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Inspiration, Arizona.
July 30, 1930.

Mr. R. H. Sales,

Anaconda Copper Mining Company,
Butte, Montana.

Dear Mr. Sales:

I will enclose this letter with the maps
you requested of the Inspiration — Miami ore area, and
will outline in it the information we have been able to
gather relative to a solution of the Miami fault problem
as it concerns the eastward extension of the Miami ore-
body. ‘

On the plan maps enclosed I have cross—
hatched in two directions the high grade portion of the
Miami orebody which averaged around 2% in copper, and
had individual assays as high as 5%. This portion of
the orebody had a length along the fault of 1200 - 1400
feet, and the remainder of the 2500 feet of ore against
the footwall side of the Miami fault averaged from 0.8% —
1.0%. The ore is covered by capping averaging about
200 feet in thickness, and, below the high grade portion of

the orebody, ore averaging 0.7% — 1.0% Cu. has been de-

veloped down to the Miami 1000 level. This level is




220 feet below the collar of the Miami #5 Shaft, so

they have ofiginally had a thickness of around 700 feet
of ore, the upper 300 feet, immediately below the cap-
ping, being the high grade portion. :

I have attached to this letter a 1000
scale composite sketch of the Miami 1000, and the 1800
7and 2600 levels as they were remembered by A. V. Taylor.
The 1800 and 2600 are approximﬁtely'SOO and 1600 feet
lower respectively than the 1000 level. The geology of
the 1000 level is sketched roughly as we have it.

Soon after my return here from Buttewe
spent a day along éhe fault south of the cave in an en-
deavor to discover an area of fresh granite that might
correspond to the granite encountered on the Miami 1000
in the hanging wall of the fault. No granite which did
not contain more or less prominent quartz seams could be
found, although a small area of fresh coarse granite with
quartz seams was found in a position about 2000 feet
south of that on the 1000, measuring parallel to the faul%.

The porphyry which we had mepped between
strands of the fault is possibly not offset as much as
we supposed. Further mapning within the caved area
showed a mass of porphyry of indefinite structure in the
footwall of the fault, just to the south of that mapped

between strands of the fault. If the two are the same

the throw on the footwall stwand is not over 200 feet, if




that much, depending on the attitude of the porphyry dike.

On the plan maps I have projected the dike mapped by
Ransome through the porphyry we mapped in the footwall of
the fault, but it is still possible that the dike Ransome
mapped is located further south in the cave and cannot now
be mapped. In that case, the porphyry we mapped in the
footwall does not appear at the surface between strands of
the fault. |
We have traced the Miami fault south of the
town of Miami for a short distance, finally losing it in
conglomerate. The fault can now easily be traced for a
distance of about three and one-half miles, and is undoubt-
edly a strong and persistent structure. The dips at the
surface have varied from 35° — 609 to the east, and f rom the
surface to the 1000 level the dip was about 55° E. Stria-—
tions on the fault plane as observed at the surface have a
direction of N 55° E — N 65° E, and, as can be seen on the
sketch of the 2600 level, the work done by the Miami Copper
Company was directed to prospect a portion of the hanging
wall ground which would correspond to a N 60°E movement of
the high grade portion of the orebody.. '
Perry was convinced after his last talk with
Mr. Graybeal of Miami Copper that the ore they encountered

east of the fault was at the elevation of the Miami 2600,

approximately 2520 feet below the collar of the #5 Shaft.




Assuming that this is true, I have made a few calculations
to show the amount of movement necessary on the Miami

fault to throw the high grade portion of the orebody into
ground owned by the Inspiration Companye. In these calcu-—
lations the top of the orebody has been assumed to lie

about 200 feet below the collar of the #5 Shaft, and the
measurements are from the south boundary of the ére at the
fault, on the footwall side, to the projected south boundary

on the hanging wall side.

Approximate

Dip of Fault
Direction Horizontal Vertical to Satisfy Amount of
of love- Component Component Foregoing Feult
ment. of lMovement. of Movement. Conditions. Vovenment.
N 40°E 4300 Ft. 2320 Ft. 62°E 4885 Ft.
N 50°E 5000 " 2320 " 45°E 5510 "

I
|
N 60°E 6100 " 2320 " 35°E 6525 " i

Assuming the movement to be N 60°E, not all
of the ore would lie within Inspiration ground even with
a displacement of 6525 feet because of the northward jog
in the property line near the smelter.

I have lately again gone through the anmual

reports of the Miami Copper Company since 1921, and it
appears to me thet it is more likely that the ore found
by the Miami Company east of the fault was above the 2600
and below the 1800 level. The #5 Shaft was driven to the

1000 level in 1921; in 1922 there is & charge against




"Shaft #5 Development™. On April 18, 1923, a special
announcement of the ore on the hanging wall side of the
fault was made, described as "the top of & new sulphide
orebody". In 1923, 2020 feet of diamond drilling is
noted in the General Wanager's report; this is the oﬁly .
mention of diamond drilling in any of the reports, although
diamond drilling to outline ore reserves was in use at
that time, I believe. The 1924 report states that some
good ore had been found, but that no ore worthy of commer—
cial exploitation was discovered. In 1925, the report
simply states that work was discontinued without adding
anything to the ore reserves. The total charges against
Shaft #5 Development from 1922-1925 aggregated $430,000.

Mr. A. V. Taylor was employed by Miami @opper
in 1924 as an engineer, and he said on his visit to Perry
in Cananea that he had surveyed the workings on the 1860
and 2600 levels. His recollection was that there was abong
1000 feet of drift driven N 20° E from the #5 Shaft on the
1800 level; that a winze was driven to the 2600 level from
a point near the north end of the 1800 drift; and that anothéi
1000 feet of drift was driven N 40° E from this winze on the

2600 level. Diamond drilling was then done from the 2600
drift near its north end. Taylor believed the work was
finally stopped because the State Mining Inspector would

not permit them to continue so far from a main shaft.




A comparison of the time of strikiné the ore
and the amount of work done makes it appear that the ore
was not Tirst encountered on the 2600 level. It seems
more likely that diamond drilling from the 1800 level rirst
disclosed the ore in the early part of 1923; and the winze
to the 2600 and subsequent drifting N 40°E was for the pur-—
pose of getting under the ore and delimiting it with up—holes.
No reason was ever given to the stockholders for the failure
to_fiﬁd the'ore so enthusiastically reported in 1923, and
the greatest secrecy has been maintained about the work
since its abandonment.

0f course any informeation regarding the eleva—
tion of the ore on the hanging wall side of the fault is
decidedly important, for as the projected vertical component
of the fault movement is made less, the greater must be the
horizontal component to have the ore appear in Inspiration
ground; . and at the same time the less attention can be
paid to the striations noted at the surface.

With the foregoing in mind I have only placed
the projection of the orebody upon one of the maps, the
one that I have used as a work sheet. If this position
conforms to your ideas, I know that it will be a simple
matter to have one of the draftsmen place it on the remain-
der of the prints. I am also enclosing the traecing, in
case you may need a greater number of prints thamn T have

been able to send.




I expect to have the field work that was

outlined when you were here in June finished by about
August 15th, and at present we are planning to be in
Cananea by September lst. I have written Perry and
asked him to stop at Inspiration on his trip from Long
Beach to Cananea; at that time he can decide if there
is any more field work which should be done here at this
time.

I sincerely hope that the maps will be

satisfactory.

Yours very truly,




THE ANACONDA COMPANY

25 Broadway

New York 4,N.Y.

OFFICE OF THE
CHIEF GEOLOGIST

October 11, 1956

Mr. Roland B. Mulchay
Asst. Chief Geologist
The Anaconda Company
818 Kearns Building
Salt Lake City, Utah
Dear Mul:

Enclosed are prints of pictures taken in the
Inspiration Pit when we visited there last May.

I have the original Kodachrome slides if you
want additional prints.

Best regards.

incerely yours,

v. BN

VDP:be
encl,

0CT 15 135



MINING GEOLOGY DIVISION - ARIZONA SECTION A,I.M.E.

SPRING MEETING: _ APRIL 30, 1966
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STOP -1

..-Southeast side of Thornton Pit -~ approximate elevation 3700. Your at-
tention is directed to the northeast corner of the pit wheére the Pimto Fault
is indicated in the pit wall by the color change, This is a reflection of
both moisture and mineralization. Next your attention will be directed to
the benches in the lower portion of the pit and also in the vicinity of the
shovel to the northwest. You will note the oxidized copper ore in the old
draw blocks which had been mined by block caving but was not recovered.
Your attention will now be directed to the lower working benches in the south-
western portion of the Thornton Pit., This area shows as a white to light
grey and is an area of unmined or virgin ore which is principally sulfide -=
some Cu)S, CuFeSy, FeSy and quartz veins containing MoS2. The grade approxi=-
mates 1.00% copper in this area,

STOP 2

The Bulldog fault zone is represented by the structure which can be not=
ed in the 50 foot bench to the north of the buses. This structure, which you
will recall from the morning speeches, is a low angle normal fault, strilking
approximately N 35° E. At this location there is a footwall of sultide mia=
eralization which varies in grade from 0.607 to 2,007%+. The hanging wall is
leached capping. The rock type is sericitized Pinal Schist with a few, small,
porphyry dikes cutting at random strikes and dips. These are weakly miner-
alized.

STOP 3

—.On-this dump-you-will-find.the surface-leached-capping-from- the. Thernton ...

West stripping. We interpret the seal brown to shades of maroon as indicative
of prior copper mineralization. The blacks, bright reds and yellows are in-
dicative of iron. The boxworks present are primarily of pyrite as the origin-
al ore tenor was very low in copper. It was necessary for the process of su-
pergene enrichment to establish the present grade of mineable ore from the In-
spiration open pit. Relief limonite is probably derived from secondary chal-
cocite.

STOP 4

Live Oak Pit., The 3450 bench displays ore in block cave draw blocks.
The overlying formations to the north are dacite and porphyry. To the north=-
west you may note the scarps caused by the underground caving operation. The

high hill to the northeast is known as Red Hill and production is expected from

the area in the future.
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GROUND MOVEMENT AND SUBSIDENCE FROM BLOCK CAVING AT MIAMI MINE

By James Bishop Fletcher, Chief Mine Englneer, Miami Copper Company,
Box 100, Miami, Arizona 59AU27

HISTORY: Miami Mine started mining 1910. The orebody was divided as follows:

High Grade ) Mined by tep slicing, sub level caving, etc. Shown on

)
24,400,000 tens) subsidence map (Fig. 1) solid lines (brown shading).

)
1910 to 1925 .)

Low Grade ) Mined by bleck caving. Shown on subsidence map (Fig. 1)

)
102,000,000 tons) 1. Solid lines stopes #1 to #603, 720 level haulage,

1926 to 1954 ; (red shading).
2. Detted lines stopes A to G and 101 te 150, 1000 level
haulage (purple shading).
Mixed Ore ) Mined by bleck caving, shewn en subsidence map (Fig. 1).
%,800,000 tons ; Selid lines stopes #201 te 263, 720 level haulage,
' i§36 te 1943 ; (green shading).

Lob Grade #2
Mined by bleck caving. Shewn en subsidence map

)
)
23,000,000 tons (expected) ) (Fig. 1). Detted lines stepes 4301 te #320,
)
)

1955- te 1000 level haulage (Blue shading).

GEOLOGY: Ore minerals largely in pre-Cambrian Pinal schist intruded by tertiary

Schultz granite perphyry and covered te seme extent by Quarternary Gila
conglemerate, Structures highly faulted and shattered. Miami fault en east
cuts eoff ore. Pinte fault on southwest caused reexidatien of enriched

sulphides producing mixed eore.

MINERALOGY: Malnly chalcecite, with chalcepyrite, bornite, covelite, malachite,

Azurite, chrysecola, cuprite, native cepper, and molybdenite. Ore minerals

ocour in seams, veinlets and disseminated particles.
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ROCK CLASSIFICATION: For simplicity the orebedy can be divided inte three
classes as follows:
1., Strong - requires no timbering.
2. Medium - requires timbering.
3. Weak - requires close timbering and repairs.

Definitlions

The term "pillar stope” as used in this paper refers to a stope which is
beundeéd on one or more sides by subsided capping frem a previously mined stepe
or stopes. The term "pillar" refers te the partitiens between stopes, No attempt
was made to mine the 7-3! te 15! pillars, Seme of the 30f te 50! pillars were
mined after the adjacent stopes were completed.

EXCERFTS FROM PREVIOUS PAPERS WRITTEN ON SUBSIDENCE

" SUBSIDENCE FROM BLOCK CAVING AT MIAMI MINE, MIAMI, ARIZONA" - BY
F.W. MACLENNAN, Feb, 1929,

Mr. Maclennanl states that in starting bleck caving the problems were:

"1, How the greund weuld cave above the stepes.

2, Whether in the first stepes caving would encreach en the
pillar stepes as laid eut.

3. Whether in subsequent mining ef the pillar stepes, waste filling
would be drawn from the previeusly caved adjacent stopes."

Fig. 2 shows the area mined and 1imit ef the escarpment and extreme eracking
on the surface as of Dec,, 1928, Mr. Maclennan states there is very little caving
outside the beundary ef the stopes up te the tep of the ere. He states that
speclal care was taken to prevent caving eutside the stepe beundaries by driving
beundary caving drifts. Fig. 3 shews the methed of mining at this date,

Fig. 4, E 250 section, shews the only instance eof movement feund in the ere
adjacent te stepping eperatiens. Crack E recerds the movement of a few inches eof
the drifts ean the varieus levels,

Fig. 5, i1s a repreductien ef the sectiens frem Mr, Maclennan's paper with
pertinent data added.

Mr. Maclennan concludes his paper by stating the maximum subsidence te date
is 79.4% ef the ere drawn as shewn en the E 250 sectien, but that the average te
Dec., 1928 is 2/3 of the velume of ere remeved.

2
Mr., Maclennan 1in his paper en Miami Cepper Methed ef mining lew grade erebedy
(Feb, 1930) answers twe ef the questiens breught eut in his paper ef 1929:

"Up te date 13 stepes have been completely drawn, Nine of these were
original stepes surreunded on all feur sides by selid ground and four were pillar
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stepes, twe of which were adjeined by breken waste oen twe sldes and eone end,
and twe adjeined waste on ene side and one end.”

Table #1 gives the results of mining ef the first 13 bleck caving stepes:

Table #1 - Tennage and Grade Extractien

Partitiens Net Included in Expectancy

Expectancy Mined
Cepper Copper
Tens Per Cent. Tens Per Cent.
Total of 13 coempleted stepes 11,038,070 1.0260 12,710,378 0.9124%
Best eriginal stepe (2) 998,016 1.0388 1,210,424 1.0091
Best pillar stepe (11) 319,560 1.0640 387,827 0.9348
Peorest eriginal stepe (7) 1,071,535 0.8701 1,053,153 0.7786
Peorest pillar stepe (9) 1,098,313 1,1067 1,025,032 0.8995
Percentage Extractien
Tennage Grade Cepper
Per Cent Per Cent. Per Cent,.
Tetal ef 13 cempleted stepes 115.15 88.93 102.40
Best eriginal stepe (2) 121.28 97.14 117.81
Best pillar stepe (11) 121,36 87.86 106.63
Peerest eriginal stepe (7) 98,28 89.48 87.94
Peerest pillar stepe (9) 93.33 81.28 75.86

Te centinue queting Mr. Maclennan, "The extractien ef mere than 100 per cent,
of the estimated copper content of the ere may be due te drawing seme eof the
partitien ere, and te cepper net included in the estimate, ceming frem everlying
eapping er geb,

The best pillar stepe, 11, was berdered by waste en ene end and ene side, and
the extractien frem it cempares faverably with the best eriginal stepe, the tennage
extractien being almest ildentiecal while the grade extractien is 10 per cent. lewer.
The peerest plllar stepe, Ne. 9, is the peerest of the let, but it was the first
Pillar stepe mined. It was 150 x 300 ft. in plan, and se much weight develeped
during its extractien that results were far from geed. The experience gained here
resulted in reducing the size of the stepes te ene-half their eriginal size. Ne,
11, the best pillar stepe, was a ene-half size stepe.
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N

In drawing the pillar stopes, there 1s ne serleus trouble experienced from
waste drawing in from the adJjeining previeusly mined original stepes, It has been
the experilence in the past that the drawing spreads very little and tends teo pipe
up vertically once the ere has been broken. This characteristic necessitates the
close spacing ef draw peints, but at the same time protects the eperatien from
waste rock drawing in laterally. The waste capping which has settled down inte B
the eriginal stopes becomes well packed and consolidated, due te the pressure
exerted by a vertical celumn of 300 er 400 ft., ef this material, and this waste
f111ing constitutes substantial side support in mining the pillar stopes. Before %=
the first pillar stope, No. 9, was mined, cresscuts were driven inte the adjeining .
£111 of the original stepes 1 and 2 on the 510-ft. level, which is 80 ft. abeve
the sills of these stepes, and this material at this peint appeared te be as solid
as the eriginal ore along the sides of pillar stepe 9, threugh whieh appreach
drifts were driven,"

THE NEXT DESCRIPTION OF SUBSIDENCE AT MIAMI IS GIVEN IN A MEMORANDUM,
12-19-39, BY MR, R.W, HUGHES3 TO MR, GEORGE O, RICE, CHAIRMAN OF THE COMMITTEE
ON GROUND MOVEMENT AND SUBSIDENCE, A,I.M.E. Pertinent data is queted from this
memorandums

"Since the presentatien by Mr. F.W. Maclennan ef his paper, ®Subsidence From
Block Caving" at the New York meeting in February 1929, there have been mined an
additienal 34,000,000 tens of ore." Fig. 6 shews the area mined and limit ef the
escarpment and extreme cracking en the surface as of July 31, 1929.

"ps mining was extended it became increasingly difficult to obtain accurate
data en subsidence. This was due te the fact that nene of the pit area was safe
for traveling, and parts ef it were seen enly frem remote peints, due te the
extension eof the cracked boundary.

In Mr. Maeclennan's paper of 1929, he stated three preblems which were
unanswered at that time. During the past ten years these preblems have been some-
what simplified. They were stated at that time as fellews:

1. "Hew the greund weuld cave abeve the stopes,”

Our experience has been that any difficulty in eaving has been in starting
the first fifteen te twenty feet everlying the undercut level, Frem this peint
te surface there has been ne instance ef hang.

2. "Whether in the first stepes caving weuld encreach en the pillar stepes .
as laild eut."

This refers te the practice ef mining 150 x 300 ft, er 150 x 150 ft, blecks,
by a "checkerbeard" scheme, the pillar stepes te be mined later. Te what extent
the erigirial stopes have encreached is still debatable. Certainly there is seme
encreachment as is shewn by:

A. Consistent everdrawals frem the outside chutes ef eriginal stepes
indicating a herizental drift ef ere frem pillar stepes.
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B. Pillar stopes found te be structurally weaker than adjeining eriginal
stopes indicating stresses caused from caving the original stope.

C. Ore as drawn from the pillar stope is found te break much finer than the
adjoining eriginal stope, which would also indicate stress from caving
original stepe,

These three facts are considered proef that eriginal stepes encroach on
pillar stopes, the amount probably depending en the presence of slips, faults and
other structural weaknesses.

3. "Whether in subsequent mining of the pillar stopes, waste filling would
be drawn frem previously caved adjacent stepes.”

This has been answered very definitely., The mining ef pillar stepes is
considerably complicated by the waste filling from the eriginal stepes., The
amount of such depends on the number of stope sides expesed te waste, increasing
rapidly with increased exposure, Present practice is to mine these pillar stopes
by leaving approximately 30 ft. eof peripherical pillar te shut eut adjeining fill.

In comparing the subsidence angles of 1929 and 1939, it is feund that angles
have in mest instances flattened censiderably. Fer instance the #250 sectien went
from 50 degrees te 46 degrees, the E O section from 52 degrees to 4U degrees while
the W 250 section drepped from 73 degrees to 42 degrees. Sectiens at right angles
to these show similar flattening, This is probably due to the inereased periphery
of the pit. During the earlier stages of caving, with a smaller diameter of pit,
there undeubtedly was a herizental arching effect tending te resist slippage of
the pit walls, As the pit grew larger, this arching effect was weaker with
resultant greater tendency te slip., This weuld held true enly in a roughly
circular pit, such as is feund at Miami,

In the sectien (Fig. 7) showing "Marker Bleck Travel Adjacent te Pinte Fault"
the effect of a major slip is shewn in relatien te ere extractien. It is reutine
practice at Miami te plant 12" x 12" timber blecks in the beundary caving drifts.
These are placed at 25 feot intervals along the drifts and are marked with tags
shewing the elevatien and ceerdinates eof each bleck. All ere is screened thru
ten-inch grizzlies se that the marking blocks are caught en the grizzlies and the
caving progress of the stepe is charted.

The Pinte Fault 1s a majer feature of the Miami erebedy, limiting it en the
west, Ore eccurs in the hanging wall schist, the feet wall granite being waste,
Dip is reughly 45 degrees with many local deviatiens. Fault gouge varies from a
few inches te ten feet.

As shown en the sectlien, steope #202, as a matter of expedieney, was mined
prier te the higher situated stepe #207. With the intent of causing a mevement
aleng the fault, ne beundary caving drifts were driven aleng the stepe beundary
common te stepes #202 and #207.
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That movement was effected i1s proven by the recovery of twe marking blocks
planted in stope #207 while drawing stepe #202, their angle of travel being 50
degrees and 54 degrees, The additional ore drawn from without the vertical limits
of the stope cannot be measured, but the final results of mining #202 stope
resulted in 163% tennage extraction, while final results in #207 stope were 55%."

EXTRACTS FROM A PAPER PRESENTED AT THE AMERICAN MINING CONGRESS IN
SEPT. 1954 BY MR, J. W, STILL:“

"The original mining scheme on this low grade was covered by F.W. Maclennan .
in the A,I.M,E, publication #314-A-34 - "Miami Copper Company Metheds ef Mining
Low Grade Orebedy" issued with "Mining and Metallurgy", March 1930,

Briefly this scheme preposed the mining ef about 550-600 vertical feet of
ore in twe 1ifts (720 and 1000 level haulages) in individual stepe units and on a
full gravity basis, There have been few changes in the basic scheme and enly the
fellowing were ef a major nature.

(1) Pillars were enlarged from 15 ft. on the 720 1ift te pilllars either 30
or 50 ft. en the 1000 1ift. This change offered effective protection against
dilutien frem adjoining mined-out areas. Mining experience has shown that an
unknewn, but substantial, pillar tonnage 1s recovered thru side movement of pillar
ere inte the adjeining preducing stepes.

(2) Square set contrel-draw peints at the tep of the grizzly raises were
abandened, the spacing of the draw peints changed froem 12.5 ft. center te center
te 16.66 by 18.75 ft. and drawing is dene from the bettem of the grizzly raise
(now called the contrel raise). This simplified drawing and maintenance with neo
adverse change in copper extractien.

(3) During the war years, due te the shertage of men, beoundary slice level
werk was alse discontinued, with little or ne change in the copper extractien
picture apparent.” .

Continuing te quote Mr, Still: "There was a mining loss" (at that time) "of
about 19 percent of the cepper centent. Of this loss, the larger part, er abeut
81 percent, was left in pillars. Thls represents a sizeable tonnage of cepper,
totaling 163,800 tons ef copper metal. Leaching of the caved area will undoubtedly
recover an appreciable pertien ef this; for since leaching started in 1942 (en
only a limited portien of the area eventually availlable) some 28,340 tons of
cepper have been recevered.

SUBSIDENCE AND GROUND MOVEMENT TO DATE (1958) AT MIAMI COPPER COMPANY "

Fig. 1 shews the area mined and limit of the escarpment and extreme cracking
en the surface as of Jan. 1, 1958,

The following table is given te bring the bleck caving picture up te date:
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Table #2 - 720 level sulfide orebody

7-%4 to 15 ft. pillars and boundary caving)
2

S’ Tons in 1000!s Extraction Percentagel
Expectancy Drawn Tons Grade Copper
Stopes 40,577 @ .878 40,522 @ .763 99.87 86.90 86.79
Pillars 7,130 @ .859 - - = = o
TOTAL 47,7071 @ 875 40,522 @ .763 84,93 87.20 T4, 06

720 level mixed erebedy

(No pillars boundary caving drift driven except en Pinto fault side)
Stopes 7,358 @ 1.788 9,791 @ 1,460 133.06 81,66 108.58

1000 level stopes

(30 to 50 ft, pillars with seme beundary caving drifts)

Stopes 53,331 @ ,T49 59,023 @ .690 110,67 92.12 101,96
Pillars 13,866 @ .766 1,888 @ ,704 13.61 91.91 12.51
TOTAL 67,197 @ .753 60,911 @ ,691 90.65 91.77 83.18

1000 level pillars mined

Pillars 4,290 @ .788 1,888 @ .To4 44, 01 89.34 39.31

The abeve table shews that the best extractien was frem the mixed erebedy
where ne pillars were left between stepes, however this erebedy was in hard te
medium-hard reck.

The next best extractien is shewn in the 1000 level sulfide stepes where 30
» te 50 ft. pillars were left., However, the fellewing table frem Mr., Still's paper
gives a further breakdown of these stepes as te type ef reeck:
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Table #3
% of
Total
Stope Mtce. Ne, of Tons % Ton % Grade % Cu.
Tons/MS Stopes Drawn Extr, Extr. Extr,
300 Plus - Little Mtce. 12 21.5% 120,06 93.23 111.93
300-100 - Av, Mtce, Ly 72.9% 111,94 94.27 105.52
Under 100 - Heavy Mtce. 9 _5.6% _85.33 85.62 73.06
Totals & Av, 65 100.0% 111.65 93.39 104,27
The poorest extraction is shown in the 720 level stopes where 7-% to 15 f¢t.

pillars were left. The 720 level stopes were in medium to weak reck
ing table from Mr, Still's paper gives a breakdown of these stepes:

. The follow-

Table #U4

720 % of Total

Lift Sides Tennage % Ten % Grade % Cu

Stepes Expesed Drawn Extr, Extr. Extr.
16 0 33.3% 115.48 92.56 106.89
17 1 24.4% 101.52 87.72 89.05
13 2 15.2% 97.47 84,55 82.1
15 3 16.3% 82,28 78.54 64,62

_8 4 10.8% 90.84 79.54 72.65
69 43% Av, 100.0% 99,83 86.79 86.64

Perimeter Expesure

1000 % of Tetal

Lift Sides Tennage % Ten % Grade % Cu

Stepes Expesed Drawn Extr, Extr. Extr.
37 0 65.5% 116.67 9l 43 110.17
12 1 14,5% 105.02 96.00 100.82
14 2 17.0% 103.15 90,24 93.08
2 3. 3.0% 96.02 86.98 83.52
65 13.4% Av. 100,0% .65 93.39 104,27

Perimeter Expesure
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GROUND MOVEMENT OBSERVED UNDERGROUND AT MIAMI

(a) With boundary cutoff: The early stopes all had boundary cutoff drifts
which served as observation points and in no case did the stopes cave outside a
vertical line., 1In only one case was there cracking outside the stope boundary as
shown on the E 200 section,

A drift was driven through a completely drawn stope 80 ft. above the undercut
which showed no caving beyond the vertical boundaries of the stope.

(b) Without boundary cutoff: All of the later stopes on the 1000 level
were mined without boundary cutoff. 1In every case where it has been possible to
observe these stopes they caved inside the vertical stepe line, In 132 stope a
drift was driven threugh the caved material and an angle of 83 degrees was found
inside the stope boundary (Fig, 8). Fig. 9 shows the same conditien to held true
in 310 stope.

(c) Caving next to broken ground (pillar stopes):

1. Stepes next to waste tend te draw from outside the undercut limits.
Table #4 shows how the copper and grade extractien varies with the number of sides
of a stope exposed to waste.

2. The mixed orebedy was mined without any pillars between the stepes.
This orebedy gave a better grade and copper extractien than any of the others,
The mixed ore was in streng rock.

3. Pillar stepes are structurally weaker than the eriginal stopes.
Where pillar stopes were mined in weak greund they were heavier stopes than the
original stopes and required a great deal of repair which resulted in a peer draw.
Table #3 shows how the grade and cepper extraction varies with the maintenance
required in a stope.

4. 1Individual stopes (1000 level haulage) berdering waste have been
pulled without dilution from the sides being a preblem. These stepes have been
in firm ground with little repairs where the draw ceuld be well controlled.

(d) caving next te Pinte fault: The mixed erebedy was beunded en ene side
by the Pinte.fault and ne beundary cuteff drifts were driven en that side. Fig. 7,
showing marker block travel, definitely preves that there was drawing outside the
stope adjacent te this fault,

(e) Rock surrounding a caving stope: The rock surrounding a caving bleck
1s under stress. This is very evident in fringe drifts and extractien drifts
under tpe bleck. The distance from the caving stepe that this stress is netice-
able depends upen the strength ef the rock. The drift shewn in Fig. 9 which is
in firm reck showed ne timber failure 20 ft. back from the caving greund. The
timber in an elevator penthouse in weak ground 100 ft. from a stepe and 75 ft.
above the undercut level, failed when the stepe was mined. After a stepe has been
mined the waste fill consolidates and the stress in the adjacent reck is relieved.
Workings can be driven alengside and inte this material,
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SURFACE SUBSIDENCE

(a) Angle of draw or ground movement outside stope boundaries: The attached
sections (Figs. 10 & 11) show this better than any description. The cave angle
from the undercut level to the outside crack or movement averages U5 degrees in
both the schist and conglomerate; however, it must be pointed eut that this crack 5
does not extend from the surface te the undercut. The best evidence te show that
the ground dees net meve aleng a 45 degree shear plane is shown in the epen pit at
Inspiration Consclidated Copper Ce. where they are mining adjacent to their block ;
caved stepes. .

The shovels are able to dig the subsided material without blasting. At the
boundary, or a small distance inside the boundary, unbroken rock is encountered
and has to be blasted. This vertical cuteff, is in some cases a slight overhang,
between subsided capping and unbroken rock can be seen by the differences in celer
of the material.

The mining boundaries to the northwest of the Miaml erebedy are an assay
cuteff, so if the ground were broken at some angle outside of the stoping limits
a considerable amount of copper could be recovered by leaching. In 1956 an
attempt was made to leach this material., Solution was intreduced inte the cracks
and along the escarpment north of 17, 50, 32 and 48 stopes (#2 Coerd.) The
solution worked its way under the surface and entered the caved material within
the above named stopes high up in the column and leached the material from the
northern portions of these stopes. In stope Ne, 48, which had been leached prier
to 1956, the selutions from the outside cracks entered this stope with ne pickup

of copper,

(b) Movement on the Pinte fault: There was definite movement en this
fault underground; however, the dip eof the fault was so close te the average draw
angle that it gave the same picture en the surface as the conventional subsidence.

(¢) Ameunt of subsidence:; Mr, Maclennan in hls paper states that the
maximum subsidence on #250 section was 79.4% of the ore remeved, and that the
average up te 1929 was 66,6%. This figure of 66.6% in general helds true up to
date; however, as shown in the N 2600 sectien (Fig. 12) mining 86 ft. of ore at
a depth ef 870 ft., gave a subsidence of 34 ft. or a subsidence ef 40% of the ere
removed, The ether extreme was 256 stepe which was mined at a depth ef 160 ft,
from the surface and pulled te daylight giving a 100% subsidence.

(d) Increase in volume of subsided capping: It is evident frem ebservation -
undergroeund that at depth the breken material packs and approaches the density eof
the eriginal material, Owing te the difficulty ef ebtaining an accurate survey
of the caving greund this figure is very hard to ebtain; however, careful
measurements tend te shew that the swell varies with the depth. The reck at
Miami averages 12.5 cu. ft. per ten in place and 20 cu, ft, per ten breken, or a .
ratien ef §275 = 1.6 Assuming that the broken rock at the surface is 20 cu. ft.
per ten and that at depth the reck appreaches the original density, and pletting
the ebserved data at Miami we get an average curve as shown in Fig, 13. This 1is -
an average curve and individual stepes vary frem it, which tends te shew that the
swell alse varies with the type of reck. Inspiration Consellidated Cepper Co. is
epen pit mining adjacent te their bleck caved stepes and they have feund an average
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figure of 16 cu., ft. per ton or a ration of 16 - 1.28 where they have dug in
subsided material. ABw3 \\

(e) Time element in the subsidence: The rate of progress of the cave frem
the undercut level to the surface depends to a great extent en the strength of the
rock. It alse depends to some extent en the size of the stope and the rate of
draw which in turn are both determined by the strength ef the rock, Mr. Maclennan
states in his paper that Ne. 12 stope, which was in very weak rock, caved the
surface 650 ft. above the undercut in 104 days. More recent observation shows
that undercutting from 600 to 700 ft. below the surface in weak to medium reck
with a nermal pull ef 9 inches per day will break the surface in 100 te 150 days
after the stope 1s undercut.

137 stope (Fig. 12), 870 ft. belew the surface, did net cave te the surface
untll more than ene year after the undercut, and net until the adjacent stepe
began te draw. The exact date of the break-through was not observed but 1t was
more than one year and less than two years after the undereut. It is apparent in
this stope that the swell of the breken material is appreaching the amount remeved
by mining. If the curve (Fig. 13) is accurate 61 ft. of mining weuld just balance
the swell and there woeuld have been ne subsidence; 870 ft. - 61 ft. = 809 ft.;

809 ft. x 1.075 = 870 ft.

(f) Description of subsidence: A typical repert as turned in by the survey
party 1s as fellows:

312 Stope - Subsidence Survey:

Number 312 stepe 1s lecated between the N O - S 300 and E 108.0 - E 258.0
(Ne. 5 Coordinate). The undercut is en the 870 level, The bleck encempassed by
the boundaries is 300 x 150 x 600 ft. er 27,000,000 eut, ft, er 2,160,000 tens.
The ore column above the undercut level extends upwards te mean distance ef apprex-
imately 250 ft. The actual calculated tonnage ef this bleck is 895,330 tens ef ere.

Undercutting of 312 stepe was completed January 8, 1955. Undereutting started
at the northern end of the stope and finished at the southern end. A slew draw
fellowed the undercut. As a result, upen cempletien ef the preject, 11,0% ef the
ore and 4,56% of the tetal head had been pulled.

On March 11, 1955 twe heoles appeared en the surface abeve the stepe (Fig. 14).
These holes were of about the same size (20 ft. in diameter). Accompanying these
twe break-throughs were twe noticeable greund fractures. These fractures eceurred
340 ft. and 410 ft. from the center of the stepe and cecoempletely encireled it, al-
theugh it seemed apparent that the seuthernmest fractures shewed a greater displace-
ment than at any ether secter, Mevement ef 1 ft. and 2 ft. respectively was indicated
by the fracture scarps, Undergreund activity charts en this same date shewed that
24.06% of the ere and 9.97% ef the total head had been drawn.

A check en April 14th shewed that the twe heles in the surface abeve the stepe
had enlarged inte a mere oval shape with dimensiens 25 ft. x 40 £t. An entirely new
30 ft. x 40 ft, hele appeared in the southeast seectien of the stepe. Fractures
between this hele and the nerthernmest hele eof the ether twe indicates that ene large
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is in the making. Measurements ef the two fracture scarps showed a movement

(March 11 te April 14) of 5 ft, and 7 ft.; 340 ft. and 410 ft. scarps respect-

ively. In addition ten small fractures had appeared between the 340 ft, scarp

and the center of the stepe. The dewnward displacement ef this area cannet be

measured because of the danger of getting tee clese te the caving area, but

actual tetal displacement seems very slight. The ore drawn up to this time .
amounted te 33.4% of the stepe tonnage and 13.85% of the tetal block.

(g) Size of the mined bleck te cause surface subsidence; The experience
at Miami has been any bleck that can be successfully bleck caved will cause .
surface subsidence. The minimum size ef bleck that can be bleck caved is
dependent upen the strength ef the reck. In medium to weak reck blecks as
small as 37-% ft. x 75 ft. have been caved. The enly bleck that has net success-
fully caved te date is 125E - 126 pillar which is in hard reck. The dimensiens
are 37-% ft. x 120 ft. Some of the mixed ore stepes which were in hard reck
with dimensions of 150 ft, x 200 ft. had te be blasted with powder peckets above
the undercut te start caving.

MECHANICS OF SUBSIDENCE

The great number of tensien cracks in the subsidence area and the absence of
any eobserved shear planes (except aleng the Pinte fault) suggest that the tensile
and compressive strength are the geverning facters in subsidence and bleck caving
at the Miami mine. Immediately after undercutting a bleck the reef begins te act
as a beam and fails in tensien on the under side and ferms an arch which centinues
te fail as the span ef the arch is teo great fer the strength ef the reck. (The
word arch is commenly used in describing bleck caving but it ceuld be mere
accurately described as a dome.)

When the arch reaches the capping the crown breaks inte capping before the
haunches, which is the major source of dilution in bleck caving at Miami, This
dilution is more serious if twe or more arches are formed in the stope.

"Piping" is the lecal term for a small break-through te the surface, which
is very descriptive of what eccurs. Piping can and dees eccur after the entire
stope has breken the surface. This is caused by small arches eccurring in the
breken material and working up te the surface. The best preventative of piping
is a uniferm draw. Piping can alse be caused by tee wide a spacing of draw peint,

As the arch appreaches the surface there is a small sag in the surface which
causes tension cracks to epen up at the eutside of the stepe limits., At this
peint the cellapse ef the surface is very rapid and has rarely been ebserved.

There is considerable evidence that the greund surreunding a eaving block
is under stress, and frem the ebservatien ef the timber failures it is evident
that there is a small mevement ef the solid greund teward the caving stepe. This
small mevement undergreund causes the hale of tensien eracks te ferm at the surface.
These tensien cracks beceme blecks which fail by tipping teward the cave, er in
seme cases they tilt away frem the cave, er individual pie-shaped wedges will drep
inte a crack. Mr. Jehn W. thdoruilts describes the same type of surface failure
at Climax, which he calls reck-slump and reck-slide, er a cembinatien ef the twe.
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He also observed tension cracks at depth alongside the caved bleck. Ne cracks
have been observed undergreund at Miami except in the one case mentiened in Mr.
Maclennan's paper, The absence of any tensien cracks at Miami underground is
probably due to the much weaker rock, Mr. Vanderwilt5 mentions the possibility
of residual strains in the rocks being respensible for the tensien cracks but he
states that the tensile strength of Climax rock is so small that the relative
sudden release of pressure in ene direction, as subsidence ever a caved bleck
reaches surface, may be sufficient without the aid of residual compressive
stresses to produce the tension cracks. The rock at Miami in general is much
weaker than the Climax reck.

The rock failure observed outside the caved block is a common failure in
all materials having cohesion where a steep slope, or in this case where a
vertical break, 1s encountered. There are times during caving when the entire
side of a stope from the undercut te the surface is subject te stresses. The
subsided capping and the breken ore de suppert the walls; hewever, the outside
cracks and the escarpment can be expressed as an angle frem the undercut proving
that they vary with the depth of mining rather than with the depth ef the un-
supported sides of the bleck. The best explanation based en observatien is that
the walls adjust themselves by a bending meovement at depth. On appreaching the
surface, the bending has been transformed to tensien which results in the eb-
served surface movement,

Fig. 15 shows stress conditien within a caving bleck.

SURFACE FEATURES OF SUBSIDENCE

The appearance of the subsided area is shown better in the accempanying
slides than in any desecriptien:

Slide #20 - Tensien crack, formed in cencrete bleck, caused by subsidence,
Frem this phetegraph it ean be seen that the ground failure 1s a tilting er
bending mevement teward the cave, opening tensien cracks.

Slide #21 - Shews a wedge drepped down in cenglomerate,

Slide #22 - Tenslon cracks in the schist, shewing hew these cracks diminish
at depth. Netice that the right-hand bleck has failed by bending away from the
cave, This phetegraph shews how individual pie-shaped wedges are fermed and drep
dewn,

Slide #23 - Shews the subsidence in streng reck.

From the N 400 sectien (Fig. 10) it is evident that any permanent surface
structures sheuld be lecated well outside a 45 degree line frem the deepest
mining. This angle ef 45 degrees helds true enly where large tennages are mined.
Where small tennages or individual stepes are mined this angle i1s much steeper.

Figs. 1A, 2, and 6 shew the herizental arching ef the caved area.
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MODEL EXPERIMENT

In an endeaver to duplicate the action that takes place in bleck caving at

Miami a model experiment was performed., The model consisted of two glass plates

-3" apart, supported in a wooden base and wooden ends. Using a scale of 1" teo
100! four of the stopes drawn on the glass are 150 ft. x 150 ft., and one 1is s
187 ft. x 150 ft. Ne pillar is left between the left-hand stopes, The material
used to represent the rock is crushed ore and crushed capping. The results of

this experiment are shown in the accompanying slides. This experiment visually s
verifies the conclusions drawn as to ground movement and subsidence in block P
caving at Miami.

Slide #1 - Before drawing - 300 ft. ere and 300 ft. capping.

Slide #2 - First stope drawing - arch formed.

Slide #3 - Arch working its way up the column of ore - broken ore in stope.

Slide #U4 - Crown of arch breaking into capping.

Slide #5 - Haunches of arch have broken capping.

Slide #6 - Arch approaching surface - tensien cracks forming. Angle teo outside
crack = 70 degrees, Arch forming in broken ore.

Slide #7 - Tension cracks forming blecks which are tipping toward stepe.
Dilution approaching draw peints,

Slide #8 - Capping has reached draw points, Tension crack at 55 degrees,

Slide #9 - Second stope pulled - tension cracks forming.

Slide #10 - Surface block tipping inte stepe.

Slide #11 - Subsidence over second stope,.

Slide #12 - Third stope - arch breaking inte capping.

Slide #13 - Third stepe - surface subsidence, inclusien of capping in ore.
Slide #l14 - Third stepe completed.

Slide #15 - Fourth stepe - partially drawn.

Slide #16 - Fourth stope - completely drawn.

Slide #17 - Fifth stope breaks surface. Note pillar tipping teward stope.
Slide #18 - Fifth stope 3 drawn, with ne dilutien from #3 stepe.

Slide #19 - Fifth stope completely drawn.

The experimental results are undoubtedly not an exact picture ef bleck
caving; however, the main features are shown very clearly.

In actual mining the outside draw points in the #l1 stope would have centinued
to draw after the center of the stope was pulling capping. The slides tend te
show more ore remaining than would be the actual case.

In order to induce caving, the model had to be continually tapped with a
hammer, which caused compaction of the material representing the reck. This
accounts for some of the sag in the surface and the sag in the line between ore
and waste,

SUMMARY AND CONCLUSIONS

1. From the observed data at Miami it can be stated that the greund caves
vertically or inside the undercut limits., Although the Miami erebody was highly
faulted the only place this affected subsidence was at the Pinte fault which is a
major fault with from 6" to 12" of very slick gouge.
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2. The vertical tensien cracks surreunding a caved bleck de not represent
shear planes extending from the surface to the mining level.

3, Ground movement does eccur outside the caved area and the dlstance that
this movement occurs varies with the strength ef the reck.

4, A line drawn from the mining level te the escarpment dees net represent
a zone of breken ground,

5. Dilutlien from capping is an inherent characteristic ef bleck caving.
There is abundant evidence in the drawing recerds of Miami Cepper Cempany te
preve that an irregular draw, whether caused by repair preblems, packed chutes,
hung transfer raises, or any ether type of interruptien ef draw, causes a peer
extraectien., It is evident that intelligent draw supervisien is the key te the
control eof dilutien,
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CAICUIATION OF PIT LIMITS AND ORE RESERVES, COPPER CITIES MINING
COMPANY

BY Jo Hse Gray and W, W, Simmons
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INTRODUCTION

Copper Cities Mining Company operates an open pit mine
in a disseminated copper deposit which is located in the Globe-lMiami
district, Gila County, irizona.

Some attention was given the deposit early in the
history of the district, but the first major exploration was begun
in 1917 by the Louis d!'Or Mining and Milling Company. This work,
consisting of a shaft 360 feet deep and 12 drill holes, totaling
nearly 9000 feet, was completed in 1922, Further exploratory drilling
was done in 1929 and 1930, These efforts showed the presence of dissemi-
nated éopper minerals, but the grade was too low to be considered ore at
that time,

Miami Copper Company purchased the property in 1940 and
organized a wholly-owned subsidiary, Copper Cities Mining Company,
to operate the property. This paper is chiefly concerned with
exploration by this company.

Systematic exploration by churn drilling was started in
1943 and completed in 19L8 with the blocking out of 33,800,000 tons
of low grade ore amemeble to open-pit operations, Stripping was begun
in November, 1950, and mill production‘was started in August, 195L.
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and Mr. Pennebaker'!s private reports on the Copper Cities ore body

are the basis for much of the geological thought in the present work,

GENERAL GEOLOGY

Figure 1 is a generalized geologic map of the Copper Cities
pit and the immediate area around it. The Iost Gulch quartz
monzonite is the predominant rock in the pit, The other important
rock in relationship to the ore is granite porphyry. In general,
the guartz monzonite is the better grade material. /L small amount
of diabase is included within the pit limits,

STRUCTURE

The most important structures in relationship to the
ore body are the Cororado and Drummond fault zones. The Coronado
which lies near the west side of the pit, strikes north and dips
steeply west, The Drummond, near the eastern pit limit, strikes
northwest and dips about 60° northeast, flong the northern
edge of the pit is the Sleeping Beauty fault which strikes
northeast; its dip is unknown. The area bounded by these faults
has heen raised relative to the adjacent blocks. The ore body
itself is-intricately dissected by many minor fractures with no
dominant pattern.

MINER..LOGY

The principal hypogene minerals in the deposit are
quartz, pyrite, chalcopyrite and molybdenite. Chalcocite is the
predominant supergene sulfide mineral, and malachite, azurite
and turquoisc are the principal acid-soluble copper minerals

in the ore bodye.
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CHURN DRILLING

The base pattern for churn drilling was a 250 foot
grid. From previous experience in the district, this was
thought to be sufficiently close for accuracy of grade and tonnage
calculations, but as a measure of insurance, some holes were drilled
at intermediote points. Drilling at intermediate points was also
used to more precisely define the pit limits on some sections. The
base grid was oriented to make the sections 2t right angles to the
supposed elongation of the ore body. .s finmally developed by the
drilling, the risht angle relationship did not hold exactly, but no
serious error was introduced hy this facte.

The churn drill holes were sampled at 5 foot intervals
using the conventional Jones splitter. HRach 5-foot sample was
assayed for total copper and oxidized coprer, Composite samples
of each 50 feet were assayed for gold, silver and molybdenum.

A1l samples were logged for rock type and other geological features.

Preceding 2nd concurrent with the drilling, a geological
map of the surface was mede as a guide for the explorations 4t the
completion of the drilling, a map was prepared showing surface geology,
topography and drill hole collars,

COMPIL.TION OF D.T.. FROM EXPLORATION PROGRAM

Using the plan map as a base, cross sections and
longitudinal secticns were made showing the assay data of drill
holes, By inspection, it was obviocus that correclation between
drill holes on assay data alone did not show a coherent nor

probably true relationship. By plotting rock types and other
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geology on the sections, more rcasonable ore outlines could
be drawn,

On the basis of previous district experience, it was
decided that a L5 foot bench height would give the best mining
opcrations. By inspection and cut and try, the elevation of the
bottom level of the pit was set at 3600 feet. Factors which influenced
this selection were maximum ore production, working room, pit drainage,
haulage and others, but to some extent the final figure was arbitrary
and depended on the judgment of the planners. Using this base, the
upper bench elevations were dravn on the scctions and the average
grade of the holes through each bench was plotted along the hole,
These sections were the work sheets for the determination of the
ultim2te pit limits.

DETERMIN.TION OF ULTTM.TE PIT LIMITS

The exploration indiccted an ore body of small tonnage
and low grade. It was improbable that mining would disclose enough
additional ore, or thot market conditions would change sufficiently,
to justify enlarging the initially set pit limits., For these reasons,
it was of prime importance that the pit as initially planned be the
best economically for the life of the operation, This meant that the
pit limits must be extended to the theoretical slope lines which would
Just mect a set of conditions to give an acceptable minimum profit.

From the exploration, it was known that the waste to be
stripped was a relatively uniform cover, It was also evident that the
copper mineralization was largely gradational which meant that the
pit limits would be assay boundaries rather than some other geologic

feature. For these reasons, it was believed that the pit limits could
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be set by consideration of a line rather than by calculating a
three-dimensional tonnage figure. This concept materially rccduced
the required calculations.

To locate the theorctical slope lines certain assumptions
were necessary., These were grouped as the cost to concentrate one
ton of ore, the costs per pound of covper, and the per cent copper
extraction.

The cost to concentrate one ton of ore includes:

ae GCost per ton mined.

be Cost per ton milled.

c. Miscellaneous costs per ton.

The costs per pound of copper include:

aes Smelting cost per pound of coppere

be Miscellancous costs per pound copper.

ce Minimum acceptoble profit per pound of coppers

The gross value per pound of coprer can be defined as the
market value minus the costs per pound of copper,

The mine grade which will just satisfy the assumed costs
per ton of ore and per pound of comper can be calculated by the
following formulae,

Ao Total cost to

concentrate 1 ton ore = Net lbs, Cu/ton ore requirad to
Gross value/lb, Cu give minimum acceptable profit,

B, Net lbs, Cu/ton ore = Gross lbs. Cu/ton ore reguired to
% bxtraction give minimum acceptable profit.

C. Gross 1lbs. Cu/ton ore = % Cu recuired in mill heads to
2000 give minimum acceptable profit.

To illustrate the use of the above formulae, certain
figures, not necessarily those used at Copper Cities, are shown

as follows:
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Cost to concentrate 1 ton of ore: $0.9L

Cost/1b. Cu: %0.,0575 = Cost/1b. Cu to put 1 1b. Cu in
concentrate into 2 market product,

Market price/lb. Cu $0,18000
Minus cost/1b. Cu 0.,05751

%0.122149 = Gross value/lb. Cu at
mimimum acceptable profit.

5049 (cost to concentrats 1 ton) = 7,674 = Net 1lb. Cu per ton of ore
0.12249 (Gross value/lb,. Cu) required to give minimum
acceptable profit,

7,674 (Net 1bs. Cu/ton ore = 8,769 = Gross 1lbs. Cu/ton ore rcquired
07511 (% extraction) to give minimum acceptable grade.

8,769 (Gross lbs. Cu/ton) = ,L38% Mine grade necessary to satisfy
2000 above assumptions,

The mine grade of ore necessary to mect the above
conditions plus the mining of 1 ton of waste is calculated by the

same basic formula, bubt must include the 2dditional cost of mining 1 ton

.

of material, i, c.,

30494 £ $0.20
o 12209 = 10.635 lbs. Cu ton = 0,532% mine grade.
07511
2000

The grade necessary to give the minimum acceptable profit
with a different tonnage of waste removal is calculated similarly.

/L table of waste to ore ratios for which a corresponding
mine grade of ore will mect the assumed conditions including profit
is presented in Table 1,

ith the 2id of this table, the determination of theoretical
slope lines which fix the ultim~te pit 1limit can more casily be made.

At Copper Cities, it was decided that a L5° backslope
could be safely meintained. The initial step in locating a backslope

line on any section was to arbitrarily draw a 1i5° 1line on the section,
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This initial line was, of course, located near one extremity of the
ore body and as near the correct position as judgment based on quick
visval inspection permitted,

In the investigation of the slope lines, it was assumed
that ore grade in any prospect drill hole could be projected to
the mid point between 2 adjoining holes, This assumption was subject
to modification by geological conditions. The investigation consisted
of several stepse First the total length of the backslope line from
the bottom of the lowest ore bench to point wherc the line intersected
the surface was mensured, Next; the integral lengths of lines along
the slope through each ore hench wgs measured, and each length multi-
plied by its related grade of oree The summation of these "Grade Lengths"
divided by the sumnation of the integral length of slope line through the
ore benches is the average grade along this section of the backslope
line, The total length of backslope line minus the length in ore
is the measured length of slope line in waste.

By reference to Table 1, a waste to ore ratio corresponding
to the average grade as computed can be found, By multiplying this
waste figure by the length of ore line, a theoretical length of waste
line is obtained, If this theoretical length of waste line is greater
than the length of line actually measured, the ultimate slope line lies
in the dircction away from the center of the pit. Conversely, if the
theoretical length of waste line is less than the measured waste line,
the ore along this slope will not pay for the waste and the ultimnte
pit limit lies in a direction toward the pit center. By sufficient
trial and error, a slope line can be located along which the measured
waste will just equal the theoretical waste that can be carried by the

ore under the assumed conditions,
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Figure 2 is a section of Copper Cities. On line 4,
the total length of the backslope line from pit bottom to intersection
with surface is 545 feet. The summation of the integral length of line
through cach ore bench multiplied . by its related grade of ore divided
by the total length of line in ore is .67L%, which is the average grade
of that portion of the slope line in ore. The length of the slope line
in waste is 290,40 feet. By refercnce to Table 1, the waste ore ratio
corresponding to .674% is 2.5, By multiplying the waste figure by 25l .60,
the length of line in ore, we see that the slope line can be moved
outwerd. By similar calculations on Line B, the waste-ore ratio was
found to be 1:1, and the waste figure multiplied by the ore length
exceeded the measured waste length and the slope line must be moved
immarde On Line C, the theorctical waste line was 323,33 feet and the
measured waste was 329.05 feet. It was felt that this was as close as
the accurccy of the original data and assumptions permitted, and this line
was useds The detailed colculations of the lines are given below as
illustrative of the method,

C..ICUL.TIONS: INVESTIG..TION OF SLOPE LINES

IINE A

Measured line Slope Line Thru Ore Grade
Iength Len~th

Designation Teet Bench Length Grade Units
Ore 255.0 36L5 L5.L0 455 25,02
Taste 290,40 3645 18,15 Ji7 8.53
SL5.L0 3690 63465 +70 L .56

3735 63465 .58 36.92

3825 63,65 .39 56465

250,60 O7L 171,68

From Table 1: 67U% ore grade will carry 2.5:1 waste to ore
e®e 25L,6 (ft, ore) x 2.5 = 636,50 ft, of waste
which 254 .6 fte of 67L% ore will carry, Since
this is greater than the 290.L4 ft, of waste
actually measured along this slope (L), line B
was tried,



LINE B -9 -

Mea sured line Slope Iine Thru Ore Grade
Length Iength
Designation Fect Bench Length Grade Units
Ore 88.65 36,5 63,65 L7 29,92
Waste h56035 3690 25 -Oo o?o 17 -50
515,00 88,65 «535% L7.42
From Table 1: .535% ore grade will carry 1l:1 waste to ore

o®e 88,65 ft. x 1,0 = 88.65 ft, of waste which
88465 fto of ,535% ore will carry. Since this
is less than the 156,35 ft. of waste measured

along this slope line B, line C was tried,

NE C
Measured line Slope Line Thru Ore Grade
length Iength
Designation Feet Bench Iength Grode Units
Ore 230495 3645 63465 A7 29492
Taste 329.05 3690 63 .65 .70 Ll .56
560,00 3735 63 465 .58 36492
3825 1,0.00 * W50 20,00
230495 569 131,10
¥ Lssume 5% grade from midpoint to fault,
From Table 1: 569% ore grade will carry l.i:l waste to ore,

o'« 230495 Tt of 569% ore will carry 323,33
ft. of waste. The slope line thru waste
actually measurcs 329,05 ft. As this is as
close as the accuracy of data, this line was
used 2s theorctical slope linec,

The back slope lines on all scctions were calculated by a
similar process.

The portion of the line near the Drummond fault illustrates a
modification of the basic method based on geological conditions. Ore was
figured to the fault rather than to the midpoint between holes.

~Tter completion of the sections, the dota was transferred to
plan mapse. The initinl step was to pick a key level near the midpoint of
the ore column, .. composite plan map was constructed by mechanical
development from the key level up slope to surface, and down slope to

the pit bottom, Individual bench maps werc then made by transfer of

theoretical bench outlines from the composite map and plotting of

prospect holes with average grade and geology as derived from the scctions.




Polygonal areas of grade influence modified by the gcology were
constructed around cach hole, By planimeter, the area of influence
of each hole was determined. From this data, the average grade and the
tonnage of ore and waste on each bench was computeds The total tonnage
of ore and waste in the pit was obtained by addition of individucl bench
tomrges and average minc grade by the bench average grade weighted by
bench tonnage,

Based on these calculations, the Copper Cities pit contains
33,800,000 tons of ore, The waste to be removed at the start of mining

totaled 34,700,000 tons which is a 1,03 to 1 waste to ore ratio,
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ORE~7.STE RATIO .MD ITS REQUIRED MINE GR.DE

Mine Ratio Mine Ratio Mine
Grade Tiaste to Grode Tlaste to Grade
Ore Ore Ore Ore Ore
uhBB% 1e7:1 1597% B'M:l c756%
qhh? 1.8:1 .606 30531 0765
}h57 1,921 ¢616 3.6:1 o??h
1166 2,0:1 625 3.7:1 .78L
oh?S 2.121 063h 308:1 0793
185 Pgo2l JOhl 3.9:1 .803
oh9h 2;331 0653 h.oil 0812
.SOM 2.&:1 .662 h.l:l 0821
513 2a581 572 Le2:1 831
522 2.6:1 681 Lhe3:1 .8L0
532 2421 .690 Lhael .8L9
.Shl 2.8:1 699 L5l 858
551 249:1 .709 Lo6:1 .868
0560 3.931 0718 ho7:1 .877
569 3.1:1 127 L,.8:1 .886
578 3elitd o137 L.9:1 896
0588 303:1 o?hé 50031 0905




Fig. 3 Geologic map of the copper-bearing area
' - (After: N. P. Peterson)
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Dual Process
Metallurgy Stretches
Inspiration Ore Reserves

Reprinted from Mining World

September 1957



Adopts Morenci Tailing Disposal Method







Inspiration Consolidated Copper___ Develops Straightforward Flowsheet




Inspiration Consolidated Copper - ConvertstoDual Process




Inspiration Consolidated Copper - Scavenges Sulphides by Flotation




respect Inspiration is moving ahead
and during the last few years notable
progress has been made.

Enlarge Leaching Vats

In 1948 it was realized that in order
to maintain copper production with
lower grade of ore, more leaching ca-
pacity was necessary. Room for hori-
zontal extension of the leaching vats
was not available. Therefore, it was
decided to increase their height and
the walls were raised 18 in. giving a
capacity increase of about 10 percent.
This job presented an interesting prob-
lem, as the walls had to be raised
without interfering with normal op-
eration.

The presence of slimes always com-
plicates vat leaching. Percolation of
solutions and wash waters through
the bedded ore is interfered with and
extraction suffers. This had long been
recognized at Inspiration and suitable
facilities had been provided to de-
slime the Leaching Plant feed. In
recent years, the proportion of pri-
mary slimes in ore being mined from
certain sections of the orebody was

on the increase. This, together with
a 10 percent increase in plant capacity,
called for revision in fine crushing and
clagsifying practice to meet the situ-
ation.

For the successful leaching of sul-
phide ores, contact time, strength, and
temperature of the solvent are all im-
portant. To gain more contact time,
a revision of solution flow made it
possible to adopt a ‘“continuous” wash
in place of the previous “batch” wash
system. By this means it has been
possible to gain 24 hr additional con-
tact time for leaching. Further re-
search was successful in developing
improved control over the ferric sul-
phate content of the leaching solvent.
Taken together, these several forward
steps have vastly improved the outlook
for successful leaching of the in-
creased sulphide content of present-
day ores.

Miscellaneous

In bringing Inspiration operations
up to date, other forward steps have
been taken. At Inspiration we have
17 miles of standard gauge railroad.
This railroad has been completely

dieselized and five diesel electric loco-
motives are in service.

Railroad operations, as well as open
pit operations, are controlled by two-
way short-wave radio communication.

The main coarse crushing plant has
been completely modernized. Four
vibrating rod deck grizzlies and two
seven-ft standard cone crushers have
replaced the original plant which con-
tained twelve individual crushing
units.

All in all, with the assurance of
longer life brought about by conver-
sion to open pit mining and the im-
provements in metallurgical practice,
Inspiration has gone ahead to meet
the new situations constantly arising.
Every effort has been made to improve
control, flexibility, and efficiency of
operations.

In this era of change, a “new look”
is necessary. At Inspiration the “new
look” involves a broader approach, by
management and staff, in considering
the ever-changing problems of the day.
Only by recognizing the constant need
for improvement will it be possible to
meet the challenge presented by these
changing times!

The “New Look”

at Inspiration

P. D. I. HONEYMAN
Vice President and General Manager
INSPIRATION CONSOLIDATED COPPER COMPANY

Reprinted from
MINING CONGRESS JOURNAL
September, 1954




Inspiration’s Main Shaft area. Coarse crushing plant is between twin shafts.

Leaching tanks ore in middle ground

The “New Look™ At Inspiration

Broad Approach Lets Management and Staff Foresee
Problems and Solve Them as They Arise

IN the beginning there was the In-
spiration Copper Co. with its Joe
Bush, and the Live Oak Development
Co. Consolidation of these properties,
with the later acquisition of the Key-
stone together with various other ad-
ditions here and there, resulted in the
birth in 1912 of the Inspiration Con-
solidated Copper Co. This mine has,
during its life, ranked as one of
the great porphyry copper producers.
The forward looking engineers of
those early days realized that bold,
new, low-cost methods of mining
would be necessary to make Inspira-
tion a success. As a result, it might
be said that Inspiration became the
mother of “block caving” as a meth-
od of mining. Copper was to be
recovered by concentration and smelt-
ing and a 20,000-ton mill was installed.
However, the concentrator operation
was continued only until 1927. Then,
because of the ever-increasing oxide
content of the ore, milling was super-
seded by leaching. The leaching proc-
ess adopted was developed after ten

By P. D. . HONEYMAN

Vice-President & General Manager
Inspiration Consolidated Copper Co.

years of research and is known as the
ferric-sulphate leach. In this process
both sulfide and oxide minerals are
simultaneously dissolved and the cop-
per is produced as an electrolytic
cathode. The 13,000-ton leaching
plant built at that time has continued
to serve the needs of Inspiration up
to the present.

From these beginnings through
1945, there were mined from the In-
spiration orebody some 109,000,000
tons of ore, from which were pro-
duced 2,000,000,000 1b of copper. But
about 1946, it began to be apparent
that perhaps the end might be in
sight, Underground mining was be-
coming more difficult and production
costs were soaring at an alarming
rate. Further, the question of con-
trol of both grade and the ratio of
sulphide-oxide content of the ore, so

e e e L S e

necessary to the efficient operation of
the ferric-sulphate leaching process
by which the mixed ore was treated
and its copper content recovered, was
also tending to get out of hand.

Study Open Pit Methods

Facing these problems, urged on by
a vital desire to perpetuate the life of
the property, the company initiated a
study to determine whether matters
could be improved by the adoption of
open pit methods of mining. It soon
became evident that, by the use of
modern electric shovels and - truck
haulage, not only would an open pit
operation be feasible, but also such a
method would be economic and would
go a long way toward solving the vital
problems of ore control. Further-
more, minable ore reserves would be
increased, as fringe ore, too low in
grade or otherwise unavailable to un-
derground mining, could be included
in the scope of pit operations.

From this point the initial develop-
ment of the Live Oak open pit pro-

ceeded. Much of the remaining ore in
this area actually came through to
surface. The stripping ratio was low
and some 20,000,000 tons of good ore
would be made available, Plans were
soon completed for the development
of this pit on this basis. The neces-
sary equipment was purchased and
soon the job of building haulage roads,
most of which are on a seven percent
grade, and developing the ore for min-
ing was well under way. A new pri-
mary crusher plant, with ore storage
bins and railroad connections with
existing lines, for delivery of pit ore to
the treatment plants, was constructed.
By April of 1948 the first open pit ore
was being mined and a new chapter in
the life of Inspiration had begun.

Open Thornton Pit

From that time forward both prog-
ress and expansion of pit operations
was rapid. Eagerly casting an eye
around the staff soon decided there
were other areas in the remainder of
the orebody which could be brought in
as open pit operations. As it gen-
erally does, one thought led to another
and by an eventual bold decision which
virtually involved the moving of a
mountain, the “Thornton Pit” came
into existence. This pit, named after
the recent president of Inspiration,
W. D, Thornton, is a sizable project.
In the area the ore lies deep and to
uncover it, some 60,000,000 tons of
waste will have to be moved. Fortu-
nately, some of this stripping contains
a few pounds of oxidized copper per
ton. Waste is carefully segregated
and that having an appreciable copper
content is being stored in suitable dis-
posal areas in such a way that it can
be subsequently “leached in place”
and much of the copper content
recovered.

The great problem, however, in the
development of the Thornton Pit was
that of ore transportation. It ap-
peared economically unsound to at-
tempt to haul this ore by truck, up out
of the deep pit, and around a mountain
to the crusher plant. In fact, the en-
tire success of the Thornton Pit pro-
posal depended upon a solution to
this problem.

Haul Ore Under Mountain

As has been described in other pub-
lished papers, this problem was solved
in rather a unique way. We were
fortunate at Inspiration! The orig-
inal main haulage level of the In-
spiration mine extended out in the di-
rection of the Thornton Pit. By a
short extension of the level it was
possible to get out under the pit area.
Back into the picture came “block
caving.” A small caving block in area
65 by 100 ft was developed, and caved
through to surface from which the
waste had previously been stripped.
Now we had the desired ore transfer
system! Ore from the pit is trucked
or moved by bulldozers and carryalls

Additional capacity was obtained by building walls of leaching vats 18 in. higher

Cement copper is precipitated when pregnant solution is run over iron in launders

Inspiration has 17 miles of standard gauge railroad. Diesel electric locomotives
and open pit operations are controlled by two-way radio

and dumped into the transfer block.
From the transfer block the ore is
pulled on the grizzley level as in regu-
lar caving operations, discharged to
ore trains on the 600 haulage level,
and trammed to the main shaft, where
it is hoisted and dumped into the main
crusher plant bins. We simply found
it cheaper and better to go under the
mountain, rather than to go over it!
The system has worked perfectly
and is capable of moving tonnage at
a high rate and a very low cost. To
date we have passed some 3,300,000
tons of ore from the pit through this
transfer block. Operations have been
simple and maintenance has been nom-
inal, Ultimately other transfer blocks
will be installed in the Thornton Pit
as the developing situation demands.
In the west end of the Live Oak pit a
similar transfer block has recently
been put into service. It, too, is work-
ing out well and ore from this area is
moved underground to the Live Oak
main shaft, from which point it is
hoisted and hauled overland on the
railroad to the main shaft crusher

Primary crusher and ore bins at open pit

plant. This arrangement in the Live
Oak pit eliminates a truck haul of
5000 ft up a seven percent grade.
Much of the remaining ore in the up-
per benches of the Live Oak pit will
still be transported by truck haulage
to the pit primary crusher, but ore
from the lower benches will be han-
dled through the transfer block,

Leaching in Place

It was long known at Inspiration
that much of the broken capping over-
lying the old caved areas of the mine
had an appreciable copper content,
a good deal of which was in oxidized
form. By early 1950 plans had been
completed for the leaching-in-place of
these broken capping areas. Water
supply was a problem, but this was
solved by the decision to use that
stored in a lake behind the leaching
plant tailings dam. Actually, this
lake water is on the acid side, having
a pH of 2.5 and contains some ferric
iron. It is pumped to a reservoir
from which it flows to the leaching
areas by gravity. Acid is added at

Bringing the Thornton Pit into existence meant moving a mountain

the distributing area so that the leach-
ing solvent contains about 4.5 grams
per liter of acid.

The solution is well distributed over
the surface and percolates through the
broken capping and is recovered on
the 850 level of the mine. Concrete-
lined ditches transport the pregnant
solution to the pump station at the
main shaft, where it is pumped to
iron launders on surface in which the
copper is precipitated out as cement
copper. Iron launder “off” solution
is returned as creek flow to the lake.
This installation has been most satis-
factory and to date has recovered ap-
proximately 40,000,000 1b of copper.

As previously mentioned, waste
dumps containing a few pounds of cop-
per to the ton will subsequently be
similarly treated.

Metallurgical Problems

Metallurgy at Inspiration is unique
in that substantially all copper is re-
covered by leaching. The ore is a mix-
ture of sulphide (as chalcocite cu.S)
and the usual run of oxide minerals,
chrysocolla predominating. The leach-
ing solvents are a mixture of sulphuric
acid and ferric sulphate.

Early metallurgists, under the able
leadership of the late Dr. L. D. Rick-
etts, planned the leaching operation at
Inspiration for its treatment of a
mixed sulphide-oxide ore containing
about 1.2 percent copper, of which
about 50 percent was in the sulphide
form and 50 percent was present as
oxide. Today Inspiration faces the
new problems as mining progresses
to lower horizons, The grade of ore
is lower and the ratio is steadily
swinging more and more to the sul-
phide side. This complicates the met-
allurgical problems and the trend will
continue for the remaining life of the
mine.

The metallurgical effort of the times
is toward increasing and improving
the extraction of copper from every
ton of ore sent to treatment. In this
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SAVPLING DRILL CUTTINGS AT INSPIRATION —=
A FIRST STEP IN QUALITY CGONTROL
By James H. Lundy Jr.
"Drill holes make it possible %o investigate blocks of ground that
O s L o >

oy any other means would bo accessible only at much greater expense, if

o om e m

111 holes are intended merely to se-

geologic information — The position of a contact, the attitude of
a formation, or the sequence in a stratigraphic column., In others they

che presence of veins or other guides to ore.

holes are used to vrovide all the information that
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was a ploneer in block caving, with this system being used exclusively
wntll 1946, AU this time the open pit was started, and the two systems

ere continued until 1954 when the underground mining was phased-out in

favor of tho open pit exel wusively.
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delinstry, Hugh E,, Mining Geology - New York - Prentice-Hall, Inc. 1948
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From its inception until the fall of 1926, all the ores from Insv-
iration's several divisions were treated by flotation. In fact, this
mill was the first of its kind ever to treat high tonnages of low grade
ore by flotation. However, the high percentage of silicates and carbon-
ates encountered in our orebody were not recoverable by this process,
thus bringing about the introduction of the leaching system now used.
The present Leaching Plant was then put into operation uaing a ferric
gulfate leach., This process uses ferric sulfate-sulphuric acid leaching
%o recover Chalcocite, Chrysocolla, Malachite and Azurite, and perhaps
some other lessor know copper minerals in minute quantities., All soluble
copper ore at Inspiration is referred to as "oxide copper".

Inspiration 1s considered to be a typlcal Porphry-Copper deposit,
These are generally agreed to have a leached Gossan Cap, a low grade
oxide" zone, a highly productive sulphide secondary-enrichment zone, and
5nally they grade out to a low grade primary-sulfide zone at depth. Since
the primary sulfides at the bottom of the ore body could not be taken into
solution with the ssme techniques ewployed in the exlsting leaching plant,

. ? T LI i | O - oy | |
nce a considerable amount of "oxlde'
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ore remained, Inspiration re-

built its flotation mill in 1957 and has employed a dual metallurgical

Current production is suppllied nearly equally from the west Live Oak
it, and the east Thornton Pit by six eleclric shovels ~- li, 5 and 6 yard
sizes equipped with 5, 6 and 8 yard buckets - and a fleet of some 3li,
LO0-ton trucks. Both these divisions are mined in 25 or 50 ft. benches,
which are drilled for blasting by truck mounted 9 in,rotary drills. The

cuttines from these blast holes furnlish the immediate data for quality

control of daily run-of-the-mine ore.

Necessity for close conbtrol of daily production is based on the fol-
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lowing desoribed operation. All of the ore bedded in the leaching tanks
is subjJect to dual-process beneficiation and must be a mixed “oxide~
sulf'ide" product of such grade and proportions to insure that both plants
may treat it economically. Approximately 7% of all production is removed
from the main flow of ore as slimes, This is done by running the ore
through a classifier plant. The slimes are piped to a flotation unit at
the mill; following this they are leached in acid bath thickeners. The
copper from this last process is recovered in an iron lsunder as cement
copper. The ore which is "practically-all-sulfides" may by-pass the leach-
ing plant and go directly to the flotation plant in the mill, This tonnage
is a variable dictated by local plant conditions and has not been a stande
ard part of the flow sheet until recently.

Without going farther into the (ield of beneliciation it is apparent
that the mine must evaluate &ll blocks of ground into the following
classiflcations: 1., Sulfide ore which may be treated directly by flota-

tione. 2. A mixture of oxide and sulfide ore which may be treated by

(e

ual-process, 3, HReadily soluble ore known as oxide which 1ls used as a
leacher feed sweebtner. l.. Sub-marginal ore which may be economlcally
heap-leached on selected leaching dumps, and 5, DBarren rock which must
be removed t& waste dumps Iin a stripping operation (if it is inside the
pit slopes).

Classiflcation into the five mentloned catagories 1s not dependent
on copper assay alone. In some few areas the Molybdenite content must
be evaluated in terms of equivalent units of copper and credited to the
mill-feed product. Also the solubility of sulfides must be determined
as percent "oxide" so that duasl-process feecd may be blended to meet the

needs of both Leaching Plant and Mill.
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It is now appareht that multiple process metallurgy does not allow
the mine to send "anything above cut-off" Lo the crusher at any tiwme,
but rather demands a dynamic guality and grade control from shovel to
final benseficiation plant feed,

This responsibility has been met by a program of careful sampling
and evaluation of drill hole cubtings es a first step in mine planning
and production quality control. The program as carried on now varies
from past practice only Iin that blast holes were formerly drilled by
churn drill, but now, as has been mentioned, are drilled by rotary drills
using compressed alr as the drilling fluid to cool and lubricate the bits
and bring all cuttings to the surfacé.

Even though some Diamond Drilling was done in the mine in earlier
days, and a little surface drilling may be carrled on by thils method
today, the burden of expleration and development has been carried by

Churn Drills, and only Churn Drilling iz conaidered inh this paper..

The first systematic ﬁrkhiﬂﬁy
put down on the cormers of 200 ft. squarea, Thig pattern with £ill-in
holes in anomalous areas has been conbinued 111 the present, The ro-
sulds of this drilling revealed a very homogonous ore body. Logical
contouring of ore grade lines between holes plotled on elther plans or
sections has given remarkably reliable pre-mining evalustion. This fact
has been an important factor in establishing drilling proceedure, Many
other mines use the equllateral hole spacing system, and then evaluate
benches by single value polygons. Inepiration has been very successful
in using the method flrst outlined, perhaps due Lo the fact that the

ore body 1s very consistent. We do not guarrel with the polygonal
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approach; we simply prefer the sguare pattern.

" The original drill holes were logged on Individual section sheets
whieh included rock types, formation penetrated, and clasaificatlon as cap-
ping, oxide, mixed and sulfide, Unfortunately for us today, only sulfide
samples were assayed, that being the only ore which could be treated in
those days. However, great care was exerclased in taking samples on 5 f't,
runs., Splitting was carefully supervised, eguipment kept elean to avoid
salting and composite samples taken to be checked by several assayers.
After evalvation by drilling was nearly completed in the initisl phase,
underground samples were taken to check the validity of projected values.
Subsequent mining verifled the relliability of this evaluation.

RECENT PRACTICE

With the coming of the open pit mining in the late '}0's, an addi-
tional drilling program was initiated. The original pattern was expanded,
with £ill in holes located teo oxpese indleated anomalles. Much care was
exercised in drilling previocusly caved ground, as 1t became necessary to
re-mine large areas which were previocusly undercut or had subsided due to
nearby mining.

This progrsm of continued drilling to develop additional low grade
tonnage has been carried on somewhat intermittently since the pit began,
with the previously deseribed sampling program followed, However, now ag-
says are run for both oxide and sulfide values, with composites run for |
Mo also. Pulps are retained so that sections might be re-run for addition-
al data, should this be necessary, This sampling and‘logging are done by
the Geologic Department with the assaying belng performed in the Mine Assay
Office. Check assays are run periocdically to assure ascuracy. The Geo-
logy Department keeps a log of washed suttinga glued to log charts so that

even though the five foot samples are thoroughly ground and mixed by the



drilling, a reasonabls stratigraphic section of the hole is obtained, We
might say this technique produces "Homogenized Stratigraphy”.

- With the completion of eech hole, the Mine Superintendent is supplied
with a geologic report. An excerpt from such a report follows:

CHURN DRILL HOLE NO, 281

Locationt North side Thornton Pit near General Office
Inspiration coordinatéas - 522,11 N, and 8566.71 E,
Collar elevation - 3789,36

Depthe 275 feet, Started 2-21-66, Completed 3-8-66,
. Drilling Time - 37 hours at 7.43 ft./hr.

iw
o+

Tota] Oxide
Assaysz? 0 - L0 N1 On Vil Cu
40 - 50° 0.27% 0.08%

50 - 65° 0.11.5% Trace

65 -1801 0.31% 0.00%

180 -275°¢ 0.23% 0.00%

Mineral=-
izationg Chalcocite, Pyritc, Chaleopyrite, Hematlte, and Magnetite
with minor Chrysccolln, 0' - 657,

e

Roclk? Sericitized schist.
Faultas Bulldog fault - 155¢ - 1907
Casings Run - 28" of 15", 170" of 10",

Recovered ~ 10% of 15" jeft in hole,
Water: No water reporied.

This information is also furnished Lo the Mine Enginecering Department

and is plotted on the Bench Assay pilana with all obher grade data.,

BLAST HOLR

) DRLLLLNG

As has been indicated, early datae did not give an "oxide-sulfide"
classification and not even an indicatlion of grade in the upper oxlde
zones, Consequently when mining for dual process is being carried on in
an area previously evaluated by per cent (¢u only, the data for grading
into the five catagories previously indicated can come only from the Blast‘
Hole cuttings. The importance of accurats daily blast assays cannot be

over emphasized, The Mine operstors muat rely on these, plus the results




qf "yesterday's run" to dispatech ore and waste to meet the daily plant

requirements,

This 1s how the system works. The Pil Superintendent lays out drile
ling for two truck-mounted 9" rotary drills on the blasﬁ plans of active
benches, The Mine Engineers survey and stake these locations in ﬁhe pit.
Drillers collect a one gallon representative sample of cuttings from the
bench column only - although holes generally are put down 3% to 5' below
grade to assure good toe fragmenibation., Theae cuttings are collected auto-
matically by the use of a wedge shaped sheei metal pan which sets under-
neath the drill platform normal teo the hole collar., Thus s percentage of
the drill cuttings are automatically taken from the cone of cuttings which
bulld up around the cbllar of the hole, Ag is customary, the remaining
cuttings are left at the colisr for a convenient source of stemming, so
any hole may be re-sampled prior Lo blasking, should this prove necessarys
Drilling is generally carried out oniy on day shift, although it has been
done on all three shifts. DBlasting, however, is reserved for day shift,
At the end of "C" shift each day, all the drill hole samples from the pre-
vious day are taken to the Mine Assay Office, These samples have priority
and are run for both oxide and total copper, immedlately, This assaying
is by "Slop Oyanide", and slthough not oxtremsly accurate, it has afforded
reasonable mine control in the 0,004 to 2,004 PANES o

While an attempt 1s made Lo scheduls all production well in advancs,
plant requiremants'can vary from day to day, so the Pit Superintendent
must revise any production scheduling on the basis of the most recent
blast hole assays. Ideally all drilling would be completied two full
days in advance of blasting aso that one full day of production might be

evaluated before itas immediste mining. Practically this may not alwmys be,
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so that sometimes the assays of a blast arrive while that particular blast
is being dug. Seldom is there a grave error made as to whether material
is ore, leaching-waste, or value-less waste, but Ireguently it is neces-
sary to make adjustments due to high or low oxide or sulfide content. It
is this factor which makes evaluation of drill cuttings from the blast
holes so important. '

One might wonder if it is practical toc move shovels or send fleets of
trucks from one producing bench to another each time new assays arrive,

" Certainly it is not. However, Inspiration has enough flexibility due to
the amount of live sforage in the primary and secondary crusher bins to
conveniently sustain changes in grade being made on half shift intervals,.
This is frequently done.

It should be noted that visual sssays, a knowledge of yesterday's run
and the facility to obtain "quicky" assays of bench material within 90 min-
utes, greatly expedites the qualibty control program, However, in the final
analysis, how well the mine 1lg able %o mﬁpply the consistent mill hoads so
necessary to efficient metallurgy is dependent almost entlrely on how well

the drill hole cuttings have beoen interpreted.
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INSPIRATION CONSOLIDATED COPPER COMPANY
Inspiration, Arizona

HISTORY

Inspiration, like most mines in Arizona, owes its discovery to the old-time
prospector and his burro. The beginning of mining operations on the Inspiration
property dates back to the turn of the century.

The earliest exploratory working was known as the Woodson Tunnel. This
tunnel, driven by hand, went into the hillside for 1000 feet. By 1908, local
owners had consolidated claims and groups of claims into a single holding and had
induced outside capital to form the Inspiration Mining Company. This name was
later changed to that of Insﬁiration Copper Company. Following this, through a
long series of events and negotiations, which saw a merger of the Inspiration
Copper Company with the Live Oak Development Company, the Inspiration Consolidated
Copper Company came into being in the year 1911. Later the Warrior Copper
Company and the New Keystone Copper Company, as well as other properties, were
acquired by Inspiration.

Plans were soon formulated to engage in a large-scale copper mining operation.
The mine was developed and made ready for operations. A complete surface plant,
railroad and concentrator were constructed. This concentrator was the first
large-scale plant oT its kind to make use of the Flotation Process to recover the
copper minerals from the ground-up rock. In all, even at that time, it was
necessary to spend close to $20,000,000 before one pound of copper was produced.
Construction was completed and Inspiration went into production in 1915.

USES OF COPPER

Copper is one of the oldest known metals. The word "copper" originated many
thousand years ago when half-savage tribes living on the Island of Cyprus called
it "Cyprian Metal". It has kept the name through all the ages. Our tongues
have changed it to "copper'. Copper plays an important part in the industry of
the United States. In fact, it is the backbone of the electrical industry.
Because of this, 60% of the annual output of metallic copper in the United States
goes into electrical machinery, power transmission lines and telegraph, telephone,
radio and television communication lines and equipment.

Other typical uses of copper include sheet for roofing, tubing for gas,
steam, water and oil lines, extruded shapes for industrial equipment, drawn shapes
for molding, and all types of brass and bronze. It is also used in the coins
of many nations; for jewelry; household articles and architectural designs and
shapes.

A recently formed organization, The International Copper Research Association,
is doing a large amount of research to find new uses for copper. Ninety-five
percent of the copper producers in the Free World, including Inspiration, are
members of this Association.



LOCATION

The Inspiration Consqlidated Copper Company's operations are entirely in
Gila County, Arizona. Inspiration is one of the large copper producers in the
State, producing approximately €.9% of the State's output. In comparison with
the pation's copper production, Inspiration produces approximately L.9% of all
copper ‘produced in the United States. The State of Arizona, with its many
copper producing districts, accounts for more than 50% of all domestic production.
The mine, the town of Inspiration with its U. S. Post Office, and the Company's
plant and offices are just north of the town of Miami and are reached by turning
off U. S. Highways 60-T70, about three-fourths of a mile east of Miami and
following the paved road for a distance of about three miles. It is approximately
eleven miles around the property.

Ui

THE ORE BODY

Inspiration is designated as one of the "Porphyry Coppers". Such an ore
body is one in which the copper minerals are widely distributed throughout a large
rock mass. At Inspiration the distribution is such that one ton of ore contains
less than seventeen pounds of copper. Peculiar to Inspiration is the fact that
about half of the copper minerals are present in the oxidized form, the other half
being sulphide minerals, mainly chalcocite (CupS). It is the presence of the
oxide minerals which gives the green coloration to much of Inspiration's ore.

MINING UNDERGROUND

From the start of operations in 1915, up until 1948, all of Inspiration's
production came from underground mining, in which a mining method, known as
"block caving', was utilized for the extraction of the ore.

"Block caving'" is & method particularly adapted to the mining of large,
low-grade ore bodies. The rate of production is high and the cost of breaking
and handling ore from the "block' or "stope" can be kept relatively low.
Largely, the force of gravity is used, both to break the ore and to deliver it
to the ore trains operating on the haulage level under the "block".

Ore trains made up of twelve to twenty-four five-ton cars hauled the ore
from the "stope'" areas to the shaft, where it was hoisted to the surface in
twelve-ton skips.

Inspiration's Main Shafts go to a depth of 850 feet and the Live Oak Main
Shaft goes to a depth of 1200 feet, with stations at various levels. From the
ILive Oak Main Shaft bins, ore was hauled in train loads of sixty-ton railroad
cars to the Coarse Crushing Plant at the Main Shaft.

Since 1954, all ore mined has been produced by Open Pit mining.
OPEN PIT MINING
The rapid development of modern methods and equipment for moving earth,
coupled with the steady increase in underground mining costs, made it necessary
to investigate the possibility of mining much of Inspiration's remaining ore

tonnage by Open Pit methods. The decision to go to Open Pit mining followed,
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and stripping of overburden was started in 1947. The first Open Pit ore was
nined in March, 1948. The adoption of Open Pit methods required the expenditure
of several million dollars to meet the cost of construction and equipment of

1ew plant facilities and stripping of waste rock.

Ore and waste are mined by large electric shovels and transported by
“O-ton diesel-powered haulage trucks. Considerable equipment, in the way of
bulldozers and carryalls, is also required.

Open Pit ore is delivered to a large L42.inch gyratory crusher, where it
1s crushed down to five-inch size for delivery by train to the main Coarse
Crushing Plant.

ORE TREATMENT

Early in Inspiration's operations it was recognized that large reserves
of copper were available in the "oxide forms", which could not be recovered by
treatment in a concentrator. Years of experimental and test plant work
evolved a leaching process which would successfully treat the ma jor portion
of Inspiration's ore. A Leaching Plant was erected at a cost of six million
dollars. This plant was put into operation in 1926. From 1926 to 1956,
inclusive, this process accounted for all but a minor amount of Inspiration's
production.

The Inspiration Leaching Plant during the 1926 through 1956 period was
the only one of its kind in the world. In this treatment, copper in both the
oxide and sulphide form was recovered by Leaching (dissolving). The solvent
used was a solution containing both sulphuric acid and ferric (iron) sulphate,
vith the copper going into solution as copper sulphate. This leaching operation
was carried on in large leaching vats, each of which holds 10,000 tons of ore.
line days of contact time with the solvent solution was necessary to dissolve
the copper in the sulphide portion of the ore.

After leaching, the copper dissolved from the ore is recovered from the
solution in the electrolytic Tank House. In this process an electric current
is passed through the solution, breaking down the copper sulphate and
precipitating the copper on thin copper starting sheets suspended in the
electrolytic cells. In the course of seven days these starting sheets, made
at the plant and weighing fifteen pounds, are built up to a weight of one
hundred and forty pounds, then the sheets are withdrawn and shipped as
electrolytic copper. Such copper is over 99.9% pure. However, the copper
sheets, or cathodes, as they are known, still must be melted and cast into
commercial shapes as required by the market. In the electrolytic plant the
electric power utilized would supply that needed by a good-sized city.

A vital cog in the Leaching Plant operation is the iron launder system.
In these iron launders the last trace of dissolved copper picked up in wash
solutions, used to wash ore after leaching, is precipitated out on
precipitating material. This iron precipitation material is made up of
processed tin cans. The so-called tin can is in reality an iron can coated
with a very thin film of tin. Tin cans are cleaned, burned, and shredded and
in this process form make an excellent material on which to precipitate
dissolved copper from solutions. Most of the tin cans used by Inspiration come
from the Houston area in Texas. Total consumption of processed cans amounts
to about 1,650 tons per month.




To provide sulphuric acid for leaching, Inspiration operates two sulphuric
acid plants which can produce up to 200 tons per day. Sulphur, in molten form,
shipped in from east Texas mines, is used in this process.

PRESENT PROCESS

By 1954, increasing copper values in sulphide minerals, not soluble in the
Terric iron solution, were noted. The grade of the remaining ore was dropping
and the capacity to produce copper was limited by the nine-day leaching time.
These factors brought about a study which resulted in a radical change in the
metallurgical treatment of the ore. By 1957 the old concentrator had been
completely rehabilitated and new, modern machinery installed. TIn the leaching
process only that copper soluble in sulphuric acid, plus the sulphide dissolved
in a low ferric iron solution, continued to be sent to the Tank House for
electrolytic precipitation, as previously described. The contact time for
leaching was cut to four and one-half days. Sulphide copper remaining in the
ore is then sent to the concentrator for recovery by the flotation process.

The concentrate so recovered is sent to the Smelter. The concentrate is
smelted, fire refined, and cast in the form of copper anodes. These anodes are
returned to the Tank House.

Due to the change in process, with less dissolved copper being sent to the
Tank House, excess capacity was available This excess was converted to a
Refining Section. Here, copper anodes re J from the Smelter are further
refined to electrolytic cathodes. In this process the copper is dissolved from
the anode and plated -on a starting sheet as electrolytic copper. These cathodes
are heavier than the Commercial Section cathodes and weigh as much as two
hundred and fifty pounds.
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To enable Inspiration to refine all of its own copper, including production
from its Christmas Mine, a nevw eighty-tank refinery section was constructed and
1e now in operation. The electrolytic reifinery at Inspiration is the only one
in Arizona.

MOLYBDENUM RECOVERY

Vith copper concentrate being made in volume under the revised process, it
was found that such concentrate contained a small amount of Molybdenum Sulphide
(loly). A section was added to the concentrator, to recover the Moly. This
is a difficult and involved process.

SMELTING DEPARTMENT

The Smelter was built in 1915 to handle concentrates from the District's
mines and to treat custom ores and concentrates. It was owned by the International
Smelting and Refining Company. This plant was purchased by Inspiration in
April of 1960. It continues to handle Digstrict concentrates and custom business.

At the Smelter, properly mixed concentrates and flux are melted in a
reverberatory furnace at a temperature of approximately 2700 degrees. The copper
collects in the bottom in the form of "Matte", which is an artificial copper-
iron sulphide. Some of the sulphur is burned off. Impurities and waste

T




material float on top and are skimmed off and discarded as slag.

The matte is tapped off at a point below the slag level and is poured in
molten form into a converter. Here, air is blown through the molten material and
flux is again added. The air oxidizes (burns) the iron in the charge and the
sulphur is burned off. Slag is formed ant is peurad off and returned molten to
the reverberatory furnace. The reaction i T nverter provides its own heat.
IFinal product from the converter is I Blisver Copper".

Blister copper may be cast into cakes for shipment to Fastern refineries or
poured molten into the anode furnace.

In the anode furnace it is further reiincd Lo fire refined copper by blowing
with air and "poling"” with oak poles. The copper is then poured into anode molds
and the anodes are returned to the Inspiration Tank House for further refining.

It is interesting to note the many steps in the processing of copper and the

o
o

work necessary to produce a final product.

Inspiration Ore
Concentrates

Matte

Blister Copper

Fire Refined Copper
Electrolytic Copper

POWIR PLANT

Requirements for electric power at
original need, a 25,500-KW Power Plant
gas piped from New Mexico is burned und
operate the turbo generators. Waste
utilized.

iration are quite large. To meet the
‘onstructed. In this plant, natural
bullers to provide the steam to

steam Trom the Smelter boilers is also

The Inspiration powver system ic tiad
and most of the power needed is supplies them. On many occasions the entire
Inspiration load has been carried by the Salt River Project system, which derives
much of its power from hydro-electric generating stations located below the dams
along the Salt River.

inte that of the Salt River Project,
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SHOPS AND SFRVICE
The Company has its own shops, warehouse, and service departments. The
shops are fully equipped and are capable of handling almost everything in the way
of repairs and maintenance which may be required.

RATLROAD
The Inspiration Company operates seventeen miles of standard gauge railroad.
This railrocad delivers ore to the treatment plants and concentrates to the

Smelter, as well as handling inbound freight and outbound shipments of copper.
The railroad connects with the Southern Pacific at the foot of the hill.
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The Warrior Cooperative Mercantile Company operates a general store at
Ingpization. This store is operetoed to sorve the nceds of Inspiration employees.

Operations are on a non-profit basis and profits earned are returned twice
yearly to employee customers in proportion to their purchases throughout the
period.

HOSPITAL AND CLINIC

The Miami-Insp maintained uOlrtLJ with other companies

in the District. Al'o 1 is €l wmi-Inspirvation Clinic located
on the Globu—M;ami These facilities not only serve industrial cases,

s :“ar:z:.‘;y is provided medical care at exceptionally low
ilies of some 2,600 mining employees in the District are
served by these facilities.

rates. *n al_., tne fa
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-
) i o
;JMD olies and Equ 1t Pu i 1 /G -L5; 779; 002
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;n ¢y65 Inspiration produced approximately 4.9% of the copper produced in

CIIRISTMAS MINE
| A 5 29 o g 5, a3 R, A, 1A TR S e deimm e ot T3 am Ty o3 -
ration is also 3:odmcha~ ore from the old Christmas Mine. This is an
- LJ
unacruro¢hw operation. The mine i1s located some forty miles from Inspiration.

It is one mile west of State Highway 77 b een Glovbe and Vinkelman, Arizona.

.H-.,UJ.

Ore from the Christmas Mine is processed irn a new crushing plant and
concentrator at Christmas. The concentrates are being sent to Inspiration's
Smelter.
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INSPIRATION CONSOLIDATED COPPER CO. INSPIRATION, ARIZONA

!

o
%

o OXBvE 0AK SHAFT
@

/ s . . et 4
/ o //// {// s (C)gis'ﬂzgi? R
e

Ve

S S
s K S S
L

v //
/// )>O¢/ _ LEACHING

| r - 4
TO v <7 i
 PHOENIX pyoy /1(‘} .77

COPPER GLANCE
TOWNSITE

,#5 LEACHING AREA
{BULLION PLAZA
3 BeHOGL. (OMIAMI INSPIRATION

N

SCHOOL CONCENTRATOR

2 _SHOP AREA S

WARE HOU SE
WA NOL SroP LIGHT f

T ‘«;,% W MECH. ENGINE
\ poZ-\M ) OFFICE
DEPOT OFFICE Yy

N\
Z\
HIGH scﬁ%ﬁ_\OQ

'-“.§MELTER HOUSES
3

4

AR
& GHRISTMAS GONC. DOGK Jﬁ}(\
N 1 "
4<>~= STARTING PLACE AT LOWER MIAMI SCHOOL |

——
g,

FROM X& TO GENERAL OFFICE.................... 3.5 MI. -

FROM };1 TO 2ND STOP LIGHT IN MIAMI........ I 2MlL MIAMI-INSPIRATION
FROM &% TO BULLION PLAZA SCHOOL...........2 OMI " d— CLINIC
FROM X5 TO OPEN PIT SHOP AREA.........27M. 15 cLoBe AT\



MINING GEOLOGY DIVISION « ARIZONA SECTION A.I.M.E,

SPRING MEETING: APRIL 30, 1966

Insplration, Arizona

"STRUCTURE AND ORE CONTROL AT INSPIRATION"
by Hugh Olmstead, Inspiration Consolidated Copper Company

STRUCTURE

The Globe-Mismi District lles near s postulated intersection of four
continental lincaments. ILocally these are: 1. The Texas lineasment
(N 74° W)3 2. The Arizona Rockies linemment (N 33° W); 3. The Utahe
A oo W I DR T &\ o B N SR | B im o ~
Arizona lineament (N-S)s and 4, the Raton-Globe lineament (N 5?0 E).
Regilonally, they are traceable as Mesozoic and Tertiary intrusive and
extrusive rocks found in mountain renges and faull structures, which
regpectively includes 1. The Buckskin, Wickenburg, Pinal, and Pimaleno

T L
Movprtains

tco

2. 7The Swisshelm, Galiwro, Dripping Springs, and McDowell
Mowebaidnss 3. The Tunmcacorie, Pileacho Mountains, and the Pleasant Valley
faulty 4. The Datil volecanic field and Pinacate volcanic fiel in Mexico.
Ingpiration is situated in the lower elevations com the northeast side of
the Pinal Mountains. At the mine, the Texas and Raton-Globe lineaments
are refiected strongly in the Pinal schist and various faults. The Utah-
Arizona and Faton-Globe lineawents are partially delineated by Tertiary

Schultze granite and Granite porphyry intrusives.

Physiographically, the district lies in the middle part of the mountsin

region province. 16 It i in an area of flexing on the southern end of

the l‘v‘?.azatzal Mountains. 1though & breoad deep valley separates the Mazatzals




on the north from the Pinsl Mouwntains ou the south they probably were one

undisrupted rock masgs during the Palevzoic Era. Before and during the Rocky

Mountain orogenesis the leval ocean beda were uplifted, warped, and distorted
to their present position. This and accompanying Tertiary intrusion
undoubtedly created a high, sharp-edged mountain range which has been eroded

to the present rugged and irregular topography. In the Quaternary, masses

of erosion pruoducts filled all of the lower elevations. Resulting
equilibrivm adjustment depressed conglomerate areas which are now the major
valley and drainsge paths.

Structures in the mine ares are somevwnat related to the general structure
of the Pre-Cambrisn schist which trends northeasterly and dips to the
southeast.~! Iocal granitic intrusives have distorted and obliterated the
schist structure, but the schistosity preveils as the major lineation

§ -~ 0

< B R I = i oy N = o R o o s S arnicho o i 7 Bl i L 4 ke &£
followed by mineraliziag solubiong., A LBCK DL S8CLLETOS

ity in the

of schisgt in which fractures

mineralized zones may be dus o

The structural control of the intrusion of the Granite porphyry phase
of the Schultze grenite, with which the ore bodies are associated, is shown
by some of the existing faults. The Misamd fault, one of these structures,
gtrikes north 25 degrees cast and dips ebout Lifty degrees to the east and

drops the Gilla conglomerste * the ore bodles bebtwsen two and three

@
&
fail
w
Y
S
i,

thousand feet. This fault or the ancient bresk it followed may have had some
pre~porphyry movement which is indicated by the porphyry-schist contact
extending along the general fault strike beyond where the present fault zone
swings to follow the trend of the Pinto fault for scme distance. Fast of
the mining areas the ore bodies appear to be cut off by the Miami fault,
although scme sections show that the ore did not reach the fault zone or

that there is a leached zone near the fault. Some ore in diabase has been




3

fault and seconderily enriched

w low-grade primary material near a branch of the

Viamd fault o one drill hole.

gy

The Sulphide fault is also a pre-p

rphyry strucbure. It has an east-
west trend and dips steeply and irregulsrly to the north. The contact
betwesn the schist and porphyry is in the fault plane for some distance, but

The Sulphide fault may

& conduit for ore but cannot be traced in the

to the west. This

porphyry for any 4disi

thousand feet farther

eghberr

Rman ™ e F @ P [E 3
fault is parallele

south, which may ve a lat

R e g Ao e T Lo, AR
and appears to dizplace the ope

b et oo
KD A0 ded ke
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The Pi

+0 the nox

with the Miami

)
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of the Pinto for wore than one

]

140

in the footwall of the fault

e e e s = Sz
Lo D& & Zone ox " ECT

in the Insgplratic nbroduced in a pre-mineral
gtructure. Also, the Miaml Copper ore bodies are best developed in the

acute angle near the juaction of the Miami and Pinto fauvlts, which would

ndication that the

iy

B ST e B e i o s 2o T e o s Sty ¢ L PO S 3 P S e o1
indicate pre-winersl atructures, but there Is no clear

gy

Taxlits were chaanels

{7

CLUTLONE .

Other faults in Copper workings appear to have minor

displacement, but where & crogscut Ifrom € 5 Shaft, which started in




conglomerate, encountered the conglomerate-schist contact east of the Miami

-

doped at §

&

feult, thers wag considerable clay deve e contact, which might
Iodicate some movemsat,
The Joe Bush fault is more or less parallel to the Pimto fault, but dips
eep Ly to the southwest or is aluost vertical. It passes south of the
Miemi Copper workings, but is well exposed by the workings on the Iaspiration
600 Level. On thig level there is an apparant horizontal displacement of
the schist-porphyry cowbact of wore than cne thousand feet Dy the fault. This
large movement 1s not shown on the surface and way be, in part, due to a.
pre-porphyry structure being a gulde for the ewplacement of the porphyry.
@ Bulldog, Keystone, Wuwber Five, and Barney faults are north to

'u'!

flatly to gteeply to the east. The move-

northeast trending fawlts iy

SR o e Bmae T on @ @ e o
ment o these faults is nowsp

with the east blocks down dropped. The

placament of the post-

Yim g w  eie rg o 1
WS Laille LB B

anowat of movenent on &

mineral dacite beds.

F Fru - ] R e P T & g .P..-

The Bulldeg La Lo ipe at
S ST 2 e, ...,'l.. ‘: A iy, e Bl - v, gyt
oetween thirty aud forty degress Lo the eust. pree

: of porphyry

Lwbocannet be traced far in the porphyry

2 oy T 0 e T Tl TR e P (R T G . 8
izntrudes the fawlt gone and the &%

o el ka2 Pl oy APy e Tamomen mn g oo el R | o P — — 3
Or graniwe. Lae Tauwlt dbranches Lo tThe seubth and there are s muiber of

L)

gteeper hanglng well splits which hwve adbout one hundred Teet displacenent.

Trnese are locally called the Colorado faults. Some post secondary enrilchment

e

movement on these faults is shown by the displecement of the ore bodies down
to the eagth.

The Xeystone fault trends northeasterly and dips at about forty degrees
to the southeast, as shown on the Geologic Plan. It probably swings to Join

A?

the Bulldog fault north of where it is exposed on the surface. There is a

ZQ

digplacement of about three hundred feet on this fault, but its location has




never been well established in underground workings.

West of the Keystone there are the Number Five fault s the Barney fault,
with about six hundred fest displacement, wnd other smaller gtructures,
besides the Sulphide snd Southwestern faults which have been described. These
have a general northessterly trend and dip to the southeast. Some rotation-
al movement on these structures is shown by tilting of the bedding of the

conglorerate and by the slope of the dacite veds and the pre-conglomerate

land surface. The Sulphide fauli;, which guided the emplacement of the

porphyry, would have had & sout Ly dip before this tilting and continued
movement on that fawlt may have caussd some anomslous struetural conditions,

) o

such as schist overlylng dacite found in drill holes in the area south of the

rojection of the Sulphdde fauli.
)

- - o -

From the underground mappin deill nole ioformation, the ore bodies

appear to be cut off on the west by tha - fawlt, which trends about

to the east, although

e

Ty PRE e e S
north fifteen deg

there 1s con in size dio 4 zonz before it reaches the
.
fault. This fault is e eut ol by whe B - feult or there is a

s -

o s i M iin b BT ) ol sgan sl oo
consldaranla gveepening of

PRy . S 10 ey aere Vo om ™Y y
> and ‘the Barmey faull is
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the saue stroctuwre. chbures has encountered

ol oncoaeions O oflpn il  pe i Soiocks p e e A
minersdized scailst, but oo ore i

Biavalar iayialens
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The Imspiration orebody is 8,300 feet in length snd has & maximm width
of about 2,500 feet. The ore attained = total thickness of as much &3 TOO

Teet but will average about 300 feet. It has an arcuate, elongated shape

which thins in the middle and on its southwest end. (REFER TO MAP).

"y

2.3 - o - s "V'v"" . P s b ;
Elongation follows & general trend of N 72 & with a gentle southwest pitech.

The original high~grade chalecocite ore was regerded as an irregular sulfide



replacemsat blanket deposit. Some of the low-grade ore now being mined is
Pl 2 &
8 & disseminated or "powphyoy-type” deg te. In the esxrly 1900's

bhigh-grade churysocolla was adned frow velnz in the porphyry; therefore, at

least three types of deposits ocour, in which each is an integral part of the
other.

Prigary hydrothermal mineralizetion is believed to be intimately

&

associated with the porphyrdtic ifvtrusions of Schulize granite, where fauwlis

and relevent crughing created & favorable envirommsnt for solution emplacement.

There is some evidence suggesting sl ; action of faulting, crushing,

stretching and magua flowage. The primary ore solutionz appear to have

2

succeeded the introduction of the Granite porphyry differentiate. These
golutions carried pyrite, chaleopywite, aod possitly bornite and chalcocite.

They likely wers injected into 1 and 6

ybretehing

a8 B resuliont of b S Y U S SO P T L PR —————
which was & wresultant of tave diagtropnism and volatile PrEesSue .

oy

-
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ite, quartz,

of orthoclasization

wang a high potassium conbent

tione albtered

wall rock.

Dats w s vardiations of the alkali

o

feldspars states that "the we nuot independent of the

protore distribution. n? Kuellmer has presented two hypotheses concerning
the origin and significance of compositional variations of the alkaldl -
feldspars. His second hypothesis postulates the possibility of alkali feldspar

compositional difference result "pecondary compositional adjustment

of primary crystals during & hydrothermal stage in addition to crystallization

oy .oy
1l

during the hydrothermal stage. Microscopic a-:ﬂ'twu,.dyi‘u supports this
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hypothesis and strongly suggests secondar Y o]

in addition to the alteration products of silicificaticon and orthoclasiza-

tion, there exists alters zation, sericitization,
bivtization, hydration face leaching, and enrichment.

s 9 g
These are profound within aud nesr the orebodies while epidotization is more

prevalent around the north and east fris

lesching hes

Over the wajor por of the ores, surf

e o
[= REPRS) P

progpectors were abtracted

lpparted a moderste to
o g

T

his ares by conspicus

C'?’

cabe and carbonates, bu*‘ Feteivig

e

strong coloration from ore mine four small areas other than

the pits. Although not plent: boxworis occur near the

surtace within swell qu Granite porphyry and Schultze

ranite.
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whole,

In the ore
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tha roeck

iz the main ferromafic apd it
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Hypogene wetallization penetrated schist, granite porphyry, and Schulitze

granite. Economic minerals included pyrite, chelcopyrite, bornite, and
chaleocite, with later lupregnetions of molybdenite and pyrite. Pyrite is

included as an econowic mineral because of ite necessity in the supergene

eycle. During the metallization & distincet zomsel pattern was established,

which somewhat controlled the minersal distrivution end the mineralization

intensity, ™ The ore nd

“J1

ures in the host rock;
creating & low-grade protore. dosegquent alteration and erosion by various

chiewical reachions decou werals and produced copper

primens

chlorides, copper silicates, carvonates, copper phosphates, and

=7

copper rich sulphosalis, which, because of thair relative solubility,
regulited in chalecocite replacing pyrite, chaleopyrite, snd bornite. " During

this process a probore from hypogene mineralization was oxidized and leached

‘the leached zone

and transformed to an ore of supsrgens enyichos

ow, there is an intermediate

gbove and the supergene sullide enmiched zone 1

[P, SR I I, [Py S T b TR b
lachite, azurite, chrysocolla,

zove of oxidation and hydratlon contad

and ferric hydroxide m minerals. Within the zozne of oxidation there occurs

primary quartz veinlets with chalcopyrite and Lhe whielh bave uot completed

ST I BN ey C1L o ey
oxidation. Since the

the eppichment cycie, nor

T el meinly bodies are locallized in

supergene chalcoeite re)

5 5 . S s e e o ® L o 0 My By iy e s
zones of primary mineralization apount of prioary copper

préesent. 1 Colloidal soluuion actlviby hus nob been ascertalned, but there
is evidence supporting hypogene origin for part of the chalcoecite.
The higher grade primary wineralization occurs as bands along the Miami

faults. (SEE MAP).

and Pinto feults, and between the Jo

Very little primary copper mine:

However, some priwvary chalecopyrite was associated with the crusghed zone near

the Sulphide fault.”' The deepest zone of ore (supergene) on this property

atlon was encountered in the Live Oask mine.



0

occurred on the 1200 Level ia the southwest corner of the Live Oak Mine.
Below the enriched zones there exists a zone of protore of primary mineraliza-
tion assaying from 0.15% to O.40% copper. 'The thickness of this material
is not known.

The leached zone of capping varies in thickness from Nil to 1,000 feet
or more and will average about 40O feet. Near the upper extremities of the

m 0ot wore than a few parts per

leached zome the copper con

miliion. The oxidized zone, fairly consistent in thickness, aversges aboub
b 2

o

200 feet, although this varies somewhat in fault zones or other permesble
zones. The oxide ore zones resulted from the oxidation of the supergené
enriched zones. They are much higher grade than mineralization in protore.
At least half of the present ore is produced from this zone. Thé supergéne

enriched zone varies but will average aboub 200 feet and attains as much

as 450 feet in ihickncss.

The age ¢f the cre exiends

P, TR 5, T WO 1}
UZn thae presSendt.

5 o

-, @ A q Mo 9 I B T T R e T I T =l ff = TRE R PTG, % T pu | 1) wtmy pe P
It is generally believed Thet primary wetallization first ocecurred in late

O v eSO o T g Wz 2 o i Horawass ascondaryr sroed obnand: - S
Cretaceous or Barly Tertiary. However, sscondary enrichment PrOCessIes were

active throughout the Tertlary T

and have heen moderately active
el today.

The minerals oreboly should be divided into

hypogene minerals and supergsene

srals. A the ordginal hypogene

wineralization in the porphyry and schist was of low benor, the orebody,

a8 we know it today, is dependent upon the supergene enrichment. The ore

now averages less than one percent total copper, about 0.02 percent

molybdenite, with traces of gold and silves
The hypogene minerals consist of pyrile, chalcopyrite, molybdenite,
minor bornite, minor chalcocite,” iraces of gold and silver, and a few

very minor occurrences of galena and sphalerite. In a few places




alcopyrite-quartz veins cut earli pyrite~-quartz veing, indicating at

lesst part of the chaleopyrite m

vains cub all mineralizetion s
metallogenetic phase.
The supergene copper sulphide minerals consist of chalcocite, bornite,
oo 8 and 18
covellite, and chalcopyrite. S The chalcocite blanket varies from

pyrite and chaleopyrite by

the complete

crystal surfeces. Although

Lad

chalcocite to films of of

of a chalcopyrite enriched zone

& Yoy 2 e gy oF g oo
argumentative, the consistent oco

beneath the chalcoceite blanket is to supergene solubtions. Thus,

. v il A 18
chaleopyrite in the enriched zone oce ag extremely thin films on

pyrite crystal surfaces.

Chrysccolls, malachite, aszurite r copper pitch, brochantite

atacamite,

Occur a8 procuets oL &

rence of granite porphyrs

% - . - ~ o . R
Qn { V 1 TS LS Ce Ol navive
Lt z2¢nes. Also, chal & product
D -
- K ! w

is later. The molybdemum-quartz

congidered the last phase of the hypogene

10
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Talus ond Alluvium
Gila Conglomerate
Dacite
Whitetail Conglomerate
Granite Porphyry
Schultze Granite
Willow Spring Granite
Digbase

Formation

Pioneer

Pinal Schist

# 20
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Bearing ond plunge of lineation

Horizontal lineation

Shaft

Qutline of ore bodies

Outline of pits and coved ground
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GEOLOGIC PLAN and SECTIONS

GILA COUNTY, ARIZONA

INSPIRATION MINE
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