0.
0.
.19
18
0.
0.
0.
0.
0.
0.

(o]

o

0.
0.

o
o

21

90

41
24

19
19

21
22
19
7
27
33

49

36
56

44
.49
0.

24

0.17

0.
.14

[o]

0.17

0.
0.

0.22
0.24

o

A7

0.249

[o]

]
o

0.
0.
0.

Shore copper deposits.

19
0.
0.
0.
.29
.26

24
21
o7

29
24
24
17
8

17
10
12
18






______ No.4 ox;gh USBM.
1800—— _==7""" e Hole No.C- 1800 — --~
-- G -rr-f------ -~ "M‘T-
\
Andesite '\ Schist
1700—— [ e ¥ \ Gronite / 1700 —
N N,
‘N& > /
N N
\\ \\ / .
1600— N Gronite 1600 ——
N
)
1500—— / 1500 —
S 66°E—— /
f
1400—— 1400—
1300—— 1300—
590"
680’
SECTION C-C'
e USBM Oid hole
1800 —— T T - ~=\_—- HoleC-2 No.3
...... LI DR A | Y A
1
N \ /
1700 —— Andesite  €IIIIINQ [IIIId Schist N Granite /
8 .\ Gronite
{ /
PN /
1600 —— b N
T KT woterTaie i /
\/
AN
1500 —— N
N /
5 66°E——— N
1400 ——
/hao’
1300 —
Fault zone

SECTION D-D'

Andesite

e ————————

S66°E

Figure 7. - Geologic sections, Lake Shore copper deposits, Pinal County,

] \\‘
\\\J\\
\\\\\/
Water Table 4 //
/
/
N /
— /
\\ /
AN
\\ /
\y/
/!
67!
SECTION E-E'
050 '32 400
FEET
Ariz.







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
becauvse costs were excessive to both the contractor and the Government. From
the collar of the hole to the fault zone the rock is intensely fractured, and
core recovery averaged about 6 percent. In general, efter drilling e 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 necessery to drive the casing zhead. Attempts to edvance the hole by
blasting also failed. The contractor also trisd unsuccessfully to kecp the
holc copen ~nd to comsolidate the ground ahead of the bit by freezing. This
operation consisted in using fuel oil cooled by dry ice as the eirculeting
medium. Little trouble was experienced in penetrating the fault zonc, where
core recovery averaged 3.6 percent. The diomond drill was operated two
shifts daily for 6 days a week. Double-tube core barrels 5 and 10 feet long
were used. Drilling data for the hole, which was numbered D-1, follow:

Diamond-drilling data

i i Stand- | - Feet
; . pipe t Drilled Reamed "~ Cased
HoleDepth, ft. (3-inch) 'NX | BX . AX |BX to NX:AX to BX . BX ! AX Cemented
D-1 . 203.5 ©11.0 ;3&.0;9&.0;6&.5 32.0 ! 18.0 78.0i1157.0, 146.5
: . ‘ i . X ; : |

Churn drilling, consisting of five holes for a total depth of 2,669
feet, was started Januvary 13 end completed May 13, 1949. The rock was easy
to drill, but, being revelly, it was generally necessery to carry casing
close to the hottom of the hole. The drill was operated two or three shifts
daily, meinly on a two-shift basis, for 6 davs a week.

Pertinent drilling data zre given in table 2, end 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 5.

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

Drill-hole samples for analvsis totaled 295, of which 56 were from the
diamond-drill hole and 2239 were from the churn-drill holes. Drill cuttings
were dried, weighed, snd 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 other half 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 dces
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 proJject number,
hole number, and date of completion.
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TARLE 2.

- Churn-drilling data

, Feet
Churn- ’ : ‘ :
arill D'jrilled bit size (inches) Cased, pipe size (inches) Reamed, bit size (mches)
hole | Depth | 12 110 | 8 6 11277 10 , 6 |10-12 8- 10 6 -8
€-1...] 590.0| 250.0115.0{225.0 | 20.0 "382.0-_ 50.0 6.0
c-2.. 561.0 ' 155.0{105.0{200.01101.0: 12 205.0{ b452.5| sk6.0| 20.0 31.0 15.0
C-3...] 671.01 250.0; 90.0{160.0/171.0{194.0| 321.0; U77.0| 641.0; 67:0 @ U6.0 111.0
c-b...| 290.0| 250.0] 40.0 31.0 ; }
C-5...; 557.0| 175.01250.0!105.0| 27.0/155.0 1+12.5§ 466.0; 526.0{169.0 |

2,669.0 11,080.01600.0/690.01299.0!412.0 1,320.5/1,395:5!1713.0{306.0  83.0 126.0
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Copper Analyses

The Lake Shore semples were analyzed 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 dioxide to dissolve
the copper silicates, oxides, and carbonates. Common practice. is to report
the acid-soluble assay as "oxide" 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 e trace of copper sulfides. Furthermore, the
sulfur content of the samples was too small to account for this quantity of
copper. Subsequent examination end microchemical tests on sink-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 rmfractory toward leaching than chrysocolla.

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

Metallurgical TestsZ /

o
R

The Pive samples from an examination of the mine in 1942 were sub-
mitted to the Salt Lake City Station for metallurgical tests:. An anealysis
of a 158-pound character sample is shown in the section on mineralogy of
the ore. The analyses of the other semples are glven 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%.1, Ar-4.2, and Ar-4.3,
respectively, and the sample from the 115-foot level was numbered,Ar-h L.

The Selt Lake City metallurgicel tests revealed that the mineral
aSSOCIat10n in the samples was too intimate for beneficiation by ore-dressing
methods. Acid leaching of the ore was not attractive owing to the presence
of lime, whlch caused excessive acid consumption. Tests employing the
reducing-roast and ammonia-leach process extracted as much as 86 percent of
the copper. In these tests, minus 20-mesh material was roasted with coke
in an atmosphere of natural gas for 1 hour at 500° to 600° C. to reduce the
copper. The samples were then cooled to 180° C. and quenched in water.
Leaching was carried out at 25 percent solids in a combination ailr-mechanical
agitation tank for 4 hours, using a 10 percent solution of ammonium hydroxide
and ammonium carbonate in equal parts, containing the equivalent of 0.3 pound
potassium cyanide per ton of ore. The leacli residues were filter-washed with
ammonis and water.

&/ Prepared by Carl Rampacek and J. Bruce Clemmer, metallurgists, Bureau of
Mines, Tucson Brench, Metallurgicael Division, Tucson, Ariz.
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TABLE 3. - Analyses of metallurgical samples

Cu soluble in
Percent 10% solution
o i T 0x i Oz./ton | (24 hr.)

Sample| Insol. ! Si0p Fe Cal S Zn ! Pb | Cu Cuﬁ/ Alp03: MgOjAu |Ag | HpoSOy | NH,0H
b1 45,7 131.6 {17.1 7.9 08| Ni1 jNil j1.71 1.60 | 7.9 | 11.3 ! Ni1 |Tr.: 1.33 Nil
k.2 62.9 i41.6 | 5.35/ 10.7 | .07 o.15§ Nil '1.29 1.28 | 9.9 | 10.6! Nil {Tr.| 1.25 Nil
4.3 35.4 125.8 [29.2 5.2 |€.05] Nil | Nil {2.18{1.79 | 3.6 | 11.3 | Nil (Tr.| 1.75 | Wil
L. 66.2 | 54.6 | 7.25] k.5 [<.05! Nil | Wil 1.66 11.59 | 5.7 9.7 | Nil |{Tr.: 1.32 Nil

i . 1
i/' Copper soluble in dilute sulfuric acid saturated with sulfur dioxide.
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Metallurgical tests were made subseqQuently 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, 0.0k
percent sulfate-sulfur, and 0.01 percent sulfide-sulfur. The copper was
present predominately as chrysocolla and dioptese, with only traces of sul-
fides and carbonates.

"Batch flotation of the ore ground to pess 65 or 200 mesh made 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 periocds.

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 2b-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 Jjustify 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. Tests were made on 10-, 20-, and 65-mesh feeds with
375 pounds of acid per ton and varying the contact period from 1 to 2k nours,
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 L.

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 Jjust enough water to form agglomerules. These were heated in a muffle
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furnace to give a substantially dry sulfated product, which wes subsequently
leached with water for 15 minutes to extract the copper. For convenience,

the sulfated products were leached at 33 percent solids. In other tests,
however, leaching at 50 percent solids gave equally good results, and it seems
likely that adequate leaching could be obtained in even thicker pulps.

TABLE L. - Bottle leaching of Lake Shore ore.

Leaching! i L HoSOh consumed . Extraction,
time, | Mesh| HpSOL edded, | i Lb/ib of | percent of
hr. | feed 1b./ton i Lb./ton | copper extracted . total copper
1 65 105 T 102 3.8 : 38.5
1, 65 ! 155 |15 3.7 ! 58.7
1 i 65 | 205 . 180 3.4 | 75.5
1 1 65 260 [ 198 3.6 | 78.3
1 ! 65 310 | 209 3.7 i 80.9
1 65 360 {210 3.6 E 82.3
1 65 ! k1o P 219 3.8 ; 82.3
| ; :
1 | 65 205 P18 3.0 2 75.5
2 | 65 205 i 183 3.3 g 78.1
L6 205 P15 3.4 - 80.3
1 65 375 ;201 | 3.5 g 82.3
Lo 65 375 Pooean 3.8 87.3
8 | 65 375 239 3.8 : 88.6
12 65 375 -1 S 4.0 L 89.2
oh 65 375 D259 L.l ' 90.0
1 20 375 198 3.6 77.8
L 20 375 | 232 3.9 . 8L4.3
8 20 375 250 b.2 84,9
12 20 375 264 4.3 i 87.2
24 20 375 275 4.4 f 89.7
1 10 | 75 an 3.k 72.6
L 10 375 bo212 3.7 82.3
8 10 ! 375 i 228 3.8 i 8k.9
12 10 | 375 I 236 3.9 . 86.0
2L 10 | 375 | 258 Lo . 88.3
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TABLE 5. - Results of acid-sulfating tests.

Sulfating treatment . _HoSOh consumed
' i - 1 Lb/1b of | Extraction,
Mesh of | HoSO0), added, |Furnace Time, ! copper | percent of
feed | 1b./ton  |temp., °C. |Min. i Lb./ton| extracted| total copper
10 375 g’ 25 160 | 195 3.7 75 .4
10 375 L 250 7.5 328 5.7 ! 81.8
10 375 i 250 15 352 5.9 8k.9
10 375 1 2%0 30 366 6.1 | 85.2
! !
20 375 L 25 L 60 22l 4.0 | 79.5
20 375 250 1 7.5 1 3k 5.6 | 87.7
20 375 2% 15 ) 36k 5.9 | 87.5
20 | 375 2% 130 ”{ - 375 6.0 88.6
65 375 I 25 160 233 4.0 83.6
65 375 75 7.5 | 284 b2 89.5
65 375 |. 75 115 300 .6 | 92.0
65 1 3715 1" 715 30 | 7318 b 92.6
65 | 375 250 7.5 351 5.3 9k.0
65 375 250 15 375 5.7 9k.o
65 375 250 {30 375 5.8 | 9k.2
65 375 400 7.5 368 | 5.6 93.7
65 375 Loo 15 375 | 5.8 92.3
65 375 koo 1 30 375 5.9 .90.6
65 105 , 250 15 | 105 2.9 . 50.7
65 155 250 |15 155 3.0 72.9
65 205 250 115 205 345 8k.9
65 310 250 15 310 4.8 92.0
65 . 375 250 {15 375 5.7 94.0
65 | 410 L 250 15 410 6.2 94.3

The tests demonstrated thet moderate heating of an agglomerated or pasty
charge 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 temperatures between 75° and 4OO° 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 250° C. Although & tempere-
ture of 400° C. is permissible, a higher temperature dehydrates the sulfate
and necessitates leaching of the calcine with weak acid. Virtually all of
the acid employed 'in the sulfating progedﬁre'is consumed. No free acid, or
only minor quantities, wes 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 thé shorter treatment period required. The sulfated
charges from tests made at 250° C. were compact and dry, regardless of the
quantity of acid used. 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 residucs. thickened readily and were much easier to
filter than those from the bottle leaching tests. The mild heat treatment
apparently dehydrates the colloidal silice and increases the flltration rate.

Copper extraction in the acid-sulfating tests decreased with increasing
coarseness of the feed. Incomplete extraction of the copper in the 10- and
20-mesh feeds mey be attributed to slow diffusion of acid through thé particles
during the short agglomerating and heating periods. Acid-sulfating gave
somewhat lower extractions on coarse feeds then 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.

TARLE 6. - Comparison of acid sulfating and bottle 1eaching of
10-, 20-, and 65-mesh ore.

| B>S0L consumed
 HoS0)Y, . Lb./1b. of Extrection,
Mesh of | added, ' copper | percent of
feed Method i 1b./ton | Lb./ton | extracted !total copper
10......j15-min. acid sulfat- i 375 352 5.9 f 8L4.G
ing and 15-min. water | : i :
leach. | ; f
10......| 8-hour bottle lecach. | 375 228 3.8 2 8k .9
. |
20......15-min. acid sulfat- 375 364 5.9 87.5
ing and 15-min. water : i
leach. ! ‘
20......|12-hour bottle leach. | 375 264 4.3 I 87.2
65.v....!15-min. acid sulfat- | 375 315 1 5.7 . 9k.0
ing and 15-min. water | | |
leach. : § 1
65...... 72-hour bottle leach. | 412 377 5.6 i 93.8

Supplementary tests were made to observe the deportment of the ore
toward leaching-precipitation-flotation. The results of a typical leach-
float test employing bottle leaching are given in table 7. The ore 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 ore. 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,
Minerac A being used as the collector. Single-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-flotation 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 attributed to incomplete dissolution of the refractory copper
silicate rather then to inferior 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, ‘ Distribution,
, Weight, ~ percent l percent
Product percent total copper | total copper
Copper concentrate....... 3.5 1 71.42 o 73.2
Middling.e.eoeeereeenennnn 9.3 1.77 S 4.8
Rougher froth.....ceveses 12.8 ‘ 20.82 Coq 78.0
Tailingeseeeevonovsesessess 87.2 0.86 : 22.0
COmpOsiteecesnsseanrasases 100.0 _ 342 '5 : 100.0
! !
Pounds per ton .
I , _ Flotation
Reagent 1Leaching Precipitation Cond itionexr: Rougher Cleaner
B2O)cieeeeees 206 - - C - -
Ca(OH)2 eueandl = = 16.0 i oek.o o - -
Minerac A.e...i - - 0.2 | - _ -
Pine 0ileece..| - - i - ! 0.04 . 0.02
f Iron i :
| nails i
Time (min.)...| 120 15 30 5 2.5 5 . 2.5
PHewerrwrnenenl 1.75 . 2.85 3.4 4.9 - L.5 ! 5.0

Other tests were made with 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 Quantity of free acid remmining in the leached 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 residual
acid inhibited subsequent flotation of the copper. These and other tests
demonstrated that excess acid must be avoided 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 was heated 15 minutes at 250° C. and then leached 15 minutes 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 also were obtained on acid-sulfated charges of the ore
by precipitating the copper during the water-leaching step. Simultancous
leaching and precipitation gave a somewhat finer and darker-colored cement
copper than two-stage treatment, but it was readily amenable to flotation.

3790 =15 -



TABLE 8. - Precipitation-flotation of acid-sulfated ore.

Weight, Assay, percent Distribution, percent

: Product percent total copper. ... .- -total copper
Copper concentrate.....! Uu.h 69.70 ‘ 89.7
Middling..eeeovsvacecss} 4.9 | 0 0.71L ‘ 1.0
Rougher froth.e.....ce..| 9.3 33.35 ’ ‘ K 90.7
Tailinge.ceescosssecssss| 90.7 ., 035 .. 9,3
Compositeceeeesesaneess [100.0 3.42 e ~ 100.0

! z
i TR -
Pounds. per ton - -
i Water
Sulfating | extrag-| Frecipi-~ ‘ Flotation
Reagent | treatment | tion= tation Cond itioner iRougher |Cleaner
HQSO)*.............I 375 | = i = -
Minerec Aecescecsen i - 0.30 P -
Pine 0ilecececenen ! - 0.04 1 0.0k -
"Iron !
i nails

Temperature, °C. . 250 o
Time, minutes..... 15 30 - 2.5 ! 5 2.5
PHewerrovoonssosssl 3.5 3.15 3.5 13.5 | 3.6
l/ 15-minute agitation with vater at 50 percent solids at room temperature.

Summary and Conclusions of Metallurgical Tests

The Lake Shore ore is refractory toward leaching. A long contact pericd
with a large excess of acid is necessary to obtain a high copper extraction.
Acid-sulfating at temperatures between 75 and 400° C. is superiocr to conven-
tional leaching. Acid-sulfating requires more acid 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 identiecal.

The leach liquors from conventional leaching of the Lake Shore ore con-
tain mch free acid, whereas, those from acid-sulfated charges were virtually
free of acid. In leaching-precipitation or leaching-precipitation-flotaetion
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 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 acidésulfated charges also gave good results.
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DRIIL-HOLE LOGS

Hole D-~1
Location: N. 5391, E. 5119 Dip: -73°
Elevation of collar: 1,664 ft. Bearing: N. 80° E,
Depth: 203.5 ft. Date: 1/19 to 3/18/hk9.
i ' Percent copper: Oz./ton |
Footage , Acid- i . ,
From- {. To- |Feet |Total ,soluble| Au ! Ag ; Description and remarks .
0 | 11.0] 11.0] 1.087 1.18 IREE Schist, - :
11.01 16.0| 5.0 .261 o Andesite.
16.0, 21.0' 5.0 .28! ; | Do.
21.0| 26.0 5.0 .25 b ! Do.
26.0] 32.0; 6,0! bl ; | Do.
32.0: 35.0] 3.0 .ho| . Do.
35.0 k0.0! 5.0 .33 @ i Do.
k0.0 45.0f 5.0 .3k . Do.
45.01 50.0 5.0 .25 ! b Do.
50.0{ 53.0! 3.0! .20 | ! Do.
53.0! 58.0 . 5.0 .21 ; Do.
58.0 1 61.5; 3.5 .20 ‘ Do.
61.51 65.5; k.o .2k P Do.
65.5 70.5! 5.0, .20 i 5 Do.
70.5¢ 755 5.0, A7 ! 3 Do.
75.5! 78,0, 2.5 .18/ : g Do.
78.0, 8L.5 3.5! .17 ' g Do.
81.5' 862! L. .8 | Do.
86.2| 88.2| 2.0! .8 ! Do.
88.2| 90.7! 2.5. .18} i Do.
90.7 | 9%.6! 3.91 .28 | § g Do.
ok.61 99.6 | 5.0, Ak ! | b Do.
99.6 110k.9 | 5.3 | .17, ; Do.
104.9 1110.0 | 5.1 ; .17 ; Do.
110.0 ;115.0 ' 5.0 . .18 ; Do.
115.0 {120.0 | 5.0 19 g ; Do.
120.0 i125.0 i 5.0 | .17 ! | " Do.
125.0 1127.0 | 2.0 10 | | Do.
127.0 132.8 5.0 | 'i7 . ' Do.
. . OO0 . ' .
2 S 38 B B
140.0 {145.0 | 5.0 19 , Do.
%ﬁg.o ih8.3 3'8 .%2 | | i .go.
. . . . N : [23%
153. _122.% g.h 16 ‘ ' : Do.
156.7 1161.7 | 5.0 b , ; Do.
161.7 {163.7 ! 2.0 | .13 g Do.
163.7 {168.5 4.8 13 i Do.
168.5 [173.5 | 5.0 .13 Do.
173.5 |178.5 | 5.0 | 1.45 ! 1.20 ) Shear zone.
138.5 180.5 | 2.0 A6, .25 Do,
180.5 {185.5 | 5.0 .83 57 r | 0.1 Do,
185.5 1180.2 i’T .gg .60 ! Do.
189.2 1193.5 .3 . A2 Do,
193.5 1203.5 | 10.0 Granite.
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Hole C-1

Location: N. 5007, E. 5188 Depth: 590.0 ft.
Elevation of collar: 1,796 ft. Date: 1/13 to 2/4/49
Percent copper!
Footage Acid-
From-| To- | Feet | Total | soluble- - .. Description and remarks
0 20 ' 20.0 Sand and gravel. '
20 ! 193 | 173.0 , Weathered granite.

193 | 195 2.0 | 0.31 | { Schist end clay.

195 . 205 10.0 33 ! Schist.

205 215 | 10.0 .36 | Schist, water table at 211.0 ft.
215 | 225 | 10.0 32 Schist.

225 | 235 . 10.0 .31 Do.

235 | 245 10.0 | .27 Do.

25 ¢ 250 ; 5.0 i .3k Do.

250 25 . 5.0, .26 {  Do.

255 265 | 10.0 | .36 | {  Do.

265 1 275 | 10.0 | b1 Do.

275 | 285 | 10.0 | .39 Do.

285 295 * 10.0 | .27 Do.

295 305 | 10.0 | .35 | Do.

305 | 310 { 5.0 .39 Do.

310 315 | 5.0 ¢ ke o Do.

315 320 | 5.0 , .43 | ' Do.

320 325 § 5.0 i .61 : 0.36 , Do.

325 330 i 5.0 i .57 | .29 Do.

330 335 | 5.0 51 | .28 Do.

335 30 1 5.0 .34 Quartzite and schist.

35,0 ¢ 345 | 5.0 36 Do.

35 1 3% | 5.0 .28 ! Do.

350 ¢ 355 ¢ 5.0 38 | | Do,

355 | 360 ¢ 5.0 .39 | Do.

360 . 365 | 5.0 25 Contact -~ schist and granite.
365 ¢ 370 | 5.0 16 Schist and granite.

370 © 375 ; 5.0 Jdk Granite and schist.

375 . 380 ! 5.0 .10 Do.

380 ' 385 ' 5.0 .1k Do.

385 | 550 | 165.0 | Granite.

550 , 555 | 5.0 Shear zone, clay.

555 | 590 ! 35.0 ! i Granite.

i 3
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Hole C-2

Location: N. 4813, E. 5098 Depth: 561.0 ft.
Elevation of collar: 1,792 ft. Date: 2/11 to 3/5/49
Percent copper |
Footage P { Acid- |
From- ' To- . Feet " Total ; soluble’! ' "Description and remarks
0 « 20 i 20.0° ' i Send and gravel.

20 | 155 . 135.0 : | Weathered granite.

155 | 185 ! 10.0. 0.23 . Schist. '

165 175 ' 10.00 .22 i Do.

175 | 18 . 10.0: .22 i  Do.

185 ; 195 . 10.0{ .23 | : ! Do.

195 © 205 , 10.0] .33 | . Do.

205 ; 215 ' 10.00 32 . i Do.

215 , 225 : 10.0; .32 ~ 5 Schist, water table at 220 ft.

225 | 235 | 10.0. .31 | ' Schist. ‘ '

235 | 245 ' 10.0; A8 ! Do.

245 - 255 ° 10.0. .53, i 0.06 | Do.

255 1 260 ; 5.0: .51 .0 .06 | Do.

260 : 270 | 10.00 .A2 i .06 | Do.

270 ' 280  10.0 RIS " Do.

280 | 290 ' .10.00 .54 | .06 | Do.

2900 ¢ 300 ; 10.0: 1.03- | .22 | Do.

300 @ 305 , 5.00 .57 ¢ .19 | Do.

3¢5 ! 310 ¢ 5.0 50777715 1 Dos

310 315 5.00 1.25 55717 Do

315 320 5.0 .89 Ao Do.

320 1 325 | 5.0, 0 %90 1T .33 v Do

325 1 330§ 5.00 .91 .31 | Do.

330§ 335 , 5.0, .80 | .28 ' Do.

33% 3k . 5.0 O .17 ' Do.

350 345, 5.0 .98 29 | Do.

35 ¢ 350 1 5.00 .63 .19 | Do.

350 | 355 | 5.0 2 | .18 i Do,

355 360 ! 5.0 .58 21 | Do.

360 365 I 5.0 NCUN {  Do.

365, 37¢ 5.0 .31 i Andesite.

370 . 375 5.00 .29 - i Do. ‘

375 .. 38 . 5.0 26 : i Do.

380 [ 385 | 5.0 28 | Do.

385 © 390 ¢ 5.0 62 | 0.09 ! Do.

390§ 395 | 5.0/ .31 ' Do.

395 © Lo5 | 10.0{ .2k | Do.

405 |, 415 : 10.0 22 ' Do.

415 | 45 | 10.0f .22 | Do.

L2s 1 435 ¢ 10.0: 0.26 | ! Do.

435 ¢ b5 10.0) .19 . Do.

L5 o0 455 1 10.00 .15 . Do.

bss . 40 1 5.0 19 ' Do.

Leo | 470 | 10.0} .18 | Quartzite.

k70 + 480 ! 10.0 .18 o i Do.

40 | 490 | 10.0] a4 ! . Do.
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Hole C-2, Cont'd.

! Percent copper
Footage Acid-~
From-| To- | TFeet Total |soluble ‘Description and remarks
I*90'1, 500 ;| 10.0 = 0.16 Andesite.
50 | 510 | 10.0 .16 Do.
510 ; 520 | 1.0.0 , .23 | Do.
520 | 525 ¢ 5.0, .51 | 0.19 Shear zone.
25 | 530 5.0 1 .19 | .48 Do.
530 i 535 | 5.0 i .89 .63 Do.
535 | 540 5.0+ 1.43 91 Shear zone. Little pyrite and
| | native copper.
540 | s4hs | 5.0 | 1l.27 .57 Shear zone.
545 | sh7 ! 2.0 .Th .28 Schist. :
547 | 550 + 3.0 1 .72 .30 Schist and granite.
550 | 555 5.0 | .65 27 Do.
555 i 561 : 6.0 : : i Granite.
i ! i
Hole C-3
Location: N. 4610, E. 5045 Depth: 671.0 ft.
Elevation of collar: 1,788 ft. Date: 3/9 to 4/2/49
Percent copper |
Footage Acid- |
From-; To- Feet Total | soluble Description and remarks
0 10 10 . Sand and gravel.
10 125 115.0 |Weathered granite.
125 135 10.0 0.33 | Schist.
135 145 10.0 22 ! Do.
145 155 10.0 31 '  Do.
155 165 10.0 b0 © Do.
165 | 175 10.0 .32 § Do.
175 | 185 10.0 ; 27 i Do.
185 195 10.0 ! .23 ! Do.
195 205 10.0 .16 . Do.
205 | 215 10.0 .10 ' Do.
215 | 225 10.0 .16 ! Schist, water table at 225 ft.
225 | 235 10.0 .17 ! Schist .
235 | 245 10.0 .22 ! Do.
2hks | 255 10.0 A7 | Do.
255 | 265 10.0 .16 I Do.
265 | 275 10.0 .25 !'Schist, shear - much Fe oxide.
275 | 285 10.0 .25 | Schist .
285 | 295 10.0 27 Do.
295 305 10.0 .30 Schist, shear - much Fe oxide.
305 315 10.0 .32 Schist.
315 | 325 10.0 .25 Do.
325 335 10.0 27 Schist, shear - much Fe oxide.
335 345 10.0 .22 Schist.
345 355 10.0 | .20 Do.
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Hole C-3, Cont 'd.

) Percent copper
- Footage . +--Acid-

From- | To- Feet Total soluble - Description and remarks
355 365 10.0 | 0.23 Schist -
365 | 375 10,07} «20 Do
375 | 385 10.0° .25 Do.

385 395 10.0 .15 Schist, shear - much Fe oxide.
395 Los 10.0 A5 | Schist.

ko5 415 10.0 2 Do.

415 425 10.0 .18 Do.

hos 435 10.0 13 L Do.

435 | Lis 10.0 Jd2 | Do.

Lhs 4s5 10.0 .19 Do.

455 465 10.0 J1h Do.

465 k75 10.0 .12 Do.

475 485 10.0 : .13 Do.

485 ko5 10.0 .15 Do.

495 | 500 5.0 18 . Do.

500 510 10.0 26 Do.

510 520 10.0 23 Do.

520 530 10.0 Jd2 Andesite, shear - much Fe oxide.
530 540 { 10.0 .15 Andesite.

540 550 10.0 db Do.

550 560 10.0 [ .13 ' Do.

560 | 570 10.0 { .12 Do.

570 580 10.0 | .10 Do.

580 | 590 10.0 ; .1k Do. ,
590 600 10.0 23 - Andesite, shear ~ much Fe oxide.
600 605 5.0 1 .20 Andesite. a '
605 610 | 5.0 24 Do.

610 | 615 ! 5,0 .20 Do.

615 620 5.0 14 Do.

620 | 625 5.0 .13 Do.

625 | 630 5.0 .18 Do.

630 635 5.0 15 Do.

635 640 5.0 b Do.

640 645 5.0 .18 Do.

645 | 650 5.0 26 | Do.

650 655 5.0 L2 Andesite and granite
655 660 . 5.0 23 Granite and andesite
660 | 671 ! ir.0 - | | Grenite. :
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Location: N. 4795, E. 4900.

Hole C-4

Depth: 290.0 ft.

Elevation of collar: 1,786 ft. Date: ' 4/15 to 4/19/49
, -Percent copper
Footage - : ‘Acid-
From-; To- Feet Total | soluble Description and remarks
o[ 10 10.0 Sand and gravel.
10 50 Lko.o | Weathered granite.
50 60 10.0 0.35 i Schist.
60 70 i 10.0 .33 ! Do.
70 80 | 10.0 .32 i Do.
80 9 ! 10.0 35 i Do.
9 | 100 | 10.0] .30 | Do.
100 i 110 10.0 .36 i Do.
110 120 10.0 .35 {  Do.
120 | 130 10.0 27 i Do.
130 | 1k 10.0 .58 | o.11 {  Do.
140 150 10.0 .33 {  Do.
150 | 160 | 10.0 27 . Do.
160 170 ;| 10.0 .23 . Do.
170 180 10.0 A7 ! Do.
180 | 190 10.0 82 | 0.2 | po.
190 | 200 10.0f 1.23 | .76 |  Do.
200 | 210 10.0 1.50 .65 . Do.
210 | 220 10.0 1.55 .90 . Do.
220 | 225 5.0 1.75 1.16 i Do.
225 | 230 5.0 1.02 .66 i Schist, water table at 225 feet.
230 | 235 5.0 1.31 1.00 Schist.
235 | 2ko 5.0/ 3.05 | 2.80 Do.
240 25 5.0 2.31 1.95 Do.
24hs 250 5.0 1.94 1.27 Do.
250 | 255 5.0 1.51 .96 Do.
255 260 5.0 1.54 .98 Do.
260 | 265 | 5.0 1.75 97 ! Do.
265 | 270 | 5.0 .61 .36 | Schist and quartzite.
270 200 ! 20.0 i Quartzite.
Hole C-5

Location: N. 5326, E. 5090
Elevation of collar:

1,801 ft.

Depth: 557.0 feet
Date: 4/20 to 5/13/49

Percent copper

Foota, Acid-
From-| To- Feet Total soluble Description and remarks
0 25 25.0 Sand and gravel.
25 35 10.0 0.4k9 Schist.
35 45 10.0 AL Do.
45 55 10.0 RiTe} Do.
55 65 10.0 A5 Do.
65 75 10.0 87 0.41 ‘ Do.
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‘Hole C-5 Cont'd.

Percent copper |. -
Footage | Acid- _
From-! To- | Feet | Total | soluble | . Description and remarks

75 L 85 10.0 1.05 0.52 Schist. o
85 . 95 10.0 1.18 65 - Do.

95 | 105 10.0 1.55 96 - Do.

105 | 115 10.0 2.10 1.19 Do.

115 . 125 10.0 1.69 1.00 Do.

125 | 135 10.0 1.76 1.10 Do.

135 ¢ 1hko 5.0 2.21 1.14 Do.

140 ' 145 5.0 2.08 1.16 Do.

45 | 150 5.0 1.87 1.13 Do.

150 | 155 5.0 2.15 1.4 Do.

155 | 160 5.0 1.65 1.39 | Do.

160 ! 165 5.0 .70 .39 Andesite.
165 175 10.0 .32 Do.

175 185 10.0 .26 Do.

185 195 10.0 .15 : Do.

195 205 | 10.0 .15 ; Do.
205 215 | 10.0 .16 \ Do.

215 225 | 10.0 .10 Do. ... . .
225 235 i 10.0 .18 Andesite. Water table at 230 ft.
235 245 10.0 .16 Andesite.
245 255 | 10.0 .10 Do.

255 | 265 | 10.0 1k ' Do.

265 275 | 10.0 16 Do.

275 285 10.0 16 ! Do.

285 | 295 10.0 16 Do.

295 305 10.0 .15 Do.

305 315 10.0 .13 Do.

315 325 10.0 .18 Do.

325 | 335 10.0 .18 Do.

335 | 345 10.0 .20 Do.

345 | 355 10.0 29 , Do.

355 | 365 | 10.0 .19 | Do.

365 375 | 10.0 .23 ! Do.

375 385 | 10.0 .18 Do.

385 395 10.0 .28 Do.

395 i 405 | 10.0 .20 Do.

405 415 | 10.0 .15 Do.

415 k25 10.0 .15 Do.

425 | 430 5.0 .26 ! Do.

430 435 5.0 .08 Do.

435 | Lho 5.0 .08 Do.

ko hhs 5.0 .95 0.67 Do.

Ly5 450 5.0 .34 Do.
450 455 5.0 .19 Do.

k55 460 5.0 1.88 1.73 Shear zone.
460 | 465 5.0 2.61 2.53 Do.
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Footage ! Acid-

Feet-! To=- Feet | Total | soluble Description and remarks
65 1 470 5001 1.8 1.55 Shear zone. B '
470 475 5.0 1.17 1.07 Do.

L75 480 5.0 1.16 1.06 Do.
480 | 485 5.0 1.40F 1.16 Do.
485 490 5.0 | 2.48 2.25 Do.
490 | 495 5.0 | 1.97] 1.73 Do.
Los 500 5.0 | .91 .13 Do.
500 505 5.0 | 2.k 1.92 Do.
505 510 5.0 ! .50 .33 ! Do.
510 515 5.0 | 73 50 Do.
515 520 5.0 73 R I Do.
520 525 5.0 18 i Do.
525 530 5.0 ‘ 1.54 1.26 Do.
530 | 535 5.0 } 2.98] 2.31 | Do.
535 540 5.0 | 3.06 2.51 ! Do.
540 545 5.0 | 2.09 1.65 Do.
545 550 5.0 | .53 .38 | Andesite and granite.
550 557 7.0 | Granite.

3790 - 24 -
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