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INTRODUCTION 

Ninety-five percent of the copper production of the UIfited States 
has come from sixteen districts, of whi ch J .erorne ranks sixth. ,<, The United 
Verde sulphide pipe has been responsible for g~ving the Jerome district 
this rank. The United Verde Extension production was from a down-faulted 
segment of the upper part of the sulphide pipe. Production from other 
sources in the district is conparatively negligible. 

It is estimated that the original sulphide lnass had a total of 
more than 130 ~illion tons and a vertical extent of over 8300 feet. 
The United Verde Extension se~~ent accounts for apprcx~~tely 1120 feet, 
and the United Verde, to the 4800 ft. level, 4770 feet. The balance 
was lost by erosion before and after the displacement of the United Verde 
Extension portion of the SUllJhide pipe. 

Of the twenty most ~roductive western metal mining districts, 
Billingsley and Locke in 1938,# listed eleven as having been bottomed, 
or thoroughly explored to the maximTh~ justifiable depth. Four, includ­
ing the J crome district, were listed as not having been bottomed. The 
Jerome district must now be deleted from this latter category. 

Production from the United Verde Extension ceased in 1937. 
Present production from the United Verde is largely from cleanup opera­
tions. Extensive exploration to a depth of 1500 feet below the ImV'est 
stoping level in the United Vurde mine has shovm this great sulphide 
pipe diminishing into roots that are almost negligible. 

Tho Jerome mining district is located on the northeasterly slope 
of the Black Hills in central Arizona with tho two principal mines, the 
Uni ted Verde and the United Verde Extension, close to the town of J orome . 
near the north end of the; district. Tho geology of the district has ooen 
described by several writers.-:-: Here it will suffi ce to review the more 
salient features ;,)ertaining to the environment of the; Ul ~ i . ted Verde sulphide 
pipe. 

-X-Copper Mining in North .ll"merica, U.S.B. H. Bull .. 405, p • .2-8. 
U.S. B.!' . Minerals Yearbook, 19L~. 

JL 
;)·P . Billingsley and A. Lacko, "Structuro s of Ore Dcposi ts in the Conti-

nental Framework". A.I.:en.E. Trans. 144, p. 9-64, 1941-

=Sce list of refcronccs. 
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G~OLOGY 

The geological record begins well back in pre-Cambrian time with 
a vast outpouring of volcanic material of widely varying composition. 
This has been termed the greenstone complex and includes much rhyolitic 
flmq and some fragmental material. Overlying this is the bedded sediments 
formation in which bedded volcanic t'Li.ffs and sedimentary material predomi­
nates. During a period of deformation the material was consolidated, 
folded, faulted and titled steeply to the northwest. 

Rhyolitic (Cleopatra) quartz porphyry wa.s then intruded as a 
large, somewhat tabular mass approximately along the gr;')cnstone-bedded 
sediments contact. The United Verde mori to followed .: n the · form of 
a tabular blunt-nosed expanding plug roughly on the quartz porphyry­
bedded sediments cor.tact. Often a remnant of the sediments was left 
between the porphyry and diorite. Locally the diorite ~lts across 
porphyry tongaes. 

A series of mineralizing solutions followed the intrusion of the 
diorite, coming up through the marginal zone of the quartz porphyry. 
These solutions were controlled by the concave configurations of the 
overhanging diorite and the schistosity and fracturing in the quartz 
porphyry. The United Verde sulphide pipe 'Vias formed by replacement of 
part of the remnants of the sediments and much of the quartz porphyry 
by SUlphides, quartz and ferruginous chlorite. After the formation of 
the sulphide pipe the region was subj ect to dynamic forces which resulted 
in major faulting. One of these. faults, the Verde, which strikes north­
""'festorly and dips to the east, resulted in the placement of the United 
Verde Extension orebody.. It is estimated that the vertica.l displacement 
on this fault in pre-Cambrian time was something like 2400 feet. 

Following a long period of erosion and peneplanation, the middle 
Cambrian (Tapeats) sandstone was deposited as a thin blankot (0-100 ft.) 
of ferruginous beach sand and pebbles which tended to ' fill the minor 
irregularities of the pre-Cambrian surface. Overlying the basal sandstone 
in the J crome area are from 300 to 500 feet of Devonian limestone, 300 
to 500 feet of Mississi9pian (Redwall) limestone, and from nothing to 500 
feet ?f red (Supai) sandstone and shale of Permian age. The deposition 
of each of these periods was preceded and follow'ed by periods of uplift 
and erosion. Later an outpouring of Tertiary lav8.s (Mal'.1a.is) formed a 
covering mantle. Damming of the Verde valley by the l avas and contempor­
aneous subsidence permitted the deposition of bV8r 2000 feet of impure 
while calcareous soidments (Verde fonnation). 

Pre-la"Jla erosion was evidently very active. A deep stream channel 
cut through the Paleozoic formations and partly e~~osed the gossan of the 
United Verde Extension segment of the sulphide pipe. This channel is now 
filled 'wi-f:,h Tertiary gravel and lava. 

After the outpouring of the Tertiary lavas there occurred a period 
of normal faulting which relatively uplifted the west side of the Verde 
Valley in the neighborhood of 5000 feet. The added displacement on the 
Verde Fault as indicated by the relative positions of the base of the 
Paleozoic formations in the vicinity oftha sulphide pipe measures 
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approximately 1600 feet. The upthrust block containing the lower, or 
United Verde mine portlon of the sulphide pipe, is bounded bY ,four 
normal faults. The Verde to the east, the Warrior to the vrest, the 
Haynes to the north, and the Hull to the south. Pos~ pre-Cambrian dis­
placement on the Haynes Fault was /500 feet, the Warrior Fault 200 feet, 
and a comparatively small amount on the Hull Fault. In addition to the 
pre-Cambrian movement on the Verde Fault some evidence exists that there 
was also pre-Cambrian moV'cment along the other three faults. 

The uplifted scarps of the principal faults were especially subject 
to erosion with the resultant exposul"e of a strip of 1lre-C81llbrian rocks 
paralleling the Verde Fault. ThE) proximity of the exposed ore zone to the 
fault scarp induced rapid erosion which resulted in a comparatively shallow 
gossan zone above the United Verde mine. The secondary copper foune in the 
fault zone and near the surface to · the east waG evidently transported from 
the top of the sulphi.de pipe during thi s period. 

SULPHIDE PIPE 

Localization 
The United Vorde mi.ncralized zone is located in the 1Ticinity of a 

change in the odginal trend of the greenstone-bedded sediments contact. 
(Seo page 4). To the south from the mineralized zone the contact is in a 
nearly north-south direction and is compaxatively regular. To the north 
the contact swings to the northeast and is very irregular and interfinger­
ing, also to the north ncar the ore zone, the bedded sediments show many 
sma.ll drag folds evidently related to the plane of weakness along the 
greenstone-bedded sediments conta·ct. ' This crumpling is more intense in 
the upper part of the mine than in the deeper levels. It is believed that 
the major structure is a large drag fold whiCh plunges steeply to the 
north-northwest, is more open with depth, and becomes progressively tighter 
and strongor with increased elevation. The attitude of the minor .drag 
folds .support this hypothesis. Much of the evidence along this contact 
ha.s been destroyed by the intrusi.on of the quartz porphyry and diorite. 
The form of these intrusives was affected ~J the steeply pitching folds, 
particularly in the case of the quartz porphyry. 

The porphyry shows a variable schistosity or parting that is 
believed to be tho result of differential pressure before the rock was 
completely solidified. The relatively local zones of more intense 
schiatosity 'were formed later. To the south and cast tho scristosity 
strikes west of north and dips to the east. Near tho mineralized zone 
it strikes in a broadly curving arc teDding to parallol thll surface of 
the over-riding' diorite. The variable sehistos:i.ty, vri th zones of greater 
shearing permitting greater penetration of minoral solutions, is responsible 
for the irregular footwall of tho mineralized zone. In (~en<'~ral the amount 
of shearing near the minc:ralized zone increases Tii th oLro-ation. 

The diori to cai11C in pushing upward and to tho northeast, and when 
it had e~)andcu sufficiently, v~apped around the bond in the porphyry 
cont2.ct. On the bottom levels the east diorite contact is in a north-south 
lino with a bulge or flare to the east ncar the north8rn part. Below' the 
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.3000 ft. level the contact dips to the east to parallel the schistosity 
of the porphyry. Above the .3000 ft. level, as the diorite expands, the 
dip is to the west or across the schistosity of the porphyry. As higher 
elevations are reached, the bulge to the east beCO i:1.eS progressively more 
prominent. In the middle levels it forms a gently curving arc, and in 
the upper part of the mine a point sw:Lngs to the south to form an inverted 
structural trough. (See plans and verti cal se ction). The plunge of the 
trout;h is northerly conforming to the general plunge or the axes of the 
minor drag ,folds in th8 sediments. 

~tinor Faults and Breaks 
The quartz pOrl)hyry ncar its margin w-J.th the di.orite is cut by an 

irregular branching pattern of fc:::.ults. In the UIner pert of the mine they 
ar8 either weaker or obscured by minerali.zation ~ l.nd arc hard to trace. In 
the lower part of the mine they can b0 traced ovor considerable distances. 
Thes8 faults ap~oar to have acted as a partial control for the mineralizing 
solut.ions. It is signifi cant that tho sulphide masses are on the hangingwall 
side of the broaks, or between the breaks and the diorit8. The solutions 
which formed the black schist pnnetratE:d t.o a certain extent into the foot­
wall side of th8 breaks, though cross breaks or fracturing associated with 
the cross breaks. These faults are presumed to have bC8n formed by the 
forces associated with the intrusion of the expanding diorite as it pushed 
or YITap'(.)cd e.rounct tho bGnd in tho porphyry contact. 

The principal breaks of this fault pattern strike northeasterly and 
arc found starting near the: diorite to the south and diverging from it as 
they skirt tho footwall of the sulphide with some branch8s sv'li.nging more to 
the east and others back toward tho dior:i.te. They dip to the northwest at 
a flatter angle than the diorite-porphyry contact and thus as higher eleva- ' 
tions are reached, th8 space between the breaks and the diorite increases, 
but still dip toward tho contact. (See verti.cal s(;3ction Page 6). 

A [le cond, less important series,· stri ke in a northwesterly direction 
and dip to tho northeast. In soveral places the b!.'eaks of this series appear 
to be responsible for tho locGlization of minernhzation in the quartz porphyry 
footwall. Breaks of this s eri3s also conform to t110 8outhwc:sterly boundary 
of the north811st portion of the main miner2.1izod zone. 

Faults of both series thrOYf out complicatod spurs .and branches. Tho 
breaks vary in width from a f ew inc11.88 to an much a.s two or three feet, 'With 
crushed rock , qunrtz, carbonate and gouge filling. 'rhey are locally, if not· 
usu.3,lly, mineralized with pyri.te rang:'Lng i'roi!l sG,rttcrec', crystals to streaks 
and patches. In a numbor of cases di!ws hcwc f cllovmd t,l'Jeso breaks. The 
faults are definitely oarlier than the intrusion of t h..:; dikes and the later 
minGralizl1tion and are h :: limred to be entirely pro-minerd. It is probable 
that tho forces wl:.ich produced theSG fl1Ults, fractured tho already schistose 

. porphyry located botweon the bro8.ks and the diorite thus forming a more 
favor tible host for ·tho miJlOrulizing solutions. 

Dikes --- Numerous n;,;.:..rly vertical dioritic dikes cut through tho orezono 
and surrounding rocks in a general east-west direction. In w:i.dth they 
gonerally vary from a fraction of an inch to about three fo ot. Hovlever, 
there nro a number six to eight feet wide, with exceptional cases of 
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greater vndth. In some places they are quite regular, in others 
irregular and broken. The increase in number and local bunching of the 
dikes, near copper bearing areas, is noticeable vath depth. A series 
of larger dikes starting near the 1500 ft. level cut through the sulphide 
mass rou~hly paralleling the diorite contact. With depth they pass towards 
the footwall of the mineralized zone and on the 3300 ft. level are almost 
entirely in the cl?lorite schist and porphyry. 

The smaller dikes are usually very fine grained and in places 
altered or partially altered. The larger dikes are usually fresh and of 
a coarser texture. Uost of the dikes appear to 'hav-3 been intruded 
following the principal stage of copper mineralizati.on, and before the 
later stages. There is a possibility that some of the dikes in the lower 
part of the mine arc older • 

Mineralization 
Tho United Verde mineralized zone consists of a very irregular 

pipe like body of massivG sulphide, quartz and mixed suJ ~'hide and rock 
vdth a steep north-northwesterly plunge. It is clearly of the schist 
replacement typo, 'with replacement of schisto1:lG quartz ~)orphyry and a 
part of the fringe of the bedded sediments. Replacement has b·.;en so 
complete that tho relative amounts of the t wo rocks cannot bo determined 
exactly, but the available evi.dence indicates that the porphyry was in 
considerable excess. Tho cross s0ction of the mineralized zono varies 
throughout tho mine . From the surface to the 1200 ft. lcvoJ.~ the horizontal 
crODS section averages about 250,000 sqUC1.rO foot. From this horizon to the 
1650 ft. levol it avorages about 500,000 square feet. From the 1800 to the 
3000 ft. level it averages a little over 400,000 square feot. From the 
3150 ft. level down, the total area decroases rapidly and at the 4500 ft. 
level it only totals 37,000 square feet, of which 9700 square feet is 
ma.ssive sulphide. 

The sulphide zone is limited to the north and west by the impervious 
diorite, and to the south and east by an irregular border of black chlorite 
schist. The most abundant primary gangue mineral is pyrite which makes up 
the great bulk of the sulphide mass. With i t arc associated large quantities 
of quartz, chlorite and dolomite. Chalcopyrite is by far the principal copper 
bearing mineral . Loss important associated l~tnorals arc sphalerite (marmatite), 
tennantite, bornite, galena and specularitq. The minerals of the oxide zone 
and zone of a secondary enricbmont have beon lncluded in (larlier reports and 

" 

arc not repeated here • 

Several stagGs of mincrCllization [l.re recognizod and are briefly 
described as follo;\l's~*': 

1. The first solutions followed the relatively '')ormiable shear 
zones in the porphyry adjacent to the ovorhanglnr; dior:i:'- :: , replaci.ng much 
of tho intervening porphyry and portions of tho fringe of bedded sediments. 
These solutions doposi ted largo qU8.nti tics of quartz with vc;ry minor quanti­
ties of pyrite and chalcopyrite. 

~<L. E. Reb8r, "Jerome District", Some Arizona Copper Deposits, Arizona 
Bureau of Mines Bull. 145, Pages L.l-65, Novomber, 1938. 



• 

• 

• , 
• 

8. 

2. Solut10ns of the second period deposited much pyrite with 
important quantities of marmatite, a little chalcopyrite and probably 
local quartz and dolomite. This . period is responsible for the major 
part of the sulphide zone and probably much of the zinc. 

3. In the th1rd period solutions working out from the footwall of 
the pyrite replaced large quantities of porphyry with a nearly black, high 
iron variety of ch~orite. 

4. The ·fourth period of mineralization was responsible for most 
of the commercial ore and consisted largely of chalcopyrite with minor 
pyrite and a little ' intergrO¥m marmatite and galena. The chalcopyrite 
appears to have favored the replacement of the chloritc> schist. 

5. Solut10ns of the fifth period brought in small quantities of 
. quartz , in part associated with bornite and probably other sulphides • 

6 • . The sixth period of mineralization was characterized by the 
depos ition of intergrown quartz and dolomite with associated chalcopyrite, 
pyrite, tennantite and sphalerite. These minerals are normally found in . 
the chlorite schist near its footwall contact with the poryhyry and most 
abundantly in the lower stoping levels. In this period mineral deposition 
by replacement was follmved by deposition in ·fractures and gash veinlets. 
This mineralization has added materially to the schist ore in certain 
localities. 

7. The latest phase of mineralization resulted in widespread de­
pos":. tion of quartz and dolomite vii th sparse pyrite in small veins and gash 
veinlets. 

The products of each succeeding phase of the mineralization cycle 
built up on the footwall of the previous phase, and while rock replacement 
was most important, some of the products of the preceding phase were nearly 
alwa.ys replaced. 

In the lower levels of the mine the diorite and bedded sediments 
. parallel the schistosity of the quartz porphyry and the orc zone consists 
of a few disconnected sulphide-schist lensGs. These lenses are in the 
porphyry ncar its margin. Ty,o of those are most significant. The lonse 
north of the bulge in tho diorite is most oxtensjve on the 4500 ft. level. 
It is a sulphide-schist lonse 280 feot· long by c!.bout 45 feet wide, with a 
tail stringing out to the north. Its cross section no .'.rly doubles by the 
time it reaches the 4050 ft. level, continues about th0 same to the 3750 
ft. level, and then decreases rapidly to pinch out under the expanding 
diorite just belmv the 3300 ft. level. The oro in this lense is limited to 
a cross section of 800 square fe8t on the 4500 ft. level, increases to 1300 
squa.re f eet on tho 3750 ft. lovel, them decreases rapidly above this horizon. 

Immediately south of the bulge in the diorite on the 4500 ft. level, 
opposite a rather sharp embayment in the contact, is a lense of quartz, 
sulphide and schist, 150 feet long by about 30 feet vnde. This lense ~akes 
sharply upward to tho south, incroases rapidly in size to the 3750 ft. level, 
continuos about the same size to the 3450 ft. level. It then decreases up 
to the 3300 ft. level with a part continuing above tho 2700 ft. level. There 
is very little copper in the massive sulphides in this lense. The copper ore 
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is in the chlorite schist localized along one of the bra.nching faults and 
separated from the massive sulphides by a band of quartz porphyry, or altered 
material, transitional between porphyry and chlorite schist. The principal 
ore body in this lense extends from the 3300 to the 2700 ft. level. There 
are other mineable bodies of limited size between the 3450 and the 3150 ft. 
levels. 

There is a small low grade irregular pipe-like lense of quartz, 
massive sulphide and mineralized schist associated with quartz-porphyry in a 
sharp embayment on the west side of the diorite. The material d,iffers only 
from that of the main ore zone in the presence of visible magnetite and 
pyrrhoti te. This lense pi nches out against the overhanging diorite above 
the 2700 ft. level. It plunges easterly toward the main ore zone, suggesting 
that it is a small branch 'comparable to the "north lense" • 

The intervening diorite makes the upper 9B.rt of the north lense a 
distinct branch or spur of the mineralized zone, 'while the south lense may be 
looked upon as an offset portion of the main ore zone with a vertical overlap 
of more than 1000 feet on the main sulphide pipe. 

On the 4500 ft. level, scattered schist areas with minor sulphide, 
underlie tho mai n sulphide mass. They Gxtend upward, become stronger .and 
make the bottom of tho deGpest element :)f the main sulphide mass, which comes 
in some distance below the 3750 ft. leval. Tho east clement extends from 
below the 3300 ft. lovel to join the main maGs ncar the 3150 ft. level; the 
south element, from below the 3150 ft. level to join t} jO mass near the 2850 ft. 
level. From the 2850 ft. level upY'Tard, the sulphide pipe is continuous. 

The start and upward oJq)ansi on of tho east element of the main sulphide 
body is r ': latod to a band of increased schistosity in ·the quartz porphyry, 
which grows progress1.voly stronger upward. This zone of schistosity, when 
combined with the control effected by the expanding bulge in tho diorite, 
accounts for the formation of the crescent sl1 aped sulphide mass in the middle 
'levels. As the diorite continues to expand and over-ride the porphyry, the 
mineralizing oolutions are progrGssively more confined until in the upper 
levols, the sulphide is nearly eliptical in form, with tho major axis almost 
perpendioular to the creseont. 

Copper. Since the copper mineralization appeared near the close of the 
mineralizing cycle, nlost of the ore occurs on the underside or footwall of the 
sulphide mass. In the lower horizons therE) are only minor spots. The copper 
mineralization becomes more eff ective as the higher elevations in the mine 
are reached, and on the 3300 ft. level, there are three mineable bodies and the 
bottom of a fourth. In tho lower stoping levels most of the copper is found ,in 
the chlorite schist. In the upp~ r levels t he amount of copper in the schist 
decreases and progressively more i s found in the n~ssivc sulphide. On the 
2850 ft. level the copp0r mineralization was more vn.desprcad than below, but 
the larger stopes are in the chlorite schist near the split in the sulphides. 
Above this horizon the are bodies become progressively more continuous and on 
the 2100 ft. level the ore rend is 15 to. 90 feot wide and 800 feet long. The 
flattening of the ovorhanging diorite permitted increased mineralization near 
the 1800 and 1650 ft. levels. In the upper horizons of the mine tho heavy 
pyrite sta.go of mineralizati on left unreplaced stringers of rock extending far 
out into the sulphide. Thus with the more constricted diorite trough and a 
more int8ns0 zone of shearing in the porphyry, the heavy chalcopyrite mineral­
ization penetrated noarlyto tho diorite hangingwall, as well as extending far 
out into .thG quartz porphyry footwall. 
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Zinc. As already stated most of the zinc is associated with 
the principal stage of pyrite deposition before the signi.ficant copper 
deposition. It is found in the m.a.ssive sulphide betV'Teen t he zone of 
COp1Jer deposition and the diorite hangingwall. The greater concentra­
tion of zinc is found in the upper levels with scattered spots down to 
the 3000 ft. level. Below this, relatively high zinc values are limited 
to part of the north sulphide lense between the 3750 and the 45qO ft. levels. 

Development of the low grade zinc ore disclosed that it is quite 
irregular and discontinuous. Much of the best of the zinc has· ei.ther been 
removed in the open pit op~ration or is involved in the general mine 
subsidence. The intimate mineralogical composition indicates a difficult 
metallursical separation . These factors combine to preclude any present 
pos si bili ty of corrunercial zinc produ ction from tl ~e Unit .::d Verde mine • 

Precious Metals. The best primary gold and silver values are 
associated vvi th relatively siliceous matGr;i.al. A number of the massive 
sulphide copper ore bodies terminate in siliceous material, with relatively 
high gold and silver values. There are also localized gold-silver values 
in the comparatively nar row transition zone betwe8n lean sulphide and 
quartz. The averag8 ores carry in the l1(:dghborhood of .015 ounces of 
gold per ton and a little over an ounce of silver. Increased gold may 
go to as much as ,10 ounces and silver to two OT three ounces. Occasionally 
much higher values have been f ound. Silver aV8raging about two ounces is 
found in schist ores with comparatively abundant tennantite. 

Chlorite Schist. In th8 up7)(;!r and middle levels the preponderance 
of the chlorite schist is nearly. pure ferruginous chlorite and almost black 
in color. In the lower stoping levels and progressively below, the amount 
of materi al that is transi ti.~:mal between the quartz porphyry and the chlorite 
schist continues to increase. There arc sizeable aroas where it is nearly 
impot>sible to tell whether chlorite schist or porphyry predominates. It 
is probable that in the lower horizons the paths of t he mineralizing solu­
tions wor0 more scattered and hence much of the porphyry 'Nas only partially 
replaced. In the middlE) and uppal' levels, structural conditions led to a 
greater concentration or localization. Thero is a progressively marked 
lessening of' the amount of chlori to schist dovoloped on each of the succed­
ing levels from .the 3300 ft. lovel down. 

Quartz. The large masses of quartz found underlying the diorite 
hanging't'Tall are norinal1y quite dense and commonly jaspqry in texture. 
It is suggested that this earlier quartz assisted in r rndering the hanging­
wall impervious. Other quartz massos are found t,b.row>:mt the sul?hido. 
In general, as the diori to contact is approached, tho ~lmount of quartz 
incroases. On the bottom development levels, there is a notable increase 
in tho amount of quartz as compared to the beavy sulphide. J asPGry quartz 
lenses, varying from a f'r <. ction of an inch to S\')veral feet in thickness, 
are often found in tho quartz, porphyry underlying the sulphide rna.ssos and 
in shear zones adje.cent to some of the minor faults. These lenses aro 
usually mineralized with scattored pyrite and a very little chalcopyrite. 
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ORIGIN AND CONTROL OF MnnRllLIZATION · 

General Imowledge of meta.lliferous ore deposits makes it prac­
tically certain that the United Verde sulphide pipe was formed by 
soluti ons related to igneous rocks or an igneous magma reservoir, though 
the particular magmatic source to which the mineralizing solutions owes 
their ori&,"t n is specula.tive. The location of the J erome district with 
respect to the Bradshaw granite area to the s.outh and southwest, and the 
granitic areas to the west and northwest, makes the Bradshaw granite magma 
the most plausible source of the mineralizing solutions .~t 

It appears that the mineralizing sol utions were introduced through 
the same channel or zone along 'which the quartz 1)orphYl'Y and diorite were 
intruded. As the north end of the diorite cont:i. ' lues to recede to the south 
with depth, it exerts less and less control on the deposition of the solu­
tions. There is overy indication that at some depU1 below the 4500 ft. 
level the mineralizing solut i ons were introduced along a nearly north-south 
striking shear or break that is on or close to the bedded sediments-quartz 
90rph~J cont~ct. 

I' 

It is b'3J.ieved that the breaks of the minor fault pattern related 
to the in.trusion of the diorite, wore most significant in the control of 
the mineralizing solutions between the postulated major break at depth 
and the zone of effective mineral deposition. Various unfavorable f actors, 
such as the weakness or fluidity of solutions, tightness of channels" 
a.nd lack of tho da.'ll!Iling effect of the overhanging diorite, prevented more 
than a limited amount of depositi.on in tho botton levols of tho mine. 
WIth incroased elevation the morc sheared and f ractured porphyry, coupled 
v.r.L th the changing com;!os :.i.tion of tho soluti.ons, and the incroased damming 
effect of tho diorite perm::.ttod more and more material to be doposited. 
The diorite , the fringe of sediments and the earlier quartz, combined to 
ferm a darn that was impervious to the later phases of the mineral solutions. 
The changes in the contour of the diorite, thE:: variabl e degrcG of schistosity 
in the porphyry, and the habit of the br;;aks all combined to effect changes 
in the form of the mineralized zone so t hat no two l ovels are the same. 

D~EP LEVEL EXPLORATION 

When underground operations wore TGsurned in 1937 as tho open pit 
was being completed, tho lowest stoping was on tho 2550 and 2700 ft. levels, 
the 2850 and 3000 ft. levels were only part· ally d8velo .]d, 2nd drifting had 
just been started on the 3300 ft. l evel. The nuc.:lssi.t;: f or addi tional ex­
ploration was apparent if the proposed mining 8ch0duloo were to be maintained. 

Preliminary dri fti ng on ·tho 3000 ft. lovel was completed, . and the 
heading on tho 3300 ft. level was being continued along tho sulphide-schist 
contact. An extensive diamond drilling program on the 3000 ft. level 
indicatGd D. decrease in tho arGa of mineablo ore as compared to the levels 
im.rnediatGly above. As the 3300 dri.fting pr ogrossed , attendant drilling 
soon indicated an apparent breaking up of the sulphide mass, with con­
spicuously little copper mineralization. This sug~:estcd tho possible 
termi nation or bottoming of th() sulphide pipe. 

~~L. E. Reber, op . cit. 
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An intensive exploration and development program was essential 
to delineate mineable are areas below the 3000 ft. level and to determine 
whether or not the ore zone bad definitely bottomed. A study of geological 
data i ndicated the split in the sulphide mass as the most favorable location 
for a ·development shaft . A new shaft was necessary because the existing 
shafts were at an excessive distance from the r.1ineralized 30ne and because 
the hoisting equi,mcmt was inadequate for dovGlopment at the des] rGd depths~ 
The new, No . 8 Shaft, was started from the 3000 ft. level in September 1939, 
and completed at the 1 .. 631 it . level in Au gust 1942. 

Exploration levels ·were establiskJd on the 3450, 3750 and 4500 ft. 
l evels and lat(; r an inter mediate on tho 40 50 .ft. l evel. The GxtEmsi ve 
dovelopment and the aroas pro31:'c cted on the 31.50, 3750 and 4500 ft. 18vels 
arc shawn on pages 16,17, and J.r.~ . Dov'-llopmcnt from J ,"nuary 1940 , to 
October 1<)46, hasincludod 10 , 230 f8et of drift f'; , and early 17 miles of 
diamond drilling. The No . 8 Shaft exrloratory ~jro gr8J1l will be co:npletod 
early in l CiI.7 at n total cost of approxiiTIat,ely ~l , OOO , OCO . 

The elevati on of the 4500 ft. l evel is 1030 foot above sea level. 
Rock tOffine rat·J.r cs cncount;:r od as the development h0adi.ngs on this horizon 
were bei~g 8xt(~~lCIGd YlGTC 1100 F . 

CON CI,USI ON 

It is believed tr!.Cl.t the great United Verde sulphide pi.pe has bottomed, 
that an extonsiv\..! explor ation ~rogl'wn was entirely j1Jstifiod , and t b.at it has 
bocm di1i gontly carried out. ProbC'.bly tho ono outstc:.nding feature of the 
wholo eXl)lorati on progr am has benn the successi.on of negat.ive results ob­
tained . Tho m~~ nor spots of T!lincro..Hzed material encountered arc a part of 
t ho progresoive breaking up and .chminuti on of minoralization below the 
2400 ft . l evel. '1'he pr\3scnt exploration prog-.carn has included a vastly 
extended D.l'oa for a verti cal distunco of over 1 500 f eet bol ow tho lowest 
stoping horizon V'ri.th essentially nogati.vo r esult s. Tho ch<.mces eTC exceed­
inGly remote for a chan2;e :i.n structural condi tjODEi y,hich ·would pe rIPJ.t the 
deposition of mineral Sol11tions at fjOme de opel' horizon . 

Mi~ing opel' ,tions aro now ess:mt ia11y confined to tho cleaning up of 
o:ce in the vertical B.nd horizontal pillErs 10ft by earl:iGr mining, to remnants 
around the bordors of existing stopos, al}d the com:Jletion of a fow open stopes· 
on tho 3150 and 3300 ft. l eveJs . T~1e combin':ld. sOgr:tcnts of tho Uni tod Vordo 
sulphide pij,.~c, (United Vorde and Uni tod V 0rdo E:;{i',ci1:3io'" ~ , have ~)roduced 
3/+,550,000 tons of ore f rom 'I'Thi ch har:: b j Cl1 oxtr I:teri ~J ., ')51 , 000 , 000 pounds of 
copper , 53, 420 , 000 ounces of silver , and 1,1+62 , I)CO OUIiI ,e:J S of eold. 'l'lLi..s vast 
oro zone, with OY8r sixty yuars of activo pI' ocluctivit.y, C.:ln now bo said to 
bo effectivoly bottomed . 
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Mt Isa - reconstruction of a faulted ore body 

By D. DUN NET 

Anaconda Australia Inc., Mount Isa, Queensland, Australia 

A major geological problem in the Mount Isa District is the significance of the flat 
greenstone contact which underlies the copper ore bodies at the Isa Mine. Recent 
structural studies have shown this surface to be one of a set of curved normal faults which 
flatten in depth and are termed spoon faults. 

Displacement on the spoon faults ranges upward of 2 km and total extension for the 
spoon fault domain exceeds 80 km. The domain is bounded by tear faults of which 
the Mount Isa fault is an example. 

Reconstruction of the spoon fault domain gives insight to the sedimentary basin which 
originally included the Mount Isa ore bodies. The reconstruction indicates Isa and 
Hilton to be two faulted parts ofthe same ore basin and probably of the same ore body. 
It also strongly suggests a central concealed part to occur between Isa and Hilton. 

The extreme extension of the spoon fault domain coupled with the thick basic 
volcanic section suggests that the domain represents an ancient zone of crustal tension 
initiated by shear along a curved cratonic boundary. 

INTRODUCTION 

One of the major problems confronting Australian mine and exploration geologists and those 
interested in base metal sulphide genesis is the significance of the greenstone' basement' which 
underlies the Mt Isa ore bodies. The stratiform lead-zinc and copper lodes of the Isa mine dip 
steeply westwards terminating abruptly against basic volcanics and arenites on an irregular, 
low angle surface (figure 1). This plane has been variously referred to as an unconformity, an 
intrusive contact or a fault. The most reasonable interpretation is a low angle fault which dis­
places the down dip extensions of the ore bodies. With such a large, faulted and concealed 
target as incentive, Anaconda Australia personnel have directed their attention to a structural 
synthesis of the Mt Isa area in recent years. 

This paper is a synthesis of results from considerable regional and detailed field work under­
taken by staff geologists between 1969 and 1973. The author devoted over twelve months to 
mapping and analysis of information specifically to determine the geometry of faulting and to 
test if a concealed, faulted segment of the Isa ore body did exist. 

STRATIGRAPHIC SETTING 

The regional geology of the Mt Isa District has been described by Carter et al. (1961) and 
more detailed descriptions have been given by Carter (1953), Murray (1961), Bennett (1965, 
1970), Smith (1969) and others. 

The Middle Proterozoic (Carpentarian) sequence which includes Mt Isa rests uncomfortably 
on Lower Proterozoic crystalline rocks. The Carpentarian rocks are essentially unmetamor­
phosed and consist of four major units. A basal arenite sequence, the Mt Guide quartzite, is 
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overlain conformably by a sequence of interbedded arenites and tholeiitic basic volcanics 
termed the Eastern Creek Volcanics. A third sequence of quartz sandstone, siltstone and 
conglomerate termed the Myally Beds, locally and unconformably overlie the volcanics. 

The upper unit consists of siltstone shale and thinly bedded, fine-grained dolomitic sediments 
which unconformably rest on either the Eastern Creek Volcanics or Myally Beds. In the vicinity 
of Mt Isa, this sequence is termed the Mt Isa Group where it locally contains a formation of 
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FIGURE 1. Relation of the basal fault to the ore sequence at Mt Isa. 
Compiled from information released by Mt Isa Mines Ltd. 

carbonaceous shale, potassic tuffite, dolomitic siltstone, framboidal pyrite and the base metal 
sulphides of the Urquhart Shale. The Mt Isa Group ranges in thickness from some 3600 m at 
Mt Isa to less than 2000 m at the Hilton Mine, 20 km north of Mt Isa. Rocks of the Mt Isa 
Group form the top of the preserved Carpentarian sequence in the area. They are believed to 
occupy an isolated basin, but are loosely correlated with the Gunpowder and Paradise Creek 
formations to the northwest (DeKeyser 1958) and the Surprise Creek beds and Corella Forma­
tion to the northeast and east. 
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FIGURE 2. General geological map of the Mt Isa spoon fault domain. 
Data derived from Carter et al. (1961) and additional field mapping by the author. 

BASE METAL DEPOSITS 

The Isa Mine has proven reserves of 57 million tonnes of lead-zinc ore in laminate beds which 
form a number of discrete stratiform lenses interbedded with low grade pyritic shale. The lenses 
are separated spatially from the huge copper lodes, with reserves in excess of 142 million tonnes 
of 3 % copper ore which occur down dip from, and are both laterally equivalent to and imme­
diately above the lead-zinc lodes (figure 1). The copper lodes occur within a sheath of 'silica­
dolomite' - a crystalline dolomite with associated fractured and siliceous shale. 

Two other major lead-zinc deposits are known in the region. The Hilton Mine about 20 km 
north of Mt Isa occurs in the Urquhart Shale, and Lady Loretta, situated some 100 km to the 
northwest of Mt Isa (figure 2), which lies within the Paradise Creek Formation. 

A major copper deposit is being mined at Mammoth and copper occurs near Lady Loretta 
and Mt Oxide. No significant copper is known at Hilton. Recent information released by Mt 
Isa Mines indicates significant deep extensions to the copper at Mt Isa. These extensions, 
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termed the 3000 ore body by Mt Isa Mines Ltd, will be shown to equate with the faulted central 
portion of the ore basin, termed Isacon in this paper. 

Most workers now concede that the lead-zinc deposits are exhalative-sedimentary, but the 
origin of the copper remains enigmatic. Some authors believe the copper is also syngenetic, 
though modified by local tectonics (Solomon 1965; Bennett 1970). Bennett (1970) considers 
the silica-dolomite to be a shallow water facies of the lead-zinc bearing shales which includes 
recrystallized algal mats or reefs forming against an active pene-contemporaneous fault line. 
The algal activity would have controlled the Eh-pH environment to cause exclusive precipita­
tion of copper as distinct from lead-zinc in the deeper water shale environment. 

Others, notably Murray (1961) and Cordwell et at. (1963), support a separate, epigenetic 
origin. Conclusions from recently published geochemical investigations by Smith & Walker 
(1971) suggest copper may be derived, together with other elements, from the deeply leached 
greenstones beneath the ore bodies. 

The following analysis suggests a primary exhalative-sedimentary origin for all the base 
metals in a symmetrically zoned Py-(Pb-Zn-Ag)-Cu ore basin. Pore fluids associated with the 
movement on the fault separating Hilton and Mt Isa are believed to extensively recrystallize 
and locally redistribute the copper ore and associated silica-dolomite. 

STRUCTURAL ANALYSIS 

The Mt Isa region has undergone a long and complex structural history. The density of 
faulting is clearly shown on published maps and, in particular, on the excellent set of 1: 100000 
maps recently available from the Bureau of Mineral Resources. 

Analysis of such a complex, heterogeneous fault pattern can be attempted by grouping rela­
tive ages, orientations, style, sense and magnitude of movement. This has been attempted pre­

viously by Cordwell et al. (1963) with limited success. Smith (1969) demonstrated normal and 
rift faulting contemporaneous with sedimentation. Neither author undertook analysis of faults 
on the basis of style and magnitude. 

Where all minor faults are ignored and faults with displacement in excess of 1000 m only 
are considered, a relatively simple picture emerges (figure 2). A regional anticline, plunging 
60° north is repeated in a number of fault blocks for over 160 km north of Mt Isa. 

The Isa and Hilton ore bodies occur within separate fault blocks, but in similar positions on 
the 60° west dipping limb of the regional anticline. 

Each fault block is bounded by a curved fault plane which cannot be followed clearly to the 
east, but progressively merges westwards with one of two major bounding faults. The Mt 
Gordon fault is a complex zone of brittle failure, whereas, the Mt Isa fault is a ductile shear 
zone. Both structures are tear faults with displacement on the Mt Isa fault ranging from zero 
to over 4000 m down throw on the eastern side. The Mt Gordon fault separates the relatively 
undeformed Paradise Creek domain from the Mt Isa domain. In the east, the Gorge Creek 
fault similarly separates the basement 'tectonic welt' from the Mt Isa domain. 

The curved cross faults are commonly quartz-filled and brecciated with marginal quartz­
fibre filled extension gashes, which would suggest tensional structures. Fault plane dips are 
difficult to determine, but generally are moderate to steep southerly. Locally (in the Paroo 
Range area), the fault bounding block 4 (figure 2) dips shallowly (15-40°) south. Stratigraphy 
indicates normal fault displacement. 
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The faults have a strong curved trace in plan. It will be shown that despite their steep surface 
dips, they must be curved in section to flatten with depth and, thus, can be termed spoon faults. 
The spoon shape is the general form of failure in land slides and is common in the basin-range 

normal faulting of Nevada (Proffett 1971). 
Sediments between the spoon faults are weakly to moderately cleaved except adjacent to 

the bounding faults. The relative lack of cleavage indicates an absence of strong compressive 
strain across the spoon fault domain (Dunnet 1969). The open folds with consistently steep 
north plunges (60°), despite weak internal deformation, suggest substantial rotation of the fault 
blocks. These observations are important in defining a mechanism of faulting. 
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FIGURE 3. Southern part of the map area of figure 2 showing major fault blocks expanded to produce a tectonic 
profile of the regional anticline. Distance between fault blocks greatly exaggerated. 

STRUCTURAL RECONSTRUCTION 

Any attempt at reconstruction of the unfaulted sedimentary sequence and calculation of 
displacement on the spoon faults requires establishment of points common to adjacent fault 

blocks. 
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The surface plans of the southern seven fault blocks (1-7, figure 2) are shown in figure 3, 
where each block has been relocated in space to produce a tectonic profile viewed along the 
major anticline. Each block has the form of a serial section through the relatively unfaulted, 
but internally deformed sedimentary pile. 

The continuity of features from one block to the next is strikingly apparent in this diagram 
and supports the hypothesis that the spoon faults bound narrow fault slices which dip shallowly 
to the south. 

The pinch-out of Myally beds on the unconformity at the base of the Mt Isa Group is a line 

recurrent in blocks 1, 3, 4 and 6. This pinch-out lineation plunges approximately 600 NW in 
each fault block. The lineation is known to be formed by a pene-contemporaneous fault bound 
margin to Myally sedimentation in macrolithon 1 (Smith 1969) and, thus, prior to spoon fault­
ing, it can be assumed a continuous, approximately straight linear element through the sedi­
mentary pile (1-7). 

CRYSTALLENA 
BLOCK 

ISA MINE HILTON MINE 

o MT ISA SHALE UNDIFF. I --~c l PYRITE FACIES ~ COPPER FACIES 

EASTERN CREEK 
VOLCANICS UNDIFF. Ftl LEAD-ZINC FACIES ~ 

I~--------~~~--------~I 
Diagrammalic 

@ MACROUTHON NUMBER - MACROUTHON BOUNDARY FAULT 

SILICA - DOLOMITE 

------ GEOLOGIC BOUNDARY 

FIGURE 4. Geological long section between Mt Isa and Hilton showing the 
three slices of the ore body. 

Reconstruction of the lineation to a continuous line element necessitates a north-south dis­
placement direction. The observed horizontal offsets of such a steep plunging lineation requires 
displacement on shallowly south-dipping fault planes. 

This general reconstruction shows that the dolorite bodies in blocks 1, 3,4, 6 and 7 are prob­
ably not separate sills, but faulted slices of the same sill. 

The most striking deduction from the reconstruction is that the Isa ore body in block 1 is a 
faulted part of the Hilton ore body in block 3 or at least that they are two ore bodies originally 
in very close proximity to one anotheL It must be concluded also that if Isa and Hilton were 
continuous, a totally concealed ore body slice, termed Isacon, exists beneath block 1 in block 2 

between Isa and Hilton. 
The striking similarity between lead-zinc ore stratigraphy at Hilton and at Isa, described by 

Bennett (I970) and Mathias et al. (1971), strongly supports not two separate ore bodies, but 
two faulted slices through the same huge base metal deposit. 
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A unique solution for the position of the concealed Isacon ore body can be obtained with 
reasonable accuracy. A dyke common to blocks 1 and 2 is shown on Bennett's (1965) map in 
the area south of Lake Moondara (figure 3). The triple plane intersection of this dyke with the 

basal Breakaway Shales and the spoon fault plane is a unique point in each fault block. Horizon­
tal displacement of this point in block 1 relative to 2 is approximately 2000 m in a north-south 
direction. Because of the steep plunge of the dyke-bedding intersection, this solution is relatively 
independent of the dip of the spoon fault plane. The displacement sense and direction is con­
sistent with that deduced from the pinch-out lineation solution. 

Thus, Isacon should be some 2000 m north of and beneath Isa. A deep intersection of the 
no. 14 lead-zinc ore body at 12000 N on the Isa Mine grid, some 2000 m north of the last 
known no. 14 lode position, is believed to be part of the Isacon slice. Current deep diamond 
drill intersections of copper ore in the 3000 ore body beneath and north of the Isa Mine are 
also believed to be faulted extensions of the 1100 ore body in block 2. 

THE SHAPE AND ORIENTATION OF THE BASIN 

The argument presented below suggests that the ore in the three fault slices of IsaJIsaconJ 
Hilton represents the major portions of an original continuous ore body. The present position 
and geometry of the ore is shown diagrammatically in figure 4, a long section between Isa and 
Hilton. 

Reconstruction of this configuration to the original deposition orientation requires three 
discrete translations. 

1. Reconstruction of the fault slices to obtain a sub circular ore body. 
2. Rotation of the regional anticline plunge to a subhorizontal attitude. 
3. Rotation of the anticlinal limbs to a subhorizontal position to 'unroll' the regional 

anticline. 
This procedure is an approximation of a probably continuous deformation event and does 

not account for internal strain during deformation. It indicates, however, that the current 
surface of Isa was originally the southern or southeastern margin of the ore body. 

In the upper levels of Isa, individual lead-zinc ore lenses tend to culminate, which suggests 
the present ground surface is close to the original southeastern margin of the ore basin. 

The Isacon slice has not been eroded and probably represents the rich, thick core to the basin. 
The thickness of block 2 is some 1000 m at ground level, and assuming this thickness continues 
at depth, the possible volume of ore in Isacon can be very substantial indeed. 

Very little information has been published on the shape of the Hilton ore body. Bennett 
(1970) implies a gradation from silica-dolomite marginal lithologies at Hilton into lead-zinc 
lodes and probably into pyrite facies with depth. Mathias et al. (1971) refers to the strong similarity 
between ore lenses 1 to 3 at Hilton and the Black Star lodes (1- 5) at Isa as distinct from lenses 4 

through 7 at Hilton which resemble the Racecourse (6-14) lodes at Isa. The thin enclosing 
sedimentary sequence at Hilton relative to Isa (Mathias 1972) and lack of known ore in block 4 
suggest that, at depth, Hilton will merge into pyrite facies of the nothwestern basin margin. 

Low grade disseminated copper mineralization occurs at the Hero prospect in block 5 
(figure 3). The copper occupies a fault breccia and the matrix of a fault scarp conglomerate 
in a sequence which apparently represents the thin marginal sandy facies to the Mt Isa ore 
basin. The mineralization is associated with alkali-rich hydrothermal alteration and may be 
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a vent for hot springs feeding brine to the ore basin. No other ore source has been recognized to 
date. 

Thus, the total reconstructed IsaJIsaconJHilton ore basin is believed sub-circular and some 
4000 m in diameter. Copper lodes and copper beds tend to occupy the centre and top of the ore 
basin, with surrounding and lower silver-lead, zinc and marginal pyrite beds. This reconstruc­
tion of IsaJIsaconJHilton conforms to the general basinal geometry of Sullivan (Freeze 1966) 
Meggan (Ehrenberg et al. 1954) and Rammelsburg (Kraume 1960). 

UNFAULTED ORE BODY 

fAULT 

SPOON FAULTS 

TENSIONAL 
FAULTS 

FIGURE 5. Representation of faults in the spoon fault domain initiated as tensional 
normal faults which progressively rotate due to extension at depth. 

MECHANISM OF FAULTING 

The consistent 60-70° north dips and plunges on bedding and folds in each fault block gives 
insight to the mechanism of spoon faulting. Bedding can be assumed sub-horizontal before 
faulting and is thus rotated during faulting. The consistent curved nature of the spoon faults in 
plan is probably reflected in section so that faults flatten with depth and merge with a decolle­
ment where deformation is more ductile (figure 5). A number of deformation mechanisms could 
fit this picture and could be analysed as shown by Ramsay & Graham (1971). However, the 
generally small magnitude of compressive strain within fault slices indicates a discontinuous 
simple shear model is applicable as a first approximation. The fault planes are initiated steeply 
in tension, but as extension proceeds, they become shear planes such that the blocks passively 
rotate and bedding becomes progressively steeper. This model requires considerable reduction 
in crustal thickness between the tear-type domain boundary faults analogous to the Mt Isa 
and Mt Gordon faults. 

DISCUSSION 

A mechanism involving large extensions in the crust has been shown to markedly effect the 
Carpentarian rocks at Mt Isa. The extension domain is separated by sigmoidal faults from a 
domain of minor deformation to the west and one of major ductile deformation to the east. The 
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deep seated nature of the extension domain structure is indicated by the localization of a thick 
sequence of basic volcanics within the extension zone. The occurrence of a major base metal 
deposit in this domain cannot be considered fortuitous and both the plumbing for ore solutions 

and the establishment of euxinic deposition sites is a direct consequence of the movements. 
The sygmoidal nature of domain boundary faults is indicative of a faulting mechanism. A 

shear couple acting along these faults will produce tension in the crust in the region of boundary 
fault curvature. There is evidence of markedly different physical properties in the two bounding 
domains, in their regional gravity patterns, structural and metamorphic styles and degree of 
igneous intrusion. The western Paradise Creek domain is part of the North Australian Protero­
zoic platform, whereas, the Tectonic Welt and Cloncurry Belt to the east have characteristics of 
a mobile belt. The shear and separation is thus believed to have localized along a primitive 
plate boundary and at a triple junction site. This is discussed more fully in a companion publi­

cation (Dunnet 1975). 
The tectonic process outlined above gives a ready mechanism for remobilization of copper 

adjacent to the spoon faults. Movement can only be maintained on such flat faults where the 
pore fluid pressure is high. In this environment suitable for pressure solution, moderately 
elevated PIT conditions will permit carbonates, silica and copper sylphides to be readily 
soluble and be redistributed along the fault plane. 

Such a mechanism does not uniquely define the origin of the copper. The 1100 are body of 
Isa has moved over at least 2 km of greenstone and probably much more. The movement 
would allow a progressive solution and recrystallization of primary copper bearing 'silica­
dolomite'. It would, equally, permit progressive replacement of primary pyrite by more chal­
cophile copper leached from the greenstones. Either mechanism could account for the 
greenstone leaching observed by Smith & Walker (1971). 

In a recent paper, Jolly (1974) presented a model for leaching of copper from Keewanawan 
volcanics during low grade metamorphic dehydration reactions and migration of copper rich 
fluids to lower temperature environments. Such reactions in the Eastern Creek volcanics would 
make copper bearing fluids available along fault planes to the sedimentary environment 
during deposition or during faulting of the Mt Isa are basin. The thermal gradient around the 
late tectonic granites (Sybella granite) may localize dehydration reactions and fluid migration. 

Future work must show whether greenstones along the displacement path of the Isa and 
Hilton ore bodies show higher grade, dehydrated mineral assemblage and metal leaching not 
observed elsewhere in the region. 

In view of the presence of copper in similar stratigraphic positions at Isa and Hilton and the 
hydrothermal mineralization at Hero, the author tends to favour a synchronous exhalative sedi­
mentary origin for the copper and lead-zinc mineralization from fluids of metamorphic 
dehydration origin. 

Considerable credit must go to the Anaconda Company former chief geologist, John Hunt, 
who initiated the search for a concealed Mt Isa and my associate, Gorol Dimo, whose enthusiasm 
assisted in the solution. 



342 D. DUNNET 

REFERENCES (Dunnet) 

Bennett, E. M. I965 Lead, zinc, silver and copper deposits of Mt Isa. Ceology of Australian ore deposits, 2nd ed. 
(pp. 233-246). Melbourne: 8th Comm. Min. Met Congo 

Bennett, E. M. I970 History, geology, and planned expansion of Mt Isa Mines properties. World Symposium 
on Mining and Metallurgy of Lead and Zinc, vol. 1. American Institute of Mining Engineers. 

Carter, E. K., Brooks, J. H. & Walker, K. R. I96I The Precambrian mineral belt of northwestern Queens­
land. Bur. Min. Res. Aust. Bull. 61. 

Cordwell, K. S., Wilson, G. L. & Lord, J. H. I963 Geology of the area south of Mt Isa and its application to 
the structural control of the Mt Isa ore bodies. Proc. Aust. Inst. Min. Met. 206, 29-62. 

Cox, K. G. I970 Tectonics and vulcanism of the Karroo Period and their bearing on the postulated frag­
mentation of Gondwanaland. African magnetism and tectonics. London: Oliver & Boyd. 

Degens, E. T . & Ross, D. A. (eds.) I969 Hot brines and recent heavy metal deposits in the Red Sea. Berlin: Springer­
Verlag. 

DeKeyser, F. 1959 Geology and mineral deposits in the Paradise Creek area, northwest Queensland. Bur. Min. 
Res. Rec. 1950/100. 

Dunnet, D. 1969 A technique of finite strain analysis using elliptical particles. Tectonophysics 7, 117-136. 
Dunnet, D. 1975 Some aspects of the Panantarctic craton margin in Australia. Phil. Trans. R. Soc. Land. A joint 

pub. with this paper. 
Dunnet, D. & Moore, J. McM. 1969 Inhomogeneous strain and the remobilisation of ores and minerals. 

Meeting on remobilisation of ores and minerals. Cagliari, Sardinia (pp. 81- 100). 
Ehrenberg, H., Pilger, A. & Schroder, F. 1954 Das Schwefelkies-Zinkblende-Schwersplatlager van Meggan, 

Westfalen. Amt. fur Bodensfarschung. 
Farquharson, R. B. & Wilson, C. J. L. 1971 Rationalization of geochronology and structure at Mt Isa. Econ. 

Ceol. 66, 574-582. 
Freeze, A. C. 1966 On the origin of the Sullivan ore body, Kimberly, B.C. Can. Inst. Min. Spec. Vol. 8, 263-294. 
Jolly, W. T. 1974 Behavior of Cu, Zn, and Ni during Prehnite-Pumpellyite rank metamorphism of the 

Keweenawan basalt, N. Michigan. Econ. Ceol. 69, 1118- 1125. 
Kanasweitch, E. R. 1968 Precambrian rifts; genesis of stratabound ore deposits. Science, N. Y. 161, 1002-1005. 
Kraume, E. 1960 Stratigraphic and tektonik der Rammelsberger erzlager. Ziet. Erz. and Metall. 13, 7-12. 
Mathias, B. V., Clark, G. J., Morris, D. & Russell, R. E. 1971 The Hilton Mines, N.W. Queensland; A Pre-

cambrian stratiform silver-lead-zinc deposit of the Mt Isa type (abst.). Proc. 12th Pacific Sci. Congo 
Murray, W. J. 1961 Notes on Mt Isa geology. Proc. Aust. Inst. Min. Met. 197, 105-136. 
Proffett, J. M. I971 Nature, age and origin of Cenozoic faulting and volcanism in the Basin and Range Province. Unpub. 

Ph.D. Thesis, Berkeley, California. 
Ramsay, J. G. 1967 Folding andfracturing of rocks. New York: McGraw-Hill. 
Ramsay, J. G. & Graham, R. H. 1970 Strain variation in shear belts. J. Earth Sci. 7, 786- 813. 
Smith, W. D. 1969 Penecontemporaneous faulting and its likely significance in relation to Mt Isa ore deposi­

tion. Ceoi. Soc. Aust. Spec. Pub. 2, 225-235. 
Solomon, P. J. 1965 Investigations into sulphide mineralization at Mt Isa, Queensland. Econ. Ceol. 60, 737-

765. 

Discussion 

P. F. WILLIAMS (Geology Department, University of Lieden, Holland). I accept Dr Dunnet's 
interpretation of the geometry of thc faults of the Mt Isa region and in fact proposed the 
same geometrical interpretation in a report to Mt Isa Mines Ltd in 1971. However, I cannot 
accept the remainder of Dr Dunnet's structural interpretation. 

Within his central domain there are folds with an axial plane cleavage that are locally tight 
to isoclinal. These folds vary in orientation and are refolded by a second generation of northerly 
plunging folds. This history is best demonstrated in the field but can also be seen on the 
'Geological map of Mt Isa district' (Battey 1962). 

East of the Mt Isa Fault the map shows two large folds; a synform, with its axial plane trace 
passing through Mt Isa, and an antiform which exposes basement rocks along the eastern side 
of the map. These two large folds have approximately north-south striking axial planes and 
plunge northerly. They are second generation folds (B2). In the hinge of the antiform, near 
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Transport Bay, the map shows a fold (37000 E, 51000 N) with an east-west trending axial plane 
that is obviously being refolded by the antiform. In the field this first generation fold (Bl) is seen 
to be tight to isoclinal and to have an axial plane cleavage. The cleavage is best seen in the 

Moondarra siltstone and is parallel to layering, except in the Bl hinge. It is folded by the B2 
antiform. 

Such Bl folds are not common in the Mt Isa group but other examples can be seen on the 
map and more can be found in the field. Furthermore, the very common parallelism of cleavage 
and bedding in rocks that are known to contain isoclinal folds is strongly indicative of wide­

spread isoclinal folding. 
The faults described by Dr Dunnet appear to be folded by the B2 folds and have therefore 

been interpreted as pre-B2 by the writer. The possibility that they developed as curved' spoon 
faults' cannot be eliminated but if so they developed with an axis of curvature that lies in the 

B2 axial surface. However, these faults certainly post-date B1 ; they are unaffected by Bl folding 

and they cut the Bl folds and axial plane cleavage. 
Thus the structure and history are more complicated than proposed by Dr Dunnet. The possi­

bility of the faults being penecontemporaneous with sedimentation is not eliminated since the 
folds may also be penecontemporaneous but the arguments presented by Dr Dunnet are invalid 
and any such interpretation is therefore pure speculation. 

This of course does not detract from Dr Dunnet's important economic argument that the 
mineralization may be repeated in every fault slice. His recognition of the existing repetition, is, 
in my opinion, an important contribution to the search for new ore-bodies in the Mount Isa 
district. 
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D. DUNNET. The local, early (Bl) folds were first brought to my attention by Dr B. P. Walpole 
in 1962 and subsequently discussed with Dr Williams in 1969. I fail to see how they invalidate 
the observations and interpretation summarized in this paper. The folds are non-penetrative 
features and as Dr Williams states are' not common'. There is certainly no evidence for wide­
spread megascopic isoclinal folding of this period. I believe these folds result from soft sediment 
slumping. The presence of associated cleavage does not invalidate their early genesis. 

Unfortunately Dr Williams has not considered the compelling evidence for penecontempora­
neous faulting in the Mt Isa region. He also makes the common error of assuming super­
imposed structural criteria to represent separate and unrelated deformation events rather than 
sequences in a rotational developing tectonic cycle. The sequence of events proposed by Dr 
Williams is essentially similar to my own and I believe is the response to right lateral wrench 

faulting on the Mt Isa fault system. 

I proposed four recognizable events: 
1. Early normal faulting which strikes west-northwest and is penecontemporaneous with 

Myally Beds through at least Urquhart Shale deposition time. Locally the faults control Myally 
Beds conglomerate and sand filled troughs as in the Gum Creek area (Smith 1969). At Hero 

Bore, 40 km north ofMt Isa, a rapid facies change of Breakaway Shale and Native Bee Siltstone 
equivalent to conglomerate marks the edge of the Mt Isa Shale basin and is coincident with 
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their overlap across a growth fault directly onto Eastern Creek Volcanics. Similar compelling 
evidence for fault controlled sedimentation can be seen in the Crystal Creek and Mammoth 
areas further north. 

2. Local slumping and soft sediment deformation shows as response to the early faults. The 
fold at 37000 E, 51000 N (Mt Isa Mine grid) and a nappe structure with similar vergence at 

32000 E, 48000 N are believed to represent slumps of the basal Mt Isa Group sediments into 
the still active Gum Creek trough. 

3. Continuation of movement leads early normal faults to progressively merge into spoon 
faults. Late flat normal faults locally cut and rotate early normal faults. The gross effect is a 
north-south extension and major translation to the south. 

4. Compression across the spoon fault domain during later stages of faulting accentuates the 
initial spoon fault curvature. It produces B2 folds of Williams in quite penetrative deformation 
adjacent to the Mt Isa fault. Deformation is less intense towards the centre of the spoon fault 
domain as expected in compression resulting from inhomogeneous shear tectonics. 

The sequence of events proposed by Dr Williams correspond to 2, 3 and 4 above. His sugges­
tion that Bl folds are a separate and unrelevant event, and thus early normal faults are unrelated 

to spoon faults, is possible but unlikely considering the parallelism and similarity of fault style. 
Undoubtedly the tectonic picture is more complex than that proposed but I believe it will fit 
the broad framework outlined above. 

I 
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INTRODUCTION 

Ninety-five percent of the copper 1)J.'oGuction of the Ur,d.ted States 
has come fro·:n siY.:t.een di st.ricts, of wiD .. cll J erOl;l8 ranks sixth.·" The United 
Verde sull)nide pipe has been res~:onsible for g5.ving t}-,e Jerome district 
this rank. The United Verde Fxtension :~?roduction YiaS from a down-faulted 
S8g6ent of the upper part of thG sulphide pipe. Production from other 
sources in the district is co;;:parativ0J.y negligible. 

It is estif'12.ted that tho orie;.LnClJ. suJ.p11ic.e mas[.: had a total of 
. more them 130 m:'..llion tons and a vertical eztent of OV OI' 8300 feet. 

The Ur:.ited Verde Extension s8Dnont accounts for apl)rcx:ir.mtely 1120 feet, 
and the United Veide, to the I,Ei()O ft. 18'1(;1, 4770 feet. The balance 
was lost by erosion lx;fore and ;~fter the di:::;place~:lent of the United Verde 
Extension portj.on ~f the 8ul~~hide pipe. 

Of the tvrenty most ')rociuctive ,,~·e.st:;)l~n IT:8ta}_ m:Lning districts. . JI ., 

Billin;:;sley and Locke in 193i3,;{ list8d eleven 2.8 having been bottomed, 
or thoroushly explored to triG maxiElUiTI justifiable depth. FOvT, includ­
ing the J cro!ne district, Y.'ore li3'c,od 2S not 11aving been bottor;l8d. The 
Jerome district must novI be: deleted ll'o:n this latter category. 

Production frOp.l the United i,18rde ]~xt8l!sion ceased in 19.37. 
Present production 1'1'0::1 the Unitod Verde is Jarg81;:,' from cleanup opera­
tions. Extensive explorati.on to a depth of 1500 feet bclov.,r the lov;est 
stoping levol in the United V<..;rc.e rnL1C 112.S shovrn this great sulphide 
pi po dh!linis~'ling into roots that arc almost !'iG[~liSiblc. 

The Jero::1G mining district is located on th8 north~ast.3 rly slope 
of tho B18.ck Hills. in central Arizona yri th tho t\'.'o. principaJ. m~.nes, the 
Uni tod Verde and the United Verde Extension, cloSG to the tovm of J 81'0:;;0 

ncar the north en,d of thudistrict. The geolo[:.y of tha district has b::~en 
Cioscri1.)od by soveral 'Vvl'i tors. ~~ Hero it viill suf.ficc to r·:;viow the more 
salient f eaturos )ertai.rd.r;g to tl18 environment of tho Unit<Jd Verde sulphide 
pil)O. 

~:'Co"")""~ l '-' ·"'"_g" 7T ~.!..1 ~ •• ,' ~ .. '3 - . . ,;.I~ \.;;;. ;;.l.,l;l J..n l·.O~ ".1 ""'11C:llC~, U • • . t<.i·<. 8ul1. 1;.05, p. 2-8. 
U.S.B. ~ i. £.;iinGra1s Yearbook, 19L,4 . 

11 
ifF. Billin2sloy and A. 

nontal. FrClJ1lcy,rork". 
Locko) l1StructUl"2S of Or8 Dc·:,)osi ts in thG Conti~ 
i~ .I .F.E. Trans. ll/}) .~). 9-64-, 1941. 

~S()C list of rcfo:c':mccs. 
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Thc geological record 'cazins 'Irell back i.n pr'o-C2nb:::-ian ti!'lE: ':,rlth 
a vast out)Our:i.nE; of volc2.Dic matel':l2.1 of "videly v2,rying C01~,p()sition. 
This bas been ten:,ed the Greenstone cor";Jlex c:.nd includes much rhyoli t:~c 
flow and son8 fra[,.llcntal me.terial. Ov::::rl;jling t>:i.s is th8 be,clded sediments 
formation in which bedd8d volcanic tl1.i'fs and ~;0c.:i.7~nt2.ry mat(;rio.l predqmi­
nc:~t8s. During a p81~iod of deforrrcation the , ,.no.t,:;;ri2J. 'Has consolidated" 
folded, fat! 1 ted and t i t18d steepJ.y to tlla n:)rthvTcst, 

Rhyoli tic (Cleo~x:l"ijra) quo.rtz ,")or;)hT.C'Y "H3.~ t':18:1 intruded as a 
larGe, s0:11t'.mhat · t,abuJ.2.r mass c_)~)rOxL!latoJ.y aJ.or.z the ~~r;::()nst,ono-beddod 
s.odil!'.ents cO:1tact. Th.) Dnitod Vsrde d.i.Ol':l t;;: follo;!TGd iYl the form of 
a t nl::'')"l "Y' blunJ'-no ~'o c.:.1 ",~,)",vldi '11-'" ""1',(; ~"O', r;~'l ')V 0'''' ':'\',.., qU~ " "'r'~' DOY"''''1yry-0. ...... __ c.:;.._ 1.,1. ~ ....... .1 .... C"'"_ ... _ •• ~ 0 1..) 1.. .. 0 ... UQ- --l·,l .!oJ. .,_ ... l: C" _ J.:.J J. -1.1 .. 
bedded sediments co,-:, tact. Oftr:;n C l"Gmn.:;.::.t of . triO sedj ; cn-c,s vms left 
betwoon tho Dorplrrry and cli ori to. Loc6',lJ.y the clLori tc; cuts acros 8 

. porphyry ton~~cs.· • 

A se:riosof mine:ralizin3 sol"'J.t,j.ons followed the intrt!sion of the 
diorite , coming up throu!~hthe l!lc::.rginal zone of the quartz porphyry. 
Tr!esc solutions war,:; controlled by th8 conC3.VC c,::nfig;urations of the 
oV8rhangint,>: diori t8 2nd the .s c>,iGtosi ty ol,d fracturing in tho quartz 
'!)orph;YTY. The; Urd.tod Verde su:t)LJido P~.l;o v;as fO~T:lc:d by l'o)lacoT!lcnt of 
p2.rt of th,:; rorrma.'1ts of tho s·xlilr!onts and T!l"J.ch of tho qU2.rtz ~")or?hyry 
by sulphicLGs, quartz and forrug:Lnous ctll 01' i t'3. Aft::-r t!-lG forr:w.tion of 
t.be sulphide: pi~)() the regj.on ':"feW s'...~'oj c;ct to dYD2.:-:'.ic forces 'wl';ich, resulted 
in HEtjOl~ faulting. One of tl·!G sc: fC'.1.1.1ts, tho Vord:;, ~;"r:-i.ch strikes north­
i'Tcstcrly and dips to tho east, rc~,-cJted in tho placement of tho Unitod 
Verde Ext,cmsion oro'oody. It is cf-Lraated thD.t the vClrticc:t.l disp12.ccr.lCnt 
on this foult in pro-C3.inb6an tiY:l'J '{[as sor:~et!'~inG like 2/ .. 00 fC8t. 

Follod.nc a long p~;rj. od of erosion 2nd 1?Gneplanat':Lon, the; middle 
Cambrian (T2.~)09..tE;) sandstone '·ia~; uC:Josi ted a.s D. t;:in 'oJ.anl(ct (0-100 ft. ) 
of fcrr~1.g :1.r:ous bcacll 32.nd [Jnd pc'oblGs, v.rl-:icl1 tC11dcd to fill the nliTlor 
irrcf;ularitio3 of tLc prc-C@n.b:r-ian surface. OvcrJ.ylng the: baso.l ~.;andstone 

in theJ 81'0.:10 area aro fro!:: 300 to 500 fi)8t of Dovon5.cm li''!1.cstonc, 300 
to 500 fC0t of Hissi3si~tJpian (Rcdwo.ll) lir:.o;;"tor:'::; , 2.11d fron nothing to 500 
f' ' n .. (" ' ) .• " 1 ~ ~. 'II' d . .L. ' _8 ·:)"(, 01 rca 0UJX'.l sanos"Gonc ana ':;(;2. 0 01 .'.J'jr:n::.an ago, llC! C~.)OSl vlon 
of oa'ch of these periods ',(as pr'(;co0.cd and follo':~cd by pi;riods of uplift 
and ;Jrosion. Later an outlJouring of Terti e.ry l,s.vD.s (It::J,l,a:i.R) fOl'J":lod a 
covering mantlo. Dam.r:;ing of the 'h;rdo VD.llcy b;y- the b.vas and conto"(;lpor-
2noous subsid.encc pGr;nittcd the dep03i t:.!.on of ov ,'~ l' 2000 J':'cot of impure 
'iihile calcareous so:i.dT,le!":ts (Verd0 for'!D2.t~on). 

PrG-lav.a cros:~o:l -,:as evi.dcntly v0ry activ::.:. A deep strGC':T, channel 
cut, through the P2:tcozoic fOl':u<:,tions D.nd p.::u'tly c:<:")osodth3 gO~jS2n of the 
Un:!. tGd V·3rdo Ext~;n;~ :Lo!l s<;sment of t:""lC sulphide pi·co. This c!:;.m.llel is now 
fillod y:i T,h Tertiary grc~_v(;l and l ava . 

After tho outpour:L'1g of t.ho '1'·::'1'ti 2ry l2.vas thore: occurred a period 
of normu.J. faulting )"Ihich r31['.t:iv81:i u~)lif-;-Jod ti:c Y'0S':' side of tho V~rde 
-v-~ll0:-i" in tl:.c noigh o'Jrhood of 5000 fc:ct 0 rEhe 2.dd8d d.is~)JA1.·ce~ .. ent on the 
\jerd.c; Fc;.nlt 2.3 in;li catcd b;y- tho :cCl2.t:"L"'18 :)032. tic:-ls of tl:8 02.50 of the 
?~l\;ozoi.c for7n.atj.onD irl the -J ·iC j.11 :~ty Oft11G 3~1·01-l.ido pipo In;;;o..surc;s 

. ' 
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appro~.Jitately 1600 feet . The upthrust block containing the lower, or 
Uni ted Verde mine port:.t..on of the salp:lide pipe) is bounded by four 
norl1l2.1 faults.' The Verde to the ~::2stJ the V!2.r:cior to the v:e st, the 
~aynes to the north, and the Eull to the south 0 Post ·;Jre-C2::l.brian dis­
placerr..ent on the Haynes Fe.ult was 500 feet, the ' V!s.ri.~ior Fault 200 feet, 
and a comparatively small amount on the Hull Fault. In addition to the 
pre-Ccu;lbriCLY1 movement on the Verde Fault SO;:t8 evidence exists that ther;e 
was also pr8-Ca.":1brian mOVoFlent along the other throe faults 0 

The uplifted scarps of the principal faults wore especially subject 
to . ero si on with the re sult ant e:xpo sure of a strip of ;::,re- C2 .. lnb:::-i 2..Y1 TO cks . 
paralleling the Verde Fault. The proxim5.ty of the exposed ore zone to the 
fault scarp indu'ced rapid erosion 'INhicll resulted. in a comparatively shallo'll; 
gossan zone above the United Verqc mine., Tlw secondary copper foune. in the 
fault zone and near the 'suri'acc to tt8 east 'was evidently transport,ed from 
the top of the sulphide pipe during tb5.s poriod. 

SULPHIDE PIPE 

Localization 
The United VordG mineralized zone is 10c~_tGd in the 'Vicinity of a 

change in the original trend of the grccnstono-bc;ddcd :o;")diaonts contact. 
(Sec page 4). To the south from thG mineralized zono the contact is in a 
nearly north- south dircct.ion and is cOiilpa:catively rOB,uJ.aro To the north 
the con'~act swings to t ho nortr:Gccst and is very ir:togular cmd interfinger­
ing, also to the north ncar thc are: ZOi1C ,the Gadded scdir!lcnts shoY! many 
SY!l2.1I drag folds evidcntly rclatod to t he plane of vroakncss along the 
grccnstone-1x;dded sedincnts contact . This cruinpling is nore intense in 
the upper l)art of the !!line than in the deGPor levels. It is believed that , 
the major structu:tC is a le.rge drag fold which plunges steeply to t..'flC 

.1. ; • h . . . ., , . , d 'h~ . • ~ t'" nor vn-norT .. ,:v:es-c, lS more open ytl-c.n Qep,,(i 3 an uCcomes )rOf;TCSSl VO.1.y ltp-cer 
and strongcr with incroased clevation. . The attitude of the minor drag 
folds suppo::ct this hypothesis. MUCl'l of the evidence e.long ttis conto.ct 
ha.8 bNm dcstroyed by the intrus ion of tho quartz porphYi.~Y and dioritc o 

The form of these intrusives W2.S c.ffc ctod trJ' the s teeply pi tcting folds, 
parti cular ly in the case of the quartz pOl~phJTY. . 

. Tha porphyry sho;'[8 a variable sd~istosity or pnrUng that is 
bC)licvcd to '00 the result of differontial pressure before tho rock was 
completely solidifiGd. The relatively local zones of f:lore intense 
schistosity WGre formed latcT9 To the' south cmd C2.st t:1C sc1:is-Gosity 
strikes vrest of north and dips to the easto NC2.r the l,cinsralized zorie 
it strikcs in a broc.dly curving arc te,1ding to parallol th<J surface of 
tho ovc:r-riding diori to . The variable sC:listOS1,ty, vri th zones of greater 
shc2Ting pcm.i t"cing greater penetration of i:lincrc.l solutions, is responsible 
for the irregub.r foo twall of the- min3ralizod zone. In Goneral the amount 
of shoaring near the minGralizcd zono incro8.sc3 with elevation . 

The diorite caIile in pUShlDg up'!rard 2..."'1d to ilie northeast, and when 
it he·.d c:;-:-~)2.nd;;d. sufficiently, Yf".capped c.ro",nd the bend in t1:c poryhyry 
co~t~ct. On the botto~ levols tho 02S~ diorite C0ntact is in a north-south 
lir:o vrith a bulge or flare to trl.s C2..st nec,r tho northern p2.rt. · 3olow the 
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3000 ft . l eve l the coni:.2ct d:~p3 to thC'; 82.;;7, to ))('~' ':'l.lJ.eJ 'uh;; sci"listos:i.ty 
O -~ t "'e ""o " " - ~"'I'-"V ;" ' )0" 10 "" " 8 -:-,- .. -,.).l'+ l ev.",, ) ~ c; "I":."'::: "1.' ",-, , . "8 ·::l"···pa"r' '" ·l-'r'·e ..L 11 :"J _~j_ . ,j~<) . _,", ' V'V v... _ h ... JV . ..!..i,J w . • ..;v'-' ' J c .... " , .....- "- , ... tJ G.n" • . .• '-A;:,) , V A •. 

di~) is to t118 ;··.~e3t or acrOG S tl~8 s('.:JiSt0Sj_t~y of t~v:; l)oJ.'.cj11~i1."~r. 1\.s 11igher 
elevations a:C3 reached, thf; bl).lc;o to the Gast CCCO'l8S proErc;ss~.vely !!lore 
~l'o;nb.ent. In the middle levels it forms a gentJ,y curviDg a:c'c, and in 
th2 uPl,)8r l)art of tbe i'P.:i.no a pohrt ::nvinc:;s to tho south to form C'.n inverted 
structural trou;h. (S88 1)la:13 and vcrticilJ. section). The phmc:e of the 
trou::;h is nortl';erly conforming to the ~;eIl8ral ~')J.unSe or tho axes of the 
mino:!' dl'ag folds in th::: sC:ld:i.;~,onts. 

} 'ino1' F2:l'l ts and Drea.ks 
Tho;; qU2.rtZr porphyry- ncar itG r:ltlJ:'gin ifr]. th tho di.ori ti3 is cut by an 

il-rG&,·u12.:c b:cc'.:-'.chinZ p2.ttern of f~u1ts. .Ln the u.?·.)cr ·?2.rt of the m:i.ne tl'!cy 
are either \' .. c.:~kc~ · or obscured by ::lil!(;l'al:i ?C'..tion . ,"~d are hard to tr~1.ce. In 
the lo'!:or part. of the mine Uwy c.-m l;.::; t:c2.c,:;d oVCJr considcr['.blo distal1C'3s. 
'l'ncc;o f2.1..'.lt.s a~;)car to ~~,avG [\ctul t:.~ '3 a l')i).rti;:;.l contr'ol' for the minernlizing 
soJ.at:i.ons. . It is s:LC::ni.fico.nt th;~'.t "0h8 su.J.phide mas~~es arc on tho hanginf:;wall 
side of the brcc..ks, or botweon tl 1G arGO-ks c:.ncl tho dior~.t(). Tho solutions 
VJhich fOr,ilOQ the blo,ck scl~ist prmotl 'at-:::d to a co:ctain extent, into the foot­
viall sid\;) of the br;:aks, t,l',.OU f}1 cross br::;'ll-cs ()r fl~c\cturing 2..:::sociated vn th 
the cro ~>s brcs.ks. Thc3C~ faults arC) prc;cu'.:'L:;d to b".v::: bc;cn form8d by the 
for.ces ass ')c~atcd ",rrith the: intrusion o:f the: 0z:xmdin~ c],:}.oritoas i.t pl1shed 
or 1T.cc;.p'iX3d . ar:o~d t}-;:; b..::ncl in th() ' porphyry Gont:~ct. 

IT'he ~Jrincipo.l he·eD.ks t)f thj.s fault YJatt,:::rn str';,l<o nor-t,i:.eastcrly and 
f ''''''d ,-. .1.. ,.,-."t-j .... ~ .......... .1..t.. .• ~ l"i .- t'") J. ' 1 ("~ .~ ~"·' · '· I '=I ~ ' ,l·i\ -:-, ., .... M '.- .~ . t "" are _OUl~ .:.>vc • .L _nr; n,:..-<..J. V!. !.v G .. or.L ,_ vO 1, .. 1", "Oc,('! . anu \.l~. ',,1 ",."Itt. .1.ro:n 1. ",J 

they skirt tho foot';.:aJ.l of the cu1ptick \'rLtil s Ol!l(; hy,r~1cl:es swinginG mo:rc to 
the cast and others back to'.'i'::'Td tLc dioLi.tc . Thoy dip to tho ::1ort:nv!ost at 
a fb.tter anglo than th;; dj.orito-pOrl)hyry cont:::.ct 2nd th.l.3 (lS higl1er eJ.ova-
.... . 1 d I"lon8 are r·c:,:lC,-.8 , tl'LC opace bCt'iiCE):l th() br·Jilks ;;,c\d tl1:: d}.orit :; increases" 
bnt still dip toY;<:',rd· the cont2.ct. (Sec Y;:';l'tic::'.l~:Gctio:[j Pt.i;C: 6). . 

A sccond, loss important sJrii..)s, str::.k0 in a norUwr.Jstc:cly direction 
and 01.1' tq th-J nortl:cD.~~t. In s;,,;ver":.l r:2.D.Cc~) the b!.'e ;:'.~~8 of thi.s sories appear 
, b . 1 1 f ' , 1 1 . ,. .... . ~ . . , " . ,- '\,., 'La ,J reS)On3l.!.LC OT v!~;:: _.OCC'._l?,;:'.'CJ.on 01 Til}.n8rn.L1.~::,a'Clon In til;) quartz porpHY.cy 
foot'Y3.11. Broal--::s of t},i:') ::;;::ri83 8.1,,0 confor,n. to tho southw:.::storly boundary 
of tho northo2st portion oS: tb3 r:lain minor-c.li zed zon;) . 

Faults of both sorice thro';! out cOr!1)lic::ct0d SpU.:r;3 2.l1d branchos. The 
brccl.1·~s v2ry in vildtl'. from a fO'H incll'3 s to D.J :,luch 9.S two or throe foot, iv:i.th 
crushed rock, qu,~rtz, c2.rbon2..ta and con(~c f:i.lUn g. Th8Y 82'0 loccCLly, if not· 
u<T.'>ll y ".; n-:.:r,.,11' 7 'd . ",:-1 +11 ")'17"1'1.' +" '('~ :~"."' n~" ·!·'-ro·.:: __ ·c..., .... J··..,·('·'r' cr1Tst,,1 <, .c 0 s)·1'""..,1<", .:;>1"., • • l-, J ..... _ .......... (",.i. __ . ~\".; , ~ _.V~ J:J ul".; -( ..... ... . b.l.l;J..l.- .... .:) <.. .vl,.. ..... _v ... t " .... j,. , ... __ 1..J U Iv I",.;<.,.:;. .... \;.) 

and l,)3.tcflCSo In c; nUl"!~~\.Jr o:f C£.3G S cli~~~3 rl.c.v- .. : fo11lYNcd tl-;cso breaks. The 
f~.ult.s 2.1'0 definitely 00.rlicr th'~'. i~ -;:,to in1:.:rusion of the dj,1~c3 ,md tho lator 
min:o; r ,? liz01.tion and <..".ro 'o ·~ ::'"icved to be entirely ljl"0 -:i'LLncrc.1. It is probClble 
th3.t the forco;; .· .. irid:. )yodnccd tl:c SG f2.ultB, L~;'.ctur8d tho al:coady schistoso 
por~Jhy:ry loc':.tcd b,::)'t,'.""Jon th() bY'c;:'.ks and tile diorit0 thus ' forming a more 
f2..vo1'2b10 h03t for tl-:o minc.;Y2.J.izil13 s01utions . 

, 
EU~lorous n,J.-c.rly v·.:l'cica1 dio:::,i tic d:;.~<83 cut tr:rou(;h thc orczone: 

a:l~ Sll~Toundi~lg r~ocks :~_n ::1 gQnor-~.l Q2.st-~.: .'"Qst c .. ~r0 c~~ioTL~ In 'Nidth thc~'" 
gCi:.c::::,c·,lly .': :'.".:'y from [I. f'r8.ctj.on of an inch to about thro.::: Lot. Eo'!:cver, 
t~-~tJr() ~rc [:. nurn.bor si:x ~co cig11t fee t v::i_clc, Y·i :·~th C)::ccp-cj_o!1o..1. ca3E;S of 
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g-reater ·vriclth o In so::~e "9laces th3y aTe qui t8 regular, in otl'~8rs 

irr8~~ular and broken. 'lhe incre8.se j.n nlli:'.lJel' and loc2.l bunc:1ins of the 
dikes, near coppe r bearin3; areas, is noticeable v:i"c,h de?t~;Q A series 
of larger dikes st2.rtin::; near 4:,he 1500 ft. level cut through the sulphide 
l~a.ss r01.l.~hly paralleling the diorite conj:,act. Vii th depth they pass towards 
tr-le footvi-all of the mineralized zone and on the 3300 ft. level are almos-c, 
entirely in the chlorite schist and porphy.!'y. 

The smaller dikes are usually v:::.ry· fine gr2.i!led and in places 
altered or p2.rtially 21tered. r.ehe larger dikes are 12.sClally fresh 2nd of 
a C08rser te)."ture. !.iost of tho dikes a)l);3ar to ):13.\[3 been intruded 
follovling the princip.2.l sto.go of cappel' iTlineY·2liz2tj.011> and bcfore the 
.later sta;;es. Thero is a possibility tr.at SO;;IG of the dikos in tho lower 
part of the ~ne are older. 

Minoralization 
'I'he United Verde mineralized zone c,Jnsi~3ts of a vory irregu.lar 

pipe like body of massive sulphido, quartz and mb:8d snlp1:ido and rock 
v[ith a steop nortn-nor-cb'iCstorly plunge.;, It is ClG2.:rly of th8 schist 
replace!llent tY.98, -.'lit.h roplc:.cor:t8!lt of scbisto:3o quartz por~JI~lYTY and a 
part of the fringe of tIl:::; bedded. scdi!:J.cn-cs. Rcph",-cCi~C:1t has o .'cn so 
complete that the r.::.:lativo a;:lou.r~ts of the two rocks cannot '03 detormined 
cy-ac-(.ly, but the availablo cvidc:l.c(; indica.toG th'.t t!lO ·.·'Jr~)hyry Vias in 
consider8.bJ.c oxccss. 'Eh,] cross s0ction of' ttc 1~\~.ncrC1.1:1..:ecl zo~c vc:ries 
throughout the Y:lir:c. Fror(~ the surface to the 1200 ft. lovo1, the horizoi1tal 

. crOf:iS section .sv.:;rE'.gc::; about 250.,000 sq:c.cu'c; Isoto From. this horizon to tho 
1650 ft .• level it 2.'101'2[;03 about 500,000 sq'J.aTC fect. Frm1 tho 1800 to the 
3000 ft. levol it 2.vcre.ge:s a little: over L~OO;OOO s("!uare fe~t. From the 
3150 ft. level dorm, the total area doc:c.::;8.SCS r2.)idly and at the 4.500 ft. 
levol it 02:.1Y totals 37 ~OOO square foc-'c" of which 9700 squar0 foet is 
ma.ssivo sulphido. . 

The: su1phidc zone is limi t~d to the north &'1d .... !cst by the impeYvious 
diorito, 2nd to tho s0uth and ocu::;t by e.n irrc glllar bordcl~ of black chlori to 
sch5_st. The most abundant )rir:w.ry G::msu.) minGi'2.1 is ?y.ti to Yihich m.a}~Gs u? 
the great bulk of thcoulphidc ID.e.8S. V[ith it, aro associc.tcd large quantities 
of quartz, chlorito and dolom teo C;1alcopyrito is by far tho prj_ncip2.l cOj7pcr 
b;~aring r.::·_:'lcral. Less i m.porta.Y·lt associated iTLi.ncrals arc sphalori te ( m<:w.---mati to), 
tonnantitc> borni to, galena and spccula:cit,c. Tho l:linora l s of tho oxido zone 
and. zone of a secondary Gllridu'!lcn-c. b.o.vo been included in earlier rODorts a.Dd 

. arc not repeated hero" . • 

Several skgcs of min:.:r[:1lizaEon fl.ra l'Qcogn.izod 2.nd 2re briefly 
described cts follovrs~~: 

1. The first solutions follO':r·~d tl-18 r.31ativcJ.y ?cl':niablo shear 
zones in the pOY'~Jhyry adjacent to the: ov(;rh:l.n~in£ eliori to, T'cplacing much 

.!:'.1..' • I •• .. ., ·..t. 0 f.'o., '"I. .IY " d ' 1 d' , oJ.. vIlO In''8~'''',,-cr'.lng porpr!y.cy ana por vlODS o .L -CEO 11'lngo oJ.. bC QCe.. . so ·lffiCl1"S" 
The:s·z; solut,ions do~)03i tod ' lC!.T'ge q1l2.ntitics of qt1artz 7!i th very minor quanti­
ties of py-.d ttJ 2.nd cha1copyri to. 

Arizona 



8. 

2~ SOl l..ltj, ons of the secor:d :J~;r~.ocl d8po ;-~':'tecl r_~' :~!-L l')yrj·te -aitJh 
i m.POTt2.:1t qll.::l::TLi t:i.8S of n2rJ~C!.t:.L 1:.8 j 2. little c~1.9.1co~YI':Lt() and proba'oly 
local qU2.l'tz and dolomi te. This po~iod is 1'13 spo;1s:L 'ole for th~J maj or 
p'art of the sulphid.e zone and ::Tob",bly :T,uch of the zinc. 

3. In the thhd period solutions YJorY.:in:; out fTo;:1. the footwall of 
the pyr~l,e replaced larse quantities of porph~rry vr.Lth a neC1rly black" hi gr. 
iron variety of chlorite. 

4. Thr~ fourth period of iT:ineraliz2.tion W2.S resiJonsible for most 
of the corr.'TlarciaJ. ore and consisted }.ay·gely of ct..alco~):;rite yIi th J'i'j_nor 
pyrite and a little intcTgrmm namatite and gal:3na. The chc.lcoi.)y.citc 
.D.:)pears :to have favored the replace::,el1t of the ChJ.ol'ite sC~li3t. 

5. Solutions of th8 fifth ::x~riod bl"Ought in 3T!1all qUC'.!1ti ties of 
quartz, in part as so ci a ted v.ri th oo:::'nHo and pro bE'.bly other sulphide s. 

6. The siren perj.od of m:; r:':Jralizatio:.1 Y'rD.S ch2.ract8rized by the 
cJ.eP03 '.tion of intc;rgroYm ,::u.::tl'tz al:d do10mi te -,':i.til associated ch,::l.l CO!}Yl~i te, 
pyr:i.te, tcnncJ:!1ti to an.d 8ph3.1er~te. Th:.)se :;":h~0rals ~l'G no:c::1.alJ.y f01Ll1d ir. 
tho chlorit3 scList n02.1' j. ts footl'fall. co;:t;;'C·:j vr:i.th tl,8 po~')h:-lry cmd most 
abundantly in the 10':i8r stopir.g levds. In this )Griod mineral cle:?osition 
by r'3placc:'lent was follm·."ed b.T depos:Lt3.on in i':cact1J.l'':;S Cl::.d gash voinlcts. 
This minero..lization has added :·;~C'.:t,'")riCll1y to t!l G sctist oro in cortain 
localitios. . 

7. The latest pl:ase of r:lineyaJ.ize,,~i:Jn Tcsult8cl irL Yri(13spre~d G3-
pos i tion of quartz and dolomite -;rith sp2.rse ?~y:ritc in [:,.::.11 voins Clnd gash 
v8inlots. 

"'1· h ·' nroduc·Ls ~.<' " .... c1., s'·lcc""';d~ n"· Y\'"~ ~r:> 0" +'V> T!'1l' n"'r~ll' Z~.!.l· 0 ·:1 cycle _ ~rj J.: Lo uJ.~:;::.. J...;, L '-"...; .. J .... 0 ~.J .'. ~c.. .. .:::: oJ' J.. 1I 1~\,; a;l ,1""; ",-.!, ...... v ! 

buj.lt u}l on the foot-~'ralJ. of tho previous Y.lrca::>c: j and vrl1ile rock rc:~)lace'~:ent 
W2.S most iaportant, SO::18 of tho products of the pl~cc~ding p;1a::e \';e1'o nC:2.rly 
""lw~yr> 1''''·01" c ",,-l . c .. 0, \.:) v ... c.:.. •• ,-, , _. 

In tb.c lOYXJT levels of tho nine tr!c diorite anct 'bcdd8d sedi.rn.e11ts 
par&llcl t:i8 schi~tosi ty 0)" tl:.e: ql<2ytz por}JhY::::r 2nd tho OTO zono C011sists 
of a Ie-,;; disconnoctocl su1phidc-3ChL:;·;:' lun·'3(.::5 . 1':183(; J.enses are in the 
pOTphyry 1102.1' its margin. Ty:o of thosc; ;.,re "lost c;j.gnific2.nt. The Lmsc 
north of the bulgo j.n tl:'8 diorite is r.lost oxtens:i vo on tho 4500 it. l evel. 
It is Cl s·dphidc-s chist lanse 280 fect lon s; by a bout 45 f:3ct vride, Tii th a 
tn.il stringing out to tho north. Its C:-:'03G section noc:rly d Oll.blos by t':le 
ti.!ilG it r8::.c1-.8s the 1,050 ft. lcvol, conti:,1u;:; S aoout th0 SarrJ3 to the 3750 
ft. lsvcl, emu then dCCYC;2.SC; S ra.:yLdly to pinch out under th:::l cx!)cmding 
diorite just, 1oc10'-1 the 3300 ft. : .Gve1. The ore in t~1is lensG is lifilitod to 
a cross 3cctio:l of 8eO s,=!.uarG fC3t on the 1,500 ft. l(;v'Jl, incT(Ji"iE:03 to 1300 
SqU2X'O f :·;oJ.:, on the 3750 ft. 1e'10 1 , thGj, C8Cl'()9.S(!S r.e.pidly <lbovc this horizon. 

Il:'.~:t(;diatoly south of the bule;e in tho diorite On the 4500 ft. 18vcl, 
O·,)Y"\ r C" '; to :-:'i T' ".:,.. ' ",\-, y' co 1,, - Yt~.... )'Il -"" ... l"!"n _" j L '; "J"'\. .!..' .... -, C .)'~ ..!- .~ ,-..L 1." ~ 'J. 1 ~'1"; Co o~ QU"':t ,...,.:.. '7 _ :...J .. ..) -'..L . c~ _c..:.lIl_, ___ ..... __ dJ..:J u .! .~.J.;;..J .1 , .: v .;. .. v -. .!.t L·.!. !.v ! 1. ·.JC ...... u , ..:; <- _v l0<';; -L _ (. .. _ v~ , . 

suJ.~)l-!i ,:.c aY'.d sc11ict, 150 f\,;ct lOl~g OJ- &1)out 3D l (;ct 1";:LC1Ca Thj.s lC:1se rake s 
S>2.I'::?:!..Y 1.! l)Yi~f.Td to th:: s01.:rc}-~, inc::'1 ·='C~ :3(:s Y';:~')~\:ll~t in size; to the 3750 ft., 10-;[01, 
c;)nti:~:.u.()3 \~bO·(lt t~1,C sarn.Q sj. ~,o to tr~\.; 3Li 50 ~·G . lC:~.TC!l. It th:!n ' dCCToascs 11::> 

to tho 3300 ft. level viith a p~lrt contL':'-'.iE ,-; 2'oovo the 2700 ft. level. 'I'hGrc 
is vc.;ry little cop;:-.e:c in the m;J.ss~.V0 sulp}::Ldcs in t~is lense. T~8 copper oro 



," 

9. 

is in the chlori t e 8cr-:ist 10c2.lized along one of the bl'0-11c:1in~!; faults and 

scp .?I.:-:ted from the 1,1c.ssive· sulI)liides ~y [I. bend of' quartz ~)orphyry, or altered 

materj.al, tra.'1sJ. tional b8tv:een porphyry 2nd chlol'i te schist. Tr,e principa.l 

ore body in this lense extends froI7l. ti18 3300 to the 2700 ft. level. There 

arc other mineable bod:i . .cs 'Jf li!!lited size betv;een the 3450 and tf~e 3150 ft. 

levels. . 

There is a small low gr2.d8 irroi:,l1.12.r' pi.pe-like lense of quartz , 

massi ve sulphide . and. mineralized schist. associ-fo.ted witl1 qua.rtz-por~)hyry in a 

sharp emhayl!'.ent on the ,'jGst side of the diorite. The material differs only 

fro:n that of the main ore zone in the ~)r8S8nCe of visible! nagneti tea'ld 

py.crhoti te. This lens8 ?inchcs out a3:2,in~3 t t,h,J oV8rh2.nging diorite above 

the 2700 ft. lovel. It Flun;;es e2.st,,:rly towo.rd the main or'G zone, suggesting 

that it is a small brCl.l1ch comp~;.rable to tho !lnort.h lense II. -

Th:l intcrven:i.)1g diorite ::.ak8s the uppsr ~).s.:rt of tl'.c north lense a 

distinct b:ranch or spur of the: il~in8 :caJ.izcd zone:;, Wllilo ' ths south .lanse may be 

looked. upon as an offset portion 0;: ti:G mE..:Lr: or0 Z0:10 with a vGrtical overlap 

of more tha;1 1000 fIJot on tr!.G ma:i..n sulph::.do pipo . 

On the 4500 ft .levol, scat t8l'cd s c: ... i:.;t aron.s yri. th ininor sulphide , 

under lie . the main suJ.phide r:1CiS s. 'ThGY G:-:-.t0nd U;)'H:J.rd, '0'-:; come stronger and 

mal<.:c the bottom of the d30~x;st ,:::lc:-r,ont :)1 tnf) Elil~.n :~ulphido mass) v[[.:.:i.ch comes 

in SOTIl0 d'l-stance -below tho 3750 ft. lev01.. 'l'n0 cast Olc~:lcnt <;xtonds from 

balmy the 3300 ft. level to .joj.n the D..clj.n ~:'.~3G ncar tho 3150 ft. levol; tho 

south elcl'lont, from b810VT th::; 3150 it. level to ;}oin the rr.ass ne:ar tho 2350 

levol. Frorr. tr!o 2850 ft. J.ov81 tqv-'2.rd, tho sul;"»idc ~:!. l)'~ is continuous. 

The ~~tart and upvrard o::-:-9",ns .i.on of thc~ e'::'1.st C10~~lont of tho main sulphide 

body is r:·latcd to a hand of incro2.3cd Sclli.sto::::i ty in tho quartz porphy.cy, 

which groi'!s ?roD'e :-:; 3~ .Y(;ly stronibGr upwClrd. This zon3 of sclrLstosi ty, when 

co!rtbinod with th-:; control effected by th,) eX,?2.nding bulg-:~ in the d i orite, 

accounts for tho form[,t::i.on of the crescent S1~2.p.3cl sul~JhidG mass in the middle ' . 

18vcls. As the d:i.Ol'ito continues to cX92nd o.nd over-ride the :~orphy-.cy, the 

mineralizinG solutions arG proe;ro3:Jivcly mor'C! confined until in the upper 

levels, the sulp:1ido is n·J.::trly cEptical in fori':'., -,.rith t~1C ITlG.j or axis almost 

perpendicular to tho crescent. 

CO·i)Pc~. Since the coppor m:!.T101'a1i zcd:,j.on '::1.)p8ared ncar tho close of the 

nincm::.lizing cycle:; T:lOst, of the 02:"'0 occurs on th:; 1.lndors:i.do or footYI.?,ll of the 

sulphj.de rr,ass. In the lo'.'.'"c;r hori zons tl'"0rc: arc; only mj.!1or spots. Th8 copper 

r.lineralizo.tion 'ciJcomos more ei'.;:·ccVLve 23 the ni~her elevations in the mine 

are rc::acLod, and on the 3300 i't. lev0l;! thoro ar'3 tl' lr80 l:tincablo bodies and the 

bot to::, of a fotITth. In tho lm··,-·::; r stoying lev0ls r::;)st of tho copper is found in ­

the chlorit(~ schi::;t. In tho u:)p,)r lcv::;ls t)-;"3 a:-:".ou.nt ai' copper in tho schist 

dccroas.3s 2.nd. prof1:re3sivolv r"orc; 5.3 found ~n tho mas0ivc; sulnhido. On tho · 
_ _ J . J. 

2850 ' ft. lev01 the COp)0r mj.m~:C2.J.izG.tion 1':3.;; nO::'~G y.n.r1cs)1'oo.d them bGloy[, but 

the 12,rgcr 3tO'P03 arc in tho c~',lorito sctiGt nO~;'l' the s',)li t in the sulDhides. 
"' 

-,.:. 

Above this horizon th8 oro bodi8S b(;COT:10 PI'o::?-'cssivoly moro continuous and on 

t:'lO 2100 ft. lcv-Jl thG 01'0 tend i.:::; 15 to 90 fC:0t. yride 2nd 1300 f03ct lone. The 

~I J.L' f k" , ' , • • • • •• , • -" 1 . t . 
I_~o.c,~;)rL!..ng o · v112! ovc:rn~nf~lng QlOTlT .. (; l)QY:"::l.. TJ""COCt J.nCTGc..scu nun.:;ra lZ[:. lOr! nca.r 

ti:G 1800 C\2'":d 1650 ft. 1cvclf; . In tho <'lPPCl' 110j'izons of the min·:::; tho hc.?vy 

~-J'::""~:c, ;:: sto. ~~~\) 01 mj·!1 . -q''' ~1·1'7''4J...;0·11 ] .... J"' .l. llrl -~ "' '' '~'i -I '''''''. - ' '~ ~-I' f'\l' Y"'I " """'I-c. 0'''' roc' - ..... "'I(.t·~·nQ'l·Y)r . .c'~~ ..... 
... _ .:. ... . - '-'- c:. ._ ... _..;.J; ... V__ • , '-.J":'. l,. - _ .... l ... -·~;~\..·~\ ...... .:) v_ .:...rl>· ..... .L U.!.. "', \,:; .. , l;~J. --b J..c. .. 

out. i:1tO tho sulphide. Thu3 ';;~.th tho narc COl1stl'j.cJ::,.::;d diorito tl'ough 2.:1d 2. 

-0""'" ~,.,J·-ns.,.. zon"> oJ" . . .• , ." \ 1 .. . 1 

, ,: -,-"" .L., v~:". v •. \... .L SnC2rl!!g In t,nr: P0r'pL1jY'Y, L.!l\J r10av:/ cl',a_copyrl t:,e f:llaCr2._-

l·'~;-t.L~on ·D"n .... ·· . -, 1 · .1..'··· ... • . II ~l ' . d' f 
.:.J<...u_ 1 .. 1 l..: \,..;"(,.r0."('1.;(~ ncar ...... y '"GO v!10 d.lOr~L vC: r~~r!gln :~::-\··;a_ , ['.8 v'JGJ. as c:x-ven ~ng . ar 

out into tho quartz pOrl)hyry footYralL 
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Thousallclo of Square Feet 
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Zil'iC. l\.s .alrC 2..d3T stQterl rr-:O!3t of t!~e zj.nc is ass.J~i2.t.ed vfith 
the pri:·1ci)C3.1 stafS8 of pyrite cL:;::-;os .ition 08£'0:['8 ~)!e sisn:i.f:i.cant copper 

. d8:')os:lt-l..on. It is found in the i·:;r.'.s~,:i.ve ~'iUl:,)h}de 'o'3t'ifeen tte zone of 
co})")cr de:·~,osition and the diorite l~·.a:-lging:fall. The .greater con centra­
t:i.0n r.lf ',',inc is found in the Upp8T levols with :Jcattered S;)ots dO'lID to 
the 3'J,)O ft. level. Belo'N this, rzlati V8J.y >.:i.gll zinc val'l'.88 are l:il!li ted 
to p::>.rt of the north sulphide lense bet':;-38n t::'e 37 50 a~ld the 4500 ft. levels. 

Developmen.t of t}j8 low grade '{','Lne or,~ disclosed that it js quite 
irre2,lllar and discontim?ou:,,: jo.;;uch of the best of the zinc has 8i thor been 
r8,',!Oved in the o',)8n pit operation or is ,involv8cl i;'l the gener?l mine 
subsidence. T~"),e :Lntl.l!late Y,lin'JY'.9.1og:1..cCll c0mp()Sit~o71 inc:i c.?,tes a difficult 
metallur ::;ical se:Claration. 'l'h':;s~ fact0l'S combine to p:!;',::;cl'l'.de any P1'8S ::mt 
possibility of COf,~,:e rci2.1 zinc producti.on ~~ro:n tl:c Unitod VeTde mine. 

Pre ~ioL1 S V~t,~.:...i:!.' 'I'l':. c.~ h3St :::wi.::'la:cy !];old [c,:,l s::~lv8r VB,luGS b.re 
associated -v\t'itl1 relatj.ve:l:>T s:1.1icc:ou. ~; T!~:~l tel"i2.1,) J~~ n'L~~_1; ·~1 ~ of the lnassiv-e 
snl)hide copp3r 0:C~8 ·oodj.os ter;n:L'.',,,:C,o in s:.lic(Oo~':; : n.::-~t. ::, ~'·.:ll, v:ith reJ.ativiOlly 
high gold GJ''.d ::;ilv3r values. Th'::;re S.:::'O £;:150 10c;'·,J.i1,(;d ;::old-silvc;r values 
in th8 com~')i:rco.ti v81y n'::::C'l'O"'; tr2-:,:E;i tLon zon(~ '~)':ct;!O '3rl lean sul'Chicls and 
quartz. The aV8X'W::;.; 01',;3 carry in tk; ;;(d,g[!l;OTJ'lood of .015 ounces of 
gold ]')81' t:m and 2. li tt,).o O\'0r an o".mco of s:nVO}~. L1Cr,38.S3d gold may 
go to as much as .10 OUDC8~; and CD.vCT to t."iO 0:(' thrc0 ounces. Occasionally 
mucI'l highor va1u0.3 h~~viJ 'o8::n fOU;'id . Silv(; r :;;'vsl'c1.ci.ng aoout tIm ounces is 
found in sehist ercs with CO~~lP G.r2.tiv81y a01'.:dant t8:-1::tan~L.ito . 

yhlC?l'ito .....:~~lri,s t. In thc uP'·:Y.:T and :niddle; 18vo13 the P:CG:;:l0:1deY'ancG 
of the e1:1orito schist j,s nOi:r:ty pure fcrr'uginons chlorj.to 3.nd al:nost black 
in color. In the lov!2r stO;:)L1g 10vo13 2.r..d progrG~)'~iv()ly belo\,!, tho amount 
of :na-;:,orial that if; trar:s itioi13,l b ,:] -c,yrc ,::n t.he qy.D.l'tZ i!Orpl1~fl"Y and th8 cl1lori to 
scliist conti!~t1..lcs to ill c:cc£l.3G • There arc; SiZ8c::bJe al .... ~as 'l:r::e l""G it is ncC!.rly 
i7lpo~:sible to tell who'i:'l1cr c1110ri ;'.8 8ch'l.st or por)h~rI'Y :t')rcdo!ir5.n3:t.c3 . It. 
iG probat)le: t11at,' i11 tIL) lo,;:~r::I' b.ori 'Zona th:-: pc!.tll f.; o:f t 118 m~nc:r·2.1:.zing solu-
• .. '.1 • d" . , rt", "'.J" , 1 "GlO',13 wcr~ more s C~t "(, -.:.cr .. ~a E',n !),Gil co H:I) C{l 01 T..!",C por';J:1';jrl'y WD.S oru.y p::r CJ.Ct.L_y 
r orlJ,acod. In tha middle and 'I.::::Y::;c:r levels) structural cond5.t:Lons l od to a 
great.er co:,1ccntra-Gion or 1[)ca Jj.z2tion. Tl:.or...; is E~ prog:c0ssi voly Tt1arl-ced 
l essening oi' till) amonnt of chlori to s cL.ist d0vulop::;d on oach of the succod­
i ng l,:,;v,:)ls from the; 3300 ft.. lovel dO'i'ffi. 

Qua~~~. The L1C'[;0 n:~03C:S of quC'.rt~ fOUT),d lmdcrJ~TlnB: tho diorite 
tal1ging-iJ.:"ll arc norma11y qui t::-: donso 2,:;,c; GC"T!;':)()nly j ~S)c:(,y 1n tC:!xturo. 
It :tfi S1.1G~cstod t11at this 02r1i.cr qU\}.rtz [~~~s.~ .. st0d i .l'! r()r~d.c:ring the b.ClngiYlg­
·::{~.ll im·~)QrvialJ.s. Otli.:;r q11~~rtz rn.as,sQs Cll'C found t,1}r0u f~hou.t the sul:~)11idc;. 
In (;.a!!cr,"i.l , 8.C tl"!c (il.o~ci t~ c~)nt:1 et is (l:)::.)~""oa c:~:.cd, t,} ~ G C: iTilOunt of q u~rtz 
incr~; 2.,sos. On tho 'I .. :.,tom (l, (Yv(~ lOp!i:;:::nt l(;V,::<',S, t.l,.:;rc i:3 0. l1ot[,blo in crc 2.80 
in tho Gll'.Otmt of ·. :..-.:·t~~ ~'. :3 CO~~1r.J~r·8d to -t.h (~ 11;;;lv:,' 0ul~')h · . ~ Qo J2..s1")cryqu<lrtz 
l ensos, val'Yin t~, . .!- 'om i:1 fl': ' cti,)]1 of 2,n :i .. TlC~-: to sV':~TJ.l ,:. _~ot in t}lickn.ess, . 
C.re often fooLlnd in 01.18 q1)o.~l:ttz ~)Ol"p!"lyry- ll.i:do:clyin.g tl~.3 su1l,)}lidc m.:::~.S SCS c::.nd 
in sh'JeS.r zon,:: s adj2.ccnt to 8',);'~,cof tho r:ti."10I' f~'.Llli:. s . These lonscs arc 
\),3ually minc:y·D.liz0:d with sc[d:.t:~rJd pyrit,c; and a V2TY little chalcopyrite. 

, 
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Ge~eri.:ll ~210YIledC :3 of r.~e t ?llj . i'eTous ors de ()o:.:i ts ma1<: 8s it )I'tlC­

tic.e.lly certain that the un'_tad Verde ~;ul·qhicl8 :?:~pe ",,!a.s for:-:led by 
sohl~j_ ons T81ated to igneous 1'0(:1:5 or an iGTl80l:CS n,QP'ltl reservoir) though 
th0 p<;:.ri~j_cular r:i3.01latic source to Yihich the I:lineralizinr,; solutions owes 
t~8ir o:ci ,::,·in is 3])ecul::ctiv8. The locs.tion of the JorO!:18 district vTith 

· reS)8ct to the B:;:adsl-:2xt gl'cmit,e 8.Y'3a to the south and sO:lthvrest, and the 
Fran:L "GlC 2.reas to the "!est and l1or·t.hwest, ma.~ws tho] Bradshavr granite magma 
~,), .... ..:.. <"." ";"ll """'::'::10 "" ~.''"I':\ ..... '· · ··10· .... ·' ]·?,· -- cIl.!..' ~~IC ~~-L.l18 ul0S v :,>J.c .. 1S_· .. 0_8 SOU.!. Ct; 01 V!l'" .. "L .vi u. .l-'Jll.lS u.1 U ulO,.u. 

It alJ~ca::.~s that the :!J.nr.: j.~al:!.z·j . nt: ;3011).tions yrere introdueed throuzh 
tl,8 sa.::,(; clY,nnel or zone alon~; ",,"1:ich the qUL".:ctz ~)o:q)h:rry c:nd diorite vrere 
intruded. As tr18. Dortl1 81"ld of tl"L:3 cJ.iorite cr)YltirlUDS to rccedG t o tl1e south 
·wi th de~)th, it e:(cl'ts 103s and. los,s 00ntrol on the ·do:::>osition of t he solu­
tions. There is r;v2ry :Lnd:·~.catiol1 that at SO!(lG dopth bolow the 4500 f t . 
level ·tho "l:ll1eral:Lz:LI'.;~ solutions VJOl'8 introd1}cecl alone; a De:.:!.l'ly north-south 
striking shear or ])1'02.:( tl~at is on or elo::!8 to t.l~.8 h:;dc.8d sixliiD.cnts- quartz 
~")orphy-.cy cont<:.ct. 

It is hJJ.i8ved the,t tl".c brc.:i).ks of ·::'l ·~8 In.·; no~:, fD.'J.li:. uatt8rn rc~lc.ted 
to the i".tncsioCl of tlK~ diori -1.:,0, \';'.)::.'8 :·;lO:~t ~~iV(j:i.n cant i:.1 the control of 
t he rr.iner.<:J.izin:~ sollA,io·L'.s OcJ-c.':'!,:"d1 t];(3 ~'o~;tu:Lat(:d .,:\, .. ..1 or br'';D.k at depth 
and tr..8 zone of cffect:LvQ Y:li . r~cr,~l dc:;osi t :·~o~. ~~r [l :r~iolls lulf'cl'Vorabl(; factors , 
s"l'.ch as the 1."!G2.1G"lOSS or i'luiclit:r of' s')Jxti en,c;, t :i :':;~1tn(;:' of ch2J1D01s , 
2nd J . . :!lc of th.':.:: (~ar:Ir;1:i..l!6 Gffcct :')I" tt.c .O'I ·;;l~b ~.n[:Lrl.~ r.J.5_0i:< ~ I .J , ·f;)re'Tcntod [~orc 
tr""an a l:i.rni ted a:~·~ount 0 f d.(~r)osit~!.O:1 il1 t11C'.: OO~Gto: ;: 1~;v- · -:J .. ;3 of th:: rn~.r10 . 
~iJi th incro.:::sod elcvi:'.tion the ~.or'~.; s:-:c2.J.'od,:md f?"c.cturcd ~)or)hJ''"1.''Y , coup18d 
v-i'.L th the; Ch~:1[,;ine; C'')r:1:0:.:~:.-t.ion of t11G solutio[~ s, [lTd the incl' oc:s9d oD.!r,:'ning 
effect of th;J c~iarito ~:.~'8r!,l: . tt:;d :[:01':': and mo:cu IT:::.~t.:;:c"ial to to ci.o:.)os:".i-cd. 
Tl1c dj.oI'i t~ ," tl'lc f~'\irlE;) o~ s <)di~:lcn.ts L:nct tl1:3 eD.~/\licr qU9.rtz, co::~bir18d to 
forln a daTIl that "!:-ras imi,)OY·'":Ti.01J.S to tr!Q l;;.t.c;Y' ~)l~ja ,'3C:s of the l'n:Ll~eT'£~l solutions . 
The ch2.n~:cs in. the contoUl' of the) chorita, the v3.ri.a.blc dc:;r,Jo of schistosity 
in tI13 'L)Or;~)r!Yl~Y, E~nd tilO ~(12. b:L t of tl'!c !):r:;c:J.::3 aJ.l corrro7.n.od to efJ"3ct· crian~cs 
in the form or tho m::'nGY'3.1iz<3d zan,) so th<.1,t no t.Yro lovels 2.T.'G tho Sal'.l€) . 

'!~!10n undGrg-.coUl1d O!x)1'?tions wore r:"3u.,:,Ca. :LT! 1937 2.S tn...:; opon pit 
V[(?s bciD:::; COT:lpJ,3tcd, tho lo','{,')st .:::t':;ping '·'io.s on tn8 2550 and 2700 i't. levol s) 
the 2850 X'1d 3000 ft. 10v,-:.;ls ',',G:ce o;lly p,"~rt,i2.1J.y CkV81opc;d, 2.nd drifting had 
j1.1St b0cn startad on t11G 3300 ft. l~vGlo T!J.c 2i3] (; ,JS;'-; "_v:r for ct.cld:Ltio!1al ex­
:?lor~.tion i.;,r.:~s ap?2.rcnt if t1-:.:; pro],)oscd rilini.ng :~cL:)duJ.cs -\~I::;r8 to be 11laintaincd • 

Pr.:;1:"L2inQr~r c.rift:·l.r.:g on tho 3000 It. lcv,.:")l· \ 'i cL:: cor:,)lotcd, and tho 
hc.s.ding Ot-! the 3300 ft.. lc;v.:;;l ':;2.D Doin[.; e,mt::.mE;cl ;:e].'Jng tl::; Si.ll:,>hido-schist 
conJ...,c·'· fin "'x"· " ,~ .. . , .. .;~.- '_i'~';J-. . ~., .. _., -.. ~ . .. .L'~ ')..-v "\" -C' ..... l ' ·~ l .i.._wc-... v •••. L .:._ :J . .:.rJ...:lJ.VL! Q . ,:",<': I. ~::,Jr:Q t .. J.LJ __ "i.l ... 1U, ~)ro :-,;r\:.:. !!! or1 l..I':j,'':; .• ,.r .... h ... Ju ..Lvo _ CVl......:... 

in.clicatcd. a dCCI~Ce.3C; in t11c i~.:C(:),:t of !'!:~_ :r"8 ,~(!1~ ~)~"C: ·:ts co~~:!al\cd to tho 10vols 
inl~:;10c.-j,at:3J.~r cSOV' I:;~ As th:J 3300 dr~Lftj.r~g ~jrG L:I· .:; .sso(l, attC:{iclC'~"'1t Qrj.lling 
S00TI indicated · ~;:l ;).t~,par·ont b~·'.~::·.1::i. ~16 U~J of t.:l('; s'J. l)l-:idG !!1:?S3, -:·\r~ . th co~­
.s=jj_cv. ol.1.[.l~.r Jj:~tlc Co~)·pcr r!11.:l0T.iLizcLtj.O:-:. 'rh~.s sU3 :~ 'C3tGd tl'!:~: rossiblc 
't,c !""!:-i:L n(2.t io~1 or :)cttor:rLng of t1':-:; :::D.J.~}l!.id:J l)~~~! :: . 
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_~n int'2r:3:i.:ve e=,c)J.oratiOYl ~~r~(l d s'relo:~:-.~:;~1"t) ~)rO&~j."'~?!:l \-.... :--i.8 eS0E;n~~:i.2.1 

to dclir!(!~te T!:ine~ble 0:1."'"'2 a reas b'21o-~'i t!'l3 300J it ~ =.8vcl artd to det8r~"H2.rle 

vr:".ether or n()t the ore zon8 11ad ct8finitcly ootto;T'..ed. P_ study of b80102:ical 

datB. ind.:'cat,':lcl t:1G split i n the sulphi de mass as the i!lOst favorable locc.tion 

fo::.~ 2.. de"i!cJ.olJlTICnt srJ.af't o .~ ne1·'.! shaft vras r~e c0sSD.:ey beC2 .. 11se tIle existirlg 

sria-its ':"iE::CO at 8 .. n G)~cC!ssivu distdr..C8 fronl tl-1G ~: li. :le!'.'1J.tzed ~:jOl1e and be ed-use· 
de ~]'~~d ~e~Lhs' . • J . _ v I... -~ ~ v _ 0 

September 1939, 

E)~9loro.tion le-"t;Jls ,.',8:"8 osto.hlj.s!::,:}Q on the 3450, 3750 B.nd 4500 ft. 

18vcls 2:.n:..1 lErG,:;r an int::rI~~·;dlAcrtjG on t.h() !r0 50 It o lcr·Ic~ l. Tr~c oxt8nfJi-v8 

dev8: 0';~" c;nt ' 2'1d t>, .', ar ''''p,''' '~l' oc'··-,pct"'r'l or' +.lr·, 31.5'0 ~7"O ~'-, ·-1 ·4-S00 ft lOVGls 
.... ~ . • ~ - u. "'~'-" ' J _ lo.,., ~ ul·· .... .....~ - ..., - l A- "1"'" J ,., ~ .... ....... 1_~.." • 

a -r" "}~rm'n OT) '0" C'''M "10/ -1'-'/ "71Q' l ({ 7) ·C·';· ... ·lr-T)··.j ; 'r' "·· '!'rO'"-l 'J- .,"'1 ~-"'<T 19/.fI .J. 0 
_....., u"!'_v~ i _ _ .. _ (';"i.:;J\,..;v ~, _, u .. ..... ____ D .l..l,.: v .... ' .Ji - L_-, _ J. v ._ .:. .•.. JlL.U_ .. y _ . • ;..v, l; 

October lC)!;.6, has inclll.de:d 10,230 f eot of' drift::;, ;:,ml : e:arly 17 r"iles of 

Q'l' ", ,;,0·(\r1 C-t'-r': l l l' n'; r!\~~", v·, ,,: c.;;·l ~ : l"+· '-'Y;··-L(-",,·) .!- nry ·. :·Jrv,., r.'.T~_·'-'· 'L "",' l' ii. b'" co~')l"" ~"Q' 
C...:..1'!' _ U _J. __ .. :=,, - _~~V _'v_ U \.- _ _ .... .., "'''' _ 1...1 .. ) _ v..l J.... . _ _ ... -'- "-' ';~.L..1; vv_ 

oarly in 19/;.7 at .3. t ot.c.l cost of D.l::;)rox:Lr:.at0Jy fpJ.,ooo,OCO. -

Rock 
Tile olovatj_ol'l' of t11c 4500 ft. J.C"vo} is }.0,30 18(!t abO-ITO sea lovclo 

tC!·!F)Cr2.t~lrc s cl1co'..mt;;re:d as the dovolopmont h0[LdL1gS on this horizon 

b -,i ;1(,' ,<, '--'-··:.n,··1'-'·d "' ~. -.~ " ilOO 1<' worG 1...::_ ... ;6 , ... _'\.l,, \,J. \. ... \... , ~ V.,l . t.; - - ...... 

C·)I-i C1U5ION 

It is bolicYGd th2.t the g-l'oat Uni tc~d V cede sul){'lidc pi.pe k,s bottorttod, 

t hat an Gxtensive cq,lorz.tion p:i.~OS::·;l_'7l V:&3 0ntirQJ.y jilSC:i.fii::d , and t'n.2.t it has 

bCCi1 dili. ;011tly c2.rl"icd auto }\:r-·()bc~.blj~ tl':3 one Qut stF.:tlCling foc:tul'o of the 

whol e c:q:,lor2.tion prCl~;rar:1 has OG'-'l1 the S1j CC88SiJ~"l of nq:;c:.tivc results ob­

ta~n;JcJ. . The: m::.nor s~Jots O:L 'Il !.nc: ":',,~lizcd rr:c.t(;:;.~jal cncounc",L:.'od arc a part of 

tho yroJ,:t'0 .s sive brcC'ck:!.ng up and di r:~inut~_on of r:linc;r,,~li~~c,tion bolow the 

21;.00 i't~ l ()vcl. Tb::: pr3se:nt 0}:~)1c:ratiol1 ~JroGl'2::-i l"l2.3 included a v2.stly 

c:ctc!'::dcd <:.:,:';::;0. 101' 2. vcrtj.co.l distL'-IlCC of. over 1500 f(~ c/.:, bd.o-.'T the lovrcst 

stoping hori. zon vr:Lt11 osscrlti2_11~l T::'(~62..t-i "V0 1"(;SU. J.t~3. ::::1"l.J cL[.:nCC3 2.ro c xcccd­

i Xlg1y r\;~oto for Eo. C:·~2.n;e :1.n s -tr L~ct1.lrc~l cO~·ldi t.. j. ons v;l-:icrl y."Oil.J.d ~)(;rrn.it the 

dCrJOS~L tion of !:li.TlcraJ_ ,SOl1.1tiorls ':2t SO~7:.C: clocl:;:.,;r :lQl~i~~on (t 

" 
hIining oportioDr3 [,r:; no;![ o:5s;:;ntia2.l y CQ"-:fi:10d to tho cl:sanj.ng up of 

O,'{" in ~-hr, -r" -~.!."c~l "n(l1.-or~" (,,,, ·L., ... '''')' ll'- r ~ Ir f'4 . 'oy ca-r'j-' r -, ml' Y\-i~'" +0 -r·" -'·na".!-s 
___ . VJ.V .• ...;.:..l.I...:... c-_ c :. _ _ l .l ..LI.J.J J..:.vc· .. .l.. j:J •• _._c . ....> . __ ......: _LI . _ .. _ l. ~.:; .l . ~:. l! ...... _.l.S, v _';"" ! :L!._ 1l t..J 

c.:coulld t:-t.:-, border s of .:;:d!3ti.ng sto::x;s, CI.!l,l tho co,".)lct:i.on of a fcv; opon stopes 

0!1 the 3150 ~~1d 3.300 ft. l evols. T.1G COT"iJ:i n,xl sc&;:::.ents of the United Vorde 

su1-ol"lidc :::;;'. \0 ( Ur'i'c,"d V"rd,-.· -·'ryi Un·Ltvt \h;~"cl (" 13>~·,C;'-1·:; i c-'-· ' h::>vc: '.)ToduCGd 
- _ -_. - _ --_ - .:J ...... -...... .. ....... '-' '-_ .. - .A _ . J , _ V - _ . . _ , . ... ~ - , .. - _ 

3/'j 550,000 "':'OYl8 of 01"0 fro::, ;:ihic:::l ~"lC,;:; 0 ,; 011 o:ct:r·.: ; :t8-:J. ~~, ::>51,000 ,000 ~)ounds of 

co--'-"'-" t' ':) 1')1") ono o":'lC"C' )~- ci-l"r.-~ ,, - r1 -, ;.:? " "'0 (·uy · ".<' of' "'~ld 
,t.J!:-"l.".; -, ),...I,,,+.c. .. , , ~J 1.,.'.1. "" 10,, ) l..L .) _. " ....... J.., r..:.. n l...- ..L., +U ...... , ' ... \ ... · ..J .. .:. I J .:....U -- c.V • 

orc zone:, Wit!1 OVCi_' ~·)iz-;Jy yc.;.3:r5 of 2.C-C~_-IJ-J pTo(u.c·::/~vi t y , C:3.rl now bo s2.icl to 

bo effocti ve: ly bott0~:'.-::d . 

'Iirlc V·.rr'~_ tor :i.s G;:C02tt J.:r ir1C:G crGccl to Dr . 1·G1.1i;3 ~. R(! bC;l~) C11::'(;f 

P~-.'_cll)S DodhC CO:l;Jo:cc:.t:L.Or1 5 J"OT l'!i.::: gC::~02~()ilS Cl[: sis-G£:..ncc irl ~l~c) 

Geologist 
editing 

o-I: :, :-~ ~.S ~·2:.;.)Gl". · r.;:o ~.;Ir . J" i3 9 P~ll0~1} G(;::1c:~21 ~~ -\ .'. )G:··j.r~t'3~d.C;}'1t , CJ .. t!i ~ .r:r. c. ~~. 

~.:;:L}~~ ~; -, ~ 1::\.n2 Sll~:,c:rj .n.!0 'J :!.(L;lTt:i, cf ' t~1'::': iJ:ni.t.e:j \TCy\.l8 B:r8.!lcll J 
?l1Glps Dod.go Cor_~)or2_­

ti0!!.., f01'-' tl~·2ir CY'itj.C~.E;:7:. [:rlcl !:e:1.p,; :~O Dr. Co ... l' . .. j.l.Y'!d~rfjO(l.,. G0 01ogis-~) lh1itsci. 

St~.t03 C.~c:ol\)!;ic2_1 SU} .. '\;cy, ~~o:C' r'tt s c~·j_ tiG~STn.:: · .:'-ckno':,\-lcd g2~(;rrt is also due th.o 

offici.:.ls of' tl1C F'hGlps Dodge COl~pOr Ett:i_on for p-:::;.'lnitting the public2.tiol" of 

.J- ·_;--_'1.'_ .C: D .... -, .. \ '"'("I 
V ..... .1 ...:... .~ ... t.....: _ • 
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I" :So RGoe;:-; "Geolo[.W'cmd. Ora D{)~)os::.ts of the Jer,)::-:le District ll , A.I.l!I.E.} 
TrEDs. I ,XVI, p. 3-26 . (1922) . 

Wn.1c.er,1ar LindGren: "Ore D'JPosHs of t~h3 J" e::cor0.8 and Bradsha~iJ' Eoul1tains 
QuC!.drarl:;es". U.S.G.S. Bull. 782. (1926). 

M. I}. Eal1s t3n : llGeolo gy ar~d Ol~e J)8~)osi ts of the Unj.ted Verde 1::5_ne II 
f,~in. Cong. J ourn3.1 './.:VI J p. .306--310. (lS'30) • 

1. E. Reb8r: !:j erome D:l [,tl'i C-G 11) SO::'.8 j~rizo::-~.:!. Cop)er De:;.osits ~ .l!_riz. 
-Bur. Eines 3'.;.11. 145, p. !;.J-05. (l93d). 

N. Penneb2ker: !lHevj.ew of Cc()logy and Ezolol'::::.tj.on .• Jssj.l)iliUcs 
the U,Jited Verde Fi.ne ll , un:")ub~U.shed l'G)or-;cs . (1943-1,5). 
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