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CAICUIATION OF PIT LIMITS AND ORE RESERVES, COPPER CITIES MINING
COMPANY

BY J4 He Gray and W, W, Simmons

INTRODUCTION

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

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 copper minerals, but the grade was too low to be considered ore at
that time,

Mismi 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 1948 with the blocking out of 33,800,000 tons
of low grade ore amenable to open-pit operations., Stripping was begun
in November, 1950, and mill production was started in iugust, 195&.
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and Mr,. Pemnebaker's private reports.on the Copper Cities ore bhody

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 quartz 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 dips4
steeply west. The Drummond, near the eastern pit 1limit, strikes
northwest and dips about 60° northeast, £long the northern
edge of the pit is the Sleeping Beauty fault which strikes
northeast; its dip is unknown. The area bounded by these faﬁlts
has been raised relative to the adjacent blocks. The ore body
itself is intricately dissected by many minor fractures with no
dominant pattern.

MINERLIOGY

The principal hypogene minerals in the deposit are |
quartz, pyrite, chalcopyfite and molybdenite. Chalcocite is the
predominant supergene sulfide mineral, and malachite, agzurite
and turquoise are the principal acid-soluble copper minerals

in the ore body.
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CHURN DRILLING

The base pattern for churn drilling was a 250 foot
grid, From previous experience in the district, tails was
thought to be sufficiently close for accuracy of grade and tomnage
calculations, but as a measure of insurance, some holes were drilled
at intermediate 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 at right angles to the
supposed elongation of the ore body., s finally developed by the
drilling, the right angle relationship did not hold exactly, but no
serious error was introduced by this facte.

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

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

Preceding and concurrent with the drilling, a geological
map of the surface was made as a guide for the exploration. Lt the
completion of the drilling, a map was prepared showing surface geology,

topography and drill hole collars.,

COMPIL.TION OF DATA 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 obvious 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
deciaed that a L5 foot bench height would give the best mining
operations. By inspection and cut and try, the elevation of the -
bottom level of the pit was set at 3600 feet. Fﬁctors which influenced
this selection were maximum ore production, working room, pit drainage,

. Ve

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 sections 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
ultimate pit limits.

DETERMIN.TION OF ULTIM.TE PIT LIMITS

The exploration indiczted an ore body of small tonnage
and low grade. It was improbable that mining would disclose enough
additional ore, or that 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
Jjust meet a set of conditions to give an acceptable minimum profit.

From the exploration, it was known that the waste to bhe
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 ponsidcration of a-line rather than by calculating a
three-~dimensional tonnage figure, This concept materially rcduced
the required calculations.

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

The cost to concentrate one ton of ore includess

ae Cost per ton mined.

be Cost per ton milled.

ce. Miscellaneous costs per ton,

The costs per pound of copper include:

a. Smelting cost per pound of coppers

be Miscellaneous costs per pound copper.

ce Minimum acceptable profit per pound of copper.

The gross value per pound of coprer can be defined as the
market value minus the costs per pound of coprere.

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

L. Total cost to

concentrate 1 ton ore = Net lbs. Cu/ton ore reguired to
Gross value/1b. Cu give minimum acceptable profit,

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

C. Gross 1lbs. Cu/ton ore = % Cu reouired 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: $0.94

Cost/1b. Cur $0.0575 = Cost/lb. Cu to put 1 1b, Cu in
concentrate into a market product.

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

$0.12249 = Gross value/1b. Cu at
) mimimum acceptable profit,

50,94 (cost to concentrate 1 ton) = 7.67L = Net 1b, Cu per ton of ore
0.1224,9 (Gross value/lb. Cu) required to give minimum
acceptable profit,

7.674 (Net lbs. Cu/ton ore = 8,769 = Gross 1lbs. Cu/ton ore rzquircd
07511 (% extraction) . to give minimm acceptible grade.

8,769 (Gross lbs. Cu/ton) = ,Li38% Hine grade necessary to satisfy
2000 above assumptions,

The mine grade of orec necessary to meet the above
conditions plus vhe mining of 1 ton of waste is calculated by the

same basic formula, but must include the additional cost of mining 1 ton

-

of material, i, e.,

30,94 £ $0,20
122149 Z 10,635 1lbs, Cu ton = 0.532% mine grade.
L,07511
2000

The grade necessary to give the minimum acceptable profit
with a different tonnage of waste removal is calculated sinilarly.
A table of waste to ore ratios for which a corresponding
mine grade of ore will meet the assumed conditions including profit
is presented in Table 1,
With the 2id of this table, the determination of theoretical
slope lines which fix the ultimnte pit limit -can more casily be made.
At Copper Cities, it wos decided that a L5° backslope
could be safely meintained. The initizcl step in locating a backslope

. . . . O - .
1line on any section was to arbitrarily draw a L5” line 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 investigatioh 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 steps. First the total length of the backslope line from
the bottom of the lowest ore bench to point where the line intersected
the surface was measured. Next, the integral lengths of lines along
the slope through each ore bench wgs measured, and each length multi-
plied by its related grade of ores The summaiion of these "Grade Lengths"
divided by the summation of the integral length of slope line through the
ore benches is the average grade along this scection 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 obtaineds. If this theoretical length of waste line 1s greater
than the length of line actually measured, the ultimate slope line lies
in the direction 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 ultimate
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
vaste 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 /i,
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 each 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 reference to Table 1, the waste ore ratio
corresponding to .674% is 2.5. By multiplying the waste figure by 25k .60,
the length of line in ore, we see that the slope line can be moved
outward. By similar calculotions 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
imvarde On Line C, the theoretical waste line was 323,33 feet and the
méasufed waste was 329.05 feet., It was felt that this was as close as
the accuracy of the original data and assumptions permitted, and this line
was useds The detailed calculations of the lines are given below as
illustrative of the method,

CoICULLTIONS: INVESTIG.TION OF SLOPE LINES

ITNE A

Measured line Slope Line Thru Ore Grade
Iength Lensth

Designation Feet Bench Length Grade Units
Ore 255,0 36L5 45,40 55 25,02
laste 290.&0 36h5 18015 oh? 8-53
SL5.LO 3690 63.65 .70 Ll .56

3735 63465 58 36492

3825 63,65 .89 56.65

2511 ,60 #OTL 171,68

From Table 1: H7L% 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 25L.6 ft. of 67h% ore will carry. Since
this is greater than the 290, ft, of waste
actuwrlly mecsured along this slope (A), line B
was tried,
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ITNE B
Meosured line
Iength
Designation Feet
Ore 88.65
Tlaste 456,35
00

From Table 1:

LING ¢

Measured iine
- length
Desighation Feet.

Ore 230495
Taste 32905

TB0,00

From Table 1t

ts
b

-0 a
Slope Line Thru Ore Grade
Iength
Bench Tength Grade Units
3615 63,65 L7 29,92
3690 25 .00 +70 1750
08,65 «535% L7442

«535% ore grade will carry 1:1 waste to ore
" 88465 ft. x 1,0 = 88,65 ft. of waste which
88,65 fte of ,535% ore will carry. Since this:
is less than the L56,35 ft. of waste measured
along this slope line B, line C was trieds

\

Slope lLine Thru Ore Grade -

Iength
Bench Iength Grade Units
3645 6365 A7 29 492
3690 63 465 .70 L) W56
3735 63 465 .58 36.92
3825 L0.00 . - 3,50 20,00
230.05 569 137,150

I

Lssume 5% grade from midpoint to fault,

3569% ore grade will carry l.li:l waste to orej
«h 230495 £t of i569% ore will carry 323,33
fti of waste., The slope line thru waste
actually measures 329,05 ft, .s this is as

close as the accuracy of data, this line was
used as theoretical slope linei

The back slope lines on all scctions were caldulated by a

similar processi

The portion of the lihe near the Drummbnd 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,

after completion of the sections, the data was transferred to

plan maps. The initial 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 bottome Individual bench maps were 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.
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Polygonal areas of grade influence modified by the geology were
constructed around cach hole, By planimeter, the area of influence
of each hole was determineds TFrom this data, the avercge grade and the
tonnage of ore and waste on sach bench was computed. The total tonnage
of ore and waste in the pit was obtained by addition of individuwal bench
tonnoges and average minc grade by the bench average grade ﬁeighted by
bench tonnage.

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

totaled 3L,700,000 tons which is a 1,03 to 1 waste to ore ratio,
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. : TABIE 1

ORE-<Si,.STE RATIO LND ITS REQUIRED MINE GR.DE

Ratio Mine Ratio Mine Rotio Mine
aste to Grade Tiaste to Grade Tiaste to Grade
Ore Ore Ore Ore Ora Ore
0.,0:1 -h38% 1.7:1 '597% Bthzl 0756%
O¢lsl Lli7 1.8:1 506 3.5:1 «765
0e2:1 }h57 1.9:1 o616 3.6:1 .77h
0.,3:1 J166 2,0:1 525 3721 . 784
O.h!l ch?g 2.151 .63h 3.8:1 -793
00551 ;h85 202:1 oéhh 3.9:1 -803
0.6:1 Lioh 2.3:1 553 4,021 .312
0.7:1 .504 24021 662 Lal:1 821
Ongil |513 29531 0672 uuzll 0831
0.9:1 522 2.6:1 681 he3:1 . 840
1,0:1 532 2,731 ,690 L=l .8L9
1.1:1 W5hl 2.8:1 699 o521 .858
1-2:1 0551 209:1 6709 h.6:1 .868
1.3:1 -560 3-0:1 u718 un7:1 0877
1-h:1 1H69 3'1:1 0727 h08=1 -886
1,5:1 578 3.2:1 137 L.9:1 .896
1.6:1 .58@\ 3-3:1 .7h6 5.0:1 0905
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PROGRISS REPORT ON GOUPPER CITIES MINING CO.

Copper Citles is the new open pit being developed by Miami Copper Company
to take the place of Castle Dome when its ore is depleted about the end of 1953,
The mine is located three miles north of the International Smelter. There is a
¢lose similarity in the geologlcal features of Copper Cities and Castle Dome., As
at Castle Dome, the ore body lies in a highly altersd zons of coarse grained quartz>
menzonite porphyry. The topography is rugged as is typical of the district. Bub
where the Castls Dome pit consisted in gemsral of a gide hill cut along the scuth
flank of Porphyry Mountain, the Copper Cities pit lies in 2 basin on the south
fiank éf Sleeping Beauty Mountain. There is a long, falrly continuous ridge on
the east side, and a large hill on the west side from which three prominent ridges
extend into the pit arsa, |

The exploration drilling was first started by the Miami Copper Gempany,

in August, 1943 and a total of twenty holes were drilled by Decauber of that year

when the operation was curtailed because of the wartime manpower shortage. Pros-
pect drilling was again resumed in Cctober, 1946, and completed in June, 1948. 4
total of 109 holes were drilled in and near the cre zane. The general drilling
pattern was on a grid system with 250-foot spasing. Some intermediate holes were
drilled around the fringes of the ors.

With the aid of the drill logs and sections constructed on each of the
grid lines, mihe pian maps were made up. From these maps there was found to be
an estimated 33,800,000 tons of ore with average ceppef content of .71 ¥ and
3k, 700,000 tons of waste--cr a 1,03 te 1.00 waste to ore ratic.

The plan was formulated to move the Castle Dome plant to Copper Cities

~after the depletion of the Castle Deme ore body., The depletion date is expected

& bs near the end of 1953,
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And the assumption was made that a ¥ear would be allewed for time to dismantle,
transgport, and re-erect the plant, From a sﬁudy of the mine maps it was appérent
that a minimum of 20,000,000 tons of waste would have to be’ stripped in order to
be able to maintain mill tonnage by the ﬁima the mill was ready %o operate.

It was also decided to do as much preliminary work in the shap site,
crushers, and mill arsas as could bs dons prior to the actual moving operation,

Thus to meet the tentative schedule, actuél field operations were
started in November, 1950. The first stop was to provide immediate access to
the Copper Citlies area. This consisted of widening existing roads that wers
needed for the preliminary stripping equipment, A‘lsq started immediately were
temporary facilities for a powder magazine, a shop site, and mine w::».tiez:-e While
this was being done, a permanent main road from Highway 60-70 was started so that
the heavier shovels, etec., could be hauled to the area as needed,

Since the pié-area was lying in a basin, a large drainage, or carcnation
ditch was designed to draln water 2 ways from the high point at which the piv
limit deylighted on the back slope., And by making a road on the outside of the
ditch along its entire length, there would be a permanent access arownd ﬁhe back
gide of the pit for a power line and the main mine water Supply, Eventually the
road, the power line, and water line will all make a loop arownd the mine. From
this coronation ditch road, the upper mine benches were started, By January 1,

1951, the first 1l3-yard diesel shovel was at work on the coronation ditch, digging

 from the east point of discharge. And a '2%~=ya.rc'l diesel shovel was busy on an

ageess road to reach the drainae,re ditch from the other end.

"~ By May, 1951, work on the éoronation ditch was nearly finished and it
was possible to move a 2b-yard diesel shovel onto the top mine bench at the 4230

elsvation to start stripping.
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From the 4230 bench this shovel moved %o the next lowsr bench at elevation 4185,
where it was still in operation June 9, 1951, when the first Ll-yard Marion
electrical shovel was ﬁut into operation.

Frior to this tims &ll operations were carrisd out on a cne-ghift basis,
However, as the shovel headings were eﬂlarged to give larger operating areas and
as more standby muck could be provided, the operation was changed first to 2
shifts and eventually to 3 shifts per day, & days per week by the latter part of
July, 1951. This operating schedule was maintained to the date of this writing.

Mining practics at Copper Qities is patterned upon that at Castle Dome,
with only minor changes to better suit lecal conditionsol A1l benches are L5 feet
high, All drilling and blasting is done on day shift. Primary blasting consists
of shooting 10 to 15, 9% churn drill holes per shot in single rows with hole spac-

ing 256 to 30 feet and distance betwecn rows varying from 42 to 50 feet. Average

vdepth of holes below grade i8 six feet. Secondary blasting, which has decreased

eonsidersbly from the start of operations, when all ground was broken by the uss
of either jsckhammer or wagon-drill holes, now consists of mud capping a few

boulders and making preliminary toe cuts along the contour of new benches whers

the distance from churn-drill holes to daylight at grade exceeds 30 yards.

With the sxception of the.3 top benches, which consisted in general of

slieing off the tops of ridges and £illing in the intervening canyons for access,

all mine benches have been cpened from both ends in order to balance the length

" of haul to the dumps.

To date all waste haul roads have besen xelatively free of adverse
grades, Over 80% of the waste tonnage will have haul roads level or at the most
plus 1.5% grade. There are approximately 6,400,000 tons of waste that will have
to be havled up grades with a maximum of 5 %



The ore will be delivered te the primary crusher by dumping inte an
ore pockst such as the one at Castle Dome. There will bs only one ore dump levsl,
widch will be at the 3800 elevation. This will mesn that about 750,000 tons of
ore fran the top ore level at 400 elevation will have to bes hauled down 1800
feet of 5% grade, then down 3285 fest of 3.5% grade to the dump point. Each suc-
ceeding level will have a more favorable haul until the 3780 level is reached.
From this point down to the bottom level at 3600 elevation, there will be an
adverse grade to the dump point, with maximum grade planned to be plus 5§, Thus
18,200,000 tons of ore will be hauled down grade with maximum of minus 5%, and
15,600,000 tons will be hauled up grade with maximum of plus 5%.

The preliminary strippingschedule of 20,000,000 tons at Copper Cities
was based on the amount of equipment which had becoms idle at Castle Dome.

This surplus existed because in the earlier stageé at Castle Dome the siripping
ratio was 2.5 to 1.0, whils by the time Copper Cities operations was started the
ratic had dropped tc 0.2 to 1.0, C;nsequently, one electric shovel and its
accessory fleet of trucks was idle, |

Loading equipment consists of one h%ayard Marion electric shovel with
a S5<yard dipper, operated 3 shifts per day, 6 days per week; %two 2-yard diesel
shovels operated on day shift énly 6 days per week, and one li-yard diesel shovel
uvsed as standby for the Q%anrd shovels, or as a dragline or auxlliary crane.

One of the diesel shovels is employed in the mine nearly 200 % of the time, starte
ing benches, making final bench cleanup, digging ramps, standby in case the
electric shovel breaks down, ste.

The other diesel shovel is utilized on Jobs outside the pit such as

excavation and backfill in coneentrator; erusher, and shop arees. There is one

Caterpillar D-8 bulldozer assigned to work with each operating shovel erew,
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Other Mine Equipment consists ofs

Haulage Equipment

8 Knuckey Trucks, 30 ton capacity
Iy Model F D Euclid Trucks, 15 ton capacity

Road Equipment

2-D-8 Caterpillar dozers
1-15-yard carryall
1-Ie Tourneaw rooter

1-Caterplllar-motor grader

Churn Drills

Pneumatic

3-297 Busyrus-Exrie churn drills
3=-227 Bucyrus-Eris churn drills

Drill Eouipment

Auxiliary

1l-Gardner Denver $=55-D Jackhammers
2=Ingerscll Rend X~-71 Wagon Drills
3-{fardner Denver, 365 cu, feet portable Air Compressors

Equipment

1=3/h-yard Hough Payloader

1 Portabls conveyor and screen o make stemming
1-3=ton Reo Truck with 1,000 gal, water tank
1-3-ton Reo Truck with dump bsd for stemming
1=3-ton Reo Truck for powder haul

3-Kohler light plants, 1500 watis

Custamary service trucks and pick-ups



o

The feollowing are some sfficlengy data from the siart of operations to

April 1, 1953:
Total tons mined in pits

Averages tLongs per elsctric shovel shift

Enuckey Trucks;

Averags btong per shifts

Average trips per shift;

Average tons psy Lrips

Averaze round trip havl (miles):
Averags ton miles per shift:

Drilling and Blasting:

Average feet per churn drill shift 29T:
Averags feel per churn dyill shift 227:
Average feet per bit change - 29T:
Tons broken per 1b, of powder:

Tong broken per foot of churn drill hole:

10,763,138
6,291

935.6
30.4
30.9h

1.03

L73.h

10k, 3

66,8

101.3
ly.5h
7h. 32

Also there has been 551,189 yards of excavation in the shop, mill, erushers,

and talling bthickener areas. The cperaling efficiencias in these aress are not

incivded =ith the above,

In conclusion, 1% should be mentioned that the stripping operatiocn is

well on schedule and the plant should be processing ore by the end of 195k,

Presented at Annual Meeting of
Arizona Section of A.I.M.E.
Bisbee, Arizona - May 29, 1953

do Ho Gray



