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PHELPS DODGE CORPORATION 
UNITED VERDE BRANCH 

MINES DIVI 8ION 

"BOTTO]ITNG OF THE UNITED V,~RDE SULPHIDE PIPE" 
By 

Paul F. Yates 

INTRODUCTION 

Ninety-five percent of the copper production of the U!}1ted States 
has come from sixteen districts, of wm .. cll J arome ranks sixth. "X' The United 
Verde sulphide pipe has been responsible fol" giving the Jerome district 
this rank. The United Verde E:h.'tension production was from a down-faulted 
segment of the upper part of the sulphide pipe. 'Produce/Lon from other 
sources in the district is coaparatively negligible. 

It is estima.ted that the original sulphide mass had a total of 
more than 130 million tons and a vertical extent of over 8300 feet. 
The United Verde Extension se~nent aCCo1mts for approximately 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 sulphide pipo. 

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

Production from the United Verde Extension ce.ased in 1937 • 
Present production from the United Verde is largely from cleanup opera
tions. Extensive explora,tion to a depth of 1500 feet bolOV'T the lowest 
stoping lovel in the United V~rde mine has shoWn tbis gl"e.at su.lphide 
pipe diminishing into roots that are almost negligible. ~ 

The J aroma mining district is 1.Jcated on the northeasterly ,lope 
of the Black Hills in central Arizona with tho two principal ,mines, the 
United Verde and the United Verdp Extension, close to tho town of Jerome 
ncar the north end of tho district. The geology of tho district has been 
described by several w.ri tors .~~ Here it "'vi-II suffice to rGview the more 
salient features )ertaining to tl~cenvironment of the United Vorde sulphide 
pipe. 

* Copper Mining in H orth ltmcri ca, U. S. B. j'I.,i • Bull. 405, p. 2-8. 
U.S.~.H. :Minerals Yearbook, 1944. 

r~ It-p. Billingsley and A. Locko, "Stru ctur" s of Ore Doposi ts in the Conti-
--../y nental Framework" .A.I .g.E. Trans. 144, p. 9-64, 1941. 

=Sce list of references. 
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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 COr:1.position. 
This has been termed the greenstone complex and includes much rhyolitic 
flow and some frag;'1lent.al material. OVerlying this is the bedded sediments 
formation. in which bedded. volcanic t'llffs and sedimentary material predomi
nates. During a period of deformation the mat'3rial was consolidated, 
folded, faulted and ti·tled steeply to the n:)rthwest. 

Rhyolitic (Cleopatra) quartz por1.)hyry WB.S then intruded as a 
large, some~d1at tabular lnass approx±matGly along the greenstone-bedded 
sediments contact. The United Verde diori to· followed in the form of 
a tabular blunt-nosed expandtng plug roughly on tho quartz porphyry-
bedded sediments contact. Often a. r'smnant of th.0 sedi';,ents' was left 
between the porphyry and diorite. J..rocal1y the diorite cuts across 
porphyry tongJ.cs. 

A series of mineralizing solutions followed the intrusion of the 
diorite, coming up through the marginal zone of the quartz porphyry. 
Theso solutions were controlled by the concave configurations of the 
overhanging diori to and the schistosity and fracturing in the quartz 
porphyry. The TJni ted Verde sulphide pipe was formod by replacement of 
part of the remnants of t1!o sediments and much of tho quartz porphyry 
,by sulphides, quartz and ferruginous chlorite. After the formation of 
the sulphide pipe tho region was subj cct to dynamic forces vvhich resulted 
in major faulting. One of these faults, the Verde, illTbichstrikes north-
1"resterly and dips to the east, resulted in the placement of the United 
Verde E:h.'tonsion orcbody. It is estimated that the vertica,l displacement 
on ~his' fElult in pro-Cambrian time was something like 2400 feet. 

Follm:1ing a long period of erosion and penoplanation, the middle 
Cambrian (Tapoats) sandstone was deposited as a thin blanket (0-100 ft.) 
of forruginous beach sand and pebbles 'Which tended to fill the minor 
irrog;ulari tics of the pre-Cambrian surface. Overlying the basal sandstone 
in the J aroma area arc from 300 to 500 feet of Dovonian lim.oatone, 300 
to 500 feet of Mississippian (Rcdwall) limestone, and from nothing to 500 
fc·'3t of red (Supa.i) sandstonc and shale of P.armian age. 'Tho deposition 
of each of those periods ~{-las preceded and follo\i'.Jod by pori ods of uplift 
and ;.:rosion. Later an outpouring of TG~tia.ry lavas (Malpais) formed a 
covering mantIc. Damming of the iT erda V 8.110y by the lavas and contemper
anoous subsidonce permitted the deposition of OV[::l"' 2000 feet of impure 
while calcarc;ou3 soic11l.ents (Verde forma.tion). 

Pre-la'VJa erosion was evidently vory acti va. A deep stream channel 
cut tllrough the Paleozoic fOl~aations and partly c:q)oscd the gossan of the 
United Varde Extonston soe,ment of tho sulphide pipe. This cha.-"nel is now 
filled v·'lith Tertiary gI'a.v8l and lava. 

After the outpouring of the Ti3rtiary lavas thoro occul"red a period 
of normal faulting Ymich r3latively upliftod tho west side of the ·Verdo 
Valley in the neighborhood of 5000 feet. The added displacement on the 
Verde Fault as indicated by tho rclatiYG positions of the base of the 
Paleozoic formations in tho viCinity· ofth.o sulphido, pipe measures 

i 
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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 Wa.rrior to the Vlest, the 
HaJmes to the north, and the Hull to the south. Post pre-Cambrian dis
placement on the Haynes Fault was 500 feet, the Warrior Fault 200 feet, 
and a comparati-vely small amount on the Hull Fault. In addition to the 
pre-Cambrian movement on the Verde r·'ault some evidence exists that there 
was also pre-Cambrian movement along the other three faults. 

The uplifted scarps of the principal faults were especially subject 
to erosion with the resulta.nt exposure of a strip of l?re-Canlbr'ian rocks 
paralleling the Verde Fault. The prOximity of the ex-posed 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 found. in the 
fault . zone and near the surface 'lio the east was evidently transported from 
the top of the sulphide pipe" during th~,s p3riod. 

SULPHIDE PIPE 

Localization 
Tho United Verde llti..neralized zone is locr.;.tcd in the vicinity of a 

change in the original trend of thegroenstonc-bc:dd.Gd c dimontscontact. 
(Sec · pagG 4). To the south from tho minere.lized zone tile contact is in a 
nearly north-south direction B.nd is compa.ratively regular. To the north 
the contact swings to tho northoast and is very irregular and interfinger
ing, also to tho north ncar tho oro zone, the bedded .'3cdimonts show many 
small drag folds oyidently related to, thcplanc of weakness along tho 
greenstone-bedded seciimcnts contact. This crumpling is more intense in 
the upper part of the mine than in tho daeper levels. It is believed that 
the maj or strnctu.I'o is a large drag fold which plunges steeply to the 
north-northwest, is more open with depth, and becomes progTossively tighter 
and stronger 'Vlith incroased elevation. The atti.tude of the minor drag 
folds support this hypothesis. Much of the evldence along this contact 
ha.8 been destroycd by the intrusion of the quartz porphyry and diorite. 
The form. of these intrusiv0s TID.S affected by the steeply pitching folds, 
particularly in the. case of the quartz porphyry. 

The porphyry shoW's a variable' schistosity or pru:-ting that is 
bolicved to ~')e tho result of differontial pressure: before the rock was 
completely solidified. The relatively local zones of more intense 
schistosi ty were formed later. To the south and cast tho s chistosi ty 
strikes west of north and · dips to tho east.' Ne9.r tho mineralized zone 
it strikes in a. broe.dly c\lr~ting arc teJ.').ding to parD.llol the surface of 
the over-riding diorite. The variable sobistosity, tTi. th zones 01 greater 
shcnring permitting greater penetration of mineral solutions, is responsible 
for the irregular footwall of the rnin(3ralized zone. In general the amount 
of shea.ring near the minoralized zone incroasos with clevation. 

The diori to came in pushing upw·ard and to the northeast, and when 
it had cx:p.:.'ndGu sufficiently, wrapped around the bend i n. tho porphyry 
cont2.ct. On t.he bottom levals the east diorito contact is in a north-south 
line yn. th a bulgo or flare to the east ncar tho northern part. Below the 
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3000 ft. level the contact dips to the east to pnralleJ.. the schistosity 
of the porphyry. A~)ove the 3000 ft. level, as the diorite expands, the 
dip is -to the west or across the schistosity of the porphyry. As higher ' 
elevations a.re reached, the bulge to the east beCOt'les progressively more 
prominent. In the middle levels it forms a gently curving arc, and in 
the upper part of the mine a point swings to the south to form an inverted 
structural trough. (Sse plans and vertical section). The plunge of the 
trouGh is northerly confoming to the general plunge or the axes of the 
minor drag folds in the sediments. 

Yin or Faults and Breaks ../ 
The quartz porphyry noar its margin with the dioI'ite is cut by an 

irregular branching pB.ttern of faults. In tho uPT.lcr part of the IIline they 
are either weaker or obscured by mineralization and are hard to trace. In 
the lower part of the .mino they can 00 traced over considerable distances. 
These faults appear , to have acted as 3. partial control for the mineralizing 
solutions. It is significant that the sulphide masses are on the hangingwall 
side of the broaks, or botvveen the brea~sand the diorite. The solutions 
which formed the bla.ck schist penetrated to a certai.n extent into the foot
wall side of the brGaks, though crossbroaks or fracturing ac:sociated with 
the cross breaks. Those faults are presumed to have been fomed by the 
forces as,sociated with the intrusion of the Gxpand:i.ng diorite as i.t pushed . 
or 'Va'apPGd around tho bend .in" tho porphyry contact. 

The principal breaks of this fault pat.t c3rn strike northeasterly and 
arc found starting netr thG diorite to the south and diverging from it as 
they sldrt tho foot·wa.ll of tho sulphide ,vi th some bra:n ches swinging more to 
the cast and others back toward tho diorite. They dip ':~/O the northwost at 

'a flatter anglo than the diorite-porphyry contact and t.:iUS ClS higher eleva
tions are rea.ched, the space ' between the broaks and the diorito increases, 
but still' dip toward the contc:.ct. (Seo vertical section Pago 6). 

A second, loss import.ant sGrios, strike 11'1 a north'VlT(Jstcrly direction 
and dip 'to tho northcazt. In several places the breaks of this series appear 
to b3 -responsi blc for the loce.Ii zatj.on of mineralization in the quartz porphyry 
footwa.ll. Breaks of this s(~ri\3s also conform to tho southwostJorly boundary 
of the northeast portion of the mainminoralized zone. 

Faults of both series thro'T out complicated spurs and branches. The 
breaks vary in v;-ldth from a few inches to as much as two or three feet, with 
crushed rock, quartz, carbonate and gouge filling. They axe locally, if' not. 
usu.3lly, mineralized "Wi. t11 pyri to ranging from scattered crystals to streaks 
and patches. In a number of cases di~cos ha:vc i'ollo'V'wd tbes0 breaks. The 
fpults arc definitely earlier then the intrusion of tho dikes and the later 
mineralization and nrc h::<lioV'ed to be entirely prc-minornl. It is probable 
that the forces which produced these faults, fractured tho already schistose 
porphyry located betwGon the broa.ks and tho diorite thus forming a more 
favorab10 host for the minoralizing solutions. 

Dikes 

(
/,_ .. '>\/1' Numerous llJ3.rly vertical dioritic dikes cut through tho orozone 

.. ~ and surrounding rocks in a genoral cast-vvcst direction. In width they 
generally vary from a fraction of an inch to about throe foot. HowcvQr, 
thero arc n number six to eight foct wide, with except.ional cases of 
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greater width. 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 with del)th. A series " 
of larger dikes starting near the 1500 ft. level cut thl'OUgh the sulphide 
mAss rOt~ghly paralleling th.e diorite contact. With de!')th they pass towards 
the footvvall of the mineralized zone and on the 3300 ft. level are almost 
entirely in the chlorite schist and porph~J. 

The smaller dikes are usually ver.J -fine grained and in piaces 
altered or partially altered. The larger dikes are usually fresh and of 
a coarser texture tt Most of the dikes appear to hav\3 been intruded 
follo'wing the principal stage of ~oppel" mineralization, and before the 
later stages.. There is a possibility that some of the dikes in ,the lower 
p8,rt of the mine ar·3 older. . 

Mineralization , 
The United Verde mineralized zone consists of a ve~J irregular 

pipelikc body of massive sulphide, quartz and mixed sulphido 'and rock 
'Vdtha steep north-northvfestcl;ly plunge. It is clearly of the schist 
rep~acement type, 'wi th replacomont of schi.stose quartz porphyry and a 
part of the fringe of the bedded sediments. Replacement has h )eri so 
comp1.eta that the relati"e amounts of the two rocks cannot be detormined 
exactly, but tho available evidonce indica.tes that the porphyry was in 
considerable excess. The cross s0ction of the mineralized zona varies 
throughout the mine. From tho su.rface to tho 1200 ft. level, the horizontal 
cross section avoragos about 250,000 squfI.rc fect. From this horizon·to the 
1650 ft. level it avoragos about -500,000 square foot. From tho 1800 to the 
3000 ft. level it averagos a little over 400,000 square foot. From the 
3150 ft. lovel down, the total area decreases rapidly and at the 4500 ft. 
level it only totals 37,000 square feet, of which 9700 squa.re feet is 
massivo ,sulphide. 

The sulphide zone -is linD. ted to th.o nort}l and "v,1"()st by tho impervious 
diorite, and to the .south and cast by an 'irregular bordor of black chlorite 
schist. The most abundant primary gangue mineral is pyrite which makes up 
the great bulk of tho sulphide IfI.ASS. With it arc associated largo quantities 
of quartz, chlorite and doloITJ.i~e. Chalcopyrite is by far tho principe,l copper 
bearing mineral. Less important associated ~tncrals ar0 sphalerite (marmatite), 
tannantitc, bornite, galena and spccularite. Tho lninerals of the oxido zone 
and zone of a secondary enricrunent have boon includod in earlier reports and 
aro not repeated horo. 

Several stages of mineralization arc recognized and are briefly 
described as follows1~: 

1. The first solutions follmqcd tho relatively permiablc shoar 
zones in th3 porphyry adjClvcent to the oVurhanging diorite, replacing much 
of tho intervening porphyry and portions of the fringe of bedded sediments. 
Those solutions doposi ted largo ql1anti tics of quartz vIi th very minor quanti~ 
tios of pyrite and chalcopyri to. 

I.. 

*l!. E. Rebor, "Jerome District!,', Soma Arizona Copper De,o,sits, Arizona 
Bureau of Mines Bull. 145, Pages 41-65, Novwmbor, 1938. 
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2. Solutions of the second period deposited much pyrite with 
important quantities of marrnatite, a little chalcopyrite and probably 
local quartz ,and dolomite. This period is responsible for the major 
part of the sulphide zone and ,robably much of the zinc. 

-3. In the third period solutions working out from the footwall of \ 
the pyrite replaced large quantities of porph;/I'Y with a neCl.rly black" high, 
iron variety of chlorite. \ -

4. Thp, fOlJ-r"thperiod of mineralization 1ms rec.·-;onsible for most 
of the commercial ore and consisted largely of chalcop:','l'ite vii th minor 
pyrite and a little intergroYnl marm.atite and , gal •. :ma. [the chalcopyrite , 
appears to have favored the replacement of the chlorite schist. 

5. Solution3 of the fifth period brought in small qua.nti ties of 
quartz, in part associated with bornite and probably other sulphides. 

6. The sixth period' of' mineral:i.zation was characterized by the 
d.aposi ,tion of intergrO'\'m quartz and dolomite 'with associated chalcopyrite, 
pyrite, ' tennantite m1d sphalerite. These minerals are normally found in 
the chlorite schist near its footwall contact with the porphyry and most 
abundantly in the lower stoping levels. In this period mineral deposition 
by replacement was follOV'red by deposition in fractures a."1d gash veinlets. 
This mineralization has added materially to the sc~..ist ore iri certain 
localities. 

7. The latest phase of mineralization resulted in vr.i.despread de
pos'ition of quartz and dolomite ydth sparse pyrite in small veins and gash 
-"einlots. 

The products of each succeeding phD-se of the mincrt:1.lization cycle 
built up on the footwall .of the previou.s phase, and while rock rcplace1:J.ent 
WB.S most important, some of the products of the preceding phase wero nearly 
alway:s repla.ced. 

In the lower levels of the mine the diorite and bedded sediments 
parallel the schistosity of the quartz porphyry and tho oro zone consists 
of a fev'IT disconnected sulphide-schist lenses. T:.1esc l ('nsos arc in tho 
porphyry ncar its margin. Tv-to of those are most si gni " :_ cant. The'-l'Jnso 
north of tho bulge in the diorite is most oxten3i va on the 4500 ft. level. 
It is a sulphid~)-schist lonse 280 fect long by about 45 faet -vlide, 'wi th a 
tail stringing out to tho north. Its cross section ncarlydoublcs by tho 
time it reachos tho 4050 ft '. level, continuos about th~ same to the 3750 
ft. level, and then decreases rapidly to pinch out under ,the e~Janding 
diorite just below the 3300 ft. level. Tho ore in this lense is limited to 
a cross sGction of 800 square;; fC'3t on the 4500 ft. lcv() 1 , increasos to 1300 
squa.re feet on tho 3750 ft. lcvul, then decreases rapidly above this horizon. 

\ 

Immediately south of the bulge in tho diorite on the·4500 ft. level, 
opposite a ra"thor sharp embayment in tho contact, is a lanse of quartz, 
sulphide and schist, 150 foot long by about 30 feet wide. This lanse rakes 
sharply upward to tho south, incr~asos rapidly in size to the 3750 ft. level, 
continuos about the same size to the 3450 ft. level. It then decroases up 
to the 3300 ft. levol with a part continuing above the 2:700 ft. level. There 
is V0ry little copper in the massive sulphides in this lense. Th~ copper ore 



.. ' 

() 

is in the chlorite schist localized along one of the branching faults and 
separated from the ma.ssive sulphides by a band of quartz porphyry, or altered 
material, transitional between porphyry and chlorite schist. The principal 
are body in this lense extends from the 3300 to t.he 2.700 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 ,,~,est side of, the diorite. The material differs only 
from that of the main ore zone in the presence of 'Visible magnetite and 
pyrrhot~ te. This lense pinches out a.gainst '~he overhanging diorite ' above 
the 2700 ft. level. It plunges east€:rly toward the main are zone, suggesting 
that it is a small branch comparable to tho "north lense II • 

The intcrventng dtorite makes the upper 1pCl,rt of the north lanse a 
distinct branch or 'spur of the mineralized zone, while the south lanse may be 
looked upon as an offset portion of thG mal.n ore zone 'With a vertical overlap 
of more tban 1000 feet on the ma:i.n sl.l~phidc pipe.,' 

On the 4500 ft. lovel, scattered schi:;;;t areas ·wi.th minor sulphide, 
under lio the; main sulphide mas s • They oxtend upv,rard, bo come stronger and 
m.ake the b)ttom of tho deopest clement Jf the main Gulphide mass, which comes 
in some distance belm·v the 37 50 ft. level. The cast cl.ement extends from 
below the ;300 ft. level to join t.ho main mass n0ar tho 3150 ft. level; the 
south clement, from below the 3150 ft. level tJO join the mass ncar tho 2850 ft. 
level. From the 2850 ft. lovel l.l.p'Y'lard, tho sulphide pipf~ is continuous. 

The start and upWard oxpansion of tho east element of the maih sulphide 
body is r'::latod to a band of increased schi.stosity in l':.he quartz porphyry, 
which grows progressively strongGr upward. 'rhis zone of schistosity, when 
combined with th~ control ' effected b:;;" tho oXl?andj.rig bulge in the diorite, 
accounts for the format5.on of t,hc croscent zhap.;d sul-;/ ida mass in the middle 
levels. As the diorite continuos to expand and oVGr-r,:c.df) the porphyry, the 
nLi.n0ralizing solutions arc progrossively more confined until in the upper 
levclD, the su.lphide is nearly oliptical in form, with the major axis almost 
perpendicular to tho crescent. 

Coppe;r. SinGe the coppor mineraliza'tion appeared ncar the close of the 
mineralizing cycle, most of the are occurs on tho l.mderside or footYJall of the 
sulphide mass. In tho lO'wer 110ri zons there are only minor spots. The copper 
mineralizD.tion b'-3comes more effective as tho higher elevations in the mine 
are reached, and on the 3300 ft. level, thero arc three mineablo bodies and the 
bottom of a. fourth. In the:> lower stoping levels most of the copper is found in 
tho chlorite schist. In the uppor lev'.31s the amount, of copper in the schist 
decreases a.nd progressively more :i.s found in tho massivo sulphide. On the 
2850 ft. lovel the cop:[.>or mineralization '1'1aS morc widespread than below, but 
the larger stapes are in tho chlorite schist ncar the split in the sulphides. 
Above this horizon the ore bodies become proercssively morc continuous and on 
the 2100 ft. lovel the oro tend i3 15 to 90 feet 1'-lide and HOO feet long. The 
flattening of the overhanging diorite permitted increased mineralization near 
the 1800 cmd 1650 ft. lovels. In the uppor h.orizons of tho 'mine tho heavy 
PYl"i to ,stago of mineralization left unroplaccd stringt3rs of rock extending far 
out into the sulphide. Thus with tho more constricted diorite trough and a 
more intense zone of shearing in tho porphyry, the heavy chalcopyrite mineral
ization pcnotre.ted nCDxly to tho diori·tc hangingv{al1., as well as extending far 
o~t into tho quartz porphyry footwall. 
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~. As already stated most,6£ the zinc is associated with 
the principal stage of pyrite deposition before the significant copper 
deposition. , It is found in the massive sulphide between the zone of 
copper deposition and the diorite hangingwall. The greater concentra
tion of zinc is found in the upper levels with scattered spots dovm to 
the 3000 ft. level. Below this, relatively high zinc values are limited ' 
to part of the north sulphide lanse between the 3750 and the 4500 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 either been 
removed in the open pit operation or is involved in the general mine 
subsidence. The intimate mineralogical composi tionindicates a difficult 
meta11ursical separation. These factors combine'to preclude any present 
possibility of commercia.l zinc production from the Unit::d Verde mine. 

Precious Metals. The best primar,y gold and si+ver values are 
associated with relatively siliceous material. 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'rOY'T transition zone betll'!sen lean sulphide and 
quartz. The average ores carry in the nGighborhood of .015 ounces of 
gold per ton and n Ii tt,le over an ounce of silver. Increased gold may 
go to as much as .10 ounces and sil~er to two or three ounces. Occasionally 
much higher values have oo8n found. Silver averaging about two ounces is 
found in schist ores with comparatively abunciant tennantite. 

, Chlorite Schist. In the upper and middle levels the preponderance 
of thE) chlorite schist is nearly pure ferruginous chlo'ri te and almost black 
in color. In the lower stoping levels and progressively below, the amount 
of material that is transitional between the quartz porphyry and the chlorite 
schist continU(3S to increase. There are sizeable areas where it is nearly 
iinpossible to tell whether chlorite schist or porphyry predominates. It 
is probable that in the low€r horizons the paths of the mineralizing solu
tions wore more scattered and hence much of the porphY17 was only partia.1ly 
replacod. In the middle and upper levels, structural conditions led to a 
greator concentration or localization. There is a progressively marked 
lessening of the amount of chlori to schist developed on each of the succcd-
ing levels from the 3300 ft. +cve,l down. . 

Q~artz. The large masses of quartz found underlying the diorite 
hangingwall are normally qui to dense and commonly j aspcry in texture. 
It is suggested that this ea.rlier quartz assisted in rO"1.dcring the hanging
wall impervious. Other quartz masses are found t,hrouf)l')ut the sulphide. 
In general, as the diorite contact is approached, the nmount of quartz 
increases. On tho bottom development levels, there is a notable increase 
in the amount of quartz as compared to the ' heavy sulphide. Jaspery quartz 
lenses, varying from a frt'ction of an :inch to several feet in thickness, 
are often found in the quartz porphyry 11Tlderlying the sulphide ' masses and 
in shear zones adjacent to some of the minor faults. Those lenses aro 
usually mineralized with scattcrad pyrite and a very little chalcopyrite. 
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ORIGIN AI·ln CONTROL OF hITl'!!~RALIZATION 

Generallmowledge of meta,lli~erous Q.r~ d:epQsits makes it :;>rac
tically certain that the United Verde sulphide 'iYlpe was formed by 
SOltltions related to igneous rocks or ·an.· igns0u·ft',·magma reservoir, t,hough 
the particular magmatic source to which. tbe. . . minel"alizing solutions owes 
their oris"in is speculative. The. location of the Jerome district with 
respect to the Bradsha.w granite a.rea to the· south and southwest, and the 
granitic areas to the west and northwest, makes the Bradshaw granite magma 
the m.ost plausible source of the mineralizing sr)lutions.~} 

.It appears that the mineralizing solutions were introduced through 
the same channel or zone along which the qU8.rtz porphyry and diorite were 
intruded. As the north end of' the diorite continuos to r0cede to the. south 
wi th depth, it eX0rts less a.nd less control on the de:position of the' so1u~ 
tiona. There is every indication that a"t some depth below the 4500 ft.· 
level the mi.neralizing solutions were introdt'l.ced along a nearly north-south 

. striking shear or break that is on or close to the b(3dded sediments-quartz 
porph~J contact. 

It is believed that the breaks of the rnJ D.or fa;.;:.lt pattern related 
to the i!ltrusion of the dioritro, wore JilOst signtficant in the control of 
the rrJ.neralizing solut.i.ons botween the postulated ma,j or broak at depth 
and the zone of effective mineral deposition. Various unfavorable factors, ·' 
snch as the wealmess or fluidity of soluti.ons, tightness of channels, 
and lack of the darmning effect of tho overhanging diorite, prevented more 
than a limited amount of deposition in the bottom lcv.::ls of tho mi.ne. 
Wi th incroased elevation the morr_~ sheared a.n.d f!'actured por:?hyry,. coupled 
'.ri th the changing oom}Josi tion of the solutions" and tho incroased damming 
effect of tho diorito pem.:Lttod morc a:..'1d more matQrial to bo dopos:tted .. 
Tha diorite, the fringe of sodimonts and the earlier quartz, combined to 
form a dam that was impe~lious to· tho later pha.ses of the minera.l solutions. 
The chan[.cs in tho contour of tho diorite, the varia.ble degreo of schistosity 
in the porphyry, and. the habit of the broaks all combin.cd to effect changes 
in tho form of the mineralized zone so that no two levels are 'the sarile.· 

DEEP LEVEL EXPI10RATION 

1~en undergrolli1d opc~atiuns wore resumed in 1937 as tho open pit 
1'!as being compl.:)ted, tho lowest stoping was on tho ;Z550 . and 2700 ft. leve~s, 
the 2850 and 3000 ft. lcvols wore only partially dovoloped, and drifting had 
just boen ' started on the 3300 ft. level. The nlJcGss ~"Lty for addi tional ex
ploration was' apparent if the proposed mining :3chodulGS 1yere to be maintained • 

. Preliminary drifting on tho 3000 ft.. lC~J'01 wa~3 corn;,0letod, and the 
heading on the 3300 ft.. lov31 was being continued alonp: the sulphide-schist 
contact. An ext.::msivc diamond drilling proGram './11. tho' '.:)00 ft. levGl 
indicatod a decrease in the area of mineD.blo orc as COiY: ,Jured to ·tho levels 
inlmediatGly abovo. As tho 3300 drifting :;?rogr8ssod, at~tGndant drilling 
soon indicated, an apparent brc:J.king up of tl'W su1iJhide mass, with con
sp:Lc1..1.ously little copper rn.incral,izatiqn. This sug:::estcd tho possible . 
termination or bottoming of th.J sulphido pipe. 

*L. E. Reber, Ope cit. 
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An intensive exploration and development program. was essential 
to delineate mineable ore areas below the 3000 ft. level and to deterraine 
whethel:' or not the ore zone had definitely bottomed. A study of geological 
data indicated the split in the sulphide mass as the most favorable location 
for a development, sl?-aft. A new shaft was necessa.ry becau,se the existing 
shafts were at an excessive distance from the m:l.nerali4.::d zone and because 
t,he hOisting equipment wa.s inadequate for development i;..t the desired depths;l 
The new, No. 8 Shaft, vras startecl from the 3000 ft. lev·el in September 1939" 
and completed B.t the 4631 it. level in August 1942. 

E~ploration leycls were establi.sh3d on the 3450, 3750 and 4500 ft. 
levels and later an intermediate on t.he 4050 ft. level. The extensive 
development and the areas prospe cted 011 th(~ 34.50, 3750 and 4500 ft. levels 
are shown on pages 16, 17, and 18. Devolopment from January 1940, to 
October 1946, has includod 10,230 feet of drifts, and nearly 17 miles .of 
diamond drilling. The No.8 Shaft exploratory program will be completed 
early in 1947 at a total cost of approxL~t01y $1,000,000. 

The elevation of the 4500 ft. level is 1030 feet above sea level. 
Rock temperatures encountered as the development h'3adings on this horizon 
wore being extended were 1100 F. 

CONCLUSION 

It is believed tl"t..at tho groat United Verde sulphide pipe has bottomed, 
that an extonsive cxplor~~tion program was entirely justified, and that it has 
been diligently carried ' out. Proba.bly tho one outs.tanding feature of the 
whole exploration program has bGen the succession of negative results ob
tainod. Tho m:~nor spots of !1l:incralizod material encounterod arc a part of 
the progressive breaking up and diminution of minora.lization below tho 
2400 ft. lovel. The prasent o}~loration program has included a vastly 
extended aroa for a vertical distance of over 1500 feet below tho lowest 
stoping horizon with ossentially negat~Lvo rosul-f·,8 • Tl: ' chances £1,1'0 e:xceed
ingly remote for a change in. structural ' condi tiona 'wb.i ' ~l would perIni t the 
deposition of mineral solutions at soma deeper horizon. 

Mining oper :J.tions arc novy ess~3ntially confined to thG cleaning up of 
01'0 in the vertical and horizontal pillars left by earlier mining, to remnants 
around the borders of existing stop~s, and the completion of a fow open stopes 
on the 3150 and 3300 ft. levels. ThG combined segments of tho Unitod Verde 
sulphide pipe, (Uni t~d Verda and United Vorde E:h.'t,Gnsion), have produced 
34,550,000 tons of ore from which has , b:::cn extracted 3,551,000,000 pounds of 
copper, 53,420,000 ounces of silver, and 1~462,OOO ounces of gold. Tids vast 
oro zone, with over sixty years of active productivity, can now be said to 
be effectively bottomed • 
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