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REPORT ON THE UNITED VERDE EXTENSION MINE 

By F. L. Ransome 



explo~at1Qn and these I $ball make 1n the appropriate plaoe. In

asmuoh as I hope later to publish a pape~ on th~ ge~oal 1"8a

t~es of the Jerome district', I shall confine myself In .the present 

~eport to a brief outline ot those conditions that have a direct 

be~1ng upon the practlca1 questions with which the ~eport is 

primarily cono,~rned. 

In the pre.sent study ot the mine, none ot the pl'evious 

geological work was acoepted without verifioation. I examined 

all &ooesslble parts of the underground working, in the hope that 

n tbe generally more or .leas sohisto-se· rocks; some stl'llcture 

"gb:t be veoogn~zed, which would prove to ~ve a signit1cant re

atlon to ore deposition •. This hope was only partly fulfilled. 

foUnd that, in gener~l, the earlier mapping has been faithfully 

nd acourately caJ.'lried out. Whel'8 the~e is disagreement with it, 

hie is usually a question ot interpretation rather than of re

In my opinion, ho"ever, the ~oo-toot-scale geologic level 

in general use 1n the Compauyts ~ffic6, embody far too 

xtenslve imaginative prOjection into areas where there are no 

ergpound workings. Suoh maps, displaying much that 1s con-
1.J '. 

» , 

jeot~al w1thout d1stinction trom what ~s £a1rlywell .established, · 

y be useful for special ~poses but are likely to be mislead

general working guide.s. 

In the course of the mine examination a oollection waS 

of ovez. 400 speoimens, ch1e fly rocks..> The specimens have 

een labelled, cataloged and indexed and should .be useful in 

ture geolog1cal and deVelopmental work, especially as some ot 

hem come from plao-es that w111 soon be no longer accessible. 

No geolog-1cal level-maps have been prepared to accompany 



this report 8S such work would require considerable time and can, 

in the light ot my report and c'olleotion, be done by members ot 

the regular statf, it desired. If the Company Wishes, however, 

I will willingly undertake to prepare revised geolog1c maps or 

to render such aid as may be necessary tor their preparation. 

T~oughout my stay at Jerome I enjoyed the most cordial 

cooperation on the part ot all oonnected with the United Verde 

Extension mine and aoknowledge with particular appreoiation the 

helpfulness ot Mr. Olaf HondPlun, ohief engineer, and tl~ members 

of his staff. 

GENERAL GEOLOGY OF THE DISTRIOT 

The most comprehensive and detailed aocount ot the geol

ogy of the Jerome d1striot is that by Reber 1, which has been 

supplem~nted by later papers by Fearing 2, and Lindgran3• 

It suftioe helle to state that the fUndamental rooks ot 

the district Qonst1tute a complex ot schists and intrusive rocka 

ot .pre·Camhrian age wtdch had their present characteristios im

PQsed upon them '01' the folding and metamorphism of that early 

8I'a. They constitute the zaoota of pre-Oambrian mountains, which, 

however, had been worn down by ezaosion to a nearly level surface 
A' . 

at the beginning of the Oambrian. The prinCipal ore deposlta 

were ro~ed before the completion ot this period of ezaosion. 

3. 

1 Reber, L. E., Geology and ore deposits of Jerome d~str1ot: American 
Inat. ot )(1n. and Me"li. Engineers, Trans. vol. · 66, pp. 3-26, 1922. 

2Fe8.l"ing, J. L. Jr., Geology ot the Jerome distlrict, Arizona; Beon
ornic Geology, vol. 21, pp. 757-773, 1926. 

3Lindgren, • Ore deposits of the Jerome and Bradshaw Mountains 
quadrangles, Arizona; U.S. Geol. Survey, Bull. 782, pp. 54-97, 1926. 



, .. 

In oambrian time, the l'egion sank below the .e. and was 

covered successively. by the dark red baaal saudatone of the re

gion, whioh i8 here supposed to be the equivalent of the Oambrian 

Tapeats sandstone ot the Grand Canyon, altho some geologists con

sider that it may be of Devonian age.1 The 'tasal sandstone. of 

variable thickness but attaining a maximum ot about 100 teet, 1s 

overlain successively by trom 600 to 1000 teet ot Devonian and 

lower Carboniferous limestone ~nd by red sandstones and shales, 
P-e. ,. 111l4.l\ 

m 
up to 500 teet thick, of Penvian age - the Supai formation. 

After a long period of eros10n, the ~gion was covered 

in late Te~lary ttme by basalt1c flows, wh1~h acoumulated to a 

thickness ot over 700 teet. The e:t'Upt10n of the basalt was 

followed by normal taulting and by- the erosion that bas shaped 

the topography of today. 

The primary or hypogene mineralization, which produced 

the ore OOdies of the Un1ted Verde and Uli1ted Verde Extension 

mines in their orig1nal form, and practioally allot the down

ward or supergene enrichment, which resulted 1n the remarkable 

main ore body of tQe United Verde 3xtension mine, took plaoe 

betore the deposition ot the basal sandstone. The ores ot these 

mines are consequently pre-Oamwian or pre-Devonian. according 

to the opinion held as to the age of the sandstone. 

Inasmuoh as the stratigraphy of the Paleozoio formations 

bas no bearing on the problems dealt with in this report. no 

particular study was made of these rocks. 

1 See Fearing, J. L. Geology of the Jerome distriot, Arizona; 
Eo. Geol., vol. 21, pp. 758-759, 1926. 



The general sux-face distribution of the more important 

rock units or groups in the part of the Jerome distr10t adjacent 

to the prinoipal mines, is shown in Plate I. 

PRE-CAMBRIAN FORMATIOBS 

1th few exceptions the pre-Cambrian rocks are more or 

5. 

less schistose and have been oonsiderably metamorphosed by the 

close folding and oompression and by the igneous intrusions of 

pre~ambrian time. Some ot them are completely reorystallized into 

tine-grained sohists that contain no vestIge of their original 

texture or mineral composition. Oonsequently it is not surpris

ing that varIous geologists, attempting to subdivide them. have 

differed in op1nion as to their original character and appropriate 

nomenclature. As a whole they belong to the group of rather 

diverse metamorphic rooks that on general maps of the region 

have been designat6d Yava12ai sohist. They are so represented, 

tor example, on the geological maps of the Jerome and Bradshaw 

Mountain quadrangles, wbioh acoompany Lindgren's1 recent report 

on those areas. 

Looally, attempts have been made to divide the pre-Cam

brian rocks at Jerome into a number of units. 

Reber, in the paper previously referred to, divides the 

principal pre-Cambrian rocks as follows, the younger rocks being 

at the top: 

(4) United Verde diorite. (Intrusive) 

(3) artz porphyry. (Later known as Cleopatra por-
phyry. Intrusive) 

(2) Bedded sediments. 

lUndgren, W., 01'e deposits of the Jerome and Br'adshaw Mountain 
quadrangles, Ariz., u.s. Geol. Survey, Bull. 782, 1926. 



(1 ) Greenstone complex. (Includes what was later 
oa11ed "DeceptIon porph~" by F1nlay.) 

Rebe~ consIdered the "greenstone complex" as · consIstIng 

ohiefly o£ metamorphosed volcanio flows and p~oolast1c rocks 

wIth minor bodIes of intrusIve rock. H1 "bedded sediments" &1'. 
desoribed as cons1sting ot a g~at variety of materials, among 

which he mentions qual'tzites, slates,conglomerates and one bed 

of "limestone or marble n up to 20 feet thiok. The trqUQl'tz POl'

phyry" he regarded as intrus1ve and probably an offshoot from 

the Bztadshaw granite, whioh 1s extensively exposed south ot the 

Jerome d1strlot. The "United Verde dIol'ite It 1s oharao·cerlzed 

as an "augIte diorite with diabasic phases. lI 

Fearing, in the paper previously Cited, maintains that 

the "Deception quartz pOl'phyry" should not be inoluded in the 

"greenstone oomplex" but, like the "Cleopatra qua.rtz porphyry It 

· is an intrusive sheet or sill, the "Deoeption quartz porph~" 

being the 01d61' o~ the two. He d1 Videa the remainder of the 

tlgreenstone complex" as follows: 

Basic tnff' - - - - .. - - - - .,. « - ... .,. No·1; fully exposed. 

Diabase flo or sill, often 
of' dioritic texture - .. - - - - - - - 1200 teet. 

Andesltic or diacItl0 tuft - - - - - - 0 - 200 feet. 

Rhyol1te tuft - - - - - - - - - - - - - 600 feet. 

Bedded shale 01' ash - - -- - .,. w - - 0 - 70 feet. 

Basic tuff - - - - - --- - - - - - - Not fully exposed. 

I regret to state that, in mY' opinion, this section is 

wholly unrelIable. It appeaI's to have been based on measurements 

801'OSS the p1'6vaI1ing sohistosity in 8 0 ross-cut in the United 

rae mine, but this crOBs-out affords no satisfaotory basIs for 
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the nomenclature or thioknesses given bY Mr. Fea:r1ng. His state
ment that these divisions h8.ve been mapped in the workings ot 
the United Verde Extension mine 1 B not supported by any maps 
known to me. They certainly do not all appeal" in th6 figure to 
which he reters on page '163 ot his paper. whioh is a map ot the 
1400 leve~ of that mine , althO in the. illustration he represents 
as "rhyolItic tuff" rock whioh on the maps prepared bY' him for 
the company he shows as "aoid voloanics ft

• 

Enough has been p esented to indicate that there is con
siderable d1versltr. it not oontusion. in the nomenolat~e ap
p11ed to the pre-Qambrian rocks (See figure 1.) 

My own observations lead to the oonclusion that there are 
five, possibly six, major groups of rooks involved in the pre
Cambl."ian complex as exposed 1n the central part of the Jerome 
district. These, beginning with what 1s probably the oldest 
are as tallows: 

(1) WALNUT SPRINGS GREENSTONE. The rocks of what it 
i8 here proposed to name the Walnut Spring Greenstone are typio
ally exposed at and near the swimming pool near alnut Spring. 
They comprise two prinoipal varieties,. both greeni8h gray on 
~sh exposures. One variety 1s fine-grained, more or less 
schistose rock, which 1s oharacte~ized by avy, discontinuoU8 
banding. The other variety is coarser-grained, less notioeab17 
banded and shows grains or phenocrysts of quartz. The two var
lette are intimately associated, and the coarser v~iety near 
the oontact with the finer-grained variety, contains fragments 
of the latter. Other varieties ot the alnut Spring greenstone, 
espeo.ially when weathered, have some resemblanoe to altered tufts. 

lInda!' the mioroscope, the fine-grained variety is reol'J'-





stallized to a finely c~ystal11ne aggregate of quartz, sericite ' 

and some epidote and ohlorite. It 1s more s111ceous than might 

be supposed trom the general appes.:t'ance of tr.e rook and conta.ins 

(Spec. U .• V. x. a) 72.4 per cent of 81 O2 and. 1.8 per cent ot 
1 

AS. o. The coarser variety (Spec. U. V. X. 143) contains quartz 

phenocrysts as large as those commonly present in the Cleopatra 

rhyoll te • The text\l:Ils of the rock... as seen under the mtCl'o)scope, 

suggests tba posslb1JJ.ty that it may be a tu.ff but .f1el.d relations 

indioate that it probably 1s a dev1trifled glassy rhyolite with 

abundant included fragments - a flow breccia. 

This rook cbntains 73,2 per cent of 8i 02 and 2.6 per 

cent of Os. O. 

On the supposition that the banding of these rooks is 

indicative of sedimentary bedding, they were termed "bedded 

Sediments" by Reber and ar~ so mapped in the United 'Terde mine. 

In the United Verde Extension mine, the riner-grained variety 

has generally been mapped as Ifg~eenatonetf $ond the aoarser .. gz-ained 

var1ety J at least in part, ha.s been mapped as ff qUQrtz po.rphyry". 

I Ngard them as metamol"pl1ose4 rhyolite flows., the banding being 

interpreted as flow-lines in an originally glassy lava. The in

clusions of the finer grained variety in the C(lB,l'ser variety are 

not ~eadl1y explainable if these rooks are sedimentary but can 

beaoooun'bed. for, if too I"ockEJ are rhyolite, as f~a.gments of' 

prev10usly solidified lava caught up 10 parts of the flow that 

congealed later o~ in a subsequent flow. 

1 These and othe~ chemical deterzninat·ionEJ cited in this report 
were made by Mr. S. H. English, eheudst at the United Verde 
Extension smelter .• at Clemetloeau. 

s. 
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The name g1'!enstone 1s oommonly app11ed to alte1'ed vol

canioro'cka of more basio- oompos1t1011 than the :rocks hel'e 

deso~lbed but the name is approp~iate BO tar 8S color 1s oonoern

ed and 'has beoome a familiar term in too d.lstr1ct It These o'on-

s1deratlon~ appear to justify its retention. 

(2 ) GOLD HILL RHYOLITE. The fOX'Dlation termed in this -
report the Q2!,d Hill rhlol1t!, 1s (~xpos$d in Deoeption Guloh from 

near the Gold Hill tunnel. whence. it derives its name, for a 

d1stance , of about 1000 reet eastward,. The ~oek of this area 

generally weatho:ps brown and is oro\"lll!.sh gray on fresh fraotul'e. 

As a rule, 1t 1s not notioeably ach!stose _ but looally some 

sch1~tosl ty 1s dev.loped and in suoh plaoes the rook may be 

g~eenlsh gray. Oontorted flow lamination 1s oonspiouous in some 

exposlU"es in Deoeption Gulch. Qual'tz phenocrysts are rare 01' 

absent but the mi ol'Oseopa shows abundant quatttz in the gl'oundmasa 

of th~ rook. Small ph$nocl;7sts of orthoclase or aanid1ne .a1'e 

fairly abundant~ usually associa.ted with phenoorysts of a aodle 

plagioclase. 'fhe rook is a more or les3 altel"ed glassy rhyolite, 

probably erupted as a flow or flows. In plaoes it shows distinct 

flow breooiation. 

The Gold Hill ~hyol1te does not appe~ to have been dis

ti.nguisl'1ed previously as a separate f'oJ:'lllation end, is known at 

the surfaoe only at the type locality in Dec8p~'on Guloh. It is 

in evel~ respect, however, identical with the roek that, in the 

United Verde Extension mine has usually been mapped as "acid 

voloanios", when any separation of the "greenstones tl bas beeD 

attempted. Chemical determinations on a SpeC1m9D (U. V. X. 168) 

from the United Verde Extension mine gave ?1.4 per oent ot 81 02 
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and 0.9 per cent of a.a o. 

(3 ) DECEPT~ON RliYOLITEI: The :rock desoribed in this 

l'epol't as I?eeeRtion l'b.yolite is typically exposed in the 1'U.gged 

gorge through which Deception or Walnut Creek flows east of the 

Veroe Central :mine. It issepal'ated from the Gold Hill rh'1011te 

by a belt of Oleopatra t'byolite (next to be described) whioh in 

Deception Gulch is about 2500 feet wide fram east to west. 

The De¢ept1on rhyolite is generally a ~atbel' roughly 

schistose rook which is greenish gl'ay an fresh fraoture and 

weathers 'ill'own. As a t-Ule .it oontains small .. ra.thal' sparsely 

distr1butedand somewhat angular ' phenocl'ysts of qUiWtZ. Neal" 

the contact with the Cleopatra. rhyolite, as maY' be saen on the 

pipe-line on 01eopatl~a H11l~ . it has a distinctly brecciated 

character whioh is strongly suggestive ot flow brecciation. 

There is no evidenoe that the Deception rhyolite 1$ intrusive 

but much to suggest that it is an originally glassy ~hY011te 

flow which bas beeJ1 rendsl"ed. schistose and bas und~:rgone ()onsid

arable meta~brphi8m. In microscopic charaoter and in,many ex-

, posUl'es u.nda~ground it closely resembles th$ Gold Hill l'hyolite 
, I ~ t :'.) 1 • 

and· may. 1,)e a. more . riletamol'phosed variety of that rook. 
.< 

(JbeJlical 
t 

det6r:wlinations made on a speoimen of Dec.eptlon rh~lite (R.V.X. 72) 

gave 75.6 pe~aentot S1 02 and 0.3 per cent of Oa o. On another 

speoimen (U.V.X. 49) the res'Lllts were 81 Ok 74.0 per oent, Ca 0 

0.3 per mente 

The Deaeption rhyolite was included 1n thE) ttgreenstones" 

b1 aeber, altho he remarks tlmt 1ts oharaoter is Q~n to question. 

Finlay named :it "l)e-.ept1on porphyP71t and F'earing, j.n the pape~ 

previously referred to, deaignates it as rlDeoept1on pol'phYl'Y.lt 



and "Deoeption quartz porphyry". He regards it as an intrusive 

sll1. Mr. Hansen, ohief geologist of the united Verde mine, 

maps it as "fragmental gzteenstone", his view apparently being 

that the small quartz phenoorysts are fragmental grains and not 

true phenocrysts. 

(4) OLEOPATRA RIlYOLlTE. The Cleopatra rb.yol!t~ :ts t"_ 

~ically exposed on Cleopatra Hill and in Deception Gulch# in 

the general vic1nity of the Verde Central mine. It la the "quartz 

~phyryn , Oleopatra qua%'tz porphYl'Y", or "Oleopatra porphyry" 

of the various reports on the Jerome district and of the geologic 

maps of the mining compani.es. 

This rock sho~ considerable variation from plaoe to 

place but its distinguishing characteristio 1s its abUndanoe ot 

easily visible quartz phenoorysts. In places, as on the east 

slope of Oleopatra Rill, the rook i8 sohistose. In other places 

It 1 massive, the conspicuous quartz phenocrysts lying in a 

ve~ fine-grained brown matrix that has every appearanoe of hav

ine once been largely volcanio glass altho this glas8 has dev

it1'1f'ied or become a very flne-gI'a1ned aggregate of quartz and 

feldspar. In a number of' places. partioularly in Deoeption 

Guloh, along the western margin of' the mass, between the Verde 

Central Mine and alnut Spring, the rock is unquestionably a 

flow-breooia. in which fragments of previously solidified por

phyritic rh~lite hav caught up and carr1ed along in still

liquid portions of' the mass. Even where Cleopatra :rhyolite aho .. 1 

no distinct bracci tion. it exhibits streaky variations 1li texture 

that are strongly suscest1ve of movement in a viscous lava flow. 

In short, the Oleopatra rhyolite. as exposed on the surfaoe, has 



the oharacteristic)21 ot a thiok :viscous flo" oertainly not those 

ot a deep-seated intrusive mass. 

%n the mines, the apparent OCCU1'renoe ot some, of the 
. 

Oleopatra as lenses or isolated masses 1n the other pre-Cambrian 

12. 

rookS suggests that the ~hYOlite is intrusive. No oonVincing 

evidenoe ot intrusion as found, ho ever, and it 1s oertain that 

some of the isolated bodies shown on some mine maps as "quartz 

porphyryft a.re not the Cleopatra rhyolIte. It Is entirely poss! ble, 

moreover, that the main body of Cleopatra l'hY'()llte ma.y have been 

erupted as a flow while, at the sam time, portions of the rhy

olitio magma may have been intruded into the older rocks as 

dikes. 

The eruption ot the Cleopatra rhyolite prob~bly oooured 

long before the deposition of the ore bodies and cons641ently is 

not responsible tor the oopper mineralization 1n the Jerome 

district. 

(5 ) VERD~ DIORITE. It is generally accepted in the 

district thnt the Verde diorite 1s an intrusive mass altho t hiS 

oonclusion rests ohiefly upon the charaoter of' the rock and its 

general relations to the other rocks rather than upon direct 

evidc~ce ot intrusion. The rook is a massive medium-grained 

angite diorite, which as a rule 1s cons1derably altere. Genel'-
1I a11." as the rock 1s found in the mines, the a:ig1te has been 

altered to amphibole or to epidote, ohlorite and carbonates, the 

teldspars are decomposed and oonsiderable seoondary quartz is 

present. As a rule the d1o~ite is not sohistose altho schistosity 

may be locally developed at its margins. Chemical doterminations 

made on a specimen of fa1rly fresh diorite from the United Verde 
t-open pip (specimen U. V. X. 1) gave 49.8 per cent of 3i 02 and 
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8.6 per oent ot Oa O. 

(6) DIABASE. ThE) I'ock here designated diabase has not 

been reoognized at the surfaoe and in the United Verde Extension 

mine 1s not present in the vioin1.ty ot any known ore, 'body. Large 

masses of it have been penetrQted~ however, in the long explora

tory drifts to the east and north of the Audrey shaft, in Jerome 

Verde ground, on the 1400 and 1700 levels. On the mine maps it 

bas generally been shown as "greenstone" altho on IUs published 

map of the 1400 level (Economic Geology, vol. 21, p. 763, 1926) 

Fearing terms it "dlabasic gI'eenstone flow." The diabase is a 

generally massive rock ot rather fine texture n greenish 

color. In thin section, under the microscopo, it shows the 
C(... 

oharacteristic oph1t1otexture of diabase with abundant a~lte. , 
The plagioolase feldspars are decomposod and the rock contains 

muoh secondary epidote and chlor1te. Chemical tests (U.v.X. 233) 

showed 46.2 per cent of' 31 02 and 5.6 per cent of Ca O. Without 
s 

lns~tenoe upon any high aoouraoy for these determinations, it 1s 

olear that the rock is much more basie than the rhyolitic 

"greenstones" of the mine and is fairly clooe to the Verde dior-

1te in oomposit1on. I could find no evidenoe for r garding it 

as a. flow and am inol1ned to believe that 1 t is intrust va and 

rather olosely related to the Verde diorite. 

It appears from the foregoing that the prino1pal. pre

Cambrian rooks of the oen:tra1 pal't of the Jerome d1strict oomprise 

4 rhyolitio formations, namely, the alnut Spring greenstone, the 

Gold Hill rhyolite, tne Deoept1on rhyolite, and the Cleopatra 
~ 

rhyolite'lof whioh are 1::elieved to have been erupted at the 

surfaoe as flows, and two basic igneous rooks, namely tho Vel"Cie 

diorite and the diabase, of whioh the diorite 1s intrusive and 



the diabase may be intrusive. So far as my observations go, 

there are no sedimentary rocks in the pre-Oambr1an ot the oentral 

part of the Jerome district. Oertainly oong~omerates, sandstones, 

shales and limestones are absent and it 1s at least do· .... l:ltful 

wbethel' any bedded tuff's are present. 

Occasionally,1n the follow1ng pages 1t will be conven

ient to refer collectively to the Valnut Sp~1n8 greenstone, the 

Gold Hill rhyolite and. the Deception rhyolite. Generally when 
I, 

the tel'lIls "greenstone '1 and zthyo11t1c ~greenstonefl are used they 

are to be understood as retel'zt1ng to any or all of the three 

rocks mentioned, wltlwut any attempt to distinguish between them. 

By way of summary it may be stated, t at in pre-Cambrian 

ttme the Jerome area was covered by a serles of rhyolitic lava 

flows, erupted over a s1U'f'ace of older rocks which a.re l ... Ot any

where exposed in the distriot. Possibly somo of the ea~li~~ 

flows ere intruded by dikes, or even by larger bodies, of the 

magma that sQlidified as the Cleopatra rhYQl1te but that rhyolite 

as a whole is believed to have congealed on or very close to the 

stll'tace as it existed at that time. 

PRE-OAMBRIAN STRUCTURE 

All of the pre-Cambrian rooks, except the Verde dio~ite 

and some of the diabase appear to have been ~losely folded in 

pre-Cambrian time. This folding was aooompanied or followed by 

intense oompression along nearly east-west lines so that the 

rocks were rendered schistose. It is, in general, thlsschistose 

struoture, stztiking nearly north and standing nearly vert1cal, 

that 1s the most .consp~cuous st~ctural teat~e of the rocks. 

Whatever origtnal layering may have been present in the succession 

14. 
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of rhyo11tic flows has been 'obliterated or greatly obscured. 
It 1s possible on the various levels 01' the United Verde 

Extension mine to map separately the Walnut Spring greenstone, the 
\Gold Hill rhyolite. the Deception rhyolite I and the Cleopatl'a 
po~phyr7. When l however, an attempt is made to util1ze these 
level-mI,lps tor the eonst:ruct1on of geological cross--sect1ons 
tbru the mine, tbt d1atJJi button of these rooks 1s so different 
on success1ve levels a.s to exelude any simple structural explana
t1on. The observed x-elat1ons suggest that the rocks were 1ntri
cately folded and perhaps faulted before they beoame acb1stose 
but 1t is very doubtful Whether it would be practlcab+e ~o shoW' 
this stl'Ucture 1n sections other than in a muoh generalized and. 
largely llI18g1nary fashion. It, 1s to be 1'elD8mbered that all of 
these :rooks are rh701i te, that they never had the regular 
stratlt1catlon ot sedimentary beds, that there are no persistent, 
readily recognizable "key" layers that would give a clue to the 
stl'Uoture, and. finally that the dlfferenoes in charaoter brought 
about ln anyone rock by the imposed SChistosity are, as a rule, 
tal' more conspiCUOUS than the original diffe1'8nces between the 
indJ.vldual members of the rhyolitlc serles. Pl'olong'6d stud,. 
might overoome the diffioult,les referred to _ but it does not ap-

. pear that the oCQurrence of ore is dependent upon these earlier 
and obscure stru.cturea in the Itgreenstone~n and consequently there 
is no economio justification for perSistency 10 an attempt to 
deo1phel' them. 

From the eoonomic point of' view the significant. litholo
gie units are: (1) the rhyolitic ftgreenstonesft as a whole (in
cluding the Walnut Spring greenstone, Gold Hill rhyol1te~ and 
Deoeption rh7011te), (2) the Oleopatra .rhyolite, and (3) the 



Verde diorite. It 1s the r.lative distribution of' these three 

units, in oonjunction with certain zones ot shearing, that hal 

determined the place ot o~e deposition. 

LOCAL MODIFICATIONS OF THE PRE-OAMBRIAN ROOKS 
l 
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Blaok schist - A large part of the ore ot the United 

Verde mine occurs in a d~k, schistose rock commonly ~eterred to 

as "black schist". It 1s very flne-gralnedand much ot it res

embles a slate rather than an ordinary crystalline. soh1st~ .' . 

Reber described this ~ock, in his paper previously re

ferred to, and apparent17 regal'ded It a8 • member ot his "bedded 

sediments n, a1tho ~ also states that it is probably a product 

ot alteration ~l magmatio solutions that may have been c10se17 

related to or~ d~posltion. FearIngl reters to the black schist 

as ~ing almost entirely oomposed ot ferruginous ohlorite and 
-

states that the nCleopatra porphyryn, the "DeceptIon porphyry", 

the "rh701Ite tuff" and the "~dded sed1Jnentaries" have all been 
- 2 

"observed gradtng into blaok schist". Lindgren ascribes the 
~ , ~ .( 

ferr1tel'Ov.s chlorite ot the blaokschist to the aotion ot asoend

ing solutions oonnected with ore deposition but suggests that the 

blaok schist may have been originall7 a slate ot sed1menta~ 

derivation. 

Jly own obse~ations have convinoed me that most ot 1ihe 

black sohist 1s intenaelysheared and metamorphosed Oleopatra 

rhyolite. Some ot it still retains residual phenoorysts ot 

quartz and in a number ot places all gradations can be found 

1 
Loc. cit., p. 762 

2 Loe. Cit._ pp. 72 and 74 

----,~.------'-'--------.---



between Cleopat a rhyolite and blaok sohist. The dark~olor is 

due to the development ,of the ferruginous chlorite rsterred to 
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by the writer mentioned, this development being a phase of the 

same prooess ot mineralization to which the formation ot the 

hypogene ore was due. Possibly the other rhyolItic tormations 

may, in places, have been altered to black schist. Suoh change 

would not be improbably, altho I have not seen any evidenoe ot it. 

Contact schist - In the United Verde Extension mine there 

is exposed on all of the main levels a belt of very fissile 

sohistose rook which extends generally in a north-northWest dir

eotion from the main ore body and intervenes between the Verde 

diorite on t~~ west and the Gold Hill rhyolite ("aoi4 volcanio 

greenstone") on tb8 east. This i8 the "bedded sediments" ot the 
I 

company's geologioal maps and the "schist related to ore deposi-

tion n ot J4r. Lindgren. s map. 

This rook has generally been regarded as a distinct mem

ber of the pre-Cambrian group but, in my opinion is a loo~1 mod

ifioation of the Gold Hill rhyol.ite aM possibly, to a minor 

extent, ot other members of the rhyolitic "greenstones". As a 

rule, it grades into the Gold Hill rhyolit with no detinite 

oontaqt, the tiss!le, crumpled "bedded sediments" gradually being 

suooeeded by the more moderately sohistose "greenstone". In a 

tew plaoes in the mine the Gold H1ll rhyolite shows looal sohis

tose portions that undoubtedly would have been mapped as "bedded 

sediments" did they ooour in the posit1on where the ma1n belt ot 

this tissile is normally found. It is fairly oertain that the 

"bedded sediments" of the United Verde Extension mine 1s merely 

a very strongly sheued portion of the Gold Hill rhyolite alid, 

beoause ot that shearing, the rook has been a path tor 01'8-



depol!liting solutions. The rock has not only been squeezed to 

a finely laminated sohist, in which all original texture has 

been obliterated, but on acoount of its thinly laminated char

aoter has been a zone of weakness along ~oh later movement 

has taken plaoe I as shown by the preval.ent ol'UDlpl1.ng and distor

tion ot the laminations. 

As previously mentioned, the contaot sohist ("bedded 
'I sediments") generally follows the contaot with the relatively 
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massive diorite. It 1s believed to owe its struoture to that 

faot, the Gold Hill rhyolite having yielded most readily to 

pressure where it was squeezed against the resistant diorite 

mass. Whether the Vel'de diorite exerted this pressure ,at the 

time of intrusion or was merely a passlye mass against which the 

older rhyolitic rock was molded by regional pressure, I am unable 

to say. The faot that, at a tew plaoes, the contact schist does 

not appear to oocur exaotly at the oontaot with the diorite 

does not, I believe, invalidate this general explanation of 

its origin. It reoords zones of maximum yielding to stress with 

the aocompaniment of rook flowage tbru the development of an 

exoeptional degree of sohistosity. 

GENERAL CONDITIONS THAT DETERMINED HYPOGElm 

("PRIMARY") ORE DBPOSITION. 

Examination ot the general geologio map ot the oentral 

part ot the Jerome distriot shOws that the ore body of the 

United Verde mine ocours where Verde diorite, Cleopatra rhyo

lite, and one or more of the rhyolitic greenstones oome together. 

In a general way the United Verde ore body is limited on the 

nol'thwest and west by the Verde diorite, on the south by the 

J 



Ol.~patra rhyolite, and on the northeast by "greenstone". Exam

ination ot the map further shows that there. i. only one place in 

the district wbere the three rocks mentioned have this relative 

posit10n. It 1s a bighly suggestive ~act that the only other 

large ore body found in the district, that ot the United Verde 

Extension inine, has roughly the same general relation to the 

Verde diorite, the Oleopatra rhyolite and the "sreenstoneft. As 

is well ~own, the two ore bodies lie on opposite sides of the 

great Verde fault, the United Verde ore-body in the tootwall, 

to the west and the United Verde Extension ore body in the 

banging wall, to the east. 

Both ore bodies ocour ohietly in Cleopatra rhyolite or 

in black schist, whioh is for the most part a local modUioation 

or th8 Oleopatra rhyolite. Of all the rooks in the distriot, 
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the Oleopatra rhyolite appears to have been most susoeptible to 

extensive replaoement by ore, particularly where it bas been 

sheared or fractured and where it 1s adjacent to the Verde diorite. 

That the dior1te was an essential faotor in the mineralization 

is certain, To the presenoe of the diorite mass were probably 

due the shearing and fissuring wh1ch gave pasaage to the ore

bearing solutions; the body of diorite, as a whole impervious 

and massive, forced the solutions to travel along its margin; 

finally, it 1s probable, altho not demonst~able, that the deeper 

portions of the dioritio magma, before 1ts consolIdation, supplied 

the Iron, copper and zinc of the present ore bodies. 

In the United Verde Extension ground the zone of contaot 

sohist represents the most important and oontinuous belt ot 

shearing along the margin ot the Verde diorite. It fUrnished a 

passage for the ore-bearing solutions and itself contains 



important ore bodies. The main ore body, however, "was to~d 
. wben this zone of shearing entered the Oleopatra rhyolite. 

It happens ~ as is plainly shown on the mine ma.,a, that 
this ore body lies, in a general way, at the intersection, and 
mainly rith1n the angle, of the Verde aDd Plorencia taults. 
These faults, however, appeu to be wholl., later tnan the ox-ig
inal or h1Pogene mineralization altho they may bave controlled 
to some extent the supergene enriohment that transformed the . 
United Verde Extension ore body fx-om what was probably a 10.
grade pyr1.tic mass into the present luge, oompact and "high-grade 
deposit of chalcocite. 

RELATIONS OF THE UNITED VERDE AND UNITED VERDB 
EXTENSION ORE BODms TO THE VERDE FAULT. 

The course of the Verde faUlt (01', as it 1s sometimes 
called, the Jex-ome fault) 1s generally nearly no;rthwest and 
southeaat. The United Verde and United Verde BXtenaion ore
bodies lie apPl'oxtmately on an ea8t-.e8t line, on opposite 
sides of the fault. The United Vel'de ore body, exposed at the 
surtaoe, lies about 2000 teet west ot the fault, in the tootwall, 
the fault d1pping to the northeast at about 57 degrees. The 
United Verde Extension ore body, as px-ojeoted vertioally to the 
surface, lies about 1500 teet east of the fault. (See figure 2) 

The origInal exploration of the United Verde Extension 
groUnd appears to have been auggested by the oonjecture that 
heN might be, in tbe banging wall of the fault, a segment 

hat was orig1nally the upper part ot tbe Untted 
ez-de ON bod,._ Later, howeve%', geolog1sts found that it the 
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down-thrown block, containing the United Verde 

bOdy, were slipped back until the base ot the Paleozoio beds 

in tb& down-tlutown block waa restored to the same level aa the 

base of the same beds 1n the footwall block, this movement, equiv

alent to a dip-slip of about 1900 feet or a throw of 1560 teet,l 

was not sUffioient to place the United Verde Extension ore-body 

above the United Ve~e ore-body. Inasmuch as the faulting haa 

been supposed to have ooourred wholly in late Tertiary or 
j)" 
liliat~rnary time, obviously the thl'ow could have been no greater 

than the 1560 teet reqUired to restore the baae of the Paleozoic 

edimentary beds to their orig1nal cont1nuity ot level. There

fore, it was argued, the two ore-bodies can never have been 

oontinuous and 1 t followed that, somewhere in the footwall 
\ 

must be the downward oontinuation ot the United Vei'de Extension 

ore-body, below the fault. 

Drill-boles, oross .. cuta and drifts in the footwall in 

the general latitude of ,the two ore bodies, failed to find the 

ore body sought. The idea was then advanced that the Verd.e 
. 

fault might have a large hOrizontal component ot movement. Mr. 

Searls, tor example, thought that the hanging-wall blook might 

have moved some 1500 feet southeast of its orig1nal position. 

Work done in acoordance with this hypothesis also tailed to 

find any ore in the tootwall oountry. In this oonneotion it 

may be pointed out that attempts to determine the horizontal 

oomponent of the fault movement by matching particular rook 

masses on oppos~te sides of the fault can scaroe~T be success-
I 

rul. In the fiItst place, tlie distribUtion of the various rocks 

in foot and. hanging wall :Ls not accurately mown and, in the 

I This 1s my estimate. Lindgren makes the thl-ow 1620 teet and it 
has generally been considered to be about 1600 teet. P.L.R. 



seoond plaoe. tbe roek masses are ot 1r"~ tom and their 

outlines, sayan the 1500 level in the footwall, are 11kely to 

be oonsiderably diff'e1'8nt tl'Om those 1560 teet higher. on the 

same side of the fault, with which the outlines on the 1500 

level, in the hang1ng wall, must be compared to ascertain hori

zontal displaoement. 

Betore fUrther oonsideration of the possible relation 

ot ore bodies on oppos1te sldes of the fault, two questions 

should be answered. The first i. - What is the relation of the 

Dia1n ore body of the United Verde Extension mine to the low

grade PY1'ltic ore body ot the lower levels? The seoond question 

is - Does the Verde fault out otf' · the United Vel'Cle Extension 01'8 

body as a whole? 

With respect to the first questIon, it may be pointed 
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out that on the 1500 level, the uppel'lDOst level on which the 

pyritic ore body has been approximately outlined, it is separated 

trom the main ore body by about 120 teet. This intervening ground, 

however, has not been explored and the two ore bodies may actually 

join. This ground, moreover, 1s greatly disturbed and taulted 

and the apparent separation of the two 01'8 bodies may be due to 

faulting. In any case, even it no considerable body of sulfides 

connects the main ore body with the PJ1':Ltlc ore body, it is 

reasonable to regard them as portions of one general aone ot 

mineralization. I consider it highly probable, moreover, that 

the pyritic ore body represents the orig1nal character of the 

mi1n ore body, before enrichment took place. Originally theretore, 

the path of the hypogene mineralizing solutions was upward tbru 

the ground now occupied by the pyritic mass, into the gl'Otmd. noW' 



occupied by the main ore body. Both masses are parts of one 

great ore zone which as a whole pitches to the north or north

north-west, as shown in the pro jection ot the ore bodies on the 

plane of the fault, which accompanies the report of Mr. LIndg1'en. 

With respect to the second question, I believe that the 

United Verde o~e zone, as a whole, 18 cut off by the Verde fault. 

Parts of the main Ore body and of the pyritic ore body Nst 

directly upon the gouge of the main fault and are obviously cut 

ott. Other portions appeal' to die out before reaohing the main 

fault and there is even a suggestion that the ore on the lower 

levels may be dipping to the northeast and continuing downward 

in approximat '~allellsm With the fault. This appearance is 

probably deceptive. It is evident on all the levels ot the 

mine that the hailging-wall country for 100 to 150 teet northeast 

01' the main go:uge ot the Verde fault is a zone of intense shear- . 

ins and faulting, in which the relative displacement has been 

generally down, to the northeast. It is due to the complIcated 

movements in this .shear zone that portions ot the main ON body 

disappear before they reach the main Verde go:uge. They are out 

ott by minor faults within the shear zone. Fu:.rthermore, as the 

general pitch 01' the ore bodies as a whole is more northel'lJ' 

than the strike of the Verde fault, the south end ot the ore 

body, which was also the enriched portion, was the first part 

to b e cut off by the fault and does not appear on the 1700 level. 

The low-grade pyritic mass 1S at least abOut 230 feet long and 

160 teet wide on the lrtOO level and the body is }mown on tbe 

1800 and 1900 levels ·but has not been developed full,. on the 

latter two levels. If the northem limit ot the mass. 1ts dip 



and its pItch, were all known, some predict10n -might be made as 

to the probable extent of the pyritio bod7 below the 1900 level 

and as to the position and attitude ·. of the section along wh10h 

it must be tinally out ott by the Verde tauJ.t. These data, 

hOwever, are not available. That the whole of the Uni.ted Veree 

Extension ore ~one 1s out oft by the Ve~e fault at generally 

incz-easing depths northwazed appears to 18 fairly ceptain. 

It the United Verde Extension ozte bodies are parts ot 

one general zone ot mineralIzation which rests as a whole on the 

footwall ot tb8 Verde fault, where is the continuation ot this 

zone in the footwall country? 
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MI'. LindgNn, in his NPOl"t to the cODlpany, expresses the 

opin1on that the movement on the Verde fault 1s not far f'rom a 

slip straight down the d p and that consequently the horIzontal 

oomponent is small. I fully agree with this. All exposures of 

the fault that I have seen show grooves and str1ations that 

pitoh approximatel1 75 degrees to the south. Be also conslderes 

that the body of crushed, enriohed ore mined in the United Verde 

mine on the 500 level, U:nder the Herndt olaim, 1s a tr~nt 

iz-om the PYl'ltlc ore body of the United VeNe Extension mine 

that MS been left 'tehlnd in the fault zone. This 1s highly 

probable. If so. it establishes the general direotion ot mOve

ment on the fault and shows the path that the United Verde Ex

tension ore bodies must have followed in the1r descent tram 

relative11 higher levels at the time of faUlting. That path 

points to a position south of the United Verde ore body bUt 

high above the present surfaoe. In his published reportl 

L1ndgl'en says: 

1 U. S. Geolog. Survey, Bull. 782) p. 87. 
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The suggea1?10n baa oft n been advanced that the large 
ore body may be the downf'aulted upper part of the United Verde; 
but, as pointed out by Riekarci aDd Finlay, thia 1s lmprobabJ.e, 
because ita trend and plunge are different and its projection 
upward, attex- allowing tor the 1700 foot slip along the main 
fault, would bl'ing it above the town Itt Jerome, or a long dis
tance south Qr southeast of the United Verde body. 

Quite true; but the United Verde ore body itself plungea 

68 degrees to the north northwest and, 1f pro Jected up"-ard, to 

an intersection with the fault, would alao be considerabl~ aouth 

of 1ta pos1tion at the ~e8ent surface. we must considel', not 

the pl'esent top ot ' the United Verde ore bod~, but the fOl'D1er top, 

now eroded away, where it was cut off by the fault. 

It 1s highly significant that the general geological 

envil'onment of the United Verde ore bod~ 1s the same aa that ot 

the united Verde Extension o~ body and that this association 

of rocks occurs nowhere else in the district. When this partiou-

1ar grouping of "greenstone", Cleopatra rhyolite and Verde diorite 

1s found on opposite sideR of a great fault it is difficult to 

a oid the conclusion that the duplication ot cond1tions is due 

to the separation by faulting of wbat was once oontinuous. 

The United Verde Extension ore body was plainly cut otf 

from its fo~mer downward oontinuation, tensive exploration of 

the footwall, extended tar northWan and southeast ot the region 
.>; 

of 1ts probable occurrence, has failed to discover any other root 

than the · United VeMe ore body. Fu.rthermor, ve~T extensive ex

ploration in all directions trom the Unit d Verde Extension ore 

body has not brought to light any down-tau1ted top ot the United 

Veroe ore body, unless it be the Bitension ore body itself. 

The main OI'8 body of the United Verde Extension mine, 

having undergone extensive supergene enrichment to a mass now 



26. 

largely chalcocite, is ot co~se very different from the hypo

gene, enriched o~e of the United Verde; but the low grad pyritic 

o~e body, with considerable sphalerite, is identioal in 

tel' with much low-grade material to be found in the Unit 

mine. It is to te remembered tha.t the great sulfide mas of the 

United Verde is only in relatively small part ore. 

i reported that some of the upper levels of the United 

mine contained little t such lean sulfldes. Oonsequen 

fact that the pyritic ore body on the 10 er levels of t united 

Verd Extension mine is not as rich in copper as the 01'6 of the 

united Verde is no proof that both bodies could not have origin

ally been parta of the same continuous suif1de maas. 

In orde~ to test the suggestion that the United 

EXtension ore body has been faulted off from the top of 

United Verde ore bod~, and to check rough calculations p viously 

made, a simple model of paper and cardboal'd was construe 

the scale of 500 feet to the inch. The base of the mode 

taken as the 1700 level of the United Verde Extension# e 

3409 teet. It was assumed that the Verde fault 

that its trace on that level is a straight line 

45 degrees west. It was assumed that the pyritic ore bo on 

the 1700 level 1s about one halt of the area before faul ins 

and consequently that a p01nt at coordinates 11400 N. an 

7550 • could be taken as the oenter point of this parti 

horizontal seotion ot the 0~1g1nal pYritio ore body. T 

was assumed to have a uniform dip ot 57 degrees. 

of the United Verde ore body (the vertical angJ.e 

1zontal plane and the longest axis of the 01'8 body) was 

as 68 degrees. The dIrection of plunge was est1mated at 



30 degrees west. Of course the~e various assumptions a~e not 

strictly accurate and take no account of possible variations in 

the dip and strike of the fault or in the angle and direction 

ot plunge ot the United VeMa ore body. Furthermore, the posi

tion of the inclined axis of so irregular a body as the Un1 ted 

Vel"de sulfide mass is not ,Q matter suscGpt10le ot precise deter

mination. On the whole, however, the assumptions made appeared 

to be as close approximations to fact as could be reP1'esented 

in a simple model. 

It -.as found, under these conditions, that the Verde 
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fault cut the inclined &.Xis of the United Verde ore body at a 

point a bout 4000 feet above the 1700 United Verde Extension level, 

or at an elevation of 7409 feet. Projeoted downward, this point 

would fall about 600 feet southeast of United Verde zero coordin

ate point. This 1Il0uld :requil'e a thro on the Verde fault of 

about 4000 feet. A l1ne drawn t'rom this point of intersect10n 

of the Verde fault with the axis ot the United Verde ore body to 

the assumed central point of the pyrtlCl ore body on the 1700 

United Verde Extension level. obvioUBly derines the d1~ection 

of slip, in the plane of the fault. (See figure 2) It was found 

to have a pitch between 70 and 75 degrees, to the southeast, 

wh1ch accords closely with actual observations on the fault 

striations. Furthermore, this line passes directly tbru the 

plotted position ot the Hermit ore body ot the United Verde mine, 

thus not only confirming the suggestion made by 1\41' . Lindgren, 

that this body is "drag" trom the United Verde Extension pyrltio 

ore body, but also showing that it may be regarded as ore faulted 

down trom a part ot the United Verde ore body that has long sinoe 

been removed by erosion. 
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In addition to the direot evidenoe presented ror the 

original oontinuity of the United Verde and Un1ted Verde Exten

sion ore bodies, there is another consideration that hal weight 

as one link in a chain or oumulative evidenoe. On opposite aidea 

ot the stron~st tault in the Jerome district occur the only two 

large ore bQdiel mown in the distriot. They were originally of 

similar oharaoter and have a similar relation to adjaoent rooks. 

The one in the hanging wall is pla1nly cut ort by the fault aDd 

is in suoh a position that it may have been faulted ott trom the 

ore body in the tootwall. It would oertainly be a remarkable 

ooinoidence 11' the only two great ore bod1es in the distriot 

had suoh a suggestive relationship and were nevertheless entirely 

independent of eaoh other. 

Up to this point, all of the evidenoe oonsidered indioates 

that the Un1ted Verde ore body and the Un1te" Verde Extenaion 

ore· body were once continuous. There is one teature, however, 

that may, by some, be reg8l'ded as antagonistio to this view. 

This is the neoessity ot aocepting the ~ie. that the movement ,. 
on the tault took place at two widely separated periods. It has 

been shown that a reversal ot throw on the fault, of about 1600 

teet, . would restore the base of the Paleozoio sandstone in the 

down~opt blook to the 'position of its ori8inal oont1Du1ty with 

the same sandstone, above the United Verde p~t. o onsequently, . ~-{.(... 
the postfPaleozoic (presumably late Tertiary or laaternary) 

faultj.ng is lim1ted to a throw of 1600 teet. On too other band 

the throw neo~ssary to replaoe the United Verde Extension ore 

body on top of the United Verde ore body, i. at least 4000 teet. 

The only escape from this dilemma is to concede that the fault 

began in pre-Gambrian time, with a total throw or 2400 reet. 



It was apparently immobIle thruout Paleozoic and Mesozo1c time 

but was revived in Late Tertiary or ~aternary time, after the 

basaltic eruptiona, and acquired a fUrther throw of 1600 feet. 

That suoh behavior 1a possible 1s shown by the Bright-
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Angel fault in the Gx-and Oanyon, which was described . b'y me in 

1 
1908. Tb1 r,ult, 1n pre-Cambrian t1me, had a thl'ow ot at 

least 300 teet, the block on the weat being dropt relativelY' to 

that on the east. After the deposition of' the wbole Paleozoic 

aer1es there was a s~ller movement on the fault, tb18 time In 

the reverse direction. Other faults are a180 known in the Grand 

Oanyon x-egion wMon sbow a similar renewal ot movement atter 

long per10ds ot quiescenoe. 

The supposition tllat there _re two distinct perioda ot 

movement on the Verde tault, separated by • period of inacti rltY' 

tinds some additional support trom the occurrence at two places, 

one on the 500 level ot the United Verde, the other on the ,1900 , .. 

level. of the united Verde Extension, of .Calcitlc vein material. 

that appears to have l'8placed crusl:1t dic:~tttt. This vein mater

ial maY' represent the original pre-Oambrian gouge, ot which 

only tragments have aurvi ved the c ruShing and grinding ot the 

later period ot movement. 

On the whole, altho there is adm1 ttedly an element ot 

1mprobability in the explanation ot two-periOd faulting, this 

element 18 believed to be outweighed by the evidenoe previousl,. 

adduced in support ot a throw ot 4000 teet. 

It is conoluded that the United Verde and United Vel'de 

Extension ore bod1es are originally one and that theY' have been 

separated by a throw of about 4000 teet on tbB Verde fault. 

l8c1enoe, vol. · 2?, pp. 66?-669, 1908. 



PRACTICAL CONSEQUENOES OF THE CONCLUSION THAT THE 

TWO ORE BODIES WERE ORIGINALLY ONE. 

The most direot and obvious oonolusion to be derived 

trom the foregoing discussion is that the United Verde Exten

slon mine, so tar as concel'IlS }mown ore bodies, baa a detlnite 

bottom on the Verde fault. li'UJ.'thermol'e, the oonolusion that 
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the dlstriot contained originalll" onll" one large ore body. whioh 

ocourred where the rocks have a certain unique relatlve distri

bution, dimin1shes the probability that other large bodies w111 

be found 1n depth, within the United VeI'de Extens10n ground. 

i'he company's t~rritory northeast ot the Verde fault 1s covered 

by Paleozoic beds, overlain in part by basalt. The charaoter 

and d18tr1 but10n ot the pre-Qambr1an rocks ln th1s area are 1m

pertectly lmown. Nevertheless 1t i8 travel'sed by the Josephine 

tunnel and by a number ot long drifts and oross-cuts, none ot 

which bas shown anl" important minera11zat ion. While no one can 

be certain that long-range underground prospeoting from t?& 

Un1ted Verde Extension mine mal" not open up an ore body, I can 

see no probabil1ty ot such an event. Bl" "long-range prospecting" 

1s meant suoh work as the 1904 and 1320 S. dritts, not to mention 

many dr1fts previousll" run to the north, east and louth, part1o

ularly on the 1200 and 1400 levels. Apparently the best chanoe 

ot adding to the known ore reserves lies in continuftd exploration 

of the Cleopatra rhyol1te ground south ot the Plorenoia fault 

with a view to pioking' up of:tshoot or fringing bodies trom the 

main ore body; in searcbing tor residual masses ot ohaloooite 

in the great gossau areas ot the upper levels; in more thoro 

exploration ot the margin of the main diorite mass; and possibly 



by following down the py:t-1t10 ore body below the 1900 level in 

the ho~ of finding aome ohaloopyrite 01'e above the VeI'de fault. 

I should expeot to find th1s pyl'it1c plunging steeply to the 

north-northeast. Whether it will be advisable to fOllow it 

down to the fault by an inclined winze trom the 1900 level or 

. :by s1nld.ng the Edith shatt another 100 teet and Cl'Os.s-cutt1ng, 

a qaestion to be determined by the engineering staft. 

EISOELLANEOUS SUGGESTIONS FOR PROSPECTING 

The oontact sohist ("bedded sediments n) bas been found 

to contain important vein-like ore bodies on levels above the 

1400 level. The reoognition of this sohist as a local modifl

cation of the ~greenstones" around the margin ot the diorite, 

rather than as an original distinct fo~ation, havi~ no genetI0 

connection with the diorite, leads to the s~gestion that the 

principa~ zone of this rock, instead of oontinuing nortbwe;twa~ 

as indioated on the oompany's geological maps, may c~. around 

the northern end ot the diorite mass (tor example, in the re

gions 11900 N. and ?OOO to '300 E. on the 950 arid 1100 levels; 

1200 N. and 7100 - 7200, on the 1200 lever) 11,900 N. and 7100 B. 

on the 1300 level; and 1200 N. 'and 7200 to ?4oo R. on the 1400 

level, ) and oontain one or more ore bodies. In general it nll 

probably be advisable to leave no large portion of the margin ot 

the principal diorite mass, inolud1ng,the rock adjaoent to the 

oontaot, unexplored. The greater number ot the important ore 

bodies found in the UnIted Verde Extension mine, aa well aa in 

the United Verde, have had a marginal position with reterenoe to 

the diorite or have oooU1'1'ed in shear zones within 1t. There 

are certainly very tew that are not at some point in contaot with 



or very neal' that l'Ook. 

The ore bodies that ooour within the diol'ite mass, suoh 

as 1407 and 1307 A. al'8 generally in such crushed and d18tUl'bed 

ground that it i8 diffioult or lmpossible to detel'mine whether 

they are replaoed sheared diorite or replaoements of masses ot 

other sohistose rook included in the dlorite. Theae 0l'8 rodles 

have generally a southWesterly dIp and appear to be out otf be

low bynortheasterly-dlpping gouges. Thus they wedge out be~o •• 

How much of their apparent southwesterly dip 1s due to shearing 

along northeasterly-dipping fault planes and bow much may be 

an original incltnation, I was unable to determine. OWing to 

the generally crushad and broken oharaoter of the ground in 
,. 

which they lie and the absence of any datum bed or layer by 

whioh displaoement might be measured, I was also unable to gain 

any clear i6ea of the detaIls of the structure in the vioinity 

of these ore bodies. Presumably, where ore bodies suoh as 1307 

are out oft below by a northeastel'ly-dipping fault, there should 

be, in the footwall, another segment of what was originally the 

same ore body. Probably 1307-A, on the 1300 level, is suoh a 

segro.ent, which was onoe continuous with 1307 ore body. The ore 

body stopp d at 1307-A may its,lf be a down-dropped mass, once 

part of an ore body of which another se~ent may be fOund west 

of it. between 1307-A and the main Verde faul.t. As a general 

guide to ~ospeoting for fau~ted segments of ore bodies in the 

zone of disturbanoe along the northeast side ot the main Vel'de 

fault, loan only offer the suggestion that the direotion ot 

slip on the subsidiary faults, like that on the main fault, 

was probably steeply down the dip, w1th a pitch of 75 degrees 

or more, to the southeast. I agree with Mr. Lindgren that more 
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development might be carried out in the couhtr'1 between the 

known ore bodiel and the , main Verde fault. The enen ion ot 

oroaa-out 1204, whioh was in progress When JIl'1 examination wal , 

concluded in December, 1927, and was showing abundant native 

copper, is in line with this suggestlon. 

On the 1300 level, it would be advisable to explore the 

oountry west of 1301-A' stope, to the fault. 

On the 1400 level, 1425 cross""Out, wh10h X was unable to 

examine, is reported to have out some pyritlc material west of 

the 1407 ore bod,.. This suggesta that enrichment, in this par

tioular part of the mine. did not extend to tb8 1400 level and 

oonsequentl., that there' 1s not muoh ohance of find1ng an,. but 

low-grade pyritio material, such aa 1s known to be pre.ent on 

the 1500 level, in this part ot the mine. 

Development dur~ reoent y!lU'a baa led to the cUsoovery 

ot a number of bodies of residual ohaloocite ore in the extensive 

mass ot gos8an above the 1300 level. This suggests that the 

goss&n mass should be rather thorol,. explored. 4t present theN 

appear to be no part1oular ' olues to the positlon ot the residual 

ore bodies but such clues may become apparent when the ground 

is better ]mown. 

Som s~oitio reoommendations tor development, level by 

level, are submitted for oonsideration, as follows: 

800 level. Drive north from 807 or south from 806, with 

a view to exploring the diorite contact in 7100-7300 B. and 11,700 

11,800 N. 

Drive northeast from 824 N. into 7000-7100 E. and 11,400-

11,500 N. 

Explore gossan in 7500-7600 E. and 11,000 to 11,100 N. 



Explo~e country southeast of 82'1,' into 101 800-10,900 N. 

and 9,100:00.8,200 E·. 

, !!50 level. Explore north Qontact of d1orite," ilear 11,900 N. 

and '7100 E. 

Explol,'e south contaot of diorite and gossan area between 

902 w. and 906. 

The possible ' QO·OUIlrence ot ~l'e in 10,900-11,000 N, and 

7,800-8000 E. is worthy ot constdel'ation. ' 

1100 level. It would pJ:2obablr be well to exploJ:2e the 

north contaot of the d1ol'lte, between the Edith shaft and the 

lla1n ~op ore body, altho thls might awalt the rest1.1t of s1m1J.ar 

WOJ:2k on le-vela above or below, 

The!>. 1s a :large block of lUlexplored ground on this 

level south o£ the long est cross~c.ut that beg1ns at 7600 E. 

11.600 N. There may be ore in this area but, it so. it w111 

probably be indioatedby the developments fvom l204, on the lavel 

below. 

1200 level. Explore north of 1202 W., between 7100 and 
, ~ f t 

"'7200 E., tor example, by a o~oss-cut north on 7175 ,E. 

'l'he:re Is apparently some chance tOl' are between 11,200-

11.~OO N. and ~,500 - 7.600 E~ 

1300 level. The ore zone followed in 1354 N. appears 

to $Wing westward at 1160 - 1200 N. following the north contact 

ot the diorite, twwards the Main T'op. It should be followed in 

this direot-ion. Drift 1354 N. noJ:2th ot 1200 N. appears to be 

ent1rely 'north or the mineralized zone, which I suspect runs 

nearly east and west ~re. 

Some attempt should probably be made to ascertain whether 

there may not be ore a10ng the line joining the J.307 A body and 



the Main Top body. 

1340 N. drift appears to end in diorite. It should, I 

believe, be oontinued tor 25 o~ 50 feet; to the northeast. 
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1400 level. Drift in 7300 - 7400 E. and 11,900 ... 12,000 If. 

should be oontinued nol'thwest to the contact of the diorite with 

the contact schist ("bedded sediments It). 

Some additional prospecting (possibly ca~ied out since 

my vislt) appears to be justified in 10900 - 11000 N. and 8000 -

8100 E. to look to~ a downward extension of ore known on the 

1300 level, south of tne Florencia fault. 

1500 level. A cross-cut 1s suggested into 7600-7700 E. 

and 11,400 - 11,500 N. 

la05 N. should be continued. It appears that not enough 

has been done to prove that the ore mined in 1505 S. or the min

eralized zones northeast of it, cut in 1504 cross-cut, may not 

open up 1nto ore bodles in the unknown territory northwest ot 

1504:. 

1600 level. Drift 1602 S. between 11,100 and 11,200 N. 

tbru a mneralized zone. This zone might be explored to 

the northWest and southeast. There is a ohance tor some ore in 

both directions. A drift should probably be run tor about 100 

teet south, from the bend in 1602 S., at 8100 E. coordinate. 

I believe that some work had been started here before I lett. 

This ground, however, does not hold out much promise in view 

of the work beneath it, on the 1700 level. 

1700 level. This level ofters little enoouragement. 

It is apparently below the influence of enric'hment and the 

pyritic ore body has bean sufficiently explored to show its 

very low-grade character. Betore the level 1s abaDdoned, however, 



.... . 

gest some exploration to the v10inity of 7500 B. 11,700 H. 

1800 level. If thel'e 1s an., ore on this level, ' 1t 18 

probably 1n 7400 '- 7600 E. and 11,700 - 11,800 N. 

1900 level. The two stilflde bodies on the 1900 level 

are so small, so low in grade and so ~1ose to the Verde fault, 

th8.t 1 t 1s doubtf'lll whether 1 t 1s worth while to sink on them 

or to run a deeper level to them from the Ed! th shaft. MY' own 

inc11nation would be to abandon them, part1oulat'ly when it is 

considered that any deeper work on them would pass into the 

greatly d1sturbed ground between the main Vard, tault and its 

hanging wall brano h. 

Elsewhere, also, the 1900 level, in my opinion, of tel's 

no inducement to turther exploration • 
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