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POST SKARN BRECCIATION AT THE MISSION DEPOSIT 

PIMA MINING DISTRICT, S. E. ARIZONA 

ABSTRACT 

The Mission copper deposit is a structurally complex 
allocthanous porphyry skarn deposit. The orebody occurs 
in overturned Upper Paleozoic strata comprised predominantly 
of carbonates and quartzites, which in turn is unconformably 
overlain by a Mesozoic clastic section. Numerous breccia 
occurrences have been observed in garnet rich skarn. These 
breccias are clearly post main stage mineralization and post 
skarn formation in age, but, are associated in both space 
and time with a late stage hydrothermal event involving veins 
and fracture filling of sulfates, carbonates, quartz and minor 
sulfides. One of the breccias is spacially restricted to 
garnet destructively altered skarn zones that only locally 
have any fault associations. Two periods of brecciation are 
interpreted based on observations of fragments occurring 
within breccia fragments. The earliest period involved 
tectonic/fault brecciation followed by later strong invading 
solutions (+ vapor phases) that filled fissures, fractures 
and corroded and modified garnet destructively altered frag- 
ments. The matrix consists of a dense, indurated assemblage 
of gangue minerals consisting of calcite, dolomite, hematite, 
gypsum, quartz and fluorite and locally produces a "rock 
flour" texture. The later period of solution invasion masks 
the earlier tectonic stage, and produces narrow dike and 
fissure-like solution/replacement breccias with a possible 
fluidized component. Restoring the allocthanous contiguous 
Pima'Mission-San Xavier deposits on top of the Twin Buttes 
deposit, the breccias and late stage hydrothermal activity 
would then spacially occur in the upper portions of this 
porphyry copper system. 
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POST SKARN BRECCIATION AT THE MISSION DEPOSIT 

PIMA MINING DISTRICT, S.E. ARIZONA 

INTRODUCTION & GENERAL GEOLOGY 

The Mission deposit located in the Pima Mining District in 

southeastern Arizona represents a structurally complex 

allochthonous porphyry copper skarn deposit (figure i) 

The geology at Mission consists of an Upper Permian carbonate 

and clastic section unconformably overlain by Mesozoic arkoses, 

volcanoclastics and argillite. Both sections are intruded by 

a 58 m.y. Laramide aged quartz monzonite porphyry emplaced 

principally along the Mesozoic-Paleozoic unconformity. Re- 

sultant alteration and mineralization produced carbonate 

skarns, hornfels, quartzites and argillites. The altered 

sedimentary sections form a tabular shaped and folded ore 

body with major northwest premineral structural trends 

(figure 2). Superimposed on northwest trending folds is a 

N80E striking antiformal arch that drapes the units away from 

the arch. Northwest ore trends are also cut and locally off- 

set by post mineral east-northeast trending faults and fractures. 

Principle fracture and joint orientations are N25-40E, N70-85E 

(post mineral), N40W (premineral), N2-NI5E (post mineral). The 

Paleozoic section subsequent to mineralization has been completely 

overturned resulting in an inverted Permian strategraphic sequence 

(Jansen 1982). The highest ore grade unit is a garnet skarn of 

the Permian Concha Limestone (figure 3). The garnet skarn 
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exhibits various garnet and calc-silicate phases that are 

zoned away from the porphyry. 

Significant alteration observed at Mission includes (i) 

potassic and sericitic alteration developed in the silicate 

rock assemblages, consisting of porphyry, arkose and argillite; 

(2) hydrous garnet destructive alteration producing a carbonate, 

quartz hematite ~ green clay and chlorite assemblage in the 

carbonate units. (Einaudi 1977, 1981, 1982). 

The entire Mission-Pima complex lies in upper plate rocks above 

a post mineral Mid Tertiary north-northwest trending San Xavier 

thrust fault that is believed to have moved from the top of 

the Twin Buttes porphyry copper system (figure I). 

BRECCIA OCCURRENCE AT MISSION 

Brecciation appears to be an integral phenomena or characteristic 

in many porphyry copper intrusive phases. Breccias have also 

been described in a few porphyry skarn occurrences. Among these 

descriptions in the literatur~ fault breccias have received 

the highest billing to date. 

Several breccia occurrences have been encountered in the garnet 

skarn at Mission° Early mining activity encountered a high 

grade premineral polymetallic intrusive breccia dike composed of 

garnet skarn, limestone, arkose, argillite and foreign rocks 
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Figure I. General geology of the Pima mining district. Con- 
tour lines represent elevation of the San Xavier fault, as 
interpreted from diamond drill hole samples and scattered 
surface e×posures. 
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Figure 3. Geologic bench maps of selected levels in the Mission mine and 
vicinity. Refer to Figure 2 for cross sections and stratigraphic section. 
By permission from Advances in Geology of the Porphyry Copper Deposits: 
Southwestern North America, Spencer R. Titley, Editor, Tucson: University 
of Arizona Press,--Copyright 1982. 
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cemented by a clastic matrix. The breccia dike had a 1,500 

ft. locally offset strike length, 5-10 ft. width and, sub- 

sequently, has been mined out for over i0 years (Gale 1965). 

More recent mining has encountered two (2) breccia types 

located in the western and central portions of the pit oc- 

curring in the garnet skarn unit. 

Q BRECCIA 

The first breccia occurs in the western pit area, 100-200 ft. 

east of the quartz monzonite porphyry sill. The breccia 

forms north-northeast trending linear dikes to irregular 

thin discontinuous masses and fissure zones. The breccia 

is spacially associated with pervasive hematitic zones and 

garnet destructively altered skarn that encompasses a 200 ft. 

diameter zone locally (figure 4). One bench face exposure 

shows that the breccia locally was narrow and "V" shaped and 

bounded by 2 N22-N25E oppositely dipping faults with possible 

minor strike slip movement. However, no appreciable offsets 

were observed and jointing and bedding could be traced through 

the breccia zone without displacement. The breccia was 2 ft. 

to 8 ft. wide from toe to crest of bench, respectively. The 

host wall rock consists of massive garnet and wollastonite 

cut by hematite veinlets and exhibits strong mineralization. 
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The Q breccia consists of rounded to angular fragments of 

altered skarn and possible quartzite (the latter from super- 

jacent Scherrer Formation), that contain weak to strong vein- 

lets and disseminated chalcopyrite, pyrite and minor sphalerite. 

Quartz sulfide veinlets cut several fragments and terminate 

at the fragment boundaries. The fragments commonly exhibit 

a shattered to fragmental almost disintegrated texture locally, 

and "float" in a dense gray siliceous calcareous and locally 

gypsiferous fine grained matrix (with rare open spaces). The 

matrix contains weakly disseminated pyrite and minor chalco- 

pyrite and rare quartz - quartz calcite sulfide veinlets. In 

slab and thin section, the matrix exhibits iron rich and 

bleached zones in sharp contact. Both zones contain minor 

flow structures and a fine grained rock flour texture (figure 

5). In slab specimen, the bleached zone is about 6 inches 

wide and commonly is separated from the rose colored hematitic 

matrix by a 1 inch siliceous zone composed of micrographic 

quartz and carbonate material. Electron microprobe data 

indicates the very fine grained rock flour texture is composed 

of dolomite/ankerite, iron oxides, minor quartz and 

~hlorite. Altered garnet and quartz fragments locally display 

rounding, with 1/8 inch corrosive halos, which on earlier 

exposures gave the impression the breccia was some type of 

pebble pipe or dike. However, further mining revealed the breccia 

contained much more angular fragments than rounded.. Many fragments are 
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FIGURE 5 Q breccia slabs exhibiting bleached and iron oxide stained zones 

in sharp contact. Flow structures are evident adjacent to the 
color contact. Both the red (dark) and white bleached zones are 
composed of fine grained dolomite/ankerite, iron oxides, calcite 

and minor quartz. 
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cut and veined by the hematitic siliceous-carbonate matrix. 

One interesting exposure, gypsum cemented and veined fragments; 

extended into the surrounding skarn wall rocks, pervasively 

frosting fractures and producing gypsum-carbonate vein swarms. 

Gypsum and calcite veining has occurred in other areas of the 

skarn and diopside hornfeisunits, usually in close proximity 

to the quartz monzonite porphyry and appears to reflect a 

late stage hydrothermal event involving the addition of sul- 

fates and carbonates (the latter the result of recarbonation 

of skarn, Einaudi 1981, 1982). The above veins were oriented 

predominantly east-northeast. Two arcuate N35-55W faults 

also contained gypsum coatings. The Q breccia overall exhibits 

a low fragment to matrix ratio and fragment percent varies 

from 40 to 60 percent by volume. A prominent east-west north 

dipping fault was mapped in earlier exposures and appeared to 

form a hanging wall boundary to the breccia (at least locally). 

A N2E vertical fault, that is clearly post breccia in age, 

cuts the breccia and forms an intensely sheared friable zone. 

Einaudi (1982) refers to post skarn fault breccias in the Palo 

Verde property (northwest area of the Mission deposit). He 

reports that the fault breccias are cemented by calcite-hematite- 

siderite and skarn fragments in the breccia are pervasively 

altered to carbonate-hematite. Alteration extends up to a 
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meter away from major faults and into the skarn along frac- 

tures. The Q breccia is associated with faulting locally 

but most exposures have no obvious fault associations and 

the hematitic zone mentioned above extends well beyond the 

breccias and seems to form a 200-300 ft. diameter zone of 

very pervasive hematite. Numerous slab samples were examined 

and a number of different textural varieties were observed. 

One breccia slab exhibited a gross alignment of lathlike 

garnet fragments in sharp contact with unbrecciated garnet 

and wollastonite skarn. The breccia and wall rock were 

separated by a 1/8 inch quartz hematite veinlet. Numerous 

other small fissures in the breccia group exhibited a breccia 

fragment texture often with aligned fragments cemented and 

cut by carbonate and quartz, with no apparent movement. 

These observations suggest solution/replacement styles of 

formation. Breccias similar to the Q breccia have been observed 

in other areas of the pit, all in the garnet skarn and are 

usually small narrow linear dike-like or fissure-like in form. 

N BRECCIA 

The second breccia type is quite limited in exposure and 

size and currently is visable only as float in a blasted muck 

pile in close proximity to the marble (and locally extends 

into the marble). The N breccia was observed on 2 benches 

(along 2770 and 2730 elevations). Bench heel and crest outcrop 
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patterns delineated a near vertical 5 ft. wide 60-100 ft. 

long "intrusive breccia" dike or fissure occurring in the 

garnet skarn (figure 6). The breccia is comprised of 

rounded to subangular massive chalcopyrite fragments and 

angular to rounded fragments of moderately to intensely 

altered garnet skarn. The fragments vary in size from 

less than 1 mm to 6 inches in diameter. Rounded silica 

fragments also occur in the breccia. The fragments float 

in a texturally zoned medium to coarse grained calcite and 

quartz matrix, locally containing numerous vugs lined with 

bladed calcite, dolomite and purple fluorite cubes (figures 

8 & 9). Numerous chalcopyrite and skarn fragments exhibit 

gray corrosive hydrothermal halos (figure i0). A few skarn 

fragments are rounded without any noticeable corrosive 

effects. The fragments contain moderate to strong disseminated 

chalcopyrite + pyrite and sphalerite mineralization. Another 

post mineral observation is quartz sulfide and quartz calcite 

veinlets terminated along fragment margins. The calcite rich 

matrix cuts many of the fragments and contains only trace 

amounts of sulfide (figure ii). In thin section the grayish 

halos appear to be a chilled margin comprised of fine to 

medium (% mm) anhedral calcite grains with minor quartz, 

grading outwards to coarse grained (2-3 mm) locked calcite 

rhombohedrens. The halos contain moderate disseminated 

chalcopyrite contrasted to sparse sulfide occurrences in the 



": brece:ia with various sized [~azments of garllet skarn fragments (dark and 
~..l~.qlcopyrJte (gray). Lower right hand corner of photograph contains a cavity 
.... ~t ~.,~ flourite cubes° 

I#h[te matrix consists o[ calcite' + miller quartz. Note chalcopyrite fragments 
([~r.,y) in lower rigl t l,:~nd c~rner that has be<'l! broken apart and displaced. 
N bl-eccia. 
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coarse grained matrix. Similar to the Q breccia the garnet 

fragments here have been altered to a garnet, destructive 

assemblage of strong hematite carbonate and quartz. In 

addition to a general matrix grain size zoning there appears 

to be a faint fragment size zoning developed in a few of 

the samples. The greatest rounding of larger fragments 

occurs towards the center of the breccia walls (figure i0). 

In these same samples, a linear "stream" of aligned oblong 

shaped fragments occur close to breccia walls, and appear 

to be aligned with their long axis transverse to the strike 

of the breccia dike. 

Smaller, rounded fragments commonly occur close to the 

breccia wall and are enclosed in a light gray moderately 

siliceous matrix (figure Ii). The above observations may. 

be the result of fluidization. No shearing structures were 

observed in slab samples, thin section or in the bench face. 

The N breccia grades downward from a dike/fissure occurrence 

to thin branching microbreccia fissure %-% inches wide, with 

calcite cemented, skarn fragments. 

DISCUSSION 

The above observations suggests that the N breccia at the latest 

period of hydrothermal activity developed by a fluidized mode of 
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transport. One point must be considered in discussing possible 

mechanisms of formation. The Paleozoic section is completely 

overturned and restoring the Mission deposit on top of the 

Twin Buttes system places the attitude of the Paleozoic section 

to vertical (present attitude of the Paleozoic rocks at Twin 

Buttes) at the time of mineralization and alteration. This 

would place the attitude of the N breccia to near horizontal. 

The breccia would then have been sill or lense like in shape° 

With the above in mind, the breccia formed or mobilized as a 

breccia slurry moving through a prefractured and brecciated 

zone. This style of formation may account for the apparent 

sorting and abrasion effects such as fragment zoning adjacent 

to the breccia wall exhibiting smaller sizes, and a narrow 

micrographic quartz zone separating interfragmental material 

and wall rock. There is no evidence to suggest this breccia 

slurry penetrated the rock forcefully. The recrystallized 

carbonate matrix masks any prior comminution effects. 

Solution channels occurring in the marble adjacent to the 

marble garnet line exhibit strong solution cavities and vugs 

lined with calcite, dolomite and fluorite. These solution 

channels are very similar to open spaces in the N breccia and 

possibly formed at the same space time interval as brecciation. 

One interesting feature is the lack of occurrence of similar 

breccias and solution channels at the Twin Buttes deposit 

(pers. comm. C. F. Barter), the probable roots of the Mission- 

Pima deposits. 
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Q BRECCIA DISCUSSION 

Similar to N breccia, the Q breccia group contains fragments 

within breccia fragments, although pervasive hematite flooding 

obscures the evidence, so that replacement processes could 

create the illusion of fragments. Overall, the breccia group 

exhibits a prominence of small to medium (3 mm - 7 mm) sized 

angular garnet and quartz fragments; an interfragmental ratio 

of 1.5:1 to i:i; dense well indurated finely comminuted rock 

flour texture and close space-time association with pervasive 

hematitic alteration (with or without fault association). The 

observations suggests that the Q breccia group also formed by 

fluidization processes. The Q breccia group similar to the N 

breccia, was largely developed along prefractured and/or 

brecciated zones. Possibly some open spaces were formed by 

earlier solution collapse. The fluidized mode of transport is 

not envisioned as forcefully creating open spaces but instead 

mobilizing fragments and interfragmental material developing the 

rounding, corrosion and comminuted texture during transport 

and emplacement. The very narrow breccia fissures with a 

greater percent of carbonate matrix probably achieved much of 

their fragment aligned texture by corrosion/replacement of 

fragments by invading solutions presumably at disequilibrium 

with the wall rocks. 
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S UMMARY 

Preliminary investigations indicate that intrusive-like breccia 

and tectonic breccias were invaded and superseded by late 

stage hydrothermal fluids (± vapor phases), creating narrow 

discontinuous but locally, widespread replacement and fluidized 

breccias in skarn rocks at the Mission deposit. The hydro- 

thermal solutions responsible for the interfragmental material 

appear to be related to late gypsum veining and recarbonation 

events. The time of breccia formation occurred syn to post 

garnet destructive alteration, and breccias are spacially 

associated and restricted to these alteration zones. Breccias 

and solution cavities have not been observed in unaltered 

green garnet zones. 

If one assumes that the Pima-Mission-San Xavier contiguous 

ore bodies represent the top of the Twin Buttes deposit, then 

the post-skarn breccias and solution channels are a manifestation 

of activity uniquely occurring in the upper portion of this 

porphyry copper system. 



Southwestern Mining Department 
~.'W. i~l!,,~,.~ ~;~.L i .  

March 26, 1979 i~., !!!~i 

Memo To: T. E. Scartaccini 

Subject : MISSION/PIMA JOINT POTENTIAL 

Several studies covering a joint operation of the Pima- 
Mission reserves have been accomplished with the best 
available information and are summarized below: 

CASE I Mill the current Pima reserves and the 
"Super Pit" reserves together with the 
Mission reserves through the Pima mills. 
The Mission Mill will be used for the 
Eisenhower and San Xavier ores with some 
Pima Super Pit ore used to fill capacity 
after Year 19. Fulfill Eisenhower ore 
delivery to Anamax. 

TOTAL OPERATION 28 YEARS 

CASE II Mill the Mission, San Xavier and any 
Eisenhower ores through the existing 
Mission Mill in conjunction with the 
Eisenhower Agreement (current operating 
plan). 

TOTAL OPERATION 33 YEARS 

CASE III Mission-Pima-San Xavier-Eisenhower reserves are 
unitized and milled through the Pima 
and Mission Mills. 

TOTAL OPERATION 30 YEARS 

CASE IV Pima projected operation, milling 18,000 tpd 
of high grade low stripping available ore 
(= 52 million tons @ 0.66% cu -- included 
in existing reserves). 

TOTAL OPERATION 8 YEARS 

CASE V Pima Mill Super Pit through their Mills - 
relocating ode Mill and some other plant 
facilities. 

TOTAL OPERATION 17 YEARS 
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Enclosure 1 is a summary of the ore reserves. 

Enclosure 2 summarizes the after tax cash flows generated 
for the various studies. 

There appears sufficient incentive to take a more detailedv 
look at these possibilities, but time is of the essence 
due to the Pima projected operation - mining the high 
grade ore. The potential of a 700+ million ton reserve 
from the this area could only be realized by a joint 
operation. 

Mission and Eisenhower can offer better grade ore and the 
land required for dumps and tailings while Pima has mill 
capacity and water. Pima would be saved the cost of 
re-locating one of their mills and other plant facilities 
while Mission would also benefit by not having to proceed 
with the San Xavier mill expansion. 

The after tax cash flows would be somewhat larger once 
remaining plant depreciation were utilized thereby also 
increasing the depletion deduction allowed. 

DFS/mc 
encls. 

i/,) ,./ /? 
,. / __~._.~'~ . . . .  .~..,,~...~ ~ . ~ , ~ - ~  

David F. Skidmore 
Assistant to Manager 



MISSION 
Asarco 
Leasehold 
Total 

All Mat' is 

122,190.0 
177,246.7 
299,436.7 

Ore Reserves - All Ownerships 
January i, 1979 

M Tons 

Gravel 
Waste 

Rock Total Waste 
Ore 

Sulfide Ore Cu % 

19,120.i 
i1,520.6 
30,640.7 

75,357.6 
95,223.5 

170,581.i 

94,477.7 
106,744.1 
201,221.8 

Waste/Ore 
Ratio 

27,712.3 0.78 3.41 
70,502.6 .75 1.51 
98,214.9 .76 2.05 

Eisenhower 
Golden West 
Palo Verde 
Total 

71,791.0 
368,886.5 
440,205.5 

4,233.3 
53,756.9 
57,990.2 

36,442.5 
189,628.5 
226,071.0 

40,675.8 
243,385.4 
284,061.2 

31,115.2 .71 1.31 
125,028.5 .61 1.95 
156,143.7 .63 1.81 

San Xavier South 
Tract 2 

San Xavier North 
Tract 1 
Tract 2 
Total 

355,732.4 

117,325.8 
77,370.8 

194,696.6 

64,447.3 

7,170.2 
15,869.1 
23,039.3 

196,128.7 

56,432.7 
33,801.5 

100,234.2 

260,576.0 

73,602.9 
49,670.6 

123,273.5 

95,156.4 .52 2.74 

43,722.9 .55 1.68 
27,700.2 .44 1.79 
71,423.1 .51 1.73 

Pima 
l) 

2) 

Existing 
Sub-Total 

Super Pit 

Grand Total 

560,000 

560,000 

2,410,071 

420,000 
1,289,133 

420,000 

1,709,133 

140,000 
560,938 
140,000 

700,938 

0.45 
0.57 
0.45 

0.55 

2.30 

2.44 

r 

o 



Enclosure 2 

CASE 

I 

II 

III 

IV 

V 

OPERATING 
YEARS 

28 

33 

30 

8 

17 

ORE 
USED 

Pima-Super 
Mission 
SX 
(Mission Portion 
(of Eisenhower 

Mission 
SX 
(Mission Portion 
(of Eisenhower 

Mission 
Pima-Super 
SX 
Eisenho~r 

Pima 
(High Grade) 

Pima-Super 

CAPITAL 
RBQUIRED 
(x i000) 

$36,000 

$18,000 

$56,000 

$ 5,000 

$200,000 

AFTER TAX 
CASH FL~q 
(x i000) 

$420,385 

$299,201 

$600,387 

$143,105 

$ 21,238 
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PIF~ MINING C O ~ ' Z  

d~va%o~ wa~ beguu ~ ~992~ ~ August ~95h the pa~n~ ~ a ~  
~i~ @~/Co~E~ay ~f CalRf~ ~ramt~d Oyp~a~ t~%me~ Ooz~orati~n 
a~ optima to ~x~i~ the pz~,y~ ~ Utah Oo~st~%i~ C~mpaz~ 
was ~ga~e~ to stu~J the e~onomi~ ~ssibi~i%lez of  ~rd . r~  by ¢~i~e~% 
pito 

Afte~ sampl.tug a~d d ~ g  t~ ~he~k the ~k eo~leta~ ~e~ 
the or~gi~%l ~a m~a~em~nt~. Cy~r~ p~chas~ a th~T~a~te~ i~- 
te~s% ~ th~ pr~p~rty~ Unio~ Oil  ~%,a~tug ~ q~a~%ero Cypras 
later sold a o~q/a~e~ ~ntsres~ %0 Utah Censtra~%i~ C~a~ ~@= 
ta%~ half i~t~es% and mamagem~% r~s~ib~/ityo 

The fi~t ore was ~eao, h~ by st~p~g 0~tobsr ~956~ a~d %he 
fi~s% cocas%rate was px~du~ ~ D~mhe~o 

The m~a~ llss a~t 20 miles s~ath~est ~f Ta~se~ Arlsonao 
S~m~ 250 pso~ ara ~ s~p!~ysd~ a~l of wh~m ~ve ~ Tu~so~ a~ 
eo~m~te dai%yo 

The ~% 

The ~ ~'/.t is a 1700 x ~h0G=f~% ova~ the i~n~ a~is pa~ali~ 
to %ho str~k~ .~f the orsbO~yo The ~oz~h s!~® ef the pit is ~an~Isd 
as a .~iua~ pit slope that ~ide~ ~Ath th~ f~%xcal~ of the o~b¢.~~ 
The s~uth s~e and eas% a~ ~s% e~s @f the pit a~-~ ~r~.g ~o~s 
~o~%i~t~/~ being st~pps~ ha~k ~ %he f~na~ sl~p~s. 

~a im~.li~ed ~ay axter~g from the ~atu~ g~o~ surfa~ 
on a 5 ~ %  g~e doom to the ~rthea~% ~orn~r p~ds~ ac~ss 
• ~ %he pit° This r~ad e~te~s the pi% ~30 "2oe% balm the ~atura! 
surfa~ a~ ~onti~m~s as ~ pit ramp on a 5 pm~oent g~ad~ ~ th~ 
31~@~foot bs~h (~gh~7 the bass of the ~ l u v l a ~  cover)~ At %}~s 
p~t the ra~ system is st~ne~ %0 a 12 ~ent g=a~e and =or~,- 
tima~s to the pit ~tt~m~ Th~ ~ ~e~eent grad~ is ~ai~ta!~d in the 
a~luv~ s~ti~ to fao~Itate a~rapsr hmalage out of the ~ito .~ 
additlo~ %o %h~s m~i~ aooess ~ t~@ra~# ~,~ki~ ra~@s in the 
all~via~ areas s/l~ shox~er r~tes t o  du~s~ These er~ liar% om 
top of ~ork-i~ bsnohss and de net ~B~ge hhe ~e_~a/~ ~rkT~g ~Io~,~s.. 

1 



Bel~ the base of. the a~l¢vimm~ haulage i~ by track ~cr~n t~ the s]~p 
~@ad~ p~int or mp f ~ m  ths  b@tt~ to the skip l o a d ~  p ~ t ~  

The fiz~l pit sl~ in the alluvium are lald ~ut at Io2~I 
overall ~ith ~O=foot ba~k heights~ 0o6:1 bank slopes~ and 3G~-.f~t 
be~he~ e~.ept at the base of the alluvium~ ~ e r s  a ~ f o ¢ %  batch 
~as laf~ as pr~t~io~ against ~x~essive ~Ioughlngo Final s l o ~ s  
in the r~ok are ~mld out at I:! with hotfoot bank helghts~ Oo37~I 
ba~k slo~es~ and alternate I0 ~ud ~foot bench ~ridthso 

Work~ s l o ~ s  imthomlluvimma~malutada~dat l<,3~lwith 
alternate 2~ a ~  50=foot b¢~hemo Bamkslop~s and helgh%s ar~ the 
~ as i~Inal~Io~so Workin~ slopes in the r~oka~¢ u~sal!y hel~ 
at ~I overall~Ith ~0 to60=foot benehes~ hotfoot bank heigh~8~ 
a~a~r~ximatelyOoF~l bank slopes° 

A~ im~lln~ fo r  the skip hoist tr~e ~a~ !eft om the center  
of ~he r~h (final) ~1O~o Slotti~g into th~ p i t  ~I~ on the 
up~e~ bau~hos and allow~ a slight p~otrasion on th~ l~or beth, s 
pe~mlt~ a 38 ° ~ % ~  i~cl~ ~ sm~hat flatter %ha~ th~ ave~ 
all ritual elo~o~ 

Utah Ga~et~atlon C~v~ ~hioh had bmsn ~a~ the pro= 
st~lppln~ contract on the basis of I~ bid~ sta~t~ actual ~t~ippi~g 
in Novem~s~ • IP~5~ MRS tra~to~ units au~ Wool4twidg~ 34~ublc yamd 
ser~rs were used i~ oo~unotion w~th one Nmrion 1~1~I shov~i au~ 
fou~ LLO Euclid truoks~ Utah ~tripp~d approximately 6 millio~ 
~ubio yards during i~s contract  (Novemb~ I to October I~ 19~)~, 

co~er~e~ st~pp~.~g o~atio~s a~ong~id¢ the ¢~traotor i~ 
April 19%6 aud by th~ end of that y~a~ had m~v~d about ~ million 
cubic ya~ds~ ~rlu~ s t ~ i p p i ~  P~ma trained a come,tent grc~up of 
e~ployee~ to o~ra~ the pit altar Utah completed its contra¢~o 

Total p~=min~ stripping amou~te~ to a llttl¢ m~re than 
million cubic ya~dso About I millio~ cubic ya~ of this ~as r~ck 
a~ the r~ainde~ alluvium° 

At the p~osan~ time st~ippiz~ rat~ is about 300 cubic ya~d~ 
of waste ~er ton of cre~ ]h~te for the r ~ ' ~  llf¢ of th~ min~ 
will b~ about ~o6 cubic yards of waste pe~ t~a of OZ~o 

Pm~uo~io~ 

~al ly  ~ p ~ u ~ i ~ u  i s  se t  a~ a p p ~ t s l y "  ~000 tons of ox~ 
on ~he k ~ i s  o~ a ~-~ay yeeko Ore i s  ~ on on~ shif~ s:,~ 
s t r i p p ~  on the other two shif~so Alluviu~ i s  s ~ p p ~  on a l l  t h ~ ¢ ~  
I ~ o r ~  p ~ l l  ~or the pi~ iv ~ J ~  includiz~ s u p e ~ s i o n o  Daily 
p r o ~ t ~ o n  sv~rages :L2~X~ cubic ya~Is ~ 1 7 ~  cubic y ~ I s  of or~ 
~000 t~ns)~ ~ oublo yards of was~  ~¢k~ and 6000 cubic yaz~s of 
a l l u v i u ~  OutFat iv ~h~efo~e appz~xi~ately ~O~ ~ b i c  yards ~a~ 
~ausht~to 
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Bet~e~n Nc~e~'~be~ ~ i~ ~955 ~.ud Je~J I~ 1958~ i2o8 ~_li~ 
cubic ya~s of a~lu~it~ x~ck~ and ere ~e m~ved fzom ~he pl%~ Of 
this t~t~o em;~ava~;loe~ 509 ~'~/li~ ~ubic yards ~ere  ~ov~d b~ a 
con~r~t~r as p i ~  strl.~p:~g~ A %o%at of Io! ~31~i ton:s of 
s~/fide ors avera~J~ !,,,?h p.~!~vJ~ copper h~ b~on handl~3 by %he 
con~ent~,.%or~ I~, ad6!%Io~ 659~668 to~ of .m~ed ~uLfid~ m~d o~dde 
ore have bee~ s'~kpil~l~ 

Bedrock is overlain by aO0 fe~t of alluvial wash~ ~.hlch has a 
r~ar e~s-~ard slo~ and ther~ are ~m euter~pplngs ~thim a 
1500=f~% r~ius of the mince X~rlP~ immediately above bed~k is 
an Iz~egmla~- ~O~3oOmeZmte sons (0 %e 25 feet thick) of m~di%t=~ %~ 
coarse tex%.uze~ ~o~mposed of i~aeous and sedi~snts~y rocks ~8.~n%c-~ ~j 
siliceous and ~ca~e~s ~ate~alo 

The ~.,ma ~rsb~y is a [gyro.~.~tasomati~ (con%~ct me'~m~ph:i~) 
~eposi%~ %~ne m~h~ ore ~one has a~ average dip of ~o %o the s~th 

%~,emds east~,~es%~ ~urvi~ fro~ a no~%h~-este.vly bsarlmg on the 
west, %o a s~i~htly ~o~theasterly dlre~%ion on the east° The ors 
~o~m is variable in thicl~ess~ probably avsra~in~ 200 f~e~,~ on@. 
%his zo~e has ~e~n devalep~,  over a la'heral spa~ of 1600 feet In 
%h~ m~in par% of the ~meo ~% extends da%~ a nei~hbo~i~ property 
e~ %;so west~ but t~ the east g~'l.og~ a~ mlne~ization a~.m obs~'~a~o 
Th~ !~ limlt~ of th~ son~ have zmt b~en det~n~ned~ but i% has 
besn intersected by drilLhol~ at about 800 feet w~ti~ de~%h. 
P,araileli~ the m~in ore zone ~n its fo~%~a~% side is a p~teut 
breccia zo~s~ ~ich extends to the northeast beyond the pr~sen% 

¢o..mp~icat~d~ s~e ~st of the r~ks ar~ m~d~ate!y to hi~y 
a!t~rsd o~ metam~phosedo Mm~ny of the less a!t~r~ rocks are 
fin~-~gra~d~ oo~%~equ~ntly field det~h~ati~ns have often% be~ ~.~. 
cer~ain~ an~ even pe't~graphi~ studie~ haw not be~w~ dafi~iteo The 
ro~ks fall In#m three b~ad classes= I) caz~o~a%~ s 2) elasti~ 

~Gross~Isrite) ho~fels~ dlopsid~ ho~fels.~ and trc, n~Ite ho~fel~h. 
Dol~m%te and limes%one ~rm pr.as~n% in va~f~%~ ~U%~o The ~ d n  

top of bed~ock~ The ~halcepy~i%e f e r ~  Ic~al a'ad highly inner.law 
con~Itra%ion~ and sh~s a te~e~y to fave~ o~ type of hornf~l~ 
more than a~ther~ 



F~ th~ s~tab~oiShed grade ~ut~ff~.: the ~t~,.r!~% '~ ~h pit b~.~t 



w~g fa~ss for a cow, start grade of ~ ! !  fe~ Close ocopaz~ati~n 
i~ maintained between the ere co~tz~l engineer and the "~ 
staff° 

A eo~ amain% of ~hanical drafti~.%g;~ co~t~:otio~ dssign~ 
and 4eta.~!i~ is d~e b~" this depsa~h.~ent fe~_ ~ aK~ othe~ o departments 
in co~e~%io~ ~Fl%h yepai~ ~ and al%s~&%io~m of facilities and s~l 
~o~s%~c-%,i~n ~o~,ko O~st estuaries a~e also prepared a~l ~ps~ifi~a~,. 
%io~ se% Upo 

stu~s on ~quipme~%~ ~latains ~ovds ~n ~%e~lal s%~kp~e4 
f~m %he pi%~ p~vldes li~s ar~ grad~ eon%,~o! fo~ pit ope~a%ier~ 
a~d dsss sam~pllmgo Bs~ause ~he e~ebedy ~ w  berg -~orke~ is~pKi% 
bet~een a s%a%@ mlas~l !eass a~d fedsral patented elalms~ ~a~a~ 
e~ims%es e~ made s~ oi~ vol%t~e8 @f %he @%h~ m~%erial ~e~ove~ 
f~ e~h s~tlon of the p~cps~y~ and r~.~ovd-~ a~ ~p% up ~-~a  ~la~].~y 
on %h~se ~olumeSo 
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PIF~ I~q~iNG C~P#~Vf CONCE~T/ATOR 

G~o~e io Ko:~adlna~ :~,i:~ Super~:te~.~t 

T~ open ~it mine an~ con~en%~a%o~ of the P~ F~mi~ Co~ 

is !oeated appro~ateZ7 "b~nty ~es ~euth of T~c~o~ A ~ z o n a  ~ the 

Mineral H i ~ l  a ~ a , ,  The Pi~a o~e body ~as discova.~ad in 1950 and af~ ~ 

an extensive underg~ouud develop~.~nt prog_~ it ~a.~ d~ided "Lhat %h~ 

deposit could be more profitably ~orked as an open pit m~e~ The ~ 

~entra%,~r was oomp!et~.~d late in !956~ regularly scheduled opsration was 

started en Janua.~ 7 I~ 1957~ Through Octdbe~ Lo58 the con~emtrator h~ 

treated 2~0i0~548 4u~y tons of ore~ 

CRUS~ R~n~ofo~h~e o~ is fed by t~uck from the pit or dozer fzom a 

s%ookpi!~ to the pr~h~" c~sher chute~ A Ross-~hain fe~d~r dra~ o~ 

over a 7~!no g~z~ly to f~ed a 66 x 8h,,~!n~ Birdsbe~'o jaw c~ushe~ set 

%o p~luce ~7~,ino z~terialo 'Fne crushed ore is transported to the 

sece~dary czush1~ and ~ere~.~i~g buildiP.~ by a 5~.~u~, conv~jor~, The 

oze is s~r~e~ed over t~o double-deck Tyler F=900 t~,ock sc~eez~ dr~sed 

~ith 1½ x !8,=In~ ~ed grizzlies on the top deck and 3/~ x ~.~Ino ~lotted 

~ven ~3e on the !~er d~k~ Oversize from t~ top decks ~s~ to a 

7,:~fto st~d,~d S3~uo~ c~:sher and everaize from !c~er d~ks to a ~f~.. 

shorthead Symons erashe.~ The sc~e~ and cn~s~'~ a~e so located that 

c~ss, conv¢~or~ are not necessa~y "~ • ~=, ~n~ screens feed their respective 



p~edu~ts by g~avity ~to ths c~.she~ o~ onto th~ fi~e ore ce~v~yor~ 

A ~Bel% automatic t~i~t>~r di~t:~ib~es the ~3/h-i~o o~e %o 

t~-o fine e~ b~ These bi~ ~ere desi~aed to hold 6000 live to~; b-~ 

experie~e has prov~ that the ~.~,~tedly high ar~.le of ~epose (up to 

70 °) r~due~s ~apacity to 40OO live tons~ This ~ela%ively s~all b~-n 

~apacity for the pla~%~ ~d~ch gr~md~ up to 3600 ton~ per 24 kWo has ~ 

qui~ed operation of the er~ishlng and se~d~g pla~% se~ days a week 

~'ather than the ~qoe~t~d E.L~ d~s~ ~% is pl~mmed to In~rease ~in ~ap~ity 

enough to pen~t operat~ the mill seven days ~ week with the c~shinE 

and softening plant .~uuni~ six da~s~ 

G~VI~ING~ Oz~ is r~d from sash bin by ~s of a pair of tap~v~ 

slots onto ~athe~i~ fe~ ~ beltso Mill L~d at ~ t e s  up to 3&O0 tpd 

is d~a~ f~om az~ co~i~a%ion of t~e of the four belt f~derso The 

feede~s~ integrated with a ~eightom~te~ preside ~u i fo~  ~io~ rates~ 

discharge onto a conveyor that f!~ into the spout feeder of a IO x 13 f%~ 

Allis=Cha~mrs r~ ~ill o-~at~ in open ei~cuit~ The rod ~d~ discharge 

is split be~en t~o p.~a~y ~j~ione feed su~so One side utilizes a 

!O-ino t yp~ T Ams~o dredge pu.~ ~hile the parallel unit is a ty~e CT 

Ba~tt~Haautjena ~o~ds hand~ing p~mp~ Each u~It delivers rod 

discharge at 5@~57 p~ent solids to two 20~o ~de! D~20~B ~ebs ~yclones 

open-areal ~th a f~ed inlet pre~svre of 8~.I0 lbo At the present th~ 6=3/h~m~ 

vortex finders and 3~,~2~ino ceramic apex pieces are us~ 

CYCLONE SEPARATION~ The ~yclones are able to t~J~e a fairly ~z~d,.e range of 

feed rates and still m~intain ove~fl~s of 27 to 31 ~ent solids~ The 



~.~de~.~ a% 80 %0 85 pe~en% sollds~ is delive~e~ ~g a spout %0 a 

i0~I/2 x !3~f%o Allis=Ch~/~rs o~i~ b~l ~illo The bal~. mill 

41sch~%~ a% 76 %o 82 pe~,~ent solids~ ~;~'~s to the cyclone f¢~d st~ps~ 

A po~%ion of %he cyolone ovex~ow is b!sd off %0 ~n'Sain constan~ i~els 

~m ths s~p boxes~ Ths ~maind~ is reduced to 27 to 28 pel~ent solids 

prior to ~iot.aticn~ 

The ~eg~ oi~ui% consists of a ? x 12~ft. Allls~C~rs 

~en~.o~4 ball ~.I! o~e~ahing i~ olosed c~% ~th six IO~iao ~ode~ 

D=!O~B ~5s ~yclones~ ~e ~y¢lone ove~'~flo%; is ussd as 411uZion ~a%e~ 

in the prlma~ grinding ci~ouit~ The use of the ~Lnd oi~cui% has been 

defex~e~ unti~ a ch~e i~ chsmac~er of ore ~equi~es f~e~ ~indin~ of 

el%her the mlddli~ f~action o~ %he rougbe~ concem%~a~so Duri~ %he 

fi~.st I0 ~o~ths of !958~ 88 pe~en% by ~.~ight of the middling p~odu~% 

%~as ~200 ~sh and oontained 89 pe~e~% of 'the %o%~/t eoppe~ in this 

produo%o 

4~ino rods a% a rate of 0o~72 !b~ per ton for the first ten months of 

.1958~ the OoZobe~ ~ate was 0~712~ I% now app~a~s that h~ino rods will 

be %he standard ~k~ap~, Single ~avo ch2om~moly steel l~es.~s a~e usedo 

The initial set of shell l~me~s %~ea%ed !~719~002 4a~ %oas of ore° 

One of the ball mills is no%~ ops~atin~ at 16085 rpm or ?0% 

of o~iZio~1%~hi!e %he other one is scheduled %0 Eo %0 18o6 ~m o~ 77~g% of 

o'~i%~al at &~ early da%e~ Cons~de~ab!e i~ease in ore ~dness has 

necessitated the speedup of the ~,l lso Ball consu~o%ion for the f~2s% 

%s~ mo~ths of ~hi~ ~a~ "~a~ I~079 ~,b~ pe~ 0 ton~ i~ O~tober the ~a%e ~ms 

i~2i5,, Sta~tin~ !ate ~ C~to~e~ ball ~ationi~ w~s res~d usln~ one~..thi.~d 



CRUS}~NG ~?JNSHE~ 

~4as%e 

i 

.O~n Pi~ 

I 

i 
,.Trucks 

OZ' 

Ross F~e~ 
i 

! 

6~ ino x 8~h iUo Bird~bo~ 
Jaw C ~ s ~  

4 
~o Ty!e~ Double~Deek 

~ F~900 Tyr~k 

°°7 i~o * 3 Ino ~1½ Ino +3.~ Ino 

,t 
7~fto S%do Symo~s 7~-ft~ Sogo Symo~ 

C1~sh~ Crusha% ~ 

. - - - 3 ~ ~ 3  

~ ~o 

hOOO~%on Liw 
S%o~'a~s Ca~ci~y 



F.i~.e Ore Sto~age 

,L 
Fp~r Be!% Fmedaws 

Conv~op 

IO x i3=ft= Allie=O~rs 
Roa Nf~l 

~p~ OT ~ Typm T ~m~ 

Four D~20~B ~Wre~ 

(80 t~. ~. ~.,~.to ~!±ds) (29 to 3~ p~t. Solids) I ~ ~  

,~.ot~%ion ~d~,~ 

Six D~IO~B Kr~bs 
Cy~lon~s 

Ch~ers Reg~ind 

L _  _ _  



t~vs~ ~mh~ b~l~e ~o ~meho Double ~v~ ch~o-~o!y steel li~rs ~'~e 

used in the ball ..~d!l~, ATI of the o~igi~o l~,~e~s a_~e still ~ the 

ball ,~il!s~ ~ the ve,~y n~a~ fut~e the f~d ~ li~e~,s ~4~LI hav~ to 

be ~ep!a~ed~ 

As yet the~ .is no "3~o~r~atlon to sh~ the effect of feed 

rates~ ~e~su~es~ ~i oth~ readables on olassi(~ioatio~e ~e~fo~%~e of 

the ~lonsS~ 

T[~ FLOTAT_ION S~DYION~ T_h~ f!o%a~io~ f~d pas~s through a 41s~bu%~ 

%ha% 4ivY_des ths p~l 9 to ~Ix pa~alle! bank~ of 66-=~i~o s!~!e ovex~l~2 

Fagergrea flotation ~smhineSo The roughe~ oo~ment~ats f~om the f~ms% 

fo~ ~ eells ~es to th~ iO,~mell No° ~4 Denver cleaner m%d ~e~leane~ 

~ch~eo ~e cleane~ • taillm~s a~e eomblned %~1%h the sca~er cobden%mats 

produced on the last s~: ~e!Is of the rou~he~ ~ ba~o At present t~ds 

mld~llng p~Ip is be~ p~n~ped to the head of the pr~m~tv ~vind~g olro.vl% 

for use as ~lutlon watero The ai%e~-nate fl~ is to send %he r~iddli~gs 

%o the ~e~ri~ cix~i%~ 

Recleaner eo~t~ate f!~s to a 50~f%o Do~2 thiekene~ the 

°~erflow is ~ved by ~ent~!9~g~l p~ to a 6o, f~ di~Tete~ 7~iso Ei~o 

fi.lte~ a~] over~,~l~ is ~etun~ed to the r~_d~lin~ sur~ for use as dilution 

~ter in the ~r4_~d!n~ clro~i'~ ,~perie~e has sh~ that the ~t~. ea~ 

bs directly conne~t~ to the ~uderf!~ dis~har.ge splgoto C~ntly the 

%hiekea~ is ~o ~sed fo~ sto~a~e %o pe,~ult filtem~g fo~ 2 hours a~i 

then an idle s%o~a~e pe.~i£~ fo~ i0 hours~ This cycle is l~epeated ~ce 

eve~ ~h ho~rso The filtered ~o~e~t~a~e (oom%alnd.ng !0 to ~I pe~oe~% 

water) is ~o,~v~yed tO shora~e and then s~aped by a Joy s!usher into 25= 



ton ~-'~o.v~h d%~.~ t~ueh~.~ The concentrate is ~eighed and sampled for 

~Is~u.~ ~,% the ~o~/2~ ~ then hauled seve~ ~d.les to the x~ai!road~ Af%er 

the oar is loa~ed and .!e'~eled~ it ~s pipe.~sa~led in a g~14 pattern for 

eopV~ a~!yS!~o Co~ate is shipped to "the c,gpper' sme!%~ a% l~e_~o 

Tai!ID~C f~om the coneentzator fl~ by ~mavity u~thicke~ed to 

sl~ disposal ponds 50~00 f%o :~;om the mill~ This pulp is ~Ioned %o 

~e~ve the sara4 f~ac'bion for bex'm buildtng~ while the slimes fl~ to the 

oen%~al portion of the sto~age po~o Re~la.~,. ~ater passes through s-~x 

~h d~a~ holes ~m a deor2~t line p!ae~d at each six i~ch rise in elevatlono 

At a later date a decant to~:e~ :~i!l be ~onstm~eted at the end of the present 

d~ant I~o Wa'£,er p~s~s th_~gh the decap2, line %0 a gatherin~ sump 

f~m ~;hlch !5 ~s primped to a 2~0~000 gallon ~,~ater storage %a~/~ above the 

-~[~,o The mill ~m%e~ is treated ~Ith phosphate to ~mdmlze lime ses/~.In~ 

in the various mill ~ate~ lln~s,~ 

l,~resh ~.~atez' is p~ped s~x m~oes fx'om wells alon~ the Santa C~ 

~°ive~ ~ tO a 50~000 gallon storage tsmk~ This is the potable wete~ supply 

as well as =;~/~=up for the ~!!o The ~ .~equi.~es 240 gallons of 

make~iD ~ater pet ton of o~e %~ea%~.o 

EFAOENTS: ~?~III ~agen'hs ar¢~ ~b~d on day sh~'~b and p~mv~d %0 day storage 

rankso Pebble lime is ~J~c, hased an.~.~ slaked ~m a Dolt llme sl~ero The 

llme slu~7 Is pump~ t~,ough~at the mill mud is -~ithdra%~ as neededo 

~e~I7 all the ~-~e being added Is ~Ised in the g~ir~ng~ ci~gl%~ A pH 

of I!o3 %0 llo~ has "been f~r.4 op%i~m_m for current ores ~:hen usiz~ the 

follc~4i~g ~¢~agen'% ~ombinatlo~ whleh was standard fo~- the fi~s% s~x months 

of this yea~ .7~ s Z~6 and/o~ ~ Z,=I! xanthate and ~mthyl Isdb~tyl c~blnol 



FLOTATION ~ n , . ~ , r * Y ~ ,  '~ 

P~]/m~z~F Cor~e~t~ate 
(F~t & c~l!s) 

l~,cell~ No~ ~h Denver 

Distrfbu%o~ 

Six lO~oe~i~ ,.66 i~o sin~Is ~erf~.~ 
Fagsrg~-~n Flora%ion Na~hinss 

Se ~Ter~er Co~e~t~ate 
(~st 6 c<,~].!s) 

R~!ghe~ 

Tailing Disposal 
St~'age Arsa 

. . . . . .  ~ !0  

~O~f~ Dor~ ~ Th~e,~e~ 

| 

7~.iso~ 6o.ft~ diameter 

l 

Sto~a~e 

0verflo~ 

To RegTind or 

mav~ Grinding 



(mUBC) 

~e~ded~ 

ars ~,~Jdez~ %o %he ~d mJ/io Z.-6~ Z-,!! and ~C are add~ %o %h8 dJ.st~'i= 

ths s~ond~ fo'a,~r!sh~ si'~%h ed~.~ eighth ¢~eT_Is~ SodJ,~i~. malfide~ when 

is added %0 the f,mal~%h~ s~xth a.~d elgb/~h ~ei!so 

After labo~.a%o~y &~vestigaZion showed pro~%se a ~II Zest 

employing Z~o,?O0 a s  one of the ~age~%s was  "h~-'ied d~?i'.:mg July am.4. a ~z'%ion 

of Aug~sto ?he results we:ee e~,L~-agj.n~ ~o du~.~ng Septe~oer a ~'e-oea% 

"5e~% ~as 8chedt~led~ ~'k~re ope~abi~g de%~J.!s we_~e classified so that ~ 

opt'.h~um conditio;~, cou3.@ be dete~'mi~ed~. Durir~ O~%o'oe~ ~ the plant ~s~ 

i,~_s ~_n%icipa%ed optimism oondltion ~nd c~e up ~i%h rssult8 %he~ co;~a~-ed 

~,rLth the bett.er to date,, The charge from the st~x~ard pr~vious~!/ dese~-i~sd 

~"~.e, that Z,.~200 ~as st~lw~:',i'Lut~d fez t h e  Z.~II in all points of addition~ ~4 

.~<~.1%es%i~<~ of thi.~ conditio:;~ i8 e'~ren%ly belt 4 ca~£~d one 

The aver~%ge ~eagen% cons~z~i:,ion Jm% pm~ds pe~ ton of o~e ~dli~, 

Fi~st S~m 

Li~e 6 ~ 8h9 3 ~,I0~ 
Z~.%~ Xan%ha%e 0~086 0o039 

~]~ O ~ ~gh 0 o 012 
"~ 0 : O o - ~ . _ r o - ~ . ~  250 . . . . .  o Oh5 

Sodi~ cFa .~ id  e 0o019 0,.00~ 
~:z ,_~ sulfide 0~,h29 0°032 

Phosphate 0 o O~ 0 o 010 
z~4oo . . . . . . .  OoOhO 

The ccnee~h~--~&to~ is lald out %0 uZilize the natural slope £o~. 

gi~avi%y flo%~-s %hro~gh the plan%o The sn%J~re p!sn% is designed to use 

~i~b~ ~abo ~..: ~. ~e 6rushing c. ~,,~ ~ wo~'cin~.~ on single ~'~.~fD~ " ~nder a fo~e~.~.n~'" -~ ~" 

consis%~ of one p~Ird~3~ and one seco~x~ar~ operabof a~td one or %we labo~'srs 



who cle~a up ~pi~m ~d re~ove ~ecd and sisal ~om th~ ore° Steel is 

~-emoved by h ~ d  .... a %~,amp stesl de%~¢to~ ~ri.l! no% ~ork because of the 

magnetite co~%en% of the o~e~ 

The plant ope~-a%ss on a seven~-~ay basis,~ relief operators ~-e 

~loyed to maintain 8. f~ve=day wo~k week for all hourly e~loyees,, The 

oo~e~%~ato~ ~ is ha~dl~ by a shift t'o~'e~; a g~/mdln~ ope~a%or~ fio%ation 

operator an~ a tailin~ labo~er,, On day shift, a co~oe~%~a%e loader sad 

~eagen~ ma~ a~'e also available~ M~intenm~e of the ~ill a~ ezushe~ is 

hmndled by ~ ~pai~n s one oiler~ an~ t]~"se laborers ~/er the dlr~ti~ 

of the repair fore, m~ ~"ne 5o%aI mill ~mnoc~er of 50 includes supe~isiom 9 

ov~ration~ maintenan~,e~ r , ~ e ~ i ~ g y ~  sampling~ assaying and clerical 

e loye so 

El~t~al power V~rchased from the T~s~n Gas~ El~tric Light 

& Fewer' Co~%ny is de!iversd to the Fi~m ~bsta%ion at hh~OO0 v~ 

is stepped down %o 4160 v for dist:~.bution to the mine a~. mille 

consumption for the f!~'s% IO months pe~ ~ tone is as fellows~ 

Co~entr~%oP 
Fresh wate~ 
Reclaim wate~ 

Tot  

P o ~  

Pow~ 

1o087 
15o312 
2°288 
0 593 

~IO~, 



APPEI~9]IX 

ROD ~C[LL SCRE~ ANALYSIS~ JA[,~ARY~OCTOBER, 1958 

FEED 

Size Re%ainsd Re%a.insd 

+ I Inch C.O4 
~a..½ ~ h  1%1o 19o~ 

ino +4 m~h 37o76 56~90 
~4 mesh 43olo IOOo00 

I00o00 Total 

DISCV~ROE 

Si,~e~ Retminsd Retain~ 

÷ 8 3°02 
• :- 10 3,,97 6o99 
÷ 28 26~22 33,.,21 
+ h8 15oO9 48°30 

• 65 5o23 5),,9 
+ iOO 6~O3 9°56 
, xSo 5,,18 6~o?h 

2" + 3-5 7~15 75o99 
,~ 325 ~ho0x ~ooooo 

I00~00 To~! 

Size 

+ i00 
+ 150 
+ 200 
+ 270 
* 32S 

325 

Total 

FLOTATION CO.~]CF~NTRATE ASSAYED SCR~,~N AI~LolS~' 
JANUARY T~OLV, g SE~FA~ 1958 

R~gained Reta~ued Total On 

0,,82 
3°9, 4°36 
7070 12o~6 

X3o82 ~5o88 
8°73 34o61 

65~39 iOO~OO 

16o77 
20°09 
23~56 
25o3!~ 
25°65 
27,,57 

Dis~-ibution 
Pe.~;ent 

0,,60 
2 ~?,h 
6o91 

13021 
8o~6 

68008 

3 o3h 
10o25 
23,,h6 
3L,92 

li;~OoO0 

i00~00 26~5"6 

# 



APPENDIX 

FLOTATION TAILING ASSAY~ 8G~N ANALYSIS 

Sise 
Person% ~um~Pet, Assay PC%o 

Re~im~ Retai~d Total Ou 
Distribution 

200 
• 270 

Io91 Ooh9 3o~6 
6~?h 8~65 Oo3h 8~63 !Io~ 

~O~23 18o88 O028 12o26 24o25 
9°72 28o60 O~24 9~91 34~16 

11.38 39.98 Oo21 10~16 hho3~ 
6o39 h6o37 Oo19 5~24 h9~56 

53°63 100oOO Oo~ 5Ooh~ I00~O0 

~%~i i~o~ o~* I~o~ 

* Of this 0°089 per=ent is oxide ~a~, O~,~/~7 pe~er~ is non=oxide =op~,~eo 

sm,~Y oF O~ATZNO J0,~.TA 
JA~ARY Th~2OUGH OCTOBER, 1958 

Flotation feed pH 
Rod oonsumption 
Bali consumption 
Crusher operated (s~le s "hilt basis) 
Mall operated (3 shlf%~ ?~/ay ~msis) 
C~% Sp~iflc Gravity 

II~3 
0°572 Ibo per tom 
Io079 Ib~ pe~ ton 
86o17 pe~en% 
96°23 percent 
2°937 

FEROENT SOL~S IN HILL PULPS 

Rod ~ill discharge 
Cyclone feed No,, I = 54~05 
Cy~!one Unde~Tlo~ Noo ! ~, 82°94 
Cy~lone overflow No~ i ~ 29013 
B,%II mill discharge I~Oo 1 '= 79°78 
Rougher flotation feed 
Cleaner flotation feed 
Recle~ flotation fe~ 
Cogent.rate Thickener llr~e~flc~ 

70°57 

2 7 , , 0 1  
i7 °30 
16ooo 
53.80 

NOo2 = ~ o 8 5  
Noo ?. = 8!o51 
Noo 2 oo 30010 
NOo2 ~ 79oio 




